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ABSTRACT

This report contains a comprehensive table of absorption
oscillator strengths for many spectral lines from various ioniza-
tion stages of most elements between, and including, Li and Ca
which have been calculated with the Coulomb approximation for
the radial matrix elements, assuming LS-coupling. An average
accuracy of 30 percent is suggested for visible lines emitted
from neutral atoms. For ultraviolet lines, larger errors must

be expected, with the accuracy improving as the degree of ioni-
zation increases. Absorption oscillator strengths for the lines in
many of the strongest multiplets of the various spectra have also
been included in the table. The lines and multiplets are arranged
as in the multiplet tables for visible and ultraviolet lines by C.
Moore (NBS Technical Note 36, and NBS Circular 488, Washing-
ton:U.S. Govt. Printing Office).

PROBLEM STATUS

This is a final report on one phase of the problem of quanti-
tative spectroscopy in a plasma. Work on other phases of the
problem continues.

AUTHORIZATION
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COULOMB APPROXIMATION OSCILLATOR STRENGTHS
OF SPECTRAL LINES FROM LIGHT AND MEDIUM ELEMENTS

SUMMARY

This report contains, in tabulated form, the results of extensive machine calcula-
tions* of absorption oscillator strengths for spectral lines from two (except helium) and
more electron systems. (For helium the Hartree-Fock resultst should be used, and for
the members of the one-electron sequence the exact hydrogen oscillator strengths are to
be used.t) The calculations are based on Coulomb approximation radial matrix elements
obtained according to Bates and Damgaard.§ Effective quantum numbers were calculated
from the empirical energy values," and relative line and multiplet strengths were calcu-
lated from Rohrlich's formulas** using the table of Racah coefficients from Simon, et
al.tT Bates and Damgaard's table for the f-function was replaced by their analytical
expression, but their tables for the J -functions were used in the original form, except
that it was necessary to extrapolate in quite a number of cases. This extrapolation is
especially critical for vacuum ultraviolet lines of neutral atoms.

*'The IBM-7090 code was prepared by Mr. W.G. Hall and Mrs. J.. Beiman at the National
Bureau of Standards.

tE. Trefftz, A. Schl•ter, K.H. Dettmar, and K. J6rgens, Z. Astrophysik 44:1 (1957).
TH.A. Bethe and E.E. Salpeter, rQuantum Mechanics of One and Two Electron Systems,"
Berlin:Springer and New York:Academic Press (1957).

§D.R. Bates and A. Damgaard, Phil. Trans. Roy. Soc. (London), A242:101 (1949).
9C.E. Moore, 'Atomic Energy Levels," NBS Circular 467, Vol. I, Washington:U.S. Govt.
Printing Office (1949).

*--"F. Rohrlich, Astrophys. J. 129:441 (1959).
ttA. Simon, J.H. Van der Sluis, and L.C. Biedenharn, "Tables of Racah Coefficients,'

Oak Ridge National Laboratory, Technical Report ORNL-1679 (1954), Oak Ridge,
Tennessee.

1



NAVAL RESEARCH LABORATORY

00 O a'a' 00 D -:4~ Ili - D 0a0 LC 0
a','O H ,-OO H HN 'D0 0 :t00 000 0r

0 ~H H H 000000 LCN,\UN.DCý -Ni (\ N C_ '-a'a' 0 T C ý'C' 100 HO C- UN 0%-, -' 00 ' NH H, H Co
- 000 0(0000DH NI OH0 00 0 H H0>DNs '.00 I 1 ( HH 0 HH "rNlJ 0' 00 0
000000000000000000000aHOO0anOHHO0 0HHOO0000O0OH00

goog ° ° ° oS o° • o•° "° "' °° •,' ° • °oooo oooo, o oO OO oOOO OO oooo, o OooOO oooOOO

0 II I I I I I I I I II 1 I I I I I I I I II I I I II I I I IIII 1111 I IIIIII 1 I I

4 1~ 1 dH -H N ,--I H 0 N -Ii' ~ H H 0 • -tir '•r -IiP m H H H H N H H O O

S-.. -- 0 -- -- ': ", Lr, O, OD ,-. \',-- 0" 0 " C- H C-.- Ln-- 0-aD 'O 1N a' I- C',-C C'- C- C '---,-\, U 0 ' G G\ G\ Oa ' U\ n

0 0 00 00 0 000 0N a' 0 00 00 a\ oN 0 0 a\ a\ a, 0 a a,' 0 U a, a\ oN a\ a'0 o ) 0 a' 000 a, a, a, a, 0ý iN 00
H H rIH HHIH H HH HHHH -iH HHr- H H

HH ,- a,-0H CD 0 9\ 00i 0 D 0 H'

aK\ C'- OH H HH H (N\ H H 0D f'(N H.

a'C- C- C- a'a'D a' .D 0D 0 M' CC) n N -M \ N 0>C-O CN.00 0T 000000 -' D 0\ n 0 0ý-OHD 0 0 Ha' O 0 CO n -I
S'•- C'- •c- C'- C'- [•0 0 0 0T 'O 000\ 0 Na' a' a' a' a0 C'- N K 0-00 a' 000 a' . a'D ' D H a' ' 0 ra' LD U d L0 0

H 0' H H H H H H H H H H H H-- H H H H--H H H H H H H

(2
00 ,,o ON,

10 H~ 00 -1HN
a, ,' 0 H CC) N 00 nLr\00.-0D

0 \fLf\L>-H aO 0, c Cý • HO L NOi -H 0 N4 00-I' C u- 0 00
OO OH o n 0 H -O N 0 D000N0fN D 00 \0HHH0\ýfLfN00H 00 OOHrl 0 00

SI,\ KN - ,-0 O• r-I (Nj 1,0 r- o0 ýA 0 N00 H0 0

0 H' H- 0 0t0 a-I 00 0 -0 H1 L' 0 0 rH 0 H H 0 0°0 H-4 H- 00 0

ý . .O .L O (O O O H O O I c O u ' O 0 0 1 ý o0 00 0 0 0 " - !!
OO O O O 0 0 0 0 00oo •o o •, , 000oo00000 0 og00 o000

0D HH000 K NNH c0U'n

I 111 11 NIJN11

0rl H- 00 H 0000 UN l

0000--f -t 0000 -ý

0; *'(NO

00\ 0 00 000 nn

0 H H 0 H 000K
00000000 -I-I-N
00000000IN I \ I
000't 0000r",-0t' -

000000 C~
00\ 00 00\ NNNN\nJ

00 00
K\l 11 iii Uii\ n

0N H O NHNN H H H H OH H 00 HN H H H HII I I III I l l i Il II II I III

OHOOHONHOHOHHHOOHOOHO

U-i

0

rH

E-)
oN

04

0

C--I

00\ 0 0, 0 00 HHH, Hý o -
(3 00 0 00I 0a'000 0OH0i L-0 rr OO o 0000 0 NcOOHOON000 OHH HIHO0OHOH 0X00000\0004000

0 OOOOHHOOOOOHOHHHOHOOOOOOOOOOHO

. .HO H H. ..OH H. . ..O.H.
S N Ili N II II I I N N I I iii i ii

"1 H H'HNHH HHH HOO O H 000 HO
H H H H- 0` H 00 N H 0l H 00NNl H

00 00N00

"N IN1 \11\1(\ 1 10 1

000 0 H 00H

0000000 00OOOOOOOOO

IIII III II

-H 0 H H H H HH

O0 0000 0000 0 0000000000000000 00 00000 U0 Lr• C O O OO O0 O0 c, 1ý 1ý O• 0• 0• c .cý 0m . -1 cý 0• O .• LC -

000000000f H - -i 0-0 H0 H - -0 -- 0 H - - - D"-

H o U'- n \D 0o 'D 0 0 H 0 . 00 0- I 'N

0 N00 0 0 0 0 0- 0ý-0 0 0 00 00 w w00 00 nroo O0 00 0 0 0 0 Ni 0
000 0ýN H ' H H H 00000000000-r-ý-z ' ý , H 00 0 0 00000N N
0DN0 00 00 00 K000 00 000 0-0 00D -t 'I -000 - r V NN ,ý r- j-I

,,H H HO N.J 000 • • IC'U
S,-I 4 - -4 -; GI L-- I D n'
00 00 00 H O -H
0000000 A O .••' C'- I,'•

,.H

* 00 - H

-0000 H0

N H- N N 0i
000 -i- V)

0 .::O

0 0 0

0 '-1 -1.~- -t.- 'o 0 -!

HHH PH El

r,

CD
C
a)
H
a)

a,

ON 0a'NO a la , G\ N00a\ '0a H HOHOOOON OH r\r- riHHHHHOOO1 0 HH H

000000000000N (N NN 000000 00 00 0o000 000 00 00 0' ONa 0 0 0

H H Oý DL\LNLf T(J-tý tHnG H HN HN HNý 00 00 00 0 0 0 0 0 0 L'0 00

000000000 _f T :f00 00 0 0 0c ~ fNnN0O ýrf0 0N : \W HHH

_0 Hd - : --- z ttI : 0 H\ ON 0ý 0- a\0 Na ýL' LNUl r t- H

H~~~ H H H H H 00000 00 0 0 0 0 H 0 0 0 0 0

,J)

0

,J) L C'

0 z n

a)

0

F-

H-

m)

54

co

0D

r4

+4

cd
C3

H

-H
H

H
H

H
H



4 NAVAL RESEARCH LABORATORY

SH H 0ON 7 - • 0 G00\ co OH ONHN HO O N 0\ O0 OH
0 H O NI ON IN( N IN] -H 0-•000 0>-ON O00 0 O N- 0-: ((a aO DN 0O f'Na aD O 0' 0 aO 000 c--:t c- 00 000 LONoD H '• L-((N`\co00CCH.:0OrH '(Nc, o n r0((HNOH -t Ha' ON ON.t0r nL-%ý UN((N Ca'ON( c-O N( 0400 C N0 nUNN00c 00000 Oa'ONO -t

. ý •ý ý •ý ý •ý . ý c• ý o ý • ý • . .• ) • • . •ý oý •ý . . . c• c• •ý c• • .• ••
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOHOOOOOOOOOOOOOOO

N' N NUN (MN NC N N (I N QN N (N (NJ (N (NJ( N N c\J N u (NUN (NI(N (MNN N(NUN (N104 N
1' N•N N J 11 N-2 -ý, N N H H H-H H H N H O N H

I I I a a I a I I I I I I I I I I I I I a II I I I I I I I I I I I I ."a(,~ N04NNNNNNN(\, \IIN 0N N N I N c I( lNNN04 N N NCU NN0C
11Ný1 ý1 ý"1 I ý" 11 11 11 1 1 11 1l',111 -- 1'. --4'-- $ H HHH N H ON H O N N HHO

SON>C- (IN>->- IN>- 1UnH - nr\n rrN H ((N (N O U' N LInO H (N O O H H (N (N U\ H

C L0 (( (NLI D H H 000 ->->-> •>ON a00 -- -ID 1- I0 I' >00• OOa >-00 o(N(NLN00 I > O O ONONON 0 NN I

(N rN (N( I NO r NNO N(VrQOO NN \j N N Na'a'a' N00 N'NNN N 00 00 HN00 N OOcýIa'a'alr I\'t HO-1 -

>->->->-a'a'a' 0 • • O O • >-->( ->> 0- I ->- -''.2a I I L( >-0 >-( >->->- N• N- ONONONO• 00•• 000 H
NN N N N N N NNNN\IN' NIN NI N N N C-IN N O OO O 1-ID L0-.0-

'- N ON a n - CO - O N N O r-I Lr• H N CO N D 0 H --- N ---0'D H -- '• n G -G oo 0N

00 'N 00 0 0 0'• 0-f -O-I O .OI' -C-IO O (N OON H N O O O 'OO N (00O'D

C ia' 0• ~OO ON00a O-'-0oo 0r 0ON00• Na' L Hp Ha'a'0•_ O ON>. ON 0N Ha' N0 0( 000-I >- ••0 Ha. 0>-N• 0 0 (INOOLNO

D- 00>C->C-L->-t0 'D C- (ý C-CO D-a >DC ->-a H H ONO0 0Z- OH HA ( CI- CI-a c- (0nOll N H H Hi 0.- 'n LI\ a,0 0z l NCI>- LIN0-a' (o a' N>C-
boco oD o 000000oo-0 0 00 ONONONONONON.f.f N NO ONONONO\OOOO1"> -( a' ý H Ha'a'a'a'>DCý ->-( N N Na'' O0ý D1\H

a)

H

La, D- 10- -0 -i CC, 0 N• 0P CF N0,-- o : - T K 0 o n0 I iO -,--I ,\r o ý

-1 cýN 0 ~ oo 000 C)c : ' 00 Hý r,\CD U\ - C- I -1 -t H d N d -f 1 ý d D- / "100 C O d ýD C'd u d rM H t H COI 01

H4 (Ht (rHH

ON>-'H0O000000N 00ON00O0N0a'00000000>-0000 ONN-(NOH0.00400000

N QN N N N N N N N N N 04 N N N N N N 000 N N Nm N Nm N N N N~ 04 N N~ ~ N N N 04j N 040 N 04j N C N N N~ N~ NIj N N

3'

H1 >rH 00 H 00 H 00 H 00000 H r H K0 H 00 H On \ H 000> - 00 H > O \ - UN O

a' >->-000000nLf Lf n00 l->C-CO C->C- 00 (ý 0 0Oaaaa 0000 >->-ý nT C ý 00 >C' ->L-C) '- >-0 (MNC\ H Hi NI N 0 00 0 ((NOU-

N N N 0 N N 040 N N N ( N N N c N N4 N N uu N N4 N 04j N N 040404 N 0404N N N N N 0M N N N 040 NQ Nir N N N N N 0404

Hý 04 0l ý' l ýc!c c ! ýU l ýl 0- A a' _:- 00 ONO Ný 0 ýCýr zýAA ý. ,Cý ,a ,0 ,uC ,

tf\0 I 'ýrl N N t (MH0 ýO 0c 0c 0ON 04 NoU\nU\\ ` z N N N H NO 0- 0l f n__ ý- -C

I- >-> >-0 000 000 0000 c o0 o00U,0\U\ rU\nn0 0 10ý \0 0H O O0 00 00000 0r 0 - \ý\t-,P,0004)N04N N NOUNONO NON00 00

>4 H

n 00 00 W 0-t a 04 0OCQ -tH a'ON - ý H ON\01f0-0 n -1

'o a'\0a'OON -:t-t U\>- _:fONNON a'00 ocoC 00 D N' onNa' aH00 - : :-_- 0-N-\a'NN 't -0aýo't aNN Na'D 000 -zci CCNON 0

- OO> n-OCCOHO 100 ON OH ia'0N N0-a'H>-OHO OO\j00 .00 'N a'a 00- -ON -00N

0000000000000000000000000000000000000000000 000000

N (I N'l N I I'l N N 1 N 1 N 040404'Il N, 0404 Nl N, Nl N1 Nm N1 "1 Nl "I40 N" NIi'l N, N1 Nm N, NI 04j\ N 040 N, 04l N, NI NM N, N N, N N N,

H a'a' >->-H Ha '''. 0 ONN-a.0 00-0000000 N H N H QNNr N N N >--'C-(C-' N--'a N C'-NNNNN>-NNN r

0 0a'l a' >- >- ON ON ý " 0 000 H H 04 H H -0 l-K N N N N N- N N N.- N 0404 N 0000000.0.0.0.0.0.0.0.0.0 0.0.0.0.0

n' ON 00 0-\ N 0ý a' >- 00H HH HD H\ HN NINK ýC \- 1ý t-f-I r - ' ý- 1r INH n \T\NL -

.0 n 00 00 N H1 G ON OCQNa a' a' a' ON 00 C O' >l-a 00 OC- H- O. a 0-0.D 0 000. 00-i - H H Hlr H H Hi 004 H 000ýE' Ný 00-
Q I D 000 N ONON-0%0a'\ n n O-t OO N K >-->a N>->-0N0 DI 1 DI D DnL\n r - U\nnnIDC ýC >-'aa' HHH HHHCHHHHHHH >->->->->
o -'a - - 0 0 0 0 0N0 a 'a 'a 'a ' 0 0 0 0 a -> -- > -> 'a 'a 'a

Hi
a)

m4
ID3:



NAVAL RESEARCH LABORATORY

N

N

'P

N

N

a0 I 0 04,N ooooHNa' U-\0ooHg O 00ON N O 'a't cc) 0-O4I NUNIa'0 [1-'n(r\ HO>H _0 H 00 ,,0 Lc 0000 >-:1a NN0a 00 H a' 0

0 N0 00 0 0 00 0 0 0 00 00 0 0 OH t 0 ý 0 ý 0 -H - N0-H 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00-O 0 >N >- 0, H H 0

0000000000000000000000000000000000000000000000000

N N N N N N N N N N N N N N N N N 1 N 1 N N N N N 1 N N N N N N N N N N N N 1 N N N N N N N N N N
00> 00 - 000'sU" H 000- W H ON>c- 000000>,Nl Ll\Ml - 00000>n - 00 H 0' H 00 0 0 H" 0>- 00000ýK - c ' U -

N N NNNNlr\NNNNNNNNJNNN NN0404Nl\ NNNI(-JNI NNNlj- N \N04N404NN(MjN(MNNNN(\ 'lNN(
NNNNU\NNNN\ NNNNNNNnNNNNNNNNNNNNNNNNNNN NNNNNNnNNNN\NNN\NNNNf' N\ UI\KLr W\ýr\ N ýN '\rl\

