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OBJ ECTIVE
Measure the engineering propagation parameters of an optical scatter channel l ink

necessary for quantifying and designing an over-the-horizon optical communication system.

a 
RESULT S

Measurements of propagation b y scattering over the horizon caused by mar ine  aero-
sols have been made for a 40-mile link between NELC and Camp Pend leton. It was shown tha t :

1. For high visibility conditions (greater than 1 0 miles) . the path loss for visible
radiation was nominally about 100 dB (received power divided by transmitted pow er ) .*

2. When atmospheric ducting occurs , such as in a Santa Ana , an addi t ional  20 dB
or more of optical signal can be expected.

3. For this propagation length , t here was no evidence of pulse distort ion at e i ther
0.53 or 1 .06 pm.

4. The path loss at 1 .06 pm was about 20 dB less than at 0.53 pm tor ident ica l
propagation paths.

5. Electrical signal-to-noise ratios of greater than 90 dB are measured in the I .06-p m
channel (day or ni ght) .

6. The multip le scattering model was in better agr eement with the eNjw r i ment a l
data than the single scattering model.

7 . The off-axis energy in azimuth of the scattered beam is very sharply peaked in
the forward direction. The extent of this effect implies that the forward scattering funct ion
could be approximately 100 times that expected.

RECOMMENDATIONS
Continue to measure the path loss and pulse dispersion for a large var ie t y  of visi-

b i l i ty  condit ions , and for moderate ra infa l l  for this 40-mile propagation pa th .  Repeat  these
measurements for an 80-mile marine atmosphere path .

2. Investigate the predicted enhancement  of received signal w i th  t r ansmi t t e r  cleva-
tion atigle for the 80-mile path.

1: 3. Repeat the above measurements  using the base of clouds as scatterin g centers.

ADMINISTRATIVE INFORMATION
Work was pcr formed und er ô 2 7 2 l N , F 2 I 2 2 2 , X F 2 1 2 2 2 0 2 5 (N E L C B 1 9 5 I ( hv (he

EO/Optics Division. The report covers work done from January  to l)ecemher 1976 and was
approved for publicat ion 28 January  1977.

*1 mi appro x 1 . 6 km
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INTRODUC TION
Current Navy operational communications systems suft ’er t’rom a number of problems.

There is no opera t ional communications system which is not significantly susceptible to ja m-
ming, intercept , spoofing, and direction-finding. Further , current communications systems
significantly increase Fleet vulnerability to the threat of ARM (antiradiat io n missiles ) . Lastly.
the existing systems suft ~r from limited data rates , spectrum crowding, high cost , l arg e si ze.
excessive weight , high power requirements , etc. Several a t tempts  at solving these prob lems
in the rf spectrum are being carried out. In add~~ion . it appears that optical communications
systems have great promise in solving these problems for many applications (ret ’ I ) .  This
report discusses one of the optical communications systems being developed at N ELC : the
ELOS (extended line of sight ) optical communications system. This system addresses the
requirement for exchange of tactical data between ships , both to the horizon and beyond .
The effects of the atmosphere in the marine boundary layer represeiit the 1)rimar Y l imi ta t ion
to system performance and are addressed here .

ELO S OPTICAL COMMUNICATIONS
The ELOS optical communications system addresses exchange of ’ tact i ca l i n for m a t i o n

to beyond line-of-sight ranges for the control of task force units .  While the ELOS system wi l l
most likely be limited to voice bandwidths , the application of this system as an an t ija m . low-
probability-o f-intercept (AJ , LPI) augmentation of hi’ techniques will prove extremely valu able .

A detailed , comprehensive analysis of extended line-of-sight optical communicat ions
has been completed (re f 2). Links were studied uti l izing both relay platforms and over-t he-
horizon forward scatter from aerosols (both marine aerosol haze and clouds ) . An in-depth
review of the state of the art and near-term future  advances in system component per formance
was included , covering lasers , filters , photodetectors . point ing and trackin g sy st ems . and
platforms.

One result of this analysis was an analytical model I’or over-the-horizon optical scatter
propagatio n , based UP OO both the single and mu lt ip l e  scatterin g approximat ion.  The model
appears to be in reasonable agreement wi th  previously available t’ield data  for over-the-horizon
propagation (ret ’ 3) .

Based on the use of systems composed ot’ state-o t’-the-art ( 1976 )  components , the
following conclusions were drawt i (ref 2 . 4) :

I .  The operating wavelength should be in the I —3-p m range for both links.
2. Both relay at id scatter over—the—horizon data l inks  can use the same shipboard

syste m.

