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INTRO JUC TI ON

This memorandum is intended for the use of others at NEL and a

few outside the labora tory wi th na rticul.ar interest in seamount

ranging. It is for thcir inforn :ati on only and is not a formal report

_~~~~~~
øn~~~ aboratory project.

The problem of tonographic mapping of the ocean floor hes been a

matter of interest to the Navy arid to oceanographers for many years.

Througho ut this pe~~ od the re has been the need for a ii~thod of survey

to supplement the normal sounding techniques. The use of aco ustic

systems wh ich would detect major irregularities in the ocean bottom

by virtue of their reflection of sound from explosive charges has

been proposed many times and limited experiments in the use of this

technique have been made.

The anal ysis of acous Ic asurement s made in connection with the

atomic explosion of Ope ration JGWM~ in 1955 showed that reflections

were bein~ received from Island s and major seamounts throu ghou t the
2

greater part of the Pacific Ocean , Computa~ .ons further showed that
I

1. 1. Luskin , N. Landi sman , G. ~. Tirey, and 0. i’.. lIamil .ten , ‘ Submarine
Topogra ph ic Echoe s from Explosive Sound” , Bu t ] . ,  Ocol. Soc. Amer. 63:
1053—1068 (1952) 
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with prope r instrument ation surveys could be carried out over a radius

of fou r or five hund red miles, usi ng sotn’ce charges on the order of

hur~ reds of pounds of TNT .

Operation CHINOOK , conducted by Scripps Institution of Oceanography

• in the summe r of 1956, aff ox~ied an opportunity to test these conclusions.
I

It was recognized tha t due to the limited time available for preparation

this wou ld be a very rough test which at best would probably provide

valuable experience upon wh ich to base requirements for future pr ograms.

It was necessary to make use of exi sti ng facilities almost exclusively

and to conduct the tests on a not—to—interfere basi s with the primary

missions of the cruise. Again due to time limitations it was impossible

to carry out an adequate analysis of the experimental sittation in

advance.. Recognizi ng these hand icaps it was decided that the low Cost

of the experiment made it worthwhile to go ah ead and see what cou ld be

learned fro m the experience. Although the results of the ex”eriment

were extreme iy di sappointing from the stai~~poiift of seaxnount location

the experience was valuable in indicating the requirements whi. ch must

be met for successful operati on of such a survey.

Operation CHINOOK involved an oceanog raphic survey of the North

Pacific conducted by two Scripps ships, the R/V STR \ NGER and the R/V

SPENCER F. BAIRD . The general track covered by the two ships is shown

in figure 1. The operational plan called for the BA IRD to set of.f six

320—pound TNT charges at the axis of the deep sound channel while the 

2. Il. I . Shechy and K. halley, “A Neasurement of the Attenuation of
Low—Frequency Unde rwater Sound ”, J ASA, Vol. 29 (1957)
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ships were still in southe rn latitudes n ear Hawaii~ Four such charges

were actually exploded at the points shown by the stars numbered 1 to 4

in figure 1. It was also planned that at the time of each explosion

the ships would be approximately fifty miles apart and that the acoustic

signal from the explosion would be monitored by each ~~ip for a peri od

of about half an hour after each shot. A third monitor ing stati on was

manned at the forme r SOF .~R station at Kaneohe , Oahu, T. H.

The listening system at Kaneohe has been adequately described
3

before and the description will not be repeated here. A single type

14D3X hydrophone, bottom mounted at a depth of abou t 350 fathoms was

used for this test. The system was in good operating condition and

perfo rmed as expected . ~agnetic tap e records of each shot and the

• period of abo ut half an hour following were made ‘for later analysis.

The receivi ng system on the STRANGER used a single type ,‘iXSS

hydrophone out of an array used for seismic recording0 The h ydrophone

was at a depth of about 200 feet , buoyed and floated away from the

ship. Dur ing the recording pe riod the ship was lying to with all

major machinery units secured. Systet: sensitiv ity was good and self

noise was low. Good records were also obtained from th is receiver.

On the B~ IRD a single AX58 type hyd rophone was also used. It

was su spend ed from the side of the ship at a depth of about 200 feet.

the p roced ure followed was to drop the TN P charge while underway and j
then to hring the ship to a stop at a point abou t half a mile from

• the drop point. The hydrophone then had to be ri gged out and the 

3. N~ L SOFAR Re search Group, “Triangula ti on Tests of the Northeast
Pacifi c SOI’.W~ Netwo rk”, N~1 Report 175 (27 April 1950)
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recording started. In no case was this accomplished in time to

record the initial explosion aithouch the explosion was heard through
• the hull of the ship and the ti me noted . Under these circumstan ces

it was not possible to quiet the I3AIRI) sufficiently for the echoes

to be detected in the  noise ari d no useful records were obtained.

