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A program for the routine location of T-phase sources in the Pacific
ras been initiated. Data for this prcgram is supplied principally by the
Facific Missile Range hydrophone network. Hydrophone records are forwarded
weekly for reading at Honolulu., In correlating arrivals records from all
stations are viewed together. Correlation is established by similarity
in shape and level and by locations determined roughly from arrival time
differences. Arrival times and power levels are read for processing ry
an IBM 7040 computer.

The solution for location and origin time is the least-squares fit
to all hydrophone arr vals which are weighted according tc their distsibu
tion in azimuth and their distance from the T-phase source. The iterative
sclution proceeds on the assumption of zero parallax and flat earth in
the viecinity of the source.

Velocity is derived from shot calibrations and from averaging across
a contour map of iacal velocity, For the computer program this is
expressed as a power ssries in latitude and longitude for each station
and for each quadrant of the Pacific.

A T-phase atrength is computed fr~~ readings of peak power level.
This strength 13 computed for a distauce of thirty degrees from the
source, The lcwer half and the upper quarter of all hydrophone readings
are arbitrarily rejected from computation of strength as being influenced
by topographic shadewing or containing mistakes.

Events which can be correlated st four or more hydrophones occur
at an average rate of about one per hour. Tabulated solutions will be
published alL regnlar intervals.



Studies of T phases in the Pacific during recent yoaurs have shown
that many naturaily cccurrir; seismic events were detected by SOFAR
hydroplione *hat were not located by the existing seismograph neiwork.
Johnson et al. (1963) reported that about one-filth of the T-phase
arrivals at a single hydrophone station could be ~orrelated with garth-
quake epicenters determined from seismograph data available to the
Coast and Geodetic Survey. This observation implies that tne use of
the T phase in seismic source location might significantly reduce the
threshold for seismicity studies of the Focific and its borders.

[

In addition, studies of the T-phase mechanism require a deteiminn
tion of the T-phase source, oc distinct from the earthquake focus. n
order to satisf{y the requirements of T-phase research, and in hope of
providing a supplementary source of data for seismicity studies, &
program for routine location of T-phase sources in the Facific was
develiocped. -

Background

A statistical methed for earthquake location was first described
by Geiger {191C). with the advent of the high-speed computer, appli-
cation of the basic least-squares technique is no longer laborious and
a number of computer programs have been written (Bolt, 1960; Flinn, 1960;
Gunst and Engdahl, 1962; Steinhart, 1964).

Workers in underwater sound have terded to favor geometric solutions.
perhaps because the number of recording stations is usually small and
also possibly because a lower order of effort is regquired to develcpe
the computer program. Alsc, these programs have generally dealt with
underwater explosions for which the arrival times are much more precisely
defired than those of T phases.

The reduced precision of arrival time determination in the present
application, together with the high ineidence of events, requires that
as many arrivals as pcssible be read and that all weighting procedures
be incorporated in the computer prograi. These requirements are
satisfied by the method of least squares which is employed in the present
progran.

Data Collection

Hydrophores are currently being recorded at five locations in the
Pacific; Eniwetok, Wake, Midway, Oahu, ard California. A sixth recording
station in the Aleutians is planned. At each of the Pacific Missile
Range stations at Eniwetck, Wake, and Midway, data are recorded from four
widely-spaced hydrophones {~ 100 km). The California record is lrem two
weli-spaced hydrophones. Data from two hydrophones are recorded at Uahu,
but orly one is used i computations.




tim€£ r«d T-phase pot r lavels are read
4 power level versus LLme {Fiz. 1}). The
i=-caannei, f onm ghcse staticns having muitiple hydrophone

As the T phase is strong in low fregquencies, the signel is passed
through a 15-cps low-pass filte This filtering improves the signal-
to~-noise ratic by 10-20 dec1ue4s. Most ship noise and explosicn signals
are 2lso eliminated. Because cf the low frequencies, a low styius
response speed is used in order to give a smoother trace ard a more
meaningful reading of power level.

To reduce the bulk of records as well as paper costs, the slowest
available chart speed is used (0.25 mm/sec). This practice does not
compromise reading accuracy as the T-phase peak is typically broad and
its position cannot usually be defined more precisely than about + 3
seconds.

