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LONG-RANGE PROPAGATION EXPERIMENT: ANTIGUA-NEWFOUNDLAND,
MAY 1974 PROCEDURES AND SHIPBOARD DATA

NRL OPERATION 74-16-03

I. INTRODUCTION

This laboratory performed a long-range acoustic propagation experiment in May
1974. Procedures for its conduct and the shipboard data obtained are reported here. The
experiment was conducted jointly under two NRL programs-the Very Low Frequency
Program (VLF) and the Fluctuations Program. The objective was to measure propagation
loss, signal fluctuations, signal coherence, and bathymetric shadowing. Experimental
parameters were chosen to extend the measurements of a previous experiment [1-5] and
to check their long-term reproducibility.

The USNS Hayes (T-AGOR-16) followed the course charted in Fig. 1 towing three
continuous-wave (CW) sources, dropping explosive charges, and making environmental
measurements. A 110.00-Hz CW source was operated at a nominal depth of 23 m; a
262.00-Hz CW source was operated nominally at 25 m; and a third source, whose operat-
ing time was divided among the frequencies 5.0, 6.0, and 8.003, and 9.807 Hz, was
towed at a nominal depth of 110 m. A total of 521 charges, each equivalent to 5 lb of
TNT, was dropped. Detonations at a nominal depth of 250 m occurred every half hour.
Detonations at the SOFAR axis occurred every 6 h. Other measurements made aboard
ship include navigation, sea and weather conditions, bathymetry, temperature profile by
means of expendable bathythermographs (XBT), and source operating parameters. The
body of this report describes the measurements which are tabulated in the appendices.

II. SHIPBOARD DATA

All times are given, by Julian day and Greenwich Mean Time. Clocks are synchro-
nized to WWV Fort Collins, Colo., but no correction has been made for radio propagation
delay.

Navigation

Ship's position was determined using three independent electronic navigation systems
including two Navy Navigation Satellite Systems (NNSS) and Loran C. The three receiv-
ing antennas for these systems were located on the aftermast walkway [6].

The first NNSS receiver, Magnavox MX706, produced a Nixie tube display of time,
latitude, longitude, and figure of merit for each satellite fix. The navigator copied the
data in a log together with the two input parameters, ship's course and speed. The second
NNSS receiver, Magnavox MX702, produced a hard copy output which included the

Manuscript submitted January 13, 1976.
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Fig. 1 - Ship's track

output fix and all input parameters. With these input parameters one can recompute the
fix at a later date with improved estimates of ship's course and speed. The Loran C
receiver, Decca SPN 45, was interfaced with a printer which automatically recorded a fix
every 5 min. The navigation data are contained in Appendix A.

Sea and Weather Conditions

Sea and weather conditions were noted hourly by the bridge. Appendix B contains
the tabulated data.

Bathymetry

Bathymetry was measured continuously aboard ship using an EDO Model 248, 16-
kHz transceiver, having-a narrow beam pattern (60). The transducer platform was

2
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stabilized and the recordings gated. Data was recorded on standard teledeltos paper and
later digitized on a computer-interfaced digitizing table. Appendix C contains the bathy-
metric data for an assumed constant sound speed of 1500 m/s.

Temperature Profiles

Expendable bathythermographs (XBT) casts were made every 2 h. For every two
Sippican Model T7 probes (design depth 760 m), one Model T5 probe (design depth
1800 m) was dropped. The analog data from a Sippican Model MK-2 Recorder were
read on a digitizing table. Appendix D contains the temperature profile data.

Archival Salinity and Sound-Speed Profiles

Salinity, temperature, and sound-speed vs depth profiles along the ship's track were
obtained from National Oceanographic Data Center (NODC) Nansen-cast files. Only pro-
files taken in April, May, or June at locations within 100 n.mi. of the ship's track were
selected from the files [7]. Based upon the salinity data, the profiles were arranged in
groups, each of which corresponded to some interval of the ship's track. In Appendix E
are tabulated for each group the average salinity profile, the average sound-speed profile,
and the standard deviation of the sound speed. Appendix E also contains a plot of the
average salinity profile for each group..

Sound-Speed Profiles

Sound-speed profiles were obtained by using the measured XBT temperature pro-
files, the average salinity profiles of the Appendix E groups, and Leroy's second formula
[8], which is equivalent to Wilson's second equation [9] to within 0.1 m/s. The archival
temperature profiles for the groups in Appendix E were compared with each measured
temperature profile to determine which group salinity profile to use in Leroy's formula.
The calculated sound-speed profiles are tabulated and plotted in Appendix F. An asterisk
in the lower right-hand corner of a plot indicates marginal data.

Each plot in Appendix F contains three curves to facilitate a comparison between
the calculated and archival sound-speed profiles and to obtain a measure of confidence
for the calculated profiles. In addition to the calculated sound-speed profile, we have
plotted the average archival sound-speed profile plus/minus the standard deviation for the
appropriate Appendix E group.

Explosive Sources

A total of 521 charges, each composed of 5 lb of TNT, was dropped. Physically the
charges were formed of two stacks of half-pound TNT blocks. A 5-lb lead weight was
placed at the bottom of the two stacks and all components were bound together with
electrical tape. Each charge was detonated with a fuse-fired Navy Type I blasting cap
and a 1-oz Composition C4 booster. Appendix G contains the relevant shot parameters
including time and depth of detonation. The tabulated shot time is the instant the shot

3
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pulse reaches a hydrophone which is towed 30 m behind the ship at a depth of 3 m. To
determine shot depth, we measured the difference in arrival time between the one bot-
tom bounce arrival and the one surface bounce-one bottom bounce arrival. Assuming
vertical propagation and a constant sound speed of 1500 m/s, we obtained the tabulated
shot depths.

Continuous-Wave Projector Parameters

Three CW sources were used during the experiment. A Minneapolis Honeywell
source, model HX 302H, was operated at 262.00 Hz at a nominal depth of 25 m. The
unit was suspended from a U-frame located on the stern of the port hull 18 m aft of the
navigation antennas. A Hudson Laboratories Electromagnetic (EM) source [10] was
operated at 110.00 Hz at a nominal depth of 23 m. The unit was suspended from a star-
board midships U-frame, 13 m forward of the navigation antennas. A modified minesweep
transducer (Mark 6) [11] was employed as a low-frequency CW source. The unit was
suspended from the starboard stern U-frame and operated at a nominal depth of 110 m.
At the beginning of the experiment and during the entire tow north, the frequency was
maintained at 9.807 Hz. During the east-west tow, at about 31 0 N, the source was turned
off. During the tow south from the Grand Banks towards Bermuda, the source was
operated sequentially at 9.807, 8.003, 6.0 and 5.0 Hz.

When operated at 9.807 and 8.003 Hz, the Mark 6 was phase locked to a frequency
obtained by counting down from a rubidium frequency standard. When operated at 5.0
and 6.0 Hz, the Mark 6 was not phase locked to the rubidium standard but was operated
under the control of a servoloop. The EM and Honeywell source frequencies were
derived from the rubidium standard. The EM and Honeywell sources were programmed
to turn off for 20 s beginning on the hour and at 20 and 40 min past the hour. During
the east-west tow, at 31 0 30'N, the power and frequency of the EM and Honeywell
sources were varied. Appendix H contains a description of the CW source parameters.

Julian Day vs Day of the Month

Appendix I gives the relation between the Julian day and the day of the month for
1974.
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Appendix A
NAVIGATION DATA

This appendix contains the navigation data arranged in three tables, each accompanied
by a figure.

7



SHAFFER, FITZGERALD AND NUTILE

L)4 v V) P, W ") WA L 0 IV m C)r)0 0z) ak ' v a, co.4 " 1W co V.)' %a ) m-i 1W Go r- LA p 0'o 'o -4 ON '0 N\ OU Nl V 'a '0 if\~
Z)' Nl N~ '-0 n. 0' '0 0' 0' roC.) ~ 00 n %C. nlo l0w Mal '00' v0 mO CO0 AC. 4 P- ý r- P,0 CK M r- V .n ) nA to) n. .

C-0 0D c C-) c- 0' c) 4 LA I- c' 0' c) C) LA- cm4 0- CD C L CD 40' CD 0ý' LA C) 0D 4-- CD Nýc CD)' 0- N- C- C- 0' C> C'0 LA

-j 0'0'00 -0' 0,010'0D'0 '0''00 010 10 10 '00'00 10,010\0 10101010 '0'0.0'0 '0'0'0 '0 o'0 '0 '00 'O'0 u

ZZ2 2 2 2Z.Z 2- 2Z ZZ 2 O 2 ZZ..- OZ 222 2 22Z Z 2 2Z 02 2 2 2Z Z 2 2 222
W fW) fn) -4 4 N- 10 r) 0' P, 01 M) -4 V U% LA qt CU '0LA N~ CM4 C) W\ nA N\ C3 00 Il UD T- 0' 0' U, V.) r- -4 V' N\ n 0' Ný LA %
000 C N '4'C3 ,,1 Ln 00 a\ im CO ". .-4 .)3 1W Cm LA- 0' A 4' c 1WP 0' .4 0 a I,, C> CD U% '0.-4 co .- 4 '1 '0 ('U a,0' W- C) c' , 000
00' ar LA in .4 ('U 1, '0 LA U) GoCC C) Nv 4 IV 0ý -4 -4 P, LA 4'r P-1) 0 C3 0 co Ný Nl 10N 0 LA ý LA -4 qq'q .. 4 r" LA u

-j w''' .) co w A c ' 0o to .o w A co c 4 CC ) 0% a, Oka ) a, 0' a. a- cl 0 C.) C=PC> 4 -f 4 0' C> 0') N> C> C> C3, N> N C)ý C> C> N

-4.4.4-4.4.4.4.4t.4 - - A P.4 -. 4 - 4 -4 -9 -f4,4.4 NV ON N\ Nu N~ CN 0-1 Nv ON Nj C N C N N N M N NQ N NV M

WilW -EDCD CO , .' V4C) V0 Ic -l0'0.l 4 V) V) vt\ or A r- 0 -0PO4C. r 1-1.)LA Ul ' t0 -4 M K'K)V'4'0LCCm. C:

00--C 22" j rX X- X: Wa- rý: : r- rZrX X - X: X: I Xc:
C4' U4.4 -f~ 0, M3 4 3 ~ 3 t-333c3o3333333o sc 4(Vc o-invu P ,c I tc.Q 4Cj ' , oCjaj(

:nE : uJ.0 1 'n P kP nr 3 k- Vo 0.00'''44L . 0 mC'J0 LA.-) I W ) I VnmAI c ):1 - I 0AN0'0 .40'0N4NLALA ''0NLA > '

=)' XLW L N

- Z - 'u Z3 M J'0'0'0'"0 WP-P," '000000 0'0'C 0 'W f-) 0.0.00 '4M C ( '000-?I'M-W"0' FC > V t-3 0'0 00W000 q 100
-- - -- - --- -- ---- --- ----- -- -- ---- - - - -Z2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2fl -q -- -4 V-NL N 4 V4 N r)COMýoA'r"Cl 4ý 4C 0 C. C) 04 lqt'4 0 -r 0 ,'JC oN. 0 1; 3- 3D-1 C'J7.7-4,

-W.-.(, .-C

>- 11- 2! jm o 0 a &A 4' l a 0A a, mO Op4' 0 ý m 4' 01 4' M4 M Ný 04' CA CO r W W CC CC CO CC Cr 0C 0 000 M O A ON 4' Nr0
ýL v4 fl v4r4v v-r4 --1, r4v4 -. ý 4rlv - 4ý 4ý lr-N00v4 v4 v-OAOO 4 vLA4 r -4v -4 LA JOO4 LALr1 A. 4 -4 v l4-r4 f

W-.)00'0NVN0'WO' 0 M LAIV ' N 00q- '0'W M C LOOr 3 It :3-14 ( ODON 4 C \).Y -'> >'C N q Ol--.bC> D 'WOr
X n r>1 .444444.- W 4 V U-f vC kd 4M D( n WC-IN3CD 4"V fCy- ~ nCjC ~ fL .444.. NN N .44444.4.4

3' ''0 VM-4C" 40' JD D0(00N N Nf *- N N% NO NG N0 N0 N Nl N- N N N N N N LA -(A LA% U) LA LA- -4 lm 04 LA0 WA 43 U0
4' N 4 N 4 WN W4 VN N -N q " -4 1- .N N1 -4 N~ NV N\ Nv N~ N4 N4 -N -N -4 -N N NNNN

>- l .4 Q.IQ. 0 l %a4..0 10. , P.. .. 4... r-.I-- - t-r- - r. r-.....4r-.4- f-.r-w w4.4aDco wcc.mcc4.4ccm.c

'0 OD q( Q v4 v4 P, D 'Mn n QC.'N. 0 M Q 4 Q O.-4nLA4N.1%M .4'CM -)LAl-I -4 44'N.-'3 A N n' '-)'4

N WCj q 4c I sL W 1 I l . 4- r GLWL JC\J'--44.-44V4n4000'0P0)APA)DL-N'V''0LALALALAN f-'C )' (\J t) N I) (v

f J CE C) LA WN V 1)e)N 0VCUCU-.ý4 v-40' ý4'- C C) N O 4' 1 0 00 00 N 0 N 'O N 0' LA) LN 0 0') 0' r0 0' ) N l fl) r ) '~j CU' -4
PPP)P (f- ,-P l ýFl -r-r -1 10100 01 01 C'0sJ1 1 11 '0OL N .) L .4 N .400'4'O '0N.4 ' N. 4010 1 -0I0D01 1

X:ZZZZZZ Z: N 'N 400' ' ' Z 0 Z! Z' Z Z Z )%J' ZZ 72!Z: ' - ZZL A4;i' Z - Z--Z
-UJW \ 3 ; 4M j3,I Ql0 P-.. . . . . . . . . . . . . . . . . . . . . . . . ..)r-3 1) - -I'-N 1 0 0 ' t D - 3 4

N m4 -N4 0)CN0% N N 0'4 N C) 0O ''N 'N ~ 'N'A N ".4c *1nn' 0 ý 0vn l"r- WC ~ 4 V, ) A4'N m(m U

x IN ( v (V 04 AA (VU'I vcv W IV cm m 'Cv 'Jcm v v( (NJ m (VJ (NJC\j (vc' (V i( ('Ci m'' mC~ .4 -4 .4 -1 .C 1-4 -f 1-14 -4.

