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SECTION 1 

INTRODUCTION AND SUMMARY 

This report discusses the results using various £-k spectral 

techniques in locating five fairly weak events with magnitudes ranging from 

4. 4 to 4. 8.    Three different subarray configurations (Figure I- 1) were used 

to process these events: 

• Processed subarray outputs from AO through 

the D-ring 

• The extended E3 subarray 

• The standard Fl subarray 

To complement theoretical f-k spectral work using location 

statistics. 1 this experiment applied various f-k spectral techniques to some 

of the seismic events.    There are several pertinent questions to be answered. 

• Does any f-k technique give a more accurate 
epicentral location than the others? 

• Can some f-k techniques give accurate location 
while requiring significantly fewer calculations 
than other techniques? 

• How do the epicentral locations obtained from 
arrays of different apertures compare? 

It was found that the best strategy for approximately deter- 

mining the epicenter of weak events at LASA is to use bandpassed subarray 

outputs to form multiple beams in the time domain.    The extended E3 sub- 

array gave correct approximate epicenters for the events studied, while a 

standard subarray does not give satisfactory approximate epicenters. 

1-1 science services division 
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A.   SHORT-PERIOD EVENTS 

Five short-period events of magnitude, ranging from 4.4 to 

4.8 were selected to he processed    Table I-. describe, the s.i.cted events 

Even, locations were determined from PDE Information supplied by tbe Coa.t 

and Geodetic Survey and the LASA event log.    Two of the five events cou.d 

„ot be Identified, their epicenter location, were estimated from the LASA 

subarray outputs. 

B.    ARRAY DESCRIPTION 

The largest subarray consisted of outputs from the LASA AO. 

D.ri„g subarray.    Outer LASA E- and F-rings were not included in frequency- 

renumber analysis because their traveltime anomalies and long moveout 

times badly disrupt the f^uency-wavenumber analysis.2   The intermediate 

„.^ of the extended E3 subarray. and the smallest sub- subarray was composed ol tne exienucu 
i    t »vw. v\ «nbarrav.    In the latter cases, all 25 seis- array was composed of the Fl subarray. 

mometer outputs were used. 

C.    EVENT DETECTION 

Event location presupposes detection.    Eyent detection was ac- 

complished by digitally Emulating the LASA on-line telesei.m detector   using 

the subarray sums which had been prefiltered to eliminate the microseism 

peak and pass the frequency band generally containing most of the P-wave 

energy. 

An independent event detector was connected with each subarray 

output (sensors were connected with El.  E2. E4.   Fl.   FZ.  F3. and F4).   Sin- 

gle-channel detection consi, ted of rectifying the channel output and passing the 

rectified waveform through a low-pass recursive filter of the form 

An+1 = a(l-a)An+(l-a)Xn 

1-3 
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where 

= e 
1/300 

,th 
A   , ,   = filter output at the nr 1     point 

n+1 r r 

th 
X = n       point of single-channel time series 

The most recent rectified time sample,  X ,  then was compared 
n 

with the recursive filter output delayed by 60 sec. (i. e. ,   600 samples).    If this 

ratio is greater than 5. 82,  the decision is made than an event has occurred; 

i. e. . 

X     /(A    - 600) > 5. 82 
n /      n 

If four out of the seven (El. E2, E4, Fl, F2, F3, and F4) single-channel de- 

tectors indicate that an event is present witUin a 20-sec interval, the overall 

decision is that a teleseism has occurred. 

The results of applying this detection technique are shown in 

Figures 1-2 through 1-6. All 21 subarray outputs are shown after filtering 

but only the E-  and F-ring (less E3) subarray outputs were used in the process. 