Accurate timing was maintained on the H.~IRfl ’ s shot records and

on the recordings made by the ‘~TR~N0ER aiii at the Kaneohe sta t~ on by

recording time signals from WWVH .

C ’~N P U TV FI.~N ~L M~ Ti~~DS

Befo re exam in ing the results obtained from the records of this

experiment let us examine the gene ral problem of deter .inin g the loca-

tion of multiple reflectors £ ro~i such records. In gene ral, two rece ivers

such as were operati ng duri ng this test are not sufficient to obtai n the

locations of multiple reflectors from a si ngle charge so we will examine

the more reasonable situati on where three receivers are used.

Let us assume that a suitable ch arge is set off in an area co ntain-

ing many re flector s and th at signals are recei ved at three separate

receivers. Now a number of ech o signals will be received at each

receiver arid there is no way of associating any sin gle echo at one

receiver with any parti cular echo at any o the r receiver. h ence, all

possible rairings wh ich do not lead to imag i nary solutions must be

• 1 con.~idered . This mean s that for any two receiving stati ons all si gnal

pai rs must be con side red for wh ich the t i c  difference of arrivals is

not greater than the sound travel ti i~e between the two stations. Hence

4
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two receivers fairly close together would req ui re far fewer computation s

and lead to ‘far fewer false solutions than two widely separated receivers.

This problem of ~rstem saturatien has previously been considered in
4

detail. Conversely however, in the interests of accuracy the receivers

should be well separated , and considering the aims of  any given survey

a judicious choice ot’ receivi ng locations inm~t be made.

Let us now assume that there is only a single refle ctor in the area

and consider the methods by khi ch  its locati on isay be obtained . t~e must

keep in mind , however , that any method selected must be iterated perhaps

hundreds of tines in analyzing the records from a single explosion .

Figure 2 illustrates the gene ral situation for a source (S) ,  a

reflector (R) , and three receivers (A , B, ar~i D) , all on the surface

of a sphere . 0 and 0 are coordi nates of latitude and longit~xie in terms
• 

of wh~~h we have R a (Ø~ ~~
); S (øs~ ~s) ; and A ~ 

( e,j), etc~

FIGURE 2

• , 
4. R. • .. R~npe1, “Some �iignal Inversion Probabilities in the NortheastPacific •~~FAR Network”. N Eb Report 303. (June 1952)

