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FOREWORD 

The work discussed in this report is a 

result of studies presently being made by the 

Naval Underwater Ordnance Station (NUOS), 
Newport, R. I., and the Planetary Circulations 

Project of the Department of Meteorology, M.I.T., 

Cambridge, Mass. 

The objective is to form a better under- 

standing of the dynamic and turbulent motions 

of wind waves and swell. 

T No. 342 
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ABSTRACT 

This report presents the results of preliminary ocean 

wave studies made in an endeavor to learn more about the 

turbulent characteristics of wind waves in the open ocean. 

A series of hypothetical wave models presented indicate a 

mechanism:of momentum transfer within the waves. 

Two series of wave motion measurements were made, one from 
a Navy pier in Narragansett Bay and a second from Buzzards Bay 

Entrance Light Station. The measurements were made to obtain 

rough data on particle velocity motions in various sea states 

and to examine their variances, Covariances and respective spectral 

properties. These preliminary measurements indicated that rela-~ 

tively large amounts of wind=-imparted momentum are transferred 

through the water column by correlations of the wave motions 

themselves 

The values of the variances of the particle motions 

reflected the strong exponential attenuation with depth. The 

auto-spectra clearly displayed the fundamental frequencies of 

the wind waves and the low frequency swell. The strong attenu- 

ations of the wind wave turbulence with depth is contrasted with 

the weaker attenuation of the swell. 
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INTRODUCTION 

The purpose of this report is to discuss the preliminary efforts in 

the studies of turbulence characteristics in ocean waves. A brief review 

is made of recent wave measurements together with a discussion of instru- 

mentation procedures. The problem of estimating the turbulent transfer of 

wind-imparted momentum is considered in conjunction with three hypothetical 

wave models. 

Need for Data on Wave Dynamics 

Wind waves in the ocean are known to be composed of water particles 

whose motion is essentially rotational or turbulent in character. The 

vast majority of ocean wave measurements have been concerned with recording 

the time variation of the free surface or the variation of hydrostatic 

pressure beneath the waves. From these data very little information can 

be obtained regarding the dynamic properties of the water particles them- 

selves or of the gross turbulent energy in the waves. 

To understand the dynamics of wave generation and dissipation, in situ 

measurements of the particle motions are necessary, since the key to the 

generation of wind waves is the ability of the surface layers to transfer 

wind-derived momentum to the deeper layers. 

The manner by which wind imparts momentum and energy to the sea surface, 

causing wind waves and currents, is not well understood. This momentum, 

however, must be transferred from the sea surface to the deeper layers 

solely by the motions of the water particles themselves. This vertical 

transfer of horizontal momentum is done by means of turbulent motions, 

although the process may be more orderly than is indicated by the term. 



T™ No. 342 

Thus, if the momentum transfer through the upper layers is being considered, 

it becomes apparent that one should also examine the effects of the more 

regular, quasi-oscillatory particle motions of the waves, since the waves 
themselves are indeed a manifestation of wind stress. 

The question then arises as to what sort of orbital configurations 

could provide a simple mechanism for the downward transfer of wind-imparted 

horizontal momentum. One such geometry would be that of a properly tilted 

ellipse. A particle might then acquire horizontal momentum from the wind 

stress at the top of its orbit and transfer the momentum downward as it 

moves in its trajectory. Starr! has also shown the probability of some such 

mechanism on other grounds. The mechanism described in this report should 

be capable of representation as a Reynolds stress in terms of Eulerian hydro- 

dynamic variables. It is of interest then to consider the problem of measuring 

these effects. 

NARRAGANSETT BAY MEASUREMENTS 

2 The following experiments were reported by the writer~ and can be 

summarized as follows: 

During August 1963,measurements of the velocity components beneath ocean 

waves were made utilizing two edjacent ducted current meters mounted ortho- 

gonally as to sense the particle velocity components in the plane normal to 

the wave crests. The meter system is shown in figure 1. This system of 

orthogonally mounted ducted meters is termed OMDUM I. ‘The cylinders are 

about 10 em in diameter and 20 cm long. ‘The OMDUM I was fixed to the end 

of a vertical steel beam supported rigidly at the end of a naval pier in 

Narragansett Bay, R. I. Impellers, mounted within the cylinders on jewelled 

bearings, were neutrally buoyant. The tips of the impellers contained small 

iron slugs which, upon rotation, perturbed magnetic fields of small induction 

coils incorporated in an oscillator circuit unit attached to the sides of 

the cylinders. The output from the amplitude modulated system reflected the 

pulses as the impellers rotated in the fluid flow. Because of an assymetry 

of the magnetic fields of the induction coils, the sense of the rotation of 

the impellers, i.e., the direction of flow, was presented as a unique signature 

in the output. 

A two-channel strip chart recorder was used to register the rate of flow 

through each of the impellers. The data were hand-converted into a contin- 

uous plot of the fluctuating velocities, U* and W*, as a function of time. 

From this time series the sign and magnitude of the U* and W* were selected at 

0.3=second intervals and placed on punched cards for computer processing. 

The meters were immersed about 15 cm below the trough level of the waves, 

with the horizontal flow-sensing meter aimed normal to the crest line. 
Generated over an up-wind fetch of about 5 Km, the waves displayed clearly 



T™ No. 3h02 

defined crests, visually estimated at 1.5 second periods. Wind speed was 
about 9 m sec-l, wave height about 50-75 cm, and water depth below the 
instrument about 7 meters. The assumption was that the waves were essentially 
surface (i.e., deep water) waves. 

The covariance U? W* between the 1188 pairs of data was found to be 
-7.8 cm= sec“, which is an estimate of the magnitude and sign of the Reynolds 
stress (downward momentum flux). The Reynolds stress is here defined as 
f= pU' Wt. is the density of water, which is assumed constant. The 
linear correlation coefficient between U® and W' was -0.21. 

Spectral analysis was made of the time series data utilizing the methods 

described by Tukey3 . Autocovariance spectra were made of the time series 

data of the two velocity components and are shown in the upper curves of 

figure 2. The spectra show peaks at wave periods of about 1.5 sec, which 

was approximately the observed wave period. Both of the velocity components 

exhibit similarly shaped peaks. ‘The co-spectra component of the covariance 

spectra exhibits a negative peak at the dominant wave frequency. This indi- 

cates that the downward momentum flux, due to the negative correlation of the 

velocity components, occurred at frequencies equivalent to those of the waves. 

The interpretation given to dynamics of wave measurements from this 

statistical analysis is critically dependent upon the sensing character of 

the ducted meter system. A continuing study is being conducted of the 

response characteristics of the meters, including a series of laboratory 

and field tests. (The OMDUM II system was developed and was geometrically 

similar to OMDUM I. ‘This new system utilized similar magnets mounted on the 

impellers, and pickup coils in lieu of the oscillator and amplifying circuits 

which proved unreliable in OMDUM I.) 

The OMDUM II was first calibrated for steady-state flow parallel to the 

axis of each of the cylinders. Then the axes of the cylinders were set at 

arbitrary angles between O and 90° from the direction of steady flow to 

obtain the variation in instrument response to the "off angle flow”. 
Finally, the impeller response to accelerative flow was measured. 

The results indicate that the meters have essentially identical cali- 

brations for steady flow parallel to the respective cylinder axis. The 

flow response as the meter axis is rotated with respect to the flow direction 

follows closely the cosine law. In other words, the component of flow varies 

as the cosine of the angle subtended by the cylinder axis and the mean flow 

direction. Further tests are being conducted for purposes of assessing the 

exact angle-response relationships. 

To assess the response time of the impellers, the OMDUM II was sinus- 

oidally oscillated vertically in a test tank, and the fluctuating response 

of the meter was recorded. These velocity variations, obtained from the 

calibration curve for the steady flow, were compared directly with the 
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output of an accelerometer attached to the meters. The frequency response 
of the impellers was shown to be greater than 10 cps. This rapid response 
permits accurate sensing of perturbations of the time scales of wind waves 
of the period from 0.5 to 8 seconds. 

It is realized that there must be a limiting size of eddy or oscillatory 

configuration for which the volume dimensions of the meter alter or inter- 
fere with the inherent motions of the eddies. The effect of decreasing 
orbital size upon flow sensing is to be determined by measuring the meter 

response of the ducted meters in a wave generating flume system at the 

Coastal Engineering Laboratory in Washington, D. C. 

THREE HYPOTHETICAL WAVE MODELS 

A comprehensive understanding of the analysis and synthesis of the Tukey 

spectral estimates is essential for drawing valid conclusions and making 

interpretations regarding the nature of wave motions as derived from their 

statistical properties. To best assess the application of the spectral 

analysis upon the two component velocity time-series data, three sets of 

hypothetical wave data were constructed and analyzed. These sets of data 

depicted three different wave models: one whose particle motions are (a) 

quasi-random with an induced bias to give U* W* < 0 with no preferred fre- 

quency in the covariance spectra; (b) quasi-ideal sinusoidal particle motions 

with no intentional bias giving U? W' ~0; and (c) sinusoidal velocity fluc- 
tuations with a bias rendering U* W* <0 and having a preferred frequency in 

the covariance spectra equivalent to the frequency of the quasi-sinusoidal 

velocity functions. 

The three sets of data each contained 600 pairs consisting of the hori- 

zontal velocity component U, and the vertical velocity component Wh. The 

subscript n indicates the nth data point where n= 1, 2, 3, ------ N, and 
N being the total number of data pieces equally spaced at time intervals of 

At. Thus, the total period of sampling, T, is equal toN At. For the 

three time series T is 180 seconds. The amplitude or half range of the 

velocity components for all three data sets was about 10 cm sec-l. Table 1 

lists the pertinent statistical parameters of the three data ensembles. A 

description of the three mcdels follows. 

Biased Random Wave Model (BR) 

The first hypothetical wave model can be envisaged as a surface wave 

field where the particle motion is quasi-random produced by many oscil- 

latory progressive waves moving in many directions. The term “quasi-random” 
is used for two reasons: (1) the values of time series data were arbitrarily 
chosen without use of tables of random numbers and (2) about 5% of actual 
values of data points were altered to give a slight negative correlation 

function, i.e., a value of the covariance function at zero lag (U? Wt) less 
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than zero. The actual value of the function is about -3.98 em@sec-2. This 

simulated value of the stress near the water surface is thus 3.98 dynes 

em7< which is of the order of magnitude of assumed mean wind stress upon 

the real ocean surface. This model will be referred to as Biased Random 

Wave Model (BR). 

Unbiased Simple Harmonic Wave Model (USH) 

The second set of data is characterized by representing the horizontal 

and vertical components as quasi-sinusoidal functions. Assumed is a simple 
harmonic wave model in the form cf an ideal deep water progressive ocean 

wave as described by Lamb’. This model was derived, assuming an irrota- 

tional incompressible fluid in which the wave length is much less than the 

water depth. 

The component particle velocity components are described by 

UGeuZ tl =siOnk « © 2 sty (Kx = ort) (1) i] 

and W(X, Z, t)=— gaAe“4 cos(k.x - 6 t) (2) 

where: A, K, and @Q7 are amplitude (cm), wave number (cm-l) and circular 

frequency (sec7!), respectively. 