Individual trace detection intervals are shown as a first point 

of detection in the trace playbacks.    Detection points are indicated by an ar- 

row; however,   traces from E and F subarrays which did not trigger a detec- 

tor are not marked.    All five teleseisrns were successfully detected using the 

four-out-of-seven decision rule. 
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Figure 1-3.    F-Ring Subarray Outputs,   Lvent 2 
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Figure 1-4.    F-Ring Subarray Outputs.  Event 3 
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Figure 1-6.    F-Ring Subarray Outputs,  Event 5 
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where 

SECTION II 

MATHEMATICAL DESCRIPTION OF f-k SPECTRA 

The conventional spectrum is defined as 

P  (V)= V   FF  V 

V  is the vector of phase shifts appropriate for the 
frequency and velocity of a plane wave propa- 

gating across the array 

* 
denotes conjugate transpose 

-♦ 
F is the vector of Fourier transforms at the desired 

frequency at each sensor which are taken in the 
same order as V 

These transforms are taken over a data gate including the 

P-wave signal and are normalized (only phase information is retained) to 

remove amplitude anomalies.    This may be interpreted as a beamsteer cal- 

culated in the frequency domain. 

-♦ 
P  (V) is defined as 

1 
-**-»-4+4 
V   f f   V 

where f is a vector of filter weights determined by the equation 

[kl + FF*] f   = 

0 
0 
k 
0 
0 
0 

(2-1) 
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where 

k  is a sealer (usually 0. 01) 

I    is the identity matrix 

the position of k in the right-hand side of equation 
2-1 indicates which channel is used as reference 

This process can be thought of as designing a spatial whitening filter and then 

considering the reciprocal of the power response in wavenumber space of the 

multichannel filter system. 

P  (V) is defined as 

k 

i=l      V  f.f. 
i i 

■•«-»•t«•» 

.th 
where the fs 's are the filter weights designed with the i    sensor used as ref- 

i 
erence in Equation 2 1.    This spectral estimate is obtained using several 

sensors as reference.    If all sensors are used as reference,   the result is 

4 V    (kl + FF*)      V 

PfV) is defined as 
5 

1 

V (kl + FF  ) V 

which can be obtained In the following manner.    Consider D = N - MVV , where 

N is a measured covarlance matrix (kl + FF   ) and M is a scaUr.    The prob- 

lem is to find the largest M such that D will remain a positive definite matrix. 

D rem»lns II positive definite matrix for 

V N     V 

U-2 moimnom ••rvio«« division 



This is one measure of how large a portion of the matrix N consists of mode 

VV.    The expression 

-**    -1 -♦ 
V   N      V 

where N'1 = (kl + FF*)'1.  also can be thought of as the output of a maximum- 
-♦ 

likelihood filter designed to pass the plane-wave signal 

having a covariance matrix of (kl + FF ). 

in a noise field 

it should be noted that for the preceding definitions and for us- 

ing N = (kl + FF*), P  (V),  PJV). and P5(V)   will necessarily have peaks at 

the same V (Appendix A),    Since this study was principally interested in the 

peaks for location purposes,   only estimates of P^V),  P2(V),  and P3(V)  were 

computed. 
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SECTION III 

PROCESSING RESULTS 

Five short-period eventu were processed using a IS-sec gate 

for the LASA AO.  D-ring subarray. a 10-sec gate for the extended E3 sub- 

array, and a 5-sec gate for the Fl subarray.    Gate position locations were 

based on time-trace playbacks and were chosen to include the primary P-wave 

arrivals. 

Plots for all events were made at fixed frequencies of 0. 850, 

1. 000, and 1, 115 HE.    An additional plot was made at peak transform frequen- 

cy computed from the center sei-smometer time gate. 

The subarray outputs used to compute the A0,  D-ring f-k 

spectra were a summation of the center element and rings 2,   3,  4.  and 5 

(13 elements).    This configuration was chosen because of good Isotropie sig- 

nal response (V >10 km/sec) and fairly good noise rejection capabilities in 

the 0. 6 HE < f < 1. 5 H« range. 

For the E3 and Fl subarray data,   the inputs were the 25 indi- 

vidual sensors.    In every case the data was low-cut filtered before taking the 

transforms. 