- 1- Li Llj cS) IV) cu C.) 4' M' 10C4W' %) 4 D C' W' 4' 4V OD M'4 '4'4 '4 4' 4' W) q) in Vl 4) iC:) a i) .1W NI C-) q, NU() IT U D C>. IT ". '4) -D'4

'4' '4' " - NN"1 NNN -1 4 '4 -'4 A "NCJ N N J C M-4- N-1" N L \JJk\

8



NRL REPORT 7978

=:F n CM .44 0' e4 N-U04'a " N W4 "In LA 4" "Iny N WN N In m40 LAm CO m ' N0 0'% LA '0v InC. N n- e' w N-. .4, LA in 0' in 0, eo e

Mo CD) 0 LA %o 00 0M NC Oh It 4' t-, MO V' er In ON MA LA CV Ný 44 Vo N 0MC0 LAl ý .4- IA a'0' N- 'W Nm & IA, 4' NM 0' 0' N- -w to
c!,In w 10 V) v 1w I* 4In .444 ' NU IAA'4tt W )NV)V )NC%,C'JV m 44 IAIALALa% ''4 m 'vv 4'I

z
S0 ) '01000o 0 000oN000 No N- PN Nl Ný N- '0000 e0 0 0 %C _, 0cv' oý Dý0 'o '000 o A LA LA LA LA LA IA LAn

_j Wn In In IN In Wn In In In% IN In in% In I% kA In If% In in In 1%n LAin UN IN InIann LA 4%U aIn In in In AIn In In In In In In n in N LA In mA

U wA MD W4 Nt -In In LA %0 Ion 04' vin N- 0' (Cj v' v) v' w 0' M)t N v' 0.04 '04 't N) wN, wrc 0' m c N U) 0.4 No inA .40' N 4

0 to -fIWý NW 40toVN0'W %ON N- .40 toV 4' ON 0(00' Nl ON- e' On ON0o L Inf\, 4' loi OLA '00 OL 00 tok -a -#4C V3o.

VI . to* LA N 4'r N -fV 4' N- COD 0. v4 to V to) C0 e tore N .40 0D 0.40 1- 0a LA N- 0', LA 00o CDC 4'I cC 00'0.4C, N N N, Mo n LA LA
v le in .4N~lto " toottoo44 4' 4'4'towtotoo"t"V to" omotFo4"4WIt %In .4NCA ~lto to v 4'Inc .4 .- 4 cm CY o

__...4.4.3 .C qý 4 -4...IV V4..4 V4 V4..4 .4ý .44 . 4 .q-4.'4 V.4 4 .q 4.4,4ý.4 Nm Nu N N Nm Ny N CN NMot C to tootoo
to* Mo W) Mo to to K.0 P) "o r) po Po to "o r) vo po mo to to- ") to to V) to mo Vo too toj r) t> to mo to to v W) Vo V) to to Fo to? I-) to to C.)

U 00 Mc NoN Nm t0 MD 04' 0I 0 C3Cý0 Nm 4' 0'D .4 CCDs' ocmmvC CD 4' 4' ON N) 4D 04' 00.0 0 14 e Of N 1000 NvCDt ON 1004'
X Vn rV 4"04V 0M V f 00 4' In to vn A m 004 vn LA LA w V4' to V-4O C3A 04' ý 4m.V4 A LA v' .fin .4 C LAC I 4' to)

I.-U2v4C%4 v4 w w v 4 4 MO'r 4.4. - " .4tUN-U00.No'-NU)0 M Nt o N 4o4 Mn0- M

>_ IN In IN In in In In In In In In In 00 'el 0%0 00N 010 000 %ava 0Q' 01 O 00 '0%000000 N0 N- * fr N-1 f- N_ N-' N- N- N- N- N
.4 W) Ko Ko Vo.) Kk K, V> m) m) "o mo mo V) "o pp) mo mo m m K.) m m m po) P) v% pr) mo to KO m. m m to> Fo mo V, Ko mo m V to" no mo ") mo K
n W4 _j" 4."4.4 4 .4 91.".4.44 .4 V#4 ,4,4,j 4r 4 _j --- t.4 w4 4.4 v4 ,-9 v,.4 .4,-C4v4 -f.4.4.4-..4 .4.4.4v4. - 4.ý4,

Wi mA '00 NOot N Ný LA V 01 CD to) m IA N- 0 0' 4' v n N 4' LA -40 CD 0' 00'C In 00 ED 0' v'''t .4 N) of 0' vo 0' 4' to 00 to v'
03 WA 'd M N MA =A N-, 0' 0 v4 N Y- LA 0' W04 N-W1 04 '0 v) N- 1*"3k) OP N LA LA V N PN 10 LA '0 A 0k w4 .4 LA n V w4 4 .40 7-'7

4' It" 0-L C.f) .440 0' N- LA .40 LA CC' N N- q4' #Cr N o V 4 ON k 04 00' 4 3, 00 In V .40 NI- to .4 N, 0 n 0' -' .0' Ný 40 NO 04'
(311% I w 4' * *'4w40 0F10tmtoN Mc 4 .4.4 _4 4 LIn n9%1%lw w it V, vto ") ) M NM.4 114 vAAL

0o UWt CO3A Ot N-- E 0' n4 C), # .If\ 0' PO 0' N * f, 4> O CP, W' N ODA44V N toO 40'I 010 CI ) In CO IA W4 V MIn 0'N N M -e0VI

C3 -0 W C 0 DO N -i PI) QA P 4' .' M' N- N 0' '4 LA CO M4 toll W 0' N MA ON .Q.Q4V to 0 ?. 4L 0' NO>W0C. N-. M4 0C> 0z'I.4

- "'e0 LA CO ' - NM 00' N- 0' N N- 4' 0' 0' 11, 4 0 0'N f.4. 'I L 00 _ .ine 44'_ CO 0'e 0' .444 0t'r 0, NO Cy Nx '000"e CO Qo
6-. W-N n .. 4Ntom'"IT I* w _#4Ncvto 'In In UW 4Ntmo"oW4'Vn _f .4Nmt" )oVoiAn IA o4"'4'In.V% 4 v4 NvoW

_11W V W\(AIA NWnu000006010 0-110%0-N IVN atNPt)U)U)CDLA MAw) owCm00,0'E0 6 pm ok'0'000030Cp

)'- Xo C2 to vo to 'a cu) tv to' )t ot oC)to t Wc a'tc %c 4' 4't n ' V) 'i 4' in to) 4 w4' 4' m' W' 4m 4' n' 4 , 4' cm c) 'a 4 4= CA ) In CA - mA it\ I
'4" 1,- M0. CM) w0' N o' W ' -0 Z ok = f " p00o'000 P04 ' A 0'00 AC.)p O 1 , ONt op.' "o M0 w0 A. 1o0000 e0

W4Z LA- -N -'A -9 0'9 LA 00-6t AL N -A -A -i N NI 000 LaA L- - aA COO -A LA -9 L9AN- 9-CO -Z 0' LA 9 0 S N J& 00 C) Z .) 00' 4' CO -A'0 4' 9
000e Nf "4 0- N M K) N N. .4k M' e' =A MA M L n' N P CO ON Nk OD N 4'.4, 0 't N COk 4 toe C) C- Vf OD ND n N- N L

COa "o 0'?-. 4' NY .4 0 CO'O-*'..w4 00e 4.4 N- Oo 0.4 " F N+ Q ' 4M(.04' ýV 7 10 ON C>0' G -inf 'W N .44-' ON-P LA\ NO C OD 0 " 0' W

G>O 00000000' C CL 3,() 04'D, 0,0 0%0' 00' 0' 000'l 0 ' .o 0' 0' 00 k(0' p 0' 0'" 0' 0' ON 0' 0, 0' 00',0ýON0 00'0 00' 00,0 LA MW
_j IN '0N 0 0 00%0 In in In In in In In, In In W IN In In UN In In 9 In m n In In In In IN in IN U\ in IN n in In In In In In m In In In, n

Z!Z 2 1 22zZx2_Z a_ 2 2 z 22 222 z2 z2 2 Z: 2a 22 a2 z z 2! a2 z- 2z 2. Z. z2 22 2 I-
.L.04 04 N .- 'M M.1 COL ON 4' LA LA 4LA N 0ý LAN 401" N 0' '0LA ;" ol-' '= Pt .9\ L .N- ý.4 N 40'.40 3. 4O) 3.0O0

m00 LA LANO' 104 m ' to N P.) "40 0)0.4 N _I-N A LAN- 0' "O C' LA '0" v vv 0 I- T4 N r4t "4 wCe '0I 4V Ifmnt 4' LA CO -In
-3.n N .4 ZV 0', -40 M N .4ON 0' ý 0' N LA LA 4 C.)0e N v4 ON P.) POA DDt n OD0 )= W0 LA '0) toN 0' 'ON NO 0 C) 0 v' 100

P-. .4 N-C.),oCMV f C D N W C.) CM 4' N " %V Co. 0' Co (i O cN In in4 VC) vi L%? 10 10 cu 1? 3 0 ' wi a) M) 14N r N co cmI, .) m a ri. cu all, 4r\ N.-

r__ l V"' .0' 0.4 _q %.% 08 le .'c 1w Jl .4' AI' '01' '0" VoC. 14% '04' -1C. '01' ' ' V, 'V ' 0 ' ' 4' 4l &' 4'1

di N N 01 0 N 0m CDP 4' cm 0w 4 VN do C0 to v0 N0 M vV w' LA w0 w Li Q N Q 'o = 03 'V Li w000C 'o 4) W' "

-ONc .4 w %a e-l w ON 3mN4'itn f. - ON p0 %.-4tno1 NtL T4 Nto4'4v'v'0 r-AwCLw011 C)"N"Ct) -4N4mv"0
tNI I .4.4vi 4.4.4f."-f4 .4 1.4 1 V kj 0i v-4." " -1 .- 4 -4 "- .- I "-1 .41 ('Chl tli lL

A AL ., 4 14,4,4 -0 .4 .4 -4 .f4 _t ,4 .4 -1-4 -4 -44 4 ('L LII L\1 tIC LI) 0A" ('l C)(V ) 4 " L\ V ~l) k\J C")L ('\1 1")\ I (A l CI) I.) 0A I (1 04 ) C.) I"') C.)C."K C. toC.) o t to o t to .) o toto o toto o 'Oo t to o t 'Otto .) C) 'to ' 'Oo C. '0to C) C) toC.)'Oto C.)C.) 01' 'Ot C.

9



SHAFFER, FITZGERALD AND NUTILE

LU Nm nn tom(4 N v~ 4m 00 I n LA 004 O 0 to m.4 0"n mo V'q Ný V. cIn N moN-In In v' LA Nl LA n0 w) 4 CO m N,-I m.4 In '0 U)
(-0.40'nW ) -4f- 0 4'C 0, M) -4 LA V LA MA -Q P-2 0ý N-,P -0.4 NU V N - 1'0.ý4 O In LA0 - Ln N N In W". M) ', LA Ft N LO MV D 4' " V A M

torr N, .004l'In M ' O 4' 00 C> N N ' In ý ' 0' F.) %00' In N- NCm ) cc Nmf 0%.4 1;r.4 N In N 4 I N 0 LA-e7 r J 0.4 N7 r0 N; 4', LAN a7 N0 C w v-.4 -M ff)4'V'IW ML', -4.-4 mmN motf4)4v N ( mff Wm 4-4-'N4o'mIA-r '

U') IA IAl IA IA IA IA IA IA A IA IA IA VA 000 'C'o C'c 'oO' ' 'Co N- Ný N, Ný N N N- N LA cc LA ccccc ( * ' CO cc LA 0 00 co) ccL r. CC. (r
_j In InI LA In% IN Win In% IN In UN In In IAn Ifn In In U% in In In In U% In in in In In In In In In LA In In UN 9% InLA LA La% d% X% In A LA 6n in LA

LU C)l wn LA % In LAv N v4D n "o1' 0% t00 C nU)N LA O N mww C N n Nm'n 0' 0,0' Ný Ný IA ) N- 4' v a, N LA N- .40 M ON% N ,-4 LA ED'o"0 4 v )N w 'C to' Iyr i Wc Mn W in -fNO CM 0 Itn O0. 40 I),n NM C2,431 10 .kC0 Nl- 'I40i 3 I "L ON % t in C)n .4(CD4 (\IFt) CIV (M P,
Z ) n 4'O V0 40I 0'-'k 0 t) O'.4 N- 4' M' (04 N toJ n 0' Il -4-'D0 n ALAo4'C9 0 N- M W V W MIn o 'o. qCD% 0.0. No N- --;I \0

- f N~ .4 N-_ 4' n0 C) C coi .O 0 o) 0) LA CO LA NM > P 4' F) 03 X% N-00P )4 -0 n.0 L o.0'NC)C 'N N O

M.0 &_0 0' 0' 0'I M. 0-'0 a, a,0'kkC COD COD COD COD COD LA COL OD COD CO LANf- N- N -N- N- N ý N ý -N *- N- N -N -N- -N -N -N- N 010 010 0,0
m KO K. to> r) go> m o 0) go F o m o V.) F) ") gog V)W K) K# go go go P) PI) m gi PLO tri Pe go po F) Po go) Ki W> to V)o ro mo tor lei t) r, fo I-) K) PO