The arrival time of a signal is defined as the time of peak power.
Each trace is kept near the bottom of its paper channel so that a large
amplitude T phase will not lose its peak against the stylus stop.
;éasonal variations ¢f sea-noise background may make it necessary to
adjust the attenuators so that the traces remain near the bottom of
the paper channel but not off it.

The system is calibrated daily for power level by injecting a
10~cps signal in place of the sea noise at the input to the hydrophone
amplifier. This calibration signal is varied by 10-db steps throughout
the full dynamic range of the system. It appears on the record as
shown in Fignre 1, This calibration signal is used to measure the power
ievel of T phases.

On each chart, one margin stylus records 15-second marks from a
tuning fork chronometer while a second margin stylus is activated by the
LLO-and 6£0C-cps tones of radio time signals (WWV, WWVH, and JJY). The
radio time is essential to detect errors of the local chronometer.

Chart rolls are changed nearly simultancously at all stations
according to a twice-a-week schedule. They are mailed to Honolulu at

least weekly.

Data Processirng

The first task of amalysis is to decide which T-phase arrivals at
the various stations are from the samz earthquake, This is made
difficult by the fact that there are usually several T waves crossing the
ocean in different directions at the same time. Tec correliate the arrivals,
all records from a. particular set are put onto a large chart table (Fig. 2).
The records are synchronized and cranked across the tabhle one hour at a
time,

»
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Fig. 2.

View of correlating table.



Correlation is done by: (1} sc_aning the synechroncus chart display
for T phases of similar size and shape within a possible time range; )
cemparing the bearings at each station as given by the phone-to-phone
differences in arrival time: and (3) comparing the station-to-staticn
differences of arrival time with the Pacific Ccean chart above the table
which shows pesition lines for glven time alffere”ne. Distances from
suspected source areas are checked on a 81.28 cm globe with a tape
cajiibrated in SOFAR travel time.

WYhen a sigrnal is ‘ound which correlates at four or more hydrophones
and at two or more stations, it is assigned a two-digit serial number.
This namber is written on the record over each hydrophone trace which
shows the signal clearly. The serial numbers and approximate socurce
areas are logged for future reference.

After the correlaticns have bean completed, the records are rezdy
for digitizing on an automatic char reader. This chart reader is
cornected to a card-punching machire, which translates the data to IBM
cards. The automatic chart reader handles cae rell at a3 time and feeds
the followinz information to the card-punching machine: serial number,
power level, date, arrival time, and hydrophone number. It is only
rnecessary for th. operator to align cross hairs, turn switches, amd
press a button, One card is punched for each T phase at each hydrophore.

One of the "cross hairs" which the operator aligns when measuring
power level is actually a penciiled curve on a plastic sheet which he
constructs from the power-level calibration. Each time he encounters a
calibration in the chart roll, he checks his curve to see whether it
agrees with the new calibration. If it does not, this indicates that the
system characteristics have changed, per%.** due to recorder sensitivity
or centering adjustments, or to attenuatocr changes. As this is precisely
the purpose of the calibration, the operat recenstructs the curve to
agree with the new characteristics.

After the data from a complete set of chart rolls have been punched
on cards, tho cards are machine sorted by serial number and by arrival
time wiihin serial number. They are then ready for the electrc ic
digital computer which solves for source coordinates and origin times.

Computational Method

The machire program {irs! checks arrival time differences and the
number of readings in eact set to detect gross errors in chart reading.
It then proceeds to select four hydrophones for use in a geometric fix,
This geometric fix serves as the starting poini for an iterative least-
squares estimate of the source which uses alli arrival times.

It is commonly thought that three detectors are sufficient to
obtain a fix where velocity is assumed. However, three hydrcphones
give two solutions (a hyperbola on the surface of a sphere is a clcsed
curve) and a fourth hydrcphone is still required to resolve the ambiguity.




.

The first hydrophone selected for the four-hydrophone fiz is the
one with ths earliest arrival time. The second is tho earliest hydro-
phons among the remaining recording stations. If the aignal was recorded
at more than two stations, the process continues; if not, the third
hydrophone is the sscord earliest at the station recording the eariiest
signal. If only ons hydrophone was recorded at that station, the choice
passes o the mucceeding station, etc. The objlective is to select four
hydrcpnores ss wide-spread as possible but as near the source is possible
where aiternatives exist.

