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I NOMENCLATURE

SA free surface area of surfactant film

a surface wave height

SB ship beam

C constant

Ic wave phase speed

E, surface elasticity

Fr Froude number, VI(gLwL)° 5

Sg gravitational acceleration

k wavenurnber

SL, LWL ship length, waterline length

Lww length of the white water wake

n logarithmic slope of pressure-area curve

n propeller revolutions per second

SAW surface tension force at the air-water interface

SAO surface tension force at the air-oil interface

S ow surface tension force at the oil-water interface

V, V. ship speed

SW wake width

L-band SAR operating frequency, 1.2 Ghz

SC-band SAR operating frequency, 5.3 Ghz

X-band SAR operating frequency, 9.4 Ghz

surface tension of clean water

SH surface film pressure

Trmea measured surface tension
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I THE 1989 ONR SHIP WAKE FIELD EXPERIMENT:

HIGH-RESOLUTION SURFACTANT FILM MEASUREMENTS

I 1.0 INTRODUCTION

Full scale measurements and remote observations of surface ships for the purposes of ship

wake detection and classification as in the 1989 ONR Field Experiment show the most ubiquitous

j and persistent wake feature to be a pair of bands of compacted surface-active material aligned

with the ship track along the edges of the turbulent wake [Peltzer et al., 1990, 1992; Kaiser et al.,

1988]. The bands are typically several to tens of meters wide and show a pronounced depression

in surface tension. They typically appear as dark lines aligned at some narrow angle to the ship's

path in synthetic aperture radar (SAR) images of ship wakes. Another prominent feature of the

wake is a long, narrow region of relatively calm water behind the ship that is characterized by

the absence of short wavelength waves. This region is commonly referred to as the "dead" water

or centerline wake region. It is usually several ship beams in width and persists for many ship

I lengths astern of the ship. This region of relatively low radar backscatter is the most consistently

seen wake manifestation in SAR images of ship wakes on the ocean surface [ Vesecky and Stewart,

1982; Lyden et al., 1988; Reed et al., 1990; Gasparovic and Johnson, 1991; Griffin et al., 1992].

Surface tension changes caused by the presence of surface-active films that have been con-

centrated at the edges of the centerline wake by the passage of the ship have been suggested as

j one of the physical mechanisms responsible for these SAR image features [Peltzer et al., 1990,

1992]. Surfactant films strongly affect the propagation of the short gravity and capillary waves

I which interact with electromagnetic waves at both radar and visible wavelengths [Huhnerfuss et

al., 1981]. Surface tension and surface elasticity are the two major physical properties of surfac-

tant films that contribute to short-wave damping. The persistence of these wake features and

their contrast with the surrounding ocean surface depends upon the ship's speed, hull type, and

propulsion systen-, as well as on the chemical and physical properties of the sea surface, air-sea

dynamics and meteorological conditions.

I Techniques are available to measure the mechanical properties, i.e., film pressure and surface

elasticity, of surface-active ocean films. Adam [1937] was the first to use a series of bouyant

calibrated oils to determine the surface tension of sea water in situ. When several oils are dropped

onto the surface of the sea where a film of surface-active material may or may not be present,

some will spread and others will not, and therefore the surface tension of the sea at the test point

can be bracketed between the calibrated values of any two oils in the set. The resolution of the

Manuscript approved December 21, 1992.
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surface tension measurement depends on the differences in the calibrated values of the test oils. 3
The oils also must be dispensed rapidly and close together to identify fine structure in the surface

tension gradients. I
A towable, instrumented catamaran has been developed and deployed by NRL scientists to

measure the cross-wake surface tension distribution after a ship's passage in order to investigate

the physical origins of these bands of compacted surface-active material, and to provide the basis

for predicting the signature of the wake for use in ship and ship wake detection and classification.

This instrument package is named the Surface Tension Measuring System (STEMS). The device

measures surface tension by dropping a sequence of calibrated spreading oils along a straight line

on the water surface and recording their behavior with a video camera. This method provides the 3
necessary spatial resolution to identify the fine structure in the surface tension gradients on the

surface generated by the passage of a ship.

In this report we present a compilation of the cross-wake surface tension measurements

that were obtained with STEMS during the field experiment conducted in January 1989 near 3
Santa Cruz Island, California by the Surface Ship Wake Detection Project of the Office of Naval

Research. One major objective of the ONR Surface Ship Wake Detection Project is to develop a 3
validated capability to predict ship wake detectability for a wide range of ship classes and operating

conditions in a realistic ocean environment. The experiment involved seven Navy combatants I
including a battleship, a cruiser, a destroyer, three frigates, and an auxiliary oiler. The site of

the experiment afforded proximity to a land-based radar facility and an open ocean area suitable

for the operation of an airborne SAR. An overview of the results obtained during the 1989 ONR 3
experiment is given by Gasparovic and Johnson [1991].

The present program of wake measurement experiments was conducted to examine the in- 3
fluence of ship operating parameters and environmental conditions on the origin and persistence

of these ship-generated surfactant bands. These cross-wake surface tension profiles, together with 3
the surface film pressure-area and elasticity data also presented here, allow us for the first time

to predict with some confidence the changes in wave energy due to these surfactants for a given 3
radar wavelength band. To accomplish these predictions we have developed a model which uses

the time series of surface tension together with the film pressure-area and elasticity data from a 3
Langmuir trough, and the wind velocity and direction as inputs to compute cross-wake profiles

2 I



or two-dimensional maps of wave energy decay for a given radar wavelength. In a series of recent

papers [Peltzer et al., 1990, 1992; Milgram et al., 1993ab] the development of this model has

been described, some results for wave energy decay obtained with the model have been presented

for selected radar wavelengths, and these results have been compared to airborne SAR image

intensity measurements obtained during the ONR experiment.

2.0 BACKGROUND

2.1. Surface-Active Film Materials

The surface-active (surfactant) materials that are found in all natural water bodies are chemi-

cals which are by-products of plant and animal life. The term surfactant means that the long-chain

carbon polar-organic chemicals which constitute these materials have a natural affinity for the free

surface of the water in which they reside. Typically, the molecules have an acid, alcohol, ketone

or other water-soluble radical on one end, which makes that end of the molecule hydrophilic. The

opposite end is very similiar to a pure hydrocarbon, which is insoluble in water and is hydropho-

bic. Because of the polar nature of these substances, when they reach the water surface they find

a preferred state in which the hydrophobic end of the molecule removes itself or sticks out from

the water.

Surface-active materials have an affinity for the ocean surface. A small increase in the surface

concentration of the materials at the interface can lead to significant capillary and small surface

gravity wave (5 20 cm wavelength) damping. When these surface-active materials are compacted,

they form a surface-elastic film. A propagating wave alternately stretches and compresses the

monomolecular film of material, which then decreases and increases the surface concentration.

This process increases the surface tension in opposition to the wave propagation. Thus the viscous

damping and viscoelastic damping are much higher than the viscous damping for a clean surface.

Films can become concentrated enough to attenuate surface waves when they are compacted by

horizontal convergences due to current field variations at the ocean surface. The currents that

are most likely to compact the surfactant films within a ship's wake are the transverse currents

generated by flow around the hull or currents associated with the breaking bow and stern waves.

3
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Photographs of the surface wake [Peltzer, 1984] suggest that the surfactant material is being U
organized into these bands by rising bubbles generated in the breaking bow wave which then

scavenge the surfactants from the water column. Surfactant material also can be transported

rapidly to the water surface by adsorption at the air-water interface of rising bubbles generated

by air entrainment around the ship's hull, in the breaking stern and shoulder waves and in the

propeller wake flow. As these bubbles burst when they reach the air-water interface, the scavenged

material is merged with that already adsorbed on the water surface [Skop et al., 1991]. These

bubbles are also concentrated by the horizontal convergences in the wake flow behind the ship;

this is an additional mechanism which should enhance surfactant concentrations in the surface

convergence zones. Surface velocity measurements [Kaiser et aL, 19881 suggest that a displacement j
hull sheds a pair of vortices which generate cross-wake surface currents, and, consequently, move

any bubbles and surface-active materials present at the surface away from the center of the wake

and toward the wake edges.

2.2. Surface Ship Wake Hydrodynamics

In this section we describe the wake of a surface ship in terms of the physical phenomena U
that are observed both visually and by means of various remote sensing systems, paying particular

attention to those processes that modify the short surface waves in the wake. A photograph of a I
prototypical surface ship wake is shown in Figure 1. The wake is composed of white water, the

viscous or turbulent wake, the propeller wake, and the Kelvin wake. The white water generally

originates at the bow, is reinforced at the stern, and extends aft of the ship for several ship lengths.

The viscous wake extends many ship lengths aft from the stern of the ship and incorporates the

flow moving in the direction of the ship's travel due to the viscous drag, as well as large-scale I
vortical flows and turbulence. Embedded within the viscous wake is the propeller outflow or

propeller wake. Superimposed over this is the classical Kelvin wave pattern or Kelvin wake. The

Kelvin wake is also the source of many of the viscous wake manifestations. It is in fact the breaking

bow and stern waves from the Kelvin wave system that contribute significantly to the white water 3
regions at the bow and stern. Interactions between the Kelvin wave system and the ambient

surface wave field generate steepening and breaking events at all wavelength scales. These wake 3
manifestations lie upon the ambient seaway made up of swell, wind waves, and short gravity and

4
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I
capillary waves, all of which confuse the picture even more. Reed et al. [1990] have presented an U
extensive discussion of the hydrodynamics of remotely sensed surface ship wakes, and the reader

is referred to that paper for further information on that particular topic. I
When describing the processes that influence short waves in the wake, it is useful to separate 3

the wake into two distinct regions. The rear-field wake region extends several ship beams off t,

each side of the ship and approximately six to eight ship lengths aft of the ship, and the region that

extends further aft is the far-field wake. The near-field wake can be thought of as the region where

surface foam, subsurface bubb!<, strong transverse and axial currents, and strong turbulence and 3
vorticity are generated and whore the most rapid changes in these features occur. The short waves

are scattered to different wave numbers by the currents, vorticity, and turbulence in this region 3
in addition to being diffracted by the strong mean currents TPhillips, 1958; Skop et al., 1990].

The turbulence also extracts significant energy from the short waves [Olmez and Milgram, 1990;

Kitaigorodskii and Lumley, 1983]. Rising bubble plumes also generate turbulence and surface

currents in addition to scavenging surface-active materials to the surface from within the water 3
column. At the edges of the wake there are velocity convergence zones where the strong transverse

currents merge with the relatively stationary ambient water. The surface-active material on the I
surface is redistributed by the currents and concentrated in these convergence zones [Peltzer et

al., 1990]. The short waves can be significantly attenuated in these regions of increased surface U
concentration [Garrett, 1967; Dorrestein, 1951].

In the near-field wake, an initial region of the viscous and propeller wakes is a region of

high angular divergence of foamy, turbulent, white water directly aft of the ship's stern, generally

outlined by what appears to be a spilling-type breaking stern wave (see the photograph in Figure

1). There are several additional sources of highly energetic white water and turbulence in the

near-field wake. The bow and shoulder waves that are generated by the ship's motion break,

producing white water and turbulence when the wave steepness ak (where a is wave amplitude

and k is wave number), is greater than about ak = 0.30 [Ramberg and Griffin, 1987; Bonrnarin,

1989]. The region adjacent to the ship's hull produces foam, bubbles and turbulence because of 3
the frictional drag forces at the surface of the hull. A recent photographic analysis by Peltzer

[19841 de reloped empirical relations for the length (Lww) of the foamy white water region. These

empirical relations indicate that the length of the white water region is a function of the Froude

I
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I number (F-- = Vs/(gLwL) 0 '5, where Vs is the ship speed, g is the gravitational acceleration, and

LWL is the waterline length) or the ship's propeller revolutions per second (n). Energy input to

I the short waves by the wind in the near-field wake is small compared to their dissipation by the

highly energetic turbulence.

The far-field wake is that region where the variations in the foam, viscous, propeller, tur-

I bulence, and vortical features of the wake decay are relatively slow. Wind-induced short-wave

growth [Plant, 1982; Mitsuyasu and Honda, 1982] and nonlinear wave/short wave interactions

3 [Hasselmann, 1962] become dominant in the modified wave field in the far-field wake, although

there is still some weak turbulence/short wave interaction. Consequently, the surface roughness

3 characteristics gradually return to those of the surrounding ambient surface. Measurements have

shown that subsurface bubble wakes can persist for an hour or more after the passage of a ship

3 [National Defense Research Committee, 1946]. This implies that there may still be some continued

scavenging of surface-active materials by the rising bubbles. Weak transverse currents generated

3 by a pair of bilge vortices in some instances may continue to redistribute and compact the sur-

factant materials within the wake. The bands of redistributed surfactant material created by the

3 wake flows are highly persistent and continue to damp the short waves as they propagate through

the bands. Significantly more ene,-gy is extracted from the waves than is input by the wind and

* nonlinear interactions in these bands.

3 2.3. Remote Sensing Applications

Remote sensing of these ship-generated surfactant bands with a SAR depends on the interac-

tion of the electromagnetic waves with the Bragg-resonant short waves in the region of the bands.

The physicochemical properties of the surfactant films in these bands attenuate the short waves

and also block their formation or reformation by wind. The damping of these short waves reduces

the Bragg scattering in the films compared with that of the surrounding clean water, and the film

bands appear dark in SAR images. These films can reduce the radar cross section of the surface

3 by as much as 15 dB depending on the concentration and elastic properties of the film and on

the radar wavelength. In sunglint images, the surfactant films appear as bright, double bands. In

3 light to moderate winds (< 6 knots or 3 m/s) these surfactant films are highly persistent.

7I
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An example of the reduced radar return in the centerline wake is shown in Figure 2 which 3

is an airborne SAR image obtained during one of the runs of the ONR experiment near Santa

Cruz Island. Figure 3 is an aerial photograph of the surface wake pattern taken 100 minutes after 3
a Navy ship passed by during one of the experimental runs. The dark lines outlining the edges

of the wake are ship-generated bands of compacted surfactant material. The surfactants in these I
bands have completely damped the short waves and have eliminated specular reflections of the

sunlight in these regions. n

3.0 SURFACTANT FILM MEASUREMENTS I
3.1. Surface Tension Measurement by Spreading Oils 3

Several techniques have been proposed to measure the mechanical properties of ocean surfac-

tant films in situ (e.g., capillary wave damping, laser second-harmonic generation, and spreading 3
oils), but only the use of spreading oils has been successful thus far. Adam [1937] was the first

to use a series of buoyant calibrated oils to determine the surface tension of sea water in situ. I
More recently, this technique has been described by Garrett and Duce [1980]. When several oils

are dropped onto the surface of the sea where a film of surface-active material may or may not I
be present, some will spread, while others will not, and therefore the surface tension of the sea at

the test point can be bracketed between the calibrated values of any two oils in the set. Figure 4

illustrates a spreading oil (Figure 4a) and a nonspreading oil (Figure 4b) on the water surface. The

straight white lines are toothpicks that were used to apply the oils to the surface. The resolution

of the surface tension measurements depends on the differences in the calibrated values of the test 3
oils. The oils must also be dispensed rapidly and close together to identify fine structure in the

surface tension gradients. For the 1989 Field Experiment we refined this technique to provide the 3
ncccssary spatial resolution and prepared a set of 23 spreading oils to cover the surface tension

range from 44 to 73 mN/m. The preparation and calibration of these oils and the principle by 3
which these oils work is described below.

The spreading oils were made from a pure nonspreading paraffin oil into which precisely 3
controlled trace quantities of a pure surface-active compound, dodecanol, were dissolved. Different

batches of commercially available paraffin oil already contain traces of surface-active components, U
so each set of spreading oils must be calibrated - they cannot be made reliably by following the

8
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a) Spreading Oil

I
a
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* b) Non-Spreading Oil

Figure 4. Video image of (a) spreading and (b) nonspreading oil distribution.
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approach employed for an earlier set. Calibrations were carried out using the Langmuir trough I
facility of the NRL Chemistry Division and can be more easily discussed in terms in terms of

film pressures. Film pressure (Hl) is defined as the difference in surface tension calculated by

subtracting the surface tension of water covered by a film (rmeas) from the surface tension of

clean water (a), or II = a - "rmeu.

The surface tension (and therefore the film pressure) was varied in the Langmuir trough

instrument by compressing or expanding a monolayer film of oleyl alcohol surrounding the oil to

be calibrated. The plateau film pressure (at which the oil drop had expanded to a thin disc that

could be varied in diameter by expanding or compressing the monolayer while still maintaining a

constant film pressure) was the assigned equilibrium spreading pressure (ESP) of the oil. For oil 3
drops of approximately 20 mg the diameter was approximately 3 cm at the ESP value.

The principle by which these oils work is illustrated in Figure 5. SAW is the surface tension I
at the air-water interface, SAO is the surface tension at the air-oil interface, and Sow is the oil-

water interfacial tension. Since SAO and Sow are reduced by adding a surface-active compound I
to the paraffin oil, a series of oils with varying spreading characteristics can be prepared. If SAW

> (SAocosA + SowcosB), the oil will spread. Organic surface-active films on water will reduceI

SAW. As the oil becomes thinner by spreading, both cosA and cosB approach the value of unity, 3
and the force balance required for continued spreading becomes SAW > (SAO + SOW). When the

colorless oil spreads to a thickness in the 500 to 700 nm range, interference colors can be observed 3
visually from a distance. To make a measurement, oils with progressively higher concentrations

of dodecanol are dropped onto the surface until one is observed to spread.

The resolution of the measurement in surface tension depends on the ambient surface tension.

Table 1 gives the spreading pressures for the 23 oils used in the Field Experiment. The resolution 3
is nominally the difference in pressure between adjacent oils, which is tabulated in column 3

of Table 1. Note that at high surface tensions (near the clean water values) the resolution is i
nearly 0.16 mN/m, but reduces to several milliNewtons per meter at very low surface tensions.

The spreading pressures were intentionally graduated this way to optimize the resolution of the I
measurement to the physical processes involved.

3.2. Determination of Physicochemical Properties

12 I
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I

TABLE 1. Spreading Oils I
I

Oil Number Surface Tension Difference I
1 73.03 0.16

2 72.87 0.15

3 72.72 0.16

4 72.56 0.16

5 72.40 0.14

6 72.26 0.18

7 72.08 0.16

8 71.92 0.16

9 71.76 0.13 3
10 71.63 0.28

11 71.35 0.34 3
12 71.01 0.17

13 70.84 0.31 3
14 70.53 0.53

15 70.00 0.67 1
16 69.33 0.62

17 68.71 2.09

18 66.62 1.99

19 64.63 2.64 I
20 61.99 1.17

21 60.82 7.42 I
22 53.40 8.85

23 44.55

14 I
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I The important property of a surfactant film which governs the wave damping is its elasticity

E.. However, we did not measure this in situ but determined it indirectly as follows.

1 We collected samples of water during the experiment and then transported them back to

NRL for measurement in the Chemistry Division's Langmuir trough. The measurement consists

of determining the pressure-area relationship for the surfactant, from which its elastic properties

are calculated. This procedure is described in detail by Barger and Means [1985] and is outlined

here. The surfactant material in the sample adsorbs to the surface in a few hours and forms a thin

3 film. The free surface area (A) containing the film is decreased slowly by moving a barrier along

the surface as the surface tension Tmeng is measured with a Wilhelmy plate. The Wilhelmy plate

3 technique uses a flame-cleaned thin platinum plate which is held over the filmed water surface. It

is carefully and slowly brought into contact with the film and a meniscus forms which then exerts

a downward force on the plate. The surface tension force is measured with a strain gauge, and the

system is carefully calibrated against known liquids. This procedure generates the function r(A).

3 The measured surface tension rmeas is related to the underlying clean water surface tension (a)

and the pressure II exerted by the surfactant film by the relationI
3 Tmeas a- UI. (1)

The elasticity of the film is defined as

|dli di
ES = -Ad-I = dlnA)" (2)

dA d(lnA)

Thus by taking the negative of the logarithmic slope of the 11(A) curve measured in the Langmuir

trough, we obtain the function E,(A). From the measured H(A) relation we then obtain

I
E = E.(Hl), (3)

since both E.(A) and II(A) are single valued over the range of values of 1I encountered in the

Field Experiment (0 to 30 mN/m).

I
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In order to determine the elasticity E. by this method we make the assumption that the 3

surfactant material adsorbing at the surface of the water sample in the laboratory has the same

physical properties as that which had adsorbed on the sea surface. Hundreds of film samples

collected by various techniques, including screens and rotating glass drums which sample a layer

of the order of microns near the surface, have shown remarkably similar pressure-area relations I
[Barger and Means, 1985; Barger et al., 19881. In addition, surface chemists define the reciprocal

of the elasticity as the coefficient of compressibility. Compressibility measurements for 52 film U
samples from Atlantic surface, bulk, and deep water and Chesapeake Bay water are reported by

Barger and Means [1985] and also show remarkable similarities in behavior.

However, there is the possibility that mechanical and chemical reactions occur on the ocean

surface which may alter the mechanical properties of the surfactant film. The two most likely

possibilities are photochemical reactions due to the ultraviolet component of the solar spectrum

and working of the film due to the continual compaction and expansion caused by the passage

of surface waves. Furthermore, in calm conditions the surface constituents may not have the 3
same relative concentrations as those in the sampled water column. At present there is little or

no evidence to address these issues, so we are reasonably confident in the relationship given by 3
equation (3) to determine the elasticity of films on the the ocean surface.

3.3. The Surface TEnsion Measurment System (STEMS)

STEMS is a small catamaran which is towed by a host vessel from a boom off the forward port

side of the vessel. The R/V Garnet Banks, an ex-Navy YTB class tug, was the vessel employed

during the 1989 ONR Field Experiment. A photograph of STEMS taken during its deployment I
is shown in Figure 6. In this configuration it is 2 m wide, 3 m long, and weighs approximately

135 kg. The photograph shows the STEMS as it is being towed at one knot (0.5 m/s) through I
a compacted surfactant film band at the edge of a Navy ship wake. The smoke flare was used

to mark the location of the edge of the wake during the experiment. Note the absence of short

waves in the film band compared with the water surface outside the band. Figure 7a shows the 3
towing configuration employed in the ONR experiment. The STEMS needs to be outside of any

disturbance created by the host vessel, so it has a movable rudder to control its distance away 3
from the towing vessel. In all cases it must sample an undisturbed water surface. Maximum tow

I
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speed depends on sea conditions and wind, but generally a tow speed of one knot (0.5 mi/s) was

found to give reliable performance of STEMS.I
3.4. Operations Using STEMS

IFor the operations during the ONR experiment we positioned the R/V Garnet Banks either

north or south of the wake produced by the passing Navy ship, about 100 to 200 m off-track

before the scheduled start of the individual test runs. As the Navy ship approached, we moved

toward its track and towed STEMS across the wake, intending to follow the serpentine pattern

shown in Figure 7b. Our tow speed was about one knot (0.5 m/s), so that in the time allocated

"3 for each run (approximately 50 min) we could only make three to four wake crossings. If the sea

became too rough, turbulence and splashing within STEMS made observation of the spreading

oil behavior difficult to impossible.