>_ -. 4V4 .-4 Nlý~ NY NY Nm N\ N~ tv N~ N~ Nm NY N N~ N% NY N Nm N Nm NV N Nm n no no n to to F) F) F) F)F V) "O9 ) F) " to) to

-44'9 4c If 4' 44 " 4'ý #- -444 .4 44t -1 4' ý4'-_ ý4444- 4' -4 ýf- 4- v44 4' 4'ý 44'- v44 -4 ý4 ý4- -9 ý44 ý4 -4" 4' -4 ý4 4'ý

Z.40 N-C-ý CD - LnC 0.0 LA4 C ' 0V N N- ND % 4' t 0'L 10 v0 Z0. v' 0'4 NoP ) voi -ceo-4'6 '0.44 LA K ' 'i0ix.4 -a v OL Ný 4- n - 00 10\ 'L '\ 0 \
-2) iC N OD .4N 41 N- CA C\A 0' 0A 4. NUN MLA V PCo( 0 ý4 01-0 .4( O N V- NO 0 ý tMV , 0' P-0 0.. N v4 CO w'.4 N- C.) M o W 4 IQ - 'l 0 X LA C N-f

:5C3 NN.m4.-I4 Lýn ýf 1%1 n-A w' w m mNN.4.-4. 4 14m4'M)" 41A V4F)v) v A kA 14 -4 cm wA

:3 CO I- 4 N wI- wC LAw 4 I ' LA w 0C ON 0 omr o0 LA.9% 4' C `C0,r4 ONM N- I4 IrA 0' '00' N-L IN-L ON W0'0 NFUC l MC) 014 ('TI\.4

-. PO) LA C.00 400 01CO A NM Cli LA %-I CIN A A'0ONCU WF0=10 %#CO A r4 UN "Ar4 OD 0F)0" %0 'N-LPA ON0CM00% D - -4 -f'O M
I.- "N.4 4C\1ttOMF ) ''In W V4Nm V) m VIA .4.C-f F)'4N ' V V1 ,VF)N. VInV4'-t01wto) ") N mN 14 .4.? 4 _q . It4

0100 .00m.ID 0'0a'0000) C>cno , 4,m4:.4.f4 .-r4 - 4 -4 -P-9-(,4.44 - 4 -4 -9 - 00000DC 00_0DC-0C 0 ) - C) C0 0' O

'0 t'04'40C'410>10 .Ir!qN1N1, W 1 I0 'r, w: 0N'W t: N, , IrIVW , Iq-W 0r r, - - ' 1 0 IIr I 0'ItqC,4"r .IT IT '01001 0).4

1- q 4 4,444..,.4444 "4.4u4.4,4"4,4-4 .4.-4.4-4 V4.ý 4 W4 ,4.-4 " m m H v-44.4..-4 -t4.4v4.-.4.- 4 \

0LA 0.40 P CM N1 0 CU N` CU 0t0iC ION- v4I'- COD .4OFD N W40 044 N-m 40 COO ON N. ON, LA COc N- N-mm"ý o kv N .m Nt# I'm 0.44 0-
0' N- W 4 ND V- LA N4 CONýW W 04 N W O DO '0%' N1 N .40 Ci ý fN CO NO 44 ON- -A'. 0 CO0 LA r '040'_ '04,4 m 4q 40 0v 0' N )- 'q o 001

C5 P)4")'0L V) -Mic 4 4.4 N4 LA F) .4 n00 0 N wt.1 V.' -010' N- m 4.0 "01 " ~ t Nm m- LAO 4 4_ _ V`4 f0' K00 ) C %. m m kl)
.e0ON O 0'N- 0 -0 04 O0 . O 4t 0 0 0C C -0.0 -)L ILD4 -01

-L 'V NA T 00, 4' n3 r- 4'q a- N Ali "V .4 = ) 4)lr c0o 0 n .4 P)0 N j.O) fi N 4 .i F0t) Li 1 N P 0 A' "i CU) ?'- C3 301, -W) ; 0- 0' D, C. - ) Li 1-4 N 4 C.

M" NF '940 4m 4.4YN 4 40mflmco" 4C -C LA "A LA LA LA LA Co V- QL CC0.,'O',0'li M n- w- 10 n- _ Ok N4 M- r_ ") 61\. V1 in ' 1,, 0) 5)

DU N 0 00- 0D r 1 N Nf N' NO3 () N 4'L CO 4' 0 'Ok4t L - i w)4 N O Nk INX i ) pl) Li ND N 0i40 e3%N 44' 0- 31 04'0 CM N V P ' r- C 'O

3N'- o Nv NU NW N% NW N- N N N Nv N4 -KIOL CU an o. ) E I) w4 P13 0 A CU KY CD) A)i aU rA Ok LA (U WlLA IA) i CU 0 i 0' 0' 0' 0- 0' 0'J 0' 0 V 0 -0') 0'

') 'OF) to F) r> P130 Po0 F)) F) to, Pooo '0)0 tFl) "FI) toP>" 0 to to 'OF) n9 PQt t 9 to to 3 K;ot 1) to> '0`1 9)0 to r'OF n 'O3fl) C.) fl)P)

f_1-1 .-4 '4- 4 '.4 11 .V 1 144 11 ,-4 k\1 1\1.- LN.4(\I408 .5.1 4 .11. -1. -1.44- '.4. .4f. ý\l M,\l .4.I. 4.1 -U- .

10



NRL REPORT 7978

Cd

E--4

w 10 0'A It4 a, M 0' to PI N--f N 04"CY'IV) C) .0 CID m It .0 001.. ." I w4C I''

0. CO .N ICO CO N 4 C' ON 0' , ,-,.4
{-.F '0.0' N- LAO,• 0.0.-IF)• 00 ':0 N-
wC % l 0ý0 .- 4.-4N1"'' CS4al C).43

--tin In LA In In% IN In In In %0.ý 0 0.
-f zz~z z Z, ZZ -- Z._ Z.r

301- 4 N % WN CO 1' 'p- M o
v '0 400 CO V4N '0 0 44 F) LA

_j 0' l,'010' 410 N -10'N .

4-N Li N.. 4' F) Wp- I '.4
9-4 Cm.?P) C.) C. 10, %0 r- Si Al W4

04 L J V "l v-4 "VN' iN '

.1 ' ' 4 Iq C.) Ci Ci "V C-1 4 V - f ~-44

11



SHAFFER, FITZGERALD AND NUTILE

650 500
45 0

150

Fig. Al - Navigation from Magnavox 706 satellite receiver

12



NRIL REPORT 7 97 8

3 ~ ~ ~ ~ ~ ~ n 34 De 3ý 3 3Z.3333 33 3 3t :: D. 3 39 3 :1 3 1 :1 ý :3 :l 31 :iD

LI0 N V3(0. N- f404 .( l) L A .4 f- 0A N L N C) N4IVNM.M- 0-1 Cl 'Vr- (U .4N- V 0'I '0 II" M0 C) Ln4 cm~ (0 IX0 N4 N0-1t M) C

..4.4... V4.I- ... 4. 4 N-C I n In 0.0 N3 Nm N N w) 9In 4.4 v Nq N In to w CO CO v CO F) F)in N- 14

-. 4 C) CO IA IA F 0' 4't N CP. CO0to 40 LA N- Icr n .40CD0CC N Nl- M q4 CD N- 'o 400 40D- IýVM 'n 4.44' N- .10

-j In S% LA In E% LAI UN I n in ILn -n) In LA In C) Ln LA I In LU) if) a) In In L) a% in LA &A) in In In L) Inan LA n Iif IAn U) dN &a

0o i 04 P .F0 4 A ýX ION- r- N ) f4) 0 CO 014' ý- 00 0% 0 ff.P 9'D' CO 0.4' COý N- C n0N- N .f C 4 0N 0.O40k OD CD

2) .- 0 m "A ' LA. In in CA No N- ) "090000.0' .44' 0m N-" LA Wl U4N- 00' LAm N- Nn 0.4.0 m 4 '000 103I

(\ NL N N (\I N N Ml M (\ C\ N M [% M- V N M C% N M. N~ N.(V M N' C\ M' M N C' N N NM, N- f(N N- N (% N C\

LLI W t .- 909 .44I4 iMw %0 %CNI-(0(0CCr NNF)M4I"AVn r-CC , O -fM 11 l 'N In U AN k01 -fC4N m9 V-U) <
NN 1 fr-N .4-I 4 -4 44I-# 4 -9 -1 4 (m NNN- v4.-4 .t-1 4 -4 .4

Z' Z, Nc 4 ) d o13?1 f 4 )
22- >-MNNF) F"e) m)FV)Ftf) m F)F)V)Ft)F)1 lF)f>)Fto) f)Fe) F)F)F> ) rF)m)F)K)4' 4''44.'4' r- mf'4'4"p4'4Km'. mW)V; -

77 T: =t - oF)9" 4 go909909090.9090900go9049090t-t90ro9-0 go)0000g99g9 w4- 90t'4- 44ý ý 4 4ý Aý 4r 4 41 4- ' 41 4-
C3c

4u CLA N---- -- -- -- -- ------------ -- - --- ----- -------------- ---

(- 9 C5 ni 1% INA% 1 1% 1 V V W"p "F) t) F)'0 N ( C 4.- q.-4-4-4 4 v4N(VF) W) (M MN 4-f .4.44'

--- V-W N0. V -- )- 3% 0.W MA 4 W7-4N-0n' O 00 1 101V0 CO - * )V -0.04'LN 4 - V- rCOO.r4 0OpA4'M >ý .' I"

S -'-Uj 0l -.. 1.' i4 F) COD 00' N-") r.0410 14. 0' 0 .Cý 0 CO N.v4 OLA 'n,00. NJ SiCY13I 0.1 -40 3D CO v.4 N '0 1,-'0N- CX\OD

* ~ V -N r4 -4 3 N % .4 '0 30 W.40 F) CO 02 N-COO ClOD N 0l '0,A 4O '.0 .0'N-13, . 10 0. 02 'V 109

x~ z J - - -N-f2l 4,4MNr4NMNN N NVMN M 'toF 0)oI JgoPeOF) ) K f) to) e) P90to0W)0o) 90to90909"0"I)r'9

X.-~ L COO N14 N N N 0- N N N41 N'1 N 41100 '00. NNN1m NNImNNNNNNNNNN N010410N N N N04IN N N1N00

z to v- N CM 1' O F) N N 4 4 N 4'ýJDC LA F) CA .4 IA O to N 4090 4" Nl to .490M r3Dq N N to I V 4 -0 In N OD 904

N. V4 .4 -f".4 14 -4 -4 .4 -4,4" N (V -4 - %4-4 -4 v4 - 4 -f MlN C\

>- -t 4.4, v4 -1 1 4 v4 -C4,v4,ý4 w4.4.4-4,ý4,44-44 " 4l -N N -4 N MVNNN N NM N NM NM N-

< 33" 3 to 1003 .10 -1 30 " " t3 W3 . . 333. . .. 33 !4 W) 30 " T "t3 3 3o o 33 r3 e 13 3 " W3 3 43

-A JS A N -A 0.0 -A NA LA N S N S ;L 4 -AL F) S -A O -A -a -S. Ac N S 3 & N-A -a L-.4J 00 NS !L-A -A N-A 9-S -A0 -A . 0 -A .-
"a ) It .-4 S% N , CO =i 00 N- 0- N4 0.~ 7.44 0 4 '0w NfAq ) ln - 10.40 N, Ný r' 20.4mI-0.440 n103 Nm N00,3\4)

-.- wn- N 0' 00 N N- m w NN m vO w"), ( N N-1 i P.-4M0' In 4' T.11 0. [ I 4 N'0%010N.N4Lf 0- N% N- '00 0 F) 1010 CE
-:) (0 4 Cýr 4IAU'fn , I,-IA4'47' 4 A '4'4vg I w IC 0n t.4.".4 C3 N rC'CJ.4.4,4 Inr l"NC3C : .I

N-rN , 30.0000 44.000%00N000 0000 0'0000 000 0.0"00 J

CV 0 . u U0N-4 W%. 10,n10V0 V 10NN '401)0' N Nf n44 M 1 W ' M -M ' 1001 V4.0 Nj r4 -4 v-4 N# N 4NM 00

)( 0ý C),4A010 NCAo 000%%10 %04.%000.0' 1 %0toAO1-0010 DD 000ý010%0 -00100..0%100 oon. 0N0

'4f N)~ N W i 'I) rJO M P-, Q Pf)N M Wi.- X% 30 Ir 0'M -I V)3D .?4' r15' r )

(0A CLI

'." NL -'o (U CU (U C(U U 4ý 0 , '0 ' 0'0 0' 0' 0' 0' 0' 0' 0' 0' 0' 0' -4 0' CM L ) nI LA Li 11 00 vq CM nA L v 'o CID C3 L

13



SHAFFER, FITZGERALD AND NUTILE

LUI NI r N0 N- CO N- LNAC' 49 0NF4 Vr-.0 10N4 ( A v A In AL ).1 N 0 W 0 N) - 0' o' 90.) 4 N, NV 4' V AL CE U 40 0' C) AlU)
LI Ný .4 4.4.ý ýw 0l 4' (0) Ný IT IVl 'w IT L -4 'w m 4' n) m' C) I N L U's Ill)c 4'r 3. 9.) 'V) Cr N .7 0'4 n2 ) 90 K ' 3'g C ) Cý .4-) N- - nS rv C'n r\au"2) In '0 4' K9O0 \r-i ýMý4ý ýC COJ IA N IA 0. .4 40 N4 n4 vA 0' .49 ) 900 N, n0 In .5 N- v' aO 'ON 00 Nk 0.( a0 No Co L U', N-) 90901 N- C~

n CLO V0 . N- 4' ý In N U)00 N '0U4 M ' 4'J C N-4 '0 -A -4 i 0O LOA C) '0 N- U)N fA4C (\U .\ 0'(C,4( NI 0' r, NO9 ' 0

-.A CE) CAL S NdNC In X% In CA 4) Cn nA LA -A dE AC)I )4 E A J\ L E) .1n 'n 'C\ U) CA J% CA nA In n) J\' CE' U'' CA Ca) Cn n A CE) CA X% C) LA AIL' X\ &I g'n