H- 0 H- H4 0 04 04 Hi 004 OH 0 00ýr N 0- H 0 0 H- 0 a' a' a' >-a >DC- N N ON 0r N H0 0 H 0-a' 00 ONý 00-0-000000co o
(I ý a'''aaa'''aaa ONNNNNN00000 ONNNOaaaaa a' ONNNNNNNN ONONONONONON(ýcýC c ýý. , ýý c (ýý 1 ý ý

00000000000000000 llrl\ff I, r\ \ "ll Il N N 0404 N N N N 0000000000000004INý, lý INNI 1 ,, N N N N N NI N N N
H Hi H- H H4 H- Hi H- H HH H H Hi H H- H H1 H H- H H- H H H H- H Hi H Hi H H-- H1 H1 Hi H H H H Hi H H H H IH Hi

H0C - " N\ r l ýC 0 0- n a'> ý- O \0 D-- 00 ONN 0 ~ N -- H U N N 0- r N0- C-U c \Ja' N'
N 0 ý 4 0ýc c 4 N, N ( MN N N; 0; A 0 00 00 0 ýýC ýý4c ý4c 4_ ;. ,-C Z4- z

-P0000O 0 ON Oý a'a' 00-00 H- c\N N Na a' 0Q-00000 rf C N 0K\00.0.0>ý - N U\ ON 00W\0 -040N-OHý U\ oC 0000 0-a'a 00 >-CO ON 0
ho) 0-0r-t00-0-0-0-0' t&-0f-:I- f-a'- a' a' 000 H 041n N Hi 04 000 L ON ON\ ONa, >>> >-0 0000NNcýC) o00 >- H N04l ý >-0 :- 0-1 00 ON -I

C0ý Dý D Dý Dý a'a'a'a'a'a'a'aa'a'a' OUNOUN N 04 N N (MOO0ý D A ý . ý , Oa'a'a'a'a'a'a'a' a' OUNOUN N NOUlN N N N H N~

0-400 -1N0-d- O00 a 'O

Ha'0O0 I>-H>000 n H 0-N 0 OLIN 0-004 ->4a--OI-
N a 0a'a'a'H 0H 0 H H 0 00 N a' 0(a >-Oa N M'-ON> -0(NH '00 (a

0-OHH00000000O00(NOnOLI\H0N0OO040-a'0-- NO0-OHHHOOO0H N

0000000000000000000000000000000000000000000000ooo

aaa 11 1i 11 N I N Ilj IlN Il l I~lNNN lj Il 'Il N aa a a N I 1 1 1 II

OH \ 0 r OH \ (( H ((N\ f'( \N 00 H Un OHl 0- HN 00K H OH OHI H H H- H- >- 00\ '( N >- n(( ýIHN OH> (N> ((N > '(N 0(N\ OH>-

ON:ON -0--t ON O(a' H0 Hý Hý H4 Ha' a'a a' UD10nIIN>L - >-0 0ýN -f H N H H H4 0 ON'H 00I 04 N ON"N a' a' >-a' a'D >-a a' N H

r! >-I H- ONi ON ON H \ H H N\ Ný N\ ' N 04 'A N N ON O N O N 0 l 0 \ 0 0 i H N O ra a', 000>0N O NNN ON ON ON ON ON ON '(N (IN (N (N (N ra a'A

H H H4 H H- H Hi H H- H1 H- H- H H4 H1 H- H H H- Hi H H- H H H H H H- Hi- H Hi H H- H- H- H H4 H H- Hi H- H Hi Hi Hi H1 H H H

..v Ný- 00N \4 0-: 1-(I - -- u\HKN a N( ' 0 0 O:-L\ N Hr H: H H0 H00 :-tl ,N \NýK\N N N\DN

0000a'0 -- N U(\n((LI'N "'\ N H H Uf :r'N -ON00a'DN ON4If\ýa'W\Ha'N OONO -ANH0 NH-1H rAý H -a'0-aN0-:t nLInNOW\-:I-00cH -HH-t -:f-zN N ( NNN040 N NHHHOO0i -a'0a'\UNt O NONOOOO\a 0 00 N N% O4HNH -riri- HHH 00 00a'a'a'a'a'a'0 ýD-1-f
C 00 N - N ->-t-t t0t-:t --I- -f -t -4- -T-tONONON000 0a000 .0 :f-1 ONOIDa'O\H HHrH 0 0 0O0OOONO\G\a'a'a'a'a'a'a'a'ýD ý

NLIý,n OH-: L- ' a' N 00C. .ý)Ul ý a' ((N'l 00 j-T
1 N ONONON\>- 00a'H0-i-ONa(L\ INH~ N\ UNOH04((U"ýN (\]00 0ONON0, c00 0a'a'Npa'>-n (NN-

a'a'a'IIN ID HOHNOH> 0 ('N
0 0

COHn>-L(N>>-HLINN 00>-H

00OOOOOo00000000000000000000000000

N N ,N 0 N N N N 0404( N N4 N~
H -H r H H N N H H 00-O N N O,\N H N H o- H -,NN NN" " N " NN"1N- " " 1N1

0, H- H, OH Hi OHi N OH OHI IaIa I I I I I I I I I1 1 I I I I Ia I I I I I Ia aI a Ia aI aI I I aI a I

N -N N04 NN N N N N", N N 0I NN N NW\
H H H O H 0 '( H H 0r

nL\nuN -It 0-100 00 00 00 000-t-0 -0-t ON>->->--a'00 >->-H H (M N>C->- ONON \J01 l-0r-- 0

H- H H- N N N N N 04 04 N4 N N N Hl Hi Hý H H H N 0\ ON Co~ 00 >ýc- >00 0000o00 ON ON 0
0-0,-0"- ý' : :-_j -- tD 0 0 -:I0- 0-0j - 0_ff-0 -0j- 0-zi- -z-j - 00 ((N " (nn U'N (n '(N '(N ((N (n (n ((Na'D

CD
r

a)
H9

"ON H- H-- H HHI 04rH-- 0U a'-

a' a ON0 00 0100 0", Oa O N0 0 \ H N L- H N G\ O-aD ' \ ,O H N aO H 0H N> (N N N>-
H H H 00 00•00 000 00 0 0 00000000 N >- n0N0N '(NO H 0 ý ON ot" N0-'-00-a ONO N c --
((O(c aa 000000 ý , N\N' r\1\00 0 00 Hý000000 0000 00aN 0400 0 010 ON 00-N -'a' ((L,\LýN((>
0-zr-0-t " 0Ztf-:I- -j- -1 0000\T\-:I-a'a'0-(( nn ((NOOLI-71 n n N-\0l\n -:t f-:ta'a'0

(H

(H

U2 (2

00- 'IN-N 0D 'N> 00>r-IU
H N 0- Oa 0- H 04 N 0- ' ( ON 0 c

0-004 H 00 N N I 0 H

0000000000000

Nl UN Nfl N~ N N N- (MN N" 04 N- N

Nr ýN N N' KN N- Nr KN n N 040 N, N

H• H , 0 H o o 0 o ), 0 0 NO, oN• O,
1ý c .-ýC, cý 1ý. L,: '-- cý -cý • D'- 1 --

H H- H- H- H- H H- H H- H- Hi H- H.
Hq Hl H H Hi H Hý Hi H- H- H- H H

H N

0 N 0-. Ha'- WN D- ON 0 a 0 0 H l

00 000 Ho H 0 -f N H H 00-- N
a'M .. -a'a > .- --.- >N N N N--
00oo 0o w ,0000 o 000 000 0 0 0o 000

oOC Oc 0 0D 0<•:0o Oo

5

a-+

I' ..
a-



6 NAVAL RESEARCH LABORATORY

ON

a' ON H a' -a H0 UN N Oa' >. Oa' UNO Hf 00 -0 N O 00 0- 040o0 -I
000 N, I , ON% 0 NNNO0I 0 UNNN N 00 O ýa -:Ia'- UnONNa Na' Na' 04 O0a UNC0>N )-

U\NN-a' ON ON( >-H H 00 000 -H Hi N Na'>cý- ( ý O'D -z -z HO UNH 0-U00 UNýONH H ýo000 ON >-ONOO rl)N H

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
000000oO0oooOOOOOOOOOOOOOOOoOO

0 N H -tOlNKN NH HO NHNNH HO 0N HHriW HN HNH NH-tM0-N0--Of(M\NOýN H N- N H NOHMHNHON N

H•- • N-HNH H 0(•M NO HN H O NH N H•O NH HHr H)HN -H H N H,•H I rH OOH HN HL H0

00 ON.0 a' n n 0 0 H _ H 0._ 0 "I,,00 ON0 0ý 00 0 o ,•) r [ ON0 000 0H 0 H UN\ 0 - H H H 0 H 0 0 00 \-t z- 't -0 - 0-0-&

Oc 0 00 0 0 H H O Oi H H H 0 00 0 0 0 H o H Hi H H H- H- OOH 0- H aO a' a' a' ' a a a UN00 0•- 00000000000
A..........................

NI N 4 N N N N N N I N N 0 N I N N N NI N N I N N N NI N 04 04 04 N N N( N N n I N 00 N I I NN 0 4 4I 04

n- 00 0Ot 0J4H 0 O "I r N ON O( ý- fý 1 n.0 0J 0 M O "- 0- U N M H 0 a H a a
(\ >- H K -a O N N Oa' 0i 0 ON N - 0 UN > - O - -UN -N a IH N 0 r- '-\ UN 0 a' 04 0 UN UN n 0 0 UN>- OH 0- HOU•NO

-P: 0,-[.0-0 0 >->-f_ (1 00 >_- O H UN00 . l_1 00 ( ,H a' H H 00 00 N 0- Oa' >- 000 UN Oa UN0 H ON N H ON • ON

,D o,00,NNo HHHHHHNNH .. •ONO~ONOONo0000
0- 0 - 0o H CNUNHHa'UNNUNNUNUON OOOONOUOUN00-0

C.. a -0-0-t-z-D-- :.IDo-, >- -a'>-a'>-a ' r-1f1a 0 - o-- tD .Ua' o n'0 - o UN TN UN n Uo\UU- \N- \ -&

00

N~ NN 0 OH >-O0OW

H UN 0 N H a'a• • • >'- r- a'NUn H•0 O - -ON- 0 Q " n f C- N0 -r N > - ON

_- U- 0 0•c 0- a' H > n -o nO N- 0 000 H H N• HHa'0" ON 0 H -ooHON 0 0 0 0ON 0 O H PO"\ 0 -
- HN>O OO( NO 0 - O- .0a'>- 0HOOUHa'UN>-O>NONNHrOOHO a 'OUNOHNMOOO- 8O ON >

O00000O00O000000000000000000000000000000000000000

S• 0N H N H H N H-i 0 NH H H H0 NNHOW\ H-HHK\NHONO N O OHZOO N 0 H t N ( MO.N P"\ H

"Fa I I I I I I I I I I a a I I I I I I I I I I I I I I I I I I I I I I I I I a I I I I I I 1

0 -1 0!t00t0-I-0'0-tH N N IN H N.0 0ýc- 0--ID -0- 0000-a' UN UN UN Ur -- KK UN UNýý UNa'a'a a' a' a' a' a' a' 0 -a' UN UN UN UNI UN\ UN U U

N N N 040 N N N4N00 N N N N N N N 04j N N N N N N 04 N N N N N N N N N 4 N Z N N N N N j N N N N M N N N N N j j

aC-w 0 O.- N 0,H"O ý1 HNO0-ýUýa 00 ON HN-I a'Q ýN ýL ý ~ ý1 ý

H :±I , ( N L%_ oa oc c ýnK z N 0t 000000 0 oc ýrNUýý Ncoc oc ýr\ný"c 0 K\0- -- J :-O r

UNH HD a (a o 04 lf' zf- : t00 UNN 0.00 4 0>a UNo N 00-c D >-0 0 H -OH a' 00-t UNH 0a' N OOUN -0 a0 -n OUN\U NN U\zrn O>-

S,0 ' ONUN0-a'O O .a '0 D 00>-UNO 0_ a\N H00O O a'OO O O 0 C N 0, r- K-I O N " O > n 0 O 0t ONM f 0 UN

CD aONOONOONO 0
0000-000000000000000000000000000'0HHHHOOOOOaHNNN

C -ONNNNNN NUHUHUUNUNHOOH a'a0 NHH-UtNa'a'a'a'a'a'IN 0-N -0H -0N0--A NH 0a'H. H0a'a'a'a'a'a'a'a'

H 10NHNHH0HH- ~

0-~~~~ N4-CO N0a N N0N aO ON>-Na'NNOUNNN N NUN0 N N ONHN

c >- N0 -i cOa 0-\ _>f >-4 K > -q O N ONOa 0 0 0ocl UN-& ON0 >-> 0>-a' H N: Oa 04> 00 00 c a '0c - N ýý O H 0- N " -a'HON UN7\00 0,UN

W - ýOý CN~ '- OONONONO> IDID >-O10-:t9NHOCOt N 0 UN0 O0 0 a'0 oO>-00HHH040
0
0

0 0
H

0
_

0
a: _:- -t 'NKN\ 4 ý 0UON o

U Nha ' r : z -, -- J o"K t"t- O 0 
HO O N HH a' U OUN1L-\U-\L.a'OOOHOOOOtOtOOt OO ý-r :f-t : ,- N - K ,\ - NK

4-4



NAVAL RESEARCH LABORATORY 7

0 H: H0-0

H o r Na 04 01 ONO N (M _:-a'D L 00 -UNtL E-04-0-z00 Urr- NH .0 O
ha0 NHUa Ua N NC a' K 0ý ONj N. 'a' >- ON 0 0 ONý ON, Hi a' H 040-OH 0 ONUNa'a\'oTT ) a' 0 o a'a' UN L_ Ha'- I- 0-: ULa' 4

ot (\ '-d ......... D 0

0 L0 O 00 0 00 0 0L 0 0 0 0 0Q 0 IN 0o 0 ý -L , 0C 0 0 0 0N 0, 0N o0 o0 00 0L 0 U0 0 0 0 0 0 0 0 0 0 00

Nm N \ N N iWý( N N- N N N N NM N N N N N N (MN- l

O- H H-UNOU\NH OH UONOH O UN\UN
ha 11111111 II III I I ~I aI I 1 1 1 la a a 1 1 1 I II II
a~~~ (M( NjN N.NN.NI .N .

00H r-UNOH UNH H n (IN Nr U, UN

H (MON ON ON ON O ON0 H H NH NH H H H H •0 oI H H- t 0- UN Un UN UN UN U NH• 00 o O0N ON 0 - 0H ON 04 H H Hi H

4 H H-- -H H H H H H -H H H Hi H H H H. 0 4\ 0 0 0-do o o 0 N r-I I H H H H ON ON ON 000 H-I H H• H1 • H-. H4 r( N (- N

---t H.J t-t-ý-t - z-- - - : NU1W ý - fýU,%Dý Dý Dý DI Dý Dý Oý oýH0H H H H 040•0-UN a' oo OONH
. r- 0" N o o ".O.-O .- NC o 0a' \NU N ' o \ 00 a' O"a 'a ' . C...- U A O Ou" OO 0, Aa 'o0A 000, 1 -4 A A - N O N v o 0

.. ......... .. .. .. .. ..