Results of the frequency-wavemimber processing analysis are 

summarized in Tables B-l through B-ll in Appendix B.    These tables give 

the location of the f-k spectrum's peak for each type of estimate at each fre- 

quency.    The tables also contain comments about the behavior of the spectral 

estimate in the f-k region of the incident teleseism.    Peak locations and epi- 

centers are specified by dividing the frequency-wavenumber plots into a 

3000-point grid numbered from the lower left-hand corner.    There are 49 grid 

UI-l sol«no« ••rvlc»» division 



value» in the k   direction and 59 grid value» in the k   direction,  with the plot 
x y 

origin at the center of the grid.    Consequently, an event arriving with a ver- 

tical incidence would be located at k    = 25, k    = 30. 
x y 

All f-k »pectra calculated in this experiment are not reproduced 

in thi» report.    Some spectra from the event recorded on 21 June 1967 from 

ea»tern Russia or northeastern China are shown as examples.    Figure III-l 

•hows the three types of f-k spectra calculated at 0, 85 Hz (the peak power of 

the center array transform).    All f-k spectra give a reasonable accurate lo- 

cation at the "peak" frequency for this event; however,   this is not true for all 

event«. 
-♦ 

Figure III-2 shows the three types of f-k spectra calculated at 

1. 00 H».    At this frequency none of the f-k spectra peak at the proper k,  but 

conventional and high-resolution spectra,  using all the outer ring (Dring) 

subarrays as reference,  did give some indication of the event. 
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Figure UI-l,    Frequency-Wavenumber Plots of 21 June 1967 Event at 0,85 He 
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Figure III-2.    Frequency-Wavenumber Plots of 2i June 1967 Event at 1. 0 HB 
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SECTION   iV 

DISCUSSION OF ON-LINE EVENT LOCATION 

-♦ 
This experiment was intended to indicate whether or not f-k 

spectral techniques offer any advanUges for approximate on-line location. 

Such an on-line location scheme must have a predetermined mode of opera- 

tion which is either entirely fixed or dependent only upon relatively simple 

calculations based on incoming data. 

Assuming detection,  three methods of operation seem reasonable. 

e   Calculating f-k spectra at a few fixed frequen- 
cies which span the band of most energy. 

e   Calculating peak energy frequency in the signal 
gate and then calculating an f-k spectrum at this 
frequency 

•   Calculating f-k spectra over a range of frequen- 
cies and executing a velocity-preserving stack 
of the resulting spectra 

In the third method,   this process can be done more efficiently 

in the time domain for the conventional spectrum as the number of frequen- 

cies in the stack increase«.    In the time domain,   this method becomes a 

bandpass-filter and form-many-beams operation.    An f-k approach in this 

case might be advantageous only if one of the high-resolution techniques proved 

significantly superior. 

The best approximate location at LASA clearly can be obtained 

using the large array composed of subarray outputs.    These outputs have two 

advantages over individual subarrays:   greater aperature and better S/N ratios 

(on the average).    Data using the large array from AO through the D-ring sug- 

gest that f-k epicenter location could be done most reliably by forming velocity- 

jV_ 1 science services division 



preserving sUcks.    The data further indicate that the conventional P  (V) spec- 

tra are generally more reliable than high-resolution spectra which are the 

power response of spatial whitening filters   [P (V)or P (V)|.    The implica- 

tion of these data are that the best strategy for roughly locating events is to 

use bandpassed data and form beams in the time domain to give a power den- 

sity picture in the wavenumber or velocity plane. 

Data from the extended E3 subarray were limited to three events. 

In these cases the events could have been located approximately by using either 

the conventional spectrum at the transform's peak frequency or a velocity pre- 
-♦ 

serving stack.    These data also indicate that the high-resolution f-k spectra 

[P (V)-f P_{V)J   generally offer poorer event location than do the conventional 

spectra  [PjCV)]. 

Data from the Fl subarray were limited to three events.    In all 

three c&ses no reasonable approximate epicenter could be obtained from the 

Fl subarray data. 
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APPENDIX A 

LOCATION OF MAXIxMA FOR P^V), P4(V),  and P5(V) 

The following values are given for P^V). P4(V), and P5(V): 

p^V)  =   V FF V (A-l) 

p  (V)  =    
4 -»* 

1 
-♦.♦♦ _2-» 

V (kl + FF  )     V 

(A-2) 

S                     1 
P (V) =  i  

3 -»He ♦"♦♦    -♦ 
V (kl + FF ) V 

(A-3) 

*    1 ♦ -2 
(Id + FF )      and (kl + FF )      may be stated as 

k      I        k + F FJ 

F    +    FF  FF ^w-bv-*".™ i 
Substituting these values in Equations A-2 and A-3 yields 

