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STABLE FLOATING PLATFORM

1 Early Program \'istory

The Stable Floating Platform project was one of the initial
elements in the Scripps-ARPA program, In its firat year it wons
concerned with procurement of facilities (computer and wind-wave
channel --viewed as useful beyond direct application to this
problem) and with a broad look at possible plutform types. [he
program was rather diffuse since it lacked any pround rules about
specific goals and constraints and did not address any particula
mission. During the summer and fall of 1969, this sitnation was
reviewed by ARPA and Scripps. The result was a decisjon that
ARPA would arrange for studies of maritime military applications
and that Scripps would focus on ﬂ;atforns to support ocean R & I,
with emphasis on bringing in technology which had not previously
been applied in this context., The basic philosophy at Scripps
was to proceed toward full scale construction at modest cost
since the only real way of advancing technology in this field
at this time seems to be through actual application.

11 Review of 1970

The calendar 1970 pro?ran was carried out with this in mind.
Hydraulic laboratory facility procurement was completed, :studies
of research mission types were made, consideration was given to
requirements and possible platform concepts, a design study was
made to compare the two most promising platform types, mode)
tests at 1/100 scale were initiated and a 1/R scale model of a
three-legged platform was built and operate¢ in San PMego Bay.
Each of these topics will be discussed further below. The most
important step was taken in November when the decision was made
to focus on a single particularly promising design--a four-legped
platform to be made by assembling (at sea, on site) a pair of
two-legged modules utilizing concrete as the material for all
legs (figure 1), 1t appears that a platform having a 500 ton
payload and with 200 ft. length and 100 ft. beam is feasible

at roughly a four million dollar cost. Size and payload could

be increased by building additional modules.

IIT Wave Channel

The wave channel test facility started operations ir March
and has been in use since that time. Primary work has been
concerned with validating its performance (by direct measurement
and through observation of a 1/100 scale FLIP model (figure 2) -
in this latter case we have full scale data for comparison).

Two related reports have been produced. One of these (by Robert
Oversmith, AOEL Report 11, SI0 Reference Numher 70-29) describes
the facility as it existed in October ~f this year. At that time,
the wave aspects were fully operational as was the computer and



the data ae atsction sasten,  [The other report describes the

e e e e o panter i sties aof the wave fields (Ly Lonald
Hellows, Wil BReport 00 S0 geforence Number 70-37), Sinee
that teomee, “hee Plower wyvwtom for wind generat ion has been

tnst alled gnd crechend v, The pumps and plping to produce
lony:* wlinal atrents Yl vet to be (ompleted: however, work

asfinge thar porfion of rhe savstem has rather low priority at this
L4 ‘mc.

o oReseap el Mission _\nalysis

elies of 1 he tapes of research missions requiring stable
plattorms were made primarily through discussions with Scripps
scientitic statt and with individuals at the two principal Navy
labotatoties (Mo and N st) involved in ncean aystem development,
trom these, {t emerpyed that a wide number of activities could be
tnolved,  IThe most clearly focussed and immediately important
is underwater aconst i research related to long range detection
svstems, \t thee present time, this work very mich needs the
capability ol support ing, hgdrophono arrays of appreclabdle
horfzontal exteut (over 100 ft,) at various depths in rhe water.,
the platform which we are working toward could easily fill thia
need, dojny it {4 wiav which would allow the collateral recording
and analysis equipment to be located at the sea surface close to
the arrays (thus easing telemet:y problems from the hundreds
ol hydrophones) and «:lso allowing the enitire assembly to be
moved to any of a variety of geographic locations.

Two orher classes of research activity also seem important
and supportable from this type craft: sea floor work (fine
scale sampling, installation and inspeccion of equipment,
benthic ecology) and work in the upper part of the water column
(inrernal and surface waves, deep scattering layer, optical
properties, fish behavior). These would require the ability of
the vehicle to deploy and support a wide variety of equipment
(sulmersibles, sea f'loor tractors, optical systems, high
resolution sonars). Beyond these three research areas, the
platform would naturally be involved in engineering studies
to validate design processes and to look at such matters as
open ocean hreakwaters and extraction of energy from surface
waves,

\" fPreliminary Platform Study

with these programs in mind, a preliminary analysis was made
of A wide variety of configurations. The gross constraints
agreed on at that time were: 200 tons payload, cost in the 3 to
5 million dollar range, flip--able spar type legs, non-flipping
lab and living spaces, heave cesponse comparadble to FLIP,
scientific party of 10 to 15, After some consideration, two
confipurations were chosen for a preliminary comparative study--
a three-legged platform following Glosten's sea-legs concept and
i two-leg catamaran style chosen because of its probable low cost.,




This study was ompleted in October and the results (1, R, Gl sten
reforence 70-28) forwarded to ARPA.

the r study was parallelled with construction ot a 1/8 scale
wmodel of the three leg unit. This was built during October und
operated in San Diepo Bay during November. The model was larpe
enough to dramatize problems associated with iniversal joints

at the leg tops and difficulties with bringing leps into contact
with the platform in the horizontal (figure 3). In the vertical
(figure 4? it showed, qualitatively, the expected stability,
Taken together the model and paper studies showed that a
combination of factors (very favoratle cost for the i1wo-leg,
concrete unitas; difficulties in mating legs to plutform in the
horizontal for the throe-l:s platlorn? inted to a preference
for the two leg unit and 1 to the decision, reterred to

above, to pursue a four-leg platform composed of i palr of
two-leg modules to be joined after independent transition of
each to the vertical (stable) leg position.

vVl ‘future Planning

Final action for the year (and a prelude to the coming
year's activities) was initiation of a doolfn study of the four-
::3 Ylatfor-. including motion analysis, 1/100 and 1/8 scale

els and a naval architectural study of costs and important
design points (platform hull design, modules connection
techniques and rolatodczroblono). Motion and force analysis is
being made by P. Rudnick, 1/100 scale model work by R. Oversmith,
1/8 scale model by C, S, Mundy and naval architecture by .. R.
Glosten. Results of these steps should be available in March
and Agrll with the possibility of moving toward preparation of
specifications for the full scale platform starting in May.



Proposed Two Module Platform
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Figure 2 - 1/100 Scale Model of FLIP
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SUMMARY

The goal of this project is to adapt the high performance quartz
vertical accelerometer developed by Block & Moore at IGPP for use on the
ocean bottom. Specifically an instrument puckage is being constructed
which will enable the quartz accelerometer to be operated on the ocean
bottom to depths of 20,000 feet. The package will be comrletely self-
contained, including all necessary power supply, electronics, data re-
cording, acoustical control and telemetry systems. The package will be
capable of operation without surface support for periods of 7 to 30 days.
work on the project was first started about November 1, 1969. During the
first year of work, the problems to be solved were:

1. The basic configuration of the underwater package.

2. Redesign of instrumentation and data logging electronics in a low
power form suitable for operation from storage batteries.

3. Reconfiguration of the mechanical structure of the accelerometer

to enable its use within the constraints imposed by operation on the

ocean bottom inside a 22" ID pressure sphere.

The broad-problem areas listed above included several specific pro-
blems most of them in the area of low power electronics which were both
difficult and crucial to the project. These have all been solved as is
discussed in the attached report and at present we see no fundamental ob-
stacles to the completion of a working instrument package. Our present
hope is to have a complete package ready for preliminary ocean bottom

tests by January 1, 1972.



Work on this project was first started about November 1, 1969, At
that time the problem could only be stated in very general terms, namely,
to construct a version of the present IGPP quartz vertical accelerometer
appropriately packaged for ocean bottom use. By January 1, 1970 the system
configuration indicated in the block diagram (Figure 1) had been decided
upon,

In order to operate with the sensitivity desired for this work, certain
stringent environmental requirements with respect to the quartz accelerometer
must be satisfied. The mcs. difficult of these being the control of the
instrument temperature which must be held to better than 10-5°C. In addi-
tion, once the capsule is in place on the ocean bottom, the gravimeter must
be ieveled to better than 1/2° error on any axis. After consizerable thought
it was decided that the leveling problem could be handled adequately with a
completely passive pendulous gimbal arrangement. The temperatvure problem
remained a thorny one however.

In the land-based version of the instrument, the active part of the
accelerometer is enclosed within three coaxial cylindrical metal enclosures.
The first of these, having an outside diameter of about 8 inches and a length
of about 8 inches, is the instrument's stainless steel high-vacuum enclosure.
This is essentially part of the instrument and will be retained in the
ocean bottom version. The vacuum can is suspended within a second cylindrical
can approximately 9 inches outside diameter and 11 inches long. This is
retferred to as the thermostat can and in the land-based instrument, the
temperature control heater, monitoring and sensing thermistors are mounted
on this can, The thermostat can is placed within a third outer can which

iz simply a light-weight aluminum can used to constrain the polystyrene foam



balls used as thermal insulation in the land-based instrument. The dimen-
sions of this final can are approximately 25 inches long by about lbt

inches OD. Since the pressure spheres which are to be used to house the
underwater instrument have an inside diameter of 22 inches it is clear that

a structure of this size is precluded. As a matter of fact, allowing
adequate space for the pendulous gimbal assembly, an object of the dimensions
of the normal thermostat can is a fairly tight fit in the spheres.

In the land-based instrument it has been found that an average heater
power input of about three watts is sufficient to maintain the temperature
of the thermcustat can about 15°C above ambient. For the ocean bottom versicn,
it was decided that the only hope would be to use the normal theimostat can
as the outer can, put the heater winding and temperature sensing thermistors
on the surface of the vacuum can and try and insulate between the vacuum
can and the thermostat can as well as possible. It was decided early in
the game that the maximum number of storage batteries it would be practical
to handle in the instrument's battery package would be about 16 twelve volt,
100 ampere-hour batteries. Experience in underwater work here has shown
that a 100 ampere-hour battery can be depended on to deliver an average
current of 100 milliamperes for 30 days with high reliability. Allowing
for the fact that other equipment had to be operated it seemed unlikely that
we would be able to assign any more than four of these batteries to the
temperature controcller. This means our maximum average heater power would
be limited to an average current of 100 milliamperes from a 48 volt source
or approximately 5 watts. One advantage of the ocean bottom environment
is that the ocean bottom temperature is sufficiently stable that it is not

necessary to maintain the gravimeter as much as 15°C above ambient. In



tact 4 rise of 20 je o tequate. The question then was -ould an average
power of 4 watts maintain the gravimeter 5°C above ambient temperature with
the <ort ot insulation we obtain within the constraints discussed atove,

Jhiis guestion can only ve answered experimentally and the experiment
could not be conducted until the gimbal assembly had lieen completed and
inttalled in the {nstrument's support plate and until the mounting hardware
and tiual outer instrument can had been constructed. As soon as this point
was redched, a Jdummy vacuum can was mounted in the thermostat can in the way
it which it will be done in the final instrument. Insulation was put in
place and the resulting assembly was installed in the gimbal. The pressure
spheres were put over thisportion of the instrument support frame thus putting
the system in exactly the same environment it would see when in use on the
ocean bottom. An experiment was then corducted to find a relationship between
total power input to the heater and rise in temperature above ambient. The
results obtained are shown in the graph in Figure 2. These data indicate a
temperature rise of about 2.4°C per watt of heater power. This is well
within the margin we can handle and means the temperature control problem,
at least in principle, can be dealt with. It should be pointed out that
this was a considerable milestone in the project because had the experiment
come out badly, we would have been in a very sticky position indeed.

Another decision coming out of the preliminary work on the project
was the actual configuration of the capsule. After some thought, it was
drcided that the amount of gear required to make the system operative
would occupy at least three 22 inch. ID pressure spheres. The most reasonable

arrangement of three spheres and the one that we finally adopted places the



three spheres in a horizontal plane at the points of a equilateral triangle.
The package consisting of the three pressure spheres and the trianpular
aluainua support plate tying them together will be supported Ly the Luttery
pack which will rest on the ocean bottom. This arrangement is shown in
Figure 3. The bottom spheres would be supported Ly three mating pads on
the top of the battery pack and the instrument capsule will be held down to
it by a cable in tension. The package will be recovered by severing this
cable, the instrument capsule being positively buoyant. The distribution
of the various system components among the three spheres will be as follows:
One sphere will contain the gravimeter, two-axis tiltmeter and pendu-
lovs gimbal structure. A second sphere will contain two electronic packages
consisting of the snalog electronics, that is the electronics assoc:ated
with the quartz accelerometer, the tiltmeter, the temperature recording
circuitry and accelerometer tempevature control circuitry; along with another
package consisting of the electronics associated with the digital data
logging system. The third sphere will be occupled one-half by the incre-
mental tape recorder and one-half by electronics associated with communica-
tions between the capsule and the surface. These will consist both of
transmitting and receiving fa.ilities. The transmitting facility will be
used to telemeter status information from the capsule to the surface in
order that it can be determined from the surface whether the system is
functioning or not. The receiving facility will be used to receive commands
to perform various operations such as release, start-up, telemeter data,
etc., sent from the surface to the capsule.