Thus, for a fixed depth Z%Z and horizontal coordinate Xp we may write 

UGG Zs apex (t= AND SmROn: (3) 

and W(Xo, Zo, t) = W(t) = -A* cos O +t (4) 

where JNU ea (oy th eK 45 = Constant. 

The second data series is represented in equations (3) and (4) as simple 
harmonic oscillators mutually out of phase by 7/2 or one quarter of a wave 

period. Actually, the sinusoidal functions were only approximated, since 

they were hand-drawn over a time-amplitude grid having the proper frequency 

and amplitude. The data points were then picked off the two curves at 

A t= 0.3 seconds. The value of U* W’ is identically zero for the long 

train of waves represented by the sine and cosine functions in equations 

UI 
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(3) and (4). Since the data were only approximately sinusoidal, the value 
of U® W? for USH (table 1) is small but not zero. 

Biased Simple Harmonic Wave Model (BSH) 

The third hypothetical wave model is described as a Biased Simple 

Harmonic Wave function. This model is identical in every respect with USH 

except that the U(t) function has been slightly increased at its positive 
maximum point. This intentional biasing was done for two reasons: (1) to 

synthesize a desired negative value of U* Wt for the BSH model and (2) to 
bias the BSH model by a simple mechanism, perhaps not unlike that existing 

in natural ocean waves. 

This technique seems reasonable since, as stated previously, any energy 

and momentum within the wave must be transmitted through the actual wave 

surface by a frictional drag and/or a form drag of the wind. Thus, the wind 
blows effectively horizontally across the waves and causes an actual tractive 

stress on the crests of the waves and probably a pressure force upon the 

"upwind" side of the waves. Accepting this as fact, it can then be assumed 
that the transfer of momentum downwards in the waves is caused simply by 

turbulence in the water. The wind momentum is transferred by an eddy process 

in which the eddies are just the water waves themselves. Both of these forcing 

mechanisms could produce a sensible acceleration of the particles at the 

erest, i.e., when the U(t) component is positive and maximum. 

This is the reason for placing within the horizontal oscillatory component 

of the BSH model a biasing component which is of the frequency of the waves 

themselves. Hence, at a fixed point in the water column, a momentum transfer 

of this sort would appear as a direct coupling effect occurring at the 

dominant wave frequency. 

STATISTICAL CHARACTERISTICS OF THE HYPOTHETICAL WAVE MODELS 

The three sets of data were analyzed for pertinent statistical parameters 

using the Tukey spectral estimate program prepared by Convair on the MIT IBM 

7090 Computer. 

The statistical parameters of the three pieces of data are listed in 

table 1. The number of pieces of data, the period of sampling, and the time 

spacing are identical for all three sets of data. None of the mean values 

of the horizontal and vertical velocity components, designated by U* and W*, 

exceed 0.5 cm sec™-. 

The variances Ut= and W* (which are equivalent to the auto-covariance 

function at zero lag) are about 15.16 em2 sec" for the BR model and between 

49 and 55 em2 sec™© for the USH and BSH models (figures 2, 3, and +). The 
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covariance function for the two biased models, BR and BSH, is -3.98 and 
2.051 em= sec7e respectively. The covariance for the ideal sinusoidal 
function is, of course, much smaller, i.e., -0.045 em- sec72. 

The correlation coefficient, Rip, for the BR model is -0.21 and for the 
BSH model is -0.05. For the USH model the correlation coefficient is even 
smaller at -9 x 10-4. 

The auto-covariance and covariance spectra (which are the Fourier trans- 
forms of the respective functions) of the three sets of data are plotted in 
figures 3, 4, and 5. The “in phase” or real part of the covariance spectra 
(termed co-spectrum) is plotted below the power spectra pairs in these figures. 

The power spectra of each velocity component, i.e., b y and p Wome 

plotted as em= sec72 per cycle per second versus frequency (and period) on 

the abscissa. The values of U and ci w for BR are similar, with each 

showing a dominant low frequency peak between 0.2 and 0.3 cps. This peak is 

well defined and drops sharply at about 0.4 cps. From 0.4 through to the 

limiting frequency of about 1.7 cps the d w fluctuates in a similar manner 

as p U except that the latter displays two peaks, one at 0.8 cps and one at 

about 1.1 cps. These oscillations of the power spectrum functions are mostly 

due to chance since the data were generated in a quasi-random fashion. 

The cross spectrum shows repeated fluctuations, displaying negative peaks 

at 0.3, 0.8 and 1.25 cps. There is, however, no extreme peaking indicative 

of predominant coupling at any.one frequency. The co-spectral function is, 

in general, negative throughout the frequency range. 

The power spectra of the unbiased sinusoidal waves, USH, figure 4, show 

the expected sharply defined peaks at 0.5 cps,which is the chosen frequency 

of the sinusoidal velocity components. 

The co-spectrum function displays only a very slight negative perturbation, 

at about 0.5 eps, which is less than 10% of the magnitude of the cross spectra 

of the BR. 

Turning to the power spectra of the biased simple harmonic waves (BSH), 

figure 5, again the pronounced peaks of the velocity functions occur at a 

band between 0.3 to 0.6 eps. The base of the peak for the BSH model is 

broader than for the USE. 

The co-spectrum of the BSH model, figure 5 (bottom), is of special 

interest since it displays a strong negative peak centered at 0.5 cps. It 

appears as almost a mirror image of the power spectrums above. 

Thus, by altering the magnitude of the amplitude of the U(t) component 

by about 5% in a cyclic fashion, co-variance function is increased by almost 

two orders of magnitude, and the co-spectra are completely modified to show 
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a strong negative correlation at a frequency associated with the waves 
themselves. This type of simple (BSH) mechanism may well be primarily 
responsible for the downward flux of wind-imparted momentum through the 
water column. 

OPEN OCEAN MEASUREMENTS 

A series of preliminary “open ocean" observations were made with the 
slightly modified wave meter termed OMDUM II at the Buzzards Bay Entrance 

Light Station, which is situated in 20 m of water off the southern coast of 

Massachusetts (figure 6). The meter system was supported in a semi-rigid 
geometry by an array of supporting guys above it and a 50 kgm vertical damping 

weight suspended below it. 

The measurements were made on 11 May 1964 during a period of steady wind 
conditions, with a mean wind speed of about 6-8 m secul. The spectra results 

of velocity data taken at a depth of 1 meter and 4 meters below the wave 

trough level are shown in figures 7 end 8. 

The auto-covariance spectra of the U* and W? values at both depths indi- 
cate peaks at about 3-4 seconds, which agrees with the visual estimates of 

the wave periods. There is a strong attenuation of the U* component spectra 
relative to the W* at periods greater than about 1.3 seconds. This effect, 

apparently caused by a swinging motion in the horizontal direction, is the 

reaction of the meter system to the back-and-forth U* velocity component. 

Thus, the reaction of the meter system tended to attenuate the amplitude of 

the U? fluctuation component due to the gross wave motions. This effect has 

been largely eliminated by modifying the wire support system and using a 

heavier damping weight. At the time of this writing a new, smaller meter 

system has been constructed and tested which has about half the cross 

sectional area as the original device. Raw data from this smaller meter are 

strongly indicative that, due to the reduction of drag, the reaction to the 

oscillatory horizontal motions has been effectively removed. 

Returning again to figures 7 and 8, note the effective reddening of the 

spectral peaks of both pairs of spectra with depth, i.e., the high frequencies 

are damped more effectively with depth. Measurements were made at O (just 

under the trough level), 1, 2, 3, 4, and 5 meters. This shift to more 
n 

J 

dominant low frequencies with depth is characteristic of the data. 

Other than observing the gross attenuation of the frequencies above, say, 

1.8 eps, the reader should be cautioned of the possible limitations of the 

meter*s detectability of turbulent or eddy structures which approach the scale 

dimensions of the meter itself. Although the impellers have a fast response 

character, the variations in velocity at the higher frequency bandwidths will 

likely be associated with smaller eddy scales approximating the dimensions of 

the meter, icé., 20) cm. 
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When examining the depth variation_of a particular velocity component, 

say, W?, one finds that the variance We decreases in an exponential manner. 
Note that the area under the spectrum curve of Oy (£) versus frequency is 
equal to the variance of the particular component caused by fluctuations 

occurring between the frequency ranges studied. 

Thus , pes £ 
Oe ee Ae bu (£) a2 GS) 

(@) 

The turbulent kinetic energy may be defined by the relation: 

He= fe AP (ure + We) (6) 

Thus, the spectra of the velocity components are in fact true energy 

density spectra, since the area under the spectral curve for a particular 

velocity component must be equivalent to the turbulent energy contribution 

of the component of velocity. 

The covariance spectra (bottom curves) display a negative peak which 

occurs at the spectral band of the waves. The auto-covariance function at 

zero lag for the l-meter depth was -25.3 eme sec" and the linear correlation 

coefficient was -0.17. For the 4-meter depth the covariance function was 

-14.1 cem@ sec7= and the correlation coefficient was 0 - 0.30. As with the 

Narragansett Bay measurements, these covariances seem extremely large in 

terms of the usual empirical estimate of stresses of the order of 1 dyne em=2. 

Based on the hypothetical wave model data, it appears that if the stresses 

in the surface regime are about 1 dyne em72, then only very small veLocity 

correlations of about -0.05 are required to produce a Reynolds stress of 

this value. Probably the ducted meter system will be unable to detect such 

small correlations because of the masking effect of relatively large scale 

perturbations caused by the interaction of the meter with the flow around it. 

However, the results so far available indicate strong negative correlations 

peaking at the periods of 3-6 seconds. It is difficult to imagine that the 

meter system, properly mounted in the wave regime, would artificially produce 

correlations at these relatively low frequencies. 

No quantitative conclusions can be made yet regarding the momentum flux 

mechanisms. However, there is no prior justification for discounting the 

values of covariance functions cbtained from them since there are no previous 

direct measurements of stress to refer to. 
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A series of wave motion observations were made 7 December 1964 in order 
to test a newly constructed orthogonally mounted ducted meter system 
OMDUM III. This meter is a smaller version of the OMDUM I and IT previously 
described. The cylinders are about 8 cm in diameter and about 14 cm in 
length. In the OMDUM IIT system the drag on the meters, caused by the 
oscillatory wave motions, caused the meters to move with the horizontal 
motions, resulting in a damping of the amplitude of the U(t) record. The 
variances of U(t) were usually from 0.5 to 0.1 times the W(t) variances. 
Drag is reduced since the new meter has a cross sectional area of about 
half that of the OMDUM II. Also, more overall stability is provided by a 
pyramidal suspension with added vertical weight. 

The three series of observations were made from 1300-1430 hours. The 

sky was mostly clear and the air temperature 0.5°C. Sea state was 1-2, 

with waves estimated at 3-4 m in wavelength and 20-40 cm wave heights. 

From WNW a slight swell was detected but was too ill-defined for estimates 
of its parameters. 