Although it is possible to obilain
latitude, longitude, origin time, and
average veloclty from four hydrophone
arrivals {Frosch et al., 1961), the
purpose of the scliution requiras only
that an approximat: lztitude and
longituds be obteined., Thearefore, for
this preliminary solution, ap sverage
SOFAR velocity of 2.32 x 1074 geocentric
radians per second is assumed to Lpply
throughout the Pacific.

Four~-Station Fix ‘

Consider hydrophones designated
0, 1, 2, and 3, and incressing distances
4, 41, 4, and 43, respectively, froam
the source at k. Distances from hydro-
phone O {0 the other hydrophones are
gl, By, and By, respectively, and angles
, @, and B, are as shown in Figure 3.

The basic equations are the set

44
H-T-._
i ]

for origin time K, arrival time Ty,
average velocity ¢, and i1 corresponding
Fig. 3 ‘> hydrophones O through 3.

Eliminating H between equations O and 1 and multiplyinz by c,

e(T) - T)+ 8= by = cos"l(cos By cos &4 + sin B, sin 4 cos @)

Taking the cosine, expanding the left-hand sineg, dividing by sin 4 , and




sin By cos @ (1)

where

8y parailel constructicn,

sin Dy + sin B, cos (D - a}
cot A = = .

¢cos D, - cos B
7 2

Eliminating 4 ,

E~ =in D

~ ; *E; sin B, cos # = E sin D, *+ E sin B, cos (8 + o)

1 ' 1 Z

F

where

]
3
4

Ej = cos Di - cos B
Expanding cos {4 + @) and collecting terms,

cos £ (EZ sin B, - E, sin 32 cos &) + sin Q(El sin Besin a) =
“ i

El sin 92 - 52 sin Dl

By parallel constiuction,

e { i - % i e i Vs
cog & ‘EB sin B E| sin 83 cos b£) + sin _ﬂ(El sin BBSin 3)

1

-
H

Ey sin D3 - ba sin D1

These equations may be solved for cos ¥ and sin £ which may in turn bve
combined to vield a single equaticn in velocity. As the purpose is to
achieve 3 starting point for the (terative least-squares estimate, the
solutiorn for velocity does not seem profitable. Rather, an approximate




> O EQBE

tigng for F
poor resuiutic g n
formed from ih ient of sin £ and cos 2, yields good resclution
throughout the circle. The quadrant of P is determined from the
algebraic signs of the numerator and denominator.

Distance, 3 , may be obtained from (1) or its two parallel
equations, each of which irvolves a different pair of hydrophones.
In cases where two hydropnones are close together in azimuth from the
source, the small velocity errcr may causze a large distance error. To
avoid the selection of such a pair of hydrophones, distance is computed
frem each >f the three equaticons and the median value is chosen.

Velocity

For the final s»lution, veiocity is dete mined from a function of
hydrophone i and puint k. This function is th« least-squares fit %o
average velocities determired from such #: >t caliorations ag are avail-
able and from velorities, averaged across & rontour chart of local
velocity, Figure L, {Johnson and Norris, 1964}, to selected ;| nts in
seismically active areas of tre Pacific. The functior. is a power
series of degree 2z in latitude L and longitude * of the form

Ay

The normal equations for obtaining the coefficients a 3{ are

B 2 2 n

kS g — g ﬁ -._. i+ ﬁ. 4

2 CI' IT lr = } \l an ; Iird s 1; rgf% )
r=1 Ys¢ ;= r=l

for n points to which velocity has been measured. p = 0, 1, 2 and
q=20, 1, 2,

A separate set of ccefficients was obtaine) for each quadrant cf
the Pacific and a separzte set of functions wag derived for each
recording station.

Calculation of veloeity in geccentric radiars for specific recording
stations obviates the consideration of ellipticity corrections.