Cli CC C' 0' 0' V' C) -4 Cc 0\ 4'w 4 v' N~ re) 4 N , .45' r) In 'V C' 4'c V, N-C C)E M Or, 1w n ' C\J 0' .l 4 14, Nl C' .4 Cy M2 N) 0' C\ tLi(' N- CV X\ IA~ U\ NM fl) CD 0. In C0 ' .) CV YIN NMC NM '000 o0' 1\ U) 0% NU NUC 0,0.0 in CO 4' N "31 n- 0l Na- 0. N-Fr) 0. i no COL r101 '' VO 100 c
.)4 N . .. ..U). ..4. 0 0 . . .' .0 AL N .0 4 0.40 . C . . X 0. .X .L .0) . ' . (. .A 90 .4 . '. . . AL .4 .0 .) 0

-0 CD X -4 0 NCM N- 30. Ný CVn0 n2 90W 0. f ' ) As N.4 NT =.( S% r, _3 r,: _2on . A 490 Ln'D CD0 N M) V' CD '03 '0. -, A 90 W) A 4 CC
I-- to n"r -CU)sV% T r4F) ) 90q4 J 4 4 vr CV r4) .4NNN)900'*-'-rU\ 1-4N9m090U ) Ln -4 4,-m W r" -wr - --) .-)r90NN -4

. -, N- N- N -N- N- !) O0 CO UOC AL O CO COD C0OD COP 0 p ,%mCC. 0. '040 C:) 0o. 0.) 0. 0.0 0.) 3.0. 00 '00-. 4,- '-.4 .4 4.-1-f' 4 'A44.4 .q '-j
?,; r-, to9 t)Smt)F 90 7 r,1 90 V) 90) n0 90f PS.) 90PS) f90 ") In 5- jV:f) 10 l M- 0 110 10 c -r v' 4' 4' 4' 1'4' "1 4' r 4 r v' 'q Vr 14 IT -w -4 -4 v' 4'

tLU W C 10 CC V' V N' M'4 V CO 4' IC 'C' Cl ) 0.0 '4N0 ("1 Cc N\ C: 4ý C' N- 0100 0.0 'ýI 0 51. N: 4' , 10,' O 4' v) (0 *4 4'g 4 c.4' 'w C- C: CC) 'w 'w

N0 0)) " 44 N,-t-O 4) A i 4' -F) N 4 N 1 . 104.-41) 0 0)) N9 N N' NA 10 N 4 04 Si ý4 ý4 v01 0q N)) 10.N

4' 1 -9 0 go F) I') 5-4 14 9# go It) 14 90 t". 1. 14 1 10 -: -10 -4 0 40 "0 -4, 90 40 1 04' - ' ý4 -4 -4 4' 4' -4' 4 4 -4 -4 J4' r4 4' '4 ý4 4' 4 4'

r 04.0 N M N- C2 0'.-f 4 Z. N- 0.r4 N- 4r AD 0 =V0) .n 4 ID 30 -1 A 4 IN =P M)1 ID -410.V4ri10') 40))V 1 1) NJ'O1w0.0.

- ------- -- -- ----- -- - - -- - - -- - - -
- CN 1,IV'N ONV "(\j0% N- V4 01 '0 V -1 0, in A OD - N0 1 N0 ( :)90Nr'3 CV aN)42900'Cn 09N 0 t N3 a t-U% ) (ZcU - pore.
U) 1% )f4Si4 1%ItI1qW)41014)N(VNIN cm 44.4,44 4)1) A A nIN V W )'4)-3N N CUW.'V N -4-4v4 v4

-Si CID -4, N- 0410 N-F N0QM1- 4)0 Ný CO I-40 N 004- f OO 7. N-'0 0.) M3:hI D0 -.V 40D Nb 01 01001%04 CO N-; 30 ) Dnin,00 ?'
m Z N0'o n - 14. 3 N'IwO43'Q 3 m -4N90v0N'4'IA= q, q- NN4'r4' I - .NJDq %-M NAL90M904'nCVI - .4.a4:DLN

-2 - N- N- N N N- N- N- N - N- N- N - N- N - N- N- N N N N N N -) - C - ( -) - O -4 -0 -A -04 -0 -C -) -4 -) -I -2 - - --

'K41101191' 1 010l1')I ý 10 w0011 10101010r4 o 3D1 100=1f-4r ) 01 n9 101 M9 EV - V-0 V' 10103D 1M1010101C1010 1010 n 'O

%r N .0)n,4 1ON VN- in 0 4' In. NN 4 NN N ,- . N 440 N M0.4 '01.) V 'Or In N- 0

M 1 M) tn P`3) N- P"3 1-) 1^ t) P1 V0 N N V) 904 v0 N t '0.r v .In- -n X) In ) PS) Lil IA 4) In 40 90 It, < L LA 100.1 C.) l %C 10 0 - P

_u.1m ND 0.01) .40.0a.4 I> -10.I 4 N I '0 N r 0 z)) 1004o 10 ON- 10. ON( -41)~ Al N- It N-.4, )a-3 4' V4 3 10I 4- 10q 01) 4

(\I', Nm 4 400 -40 N- 4)0 0 4 -0 0' -. 49 N .1) N 0\ (\ 0 M0 4 'CO 4 1 -4 -N1 Nq 4.4 F) NO 4 04 .1'

-a In & LA In In In In .LA In -A U) LA CA C s -A In-A s In In In In In In CAI -A U)L -A In-A In C A In ' U) U) In In In U) In-A In -A -M -A U) U) In %U

2) 010 0N. I) M 3 0 A 3I 4 31 0 0-'I Ir 10 N00 N-P 0A3D 400 10U- 10ý-C 4) N- 7M -0 n N I.4) N- 1)0 N- 10qr 4 4 ' 10 -C 0 ) ' 10 - 10 14

- - - -l~-? JJ.? P-'J* "'. -3 -. . .3 .-. .- .- -. 4--.--4,-- -4.-- 4 - - - - - - -.-. --4 '- --' -44 -' -4 -.. I) - C ---

IV r4 I l N0 AL JD IV7 . N " il C. C.)C)C)5)C)C)C)C)C)5)5)5)C) C.)ff 10 C.) C.) C.) ' , l %- - ~ DJ C.) C.) C. C.' 0 C., ) V")C. C.) C.) C.) 14 C. ) C.) C.) Q 'I) C.) n. C.

410 0n N I m m LV 04 'Vý 0' LI) 4n Cl) 0 V IV v w 0 ý 0lw (V L )C lXC 0) UN) V NV M) ff> C\ P) 0 f 0 4 .) 4 l.) M' M) M -4 1

'90000 C.) 9010901090901010,t- lr- ,-r1090109%0100109-09090 1091190 10 9090r-r- -r 090910 10 109 090 10901010 1010CC10 ') V9090 '0

-3I L\nn nnn n0 nnn nLnI L n nI nnI nI 1,nn nL nUNn n nI 0I nI \14U, nI



NRL REPORT 7978

W00'4'w vIn4 An Inw0N-ED.4NV.A044NAm-In'm0N-OCINm10 -'090441m ý 0t')-0'ILN-%n.0

- - -) '0 - - -4) Si - - - --- -' N- -4 10 N- - -N -C '0 -N- -) -0 N- N- - - - N 0 N- -40 - 0 01- -

- - 0.ý 4 'w 0 ' Jr 'ON-4'0 CU "J V0 N- N- '0N- COD NM NVt--0fýV to 90.03 a' v'0 0CD ;r U CA 04 '0 N 900. 4 C: 1W N-
S)N V"'o1914£) V4 14 .- INN1-41-) )))%-1f )M)wl .4A-1'44 LA -- -4.v4.

0 w " "4)) N?1- N. N- N- N- 4)10 P 0AmACV 10, N w4 0. 0 0ni, to NI r 30 It co 4t AV Si ON'o- N- X 0 v -4 0oN N
.3.-)1If 1\ N-A"N 4.4 N 4-)10 n'M C01 Nv-1C .N-1-31 1ý0 n 0. 10 N 4, N 4 ,4.4n AL N0 -) 4.40 N- N0 0 V COI

- )1.0. N- 4' N N- O 0. 10 -4 .40') ) 1040M COD UC N 2)1 f- N 011,431 N 'Dr04 10 3.410C; ,4.4,4

(09 N-NI- Nl- N, r N, Nl N-1 Ný N- N , N- , N- N - N, Nl N NI NI N, N e 'cl 1'0 It 'f's 4l <C' 'I (k 'o 'D 10 tl %) C-' 'C' v n n IN"U '1%

H4 - .4 oi " 3 1% ,4N 14) -)0N-10ý ý-.% TAcuk.13vv ')o m N14Li-CoO.a. cýt 4l AmwC,-4

q-q ww'- -q wNNNNI I q V00910F 9009990099 41' F) q90909 1 10 go -F) 9 01" It I .1 141 -4 q 41 419 V' q)4 41
<4 ý4 4- q v1 4 4 v4 "1 ý4 %4 w4 4- 4i v4 v4 W4 4 w4 W4 W4 4' 14 %41 V4 %4 4' . 41, I1 41V V4%9 41 iv 41 v WIW 4'f .14 4 14

V) 1010. -t %4) IO-C 00 Np #- NM Si Si 4 (N- 0.1 '0 4 D. N- N- CA CMN '0;'14 -4 NC 04 N 31 :0 01D N V N " .40-4) .OD 4010 Nvr N 3'
m) Cp W' 4 N, NC.m m A O A Si CO 90 e 4 N, up 490 No 0. m 0 0- m V 1 0 * I.4 N l N -1-w4 a, 42 N ) up' f) 0 Lil' C) 0. 0. I W4 w4 0. ý -CF 01 . (p, Nl

:1 .40004 N- 'Si "1, 1 .4 %Ei 7' m04 N- N- n) 0-5 N. M4 40) AMv4 44V4' 9D1A V.4 " N' -30. M) v4 Si11 IlC 4.... V-4 A Si 0.40 10

0- -~ t - ' CO - .- -- ' -' - -. 9 N Si - N - - -'F N- N- 0 4-0 - - - N- N - - - CO - 04 0 Si N- -- N -

.In IS n LA I Nn CIn in in AIn LA in CA InI nWn U ) U) I f NL n n nU) U) n )In In ). U) In LA (A IACUN L LA U) INnnn In LA LA LA LA In nLL

71-0'o r'- 1,W -A C .4-1. - 10, 1-1') 0 410-) - 0iý0;2 t - I 4 0 3' . -0 014N i N sr "l 3C 4-.2 .1 3G qJ-1 -,) N - "'-.-, r '1)-0,) 5).3

42) 3 ) 4- N N- 43 NS N- 3. 4 N- N 00' 3ý 0 0N-.4 .4j0 04.ý41 4.4 -W -I Q ' f 0) C)I1J\4 30 '04 it.4P 3 S 0- 'n 10W))310 w)3

- u13 p di) 5-) 0' wI' Lv ILI 4' 0' -1 ) V40k N, il V V4. L40 .1 0b \I) kV.41)1 \I Nj 4ý C.) CU) AULt L' ki's C.) V3 IV In) C.) wU all 'I N4 ' ) I,9- I

v V4 w v 4' -' -w w V' w v 4 4 IT -W w IV V w F) F) fS) 11 C 1. .) 90 ) F) '.) 9 15- 5) Fý) CS) 1S) KI iS) 11.) K) F) P) f)l) F) F-) 903 F~) III ) f) C.) fl)

Lli LM QD C) 4r (NJ v V L\ V a)1 1.1 GD3 .3) V4LN (\I' au ED 1 N) \I) 4m LM \ V MI C ) fm 10 cu .'A V. C. 4' 1 .0 LV 1-_ it 1\ V U" K-' ( C\V 4) 0D.34 C V C.) C2
A- 11.5 4' W 0 C.l 'd 4 W I A% U %A C.) r-P LI) LJ X I L IV4 Ai C.) 5-P -3 -J% ul 4' .4 \l) . 14 % j v' 4' 1.0 f'C.# "'A Al V V4 AI) .' I 4%'t ' - 'W f.0 \I -9

3- 4 CM n4 .4 1 En. .4 f-t r4. OD 0%C 4 .4 CM.- CM .1w)V% . - Q0 C3 ), N4 N4 V)' .1.4) 4I CI) NI VI Cl) %QI CD 0I) ON CI) LI) ýl (\I) nI II) - LI) LI) I) LI)"" 44 4 4 4 *4 4 4 444 1 14 " ' 14 4 4'4 -414 "4 11 LM1 (%I 0i t1 41 41 41 41 0) -1 "' 44 q -4 "' 4 4 08

> 1 1- "'I 14 -1 4I. v f - 14" -44 4 -4 14 - 14 .4. 4 14 -1 -s -4.4 r4.. 4.4 -S 4. .-tIM\ .- I (\.lI -I." k (I (%JLM4.1.-L (I .4. -4.4\.4.4.4.4.LM1L

15



SHAFFER, FITZGERALD AND NUTILE

650 500---1 450

150
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Fig. A3 - Navigation from Decca SPN45 Loran C receiver
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Appendix B
SEA AND WEATHER DATA

This appendix contains sea and weather data recorded by ship's personnel on the
bridge. Sea temperature is the engine room measurement at the cooling water intake.
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Appendix C
BATHYMETRY DATA

This appendix contains bathymetry as a function of time for an assumed sound
speed of 1500 m/s.
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Appendix D
TEMPERATURE PROFILE DATA

This appendix contains the measured temperature profile.