The device measures the surface tension in situ by dropping 22 calibrated spreading oils on

the water surface from individually regulated channels. Each oil represents one surface tension

value, so if one oil spreads and the next one does not, the in situ surface tension is bracketed

between the values of the two spreading oils. In some cases a drop of oil will neither spread

nor not spread, but will oscillate instead. Presumably its spreading pressure is almost exactly

the value of the surfactant film and the oscillation occurs because the ambient surface tension

oscillates about a mean value due to alternate surface compactions and expansions induced by

II the passage of surface waves. The dropping of each individual oil is controlled from the ship, and

a permanent video record of its spreading behavior is obtained for later analysis.

One reading of surface tension was typically obtained every 1 to 2 s when the winds were

under 5.5 m/s, and less frequently for higher wind speeds. This gave a cross-wake resolution of 0.5

to 1.0 m in the lighter-wind runs. The down-wake resolution was highly wviable but averaged 50

m. The resolution in surface tension varied from 0.16 mN/m to a few millinewtons per meter based

on the differences in spreading pressures of the oils (see Table 1). Through the first 9 days of the

3 Field Experiment (January 23 to January 31), the oil number in the table corresponded directly

to the channel number on the STEMS. Channels 5 and 8 did not work throughout the entire test,

3 and channel 22 worked only on the final 2 days of the Field Experiment (January 31 and February

1). Oil 23 was used on the final day of the test (February 1) in place of oil 1. It was unfortunate

I
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that oils 22 and 23 were not working or available during most of the Field Experiment, because I
we could not establish the maximum value of the surface tension decrease in certain region& of

both the ship generated -nd am',ient surfactant bands. If we assume that the physical properties

of the compacted surfactant material in the bands were similar throughout the Field Experiment,

we know that the maximum surface tension decrease in the bands varied between our measured

value of 11.3 mN/m and some value greater than 27.2 mN/m. There were regions where oils

21, 22, and 23 did not spread when they were used on the final day (February 1) of the Field

Experiment, and in addition, oils 21 and 22 did not spread during portions of the measurements

on January 31. All of the film pressure - area curves we have examined so far (January 26, 28,

29) have similar characteristics, which suggests that the physical properties of the surfactant films

are indeed similar on a day to day basis. Furthermore, measurements of surface film pressures

of surface-active organic matter generated by marine phytoplankton typically range between 20

mN/m and 30 mN/m [Frew et al., 1990]. Considering all of the above, we can confidently assume

that the maximum surface film pressure in the film bands varied somewhere between 11.3 mN/mi

and 30 mN/m. I
3.5. PMTC Tracking Data Plots ana STEMS Velocity Histories

The PMTC tracking data plots showing the location of the R/V Garnet Banks (and the towed I
STEMS) in one minute intervals during the Runs were provided to NRL by the Johns Hopkins

University Applied Physics Laboratory (JHUAPL). Figures 8 through 11 show the PMTC tracking I
plots of the STEMS location during Runs 1, 2, 3, and 4 on Jan. 28, 1989. The procedure used

to obtain the velocity of the STEMS from the plots during these one minute intervals was fairly

simple. Tables 2 through 5 contain the tabulated velocities of the STEMS during these four

Runs. The physical distances between the minute markers (times listed in column 2) on the plots

were measured with a ruler and/or plan measure and tabulated. Wilh the inches to meters scale

provided on the plots, the conversion of these distance values to velocity values (X meters travelled

in 60 seconds) was direct (velocities listed in column seven). Any deviation of the STEMS heading

from true north or south were measured (column six) and the velocities were then adjusted to

reflect these differences (column five). An estimate of the ambient surface drift velocity of the 3
wake was then made by measuring the relative displacement of the wake centerline from the

I
20 I



I
I

N 150 Yds/In.

f\SECEX:
T PHASE: RUN: I

:50 COMIEX: 89- 28/03:~30:00

FINEX: 89- 28/08:30:00

*-(*GARNEr am4Ks

I
tAJ

03

I
3 8:40

I .

:20I

I LONGITUDE

I
STEMS Location, Jan. 28, 1989, Run 1, Legs 1, 2, 3, 4, Ship Speed = 12 kts
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TABLE 2. STEMS velocities during Run II
Jan 28, 1989 Local Velocity Surface Velocity Heading Original
Run 1 Time (m/s) Wake Drift Corr. for Deviation Velocity

Velocity Heading from 0,180 (m/s)
(m/s) (m/s) degrees (PMTC)

(PMTC)

Jan 28 8:45-8:46 0.931 0.070 0.861 0.0 0.861
Run I 8:46-3:47 0.804 0.070 0.734 15.0 0.759
Leg 1 8:47-8:48 0.688 0.070 0.618 16.0 0.624

8:48-8:49 0.668 0.070 0.618 16.0 0.624

Jan 28 8:51-8:52 0.912 0.030 0.942 0.0 0.951
Run 1 8:52-8:53 0.728 0.030 0.758 8.0 0.759
Leg 2 8:53-8:54 0.822 0.030 0.852 9.0 0.861

8:54-8:55 0.590 0.030 0.620 3.0 0.642

Jan 28 8:57-8:58 0.230 0.050 0.180 30.0 0.208
Run 1 8:58-8:59 0.522 0.050 0.472 10.0 0.477
Leg 3 8:59-9:00 0.623 0.050 0.573 5.0 0.579

9:00-9:01 0.526 0.050 0.476 5.0 0.477
9:01-9:02 0.652 0.050 0.602 0.0 0.609
9:02-9:03 0.600 0.050 0.550 5.0 0.564

Jan 28 9:08-9:09 0.733 0.050 0.783 13.0 0.801
Run 1 9:09-9:10 0.672 0.050 0.722 0.0 0.729
Leg 4 9:10-9:11 0.505 0.050 0.555 0.0 0.564

9:11-9:12 0.745 0.050 0.795 7.0 0.801
9:12-9:13 0.596 0.050 0.646 6.0 0.654
9:13-9:14 0.534 0.050 0.584 15.0 0.609
9:14-9:15 0.630 0.050 0.680 10.0 0.683
9:15-9:16 0.591 0.050 0.641 0.0 0.638
9:16-9:17 0.548 0.050 0.598 0.0 0.594

I
I
I
I
I
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TABLE 3. STEMS velocities during Run 2 I
Jan 28, 1989 Local Velocity Surface Velocity Heading Original
Run 2 Time (mis) Wake Drift Corr. for Deviation Velocity I

Velocity Heading from 0,180 (m/s)
(m/s) (m/s) degrees (PMTC)

(PMTC)

Jan 28 9:31-9:32 1.054 0.00 1.054 6.0 1.083
Run 2 9:32-9:33 0.868 0.00 0.868 21.0 0.941
Leg 1 9:33-9:34 0.668 0.00 0.668 27.0 0.762 I

9:34-9:35 0.680 0.00 0.680 10.0 0.702
9:35-9:36 0.825 0.00 0.825 8.0 0.842
9:36-9:37 0.648 0.00 0.648 16.0 0.682 3

Jan 28 9:39-9:40 0.558 0.150 0.708 4.0 0.722
Run 2 9:40-9:41 0.694 0.150 0.844 0.0 0.842
Leg 2 9:41-9:42 0.405 0.150 0.555 20.0 0.702 i

9:42-9:43 0.243 0.150 0.393 38.0 0.502

9:43-9:44 0.470 0.150 0.620 4.0 0.621
9:44-9:45 0.446 0.150 0.596 0.0 0.601 I
9:45-9:46 0.338 0.150 0.488 17.0 0.521

Jan 28 9:49-9:50 0.677 0.080 0.597 5.0 0.601
Run 2 9:50-9:51 0.552 0.080 0.472 0.0 0.481
Leg 3 9:51-9:52 0.534 0.080 0.454 0.0 0.461

9:52-9:53 0.587 0.080 0.507 21.0 0.541
9:53-9:54 0.444 0.080 0.364 23.0 0.401 I
9:54-9:55 0.641 0.080 0.561 15.0 0.581

2
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TABLE 4. STEMS velocities during Run 3

Jan 28, 1989 Local Velocity Surface Velocity Heading Original
Run 3 Time (m/s) Wake Drift Corr. for Deviation Velocity

Velocity Heading from 0,180 (m/s)
(m/s) (m/s) degrees (PMTC)

(PMTC)

Jan 28 10:18-10:19 0.945 0.056 0.889 11.0 0.915
Run 3 10:19-10:20 0.755 0.056 0.699 20.0 0.755
Leg 1 10:20-10:21 0.681 0.056 0.625 23.0 0.679

10:21-10:22 0.256 0.056 0.200 23.0 0.21410:22-10:23 0.606 0.056 0.550 8.0 0.558

Jan 28 10:25-10:26 0.980 0.130 1.110 6.0 1.121
Run 3 10:26-10:27 0.700 0.130 0.830 11.0 0.848
Leg 2 10:27-10:28 0.571 0.130 0.701 22.0 0.763

10:28-10:29 0.649 0.130 0.779 15.0 0.799
10:29-10:30 0.719 0.130 0.849 13.0 0.875
10:30-10:31 0.571 0.130 0.701 11.0 0.719
10:31-10:32 0.601 0.130 0.731 11.0 0.741

Jan 28 10:36-10:37 0.969 0.167 0.802 11.0 0.822
Run 3 10:37-10:38 0.769 0.167 0.602 11.0 0.612
Leg 3 10:38-10:39 0.855 0.167 0.688 11.0 0.701

10:39-10:40 0.715 0.167 0.548 11.0 0.558
10:40-10:41 0.671 0.167 0.504 0.0 0.505
10:41-10:42 0.540 0.167 0.373 0.0 0.375

Jan 28 10:45-10:46 0.843 0.090 0.933 0.0 0.933
Run 3 10:46-10:47 0.475 0.090 0.565 12.0 0.580
Leg 4 10:47-10:48 0.590 0.090 0.680 8.0 0.688

10:48-10:49 0.507 0.090 0.597 4.0 0.603
10:49-10:50 0.479 0.090 0.569 4.0 0.571
10:50-10:51 0.455 0.090 0.545 12.0 0.563
10:51-10:52 0.424 0.090 0.514 12.0 0.522
10:52-10:53 0.378 0.090 0.468 12.0 0.478

2
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TABLE 5. STEMS velocities during Run 4

Jan 28, 1989 Local Velocity Surface Velocity Heading Original
Run 4 Time (m/s) Wake Drift Corr. for Deviation Velocity I

Velocity Heading from 0,180 (m/s)
(m/s) (m/s) degrees (PMTC)

(PMTC)

Jan 28 11:06-11:07 0.820 0.140 8.0 0.680 0.691
Run 4 11:07-11:08 1.001 0.140 8.0 0.861 0.881
Leg 1 11:08-11:09 0.940 0.140 0.0 0.800 0.804 I

11:09-11:10 0.549 0.140 17.0 0.409 0.432
11:10-11:11 0.628 0.140 17.0 0.488 0.512
11:11-11:12 0.729 0.140 5.0 0.589 0.589 I
11:12-11:13 0.612 0.140 0.0 0.472 0.476

Jan 28 11:17-11:18 0.533 0.075 5.0 0.608 0.613
Run 4 11:18-11:19 0.463 0.075 5.0 0.538 0.509
Leg 2 11:19-11:20 0.321 0.075 15.0 0.396 0.414

11:20-11:21 0.559 0.075 15.0 0.634 0.655
11:21-11:22 0.518 0.075 4.0 0.593 0.595 I
11:22-11:23 0.318 0.075 22.0 0.393 0.429

11:23-11:24 0.386 0.075 16.0 0.461 0.479
11:24-11:25 0.370 0.075 4.0 0.445 0.446
11:25-11:26 0.399 0.075 9.0 0.474 0.479

Jan 28 11:29-11:30 0.659 0.090 0.0 0.569 0.568
Run 4 11:30-11:31 0.509 0.090 0.0 0.419 0.417
Leg 3 11:31-11:32 0.775 0.090 3.0 0.685 0.685

11:32-11:33 0.584 0.090 8.0 0.494 0.497
11:33-11:34 0.490 0.090 8.0 0.400 0.408 i
11:34-11:35 0.600 0.090 20.0 0.510 0.542
11:35-11:36 0.449 0.090 28.0 0.359 0.408
11:36-11:37 0.611 0.090 11.0 0.521 0.533

I
I
I
I
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I original track during the Run. The final estimate of the STEMS velocity after these corrections

were applied are listed in column three. The largest source of error in the velocity estimates is the

I correction for the surface drift. They can lead to as much as a 10 percent uncertainty in some of

the cross-wake distance scales on the cross-wake surface tension, film pressure and elasticity plots

I as well as the surfactant wake width estimates.

3.6. Summary of the STEMS Data Base Archive

Table 6 summarizes the STEMS data base from the Field Experiment. All of the processed

runs are listed as well as the number of wake crossings completed during that run. Good data

g were collected during a total of fifteen test runs. These runs covered four different ship types,

an FF, FFG, DDG, and TAO. Supporting information for each of these runs has been assembled

3 into wake crossing data tables. Tables 7 and 8 list the information corresponding to Runs 1 and

3, and 2 and 4, respectively, on the 28th of January. A very short summary of the data included

in the data notebooks that accompany this report is presented here. The data base for each of

the runs in the data notebook includes:

U 1. Wake crossing data table.

2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship.

3. Surface tension and film pressure vs. area graphs for the water samples collected during the

* test.

3. Cross-wake surface tension vs. time plots of the STEMS data.

5. Cross-wake surface tension, film pressure and elasticity vs. cross-wake distance plots of the

STEMS data.

I 6. PMTC tracking plots of STEMS location during the run.

* 7. Tabulated listings of all the data files used to generate the graphs contained in the notebooks.

A more detailed and complete listing and description of the files and data plots is contained

* in Appendix

* 4.0 SURFACE WAKE MEASUREMENT RESULTS

4.1. Surface Tension and Film Pressure Measurements
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I
The STEMS data processing consists of playing back the video tapes several times and

recording the spreading behavior of each oil. In this manner the dividing line between spreading

and nonspreading of the oils is determined as a function of time on the video. Readings are made

each second. The time series of surface tension is then input to a computer together with the

film pressure-area and elasticity data from the Langmuir trough. Also, wave damping coefficients

(as a function of elasticity for a given surface wavelength) can be calculated. Finally cross-wake

I profiles or two-dimensional maps of surface tension, film pressure, elasticity, and wave damping

* can be generated for a given surface wavelength.

We present here in Figures 12 through 15 and 17 through 20 the cross-wake surface tension

3 profiles for eight runs during the 1989 Field Experiment. The first four runs were made on January

28 by a Navy destroyer (DDG 996) at speeds of 12 (6.2 m/s), 25 (12.9 m/s), 18 (9.3 m/s), and 25

(12.9 m/s) knots. The second four runs were made by a Navy frigate at speeds of 12 (6.2 m/s), 25

(12.9 m/s), 18 (9.3 m/s), and 20.5 (10.55 m/s) knots on January 31. The winds were 5 - 12 knots

3 from the northeast on January 28 and 0 - 4 knots from the southeast on January 31. The sea

surface was dominated by small wind waves, and there were some small, visible ambient surface

slicks on January 28, whereas the sea surface was almost glassy calm and covered by large, visible

ambient surface slicks on January 31.

3 We include here for each of the wake crossings the measured surface tension profiles across the

wake. The corresponding film pressure profiles can be calculated using equation (1) with a taken

as the surface tension measured in the clean water well outside of the wake. The film pressure

directly relates our field measurements to the laboratory-determined elasticity. The approximate

time to the wake centerline is the amount of time that elapsed after the target ship passed before

STEMS reached the wake centerline during each of the data crossings. Multiplying this time value

by the target ship's speed gives the corresponding distance aft at which each of the crossings wcre

made. All crossings are plotted so that the water south of the wake (0.0 ir) is at the left of the

figure. The wake edges are defined as the location of the edge of the outermost foam bands in the

3 video record made by the STEMS as it crossed the wake and/or the region corresponding directly

to the sudden decrease (or increase) in surface tension measured by the STEMS as it entered (or

3 exited) these outermost surfactant bands aligned with the turbulent wake. The wake widths were

determined by multiplying the speed of the towed STEMS platform by the total time it took the

I
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I
STEMS to cross the wake. Wake widths determined by this method are only as accurate as the

Pacific Missile Test Center (PMTC) tracking data used to determine the speed of the STEMS

during the measurements. Surface currents that sometimes were found to advect the wake in a

northerly or southerly direction were accounted for in the analysis.

We were not able to measure the minimum surface tension value in certain regions of the i
crossings. For the crossings shown in Figures 12 through 15, we have assigned an arbitrary value

of 60.0 mN/in to those regions where oil 21 did not spread and in Figures 17 through 20, we have I
assigned a value of 50 mN/in to those regions where oil 22 did not spread. These values are only

slightly less than the measured values of 60.82 and 53.44 mN/m associated with oils 21 and 22,

which did not spread. 3
Surface tension measurements were obtained along four wake crossings centered at 1440 m,

4190 m, 6909 m, and 10,803 meters aft of the destroyer during the 12-knot run on January 28. 1
These cross-wake surface tension distributions are shown in Figure 12. Regions of decreased

surface tension relative to the ambient value are caused by increased film pressure of a compacted

surfactant in those regions. Each of the first two crossings has two edge bands of compacted film

that outline the turbulent, centerline wake. The third and fourth crossings contain one or more

additional bands between the edge bands.

Three crossings, centered at 4663 m, 11,425 m, and 19,024 m, were made by the STEMS i
during the first 25-knot run by the destroyer, and the results are shown in Figure 13. Each of the

three crossings has two distinct edge bands of compacted surface active material that correspond

directly to the outer foam bands generated in the region of the ship's breaking bow wave. In

addition, there are several internal bands present in the centerline wake as well.

The four cross-wake surface tension profiles (Figure 14) obtained during the 18-knot destroyer

run show strong edge bands, several inner bands, and a persistent band of lower surface tension

near the center of the wake even as far downstream from the target ship as 19 km or 2045 s late.

Surface tension measurements were obtained during the second 25-knot run by the destroyer

along three wake crossings centered at 3735 m, 11,978 in, and 21,316 m aft of the ship. The I
cross-wake surface tension distributions are shown in Figure 15. Each of the three crossings has

two edge bands of compacted film as well as one or more additional bands between the edge bands.

I
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As was the case in the first 25-knot run, it is not clear whether these inner bands persist, but

rather move around, or appear and disappear. There is also reasonable agreement between the

widths of the wake at comparable downstream locations in both 25-knot runs.

One common feature in all of these runs on January 28 was that the two outermost bands

were visible to the eye as slicks, whereas this was not generally true for the inner bands. Since the

surface is already smooth in the centerline region of the turbulent wake, the visibility of these inner

I bands is limited. In addition, the surfactant films do not allow the wind waves to regrow in these

regions and limit the regrowth throughout the entire centerline wake region. The outer bands

are visible because of the contrast between the ambient surface where small waves are present

and the smooth surface where the small waves have been damped by the compacted surfactant

material. From these results it is clear that the origin of these outer bands of foam and compacted

3 surface-active material is directly related to the complex hydrodynamic processes taking place in

the ship wake. There is a strong convergence region at the edge of the wake, and so it is not

3 surprising that material accumulates there. Although the origin of the inner bands is not quite

so clear, there are also several convergence regions in the centerline wake that can be responsible

3 for accumulating and compacting the surface-active materials that have been scavenged to the

surface by the rising bubbles into film bands.

3 There are several other significant features in the runs on January 28. The surface tension of

the clean water in the core of the wake generally has the same value as the clean ambient water

5 away from the wake. The width of the wake (W), defined previously as the distance between

the outer surfactant edge bands, increases with time (and distance astern, X) in all the runs.

I Figure 16 compares the wake widths, normalized by the ship's beam B, (the stern of the ship

is at X = 0.0) as a function of downstream distance (X/L, where L is the ship length) for

each of the different ship speeds. One sees that the wake is significantly narrower at the lower

speeds and increases in width as the ship speed increases. This feature is again the result of the

hydrodynamic processes in the ship wake. Video records of the destroyer wake at the three speeds

U also exhibit these features. The slight variation between the two 25-knot runs is most likely due

to the differences in wind speed and direction between the two runs. Included in the figure are

straight lines with a slope of one-sixth, one-fifth and one-fourth to give an estimate of the rate at

which the surfactant wake spreads with downstream distance.
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m aft of the Navy frigate. The ship speed was 25 knots, or 12.9 m/s (Fr- = 0.366).
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U A multiband (L,C,X band) SAR image of the destroyer wake (second 25-knot run) was

obtained by an aircraft flying parallel to the wake during the same time that the surface tension

measurements were being made by STEMS as it was towed across the wake by the R/V Garnet

Banks. The L-band SAR image recorded during the test run is shown here in Figure 2. Thus

the predominant Bragg scattering waves to wbich the SAR is most sensitive propagate directly

across the wake. In four recent papers, Peltzer et al. [1990, 1992] and Milgram et al. [1993a,b],

the multiband SAR backscatter intensity data has been compared with the corresponding surface

3 tension data (Figure 15) from the 3735-m wake cut. The L-band SAR data show that the L-band

waves have not recovered to ambient levels and are attenuated across the entire wake. The L-band

3 data also show that several of the variations in intensity across the wake can be visually matched

up with the regions of reduced surface tension in the compacted surface film bands. The C-band

5 SAR data show backscatter intensity in the wake to be nearly at ambient levels except in isolated

regions whose locations are in reasonable correspondence with the zones of compressed surface

3 films. The reductions in image intensity in these regions are about 6 dB at L-band and 5 dB at

C-band. Both of these studies concluded that there is a definite correlation between the regions

I of the largest backscatter intensity reduction in the SAR data and the regions of lowest surface

tension in the cross-wake surface tension plot at 3735 m. The X-band signal to noise ratio was

near unity for this run, so that any direct comparison with the data was subject to some error,

* and was not included in the analysis.

The STEMS made four wake crossings during the 12-knot run by the frigate on January 31.

3 The cross-wake surface tension profiles at 1607 m, 4790 m, 9703 m, and 14,276 m downstream

are shown in Figure 17. Note that oil 22 was not working during the third and fourth crossings.

3 The southern edge of the wake has combined with a small ambient slick during the second and

fourth crossings. The edge of the wake at these locations was determined by the location of the3 visible foam band in the video and comments in the data logs. During the first and third crossings

the southern edge band is distinct. The compacted film band at the northern edge of the wake

3 is highly persistent and exhibits a sharp reduction in the minimum surface tension value as the

wake ages. This implies that the concentration of the surface-active material in the film band is

3 decreasing as the wake ages. The width of the surfactant wake increases with time.