¥eight Function

The least-squares estimate of ‘he T-phase source iz that latitude
L. and longitude L\ _ wnich yields the minimum estimate 5° the variance
o origin times to the set cf equations

.*' e
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*his definition is completely equivalent to that customarily used in
determining earthquake epicenter he epicenter is given by that
origin time, latitude, and longitude for which the sum of the squares
of the station residuals {observed minus computed arrival time) is
minimum., The present definitic
it is not necessary to initially assume a trial origin time as thi=

e

Weighting would be best achieved from an analysis of the computed

deviations in origin time were the number of recording hydrophones
tatl significant and uniformly spread in azimuth. However, in

the present hydrophore network, a T phase for which a sourcs is computed
is well recorded a2t an average of six hyd-ophones. The number of
independent recording staticns is even less. Also, it is the nature
of T-phase observatizi that hydrophones are confined to a small sector
of azimuth with respect *c the T-phase source. Therefore, it seems
appropriate for the present problem to weight according to consideraticns
of geometry.

The distance, 4 , is subject to uncertainties ¢ 6T and 4 6 &/e
where § T ard b ¢ are uncertainties in arrival time and velocity,
respectively. Ccmbining these according to the rule for addition of
errors, the uncertainty in &4 1is

[ S

| 5
5§=A/(¢ s T2 + (82 )
- 1+

The uncertainty of arrival time varies considerably from event
o event according to the sharpness of the peak of power level. Tc
assess this quantity objeciively for each arrival does not appear
practical considering the high incidence of events and the available
labor force. A value of three seconds is considered representative and
is applied to all arrivals,

Similarly, the uncertainty in velocity varies with the path as
certain areas are better calibrated *har others and the functions from
which velocities are computed give varying fits ic¢ the calibrations.
Here, a value of 0.0005 is considered representative of bc¢/c and is
applied to all paths.

If a pair of hydrophones is considered, the uncertainty in the
hyperbola of position of the source depends both on the uncertainty of
distances to the two hydrophcnes and on their difference in azimuth.
In Figure Y, with hydrophones i ard m, the hyperbola of position is

shown passing through the trial source location k. Y ai is the
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difference in asimuts from k of the hydrophone pair. The uncertainties
in distance form a parallelogram with side &2

/sin ¥_, and & _/sin® .
The projection of this parsllelogram upon the ng%na !ﬁa k'/ &i

it hyperbo.ia is
& measure of the uncertainty U‘i in the position of the hyperbola.

i
Fig. 5

If the hyperbola is approximated by the bisector of v -

Y
Upg =SBkt cop Yol + S8k o6 Tmi
sin ¥py 2 sin Y., 2
§a, + 84
2‘},; _ xi ¥m
sin 395_
2

n n 5 ij

-5 L2 . Usin o0
YT ).. Uy T L (8.0 + 84 )2

e m=1 ki voaxm

for arrival times read at n hydrophones.




Least-Squares Estimate

In obtaining the least-squares estimate of source location, the
formuls for distance is linearized by assuming zerc parallax and flat
earth in the vicinity of trial source point ¥. As shown in Figure 6,

Fig. 6

aq = 3.510()\ - kk)coaLkainOki-(L-Lk)cosén (3)

for azimuth §,,. Steinhart (196L), in solving a related problem,
ar:ived at an equivalent linearization through a Taylor expension of
the exact formula. The coefficients of the latitude and longitude

differerces can also be cbtained by differentiating the exact formula

(Hodgson, 1937).

Substitucion of (3) into (2] leads to the least-squares cstimates
of )\, and I

-~y —

VWwy P ) wy FI - wy FG  wy G

lu FOTE it i
A0 = — —
cos L ‘(T W, FG}2 = \_?w (}2 T)-w E‘2§
“k i i s __i

o
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wi FG 0 owy FI =% wy F© @ owy 4
L, =  — - -
© A REEE s 2
L ViFG} - ""'Vi & Sowy ¥
there
- ~0§ e‘é{i
cos 8k~ Wy Cie
G = : .- L (L)
iy d.wi
sin ©
ki
sin 8 5 w, T
F - ki _L i ki (s)
S
ki PR
Y
Cwi{T. - J)
- =~ *i
I={T -J)- -
Y oWy
and
- L { & - A cos L sin 8 . + Lb cos & )
" el k k | Py 1,1 :

e " K}

The new coordinates of the source, L_ and A _, are compared with
the previcus estimate, Lk and A, . If ei%her dirfers by 0.1 degrees or
more, then L, and A _ are replaced by L, and h, and the iteration
continues. 1f both 5iffer by less than 0.1 degrees, the position is
accepted, distances A, are computed and an estimate of origin time
is obtained ss