The main triangular aluminum support plate which essentially ties the



three capsule system together was then designed and fabricated. Card

cages to hold the eiectronics and the electronic capsule were also designed
and fabricated. The aluminum support plate with those parts of its ultimate
contents that have been completed up until the present time is shown in
Pigure i,

Having got these general considerations out of the way, it was then
possible to survey the block diagram given for the next most important
problem areas. [t was decided early in the game that since very little is
known about the stability of the ocean bottom when supporting a load of
th.s kind that the question of possible secular tilting of the system would
be:ome an important one when trying to interpret underwater data. The only
solution seemed to be to include in the package a two-axis tiltmeter of
sufficient sensitivity to enable a decision to be made as to whether anomo-
lous data could be expiained by tilt or not. Because of the uncertainty
in the leveling of the pendulous gimbal assembly, the tiltmeter would have
to have a dynamic range sufficient to take care of this uncertainty, namely,
about ¢+ 1/2° or * 0.1 radian. Since the digitizer has a resolution of 12
bits for a ¢ 10 volt input, this means a least count on the tiltmeter output
would represent about 5 x 10-5 radians. This is sufficient sensitivity to
identify anomalies in the gravity data due to tilt.

Since no commercially made tiltmeter of small enough size having the
stability and resolution required for this application exists to the best
of our knowledge, we have constructed a two-axis tiltmeter. The principle
ot the tiltmeter is very simple and is shown in the schematic drawing in

Figure 5, Basically it consists of a short pendulum with a length of about



6 inches. The pendulum consists of a stiff piece of stainless steel
tubing which supports a copper mass. The pendulum is hinged by a short
piece of fine tungsten wire which connects the stainless steel tubing to
a fixed support. Two pair of fixed capacitor plates are distributed around
the pendulum bob arranged so as to detect motion of the beb in two orthogonal
directions. The capacitor plates are used in exactly the same way as the
capacitor plates in the quartz accelerometer are used to determine its mass
position. In the case of the tiltmeter, the signal appearing on the moving
plate is a mixture of signals representing angular deflection about two
orthogonal axes. The signals can be separated by using a different AC
frequency to excite one pair of capacitor plates than to excite the other.
One reason the capacitor plate system was chosen was that the two instrumen-
tation channels for the tiltmeter then become essentially identical to the
instrumentation channel of the gravimeter as can be seen from the block
diagram. This tiltmeter has an outside diameter of about 3 inches and an
overall length of about 9 inches and lab tests indicate that it is capable
of resolving tilt signals between 10-5 and 10-6 radians in an environment
considerably less stable than it will be present on the ocean bottom.
Figure 6 is an assembly drawing of the actual tiltmeter which shows some
refinements that were not discussed with respect to the system, namely,
two systems of damping magnets, one at each end of the stainless steel tube
that supports the mass, the outer seal can that supports the tiltmeter and
the mechanism necessary to clamp and unclamp the tiltmeter on command.

The next problem area identified was that of the phase-sensitive
detector. As can be seen from the block diagram, three of these are re-
quired for the system. Although printed circuit board phase detectors of

high performance are available commercially, unfortunately they are



characterized by high power consumption, typically * 24 volts at *+ 75
milliamps. After som2 effort, a phase sensitiv. detector has been developed
which consumes less than 3 milliamps from * 12 volts and meets or exceeds
the performance of the best commercially available versions. This unit

was discussed in a previous progress report and will not be discussed fur-
ther here. A schematic diagram of the phase-sensitive detector and a
summary of its operating specifications are appended to this report.

The components of the data logging system consist of an analog to
digital converter for converting the DC input voltages into 12 bit words,
an analog multiplexer and the logic associated with timing, formating, bit
shuffling etc. The strictly logic part of the system presents no problem
because of the adveut of very low power digital logic manufactured by RCA
in their COS/MOS series. Simply fabricating the system from this logic
solves the power problem. However, two problems remain; that of the A to
D converter and the multiplexer,

After examining commercially available 12-bit A to D's it was learned
that typical power consumption figures for these units are of the order
of 300 milliamperes at 5 volts to power the logic and : 40 milliamperes
at * 15 volts to power the analog portion. Power consumption at this level
is completely out of the question. Some time was spent considering possible
ways of attacking this problem and several manufacturers were approached
to see if they might be interested in building a low power unit around
COS/MOS logic. During this investigation, contact was made with Mr., James
Pastoriza of the Pastoriza Division of Analog Devices, Inc. and after some

discussion, he agreed that he had sufficient interest in the project of



developing a low power A to D converter that he would be happy to partici-
pate with me in this as a joint development. We decided to go this route
and the result is a low power 12 bit A to D converter of rather spectacular
performance. Even at very high rates to the order of 10,000 conversions

a second the total power demand is only 40 milliamps from a single 12 volt
supply. At a conversion rate of one per second, which is what will be used
in our system, the average power requirement is 50 microamps from 12 volt:,
The final draft of a paper which has been submitted for publication to

Electronics describing the design and performance of the low power £ to D

converter is appended to this report.

The analog multiplexer presented a similar situation to that caused
by the A to D converter, namely, that no commercial multiplexer of anything
like low enough power consumption were available. Fortunately, the multi-
plexer is somewhat less complicated development than the A to D converter
and approximately one week was taken in developing an eight input analog
multiplexer. The operation of the multiplexer is straightforward. MOSFET
transistors are used for switches both for the eight input lines and for
a hold arrangement which is incorporated into the multiplexer. When the
hold input is activated all eight inputs of the multiplexer are cut off and
the operational amplifier holds the value that it was receiving from the
active input at the time that the hold was executed. This means that the
multiplexing and sample-and-hold function are combined in one unit. A
circuit diagram of the multiplexer and a summary of its operating specifi-
cations is appended to this report.

A final difficult problem related to the logginz system was that of

a magnetic tape recorder. The tape recording format and sampling rates we
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plan to use have been discussed in a previous report and will not be gone
over again here. However, they require that for ouperation for a period of
thirty days, a total of 2400 feet of tape would be required at a recording
density of 20G bits per inch. After considerable investigation of commer-
cially available recorders, it was found that none existed which could handle
2400 foot reels of tape. The Kennedy Company makes a low power recorder
but it is restricted to a special Kennedy tape cassette which can hold only
300 feet of tape. Precision Instrument Company also has a low power re-
corder (although not as low power as the Kennedy) available, but it can
handle only 7 inch reels. Since the tape recorder was crucial to the ultimate
existence of the system, it was decided to attempt to build one here. The
approach taken was to use the mechanical portion of an old Digi-Data recorder
which happened to be available and build completely new electronics and make
some modification to the mechanical portion in order to achieve low power
operation. The final result of this effort was a working recorder which,
at a stepping rate of two steps per second, consumes an average current of
10 milliamps from a single 12 volt supply. A complete set of schematic
diagrams for the electronic portion of the tape recorder, along with a
functional description of the electronics is appended to this report.

As an example of the sort of unforeseen and thorny problem one can
run into in a project like this, I present our experience with finding a
satisfactory solution to providing some sort of braking device for the
gimbal. When the instrument is being handled on shipboard and during the
time it is descending in the ocean, it is desirable to have the gimbal

rigidly clamped to protect the equipment mounted on it. Once *he package
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is on the ocean bottom it is then necessary to free the gimbal allowing

it to level itself pendulously and then to relock it once it has come to

its level position. This requires a braking mechan:ism which can be locked

and unlocked on command. Furthermore, since this mechanism will have to

be operated by the available capsule power supply, it must consume negligible

power when in either the clamped or unclamped position, consuming measurable

power only when making transitions between the two states. Over a period

of about six months, something like six attempts at various structures in-

volving solenoids and such like were made. None of these worked satisfactorily.
The final solution is proving in tests to be very satisfactory and

involves the mechanical arrangement shown in Figure 7. The operation of

the brake is essentially the same as that of the familiar disc brake now

used on many automobiles. The upper portion of Figure 7 shows sectional

view of the operating parts of the brake. The brake nperates by a caliper

action between a fixed shoe and a moving shoe as shown in the figure. The

moving shoe is moved vertically in the figure by a wedge which is driven

back and forth by a screw which is in turn driven by a small gear-head DC

motor. When the motor rotates in one direction, the wedge will advance

from left to right as shown in the figure contacting the ball bearing on

the back of the moving shoe and slowly lifting the moving shoe towards

contact with the fixed one. Anything in between the two shoes will at some

point beccme rigidly clamped between them. If one continues the motor until

a preset amount of torque is developed by it, then a braking action with

a preset amount of force will be created. If the motor is shut off at this

point, the friction of the thread, wedge and gear train easily holds the

moving shoe in place thus resulting in a steady braking action without power
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being applied to the motor. In order to release the brake, it is simply
necessary to reverse the motor and run the wedge back in the opposite
direction. The wedge continues to move until it contacts a microswitch
which shuts off{ the motor drive current. The bottom portion of Figure 7
shows a side view of the brake as actually installed on the gimbal., Two
brakes are used, one operating between each pair of gimbal rings in order
to clamp both axes of the gimbal. The motor and brake shoe part of the
brake is mounted on one gimbal ring, the vertical vane being attached to
the adjacent gimbal ring. When the brake assemply clamps on the vane, the
two gimbal rings are tied rigidly together, when the brake releases the
gimbal is allowed to move freely.

The braking force exerted by the brake in the clamped position is deter-
mined automatically as follows. Before the moving shoe contacts the fixed
shoe via the vane, the amount of torque required to move the wedge along
is quite low. The motor current under these conditions is about 5 milliamps.
As soon as the moving shoe contacts the vane the force required to move the
wedge builds up rapidly and consequently the motor torque builds up rapidly.
This is reflected in a rapid increase in motor current as the motor approaches
a stall condition. The electronic driving circuit monitors the motor cur-
rent and is set to shut off the motor drive current when it has reached a
value of approximately 30 milliamps. The electronics required to operate
this system for both the clamp and unclamp operations and to do so reliably
and with a minimum consumption of power turns out to be fairly complicated.
The schematic diagram for this electronics along with a functional descrip-
tion of its operation is included at the end of the report.

This description of the development of the braking system is included

mainly as an illustration of how some things that might be overlooked at
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the beginning of one's assessing a project like this can turn out to be
quite complex problems by the time they are solved.

At the present time we are in the process of installing the tiltmeter
and a working gravimeter in the gimbal and putting together the necessary
electronics to get them going in the lab. In addition work is proceediug
in defining the properties we will require of the ucoustic surface link in
preparation for procuring the components for it. A specification has been
written for the data logging system which we're going to have built by an
outside contractor. Figure 8 is a flow diagram showing the presently anti-
cipated schedule of progress for the coming year. At the present time
we're pretty much conforming to what is on the diagram except that the
fabrication of the final accelerometer will be held up for another couple

of weeks due to non-availability of essential personnel.
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FIGURE 4

Support plate with some system components installed.
In the foreground the large cylindrical housing of
the quartz accelerometer can be seen in its gimbal.
The smaller cylindrical object to its left 1s the
two-axis tiltmeter. In the lower foreground one of
the six aluminum nemispheres that ultimately com-
plete the package can be seen. In the right back-
ground the card-cage for the data-logging electronics
is visible. The card-cage for the analog electronics
which 1s not visible in the photo is mounted on the
underside of the metal plate carrying the upper card-
cage. In the left-background the incremental tape
recorder can be seen.
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PHASE SENSITIVE DETECTOR SPECIFICATIONS

Power Consumption:

Linearity:

Dynamic Range:

Temperature Sensitivity:

3.32 mA @ +12v

0.1%
> 30

100 ppm/°C

Appendix
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DESIGN OF A LOW POWERED ANALOG-TO-DIGITAL CONVERTER

l. Requirements

Growing interest and concern about our physical environment hus resulted
in a considerable increase in data collecting activities for prolonged periods at
remote and inaccessible locations. Typical situations urc ocean buoys, earth and
space probes, and radiation monitoring devices. The best way to collect and store
such data which is inherently low in frequency but still relatively voluminous
because of the prolonged periods of monitoring is in digital form. Typicdlly 4
multiplexer, A/D converter and a magnetic or paper tape recorder are required.
Figure 1 shows a typical application far such a data monitoring system. In some
of these applications the only power available is from batteries or other limited
capacity sources such as solar cells, in others AC mains power is available. In
general AC mains power in remote locations tends to be quite unreliable and thus,
if long term recording is to be carried out, standby battery operation of equip-
ment is essential. In either case, system components of very low power consumption

are desirable.