P  (V) =   r     ^ + -»^*^ -♦♦H  ■♦*-♦  ■♦*-t'| 
 ig»       |2kV*F?  V +      V  ?(F  F)F  f 
(k+F4?)^       L J 

(A-2) 

P5(V)  = 
■♦*■♦ 
V V - 

k + rf 
•♦*■♦-»*-» 

[V FF  V] 

(A-3) 
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Since 

and 

-»♦ •♦-♦♦ -!•♦ 
V (kl + FF )    V   >   0 

V (kl + FF ) 'v   >   0 

V  V =   a constant (the number of channel«) 

F F a  a constant (Independent of V) 

it follows that P.i V).  P .(V). and Pe($) will all have a maximum at the maxi 

of (V FF V). mum 

A-2 •ci«nc» Mrvleaa division 



APPENDIX B 

SUMMARIES OF FREQUENCY-WAVENUMBER PROCESSING 

mclence ••rvlo*s division 





XI 
nJ 
H 

Ü 

3 

7   1 

o 
Ü 

a 

B 

V 

I' 
ä     * 

* 2 
c 

H 

§ 

i 
-i 

2 
5 

5     9 - N        g        f — — * in 

9 
OS 
o O 

OS 

3 OS 

o 
OJ 
O 

I  o 
O  IM 
f»  (M 

— 0- O •" 
o 
o 

o — — — — 

nil 
>.»u» 
1 if I 
o «•3 
•  e  a  ■ 

Mil 
?s: - 
a Js s 
IO ■ e 0 

..= !• 
2 . £ o 
= < u 5 fli: 
i 
u 

II 
o - 
E S n f i II 

3 ^ 

11 
||l 

n, a.   . 
ijji 
LilJ •    •    Ü  M 

il 

0.  •]« 
u 0. 

*    •      * — u  C  « 

- >- • • -  I.  ». 
b j 
o  • 

II 
■ 

«8 
o e «« •• 

u5uö 
»   II   11   II 

U 06 « 06 

B-l science services division 



I 

a 
e 
| 

i 
3 

£4 

I 

I 
8 

it 
8I 

B 

li 
ST 

it it 
n 
H 

■0 

I 
j 
1 
s 
e 

I 
| 

^ 11 ■I SI !J tf ft $1 
U 11 SI 22 li il 

li 

II » 0.3    a 

1 

M 

I 

! 
c 

I 

11 
I I 
—*      ■ 

I  s a    B 

II a 
-   2 o    9 

i    I 
(III 
u 8   E   | 
1 -   •   6" 
H       H   3 

*   s   ; te       9       H •»       *       «<* M        mm 

«   s «0     „o 

s et 
O s g ü   0 

f«   88 

a   8 8     S 
MM«« 

O o 
o 

o 
o 
o 

S   S      g 

M M •« O 

11" 
u   & 

il:* 
* o s z 

" o « >« 

iJii S     Q.   •    ►   C 
g a D - 

. HS. 

Ml 
* S - 
| .a «3 
e  4  v «  o 
J  J  •>  6 IS 

.1 
g B 
28 si I 

Co. > 

*it 
— u 
>s 
a. S 

m 
M    " 
4 ■ ■ 

o 

I    I 

Ü  I 

• ■ c   m 

r t 
X 
B I 
I 
o 
c 

? s 

ii   ii   n ii 

u a. ^ « 
^ü o 

3J 

B-2 solvno« ••rvloo« division 



en 
I 

n) 
H 

Ü z 
2 

< 

1 

I 
E 

1« 

s: 
u o 

i o in a: 
O § 

in in 

ii 
o o o o o 
m o m in in 
00 O — O 00 

o ****** o 
eg o 

9        0 

§     2 
ei e ■i m e       e 

CO. 
0. * o. 