- N 0Na'U n ->-a'Uon 00a'oHC00a'ON>-Oý (N>- 0OND- 00 00 00 UN (MO00NHiN0V-t0\00NN>-a'N >-a'0L\ ý O-t zt-:I- OU-N ýa'0-:t(M

C 000a'a'a'a000aa''a UNUNUNUNUNUNUN0-0000a 00- > >00->-0000UNUNUN0-0-000000000UN0-0-0-0o 0

CO~

H) 000 t-C UN > 00 Nm CON 0i UNf OJri(N H D CO N 000-r ý C UNa O f l N0>-Na'N00-N CON\
0~ H--> 00 00 00 N ONC 0.0 >C N M- (MOO >r ON UNr ON H0NH NIN1 "L f\ no0a '\ >'\ N ON U0 a N ONUNH H N Pl 0- 0 00>

oo •oooo •o•o -, o• o , of, ot o i o l o r No N N ' r 0c~c

000000ooooooooooooooooooooooooooooooooooooooooOOO0

Or\H NO\ OUNOw r ~\H O4H U NOUL'\r\NNOH H Uf\NOOOKN 0 -UnNO- U -nINOU'NNOLI-U"NH U- ýNO\H >-NOnUNOrýriH ((NOýH UcýNO\H ((N

UnK 0r UN OH UN' OH Uif' \ l i'N 00 H 1 OH 00 H'l OH 0>-N 0-L' H" >-A UýnN 0>-UN>- UN OH-I UN 0r UN O1%H>- UNý 0( U- N OH OH 00 K

00 ON\ ON O00 00 >- 00 >CO 00. (MN CO CO 0 0 0 OCO\ 00>- >C 00 > N - >ýN- ON ON ONC00 ON ONCO ON ON ON H3 H- 04j H H- N H H- 0 H

S00 0000 0000 ON ON\ ON ON ON ON ON O ON ON 0 0 H- H H- 0 00000 0 00 H H H H H H- Hi H H H- H- H H H HA H Hi H1 H H

('N 0- UN\ a' >f\'-ý 1 f\C ý f \1 r - 00 ON Hz HD HHnn0 ýý Y 0- , k NW N \Nrja ' f ýý ýU\- t

CD UNUN> W\ > c- >-o\0""0 K "' K\c4 H (MOONONO\ýMONN00 00C00 00 0000 00000 00000000040>->-> K N" L C L- I- C- >ý ->>- UnUn

(4 H-
a) Hr HN- -0 \U\\DUl Np\ rIf\rI-t0HC -

H! C!'-C

000000000000000000000a'000U0'000NOOOOUN-NUUOH-'~'C.>0a 000(
0 -

UC 0aUO0-0000

4 H H0 ON NH000a' Na 00 ONO-ff4\N H: 00-0040-a' H N H0a 00 OH ONH ONU\N HC 0 N0 -0 N00 4>a >~~~~~~ HHH 'IHNOOO OO OO OO O

ýD D O (\ 0 00G\a\ 0 0 nK% N m s\ N W\NNN UN ý ý ýoýoLf' ýoNl " Nr N NNM N ND % N 0404 n -J N-: NNrN

wM 0- ON H0-O ONa\O 0000000 000-ON ON H, 00O ON H N HO 0 0 040000000000 NH NO H0 NNNNNNNNNNN0

cý ý a\-k N ti -- o jN r,\ -r ,\ D ýDH K\ ý -d H O N r% zi-N 04040 n N N Nr ý0 Drý-fý N OýO N N\ NDý N

N N4 H -ON H a 00-0040-0--04000 H 0 0 H ON H 00 N1 H ON Hý ON H ON. N NL N ý00NE000 n NNNN-:- NNNN-NNr HrI \ M -

bO 000 ON ON ON ONI ON ON ON4 ON 00 0000000000000000000000 O K K r\ ý\r- HH ý Hr- 0 0000 0 N ND ND 1000000000000r nU
04040404 N N 0404040404000000000000000000000000000000000000000Lf nU- L\ rý L\ f\Lfý f\Lrý o D o - & :t-z -t zt-: - -f t -I

UN a'>-00 ' o
> 0 a ''a ->



NAVAL RESEARCH LABORATORY

a'

UN0400N ~ c UNO ON NONN a'UNO 0-N N(O
h a COO 0a' 0U (a' n '100 O>-HO UNON I UN 0> HCO u' O 04 00 0- 0 rH Ua U O> oI"lN 0

a-0, O OanO00 C- H OO-: d\ 0UNU\O OOOOOaV' l00 OONH UNOH0NN ON>'tOcHn 100OH-LO r•OO ' N H r n

ýD, N'• ý' r- ý -:f C- OG CO . r, c \ r4ý-t Nd n. Lr I 9, --: 0 - 0 , 0 0d 0 ID -- ol H -1 n• 0 -15 0 • rý0C H H -: n C, cl -1 H000 00000000000000000OO0000000000000000000000000000

0404040 NI NN

>- U • Lr, N O

ha a a a a a a a a a II N a I I I N N N I II a H N Iaa a a a H a a a

H H H H H H H H H H H H Hi H H H H H H H H Hý H H- Hý H H H H H H H H H H H H H H H H N NNN

+4

a)

0-1 ý ýI 1 ý L UN >-OHO UN>-1 ý ýý ý COOý0 o HOU N 0 0ONHN'1UNH
I 0.0--- 00 -NUUJ NN~''''

H00 TNCHa'- 0 Ua'CO N (MN UNNC 00 0 OONOODL\ i - UN 0- UOo ýONCoa'CO ONNH >04 040- H-0 -:f ONC 000\ H oop ONa0

00000000000000a >-l >- a\ a\ a\ >-O >- OHa UN UN\ UN UN, UN ON\ Oc N O Na a'aN UN I, >-: >-. I: >-: -ON Oa'\ a', UN COa ID \ -O 0-0-0- ý

0o 0oc oo oc -c ý1 ý cc ýý - NO ýý ý DL\fýC -C ý[-C ý G Dý \C O -t-t-t--

00 Un UnUN O-n 0N 00L-ON\0-iHHN N 00 a'O , 11f~ L-OO -a'ON0
ON) , ,W UN N N N NO KNOKNONOO _iHH\OrUn Z a0 > 0- 0 OO O -O 0- N O a co UN

h O ON>- UNN 0 H 0-a' -H NUNUN- 00 a HA'CO O1 N N Na 0 00 U HO

00>-HON( HHHUNHO• ON HOOOHOOHOOOOOOOHHHOOOH0 000 000h OOOHO000000OO000000000000000000000000000000000000
'P ddggdg dg g ddddgd ggdd ggddg

ha NHHN HION(M N N HHON\ H 00004 N N H Hi H 0N••O0ONH N OHON NNH HO

0000 Hr r\ H H 0 00 000 0 0 0 0 a'a a' H HH H H H H H Un nL UN UN0- 0-0-0 0 0 0 0 00 00000 H H H H H

r- 4 H H H' H~ H' H H

a\ 0\ H\ 004 o o 0c 0 0 Ho 04 0 ýc ý1 !1ýU ýL

\0 0:f ON - HO HO HO HO NDý Dý ,0 la O-I ý-I N NNHH N NDý 1 OC OC OC

C NOOOa'OOOO 0 0 0
00a'a'a'a'a'a'a'UUNOOONNOOONNONO0

0
.NN H0aa''OCO000

a''aaUNNUUUNNUUUNNUUOOOONNNNNHNUUOOOOOOOOO • 0UUNN-NU

C ONONOnOna'a'a'a'a''a'a'a'a''a' UNUNUU NUNUNUNU N N N N Un 8>- U > >->-a'a'a' nUNUNUNUNU

a,

UN-ON OUNl 0 ý-D1 O 0 UN f

0- 0•0 I- 00-H -4 H N a OUNUn 'H ONONfco N OH OH
ha~~~ OOHOOOHHN HUNO00OHa

1ýc c ý 'ý 'ý-, r-, 1d r', . o.0 r C ]od• ! •

0000000o0000000000000 0000

NHr0404,H NH H 04,• ,HrNN NNN NN

•'• r• • H H OH H H H OH H 0• '', ,D.• ,.f ' H" UN,,. Or rH 00--

a a a a 1 1 1 1 I II I Ia a a
04 N 4 N 0 N 0 N 00 N N N] N N

h ONNH H(M HNHNNNNNNNNNNNNNNNN
w~~~~ ~ ~ Hý HýK ý - f c ýNr\- oc ý 0 H H H OH0 0 0UN H HN

a' a' a' a' a a' a' a' a' a' UN•U O CO On ON ON ON ON ON ON ON ON ON O
N o Ulý l : lN >ýc - Dý 1 , -E- n'H'H'I,,\HnH'H H N1

ED 0o D >a' H H .3 00 > o o -0•00a' H H O- N N c-O ON or c- ON> -- O
C 2,. 1 ,D _i ,, OOO n 

0
U UNU nU -:0-:I -Il 0-UN UN \, u-:I- a'a' L>- O 0 1 0 o ,, D-

a)
Hi H

z

>-'U OCONOCINa'
H00 N00H0 0-

- Cr• -I N I- O: .0 WN ,-O O OO O Or- -t•L -IO-:N ON Un H H1 0 O-NN H 0-f N 0 0 0 0 N N4 N UNCO UN>ý - Hi
N,0000 0 0 0 UC NN OH1 0 0 0 0 0 0 UN, UN UN00 >- N ON H
0-OH0000UNH0000000 H0.00

OIN \j H 0, N -i N H 0 H 0 N4 H 0 N N N ON 0 N N

I I a a a a a a a a a a a a I I I I a aI a I a

N ON \ N N-t NH Hr H H H H • H 0 N H 004 N--

ON ON N 000 -0- 0- H H N N N H NO ON 0 0 0

a'aa'N NONNONOOOCCO>--> - O• 0mO000O00004 "N 0400 NýC Dý ý 00 N N (N N Hý H' HO N0 NI0 N N

0040-L-OU:Ia' 0-t00-:I ý000Dý0- 0-0-N UN0 0-DI 00>->-

C>- I- > ON ON1O 01-z -:- 0-Z 000 a' a' a' 0D K \ N N N N 0 N N
>- >l- >-NN NN 0000 00 000-01,-0t- 000ý r r H H H- ON ON ON ON ON

H HH

H

0

8



NAVAL RESEARCH LABORATORY 9

ONr

N-- O H O C- , O N -:f O 0 00 a' -O 00 -a' ON-- <NN H>-•00 040
ha U HU--N0 Ha''a\' >(- O1 o ONa'NN O N O O ' N0 >-- O-N- O>-

OOOOOOOOOOOOOOOOOOOOOOOOOO00000000000000000OC)0)00

ja NN NN NN N NN NNN\N NN NN NN\IN NNNNN\N NNN a N(Jl(J 1 1NN(i(j(1(j I l ~ ~ I I I 1

.0 OOO -- GO O1 < : O C) o oo H OH OHo NO HN >No >Uo H H N> OH( U N U N(UN UN0 U O UNUO< 00U 0NHN-U

H, H 0>-a NOO '-'0 ON( 0>-OH H CO.0-0 H H H\U- H .0H.NL\0 In010-- n OO H H' Hf' - 00 .N-\UN H0- C-a UNH c CD N

00 Q�00<3 O 3- 0 3. C- O7\-:I n 0 N K\ ON -1- co o H-i c- 3- ON 00), N 'INN K HHaN, H H H OH 0 0 Q 0 O O7, 0 00 0 0HH HN H

N~ Ný-, N N- N N Ni N- N1 N, N N) NI N N N 0: H 00 0 <N 0 N 0D <N 0 <ZN 0r 0N 0- 0 0 0- 0:I 0.- 0 0 <N I YN <N 0 0 0 0 00 0 C 0

Lrl N 0 0- -i .O H 1 -CU N "a K\ O N 0 u, H wN 0o CH-0- UN o >-\ . 00

f TN 0 0o 0 0- 0 0 0--I (" N C'- * N o 'r\ N H I NHO - --J ý" L 0 .0- In .0 -'-- N'\ 0-H, HHC 330 NN Ca' Oa' 0 H ýOH U- 0D -I C\ O OO N UO O 0000- - H H Na' a C0 -,--N Kn 0 % D >NH-O N C UN(.

•-P- 0aC a>ON- UNOOOOOOOO000HH" -ONOON ONOON ONOO O -OOHO0-a'-- 0O 00000'

R -ý N N H H H r_, Lf,, N_ý 'r,, H N ,\ 0 ~dddd

D03300C 0000C0N0H00H0H00000000000-I HH0 a -a OO 0-0-0-000 00000000H000

I I I I I I I I I l ci I I I I I I I I I I

Il H

rIj N ~ "i • N , o N• N Nj (Mj N1 N ( Nj Nj oj j (\j. (\ N J rl N~ N oj N o \j(jC\o. (-\jr~ ( •loJ J,j N oN(J C~lo rN N(j (\l j (\j N (\j N

0 ON

L • -\ H rIn U\ r r r H O Tý -Kl\ H • n • ý r\ T-, H • \Lf - Lr'\N\ r rIT O r-I n L "J -"N N\ 1\ -,

\ C' H -0 a',- 090 H' D- -I a O- a' r.• H 0 r- ,, 00- N <Na 33> 0 OH H 0 H H 00 H N <NU -(N <Na' ON H- O O 040

00000000 O C'0 0 0 000 OOO 0 o -o ýO0ý 000 0 0 00000000000o00 . o Ncl N 01 1. 0 jý 0 a NC 00

NN N \ N N N 0404 N\ N NvC VNcic N N N N N N N N N 00 N N~ 0404 N N 0404 " N NI(\ N NI N N N 0000 NI N N 00 N N N j N

D 0ýIDý NC-00 N -tO 0• W\. r-iN Lr\ I' I ý -0N ýOO CO' \D• -A OD -N t ýo H-: N LO-'t 0 • \ --lt .0- 0ý

NN-NN'tNN-\NNNNNNNNNK'-N-1NK\NWN KN\ N'\ N N N7

•- •-I-IrJ rI O-,N<HUNHUO-NU'( OHOUNJOH-I'OHUN '.O>-UNN-NUNOH',-OHUOHO HUNOOOUNUNUNOOUOHOO NUN

co H

C' C-N N- .-:f n ..V. cO o0 Lt U", ON U•L rU - \ n- n'- H'- I - : ' -- tC--2.D-C- -C •- .n " <D -i b-- '--

N. H. H, (\J HJ r-i LCý N10 N, H 1• Jr;rJo

O• Q C'-. "., oJ ,. -.t •-I . -- -., . . r .. • ,-- C r 1". ' ..•" ( !1 Om 1ý. E"-- D'-ý. '.O C)xo C--O CO O C"- Oý CO '.. O 12•O '.O L•..I ,C O C-. Lr,'. C

ha1 NN NCNN N N NNNNN NNNNNNNNNNNN, NNNNN N

U- .0 C ID uý 0-: 0-0-N r r (MO >->- >->-> -> -> ->--- >->>- Cý 0-0-0-I "0L ý ýý - C- >->-ONONONý a'a'a' >-

N N N l N N 0404 N N N Nl QC NC QC N N r N N4 N 040 N 0404 N N N N N Nv N N N 04040 N N044 N N 040 N 040 04 N N N N

040 UNý a' > ON 0ý <N UN a' >- 00

HO NH H. HIN H f , i ri -,I (\ H N .t H H .. W- N N N N N, O O O O N 0 ON N ONo O" 0 00 .0 O OO 00 ý O n :t -0 cO nO n

bo'. 0 KONNK\-%K\ C-HI'HI- NoNN-:- 1a'OINNON0-C-OUNO 00 U Na'>0wUNoN 0a'co 000 0

N-Pý .uO N N H O O U 0 -HHta'-:t UN\ UNOHOONNtOt ONHCt OO - -:' NOK\KO>-nOr\NOO-\Or r Na'OUr r, ýN>-\>-0K\

(~cd H H H H U U O C O O H H H H H H H N O O N -'-O-00-D O
C3 cO000.00000---00000000000000000000 4--00



10 NAVAL RESEARCH LABORATORY

3. . - - • , 4 H 0-•,0 ', b-.,-
O00a'N>0 00'0 C u• 0000 0-H(0N CN H _ :000 CNH UN H 0

-i, HH N OO O ON O OH H N '4j '4000 0I 0O O O N < 3 0 3 H

T. UNU

ha I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I a I I I I I I I I

UN0

C O OON N . N• 0 NN >->- 00 3000 No a3H 0003 -I '4-4- -D U-3 0 .0 •O ' 4 7- N- 0-I 0-' --•(-• 0a'( 'OO0 N0o

a'a'a'a'a'a'a'(0 ý10 0(0a'aCý >- C -C- C- L' >-U >0033C20 N, 'Noo 033DN I cO NN 3000 300

C' N11 , 1, - 1, H'I \" 1\ \ I'll "1 N1 '4 UN'>

0 00 0- NN0 H\ H H H H

H
HCO n 1 -HON>N - -1> N H-ID <NOU N ID .-'-0000 10.- 0'3 H 0 01 T'4 (0 HONl I N-i H-0 0 N H 4H -\-- K 0-H(0

-t>-H0-H 3NON-UO N0% N<-N >I HUN> Ia' (m- NIH-IN N>-NUNl\ l NI0UOO N r nH,

H

- 0 0

•,,, co 00%, -
NO a \oa 0 OOU LN Un ON

((O>N 0H 0 - ` O o OOON UN\ H ON H N cO U,\ N 0>-a' UN <Na' 0 00 O ON0- 0•( - 0 0 NUN N 0- CO H -

H O N H UN C0 ON H UU0 H 000000 ONa',-~'OCC H H No UNU - COUONN H No -ON H N

000000000000 00OOD. O OL,0000000000000000000000000000

N 04044040 N N C N N N N 'N N N N N N N N N N N N N 04 N 0440 N N 040 N N N N N N N ' N N N N N(, N j N N

C,• OO L 71 -:1 _,_ r• 0O C. N ,..• H dý ý CO CO 1 D00. ý•D. CO N N= N H D \D=t ýO n., U- ýO Lr n0 D H 0 00 00 CO 00 0 0 W, ýr ffN f, Pl -- O

I'a a l a l a ' ala I' ala\1- a a aý aN al a 1\K 1 r\1'1 " I aaa ar a' a' I'l a,,a a1, a1 a\ a,, ala, a1 I- Ia\ r

0-U0 UN\>-Cý0 4UNC H >--UN>-UNH OOH UNUONNNU>U>UUNN-ONO Hý H% Cý UN<N UNOO>-

I * , , * I * .• •ý • • • • • * • • • • , •

11(, l >-C 1 0 100a UNa' (0 00 00 a''a N NNUNUNU r- 0 a'ýa ' ( 0 0000000000000-00 0 H HtýNN ý OI\C 0L- lýý ,\N11 00 0 0 00...o8•-*,' •'• "••....- .. o.o •.,.o .o....o.. -*• o......... -- -

"0 0 \ 00 0 W -:t - -H .H Orý ..ý N IN N O , 0-1 .'CO 0 D ' 0 H 10 __ .- OD O ' n N0- N 0 0C- 1 r OD- UN -o cO --f -z --I a-' 0- H

N~ 0- CD ON H 0 UN a'\ (0N 0ý -.I CD CO ONO 0ýý1 Dý D- : 0 0 0 0 0 N\ N\N, 1\-I fý OHý iH - jC

COOO O- 0 C O O 0 0 C O ONO["L•H•':fOH' 1h ' ON ON OH H H H H OOOOOOL'D'c H HOOOOOO

'-Ni

.......4• 44• •4.....................