I Atmosp heric and Space Optical (‘ommun ica l ions for Naval  App l ica I i oI is . Proceed ing s  i~l 6th l)oI ) (‘onf em enc e
on Lase r Technology. GC Mooradian . NI : Ir c l l  I 974

~~l I C  TR I 98% . Fxt end e d Line of Si g ht Opt I ca l (‘ tt mmunica t io ns  Stu d ~ . G(’ Moom adi a n . \ J  ~\ &l r ia n . I ’ll
Lev ine . amid WR Stone . June  1976

‘N R I  Report 6152 . 1 x p e r i m cn tal  Ob servati on s ol Forward Scat t er ing ui Lig ht in the  I t t V .  CI “. I IlittSphCi e .
I S . ( ‘ urc mo and LF Drun ime t cr . Jr . 30 September 1 964

4Ovcr the Hor i,on O pt i cal  Communica t ions  ( ‘h ann e l . Pr ocCcdil l ~ s of \ V I I I k s l l o p  1111 Remo te  Sei ls I l ig I the
Marine Boundar y I . I s e r . Vai l , Co lorad o . ( ( ‘  N iou rad iat i . NI (; ell e r . ( . I Ba r s tu w . KI l ) a s I e s . \ t l g u s t l ’ I I ,  

~~- -- - -,-..~~~~~~~-~~~~ --~~~~~—, _ _



3. Significant performance advantages can he achieved by exploi t ing propagation
characteristics. These include :

a. Use of a vertical fan beam or optimally elevated beams in a scatter l ink at
large ranges.

b. Positioning the relay p la t f o rm at a high a l t i tude  to take advantage of the
decrease in path loss caused b y the vertical l’allof l ’ in aeroso l concentrat ion.

4. Pu lse stretching, which becomes significant at ranges beyond 100 km . l imi t s
usable data ra t e , reduces “pea k” power of received pulses . an d restricts m odula t ion  i’or mat .

5. Models t’or the optk~al scattering channel must include the i’oliow it ig :

a. Vertical exponential  decrease in aeroso l concentrat ion and a t tenua t ion
coefficient.

h . Vertical decrease in index of refraction. The simplest appr oX in iat io i i  is to
rep lace the radius of ’ the earth in the model by the ‘‘4/3 radius ” (m ode lim i g
of ’ temperature inversions would he des irable ) .

c. Two modes of ’ p ropagation: single amid mul t ip le  scattering. Coiitrar y to
in tu i t ion ,  the former domit iates at longer ran ges and the  la t te r  at shorter
ranges.

The primary t~ictor which determines the percenta ge of t ime  c o m m u n i c a t i o n  over a
given distance at a given bit rate can be achieved is meteorolo gical v is ib i l i t y .  S ta t i s t ica l  studies
of ’ the occurrence of visib i l i t ies greater than a given value are available (ref  5. 6) .  When th i s
in t ’ormation is combined with  p erformance characteristics of a typical  system . bot h range and
li n k availabil i ty can he determine d. Figure 1 shows the per f ormance of’ a communica t ion  l ink
based upon the results of the propagation model fit to exper imental  data. For voice data
rates , the transmitter  is a pulsed Nd:YAG laser emi t t ing  2. 5 MW peak power pulses at 1.06
micrometre s with an average power of 10 watts. Note that  l’or a marine atmosphere amid
visibility as low as 5 miles , the communication range is approximate l y  42 ni,Ies . * For
visibility of ’ 10 miles. the range is increased to 9 1 miles. For 20-mile v i s ib i l i t y ,  the range
increases to 205 miles. For t c letype data rates amid the same average power laser , the ranges
become 51 miles , 113 miles , and 261 miles . respectiv ely. On a work lwide basis . vis ib i l i l i es
greater than 5 miles occur approximate l y 85~ of the time , and v is i b i l i t i es  greater than 10
miles approximately 70’ . This l ink availabil i ty for a g iven range is h o t  substantial ly dit ’t’er-
ent fro m that  provided by conventional h i ’ techni ques. The communicat ions  ranges can be
considerably greater at ni ght  amid whenever low clouds occur to Provide a scattering lay e r.
It is important to note that areas of ’ operation with  lower average vis ib i l i ty  leg. the North
Atlant ic ) also have a high occurrence of low cloud cover: and tha t  some areas of hig h oper-
ational interest (eg. the Western Paci t ’ic and the Mediterranean )  con sistemit ly permit greater
ranges and higher availabilitie s. Interpretat ion of the v is i b i l i ty  data on range . data rate , and
availabili ty is being continued.