I
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Three cross-wake surface tension profiles centered at 4637 m, 13,975 m, and 27,166 m down- 3

stream are shown in Figure 18 for the 25-knot run by the frigate on January 31. Oil 22 was not

working on the first crossing. The southern edge of the wake is again dominated by a large am-

bient slick. The wake edges were again determined by the location of the visible foam bands and

the data logs. The width of the surfactant film band at the northern edge of the wake increases 3
and the maximum film pressure in the band decreases as the wake ages and the band spreads. A

separate inner band that disappears quickly is also evident in the data. The width of the wake 3
increases with time and, as expected the wake is significantly wider than the frigate's wake at 12

knots. 3
The STEMS crossed the wake at the three downstream locations of 4542 m, 10,382 m, and

20,934 m during the 18-knot run by the frigate on January 31. Figure 19 shows the surface tension

profiles at these locations. Oil 22 was working during all three crossings. The southern edge of

the wake is dominated by a large ambient slick throughout the entire run, and the northern edge

has also combined with an ambient slick during the third crossing. The ambient slick has a very 3
high film pressure, indicating that there is a large concentration of surface-active material present

in the slick. The film pressure in the centerline region of the wake is zero, which means that the 3
water surface is no longer covered by an ambient surface film in this region as it had been before

the ship passed. The surface motions, bubbles and currents generated by the ship have removed 3
the material from the center region and compacted it into bands at the edges of the wake.

The results from the 20.5 knot run by the frigate on January 31 are shown in Figure 20 4
Crossings were made at three downstream locations centered at 7791 m, 15,158 m, and 21,624

m. The northern edge of the wake is dominated by a large ambient slick during the entire run, I
and the edge band on that side is indistinguishable from the slick in our data. The southern edge

has combined with an ambient slick during the second crossing as well. The wake edges in these I
instances were again determined by the location of the visible foam bands in the videos and the II
data logs. The southern edge band is very persistent. The true width of the wake during the

third crossing is uncertain because the foam had nearly disappeared and the ambient slickiness 3
made it hard to locate the true wake edge on either side. However, the data logs allowed us

to get a reasonably accurate estimate of the location of the edges. The ship has again passed 3
directly through an ambient surface slick, removed the surface film from the wake center region,
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and concentrated the material at the edges of the wake. There is evidence of a very small internal

film band in the wake centerline during the first crossing, similar to the one found in the first3 25-knot run. The width and structure of the wake in the 20.5 and 25-knot runs by the frigate on

January 31 are similar.

3 As was the case for the destroyer wakes, the width of the wake, defined previously as the

distance between the outer surfactant edge bands, increases with time (and distance astern) in all3 the runs. Comparing the wake widths (the stern of the ship is at X = 0.0) versus downstream

distance for each of the ship speeds in Figure 21, one sees that the wake is significantly narrower

I at the lower speeds and increases in width as the ship speed increases. The separation between

the curves is not quite as evident for these results because one or both of the the wake edges were

typically indistinguishable from the adjacent ambient slicks during the runs. This made it difficult

to locate the true wake edges. Video records of the frigate wakes at the three speeds also exhibit

these features. Straight lines with a slope of one-sixth and one-fifth are included in the figure to

give an estimate of the rate at which the surfactant wake spreads with downstream distance.

In all of the wake crossings examined in this report, both edge bands (if they were not3 embedded in a natural slick) were visible to the eye and showed a pronounced depression in

surface tension. They corresponded directly with the location of the outermost foam bands.3 Several interior bands appeared and were reasonably persistent. For the runs on January 28 the

ambient water did not have any measurable accumulation of surfactant material, and the surface

tension in the core of the wake has the same value as the ambient (away from the wake). For

the runs on January 31 where the ship passed through large, ambient slicks, the surface motions,3 bubbles, and currents generated by the ship have removed the material from the center region

and compacted it into bands at the edge of the wake. Similar overall behavior is evident in the

I additional test results which are included in the Appendix of this report. All of these results

demonstrate that in addition to the ambient surface conditions, the complex hydrodynamics of

the ship wake plays a major role in determining the characteristics of the surfactant wake.

3 The surfactant bands at the edges of the wake are highly persistent once they are formed.

There are several factors that may contribute to the stability of these bands. Generally, a horizon-3 tal spreading toward areas of cleaner water will result from the accumulation of excess material in

one area, such as in the film bands. In the sea, where low concentrations of material are believed

I
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to always contaminate the surface, the spreading film will drive the wideiy separated ambient

material into a surrounding film that opposes and slows the outward spreading of the film in the

bands. Cohesive, electrostatic attractive forces within the surface film also oppose disintegration

of the film. Once the film is formed, a considerable amount of energy is required to force the

3 surface-active material back into solution. There is evidence to suggest that some displacement

hulls shed a pair of persistent vortices which provide one means to transport the surface-active

3 material away from the center of the wake toward the edges [Peltzer et al., 1990; Kaiser et al.,

1988]. This persistent motion prevents the material in the surfactant band from spreading back

into the center region of the wake. It also provides a constant outflow of new material into the

film band that has been scavenged to the surface by the remaining bubbles in the wake. Most

likely a combination of all of the above factors contributes to the stability of these outer edge

bands.

1 4.2. Surfactant Film Pressure-Area Dependence

3 The film pressure-area curve for the surfactant material is needed to relate the film elasticity

E. to the measured surface tension Tmeas. Figure 22 shows the surface tension - film area curves

3 and film pressure - Ln film area curves for the water samples collected on the 26th, 28th, and 29th

of January. All of the samples were allowed to stand for 18 to 24 hours before the measurements

were made. Except for small differences due to material concentration variations, all the curves

exhibit similar characteristics. We will now focus on the subsurface water sample collected prior

to the runs by the destroyer on January 28 for later film pressure versus area measurements at

NRL as described earlier. The results of these measurements, plotted as the natural logarithm

of the film pressure (in millinewtons per meter) versus the natural logarithm of the surface area

3 (in centimeters squared), are shown in Figure 23. These data have been fitted with three straight

line segments, so that for each portion of the fitted curve we have

I
H = CAn, (4)I

where n is the slope of the portion and C is a characteristic constant of that portion of the curve.

3 Then, from equation (2), we find that
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Es = -nnl (5)

or, specifically from the three-segment fit in Figure 23,

Es = 0.0 11 0.20,
Eo = 5.21H1 0.20 < II < 4.42, (6)
E,= 2.9011 4.42 < II < 8.58,
E, = 1.2711 11 > 8.58.

The dependence of the film elasticity E, on the film pressure II given by equation (6) is only

an estimate of the elasticity based on the film pressure-area curve for a single water sample. There

are several discontinuities in the relation that may or may not be real. If the molecules in the film I
go through abrupt phase changes as the film is being compressed, there could be several maxima

in the data. These discontinuities most likely will disappear if the elasticity is calculated when the U
slope of the film pressure versus area curve is computed over narrow regions by a sliding boxcar

technique. Here the points in the sliding box are fitted with a parabolic curve by the method of I
least squares and the first derivative of the equation for the parabola is used to determine the I
slope at the chosen value of area. A smoothing method such as this removes noise in the data and

helps to avoid introducing errors when computing the slopes. Barger and Klusty [1992] have found

a general relationship between the film elasticity and film pressure from the film pressure-area

data for 68 seawater samples. That relationship, equation (7), 1
E, 26.311 (7)

II + 2.4'

shows that natural ocean films behave like two-dimensional, liquid like materials that reach a 3
maximum in their modulus of elasticity of about 26 mN/m for values of film pressure below 10

mN/m. Film elasticity values given by equation (6), for film pressures below 10 mN/m, agree I
very well with the values that are given by the general relationship.

It is very difficult to determine the exact composition of the material in the surfactant film I
bands measured during the Field Experiment. There are literally hundreds of different materials

present in these bands. Surface chemists [Frew et al., 1990, Barger and Means, 19851 agree
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that the major constituents of these film bands are relatively soluble, highly oxygenated and

condensed, but poorly defined, polymeric materials of high molecular weight. However, it is not

3 the composition of the material in the bands that is important, but rather the effects of physical

properties of the material on the ambient wave field. Barger and Klusty [1992] have recently

3 examined the physical behavior of films formed on 90 natural seawater samples from numerous

locations which were collected by several techniques. After developing a method to normalize for

3 variations in the quantity of film-forming material in the samples, they were able to show that there

is a generalized relationship between film pressure and area that is qualitatively representative

3 of the average film-forming surfactant material found in seawater. Given the relative similarity

in the pressure-area curves of the water samples obtained during the Field Experiment with the

generalized film pressure versus area isotherm, we feel confident that the physical properties of

the films present during the Field Experiment are representative of surfactant films throughout

the major oceans. To properly characterize and measure the physical properties of surfactants

that are important for wave damping studies, controlled natural surfactant materials must be

developed by extracting the material from natural seawater samples.

3�4.3. Cross-Wake Film Elasticity Measurements

g Figures 24, 25, and 26 show the cross-wake surface tension, film pressure, and film elasticity

distributions that correspond to Legs 1, 2, and 3 of Run 4 on January 28th. The elasticity has

3 been computed using the relationships given by equations (6) and (7). The two elasticity curves

are very similar in form, thus indicating that the elastic properties of the water surface during

3 the runs on January 28th can be modeled appropriately by Barger's universal curve. All fifteen

runs exhibit similar characteristics.

5.0 APPLICATIONS TO SHIP WAKE DETECTION AND CLASSIFICATION

3 All of the cross-wake surface tension profiles we have analyzed from data obtained during the

ONR Field Experiment have exhibited a clearly defined banded surface tension structure which

3 persists for tens of kilometers downstream of a surface ship. In lighter wind cases the bands were

easily detected more than one hour late (equivalent to 35 to 40 km behind the target ship). The

I width of the surfactant wake grows slowly with time as can be seen here from the results plotted in

5
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Ifor Leg I of Run 4 on January 28, 1989.
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Figures 16 and 21. The surfactant wake is significantly narrower at the lower speeds and increases

in width as the ship speed increases. Figure 27 is a summary plot of all of the surfactant wake

widths measured during the Field Test, and it further confirms the trends illustrated in Figures

16 and 21. This feature is the result of the complex morphology of the ship wake hydrodynamics,

I and video records of the destroyer and frigate wakes over the range of test speeds from 12 to 25

knots support this conclusion.

Previous to the ONR Field Experiment, in situ surface tension data had never been measured3 to the resolution in surface tension obtained or with such a fine spatial resolution. Combining

these new measurements with the determination of the pressure-area curves has for the first time

* allowed us to infer film elasticity properties for ocean water and to realistically infer changes

in the surface concentration of surface-active materials when they have been redistributed and

3 compacted into bands by the ship's forward motion through the water surface. Surface-active films

that have been concentrated at the edges of the centerline wake strongly influence the propagation

* of short gravity and capillary waves which interact with electromagnetic waves at both radar and

visible wavelengths. These and other factors which contribute to the complexity of the surface

3 wake SAR images are illustrated in the following examples.

Figure 28 shows two SAR images of the Navy battleship which participated in the 1989

experiment. The ship was travelling at 18 knots in the range direction relative to the passage

of the airborne SAR. Both L-band (1.2 GHz, 25 cm wavelength) and C-band (5.3 GHz, 5.7

cm) images are shown for comparison purposes. The range of the radar incidence angles in the

scene relative to the vertical direction is included in the right-hand scale in the figure. Several

characteristic features of the image can be noted. The dark centerline wake is visible in both

3 images, though the L-band feature is the more distinct of the two. Also, the bright return from

the ship in the lower portion of the images is displaced from the centerline wake. This is a result of

3 relative motion between the azimuth-travelling SAR and the range-travelling ship. The spatially

variable bright regions in the images are caused by the enhanced backscatter return from these3 surface areas as compared to the darker portions of the images which are relatively smooth and

free of short-wavelength scatterers.

3 The L-band SAR image of the Navy destroyer travelling in the azimuthal direction is shown in

Figure 29. Again the right hand vertical scale gives the radar angle of incidence. The bright image
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I
3 of the ship clearly is visible in the image, but it no longer is displaced from the dark centerline

wake which extends far downstream from the vessel. There are several notable hydrodynamic3 features in the SAR image. First is the distinct dark centerline wake feature already noted, which

represents a relative absence of the short wavelength surface scatterers. There also are bright

features of enhanced radar backscatter return which include a narrow-V arm on the port side of

the ship, and both transverse and divergent Kelvin waves. Narrow bright-line regions of radar

backscatter return are visible adjacent to the dark centerline wake just downstream of the ship.

These have been attributed to soliton wake features and breaking waves. The ambient background3 return in this SAR image shows far less variabilitiy than did the images in Figure 28. The two

imaging experiments were conducted four days apart at essentially the same open ocean site near

3 Santa Cruz Island.

Two Navy frigates are shown travelling at 25 icnots in the azim'ithal direction in the L-band

SAR image of Figure 30. Again there are several distinct features in the radar image. These

include the dark centerline wakes which extend downstream for numerous ship lengths for both

vessels. The wake of the vessel on the left appears to be wider and to extend further aft than does3 the wake of the center vessel. In this image there are both bright (port) and dark (starboard)

narrow-V features which appear together with the divergent waves of the Kelvin wakes of the two3 ships. The bright arm of the Kelvin pattern is toward the windward side of the wake and gives

some evidence of the presence of breaking waves. Here the ambient ocean background shows some3 variability, with a dark zone of reduced radar backscatter in the left hand portion of the image, a

zone of long-crested swell covering the right hand portion, and a distinct boundary between the

3 two zones.

The primary mechanism by which surfactants contribute to a SAR image or other radar

I images of the ocean surface is through wave damping, and two important variables in this process

are the Bragg scattering wave number (if the radar incidence angle is not too large or too small)

and the surface film elasticity as described in the preceding sections of this report. The measure-

ments and comparisons with observations compiled in this report, and in several related related

reports and papers demonstrate that surface-active materials which have been redistributed into3 compacted film bands ii, the ship wake play an important role in the formation and persistence of

the centerline wake and "railroad track" features so detectable in the SAR images of ship wakes.
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3 The role of the surfactants is probably the dominant one in the far-field surface wake. In the

near-field wake region there are numerous other complex factors whose combined influences on

3 the wave energy distribution cannot be neglected. This archive of surfactant film measurements

from the 1989 ONR Field Experiment will provide an important resource for the utilization of

m high resolution ship wake information in the demonstration of ship and ship wake detection and

classification systems.
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Appendix 7.1. 1
The following is a consolidated summary of all the figures and data file listings that are contained in the
seven data notebooks. Each of the individual sections in the notebook are separated by a bold face header.
Individual figures or data file listings in these sections are denoted by the numbers at the beginning of each I
paragraph following the bold face header. Individual file names listed in this appendix generally contain
descriptions of the contents and type of the file. The majority of the files are coded as follows;
IXXYZ.descriptionl, where XX is the number of days into the field test (Jan. 23, 1989 is day I and Feb
1, 1989 is day 10), Y is the Run module number completed by the Navy Target Ship during the operations
on that given day (Runs 1-4), and Z is the number of the wake crossing (or leg) completed by the NRL
STEMS during that Run (crossings or legs 1-4).

Day 5 (1127189): Runs 2, 3

1. Wake crossing data tables (Microsoft Powerpoint format): Runs 2 and 3. The data are stored in file 5
1.27.89(2,3).
2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship for all of the runs completed during
the day. The plot file is wwday5.grf, and the data are stored in [Wake Width (B) Ln-Ln].
3. Surface tension and film pressure vs. area graphs for all the water samples taken during the morning
runs. The plot files are Surftens/area.composite and FilmPress/area.composite.
4. Tabulated listings (Microsoft Word and Cricket Graph spread sheet format) of the potential, surface
tension, and film pressure vs. area values for the water samples taken during the morning runs. The I
Cricket Graph data files are Parea26.24hrsO920am, Parea28.18hrsO745am, Parea29a. 18hrs1 155am and
Parea29b. 18hrsO730am. The MS Word data files are FP26.MSWord, FP28.MSWord, FP29a.MSWord
and FP29b.MSWord.

Run 2 (1127189): Legs 1, 2, 3

1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are I
521.STensiontimec, 522.STensiontimec, and 523.STensiontimec.2. Combined plot: Surface
tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake distance scale is 400m. The three
files plotted are 521.STension400m, 522.STension400m, and 523.STension400m. U
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 240m. The three files plotted are 521.STension240m, 522.STension240m, and
523.STension240m.
4. PMTC tracking plot of STEMS location during Run 2. There is no data file for this plot. It is a hard
copy graph from JHUAPL.
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 2. The name of the MS Word file is IDay5Rur2.velocity.

Run 2, Leg 1, (1127189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data.
The plot file name is 52 l.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 521.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 521.STension240m.
4. Combined Plot (from abbreviated Ishortenedi data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 521.STension400m,
52 I.FilmPressgraph, and 52 l.Elasticitygraph.

I
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5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 52 l.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 52 l.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg I. The file name is
52 l.STensionData.

Run 2, Leg 2, (1127189)

I 1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 522.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 522.STension4(0m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 522.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 522.STension400m,
522.FihnPressgraph, and 522.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 522.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 522.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is5 522.STensionData.

Run 2, Leg 3, (1127189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.

The plot file name is 523.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 523.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 523.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 523.STension400m,
523.FihnPressgraph, and 523.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 523.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 523.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name isi 523.STensionData.

Run 3 (1127189): Legs 1, 2, 3, 4

I. Combined plot: Surface tension vs. time for Legs 1, 2, 3, and 4. The four files plotted are
531.STensiontimec, 532.STensiontimec, 533.STensiontimec and 534.STensiontimec.

I
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2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 400m. The four files plotted are 531.STension400m, 532.STension400m,
533.STension400m, and 534.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 240m. The four files plotted are 531.STension240m, 532.STension240m,
533.STension240m, and 534.STension240m.
4. PMTC tracking plot of STEMS location during Run 3. There is no data file for this plot. It is a hard
copy graph from JHUAPL.
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC I
tracking plots, listed in 1 minute intervals during Run 2. The name of the MS Word file isDay5Run3.velocity.

Run 3, Leg 1, (1127189) 
•

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 1 plus supporting data.
The plot file name is 53 l.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 53 l.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The I
cross-wake distance scale is 240m. The plot file name is 531.STension24km.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 531.STension400m,
53 l.FilmPressgraph, and 531 .Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shot~ened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 531.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 531 .MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity, I
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is531 .STensionData.

Run 3, Leg 2, (1127189) 1
I. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 532.STensiontime. I
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 532.STension40Om.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 532.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 532.STension400m,
532.FilmPressgraph, and 532.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [reall and universal [calculated]) data
values for Leg 2. The file name is 532.CutElasticity. I
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 532.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
532.STensionData.

Run 3, Leg 3, (1127189)

I
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1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 533.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 533.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 533.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 533.STension400m,
533.FilmPressgraph, and 533.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 533.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 533.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is533.STensionData.

Run 3, Leg 4, (1127189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 4 plus supporting data.
The plot file name is 534STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4 The
cross-wake distance scale is 400m. The plot file name is 534.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4. The
cross-wake distance scale is 240m. The plot file name is 534.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 4 The three files plotted are 534.STension400m,I 534.FilmPressgraph, and 534.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 4 The file name is 534CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 4 The file name is 534.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 4. The file name is
534.STensionData.

Day 6 (1128189): Runs 1, 3

1. Wake crossing data tables (Microsoft Powerpoint format): Runs 1 and 3. The data are stored in file
1.28.89(1,3).
2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship for all of the runs completed during
the day. The plot file is wwday6.grf, and the data are stored in [Wake Width (B) Ln-LnI.
3. Surface tension and film pressure vs. area graphs for all the water samples taken during the morning
runs. The plot files are Surffens/area.composite and FilmPress/area.composite.
4. Tabulated listings (Microsoft Word and Cricket Graph spread sheet format) of the potential, surface
tension, and film pressure vs. area values for the water samples taken during the morning runs. The
Cricket Graph data files are Parea26.24hrsO920am, Parea28.18hrsO745am, Parea29a. 18hrs1 155am and
Parea29b.18hrsO730am. The MS Word data files are FP26.MSWord, FP28.MSWord. FP29a.MSWordI and FP29b.MS Word.

Day 6 (1128189): Runs 2, 4

I
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1. Wake crossing data tables (Microsoft Powerpoint format): Runs 2 and 4. The data are stored in file I
1.28.89(2,4).
2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship for all of the runs completed during
the day. The plot file is wwday6.grf, and the data are stored in [Wake Width (B) Ln-LnJ. I
3. Surface tension and film pressure vs. area graphs for all the water samples taken during the morning
runs. The plot files are SurfTens/area.composite and FilmPresslarea.composite.
4. Tabulated listings (Microsoft Word and Cricket Graph spread sheet format) of the potential, surface
tension, and film pressure vs. area values for the water samples taken during the morning runs. The
Cricket Graph data files are Parea26.24hrsO920am, Parea28.18hrsO745am, Parea29a.l8hrs1 155am and
Parea29b. 18hrsO730am. The MS Word data files are FP26.MSWord, FP28.MSWord, FP29a.MSWord
and FP29b.MSWord. I

Run 1 (1128189): Legs 1, 2, 3, 4

1. Combined plot: Surface tension vs. time for Legs 1, 2, 3, and 4. The four files plotted are I
61 l.STensiontimec, 612.STensiontimec, 613.STensiontimec and 614.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 400m. The four files plotted are 61 1.STension400m, 612.STension400m, I
613.STension40Om, and 614.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 240m. The four files plotted are 611.STension240m, 612.STension240m,
613.STension240m, and 614.STension24Om.
4. PMTC tracking plot of STEMS location during Run 1. There is no data file for this plot. It is a hard
copy graph from JHUAPL
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 1. The name of the MS Word file isDay6Run 1l.velocity.I

Run 1, Leg 1, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 1 plus supporting data.
The plot file name is 61 l.STensiontime. I
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 61 l.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The I
cross-wake distance scale is 240m. The plot file name is 61 I.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 611 .STension400m, I
61 l.FilmPressgraph, and 61 l.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 61 l.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 611 .MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity, I
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
61 1.STensionData.

Run 1, Leg 2, (1128189) U
1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 612.STensiontime.
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3 2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The

cross-wake distance scale is 400m. The plot file name is 612.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 612.STension24Om.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 612.STension400m,
612.FilnPressgraph, and 612.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculatedl) data
values for Leg 2. The file name is 612.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 612.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
612.STensionData.

Run 1, Leg 3, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 613.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 613.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 613.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 613.STension400m,
613.FilmPressgraph, and 613.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 613.CutElasticity.

M6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 613.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
613.STensionData.

Run 1, Leg 4, (1128189)

I 1. Individual Plot (from complete data file): Surface tension vs. time for Leg 4 plus supporting data.
The plot file name is 614STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4 The
cross-wake distance scale is 400m. The plot file name is 614.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4. The
cross-wake distance scale is 240m. The plot file name is 614.STension240m.
4. Combined Plot (from abbreviated I shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 4 The three files plotted are 614.STension400m,
614.FilmPressgraph. and 614.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculatedi) data
values for Leg 4 The file name is 614CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 4 The file name is 614.MSWord.
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7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 4. The file name is
614.STension~ata.