885 
-8 

a 
o  5  •   c 

> 2 

<33<3^ 

o 
a 
■ ■ 
:■ 

A 

B-3 science services division 



2 

< 

5 

t 
Ü 

r» 
* 
i—i 

B-4 ■dance ••rvlo«« division 



U~l 

■ 
XI 

m 

o 
< 

3 

en 

5 
h 
-< 

B-5 •clano* s*rvio«s division 



Q 

so 5 

«    » 

8 
I"" 

w 

—< 

■1   ;* 

8^   !]   85 :t Jl !- 
■3' I* ^ lift 11 
ilttil 

«      #      «t 

u       u       u       u       « 3 s g   j i o 

e o o o e 
<i S rfi io "i • s — *> • 
6 ~ ~ 6 6 

9       9 
§     2 

O "" "• 

s    s    s 
— ff- o- 
— do 

H    U    > 

" >  «- 2 

lill 

■   .   h  •< 

fill 
c   •   <t   u 

i • o a 

11* & i ff 4 > g s g 
o.i * ü 
-J ^ 3 • 

s s;: 
> • 2 ; e ^ e S 
u<ö8 

E 

I 
a 
I 
0 

£ 
> 
j 

B-6 • oi*no« ••rvio«s division 



et 

i 
e 
m 

Q 
w 
Q 

ffl    w 

XI 
(0 
H i 

o 
H 

W 

a 
0. 

•• •• 

U O o 
■ 
u a: 

o § 
o o 
IS  00 
f,   CD 

0 o 
1 2 

o        o        o ■n V)       . 5 «e       •       o 8«        m | 
O " " 

i•it'% 
»Seif« 

fllfij Ulifl 

■i 8 s .Mi 
• u a S ^ # I • z J fe ■ 

■•—■*'* t « M    M    6 
».  c ■fl  - 
3   •   _ a 

a. J  n 
So. 

I 8 • 
> 8 • ä 
n    •   I   >• 

3 g i ? 
8 8 '• 
o _  e 5 

u 3 u 5 
U « ui « 

o 
o. 
2 
; 
s 
1 i 

B-7 «clenc«» ••rvio«s division 



00 
I 

n 
XI 

OS 
< n 
D 
0) 

U 
Q 
W 
Q 

< 
2 
Ü 

W 
z 

—• 

B-8 •olwno« ••rvicma division 



oa 

H 

g 

1 1 | 1 s 
1 5 

1 1 th
in
 

th
in
 

th
in
 

1 » » » 1 k 1 » » 111 

i 1 1 1 1 1 1 1 ] 1 1    1    1 
s 1 1 --• 1 J 1 1 1    1    1 
M 1 e 0 3 1 1 c 1 til 2 : f ? ; ; ; | ? r    *    r 

a   *> • • « c • • « • •    •    • 

i 1 I 0 

-a. 
- 

** 1 3 

0. 

tf   4   4 

a M n «1 
a M !1 SI 

«t t\ 1* jtnij 
1 ii ii li ll u IJ b it u J~ f<~ t~ 

a 0     a 0     o. j 
H 'J •.« U 4« J;« • • 

la 4« is I! *Z «Z ■- r r i7 r r r a "• 
3 ' 

1 

s J « * * J 5 ■ * •        MM rfi        ^        m 

M IA o m « \t\ ■o o a- m IM          —          -< 
0. 
If 

M M m <M « tn ■ m r4 1M 

1 1 
>■ 

M 9 

M* 
m 
IM 

•:„ 
F3 u U u u i g i S i s  ;  § 

1 
I o 3 

■ • •   • 1 o C- o o o o o e o o       o       o 

f 
rfl g m 

ID 
1« • § 1 l/> it       •       ■ m      m      9 

o ■J - o O d - - - —        o        o 
n 

:2 § 

U    *  •> 

I I 
-3-« i ■ 

im' . 1" 
-S.2 
S *2 
s "a 

ill 
S £.2 

§ * 9 

a 
u 

i. I! 

111*! 

mi 
•J||*| 
• o £ "a? 

• gv ° 2 
. S • •  t. E 

>- ! • • 2 

EÄ 

J   h 
8 

x S ■* a  •  d 

u 3 u 5 
U   BS "J « 

I 
I 
r 
3 

■ 

B.9 
acivnc» ■•rvio«c division 



8 

Q 

2 5 
• H 

ffl (0 

• 4 i 
0 
D5 
r- 

w 

N 

« 
HI^HM 

^■^", 

i i 

! 