~\ I a r imic ~~e, I I I ic r  of the  Wo rld . \I~l ) oi i i ic l l  I)o uglas  R ep or t  I I ) h ~ . J u n e  l~ I(, s
t~ \~~~( . ( hmna  l ake . I \ 4056- 16 . ~~C, I t l a ’I l t k ’~ is ~ ii In l i a r e d  S s s t e n r s  t o T  P o in t  l ) C I L ’IISC . I i  \ I~ od~’ mIIs .
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Figure I .  Performance character is t ics  of ELOS .

EXPERIMENTAL RESULTS
To veri fy the propagation model developed in reference I 2 J .  it was necessary to

meastmre the following scatter channel characteristics during each experimental ruti :
1. The integrated path loss over th e range
2. The angular brightness distribution of the source as seen by the receiver
3. The magnitude of the pulse stretching

‘C These propagation parameters depend critically on both the atmospheric visibil i ty.  and the
elevation /azimuthal angles of the receiver. In the following section . we will describe recent
experimental results derived from an over-the-horizon propagation litik between San l)iego and
Oceanside, California. For this experiment , the integrated path loss ( received power divided
by transmitted power) was measure d using the 514 .5-nm line of a I -wat t  argon laser , and
the 532-nm and 1 .06-pm lines of a Q-switched Nd:YAG laser. In the latter , bo th wave-
lengths transvers ed the identical propagation path.

The scattering channel selected was a 39-mile path,  almost all of which is over the
ocean. The transmitter was at NELC in Point Loma. The receiver was on the beach at the
Marine Base at Camp Pendfeton. The geometric horizon was 25 miles from the transmitter
for the CW experiments and 1 2 miles for the pulsed. A map presenting details of ’ the propa-
gation path is shown in figure 2. 
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39 M I L E S

(CW E X P E R I M E N T S )

26 MILES TO HORIZON

\
12 MILES TO HOR IZON (PULSED E X P E R I M E N T S )

NELC
POINT
LOMA

Fi gure 2. Propagatiom i path (‘or 0TH sca t te r ing  channe l .

A. PROPAGATION OF CW RADIATION
A synchronous transmit ter  was used ~~r the cw measureniem its ( f i g  3) . A cw argon ion

laser emit t ing about I watt  at 5 14 .5 tim was chopped at 3 k I -lz and aimed very accura t e ly  in
the direction of the site at Camp Pend leton . An electrical signal . synchronized wit  Ii the chop-
ping frequency, was also sent to Camp Pendleton via a standard telephone line ,

The receiver at Camp Pendleton (fig 4) collected the optical chopped signal wit Ii an
8-inch-diameter telescope.* The radiation was detected by an S-20 RCA 7265 p lioto multi-
plicr. The synchronous signal was received from t h e  telep h one amid , wi t h  the received signal.
was fed into a PAR lock-in amplifier.  This type of synchronous detectio n permi t ted  the
measurement of signals as small as 10 14 watt .

Figure 5 is a photograph at nighttime of ’ the coastline f ’rom Pend leton look ing south-
ward to the source. The tram i smitter is pointed directly at the geometric horizon. As there
was a strong temperature inversion this nigh t (2  I January I 976) . the direct beam . ducted by
this refractive index anomaly. is clearly visible.

Figure 6 is the same view with the transmitter elevated 0,5 degree from the horizon.
Su perimposed on this photograph is an angular scale to obtain an estimate of ’ the angular size
of the source,

Figure 7 is another photograph of the saiiie view with the t ransmit ter  elevated 0.75
degree above the horizon.