X
e

< A
‘ W: (T, =
T S T

—
3”1
—d

L, is converted to geodetic latitude before print-out,
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isfasiory estimates are usually cobtained in thres iteratiocns and
2 r time rer event is about five seconds., However 15 csses vhere
the recording stalions are confined tc a small sector of azimuth, the
convergence is neot adequate for the flat-earth approximation and the
iterative estimates wmay oscillate. If the oscillations are of decreasing
amplitude +*he vrogram is allowed to continue. 1. the machine program
detects increasing amplitudes, then the last two estimates are averaged
ard iteration proceeds from the midpeint. If oscillaticn of increasing
amplitude again takes place, then the average of ihe last two estimates
is printed with lower precision indicated by one less significant figure
in latitude and longitude. The averaging process is also used to accel-
lerate convergence if csecillations with decreasing amplitude require

more than six iterations.

HMeasurement of FPrecision

If we consider the variance of origin times, V, as a quantity which
varies continuously with L and A, then Los ko is that peint at which
Vis a minimum ( 7 V = 0), I* can be shewn that any vertical section
through the variance surface is parabolic in the vicinity of L, L
The shape of such a section, then is defined in the vicinity of Ly, A,
by two quantities, V, and its second derivative. The variance surface
at Ly, 1,, is characterized by V and the Laplacian of V

= 2
pa da-v 2
9V = 0 + sect L

dL? drl

; “
= -————-——F——dn\ K }! Wi Ge + 1‘ wi ng_;
(n-l) ; Wy y .

where G and F are as defined in {L) and (5}.

I¢ will be noticed that 7V is independent of arrival times. It
serves as a measure of the accuracy of the geometry of the fixé the
position being more charply determined for larger values of V<V. Bolt
(1960) recognized the usefulness of such_a measure. Examples of calc:-
lations giving high and low values of 72y are: (a) An earthquake
T-phase scurce in the Marcus-Necker Seamount Chiin at 18.7 N, 176.8 E,
Olh Lbm 36s GMT on 27 January 1965 was recorded on four hydrophones at
Eniwetok, thEee at Wake, snd three at Midway. VeV was calculated as
34.3 seconds“/milliradian®. Independent czlculatisns using P waves
gave an ericenter with the same coordinstes and one second earlier in
origin time. (b} A T-phase scurce was computed for a Solomon Island
earthquake at 11.2 5, 159.1 E, 20h Cum Lls GMT on 22 August 196k, It
was recorded on one hydrophone at Eniwetok, two at Wake, and one at
Midway. 99V was 1.0. The C & GS epicenter was at 10.1 S, 161.7 E,
Oh Tm 51.7s. PFigure 7 shows the geometry of both fixes.

Cscillation is . e to occur when vzv is less than 2.
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T-Phase Strenglh

eart :quake magnitude. The g-phage—étrengtu i. intended io represent the
peak power level, in decibels relative to 0.1 microbar, of the T phase
at a distance of 30° from the source on an unobstructed path, and as seen
through a system with a frequency response squivalent to that of the
Pacifizc K}aaile Range staticns. The effect o: *he PMR system response
is to shift the peak of the T-phase power spectrum tc about 10 cps. The
0.1 microbar reference was chosen so that all pover level measurements
would be positive. The 30° distarce was chosen as the length of a
typical T-phase rith from source to hydrophone. Such adjustmonts, then,
as are necessary to ccmpute the power level at the standard 307 dAintance
are minimized.