+4 H O O O O O r' '••r ' ' 00 0 . 0- U UN 0 0 aO N000•1 coOO H•- a'a: [-'a-'a 'UNUNNOO t' 04>-'0-0-00' "m 4-0-0-0-0-0-0-340-H• • •

>H

m H

( D

OC~a'UOO0-NH-UCa' N O04N0'o 0
00000I -' OCra ONCM H ONH Nf ý 0>U O H 0ONNa UN 000 UNH N ýaO rNN r\1\n<NUNCUN' t

-DWc -I-0( UN0c \"-UNO HN r OH 000 UO o 040- (N0 04 a'ýDn N-\000 H-a Ia' ON ND 0 ''H0a' 0(03 ID" 000N 0 0 \

0000000000 O00000000000000000000000000000000000000

NNN00 N04N0NN N N N N 40 00 N N N N I N N N NI N N\ N1 N( NN11 c NIII N'l N11 1( N N 04I N " N(I NM C N1 (NN

04 UNN> UN 4- N> - UNO 00 UNHH HO U-NOý H OH OHi Oi-H ' N H CUH <NU H 0- -ir4UN1<N H C i UNO 044>U OHc~ \

11 00(0N(\( Na'N'l\ KN N\ Nl (M ' ý f N UN NUNUNUNOC Kl N N-\ K r r O ONUýI\ýNO 0' UNKN,\(a(((00 a KN N\ Nr NN N% NNW ýýýrý, 1 - r 1 r ' 1

ND c

-Z Ho HD H H H HN HD N 0404 N Ný H H N H0 H H Hi H H Hi Ho Ný Ný Hý HD Hz Hý Hr H- H H H H H- H- H ND N 040 N N

00 C70 04 1K U\ýc - oý l 0 o 0c C- (0> C- 100 c\0 3,NH 04\ 0- Cr Ir 1n- -1 oc ý. ONrI"a 0 o
-- UN 0 0 0 0 0l, 0'lN\r, 111\(jNcjNN 0 UN CO C(0 (0C DNK\C ,Nýr-NF\K - (\I N0 C QL\Uý :-Lý-

CONr ONN, ONN H1 N:I ONO N 04 00 -000f 0-a' ON t 00 0( ONON% - -00---01 ONH0 (0 0- Cl 04% I,

.. . . .. . . .. . . .. . .



NAVAL RESEARCH LABORATORY 11
r

N 
UN

"r"- -NH 0 N ,--LD aa ONO 0 O• NH CH O. H , H U, rt N• 1- 0_ ON.H L

C- 00 C O
0 

N N HH H >HO _OH0000e KOOUNOHN 0, O( N O O NN1>-ONO nO HOOO O

020(030>0000000 0000o oo0o00oo00003000" 0000-0°000

N N\ N N- L NN H LN--N N N-N N N -' N\•, \ N-- \H 400 LH-ý N1L - LiHO, L• K\
ha I l I I a I I I a a a a a . I a a a a a a , a
I NN'UNNUNNNINNNNllj~jlj (N",NNNNN NNNNNINN NN NNN 4 NNNN NI

L" >-u(N4INýH >ý -UN<N0\ H 'N<\Nr,,\UNH ONH U -N<n NH UNOOH\ 1\ n 1 OO uN\ H -OH L-UN0ý

0 J L-C '-a'>->-a'00>--0 HNCON->-N->-a'>-a'HNN H HNH00OCOOC >-HHH0\WNNNNN N

H H H Hi H H H1 H4 H- H H N N (vJ H H- H- H H H- H- H- NI N N NI N N N\H H 0 00\ 'Nl >- >- 0 0 0 H 034 0-0-0 -34. <N-:-

"\-\0• \r- ýo0D \D "0 \f) "-O ý0 ID If,\J 0D " " •0\ 1"D8••rJr 01<HC rC ' •nt" HO <h•-0 \0 ,10 ý*O ' D .D ýD. '. D ýD \0 0 O-0D O NDý D1 O-" L0 Lo LrD 0c, 0", c' -.. c - •" r- cý Hc''r- I N N 0

NH'GN. H' 'D H: NI IN N- 0 'H

I o

. CI ý 03 O 0ON0CO H 0n N -Z 000NI -tO0. 0 NO Qa0> f-O (MN 000 ON IDNNc0coCcD-t -oNO(0o-
0 
.0- -03 ONO CO H 0000 l- \- O .0 CO >- ON I- >- 0 OU>l-0- -t - 00(0(0000 ONa'o'a\ H34 000 N-000 0 NO,o C- N - H H N0 H H H H H r- H cý H N H H H H H ON <Nl O>-> -O01 1"0,_ C > I ON._ nN ONON LCN ON0 00 0 H000 H Ha' 0( ( 0 H

0 1O P', \ P-I N L K\ 11\ 11\t ON 'OLt•O .- .. o -ic D - -O O d -. f d n r- KN _0 K\ K% _ t N'\n r fLr-. WO PO 91\ ,l K\ rr -,t. -tt Lr \ W\ U'\ O - LO UO .. L.._ C .

a1)

0 H

0 
0

0 O

>-Na'NN 03004 COON H UN b.- 0 0-0-00 0.. -o H

ha H OOO0a'OC )' CoOLONUN0-UH0OOHNo0a0Uoo000
0 0 004000(0

N NN N N N N N N N NNN NN NN NN NNNN NIN NNHr- N H N\04 H. O-N ON H O-NN H N NN H N H H - NNNNNNNNNN-N-N-NNNNNNNN - - - - - - - NNNNN, ý , ý

•-, e,- • 0- ~~,o o o,o - ,• • Lf• r-- OH Gý N/ r-O0 --I Ldý

N iN \0iNu(\ N N N N NI N N N N 044440000 N N N N N N N Nha NHr- NNNH\ O NHONH (MN NNNHONHN\NN NNNNNNNNNNNNNNcuNHNNNNNN
H H ý 0 IH < 0 H K00 H 000 H 00 H L0- 00¢ H >ý K\ 00>-

00 f NO 0 0 O U\Ca ON H 0 0 00 0 H Z N j 0q 00 00.00c ON ONON. H ONH OcO ON O N ON ON> N L- - N 0H ON H OH

0 HN H1 H- H HON 0 NO H1 Hl H1 H HID H H1 Hl Hý HN H H H 00 00 0 1 [- V-LC->NO(, UNONN H H H H H H H--

0c- 0-0-3K%-t 0. 000 '.0 N 0 0- 00 3 0 N C *(J 0 L00 00000-0 -'0 K\ n C.0 00
CO t Ow N O Ho(JN i( 0 340 n (\-: DC H' H' H' Co H'NO )-t -L, r NNNL' NIN nn N O\ C- N IN 00 Hý NIý D Dý 0 - 0 0 aND) - ýL-ND

CA- O N H O O 0-0 00>- O Hra'0 H < N0-C O O N - NN>-CI- -(0 0 0 0 0 0 0 4(00HH H U N 00 0 ON>

o-.. .. . .. . .. . .. . .. .

S ( a'00 040 -i ýO 0 0000 O -1' 00> -H H 4 C N0 00 ON I (a ' 0 0 TI ONOO 000 H ' H -a 0 0 - ONC 00 0400(0 c ON 0000 t .0 a' u0-P ONy- 0-034000Irl040 H 00(00-N0-o00 - 0. o N0 0
3 4

(00>-HOnH00 N 00 0 ONON -I-N 0-34 N -N ON N- f- .0400-0>-
CD O) OOOON->CNN0-0UN0(:0(0'0(0O0 0 000-O< N0-03434O0000C >>->>->>->

C 0 0 00 0- O O003 0 OO O O O o o o ooooooooo o O O .

000 UO-\t, ,:~ D-_I 000 0 t' 00 .co 00 Lý' \O •m. -1 -\ L-.. OD .DC- Lr r- 0 0, L-,- ý D ý C- ý O • ýD U-\• r- 0 0 0, 0 0 0,. 0 0j 0. O 4 0 0 r 0 0 -:1-.