* I in = . 4 nim 

... .. . .~~~~~~~~~~~~ . -



_ _ _  _ _ _ _ _ _  

__________________________________ - --.

OUTPUT
POWER
METER

2W 5145 A
MOD 551
CONTROL LASER

a
CH OPP ER

ION LASER
LASER
POWER TO R E C E I V E R
SUPPLY

PAR 222
HP2O4C

SYNCHRONOUS
CHOPPER 3 0 k H z

DRIVER

SYNC OUT

STANDARD SYNC
LINE TO TELEPHONE
RE COUPLERSTATION TELEPHONE

I
Figure 3. Synchronous tramisn i i t t e r  for cw measurements .
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Figure 5 . Dueled beam.
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Fig u re 8 shows the path loss as a function of transmission elevation angle. The verti-
cal axis is the path attenuation in dB : the power received divided by the power t r ansm t t t ed .
The path loss for the ducted beam is —83 dB, On the scale used , this data point  would he

outside the boundary of the graph. Part of this path loss, 51 dB, is due to t he loss in I )eanl
spreading. The remainin g 32 dB is from the loss of ’ energ y from the ext inc t iom i  coef fi cie t i t
integrated over this 63-kilometre path.

This enables a calculation of au integrated ext imict ion coefficient of ’ 0 .115  km

be made for this very long path. This method of determining the inte grated ex t i i l c t i on
coe fficient is extreniely valuable as visiomet er aiid tra iisniissonieter measurements dt sagrced
severely. This night only four data points were obtained , when the te lephom ie ta i led .  Wit h
sync information gone , no further data were obta ined , Note on the rig ht-ha nd side of t i e

figure the pertinent data are stated: PT is the transmitted power , TI - II:TA I) is the beam

divergence , D REC is the receiver diameter , FOV is the field of view of the receiver . R is the

propagation pat h , VIS is the visibility as calculated from the ex t inc t io l i  coet ’ficiem it .  BETA is
t h e  extinction coefficient , H TRANS is the height of the t ransmi t te r ,  and II  RE(’ us the

heig ht of the receiver above sea level.
Figure 9 contains data taken on the sanie m i ig ht of t h e  photographs of figures 5-7 .

The nigh t was remarkably clear from a strong Santa Ana condit ion.  No te that the small
value of ducting loss calculates into a visibilit y of 92 kilometres.

Figure hO is another data set later iti the month of ’ January .  This was a very clear
night , aiid the ducted beam was clearly visible to the eye.

The last data set (fig 11) was takeii about a month later uu ider con d i t iom i s  tiiore normal

to the California coast. There was no temperature inversion . so the dir ect ,  unscattered beam

was not observed, For all the four points of data , the bea m was h o t  visua lly seemi .
The occurrence of a ducting condition is determined two ways by am ia lyzing ti le data.

First , a large decrease in signal level is observed when the transmitter  ele vation angle is
increased beyond about one beam width. This change is approximatel y - 20 dB. Second.
the received ducted sigmia l exhibits rap id large ampli tude variation , characteristic of scintil-
lation , when the transmitt er  is pointed at the horizon. When the t ran s mni t t e r  beam is ele-
vated, and a scatter condi tiom i predominates , the effective radiatin g volume increases by

orders of magnitude (aperture averagimig ) atid ampli tude variations of the si~uia l are very
small , typicall y less tha ii a few percent.

The experimenta l  aiid theoretical values arc compared in table I .  The column lab eled
EXPERIMENT is t h e  path loss with the trum i smit te r  poiiited abo u mt  one beam diameter above
t he horizo ii to ensure that  none of ti le energy is beim ig ducted to the receiver. The iiext col-

i,
’. umn . SGL SCATT . gives the values from ti le single scatteriiig model. The coluni n next  to

this one. ERROR , gives the difference betwee mi the experinie nt amid the single scat ter in g
theory. Not e that  there are larg e differenc es l’rom 16 to 30 dB. The next  column.  M ULT
SCATT , gives t h e  results from the theory of mult iple  scattering. A comparison between t h t s
column and the experi mental values indicates better agreement . wit h the differences
clustered around — 19 dB. An analysis of these results is given later.

S.
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TABLE 1 . COMPARIS ON BETWEEN EXPER IM ENT AND THE ORIES .

Con iparison of bot h sing le scat ter ing amid m u l t i p le sca t l e r i m i g  t h eoretical
models to e~ peri m eIlta l results  over 63-kn i 0TH raiIge .

\ 1 t 1 1
I) :itc Beta Ex p er i n i e i l t * SG 1.. S( ‘ A I I ** I~rro r  SCATT** 1 . i i o i

1 1 5  76 0. 1 1 5  km t —96 dB — 1 1 7 . 5 clB — 2 1 . 5 dB — 1 1 8 . 5 d B  —2 2 .5  dB

1 , 21  76 (1 .043 km~ —86 d B — 1 1 4 . 7 d B  —28.7d B -103 dB - 1 7 d B

I s 7r~ 0 .126 kin d - 102 dB - I I  S d13 - 16 dB - 1 2 1  dB -19 dB

2 2 5  7~ 0 .145 km~ -108 dB -l l~~.4 d B - 1 1 . 4 d13 -I 2t .5 i113 -15 .5 d B

~:
Measur

.
em

~
m 1t of pat h l oss (

~ RCVR/~XMTR ) at t ra n sm it te r  el evation a n gle of 3 mnr a d.