The fundamental requirement of this type of A/D converter is that it con-
sumes as little power as possible and often as little space as well. While high
speed in the converter is not usually required in long-term monitoring applications,
resolution is important., For example, consider an application where atmospheric
pressure is to be recorded for a week or more with a resolution of one microbar
Over periods of a week or more, atmospheric pressure at most sites will vary by
at least ¢+ ,01 bar. This represents a dynamic range of 10%:1(80 db)
which is, if anything, low fcr data of this type. This means that in addition to
low power consumption the converter should have a resolution of at least 12 bits

(1:4096).



Do 0% Bae ,0 Sc e e A pame ke i ey terhe variation

Lovapd e W Wtawe 4 .o .. . ..4 *he hanyge i the  onverter output with

2 0Bof oop  =oggaa & o°c L e LN a Lt i app v change of 6%
ALl Pht Lt e i wate e withoimtteries is e gases somet me: emmitted
L8 tnedr men 0 et typer ot tnl e tiln resiotor raterial. Therefore,

Sl etolponmens .t le ohsidered and prudence trequently dicrates
e Lerret D g0y eaaesd omponentrn., Temperature ~onlitions may be either
el Ll e P Tealive o, Yt iabee, 70 le generally usefu., the low power A/l

ALY thepetore aino lLave Rood temperature stability.

. e aniquern tur seducing iowes

The moxt olviois power consumption in & stendard A/’ converter occurs
i e sopic amd wo §0 is this area we first looa to for improvement. Fortunately,
fust 4t this time J0i/MuS type compiementary logic is coming into wide use and offers
4n ideal solution requiring no compromises in speed or accuracy, and actually some
~implifications in logic design. The powsr consumption of this logic is low
under any conditions tat its quiescent power dissipation {s spectacularly low.
The complete logic f.r the converter being iiscussed here consumes only a few
uA under Juiescent conditions, i.e. between conversions. The one drewbeck is
the Ligher price of ")3/MOS logic, but this may be a temporary one as competitive
manufacturers enter the fieid. The table in Figure 2 shows the relative merits
of litferent types of logic. COS/MOS logic for a 12 bit A/D including a clock

re,uires about 1| mA maximur current at high conversion rates.

In most conventional A/D designs the supply current taken by the
converter depends on whether it is converting or not. Between conversions the

converter take: 4 juieccent current [ and during conversions, a larger

Q



current lc {s required. 1n general the average curient {s proportional
to the conversion rate, the minimum value being lQ . Clearly then,
especially for applications involving low conversion rates, it is dewnirable
to reduce | to 4s low a value as possible. The simple expedient ot

!

using COS/MGL reduces the contribution of the log:-. to lu to a very low

value. An add.tional dramatic reduction of IQ cah be made Ly switching
the analog portion of the converter off between conver:ions. The switihing
on and off of the Analog section offers an additional convenience. It
eliminates the requirement for two power supplies, since in the act of
switching it is possible to simultaneously invert the pcsitive voltage to
provide a symmetrical negative voltage. Thus the entire A/i can operate

on a single 12 volt battery.

It Is easy to write an equation which gives the average supplyv
current taken by the converter as a function of sample rate. Let I, be
the average supply current, IQ be the standdy or quiescent current taken
%y the converter when not coaverting, lc be the current taken while

converting, T be the conversion time and R be the conversion rate, then,

ls s IQ + RT Ic (1)

(Since the maximum conversion rete is R = %». the product KT {s alway:
less than 1.) Figure 3 shows data taken on the prototvpe converter. The
points represent measured average current values. The equation of the line
is:

Is s 0.005 ¢+ 0.004 RT (2)



whepe Lol L AL L suupe ot tLe 1ine Wwas determined from a least-
Cgedlel D00t eyt it the value of i, by direct measurement.
A teeliny, t ot et LW power consumption of tiis converter can be had
troroctiee wwer e L L arrent values for 1, 1o oand luu conversions per
ne ot riels Yy e gt Lo 0y namely o 10 pA, .50 LA and . 400 uA
Pege towe . AT 4 L e sonversiol rdate the current -drain of 40 mA

trom the inplie 0 v oupav in still very low compared to conventional

. Lit converter . ut tiis speed.

3. The I ina. Ve  an

The tinal - ircuat divides up naturally into three sections: logic,
ataddoy, wen il dtdd switilhed power supply. A COS/MOS logic section was packaged
in one module ontaining ail of the logic for successive approximation A/D conver-
sion. The scheme is illustrated in figure 4. A conversion is started by the
dpplication of a positive-going edge to the "convert command" input. This clocks
FFl driving the reset line to logical 1, setting FF3 and resetting FF4 through
FFle, these flip-flops, FF3 through FFls4, comstitute the data register and contain
the binary nusber equivalent to the input voltage at the end of a conversion. The
X outputs of these flip-flops control the ADS0S uDAC switches used in the D/A
converter. At the Leginning of a conversion this register is thus set to
100003000000 The reset line also resets the last twelve bits of the 16 bit shift
register. This results in the STATUS line (S8TATUS Is an output pulse which is
one during a converslion) going to zero which starts the clock. The first positive

guing clock transition clocks a one into the first bit of the first shift register.

This r sets FFl.



SPATU. poing to oue switches on the switched power supply. The MSB

tlip-tlop (FF3) is lett set through the first four clock pulses in order to pive

the analog section time to settle down, By the time the Lit in the shift repister
has reached the 219 position the comparator output will have settled dat a level
appropriate to the relative magnitude of the MSB-weighted feedback current tc the
comparator and the current produced by the input voltage. If the MSB is to Le

kept this level will be logical 0 , otherwise logical 1 . This level controls

the state into which FF2 is clocked. The Q output of I'T2 coutrols the "keep/reject”
line (X/R) which controls the dat~ inputs of all the flip-flops in the data register.
When the bit In the shift register is shifted to the 2’° position FFu is set,
clocking FF3 which will be reset if the K/R line is low, left set otherwise. (ne
clock period later the bit is shifted to the 2%position. This sets FI'S which clocks
FF4 as before., This process continues until one clock period after FFl4 is set.

The next positive-going clock transition shifts the bit to the last position in the
shift register. This clocks FFl4, drives STATUS low and stops the clock thus

completing the conversion.

The analog section consists of the analog devices model AD550 monolithic
uDAC switches, the model AD850 thin film resistor network, the comparator, 4n
emitter-follwar regulator to provide a +5V supply for the ubAC's dand reguldtor:
to provide reference voltage to set the uDAC current levels and to provide ott-
set 30 that bipolar voltages can be handled. (The converter shown here j: set up
for an input range of ¢10V with an offset ' nary output code i.e.

10V = 000000000000, OV = 100000000000, + 1OV = 111111111111,)

The AD505 and AD850 are discussed in detail elsewhere!. The uWDAC's are
operated at 648 of their rated current to accomodate the available 12V uupply.

(They are Ausigned to operate from a 15V supply.)



T e LT et e S LI TERUY Ol CHRRNUPIL TP § DRI EE FLEP of T Q3
[EEEF IS °F S-S TN soimlor urrent leing set by i 6.l19K resistor and
Plee wit e e Gl ViRl As a dinde), o "5 4 6,4 volt reference
Sener, L ool b e wlAU and Ds normelly used, 45 here, to temperature
Tpenootte T Daneeemnlter rops ot the  WDAC current switches. (The numbers on
T dasiesr oo dine prepresent wDAC DIP pack pin numbers.) The base of Qu is

oniected te rne base ot dli the UDAC  current switches and thus 4 stable 6.4V is

established te set che currents in the weighting resistor::. The collector current

0, woanmed tooestatlisk a stable voltage drop of about - 3V, relative to
t1l, 4crcss the 3,48k resistor. This, plus the drop across D, is used to set
the base voltage on Q) anc 4, . D, temperature compensates the base-emmiter
lrops of QL and q2 S is used as a current source to provide the current
throuph [ and I {s a current source to provide the current for
reterence zener - . This fener provides a stable + 6.4V source to provide the

3

offse*ting current to the summing junction. The 1M resistor is necessary to

insure start-up of the current sources.

This circuit has two important features. Since it is switched on at
the beginning of each conversion it is important that the reference voltages settle
rapidly after turn-on. This circuit configuration settles very rapidly, the re-
ference voltages being completely stabilized within a few usec of turn-on.
secondly, any varidtion of the nominally 211V lines is avscrbed by the current
sources. This results in a sensitivity to supply voltage changes of only one bit
tor a 3.5% (29% of 12V) change. The unit will o-erate to specifications over a

supply voltage range of 10 1o luV,

tigure ¢ shows the design of the switched power supply for the analog
wection, The line marked "+ 12" is energized continuously and powers the logic.

Hetween conversions the logic is quiescent and consumes only the very low power



characteristic of quiescent COS/MOS logic, Upon recueiving g conversica command
signal the logic executes a conversion cycle, A positive poing UTATUS
pulse is generated by the logic during the conversion cycle. This pulse controls

Ql in the switched power supply. When the UTATUS line goes pucitive, Q) emitter

goes high, providing the switched positive supply voltag:. During the quiescent
period the emitter of Ql bae been:low, holding MOSILT Q3 on and transistor Qz
of f. Cl is charged to nearly 12V through Q3 and Dl during this time. When
the emitter of Q, goes high, during a conversion, Q, is turned hard on and 0,
is turned off. Thus, during conversions, the positive end ot ) is brought near
ground providing a switched negative supply line at the point indic.ted. It

should be noted that this scheme has the further advantage that the power supply

lines to the analog section are well decoupled from the logic during conversion.
The presence of Q3 is important to efficiency in terms of power consumption.

1f Q3 were replaced by a resistor, its resistance would have to be quite low
to insure complete charging of Cl between conversions at high conversion rates.
This small resistor would then take a large current from the +12 line during
conversions. The high off resistance (~ 109Q) and low on resistance (+ 301) of

Q, provide an efficient solution to this problem.

4, I'inal Specifications

The unit is operated with a total of 70 wusecs convert time. This
means that the clock runs at a rate of about 4.4 usecs per bit, The first 17.5
usecs are used for settling time for the regulator and comparator and the
rest of the generdl anulog circuitry. The remaining 52.5 usecs is used for con
version to a resolution of 12 bits. Figure 7 is a tabulation of final speci-

fications achieved on this unit, Figure 8 is a complete schematic diagram.
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Figure 1

Interior of pressure sphere containing data logging electronics
for deep sea tide-gauge. Equipment shown and associated semsors
are operated on the ocean bottom at depths from 5,000 feet to
20,000 feet, for periods up to one memth. Power source s
standard automobile-type 12V lead-acid cells. Data are recorded
on low-power digital magnetic tape unit (swung out to right).
Application is typical of these requiring low power hardware
(data 1ights are used for surface checking only).

Photo, courtesy Dr. Frank E. Snodgrass.