00

>-HLýn - f 04, 00 (00-%f\T\T (nT %U'T ý D000 000 CO ON 000 0O CO NON>-O0(0OUUNCON NON 0) NO O Na ON

r- O NO O>0a 0-'0(0 0 N N 0N CC 0 00 H--N NN ON H 0000 H00C N

ha 00-:-K\ - 004 L- Nt- HO H OHON t oHH 1\0H o 0N00 \ - 0 HH Ooo0 ooooOOOOO-Oý00ýD-ý00 U\NOHHOT'P \D Ký 0 C \(J H 0 '\ N 0 L\ -' r D U\ K N0 - n T Zý ý O L \U D U\O)0 - O 0 C D C D ý 0 & NO ý L,.0000 L- OOOOO-O-O- OOOLON OOV' n n oo KN0 oo - ooo I- oo :I - - 00 0 o 0 O 0>0000000 lý -

~~~~I HHHIK-0-NN-Y N NH H O H o o0 NH o NH\"\NH-oý N o H .0 .JH0.0NH

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 1 l 1 1 1 I



12 NAVAL RESEARCH LABORATORY

al n \ 0 I f I 0III c N OH ID, D- Ii f I N NI
U oc N-I HUJ 0-1l\", ~ Dý a'iý C-" H<0 N 34 ON H- C330 0 0 H (0\ O\n c r N H NN000 r 0N

ot ,+ -.• o. c["-- o o) 3 o o.,.\ ý._< ý'D< O•Oc c- oO ,,. H,. o. o 0, o,. o-. ox 5'- o H 0 - 1 - "--0 o o H

oo ý c ON:00 -t H000NOl 0-03HN ON-C3 ID 3ý NI Hcý 6 4 UNHNHc; NOOOINONO c N H0 0 0N

ha UI f•O H . 3 0 00,3 3(2-0 3 3(0, 0 HH->-> -- O N '"'H ,N >,H,,C'C In H• 
•H 

O O O n OH H

N'• N • Nd N• N Nd N•--I N N N N N N N N N N N N N NNN N N N NI \] N N N N NI NJ N N N NI N N NI N N NI N I N

I UN-uNN<NL ~I-NH-IN(NHC UNNON>-,--00000N((N(--(-INO'H-IN<NH-N( 00 NO HO O -N• N

N N N N N N N N•N NI.ININNNIN 'N N NI NN ( MN N N• -

,N 0H0-OOH ONC 00 Hc H U 0 H D OOO 0N No'N OD0n 00 0-

00 N N~ N- 0D '-N I IN 00 0 n- 000 (NO 00\00 'N, No 'NO -N IN 'N -1N NO cj -I N '(4- -N ((NO 'N N N <N'

OH N - N 4 NHONG N-\ ýrII O(0 >- 0 1 'TI, I Uýý c H ",- -N 34ý H 0,IN 0

HH 1\IN 1\ -H H N- - H Hi NI N Ni N N

HH

H 00

0 o OHNNNI(0HIvO D'O
'P ddddd

'D

N N, N IN Nl N1 N N1 N NI

H\ 00 Ll H COi H Htl '- -N H 0

ON C-- 00n ID• ol ol O 0%0

c- >ý -C ON u' ID ID-ON o> Cu C
N Nj N\ Nl N NI N~ (\- N (N

Hi H3, Ho H H H H\ H H HN

00 N >3\u\ 1114

ID ONOOOOOOCNOOO

'-' O _: c- -t OD _( 0IN
11 o> 1" ý-1 OU-uIN-"NA

a)I
H

H
co

'P

ha

NONO O34 0 0dCu' N 0\ ON H 0

c~0 17, N., Ho (NJ (N 11 CID -11 0d 1d 1J 1- -ý ýl I, COP Jr • •• ••• ••
-"-- -IC 00- N -. O N\ C O ON ' 3 3,- r,\ - .-m 0004 N c C rNO H- N OH -N-C" H D 0--A 0-

00000)C000000300030000030000000(00000 
00300c

SI I I NI I I N N N N NI N N N N N N NI N N I N N N u IN N NI

NC N W\NN NN NN , '~ 4-i '-NN

(JN (NJjN NN N\>Nc~ N Nx N N NNNjj j , \jo \ N I NNN'-. lij

00 - H LfH 000 H % •0-N 0-H 0- 0 'N-1 K H OH 'IN OH ,-N H OH 00 H 00 H 0 0

ONNI NI \ 0, ID N \ r\NON n 034N ' O HD IDc C-I. (0 C'-1 CDC 00 000 C C H-
WN~~~ ~ . . .. -,- • • • • ,\ • ý -, o • , ,

0 0 0 0 0 0 0 0 00 0 o 0 H H 0 HH H H H H H H -0 - .. 0-0-0-- 0. 'NO -

Oý '>00 'IN 000' 00'- IN 0ý IN '>000! <NON ýc 1 ý 1>00 ('N 00000

rJo-. l, cc,-- q2) w.,r o' ,-- 0l C-. Lý -- r- I co i ., ,-,9 cý f, C• c- -, (o No tam M C"- Oz c'--'. " n Lr, o -1 ",ONH - )ý l ,\L\ý ) -04 0- i UN (0 Cf- 33 ONN - 7 L"Cj1,ý -C H

N.0Cý C-ý (C- Cý Cý "OOON>r\ N N C-)NCD -ý ID T\0000\ \0 0 00 C)0 000000n0cl r'>

OOOOO• OOOO•• N N "000 INN00N• 00 \0 'N•O -N O N\

a). %oo oE,-. "v .rJ- '-,- q,- d•oue -OO )-"U )• )I •°-I

N H1 0
_tN 0 0 -NOHOO\c>- '3 HH 0lc

UO 0 0(D •00r 034 00) 0r- H•t 0O ( 0 0 ( NI u ON 0 0 Na UN OON 0 H \, n n, :t

O(0ON-NNNN4 N.I'fu-uN3 03 OCoNHHOH H(0NCN - IH D ONO NO>3 N(0 H H 011N30-
C-NO 0 00 0 0 0 0 U lU NI N 0 0 0 0 0 0 0 0 0 H -1 N] (0 (0 H N 3 N 0 0 H H 'N H 0 0 4. 0 N H 34 N] - 0
H OO OOOOOHO OO(OO0 o oOoOO0O OOO C OO OOO OOHOI NO

"0 0) 0) 0_ Ti 0 0 TID T 0 0 Dý TI 30 0ý 0ý 0.
•ý •ý •ý •ý ý •ý cý cý •ý •ý c! • •ý •ý • o o o •; o o • • o •

j j j g o d o oooo o o o o ooo o o o o o o o o o o o o oo og)g g g g g ° °

NN N N\ N N
r.% 11-\ I", N' H-

,_A C-O O H \jC, C H ýj I"• cj -I• ý\ rj (\I ýj r' H ( j -i (M j H H I J Cl 0 N d H (`j j H 0j (\j N H ý 4-N H 0 H H <N

Hi Hi H H Hi H

""-,Dýý CIO CIL- Lr\ 00• o 0• 0'- 0h Go O')v ON .0 0) oO ýo 0.-0 , -1 % G.. 0,. '0 oR 'D 0
00(0 ~ ~ ~ ~ c ON ONO -N OH 0 O0NH 0(00 C u- lý Na' . 00 O .CN . . .(0.D. ON(O N(HH ,-ONO

n0 0 0 00 3 'D -CC-0,C•- C-(C, C->-L C C O•D Cý*Dc (0(> -CO ý >- >- CL- C- C- 0 CoO 0oO C J C- >- Cu

00 o(00 000)oC0C) DOO C C C COOO C UC l O C'O• 0 3030 DOD ( 0 3( NDC 0>3 ONN-N r-0 (0D

ID

H

S- , -C-N N- I H H H H H-- NO 0

NINC, -IHC •.N I2- - H0(004 oN •uN N,.o O~ O-NNNNID", ',3>b-H TIC -<N-' OH0'- - NNOOOHN(0'r3N • • •H

HNI N N N 0 0 •_ C C C -C - (0 NJ 0 ,D Q N NI N N H H- -i C- C, .. 0 .'4 'N- 0\ 'N 034-t 0- 00 0 0( 'IN.

00

e0,--i[• 
0



NAVAL RESEARCH LABORATORY 1

0000 0404 U-1NNO\ "\" 0 00> H ON 00>-a 0ic I
HHC-ioo 01 ON(-Dt( H H ON>- 0-f 000 0-fNO> C- 0CONa'DU-1NNUý NNCOCO0--kH>-ý H ONOK',L,,,OCOHH N0- HH HHC0>-OCO Oý OOCO\.0H NOOOO"U, CO "'NM\OH>C- 0UN\OHONOHi ' N aONHONa

0ONNO NK'U >---(0N (0_:tOHO NOraHOOHON O o0 COHHOO

13CU0000O(2(000 0002((0022(0(0000(00000000000000 000000000300

H H 00\rc H H O'ýH 00N
a1 a- a a aNi4444000i I Ia II I I I I I I I Ia aII I I I I I I I I I I I1 1 I I I I I I I I I I I I I

NHONHO04HNHONNHHOHHHHHHHHHHHHHHONNNNH

ONNC- C- ON 7I'\ 00-- OON 0,NONN (N N C 04000 ONONONONONON>-0ONC- 1\ 10 -- U-Na'a 03.00000 NNO 00 r`,O lýý
i~ -L ' 340-000(000 OOOOOON ON-t0--a'aa'a''a' '-NONONHH>-:OOLý 3040000

-f-I I r- : :-ý - - - f\Lf - Dý Dý Dý Dý \f\ý Dý 1 ý \ O C -C ýý OC -C -CýC

H'H'H 00 HN

0 00 ON H N(MN

3400 000 ON ON% 1>0

01>0400o H >-Aco0, ON-4

H H ON ON>C->C->C->C-(00C
0000--0- 0NH

H

04-00- 0--CC ONHH -NN 041•104104040.

nON ý--00 N ONCO N. 0 N4 ON ((0 00 K -H cO a' H CO 0 00 -:O H C-•01O GO o0 0 -Na'. <a .- ID a' HO
CO >-( 0D K J 'N 0 ý0 04 0 0 4 N ON CN ON ONU ON 04 0 H tcý 0 U04 U0 00 H H H-i H CO H ' 0 40 O D (0 ,0(0(
H H H- 0• cc 0 000 O 00 0cN 0 0 0 0 0 0 0000 C"- UN >> -l\ K"O Ir Nw Na 0 ON 0 NJ 04 ON ON\ ON N
I/A UA ,\ tfN" t,\ N-\ ff N,ý -r\ K NA r\ N, ;\ K\m", • H H0 U\ U'. -:f -.-- -- ýo ýO ýO ýO oo NH ON H o o 0 o

H--

>0 00 _____ n
(7 0(-1N01 ID- A I N DNnI

ýON rj HON 00O0 ONO N H 0a' U\ON , 0( 0 U\N 000 N OrHo 0 NN I H H 0 0 0 ON00 n H-\ 000 C<NO 0 ON • ON ONON O- a' ONON O >- 000 0
00000000 00a'�0000000 0 H H- ONCO C u-N O H1•>-Ha' H-00o NU --t

000000000000000000000000000000000

04 04 NI I N N N N (' N N NI N N 0 N N N NI N N NI N N N N

>-O NI H>O ONC1 ' ' cO'0- OO> -O >0>U\ -If lýT 0'NH- '\NHý 00000- lýH

0- H 0

NON ON. 0C40H000 ON

00000000000000

lH H H llOOlHH 'IN

r-H C- 330 co , O, NO N> , > ->ON c- H q a ( u • •0 ON 3 O ON H ON O ON, 0-t 0 0 0 0 0 0 0 >- > >-

>->c- Cý ý >->- ->->->-Cc Cý >l->-->> ,-D-C L- >- C L>->C->-> ->->->0 00 (NOI N 0000000, \- 1 ,\tý- 'NK,- \K r r 004-N 00 00 00 00 00 K0 'NO 0010 1>00000000-0

cO ON >ý- 00\0 0U0 co0 UN ON 0-, 0 ON L0 >l\ -CO ON OIN UN n c- 0 U-N OC H ON r-i H -H. 00>-aý'
ý • • -; A ý • A c• •ý A c; ,• • Z ;, 4 c • ý •ý A, •, • • ý c3 r4 4 r! •i •

Cu(10 O'• H 4- N H< 0 ON>0 n0-00\aý I.D-N• -H" 0 .. 0 - 0 H C- Ha ',,0ON 0 -H H <- N ON N
00 HO-\ 0000 00 00 -0 N -- 0 0- 00 L 3 O3•.\a ' NU, . NU,, • N, V0 -- ---. t

0-0- 4.00.0O0-00-0-0-0--0-.000340- -' 03 4-00 0-:f-

0H01 W\ a 'D `J N O r 00 L- 0 34 U o a'

000 N OHO 0000-000400 _ c 1 c
ON ON 0 0 0 CO 3300 CO L'.OO O C000

0000CNN -O-H H H H H (0(0-
UNUN0 H H CO000000(0(0000 -\ U

Hi H

<N
0 (MIDO u'3 0 -. 0-. ON>- 0 HU N CN a UON HON Hha (U> ID C- Cý '>0(00' n 011 C'N 000403N I -OHLý 0000 H j HHON 0 0 040000 HC ONH H -0 U a 0 .0-a'NO0 1 OO . I N01 -:t -N3>- ID 0 C-Z' Nr, r\U> -O0 O>NI0 0 'CNID OuOC\ NON.3 D- (qON N1 00 a\ j r -:1O

oý4'. r f I 1 'NO 34 HO O( HH OH O 0C 0 INO O H N O O NO O O O O O - 'll

cOOODOOOOOOOOOOOOTIO 0000000030000000000000TIOOOOOOOO

n- N% NA H• ONIUm LPý rf' r". ICN ,-i H,-- \ ýrN 4A ýr , •o, ON . UA Lcý -im ,--AH "N" r-- -I NNA H-- ýN H U'% rrG N'\ UfA C'. U,\ H rl\.% -II~ t ONu ""0N N, NI N IN I IN 0 N 4I 00 N, N N I 040 NI 04 N I NI N 14 NI NI N I I N N, N N N I I 0 N I I I N I 0 I I N N N

<- 0t-z "-z'- [-t 0h O ý C•[ - L"- L- C- [•- CýC- CO 10- ,-- C"- PýC - CýC E-• - L• COO oo C-¢ C-• CP L- 1ý C-• .• [ý C-• L• .-a \ \ ý \ \ , •, \ • \ • •, \ 'NN N I N NN IN N NNI N N NINN N N N ` K K • • • K N • I • T , •

r-C

CON'- 4 - I N", '3• ON CO 0H C O N H.LI>C 0- 0 ON N -. .. UD O 0" O H 0 .I 0300 ON 0 N0 o o

0 00 CN 01 0 N o C- - - N ý -O -1', o U -C - 0- - I'\ 0 n -\ -' ,, -U UN u0 o
n (0 J N \ ID-\LN CuCH ONC U 0 H D N ONOD -: -.7 000r 0 0 -C H 0 H -0 00 0 ON n NO 0 ( 0 N N O N 0UN000 03 NI >-IN0 000 C, 33-0 - 'I>N, H 0033(00 NI \ 01040 \( >-N0n ONH-I -r- ON >-0- 0>ý- a' 00- -I

4-)

3 r

a,,

C-,

ID

ID
a)
H
ID
(4
'(I

ha

ha
'P

4a

LII

(4

ID



Ill
H H--

0-0 Na' HUN H1 Hf- -0L\LN-fC ýNNý 0- ONO ý

Nj c >->-C 0 (0 N1 >\ 00 00 000 0- 04(000(000 ON a't
-2 -> 00 0000 -H 000 C - -:T 0- 0 0 0 0 0 0(00 H N ON 04( 0 C HH H1 OHr 00 0C

O; o o o o O H o O OH C 0O0 H>- O H Ho 0 0 HH 0 H H 000000000 H 0

a a a 11 11 (1 a1 a1 a\ ala ala 1a a1 (\j a\ a1 a a a1 1 a a\a a~ a1 a a a1 a1NIi(i
NN NN NI NN N IN N NI N N NNI NINHI N N

•. HH H-HOOUNOOOIINOOOOHOOHOHOOHINH<N- HOHO NO

-!. ' 0000 0( O ( 0 000(0 0•0 000000 0 0 0 On(\I N N 0-- >- >- 00 0- 3 - 0 0-t 0( 0( 0-

N 0 OO H 04 0 i 0 (0 C- CO O r H H H H H H H

HCA r\ l NI N n- 0000-300( N-\ OO\ HN0-000 C:1 0-000l- 0-H O 0(0-a 0 (0 ONNO, 0 0>-HnLr\N

CD G ONONONOONNC 0 -- N NI(0( ýONýON0-:T 0001 HO H H N N oD00 000--t 000- 0(-O\ Ha\L\ c '\nU 'DO

H H0 0 0) O ( 0' ON Cý O O "• ' D N, \, D c - c, L,- t K K C n n

HH

CD CD

000 H
H0 003 H 0
00>-alr 0 -oH

0 00L 000 -

H)(I H 000 H

HOOOOO

H 0 0

14 NAVAL RESEARCH LABORATORY

_.• cl 04, r'q L--• ,N O- N ~ 04 'D• rXJ N" D ý'r O•, CýZ O O O ,-IC- ),' r U \' k-O O O ýr0. •", ý'," O C" L0000 H N 0 C 0 0 ( O 0 O O O O O OO

ha" O(0(0>-LUH'•• HHH r Cu C >0(0( O0 0 (0-CHN'> TIH 3ON-N HO(H NI( A04 H0-DO-((00d eit ~ OD(HA0Cu'HO
-1 o N o ) O - oN N C (0 0 0 NT 0 H 0NN I 0 0 1> -NO 0 0 00 0 H C 00 0 0 ' 0 0 0 L 0 N 0 0 H 3 0

,011HININIOD -- 0 r 0 -0 c0 0 N0HN0 0000d0100 C HH

H, < o0 1,'m t~H 0, NZ (\i Cr t'¢ j (\I e i -i - 04 H4 H, Hl (NJ Nr N't N't N" HO ýiH 0NNN HýNNr\N ý :-N•JNý N

(H0QNNN 0 T 00300 0 GO O WH L0 00000 00000 -:tOO

a- • 0 ( - -.. . -0 , 'I or o d-,•,0 , O -,•_ I,-10 <, 0 -- % • . :l-0 ", 0 0 O r-,0 1O rýý uO ý - - .- ý r ý !r ý 1 ý

u'u O DH, OHH0 4 O C HHO H H H O NO O NICC- O H H - H '4 O O C O "- ID O D O O- O O H O NH N C- C- -

a a a I a a a l a a I I a a a I II a a l a a a I a I I I I a a a a a Ia I I a a a I aI I aa a

03NNN 0L,1 ýOO 300 '4 '4.N03 NuI033(OO- ON C" I- Iý Cý Cý HOO' -'- >00003434

H' 004>0 n H J4 H HH CO nH H 0 04 0 OJ 0HHN 0H H .:H HHn HHHHHH

UN If - r a' ý 1", (0' C 1 C >- C I C N- C .0 (0 0 - 00(0 C-ý -I D D (0(0>-C O .3ID0 (0 Cý CO T\ CD C >- C Cý C- c' C-

H H-t,- H -- H• H" Hr H uH H, H• uH H, ,H ,--I H' H-- H•, wH H- H' H -HHH HHH HH H

0 -1 H N 0 •0 3 O (C oN H 0C -D HD 0 N 0H

.ID , H(0ID ONU0 H 0 I 043 (0C.- -\ 0 0 0 0 0'3OUN00HO 0 ( Cu ' N NHc0 > ONU--IN

N• O i <,-ý O~ c," -o0 0" "0• Lc\ CW 04 ' '- ' 0 -1 r-i cý n' r-t -7f -:1[-• 00 Lr 0 C' L o D C' c- -i N N H4 0 r- O D C, c