Assu nmm n g 1( 0) = 10.3

B, PROPAGATION OF PULSED RADIATION
The next  set of experimem its  measured boti l the path loss and the pulse spreading in

this type of scatter channel.  T u e  t ransmit ter  is a pulsed Nd YAG I laser e l i i i t t i n g  20-ns pukes
both at tile fundamemita l  at 1.06 rnicronietres and the I’irs t harm oi iic at 532 iiu ii ( fig 1 2 1 .
Both wavelengt h s traverse the same propagation path to tile receiver. Tile radiat ion is acc im-
rately pointed to Camp Pend lcton with  the aid of a s ight ing  Ilole mi ear the laser and a s ight ing
mark 50 feet from t u e  laser, The exac t  positions of these aimim i g aids were detert i i i i ie d h~ a
surveyor. The peak powers of the I .O6-piii and tile t i rs t - l l armomiic  beams are uiiea su red h~
py roelectric pum ised emiergy detectors. Accurate t iming of the onset of the pu lse at t i l e
receiver was obtained by two rubidium clocks. These were synchronized at the star t  of each
exper iment .  One clock in this t’igure is shown sending a sync pulse to trigger t h e  laser p ower
supp l y. The ot h er rub id ium standard clock is shown in figure 13. A sym ic pulse f rom th i s
cl ock , delayed for 350 ps to account for the titn e of flig ht  of ’ tile beam , i n i t i a t e s  the  hIu onla -
tion digi t i zers. The two wavelengths . 532 ~im amid 1.06 p mii. are collected by an 8-incl l
telescope receiver. The two beams are separated by a dichr oic I)eamsp l i t t e r . detected. am i m pl i -
t ied, digitized, and recorded. Real-time displays of ’ the pu lse shapes are siloW li on the
oscilloscopes and pol aroi d photograpils taken.

Fig ui res 14 amid I 5 show t h e  path loss as a f t mm i c t iom i  of ’ tr at is n l i t  ter e I e v at i o ml and scar )
angle at a wave lengt il of 532 ti m. Tile I .06-pin receiver was not operat i l ig  dur ing  t l~is t e s t .
I t  is important  to note tha t  the oi l -axis  em lergy in az i mt mth  is very sharply peaked ~n tile for’
ward directioii (much  iiiore so thami predicted by standard forward scat ter ing I’u m i c t i o i i s ) .
rhis ilas important  implications f ’or determimiing LPI and AJ levels. Figure 16 shows t h e  p a t h
loss at t h e  two wavelengths of ’ 532 nm and 1.06 pm t l l rou gh the ident ical  ati ii osphere . As
p red i cted b the model , the I .06—pm chaminel h a s  ap prox imi iC m t e ly  20— dl less a t t e n u a t i o n  than
t ile 532—mini channel  for tilese atmospheric condi t ions  and range. [lie electr ical  signal—to—
noise ratio of ’ ti le 1 .06—p m cha nn e l was app rox i m atel y 90 dB . even iii daytiii ie opera t ion.  In  ~

..

all these nic astmre m cnt s  there was no pu lse stretci l ing or d is tor t iomi  measured.
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Figure 12. Schematic of dual wavelength t ransmi t te r .
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ANALYSIS OF PROP AGATION RESULT S
I

In the previous section , a comparison was made between the cw 0TH exper imenta l
results and the two theoretical models , one based on single scattering and the other on
mult iple scattering , developed in reference 2. Two importan t points were evident from that
comparison: ( I )  The multiple scattering model did a bette r job of trackin g tile experimental
data than the single scatter model. This was not too surprising since the propagation link ’s
optical thickness was always within the multiple scattering regime. (2) Both models con-
sistentl y under predicted the actual path loss measurement. This was rather surprising. The
purpose of this section is to discuss this latter result and to show that the reason for tile dis-
crepancy lies in th e assumed value of f(0) rather than in the theory itse tt ~

The multiple scattering model developed in reference 2 gave the normalized received
power to be equal to