Run 2 (1128189): Legs 1, 2, 3

1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
621.STensiontimec, 622.STensiontimec, and 623.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 400m. The three files plotted are 621.STension400m, 622.STension400m, and
623.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 240m. The three files plotted are 621.STension240m, 622.STension240m, and
623.STension240m.
4. PMTC tracking plot of STEMS location during Run 2. There is no data file for this plot. It is a hard
copy graph from JHUAPL
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 2. The name of the MS Word file is
Day6Run2.velocity.

Run 2, Leg 1, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data.
The plot file name is 621 .STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 621.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 621.STension240m.
4. Combined Plot (from abbreviated ishortened] data files): Surface tension, film pressure, and elasticity I
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 621.STension400m,
62 1.FilmPressgraph, and 621.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake I
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 62 l.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 621.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
621 .STensionData.

Run 2, Leg 2, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data. U
The plot file name is 622.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 622.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 622.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity I
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 622.STension400m,
622.FilmPressgraph, and 622.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 622.CutElasticity.
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6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 622.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
622.STensionData.

'Run 2, Leg 3, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 623.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 623.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 623.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 623.STension400m,
623.FilmPressgraph, and 623.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 623.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 623.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
623.STensionData.

Run 3 (1128189): Legs 1, 2, 3, 4

1. Combined plot: Surface tension vs. time for Legs 1, 2, 3, and 4. The four files plotted are
631.STensiontimec, 632.STensiontimec, 633.STensiontimec and 634.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 400m. The four files plotted are 631.STension400m, 632.STension400m.
633.STension400lm, and 634STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 240m. The four files plotted are 521.STension240m, 522.STension240m,
523.STension240m, and 524.STension240m.
4. PMTC tracking plot of STEMS location during Run 3. There is no data file for this plot. It is a hard
copy graph from JHUAPL.
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 3. The name of the MS Word file isI Day6Run3.velocity.

Run 3, Leg 1, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supnorting data.
The plot file name is 631 .STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg I. The
cross-wake distance scale is 400m. The plot file name is 63 l.STension400ii.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 631 .STension240n.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 631.STension400m,
63 l.FilmPressgraph, and 631 .Elasticitygraph.
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5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 631.CutElasticity. I
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg I. The file name is 631 .MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
63 l.STensionData.

Run 3, Leg 2, (1128189) U
1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 632.STensiontime. I
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance sEc1e is 400m. The plot file name is 632.STension40Om.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 632.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 632.STension400m,
632.FilmPressgraph, and 632.Elasticitygraph. I
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, siface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 632.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 632.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is I632.STensionData.

Rin 3, Leg 3, (1128189)

1. Individuai ,'!ot (from complete data file): Surface (ension vs. time for Leg 3 plus supporti=,g data.
The plot file name is 633.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The I
cross-wake distance scale is 400m. The plot file name is 633.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 633.STension240m. I
4. Combined Plot (from abbreviated [shortenedj data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3. The three files plotted are 633.STension400m,
633.FilmPressgraph, and 633.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [rea] and universal [calculatedi) data
values for Leg 3. The file name is 633.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3. The file name is 633.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is I633.STensionData.

Run 3, Leg 4, (1128189) 3
1. Individual Plot (from complete data file): Surface tension vs. time for Leg 4 plus supporting data.
The plot file name is 634STensiontime. 3
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2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4 The
cross-wake distance scale is 400m. The plot file name is 634.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4. The
cross-wake distance scale is 240m. The plot file name is 634.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 4 The three files plotted are 634.STension400m,
634.FilmPressgraph, and 634.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 4 The file name is 634CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 4 The file name is 634.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 4. The file name is
634.STensionData.

Run 4 (1128189): Legs 1, 2, 3

1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
641.STensiontimec, 642.STensiontimec, and 643.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 400m. The three files plotted are 641.STension400m, 642.STension400m, and
643.STension400mn.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 240m. The three files plotted are 641.STension240m, 642.STension240m, and643.STension240m.
4. PMTC tracking plot of STEMS location during Run 4. There is no data file for this plot. It is a hard
copy graph from JHUAPL.
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in I -inute intervals during Run 4. The name of the MS Word file isi Day6Run4.velocity.

Run 4, Leg 1, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data.
The plot file name is 64 l.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 64 l.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 641.STension240m.
4. Combined Plot (from abbreviated Ishortenedl data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg I. The three files plotted are 641.STension400m,
64 l.FilmPressgraph, and 641 .Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure. and elasticity (measured Ireall and universal [calculated]) data
values for Leg I. The file name is 641.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg I. The file name is 641 .MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time. STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
64 1.STensionData. 

Run 4, Iee 2, (1128189)
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1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data. I
The plot file name is 642.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 642.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 642.STension240m.
4. Combined Plot (from abbreviated Ishortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 642.STension400m, I
642.FilmPressgraph, and 642.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 642.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 642.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity, I
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is642.STensionData. i

Run 4, Leg 3, (1128189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 643.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 643.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The l
cross-wake distance scale is 240m. The plot file name is 643.STension240m.
4. Combined Plot (from abbreviated [shortenedi data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 5AZ.Srnsion400m,m
643.FilmPressgraph, and 643.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) l,:,,g ross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [caiculatedI) data
values for Leg 3. The file name is 643.CutElasticity. I
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 643.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity, I
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is643,STensionData.

Day 7 (1129189): Runs 1, 2 I
1. Wake crossing data tables (Microsoft Powerpoint format): Runs I and 2. The data are stored in file
1.29.89(1,2).
2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship for all of the runs completed during
the day. The plot file is wwday7.grf, and the data are stored in [Wake Width (B) Ln-Lnj.
3. Surface tension and film pressure vs. area graphs for all the water samples taken during the morning
runs. The plot files are Surflens/area.composite and FilmPresslarea.composite.
4. Tabulated listings (Microsoft Word and Cricket Graph spread sheet format) of the potential, surface
tension, and film pressure vs. area values for the water samples taken during the morning runs. The
Cricket Graph data files are Parea26.24hrsO920am, Parea28.18hrsO745am, Parea29a. l8hrs 1155am and I
Parea29b. 18hrsO730am. The MS Word data files are FP26.MSWord, FP28.MSWord, FP29a.MSWordand FP29b.M SWord.m

Run 1 (0129189): Legs 1, 2, 3, 4
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I 1. Combined plot: Surface tension vs. time for Legs 1, 2, 3, and 4. The four files plotted are
711 .STensiontimec, 712.STensiontimec, 713.STensiontimec and 714.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 400m. The four files plotted are 71 1.STension40Om, 712.STension400m,
713.STension400m, and 714.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 240m. The four files plotted are 71 1.STension240m, 712.STension240m,
713.STension240m, and 714.STension240m.
4. PMTC tracking plot of STEMS location during Run 1. There is no data file for this plot. It is a hard
copy graph from JHUAPL.
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 1. The name of the MS Word file isi Day 7Runl1.velocity.

Run 1, Leg 1, (1129189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data.
The plot file name is 71 l.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 711 .STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 71 l.STension240in.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 71 l.STension400m,
71 1.FilmPressgraph, and 71 1.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal (calculatedi) data
values for Leg 1. The file name is 71 l.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 711 .MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
71 l.STensionData.I 

Run 1, Leg 2, (1129189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 712.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 712.STension40Om.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 712.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 712.STension400m,
712.FilmPressgraph, and 712.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured freall and universal [calculatedi) data
values for Leg 2. The file name is 712.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 712.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
71 2.STensionData.
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Run 1, Leg 3, (1129189) I
1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 713.STensiontime. I
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 713.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 713.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 7 13.STension400m,
713.FilnPressgraph, and 713.Elasticitygraph. I
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 713.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 713.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,

cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is713.STensionData.

Run 1, Leg 4, (1129189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 4 plus supporting data.
The plot file name is 714STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4 The
cross-wake distance scale is 400m. The plot file name is 714.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4. The
cross-wake distance scale is 240m. The plot file name is 714.STension240m.I
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 4 The three files plotted are 714.STension400m,
714.FilmPressgraph, and 714.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 4 The file name is 714CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and I
universal elasticity data values for Leg 4 The file name is 714.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 4. The file name is I714.STensionData.

Run 2 (1129189): Legs 1, 2, 3

I. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
721.STensiontimec, 722.STensiontimec, and 723.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 400m. The three files plotted are 721.STension400m. 722.STension400m, and
723.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 240m. The three files plotted are 721.STension240m, 722.STension240m,
and723.STension240m.
4. PMTC tracking plot of STEMS location during Run 2. There is no data file for this plot. It is a hard
copy graph from JHUAPL.
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I 5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 2. The name of the MS Word file isi Day7Run2.velocity.Io Run 2, Leg 1, (1129189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 1 plus supporting data.
The plot file name is 72 l.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 721.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 721.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 721.STension400m,
721 .FihnPressgraph, and 721 .Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 721 .CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 721.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is72 l.STensionData.

I Run 2, Leg 2, (1/29189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
I The plot file name is 722.STensiontime.

2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 722.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 722.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 722.STension400m,
722.FilmPressgraph, and 722.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake

distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) dataI values for Leg 2. The file name is 722.CutElasficity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 722.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is722.STensionData.

Run 2, Leg 3, (1129189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 723.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 723.STension40(m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 723.STension240m.
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4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity I
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 723.STension400m,
723.FilmPressgraph, and 723.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 723.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 723.MSWord. I
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,

cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
723.STensionData.

Day 9 (1131189): Runs 1, 3

1. Wake crossing data tables (Microsoft Powerpoint format): Runs I and 3. The data are stored in file I
1.29.89(1,3).
2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship for all of the runs completed during the
day. The plot file is wwday9.grf, and the data are stored in [Wake Width (B) Ln-Lnj. I
3. Surface tension and film pressure vs. area graphs for all the water samples taken during the morning
runs. The plot files are Surffens/area.composite and FilmPress/area.composite.
4. Tabulated listings (Microsoft Word and Cricket Graph spread sheet format) of the potential, surface
tension, and film pressure vs. area values for the water samples taken during the morning runs. The
Cricket Graph data files are Parea26.24hrsO920am, Parea28.18hrsO745am, Parea29a.18hrs I155am and
Parea29b. 18hrsO730am. The MS Word data files are FP26.MSWord, FP28.MSWord, FP29a.MSWord
and FP29b.MSWord. I

Day 9 (1131189): Runs 2, 4

1. Wake crossing data tables (Microsoft Powerpoint format): Runs 2 and 4. The data are stored in file I
1.31.89(2,4).
2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship for all of the runs completed during the
day. The plot file is wwday9.grf, and the data are stored in [Wake Width (B) Ln-Ln].
3. Surface tension and film pressure vs. area graphs for all the water samples taken during the morning
runs. The plot files are SurfTens/area.composite and FilmPress/area.composite.
4. Tabulated listings (Microsoft Word and Cricket Graph spread sheet format) of the potential, surface I
tension, and film pressure vs. area values for the water samples taken during the morning runs. The

Cricket Graph data files are Parea26.24hrsO920am, Parea28.18hrsO745am, Parea29a.18hrs1 155am and
Parea29b.18hrsO730am. The MS Word data files are FP26.MSWord, FP28.MSWord, FP29a.MSWord
and FP29b.MSWord.

Run 1 (1131189): Legs 1, 2, 3, 4

i. Combined plot: Surface tension vs. time for Legs 1, 2, 3, and 4. The four files plotted are
91 I.STensiontimec, 912.STensiontimec, 913.STensiontimec and 914.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3, and 4. The cross-wake
distance scale is 400m. The four files plotted are 91 1.STension400m, 912.STension400m,
913.STension400m. and 914.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, 3. and 4. The cross-wake
distance scale is 240m. The four files plotted are 91 1.STension240m, 912.STension240m,
913.STension240m, and 914.STension240m.
4. PMTC tracking plot of STEMS location during Run 1. There is no data file for this plot. It is a hard
copy graph from JHUAPL. I
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC tracking
plots, listed in I minute intervals during Run I. The name of the MS Word file is Day9Runl.velocity.
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i Run 1, Leg 1, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data. The
plot file name is 91 L.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 91 l.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 91 I.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 91 1.STension400m,
91 l.FilmPressgraph, and 91 1.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [reall and universal (calculated]) data
values for Leg 1. The file name is 91 l.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 91 I.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is

i 
Run 1, Leg 2, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data. The
plot file name is 912.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 912.STension400(n.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 912.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 912.STension400m,
912.FilmPressgraph, and 912.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 912.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 912.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
912.STensionData.

Run 1, Leg 3, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data. The
plot file name is 913.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The cross-
wake distance scale is 400m. The plot file name is 913.STension40(mn.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 913.STension240m.
4. Combined Plot (from abbreviated Ishortenedl data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 913.STension400m,
913.FilmPressgraph, and 913.Elasticitygraph.
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5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 913.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 913.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
913.STensionData.

Run 1, Leg 4, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 4 plus supporting data. The I
plot file name is 914STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4 The cross-
wake distance scale is 400m. The plot file name is 914.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 4. The
cross-wake distance scale is 240m. The plot file name is 914.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity I
(real and universal) vs. cross-wake distance for Leg 4 The three files plotted are 914.STension400m,
914.FilmPressgraph, and 914.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 4 The file name is 914CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 4 The file name is 914.MSWord. I
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 4. The file name is
914.STensionData. 3

Run 2 (1131189): Legs 1, 2, 3

1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are I
921.STensiontimec, 922.STensiontimec, and 923.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake distance
scale is 400m. The three files plotted are 921.STension400m, 922.STension400m, and I
923.STension40Om.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake dis::nce
scale is 240m. The three files plotted are 921.Slension240m, 922.STension240m, and
923.STension240m.
4. PMTC tracking plot of STEMS location during Run 2. There is no data file for this plot. It is a hard
copy graph from J-UJAPL.
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC tracking I
plots, listed in I minute intervals during Run 2. The name of the MS Word file is Day9Run2.velocity.

Run 2, Leg 1, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data. The
plot file name is 92 1.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 92 l.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 921.STension240m. I
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4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 921.STension400m,
92 l.FilmPressgraph, and 921 .Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 92 l.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 921.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name isi 921 .STensionData.

Run 2, Leg 2, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data. The
plot file name is 922.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 922.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 922.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 922.STension400m,
922.FilmPressgraph, and 922.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 922.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 922.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
922.STensionData. 

Run 2, Leg 3, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data. The
plot file name is 923.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The cross-
wake distance scale is 400m. The plot file name is 923.STension400m.

Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 923.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 923.STension400m,
923.FilmPressgraph, and 923.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 923.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 923.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
923.STensionData.

Run 3 (1131189): Legs 1, 2, 3
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1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
931.STensiontimec, 932.STensiontimec, and 933.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake distance
scale is 400m. The three files plotted are 931.STension400m, 932.STension400m, and
933.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake distance
scale is 240m. The three files plotted are 931.STension240m, 932.STension240m, and
933.STension240m.
4. PMTC tracking plot of STEMS location during Run 3. There is no data file for this plot. It is a hard
copy graph from JHUAPL.
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC tracking
plots, listed in 1 minute intervals during Run 3. The name of the MS Word file is Day9Run3.velocity.

Run 3, Leg 1, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data. The
plot file name is 931.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 93 l.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 93 l.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity I
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 931.STension400mn,
93 l.FilmPressgraph, and 931 .Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake I
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 93 l.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 931.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
93 l.STensionData. I

Run 3, Leg 2, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data. The I
plot file name is 932.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 932.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 932.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity I
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 932.STension400mn,
932.FilmPressgraph, and 932.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 932.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 932.MSWord. U
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
932.STensionData.

Run 3, Leg 3, (1131189)
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1 1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data. The
plot file name is 933.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The cross-
wake distance scale is 400m. The plot file name is 933.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 933.STension24Om.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3. The three files plotted are 933.STension400m,
933.FilmPressgraph, and 933.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 933.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3. The file name is 933.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is5 933.STensionData.

Run 4 (1131189): Legs 1, 2, 3

5 1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
941.STensiontimec, 942.STensiontimec, and 943.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake distance
scale is 400m. The three files plotted are 941.STension400m, 942.STension400m, and
943.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake distance
scale is 240m. The three files plotted are 941.STension240m, 942.STension240m, and
943.STension24Om.
4. PMTC tracking plot of STEMS location during Run 4. There is no data file for this plot. It is a hard
copy graph from JHUAPL
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC tracking
plots, listed in 1 minute intervals during Run 4. The name of the MS Word file is Day9Run4.velocity.

3 Run 4, Leg 1, (1131189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data. The
plot file name is 94 1.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 941.STension400m.3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The

cross-wake distance scale is 240m. The plot file name is 941.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 941.STension400rn,
I 941.FilmPressgraph, and 94 l.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real) and universal [calculated]) data
values for Leg 1. The file name is 941.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 941.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
94 l.STensionData.
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Run 4, Leg 2, (1131189) 1
1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data. The
plot file name is 942.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 942.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 942.STension240m. I
4. Combined Plot (from abbreviated (shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 942.STension400m,
942.FilmPressgraph, and 942.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 942.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 942.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is I
942.STensionData.

Run 4, Leg 3, (1131189) 3
1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data. The
plot file name is 943.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The cross- I
wake distance scale is 400m. The plot file name is 943.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 943.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 943.STension400m,
943.FilmPressgraph, and 943.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 943.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and I
universal elasticity data values for Leg 3 The file name is 943.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
943.STensionData.

Day 10 (211189): Runs 1, 2, 3

I. Wake crossing data tables (Microsoft Powerpoint format): Runs 1, 2 and 3. The data are stored in file
2.1.89(1,2,3).

2. Ln-Ln plot of surfactant wake width vs. distance aft of the ship for all of the runs completed during
the day. The plot file is wwday 10.grf, and the data are stored in [Wake Width (B) Ln-Ln].

3. Surface tension and film pressure vs. area graphs for all the water samples taken during the morning I
runs. The plot files are SurfTens/area.composite and FilmPress/area.composite.

4. Tabulated listings (Microsoft Word and Cricket Graph spread sheet format) of the potential, surface
tension, and film pressure vs. area values for the water samples taken during the morning runs. The
Cricket Graph data files are Parea26.24hrsO920am, Parea28.18hrs0745am, Parea29a. 18hrs 1155am and
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I Parea29b. 18hrs0730am. The MS Word data files are FP26.MSWord, FP28.MSWord, FP29a.MSWord
and FP29b.MSWord.

3 Run 1 (211189): Legs 1, 2, 3

1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
101 1.STensiontimec, 1012.STensiontimec, and 1013.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 400m. The three files plotted are 101 1.STension40Om, 1012.STension400m, and
1013.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 240m. The three files plotted are 1011.STension24Om, 1012.STension240m, and
1013.STension240m.
4. PMTC tracking plot of STEMS location during Run 1. There is no data file for this plot. It is a hard
copy graph from JHUAPL
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 1. The name of the MS Word file is
Day lORuni.velocity.

Run 1, Leg 1, (211189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I plus supporting data.
The plot file name is 101 l.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 101 l.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 101 l.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 101 l.STension400m,
101 I.FilmPressgraph, and 101 1.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film presqre, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 101 1.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 101 l.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
1011 .STensionData.

Run 1, Leg 2, (211189)

I 1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 1012.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 1012 STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 1012.STension240m.
4. Combined Plot (from abbreviated [shortenedi data files): Surface tension, film pressure, and elastcity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 1012.STension400m.
1012.FilmPressgraph, and 1012.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 1012.CutElasticity.
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6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and I
universal elasticity data values for Leg 2. The file name is 1012 MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is i
10 12.STensionData.

Run 1, Leg 3, (211189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 101 3.STensiontime.
2. Individual Plot (from compiete data file): Surface tension vs. cross-wake distance for Leg 3 The I
cross-wake distance scale is 400m. The plot file name is 1013.STension400lm.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 1013.STension240m.
4. Combined Plot (from abbreviated Ishortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 1013.STension4.O0m,
1013.FilmPressgraph, and 1013.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 3. The file name is 1013.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and 3
universal elasticity data values for Leg 3 The file name is 1013.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): comple*z. listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
1013.STensionData.

Run 2 (211189): Legs 1, 2, 3 1
1. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
1021.STensiontimec, 1022.STensiontimec, and 1023.STensiontimec.
2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 400m. The three files plotted are 1021.STension400m, 1022.STension400m, and
1023.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 240m. The three files plotted are 1021.STension240m, 1022.STension240m, and
1023.STension240m.
4, PMTC tracking plot of STEMS location during Run 2. There is no data file for this plot. It is a hard
copy graph from JHUAPL I
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 2. The name of the MS Word file is
Day l1Run2.velocity.

Run 2, Leg 1, (211189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg I olus supporting data. I
The plot file name is 1021 .STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. ,ross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 1021 .STension40Om. I
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 1021 .STension240m.
4. Combined Plot (from abbreviated [shortenedi data files): Surface tension, film pi -ssure and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted a:.- 1021.Siension400m. I
1021 .FilmPressgraph, and 1021.Elasticitygraph.
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5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 1021.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg, 1. The file name is 1021.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
1021.STensionData.

Run 2, Leg 2, (211189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 1022.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 1022.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 240m. The plot file name is 1022.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 1022.STension400m,
1022.FilmPressgraph, and 1022.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 2. The file name is 1022.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 1022.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
1022.STensionData.

Run 2, Leg 3, (211189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 1023.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 1023.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 1023.STension240in.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3 The three files plotted are 1023.STension400m,
1023.FilmPressgraph, and 623.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal (calculated]) data
values for Leg 3. The file name is 1023.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3 The file name is 1023.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
1023.STensionData.

Run 3 (211189): Legs 1, 2, 3

I. Combined plot: Surface tension vs. time for Legs 1, 2, and 3. The three files plotted are
1031 .STensiontimec, 1032.STensiontimec, and 1033.STensiontimec.
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2. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake I
distance scale is 400m. The three files plotted are 1031.STension400m, 1032.STension400m, and
1033.STension400m.
3. Combined plot: Surface tension vs. cross-wake distance for Legs 1, 2, and 3. The cross-wake
distance scale is 240m. The three files plotted are 1031.STension240m, 1032.STension240m, and I
1033.STension240mn.
4. PMTC tracking plot of STEMS location during Run 3. There is no data file for this plot. It is a hard
copy graph from JHUAPL
5. Tabulated STEMS velocity values (Microsoft Word format) that were obtained from the PMTC
tracking plots, listed in 1 minute intervals during Run 3. The name of the MS Word file isDay l0Run3.veiocity.I

Run 3, Leg 1, (211189)

1. Individual Plot (from complete data file): Surface tension vs. time for Leg 1 plus supporting data.
The plot file name is 103 l.STensiontime. I
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 400m. The plot file name is 1031.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 1. The
cross-wake distance scale is 240m. The plot file name is 103 l.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 1. The three files plotted are 1031.STension400m, U
1031 .FilmPressgraph, and 1031 .Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) data
values for Leg 1. The file name is 1031 .CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 1. The file name is 103 l.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity, I
cross-wake distance, surface tension, and film pressure data values for Leg 1. The file name is
1031 l.STensionData.