The wind was light and relatively steady at 2.5 - 4.5m sec"- from the 

WNW. The U meter was aimed at 285°-290° true; the wind wave directions 

seemed to vary from 280 - 295. 

A summary of the statistical data, along with the meteorological con- 

ditions, are presented in table 2. 

There was still a disproportion of the response of the U meter with 

respect to the W meter, as shown by the variances of U and W at the various 

depths. However, these first results were preliminary in nature, since the 

OMDUM ITI system had not been calibrated for absolute speeds and the impeller 

design had been somewhat modified. 

It is instructive, however, to examine the auto-spectra of the two 

velocity components shown in figures 9 and 10. 

The U spectra (designated by by(f)) at the depths of 0.5, 1.0, and 2.0 
meters, in figure 9, display the strong attenuation with depth at all fre- 

quencies from O to 2.5 cps. 

Two obvious peaks are displayed, the highest at about .100 to .200 cps 

(T - 5-10 sec), and the smaller at .35 - .45 cps (T - 2.2 - 2.9 sec). 

The low frequency peak is caused by swell and ambient low frequency 

oscillations from meandering motions of the tidal currents about the tower. 

There is a strong indicaticn of low frequency oscillatory current motion 

with periods ranging from 8 sec to 30 or 40 sec. The large values of the 

covariance function at zero lags in table 2 are caused primarily by these 

lower frequency components and not by correlations of wind wave frequencies 

of, say, 1-5 seconds. 

LO 
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The 2m peak rises above the 0.5 and 1 m spectrum curves, below 0.25 
eps. This is indicative that oscillations occurred during the different 
sampling periods which were not stationary. This is further suggested by 

the mean values of the horizontal component which vary from 13.6 to 21.6 cm 
sec-l, indicating a low frequency meandering motion. 

The secondary peak is at 0.400 cps (T - 2.5 seconds) and is characteristic 
of the wind waves observed at the time of measurement. In this wind wave fre- 

quency band and upwards to the cutoff frequency, the spectral density decreases 

markedly with depth. This shows that the motions in this band (0.40 - 2.50 

eps or 2.5 - 0.4 sec period) are of stationary character. In other words, the 

spectral characteristics of the wind wave motions seem not to have changed 

over the period of sampling, whereas the lower frequency motions apparently 

show marked variations or trends. The auto spectra function of the vertical 

velocity component §$w(f) is similar to the function §y(f). The low fre- 
quency peak again shows indication that slowly varying motions occurred of 

frequencies in the range from 0.10 - 0.25 cps. 

The wind wave peak occurs at about 0.40 - 0.50 eps, indicating a slightly 

lower frequency peak than the U spectra. 

The 0.5 m spectra indicate a lingering of energy existing in the region 

from the wind wave peak out to the cutoff value of 2.5 cps. That is, the 

Qy(£) curve for 0.5 m tends to flatten out at a value of 0.5 cm@ sec™! between 
2.30 - 2.50 eps, whereas in this same frequency range the $y(f) curve drops to 
about 0.05 cm sec"! as seen in ae abfeobatey, ILO). 

Both sets of spectra indicate the presence of the wind waves at fre- 

quencies centered at 4.0 - 5.0 cps and an exponential decrease in the variance 

contribution at this band. 

Both the variances and spectra of the U and W component at 2m are similar. 

This could indicate that at the sea surface the turbulent wave motions cause 

artificial perturbations on the meters and distort the spectra of the motions. 

At a deeper depth this gives a truer picture of the wind wave oscillatory 

patterns. Thus at the depths beneath the 0.5-1 m levels, means are available 

for faithfully reproducing gross orbital motions of the particles. 

Wave measurements in a variety of meteorological conditions are being 

continued at Buzzards Bay Entrance Light Station, and further results of 

these “open ocean” measurements will be reported at a later date. 

Round Hill Field Station of MIT is being funded from NUOS to utilize 

and study the potential of the Buzzards Tower for making wind stress measure- 

ments. It is hoped to coordinate wind and wave momentum flux measurements to 

provide a better understanding of the interactions and transfer of energy 

between the wind and ocean and hence provide dynamic pressure and acceleration 

data for the design specifications of high speed vehicle and hydrofoil systems. 

all 
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CONCLUDING REMARKS 

The statistical calculations using hypothetical wave models indicated 

that very small negative correlations between the horizontal and vertical 

particle motions can provide relatively large stresses in the wave regime. 

These first attempts to evaluate Reynolds stresses in open ocean waves 

produced relatively large stresses in the range of -20 em@ sec-l and even 

larger. Similarly, the linear correlation coefficients are of the order of 

-O.1 to -0.2. The covariance spectra indicated that the main contribution 

to the covariance occurs at the ambient wave frequencies. 

It is concluded that types of instruments as OMDUM III can prove useful in 

the assessment of spectral characteristics of wave motions as a function of 
meteorological conditions, sea state, and depth from the free surface. 

Properly applied instrumentation such as described in this report can be 

used to determine ambient turbulent conditions caused by wind waves for 

comparison with artificially produced turbulence caused by vessels. 

Further studies are being made of the dynamic response characteristics 

of the ducted meter system, with particular emphasis on its response to small 

scale eddy sizes and “off-angle" flow. Also, use of a drag sphere system 
for sensing shear stresses is under investigation. 
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TABLE 2 

SUMMARY OF STATISTICAL DATA OF BBELS #8* 

WIND: Light Variable 2-5 - 4-5 msec7l from W-MW 
SEA: Light H~0.2-0.4 m Lw 3.4m from W-NW 
SWELL: Slight - from South 

Time Depth(m) 

1324-1329 0.5 

1310-1315 LO) 

1337-1342 2.0 

No PAT se WU WE (Gee i a 
T5/Omes lS One 2.3) 16.8), 701.0) eb eRee 

WANS) 250" 0.2 alt Bike Siig alls} gs) 6.36 

IZ59" SOM 10.2 2.9 13.6 25026 "239%i7 a iene 

* Buzzards Bay Entrance Light Station 

14 
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The First Orthogonally-Mounted Ducted Meter System - OMDUM | 

Figure 1 
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Buzzards Bay Entrance Light Station Looking East 

Figure 6 



T™ No. 30 

; BBELS-5 IM 26) 2-5 - ee MES 

! \ BBELS-5 
I Il MAY, 1964 

‘ D=IM 
27s | \ 

air AUTO SPECTRA 
Nt 

24 Na 
LOG Bu Ne lh Oa 

es N u(t) | 

Seer ae eG Seti) 23 

| 

+100 

eS eG 

-100 

CROSS SPECTRUM—CO 

FREQUENCY 0.0 05 10 15 2.0 25 
SEC 0-05 25 15 10 06 04 PERIOD i= oc | eae aera tere SEC : M=32, AT=0.2 SEC 

Figure 7 

ELS-5 4M pies vat BBELS-5 4MI 

BBELS-5 
i II MAY, 1964 

2a D=4M 

= AUTO SPECTRA 

LOG $ uw 

Buw “KY 

FREQUENCY 0.0 05 10 L5 20 25 
SECal 105 25 15 10 06 04 

sea M=32,AT =0.2SEC SEC Figure 8 Pah he 

Auto and Cross Spectra of Particle Velocity Motions at Buzzards Bay 
Entrance Light Station Using OMDUM II 

Figures 7 and 8 



T No. 342 

uo
lj

py
¢$

 
44
61
7 

ao
un
sy
uy
z 

Av
g 

sp
up

zz
ng

 
4p
 

“(
A)
M 

“S
UO

IY
OW

 
B[
D1
44
1D
d 

[D
II
JI
aA
 

JO
 

Du
jo

ad
s 

o
n
y
 

OL
 

ea
na

t4
 

93S Yad SAIDAD-ADNANOSYS 

G2 

Ol 

e
K
 

GI 

ie) 

W
d
 

O¢
-O
! 

L
H
O
I
S
H
 

W
O
?
 

H
L
O
N
A
T
S
A
V
M
 

H
L
A
O
S
 

W
O
U
 

LH
OI
IS
-1
T1
4S
MS
 

Wd Ge-Sl 

LHOISH 

“b- 

HLONATAAVM- 

SV3S 

HLNOS WOU ;-04S WG'b-G'e ANIM 

v9
-I
Ix
-2
‘s
 

$1
38
8 

Vu
LO
ad
S 

OL
NV

 

S
S
A
V
M
 

ON
IM
 

90 

04S - GOlY¥3ad 

uo
1j

o4
¢ 

44
68

17
 

ao
uD
sy
uq
Z 

A
D
g
 

s
p
i
p
z
z
n
g
 

ay
y 

4D
 

“(
AV
A 

“
S
U
O
I
L
O
W
 

B]
II
JI
Dg
 

[D
JU
OZ
II
OL
] 

JO
 

p
a
y
o
e
d
s
 

o
y
n
w
 

6
 
e
i
n
s
 y
 

03
S 

Ya
d 

S3
AT
DA
D-
AO
NS
NO
DS
YS
 

O gz
 

(o
rd

 
S'

l 
Ol

 
ex

e)
 

fe)
 

)-03S WO (4)'2G 

90 

94S 

-dOluysd 

O
2
 

S 
0
2
'
o
0
0
1
 

Figures 9 and 10 



eux 
be; 

ve 

ne 
iv 1 oot 7 



DISTRIBUTION LIST 

Addressee 

Chief, Bureau of Naval Weapons (DLI-31) 
(For dissemination within BUWEPS as follows: 

FASS - 1 copy; RU-222 - 2 copies; DLI - 2 copies) 

Director of Defense Research and Engineering 

Attn: Coordinating Committee on Science 

Pentagon 

Washington, D. C. 

Office of Naval Research 

Geophysics Branch (Code 16) 
Washington, D. C. 

Attn: Dr. Donald Martineau 

Office of Naval Research 

Washington, D. C. 
Attn: Biology Branch (Code 446) 
Attn: Surface Branch (Code 463) 
Attn: Undersea Warfare (Code 466) 
Attn: Special Projects (Code 418) 

Commanding Officer 

Office of Naval Research Branch 

4O5 Summer Street 
Boston, Massachusetts 

Commanding Officer 

Office of Naval Research 

207 West 24th Street 
New York, New York 

Commanding Officer 

Office of Naval Research Branch 

The John Crerar Library Building 

86 East Randolph Street 
Chicago, Illinois 

Commanding Officer 

Office of Naval Research Branch 

1000 Geary Street 

San Francisco, California 

T No. 342 

No. of Copies 

D 

PHRERPH 

Fk 



DISTRIBUTION LIST (2) 

Addressee 

Commanding Officer 

Office of Naval Research Branch 

1030 East Green Street 

Pasadena, California 

Commanding Officer 

Office of Naval Research Branch 

Navy #100, Fleet Post Office 
New York, New York 

Oceanographer 

Office of Naval Research 

Navy #100, Box 39 
Fleet Post Office 

New York, New York 

Contract Administrator Southeastern Area 

Office of Naval Research 

2110 "G" Street, N.W. 
Washington, D. C. 

ONR Special Representative 

c/o Hudson Laboratories 
Columbia University 

145 Palisade Street 
Dobbs Ferry, New York 

Director 

Naval Research Laboratory 

Attn: Code 5500 

Washington, D. C. 