-~~~-~~~-~~~A f(0) ~~exp (-’~3R)
3 rec R

~rec received optical power

transmitted peak power

Arec receiver area

f(0) forward scatter function at 00

E extinction coefficient

R ~~range

The parameter f(0) was assumed to be equal to 10.3; the value computed by l)eirmen djian
for an aerosol d istributi on h e called “water haze M” (re f 7) . Recently,  it ha s been shown
( ref 8) that  the De irmendj ian haze M underestimates the number of large particles con-
ta m ed in a maritime aerosol by several orders of magnitude. Tile inclusion of several large
(>lOpni ) particles in the model ’s distribution could have t h e  effect of peakiiig the forward

L scat ter ing function wi thout  an appreciable increase in the value of tile ex t inc t ion  c o e f t i c i e n t .
The experimental results of the azimuth scan of t h e  t ransmit ter  also lead one to

suspect the forward scattering function.  From figure 15 if is seeii that  the received power
is very sharply peaked in the forward direction , t iluch more than that predicted by tIle
pilase function derived from a Deirmendj ian haze M model. For t il iS funct ion ,  the scatter
cross section is down by a factor of 10 approximately 1 20 o ff’ axis. The experi m ental data
indicate a reduction in the received power of 10 approximately 0 .17 ° off axis. Clearly. the
scattered signal profile is not consistent with a classical Deirmendjian aerosol model. Fro m
refe rence 2 it  is SCCiI that  for an assumed pilase function distribut ion of

f l O ) = f ( 0 ) [ 1 -’- --I

= 0  0 > 0 0
7Dei rmend~ia n . I). Hec tr o flha gllelic Scat ter ing On Spherical Pol ydisp er sions . Anm er i can I lscv~ei Pu h l i s l im umg

Co. In c , New York , I%~
8Wet ls , W . Gal . (,. and Munn. MW , Aerosol I) is lribu tiun s in Maritime Air and Predicted Scattering

Coefficients in the Infra red, App lied Optics , vol lb . no 3. p 654.9, 1977



then

While this model for the forward scattering function is obviously overly simp le . the
dependence of f(0) with 00 is im portant. If one relates 00 to the I ~~ points , then the
measurements of 30 September 1976 indicate a 00 approximately 10 times smaller tilail
from the M water haze that was assumed in the model. This again indicates an f(0) approxi-
mately 100 times that assumed in the model. If f(0) is increased by approximately 100 in
the model , it is clear that good quantitative agreement is possible. While this agreement is
clearly nonrigorous , the results are self-consistent.

Finall y, the 1.06-p m data of 5 November 1976 (fig 16) can be exati i ined. If tile path
loss of the 0.53-pm signal at zero transmitter elevation angle is compared with  tha t  of 25
February 1976 , a value of a of 0.148 kn m can be assumed (v isibi l i ty of 26 kn i) . I ) ’ this
value of a at 0.53 pm is scaled to 1 .06 pm by using the empirical relation

3 91 
0.585(V O5 3 pm )

~~
3

a l .O6 pm — v ( 1.927)
0.53 pm

then a 1 .Oôprn = 0.0482 km~~ is determined. If th is is u sed i n t ime  m odel wi th  the f ( 0)  deter-
mined from Deirmendjian of f(0° ; 1 .06 pm) = 4, then we ca lcula te  a pat II loss of — l 08 dl3 .
The experimental value observed is —88 dB. There fore , the model again t inde r predicted the
experiment by %lOO . This argument similarly lacks a rigorous base ; however , tile self ’-
consistency of this result at 1.06 pm is important.

For the model used to determine communications system performance , a va lu e of ’
f(0) approximately 80 times that predicted by Deirt ii endji an was used ( fig I ) .  This is done
both from self-consistency arguments just pre sented and also on the basis of empirical
considerations. Even if there is no basis for the large f(0) , it ’ the model is increased by ‘\i80.
the results of the model do predict the experimental results.

SUMMARY

We have made measurements of propagation over the horizon by scattering from nor-
ni al marine atmospheric aerosols. The measurements include propagation path losses and
pulse distortion in the blue-green and at 1.06 pm. The model that  has been developed is in
reasonable agreement wi th  the data .  Fur ther  scattering measurements  wi l l  be made. Design
and construction of a one-way communication l ink  between NELC and Sari ( ‘Iemente Island
(a distance of 1 28 km )  are in progress. Figure 17 is a map showin g details of’ t ll is miew propa-
gation path .
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