3 »

Heasurements of power level of the T-phase peak at the various
hydrerhones are used to¢ compute a T-vhase stre wgth--a concept similar te

Heduction of each reading to the standard distance is accomplished
by the formula

S§ =P, +10log 2 sin g +11.1 { 4y - —)

6

a
hl
e

for standard power level S, and measured power level P. The second
term on ihe right hand side of the equation accounts for spatial
spreading over the earth's surface while the third term accounts for
losses at a rate of 1.6 db per megayard as reported by Urick (196L)
for»a frequency of 10 ¢ps. For the computer solution, A . is in radians
ard the loss coefficient is shown in appropriate units (d%/radxan)
A point source, such as an underwater explosion, would require an
additional term to account for spreading of the 51 ignal in time (Urick,
ibid}. The earthquake T-phase source, however, is spread in both time
and space, and the T-phase peak is typically broader than the rise
time of the explosion SOFAR signal. Time spreading, then, dces not
affect the measurement of peak power of the T phase-

Deperding on the location of a particular source, arrivals at
certain hydrophones, sithough readable, are along paths partially
obstructed by topographical features. The power levels at these hydro-
phones are consequently low. Also, the inclidence of mistakes leading to
inordinately high readings of power level is not negligible. As

the velume of data makes the subjective investigation of each case
prohibitive, and as the minimum number of hydrophones used in determining
a T-phase source is four, it seems appropriate, in the case of the four-
station {ix, to arbitrarily eliminate the lowest two and the highest
standard power levels and to accept the next highest value as the T-phase
strength. -

e



fuaticn to fixes from o hydrophones the Iciid

in/h
H e
= _ _4 Y =
oF = :-': 13"‘_;
n Segd
i=2 +1
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8+1 = npre
P4 2
and
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== mm + l [
2 2 e
and
- 3!1

£ fjhl
4

] oa-p

vhere brackets signify that the next smaller integer value is to be
uzed if the value within the brackets is nou an integer. S; 1is ordered
in ascerding values. S is the T-phase strength.

It is noted that the evaluation of T-phase strength does not
consider the degree of coupling of body waves to T waves at the source,
azimuthal radiaticn palterns at the source, nor the relative efficiencies
of the wave guides to the variocus hydrcphones.
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sur arrival times for geometric fix

Calculate four~station fix

Calculate velccities from velocity function
W .
Calculate weights

i I \f iy &
Estimate least-squares latitude and Iongitnde

N 2
Compute Ly - L, and Xk - 1g

i fferences <0.1°

>print out Ly, *

‘; ; r . > £y
Calculate origin times, mean origin time,
deviations, standard deviation, and Laplacian
of variance.

— —3 print out

Calculate Standar® power levels and T-phase
strength

) print out

7
a1t or proceed to next event
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Colurmn

Cclumn
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Lists will be mailed at regular intervals to interested addressess,

remainin;

W,
L}

ot

~utput cards is then listed on multiliith

shown in Figure 8. The explanation of th

1

W

Jreerwich Mean

Geadetic coordinates of T-pheoze zomrce

Name descriptive of 10V square contain-
ing T-phase source

Siandard deviation of origin times

Convergence of the gradiert (Laplacian
of variance of origzin times in sec-rds
squared per milliradian sguareqd

Nurm, :r of hydrophones read

T-phase strength in decibels relative
tc 0.1 microbar
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The Fortiran IV compute: prograr comprised of 700 punched cards

was written by James Sasser. The mathematics were checked by

Hoger Norris. William M. Adesms and John dorthrop of dawaii Institute

of Gecphysics and pavid Potter of Jeneral Motors Defense Research

Laboratcry alsc contributed through helpful discussiong. This

research was funded by the Advanced Research Projects Ageney through

contract Nonr 3748{01) with the Gifise of Haval Research.

i




Flirnn, E. A., "local earthquake iocation with an electronic computer”,
Bull. Seism. Soc. &m., 50, L467-70, 1960.

Froseh, R. A., M. Klerer, and L. Tyson, "leng-range localization of
small underwater charges", J. Acoust. Sec. Am. 33, 180L-05, 1961.

teiger, L., "Herdbestimmung bei Erdbeben aus den Ankunftszeiten",
Hachrichten, Konigiichen Gesellschaft der WQ.SSel‘_xsch?f to2u
Gottingen, HMathiematishb-physikalische Klasse, Heft 4, pp. 33140,
e
1910,

Gunst, Hobert H. and Eric R. Engdahl, "Progress Report of USC&GS
hypocenter computer program", Earthquake Notes, 33, $3-96, 1962.

idodgson, John H,, "On the dififerential coefficients in Geiger's
method of locating epicenters”, Bull. Seism. Soc. Am., 27,

109‘}-2 3 1937 .