Oceanographer 

U. S. Naval Oceanographic Office 
Washington, D. C. 

Attn: Library (Code 1640) 

Office of the U. S. Naval Weather Service 

U. 5S. Naval Station 

Washington, D. C. 

Commanding Officer and Director 

U. S. Navy Electronics Laboratory 

Sen Diego, California 
Attn: Code 2201 

Attn: Code 2420 

T No. 342 

No. of Copies 

dl 

LO 



DISTRIBUTION LIST (3) 
Addressee 

Commander, Naval Ordnance Laboratory 

White Oak, Silver Spring, Maryland 

Attn: E. Liberman, Librarian 

Commanding Officer 

Naval Ordnance Test Station 

China Lake, California 

Commanding Officer 

Naval Radiological Defense Laboratory 

San Francisco, California 

Chief, Bureau of Ships 

Department of the Navy 

Washington, D. C. 
Attn: Code 688 

Officer in Charge 

U. S. Navy Weather Research Facility 

Naval Air Station, Bldg. R-48 
Norfolk, Virginia 

Superintendent 

U. S. Naval Academy 

Annapolis, Maryland 

Department of Meteorology and Oceanography 

U. S. Naval Postgraduate School 

Monterey, California 

Commanding Officer 

U. S. Naval Underwater Sound Laboratory 

New London, Connecticut 

Commanding Officer 

U. S. Navy Mine Defense Laboratory 

Panama City, Florida 

U. Se Army Coastal Engineering Research Laboratory 

5201 Little Falls Road, N.W. 

Washington, D. C. 

Army Research Office 

Washington, D. C. 

Attn: Environmental Sciences Division 

T™ No. 342 

No. of Copies 

al! 



DISTRIBUTION LIST (4) 
Addressee 

Director 

Coast & Geodetic Survey 

U. S. Department of Commerce 

Washington, D. C. 

Attn: Office of Oceanography 

Director of Meteorological Research 

U. S. Weather Bureau 

Washington, D. C. 

Laboratory Director 

Bureau of Commercial Fisheries 

Biological Laboratory 

450-B Jordan Hall 
Stanford, California 

Bureau of Commercial Fisheries 

U. S. Fish and Wildlife Service 

Post Office Box 3830 
Honolulu, Hawaii 

Attn: Librarian 

Director 

Woods Hole Oceanographic Institution 

Woods Hole, Massachusetts 

Attn: Dr. Erik Krause 

Director 

Narragansett Marine Laboratory 

University of Rhode Island 

Kingston, Rhode Island 

Bingham Oceanographic Laboratories 

Yale University 

New Haven, Connecticut 

Gulf Coast Research Laboratory 

Post Office Box 

Ocean Springs, Mississippi 

Attn: ibrarian 

Chairman 

Department of Meteorology and Oceanography 

New York University 

New York, New York 

T™ No. 342 

No. of Copies 

1. 



DISTRIBUTION LIST (5) 
Addressee 

Director 

Lamont Geological Observatory 

Torrey Cliff 
Palisades, New York 

Director 

Hudson Laboratories 

145 Palisade Street 
Dobbs Ferry, New York 

Great Lakes Research Division 

Institute of Science and Technology 

University of Michigan 

Ann Arbor, Michigan 

Director 

Chesapeake Bay Institute 

Johns Hopkins University 

121 Maryland Hall 

Baltimore, Maryland’ 

Oceanographic Institute 

Florida State University 

Tallahassee, Florida 

Director, Marine Laboratory 
University of Miami 

#1 Rickenbacker Causeway 

Virginia Key 

Miami, Florida 

Head, Department of Oceanography and Meteorology 

Texas A&M College 

College Station, Texas 

Director 

Scripps Institution of Oceanography 

La Jolla, California 

Head, Department of Oceanography 

Oregon State University 

Corvallis, Oregon 

Director 

Arctic Research Laboratory 

Barrow, Alaska 

T™ No. 342 

No. of Copies 

all 



DISTRIBUTION LIST (6) 
Addressee 

Director 

Bermudas, Biological Station for Research 

St. Georges, Bermuda 

Director 

Hawaiian Marine Laboratory 

University of Hawaii 

Honolulu, Hawaii 

Applied Physics Laboratory 

University of Washington 

1013 NE Fortieth Street 

Seattle, Washington 

National Institute for Oceanography 

Wormley, Godalming, 

England 

Administrator 

Defense Documentation Center for 

Scientific and Technical Information (DDC) 
Bldg. No. 5, Cameron Station 

Alexandria, Virginia 22314 

Chief of Naval Operations (Op-03EG) 

Massachusetts Institute of Technology 

Memorial Drive 

Cambridge, Massachusetts 
Attn; Earth Science Library 

Attn: Director, Department of Meteorology 

Attn: Director, Department of Geology and Geophysics 

Commanding Orficer 

U. S. Coast Guard 

Oceanographic Unit 

159 BE. Navy Yard Annex 

Washington, D. C. 

Commanding Officer 

Aids to Navigation 

U. S. Coast Guard Base 

Boston, Mass. 
Attn: Captain Good - Search and Rescue 

T™ No. 342 

No. of Copies 

AL 

20 

PRE 



DISTRIBUTION LIST (7) 
Addressee 

Commanding Officer 

Buzzards Bay Entrance Light Station 

(U. S. Coast Guard Station) 
Woods Hole, Mass. 

U. S. Weather Bureau 

Logan Airport Station 

Boston, Mass. 

Attn: Mr. Robert Lynd 

Commanding Officer 

U. S. Naval Air Torpedo Unit (NATU) 
Quonset Point, R. IL. 

NAVY-1ND, DPPO, Newport, R. I. 

T™ No. 342 

No. of Copies 

ill 





UNCLASSIFIED 

Security Classification 

~ DOCUMENT CONTROL DATA - R&D 
(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified) 

1. ORIGINATING ACTIVITY (Corporate author) 2a. REPORT SECURITY CLASSIFICATION 

U. S. Naval Underwater Ordnance Station UNCLASSIFIED 

Newport, R. I. 

3. REPORT TITLE 

Preliminary Studies on the Turbulent Characteristics of Ocean Waves 

5. AUTHOR(S) (Last name, first name, initial) 

Shonting, David H. 

6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS 

July 1965 23 4 
Ba. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S) 

T No. 342 6b. PROJECT NO. 

WEPTASK Assignment No. 9b. Repo cone NO(S) (Any other numbers that may be assigned 

eat RU22- -000/219 1/ROO4-03-01 

10. AVAIL ABILITY/LIMITATION NOTICES 

Qualified requesters may obtain copies of this report from DDC. 

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 

BUWEPS - NUOS 

13. ABSTRACT 

This report presents the results of preliminary ocean wave studies made 

in an endeavor to learn more about the turbulent characteristics of wind waves 

in the open ocean. 

A series of hypothetical wave models presented indicate a mechanism of 

momentum transfer within the waves. 

Two series of wave motion measurements were made, one from a Navy pier 

in Narragansett Bay and a second from Buzzards Bay Entrance Light Station. The 

measurements were made to obtain rough data on particle velocity motions in 

various sea states and to examine their variances, covariances and respective 

spectral “properties. These preliminary measurements indicated that relatively 

large amounts of wind-imparted momentum are transferred through the water 

colum by correlations of the wave motions themselves. 

The values of the variances of the particle motions reflected the strong 

exponential attenuation with depth. The auto-spectra clearly displayed the 

fundamental frequencies of the wind waves and the low frequency swell. The 

strong attenuations of the wind wave turbulence with depth is contrasted with 

the weaker attenuation of the swell. 

DD .52. 1473 UNCLASSIFIED 



UNCLASSIFIED 

Security Classification 

KEY WORDS 

Ocean Waves 

Oceanography 

INSTRUCTIONS 

1. ORIGINATING ACTIVITY: Enter the name and address 
of the contractor, subcontractor, grantee, Department of De- 
fense activity or other organization (corporate author) issuing 
the report. 

2a. REPORT SECURITY CLASSIFICATION: Enter the over 
all security classification of the report. Indicate whether 
“‘Restricted Data’”’ is included. Marking is to be in accord- 
ance with appropriate security regulations. 

2b. GROUP: Automatic downgrading is specified in DoD Di- 
rective 5200.10 and Armed Forces Industrial Manual. Enter 
the group number. Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 ‘as author- 
ized. 

3. REPORT TITLE: Enter the complete report title in all 
capital letters. Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica- 
tien, show title classification in all capitals in parenthesis 
immediately following the title. 

4. DESCRIPTIVE NOTES: If appropriate, enter the type of 
report, e.g., interim, progress, summary, annual, or final. 
Give the inclusive dates when a specific reporting period is 
covered. 

5. AUTHOR(S): Enter the name(s) of author(s) as shown on 
or inthe report. Enter last name, first name, middle initial. 
If military, show rank and branch of service. The name of 
the principal author is an absolute minimum requirement. 

6. REPORT DATE: Enter the date of the report as day, 
month, year; or month, year. If more than one date appears 
on the report, use date of publication. 

7a. TOTAL NUMBER OF PAGES: The total page count 
should follow normal pagination procedures, ie., enter the 
number of pages containing information 

7b. NUMBER OF REFERENCES: Enter the total number of 
references cited in the report. 

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 

8b, 8&, & 8d. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number, system numbers, task number, etc. 

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity. This number must 
be unique to this report. 

9b. OTHER REPORT NUMBER(S): If the report has been 
assigned any other report numbers (either by the originator 

| or by the sponsor), also enter this number(s). 

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim 
-itations on further dissemination of the report, other than those 

FORM 1473 (BACK) DD : JAN 64 

imposed by security classification, using standard statements 
such as: 

(1) ‘‘Qualified requesters may obtain copies of this | 
report from DDC.’’ | 

(2) ‘*Foreign announcement and dissemination of this 
report by DDC is not authorized.”’ 

(3) ‘*U. S. Government agencies may obtain copies of 
this report directly from DDC. Other qualified DDC | 
users shall request through H 

i) i 

i} 

(4) ‘‘U. S. military agencies may obtain copies of this | 
report directly from DDC. Other qualified users 
shall request through ! 

.?? 

(5) ‘*All distribution of this report is controlled. Qual- 
ified DDC users shall request through 

, +? 

If the report has been furnished to the Office of Technical 
Services, Department of Commerce, for sale to the public, indi- 
cate this fact and enter the price, if known 

11, SUPPLEMENTARY NOTES: Use for additional explana- 
tory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay 
ing for) the research and development. Include address. 

13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear elsewhere in the body of the technical re- ! 
port. If additional space is required, a continuation sheet shall | 
be attached. 

It is highly desirable that the abstract of classified reports 
be unclassified. Each paragraph of the abstract shall end with 
an indication of the military security classification of the in- 
formation in the paragraph, represented as (TS), (S), (C), or (U). 

There is no limitation on the length of the abstract. How- 
ever, the suggested length is from 150 to 225 words. 