Run 3, Leg 2, (211189) 1
1. Individual Plot (from complete data file): Surface tension vs. time for Leg 2 plus supporting data.
The plot file name is 1032.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The
cross-wake distance scale is 400m. The plot file name is 1032.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 2. The U
cross-wake distance scale is 240m. The plot file name is 1032.STension240m.
4. Combined Plot (from abbreviated Ishortened] data files): Surface tension, film pressire, and elasticity
(real and universal) vs. cross-wake distance for Leg 2. The three files plotted are 1032.STension400m,
1032.FilmPressgraph, and 1032.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculatedi) data
values for Leg 2. The file name is 1032.CutElasticity. U
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 2. The file name is 1032.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 2. The file name is
1032.STensionData.

Run 3, Leg 3, (211189) I
I
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1. Individual Plot (from complete data file): Surface tension vs. time for Leg 3 plus supporting data.
The plot file name is 1033.STensiontime.
2. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3 The
cross-wake distance scale is 400m. The plot file name is 1033.STension400m.
3. Individual Plot (from complete data file): Surface tension vs. cross-wake distance for Leg 3. The
cross-wake distance scale is 240m. The plot file name is 1033.STension240m.
4. Combined Plot (from abbreviated [shortened] data files): Surface tension, film pressure, and elasticity
(real and universal) vs. cross-wake distance for Leg 3. The three files plotted are 1033.STension400m,
1033.FilmPressgraph, and 1033.Elasticitygraph.
5. ASCII data file (Cricket Graph spread sheet format): Abbreviated (shortened) listing of cross-wake
distance, surface tension, film pressure, and elasticity (measured [real] and universal [calculated]) dataI values for Leg 3. The file name is 1033.CutElasticity.
6. MS Word file: Abbreviated listing of cross-wake distance, surface tension, film pressure, and real and
universal elasticity data values for Leg 3. The file name is 1033.MSWord.
7. ASCII data file (Cricket Graph spread sheet format): complete listing of all time, STEMS velocity,
cross-wake distance, surface tension, and film pressure data values for Leg 3. The file name is
1033.STensionData.
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Appendix 7.2.

The quality of the STEMS video data and ultimately the quality and resolution of the cross-wake
surface tension distribution was influenced by a number of different factors. These factors are:

1. Towing speed. The spatial resolution of the technique depends on the towing speed. At
a constant oil dropping rate, increasing the towing speed will decrease the spatial resolution.

2. Oil dropping rates. The spatial resolution of the technique depends on the oil dropping
rate. At a constant towing speed, increasing the dropping rate will increase the spatial resolution.

3. Sun and video camera angles with respect to the water surface. The visibility of the oils
on the water surface was significantly affected by the sun and video camera angles during the wake
crossings as the STEMS changed headings.

4. Wind speed and short wave (30 cm - 3 m) amplitude. As the wind speed increased
from 5 to 10 m/s, the amplitude of the short waves increased and the resolution of the technique
started to degrade until it was no longer possible to see the oils on the surface because of all the
splashing, wave breaking and immersion of the needles.

5. Heading of the towing boat relative to the wind direction. For those runs where the
wind direction was nearly perpendicular to the towing direction, the towing boat acted as a wind
shield (short wave blocker). When the STEMS was on the downwind side of the boat in this
shielded region, the resolution was significantly better than when the STEMS was on the upwind
side of the towing boat.

6. Visibility of the smoke flares and the duration of the smoke from the flares. The smoke
flares were used to visibly locate and mark the wake edges and assist the towing boat operator as he
tried to navigate and cross both of the edges during the runs. After the smoke ran out, it became
more difficult to assure that the STEMS crossed through both edges of the wake.

7. Visibility and persistence of the foam and surfactant edge bands. Another method that
the towing boat operator could use to determine his position relative to the wake was the presence,
visibility and persistence of the foam and surfactant edge bands created by the target ship as it
crossed in front of the towing boat. The target ships that created foam and surfactant bands that
were visually persistent made it easier to locate the wake edges and navigate during the runs.

8. Ambient surfactant slick population. In calmer water conditions where there were a lot
of ambient slicks present, the wake edges could merge or combine with these slicks and make an
accurate determination of the location of the wake edge difficult to impossible. Long ambient slicks
in the vicinity of the surfactant edge bands could also confuse the process further.

9. Contamination of the target vessel wake by the towing ship's wake or the wake of
another research vessel. This generally was not a problem except for a couple of crossings.

Table 9 summarizes the quality of the STEMS video data for all of the wake crossing attempted
during the ten day Field Test. The various quality assessments used in Table 9 are:

N -Virtually no useful information about the wake can be extracted from the data.

VM - The data is of a very marginal quality. There may be some sporadic information
about the wake in the video record, however, a sizable amount of effort will be required to locate
and extract that information.
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M - The data quality is marginal. There appears to be enough information in the video to
extract a fairly detailed cross-wake surface tension distribution, however some extra effort will berequired to locate and extract that information at some locations.

E - The data quality is excellent. A detailed cross-wake surface tension structure can beI
extracted from the video with minimal effort.

Table 9. STEMS video data quality for each crossing 1

Run I Run 2 Run 3 Run4 4

Jan.23, Legs; 1 2 3 4 5 6 1 2 3 1 2 3 1 2 3 4
Data Quality NNNNNN VMVMN VMVMN NVMNVM I
Jan. 24, Legs; No Data No Data No Data No Data

Jan. 25, Legs; 1 2 3 1 2 3 1 2 3 4 1 2 3
Data Quality NVMN NVMN VM VM N VM VM N VM

Jan. 26, Legs; No Data No Data No Data No Datai

Jan. 27, Legs; 1 234 1 23 1 234 No Operations
Data Quality EEEE EEE EEEE a
Jan. 28, Legs; 1 234 1 2 34 1 2 34 1 234
Data Quality EEEE EMEM EMEM EEEE I
Jan. 29, Legs; 1 234 1 23 1 2 1 2
Data Quality EEEE EEM NVM NVM g
Jan. 30, Legs No Operations No Operations No Operations No Operations

Jan. 31, Legs; 1 234 1 23 1 23 1 23
Data Quality EEEE EEE EEE EEE

Feb. 1, Legs 1 23 1 23 1 23 No Operations
Data Quality EEE EEE EEE

Brief daily summary of the STEMS video data 3
Day 1, Jan. 23, 1989: The Surface TEnsion Measuring Sled (STEMS) was operated during all
four test runs. There were a significant amount of wind induced short waves and whitecaps at the
surface which greatly reduced the quality of the measurements during the entire day. Virtually no
useful information about the wake can be extracted from the six wake crossings made during the 12
knot run (Run 1). In order to try to minimize the effect of the surface roughness on the spreading i
oils, the towing speed of the sled was reduced from 1.5 to 0.5 knots. This reduced the number of
wake crossings from six to three or four. For runs 2 (25 knots), 3 (18 knots), and 4 (18 knots),
some very marginal (VM) data was obtained during six of the wake crossings. The term, very I
marginal, means that there may be some information about the wake properties in the data;
however, it will take a sizable amount of extra effort to determine how valuable the data really is.
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Day 2, Jan. 24, 1989: The STEMS could not operate on the second day of the experiment
because the winds were too high and the sea was very rough (much whitecapping).

Day 3, Jan. 25, 1989: The STEMS was operated during the four test runs. Wind waves and
whitecaps reduced the quality of the measurements. During Run 1, the data was contaminated by
an unknown noise source that turned out to be a ground loop set up between the 220 V and 110 V
outlets of the generator that was used to supply power to the instrument trailer, STEMS, and video
gear. Some very marginal data was obtained during some of the wake crossings. For runs 3 and
4, some very marginal (VM) data was obtained during three of the wake crossings.

Day 4, Jan. 26, 1989: The STEMS could not operate on the fourth day of the experiment
because the winds were too high and the sea was very rough (much whitec=pping).

Day 5, Jan. 27, 1989: Since the Ops plan called for a Kelvin Wake module, the STEMS was
operated during Runs 1, 2, and 3. Excellent data was obtained during all the wake crossings.
Distinct, persistent foam and edge bands were observed both visually and with the spreading oils.

Day 6, Jan. 28, 1989: The STEMS was operated during all four Runs. The data was
generally good with a few legs in the marginal category because of surface roughness problems.
The term marginal means that some extra effort will be required to analyze the video data in order to
learn about the wake properties. Distinct foam and edge bands were observed.

Day 7, Jan. 29, 1989: Measurements were obtained during all four test runs. Excellent data
was obtained during Runs 1 and 2. As Run 2 progressed, there was a significant increase in the
surface wind speed that quickly generated surface roughness and whitecaps. Between Runs 2 and
3, we has a major equipment problem that limited our operations during Runs 3 and 4 to two wake
crossings after we temporarily corrected the problem. Because of the surface roughness and high
winds, the data during Runs 3 and 4 was marginal at best. Persistent edge and foam bands were
observed during the first two runs.

Day 8, Jan. 30, 1989: There were no operations on this day.

Day 9, Jan. 31, 1989: Excellent data was obtained for all the wake crossing with the STEMS
during Runs 1, 2, 3 and 4. Persistent edge and foam bands were observed. There were also
ambient slicks present that may confuse the data somewhat.

Day 10, Feb. 1, 1989: Excellent data was obtained for the wake crossings with the STEMS
during Runs 1, 2, and 3. Run 4 was a Kelvin wake run. Persistent edge foam bands were
observed.

The following, Table 10, contains a detailed log and description of the eight STEMS and
environment video data tape sets that were recorded during the field experiment. The counter
numbers were taken off a Panasonic video recorder, model number NV8950. They indicate the
position of the data on the tape. The STEMS video tapes contain the spreading oil histories that
were recorded by the video camera mounted on the STEMS as it was being towed across the target
ship wakes by the R/V Garnet Banks. These histories were used to obtain all the detailed, cross-
wake surface tension distributions presented throughout the paper and in the data notebooks. The
environmental data was recorded by a video camera that was mounted on the bridge of the R/V
Garnet banks. This camera was positioned so that the STEMS was always in the field of view of
the camera.
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Table 10. Detailed description of the STEMS video data tapes

Run 1, Jan. 23, 12 kts. (Start Video Tape 1).

Leg 1 8:45 - 8:51 Excessive towing speed, wave breaking, high amplitude short waves,
Counter 590 - 930 needles dipping in water, no useful data.

Leg 2 8:53 - 8:56 Excessive towing speed, wave breaking, high amplitude short waves, I
Counter 1028 - 1240 needles dipping in water, no useful data.

Leg 3 8:58 - 9:03 Excessive towing speed, wave breaking, high amplitude short waves, I
Counter 1348 - 1690 needles dipping in water, no useful data.

Leg 4 9:03 - 9:07 Excessive towing speed, wave breaking, high amplitude short waves, U
Counter 1720 - 1909 needles dipping in water, no useful data.

Leg 5 9:11 - 9:16:40 Excessive towing speed, wave breaking, high amplitude short waves,
Counter 1940 - 2230 needles dipping in water, no useful data. I

Leg 6 9:18 - 9:23 Some environment data during turns.
Counter 2310-2550 U

Run 2, Jan. 23, 25 kts.

Leg 1 9:33 - 9:44 Choppy, needles dipped, data marginal, some edge bands may beCounter 2567 - 3070 visible.

Leg 2 9:46 - 9:53 In lee of boat, some usable data. U
Counter 3180-3490

Leg 3 9:55 - 10:03 Very choppy; hard to see oils because of the wave breaking, chop,
Counter 3570 - 3877 dipping needles etc., no useful data.

Leg 4 10:03 - 10:05 Cut short to get into position for the next run.
Counter 3878 -3971

Run 3, Jan. 23, 18 kts.

Leg 1 10:27 - 10:35 Choppy, wave breaking, marginal data.
Counter 3990 4250

Leg 2 10:38 - 10:49 In lee of boat, marginal usable data.

Counter 4397 - 4750

Run 4, Jan. 23, 18 kts. I
Leg 1 11:12 - 11:21 Choppy, wave breaking, no usable data.

Counter 4780 - 4995 I
Leg 2 11:21 - 11:31 In lee of boat, no usable data.

Counter 5006- 5240 3
Leg3 11:31 - 11:41 No usable data.

9
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Counter 5240 - 5430

Leg 4 11:41 - 11:46 Lee of boat, marginal usable data, (End Video Tape 1).
Counter 5430- 5588

Jan. 24, CGN, Could not run because of rough weather.

Run 1, Jan. 25, 12 kts, (Begin Video Tape 2).

Leg 1 8:36 - 8:44 Noises on video, poor contrast, no usable data.
Counter 0000- 0468

Leg 2 08:48 - 09:00 Noise on video due to ground loop in generator, poor contrast, oils
Counter 0480 - 0991 barely visible lee side of boat, very marginal data.

Leg 3 09:02 - 09:06 Solved noise problem, oils barely visible, no usable data.

Counter 1002-1180

Run 2, Jan. 25, 25 kts.

Leg 1 9:28 - 9:34 Turbulent wave breaking, choppy, intermittent usable data.
Counter 1208- 1580

Leg 2 9:37 - 9:42 Poor contrast, lee of boat, very marginal data.
Counter 1600- 1900

Leg 3 9:47 - 9:54 Scattered data points, choppy wave breaking, intermittent usable data.

Counter 1920 -2270

Run 3, Jan. 25, 18 kts.

Leg 1 10:15 - 10-.21 Turbulent, wave breaking, some usable data.
Counter 2389- 2650

Leg 2 10:24 - 10:27 Lee of boat, marginal data.
Counter 2662 - 2850

Leg 3 1 135 - 10:40 Turbulent, wave breaking, intermittent marginal data.
Counter 2854- 3130

Leg 4 10:44 - 10.49 Lee side, marginal data.
Counter 3138 -2366

Run 4, Jan. 25, 18 kts.

Leg I 11.08 - 11:16 Marginaldata.
Counter 3450- 3770

Leg 2 11:20 - 11:26 Turbulent, wave breaking, scattered data not useful.
Counter 3775 4020

Leg 3 11:30 - 11:37 Poor contrast, very marginal data, (End Video Tape 2).
Counter 4025 - 4285
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I
REMARKS: Adjusted camera settings and increased the height and
angle. I
Jan. 26, FFG.
Did not run, sea too rough, too windy.

Jan. 27, FFG, Run 1, 12 kts, (Begin Video Tape 3).

Leg 1 8:35 - 8:42 Possible edge bands, marginal data, surface tension and temporal/
Counter 0671 - 1176 spatial resolution is poor because oils were dripping very slowly.

Leg 2 8:45 - 8:53 Possible edge bands, marginal data, surface tension and temporal/ I
Counter 1350- 1880 spatial resolution is poor because oils were dripping very slowly.

Leg 3 8:56 - 9:03 Possible edge bands, marginal data, surface tension and temporal/ 5
Counter 2060 - 2400 spatial resolution is poor because oils were dripping very slowly.

Leg 4 9.'06- 9:13 Possible edge bands, marginal data, surface tension and temporal/ I
Counter 2565 -2870 spatial resolution is poor because oils were dripping very slowly.

Run 2, Jan. 27, 25 kts. 3
Leg 1 9:26 - 9:35 Foam/edge bands, excellent data.

Counter 3000- 3408

Leg 2 9:37 - 9:45 Foam/edge bands, excellent data.
Counter 3532 - 3830

Leg 3 9:48 - 9:56 Foam/edge bands, second edge band?, excellent data. i
Counter 3945 -4240

Leg 4 9:58 - 10:02 Very quick run to get into position for the next run, data not very. i
Counter 4325 - 4475 useful

Run 3, Jan. 27, 18 kts. 3
Leg 1 10:08 - 10:14 Sun angle higher, contrast marginal, foam/edge bands, oils slightly

Counter 4550- 4770 hard to see, data good.

Leg 2 10:16 - 10:.26 Contrast better, foam/edge bands, very good data.
Counter 4840- 5200

Leg 3 10:29 - 10:37 Contrast nominal/sun angle, foam/edge bands, data good.
Counter 5201 - 5435

Leg 4 10:38 - 10:46 Contrast better (sun angle), some wind increase, data very good i
Counter 5439- 5745 (End Video Tape 3).

Run 4, Jan. 27, Did not participate - KW module. I
Jan. 28, DDG, Run 1, 12 kts (Begin Video Tape 4).

Leg 1 8:39 - 8:48 Edge bands?, very good data. I
Counter 0000 - 0560

0
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Lg 2 8:50 - 8:55 Edge bands?, very good data.
Counter 0660-0951

Leg 3 8:58 - 9:04 Edge bands?, very good data.
Counter 1030- 1450

Leý 4 9:07 - 9:17 Good data.

L.ounter 1573-2100

Run 2, Jan. 28, 25 kts

Leg 1 9:30 - 9:37 Lee side, edge bands/foam, very good data.
Counter 2212-2490

Leg 2 9:38 - 9:45 Choppy; marginal, useful data.
Counter 2550- 2900

Leg 3 9:48 - 9:56 Lee of boat, foam/edge bands, very good data.
Counter 2910- 3230

Leg 4 9:58 - 10:07 Choppy; marginal, useful data.
Counter 3322- 3650

Run 3, Jan. 28, 18 kts.

Leg 1 10:17 - 10:22 Lee of boat, foam/edge bands, excellent data.
Counter 3720- 3910

Leg 2 10:24 - 10:32 Choppy, marginal data.
Counter 3990- 4265

Leg 3 10:35 - 10:42 Lee of boat, foam/edge bands, excellent data.
Counter 4270 - 4495

Leg 4 10:44 - 10:53 Choppy, marginal data.

Counter 4540 -4826

Run 4, Jan. 28, 18 kts.

Leg 1 11:08 - 11:13 Lee of boat, foam/edge bands, excellent data.
Counter 4890-5065

Leg2 11:17- 11:25 Slight chop, gooddata.
Counter 5100- 5356

Leg3 11:29 - 11:37 Edge bands, lee of boat, excellent data.
Counter 5362- 5612 (End Video Tape 4).

Leg 4 11:40 - 11:48 .Slight chop, good data.
Counter 0000-0700 (Begin Video Tape 5).

Jan. 29, TAO, Run 1, 12 kts.
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Leg 1 8:40 - 8:48 Edge/foam bands, excellent data.
Counter 0945- 1485

Leg 2 8:50 - 8:57 Edge/foam bands, excellent data. I
Counter 1590- 1970

Leg 3 9:00 - 9:08 Slight chop, edge bands, very good data.
Counter 2008 - 2395

Leg 4 9:10 - 9:17 Edge bands, good data.
Counter 2406 - 2750 I

Run 2, Jan. 29, 18 kts.

Leg 1 9:34 - 9:42 Contrast getting worse, data good. i
Counter 2870 - 3188

t g 2 9:43 - 9:58 Edge bands, good data. i
Counter 2316 - 3800

Leg 3 9:59 - 10:12 The surface is getting significantly rougher w/white caps, contrast I
Counter 3820 - 4303 lousy, data still usable.

Run 3, jan.29, 18 kts. 3
Leg 1 10:31 - 10:36 Choppy, wave breaking, sporadic data, not usable.

Counter 4309- 4460

Leg 2 10:37 - 10:46 Very low contrast, will require extensive study to get results.
Counter 4580- 4840

REMARKS: Dove the sled under, equipment problems. I
Run 4, Jan. 29, 18 kts.

Leg 1 11:13 - 11:21 Wind has increased significantly, too many holes, choppy wind
Counter 4914-5110 breaking etc., data not valuable, oils dripping slowly.

Leg2 11:23- 11:30 Leeofboat, marginaldata.

Counter 5145- 5370 (End Video Tape 5).

Jan. 31, FF, Run 1, 12 kts. I
Leg 1 8:34 - 8:41 Edge/foam bands, excellent data.

Counter 0115 - 0685 (Begin Video Tape 6). I
Leg 2 8:43 - 8:50 Edge/foam bands, excellent data.

Counter 0780- 1245

Leg 3 8:53 - 9:05 Edge/foam bands, excellent data.
Counter 1355 2028

Leg 4 9:07 - 9:19 Edge bands, excellent data.

Counter 2060- 2630
I
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Run 2, Jan. 31, 25 kts.

Leg 1 9:21 - 9:32 Edgetfoam bands, excellent data.
Counter 2640-3130

Leg 2 9:35 - 9:47 Edge/foam bands, excellent data.
Counter 3190-3693

Leg 3 9:49 - 10:02 Excellent data.
Counter 3710-4185

.Run 3, Jan. 31. 18 kts.

Leg 1 10:11 - 10:22 Foam/edge bands, slicks, good data (sun angle reduced contrast).
Counter 4330 - 4720

I Leg 2 10:24 - 10:37 Edge bands, slicks, excellent data.
Counter 4740-51503 Leg 3 10:39 - 10:53 Slicks, good data (marginal contrast).
Counter 5170- 5605 (End Video Tape 6).

3 Run 4, Jan. 31, 20.5 kts.

Leg I 11:10- 11:18 Foam/edgebands, excellent data.5 Counter 0590-1085 (Begin Video Tape 7).

Leg2 11:20 - 11:31 Foam/edge bands, slicks or leftover edge bands, good data (contrast
Counter 1290- 1895 nominal).

Leg 3 11:32 - 11:42 Edge bands, slicks, excellent data.
Counter 1898 - 2440

3 Feb. 1, FF, (Added oil 23, took away 1).

Run 1, Feb. 1, 12 kts.

Leg 1 8:38 - 8:47 Slightly choppy, foam/edge bands, very good data.
Counter 2550- 2960

I Leg 2 8:49 - 9:01 Lee of boat, foam/edge bands, excellent data.
Counter 2972 - 3460

I Leg 3 9:03- 9:16 Slight chop, edge bands, good data.
Counter 3475 3950

Run 2, Feb. 1, 25 kts.

Leg 1 9:23- 9:30 Foam/edge bands, good data.3 Counter 3960-4198

Leg 2 9:33 - 9:42 Foam/edge bands, good data.3 Counter 4212-4534
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Leg 3 9:44 - 9:58 Edge bands, good data. 1
Counter 4535- 5010 (End Video Tape 7).

Run 3, Feb. 1, 18 kts. n

Leg 1 10:13 - 10:22 Foam/edge bands, good data.
Counter 0210- 0887 (Begin Video Tape 8).