73



SHAFFER, FITZGERALD AND NUTILE

tCC,4

N-o'

-) a-s

C3

IJ

x

7 c
Ir

72 UC

N- 0- :

Ný- 30 7- C

22::::

xca I- (If...-

*00 00
* eo00O
.06006 •

.60000e
go00go

00o00o
* 66.00•
000006

.•N

ICC C 0t gr I

Ike 0,* it60

(c UP & 44

It CC' W NCD

N- N- r- at at

N C CD 4D Li

PI- N- Cn N-D C'
N- a * U)6

I-cU) CO at 1:sO0

sin C> C-i?ýN
N- A 1, 0 6Y

NIt inI nCL
N NI NI N2P

P- In 0A IV M

Ný * U) N- C N

N Nv (M (NN

Ln U

C N- ,s-. C. C.'

Cý Nra - M" c C-,, " It IN , c- cc
U)C lu' 'IC' I'- m N

C" C Es4-•+ I '--s' "-.

5,- ---- ••

.rn' t 4' *lIn ,•toJ,
5CC ,2 C', It ' C/ t

I',- ; a: ....aN P:
N I M (M ,It

Nj 0'. 00 0 0
M- Ln I~CU toN

N ND W ONN l -4-

IP- 4 o. 4 -1 ill •

N) '+ IV- NC-L

5- D M 00- , 00,-',
N -' • I .5II., 5.5N~ N~ (V N N NU

N in C-K NQW P2

-- , •0 .C C' C-

t=..- v. No in

in 4 (nsCD U)I-

a- 41 . 1 r.6 0

M2 0' OD P- (U% .
N N M IN N N

N %i i n n In GD N'N

N- .* M 06

74

1�E

WI

F-i

0

fC
i-i

M

(I.

*-I

uJ

00.

I-.

wOJ

I-

LI fs-

NOC

N-

C.

N-

S-S (U1
I-- C'

ID
x

"C.
-4

d NJo

CID

X-

O,-r

N-P

laD

>,,- I.•C,.

ILl C.

m
Cs

I,-



NRL REPORT 7978

N- 6 0 6 6 N- a N- c

M-..... N- n ,-

aO -" Oa a N w frt N. K C tr. Nt

Nc • o ,u •-0 0 0 000 N a- 06- 6 60 Cc,

" ".. ,- ,0-4 •-4 W,- a-4 --- --qe- p. .- p a..

U Cýii4 ON-;N O'n NCw4m

ent's~b %Vo ta cO-cr.0

N-r.' a '. 4 - f_ *.... N C) in "a w- = - * ''••
J •* F- P- •CD W-. %D] NO D %C OD 00 W.- M 0% C•1•

N-'4-' 1-t's4N N-Cn'-C-

sss r5.. .-4 CZ 55o ý

s'NS) I ' 4-4-It'- s"'N.-" -4 MCC'Ifs"

N- 00060• •1 N -. me. !• 0 N- a• c" o N- ... 00••1 .0 .

I• ~ ~ ~ ~ i on ,..,,.t l 1 O.."4: M if '<I U)a: CCD IV- %V r',
N ,,- N-. a:ý-4 %C, K-. ,,. ,•e-0 -, p-4 ,. -in t,. -, I-• f.t..t , -• ..

00-0,t1 03' Ir ,-000~l-n ' ItN-N-N N.- N-N--s,•OsOU

,4 M -M Lp %V - W•, 4 i--1w') ,% %D No f'.-s C'I

NN-04-C.. NN- .- If' NCinC' NOunOC

It cc NC'Im f-n C'%V 4-sCý s I O NoCV)N-

Go , ,0 M0 0 N- 0 N- 006 0 . N- 6 o 6 6 W

0s st sP P-mo- f 5

4-ONION~~~ sM-na in-i Z--O0C

1 - 0 0 0 N- 6000 N- 000) C> n- 0004Cý0 0

WNM44 M4--4 MMC 4- -4-SAU

O--s0N mWsC W)Nn-MaItW ) - If C'4-c D
1I- 0000 N- N0600 n DIS N- 6000 4D N- 00 600

H N j N NIj M5 ss I su M SS5.' m5 NNN

C'MUC;nM C-NN- I-4- CO 7-OC-C7s

NN- -CNIf- *en Z ("N-N t-Ncfl40 o-j DrIt N M CD'CU

P---4 4C% 04-4 )P- CC-Ce I- N %Cr- I, C D O4NON

N -- 06060 I,- ,oo N- %C0 C"aN - *.oooot

NNmNcN N w mssmm NNro N N m mNcv m

>_i 4 7 - U.s-s o- -4 CI) 0 -o 4 -n > n i c )-

(WN- *%VO 0004 I-s P00 N- (n* CU I- Nl P_ cCDcu0

4--MM4- -MN C N44--4-MM--

SAC~ IN N WV xN N m N N ~
tu C. C. 0.

2.--s in 'OO0-'-I N -- UsCC 3N N t SII.MS 40 n- 0-U LACIAS

IN- e NN M4cu' m .4t N- N' N-O N- N MsJcm'N N- m NamN-O m 4u

N-.-NJ IfsnqIS. N- U)4CD Ii N)CCUIn N-
N- w0 00 - 0 0 - 0 0 N 6 0

2-0 U)(tIfSf X-' UUC'C >c UUSfs -- UUI'I4

75



SHAFFER, FITZGERALD AND NUTILE

C• i'. , U' N0E0I, N€•€,t.CMI"- 6•0.- 1, .0,0000

N-m. I'O, N -', I t C-SI. cC C.c
N- fn- -•N It' m NA L- C- M MC',- C-

I- - I-oo PN- 00000lenM 00*
5C'CC'I M-'C LiN-t V4

a .5oImV.W

N-l (P0's O MU' C VIf-0 MM I-N

& 't CC)ON- CACAiOn 0 n-IQ

M CDN- C-s'

C' Vt N- Ný-

OD CN - CP-

M W - I,-

0-4 F-- 0• -4 ý

a- t- • •

,a It!J C.. N-

N N- .-. 3 '-6

P•- IOU) Cv

N It t N-
N* M m c

In- 0 0 6It

N C- NCh CO

U N F4 ) N

,0 0 60 6&

A)1 (VJ cu .,,,,

S--i s ,C i ,-C'

N14 N N (r)

N N~ N -Sr
hi

C-.-1aJ0

e--n
N-

14 10

N-

X

C11in MCfl ' a-'•0

"C-) COCD C' N- in M
N N, O.4 .'i4 s ,-4

MO • 'ct • NmQ

O a 0t n -*M C-It in

OD 0.- C C -4 CID

N N' N N' N<I lN NI •

SMN-N N C
N M) C-A -C N -iC'

(i N Nm NM NY N N

Nr- 0600000 I

MM N y o N 55-Sr

ND C) ON (N N N)

-- Y (V N CU (

sý Coi Ci4Q (CC

oucuff3, ft ,-n ) At l

& S-* sN- M- s4C P.-
N AfnMInC A %0 V

C' C'f U)Vý in-N- sCM

C) O-N- -OD NO

fQ M0 r- 1-1c 0 N

f-n ION-N-Z M-N

76

N,- 6 -

NP-N-

-siN-
NNMG

WI

0
U

WI
z--

I- * 0 0 0 0

1* in MN NV-.4 0-4 -,4 1,4 V",

N- ., C It C -4UIN NoD c" IM, ,. Inl
-# 4" iU) u)

C-N •- Q sN Cm

00- 0-- 0 0

N- ON %0 r-) cm

Nr oD ,,,, f- W)

N- CY U' N- N
N CDM - " N-Si%

4 N 4U Cm

CC' S C- CO

N'- * • 0 0 0

A# tl "A" r" no

C0 * 101 N-,
Nv in %V P--U) C-) onCM

N C CD Nv C0

'-q *n p0 0 0
MM M Min

NU in t
I- It

N- 0V P.0

-, o-' C'

Cc: a --

N C'C ON.
m in-%0

t.- -'0

40, CC. a'
N•- 0 6 0

MM

-n CD Ci

N fN- fl-
MM4

N I,- N-

N- 0% 0

N OD• 0 D

C'0 in-%

0-C' 4

M- N N~

C- MN M

N so O

N N N)

hi
0-s

2-

2--

w
(L

0

'49

4"

i..
Mf

C'

C.

2-N-

.-4

N-0
2n ,..
C

OLl

N-.

X--2--s

" 05

1-- N--
I..ts,
,'4r



NRL REPORT 7978

N- CDn

N r It M

on Cl' %V

%t w' win U)

5 -- ('0 f. u" o

04- U) in CA-4

L,,., U'., N-. .t C',4 .,

N C' U' C- C

tU',c "-f- C

N OCD C C' C-

ý .. D .- .-4 CC -4

Nour a- M 4-

Li NI N-Jt U'

N-- N- U at U'

t-,C •

002 ClC 04

N- 0A .l0 0D IM

%C 0C N- N- CD

MD U) MN SI

C)-S C- It C-
N C Uf) CA C (M

N a m UM -ýU

N-- M N S (

U' CA SC-

A' N (NJ m N

Mq N (n C> C

M C, M CA It It

U)U) C -

N N (UN A)

CC' (U-a

C
N- 6
N-

N-
N -i

It

N- r

I.- V-4 -

Cp Cl C' a

C' cN -N-m

fN C' Cin 0-

C-%% C'LO

N-4 -C '4 -

W)It in ItC
NP- N 0 6C0

N MU) N-o

U' CA) P- C~

ain Cn C-
N N- M cc, m

NMC Cj Ci

C' It. -c,4 N-

m iN N C'V
No L M. It N

- N N* Mf

acm

K, 0r. IL

N ,,I. I,,. t',

N..- a a

,. 4 -.C

,4-o 5. "

N,- V.-0 -

Na NO N-t

IF- Q • "

"-0 a o

U'd C,

N,-t N-v •

MC- CA

N- 40 ,W

It N- cu

N Nt M-

(UN S

sM

77

wC.

hi C

N- -n

CD2--4
xC

C]1 It".

N- cc 0

,N It I',-S ,-t,UC N C" %- U'

N-0 0 0 I

- N- I- At N

N~ U' U'- M U

'- tr n N- N•

4 N-4-4 -4

N- 0• 6D 0 6

m -- * I

N C CD v- -* (D

N- MQ @0

enIt It on 0-i
N MN-SM CA

4C a I CD U)c,-

Cn CD 1A It N-

MN m- Wo-o-

a- Nf)- C Mn

a- (n U) NN

0
Q

'-4

WI

H

N-,.

hi
C.
2--U's
I-

hi C
KM
-s C
N-s

2---'
'C M
0-S

N-C
Ita-
'C

whiC.

I-- N-

P-4
hi C

KM



SHAFFER, FITZGERALD AND NUTILE

ItC'C It,'

NC. U n-

€" I/.t.- It

N- 0 6. 6, 6

at U) in It C

N-C IsC'Ca C

C-. a,- ,-a -4 N ,C
c'IO 4 Or CPI it

w CD U'1- P:'

N- e f- or 6
It ON -- en"

C" -,' N-It,' in

N M D in N-C' M

If a-CC'I

aý- NOa-r

ON C C 0N -C'

N-4 0% 0 6* ao

4L 00-C C'

NM C MCD Cl

N- cu 0u a c

C- CC 1010 I

N n 00C' or'8

N co-sjN N,

N-fn CU'- 1

N4 N N NN

N)- a

C-.d

NtU)

a- otC'

1-- C' •N- c a I*
It,. N-N ,. --

in U'In %0 %1-

N- I w 0 0 0

M a-4 - CO4

o-- a-a- a-

N -0's N U"5 C-•

N -in C i N.-

N• Ced M• tv) P. 0

C- M 0 in cr

W' NI i NN- C

4- Nr4-CC, 4

N- 0* a IV0

C-M at N-

Nv N M MCj

N- P- OD in0

a tnOiinCa-"N O n - oC55

Nt -%

NI N

NI N
O %0=

c' (71

(MMN

N=- " 0

NI N.-
N a-.-e

MM

N- a; 6 -C

NI N

XU

WI

-S

0

Q
'-4

WI

00

C.

I-

a-C-
N-N

0-45

0..M

N- 3'-
Co o-
8<

N P- 6

NN -It-

mI S

4'- -,

N N•I'

N-
N- 0 6

x n

C.p,

N-.

hI. C-lJOD

Ox-

C.

N--

N- A-
in

0-.•c

5-3'
It

78



NRL REPORT 7978

CatN MMcI
in %.l

N•-O• 0 '

CA 4
CN hC.

N N N-

C)..C

M) ,,N-

N --. 4
n2rNI

ON U) U

P.- 6p aCa

I. ONU(W) Cn

N N- l'

N-0 6n if

N C U'• 4

N II M C

0inC

N 0e Mc CA

M- C. C-

N- Mi 0

N N LN

iý,,n N -r,

N N ' I4t""

CU) U)nG•

79

N-
N- 0

N

C
N C

WI

0
C-)

WI

H

c2 a-

f.n ,c-e

1'"- • •

I-..

Mn m

N CDJ

N-

N N

N Nv

N- ,. 0 ,.6

N-..

tu

CD
NC'

IN C-'

C.
2.--N

N-

C)I.--N,,

'C cm
x

cl.- w

411(

It m
C.