14. KEY WORDS: Key words are technically meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report. Key words must be 
selected so that no security classification is required. Identi- 
fiers, such as equipment model designation, trade name, military 
project code name, geographic location, may be used as key 
words but will be followed by an indication of technical con- 
text. The assignment of links, rales, and weights is optional. 

UNC LASS [FLED 



d
a
I
d
I
S
S
V
T
O
N
N
 

10
-€

0-
¥0

0U
/T

 
61
Z/
00
0-
AZ
-Z
7Z
7N
U 

“O
N 

ju
aw

uu
si

ss
y 

Y
S
V
L
d
a
M
m
 ‘H
q 

‘3
ur
uo
ys
 

(soar UBIIQ) JdUa[Nqin |, 

S
O
N
s
i
J
a
I
o
e
I
e
y
D
 

sa
rj

A 

S
Q
A
B
K
 

U
L
I
I
Q
 

A
y
d
e
i
d
o
u
v
r
a
2
9
 

G
a
I
d
I
S
S
V
T
O
N
N
 

10
-£
0-
YO
OU
/T
 

6
1
Z
/
0
0
0
-
3
z
-
7
Z
7
N
U
 

“O
N 

q
u
a
w
u
s
i
s
s
y
 

W
S
V
L
d
a
A
 “H
 

‘d
 

‘3
un

uo
ys

 

(
S
o
A
e
M
 

U
B
I
I
O
)
 

2
2
u
U
a
T
N
q
i
n
 

J
 

S
O
S
I
I
a
I
D
E
I
V
Y
D
 

sAKeA\ 

S
a
A
e
K
 
U
R
I
I
Q
 Aydesdoue3s90 

“
s
a
a
e
m
 

a
y
 

UI
YI
TM
 

Ja
js
uB
II
 

W
N
I
U
s
W
O
W
 

Jo
 

WS
TU

BY
yI

aU
I 

eB 
d3

BO
TP

UT
 

Pp
ei
ua
sa
id
 

s
j
a
p
o
w
 

a
a
v
m
 

j
e
d
t
i
a
y
i
0
d
A
y
 

jo
 

sa
ti
as
 

y 
‘u
Ba
c0
 

ua
do

 
ay
i 

UI
 

s
a
a
e
m
 

pu
rM

 
JO

 
S
O
M
S
I
J
a
I
D
V
I
B
Y
S
 

JU
aT

NQ
IN

I 
a
y
 

In
og

e 
al

ow
 

U
J
I
]
 

01
 

JO
AB
Ap
UA
 

UB
 

UT
 

ap
eU
w 

sa
Tp

ni
s 

a
A
e
M
 

U
B
I
O
 

Az
ye
ur
ut
ja
id
 

jo
 

si
jn
sa
i 

ay
} 

s
j
u
a
s
a
i
d
 

ys
od
ai
 

s
t
y
 

d
a
I
s
d
I
S
S
V
 

T
O
N
N
 

“d
d€
z 

“S
96
1 

Aj
n{

 
*
d
u
r
u
o
y
s
 

“H
 

‘d
c 

4q
 

‘
S
H
A
V
A
 

N
V
A
D
O
 

A
O
 

S
O
L
L
S
I
U
A
L
D
V
U
V
H
D
 

I
N
A
 

T
I
N
G
U
N
L
 

A
H
L
 

N
O
 

S
A
I
G
A
L
S
 

A
U
V
N
I
N
I
T
I
 

U
d
 

F 
(
Z
¥
E
 

“O
N 

W
L
)
 

‘1
 

°
Y
 

‘
N
o
d
m
a
n
 

‘u
or

ne
ig

 
s
D
u
e
u
p
s
O
 

J
O
I
V
M
I
D
P
U
/
]
 

[
V
A
B
N
 *
s
a
a
v
m
 

ay
] 

UIUITAM 
JaJSUBII 

W
N
I
V
a
W
O
W
 

JO 
W
S
T
U
B
Y
I
S
U
I
 

B 
SIBSTpUT 

p
e
i
u
a
s
a
i
d
 
s
j
a
p
o
w
 
a
a
w
m
 

jedtiayioddy 
jo 

sarias 
y
 

‘uBad0 
Uado 

ay} 
UT 

S
a
A
B
M
 

pulm 
jo 

S
o
m
s
t
i
a
I
o
B
I
B
Y
S
 

IWarnqini 
ayi 

Inoge 
ajow 

used] 
02 

JOABapua 
Uv 

UT 
S
p
e
w
 

saTpNis 
J
A
e
M
 
UBIIO 

A
z
e
u
t
w
r
p
a
i
d
 

jo 
s3jnsai 

ay3 
s
j
u
a
s
a
i
d
 

asoday 
siyf, 

G
a
I
A
I
S
S
V
 
T
O
N
N
 

*dd€Z 
‘S961 

Ajn{ 
‘
3
u
r
u
o
y
s
 

*H 
‘GC 

4q 
‘
S
H
A
V
M
 
N
V
A
D
O
 

AO 
S
O
I
L
S
I
U
N
A
L
O
V
U
V
H
O
 

I
N
A
 
I
N
G
U
N
L
 
A
H
L
 
NO 

SHYIGALS 
A
U
V
N
I
N
I
T
A
U
d
 

(Zye 
“ON 

W
L
)
 

‘
l
y
 
‘
u
o
d
m
a
n
 
‘
u
o
n
e
i
g
 
a
d
u
e
u
p
i
O
 
JolwMsapuy) 

[BAEN 

d
a
l
s
d
I
S
S
V
T
O
N
N
 10-£0-YO0U/T 

61Z/000-dz-77NU 

“ON 

juowudissy 

ASVLddh 

*H ‘qd “3unuoys 

(
S
a
a
g
 

uB
3s
dQ
) 

e
o
u
a
l
n
q
i
n
 

|,
 

SIISIIIIIVIEYD) 
JAe/\ 

s
a
n
e
 
U
B
I
I
O
 

A
y
d
e
i
d
0
u
e
a
9
Q
9
 

GaldiIss¥TONN 

10
-€
0-
Y0
0U
/T
 

6
1
Z
/
0
0
0
-
A
z
-
7
7
N
U
 

“O
N 

ju
aw

ud
si

ss
y 

W
S
V
L
d
a
A
 

“H ‘qd ‘3unuoys 

(
S
o
a
e
K
 

U
B
I
I
O
)
 

2d
Ua
TN
qG
In
N]
T 

SOTISTI9IIVIVYD BALA 

S2ABA\ 

ULIIO 

A
y
d
e
i
g
o
u
r
2
5
9
 

“S2ABM BY] 

UTYITA 
JajsueI) 

W
H
I
V
S
W
O
U
 

JO 
WsSTUBYIIUI 

B 
SIBOTpUT 

p
a
i
u
a
s
a
i
d
 
s
j
a
p
o
w
 
a
A
e
m
 
[
w
o
r
a
y
i
o
d
A
y
 

jo 
satias 

V
 

*uga90 
Uado 

ay) 
UT 

S
a
A
B
M
 

PUTA 
jO 

SONISIJaIOVIBYD 
JWarNnqsny 

ay3 
Inogs 

aJ0W 

Used] 
0} 

J
O
A
B
A
P
U
S
 

Ue 
UT 

a
p
e
 

SarTpNis 
S
A
B
 
U
B
I
O
 

Azyeutwt}a3d 
yo 

sijnsa3 
ayy 

squasaid 
y
o
d
a
s
 
sty] 

G
a
l
d
I
s
s
v
V
T
O
N
N
 

*dd€z 
‘S961 

Ajnf{ 
*
d
u
r
m
u
o
y
s
 

*H 
‘Gc 

4q 
‘
S
H
A
V
A
M
 
N
V
A
D
O
 

A
O
 
S
O
I
L
S
I
M
A
L
O
V
U
V
H
D
 

I
N
A
 
I
N
G
U
A
L
 
F
H
L
 
N
O
 
S
A
I
G
A
L
S
 
A
U
V
N
I
W
I
T
A
Y
d
 

(Z¥€ 
“ON 

W
L
)
 

*] 
“y 

‘
3
0
d
m
a
N
 
‘
u
o
t
w
i
g
 
a
.
u
B
U
p
I
O
 

JoIEMIJapUs/) 
[RAEN 

“
S
A
B
A
 

3Y
2 

UIYITA 
JaJSUBI] 

W
N
I
V
a
W
O
U
 

JO 
W
S
T
U
B
Y
I
a
W
 

B 
33IBOTpUT 

peijuasaid 
s
j
a
p
o
w
 
a
a
e
m
 
[
e
o
n
a
y
i
o
d
A
y
 

Jo 
sarjas 

y
 

*uBac0 uado ay] UT SaAeMm PUI JO SdIISTJaIIVIBYS JUaTNgInI ay Inoge aJow 

UJ
ea

] 
02

 
JO

AB
ap

Ua
 

Ue
 

UT
 

ap
eW

 
Sa

Ip
ni

s 
3A

eM
 

UB
sI
0 

Az
eu

tw
ty

ai
d 

yo
 

s3
jn

sa
i 

ay
3 

sj
ua
sa
id
 

ys
od

as
 

s1
yy
, 

daIdISssv TONN 

*dd€z ‘C961 Ajnf{ *duruoys *H ‘d 4q ‘SHAVM NVADO AO SOILSIUALOVUVHD 

INA 

TNGYNAL 

FHL 

NO 

SAIGNLS 

AUVNIWITSA 

Yd 

(Z¥E “ON WL) 

‘I 

‘uy 

‘y0dman 

‘uo13BIS 

QIUBUPIO 

JoIeMIIpU/) 

[PAEN 



|J
OM
S 

9Y
y3
 

JO
 

VO
TI
BN
U|
II
B 

Ja
ye

aM
 

ay
) 

Y
I
M
 

pa
is

es
ju

oS
 

st
 

yi
da
p 

y
A
 

ad
Ua
TN
qG
IN
I 

SA
BA
 

p
u
l
m
 

ay
i 

jo
 

s
u
o
m
e
n
u
a
n
e
 

gu
os
is
 

a
y
]
 

‘;
ja
ms
 

A
O
u
a
n
b
 

-3
1J
 

MO
] 

9Y
2 

pu
e 

S
a
A
e
M
 

PU
TA
 

da
y 

Jo
 

s
a
t
o
u
a
n
b
a
y
 

j
e
u
a
w
 

-e
pu
nj
 

ay
3 

p
a
d
e
y
d
s
i
p
 

Ay
iv

ay
o 

ez
id
ad
s-
oj
ne
 

a
y
y
 

“y
id
ap
 

Y
I
M
 

uO
oT

Je
NU

|I
e 

[e
II
Ua
UO
dX
a 

J
u
o
I
s
 

ay
) 

pa
id
aj
as
 

s
u
o
n
o
w
 

ay
ot
ie
d 

ay
i 

Jo
 

sa
ou

et
ie

vA
 

ay
i 

Jo
 

sa
nt

ea
 

ay
y 

"S
OA

 
-[

@S
Wa

yI
 

SU
OT

IO
W 

D
A
M
 

JY
I 

JO
 

SU
OT
IB
]a
II
0D
 

Aq
 

uW
N]