5

L



~~~T~~~TJ1 - _ _ _ _ _ _ _ _ _  
_____________ •

The lines, a, b, d, and a, all repres~~t so und travel paths measured

in tenss of great circle arc. If the detonati on tine of the source is

known and ta ken as t ~ 0 and the arrival times of the echoes at the

three receiver s are t %, t111 and tD, and we further specify the total

sound travel di stances to each of the three receivers in terms of great

circle arcs as TA, T11, and T~ then it is apparent that the reflector R

must lie at the point where the th ree conditi ons

= a 4  s (1)

~ b + s  (2)

d + s  (3)

are true simultaneously. Thi s obviously defines t he  common point of

• intersection of three hl ellip ses t ; i. e., three curve s each of which

is the locus of points the sum of whose great circle distances from two

fixed points is a constant , The three equati ons are independent and

although any pair of these “ellipses” may intersect in as many as four

points there should be only a single common point of intersection of

all three curves except in ve ry unusual cases of symmetry.

Now If eith er the time of explosion or location of the source is

unknown we may iimmi ediately elimi nate s fror these equations and have

two independent equation s such as

fl a — b  (4)

and

• Tt — T D a — d  (5)

6
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The simultaneous solutio,~ of these equa tions will yield the points of

intersection of two “hyperbolas”; i. e., two curves each of which is

the locus of points for wh ich the difference betwe en the great circle

distances from two fixed point s •is a constant. h’ith only two indepen-

dent equati on s the re will in general be two real solutions with no

mean s of choosing between them. Therefore , it becomes mandatory tha t

either the source data be known or that four separate receivers be used

to remove ambiguities in the solution.

Let us con tinue to assume th ree receivers and known so urce data

and consider further the mean s of obtaining solution s to equati on s (1),

(2), and (3) in tenns of the two independen t coordinates 0 and 0.
Expanding equation (1) we have

cos TA = cos (a + s) ~ cos a cos s — sin a sin s ( 6)

where cos a ~ cos (0 ,~ — 0) cos (OA — 0) (7)

and cos s cos (0~ 0) cos (Ø~ 
— 0) (8)

It is obvious that rurther expansion of th i s  equation will result

in an extremely complex trigoz-ton:etric expression whose inclusion here

would serve no useful purpose • It is presumed however that such a pair

of expressions could be solved simultaneously after sufficient algebraic

manipulation. The resulting solnt ions will themselves be so complex in

form that it ~o~ild be foolish to con sider their numerical solut ion i.n

the number of cases required ‘i.~y the problem wi thout recourse to at least

7



a medium speed computer . Since it is our j~~al he re to fi nd a meth od of

soluti~ii wh ich will not require the availability of su ch a device we

will continue to consider mean s to simplify the solution of the problem.

The first and most obvious mean s of simplification is to choose

$ the coordinate axes for any particular explosion in su ch a fashion as to

mak e as many factors as possible equal to zere. It m ay simply be stated

that wh ile this obviously simplifies the expressions involved it is not

sufficient to material ly ch ange the manne r or complexity of solution.

~ second and extremely effective means of simplifying the problem

is to assume that the source is located at one of the receivers. This

has the furthe r advan tage of b& ng iiiost convenient as a mean s of conduct-

ing the experiment.

Consid eration of figure 2 sh ows that if the source is located at

one of the receivers s becomes eq ual to the distance (a, b or d) from

that recei ver to the reflector and tha t  distance is simply half of th e

total sound travel di stance measured at that receiver. By substitution

for s in equations (1), (2) and (3) we find that a, b and ci are each

eq ual to a kna~n combination of values of the measured sound t ravel

distances. The three equations now defin e three eircles of radius a, b

and d wi th corres”~onding centers at A, B and D and with a con~non inter~

section at the ref]e ctor . Graphical solution of the three equations

would now be extreme ly convenient prov idi ng one had a sufficiently la rge

spherical surface upon wh ich  to s~ rk. Combin ing th i s  assumption with a

jud icious choice of coordinates a solution can he written out in fairly8
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simple form which would be amenable to h andli~~ on a pirnch card computer

or even by hand computati on for a limited n umber of cases. This solution

is developed in ar pendix 1.

‘~s a final sin nlification let us now con sider the effects of approxi u~
mating the spherical surface by orthographic projection on a plane0 Such

an approximation must obviously lead to errors in the solution , so let us

first examine the size of the errors involved and determine if sudi an

approximation is feasible.

In studying the acousti c reco rds we are able to measu re the time of