Leg 2 10:23 - 10:34 Edge bands, slicks, very good data.
Counter 0914-1615

Leg 3 10:36 - 10:50 Portions of the Leg may be contamimted when the RN Sea Tech
Counter 1654 - 2400 crossed in front of us through the target ship wake, good data. 5

1
I
U
I
I
U
I
U
I
I
I
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Appendix 7.3. I

The following is a consolidated listing of all the graph and data files that are contained in the five 3.25 inch
computer discs. Each of the discs contain the Runs that correspond to one of the five test days that the
NRL STEMS was able to obtain high-quality data. Days 5, 6, 7, 9, and 10 correspond to Jan.27, Jan.
28, Jan. 29, Jan. 31, and Feb. 1, 1989, respectively. The files that pertain to individual Runs and Legs
(wake crossings) are separated into specific folders on the disc. Individual file names listed in this
appendix generally contain descriptions of the contents and type of the file. The majority of the files are
coded as follows; [XXYZ.description], where XX is the number of days into the field test (Jan. 23, 1989
is day 1 and Feb 1, 1989 is day 10), Y is the Run module number completed by the Navy Target Ship
during the operations on that given day (Runs 1-4), and Z is the number of the wake crossing (or leg)
completed by the NRL STEMS during that Run (crossings or legs 1-4). The reader is referred to
Appendix 7.1 for a complete description of all the individual files.

II
I
I
I
I
I
I
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Day 3

84-itemns 75.2 ME in disk 22.4 MB available

limm Size Kind Last Modified

VI. 188K folder Sat. Jul 11, 1992, 1:12 PM

~J 52.Elasttcity 52K folder Sat. Jul 11, 1992. 12:04 PM

* 21.CutElasticity 4K Cricket Graph docu ... Tue. Jul 7, 1992, 1:30 PM

* 52 I.Elaitcity graph 4K Cricket Graph docu ... Tue, Jul 7. 1992. 2:16 PMI 321.FilmPress~graph 2K Cricket Graph docu... Tue, Jul 7, 1992. 2:09 P'M
321.STension400m 4K Cricket Graph docu ... Tue, Jul 7. 1992. 12:59 PM

* 522.CutElasticity 4K Cricket Graph docu ... Tue, Jul 7, 1992. 1:55 PM

522.Elatticitygraph 4K Cricket Graph doen... Tue, Jul 7, 1992. 2:14 PM

522.FilmPreasgrapb 2K Cricket Graph docu ... Tue, Jul 7, 1992, 2:07 PM

* 522.STension400m 6K Cricket Graph docu ... Tue, Jul 7, 1992, 1.00 PM

* 23.CutElesatcity 6K Cricket Graph docu ... Tue, Jul 7. 1992. 1:33 PM

5 523.Elaatic ity graph 6K Cricket Graph docu... Tue, Jul 7. 1992. 2:12 PM

* 523.FiltnPressgraph 4K Cricket Graph docu ... Tue, Jul 7, 1992, 2:05 PM

* 23.STension400m 6K Cricket Graph docu ... Tue. Jlt 7, 1992. 1:01 PMIV52.MSWord 16K folder Sat. Jul 11, 1992. 10:06 AM
321.MSWord 4K Microaoft Word doe ... Sat, Jul 11, 1992, 10:59 AMd

* 522.MSWord 6K Microsoft Word doe ... Sat, Jul 11, 1992, 10:59 AMI* 523.MSWord 6K Microaoft Word doe ... Sat, Jul 11, 1992. 10:58 AM
V, 32.SurtaceTenajon 120K folder Tue, Jul 7, 1992. 1:57 PM

* 321.STenuion240m 4K Cricket Graph docu ... Tue. Jul 7, 1"92, 12:54 PM

52 * 5.STension400tu 4K Cricket Graph docti... Tue, Jul 7, 1992. 12:59 PM
521.STensionDsat 18K Cricket Graph docu ... Sat. Jul 11, 1992. 1:28 PM

* 21.STensio:time 4K Cricket Graph docu ... Tu e, Jul 7. 1"92, 1: 16 PM

521. STensiontinic 4K Cricket Graph doet,... Tue, Jul 7. 1992. 1:24 PM

522.STensjon240tn 6K Cricket Graph doeu ... Tue. Jul 7, 1992. 12:56 PM

* 522.STenaion400m 6K Cricket Graph doeu ... Tue. Jul 7, 1992, 1:00 PM

E 522.STenaionflats 20K Cricket Graph doeu ... Tue, Jul 7. 1992. 12:32 PM

522.STensiontinec 6K Cricket Graph docu ... Tue. Jul 7. 1992. 1:204 PM

522.STessiontimee 6K Cricket Graph docu ... Tue. Jul 7. 1992, 1:14 PM

523.~enson20m 6 CriketGraph doeu ... Tue, Jul 7, 1992. 12:57 PM

* 523.STension,1ata 6K Cricket Graph docu ... Tue. Jul 7, 1992. 12:02 PM

523.~enton~aa IS CriketGraph docu ... Tue, Jul 7. 1992. 12:01 PM

523.T:::~n~me 6 CriketGraph docu ... Tue. Jul 7, 1992. 1:13 PM

523.T in imc 6 CriketGraph doeu ... Tue. Jul 7. 1992. 1:18 PM

17 C .3 lsmct 242K folder Sat, Jul 11, 1992, 1: 12 PM

Iv D 33Eatciy6K folder Tue. Jul 7. 19"2. 3:07 PMI* 531.CutElasticity 4K Cricket Graph docu ... Tue, Jul 7, 1992, 3:06 PM
531 .Elaaticityzraph 4K Cricket Graph docu ... Tue, Jul 7, 1"92. 3:19 PM

53 I3.FilmProsagraph 4K Cricket Graph docu ... Tue. Jul 7, 1992, 3:13 PM

* 531.STension400m 4K Cricket Graph doeu ... Tue. Jul 7, 1992, 2:50 PM

* 532.CutElasticity 4K Cricket Graph docu ... Tue. Jul 7, 19"2, 3:06 PMI S32.Els stio ity graph 4 K Cricket Graph docu ... Tue. Jul 7, 1992. 3:18 PM

332.FilmPreaagraph 2K Cricket Graph docu ... Tue, Jul 7, 1"92. 3:12 PMI 332.STaasiom400mi 6K Cricket Graph doeu... Tue. Jul 7. 199, 2:47 PM
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Day S

84 items 75.2 M33 in disk 22.4 M39 available

NAM Size Kind Last Modified

S 33.CutElesticity 4K Cricket Graph docu.. Tue. Jul 7. 1992, 3:05 PM

5 533.Elasticity graph 4K Cricket Graph docn... Tue, Jul 7, 1992, 3:17 PM

* 533.FtlmPreasgraph 2K Cricket Graph docu... Tue, Jul 7. 1992, 3:11 PM
5333.STension,100an 6K Cricket Graph docu ... Tue, Jul 7, 1992, 2:46 PM

* 34.CutElaaticjty 4K Cricket Graph docu ... Tue, Jul 7. 1"92. 3:04 PM

5 34.Elasticity graph 4K Cricket Graph docu ... Tue, Jul 7, 1992. 3:15 PMI

534.FilmPreassraph 4K Cricket Graph docu ... Tue, Jul 7. 1992. 3:10 PM

* 534.STeusiou400m 6K Cricket Graph docu ... Tue. Jul 7. 1992, 2:44 PM

17 3- 1 SIM Word 20K folder Sat, Jul 11, 199, 10:14 AMd

532 MSWord 6K McootWrSo . eJl1,I ,1:7A
532.MSWord 4K Microsoft Word doc ... Sat. Jul 11, 1992. 10:57 AMd

533.M~ord4K Microsoft Word doe ... Sat, Jul 11, 1"92. 10:57 AM

U 533.MSWord 6K Microsoft Word doe ... Sat. Jul 11, 1992. 10:57 AM

I,53.Surface Tension 156K folder Tue, Sep 1, 1992, 9:37 AM

S33 . MS ~ sord 0 6K C ric roe ot W ordp do eu... aTu , Jul 17 . 1 992 . 10: 57 AM

* 53l.STension24Om 4K Cricket Graph docu ... Tue. Jul 7. 1"92. 2.42 PM

* 531.STension400m 42K Cricket Graph docu... Tue, Jul 7. 1992. 2:50 PMU
531.STeasionstim 42K Cricket Graph docu ... Tue, Jul 7, 1992. 2:234 PM

531.STensiontimce 4K Cricket Graph doeu ... Tue, Jul 7. 1992, 2345 PM

531 STensionta0me 4K Cricket Graph docu... Tue, Jul 7. 1992. 2550 PIM
532.STension240m 6K Cricket Graph docu ... Tue, Jul 7, 1"92, 2:40 PM

* 32.STension400m 62K Cricket Graph doeu ... Tue, Jul 7, 1992. 2472 PM

* 532.STensionlata 22K Cricket Graph doeu ... Tue, Jul 7, 1992. 2:22 PM

* 532.STeastontimec 6K Cricket Graph docu ... Tue, Jul 7. 1992. 2294 PM

* 532 STenstonti0me 6K Cricket Graph docu ... Tue, Jul 7, 1992. 2:54 PM

* 33.STenason240m 6K Cricket Graph docu ... Tue, Jul 7. 1992, 2:31 PM

533.STension400m 16K Cricket Graph docu ... Tue, Jul 7, 1992, 2:46 PMI

U 533.STensionflss 16K Cricket Graph docu ... Tue, Jul 7, 1992, 2:21 PM

533.STensiontimee 6K Cricket Graph docu ... Tue. Jul 7. 1992, 2.31 PM
533 STensiont0mne 4K Cricket Graph docu ... Tue, Jul 7, 1992. 2:537 PMI
334.STension24Om 6K Cricket Graph docu ... Tue. Jul 7, 1992, 2:37 PM

* 534.STensionDast 20K Cricket Graph docu ... The, Jul 7, 1992, 2:20 PM

U 534.STenstontime 6K Cricket Graph docu ... Tue, Jul 7, 1"92, 2:33 PM

* 534.STensiontimnec 6K Cricket Graph docu ... Tue. Jul 7. 1992, 2:52 PM

t7]C DayS.Supportingdata 36K folder Tue, Sep 1, 1992, 9:24 AMI

1.27.89(2,3) 12K PowerPoint document Wed. Jul 22. 1992. 2:24 PM

Day5Run2 velocity 4K Microsoft Word doe... Fri. Jul 24. 1992. 1:54 PMI 5Rn3velocity 4K Microsoft Word doe... Fri. Jul 24, 1"92, 1:56 PM

U LabelsdayS.aotehook 12K Microsoft Word doe ... Tue. Jul 21. 1992, 10:42 AMI
* wwdsyS.Spf 4K Cricket Graph docu ... Mon. Jul 13, I ,199 -842 AM

2I
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Day 6

165 items 75.2 MB in disk 22.4 MB available

NanSize Kind Last Modified

'7 6.1 230K folder Sat, Jul 11, 1992, 1:13 PM

V, 61.Elasticity 58K folder Mon. Aug 31. 1992. 2:24 PM

611 .uElasticitygrp 2K Cricket Graph docu ... Fri, Aug 7, 1992. 4:42 PM

61 I.uElast icitygrp 2K Cricket Graph docu ... Fri, Aug 7, t992. 3:36 PM.

61 IFil~resgrph 2 Crcke Grph dcu .. riAug 7, 1992, 4:42 PM

61.Seso4I4 rce rp ou..Te Jul 7. 1992, 3:55 PM
U 612.CutElasticity 2K Cricket Graph docu ... Fri, Aug 7. 1992. 3:39 PM

* 612.Elasticitygraph 2K Cricket Graph docu ... Fri. Aug 7. 1992, 4:41 PMI* 612.FilmPreasgraph 2K Cricket Graph docu ... Fri, Aug 7, 1992, 4:39 PM
* 612.STension400m 4K Cricket Graph docu ... Tue. Jul 7, 1992, 3:54 PM

* 613.CutElaaticity 4K Cricket Graph docu ... Fri. Aug 7. 1992, 3:43 PM

* 613.Elasticitygraph 4K Cricket Graph docu ... Fri, Aug 7. 1992, 4:47 PMI

613.FilntPresagraph 2K Cricket Graph docu... Fri. Aug 7. 1992. 4:45 PM

* 613.STension400m 6K Cricket Graph docu ... Tue, Jul 7, 1992, 3:S2 PM

* 614.CuzElosticity 6K Cricket Graph docu ... Fri. Aug 7. 1992. 3:50 PM

614.Elaaticitygraph 6K Cricket Graph docu ... Fri, Aug 7. 1992, 4:52 PM

61.F;;~mŽr±ssgraph 4K Cricket Graph docu ... Fri Aug 7, 1992. 4:50 PMPM

* 612.$TMsiordO 6K Cricroeot Wordp docu... Tre. Aug 7. 1992. 35:0 PM

I* 613.MSWord 4K Microsoft Word doc ... Fri, Aug 7. 1992. 5:00 PM3 614.MSWord 64K Microsoft Word doc ... Fri. Aug 7, 1992. 5!02 PM

6 61 .MSura aord 14K Mirsfolde r d Tue. . Jr, ul 7, 1992, 5:05 PM

614.MS~eson20 14K Crickesot G orap docu... Tue. jul 7, 1992. 3:47 PM

97611.SufeTension4n 140K Cricket rap o . Tue. Jul 7, 1992. 3:17 PM

* 611I.STenaionflata 4K Cricket Graph docu ... Tue. Jul 7. 1992. 3:39 PM

* 6l1.STensiontime 4K Cricket Graph docu ... Tue, Jul 7, 1992, 4:06 PM

* 61 I.STension24Om 4OK Cricket Graph docu ... Tue. Jul 7, 1992. 3:46 PM

61 I.STe:uiontimec 4K Cricket Graph docu ... Tue. Jul 7, 1992, 4:106 PM

6 LS~eiontiec 4K Cricket Graph docu ... Tue. Jul 7, 1992, 3:54 PIMI1.~nso20 4K CiktGahUc .uJl7 92 :6P
6l2.~cn~on4Om 4K Cricket Graph docu ... Tue, Jul 7, 1992, 3:34 PM

* 612.STensionstim 42K Cricket Graph docu ... Tue. Jul 7, 1992. 4:03 PM

* 612.STensiontitmec 4K Cricket Graph docu ... Tue. Jul 7. 1992. 4:09 PMI* 613.STen~ion240mc 6K Cricket Graph docu ... Tue. Jul 7. 1992, 34-09 PME 613.STcnsion2400m 6K Cricket Graph docu ... Tue. Jul 7, 1992, 3:32 PM

* 613.STenaion4ata 16K Cricket Graph docu ... Tue. Jul 7, 1992, 3:38 PMI* 613.STeuaionDtin 16K Cricket Graph docu ... Tue. Jul 7, 1992, 4:03 PM
6 63.STenaiontimec 4K Cricket Graph docu ... Tue. Jul 7. 1992. 4.103 PM

* 613.STensioutim0 4K Cricket Graph docu ... Tue. Jul 7. 1992. 3420 PM

* 614.STension2400m 6K Cricket Graph docu ... Tue. Jul 7. 1992. 3:30 PM

U 614.ST ension4ata 24K Cricket Graph doeu ... Tue. Jul 7, 1992. 3:30 PM

* 614.STenaionstit 64K Cricket Graph docu ... Tue. Jul 7, 1992, 4:02 PM

E 614.STonsiontimee 6K Cricket Graph doeu ... Tue, Jul 7. 1992. 4-01 PM

II
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DMy 6

163 items 75.2 MB in disk 22.4 US available

HMSize Kind Last Modified

17 6.2 160K folder Wed, Jul 29, 19"2, 11:42 AM

V, C 62.Elasticity 42K folder Fri. Aug 7, 1992, 5:32 PM4

621-CutElasticity 4K Cricket Graph docu ... Fri. Aug 7. 1992, 3:56 PMI

621 Elasticity graph 4K Cricket Graph docu ... Fri, Aug 7, 1992, 5:1S PM

* 621.FilmPreosgrapb 2K Cricket Graph docu ... Fri, Aug 7, 1992. 5:16 PM

* 621.STension400tr 4K Cricket Graph dccii... Tue. Jul 7, 1992, 3:04 PM4
622.CutElasticity 4K Cricket Graph docu ... Fri. Aug 7, 1992. 4-01 PM

* 622.Elasticitygraph 4K Cricket Graph docu ... Fri, Aug 7, 1992. 5:26 PM

* 622.Fim~mIreaagraph 2K Cricket Graph docu ... Fri, Aua 7, 1992. 3:23 PM

622.STension400na 4K Cricket Graph docu ... Tue, Jul 7. 1992,53.02 PM
* 623.CutElasticity 4K Cricket Graph docu ... Fri, Aug 7, 1"92, 4.103 PM

* 623.Elasticitygraph 4K Cricket Graph docu ... Fri. Aug 7. 1992, 5:32 PM

623 .FilmPreaagrapb 2K Cricket Graph docu... Fri. Aug 7, 1992, 5:30 PMI

* 623.STension4O0m 4K Cricket Graph docu ... Tue, Jul 7, 1"92, 4:56 PM

V62.185 Word 22K folder Fri, Aug 7, 199, 5:13 PM

U 621.MSWord SK Microsoft Word doc ... Fri. Aug 7, 1992, 5.34 PM
E 622.MSWord 6K Microsoft Word doc ... Fri, Aug 7, 1"92, 5:35 PM

U 623.MSWord 8K Microsoft Word doc ... Fri, Aug 7, 1"92, 5:36 PM

V, 62.SurfaceTenaion 96K folder Tue, Jul 7, 19"2, 5:34 PMI
621.STenatson240rn 4K Cricket Graph docu ... Tue. Jul 7, 1992, 4354 PM

* 621.STenaion400m 4K Cricket Graph docu ... Tue, Jul 7, 1"92, 5-04 PM

* 621.STensionDate 14K Cricket Graph docu... Tue, Jul 7, 1992, 4.49 PM

* 621.STenatontinie 4K Cricket Graph docu ... Tue, Jul 7, 1992, 3:10 PM

* 621.STenstontimec 4K. Cricket Graph docu ... Tue. Jul 7, 1992, 3:14 PM

* 622.STenason240m 4K Cricket Graph docu ... Tue, Jul 7, 1"92, 4:52 PM

622.STenaaon400m 4K Cricket Graph docu ... Tue, Jul 7, 1"92, 3.0)2 PIM
* 622.STensionData 16K Cricket Graph docu ... Tue, Jul 7, 1"92, 4:47 PM

* 622.STenatontime 4K Cricket Graph docu ... Tue, Jul 7, 1992, 3:09 PM

623.STension240nt 4K Cricket Graph docu... Tue. Jul 7, 1992, 4:13 PM

U 622 STenatonti0mc 4K Cricket Graph dccii... Tue, Jul 7, 1992, 4:13 PM

* 623.STenaaon400m 4K Cricket Graph docu ... Tue. Jul 7, 1992, 4:56 PM

* 623.STensionData 16K Cricket Graph docu ... Tue, Jul 7, 1992, 4:47 PMI
623.STensiontime 6K Cricket Graph docu ... Tue, Jul 7, 1992, S.07 PM

* 623.STenaiontiinec 4K Cricket Graph docu ... Tue, Jul 7, 1992, 5:12 PM

V, 6.3 252K folder Sat, Jul 11. 1992, 1:13 PMI
17 C 63.Elasticity 72K folder Wed, Jul 3. 1992, 8:23 AM

* 631.CatElaaticity 4K Cricket Graph docu ... Tbu, May 21, 1992, 6:41 AM

* 631,Elasticitygroph 4K Cricket Graph docu ... Wed, Jul 8. 1992. 8:39 AM

* 631.FilmProesSgraph 4K Cricket Graph docu ... Wed, Jul 3, 1992, 3:32 AM

U 631.STeoaion400m 6K Cricket Graph docci... Wed, JAl S, 1992, 8-04 AM

* 632.CutEleaticity 6K Cricket Graph docu ... 71u, May 28, 1992, 6:38 AM

632.Filmastcysgrapht 4K Cricket Graph docu ... Wed, Jul S, 1992, 8:38 AM

U 632.Plmlestictyrsph 4K Cricket Graph docu ... Wed, Jul 8, I9M, 8:38 AM

U 632.STenaion400m 6K Cricket Graph docu ... Wed, Jul 9. 1992, 8-04 AM

2I

110



Dsy 6

163 items 75.2 MB in disk 22.4 MD available

mulSize Kind LAst Modified

* 633.CutElasticity 6K Cricket Graph docu... Wed, Jul 8. 1992, 8:23 AM

* 633.Elasticitygraph 6K Cricket Graph docu... Wed, Jul 8. 1992, 8:36 AMIE 633.FilmPressgraph 4K Cricket Graph docu... Wed, Jul 8. 1992. 8:30 AM
633.STension,100m 6K Cricket Graph docu ... Wed, Jul 8, 1992, 9:01 AM

* 634.CutElasticity 2K Cricket Graph docu ... Thu, May 28. 1992, 6:34 AM

* 634.Elacticitygtaph 4K Cricket Graph docu ... Wed, Jul S. 1992, 8:34 AMUU 634.FiirnPresegrsph 2K Cricket Graph docu ... Wed, Jul 8. 1992, 8:29AM

634.Sengio4O~m4K CrcketGraph dou..Wed, Jul 8, 1992, 7:59 AM

63.MS Word 22 odrSat, Jul 1,92,0:6AMI3.Sod6 irsf odde .aJl1,19,1:5AU 631.MSWord 6K Microsoft Word doe ... Sat, Jul 11. 1992, 10:45 AM

* 632.MSWord 6K Microsoft Word doe ... Sat, Jul 11, 1992. 10:42 AM

E 634.MSWord 6K Microsoft Word doe ... Sat. Jul It. 1992. 10:42 AM

V63.SurfaceTension 158K folder Wed, Jul 8, 1992. 8:17 AM

U 63l.STenuion240m 6K Cricket Graph docu ... Wed, Jul 8, 1992, 7:57 AMIU 63l.STension400m 6K Cricket Graph docu ... Wed, Jul 8. 1992, 8:04 AM

U 631.STensionDsta 14K Cricket Graph doeu ... Wed, Jul 8, 1992, 7:50 AM

631.STensiontime 6K Cricket Graph docu ... Wed, Jul 8. 1992, 8:11 AMU* 63 1STensiontimec 6K Cricket Graph doeu ... Wed. Jul 8, 1992. 8:16 AM

632.STension240m 6K Cricket Graph docu ... Wed. Jul 8, 1992, 7:56 AM

* 632.STension400m 6K Cricket Graph docu ... Wed, Jul 8. 1992. 8:04 AM

632.STensionData 18K Cricket Graph docu ... Wed. Jul 9, 1992, 7:48 AMUU 632.STenuiontime 6K Cricket Graph docu ... Wed, Jul S. 1992, 8:10 AM

U 632.STeesaontimec 6K Cricket Graph docu. .. Wed. Jul 8, 1992. 8:15 AM

U 633.STensioa240m 6K Cricket Graph docu ... Wed. Jul 8, 1992, 7:54 AMU3.~nioOm6 rce rp dc .eJlS 92 :1AU 633.STension400m 6SK Cricket Graph docu ... Wed, Jul 8, 1992, 8:01 AM
* 633.STenaiouzima 6 K Cricket Graph doeu ... Wed, Jul 8, 1992, 7:47 AM

* 633.STensiontimee 6K Cricket Graph doeu ... Wed, Jul 8, 1992, 8:08 AMIU 633.STension240me 4K Cricket Graph doeu ... Wed, Jul 8, 1992, 8:14 AM