OD
 

Ja
ie
M 

9Y
y3
 

Ys
no
IY
yI
 

p
a
d
a
j
s
u
e
l
)
 

ai
e 

w
n
j
u
a
w
o
w
 

pa
ri
ed
wr
 

-p
ur
m 

jo
 

si
un
ow
e 

ad
se
y 

AT
aA

TI
vy

as
 

Je
y)
 

pa
iv
or
pu
r 

sj
uo
w 

-
a
i
n
s
v
a
w
 

Ar
eu

rw
sy

ja
id

 
a
s
a
y
]
 

‘
s
a
t
i
a
d
o
i
d
 

{e
s3

da
ds

 
aa

t)
 

-9
ad

sa
l 

pu
re
 

sa
du

el
iv

ao
d 

*s
ad
uE
II
BA
 

Ja
y)

 
JU
IW
EX
A 

0}
 

pu
v 

Sa
jv
is
 

va
s 

Sn
oT

Ie
A 

UT
 

su
OT
IO
W 

AI
TD
0[
aA
 

|f
DT
3I
ed
 

uo
 

ev
ie
p 

Ys
No
OI
 

UT
eI

GO
 

01
 

Ap
eW

 
JJ

aM
 

S]
Ud
Wa
IN
se
aw
W 

ay
] 

*u
on
ei
s 

Iy
dI

] 
a
o
u
e
U
u
y
 

Av
g 

sp
ie

zz
ng

 
wo
lj
 

pu
od
as
 

e 
pu
e 

A
v
g
 

q
a
s
u
e
d
e
s
s
e
n
 

ur
 

ja
id
 

Aa
en
y 

e 
w
o
r
 

au
o 

‘
a
p
e
w
 

al
am

 
S
i
U
a
W
a
I
N
S
v
A
W
 

UO
TI
OW
 

JA
VM
 

JO
 

Sa
TJ

as
 

O
M
]
 

*‘]]@a@s 
ay2 

JO 
UOTIBNUDIIE 

J
a
y
B
a
M
 

3y) 
YITM 

paisesju0. 
st 

yjdap 
Y
I
M
 
adUaTNGINI 

aABM 
purm 

ay} 
jo 

suoijenuaiie 
J
u
o
u
s
 

a
y
,
 

“{jams 
A
Q
u
a
n
b
 

-31J 
MO] 

JY} 
puw 

S
A
B
A
 

PUTA 
9
3
 

JO 
S
a
T
o
U
a
N
b
a
y
 

[eluaw -epunj 
ay2 
p
a
d
e
y
d
s
i
p
 

Aysyeao 
ey3dads-oine 
ayy 
“yidap 

Y
I
M
 
vOoTIenuaie 

[
e
T
u
a
U
O
d
x
a
 

JuojIs 
ay) 

p
a
i
d
a
j
a
s
 

s
u
o
l
o
W
 

a[tIJ"d 
ayi 

JO 
SadueTILA 

JYI 
JO 

SanTeA 
ay] 

*SaA 

-]asWayi 
suoTIOW 
SABM 
|
i
 

JO 
SUOTIB[aII0D 
Aq 
uWN][Oo 

JoIVM 
IYI 

YINOIYyI 
pajJajsuevsl) 

o1ev 
W
N
I
u
a
w
o
W
w
 

paisedut 
-purm 

Jo 
s
j
u
n
o
w
e
 

adsey 
A
T
A
A
T
I
V
]
 aI
 IYI 

PaIwoIpur 
siuow 

-
a
i
n
s
v
o
w
 

A
r
e
u
r
w
t
{
a
i
d
 

asayy, 
*saisodosid 

j
e
s
o
a
d
s
 

a
a
n
 

-oadsai 
pue 

S
a
d
u
e
T
I
V
A
O
D
 

*sadUETILA 
ITAYI 

A
U
T
W
E
X
A
 

0} 
p
u
 

Sajvis 
vas 

snoTsvA 
UT 

SUOTIOW 
A
I
D
O
I
9
A
 
aloTIed uo 

Bivp 
YINoI 
uTeIGO 
O32 
AapLwW 
asJaM 
SiudWSsINSvOW 
sy] 

*
u
o
l
w
i
s
 
I
I
T
 
a
u
e
I
U
Y
 

A
v
g
 
s
p
J
e
z
z
n
g
 

WOJ} 
p
u
o
d
a
s
 

ev 
pue 

A
v
g
 
w
a
s
u
e
d
e
i
e
N
 

ut 
jord 

A
a
e
N
 

e 
wody 

auo 
‘
a
p
r
 

a19M 
S
I
U
I
W
I
I
N
S
E
A
W
 

UOTIOW 
2
A
M
 

JO 
SITJaS 
O
M
]
 

*]]@MS 
ay) 

JO 
UOTIBNUA|IIB 

JOxBOM 
ay) 

YITM 
paisB3qUO. 

st 
yIdap 

YITM 
aduUaTNqInI 

aABM 
P
U
I
 

ay) 
JO 

SuOTIENUAIIY 
B
U
O
N
S
 

ay] 
“[]JaMs 

AOuanb 
-a3} 

MO] 
AY} 

puw 
S
9
A
E
M
 
PUIM 

ay) 
Jo 

S
a
t
d
u
a
n
b
a
y
 

[eIuaw 
-epuny 

ay) 
padeydstp 

Ayseayo 
esadads-oine 

ayy, 
‘yidap 

Y
I
M
 
UOTIENUaIIY 

[eTIUaUOdKX| 
J
u
O
N
s
 

ayy 
paIdaIJaI 

suoTIOW 
apITIed 

ayI 
JO 

SaoUeTIVA 
aYyI 

JO 
SaN[eA 

dy] 
o
N
 

-]aSWaYI 
SUOTIOW 

JAEM 
ay) 

JO 
SUOTIBTaIIOD 

Aq 
uWNTOS 

JaieM 
ayi 

YSnoIYy) 
p
a
s
a
j
s
u
e
s
 

aiv 
w
n
j
v
a
w
o
w
 

parsedur 
-purm 

jo 
sjunowe 

ad3vy 
APaATIV]AI 

IVY 
Palvotpur 

sjuow 
-
a
i
n
s
e
o
w
 

Aieurwtpaid 
asayy, 

“
s
a
r
a
d
o
i
d
 
j
e
n
d
a
d
s
 
a
a
n
 

-dadsai 
pue 

SaduvTiIvAod 
‘saduRlIVA 

Jay) 
JUTWeXd 

03 
pue 

saivis 
vas 

snoriva 
ur 

suojjow 
A
d
o
0
]
a
A
 

apoTIIVd 
uo 

vieVp 
YInos 

ureiqgoO 
03 

Apew 
dJaMm 

S
l
u
s
W
a
I
N
S
E
o
W
 
sy] 

‘uoneis 
1431] 

a
o
u
v
u
q
 

Avg 
s
p
i
e
z
z
n
g
 

wosj 
puodas 

& 
puv 

A
v
g
 
w
o
s
u
e
s
e
s
i
e
N
n
 

ut 
joid 

A
A
e
N
 

& 
WoIj 

S
U
 
‘
a
p
e
u
 

aJaM 
S
J
U
I
W
A
I
N
S
L
I
W
 

VOTIOW 
JABM 

JO 
S
a
a
s
 
O
M
T
 

“‘
]]
9M
S 

ay
) 

JO
 

vO
TI

BN
U|

II
B 

Ja
yv
IM
 

ay
) 

Yy
IT

M 
pa
is
es
ju
od
 

st
 

y3
da

p 
yI
IM
 

ad
Ua
TN
qm
M)
 

dA
BA
 

P
U
I
 

ay
3 

Jo
 

su
OT
JE
NU
A|
II
B 

Ju
OI
Is
 

aY
T,
 

‘[
Ja
ms
 

Ad
ua

nb
 

-2
3J
 

MO
T 

JY
1 

pu
e 

S
A
A
M
 

PU
IM

 
dy
) 

Jo
 

Sa
to
ua
nb
ay
y 

;
e
u
a
w
 

-e
pu

ny
 

ay
i 

pa
de
yd
si
p 

Aj
sj

va
yo

 
es

39
ad

s-
oi

ne
 

ay
y,
 

*y
ad
ap
 

WW
IM
 

UO
TI
BN
UA
|I
IV
 

[B
II

Ua
UO

dX
| 

J
u
o
I
s
 

aY
yI
 

pa
Id

aj
as

 
s
u
o
n
o
w
 

ay
ot

iz
ed

 
ay

i 
Jo

 
sa
du
et
IV
A 

a
y
 

JO
 

Sa
nt
ea
 

ay
y 

“S
OA

 
-[

@S
Wa

yY
yI

 
SU
OT
IO
W 

SA
BM
 

dY
I 

JO
 

SU
OT
IB
[a
II
OD
 

Aq
 

UU
IN

|O
D 

Jo
ie
mM
 

9y
2 

YI
NO

IY
I 

pa
sj
oj
su
es
 

si
e 

W
n
j
u
a
w
o
w
 

pa
rz
ed
ur
t 

-p
ur
m 

jo
 

sj
un
ow
e 

ad
ie
] 

AT
aA
TI
e]
aI
 

Iv
y)
 

Pa
lv

oi
pu

T 
sj
uo
w 

-
a
i
n
s
v
a
w
 

Ai
eu

rw
ry

ai
d 

a
s
a
y
]
 

“s
ar
is
ad
os
d 

p
e
s
d
a
d
s
 

a
a
y
 

-9
ad
sa
1 

pu
e 

Sa
ou
RT
IV
AO
D 

*s
ad
UL
TI
LA
 

IT
AY
I 

BU
TW
EX
d 

OF
 

pu
e 

sa
jv
is
 

va
s 

sn
ol

je
A 

UT
 

su
OT
IO
W 

Aj
ID
O0
{3
A 

ap
or
is
ed
 

uo
 

vi
ep

 
Ys
NO
J 

uT
eI
GO
 

03
 

ap
ew
W 

aJ
aM
 

S
J
U
a
W
A
a
M
S
v
a
W
 

sy
] 

‘u
on

wi
s 

iy
dI

] 
as

ou
en

ug
 

Av
g 

sp
iv

zz
ng

 
wo
ld
 

pu
od
as
 

ve 
pu

e 
Av
g 

w
o
s
u
e
d
e
s
e
n
 

ur
 

sj
ai
d 

Aa
en

y 
e& 

wo
dj

y 
au
o 

‘a
pe
w 

21
9M
 

S
J
V
I
W
I
I
N
S
V
I
W
 

UO
TI

OW
 

A
V
M
 

JO
 

Sd
II
IS
 

O
M
]
 



Q
a
I
d
I
S
S
V
T
O
N
N
 

1
0
-
£
0
-
¥
0
0
U
/
T
 

6
1
Z
/
0
0
0
-
A
Z
-
Z
7
N
U
_
 

“O
N 

q
u
a
w
u
d
i
s
s
y
 

YS
V 

L
d
a
 

‘H
 

‘q
d 

‘
3
u
n
u
o
y
s
 

(
s
o
a
e
y
 

U
B
I
I
Q
O
)
 