ar rival of re f lected signals to an accuracy of about ± 1 second or say

+ 1 nautical mile. Seamounts large enough to produce useful reflections

must extend over some reasonable area, say th ree to five miles. Further,

• - accurate loc~ition is unnecessary since any seamount so indicated will be

• subject to further detailed bathymetric study, Let us the n say that ± 3
miles is sufficient accuracy for location, and that ~ 2 miles of this may

be tole rated in the anprcxi; -ation due to the plane projection. Now the

error of approximation on the plane projection is simply the difference

in distance between the spherical arc and the i-rejected d-i ord. This

error may then he writ ten

e r (ct — sin a) (12)

where a. is the arc distance, and r is the radius of the sphere. For an

error of e 2 miles, we find a. ~ .145 radians, or almost exactly 500 miles.

Thus, if we choose the point of projection at the sou rce, all points of

interest must lie wi thin about 500 miles of this point. This seems to be

reasonable area in wh ich to work and the approximation s may be cons idered

feasible 0

9
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Now in atte~ pt i ne t-~ make c oTnpPt a~.i onal ~oluti cn on the p lane

the form of equati o~is (9), (10) an-i (1.1) ~i1l z-e~i~ in unchanged , hut the

solution mus t be made in rectangular coordinates. If one agai n make s a

jud icious ch oice of co ordinate sy~items , the solution has about the same

computational comp lexity as the sphe rical solution of appendix 1. Thus

the approximati on offers no new advantages and increases the complexity of

transforming the soluti on l~ack to the ~eographic coordinates , (Q, 0).
However, if we investigatc the effect of the a p’-~roximation on the

solution of the equati ons by graphical mean s, we fin d that  we may now

obtai n solutions simply by drawing circle s on a p lane. The error of

app roximation is apparent he re in that the circles will not be a true

represen tation of the circ le s on a sphere and they will  no longer inte~~
sect at a single point, but at three closely scattered points. For a

true solution it is ne cessary, het not su f f i cie nt , t h a t  these three points

should lie wi th in  a ci rcle ci’ a three—mile radius~ Thus we must expect

even more spurious solutions0 This me thod should prov e val uable, however ,

• for a rapid an:~lysis of results if the radius of the circle of interest

• is limited to 500 wiles, if the number of reflections received at each

station is liniit ec~ in number and spaced m any seconds apart , and if the

ci rcles are drawn on a chart made either by orthographi c proje cti on or

by a Lambert con formal ccn ic prOject i on~
In summation of this secti on we may say that from the standpoint of

ease of computation it is advisable to loea~c the source at the same point

as one of the receivers, With th is assumpti on and by prope r choice of

coordinate systems it is possible to express the solutions in sufficiently

simple form for punch card calculation or even for hand calculation of a

limited number of refle ctions. Final ly, by projecting restricted areas of

10



the sp herical surface onto a plane it is possihlc. to obtain a~prcximate

so1uti on~ by graphi cal me ;ms ~y t i i~ simple process of ~!rawing circles

of appropriate radi us about the three receivers.

RIi SULT S

• It is unfortunate that thc short t i ne  avai lable  for  prep arati on

for this exercise did not allow the theoretical con si~erati ais outlined

above to he made until after the completion of tie excrd se. The desira-

bility of having the source and one receiver at the sa’~ location was

recogui zed, but it i-zas not realized how completely th is factor dominates

the choice of n~ thods of solution, Sçecial shipboard n strumentation for

t h i s  exercise could be prepa y-ed only in very liciitcd form and conseque ntly

instrumentation available on the ships f o r  other ~urposes was used to a

great extent . Since the MJV SF \N GE~i was being used tL rouch~ it the opera—

ti on as the receivin ’. ship in seismic profile fins , she was we ll. in strumented

to act as a recei ve r for  the seamount rangin ~ exercises. The R.~IRD , ~tiich

was to act as the s~-urce ship and to cro p the exp losive charges , was not

so instrwne nted and it was possible to ins talj  only the most cuUmcntary

listening apparatus for use in th is exercise. The lew sens i t iv i t y  of th is

system , coupled with t h e  extremely high self ~-noise level s of the  B\I~ D ,

resu lted in no useful informati on being recorded at t h i s  stati on 0 The

IIA IRD station did record the direct signal from the  charge and these data

were available for use in computing explosion ti mes0 The recei vi r~ system

on the ST Uc~;g1~ and at Kaneohe ope rated satisfactorily and reflected

• signal s were recorded at bo th Sta t ions  with ti ,:e delays up to twenty

minutes followi ng the reception of the direct si gnal. Cons equently we

had fou r pai rs of recordings availabl e for analysis. The ti e secue nce

11