"U "- 0 0 0 0 N N]NONONONO c-N ON. N ON( 00000 0 0 4 > -.t -N ON O C- 0(\ 0 0 ( O NH H 'H, H \-, No N coN

o NNC >-C (0(003 0 O N O NO NONco 3- 'D C H O 0.00 C)0 0 000 001 U E0- LU(N 0ru (0(0(0(

S (O 0 00 "NNDI(,--I NIN(OO OOOOO O OcOC CID4 <NoOO OOO(O-OD000(0(00> - >C,•• C, CO >-0C00

ON-IDN -ýN I, H~ CO, I,,\N a' C H 0 N HNO H

OHCO ~ ~ ~ Lr ON, 0l a' O O LI 4 H I 0- (0NNC0 WN\ HNO

Ný (MN\ Nf- N NI N N- NI D 0c )0 1n c -\j io ,'\ iH N N N NJ N NIf N N N N N rU NI

H H H HOI NI U O NO N O OH OOH OH- - iHri - H- -

>->-OOO- OOHHH0L 000 0000HH ,LIOUN>-N>-!QNNHON .0CO NN- INHNNNN C. NC 0 '4-0-343-40- NNNN NI\OOOOfý rý Lý L r4 ý

G\ ý f, Uý fýLr L'\CýCý ý r\rc\ r\Gýcý0 o H H H H Hf Hý Ho H Hý H- H Hd Hý Hý H H H HO0 0 H H H H H H(" H H H

' ý0 (0\ 1> ON N Hý H- H- H0 HO0 O0 ýL-C LýCN 0000 N 0 0(0 r- 0- >-I 00 ONl HC r f\L\lý"' 0ý)C

ýD (0 1 \ >U\ 00I <N -0 -:N N 0 (-C ý00 0 H ) N D N U 0 .0 04 HI C- N ý (0 0 0' 0 ( CNIC>00 00 C) 3 >-N >-'\ >-\ CI 0\ NN " 0ll 0,, C'l 0(0 0DI



TI

NAVAL RESEARCH LABORATORY

NO NO OU 0I If', C1 I'l-1400
NNOOOO 0 \ H- H(N0- (0oaC 1>OO
0 0 0 0 N H -ID Oao I N O 0 H4 O 0- ON H 0O C 01 0- I N O 00 H 0, C 0 ON0"00, 30 I0-ONO>--OH0-HO H(0 ýCl ON0D-00-100 0 --t01>O H0fýi- 004.N 0Hý0000 3434'3o DU Uo
o 0 c 00( H ON 0 00 0 0 H Ha'•O C O N OH H H 0 00 u- 0 0 0 0 H 04 0 0 00 3 0 0 H 40 0 TI 0 H 1
00000'4 I00000 N 0 NNOI 00000 000 00II TI OOO OII OOI
000 00 0 00 0 00 0 00 00 00 0 030 00 O.OC >330 ý.1 ( ý .. c ý. ýc ýc c ýc ý1 ýcýc ý(

NHo o oo o ONC HNHNHNHNE'NNN0-ONONNONH - NI N N I3 O O NCHN-HN IHNo

aN a al a Na a a a NII H NI Ha a a a a- a N N aN (v a a a a a\ H aN a a- a~ a a\ a\ a l I j

NHNHONHHHHHNN -A r-I ýiNIN NON HONOws N Hriý\NH'r,\ IH\1NI NLHr, - r\(i N NHOr\NHOj (i J NH ('HH30

0000 0 0- 00 o- _ -I,- HON• c- H 01 -0 cCO O -N00 NN• -O N GO , NH ON N O 0 O 3\ O I O3,- •- N H -> r.
- ýý )ý ý -(0(00a'0(0003-(00ONH IOO OOO OOONNO-N: t4 '400 C >-> -0 040 NIO IN -NO >'4

0! c IDa 'r- c D N N ,cO c0 - C-- c- c- c -
r'-o "N do o\0 n0 0 (0 a' '

CA ý C'> ID 1>0040000->->- c"oH 04 0(0 04 Hi 0>c ýo ýý- 00 0(0 >CIDN 044. L> 10 '3 00001> o o r,0 0>'-z3 N N 'D H H NI

KD N-i H34 HON,-N0-00U>4030CO0>-0-:O N N- 1 0(0' \HN 1\ C- L-(- )O 00 -- >-O>- N H ,ID LI> -3
H H: H H CC 0 c 00>-OH C (0 O -00 1ON-C0 IDN C'0 1>1> N 00 000 O"NH- 0(0 >-N -L I-N-\
ýDýOý (00 0(0(1. 000 >-(\0 D Hý ONCO)CO r- 0 0 00 00 CO LO 000C O ýC C-->0 >Oc- '-C c ýý c,-o-(o o-( C 00 >0 IDNu 33 -NU NON3

H> H H H H
Hd

NN O4 f. -r0 K - ,- HI-- HN w H N4H N4
-- 0N 00 -ON-1 O O'4NH I-: C o '3 (0 H N H C-0Nr-i (31 CC) ,,,\ H CO L ,\ C-. N\ý nHi 0 o 0o oC\N\ (o • 0 •L' A" )

ha OHHOHHHOOOOOOO:OOOOO(0H00cý 1ý 0 0 000 00 00 000000 000 0
'Pý

00 o oo00o000000000000 TIooooOooOOoooo DoOOOoo oooOooO

ha a a a a a a a a a a a aI I I I I I I I I I I I I I a aI a l a a a a a a a a a a a a a a

'3 0>a 0 0 0H 3 1>34 1>1>0 N- H>1 0 0 0 N-0 0(H(. H1 C Na '3((N( 0 H H H Hý 0 N :-NýN NNýNHN H >N N - C N- > 0'N H H O N H 0 N H 0N H N H H O N H H H H H I,,\ N N N H N N H 0• I4 0H I N

ýoooo •ýD00 O • ooooooo"O o- o 0,c 00c 7-o 0 , ,8 _:t o', c -oo ý0 • o D 10 D 0 ,H i H o ,H C- C- C- C- C- o

SON(0 ON-\H OH 00 >- 0\0 10 0.0 H 0034 N 1>0 04 C- -t0- 0(0 C H O4 On 000\ CI (->0-0- <NC 0- NI

wD IDN C D ( 3O ýN\NIC- Cý >-CO C (0>-C DýDý ý :tGC- -:t(0(0(0O\ 41>>-\0-000NON 0-z'-0- Q1- H N H N H NII NIN NN-
r 0000>000 r ' c ~\LýLl c r ' r f 000()'10n000ON 0 0000 CO00000000C CC) J C C>- C >-ýL-'->I->C->C->C- C- >-000(0(0(D0
al

IllI

haha
'P

U-\0 r4N Cu jO O
r-i0 0ý1\ L\1 o-t0C ýC 0ý\0 ' 04 N 1>0004 0- L\

C 00(0(0 000- Of000 00 •0- (0 001>0 00 00 -00NHHH H NOO-i N O 0H0 0N 0NHSoOHN>- H0 H0 >-t

OOOOOOOOOOO O3000 00,) o c-i o o oý000 HH O OO O OO 0O0000

(N NIi N N\ N\ NI 04 0404 040404I NI1 N1 NI NI N N N N\ NI1 N N

SN N N N NI N-) o (J N 'NI N N N N N4 NI

000P, K H H OH\ 00\ r H 00 00 H- 00ý Hf' 0 0

C 1\ 0 HýLýo 1,C
30\ '4( 0 H 004

000000000

H ON H N H H N Hi

a a a0 a a0
0 4H0 04 H040

C c Cý > -- > -C ýCý C, C.* !D c C ý >-->>- c,->C I- 0 ýo o oH H0 03 4 4 00 03 AOO0\O(-NnOO(0(0A L

H ~ ~ ~ ~ ~ ý 04 0cO10'H _ _ H 0 H<

ID On N IrD- N ' O I O OOH 00 Hý [0 H 0 O 0ý 4 04 ' O4 N O ( L• -1 0, ' H H- ,H CO N c 00 GN

040 N>-(0(0( ýD0 00 000 ON ON0-(0 >-C'0 H 01>0404N H N HO( L '4 00 -0(0(03>031>. 0 0 (0 ý
(0(C)C>0000 0000 )001O0-0-1 0(00(C D 0 C \U\L 000>-C H H H4-LC- O<NtI'UNIN CICDU'
>ý - -a (0( (0( (0( (0( O0> (000.0 340\ DLr ý1 ',I\ý\L\ r t- :- N "03\430- 0 -, 34 -t OO'N,\1"\400 L

H
H H

.0 0f Ncý0j

ON0 (000 HN 34(j \ o
00 O0.31400

\\HHNN 00
HH H

-4-i

5-'

a-

(D



16 NAVAL RESEARCH LABORATORY

n 3 ) D-iU% J1 OH DNODHO W\LC ' (ONDH>C-O 0O
Cý r\ ý-D 0(0 0 0 H 3(0 H ON(0 CO H H-ID ON1( H H 0L \ f CQ01n"Iý(310 CJ01>- 0 H' 1O L 1

ON HN ,UNN( 0,H N00000 000 00 00 0000NOIOOOHHN0-< ýD o NNHHD NH 'ýýNIOOHHHOOONOW

HOQOINO 000000000000000000000000000000000000000000

,jNNNNNNNNNNN N N NNNN N NN N NN(\ N N N N ciN NNN N NN0iNNN NNR N (N NN N C
-HHH UN-IOf\ H OIN\r.\HOO,\Cl UN'-H LfN O,-u>-Cn -N H IH OOC(''N r ) OO N1'NHOH<\ N0<N CNL'N-\PN t-NHH

a, I Ia a a a I aI I I I I I I I I I I I I I I I I I I I I I I a I I I I I I I I I

H UCINN\ N NNNNNNNN \ f 1 I >H d\]>]Hc 1,u- 1 HN UCUN NI> U INNNNNNNL 'N UN\ NOIHNL UNIUN -NIN

Cý ý c• •ý •ý •ý •ý •ý •ý •ý •. -. ý •ý .•ý •ý . .•ý •ý •ý •ý rý •ý i ý L . • •. . • •

(D N1- ý - ON NC' )O`ON GN O NGO NON ONjN O N GNO NO ONNN Ny 3 31G 'N OONG ONON ON 0 ýN ON NO
HU OH C OOH HHLiNHL 0- HNi- iHH>-,OO iNHOOH-NIHOr1 OiH (-A IIH Ni NOOri H NH N -10H-

(00 'N OO,\CD_-N 34(004 CJ- ( D N , 34- 00 H(0O((0O' -(NJ> (0 D NI(0\ N- GN N OHI(0aD't' N 1-- N(01 0 CD)O N 0 I3 LN

HH L- N - i r- C) Cý 0 ' r-- 0 H - , C- r-N 0 H-H NO 0H H- " ON 0 0ID NHH NIH NH H-Z (-N 0 \ (- f D N ' NO N-0 CO >-C

LD H3 L r - (VC -1 1-1N ON 1>Cu,-: G Cu O ý 1>LU .01 (-j N CN -1> LON CuNCID O tý N r\(-H NON : O iON LLU- oDI'>O D1I

r - -\t- tý- H', U-\ 04 -d UN -N

c')L" H` N0 0 H(H CJ O D3-- c,0 - ON "HD JIu ON ON NCH

0 C1N OND LI-N HHNO O- O 'N- ,-% N C CC -a . _ -TN 0 (" C u-D t CI) U\ 
1
- I- 0 N IDNN0 N0J -H N 0- 0 -N N

+4~ ~~~~ ~~ 34(0 N0 0> O 0 ( H,- Hw Cu-N NJ'O NC >0 0 0 4 < ( 0 - N f N ( N 4

ID 0010340-0- 0- '440.0- , 0 0 LI D 0 '•J 0I -r, - c 0--0343 40- 0 0 H L

C% ̀I CI Iý 1ý . . (ý . . . . . .Iý Iý 1ý % % I I I I . .

oq ; o o o o o o o o o o o o o o o o o o o o o o H , o o o o H o o o H o o • • 0 0 0 0 • 0 • • • H

(Ii h H (N H N• N• H Or1 N, H• t(\ di OOOOL P • <Ju DL • ••]O H H H (i 04 Nk -A NO H 0 ND 0i ý

a)

Lc O OO ci Lr• o- 1\L

,•~ ~~~~~~~~~~~~~~~~\ 10 Iý I1 IIIIIIIIIIII If ID I I I IIII

LII 3

ý cý ý ,_, o,. .,.,- ý o ý ý r-, .,- Iý a,.,. ,O ,.,. O, -, 0, Iý c- cý cý C- . . . . .... . .- .. .. . .r) G,' Oý IO

c Cý, 1O CD• E•-'' c-- cý. -1- Iý -\O c ON Io ooýI ý1ýr ý cO co I.O• L

o.< HO 0 0D CO O'N< C1 ID -1 9 0, oD o~ 0% Ir D O 1 "I' O N C- ,• L, I~ O j _ O D ID I, O _:4 O 0r UO 1 L,ý ID- 11 O l 11, Lf O ) Ij O D O ©

W, Hc H,, o'o C•,1 o0 ,- 0G ,-ý. CJ N Pc N ~ o 0 0 C 0--% U\ L C, \ o o o-, 0•-) oý CO-0, - -N D-J N • Lý H D0, H N . OV N ID J OI--) 0 )

ID 1 o o: -\onoý - no rr•- "r o ýr\ ýN--ý ý-- tr'• N-\ 14• O o m O [-[-O - 1 1.-N I,, 'IN I,,\ c\ "I -' 11o\ o\ I• 'll •

U H

'HH

ha 0331 OND N - 11 U> O( NOOcOO OO OL IOODC ý C- ON - 3( 0 INN H O< 0 N N. IC a

NI NI, 1,UN N>]O N NI N 044> C ,O N N COI 0NC J'N 0 D1 ýý o11O t0 \0( N D N I U
0~~ ~ DN N H 0 NH N N1 H- 0 ) - 0C H I N N H - iC N H H H H H N ON Hi N- H 0 ON NH 0- H' , \I

-3 'NC uNH~ \>LINHHOOON HO

0NI Ul i i NIN ~ NINI 1NN IN(NIN -i NN- r r I 1 r : 1 :-I, - N- f\- iNH N 'NN

cýj -j" i- -Ni N- N\N O>] N, N HHH"NN Nu HHONHNHHNNO NIN> o]H jH N HN

H HO --N NO LI>- 00 HD0 C` 00 H H H 'N 00

00C-L C- C- C- 0- C- 0- >-C 3300((( (000 ( C-OC-C-D0C Cu ClL-L - C C, 34343 04(0ý L30- O'uu(0(0 (-NOD. Cu-N

HHHHHHHHHHHHHHH-tCDN U'\Lr NI LNN, 0[NI N0 NI N I >00 NIN UN NIONLINLINOLIN'-> >00 ON N

"N 'N0 0 (:: ' , ' N 0 C Hj 04 340 N Cf H, H 0 ýCýý DL NO NuI1 jU r.O oC OO H Hý N ,0I

Ho 4 0'I H 0 ( 0D HD '4 (0\ - NI 0 0\ 1> N \ 03 '3 ' C- Cu-NC, O- (0(0( H) H- L- 0(0 004 r034ýjý D-,W Cý 0 -4 0 H- Nu 0H C)

- , >-0N C,, -,1 OO' (-N<OHH- Cu -ID-N 0C 0C WI (1 031)I 0 CuO '0 DOI-0 C- C- '4 (-N -, C O ( u NDHHHH H 3N01O

Hi H iý -i-

:: -H'H'
- )N



NAVAL RESEARCH LABORATORY 17

0 0>c-4HO>l c- 0-ý03 (000o >-( H>- H H H H N 0-00>ýU-034 ý -f-N(0 ý t0 00(0>C-(0N>\Jý-3 ON'4- j HONOýNO0U-N '-H(0 N'o00 -t 0 C- C I",NN0.0 0(N 4'-OC), N OH 0 N 0 (0 IN C- N ( N ON N 0- -01> N 3 N N NI1 0( 0 (0 0 0 Cu IN .300 C (0 H H•>- H N.HoOOOHH-I-4O0H- 0034 OH ON -OHC,- 1~h,- C1•E• OOO OHHI,-IO O H HOONdOHN•O•3O HHO O O OO

00000000OOOOOOOOOOOOOOOOOOOOOcOOOOOOOOOOOOOOOooooo

N N N N NN NNN N N N NNNNNNNNNNNNNNNNNN >NNNNNNN N.NNINNNNN

a NN NN NNNI N NN N NN, NI NN NN >]NNNNNu NI U'iNNNNNNICU

N O T\ Lf n N 0 ) O ý N 00 NIo N N N -N I 00 CO N N N NJ N\ U,-I \ \ N N N N- o cN N N\I N , LN NI N -N N N0000 N N , LN NN

H' ' H H'H' 0 (0 C H> 0 0 ( 0 1

0ý D-N (Jý 0 C -- f\10 0(0U1 01 DHC 0 0o 0 ý r f 01 Hf\Ll H H, N N 1o lC300 1 r N N

N 00 00 ' 1 N H H H H H H H n n. H H ID H

'---- LI k

CA >->-N>-N(00--0• 0(00-0(0341>0(01>00 -H I 0• ,N(0(0UN0 >OO -OHO >-NH O HO U0--000 O NO CNOUNH .0 ON.

a)

0 , a, G, 'c 0 - 00000000 fk• • H 0D 0 0 0 0 0- -d 0D 0 0 ýoý H 1- .-0

r,-q r-1 H o0,0 0 r-•l 0 c-o .- --4 .. [',o r-I Oýp, L-.-0 1~ -o H ,- 8 > 0 1 ( o E0 . o0 o -- 0 0 0 0. ffo -i N• 0 0• 1 , 0 "r~, E-0

L- H r, Lf'\ NO OON Or iO T\ `\ CO OO\ O -O ý OO Cý n Cý H f U\ if• N• A Or O-- LN•.. N,•N H rý Al O4 n H OO 0

c-x N• N 0, aO • 0" G, N• O O• H0 : o Zi•, H• Of• N• 0, 0 N• O• 0- C-I -0c ICC -(\ o -N 0 0 0 NfN\0,-0

00\ n( H O 0 ( N (0H>- (0

Hlý 01>1 C->H- ýOON0>->-HONOHN D U i 0 CC,0o NH(l-10U HNC no r c (03, c-, C.-I 0000
oýnc 0000 OHO(0N(CI-CCID0H(0HO 1>34 >(H Co c rj NON oLýc DNHO- 0 N-%0->CoHND ()000N34ý - D 1ý 0 0(034

N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l N\ N` INNNNNNNNNNN INNNNN INNN N\ NI NI" Nl Nl N\ Nl NIN\ N- N NN

ý NINNI N N NI rNNNNNNNNNNN UNNNNINNNC`NNNIN IN• 'NININNI>]NI N U -c -a C rNINNNN

SNH ýO'N) H0 H 0 -O-H>0UN O - H r )NnN C71 HO O NHH I\OrN\ UH f N-- nOnNIN

S00300.0 0 0 0 0 0 0 0 000003O'(CC(>C((>0N10 01> 0 000000'0100 C 000H 00C>-00

Oý NNNNNIIIIN NIN N I NNNNNNNII I I I>IINOI INONINNINI NI INOOIO<I

C- ,c-ff -n Lýý- r N - 1 C\Il LID (0I > - i 0-ý 0,, Hf NC Cf

'7 0 00 -:t N L- tD n tD ,0 0 N _O n O 0 • 0'\ " CI D N 0 0 • U • • • C% • C! • • r - >-ý

DA>-- 1>340 0 "H( 0(000 ND 0\C 31 0 34ýDý 0CO(0(0 -D'-\00( 00 `\ OLINO(0C' 00(0 CN 0UN-If 00-NO >'-O30 Hý N-14 .0001>

H- N\ Hrl1 Dý Dý0C 000 3NC)I -J H HO Nfý N H-0 00 0- 0( > > 0 0 0 N0- 0C-0.0ý ý 00-( '4 OHý 0ý NI 000 f-1-!H N IJ N TI0

H



18 NAVAL RESEARCH LABORATORY