Figure 1 - Interior of Pressure




5.0 ANL ' OWER CONSUMPTION COMPARISONS OF COS/MOS
AND OTHER COMMON LOGIC TYPES

Logic Type Cost Power (Standby)
X0 $29.00 350 mA @ Sv

Low Power TTL $63.00 30 mA @ Sv

COS/MOS $52.86 5 uA @ Sv

(epoxy package)

Figure 2
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COS/MOS logic for low power A/D converter
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Figure 5 Regulated reference suppiies, analog section.
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LOW POWER A TO D CONVLRTER,
FINAL SPECIFICATIONS

Power Supply: Logic +6 to +15V
Analog +12 to +.5V

Current Drain - typical: Conv. Rate Avge Supply Current

(Analog and Digital @ +15V)
5 KHz 20 mA
1 KHz 4 mA

100 Hz 0.4 mA

1l Hz 0.01 mA

Conversion Time: 75 usecs

Input Voltage: C to +10 or + 1OV

Input Impedance: 10 K

Accuracy + 35 LSB

Temperature Coefficient: + 10 ppm/°C

Resolution: 12 bits

Input Trigger: 1 pysec positive pulse

70% of logic voltage
Outnut Signal: MOS compatible

Power Supply Sensitivity: 1. to 15V, + 1 bit

Figure 7
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Appendi x

MULTIPLEXER SPECIFICATIONS

Power:

Temperature Sensitivity:
Crosstalk:

Rate:

200 pA @ +12v
180 pA @ -12v

< 10 ppm/°C
< 0.02%

1 channel/sec.
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Appendix

TAPE RECORDER POWER REQUIRLMLNTS

Power Supply:

Current Consumption:

Standby Current:

Single 12v supply
0.52 amp-hr/100 ft of tape

i.e. 12.8 amp-hr/2400 ft reeil
(independent of stepping rate)

< 50uA
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Low Power Tape Recorder Electronics Functional Description

Refer to the timing logic schematic, Board No. 2. The design of
the recorder is such that the major power consuming components, namely the
record heads and the stepping motor are normally not powered. Power is
applied to them only during a write cycle. When the recorder receives a
write command the stepping motor and write heads are powered up in ihe
appropriate sequence, a single character is written on the tape and these
components are then shut down again. The function of the timing logic
board is to produce the various pulses that control the internal operation
sequence of the recorder during a write cycle. A write cycle is initiated
by applying a positive going edge, COS/MOS compatible, to the step command
input. This clocks FF1l setting the Q output true. This resets the
8 bit binary counter IC2 . The completion of the preceding write cycle
has left this counter in the state 00010101, i.e. decimal 168. This is
accomplished as follows: When the counter arrives at the binary state
00000101, both inputs to NAND gate Gl go true. This results in the

output of G, being driven low. This results in the output of following

1
inverter Il going high or true. Thus one input of NAND gate G2 goes
true at this time. Thirty-two counts later output Q, of the binary
counter goes true making both inputs to G2 true and thus driving the
output of G2 low. The output of G2 going low gates off the multi-
vibrator consisting of G3 and Gu . When running, this multi-vibrator

produces a squarewave output with a nominal period of 100 microseconds.

It will be noted that the multi-vibrator gates off with the output of



Nigh. anen the moti-vibrator is gated on, the output of G

. ' 4

Makesn g tranhition tren nigh to low approximately bu microseconds after

the multi-vilrgtor o gated on., Thus, one ot the inputs of GS , @ NOR
pate [u held positive continously between write cycles. FPifty microseconds
itter a step command i received, the output of Gu goes low. 3Since the
“tep comman ! input drive, the Q low, both inputs of Gg are .riven low

50 microseconds after the receipt of a step command. This results in the
sutput of Gb going high, resetting FFl1 . The Q output of FFl is
thus a positive pulse, 50 microseconds long which begins with the applica-
tion of the step command. This pulse is referred to hereafter as clock
(C,) . The Q output of FFl is the logical negation of clock. It is

reterred to hereafter as not-clock and abbreviated E; . As was explained
before, the output of NAND gate 62 goes low at a count corresponding to
decimal 168 and remains low between step commands. On the receipt of a step
command the resetting of the counter drives the output of G2 high where

it remains until the count of decimal 168 is reached. The output of 62

is called Pw and is used to control the application of power to the

write neads. It will be seen that Py is a positive going pulse with a
length of approximately 16.8 milliseconds. The output of 62 is passed
through inverter I2 produce the output ?; which is the logical negation
of P, . As was explained previously, 50 microseconds after the application
of a step :ommand the output of NOR gate G5 goen positive resetting FFl .
This output is also connected to the clock input of FF2 . Thus at the

same time that IFFl 1is reset, FF2 1is clocked. This results in the Q

output of FF2 going true and the 6' output going false. These two

outputs are denoted as PS and Fg respectively. Flip flop 2 is reset



when the output of inverter 1, goes positive, i.e. at a count of decimal
160, thus PS is a positive going pulse approximately 16 milliseconds
long which begins at the end of clock and ends approximately .8 millisecond:u

before Pw ends.

Refer now to the schematic entitled Write Amplifier, final version,
Boards No. 4, 5 and 6. This schematic shows the logic and interface ampli-
fier used to drive one of the six data tracks. Boards 4, 5 and 6 each
contain two of the amplifiers shown in the schematic. The data lines are
assumed to swing between 0 and +12 volts compatible with the COS/MOS
logic. The data line comes in at the point marked X on the schematic
diagram. The 1K resistor and the diodes are to protect the gate input
against excessive voltage swings on the data line. The inverter Il is

used to generate the logical negation of the input X namely X . The

output of I. which will be logical 0 if X is logical 1 , is

1
applied as one of the inputs to gate 2. The other input to gate 2 is E; c

‘L
at the beginning of a write cycle. 1If input X is a 1, the output of

is normally positive and goes to 0 for approximately 50 microseconds

G, will go positive during the time that E; is low. This will clock
the flip flop. If input X is a 0 , the flip flop will not be clocked
at this time. Thus it is seen that E; functions as a strobe defining
the time at which data is taken from the data lines. The Q and Q
outputs of the flip flop are coupled via gates G3 and Gu respectively,
to the inputs of the head driver amplifier consisting of a pair of NPN

transistors. The corresponding record head coil is connected between

the points marked HX? and Hxl on the schematic. Thus, the current

-3«



tlow direction in the record coil will depend on the state of the flip
tlop. The output of whichever gate G3 or Gu is selected by the

flip flop can go positive only during the time that the volvage applied
to the point marked ?;' is negative, i.e. during the 16.8 millisecond
interval described n the preceding discussion. At all other times the
outputs of the two gates must be low and thus no current "1-ws through
the 10K base resistors of the transistors. Furthermore the MOo:.T
transistor feeds supply current to the head drive amplifier only if ?;
is low, again only during 16.8 milliseconds that Pw is true. The point
marked monitor on the schematic diagram is brought out to the external
interface connector and cin be used to monitor the state of the head
driving flip flop. It will be noted that power is never removed from

the flip flop and thus it stores its preceding state to maintain the
normal NRZ recording procedure. There are a total of 7 of these write
amplifiers in the tape recorder, six of which drive the data tracks,

the seventh of which drives the parity track. The six data track drivers

are in three pairs on three boards. The seventh one is on board No. 8

along with the stepper logic, which is discussed below.

Refer now to the schematic diagram entitled Parity Generator
Final, Board No. 7. This is simply a chain of NAND logic used to generate
the parity recorded on the tape from the input data. The irputs marked
l, 2, 4, 8, a and b are obtained directly from the input data lines.
The inputs marked 1, 2, 4, 8, a and b are obtained from the inverted data

outputs generated by the write amplifier boards. The operation of this

logic is completely conventional and will not be described further.



Refer now to the Schematic entitled Stepper Logic and Drive,
Boards No. 8 and 9. The circuitry shown in this schematic is distributed
over the two boaris. board No. 8 contains the logic portion, as mentioned
above. Like the write heads, power is applied to the stepping motor only
during a write cycle. Normally the power to the stepping motor is turned
off. Stepper logic and drive consists of a flip flop which controls the
direction in which current will flow in the stepper motor winding and the
necessary gating to switch the power to the stepping motor on and off.
The flip flop is clocked by the strobe CL and changes state each time a
write commanrd is received. The Q and Q outputs of the flip flop are
coupled to the stepping motor drive amplifier via gates Gl and G2 and
inverters I. and I2 . G, and G2 are NOR gates. The outputs Gl

1l 1l
and G2 are held low except during the time when input ﬁg goes low.,
This occurs during the time interval discussed previously. During this
time the output of whichever of Gl or 62 is receiving a low input from
the flip flop wiil go high. Thus, during the time that F; is zero, the
output of one of inverter 1l or inverter 2 will be low, the other one being
high. These outputs are used to control the stepper motor drive amplifiers
consisting of MOSFETS Ql and 02 ané NPN tiransistors Q3 and Qq g
During the time that F; is zero, the gate of either Ql or 02 will be
held low, the other being held high, The MOSFET whose gate is low will be
turned on hard, thus turning on the corresponding transistor. Thus a
low resistance path will exist from either Ml or M2 to ground during
the time that F; is low. These points go to the two ends of the stepper

motor drive winding, the center tap of which goes to +i2 volts. Thus

during the time the stepping motor is powered up, the current will flow



either from the center tap througn M, or the center tap through M

1 2

dep-nding on the state of the flip flop. Since the state >f the tlip flop
reverses at each write command the stepping motor will step once for each
write command. When 5;' goes positive at the end of a write cycle,

both Q, and Q2 will be shut off by virtue of the fact that the

1
outputs of both inverter 1 and inverter 2 go high at this time. It can
be seen that if Ql and Q2 are both shut off, that no current at all

will flow in the stepper drive amplifier circuit.

Refer now to the schematic diagram entitled, One-half Reel
Motor Driver, Board No. 10. Board No. 10 actually contains two of the
circuits shown in the schematic, one for each reel drive motor. The
points marked stop and start go to single po.e, single throw normally
open switches which are used to sense the state of the tape tension in a
way that will be described later. The circuit operates as follows: If
the switch connected between the start terminals is momentarily closed, the
flip flop will be forced into its set condition, that is Q true. Under
these conditions the gate of MOSFET Q1 will be low, that of MOSFET 02
will be high. This turns on Q1 and turns off Q2 . Q1 going on,
supplies base current to transistor Q3 turning it on. The motor, connected
between the terminals marked motor, thus begins to run. If now a momentary
connection is made between the terminals marked stop, the flip flop will
be reset turning off Q1 and turning on 02 . This results in Q3
turning off and Q, shorting the reel drive motor. 02 provides dynamic

breaking of the reel drive motor,



Refer now to the schematic entitled Record Gap Logic, Board
No. 1. The purpose of this board is to enable standard IBM type record
gaps to be generated and also to provide for erasing tape in 3/4 iuch
sections which is useful to provide an erased portion after the load
point, etc. Upon receiving a record gap command, the logic inhibits the
write strobe (CL) so that the heads are held in whatever state they
happen to be in at the time, advances the tape 4 character spaces, then
resets the write heads, thus writing & longitudinal parity check
character; and then advances the tape approximately 3/4 inch with the
heads held in this reset condition. A record gap is commanded by applying
a positive COS/MOS level to the iaput of gate G2 . Since both the external
gap command input and erase inputs are normally low, the output oi gate G,
is normally high. The application of a pcsitive level to the external gap
command input thus will drive the output of G2 low and if P, is low at
this time, this will result in a positive going transition being applied to
the clock input of FF1. If Pw is high at the time the external gap
command is applied | FF1 will not be clocked until tle time at which Pw
g-es low. This insures that a record gap cannot be started in the middle of
a write cycle. When FFl {is clocked, its Q output poes true resetting
the 7-bit binary cournter IC3 and also TF2. {2 and inverter I? are
used to extend the counter capacity from 7 to 8 bits. The 8-bit binary
counter consisting of a combination of IC3 and FF2 has teen left in the
condition of 00000101 by the previous record gap cycle. When this count
occurred the two inputs of G“ went high, thus driving its output low

and gating off the multi-vibretor consisting of GS and G6 . When IC,

and fF2 are reset the STATYUS line goes high starting the multi-vibrator

-7-



ard resetting the flip flop FFl. This alsn results in a positive level

appearing on the STATUS output. When the STATUS line goes high, the

7

output of fe which had been clamped high immediately gnes low and

remains low for approximately half a clock period when it makes its first

clock transition from low to high. The output of G_ remains high for

5
half a clock period and makes its first transition from high to low. The
STATUS line is applied to the input of inverter 3 thus generating the

term STATUS . STATUS is normally high except during a record gap cycle when
it is low. STATUS is applied along with the external step command signal to
g As long as STATUS is high G8 transmits the external

step command, acting as an inverter. When STATUS goes low, the external

the input of G

step command pulses are prevented from getting through G8 . When no record

is clamped high. Thus, G_, operates

gap is being recoided the output of G 9

5

as an inverter and G_, and Gg transmit external step command puises to

8
the external step command out. When STATUS goes low the output of Gg s
clamped high, thus during this time the output of Gg will be the inverse

of the output of G The terminal marked "step command out" will be a

g
negative level at the beginning of a record gap cycle, and will remain
negative for one half clock period after the application of an external gap
command pulse. The first transition is from negative t¢ positive resulting
in a step command to the timing logic. The binary counter IC3 is clocked
by the output of GG . IC3 clocks on negative going transitions applied
to its clock input. When STATUS goes positive the output of G6 makes an
immediate transition from high to low. This does not clock IC3 however

because at this time the Q output of FF1 is still positive holding

the IC3 in the reset condition. The first transition of the output of



G5 occurs one-half clock period later and is from high to low. Because of

the inversion of Gg this produces a transition from low to high on the

step command out. One-half clock perind later, the output of G, makes

a second transition from high to low which clocks 1(.‘,J . Thuc the sequence

of orerations from startup is step, clock, step, clock. This continues until
1

the ‘ourth step takes place. On the next clock pulse the counter AC3 is

stepped to the count where Q. becomes true. This results in the output of

3
G1 going low and consequently the output of I, gcing high. The output
of I. drives the reset input of all the head drive flip flops and