Johnson, R. H., J. Northrop, and 3. Eppley, "Sources of Pacific
T phases", J. Geophys. Res., 68, 4251-60, 1963.

Johnson, R. H. and R. A. Norris, "Sofar Velocity Chart of the Pacific
Geean", Hawaii Inst. Geophys. report, HIG-6L-4, 12 pp., 198L.

Steinhart, John S., "Lake Superior Seismic Experiment: Shots and
travel times"; J. Geophys. Res., 6%, 5335-55, 196i.

1]

mustion in the Deep Ccean,’ J. Acous®.




Unolasgifisd

recunty Liags:iligat;

DOCUMENT CONTROL DATA - RAD

S= - TiBES siioy af irtiz Body ahxTrED &2 =aifg & E 3: = 3

.

awail Toatito¥a & Qeophveics SR B -
University of Hawail Unclassified

Honclulu, Hawasii 96827 a2 =6

3 DEPORT TITLE

& Program for Routine locetion of T-Phase Socurces in the Pacific

X DESCRIPTIVE NO"ES ; Tupe of repart o fa:
Techrnical Summary Rasport
; Vﬂ"TH.\‘.Tﬂ.: ) F 3 an 4 3 r: 7:

Johnsoen, Rockre H.

& REBORY ;;‘:;: J ) P & A A Z ;s ..- ) o
March 1965 17 pp., 8 figa. ten
Ea TEa i 5 &> : = ~-
Coptract No. Nonr-3748(01}
H DROCEST MO HI\}-C j,
Project Code B810(

w
v

A
A
[t

22 > Em REFOR A tar numlars ey Ne ASRIgned

r——— 4 -

- =~ i = —

AV AL AR Ty L :MITAT N oNOT £5

No limitstion

—— — o — _

1 SUPPLEMENTARY NOTYES 2 SPONSORING MILITARY ALTIVITY

None Advanced Research Projecte Agency

3 ABSTRALT

A program for the routine location of T-phase sources in the Pacific has been
initiated., Dete for thic program is supplied principally by the Pacific Missile
Range hydrophone network. Hydrophome records are forwarded weekly for ~eading at
Honolwlu, In correlating arrivsls records from all ststions are viewed together.
Corredation is sstablished by similarity in shape and level and by locations
determined roughly from arrivel time differences, irrival times &nd power levels
arr read for processirg by an IBM TOLO computer.

The solution for locaticu and origin time is the lsast-sguares fit tc all
hydrophone arrivals which ars weighted according to their distribation in asimuth
ond their distance from tha T-phase source. The iterative eclution proceeds on the §
assumotion of sero parallax and flat earth in the vicinity of the source. i

Velocity is derived from ghot calibrations and from aversghing across & contour
map of local veloeity. For the computer program this is expressed as & puwer serisay
in latitde and longitude for sach station and for each quadrant of the Fscific.

A T-phase strzugth is computed from readings of peak oower level. This
strength is computed for a distanse of thirty degrees from tbe source. The lower
half and the upper quarter of all hydrophone readings are arbitrarily rejected
from computation of strengia as being influeiced by topographic shadowing or
containing mistakes.

Everts which can be correlsted a8t four or more hydrophwones oc¢cur at an
sverage rate of about one per hour. Tabulated solutions will be published at

regular intervals.

DD ‘o~ 1473 Unclassified

BT ke "\, f:aqsif' ation




Tnelaszsified

Security {isssification

KEY %3R0S

T Phase
SCFAR
Hydrophone

Epicenter

i Linx & iHE B LiwnE O

i RN = . - Bt S it
i m&LE w3 &5 £ * BIILE T
- - -+ i

INSTRUCTIONS

L ORIGINATIRG ACTIVITY Enter the name and address
of the contracior subconltactor, grantee. Lopariment of De
fenze activily or other organization { comarafe guthor) 1ssuing
the report.

2a. REPORT SECURITY CLASSIFICATION Enter the over-
@ll security classification of the repart. Iindicate wherhe:
“"Restricted Dsta’ is included Marking is to be in accord
ance with appropriate security regulations.

DoD Ia-
Enter

2t GROUP: Automatic downgrading 15 specified in
rective 5200, 10 and Armed Forces [ndustrial Manual
the group number  Also, when applicabis. show that
markings have heen used for Group 3 and Group 4 as
1zed.