634.STension24Om 4K Cricket Graph doeu ... Wed, Jul 8, 1992. 7:52 AM

634.STe si on400m 40K Cricket Graph doeu... Wed, Jul 8. 1992, 7:49 AMIU 634.STensionflaa 20K Cricket Graph doeu ... Wed, Jul 8. 1992, 7:07 AM
U 634.STensionuimec 4K Cricket Graph docu ... Wed, Jul 8, 1992, 8073 AMI7 6. 200K folder Sat, Jul 11, 1992, 1:13 PM

V 64.Elastic ity 52K folder Wed, Jul 8, 1992. 9:41 AM

U 641.CutElasticity 4K Cricket Graph doeu ... Wed, Jul 8, 1992. 9:41 AM

U 641.Elasticitygraph 4K Cricket Graph doeu ... Wed, Jul 8, 1992, 9:49 AMIU 641.FilmPreasgroph 2K Cricket Graph doen ... Wed, Jul 8. 1"92, 9:45 AM

641.STeasion4O0m 6K Cricket Graph doeu ... Wed, Jul 8. 1"92, 9:04 AM

U 642.CutElasticity 4K Cricket Graph docu ... 'Mu. May 28. 1992, 6:48 AM1U 642. Elastic ity graph 4K Cricket Graph docu ... Wed, Jul 8, 1992, 9:51 AM
* 642.P2ilmPresegraph 2K Cricket Graph doeu ... Wed, Jul 8. 1992, 9:44 AM

U 642.STeasioo400m 4K Cricket Graph d--cu ... Wed, Jul 8. 1992. 9.02 AMI 3



Day 6I

165 items 73.2 N3 in disk 22.4 M3 available

NiAM Size Kind Last ModifiedI
* 643. CutElaatitcity 6K Cricket Graph docu... Wed, Jul 8, 1992, 940 AM

* 643.Elesticitygraph 4K Cricket Graph docu ... Wed. Jul S. 1992, 9:50 AM

* 643-FilntPresetrapb 4K Cricket Graph docu ... Wed, Jul 8, 1992, 9:43 AMI
643.STension400nz SK Cricket Graph docu ... Wed, Jul 8. 1992. 9:01 AM

IV 64.MS Word 16K folder Sat, Jul 11. 1992, 10:52 AM

* 64l.MSWord 6K Microsoft Word doe ... Sat, Jul It, 1992, 10:48 AM642MSord4K Micowt Wrddo...Sa, Jl 1, 99, 1:4 A
642.MSWord 4K Microsoft Word doe ... Sat, Jul If. 1992, 10:59 AM

V64.SurfaceTention 132K folder Tue, Sep 1. 1992, 10.30 AM

641.STonsion2400m 6K Cricket Graph docu ... Wed, Jul 8. 199, 9:04 AM

U 641.STension24Om 6K Cricket Graph doeu ... Wed, Jul 8, 1"92, 9:59 AM

* 64l.STensionDaza I8K Cricket Graph docu ... Wed, Jul 8, 1992, 8:52 AM

* 641.STentiontinie 6K Cricket Graph docu ... Wed, ulo 6. 1992, 9:20 AMI
* 64l.STensiontimec 6K Cricket Graph docu ... Wed, Jul 8, 1992, 9:25 AM

* 642.STenaion240w 4K Cricket Graph docu ... Wed, Jul 8, 1992, 8:57 AM

* 642 STenaion400rn 4K Cricket Graph docu ... Wed, Jul S, 1992. 9-02 AMI
642.STensionData 20K Cricket Graph docu ... Wed, Jul 8, 1"92, 8:5 1 AM

* 642.STenasontitne 4K Cricket Graph docu ... Wed, Jul 8, 1992, 9:18 AM

* 642.STensiontimec 4K Cricket Graph docu ... Wed, Jul S, 1"92. 9:24 AM3

* 643.STenaion240m SK Cricket Graph docu ... Wed, Jul 8, 1992. 8:55 AM

* 643.STension400nt SK Cricket Graph docu ... Wed, Jul 8, 1992, 9:01 AM

* 643.STenatonData 22K Cricket Graph docu ... Wed, Jul 8, 19"2, 8:61 AM

643.STensiontjme RK Cricket Graph docu ... Wed, Jul 8, 1992, 9:08 AMI

* 643.STensiontjmcc 8K Cricket Graph docu ... Wed, Jul 8, 1992, 9:23 AM

17~ Day6.supportingdata 58K folder Mon. Aug 31, 1992. 2:21 PM

S1.28.89(1,3) 14K PowerPoint document Fri, Aug 14, I99. 1:58 PMIm 1.28.89(2,4) 10K PowerPoint document Fri, Aug 14, 1"92. 2:00 PM

* Day 6Run 1 velocity 4K Microsoft Word doe ... Fri, AUg 14, 1992. 2:01 PM

* Day6Run2.velocity 4K Microsoft Word doe ... Fri. Aug 14, 199, 2:18 PMI3 Day6Run3.velocity 4K Microsoft Word doe ... Fri. Aug 14, 1992, 2.19 PM

U Day6Run:4.velocity 4K Microsoft Word doe ... Fri. Aug 14, 1992, 2:21 PM

Labelsday6. notebook 14K Microsoft Word doe ... The, ulo 21, 1992, 10:45 AMI

wwday6.grf 4K Cricket Graph docu... Mon. Jul 13. 1992. '.46 AM

4I
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Day 7

84 items 75.2 MB in disk 22.4 MB available

ManSize Kind Last Modified

'7 7.1 204K folder Mon, Aug 10, 1992. 11:27 AM

IC l 71.Elssticity 64K folder Wed. Jul 8, 1992. 11:30 AMI* 71 I.Curfllasticity 4K Cricket Graph docu ... Tue, Jun 2, 1992, 10:24 AM
* 71 I.Ehssticitygraph 4K Cricket Graph docu ... Wed, Jul 8, 1992. 11:39 AM

* 711I.FilmPceasgraph 4K Cricket Graph docu ... Wed, Jul 8, 1992, 11:34 AMI* 711. STension400tn 4K Cricket Graph docu ... Wed, Jul S. 1992, 11:12 AME 7I2.CutElasticity 2K Cricket Graph docu... Tue. Jun 2. 1992. 10:24 AM

* 712.Eleaticitygraph 4K Cricket Graph docu ... Wed, Jul S. 1992. 11:38 AM

* 712.FilmPresegraph 2K Cricket Graph docu ... Wed, Jul 8. 1992, 11:33 AM

* 712.STansion400mn 4K Cricket Graph docu ... Wed, Jul 8, 1"92. 11:11 AM

* 713.CutElatticity 4K Cricket Graph docu ... Tue. Jun 2. 1992, 10:23 AM

7 713.Elasticitygraph 4K Cricket Graph docu ... Wed. Jul 8, 1992, 11:37 AM

7 * 13.FilmPreaugraph 2K Cricket Graph docu... Wed, Jul 8, 1992, 11:33 AM

* 713.STension400m 4K Cricket Graph docu... Wed, Jul 8, 1992. 11:09 AM

E 714.CutElastioity 6K Cricket Graph docu... Tue, Jun 2, 1992, 10:23 AM

714.Fla estciygraph 6K Cricket Graph docu... Wed, Jul B. 1992, 11:32 AM

7I4.Eilmarstiigroph 6K Cricket Graph docu... Wed, Jul 8, 1992, 11:37 AM

714.~enson4~m 6 CriketGraph docu ... Wed. Jul 8. 1992, 11-06 AM

1771.MS Word 20 odrMon, Aug 10. 1992. 11:45 AM

U 711 MSWord 6K Microsoft Word doc ... Mon. Aug 10. 1992. 10:45 AM

U 712.MSWord 4K Microsoft Word doc... Sat. Jul 11, 1992, 11:04 AM

U 73.MSWord 4K Microsoft Word doc,... Mon, Aug 10. 1992. 11198 AM

U 714.MSWord 6K Microsoft Word doc ... Mon. Aug 10. 1992, 11:45 AM

S 71.surfoceTension 120K folder Wed, Jul 8. 1992. 11:30 AM

71 l.STenaaon240.n 4K Cricket Graph docu ... Wed. Jul S, 1992, 11:04 AM

7 U 7.STnenion400m 4K Cricket Graph docu ... Wed. Jul 8, 1992. 11:12 AM

71 7I.STension~ata 12K Cricket Graph docu ... Wed, Jul 8. 1992. 10:50 AM

U 7:l.STen.iontime 4K Cricket Graph docu ... Wed, Jul 8, 1992. 11:19 AM

7 7l. Tenaonttn 4K Cricket Graph docu ... Wed, Jul 8. 1992, 11t:23 AMU 712.STension240ns 4K Cricket Graph docu ... Wed, Jul 8. 1992. 11:05 AM

* 7l2.ST:nsion400ni 4K Cricket Graph docu ... Wed, Jul 8, 1992. 11:11 AM

7 * 72.STensionData I0K Cricket Graph docu ... Wed, Jul 8. 1992. 10:49 AM
E 712.STensiontime 4K Cricket Graph docu ... Wed. Jul 8, 1992, 11:19 AM

* 712.STensiontimec 4K Cricket Graph docu ... Wed, Jul 11. 1"92. 11:22 AMI713.STension240in 4K Cricket Graph docu ... Wed, Jul 8, 1"92. 11:00 AME 713.STension400m 4K Cricket Graph docu ... Wed, Jul 8, 1"92, 11-09 AM

U 713.STension]Dsat 30K Cricket Graph docu ... Wed, Jul 8. 1992. 10:39 AM

U 713.STansiontime 4K Cricket Graph docu ... Wed. Jul 8. 1992. 11:16 AMIU 713.gTonsiontirnee 4K Cricket Graph docu ... Wed, Jul 8, 31"2. 11:21 AMI 7,14.STonsioa240m 6K Cricket Graph docu... Wed. Jul 8, 3992. 10:59 AM

73 4STension400m 6K Cricket Graph docu ... Wed, Jul 8. 3992, 13:06 AMII 714.STensio&Dats 16K Cricket Graph docu ... Wed, Jul 8. 1"92, 10:39 AM

7l4.ST~ensiontme 6K Cricket Graph docu ... Wed, Jul 8. I992 11:14 AM

U 714.1Tansiontim~e 6K Cricket Graph dccii... Wed, Ju1 S. 1992. 11:20 AMII
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Day 7I

14 items 75.2 Mll in disk 22.4 INI available

mmSize Kind Loet ModifiedI
V, 7.2 232K folder Sat, Jul 11, 1992. 1. 14 PM

17 f' 72.Elauticity 70K folder Wed, Jul 8, 1992. 1:28 PM

721.CutElatticity 6K Cricket Graph docu ... Tue. Jun 2. 1992. 10:22 AMI

721.6laeticitygraph 6K Cricket Graph docu ... Wed, Jul 8, 1992, 1:36 PM

* 721.FilmPreesgraph 4K Cricket Graph docu ... Wed. Jul 8. 1992, 1.31 PM

* 721.STension400m 6K Cricket Graph docu... Wed. Jul 8, IM92 1-09 PM

722.CuElaestcitygr 6K Cricket Graph docu ... Wed, Jul 8, 1992, 1:39 PM

U 722.CuElaeticity~rp 6K Cricket Graph docu ... Wed, Jul S. 1992, 1:29 PM

* 722.FilmnPresegrapb 4K Cricket Graph docu ... Wed, Jul 8. I992 1:30 PM

723 CuTEenticity~ SK Cricket Graph docu ... Tued. Jun 2,19. IM 10213 AM

U 722.CutEeneaon400 SK Cricket Graph docu ... Wued, Jul 2, 1992. 10:213 AM

* 723.Elaeticity graph 6K Cric ket Graph docu... Wed, Jul 8. 1992, 1:33 IM

* 723.FilanPre&agraph 4K Cricket Graph docu... Wed, Jul 8, 1992, 1:30 PMI
3 723.STension400m 6K Cricket Graph docu... Wed, Jul 8, 199, 1:11 PM

17 72.M5 Word 22K folder Mon. Aug 10, 1992, 4:25 PM

3 721.M SW ord 6K Microsoft Word doc ... Sat. Jul 11, 1992. 13.09 AMU3 722.MSWord SK Microsoft Word doe ... Mon, Aug 10, 1992. 12:24 PM

U 723.MSWord SK Microsolt Word doc ... Moo. Aug 10, 1992, 4:25 PM

qv 72.SurfaceTension 140K folder Wed, Jul 8, 199, 3:28 PM721S~nson20m6K Crike Gap dou ..Wed Jl .I , -0 P3 721.STenaaon24Om 6K Cricket Graph docu ... Wed, Jul 8, 1992, 1:06 PM3 721.ST enai on 400m 6K Cricket Graph docu ... Wed. Jul 8, 3992, 1:09 PM

U 721.STenesionatim 16K Cricket Graph docu ... Wed, Jul 8, 1992, 1:01 PM

721.STensiontimee 6K Cricket Graph docu .. Wed, Jul 3, 1992, 1:21 PM

U 722.STensiontirne 6K Cricket Graph docu ... Wed. Jul 8, 19912, 1-05 PM

U 722.STension24Om OK Cricket Graph docu ... Wed. Jul 8, 1992, 1:13 PM

3 722.STensiot n400mB2K Cricket Graph docu ... Wed, Jul 8, 1992, 1:130 PMIU 722.STensionsata 2SK Cricket Graph docu ... Wed, Jul 8, 3992, 3:00 PM

3 722.STensi ontim ne86K Cricket Graph docu .. Wed, Jul 8, 1992, 1:20 PM

3 722 STension tinm ec6K Cricket Graph docu .. Wed, Jul 81, 1992, 1:203 PMI3 723.STension24Om 6K Cricket Graph docu ... Wed, Jul 8, 1992, 1:03 PM

3 723.STensiona400 60K Cricket Graph docu ... Wed, Jul 8, 1992, 1:33 PM

E 723.STenasonatie 20K Cricket Graph docu ... Wed, Jul 8, 1"92. 3:10 PM

3 723.STensiontitaec 6K Cricket Graph docu .. Wed, Jul 8, I99, 3:319 PM

17 Day7.Supportingdata 40K folder Tue. Sep 1, 1992, 9:25 AM

do 1.29.89(1,2) 12K PowerPoint document Mon, Aug 10, 199, 10:32 AMII Day7litual velocity 4K Microsoft Word doe ... Mon. Aug 10, 1992. 10:37 AM

Day7Rkun2.velocity 4K Microsoft Word doe:... Moo, Aug 10, 3992., 13:54 AM

Lsewday7.f noeok1K Crickesot G orap docu... Moo. Jul 213. 399. 80:49 AM

U wbwday7.aotbo 16K Cricerot Wordp doeu... Toe. Jul 213. 1992, 30:47 AM

2
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91l.laitemsap 75.2 K ild iay disk 22.4 M33 avibl

q7 9. 1 24K (older Sat. Jul 11, 1992. 1:14 PM

91.Elasticity 68K folder Fri, Aug 7, 1992, 5:49 PMI* 91 1.CutElasticity 4K Cricket Graph docu ... Wed, Jul 1, 1992, 3:11 PtA
91 I.lastcityrapb4K Cricket Graph docu ... Wed, Jul X, 1992, 3:30 PM

91 I.ilm~esagapir2K Cricket Graph docu ... Wed, Jul 1. 1992, 3:23 IM

* 91 L.STensionO100m 4K Cricket Graph doccv... Wed, Jul 1. 1992, 1:56 PMA

U 912.CutElosticity 4K Cricket Graph dccu ... Fri. Aug 7. 1992, 4:15 PM

* 912.Elaoticitygrapb 4K Cricket Graph docc.... Fri, Aug 7. 1"92. 5:44 PM

* 9I2.FilnzPresagraph 4K Cricket Graph docu ... Fri, Aug 7, 1992, 5:42 PM

9I2.STension400un 6K Cricket Graph docc.... Wed. Jul 1. 1"92. 1:55 PM

91 l3.CulElaaticity 6K Cricket Graph docu ... Thu, Jun 4, 1"92, 6:27 AM

* 9I3.Elesticitygraph 6K Cricket Graph docc.... Wed. Jul 8. 1992. 3:21 PMI* 913.FilinPresegraph 4K Cricket Graph docc.... Wed, Jul 8, 1992. 3:24 PM

U 913.STensioa400m 6K Cricket Graph doe. ... Wed, Jul 8, 1992 1:53 PM

* 9I4.CutElosticity 4K Cricket Graph docu ... Fri, Aug 7, 1"92, 4:19 PMIU 9I4.111asticity graph 4K Cricket Graph docu ... Fri, Aug 7, 1"92, 5:49 PM
E 9l4.FilmPres*Srapb 2K Cricket Graph docc,... Fri, Aug 7. 19"2, 5:47 PM

U 914.STensioa4OOm 4 K Cricket Graph dccv... Wed, Jul S. 1"92, 1:57 PM3 L 1MS word 26K folder Mom. Aug 10. 1992. 5:14 PM

U 91 I.MSWord 4K Microsoft Word dcc... M~on, Aug 10. 1992, 5:14 PM

U 912.MSWord l0K Microsoft Word docc. Fri. Aug 7. 1992. 5:45 PM

U 9l3.MSWord 6K Microsoft Word dc .. Sat. Jul 11, 1"92, 11:17 AM

9 U 94.MSWojrd 6K Microsoft Word dcc.. Fri. Aug 7, 1992. 5:50 PM

S91 SurfaccTensici 141K folder Wed. Jul 8, 1992, 3:16 PM

U 91 l.STe::io::240. 4K Cricket Graph dccii... Wed. Jul 8. 1992, 1:51 PM

9 U 91STenaioi400un 4K Cricket Graph doccv... Wed, Jul 8, 1992. 1:56 PM

U 911I.STensionDate 16K Cricket Graph doccv... Mon, Aug 10, 1992, 4:53 PM

U : 9l.S-l.aaioeti.. 4K Cricket Graph dccv.. Wed. Jul 1. IM9, 3:00 PM

91 1,STanaiontimec 4K Cricket Graph dcc,.. Wed. Jul 1. 1992. 3:04 PM

912.S~fenason240m 6K Cricket Graph dcu .. Wed, Jul 9. 1992, 1:49 PM

U 9I2.STensaon00tn 6K Cricket Graph dcu .. Wed. Jul S. 1"92, 1:55 PM

U 912.STensionData 16K Cricket Graph doccv... Wed, Sul S. 1"92. 1:43 PM

U 912.STensiontime 6K Cricket Graph docc.... Wed. Jul S. 1"92. 2:59 PM

U 9I2.ST-enaiontimec 4K Cricket Graph dccv... Wed. Jul S. 1992. 3:03 PM

U 913,STension240m 6K Cricket Graph dccv... Wed, Jul 8, 1992. 1:47 IPMIU 9J3.STeacnsiaO~i 6K Cricket Graph does... Wed, Jul S. I99. 1:53 PM

U 913.STenaionDate 20K Cricket Graph dccii... Wed. Jul ,1. "92. 1:42 PMI 9l3.STensiontinie 6 K Cricket Graph doccv... Wed. Jul 8. 1992. 2.58 FIE

913.STanssctaimee 6K Cricket Graph docc.... Wad, Ju1.1 I.M99, 3:02 FMI 914.STestrion240m 4K Cricket Graph does.... Wed. Jul 3, 1992. 1:46 PM

914.STension400m 4K Cricket Graph doccv... Wed, Jul 1. 1992. 1:57 PMI* 914.STaenionDals 16K Cricket Graph does ... Wed, Jul 3, I992 1:42 PM

914,11Tessioatime 6K Cricket Graph dcc .... Wed, Jul S. IM,92.257 PM

U 914.5siaasioatim~e 4K Crikke Graph doev ... Wedl, Jul 1. I99, 3-01 PM

II
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Day 9

155 items 75.2 MB in disk 22.4 ME available

SMSize Kind Last Modified

I'n 9.2 214K folder Sat, Jul 11, 1992. 1:14 PM
17 92. MS Word 18K folder Sat, Jul 11, 1992, 11:21 AM

* 921.MSWord 6K Microsoft Word doe... Sat. Jul 11, 1992, 11:19 AM

U 922.MSWord 6K Microsoft Word doe ... Sat, Jul It, 1992, 11:20 AMI
U 923.MSWord 6K Microsoft Word doe ... Sat, Jul 11, 1992, 11:21 AM

17 92.Elasticity .56K folder 'Thu. Jul 9. 1992. 9:31 AM

* 921.CutEissticity 4K Cricket Graph docu ... Thu, Jul 9, 1992, 9:34 AMI
921.Elaaticitygrapb 4K Cricket Graph docu ... Thu, Jul 9. 1992, 9:41 AM

* 921.FilniPresegraph 2K Cricket Graph docu ... Thu, Jul 9. 1992. 9:37 AM

* 921.STensson400m 6K Cricket Graph docu ... Thu, Jul 9, 1992, 8:46 AMI
922.CutElasticity 4K Cricket Graph docu... Thu. Jul 9, 1992. 9:33 AM

9 922.Elasatic ity graph 4K Cricket Graph docu... Thu. Jul 9, 1992, 9:42 AM

* 922.FilmPresagraph 4K Cricket Graph docu... Thu. Jul 9, 1992. 9:38 AM

922.STension40flm 8 K Cricket Graph docu ... Thu. Jul 9. 1992, 8:45 AM
* 923.CutElasticity 6 K Cricket Graph docu ... Thu. Jun 4, 1992. 6:33 AM

* 923.Elasttcitygrsph 4K. Cricket Graph docu ... Thu. Jul 9, 1992. 9:43 AM

923.FSmreenrapoa0 6 K Cricket Graph docu... Thu, Jul 9, 1992. 8:439 AM

923.Slm~ensiograp 64K Cric ket Graph docu... Thu. Jul 9, 1992, 9:439 AM

17 92.SurfaceTension 140K folder Tue. Sep 1. 1992, 10:43 AM

* 921.STension240m 6K Cricket Graph docu ... Thu. Jul 9. 1992. 8:35 AMI
921.STension400m 6K Cricket Graph docu... Thu. Jul 9. 1992, 8:46 AM

* 921 STenusonData 18K Cricket Graph docu ... T'hu. Jul 9. 1992, 8:31 AM

* 921.STensioutimte 6K Cric ket Graph docu ... Thu. Jul 9, 1992. 9:25 AM
921.STensiontimec 4K Cricket Graph docu ... Thu. Jul 9, 1992. 9:24 AM

* 922.STenaion240m 8 K Cricket Graph docu ... Thu. Jul 9. 1992, 8:40 AM

* 922.STension400m 8 K Cricket Graph docu... T1hu. Jul 9. 1992. 8:45 AM

922.STensionData 26K Cricket Graph docu... Thu. Jul 9, 1992, 8:30 AM
* 922 STensiontime 8 K Cricket Graph docu... Thu. Jul 9, 1992, 9:25 AM