ND N-
in 2--N

N• 'CM

O.• -c
C 5. v

N ..N-N

I.- N
i 8<)- %

hiJ

C.•1

t"- N-

N,- N•

OS

N- M-

I..-M
X<



SHAFFER, FITZGERALD AND NUTILE

CV 0'C'I'stl CJ.'sICJ•

•- - N- a r 6 - fl- N0 ,0

'-Q IZ Icrt. - N -t- c) --n
C' -. "I-t's cc--, c

rJ r• -• 1 C-. . I- 0_•• I- ; I.:

r-4 -4 -4 f-C W-

N_ - N- N-N-It (-.. C_ a ..
mC t K I -t'p C s tC u- c , ('K -< t
t. t.) - %CI ... . N eo f IF-' • a[

-. 0 t,- eeoC 1-."
c) 0- Iv CC N %" u N cc ' r- N N4o9r, IcJ

cc w- "'" 1; .... t:•: 1; 1-"'"91;Z
•s aa Ia- N s- MS C S W - a% C!- , -

Pý o %104 0'a, i0 % 1 ý K,,, 1",- m• I-" c N,,, ,Ir , ci,

m O en Itd It-- i SI' n I', N a-I

N cc fn N~o--ata MCCt ) NCo)4-

in0s Cinns 1n--!U Pt-

1-~~~~ ~ ~- 06 1e 0N-eo4- a

1 t1 LN -U1i nCA " M0, OD -C in U'i•n,
NWI N N NJ N NN- N(m' m- N mN- N CU)

P2m m CmC MC A CcyU

o It N CUNok CNo -in -sC-

o 1 -JI -- acc 1- 0PQ M -C 1--4 N n c0

00-C'Ia N-N-N-U'1• ItNN-- It N -1N N-•• •

cm ,n lu *0 - . P -4. 1 .- = ,•-N a-s a- Noa a- N f '-P a- M , NODI a--

S.NC' _ N... N-M . M .mm...

NCM. a-~t N NM O M UC'

>.-' in $10 C-0 r- in'U' NO c1 41 >-f' I-- nIP -N<P- >-• in 4 1 Mac

M-NC CA'ss M- M 00-MmO% I I

1-t00. 21 n nin- m-c. 1 -0 et m 1-00.

NNU)CoLi N ' oIt N Ia N NCA mC>

-, a-a-#-s N a--f" N a- a I- W-, (N

80



NRL REPORT 7978

N- CAP CO''4

tm~~~ O,£ ol"-S""- ' ,"-a a an

I',t ," - ' 0-It, c

N- a-Nt-N-c

N ý (' I.--sS C'C P2

t.4 K c-, if C-1D

It Iru If:
NI'3~~ N ~-.4Pr- N 0, .-• ,-4

F- C e W ' Cn N-

%- N e c- . a a N---. .

NC-C'i(v Ma-

5.- t'I a-a-a-,.4,...

-- N (v -..-

N- f-6 1 - 0-* 0 M-.-* a

in fn' .,I cu t'. 00 -,

N ýi iC>M>r CACC

P- " N ,- t-N ,--s- a-a-,,--11

U'4V f- i (CF4f8

N-CM o-e C MU'- f I

N4 N4 N4 en M- S

a. st~ CO a C-CM
WI %No-C NM - l- o ) - L >-I- NP'a,'

on ?-..a I. NJ-6a 1-sAapm

C- a -'I' 00-L C) b C) u3

O(n C'- C-ION fr

MMC -q- -4 N

00 - IC-i CCCNCC

C-t N-It a-N-C-M r
NO'Mt N'N--- --J-NX

- N N -s-8 I



SHAFFER, FITZGERALD AND NUTILE

40% IC

t1 0-0cc

C' 0 N-

cc ~ P Its N-

N 'In in N I. Ion- IN -C 1 W-

1- 0-•l• 4 c 0 N- 0 l 0 ,
N-IIt P; It

0--sIC• C-CU' at- It

t- % 0 N 1- *a -

NC-t -O.i-qC M-

IO-I 0% 4)0 C

1'cum N Mm %D/ o O O O u

r--CDN -0-t MlOMVrl

SI-- * a c -- e c -- o a c

'-* S= -CC CD M- o & &

N Ic =inra N M ICC NNlN-N

1C It ' N--I 1: C

M = in-M-cm N- No

cu IN w- 1" N IN ' p -i C N m1(1 1

&ao- a-o- a-a-

N-OC,1/ = -•1 €•~ €• 1"• OS-a" 4Cl

,-" P N -- N0O ?1- NO S OP--- N cc

00 C'tU 0--N Q A

Go tU CC C 0-a-

NNM NtN4 ;Nl4;;14 i *'I* N-
CU N N M cmN a-a-a-f f I e

=-ItM CItNM 05005

PM MM MNN
hi CUUN hi CUIN hi hi NII

82



NRL REPORT 7978

N- o oI- C-U's C- ••

Cý 00LiN- It

P2C-C4-C C'
NO No In ON

1- . Co 0 OleN 0 B a 1 a a 6
M U)C's M c, FN-N-

V-4 r-4 1-4

C, C-a • ra-C rC' CO-Ir
& Its a-N- K V-d sC NJIC's
M', Itr l-cI inION. 41,,'
,--i a-4 a-4 --. a-

Nu-N-'t" 0-uIa- '' CD C-

NCCsS-Z C C-N- NJ NO-aSa,-

0-0-nIC- eMi It Wc-a-

l%D r-- W, OD emD tv fn r -V, w O,

a- W OD a - •N So -

C N-D I- -- M - I-IC-a-

N- a,,01.4 1-1-4 cmo 0 1 -4 -
inmC'm m Li-N NC-C a-C-C

=N-C CC.D a~- u--N PnC- cO

N,,ItC NNMu-M Nm O N- CO It

sONW0 =.tU CP-N a,2020' O

c'C)U intU w0-inC' C-NM C

N- .... B- oca N I----0 1-me•

I'U)C cc020N NC-cC>AMf N CAM

- NCi - NNItO MNm NN- Nt '1 m m N0 ,C 'C 0,I

0.'UU a -- & 2-C a. C-

a- L r-N- 4-05n0- -I- r niD U

4 .... NC aCC' It-- - i N -•

Lai CS r-a -- M e-xat fro C C I

C-0a 1- Fao N-c a 1-eg

M,-C Naa Na- CC'C

c-i CU a- N- C - C= in C-CC'D
N-sI.- W. NU)-U N UuC NC-iNCr

m -aaC ODN mMCN
hi NXSJI hi N N h NN 8 I

C. C. C. 83



SHAFFER, FITZGERALD AND NUTILE

N C- cIt
N- - a6

NC's C.C

Nr-- cs• O' c ' .--

('C'S-tb-. It.--C

N-- 0CM ia..- C C In-

N-.I ,- CP & mI-4,,n

Na-N- C'C'u-L U CC

u-ou ~- -C.4-4
6
s C

el- i. t• Ol cc- cc cc'-

N-N- •0 - C '- A OU'D

N-e e r- N-0c N Na N -eo
5O5 a- a- -•a •- Ma-4 - a-

A, 4%. so- (%j 'q. e• can- %o

CCCA U'-t; CCCA O

-cm M -- c1- e -4 •

=.-*N -*.- -* M•d --4 ý4

U O-. •0 'WIL -'*--.- **-s*.• WI. ,-"-I'-..

,N- I N" It P2 0-•It'

m- N4N- M (M A -1 N- A MN-

(UtUM in)US Ný >o -mMC

00- 1UC4 -N- M C4cc tv

N-ca.~P 1c gN-m IC

wjN N a- a- fu ms N a- S
C-NL & '0P 0 -- U

I. N4MCA tn - N t'Cin'U' m U)ItP2 ý N

CCU 0-a- CCC-ti

41-V 00 e ý N-ce r cN4c

(n e t VN V) r mN tU --Ia- N j(NN

C-C in C-N-C-OS P N-MNy%

CEa-N N-Mco
N- X a I X - a aa1

84



oD CQ• P'J 0%

U' N- N-N-

-.,4 -q .4 - 41

CC U' N- N-

N -..- N N- N-

(P It %. t,-

P-.- w r- • •

-.. 1,-,9 r-.4 *.-I

N- a a a a

-4 -1a-a -

CN C> U' C%
N- a al aKft

in In LIt%0

I.- C- 4 It'

N- In N-*in

N cN c-siC

N4 in U'- -4 CC

N'- a a4 Ca a
U) ' I N

c N -* inA
N l U)N-'n

85

NRL REPORT 7978

N-4N

N- am

aC

Nin U)

NCD I-

K- cr W,

CM

cm 00

N 023

M C L

>- U'

N- C * a iC

N- X

C:

C'

U'

NIt

Na N- N%-

N"- e 0

P2• ,-iC

N- m co a

0N (M. (n

P2 C-

Ln-4-S'

N It ND

N NNMI,

M It N-t-' P2 It-

N,,NI in N-P•€

N.- a a a

C"- N- a-'

N No,

IC

-4

=-- a, C-

P2 P2 ) Nr -

c (-,O C-
N N.- C C•-

-.4t.4 M- ,.

N It -ON ON

MN- CIM aý-

N] N4" CC(0

CpA IP2 N-

N- M It 01 0

0505 :1.0 N-

(UC' CC -N

NM CC'M 0-

a- -s-S.a- NI

N N N a-
(n N Nr CC.

N NM C(C

MM St.n

I-- fn ma

0
C-)

WI

Cd
H

C.

I--

Il. C

1-- -

2-,-C

'-.t2
C-, a-;

hi
C.
2-- in
1-

hi C
KM
a-a C-
1- N

'-C
'4 P2
C- a-

1- 'C
104
8<



SHAFFER, FITZGERALD AND NUTILE

1- a- 0'

C'w %0

(C It" U'N NM CA

cc r wur

if ,1u-u ii

U! , .cc,

Si's U" N-4

N t- a a a N.- a a -* 1- *

,=I4 O, 9-4 a r-C4 ".-4' t

ar, -a-a- a- a ' - C)a
enMC. r NInIn in * C NCU

CC.,. VO-t C-Do

--o M P -I- I. • in

cN c 0 a N-V a 0 0 '- a mN "

t %- P- %0 •4 k=- k• In I" •

ON-N -min cm inM

WI " NNN-U'(J •(l I'1t•(• f' N-N-'C-s ,1(%)(%

o " 0-0N 5 =- N-N-IC 02-..' N-1

0- a- t: z a- 1 a
N-CM ~ -MN-C-CC

NOM NOn- mM N

aC-O MOm -4 CAN-

NU)'n-slt--- NmO N M!-
a-an a-c nC

a--- CCC C-CC

cu NNl N a- N N Nl

C-NP- C) #N-N- C- #CC-

m V)r)It V Na-I %CCc

hi NNIM hi CNN hi hi N N

2-N- I Iin 2-N inU' M-C --N Nn-
1- Nq a-N N- Na nM 0- 1.- Na-a-C4'

ccC hC $.C- ONiC- c

KM KM KA .m AC -4 M WKC

M- a-u a-U a-C c f n- c ,
N-4 C-a N- aIin N- N -NI

'CM ~ ~ c NtN wC MUI 18P 'C NN

86



NRL REPORT 7978

N- , a .,- a m,- cc f - ca

Nq N-U a-' CC'

ManCDI-- ccCn

N- C- PI-a c- N M- u -N -%

a,..- C C .-.- N N P f...- U' C. . I. Cf.-m--
In i'A n tN--- NCCU'in %0 cm- M

Ca-, - N iC -- N"O MN Mw

NOinin N-CC ON- -- N-N -U', M -0

H 4a N am -a- al- N -o t-aD N MO'DI

4-t~s N-Muy-N-u u-N~' 'CY

- 3 GO C ta

o N Ma In 1- Go 0- ON-eec
N C MCC N -'IN- N N -I P 0 02D ( 4

S.a- a- IV S -- a- S -(m -4

IONN N--CA CA--' inaMc'c

-- NC-CUl 'I I- N -N-IMI• Na- ,,,, N -(,It '- NC-"MO,•I•

CU4-4 N(fiM NIIN cu CU -

p...' Aj •ý -4 w.. P- • -.- • • •%-

ifNC aN-MN a-U U'

Cd~ ~~~~ N-ac 1-0 0 cV-e

H In•3 J 05- U- 0•10- 05 ?-%0
S4 N a I--- N N M M N w ,, C

xtfs m nn~ in 2- --

COM C-OS N--C CU

1- cog 1, Mc a M- a, a- an CV 000- > t

0-4 0- a--C C-C-C C--4

Na-a mN N1- It tna-

m ~ In m ~ t U)O ON-I
1- Xo - aaaN- o mN

87



SHAFFER, FITZGERALD AND NUTILE

- a0, m i0

N • N .- 10 CU [

N- N- .I

IND CD ft.

4c- C • C-
N-C-sCc %CU

N U'• -

w cc , m. C> '•

M C I'n NO %0 . NN c

1.- 0 ca a, - a

€'t,= €' ,. IC--O,.• ' U .=

0 020- Co o

-N N CU-g N - i

'aa-o-Ix

I.- I-O- N -Uf!e

o 1-ea N

Ln ~ ~ I ODON-N- n ON

88



NRL REPORT 7978

-. c c, N- .

CN- C N•-rC• ,I

" 'C'- N-NI t
U) f.P-•D cu N -NI P--Ic ccM a-%

N-Boa ~ ~ ~ 1 1- m11 B a - g

l• ~ k cu. m,. Q-- go. -... m- cu. •l4•.. -r..

IC--- N - S- a-N u- C:. M A0

1 %0, ,, UNe Irl. In c• in K• pd-o• .- *

0a -I- a- a- 5

C- NC Ca- -(-- f-- .,0C,)
p.-. - i-n -M N -..--- , e4ND 0SU -

T- n-, m,- f"- ( , .,, -4 a,,,, m-, 4,, •) •- ,.