2 1 3 I 
0 i 1 i u 

t 

1 T 1 • 

1 
i 
—< 

d 

i 
1 ̂ » d    a 

o   -2 1 1 3 
4 

c 
m 

u 
9 i o 

M 
m 
■ 
1 

•3 
d 
a 

t 
• 

p—1 

1 

3 8 a 
• 

c 

M 

1 a 
E      9 
m   » 
8   2 

0 
i 
m 
t  » 
|1 
e . 1 

« 
e 
1 
■ 

Is 
jl 

v.      0 * i ll 
a 

»4 

o 
(X il 

0   < H £ a -< w 
d 
^« 

_c ,>» R X in «n «*• r- 1 a-    in     vo     o 

0 

M « «*» «n w «n    «n    m    ^« 

1 oo   a* 00 a» o o ■* in     r-     (\j     in 
M m    m m en «t 9 «n «n   N   ct    ^< 

T J«: M 

•M 

g >> H 

i M (M 

N O 
^ M ■♦ 

•s 

T
yp

 
P

lo
t 

U   Ü U U u § 
(0 
U 

w   ^   to   a: 
u   o   u   0 

S • 
MI m 

6 »-   00 

k ■ ■ I «    « i o    o o o o o o o    o    o    o 
in     in     o     o • m    o Ifl o m m § 2. 00      O •-< 0^ 00 00 »4       *4       0S       9t 1 d    -1 * 

—1 o d d • •           •          •           • 
—    —    o    o 

i 
H 

B 
a 
o 
M 
M 
V 

a 
o   • 
£  «t 
^  o 
o ä 

«  o 
• > 

M 9 
OO 
.- 00 
M  a 

1« i 
si 
O      «      M 

Ml     71 

V 
> 
c 
o 
u 

? 

1 

H 

d 
o 
e 
£ 
a 
U 

a 
o 
u 
e 
> 

u 
o 
c 

■ 

C,04> 

> 

s 
3      O 

1 I 
> 
e 
o 

■   u 
2 I o 
d ■ a 

I 
g 
<; 

a 

I I E M e 
II ^ 0 S 
1 i c ß 

e h 
"S I 
u o 

to a; 
Uo 

1 

o 
>-4 

o 

e 
> 

•0 

9 

# I 

B-10 • ol«nc« services division 



CQ 

6 

i 

S 

< 
H 
CO 

- 

I 
r» 

—< 

w 
z 
p 
h 

rg 

** 

c 
o 

3 
o 

# 

in 00 
4 

r 
o 
IT» 

 N 

in oo    -<    -^    «^    m O -H PJ 

CO 

00 

U    U    U    U    g «   w   aj   w   oi   w   « 
0   U   o   u   O   W   O 

o o 

c 

| 

o o o o o o o 
m o in o in in o 
oo     O     —     cr    ao    ao     o 

*      « 
o    o    o    o 
in     in      o     o 

o 
§in     m —•     —• 

O     —      -. f>4        p«4        #"4        r^ O 

1     ä 

|| 

i 
3 I 
X 

0 
c 
4) 

Q 

w    P 

PJ »*  o 

I S o  o 

u 
S M 

1 c I 1) 
> « 
c 
0 —1 •-* 
U «< 
ii II 

u a; 
c^ 
< 

t. u 
6 y> *-» V 1 *-* 
4) 3 
u o 

H II 

U5 g 
u o 

> 

I 
# I 

B-Jl/12 ■ cl»nc* s«rvlc«s dlvlsJon 



nwr.T.A.ssTFjFn 
CUMI flcttion 

90CUMINT CONTROL DATA - R&D 
(tm&iriir •••••I«««««» •/ «II». »»4r »I »b*ii*cl *<4 lnä»mtng «nngUdnn mtuH ta tnl»—4 ■*«»> *• ovmimll mport I« »l««»«l«dj 

I    OniamHtmC,  ACrtvl-ry (Carportlm mulhoi) 

Texas Instruments Incorporated 
Science Services Division 
P.O.  Box 5621, Dallas,  Texas 75222 

1«   NIPVHT »IC'JMITV   c 1.»»IIFICATION 

Unclassified 
lb   anoui» 

«   OUCNmTIVI MOTU» (Tfp* »I Mplt« anrf Incktmln <Ulmmj 

Special Scientific ^^^^ 

*. ntPOmi TiTL« 

EPICENTRAL ESTIX1ATION FOR FIVE LASA EVENTS USING FREQUENCY- 
WAVENUMBER SPECTRA - LARGE-ARRAY SIGNAL AND NOISE ANALYSIS 
SPECIAL SCIENTIFIC REPORT NO.   21   

I   AUTNOnr» (IM» MM. «Ml IMM. In««./; 

Peebles, Jerry R. 
Binder,  Frank H. 