'D-I-o L\coHN NK N\a% ON 0n ýO :to nO(00 0 0-1-(0 HN0N H NC0 ,\o Z- i CO• N N H Nr N N00 N0 \ ON\nO I\ n 0 U-- CO 0 0 0 0 0 0 0 0 0 0 01o > w\ N - - "-\ \ -- -c H H -- t 0

& 0 0 0 0 0 0 00' r0 0 0 0 0 0- CO O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0 '-i 0 0 0-1 - 0 0 0 0 N 0 0

.. . . q . ;8C.8... 3 3(, 0888ý 8, 8 8 c; 8 f '-;

N \j Nk N N Nj N N] N N N N N N N N N NQ N N N N N N NI N N N 
N N N N N N N N N

f 0-ON ON 0r N-: ON NN N N N N N N NN N N N N N N N N
0 l H H OH' H 0000, H '(N H >- 0> UNl 0> r-OH Hn0 H H4 OLIN OH\ H 00011

N NN NN NN NN NN N N N N N N N N N N N N~ N N\ N NI N NI N N NI N'N N N N

ýD ýD uD r10 •-D 10 "• 10 D • I",t,0 I. N K,0 0•D •' C- C'- ,- c- - C5 ,. 01 01 ,-t u-• 0 , 00. -0 00 Coc 00 0 ON GO 0 0ý 0 0 0 00•.

H0 H 0000 H H O00 H 0 H H

"3(0CD0(00(0(00 00000(0(O00 >--->>O000N3O0000000000 0O001>1>1>1>100O00

H HH H H H HHHH0ýc ý 0- ý 0-I ýw oNr coH H'D'D 0 ' 'H H' 0, m uc oc ýcN ýo0 0ý ý - U\0 110ý0 c0

U•
c.-oo 0o 0 _0 _o o- noL OHO L

0 0 0 H N -0 N, I0 (0 CN (- N 7jH H H H H"LIC-ý 00 > 0 HI ", 1 .- -0(0 N N I CLu-N H( 0 0 Ný HO NO0 000(0-HH 0( 0 - 0 '-- 0 1 C c o r c

3 c LNO >-1-, C.0 a)_ >-C o - N 0 (0C I H0 0 C C >-C 00ON0 N-N c N 0 0 0 N N H OH•0

I(0(00000UNOO00000(0 0000000HH0040-000000ON0000000
0

0
0 0

40-0-

L•O E °O "-• ýD 0 0 0o ..0 w 0._ .i-0 rý "\,o L-_O 'o 'D 'o 'o Lf' Lf- O•, Nx -1 rC-I N H N H H H 0 r H 0 I0D 0L' C- n

c cý r- 00 0 0D c ý

((U Hr H r , 10 (J0rJý t0 l0 ý 1 0L14ý r. V- Dl\OC -

CC (21 
0 )

0\ 0 \0 K\ ( H0 O
000000- r- 1 >00 00 Cr H0(D_0 >f-(0-IN00N1>OH 0 N 01

'CQ\ 0ý0 N H. r H ON0>0 N0 HD H 0' ' O 0 L 0 N(0 NN 0-0 -ID 't0-34(00cr 00H N 0 Ný Hý 0- 0ý 1>sC0 000

O01>NON0-(D r\0 00> 0 OOH H(0 00 H0 000H1O>0 0UO N0

00000000 0000000000000000000000000 000000 40 0 00 0

H\ I N H H H H N HN HI H H H~ H OQN HI N H H H H H 'NJ H (2 NJ H N. N NN N3 N ( N -, 'U ONN

I I I11 1 I I Il I a aI I a a a a a a a a Il I . a l . a a .a a a a .I

(0(0(0(0~~ ~~ ~ 0 0 0000 000030 0\ (N N(((((1I 00 N"HA N HI N HI H H H 00 00j H (00>U

H'~~~I H'H ' ' H

(0C cýW\Lý r -1> H 11 ýH HN N1 - r -1L\U- rlK \- N\ N I'\ -0-340-00

N4 N>( -d- H (D-L U-\ H fC 00 0 0(0 Dý ý 0 00 01>-1 N OH 0-O >- H(0 H -- 0 0 H 1>4( 100( H Hý N > N1 0 3 00

-t 00 ( 1 00.00 0- N34 Hl KN C' N0 H03 N 0 N '3\34 ,N a, 01\(,0 H 0(0, OH\ 0\0 0 00 4 N N 00(0 00\ CY 0
N 00 > 0034 NN N00 >-\0( 0N( 0(N C (000((( N( 3 >-00 1>11 1>>- 0N N l0

0-0340 D 1> N >( (0\ c-00( 3 O40 LN 00 NNIC H Hi H: H Hcl H 0000 0ý 01> OLIN (N OHN c 00(K0c ý

.0OOO<!0000000000IA40A(0(0( (\I(34043. o-- 0>OU-I 0-N D(Y

H ýN' L

N(4 K 1N1 - ý. ý r \ \0 ,Nc -ýD' ,L- r o 0()'

ooc 'LIýc, 1 000 n--1ý1 - o l0L"nf' NI 1 - ,00N N(i1\ Nri-

K\f( 2 \ý r QH ý Dý ýGýG %ý r \NN - 1 % 1 D1

00 ONOH-



NAVAL RESEARCH LABORATORY

(0 N H
- o( (0 0 o 00 ' ID- 00 O a\0 >0ý D- -ý 0N c- - 1>0- 0 N

oý u\l UN 0HOHON\ HHOH iL\1 oNOaNo( L\ iNHH-oOOGN OOOU OO0- -. 0
4.-. CNOH -INO,0000H 1 o u . N INHI OO HO1

OOOOOOOOOOOOOOOOOOOO3000000 000000

"N NI N N N N N N N N "IN NI NIC N N N N N NI N N~

N N H HO 0N HO0N H HNNN NNNNNNNN
Hl H Hq H H H H H 0" H 01' H <N\H 'NH 10 H' OH 00-K

"C C000 - -(0 - HO>N -(0Hr-H - jl HH H D1 0 HHO-1 O(0U\(0\ .034 Zý-: 00 -0riDH-
001- 0((00( OH 1>1>00.034 L - - - .034 1 rr 00 H ý H ý (N 0(0( 00 I-N 1>0-

00100r\N\ý\ ýL ý ý0 c c ,G 0131 30I 0->-1>ONO O c- C 00 C ' > 0000U -\ 00LrOl \I-N l \I'NLI O O O 00 00 1- N'1, 3\N4\3400000000 LýU, l" l% l\nLf\L\ - -\T

(0 C- H H N 0 4 ( -o( I-oN H H HHý:

03o f4'U,\UN>Lr C->I-c- ou U-NON 'uN34 rl 0, G, 00 coCý u \NI 0 D011 N HUNUN> \ -c- H0

K\1> N,> H1' H , HD 0-1100 N- f ' N N0-N N -zN034T I34 C N3 0CNON30 N >N-O0-Tý
UNOUN OC >- C - N3-0 NH03 NNH\0, CuIui [ 0O 1 >N

Fi0 
4

0I0 0( O O O IN N 40 I N N N N 00 N

U2

UnONO0N H ý 34(
-:t ýD o No o C\C-C)
N N H C- 0 0 0t 0 N (0 H >- N

000000000000000 0 00O0 OO O3

0000000030000

NNNN NNNNNNNNN

U-\ ar a,, Nla al

NNNN~l NNNNN

Ol 0 0i 0 0 0 0l: 01 0(N 0 0 0

ýON 1>3 Hl 0 H1> 0-0 0D 0ý 0

N1 NN0 00 Co '30( <NO),a, LIN'

SNON NNOOfNN NI U

H HH H H H H H H- H H

H 0 34 0dd•

(0 >->( H(( C INI I

1>00 0-0 N 3 000

-U- ,N N> ID -N N H N Un

o OOO H0O N(N OO N >H OO OH00-0>00- NH O

O O O 0 OtO 0 0 0 0 0 0 0 0 0 0 00000ý 0 O O O O N-0

0000 000 0000 000 000000000000000000ý400000

N N N N N N N N N N Ný N N N N N N N
NIH1H 0 N HON H N N H N q N H H H 11111 11 1 11 11"1 1111 1 H H H H H

SHOHON N H HON H N O0 N H 3
'IN H ý H00 H 000 A H 00 H H OH

(0(0CD (0000((( >Dý Oý Dý . -C C- L-- C \ 00 00 Cu-ý,N 33(D 0(0(0(0(0(0(D 0 N N N N N C->C-(0 103\ 00 N1 -

Hl Hi Hq H- H: H H HI N N N\ N N N, N N\ N Ný Ni Ný N N H- <\NO\N N N

0

0

H

•E

o

E-

m

(N

0

-•
4(D

CD

0E

0)

0

E-,

H-
H-

0 NN N 00 (000HHO NO 0-)- :t - - ~ lt0 00 CO ION ON 0 (00.(0 --1-0HeH NNHO-I00 UNI0c r"- 00000 ,0NONO N ýH00N( > 00 NNHH(0N HOO N

4 o 00 0H 0 UNHO HO HO O O O O •Orýoo\HUNO(0oooo O OO H 000000

000000000 HOOOOOOOOOOOOOOOO OOOOHO 000000

N N N- N

4 ooNNOOOHHH
H H HH

Nl N N Nd N NQ N\ N, NI N NI N
H ON N H H NNNNNNNNI I I I I I I I I I Ii i i i i

No NNo NN NN

N~ N N N

Hý H 00\ -

0 0 NJ N 000n r\0 0 0 0(0(D 0(0(00 HDrI\ (0(01 01O 0 (2 0 ((N 'NJ 4N -:t -:I- '43 '*4 C) ON (0 ((N 4N\ 0(0\ ID N
LNINI-I00.10.01 11 .ONHHHý 1ý1 ý ý ýý N(((((ON(0(0cýO00H HNONON(0 c ý ,0ý ý ý(ý1 O N> 0 -ý 0-0-0-0- 3434

. . . . ..-I.HG. ..I,\. . . . . . . . . . . . . ..ý f00 QrvN-- LNýo -, o oa\E c ý l c l-c0
D
-
0-0C-0-HONH c- oo UN>>->>- -H0r-0 -0NNN-i 00( 0-30(1» >->-H->--H

HH N NHNO0 -4 : :

Ný Ný 0000(0.0.0.0DýD

H\ H N NI N0 Hl 0-N0

.000(1->-->

(0-t>-(0 (0 00 Ho H- O-nU1 fH 000 N 1 ON N
N0-4-.( N N~ (0H(0 - ' -iI N N N>-0 0

H
HH

>-0o D 0-l 1>00t

>-:t (00(0 ON 0-
1>1> NI N- (01>-

n Ll LN cn

00-ý HD ON IN 3'

H H- Hi H- H H-

m rn 0

(2

H

01(

HH

., A r ID

E~ H

+40

a) co44
H 0s4-

04 0

$4 lb (
H( 4 lb

ID00

+i-4 04i-

0

0

19

CC

ho'L

zI

w4

U

4-,

UN >- ON HN 34 0ý 00 1>C - ýC ý00C DL ýý Dý O - 0ý - - H HNID - O O0G)10ý

000 300 >03 >Y ýC ->C ->I->-(0(D 0(0(0CO00 0U00 00303000000 00000 0 0 34.0 UNL'\L\Lr - >-ý-00 H 000r\I,
NNN N NIJ N N N N N NI N N NI HI H H- H OD300( 0(0000 C0030000ý 00000(00(00 >- >- ONCýC 0 0000I,\UlL\ r
HH HHHH i i HHHHHq i -HHrIH HHHH i NN

(ID

H

a)

(2

04-LI

ID

440
ID
a)
H
a)
(4
a)
00



20 NAVAL RESEARCH LABORATORY

(0 0 N
C , -u 03 03 o3> <N T N 0 ýo.,-,H 0

- N-Nu 0 0 1 > NN0O NNfO 10H -V- -H NIU- -H00(oC' 0>- NC' f OC-f L- N 'No'-, CN1 Hl -0 0 0 0 a0 o00 "000 0 0 NH H0 0000C HHHOOOHOHOHOOOO00

44-4 0 0 0
o 3 0 0 0 0 0 0 0 0 00 0

TITIOTOONO003000030000TIO13
0 1 3 0

>O 3>00;ýc~l

N NIN N N NNI I NTI NN NN NN N N Nj N N N 'N

IIII III I I I I I I I . . . . . . . . . . . . . . ."N N N.NN NN H H H H H N0 H 0J N N H 0 NI N H 0 N H N H N I H 0-H N H'N N•'-•NN N
- NHC 0>--(Nn -00r C>-NHONHHOo U>] •,,. %,_ •.h _ .N N NNN NJ.N.N - N-- N-- N N-NI N-I NI{ N, -I N•

H >Cý 0NN03434 N NIO03C) C- C f r w, >U O O O0 0'IDo H:.H O110HO0-I 14 O0NOI LIN1>0 '40- HHO

°J ................................ tt....
um \• -\ or o

U \ rNN C C ( 0 >- >- >- >- C >' ( 0 H H H 0 '- C0_ N C C N N N N N 0 0 0 H N 1> , .) 00(0(0 '
U 3n43\ 4 34-'ý - -1 3433443 HO '4 C3D -a 00(00(3 1N- O0300 0(0(0 (0' UnC C- 000nd"L

SH ' 'H 'H '

T _i• 'J°•- ,-D 13 N,. oý Hm. 0¢' H°°" n C- N• N N• T-- ,L-\ oa- o•o A- • -N+ o'f-\ Ao ,. N o N C- o .coL, ' L \

'400 00 3 0 H 'J 000 000H'3 0 (0 L -N -
0  

D ' 'H0

N I>] NI NI N 0 HN. 0l (0 N>H H H HHH N- 0' 0- 0 ~ ~ 0I, z

N-N>] G 10 NN 0H U,0 0<NC- Ný N IJC QN'W\0O " 0000 OlOO OO >- -HO 3Nu Ili ,HNIN('3

3C 3 C00 N-z! 0NNN(0(0'3(0
3 4  

N I, U- H I IN I - >00 N O I 1 -NO O II I13 , 13(0(00 I

00 Hcoý LL43'3"' I 03 NOOONNINININNOOOOO<NO aNNNcOONNNNHHN>]NCQI0 1 :

H 3'

ID-i 0 - 11, 0 ýD r-" N \n 0 n 0 ol C" 0H NO0 H 3' 0 0
1 0N0 0'40.0(01>0 1 0 NN0 ON 0 Hi N0 H OH 0NN

o . . . o .NH o o 4H .( OH NO ' N 1>  
. .ON Oý o. 0 -( 0O0O O0NN3N0O>C!HO.

- NI NI<NO OHONI NNO O O OHOO HOH HNN O C00 HNOOOOh, J ' r]O3 ONH -t* >0NON "3" HHO-HHt'

O0300000TI000000N 000000O O 000N 000NOO O 00000 0000N.0000H

0 3 oooooooooodoooooooTIOOOOOOTIOOOOOOOOTIOOOOOOOOOOO

N II NIN N N NI NI N N NI I tN I NI N N'I N NI N N N N N I N N I N N N N N N N N I N~ '> HNHN 0 H1 NN\NN N, NNNNNNNNNNNNNNNN

I II II aa a.I'-'4 CO D'" N A4 (- UJ'-I• '-"I'-I < rl J•- d• ' ONHO O,( O*4 N0> OO '(' I• '

(0 O H NI NI ( N N N 1>1>0 (NN 0 TI 3 0 N 0 ID -N 01 (1 ID (0ý H H N H N H H 00LO0 0 10( 03 H H ON ON>- >0 .0

(\ '\OCjN 3IJ 0I (-NOOONON II '\N\ 'rU O \I"\N-NO\ O 00 0 O OO U > ' I O O O O ON > 0

U>

H o N ý N N HN 0i (\ IM H I H HV H0 H0 H1 1 1(1. 0CD. N N\ N: r - -0

IDNICU]N N N H H N N

(,j H-ri C r

0 NO >-O H,0-(0-11 c ý

000>000o \C Hý 01>>00 ONN ON' I ONN-Dt, Hi (-NHrý- H >-000 01>0 -\C 01>10 00.0 NN t0 N 00 c-C' >0 0>c-

0 00 oo00010 N(0 H)' r, 0 0H 00 00 H 0H H N0>- ONH H OH 000 N\N0000 H 0-0-0000(0(00H '10 O- iNN

00003000 O1000000TII1000000000TI000000000000
0 0 30 0 0

oo~ýý(

NH] NNNNNNNNNNNNNINNNHINNNN-N-ý

11 N l 1 1(11 \ 11 N NN NNN NNNN NNN NH O HO H HNH(HN\HNIO

n >-I 0 I 0000 -00 Hý H 00 OH H 100 H r H 0- I, '-N

o C a a aD a Ia) aO af af alrW\0L -ý I 0 Hl H Nla aCOO 0 O a aý ar -I- l I: I N NI N H a a 0 a aý a- ao N a

o N NN N0iNNNN D N I N NN N NN NNNNHH l \ IJ0 O0 O NHO [\ NH\r' C \rýýNHNHHONNNOHHONH rý4, ýLf\ cýLc\ r

00H -('N 'NUN <N 'N Hi '-N Hi Hi Oi- H OH OHi OHI 00 H- - - - i- i- i- jNCjN N11HN NNNr

('13 n11 olý r0'-1C-> N C4- (0 (0(000 ýo0 03 C 3C- ONO0 10 00N34 u ClO - -1 f\ý D(IL' --4-OH HHHDOO 'N
3  

HOI I- \ D >1>U C03

ID H0 OH0ý 0I - N N H'C ýC -C -11 \N, N' N' H') H'N34(o0HA
(0 C- O HH H - i H 0ý CL-C t z\-\r\r - N- - ý\N'-\ D OD 0 (0 n r L3HHHHnnHH Lýý C-Lý f D , " r

ID -. LH HHHHHHHHHHi - H H- ,1HrAHHH -4-iH HHHHHH H N N N Nl

H



NAVAL RESEARCH LABORATORY

o oL 0-C 0- 0 1 N ( O - 0 N O OC, C0 G H1H
-H oN NIj N NI N . H 0ID D 0 0L-1>03 0• -N'D '-O NJ N G(0, 0 N
COCOOO00OONOOOOOCOHOOOHOTIOOOOOO4

44 4

'-. 04 o"-- ,-- 0-- 0h 0" o o- o o 0 0 0 0 0 o.• o• L oD Co o- 0'- 0•

0000N00\00N0N0NNNONTI 0>0 N00

Ný NNNNNNNINININr (j HN --

Na I Ia I I Ia Ia a a Ia I l aI a a a a
N NINNN(, jNIN jN NN

o NO 0 N H 0\ NIH 0 H H N H 0 C~l NI OO NH

-No 0 NfON O oON 0 oOH H GUNCC N N

0ID-iH>->->-00-340-X0I(0(0(-N0HHN CJN Q> 'NCý C-
'3HC D (0C '3-> ý ->-'> 03000 CC UH 0) H '0CO >0 3 o00

H H

OHN0 0I 1>HH HH N- ýC U Z 0 34 0 \ý\ T O DC N

NA (0 C - \ N N HO 1>00 0 1> N0 003 0 H H H IDH H ID-N HDNH

a)
H
lb
(4
40

H

00
C

(0 1\N L 0\ ýO r\ ouoh

ONC Lr\0O- 0~3 HOO1C>`\ ' 0'' 'H N(W0(
HQ NIO O(0OO 00 " H0ý O LýI)C 0 -i H>-OH H-- 000000 30000003 HO H- N-I N~ N• H,, H-I-

OOOOOOOOOOOHHOO OONOOO

0000000003003000000000

N H N 0 N 'N •H• HN N 0 -- 0 N N N

N~~~~~ 0I NNNHNIINN I
-1t W", H 1,-- N-1 " H ,- r'•, r - ý 1-'\ U-- \ I,.u• •'\ hW

1 • C• •ý , -. ý •ý ýý \• •ý . ý C, • ý -. • . 1ý +

NNN 11 NN N N N H N

O-IOHOC OH\[S I N ,-D C-NHOOnHN OOH ý-ý-

(0 -. 0 0 0 N0 NO U\ ,-,( L\ H O- 00 '4 00