of echoe s on ;hese fou:~- re co r’~ -:~:irs is shown in  figur e 3 together with

the total number of echoes observed on each record.

It must he noted that th i s  figure incluies every signal received

at eithe r receiver within 2,000 seconds of the detonati on ti ne which

could possibly arise by reflection of the signal fro i the cx-~losive

• charne . In general the se si mials were small, None were I; ore th an 10 db

and most we re Ic ss than 5 db above noise in the best third—octave band.

It is c”nsidored t In t  a large percentage of these signal s may have been

S~uiriouS~

From t h e  computati onal j:iethods developed above , it may be seen that

we were left in a very unfavorable position for computin g the locati ons

of the reflectors represented by the received ech oes0 The only method

• of soluti on available to us with out the services of a large computer was

to attempt graphical solution by means of el lipses drawn on the plane

approximation to the sphere . Knowing the location and detonati on time

of the source , the locati on of the receiver , and ti me of reception of

the echoes , it was possible to d raw one el lipse for each echo which wou ld

represen t all the possible points of refle ction , Since there  was no way

of pairing echoes received at thc two stati o~ s, and since two s ignals from

any one reflector are insufficient  to determine positi on uni quely, t h e

only way to get reliable solutions was to plot ev ’r y p~~sible el l ipse for
• 

- 
all four shots on a single sheet and to dep end upon the consisten t appear-

ance of a rca]. reflector to cause a number of intersections to occur at

the same point.

• It is the n ne cessary to con s ider the accurncy of the nvasureiients and

apn r o~iimation s in ord er  to dete r T~ inc  wh at will he considered as intei~

section at the “ sa~:-e point” 0 considering the ap proxin~~ti ons in volved ,

12
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it was deter m e d  that ~~ could expect no th ing  better th an an accuracy

of ~ 3 miles even under idea l conditi ons . A co ns ideration of the results

of drawing the 145 necessary ellipses indicated that the re would be

several hund red cases ~diere two intersections could be ccnsidered to

occ ur within  the three—mile Uni ts .  At th i s  point it was necessary to

inquire into the navigational accuracy wh ich determi ned the accuracy of

locatin g the foci of the ellipses.

A simple dieck was availab le by comparing the di stances from the

source to the recei vers as computed from navi gati onal data with that

computed from acoustic data. The results of this compari so n are shown

in table 1

L\BLFO 1

• C0 1’\i ~I—~~’N Ci’~h ’U 1’K1) Dl~~L~NCES
BAIRI) to Kaneohe
Nautical ~iles

Shot Acoustic Navigational
Ntunber Distance Distance Differences

2 582 615 34
3 502 518 16
4 540 559 19

~ean 19

HAIRD to ,~~~\CER
Nautical ~1ile s

2 74.4 75. 0.6
3 39.2 42. 2.8
4 (,.4 4.1 —2.4
5 5~ .2 66. 10.8

13



The tremendou s errors indi cated by this  comparison no ~e it o bvi ous tha t

any further att~ spts to coi~pute reflector positi ens were do omed to

failure. Befo re abandoning the problem entirely, however, consideration

wa s made of the fact that  the errors appear consistently with the sane

si gn and thus the di ffer ences migh t be due to an erroneous assumpti on

as to the velocity of so und propagation in the deep so und channe l .  t f

the mean sound vel od ty were to be adjusted to account fo r the rican

difference of nineteen nautical miles in the position measureno nt s

between the BAIRD and Eaneohe , a mean sound veloc ity of 5,019 feet

per seco nd would have to be te ed. This is far greater than any va lue

eve r observed for deep sound ch annel pro pamati on,  Even if it ‘~ere a

more believable fi gure, the var ia t ion  in range d i f f e rence s of thirteen

and fifteen miles below and above the mean would still he ‘inexp 1aincd ~.

Velocitie s computed for the BAIRD to ST N W~ variati  ons are even worse,

about 5,200 feet/seco nd , but because of the sh or ter travel path s, th i s

computation is less reliable ,

It may I’e added that years of exper ience u’i th •-*~
‘ \~ oxpe ii ments

hav e indicated tha t for bombs dronr ,ed in t h i s  area t ie  acoustic range

error at the Eaneo hc station ~~cu ld be under two miles , An unsuccessful

attem pt ~~s mad e to  conr~ute better ship positi ons from the accumulated

navigati onal data 0 since the se data errors precluded the pos si bilit y

of succes sfu l  determination of reflector positions , no fu rther atte -pt s

were made ,

• 
• 

14
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C LI • ~ I CN a

1. The results of the ~ ld. d~ recordin ”s re~ain as evid~ i ce that

explos ive echo ran ’~ine of seamount s sh ould be feas ible .

2. Theoretical  consi!erat i ons indicate that , with a well desi~ ned

experiment , caicuIc ti on of reflector positi on can easi ly be made by a

punch card computer.  J oc ;~tion of th e  source and one of the receiver s at

the san c point will niiterially si mpl i fy  these comnutation s . Under these