2d
uU
aj
Nq
in
],
 S
O
M
s
S
t
J
o
I
D
e
I
e
y
y
)
 

o
A
e
M
 

S
I
A
B
M
 

U
L
I
I
O
 

A
u
d
e
s
d
o
u
r
a
0
Q
 

G
a
I
s
I
S
S
V
T
I
O
N
N
 

10
-£
0-
¥0
0U
/T
 

6
1
Z
/
0
0
0
-
A
Z
-
7
Z
7
N
U
 

“O
N 

q
u
a
w
u
s
i
s
s
y
 

N
S
V
L
d
a
N
 “H
 

‘q
d 

‘d
un

uo
ys

 
(
S
o
a
r
 

U
B
I
I
Q
O
)
 

2
d
U
a
T
[
N
q
I
n
 

|
 

SOMsTIaIDVIVYD oAeH SOACM ULIIO 
A
y
d
e
s
d
o
u
e
s
9
9
 

“
S
3
A
B
M
 

ay
) 

UI
YI
TM
 

Ja
js
uB
s2
 

WN
IU
aI
WO
UW
 

Jo
 

WS
sT
UB
Yy
Ia
UI
 

B 
3a
3B
dT
PU
T 

p
e
i
u
a
s
a
i
d
 

s
j
a
p
o
w
 

a
a
v
m
 

[e
dt
ia
yi
od
dy
 

jo
 

sa
ts
as
 

y
 

*u
Ba
d0
 

Ua
do
 

ay
) 

UT
 

s
o
A
E
M
 

PU
IM
 

JO
 

SO
TI
ST
Ja
ID
VI
VY
S 

Iw
ar
nq
in
i 

ay
) 

In
og
e 

al
ow
 

Ul
va
] 

0]
 

JO
Av
ap
ua
 

Ue
 

UT
 

a
p
e
w
 

sa
ip
ni
s 

a
A
e
M
 

UB
aD
0 

A
z
e
u
t
u
n
y
a
i
d
 

jo
 

s3
jn
sa
z 

ay
) 

s
i
u
a
s
a
i
d
 

13
0d
a1
 

sT
uU

L 

d
g
a
I
d
I
S
S
V
T
O
N
N
 

. 
“d
d€
zZ
 

‘
S
9
6
1
 

A
j
n
{
 

*
d
u
n
u
o
y
s
 

*H
 

‘d
c 

4
q
 

‘
S
H
A
V
A
 

N
V
A
D
O
 

A
O
 

S
O
I
L
S
I
U
A
L
O
V
U
V
H
D
 

I
N
A
 

T
I
N
G
U
N
A
L
 

A
H
L
 

N
O
 

S
H
I
G
A
L
S
 

A
U
V
N
I
N
I
T
A
U
d
 

; 
: 

(Z
y€

 
‘O
N 

WL
) 

‘
T
Y
 

S
u
o
d
m
a
n
 

U
O
T
I
B
I
G
 

D
D
I
U
B
U
P
I
O
 

J
o
l
e
M
I
J
o
p
u
/
)
 

[
E
A
B
N
 “
S
O
A
B
M
 

ay
) 

UI
YI
TM
 

Ja
js

uB
]}

 
W
H
I
V
a
W
O
U
W
 

jo
 

W
S
T
U
B
Y
I
a
W
I
 

B 
aI
BS
Tp
UT
 

p
a
j
u
a
s
a
i
d
 

s
j
a
p
o
w
 

a
a
e
m
 

[
e
d
M
a
y
i
o
d
A
y
 

Jo
 

sa
ti

as
 

y
 

‘u
Ba
co
0 

Ua
do

 
ay
] 

Ul
 

S
a
A
B
M
 

pu
ra
 

JO
 

SI
TI
ST
I9
ID
VI
BY
D 

Ju
ar

Nq
in

} 
ay

i 
In
oq
e 

aj
ow
 

ul
va
] 

0]
 

J
O
A
v
a
p
u
a
 

Ue
 

UT
 

a
p
e
W
 

sa
rp
ni
s 

3A
eA
 

UB
II

0 
Ay
eu
rw
ty
ai
d 

jo
 

sa
jn

sa
i 

ay
} 

sj
ua
sa
id
 

y
o
d
a
i
 

s
t
y
 

G
H
I
S
I
S
S
V
 

T
O
N
N
 

*d
d€
z 

‘C
96

1 
At

n{
 

*
S
u
r
u
o
y
s
 

“
H
d
 

4q
 

‘
S
H
A
V
A
 

N
V
A
D
O
 

A
O
 

S
O
I
L
S
I
U
A
L
O
V
U
V
H
D
 

I
N
A
 

I
N
G
U
N
A
L
 

A
H
L
 

N
O
 

S
H
I
G
A
L
S
 

A
U
V
N
I
N
I
T
A
 

Y
d
 

(Z¥E “ON WL) 

‘Ty 

‘uodman 

‘uoreig 

aduvupig 

Jaiemsiapuy) 

[vAeN 

daldIssvVTONN 10-€0-00U/T 

61Z/000-AZ-7ZNU 

“ON 

juawusissy 

YSVLddaA 

“H
 

‘q
d 

‘
3
u
n
u
o
y
s
 

(
S
o
a
u
y
 

UB
Z9
GQ
) 

2
d
u
a
;
N
q
i
n
 

|
 

S
I
I
S
I
I
D
I
I
E
I
V
Y
D
 
a
A
e
/
 

S
a
a
e
 
U
B
Z
I
O
 

A
y
d
e
i
d
o
u
r
a
5
Q
 

G
a
l
s
I
S
S
V
T
O
N
N
 

10
-£
0-
70
0U
/I
 

6
1
Z
/
0
0
0
-
A
Z
-
7
7
N
U
 

“O
N 

j
u
a
w
u
s
i
s
s
y
 

Y
S
V
L
d
a
A
 ‘H
 

‘qd
 

‘d
ur
uo
ys
 

(soar 

UBIIQO) 

FdUa[Nqin]{ 

SO
TI

ST
II

II
VI

VY
D 

J
A
L
/
 

S
S
A
E
A
 

U
R
Z
I
O
 

A
y
d
e
s
g
o
u
r
a
5
9
 

“
S
2
A
B
M
 

3
y
 

UTYIIA 
Jajsuel) 

W
N
I
U
s
W
O
U
 

Jo 
W
S
T
U
B
Y
D
a
M
 

B 
SIBITpUT 

p
a
j
u
a
s
a
i
d
 
s
y
a
p
o
w
 
a
a
e
m
 

[BoTIayIodAy 
jo 

satias 
V
 

*uvad0 
uado 

ay] 
UT 

S
a
A
B
M
 

PUIM 
JO 

S
O
N
S
T
J
a
I
O
V
I
B
Y
D
 

JuarNqini 
ay2 

Inoqe 
asjow 

UIvI] 
O} 

J
O
A
B
A
P
U
A
 

Ue 
UT 

apeUs 
SaTpNis 

a
A
e
M
 
UBIZ0 

A
s
e
u
t
u
t
y
a
i
d
 

jo 
sijnsai 

ayi 
s
j
u
a
s
a
i
d
 

ysodas 
s
t
y
 

GaIAISSVIONN 

*dd€z 
‘S961 

Ajn{ 
°
S
u
r
u
o
y
s
 

*H 
‘ad 

4q 
‘
S
H
A
V
A
 
N
V
A
D
O
 

AO 
S
O
L
L
S
I
U
A
L
O
V
U
V
H
D
 I
N
A
 

I
N
G
U
A
L
 

A
H
L
 

NO 
S
A
I
G
A
L
S
 

A
U
V
N
I
W
I
T
A
U
d
 

(Zye “ON WL) 

*l 
'y 

‘uodman 

‘uorjeig 

aduBUpIO 

JalEMIapuL) 

[eAEN 

“S
2A
BM
 

3U
) 

UT
YI
TM
 

Jo
js

uB
I]

 
WH
IU
VI
WO
U 

jo
 

W
S
T
U
B
Y
I
a
W
 

B 
2I

BS
Tp

UT
 

p
e
i
u
a
s
a
i
d
 

s
y
a
p
o
w
 

a
a
e
m
 

[w
dt

ia
y3

0d
Ay

 
Jo

 
sa
ts
as
 

y
 

*u
ga
d0
 

Ua
do
 

ay
} 

UI
 

S
a
A
B
M
 

PU
IM
 

JO
 

SO
3S

TI
aI

IB
IB

YD
 

JU
aT

NQ
IN

I 
ay

i 
In
og
e 

aJ
ow
 

UJ
va
] 

0}
 

JO
Av
ap
uU
a 

Ue
 

UT
 

ap
EW
 

Sa
Ip

Ni
s 

aA
eM
 

UB
II
O 

Ay
eu
tw
t}
ai
d 

jo
 

si
jn
sa
i 

ay
3 

sj
ua
sa
id
 

yz
od
as
 

st
y]
, 

G
a
l
d
I
S
S
V
 

T
O
N
N
 

“d
d€
z 

‘C
96

1 
Aj
nf
{ 

*
d
u
r
u
o
y
s
 

“H
 

‘d
 

Aq
 

‘
S
H
A
V
M
 

N
V
A
D
O
 

A
O
 

S
O
I
L
S
I
U
A
L
O
V
U
V
H
D
 

I
N
A
 

I
N
G
U
A
L
 

A
H
L
 

N
O
 

S
A
I
G
A
L
S
 

A
U
V
N
I
N
I
T
A
U
d
 

(Z¥E “ON WL) 

‘l 

‘y 

‘u10dman 

“uor1e8IS 

QIUBUPIO 

JoIvMIapuUs) 

[PAPN 



|J
24

S 
ay

] 
JO

 
UO
TI
BN
U|
AI
IE
 

J
a
y
e
o
M
 

ay
} 

Y
M
 

pa
is

ej
ju

o)
 

st
 

yj
da
p 

yi
IM

 
ad
ua
rn
qi
ni
 

aA
eA

 
pu
rm
 

ay
i 

jo
 

s
u
o
n
e
n
u
a
i
e
 

g
u
o
j
s
 

a
y
]
 

‘[
ja
Ms
 

A
O
u
a
n
b
 

-9
1}
 

MO
] 

JY
} 

pu
e 

S
A
A
B
M
 

PU
TA
 

9
}
 

Jo
 

Sa
To
ua
nb
ay
y 

[e
lu
aw
 

-e
pu

nj
 

ay
) 

p
a
d
e
y
d
s
i
p
 

Ay
ie
ay
d 

vs
id
ad
s-
oi
ne
 

a
y
y
 

‘y
id
ap
 

Y
i
m
 

U
O
T
I
e
N
U
|
I
e
 

[w
IJ

Ua
UO

dX
a 

J
u
o
I
s
 

ay
I 

pa
id

aj
as

 
s
u
o
l
0
W
 

a[
oT

3J
ed

 
ay
i 

JO
 

Sa
ou
eT
IB
A 

aY
I 

JO
 

Sa
n{

eA
 

ay
] 

"S
OA

 