1
consequently resets all 7 head drive flip flops. Thus the next step results

in the recording of a longitudnal parity check character on the tape. The
heads are held in a reset condition and the tape stepped until a count of
decimal 160 is reached. That is a total of 156 steps after the writing

of the longitudinal check character. Since each step represents a tape
motion of 0.005 inch, the total tape motion after the parity check character
is approximately 0.780 inches. This is well within IBM record gap tclerances.
The function of G1 is to prevent the write strobe from strobing data from
the data lines into the record heads during the time that the record gap is
being written. During the time a gap is being written the line STATUS

is low holding the output of Gl high, thus inhibiting the write strobe.
Since the multi-vibrator that drives the stepping motor during the record
gap cycle operate:; at approximately 40 cycles per second, tie total time
involved in writing the record gap is about 4 seconds. The erase input
allows a record gap to be written without the lcngitudinal parity check
character, that is the net result is to erase about 8/10 inch of tape.

A positive transition applied to the erase input will start the record



gap cycle via G, and G3 just as an external gap command. Simultanecusly,

via Gl and Il it immediately resets all of the heads so the longitudinal

parity check character doesn't appear on the tape.
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Appendix

I'unctional Description of Brake Motor Control Electronics

The function of this control circuit {¢ twofold. In the "loc:"
tunction, it drives the motor in one direction until the ruior current
begins to rise above its normal value due to mechanical load.ng. When the
motor current has reached a preset value, it shut:s off the motor and also
stops consuming power supply current on its own part. In the unlock operd®.ct.,
the motor is powered so as to run in the opposite direction and continues tc
run until a contact transfer takes place. Refer to the schematic diagram
entitled Brake Motor Control.

To initiate a lock cycle, a negative going transition from ¢12 to ©
is applied to the lock input and thus directly to the one o! the injputs of

NCR gate G If the other input, labeled B on the diagram, is low at this

K
time, the cutput of the gate will make & positive going trunsition from
ground to ¢12 thus clocking FFl. The gate input labeled B is connected t..
point B, namely the Q output of FF2. Thus in order for a lock cycle to be
fnitiated, the Q output of FF2 must be low, that (s the flip-flop must be

in reset condition. If the lock command gets through the gate, FF) wili

ve driven into a set condition, that is, the Q will gc low. The Q output
goiug low turns on MOSFET transistor Q, thus essentially connecting the

upper end of ‘he 4.7 K resistor going to the drain of Q1 to +12. This brings
the upper end of Zener diode DS' which is a 6.8 volt unit up to approximately
£.8 volts and thus the base of 02 goes to this voltage also. This pulls the

emjtter of Q, up to a voltage of approximately 6 volts and because of the

2 X resistor connected from the base of Q3 io> ground, a large base emitter



ST T . - . Tuis I. sutilc.ient 1. seef tue wrannListor

e e Yt Lrtrents 00 u; o S0 or €0 millamps. This results
CToU o terming mareed | 40ing 10 o pctentlal of gpproximately ¢b volts
%8 9 o o tesinnlng Coran. Tne current in the col.ector resistor of
L3

itre I m... fv v.sentially equal to the motor current. Thus

' 3 - ~ .. ..@p.v be equal to Hs time., the motor current in
TaealaTh e The o v ltage . applled via a4 low-pass filter to the lhase o ‘u
o, - vae wide ot g sitterential amplifier, the other :ide being 05. The
Lase 0 L held about e volts below #12. that (s, at a level of approximately
o= ot Lty tne Yl - tring concisting of the 39 K and 82 A resistors. Current

=..i tlow Tnrouggn thnis tias-string only If transistor Ve is turned on and that
Woes Lo oneel 1O vocdl onle when the base of 02 s high, that is, when Q1 is
ot shl the controdler L. 0 a lock cycle. As the motor begins to take an
Jorew ing mectancas ivad and approachas a stall condition, the motor current
®..i JnCredic and thu:. the drop across R’ will increase. When this drop
reqche:. a value of approximately & volts, a sudden transfer of current from
., to ., takes | lace. This current amounts to about 1 milliamp and when
*te transfer to ;“ in complete, the collector of Q“ wil! rise¢ from ground to
vorex mately 8 volt . This is sufficient tc swing KUr gate 63 which is being
et anh anverter through its transition level. Thu: the output of 53 will
Wong trom 0.2 o . Thia ig applied to a second [nverter, 62 » whose cutput
‘. takes a Cransition from 0 to +12. This output is applied to the reset
teraina. of FFL via an JF gate consisting of D1 and D?. When the output of
Foe. jonitive, the rewuit is to reset FFl, shutting off Q1 and s*opping

tle rator. it w.il lLe noted that when Q1 is shut off, all current flow in



the upper portion of the circuit czases. The OR gate, consisting ot diodes

Dl and 02 is used to insure that when power is applied tc the circuit tnas

Fi'l will always come on in a reset condition. The other irput o the ¥ pate

iz an RC network consisting of a one microfarad .aja./tor 1 ~erles wit g
100 ¥ resistor. When the ¢12 §s first applied, tre  ui 0 "toor Wil i "t
anode of Ul up to ¢l12 thus resetting FFl. At the ¢n! ' alcy? U0 . ro-

seconds, the capacitor will have charged sufficientiv *ta* *he rese* ‘cerrina.
nf FFl will ve essentially at ground. Thus this arrangement plays 4 ro.e
in the operation of the circuit only at initial turn on and insures tiat the
circuit will not come on with the motor running.

The unlock operaticon is somewhat simpler since the motor is stopfed
not when [t has reached a preset current but when the thing it is driving
has got to preassigned position and this position belng Jetected Ly contac:
transfer of a microswitch. The microswitch is wired -.c that it is normally
in the round position., If an unlock command conuisting of & negat.ve ,oins
transition from ¢12 to 0 is applied to the unlock input, it will, it tie

other input of NOR gate G  is low, result in the output of  raking a

“
positive golng transition thus clocking FF2. The other input of G , "4arhed

A, is connected to the Q output of FFl. This s similar to the arrangement
discussed previouslv. The purpose of this cross connection - o insuce that
the device will not accept an unlock command while it {5 running in the locred
mode and vice versa. I[f this was allowed o happen, it cou.¢ result (n the
destruction of 02. 33, 09. 010 or just about any com!ination o! ihe~. Assuning
the A input is low, 2 will be clocked into the set (ondition. That (i, t'e

! output will ¢o low. A point to be noted is tha® ¥ (5 on the sa=e chij

as FFl and thus, like FFl, s powered between *12 and ground. Therefcre, tle



e cALRAIN

B o0 ¢ Smped Dy 0. This turns on MOSFET Ce. MOSFET

3 oS0 Dot Ltpat ot FED are from L o elg. Thne trans.tion ot

el - ..t oM o FiT trans.stor 37 Yeing 2urned on.  The Jrain

CTLna.t L o e eent ally to »12 volts and pull: the junction of the

©oce L oant ot e anole of DS about 0.7 volts above ground at which
8 turning on
c prent tnrew Sener diode D, which again is a rominal €.8 volt

feoanl o thi 1enult: In the base of O10 being pulled adbout 4.8 volts below

WHde Tt carns oon transistor Qg and results i{n a current flow through

©oraetor in the oppecite direction to that during the lock cycle. Thus the

‘rorune on the opjon.te direction to that during the lock cycle. The

1 wiil continue to run until the microswitch makes a transition from tle

crount to the ¢[2 soint, This applies ¢12 volts to the diode OR gate con-

(O3

ting of 1 ant () and thus provides a positive levei to the re.st terminal

.. resetting 12, As discussed previously the other inpu*® ! the OR

sAate goen 1o an HC network and the purpose is exactly the same as discussed

tetore, namel,, to insure that when the circuit is first turned on, FF2

wili come or. in a reset condition.
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7 Janvary, 1971

OVERPRESSURES DUE TO EARTHQUAKES

STATUS REPORT

A, Task

Work on subject contract is directed toward understanding the
effects of undersea earthquakes, and in particular toward studying the
increase in water pressure that would be experienced by submerged objects

near an earthquake fault during an earthquake,

B. Theory

Dr. Paul Richards has solved the general problem of a source of
finite extended with some quite general vertical acceleration function
which is triggered by the passage of a wavefront. The triggering wave-
front originates at an origin X = Y = 0 and moves in the horizontal X and
Y directions with velocities which can be functions of the Y coordinate.
Richards has made specific computations using Brune's model (step function
upward velocity of 100 centimeters per second with one second duration) and
finds that the additional pressure will be equivalent to approximately
600 feet of water depth. Brune feels that this 600 feet additional depth is
an upper limit for his model except for possible increases due to reflection
from the water surface.

Richard's theory is in close agreement with the more qualitative
predictions that we made at the beginning of the project. Therefore we feel
that preliminary estimates of hazard to submarines can now be made with
adequate assurance although actual observation data of seaquakes are still

of paramount importance.



(I Ubsethal i nd .

tdr. D 5 walsh bias breught to our attention one observation ot a

seaquahe experienced b the USS RASHER SSR 269 in 1957, (dr. W. Gibson
tarter, who was Diving Vfticer writes-- "As we were huvering at a keel
depth ot 275 teet, the depth gauge suddenly went to approximately 310 feet,

back to about <40 feet, and then settled down back near 275 feet, I
estimate that this series of indicated depth changes occurred in a period
of less than 4 seconds,"

A, W, Adams, who was skipper of the submarine, remembers somewhat
greater numbers but cautions that his memory may be faulty., He also
says-- "To appreciate the trauma of this event you must realize that
RASHER was a 'thin-skin' boat certified for 313 feet test depth."

Copies of letters from W. Gibson Carter and A, W, Adams, Jr. are attached.
Cdr. Walsh is trying to obtain the original records from the RASHER and
from the other three submarines that were participating in the exercise
south of the Alaskan peninsula, (It is probable that the actual

pressures were greater than that indicated, as submarine depth gauges

are somewhat damped.)

D, Experimental

1. We have assembled telemeter sonar buoy equipment for making
observations of after-shocks from large seaquakes. This

equipment has been described in previous Progress Reports.,

2. Additional units are being assembled with self-contained tape
recorders for use in areas where the telemeter signal is

degraded.



Work on the modi{fied oceanbottom geisrnomeler has been (un-
tinuing slowly bLocause of the assembly effort on the other
items. All c ..ponents have been breadtoarded. but assembls

is not complete,

As a cooperative undertaking with the Unfversity «{ Hawatl
and the Los Alamos Scientific lLaboratory, a vibrating string
accelerometer has been placed on the bottos at approxtaately
550 fathoms depth 17 miles west-southwest of Amchitha to
monitor seaquakes in this active sei:zmic region. It §s now
recording all accelerations greater than lo"c. Simultancous
records of presaure transducers sare being made. The data 1is

tape recorded on land and processed by Los Alamus personnel.
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. Appendix !