N- a N to 1-0 & %GB %

a-a -S m F-- a- -4 a-

W fn CD inC.ft C-C t-4tr -*
ruN-IU) -tCCU N"U Ni- N-4

in'C mCU C-N-a- U% I&CANI

A-D' ol It1 N cv Mt % , m-40

- (\IN- N N M ma - mN -N - N-I M
OL' I C89

Cd 01N in N01Nm01-l >-f m0-1 0-*1=

0-at co-C C'U) CM.-.-

N~tM) NCNU CU iMtNUO

NC'N-~~t m0- N MN C

a 1In -mac ( 1-cc N-e N-emMecifn M
C'1IDt4 (ý 0 r" C>U 05 0- C'02-I.- N0 C

Mq 14 1N N-a P-s4 NCN
CcC' NNMc NaO- %V NM

x '- x ~ N u-U O0

1-ag.N-a aN-Baa1-ac



SHAFFER, FITZGERALD AND NUTILE

P1- a c a-4

N- c, I- CC&'& C,

C• f-* 40 & ar CF-

?-I Nin o* K CUf-•• Cc PI'- m

ftJI%- C.

N- .a 0- - --

N"-%-sO- a K-- % -- C 'd

N C- N I•P- N -u-inI N-O-',@41

In - a .6 6 m %0 t - a a

,'1~. -.4 LQ

00-OS' NV-N M N -

a- i•.@P -a- a-a-a -a- a- 41 a-'0 -

-a--sea MN-C -'U I

W -NCne N-- a-• 1k-St-sd

N-N-I U'U'- %o w N-

o 1-mac 
f-- Nne o

N in•-N- N 0cc, - N-M N- =

C)ICý CC 400% G 4-Cp A n

Ai Oum 1- 0 1-000 (Vm

10N-N ICC4 10 N-- N-

a-'0 aCC 0-MU' I

4 CM M4i a-NMj ý- .4

1 06 a 1ý-604p0 1.-co
.45V4 t ON-N- C>'O > r p

a-a- a- a--a a-- a-s $-c

NC AN Nou-N NoNCC I %

90



NRL REPORT 7978

c-r.
5-- a

C C',11

LU)

a-C-

N -. 1-

hiC-

w 0

C-Da

C-CA - ,
NmM .NCn

103

CCV<

hi

M -- N
X

1-•,

S- C

N-

-a•

CtI

-.4e,4 -4.

U) c r

cin m

C', D CU::

IC a- C--

N 1CC N-N

a-s C- C-

1-a a ac

P2,. P2. C..

U),. It I.

0-4

I.--CW
G1 -

hiX

WI

-a-I

0

C)

WI

Cd
H

C4-

N- ar.

N-,C.S

It CAu

F- -Ia

Ks-- tr 0

N C -%C

Ca-a

.-. ,4 NI

C> C-CC

5'-- o a a

C-I,..t N-J

)D I- C-"

a.- a-s

1..4 ,- 4 ,

in a-C

mcr, O>D

C.4' a1..- 0 a a

U' ICL U's

44Cý
Nd U") a-N

a.- NM•

N P2.. It1

hiC

KCD

a.- It
m N

2-N

91



SHAFFER, FITZGERALD AND NUTILE

N- 6:

N I-

1- 0

C.-I4
N N"-4

hi C

-a

-0

N--

-a•

•0

C'

fi

N

1"

N P2

92

0.4
I-ss -0 It

N-u

b.- 0 0 0

te 1- 0-4 -

a- a- L-
a- %a -a

N-M) N,- •

U4) C 051"

.4 i.,. in

tM N .4

u-let M

ND4C C-

a'i in

a-, a--s, a-,,

N U' a-U'

0
0

'-4

WI
00
Cd
H

IDt-

C4 -4

00O

Q- C'DC

C;r.z

1-4 60

t-N- in

a- a-

40C'

NC'.OS

NON-

P4

'CO

N.N

N C---

0

r- Ia ICAN-N- a-C

in m 6%0 %0

ON a-U C Oa

inna CC U

a-a4 -4 a4

I.- I v Q Cý C~),ID
-OD 00 0 0'

I,, d tllý IT'

-,,4 ..4 -,4 ,-1

N04- %0 C. a

NC C- C- ac

-rI aD < r-a

inMO in40t

-5,,, a -,4 e,,4 a,.in MU) MU'

00.t 0 0m

av, (%, c" C;

N-U'pit en

i-iICN-

ND -

hi

C.,-

N-ur
hi C.



NRL REPORT 7978

0
N- S

C

C

It

U) Nr -N -4-

CC CD #- aa

CU C- C C'
N in U) fi U'

- %0 a- aOa

un -103 U'I%

CIt Os-'a

C' CC) C- ý-S

N % C-' 4UC
fn2CMU

0200,3

0

0
C-)

WICd
H-

t•J C, U) W

C.I 0. C.

Nl- 1.- I--

x .X X

whi

1-

hi

U)

N-

Pn

93



SHAFFER, FITZGERALD AND NUTILE

1,- a N - a e

C- C- "

N- o, C-- N-

A- 0 1- * B

S a-

u-u-• •U'It

N- a0 N-a

a-a-a

N n C-C-0

n WIN N

N- m m %-0a

No,, Vý,C

U'CI I-tIc

CD m C2 &-
NO N•C

N-N-=,• NC',d

a-a-e S

NC .' C-S • '

N- a'• a• I, N ,-, B 0101 N-C
a-a m5

C' Ir.

f-s t

P2-I• e

Cn C-

C' M C-

tn In In

o- 0 6 6
SCD OD',

N qt CD ,,,.

CnU'UM

CN-

N• tv') 4 N

1 .- a 0 .0

c-U' U'

N a-CU'" q

CA in CA

U' C-CA

101 N-

MU -

N

CC

94

0

C-)

'-I

WI

Cd
H

M¢• M -W-

CM OD

N- a aS -C - 2--I

•(UN 'C
C0-a-

C-ND

hi
C.

2-In
.- Uc

hinC

N.-

cc-co

X•
C-a

41- 5

w
C.

1--

'CM

c-ca

N- Nr

CIt It
2<

in

>- O

hi C-
xM



NRL REPORT 7978

ck,N- acc

C-W C-

14-

N' Is-t

ta-

rN -It

C"N-
,-,4 ,-4

a.,•
N- 0 0

1cci

N m'

CN-

N -, a--It N-"

It,- u--

C-U'"

N 0 U) ''

N-,, U' a-f

sON-• 2--U),.

N- NI- oC-c

C-It ' Nt

N 4 N -N -N-

N- Nl- I,- U!

N-- aa0 an
C4 P2 NCU

C4 (f) C- Pn

U'N- NjI- N-

(n-4 N- ICm'

Cu P21 M

*) Cn & U)

1- a4 a-a

1010cOh021

C'- NN-VOc
NM C N

N NN

NI- a a

Np- U!-

NNCC

wu-Z

N- N-m

N a-)

NCCC

N N-WN

C2 c

a'-C

N M

N•.- a m "
in C C

N-C c U'C
N- 0 0C

iNMCC 0~

a-4 C-t -!4-nN- IfsC

a,,--- a-I S 0

NU:J(' I~f' C-f:

C,. ,r.4 -,4 e-.4

1,- a a a a

Oa rt C-N0-

mUAin IC ý

, 4 - '4 -

tN- cca

%i al- a-iG

N-DI C' in-%

N C a C Cn

'01-It%%'

I-0 CA IC-

N0 N- Nc - Icc

N- 020 CP U)

0- IC N- U2
N-4 a aD a 6l

N- N-Lf 02 N

0

Q)

Cd
H

hi
C.
>- r

hinC

1-

D-I
'C P2
X -

hi

C.

N3-4

col CI

Bx C

hiJ

cc
2-I-

95



SHAFFER, FITZGERALD AND NUTILE

"in 1.0

N-C

U!" I"-t •

CM N rN4 -q

- cct 00..t a

I t.-' hiNot-

N ,- c a a -. a 'c

a- 1-I In -5

In O a-CC MtN - U ) 'CA) N-NIt• I

14N-Cr-C- a-i

P t- a a, Na ,a

f- •• IC. CO

c-CI 0-C
t-- elkaN- a

0r4 -0.. N-N

C) NN mSa-C

a C- ...- iN ' ."
t -- --- N m 4

W - 0C tt=N- IC

0 " 1-4 1- a a- N- m m

wC'N ICGoC-w1ý w

N •a-, w ".

96



NRL REPORT 7978

,-

a,-- -C
N-, a.

U) in

r-,4 ,-4

N C

N- 0 a

M C4

N,-- C a-

0N.,- C'"

N ft

N,- C C

N ,- a a

It -C

,- a-

NC

N "- N

C'n

CCN

CC ,. I.--,,

N- 0

C'.C'

N N,-i N] .

S Cj

U OS

N-n N i

N --0

C.n
0-n 3

0

E-I

01

N- aL

Cn

C t

Uf) NC

a-D C-

N,- aca

P2, arCCN-

Nr MN-,

N-, N-..

It Mf,
N ,-ac,..

C,.-2

aP.• ,.-C

N-0" ,C-
rIN-

SC't•

N- a,

hi
C.
2-- in
1-

hi C-

KM

1-

>0'
'CM
C- a-

1- M
100-
2<

2--N
N.-

hi C-

N-

C>0y
'CP

hi C

hinC

4DP
cc-IC
x-

97



SHAFFER, FITZGERALD AND NUTILE

Nc- Nr-

N.- a Nr-- a w

-C M -' If C-U'

t) ,e f- in ,r I-

in i

SrIt I-- '

- a a .0.f 1. a .a

CC, •I"- -- --

OSMN 0% wN f N

>.' ' >. • )-0 N-Z a,. a'• 6 . 1- 0 6

r•(ru r0u r, fu fn

WI N-N_-4- -N--NU

0-4C'M M-in)

P-4 -t MM N

C)-

-- N- >- tn N P2

uM C 98

7-C~0 fnina-

m-n (IN)CCC.A

x-' x IXl

N-a-a- NC-a-



NRL REPORT 7978

U' - U' U'. in 1

CC U) N(CC

t- a aD D aCD

fm 023 N- N-

MMM CD

NC C-N0-C N--

N- a#a 0 6U C

NI)- Ito C- C)

N ND ND MM

ItA IC U' 021

N- C-a C- Li
N C' an% -a-N

a- N NC in

Ma-O N CC
NCICIC N-o0

a-a F-a-

N,- Cr • •

Lin tr in

N,- • It ••ION} I"-U!-,,•

C-a-VU) C

%Vd cc" Itl I'
N-N ICIPOr.

C* I- U) U)

U' 024r- m4-

M, cc cc,, al ..-- N- a' I,

N •N N- Pcc

N M Ca

1-l .00a-,c''
C' N- N- cm

co •k ok •o

U ,C M OD
N c-c P2

N NN N

Li. C,,,, OS, ItI,

CU' C- a-

,=4

N ION-It C'/.

a-.- a-e

Li MOS) NP4
N,,, -,' NC4P-

CC C-N-. I•(.

N-- a a a a

%1- 0 .,0 0 a•'

99

N
rýcri

n- t.-

4-C

in NO'

Q ON U),

N- a.- a a,

CA r inC

10 C M nN.- a a

W nICC.

IN cc Q. I•

41- 61 0 0-

N-I C-co
Cin UC=- CO'

Sa-4

) CN Cý
N ONJ U.),,.

CC.

P2 St CC (,

a.- a- a-

a-) NM

N C'

0.

N--

hi C

N-

>--0
'CCo

on

N- -ac

CC

%C wfp2 t
0- OD I-

N-4 M lo

N.- a a a a

U) Cý Cn C.

..* CIt , C
C a- N C

NP- C N t -I- a-a aD aP-

..4 -4U in

.41 ,4-C.-4

IN-It C'

a-N-- a-CC

N a- 0 C0D 0

vIO) MN-

N-It • .t

0
C)

EWI

>-in
N-

i C-

a-C
N-N

•m
aM
I .- ,

aD Q
C- a-

2--N
Ný-

hi Cý
IKM

>0-

C-a

m-
ItC

hi

1-4U

N-
2-- C

'C



SHAFFER, FITZGERALD AND NUTILE

CO o, a.,-

It N ,mC 4,N- c-
N- a- Pa 1- 6 0

MM t•ID tC c'. cat

M-- N-CVU)%CW Sz0

,,, if. Ar K • • & ' %C N .Cc " - ,. -4 r ,,r M

N-agoN- aa a -ag a - a -- a-C .ý t'.- CC C -4 CC 0 ' CM C ,,'

C4 N-U! 1 P!'U U)t!UUU It

C-I'a- N -IC a-I'OItI, tCC• ' U'D C'

N- .ccc N- c", - g ag.-,, aca" • I N-•' gag' atId

c- CC or, 4im-- --- - N-N :- C C. CC

aý- a- % ?- SqC ,- Vc% ra C

CInin CU r.In C- -a-S M Nl -N-NI

N 4 4D-, 0,• OD tr k cG1',• €:I

-4a a-4 -- a- aj -

-I£; .4 Q' cc ar. or -,J, I'- .,,c -,4 O,. N•. m c
,,a- C-C-It,- cc OD N ( -ý m LI o %0 '

a- S N. N aD -- D N ON OK

It'U M-t NcmtN-C OkC'I

N t On N-INa NaN-rt NN so so

1" aat N- ca N.- oN- .... ,- v M C>

M U) "CU 4 ,-4 ,'<I, IV I.I 0,0 p N in -, MN-

N -4. ý4'' N M,• rLn L' N m" M,,I tt0 % lr) v '"

C)~A a--) mN a

4--C CCU nCC-PN-- AUn'

NIOti NC.i N-ICC NNN- NnC Mn cc m

N0 N-4 i,-, %c N- •- P,- c.N aga.