• MPoirr DATi 

jfe September 1968 
• ■   CMTNACT ON »KANT MO. 

Contract No. AF 33(657)-!6678 
k    l«"OJ«C T   HO 

Project No. VT/6707 

38 
i^jj 

• t    OTMtM ftf ^ONT  HOW  fAnr <•»>>•'n rnlMr«  »al mmr »• •••(#<•<< 

lo   AVAILABILITY/LIMITATION NOTICM 
This document is subject to special export controls and each transmittal to 
foreign governments or foreign nationals may be made only with prior 
approval of Chief, AFTAC. 

IV •UPPLdMHTANV NOTtS 

ARPA Order No.   599 
II   IPOMIOftlNO MLITARV ACTIVITY 

Air Force Technical Applications Center 
VELA Seifmological Center 
Headquarters.  USAF.  Washington.  P.C. 

II   M1THACT 

Five short-period events were processed using a I5-sec gate for the LASA 
AO,  D-ring subarray, a 10-sec gate for the extended E3 subarray, and a 5-8ec 
gate for the Fl  subarray.    Gate positions were based on time-trace playbacks 
and were chosen to include the primary P-wave arrivals. 

For an event recorded on 21 June 1967 from eastern Russia or north- 
eastern China, all f-k  give a reasonable accurate location at the :ipeak" fre- 
quency for this event; however, this is not true for all events.    Three types 
of f-k  spectra were calculated at I. 00 Hz.    At this frequency none of the f-k 
spectra peak at the proper k, but conventional and high-resolution spectra, 
using all the outer ring (D-rirg) subarrays an reference, did give some in- 
dication of the event.  /  i 

DD .'JS11473 UNCLASSIFIED 
Security Claaaification 



UNCLASSIFIED 
Security Classification 

KEY WOUDS 

Large-Array Signal and Noise Analysis 

LASA 

Epicentral Estimation 

Frequency-Wavenumber Spectra 

LINK A LINK  ■ LINK C 

(1) 

(2) 

(3) 

(4) 

(S) 

—————— INtTRUCTIOHS 

i.   ORIOINATINO ACTIVITY:   Entar «h« n»m« and itddr»« 
of fh« coiNraclor, subcoalractor, graM««, Dapartoeat of Da- 
fan»» acttvily or othet orianiaatiwn feoiporal» milhor) i»autnc 
I ha report. 

2a.   REPORT SECUHTY CLASSIFICATION:   Entar lha ovei- 
alt aacurily claaatflcalion of lh» raport.   Indtcai» wh«»h»r 
"Raatnctad Data" ia Includad   Marfclni la to b» in accord- 
anca with approprtata aacurily racutatlooa. 

2b.   GROUP:   Automalic doam^adin« la aperifi»d lo DoO Di- 
rective S200.10 and Armed Fore»« Indtwlrlal Manual.   Ent« 
lha group number    AltJ, whan »pplic»bl», abo» thai optional 
marking, hava been uaad for Group 3 and Group 4 aa atfhor- 
iaad. 

3. REPORT TITLE:   EMar lha conplaia rapoit ItUa In aU 
capital letter».   Tltla» In all caaaa ahould ba lawlaaalfied. 
If a «aantneful tUla cannot be »elected »rilhoul claaalflca- 
Hon. ahow title claaaificatlon In all capttala In paranihaai» 
immadialaly followln« lha Ulla. 

4. DESCRIPTIVE NOTE»   U ^propriala. anlat lha lypa of 
raport, a.g.. latari». procraaa, aufflmary, annual, or final. 
Give lha incluaiva data» »han a »pacific raportln« pariod I» 
cover ad. 
5     AUTHORtS):   Enlar lha na«ie<a) of authoK») at thoam on 
or In lha report.   Enlat taal turn; flral name, mid    a Inlllal. 
It Tiluary. ahow rank »nd branch of aervlce.   The n«a*e of 
the principal .Jlhor ia an tbtolula minimum ra<juirpi»enl. 