GENERAL DYNAMICS

Electric Boat Division
£080rn Point Roed. Groton. Connecticyt 06340 » 303 666-5080 October 7, 1970
Mr, Jerry Fisher
Scripp's Institule of Oceanography
Iavolla, California 92037
Dear Jerry:

This letter is written in answer to your telephone call concerning
the events surrounding an underwater pressure excursion experienced by
the USS RASHER (SSR 269) while rating in waters couth of the Alaskan
chain during PFebruary-March of 1957.

I have searched my own personal files concerning the facts of this
event and regret I possess no written reocords of my own, Therefore I
sust relate the events from my memory, Once again, as I did in our
telephone conversation, you must weigh my statements to decide fact
from fiction, This is necessary because after thirteen years of telling
ny "sea-story” I am not fully certain of what may have been added by
me to make a better story,

Four snorkel submarines (CUSK, CARBONERO, RASHER and TUNNY) werc
participating in a TRANSIT CLE south of the Alaskan peninvula

while enroute to the Bering Sea fcr a regular missile exercise, On the
final day of the exercisc at about 2 a,m, and whilc proceeding xestward
at about 200 feet depth, the Diviug Officer (GIB CARTER and/or LOU FEAD)
phoned wme (the C.0,) to report we had just "hit a whale" and apparently
ohanged depth from about 200 feet to 400 feet and back to 200 feet in
less than four mimutes, To appreciate the trauma of this event you must
realize that RASHER was a "thin-skin" boat certified for 313 feet test
depth, Therc were no reported leaks or damage that could be determined
from within the submarine at that time, thus we continucd submerged
until adbout 9:00 a,m, when the exercise was completed. On surfacing

we received weather reports which indicated a submerged volcano or
earthquake had originated very close (10 miles) to the time and pornition
of the alleged "whale collision."

The above paragraph relates the incident to the best of wy
knowledge at this time, Once again I caution you to anal;ze this
event morc thorouchly as I am quite capable of "improving" on a cood
sea-story.
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Pcersonne) Grrocliated with this incident or who may have some
knowledye other than reported here include:

. Lou M, Fead - 1813 Hornblend, San Diego 92109 Phone 272-6376
Gib Curter - Active Duty Navy Commander/Captain

Capt, Dici Clark - COMSUBFLOT ONE - San Dicgo

C. Turncr Joy - Lockhced MSC - Washington D, C, (XO RASHER)

Cdr Don Walah - Office of Under Secrectary of the Navy for R & D

(SalP g VN RS N

Sincc your investipation into this incident for DR, BRADNER is
undcr an ARPA Occanopnraphic project, I suggest that RADM W, W, BENRENS,
OCLANOGRAPHILR ©1” the Navy, might be able to assist in the review of
the Ship's Lorer of the ohips previously mentioned. The others may
have experlenced the same incident, I might further suggest that the
report of the THANSIT LXERCISE as issued by COMSUBRON FIVE (also in
San Dicgo) might glve somc light on the event,

I sincerely hope this letter might be of some assistance in your
project, I am Laking the liberty of sending copics to the above named
individuals in thc cvent they might assist you further,

Pleacc extend my kindest personal regards to both Bill Nierenberg
and Jeff Frantschy.

S8incerely,

. Chief of Technical Pudblications

AWAdam3:ac
L46-0823 (Area Codc 203)
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NOT REPRODUCIBLE

6 Cctober 1970

Mr. G. H., Firher

Faculty, terippe 4nctituticn of Oceanopraph,
Code 1 - Db

La Jolla, Cul:fetnin 97037

Dear !r. Fisher,

] have recorded. to the bLe et of my merory, data
observed du.ring tie esrthauake in Alacksa {n March 19%7.

Date: Approximately 20 March 19%7. 1 kiow for
certsin tre ULY Racther SR 269 arrived in port in
Vancouver, B, C. on 29 March 1957 and | berlicve the
earthnuake occurred about 5 to 10 days prior.

bPositi-n: Approxs atol{ 200 niles south of the
Uninuk Pars {n the Aleutian Islands. (Very routh pornjtien)

Keel Depohs 275 feet. Water Depth: About 1,079
fathors,

Ship ~tatuct Rigged for decp subrerpence and minimum
clectricul power load., Steering und Alvi:g plines in
hnnd powrr. Ehip trimmed for hoverinr. {No rpced through
the wuter)

About 0130 local tiwme, shortly after having
relirved the wutch ar diving officer, 1 expcerienced
a scnsation that had never been described to me ncr
had 1 read of such arn experience in reports of other
rubmarine operations. As we were hovering at a keel
depth of 275 feet, the depth gauge suddenly went to
approxirately 210 feet, back to about 240 fect and then
settied down back near 275 feet, 1 estinate that this
series of indicated depth changes occurred in & pericd
of less than b reconde. 7The sensation from my etaticn
(midst:ipr) wur sinllar to that recclved when the ship
suddenly aprlies a full bickine bell with both propellers
frcm »n dend in the water conditicn. luring this pecriod
there wae never any noise threurh the hull or reported
from ronar,



Po:t o! the crew wi: asleep during thic evolution
and the wajoerity of thoce <jeeping were dist.rbed by the
vitraticn., dhe e ip noversnt waey felt streaper toward
the bow .ne rtern compartme:.te, The indfviduale on
witch {Trediutely ached cne anctner what wags yoing
on in ty olter erd of the ship. The Captain was not
dist.roed in 15 sleep and | reported by phone thrat
I thougnt wr h .4 touched bottom or hit rsometh i g while
subserpged, pcrhaps a whale,

dittout the benefit of experience in cacualiies/
exercise: rouer as 1 mad J.st experienced, my reaction
was to lmn.diately restore norm:]l power tc cteering and
the divi:p planes and add miminum power to the propellers
to assist {in depth control.

After the initial shock wave there war anot'er
shock wave within 15 to 20 minutes of lesrer intensity
und then 4 thocr wave of very mild intencity about 30
minutesn ufter the fnitial shock. No phycical c=hip
movenentl war noticed on efther of these, only movement
of the deptn raure needle. Obviously the ship only
vibratcd {n rerponse to the pressure wave and the depth
raugre responded to changes in the wuter prerccure as
the shock wave pacsed.

There wurs no damage to the ship, instruments, or
personnel uf a result of this experience. Our only
clue as to wh t hnd really happened came about three
day: later when we picked up a brief news report stating
something aboutl an earthquake in the Alaskian area.

Although the ship wus on a highly c.assified mission,
I congider th information revealed here as unclassified.
I also feel that the ship's log book on this particular
phate of the cruise is moct likely downgruded to an
unclassified 1level and know Don ®alsh will do what he
con to assist you in this research.

1 hope my memory hags terved me correctly and that
this may be of somec value to you. Pleare let me know
if you feel 1 ray be of any furthur -elp.

tincerely,

Ao
W. Gibeon Carter

A. Gibson Carter

CDR UCUN

Faculty, U.E. Naval 4. r Collepe
Newport, R. 1. 02840

t}' /" /’,.7 0//( fe o Jeo o/ e 1 Eaalkd aud”’ A"‘.
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INTRODUCT ION
This study was initiated as a concentrated resaarch effort to detine
the transport and circuiation mechanisms In nearshora waters as they
apply to civil and mllitary englneering. It was proposad thet tieid
and laboratory exgeriments would be conducted to rescolve chntroiling
tactors in sediment transport phenomena, su that effective mechanisms
could be desigmed such as:
1. Phase dependent roughness elements that produce preferentlal
transport over the sediment bed.
2. Structures for controi of nearshore circulation so that
dispersion of water is enhanced and loss of sand from beaches
Ils minimized.
3. Submarine dams that intercept the tiow of sand into canyons
so that the sand may be re-circulated on the beaches.
The snelf and nearshore zone Is a compiex region of intense interaction
among waves, tides, currents, river run-oft and the erosion products
trom the iand. However, it Is becoming increasingly clear that the
closeiy interrelated driving forces, although masked by a high level of
background noise, are essentiaiiy low frequency and regular in form.
The background noise is random and iargeily associated with the processes
of energy dissipation. However, recent measurements show that nearshore
circulation is governed by a fundamentaily simcie incldent-edge wave
Interaction and that sheif and canyon currents are probably related to
the oscillating tleids of set-up and set-down associated with waves and
winds.
Most problems in nearstore englineering, whether the movement of

sediment and Its control, the design of temporary or permanent cargo



unloaging und loading raclities, or Tthe laying of cables, mines, or
underwater obstac o3, additionally presuppose a basic understanding of
the Iynami st ot action. Yet, the surf zone is particularly
gitticult environment in which to work.

‘. KESEARCH PRGGRAM FOR 1970

- o TR I -
A desedarlt ot udie

Kesearch effort during this contract year has been concentrated in
two areas of investigation: (1) field and laboratory studies of the
water-sediment interface near the breaker zone; and, (2) laboratory study
of the velocity field in breaking waves. Much of the effort in this phase
of our research has been directed toward deveioping suitable measurement
techniques and in making measurements. Progress to date is summarized
in this report and our previous reports for this year. Theoretical
study of the nearshore region will continue in the coming year with the
objective of gaining additional baslc information to be applied in the
design and development of other practical devices and systems such as
the Crater-Sink Sand Transfer System descrlbed below.

The ARPA funded computer and analysis system, soon to be operational,
will speed the translation of study results into a form usefu! to
milltary planners.

1. Ffield Studies of Sediment-Water Interface. Much of the first

quarter of the pnast contract year was spent in acquiring adequate
personnel and equipment to study the problems presented in the proposal.
Once the research staff was acquired, work progressed qulite rapidly for

the remainder of the year.



A series of measurements have been conducted of the water-sediment
interface under wave action adjacent to the Scripps Instltution Pier.
The objectives of the measurements is to determine the thickness of the
boundary layer under wave action and to ascertain ths effects of irreg-
ularities of the sand bottom on the boundary layer. Preliminary
measurements include photographing neutrally bouyant particles against
a grid.

Sixteen millimeter underwater motlon pictures of confetti injected
into the sand-water interface under shaliow water gravity waves have been
analyzed. The work to date tends to substantlate earl|ier experimental
work done in ihe iaboratory (Inman and Bowen 1963), and theoretical
predictions (Longuet-Higgins 1958). The recent measurements inciude
iocai wind waves (T = 4-8 sec) and ionger period southern sweili
(T = 10-15 sec).

The primary results of the study so far are threefoid. First,
wave periods, particle dispiacements and particie velocities can be
measured near the bottom In the potentiai wave region. Second, a
boundary iayer phase lead predicted by Longuet-Higgins (1958) has been
observed and characterized. Third, a variable boundary layer similar
to that described by Inman and Bowen (1963’ has been observed and
studied.

Fieid investigation of the kinematics and the boundary iayer in
the water sediment-interface using 16 mm motion pictures, confetti, and
dye are continuing.

Additional work this quarter inciude the development of new devices

for measuring: (1) the kinematics of the water-sediment interface;



e TR o R, 0 TL Dol lary aayer; (3) the visual relatinn between

*hue cater . or opotertial tiow Ot the waves, the rotion in the boundary
bertt, 3t ottt ot grarLiar particles., The field application ot hot

il o gnemometer teonnigues "ow being developed i~ the laboratory study
Juscrited bLelow are wapected to provide a principal tield tool tor study

.t the water dynimics in the boundary layer. further, two adgitional

~ethods are beinyg Jeveloped, they include: (1) tlow visualization

using hydrogen bubbles as tracers; and, (2) velocity measurements using

the strain gage flow meter.

The hydrogen bubble tracer method is simple both in concept and
operation. A thin platinum wire is attached to the cathcde of a leacd-
acid storage battery to reduce water and generate hydrogen bubblies on
the wire surface. These bubbles form as monolayers and they are
removed by the motion of water flowing past the wire. Surface tension
and attractive forces overcome buoyancy and the bubbles become neutraliy
buoyant. Thus, at time zero a iina of hydrogen bubbies is injected into
the flow and subsequentiy trace the water movement.