-]
2S

Wa
yi

 
SU

OT
IO

W 
SA
BA
 

aY
3 

JO
 

SU
OT
IB
[a
II
OD
 

Aq
 

uW
IN

[O
S 

Ja
Ie
M 

ay
i 

YI
NO
IY
I 

p
a
s
a
j
s
u
v
y
i
 

ai
e 

w
n
j
u
a
w
o
w
 

p
a
y
e
d
u
r
 

-p
ui

m 
jo

 
s
j
u
n
o
w
e
 

ad
se
y 

A
a
A
T
I
V
[
a
I
 

Iw
YI

 
pa

ie
or

pu
r 

s
j
v
o
w
 

-
a
i
n
s
e
o
w
 

A
r
e
u
r
w
i
j
a
i
d
 

a
s
a
y
]
 

‘
s
a
t
i
a
d
o
j
d
 

y
e
s
s
a
d
s
 

a
a
n
 

-d
ad
sa
l 

pu
e 

s
a
d
u
e
t
i
e
a
o
d
 

*s
ad
ue
lI
eA
 

Ja
y)
 

a
u
I
W
e
X
a
 

0}
 

pu
e 

sa
ie

is
 

ea
s 

sn
or

se
A 

ur
 

su
or
io
w 

Ai
rd
O]
aA
 

ap
or

ie
d 

uo
 

vl
ep

 
Yy
sn
oI
 

ur
Te

iq
o 

02
 

S
p
e
W
 

dJ
am

 
S
i
U
o
W
a
I
N
s
v
o
W
 

oy
] 

“u
on
ei
s 

1
4
s
]
 

a
o
u
v
j
u
q
 

A
v
g
 

s
p
s
e
z
z
n
g
 

W
o
y
 

pu
od
as
 

e 
pu
e 

A
v
g
 

w
a
s
u
e
d
e
s
s
e
N
 

ur
 

ja
id

 
A
a
v
y
 

ev 
wo

lj
j 

au
o 

‘
a
p
e
w
 

d1
Ja
M 

S
I
V
I
W
I
I
N
S
E
S
W
 

UO
TI
OW
 

BA
VA
 

JO
 

Sa
TJ
as
 

O
M
]
 

‘]]2AS 
ayI 

JO 
voTIBNUA|IIE 

JayBOM 
ay3 

yITM 
paisesju0S 

st 
yidap 

yITM 
aduUaTNqInI 

sABM 
PuIM 

ay3 
Jo 

suoTIeNU|aIIB 
JuOIIS 

aYT, 
“[JaMs 

ADuanb 
+23] 

MO] 
JY} 

puw 
S
A
A
E
A
 

PUTM 
dyi 

Jo 
SaTouUanbay 

|eluaw 
-epuny 

ay) 
p
a
d
e
y
d
s
i
p
 
Ayseaya 

v3359ads-oine 
a
y
y
 

“yidap 
y
i
m
 
v
o
T
I
e
n
u
a
e
 

J
e
T
U
a
U
O
d
X
a
 
JuoNs 

ay) 
paiarjal 

suOTIOW 
a[IT3IJed 

ayi 
JO 

SADUBTIVA 
JYI 

JO 
SanjeA 

ay] 
"SA 

-]aSWay2 
SUOTIOW 

2AeM 
ay) 

JO 
SUOTIe]aII09 

Aq 
uWNjOo 

JoOIEM 
JYI 

YINOIYI 
pasajsuvl) 

sive 
w
n
i
v
a
w
o
w
 

p
a
i
e
d
w
y
 

-pulm 
JO 

sjunoWe 
adie] 

A
T
a
A
T
I
V
[
 aI
 AVY 

payedtpul 
siuow 

-
a
i
n
s
v
o
w
 

A
i
v
u
i
w
t
j
a
i
d
 
a
s
a
y
]
 

‘satisadoid 
jesioads 

aati 
-oadsal 

pue 
SooueTIVAOD 

*saouUETIvA 
IT9Y) 

QUIWEXA 
0} puv 

Sajuis 
Bas 
SNOTIVA 
UT 
SUOTIOW 
AITDO{9A 
aloTWed 

uo 
Bi¥p 

YSNOI 
uTeIgO 

01 
ap“W 

dJoM 
siUdWdINSvowW 

oy] 
*
u
o
n
e
i
s
 

IysIT 
a
o
u
e
I
U
y
 

A
e
g
 
s
p
J
e
z
z
n
g
 

WOJj 
p
u
o
d
a
s
 

e 
pue 

A
v
g
 
w
o
s
u
e
s
e
i
e
N
 

url 
jaid 

A
A
e
N
 

& 
WOIJ 

auo 
‘opew 

alam 
S
I
U
I
W
I
I
N
S
E
S
W
 

UOTIOW 
J
A
"
 

JO 
SIIJas 

O
M
]
 

*]]@MS 
ay) 

JO 
UOTIBNU|IIB 

J
O
x
B
I
M
 

ay) 
yITM 

PagsBsquoo 
st 

yIdap 
YITM 

aduUaTNqINI 
a
A
B
A
 

PuIM 
ay) 

Jo 
suoTIENUA|IIY 

JuOIIs 
S
Y
]
 

“]]IMS 
A
d
u
a
n
b
 

-33} 
MO] 

JY} 
puw 

S
a
A
v
M
 

PUTA 
dy) 

JO 
S
a
T
o
u
a
n
b
a
y
 

[eIusW 

-epuny 
aya 

padeydstp 
Ayseay> 

wsadads-oine 
ayy, 

“y3dap 

y
i
m
 
v
o
T
I
E
N
u
a
i
e
 
[
e
U
a
U
O
d
x
X
|
 
F
u
o
I
s
 

ayy 
paIsatjas 

s
u
o
T
I
O
W
 
a
p
o
T
I
e
d
 

ayI 
JO 

SaduUBTIVA 
aYyI 

JO 
SaN[eA 

s
y
]
 

"SOA 

-[aSWdY2 
SUOTIOW 

J
A
B
M
 

aYI 
JO 

SUOTIB[aIIO0D 
Aq 

u
W
N
T
O
S
 

JaqeM 
ayi 

YSNosy? 
p
a
s
a
j
s
u
e
i
 

sive 
w
n
j
u
a
w
o
w
 

paasedurt 

-purm 
Jo 

s
j
u
n
O
W
e
 

adIv] 
ATIATIL]AI 

I
Y
I
 
paiworpur 

sjuou 

-
a
i
n
s
e
a
w
 

A
i
e
u
r
w
t
j
a
i
d
 

asayy, 
‘satisadoid 

y
e
s
d
a
d
s
 
o
a
r
 

-dadsai 
pue 

SaduerTivAod 
‘sadueTIvA 

IJTAYI 
S
U
T
W
E
X
S
 

0} 

puv 
saivis 

vas 
snorsea 

ur 
suorjou 

AiTd0]9A 
a
p
o
t
q
e
d
 

uo 
viep 

YINOI 
uTeIgO 

0} 
Apeul 

dJOM 
S
J
U
W
o
I
N
S
e
I
W
 

o
Y
]
 

‘
u
o
n
e
i
s
 

IysIT 
s
o
u
v
s
u
q
 

A
v
g
 
s
p
l
e
z
z
n
g
 

W
o
s
j
 
p
u
o
d
a
s
 

& 

pue 
A
v
g
 
w
l
o
s
u
e
d
e
s
i
e
N
 

ut 
jord 

A
A
e
N
 

& 
W
o
r
 
9
U
O
 
‘
a
p
e
w
 

aIaM 
S
W
a
W
I
N
S
E
I
U
 

UOTIOW 
D
A
E
M
 

JO 
SITIVS 

O
M
T
 

*‘
]]
9M
S 

ay
) 

JO
 

VO
TI
BN
UA
II
B 

J
O
y
B
I
M
 

ay
) 

yI
TM
 

pa
is

ey
ju

od
 

st
 

yi
da
p 

yi
tM

 
ad
ua
rN
qi
n)
 

a
A
B
A
 

pu
rM
 

ay
3 

Jo
 

su
or
je
nu
az
ie
 

J
u
o
i
s
 

a
y
y
 

‘;
ja
ms
 

AD
ua

nb
 

-3
3j
 

MO
] 

JY
] 

PU
e 

S
I
A
E
M
 

P
U
I
 

dy
) 

Jo
 

Sa
To
ua
nb
ay
y 

[e
Iu
aW
 

-e
pu
nj
 

ay
i 

p
a
d
e
y
d
s
t
p
 

Ay
se
ay
o 

v3
39
ad
s-
oi
ne
 

a
y
y
 

‘y
id
ap
 

Y
I
M
 

vO
TI
EN
U|
II
e 

[v
II

Ua
UO

dX
a 

J
u
O
N
s
 

aY
yI
 

pa
ri
da
yj
as
 

S
u
o
I
0
W
 

a]
[d

TI
Je

d 
ay
2 

JO
 

Sa
dU
BT
IB
A 

|Y
I 

JO
 

Sa
nT
eA
 

ay
] 

“S
OA
 

-]
2s
Wa
Yy
I 

SU
OT

IO
W 

S
A
M
 

aY
I 

JO
 

SU
OT
Ie
]a
II
09
 

Aq
 

uW
N]

OS
 

Ja
je

M 
ay

i 
ys
No
IY
yI
 

p
a
s
a
j
s
u
e
l
 

ai
e 

w
n
j
u
a
w
o
w
 

p
a
i
e
d
u
t
 

-p
ur
m 

jo
 

s
j
u
n
o
w
e
 

ad
ie

] 
A
T
A
A
T
I
V
]
 

a
I
 

IV
YI
 

pa
le
oi
pu
r 

s
j
u
a
w
 

-a
in
se
vo
w 

Ai
vu

iw
ij

ai
d 

a
s
a
y
]
 

“
s
a
t
s
o
d
o
s
d
 

j
e
s
s
a
d
s
 

aa
ry
 

-d
ad

sa
l 

pu
ke

 
S
a
o
u
R
T
I
V
A
O
D
 

“S
ao
UR
TI
LA
 

J
a
y
 

A
U
T
W
E
X
A
 

O0
3 

pu
e 

so
jv

is
 

ea
s 

sn
ol

je
a 

ut
 

su
ot
io
w 

A
i
o
o
f
3
a
 

ap
or
ie
d 

uo
 

e
p
 

YI
NO

I 
UT
eI
GO
 

O}
 

a
p
e
W
 

aJ
aM
 

S
J
U
D
W
a
I
M
S
E
a
W
 

s
y
]
 

*
u
o
n
e
i
s
 

3I
ys
IT
 

s
o
u
e
n
u
y
q
 

A
v
g
 

s
p
i
e
z
z
n
g
 

wo
sj
 

p
u
o
d
a
s
 

e 
pu
e 

A
v
g
 

N
a
s
u
e
d
e
s
e
n
 

ut
 

jo
id

 
A
a
e
N
 

ve 
wo
dj
 

au
o 

‘
a
p
e
w
 

dI
aM
 

S
J
U
D
W
I
I
N
S
v
a
W
 

UO
TI

OW
 

BA
LM
 

JO
 

Sd
TI

aS
 

O
M
]
 