6.    REPORT DATL   Ertar lha data of lha report aa day, 
month, year, or month, year.   If awe than one dale appear» 
on the report, uaa data of puWu-atlon. 

7a.   TOTAL NUMBER OT PAGES:   Tha total pane count 
»hou.d follow normal patlnatlon procedurea. La., an«ar lha 
number of pagaa comalnlng Informaliorv 

76.    NUI««ER OF REFÖlfc^E*    Enter the total mi«»>ar of 
referencca cited la the report. 
• a    CONTRACT OR GRANT NUMBtR:   If tporoprlate, enter 
the ^ipllcable number of the contt ,>l or r»'rt «»•,4w ',*lch 

the report waa written. 
•6   tc, aSd.   PROJECT NUMBi»    Enter lh-eppropriele 
miiitaiy depertmeol ideollflcatlon. auch aa projacl number, 
»ut^roject nui*er, •y»t»ro number». t»»k numbrr. etc. 

9a.   ORIGINATOR'S REPORT NUMBER(5): „E"»* «>" »"»• 
cial raport number by which ihr, document win be Identified 
and controlled by the orHlMill"« •«•»"/•   T1»»» nua,b*t BU•, 

be unique to thlt report. 
9b    OTHER REPORT NU»»ER(?):   - the report h». been 
....igned any other report numbwa faifher by the ori«(nelof 
or by lAa aponaorj, ala« enter thla numbarta). 

10,    AVAILABILITY/LIMITATIION NOTICES    Enter any llm- 
ilationa on fwthar dittammallon of the report, other than tho« 

impotad by aacurily claatlOcatio«. u»in« ttaodard autament» 
auch aa: 

"Qualified requntlera may obtain coplaa of thi» 
raport from DDC" 

"Foreign announcement and dt»»emin»tion of thla 
report by DDC la not «uthorirad." 

"U. S. Government agenciea may obtain cople» of 
thlt raport djectly from nVC,   Other qualified DDC 
u»»r» thai I requeal through 

"U. E military »gancie» may obtain coplea of thla 
raport d.rectly ttom DDC   Other qualified uaer» 
thtll reque»t through 

"AU diatnbut.on of thi» report It controlled 
ified DDC utera »hall requeM through 

Quel- 

lt the report ha» been fi»cu»hed tc the Office of Technical 
Servtcea, Department of Commwce, lor »ale lo the public. Indi- 
cate thi» fact and enter the price, if known. 

It   SUPPLEMENTÄRV NOTES:   Uaa for additional aiplana. 
lory note». 
II SPONSORING WLITARY ACmVITY: Enter the name of 
the departmental project office or leboretory aponaoring fpar 
ing tot) the raaaarch end development.   Include eddre»». 

13 ABSTRACT:   Enter en tbttmct giving a brief and factual 
aummary of the document indicative of the report, even though 
it may alao eppeer elaawhere la the body of the technical re- 
port.    If additional apace it required, t continuation »heel »hell 
ba tttaehed. 

It ia highly detlrable that the abatract of claaaifiad raporta 
be imtlaaalflad    Each paragnph of lha abatract thatl end with 
an iadicalioa uf the miliury teairity cl»»»ific»tlon of the in 
formation In the paragraph, repreaenled aa (T$). (»>. (C). er (V) 

There la no limitation en the length of the abatract.   How- 
ever, the auggaated length la from ISO to 22S word» 

14 KEYWORDS:   Key «rerdt are technically meaningful tanaa 
or abort phraaea that charactariae a raport and may ba uaad a» 
indai entrtea for cataloging the report    Key word» mu»t be 
»elected ao that no aacurily claaaificatlon ia required     Wenn 
fier». auch aa equipment model deiignation. trade name, military 
project code name, geographic location, may be uaad aa key 
word» bat will be followed by en Indication of technical con- 
Mat.   Die »»»ignmenl of link», rule», and weight» It option»! 

"0   (M-SIt Nr.T ■ A.S.ST FIE D 
Security Classification 