We have progressed to the stage where oniy some smaller wire is
required before testing it in the ocean. Figure 8a is a schematic of
the system showing the power source, switch, copper anode, wire, and
wire support. The switch permits the injection of fine iines of bubbles
instead of the "curtain" of bubbles you would get from continuous flow.

The orientation of the wire to the waves, and therefore the flow,
grid and photographic equipment are shown in Figures 8b and 8c. Note
that a black background will be necessary in order for the small bubbles

(2.5 x 10™° cm) to be observed in the fiims.



The strain gage fiowmeter is a system developed and used at the
University ot Cambridge by DOr. J. F. A. Sleath. It consists ot o tine

glass tiber (2.5 x 10-3

mm diameter) three inches long which is attached
to a solid support at one end and to a cantilever strip on the uther.
Attached to the strip are strain gages. The gless fiber is oriented

t right angles to tluid tiow so that a force on it will cause it to
defiect in the fiow direction, thus causing the cantiiever to bend
inwards. The stress is inferred from strain on the cantiiever. Sleath
has used his meter to measure veiocities of 1.8 - 21.6 cm/sec and with
it he has verified for the first time the theoretical first-order
soiution as proposed by Lamb (1932, p 622) for the velocity distribution
above a smooth horizontai bed due to waves.

Correspondence with Dr. Sieath has resuited in his sending us a
copy of the blueprints of his probe. At the present we are studying the
prints and modifying them to work under the velocities we expect (122
cm/sec). The modifications wiil consist of different tiber diameters
and/or different cantiliever thicknesses. This system has apparently
performed well in simiiar fiows, therefore we expect it to be useful
for our work.

Additional field measurements are planned on a more extended scale
to determine the effects of artificial roughness on the boundary layer.
A laboratory phase of this work wili begin in the wind wave channe! as
the channel becomes availabie foliowing the Stable Floating Platform
Study.

2, Laboratory Study of Velocity Fleid in Breaking Waves. Because of

the difficulties of working in the surf zone, there have been very few

significant measurements, and these have been principaily confined to



P : [ Loa3e o Tley w o vafr “s Lo ety (megel,
a, T Lo e et L, L u ey, et gl (19)0) nave cetermineg
g a1.0n .7 a3 tead’ the bLressiry point an a con-
LeT Tt sl s, T e L et T e Lt That note Ot the present
3oLt Y maee Ttelr e yrrectly predilts the observed velocities.
Tt tL, ey ot taces t, relatiienry small owaves (7-9 cm), and there

sefe O duvLucidted tield measurements at large scale.

The prusent study was initiated with the threetold objectives of:
(1) the meysurement ot the veloCity tields in waves ot greater height
t50=60 cmi Lreaking on unitorm siopes in the S10 100-tt laboratory
hannel, and the corollary deveiopment ot technique:, tor making similar
measurements in natural breaker environments; (2) the extension of
these experiments to measurements In natural surf; and, (3) the develop-
ment of a more adequate theory for breaker dynamics, and application
of these theoretical and exparimental results to specific engineering
problems. Ffrom the standpoint ot application, a logical starting
point appeared to be complementary to the field work on sediment move-
ment and control methods reported above.
PRESENT STATUS

Except tor preliminary review of possible measurement techniques
reported for the first quarter of 1970  the instrumentation phase of
the laboratory study did not get actively underway until adequate
technical assistance became available. The second and third quarters
wore devoted to upgrading and equipping the wave channel with adjustable
wave generating and beach-slope facilities and a circulating filter
system, design and construction of dynamic calibration facilities for

the velocity sensors, procurement and testing of pressure, velocity, and



photographic equipment for fiow measurements, and the construction ot
a9 programmed instrument operating and recording -onsole.

Much of the fourth quarter was expended in somewhat frustrating
attempts to obtaln reproducibie flow calibrations to the 1§ accuracy
desired. We have now succeded in this, and because many other inves-
tigators contacted have experienced simiiar protiems, our procedures
are described in some detail below. Actuai velocity field measurements
were commenced in December 1970, and wiil be reported iater.
INSTRUMENTAT ION

Except for the photographic equipment which is standard, other
instrumentation for velocity and pressure measurements was arrived at
only after considerable review, seiection, and testing. To function
succossfuiiy in breaking waves, fiow sensors must be capable of record-
ing identifiabie transitions from air to foam to water and out again
without changing calibration, sustaining high impact forces without
vibration, and have a dynamic range of about 200. In the sea, further
compiications ure Imposed by temperature ‘iuctuatiors, and contaminating
particies and debris, but our experience suggests that these difficulties

can be resolved with minor modification of the present system.

System Components

Figure 1 is a schematic diagram of the 100 ft, giass-waiied wave
channel and accessory instrumentation for veiocity-fieid measurements,
comprising the foiiowing components:

a) A hinged-paddie harmonic wave generator capabie of making
periodic waves from 0-2 ft+ high with periods from C-5 seconds.

b) A 3/8 inch thick piate giass beach siope assembiy, fabricated

in 2, 4, and 6-foot length increments. The glass sections are laid in



Talle L a o 8 2° APUT ST, AlumIr LT L3S ThAt are wedged

T R I 35, 'a"* =a.’'s Dy spreader ,crews. Ihe dars have
ere” Tl Lller Lt Ltw tu ograp t'he glass, and also rubber seals
lenea® o Lax Lo tiuny o prevent iedkage past?! thaeir edges. Unitorm
LLp@s tror Tia . T, a5 well as broken slopes, it desired, can be

comUerl, "htailud, or aitered within one or two hours.
< A 1enp water Circulating pump with return flow beneath the
nantes 1, sdapted tur high-speed dynamic flow calibration. A separate
tilter sumy seaps *he water (lear of particulate matter, and establishes
anitorm tempaerature conditions within the channel between wave
eaper imant,,

¢} ‘easurement instrumentation conslists of three independent, but
compatible uystems,

Two DISA, V-type, two element hot quartz-fiim probes are mounted on
adjustable streamiined stainless steel fairings, and can be oriented at
arbitrary angles within the plane of the tlow tield. While these probes
were originally designed tn measure quadrature components of fiow, in
an oscillating tield, It is Impossibie to distinguish betwesn their
non-|indar velocity and dlrectional responses. In our study, they ara
oriented in different attitudes In repetitive sxperiments, and Instants
where he orthogonal elements glve identical readings can then de
interpreted unambiguously as flow velocities In the direction ot probe
orientation. This procedure |s more laborious, but very accurate.

The hot-fiim probes, and thelr accessory ampljfiers and constant temp-
erature circuitry have a dynamic range of about 200, can record
valocities from Z2-3 cm/sec to 2-3 m/sec, an¢ have a 50 kHz response.
Thus wave rise-times of about 1/100 sec are |limited oniy by the response

of the Brush Oscillograph.



Two Independent pressure transducers are hydrau!ically connected to
adjustable oritice plates set ‘lush In the glass bes h slope. One
transducer reads ditterential pressure between two bottom grifices
parallie! to the tlow axis, and the other monitors relative pressure
between another orifice and amblent (atmospheric) pressure. Thus, both
wave slope and wave elevation can be measured within the range where
the hydrosta“ic approximation is valid, which include: astou? 95 percent
of the wave history. These transducers can resolve pressure inc-ements
of about 1/100 mm, Sut their frequency response is |imited to adbout
50 Hz by natural resonance of thelir mechanical and hydraulic compliances.

Fiash photography of suspended, neutrai-density, nitrile rubber
discs it accomplished at singie-exposure repetition rates up to 15
tiashes/sec, by a synchronized Nikon camera, equipped with an adapter
tor 4 x 5 poliaroid fiim. The camers has an 80-180 mm zoom lens, and
is mounted 16 feet from the channel to minimize parailax, and shoots
through a trans: rent 1=-cm orthogonai grid taped to the tank wall.

All of the above instrumentation is controlied from a centrai
console, which aiso inciuZes the 6-channei recorder, and circuitry for
initiating the wave generator, camera, fiash unit, and recorder chart
drive. Because the fiim probes have a reiatively stort iife, power

Is suppiied to vhem only during the brief recording cycie.

Cal ibration

Four separate callibration systems were devised to define the
reproducable working range of the velocity probes and pressure trans-

ducers, and to provide dynamic spot celibrations betwean experiments:
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3P Tte amlrLle, aure S, tamicgily calipratec over the range 3-300
= Le. L, ettt *he agve Channel to a fliow channel. A 20-ft long
o Yhe oo el sy g L yen venturi secticn was installed in the
3T, a7 et e Ut eergjent section this velow ity rante of free-
seftace "1 & ol e g hieved at constant pump spued by moving the

proten Laos g turth.  This venturi, associated tree-surtace profile,
snd A w=Dr Le ang 1 's recording console are shown in Figure ..

D) clow velulity as ¢ function of positlon and pump speed was
gecomp bishug by independent standard hot-film probes, previously
<alibrated in the spinning tank described below.

<) Absolute calibration of the standard probes was conducted in a
wpecially Jesign~d 24-in diameter spinning tank (Figure 3). The tank
COMPris@s an annyiar channel of 4 x 5 inch section equipped with 18
batties to prevent establishment of variable flow and waves induced by
probe drag. The tank is driven by a Graham variable-speed drive, and
is capadble of relative flow velocities of 0=-1B0 cm/sec. Flow spead is
detsrmined by timing the revoiution rate automaticaiiy on the same
chart reco-d ovn which the probe output appears.

d) During wauve experiments, dynamic singie-point calibration of
the V-proteas is accompl ished before and after each tes: by slipping a
flow=-no22ie over the probe tips. The nozzie is tube-connected to a
constant pressure source, referred to iocal still water levei in the
channel. The source comprises a vertical plastic cylinder maintained
in a uniform head configuration between an overflow pipe and 8 suppiy
pump that draws water from the channel. In this manner, it is not
necessary to disturb the wave reco-ding set-up during caiibration, and

the calibration is performed at channei temperature (Figure 4).
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e) Pressure transducer calibration is alsc accomplished between
runs by a water manometer Integrated into the hydraulic measurement
clircul?.

rroblem Areas and So!utionsg

Most of our protiems have deen assocliated with instadilities in
the hot-tiim measurement clrcuits. These are worth recounting as an
ald to other investigators, since they seem to be common among users of
this equipment, Figure 5 shows a biock diagrom cf the system; it
comprises a 2 mm dizmeter quartz coated resistance element that is
driven at constant temperature (resistsnce) vy a feedback amplifier,
whose output voltage, of the form A + B(v)n, is exponentiai function
of the fiuid velocity v. Thls output |s fed to a linearizing ampiitier
which suppiies a convolution in which the exponent n can be varied
to make the output approximately proportional to v. Since the pr.ve
resistance changes by oniy about 2 ohms from 0 <v <200 cm/sec in water
at 15°C, the signal levels are in the microvoit range. Thus, the
coupied system of three ampiifiers (driver, Iinearizer, and recorder)
v3as fcund to be extremsiy sensitive to balance, and often drifted
erratica'!y wi1th transient stable intervais. Lastly, the hot-fiim
probe tips tend to coilect bubbies and minute particles in the water
and were aiso extremely suscaptibie to overheating and burnout from
power transients, poor gounding connections, or accidentai, improper
switching procedures. Instabiiities were largely eliminated by
removing the |inearizer un!ts, and performing the necessary corrections
on the computer. Reduction of probe overheat ratios minimized the
tendency to burnout and coliiection of debris, but increased temperature

sensitivity, Temperature is now monitored separately, and computer-
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* o o © Lo vme chanre! and azter a:thin it ang caretully
©L%aL LTl per gt L orocedsres have greatly extended provbe lite, make
nesyty aslabration. practical, and have yielded reproducable results
aithout Corsitant read ustment of clrcuit controls.
Luture Plang
Inroughout the laboratory phase of this study, we have kept in mind
Jpplication ot the same instrumentation in the ocean, Concurrent with
the present measuremunts we are conducting probe experiments in sea
water, and working on methods for in-situ calibration., Ocean instrumen-
tation is visualized as comprising one or more portatie, combined wave
statt=velocity probe assemb!ies, cable-connected to a shore-based record.
Incoming waves will bte monitored by bottome=mounted pressure sensors
outside the breaker line, The instaliation wiil e designed for fiex-
ibility and mobiiity, using a suitabie instrument van, such that varying
wave environments can be studied.
APPLIED STUDIES
The major probiem of harbor slitation was considered In a practicai

manner with the initial design of a "Crater-Sink Sand Transfer System"
under partial ARPA support., A paper describing this system in detail
has been forwarded to ARPA and the abstract is inciuded in this report,
The Crater-Sink Sand Transfer System has important bearing on any civil
or military engineering problem invoiving the shoaiing of harbor
entrances due to |ittorail transport because it suggests an efficient
method for maintaining proper channei depth., The design of this system
was a major accomplishment of the past contract year and has generated

considerabie interest in the coastai engineering community,
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The results of thls study has been reported in a separate paper:
"Crater-Sink Sand Transfer System" (Inman and Harris, a copy of which
was Incluged with submlssion of UCSD #3891 to ARPA) and which has been
reviewed by CERC with plaudlit. Thls paper describes a system for con-
tinuous maintenance of harbor openings, as abstracted wvelow.
CRATER-S5INK SAND TRANSFER SYSTEM

A sand transter system that requires nc surface impounding area and
that can be installed and operated at low cost 1s proposed. The system
consists of a hydrauiic Jet assembiy operating from the bottom of a sand
crater. A jet pump and suctlon mouth are iocated at the lowest point of
a crater-|ike depression dredged Into the sea floor. The crater acts as
a qgravity-fed sink for sand and other coheslonless material, *thus
serving the dual purpose of a mechanism for collecting sand and a sub-
surface impounding area for the accumuiation of sand.