sai~e cond itioris an nro di .ate solutions by relatively simple itraphical

mean s are pos sible .

3. The relatively snail signal—to—noise ra ti os observed dur ine  the

presen t expe riment indicate that the ch arge si ze used may have been insuf-

ficient for the purpose and that it thou ld be inc reased to p rovide an

• additional 5 — 10 db of sig nal Icvel in the water . On the other han d,

there were no known reflectors in the area under study and the low signal

strength may have been due to our absence of suitable reflecto rs .

IU~c0;-~~EN D~ T1L\s

• 1. This exp eriment sh ou ld be re~ cated under mor e carefully controlled

• conditi on s, At least the t ollowing iniprovenent s sh ou ld be effect ed .

a. A source ani three receivers should be p rovided . the receiv-

ing ships should ho quieted and listening sys tems should be instal led which

normally record ambient water noise in the frequency range of 200 — 1,000 cps~
• b0 The source sh ould be detonated at the positi on of one of the

receivers,

c. The ships should be provided with moder n navicati onal aids

and t he experiment conducted in an area which ‘dli al low navigational

15
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accuracies r ’ 4 one mi le.

d. The area of j nv~ sti~yat ion sh ould be restricted to a circle

of not more than five hund red mil.es1 radius around the  source, rhe ships

should be spaced in a triangle abo ut one~hundred fifty miles on a side,

e. The area of investigation should be th osen as one wh ich is - •

neithe r esse~ tiaily free fro m known scamounts nor as one whi cli is known

to be cluttered with seainounts.

f .  If signal level s are still low in an area con t ainini~ known

reflectors, the di rgc size should he increased to give about an additional

5 to 10 db of so urce level-~
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Let us first define a new set of orth ogonal co ordi nates which will

make the computati ons more convenient than they are with  coordinates of

latitude and longitude, Of course the solutions must be transposed back

to latitude and longitude before they can be specified in stan-iard navi~

gational tcrms.

Let us choose a set of orthogonal coordinates (cc, p), identical with

(€~, 0) excer t that the origin is located at Point A and the system is

rotated through an angle, y, so that the coordinate, 13 0 , passes thro ugh

• Point B. ~e then have the followin g relati onships between the two coordi-

nate systems

= 4 tan k 
[tancc cos 

~~] 
— sin~~ [sin sin ~rJ (1 ’)

0 = + sin~~ ~sin cc sin + tan [tan 13 cos (2’)

tan JIø~_ ø J
tanv  = ( 3 )

S~Lfl —

Now since the three travel distances, a, b, and d, are each equal to

a kno n conibrnation of measured travel distances which we may designate for

• the moment as 11, T~ and 13, we may write

a Ti (4’)

b = 12 (5’)

d 13 ( 7 1)



In te rms ot’ the (cc, ~ ) coordinate system we may then write

cos cos 
~~, 

cos 13 (7’)

COs 12 cos (ccc — a.) cos 13 (8’)

cos T3 cos (aD — a.) cos (f ~ — i3) (9 ’)

solving equations (7 ’)  and (8 ’) simultane ously, we obtai n

COS 12
______ — cos atan a 

~_c~s Tj~ (10’)
sin

and cos t3 : S 11 (11’)
Cos a.

In general th is  gives two princi pal val ue s for ci, , one of which will

be close to a ~ C’ and the other wi ii dif fer f rom it by 180 degrees, and

will be completely unreasonable. or the one reasonable val ue of ~ there

will be two values of 13, neither of which can be discarded wi thout fur ther

examination,

Solv i ig  equation (9 ” )  for cos p we have

COS COS r c~o~
2 13 ____~~~

COS ~ = cos — 
4 sin 13D [1 

— cos2 (a
D

... a)j (12’)

If we now substit ute the chosen value of a fro m equati on (10’) into

equat i on (l2~ ) we obtain two new values of 13 only one of whi ch should aEree

closely w i t h  one of t he  valu es found by equati on (11’). Choosin g th i s  value

we now have a unique solution in terms of (a , p),
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It mus t be remembered tl .i t this  so lu t i. i  wi l l  still not represent a

true reflector unless the signals arrivi ng at the three receiver s have

been properly grouped Thus we sh all in mos t cases hav e nany spurious

soluti ons. The validity of the solutions can only be checked by repeati ng

the experimen t with a charge drorped at anothe r location .

Fortunately, we have not yet designated any of the recei v in g  points

as the source point . Consequently, we may use the equati ons and coordinate

system for charges from any of the points simply by inserting the ~ropcr

values for T1, T2, and 13 into the equations according to th~ f~’ llowi ng

tab le,
• SOU~C~ POIN T

B D

Ti 
,F
~ TA — : E ~ T 4 — i ~2 2

I I
— 4 TJ3 T13 - 2

13 —
~~ 

— -4

Thus, if charges arc droored from each ship at , say, one hour intervals,

we can obtai n three in dependent sets of solutions (only two of wh ich are

necessary) arid thus pick out the solutions corresp onding to real reflectors

before making the tr ansformati on back to la t i tude and longitude (€~, 0)
through equati ons (P1, (2’), and (3’),
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