I'- ;' ; •.. ;_ • t:" z zt ;)A

CAAC N M maN-C m MC a-

H a-a-a- -,NNa- a- a- a- , -a.-a--I a

N- ace N- aC a a- N- 4a c O 1 oc
IGni MM N)U)OCC C>-C

a- -S Ni No N ý a- aC> -a. -a- a

00100

CCCI-I- >-ON -c a- r- C r VC' r Ur-C tr.I N
doUN -U)CCN -N--CCN-ft N C-4C-4

aa -CNCC p' C- D-4 (3atN

N- aa - c - c N- tgcc N-- 00miol-a

C. C C. w

;PC hiC- hi- 1l

a-C a-' a-i0 100C



NRL REPORT 79778

N'-N -C N-.

-a- a- S M -J I F c

P ft -d K. t CC C --. CK c C .C C Cl C-

-a. o N- # o " 4•N N a a .

a-Cr Mea-a-• NP -a-' NC cc

%of-'- %0a'-I N-cc-C

m- a a- a a-" a- I
a,-'N- N c) 'm ,- N CN-. - U" c . C

I -co •- 0C0 n- I-c N I%- a - I M

Ne -4OU 4-4C4IN-U CUC

N-ItO' I I 0 in-C -MU tn in-#
fn M m'4 N-*C _.P- C- .NNC frICc-MsC

iN W %C N fr, %C "M- l N W C CN- N M In %C a:

CCNn inU0- Cai 4 % m n m

IN -c o N - n Ia Co N-Mao. , N - %Co In
MC" q.*" Uic •, - CCO'" N P- aD 4 N- t ODCDC)

fn€ m: L•n md m,= M Jc t Atr

WI .C CCCAU) P4-U' •M. .
- N a' 0't-•- N CCn -c--c- w N CU -C't No

0Q Sac-0 CCD C10 CC1

C) a- ý N- a-w C . C 4 -1vWC
N 2CD M MM4 wcca NC- 4 N 4 Nc M

P2MM mMM mmNM NNNMr. 4 -4

It-'Na-ý r " U CC'N- 0-CM1 IC C-T
In-a m m1-c o ;'mao tN- a) a a

MMN~0 CLCCCCa-'CCC

I- mCY A *5-#N CACN. c - Q n% nC.' i -oimU

N- o w- 0 an N coo N--v4 f- 60 a o
1C C;UN I,-OIU inz ~ C-C-1;týC'U

04-C -- N I V"~ C-N-IM' aL

N O I N C' a---U I-- N

M)- MMNL--C A N
hi a 5 -hi -- I 5- i hia- - a

0 C. 0 10C



SHAFFER, FITZGERALD AND NUTILE

N-~~ a - a o

C4 4444M

c N, %C a-CC

Cc- at 0% M1 if-- t-- -- -- " cr of--"M

-Z If00 C- W4

-xN
N- %c I- P-6cc -a . O %C IV f N- U

a-a-~~~ 0aa U'CCC C 0

NI-C.. t--Itur N N- c a.'- Ic #-vI -N-

c'U CCC CC'- C. .- CC C ax a
N-mo N- o N - *I- aý amm N- It %C

4 • •M %C• o in in • • Z.
M,%V--iM.cI- a: M <--

U'N-I""O CMN• fiui-.,, , 0,U"' CC-'

IOCCN'•l. -NN -U,',!l ',+,-.'• atatIO N-- N-'<tcC"C.

NQ -n w in I0.-.COCo ID M G 0-

ccCa 0 C 0 CN-a MF CftO

.-1 N4 -- N-rC4'1-4 r42r -4 .-1 C-4
h in = IN- a g c- ca M a MM. -N N t- a1

CY cua- S So r- -- r- I- ltom

N-a- N-4U -CC' -NU

N w02 innCI r-- -INNC tO
K, %0M a15M MMCCM- MM- r cC

'a~~~C -It-O C-C 1014%0MOICC

aU a--O CC -NNNN-N

ION f-C M i .inn r-CU' CAt,0 r1, ( f-I cC'N

Ni'C- N-' m 4mi N % -)M N 1N I- C'

NMM a-I NwJM cl t"

N-0 cc N-coo'- N- Gamin ~t. 1 l -maca

I UU 4-C xt--N m)UIMM

a. -S [. n 40 a- a M - a- a - a4. a a-

C c VC c U )U I- c 't.o" , - M - ' , * ,- .

N- o m N- %0' - a.-'O -,-0 ,-

30 W rr -4.

102



NRL REPORT 7978

m--4 IV C- -Z MC% ra

N'- C; '; at M;
CItv C' N

Ci cNM U) )M cv nCN-p C ,-C' C-• - ' ' .. -.. .-

inr- CC N- U!

o It It U) U' Cr.- C. Cr--

N.- 0 a a a N- a a ae

N- N- Nc ,- C 'u N -C

C' Cn Ný m C CaC

N Mý C In CiN It-N- m

r-4I in lI %D NO, %DI M1' 10D"P v

1-6N06" -aa a 1- 0 a

.It~uI M 0,COU) I OCl- C

In -C.-. Ca- a-a
Q in - NC D .- ON ( N tU)r-

bJ r,•. a * • = Ikn ti .a4 0 =

N,=C- N-N-Li• - - N-It, It-

CD- - Co - N -ICC -IOU) a- C-
M IION -I I-t N - If- N-D

fn a -in • -, 'C -N- - ,.-C

163

I- NOIa CDAI N-N-N-N-!z k

a- an ý OD N- ao a 0 N- a ý ap a0 It~~tu-N- NNN I---

a- InaC m-- 2 fN-N

fn w00I C-N Na-Cu -0

C-C-icnC > ( cct -C CCA

0-N-P2C> C-t- 04I
N-Coo1%QC aC I,- ma -0

4--C -4AC -4 CMCM
a- a--a S--a4 a

ItN-O- 1-510 O~103



SHAFFER, FITZGERALD AND NUTILE

C

Ný- a,

CL V-

N LN-C

C C

N-cto

P40

Ot

N4f- a 0

P'- CN

N M

ON-C

NO- 1-
N U! -.N C-

fn h
e0

w~ c N-

Na-N N-

N- L'F Cr
N- cc

.tI--

N Cý C

I- -z U;

CoA0;

4--

M a- a-

N4- n P-

•'Y4 (1

C CC

.4 CC -U4

16- t%

in" tin€

NU) f- CD

(r-. c,-,

CCC•

WI

0
C)

'-I

WI
00
CU

C.

a- C-

> a-

C- m

N-

GoN
X<

WQ

N-

a -C
N-i M

x CC

b-4

hi
x

i)

P2

N
-.4

104



NRL REPORT 7978

4-.

%o 1 ir. M ,• ru 1; U .lk
IV--N- I-

CCN -a~ a-4

W~" •,. d'Ir. r t;.

N U • N CA -- -N • O I

ION- U'0 -4t~

,,N-,,Ci• I t-s inC\ C, N,• U"{
M- a Io N- a aNoa0aN
U!N- Na- Sttc a-

052 W- CC- MM.

N-IO N-ICU) N0O N- u )

- -' 4 .4l 4..41 -1 1r-,04. I,,

CC CAI a,'M ItI

N -4 -4] N 4- NI, or;CI I' -*• { %

a-i OS MMC ~ -~-

• ~ ~ ~ ~ ~ i 00%' •,Iin{' ,vw{,,. ok, ,

N-ma~~M N-a N- oe1- c

S ai S a- a-U a-- M

f- It tr ( M 10 >- CD --StC

"M-N-a- N- NO N-a-C-U

,,,, W w, C>,(, - •,

MCNM MC M-t (V-r

N C- 0-CC NNr- aWO

Cn N -U! 'q ICCUC N-t

C) N ••' I- I,,i€' ,D I- a-a- a-a -a---- a--a-a-W c

10 IWa 0-M C-CC

N • N-a a N- a a N- cc X

CU 4 -in 100 10 I 0-I-N

105



SHAFFER, FITZGERALD AND NUTILE

in 4-

N- a a•CU

N.-C

N

%0 a-in

IU'•

%-0 0

a- M

Cin

405ý c

St N-

C.N wDD F

N ' > 0,

Nc -U -n

aa -- >(UN-'C

N- acc

Inaýt

a-4

U' 0

N- %.C

N cc I

- Cý

N- N

13t (N-CAN- N-

WI

0
C)

WI
z
CU
H

N.- a 6 6

-5 IC-U)
N'- C; C-

N- a, aa

N- 4 CA

IC tI d

O•IQ

t.- C MC

ON,. -4 a..

C-, •C.',

-aa aOt

f0 C-

- a, a 0
.-IO1U V-'

0.- 023'•

0K- a -

N •P2UCC

4-4-

C-MO
N-, 0 0

C t

N-,a- C'

Nc- I-- 0r tM

N- a a a aa
ItN -U) Iti C 1

C'4 C- a-NU)

Li a- N- N- a

N,- a a e a

inCAC C C-

NJ -- fn C C- r

ICDI- CIN- 10

N-am a 0%0
It N- ok N -U'

N CC' P- MM

N- r

Na-n a-

NM P2 NCU in

MM MM p-

N- C-UNU

100 U!i C' U!

a-a- - a- =i

NM Cr cr Cr

hi
C.

B--
N-

hi C-
KM
a-i N
N-

> N
'CC
C-a-

N-C'
10 N
2< a-a

N-I
to

>- A

Ca-•
N- NIt P2

106



NRL REPORT 7978

4.U'

CUCI

r-4 •-4-

U4)?

.N F.- C

N- &o a a

U',s in in in

'C -" N

NC*-It) C-4 s I

WIc a-NU)

I.--,- I-- ,.4 ( " t--- ,. I-- ."

107



SHAFFER, FITZGERALD AND NUTILE

IOU'

N- a
U N in

w Cý~~N ft N.- c C

4u O-U) CrUN
N- ar 1-am N-ec a

Ck-% I- Iin mcu-d-

t--U!-. Ca-a-- a-a-"

r- r 0I C-4C N- &"C
05 c N c K- No at

4 a- a- S--14I -4

" C C N -- M - P.- 7 cu

-- N-inC-C b N-C-C-C- I• N,-C-C-C-.•I

a-a-a Su a- a-a-%QLnC

- -ON -- In It C-N-a-"

in- cm Itm men N-acen

a--a-CCP- C-a-C- C;C-C'a

0-C-u O-tu N-N-fr--

10

CAMS' &--C ICCAC

Ca-a- a- N So a- a-

14(Mt IO-L V4 -Cm0 CY mIC

:I 9rW ICOC OS , >m tIC00 1- 000 -000N-ac

N-O'M- CA C010
mOC~ ml-CN-C- N--- CkwaN-

s~iC' NCN Cin-a-N
1-~W a 0N- e N-a

0513' CC-C-0800



NRL REPORT 7978

a TE"! (C) 30
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Fig. D4 - Measured temperature profile

110

0
Of

9

20

2O000

-f

133 230z 133 '430Z 133 630Z

132 1830Z ,132 2230Z

131 1630Z 131 1830z 1 1 2030!

131 2230Z 132 1830Z • 132 1835!

Fig. D3 - Measured temperature profile

133 40z



NRL REPORT 7978

0 TEIW (C) 30
0

e3

0

2000

0

N--
a_

2000

0 TEIW (C) 30

Fig. D6 - Measured temperature profile

ill

Fig. D5 - Measured temperature profile



SHAFFER, FITZGERALD AND NUTILE

0 TEl' (C) 30
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Fig. D12 - Measured temperature profile
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Fig. D14 - Measured temperature profile
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Appendix E
ARCHIVAL SALINITY AND SOUND-SPEED PROFILES

This appendix contains group salinity-depth and sound speed-depth profiles repre-
sentative of the archival profiles in the neighborhood of the ship's track.
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Fig. El - Archival group salinit:
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Fig. E2 - Archival group salinit:
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Fig. E3 - Archival group salinity profile
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Fig. E4 - Archival group salinity profile
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32 AVEm SALINITY (FPT) 3,8

Fig. E5 - Archival group salinity profile
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Fig. E6 - Archival group salinity profile
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Appendix F
SOUND-SPEED PROFILES

This appendix contains the calculated sound speed profiles.
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Fig. F1 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F2 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F3 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F4 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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150SO . SPWEED OS/S 1550

Fig. F5 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.

150
0

N--
a.-
Icl

SOLND SPEED (M/5) 1550

Fig. F6 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F7 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F8 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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1550

Fig. F9 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F10 -ý Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F1l - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed' profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F12 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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1150 SLUM SFEED (i/S5 1550

Fig. F1 3 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F14 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F1 5 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F16 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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11*50 501*1 SPEW 01/SI 1550

Fig. F17 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.

11*50 SOLW SPEED (i/5I
01 If u

3550

Fig. F18 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Fig. F19 - Sound speed profile. Profiles calculated from XBT data are given at
selected depths (black dots). Average archival sound-speed profiles plus/minus
one standard deviation appear as continuous functions.
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Appendix G
EXPLOSIVE SOURCE DATA

This appendix contains the shipboard data pertaining to the explosive sources.
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Appendix H
CONTINUOUS WAVE SOURCE DATA

This appendix contains the operating parameters of the CW sources. Table H1 eon-
rains the assigned source frequencies. Table H2 lists the periods, other than the pro-
grammed 20 s interruptions every 20 min, during which the sources did not provide
acoustic outputs at their assigned frequencies.

At any given frequency the Mark-6 source level was constant. The EM and Honey-
well source levels were fairly constant except during the east-west tow. The relative
source levels during that period are given in Table H3.

Table H4 gives source depth vs time determined from cable length and cable angle at
the U-frame. Table H5 gives Mark 6 depth vs time as determined from a measurement
of the hydrostatic pressure at the source.
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Appendix I
JULIAN DAY AND CALENDAR DAY FOR 1974

This appendix gives the relation between the Julian day and the day of the month
for 1974.
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