* 922.STensiontimec 6 K Cricket Graph docu ... Thu. Jul 9, 1992. 9:23 AM

923.STenaton2400i 6 K Cricket Graph docu ... Thu. Jul 9. 1992. 8:43 AM

U 923.STension240m 6KX Cricket Graph doeu ... Thu. Jul 9. 1992. 8:438 AM

* 923.STensionData 20K Cricket Graph docu ... Thu. Jul 9. 1992. 8:30 AM

* 923.STenatontime 6 K Cricket Graph docu ... Thu. Jul 9. 1992. 9:25 AMI

923.STenatoatimec 6 K Cricket Graph doeu... Thu. Jul 9. 1992. 9:21 AM

r 9.3 210K folder Sat, Jul 11, 1992. 1:14 PM

V CD 9.lsiiy52K folder Thu. Jul 9. 1992. 2:00 PMI
93 I.CutElasticity 6K Cricket Graph docu ... 'Thu. Jul 9. 1992, 2:03 PM

93 1.Slaaec ily graph 4K Cricket Graph doeu ... Thu. Jul 9. 1992. 2:13 PM

93 I.PilmPreesgraph 4K Cricket Graph docu ... Thu. Jul 9, 1992, 2-01 PM

931.STension4O0m 6K Cricket Graph docu ... Thu, Jul 9. IM,2 10:22 AM

* 932.Catllasticity 4K Cricket Graph docu... 'Thu. Jul 9. 1992. 2:02 PM

* 932.Ilsatieitygraph 4K Cricket Graph docu ... Thu. Jul 9. 1992, 2:12 PM

932.FSlaufesjou40 2K Cricket Graph doeu ... Thu, Jul 9. 1992, 1-0:2 AM

932.$Tlmnraiou4ap 6K Cricket Graph dowu... Thu. Jul 9. IM,210208 PM
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* 933.CutElasticity 4K Cricket Graph docu ... Thu, Jul 9. 1992, 2:02 PM

* 933.Elesticitygraph 4K Cricket Graph docu ... 'Thu. Jul 9, 1992, 2:10 PMIU 933.FilmPresegraph 2K Cricket Graph docu... Thu. Jul 9. 1992. 2:08 PM
* 933.STension400m 6K Cricket Graph docu ... Thu, Jul 9. 19"2, 10:24 AMIV93.MS Word 16K folder Sat, Jul It, 1992. 11:25 AM

* 93[MSWord 6K Microsoft Word doc ... Sol, Jul 11, 1992. 11:23 AM

U 932.MSWord 4K Microsoft Word doc ... Sat. Jul 11, 1992. 11:24 AM

U 933.MSWord 6K Microsoft Word doc... Sat, Jul 11, 1992, 11:25 AM

IV93.SurtfceTension 142K folder Thu. Jul 9. 1992. 11-01 AM

U 931.STention240m 6K Cricket Graph docu... Thu, Jul 9. 1"92. 10:16 AM

U 931 ISTension400m 6K Cricket Graph docu... T1hu. Jul 9, 1992, 10:22 AM

U 931 STensionDats 26K Cricket Graph docu... Thu. Jul 9, 1992. 9:54 AMIU 93 1 STeasiontime 6K Cricket Graph docu... T1hu. Jul 9. 1992. 10:55 AM

U 931 IS~ansiontimac 6K Cricket Graph docu ... Thu. Jul 9. 1992. 11.-00 AM

U 932.STensioa24O0m 6K Cricket Graph docu ... Thu. Jul 9. 1992. 10:18 AMI3.T i4 n6 rce rp oc .h.Jl9 ",1:3AU 932.STension400m 64K Cricket Graph docu ... Thu. Jul 9, 1992. 10:23 AMU 932.STension~tsm 26K Cricket Graph docu ... Thu. Jul 9, 1992. 10:05 AM

U 932.STensiontimec 6K Cricket Graph docu ... Thu. Jul 9. 1992. 10:59 AMIU 932 STensioatu0mc 6K Cricket Graph docu... Thu. Jul 9, 1992, 10:59 AM
U 933.STension24Om 6K Cricket Graph docu... Thu. Jul 9. 1992. 10:20 AM3U 933.STensionbsat 20K Cricket Graph docu ... *Mu. Jul 9. 1992. 9:59 AM
U 33.STensiontime 6K Cricket Graph docu... Thu. Jul 9. 1992. 10:33 AM

U 933.STenstontimnec 6K Cricket Graph docu... Thu. Jul 9, 1992. 10:58 AMI7 9. 200K folder Sat. Jul 11, 1992. 1:14 PM

V rJ 94.Elssticity 48K folder Thu. Jul 9, 1992. 5:02 PM

U 94l.CutElosticity 4K Cricket Graph docu... Thu. Jul 9, 1992, 2:37 PM

U 941 Elasticitysraph 4K Cricket Graph docu... Thu. Jul 9, 1992. 4:34 PM

U 941.FilanPresegraph 2K Cricket Graph docu... Thu. Jul 9. 1992. 4:30 PM

941.STanston400m 6K Cricket Graph docu... Thiu. Jul 9, 1992, 3:51 PM

U 942.CutElosticity 4K Cricket Graph docu ... Thu. Jul 9, 1992, 2:40 PM

U 942.Elasticitygraph 4k Cricket Graph docu ... Thu, Jul 9, 1992, 4:51 PM

U 942.FmlmPressgraph 2K Cricket Graph docu ... Thu, Jul 9. 1992. 4:48 PM

U 942.STensio 400m SK Cricket Graph docu ... Thu. Jul 9, 1992. 3:50 PM

943.Cutlilastacuty 2K Cricket Graph dacu ... Thu. Jul 9. 1992. 2:44 PM

943.Elasticitygraph 4K Cricket Graph doeu... Thu. Jul 9, 1992. 5:02 POM

U 943 tilmPressgraph 2K Cricket Graph docu ... Thu. Jul 9, 1992. 4:59 PM

U 3.STension400m 6K Cricket Graph docu ... Thu, Jul 9, 1992. 3:48 PM

17 94.MS Word 14K folder Sat. Jul 11. 1992, 11:30 AM

U 941.MSWord 4K Microsoft Word doe ... Sat. Jul 11, 1992, 11:27 AM

U 942.MSWord 6K Microsoft Word doe ... Sat. Jul 11. 1992. 11:30 AMIU 943. SWord 4K Microsoft Ward doe ... Sat, Jul 11, 19"2. 11:30 AM

17 C 94.SurfscoTaasioa 1311K folder Thu. Jul 9. 1992, 4:25 PM

U 941.STsaason240m 6K Cricket Graph doeu ... Thsu. Jul 9. 1992, 3:46 PM
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* 941.STension400m 6K Cricket Graph docu... Thu, Jul 9, 1992, 3:51 PM

941.STensionDate 16K Cricket Graph docu... Thu, Jul 9. 1992, 3:42 PM

* 941.STensiontime 6K Cricket Graph docu... Thu. Jul 9, 1992, 4:19 PM

941.STensiontimec 4K Cricket Graph docu... Thu Jul 9. 1992, 4:22 PM I
942.STenaion240m 8K Cricket Graph docu... Thu. Jul 9. 1992, 3:44 PM

942.STension400m 8K Cricket Graph docu... Thu, Jul 9, 1992, 3:50 PM

942.STensionflata 26K Cricket Graph docu... Thu. Jul 9, 1992, 3:41 PM

942.STensiontime SK Cricket Graph docu... Thu, Jul 9. 1992, 4:12 PM

942:STensiontimee 6K Cricket Graph docu... Thu. Jul 9, 1992, 4:24 PM

943.STeasion240m 6K Cricket Graph docu... Thu. Jul 9. 1992, 3:43 PM

943.STension400m 6K Cricket Graph docu... Thu, Jul 9, 1992, 3:40 PM I
943.STensionD4t0 20K Cricket Graph docu... Thu, Jul 9, 1992. 3:40 PM
943.STensiontime 6K Cricket Graph docu.. Thu, Jul 9, 1992, 3:59 PM

* 943.STensiontimee 6K Cricket Graph docu... Thu, Jul 9, 1992, 4:23 PM

' q7 Day9.Supportingdaea 68K folder Tue. Sep 1, 1992 9:28 AM

S1.31.89(1,3) 12K PowerPoint document Mon. Aug 10, 1992, 5:03 PM

1.31.89(2,4) 10K PowerPoint document Tue, May 19, 1992. 2:43 PM I
Day9Runl.velocity 4K Microsoft Word doc... Mon, Aug 10, 1992, 5-09 PM

* Day9Run2.velocity 4K Microsoft Word doe... Tue. Aug 11, 1992, 7:34 AM

Day9Run3.velocity 4K Microsoft Word doe... Fri, Aug 14, 1992, 3:40 PM

Day9Run4.velocity 4K Microsoft Word doc... Thu, Aug 13, 1992, 10:34 AM

Labelsday9. notebook 26K Microsoft Word doe... Tue, Jul 21, 1992, 10:50 AM

wwday9.grf 4K Cricket Graph docu... Mon. Jul 13, 1992, 9:02 AM

4I
1I
I
I
I
I

4 I
I
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,7 10.31 191K folder Fri. Aug 7. 1992, 5.20 PM

1710I.Elasticity 54K folder Sat. Jul 11. 1992. 12:33 PMI 1031ICutElasticity 4K Cricket Graph docu ... Fri, Jun 5, 1992, 9:57 AM
1013 IElasticitygraph 4K Cricket Graph docu ... Sat. Jul It, 1992. 12:28 PM

101 I.FiltnPresstrapb 2K Cricket Graph docu ... Sat, Jul 11, 1992, 12:29 PMII0II.STtnsion400mn 4K Cricket Graph docu ... Set. Jul It, 1992. 12:32 PM

* 012.CutElasticity 4K Cricket Graph docu ... Mon. Jul 6, 1992. 1:54 AM

* 1012.Elsshicitygraph 4K Cricket Graph docu ... Sat. Jul 11. 3992. 12:29 PMI* 1012.FilniPressgraph 4K Cricket Graph docu ... Sat. Jul 11. 1992, 12:29 PM
1012.STemsion400m 6K Cricket Graph doeu... Sat. Jul 11, 1992. 32:31 PM

* 013.CutElasticity 6K Cricket Graph docu ... Mont. Jul 6, 3992, 8:54 AM

0 1 3013Elastic ity graph 6K Cricket Graph docu ... sat. jul 11I. 1992. 12:21 PME 1013.FilmPreassgrph 4K Cricket Graph docu ... Sat. Jul 11. 1992. 12:29 PM

* 1013.STtnsion400m 6K Cricket Graph docu ... Sat. Jul 11, 1992. 32:33 PM

IV, 30lMS Word 18K folder Wed, Aug 12. 1992, 9:13 AM

U OILMSWord 4K Microsoft Word doec.. Wed, Aug 12, 1992. 9:13 AM

U 1012.MSWord 6K Microsoft Word doc .. Sat, Jul 1,IM.292 11:39 AM

33013.MSWord SK Microsoft Word doc ... Sat. Jul 11, 1992, 11:40 AM

q7 I3.SurfaceTension 126K folder Sat, Jul 11, 1992. 12:34 PM3 011.STension24Om 4K Cricket Graph docu ... Sot. Jul 11, 1992. 12:37 PM

* 10:1.STe::ion400m 4K Cricket Graph docu ... Set, Jul 11, 1992. 12:32 PM

E 103 STenstonData 16K Cricket Graph docu ... Thu, Jul 2. 3992. 2:32 PM

3 1033 ISTensiontime 4K Cricket Graph docu... Sat, Jul 11, 1992. 1:00 PM

* 0 013.ST ensiontiinec 4K Cricket Graph docu ... Sat. Jul 11, 31 92. I.-Ol PMI 01 STensaon240m 6K Cricket Graph docu ... Sat. Jul 11, 1992, 12:36 PME 1012.STension400tn 6K Cricket Graph docu ... Sat, Jul 33. 1992. 12:33 PM

0 102.STsnsionDtat 22K Cricket Graph docu ... 11u, Jul 2, 3992, 2:16 PM

1012.STenaiontiune 6K Cricket Graph dora ... Sat. Jul 13, 3192. 1:-00 PM

3012.STenatontimec 4K Cricket Graph docu ... Sat, Jul 11, 1992. 1:03 PM

E 1013.STension24Om 6K Cricket Graph docu ... Sat. Jul 11, 3992. 12:36 PM

E 1013.STension400ni 6K Cricket Graph docu ... Sat. Jul it. 2992. 32:31 PM

U 1013.STensio*Data 26K Cricket Graph docu ... Thu. Jul 2. 1992. 2:20 PM3 1013.STensmontime 6K Cricket Graph docu ... Sat. Jul 11, 1992, 32:59 PM

U 0133STensiontnimec 6K Cricket Graph docra... Sat, Jul 11, 3992, 3:-00 PM

V 10.2 178K folder Sat. Jul I1.,3992. 1:14 PM

V J 102.Elesticity 50K folder Sat, Jul It, 1992. 12.05 PM

1021Cut~ijeicit 4KCricket Graph docu ... Fri, Jun 5, 1992, 30:01 AM

I 02.Eleticiygrah 4KCricket Graph doeu ... Set, Jul it, 3992. 12:33 PM

3021.FilmPressgraph 2K Cricket Graph doeu ... Sat. Jul 11, 1992. 12.09 PM

U 0221.STesuson400m 4K Cricket Graph doeu ... Mon, Jul 6, 1"92. 10.30 AMI 022 CutElasticity 6K Cricket Graph doeu ... Fri. Jun 5, 1992, 10.'02 AMI 1022.Elasticitygrapb 6K Cricket Graph daeu ... Tue. Jul 7, 3992. 9:30 AM

1022.FilmProesgraph 4K Cricket Graph does... TUe, Jul 7. 3992. 9:30 AM

U 022.ST~nsios400m 6K Cricekt Graph does... Mo,, Jul 6, 1992 30:38 AM

II
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* 1023.CutElasticity 4K Cricket Graph docu ... Set, Jul 11, 1992, 11:57 AM

* 1023.Elasticitygraph 4K Cricket Graph docu ... Sat. Jul 11. 1992, 12:12 PM

* 1023.FilmPressgraph 2K Cricket Graph docu ... Sat, Jul 11. 1992, 12:09 PMI
1023.STension400m 4K Cricket Graph docu ... Mon. Jul 6, 1992. 1:43 PM

IV 102.MS Word 16K folder Sat, Jul 11, 1"92, 11:58 AM

* 1021 PdSWord 4KC Microsoft Word doec... Sat, Jul 11, 1992. 11:42 AM

3 1022.MSWord 6K Microsoft Word dcc... Sat, Jul 11, 1"92, 11:43 AM

3 1023.M SW ord 6K Microsoft Word doe ... Sat, Jul 11, 1992, 11:58 AM

V102.SurfaceTension - folder Sal, Jul 11. 1992, 12:39 PM

1021 STension240m 4K Cricket Graph docu ... Mon, Jul 6, 1992, 10:30 AM

U 1021.STanaion240m 4K Cricket Graph docu ... Mon, Jul 6. 1992, 10.32 AM

* 1021.STensionData 14K Cricket Graph docu ... Sat, Jul 11. 1992, 12:39 PM

1021.STensiontirec 4K Cricket Graph docu ... Mon. Jul 6, 1992, 1:0:2 AM

U 1021.STensiontimee 4K Cricket Graph docu ... Mon, Jul 6, 1992, 10:40 PM

* 1022.STension240m 6K Cricket Graph docu ... Mon, Jul 6, 1992, 10:.36 AM

* 1022.STension400m 6K Cricket Graph docu... Mon, Jul 6, 1"92, 10:38 AMI
1022.STensionData 20K Cricket Graph docu ... Mon, Jul 6, 1992, 9:51 AM

* 1022.STenaiontinze 6K Cricket Graph docu ... Mon, Jul 6, 1992. 1:39 PM

* 1022.STensiontimec 6K Cricket Graph docu ... Mon, Jul 6, 1"92, 10:50 AM3

* 1023.STension240m 4K Cricket Graph docu ... Mon, Jul 6. 1992. 1:44 PM

* 1023.STension400m 4K Cricket Graph docu... Mon. Jul 6, 1992, 1:43 PM

* 1023.STensionData 20K Cricket Graph docu... Mon. Jul 6, 1992. 9:52 AM103.T~sintme6K Crckt rah oc .. on Jl , 99, :3UP
I023.STensiotitimec 6K Cricket Graph docu ... Mon. Jul 6, 1992, 1:34 PM

'V 10. 3 - folder Sat, Jul 11, 1992, 1: 15 PM

IV ti~ 103.Elasticzly - folder Tue, Jul 7, 1992, 3:43 AMI
U 103 l.CutElasticity 4K Cricket Graph docu ... Tue, Jul 7, 1992, 9:01 AM

* 1031lElasticitygraph 4K Cricket Graph dccu ... Sat, Jul 11, 1992. 12:26 PM

* 1031.FilmPreesSgraph 2K Cricket Graph docu ... Set, Jul 11, 1992, 12:23 PMI
103 I.STension400m 6K Cricket Graph docu... Mon. Jul 6, 1992, 3:26 PM

* 1032.CutElaaticity 4K Cricket Graph docu ... Fri, Jun 3, 1"92, 10:07 AM

E 1032.giasticitygrapb 4K Cricket Graph docu ... Sat, Jul 11, 1992, 12:24 PMI
1032.FilmPressgraph 4K Cricket Graph docu... Sat, Jul 11, 1992. 12:22 PM

* 1032.STension400m 6K Cricket Graph docu... Mon, Jul 6, 1992, 3:33 P'M

E 1033.CutElasticity 6K Cricket Graph docu ... Fri. Jun 5. 1992, 10:06 AM

* 1033.Elasticitygraph 6K Cricket Graph docu ... Sat. Jul It, t992, 12:15 PM

* 1033.FilmPresegraph 4K Cricket Graph docu ... Set, Jul 11, 1992, 12:23 PM

* 1033.STensiou400m 8K Cricket Graph docu ... Tue. Jul 7, 1992, 3:24 AM

IV 103.835 Word - folder Sat, Jul 11, 1992, 12:20 PMI

U 1031.MSWord 4K Microsft Word doc ... Sot, Jul 1I, 1"92, 12:17 PM

U 1032.MSWord 6K Microsoft Word docc... Sat, Jul 11, 1992, 12:19 PM

U 1033.M3Word SK Microsoft Word doc... Sat. Jul 11, I99, 12:20 PMI
V, C 103.SbdsacTosnaon - folder set. Jul it, 1992, 12:42 PM

U 1031.Stenaion240m 6K Criket Graph docu... Tue, Jul 7, 1992 8:22 AM

2I
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1031.STension400m 6K Cricket Graph docu... Mon. Jul 6, 1992, 3:26 PM

* 1031.STensiontime 6K Cricket Graph docu... Sat, Jul 11, 1992, 12:56 PM

1031.STentiontimec 4K Cricket Graph docu... Sat, Jul I1, 1992, 12:56 PM

H I1031STensionData 20K Cricket Graph docu... Mon. Jul 6, 1992. 2:23 PM

* 1032.STension24Om 6K Cricket Graph docui... Sat, Jul 11, 1992, 12:46 PM

* 1032.STension400m 6K Cricket Graph docri... Sat, Jul II, 1992, 12:50 PM

E 1032.STensionData 24K Cricket Graph docu... Mon, Jul 6, 1992, 2:25 PM

m 1032.STensiontime 6K Cricket Graph docur... Sat, Jul 11, 1992, 12:55 PM

* 1032.STensiontimec 6K Cricket Graph dorui... Sat, Jul Ii, 1992. 12:58 PM

1033.STension240m 8K Cricket Graph docni... Tue, Jul 7, 1992, 8:30 AM

* 1033.STension400m 8K Cricket Graph docu ... Tue, Jul 7. 1992, 8:24 AM

I 1033.STensionData 32K Cricket Graph docur... Mon, Jul 6, 1992, 2:27 PM

1033.STentiontime 8K Cricket Graph docui... Sat, Jul 11, 1992, 12:53 PM

1033.STnaiontimec 8K Cricket Graph docui... Sat, Jul 11, 1992, 12:57 PM

iV DaylO.Supportingdata - folder Tue, Sep I, 1992. 9:29 AM. 2.1.89(1,2,3) 14K PowerPoint document Fri, Aug 14, 1992, 4:27 PM

* DaylORunl.velocity 4K Microsoft Word doc... Fri, Aug 14, 1992, 4:29 PM

* DaylORun2.velocity 4K Microsoft Word dor... Fri. Aug 14. 1992, 4:30 PM

* DaylORtun3.velocity 4K Microsoft Word doe... Fri. Aug 14, 1992, 4:31 PM

* Labelsdayl0.notebook 24K Microsoft Word dc ... Wed, Jul 22, 1992, 1:36 PM

* wwdaylO.grf 4K Cricket Graph docur... Fri, Aug 14, 1992, 4:36 PM

I
I

I
I

I
I

I
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'V Film Pressure/Area curves 84K folder Tue, Sep i. 1992, 11.03 AM

* FilmProsl/Area.composite IOK Cricket Graph docu... Tue, Jul 14, 1992, 11.-00 AM

Filmpresl/LnA.21 4K Cricket Graph docu... Mon, Jul 13, 1992, 3:54 PM

FP26.MSWord SK Microsoft Word dc ... Fri, Aug 14. 1992, :11 AM

U FP28.MSWord SK Microsoft Word doc... Fri, Aug 14, 1992, 8:16 AM

U FP29a.MSWord 10K Microsoft Word dcc... Fri, Aug 14, 1992, 8:21 AM SI
FP29b.MSWord 10K Microsoft Word dec... Fri, Aug 14, 1992, 8:27 AM

* Parea26.24hrsO920am 6K Cricket Graph docu... Fri, Jul 24, 1992, 8:49 AM

i Parea28.l1hra0745am 6K Cricket Graph docu... Thu. Jul 16, 1992, 2:33 PM

Parea29a.18hrallsO am 6K Cricket Graph docu... Thu, Jul 16, 1992, 2:34 PM

Parea29b. Sbhrs0730am 6K Cricket Graph docu... Thu. Jul 16, 1992, 2:34 PM

* SurfTens/area.composite 10K Cricket Graph docu... Tue. Jul 14, 1992, 10:13 AM

1V Wake Width Data 30K folder Tue, Sep i, 1992, 11.03 AM

Wake Width (9) 4K Cricket Graph docu... Fri, May 15, 1992, 7:51 PM

U Wake Width (8) Lai-La 4K Cricket Graph docu... Sun, Jul 12, 1992, 8:41 AM

Wake Width (in) 4K Cricket Graph docu... Fri, May 5, 1992., 7:53 PM

Wake Width (m) Ln-La 4K Cricket Graph docuc... Fri, May 15, 1992, 7:59 PM

U WWLeLnSlope.grf SK Cricket Graph docui... Sun, Jul 12. 1992, 9:47 AM

wwmeters.grf 6K Cricket Graph docu ... Fri, May 15, 1992, 8:20 PM

1
I

I
!I

I
U
I
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