3. REPORT TITLE: Enter the complets repen title in all
cepital letters. Tities in ail cases should Se unclassified.
I a mesningful title cannot be selected withour class:fice-
tion, show title classificetion in &!! capitzis in parénthes:s

immediately following the tuie.

4. DESCRIPTIVE NOTES I appropriate. enter the type of
report, e.g,, INSIIM, progress. summary annual, or final,
Give the inclusive dates when a specific repoarting period 15
covered.

5, AUTHORISE

spliondi
author

Enter the rameis) of authoris) as shown on
of in the report. Enle: jast name, {irst name, middie initial
I milstary, show rank and branch of servics. The ngme of
the principal authof 18 an ahsoclute minimum requirement.

5. REPORT DATE. Enter the di*e of the report as day,
month, year, or month, year. If more thsn ane dete appesrs
on the report, use date of pubiication.

Ta TOTAL RUMBER OF PAGES
should Iolicw normal paginstion procedures
aumher of pages confaining information

746 NUMBER GF REFERENCES  Enter the total sumber ef
referen: ef Cited in the report.

Ba CONTRACT OR GRANT NUMBER
the applicsble number of the contract or grant under wh:
the report was wnitten

88, &, % 8d. PROJECT NUMBER: Enter the appropriate
military depariment identification, such as project number,
subprosect numrher, sysfem numbers, task number, &1

9as. ORIGINATOR'S REPORT NUMRER:S Fnter tne offi-
L1l report number by which the documemn will be identified

The inta] page vount
i.e., opte: the

if appropriate, entor
h

and controlled by the originating acuivity. This cumber ast
be unique to this regort,
% UTHER REYORT Ny i ne e 4% DeE

assigned any other report Ay~ srg {2ithes By the orginator

3r by tha sponsor), 3130 ein . this number
10, AVAILABILITY [IMITATION NOTICES  Enter any him
iarions on fwihes disssmination of the s iher than tho

!

cotatetes bbb iant g

[PV R ——

N
such

sed by security class:fication, using standard stestements

F3.1

(1} “"Qualified requesters may obtsin copies of this

report from DI

i2} "Faoreign announcement and disseminiiion of this
report by DDC is not suthorized ™
{3y U 5 Government agencies msy obtain copies of
this repart directly from DDC Other qualifie ? DDC
ysers shall request through
{4} *'U. % military sgencies may obtain copies of this
report directly from DDC Other qualified users
shall reques? through
FE
{53 “tAll distribution of this report 1s controlied Qual-
fied DDC users shall request through
3
if 1he report has been furnished 1o the Office of Techmicsi

Services, Department of Cammerce, for ssie to the publr

2T
21T

i1,
tory

iz

indi-
this fact and enter the price, ' hnown

SUPPLEMENTARY NOTES:

notaw

SPONSORING MILITARY ACTIVITY. Emer toa name of

Use for additlonal explans-

the departmental project gffice or 1abaratory sponsenng ‘pay-

iy for} ihe research and déveiopment.

i3

inclyde address

ARSTRACT: a brief snd factual

fnter an mbsirect givin -

summary of the document indicative of ihe report. #ven though
it may zis0 appeat elaewhers in the tody of the techaicsl re-

furt

1f agditinnel space it required, & continustion sheet shaij |

be altachag

It in highly desirable *hat the abstract of ciassified reporis

be unclassified Each paragraph of the abstract sneil end with
&n ind:catton of the militery securiy classification of the in

formation in the paragreph

ever,

14

represented s TSy 75 (C e FL

There is no lim:lation on the length of the ahstract. Hew

the suggested lengrh is from 1530 15 225 words

KEY WORDS. Kevy words are techniogily mean agiul terms

or sher: phrases that charscterize 2 repo:! and ha. be used as

indey entfes for cataloging the repor
selected so thst no security classificstion 1s reguired.

{1rrs

project code name, geographic [scation, may b used &

wardde i [

text

Key words must be
Idents
such a5 sguipman! mode! designation, irade name. military
key

i

- Lo o Be ¥ 8

rales. and weights s optional

smel fy &
The assignment of links

Unclaseifiec

Security Clagsification