Ct >-C C-\ 000344.- H C-HL- -1\

('N~~ 0- 34j 0N0 0 N I

H,

a) a)jLr

ý- ýJ -\ -1 C', V OJ od u~ H •r" lH Hý : , r lIL\ý ýc -0 N\ 1 Nt 1",,, 1.1) 1 C•J 11r~
H-- ý Lrý W -- j r-I ,-- -,0 ,-- -1 11 ,' D N N N " ) " r 0 : f\L' c 0 C _ N c -\ Nf r\. '-- ,_o 0c)

0 0•.• (D- 0 C )' "._ -- '-• ,-- (,-- N O O o o o"- c) o, o" 0 0- o, o ,' "C\ R£- rJ04O, H', D,-i [", r,. . 0_•LhLhOO-C • - -o
0 NNO O

"033000-HOH "(00 03 H 1NHN >HAHNCH- 03LN H HN -HH'\ 0 HN(NN00 NN0 0-ON
4r -N(OO0 nCu>1>NO>-1>0HH H>OO0O1H(3 T\OO(>- 1>3(00 cN-(0CID>-N

N NNNNNN H 0 N H TIN1 H Nj H H N H H- 0 NI H H N OH NIN H H N N N N N N' H 0Z NNNNN
- 1 H (-' u'H r \H nI,\HOO (-NOHC

NN NNINN NI N: NI% No NI NI0 N NN

r H <NO Hi H- H: OH OHL -oooC ) D00(lNNT tC T 10L- GC D0 00 H- H-N\IO\N\ r\I,'\ý

NN NIQ NIN 'N< NN- N4-33 N-000030 -I3 N0-- N'--0--N -4344.00(00(00(

z

H
lb
(4
40 H

0'
0

0

H0 N00-NO 00 '0- l
OH 00000 (00 D r H c C) (0000 U 00l 0 1rNO 0-fHO0 0 >rlc- ON>-ýD n,. O-, ý-- n ' 00h ýP CO N.. i4• 0-O- 0-O•- Co -.t Lf'- r-\' - J\' W"• ýO 0' 0 T\ • CL ,-• (10 u- 0

ý01ri 0 0 0 00 0 300(000 0H0 O N0 0 "'\0 ON .rHrý 0 UN>- 0 000c>-H(7, (-N,-0 1>3"
N~( 1 0 0 0D0 0 0(00 0 00 "N 0 0(0(0 0(00H10- (30- H NH C 00-H H 00ýýoý 01 01 00N0-10 -1 H N0 0-

- ý 0 ý N ý 0000000-00b0 0 0 O OOCHO L NN N O OH0(0 OO ONOOHHN0

000 000000OOOOOOOOOOOOOOOOOOOOOOOOOO0000000000000

N N N N NI NI N N N NI N N N CU N\ N N N N N U N N NIC N "NI
H H H Hi H H" ON H N H- H 0- NI H N H HNNNNNNNNNNNNNN,-\ ,-I ,-I H-- ,-. ,-N Lr,\ ýf\ ,-- Lf.] 1--\ .- \ "I rIN H- o4\ r-I ,- . .r'-i•• . '

1 NI NI \ N N N J N 1 N Ij N I N. It C IJ I NJ NN N N N N N N
NH 0 -IHON HHO NH1 ONN O(\N NN.NNN--N.N--N. NN0NN NNN

00 0 N 000 "t - \U\ N OU1\L(\nN 00 (\-N 00\ 000rý fý K H OHI H OH 0- N,

co COC) ýo °° C,) °° .0 c°r o" r -- '+ ooo oo o --0 -G-, <omw ° ' c'- -1 0 ° La- ° H -ý -r ° N •u uh un < -' •w•f • = ••••3 >]>] 0- -0 0 0 0 33 -- C- ,-- 0 r, 0NO ,,rO C%

1>'3( 0 CONCONH HHNINNNINN NIN N(j \ rjN l-1 NN (j(\ C '03\0K\000T003000303 D00 00 00CC000NK K \c0 0, I'
OýC- Hl - H Hi H- H Hi H H Hi H H H Hi H H NI NI N\ N\ N~ N\ N\ N N\ N~ N\ N NI N N N N N NI N N NIj N N N N N

3'-L

ND

N 1 0 r - r 0 U\ ( C -0C ON NO0 0. 0 00 0- -D L( 0 L 0 0 U \ n L• \ 1• \ H H H H 0 0 L -

0 N-\ ] 0 N Co C\ , Lr0 0i NI N NI NN rrN -I j H 000 'NON H H H CO 00 0030 o CO C300 c>- C- >- 0 H H H
H \ H1 O 0 - O O O 0 0 0 G, C, 0O H O1 L('\ uh Lý o -- -- <O LO , u f, \ uf -t .O \D -0 ,. u% Lrý d U

0 0

21
r"

4-',

a'--

4
Nýj NMi N

<N N"

'-LI

�ID
+4
[U
ID
lb
H
lb
(4
40



NAVAL RESEARCH LABORATORY

Cu
H 0

rP, m -1- C', U-N
0 )0,-," \1NO1uIL 0-Cuc- 0

• oH•0 L"\L OO0HN O 0 13 0 0O
H 1C3C3(-s

I rj al d•,Ic]c

I ( I
a a i a 1 a1 ai al a Ij

C I U U

H- _j -OHOOif\ O( 0 n'NOC'OO
_3O(T UN C '3 0 O 0 1 0 0 30 NNC_ QO OH\OCý 01330-

'O HG. ýc O0 0• 0- 00 0~c O H H•' -, H O O O O- 0• 0W -O O 0- 0•

• -5 x. ,D• - •••]r\•r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O00 0OO Oc3 'O COO 3 OONOOHOOOOOOO OOHO OOOOOOOOOO

NHN H 1- NHN01HHNNHHN iH'NNjH 0NIHHNN HNHO0 NIHNH 0N -H jN H
U H N -I H I N H TI NI H NI N H N H H 0 N H N NI H NI N H N H H N N H 0 NI H NI N H

C C C I o N ýN OH N0 NH.00> 1 D IS) ',D , ND CI-) ý 3 [ H H0 N C- ,EH 00 1J C- l- >

rH ~ ~ - Hd IH li NHd•

Nt ýJ UO u% [ -- oo C- -

c I'l ?C) I- ON 0 1) o

(0D( 0' D C o3 C- UO 1 0U\
NI N N NI H H

Hcl- C110 1 Im " H

HH3333 D 0 -)0I'

N N NI N NI U I

N IN U• fN J'\

NN

H N rll EH u7, nP c- ON O He c- ON-d O) t•D 'D O c- u-d ,] nG nJ NJ N ýo -1 uH rv O0 N 1- a-\ dh I•.O lr,H' I' H' 0 QL H 03 HýC ýC , ý

< 0 0"•o- <f-d<00 H O0 CO) O ý Lr)o •J-O u,-ý ýf Lr CO, -:f• or'o 0 U. ,Ic <D 01h O N D. CID 0

Lf, u', Uh ,r nh LN N• N (d (Nj NJ C] U ON G, ol O31 j•OD cO ýO 0o ,D 3. ýO ýxooc cO c O \,o 'O c ,-o ,D ND oD
H N r Nj C N (Nj j N N N N H -A H 4 d A H H N

-H

01-3000 H 0(,ý- uri 0 1>- -
c' 0 ' '-NH 03- OH c HO 0 0• 0-

oNo- H b o Ho 00 000> C 0 .00 N0-:0 o p -pUcON uNIDNN H 00Do
O0 0 1o 0 0 0 0 0O13 0 0 0 0 N N H 0 H H 0 0 0 ý 1> 0 00 -0 t - H 0 0O 0 0 0 HO HD
0OOOOOOO~ a1 o 0 5 656NNHo-I H o0 o Oý 0• o 0 6 O- c-H Ah Or- 6 O O c -c -t

N N NI I NN N N NNI N N NI N N UI N N NI N N
HJ Hx LdC% I'l rr U H ] U- rl, Lr\ r11 HU HX cý N-\ Lr\ rrý H T'. •

SI NI NI U NI ]N NI NI NN NI NI NI NI NN NI NNI NNi I I I I I I I I

Nl NNj1 ~ lj1 \ N NNI N N jNNN NN ONHONHHHHHHHHN
<N NHI HNH NHH HOH -I HHH HOHH

ON N 00(0((0 O H H H O 1 H H H n 0", c- >"- O 0 0 0 H N N OC- ! " ->- 00 -o 03 H N N N >--

-3c 0 -O '- 1ý 130N INN "N " '4 .4. ' 0 C 1 >N1> NNN% 3C%. d , ON 0 00 -0-
- j 11) 30 N- ýs' 4.N '40-3 LN( nO L\ONC-N000030ýC 0 CO 0000 DC-0 03C- HHHH H - iHO34- O-t - -,nOO(0 N

HHHH H H- Hi H- H H H Hi H H H Hi H H-

H]0 '4 N DýDINI-(03. oooc ).3 3

lID0 (, )- 00,C00
NI\N N NI N\ N N NIO•H C Xo o'D\

Ho o •P-[-,o< -

o' N' H- -" H "-ý ýD n N H 0 0 N 00', ' H'N H'- C'0-

0 M fNCI 0• 0 N <N C 0N 01>00O ,- 0 NI 1> D-O 003, H) OH 0! N 00( '-N Hý 0( ON 033 Ný 00>-U>IAA
'3D> (0- 1 D L- C C- CD (0 (D (D -0 3 nC -'( CO C- C- D rNHH-- ýOLO, N Lr IN N H H -00 NI O O OO iOO
(0 ufh U ý a-\ N- f ', 0r0 00% 0 N N N N NO 'r r 0 0 0 00'\ 00'\ 0( I' \0 I-)o 3 co C'- [- C'--oj oC \f33 001O O'3 3" ,0 \0

N N NI~NN(N]NI NINN N IliNNCUN N mN N N N JNN HHHHHH -IH -- 1NHHi-4H N N NNN

HH
-LI

03 NNH 000

N 03\H (0j N1C L 0 C 0- 0N 0\- (0' D

NHN NI 4.00- N (0i HD 0
C H3 NII N>,O

N 0 0 0 ( N 0 (H 00 (,O N 0 0 0"'1 -•t .0 N0 H 0 C0 - o NON x

'--- 00000000 OHOHOOOO3ONH.C00000N000>]HOO>]
. . . . . . . . . . . . . ..O HOO tm•(1H"-•O•jOO j O•

OTIOOC)3ONOOTIOOTIO ggg ggg~

0>-
H o

00
0o

SH N H H N H N4 H 0 H ON•1 H NIJ H H NJ H H ON1 H NI 0 H NNNNNNNN NN"\j N OH OH<t0 O
aI a aaaaI a I I I I I I I a I I aI allaI I I I I I I I I I

NNN ljNNNi \iNN NN,

NI H > H H H NI HHN HNN NN
OO\OIOOOH HH

0 0 o0 oCu > N N H\ 1. ,D H0 H 0 H 0 H H\ O 0 000- 0 >- ] H H j \ C'- rH N 0

ý , , I , . . ý . • ý •ý • •: •:4 -, -f • ,r n C- c- C- oD • • • • •

IDN >-N H Hr OUNC Hf -- H H(0( >D - H 0(O00(0 C- 00(01ý OC\ 0( ON N'3

00 03 30(0 ((0 (0CD DýDý ý c\ r C f'nn(Dý0ONN -0000-001-N C>- ->-D 0 0 C- C- C- HON'
N N NNN NCI N>N>N NI NIN N N NONO(\OOO(0(0(0, cýýDNNO HHN

(NI NI N N N N

a)
lb
ND

H

0>-C (\j- HONNC NN

(00> N N 00 N 03 Hi H H UNl

HOOOOOOOOOOOO

H0( H H1 H H 0 N \ H 0

a,' -drhH,. 0 0 00

0O> H O N H HO N- ON

Ho O ON OC O 0' 0> 0 0> ,-UN

;4 N 0000-0-3o (- >- >: ON

22

'3
LI-

13

LI LI

'LU

I�LI
LU

H

11
ID

13

44

.-LU

a-

LU

-LI

�ID

13
ID
lb
H
lb
(4
40



NAVAL RESEARCH LABORATORY

1>,- 30 0 -0-ý H'- 0 -I >-N 0 r030H0U H co( ONýDcy
44-0-- O j •0 D- 0O Ok O ON 0 r ý --- O C- 0 CO O -O N D ON• ON' "o H O- 0 -, N'. H o0 cý' ON--

cOOOOOOOOOOOOOOOOOOOOOOOOOOOO~oOooooo

N N NNN'IN
NHH H Hi HI0N Hi N Hp 0- (\IN0N H 0 '1, NN I N 0'l N H N H>- 0000>-• • '•UN

I l I I I I I I I I I I I II I I I I I I I I I I I I
N lHNN~ H1 _03 0 'NI ON •. 34l ON ON•¢ 1H 0r ,0 H NNN N N H N H N H 0 N N

'Lc 00 H 00 0'0L

`- 1 > 01 ( 0 3 CO0 O-N N N 00 ( 00'01 ON 0 ID H 0 0 ".00 H,-0 34 (00 00D -NC N CO '- 0
>ý ">401' Ný NI Ný 00 1> ON 1>0 > 00(0 00 I0-- 00 L, 0 01 ON CO" C->C-( >D- N

01 ON CN N N OOO0O> ,\ -\> ->I->c->1->c-0 3o- 03 Af aNOON-\-A 0(0(c(! >->-C (0>-
H IH H N~ NI N N N N~ N N N N N N N N~ N N N 0000000\K fN \ 1 N Nu N N N NQ N 0

H

a)

3' '3, U-1 -Cu O H U- 0N - O,. 0 CG 0' - lr 0 N iC10 (000O

"\0-00 0(-NIU-\c n , c'-3 ( (0 H 1)>o033dc' 1>\ N 3 NO.00 OHc- t0n DI ID-NO >-0 N 1 H I-N! 00N ON

H H H H H N N N N N N NN N N N N N N N N

H
3'

3'

23

H1 N 340 N~ OHý H1ýý
O H (00-•t H - Lr - I- H 34
0 "0D 0' ND -i 0 LH L.0 0

000000000000

N UNNN N N N N N N NI

0001 Nl H1 1\ H NUNI H >'- UN\

N l N N N N N N NIN NI\N

N N N NN N N NN Nl

H >->c- (0 0 00 1 0 HE.Lýý oG ' ,-
-NO N3 34 N >->1--03 C 00

00 1ý1 0 (0000 >->l!cl- ON Cu O
N NN N N N~ N N N N N

NO0- 0 (0>-* ~

O IDN LIN 0 H ( 0- I (0 'N N N
N N N L- >-( >-0c- -1 IH 01 "-

S000-D 34.0.0 O. 01>0L• •-- - • .• '•.# N• 0•

0
O\~C O-Nn

D o >- "03 0 1>03o H a, >0 H 0 0 ON00
- , (0 HON ID1>I~ ON E-C fI j 0 OH1 H-' N 0 0
ýo '3 HO (-N >-0 00 OH ON 00 >-0 Hý Hý1 ýc ý

1-; 0000000000003000000

ION~~~ H, NH H HH N LU -- N'-N NN
OHl OHN 00L, H H,

NI NI 0ll00000000

HHOH H OH\ H

S 0O' 0D0 ,D04 ON o' 000 00 ( 0 61 G\ 00 00 0-,

HHHHHHHHr-HiH 0N N H rHN NN

0- '3i -1H N 1 1() 1- I 0 0 NN -1-'4----4--3 '- H-.4'- -4 '4-' 4-

00-i H U -NI ON 04 003(0>-C K >->-IN Hz ýHý o

H H

U H 3--

(4 Hi
-~ H U2

H - ON J 0 N > 0 N O 0H H-
0 0o -H- N 000 (00 0 N N 00'H w co 0H 1-0 OH 0 00

00 0HNN 0 00 0 D CD 0 0 0 0 O H H N 0 D H r H 0 00 0.0'-0 00 H 03(r\0

0000000000o000000000000000003

N N 1 N I N N N1 N N N N N N N\ N N N N

NN oNNNNN NNo NN -N ON NHON

OHN H 'IN 000 K\HK 4>0H0 ýý-411 H H l 0000 H111 H00N 0 N I N N N Ni N N N I N I I N N N N N N N I I

HNHNN K\NNN N NNN N N N\ NOL~ ný . N H- H- Nr- H- 0-a O10COý "

OH O C OH 00 o OH 00 H OH OH 0I

Oý LlH 0 0 O0(I0 00( 0( N 0 0 c o ,L N* 00> 0*0, 0 * 00 0 000 Lr-- A*

(0 r- lO C- L 3 C- ýD ON H H0 CO C- C - L- L' H N 0" j L C ON
0ýI ' -HON \,D 001>ON.0 ID 1> O L0-(0"L'\L" r U-\HO0 NNNN U\OOOýDý Dý 0 1

H
H

'-LI

H
'i

N~' VD D-0cýo c - 01COHo-ooooCooNooC-oooN HO 0 .0034 NH 0 -0 0•

(D0 0 0 H TI 0 0 0 0 0(0 OH (0 >- H J H) N H H 03 0 - C- ON C'o0o () 0 HD o 00 0 >,. 0 _\N 00(0000 N 0 0 0 0-

0 0000 00300000 ý) 0 000H 0 0 0HO0 '3H00003300H00000>00000000000 O000H

(N N \ N N NI N CU NI 00 00 N0 N00N N N NI NI N N N NI N N
H N CU, Hl NI- H1 Hf- 0\ NI H 00\ 'NI , H Hý OH\ OHN H- H\ H- H- "NNN N\ N NNN N N N H H

NI I I N NI N, i I N I 0I0I NI N, I N0 /0 I N, I 00 00' 00 00 I0 / /0 0 0
oý NH H T IjI NI H NH H N I 0000000000 0000000 0N N N N NN N N N N 0

C! C C- -C , c-C C- >--Cuýý\ ý 000(( >->- C >'-(0 >-ý DE-C 0-3D00 1>01>0 N 4 N .334 NIN '4 -4-.34.034.0343434340ý -OH
H H- H1 H- H H Hi H- Hi H- Hi H- H H H- H H1 H Hý H H H N

--I:

-C

[U
ID

H

(4
40

N ý NI 0- T\ '4 00C0H 0 CJ 0303 oNID" (0 -\ H H o H N0 NI'<

00 NI C- - - - - N H C 1> H UN\4 10N H -- H- HU' 00 1A 0i 0(0 00 03l 0- 0NNNNN0 N NI (034(\0-0j (0 j 00 j 00 0 0(\ (0

H
.H
ND

-H

H

.H

C+-

4-)



24 NAVAL RESEARCH LABORATORY

o >- CI- Cul NN U"\H3 ID •1(0D
NON H HH 0 N 0 "D "'

C; CO IH 00013 D (
0- 0 0 0 - r- 1 DO 0 O 0

r N H "N N- I -I I o C i OIHI H

ll r•J 1ý 11. C'j 11 c'd 1ý1 c ý 1-q

O 10 <NCD (0 HD H\ (3434N C • t H .I D0 03

003,(\i H

C- 11" H- H

0 H- 0 0NJ 1 H 00 C- \

C4 0 c4 _NN co H N 0'4 H :• 0
4. D NHH0H 000000

ID r\ n c' l r c CHN NLHCN H

lb IH

U- rNr4,\T\o c\N` U L~'N l CN LfJ

o • •¢ r. C,.- LcN • .- I r-- N- N t "

CN, N (\j- - j, r-I l-IH-i-i--
40

HHO ;000 0(C 000
SNJ N- r 00 r 0 J 000

""I 'I N, N I I 1 I 1 '1

,_• •..'•- • o o •.•. . . .,N Lf... . . .

0 00000000rN rN"00 c

0•00 00000 C00 00 00 000

OH o>-O Ni NCN 0

aý NNNINIIN>
O 0D 00 0 0r 0, C> <N\ 0 0

03 - ID 0 0' 0r .0 C -N 00 0n

\H H