In addition to the above study, various configurations of roughness
elements, in the form of submerged, non-moving structures, to control
and to direct sediment transport are currently being investigated.
Testing of preliminary concepts Is dependent upon availability of the
50 x 60 foot wave-sediment tank in the S10 Hydraullc Facllity, but
hopefuily can be scheduied for late 1971,

We are aiso considering several applications of our results towards
ut!lizing natural wave and current forres to control sediment transport.
One possibiiity under study is that of constructing offshore cargo
unloading facilities and artificial airfleids and depots. It is well
known that a longshore barrier at a critical distance offshore of a
sandy beach will result in the creation of a tombolo, or sand spit,

that builds out by natural wave action unti! it connects the barrier
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wilt e cure. rus, 1T is conceptually possibie to introduce an
artiti_ial varrier, in the form, say, of an array of submersible caissons
7w surplus aircraft carrier, which will connect itself to shore by a
causewdy, waitable for veh cular traffic, or a landing field. The
aiss0n array could be designed to have a seaward depth sufficient for
«irqe vessels, ard ve equipped with suitabie craneways, etc. for cargo
handling. figure © is a conceptual sretch of the sequential development
ot such a facility., Figure 7 shows an actual tombolo produced by an
offshore breakwater near £l Segundo, Callfornia.
The time-scale for development depends upon a numbe. of factors, such

4s wave intensity and direction, sediment slze and availability, and

the barrier size depioyment., Some of these are amenable to model study,
but others depend, sensitively, upon a fundamentai understanding of
sediment transport mechanisms, which are not scalabie, and to which our
present studies are directed. We hope to undertake more detaiied
studies of such applications in the ensuing contract year. A tentative
work schedule and a biock diagram of the Interaction of activities on
this project are shown in Figures 9 and 10.
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Figure 10. Interaction of Activities for Advanced Studies in Nearshore Engineering
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ELECTROMAGNETIC ROUGHNESS OF THE OCEAN SURFACE

INTRODUCTION

For several decades oceanographers have known that radio waves,
scattered by ocear waves, could be used as an oceanographic
tool. The technigue raquires measuring the radar cross-section
of waves in a patch of ocean and relating this information to
ocean wave properties. These properties could be the direc-
tional spectrum of ocean waves, the relation between their
wavelength and frequency, or other properties associated with
the random pattern of the ocean surface. Over the years con-
siderable progress has been made in the development of this
tool. Measurements, by various groups, of the radar cross-
section indicated that the radar technique provides a sensitive
and accurate measure of ocean waves.l'2 Recent theories for
the scattering of electromagnetic waves from slightly roucgh
surfaces provide a framework for the proper interpretation of
the wave data.3 And, finally, the availability of multi-fre-
quency pulsed-doppler radars has made possible systematic mea-

surements of the ocean surface.

For the past year a group of electrical engineers from Stanford

University and a group of oceanographers from Scripps Institution
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and range gating, it could select those radio signals scat-
tered by waves along different parts of the circle, and
could be used to measure the directional spectrum of a homo-
geneous ocean wave field. This method has one serious dis-
advantage. If we wish to measure typical ocean waves, thosc
with peri .ds around seven seconds, then we must use radio
waves wiith a wavelength of 150m, and a sharply directional
antenna (for example, one having a directional resolution

of 10°) must be nearly 1/2km across. Such an antenna would
be cumbersome to use and it would be advantageous to find

a method which does not require it.

Bistatic Geometry

In 1969 Nierenberg and Munk showed that if the transmitter
and receiver are separated (bistatic geometry), the large
directional antenna could be replaced by a much smaller,
less directional antenna. In this new geometry the radic
wave is scattered by waves whose crests are tangent to an
ellipse with the transmitter and receiver in the foci; and
the frequency shift of the scattered wave will be a function
of position on the ellipse, with four symmetric points on
the eliipse having the same frequency shift. Radio signals
scattered from these points can be selected by using range
gating and frequency descrimination. A small, slightly
directional antenna could then be used to select the signals

from one of these four symmetric points.
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screwhat later 1 1969, Crombie, of the NOAA laboratory in
Boulder, sujgyested that the technique of side-looking radar
might also be used to select signals scattered from a parti-
cular patch of ocean. If we go back to the monostatic geometry
and move the radar set at a constant velocity in a straight
linre (monodynamic geometry), everything remains as before ex-
cept that the scattered radio waves will have an added fre-
guency shift due to this motion, and it will be a function

of position on the circle, with two points symmetric about
the direction of motion having the same shift. As in the
bistatic geometry, a slightly directional antenna can be

used to select signals from one of the two points. In es-
sence, this technique uses the motion of a small antenna

to synthesize a much larger antenna, a technique long used

in radio astronomy.

Following Crombie's suggestion, we have examined this tech-
nigue in detail and found the conditions under which it would
be useful. In particular, the radar set should have a velocity
no greater than the phase velocity of the ocean waves it is to
measure. At higher velocities, radio signals scattered from
ocean waves travelling towagds the rear of the radar will have
the same frequency shift as those signals scattered from ocean
waves travelling away from the front of the radar. This velo-
city, for our typical seven second ocean wave, is llm/s (21

knots). Furthermore, the directionil resolution is 1 function
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only of the distance travelled. If the radar moves a d:s-
tance of n/2 radio wavelengths at any velocity, the direc-
tional resolution of tke synthesized antenna will be 27t
radians. This is identical to the optical recsolution of a
lens n/2 wavelengths in diameter. If only the transmitter
or receiver moves, then it must traverse twice this distance
for the same resolution. Again using a seven second ocean
wave for illustration, if the radar moves 1500m at 10m/s

(20 knots - this takes about three minutes) it cou’d measure

the directional spectrum of these ocean waves with a maximum

resolution of 3°.

This technique is ideally suited for oceanographic work. Be-
cause it requires the radar to move at typical ship speeds for
a few minutes, the radar could be mounted on a ship and taken
tc those ocean areas suitable for measuring the ocean wave
directional spectrum. Alternatively, the receiver could be
mounted on a truck and driven on small, suitably located

oceanic islands.

Radar Equipment

So far we have described how ocean waves could be measured
assuming we have suitable radar equipment. To measure the
directional spectrum of 1.8 to 6.9 second ocean waves using

the above techniques we would need a 2-30MHz, pulsed. doppler
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radar; *..:v 1s, a transmitter which transmits a train of co-
herent v iises and a receiver which remains synchronized to
these puises for a specified time. For a resolution in radio
frequency of f Hz, the coherence time is of s, or, for the
above measurements, this is typically about 1000s or 15 min-
utes. Such a radar is complex and expensive; fortunately

sultable radars of exactly this type have been used to study

the carth's ionosphere and are available on loan.

EXPERIMENTAL WORK

Before assembling this radar equipment we decided to become fa-
miliar with the radar methods, and to test their practical use-
fulness by conducting experiments using radio signals from LORAN
A stations. These stations, which are conveniently located along
coasts, transmit a train of coherent pulses at a frequency of a-
bout 1.85MHz. The signals can ke received by a simple radio re-
ceiver, provided it has an accurate time base (to keep it synchro-

nized with the transmitter).

The Stanford group constructed a suitable LORAN receiver, using
a Hewlett-Packard fregquency synthesizer for the time base, and
used it in several experiments to measure the signals scattered
from ocean waves off the California coast. In one experiment,
the receiver was placed on the coast at Sunset Beach 280km fron
the LORAN stations at Points Arena and Arguello, and the scat-

tered radio waves were recorded as a function of range and



frequency shift (range~doppler map). The experiment showed
1) LORAN could be used to measure ocean waves up to several
hundred kilometers from the receiver, and 2) the frequency
shifts were those predicted by the Bragg theory applied to
the bistatic gecmetry. Further details of this experiment were

published in the 9 October 1970 issue of Science4.

A second experiment, designed to measure the time variation in
the strength of the scattered radio signals and to correlate
this signal with a measured ocean wave directional spectrum,
was performed at La Jolla. 1In this experiment, signals from
the LORAN stations at Points San Mateo and Arguello were mea-
sured during a period when waves from tropical storm "Lorraine"
were propagating into the area. At the same time the ocean
wave directional spectrum was recorded at a point 100km off-

shore using a wave array on the FLIP.

In support of the experimental work, the Stanford group has cal-
culated the normalization factor which must be applied to the
received radio signal to calculate the radar cross-section of
the ocean waves when the radar transmitter ¢nd receiver are in

a bistatic geometry. Tc =implify the calculation they have as-
sumed a rectangular radar pulse, but are proceeding to refine
the calculation to properly account for non-rectangular pulses.
The Scripps group has been writing programs tc analyze LORAN
data from any transmitter and to put this data into various use-

ful forms.
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A test of thae moncaynanlc method, again using LORAN signals,
15 scheduled for cadly this year. 1In preparation for this
vxperiment the Stanford group has been designing a simple
LORAN receiver with a built in accurate time base suitable

tor field robile use.

The experiment will be conducted on a one mile long straight
plece of abandoned U.S. 101 parallel to the beach near the

LORAN station at Point San Mateo.

PLANNING OF FIELD EXPERIMENTS

Encouraged by this experimental work, the Scripps group has

been planning two full scale field experiments to measure the
directional spectrum of ocean waves in two idealized situations:
1) a fully developed sea generated by a stationary, homogeneous
wind, and 2) a developing sea, downwind of a lee coast, generated
by the same sort of wind. To date the planning of the field ex-
periments has been concerned with 1) locating oceanic areas with
constant winds; 2) determining from historical data how stationary
and howmogeneous these winds are; and 3) locating sites in these

areas which nay be suitable for shore based radar experiments.

A. Homogencous Sea Experiment

Let us consider the first of these experiments. In order to

have a fully developed sea, a wind, coanstant in both magnitude



and direction, must operate on a sufficiently large region
for a time long enough for the waves to come to cquilibriurn
with the wind. The most likely place to find such winds 1s
in the trade wind or monsoon wind regions. Here the wirds
typically have speeds in the range of 5-10n/s and gencrate
waves with periods of up to seven seconds. So a fully de-
veloped sea should require fetches of a few hundred kilo-
meters and wind durations of 12-24 hourss. Such fetches are

readily found, but sufficiently constant winds are not.

Some of the steadiest winds in the world should be found

in the Pacific trade wind region in winters. For example,

in February at Kwajalein:Island 85% of wind records indi-
cate a wind from the NE octant and 72% indicate wind speeds
in the band 5-10m/s. More detailed wind data, for example,
that collected during the Line Islands experiment7 indicate
that the wind in this region can be constant within °*15% in
speed and '10% in direction during some 24 hour periods.
These winds would be useful for the planned experiment, pro-
vided they were also homogeneous. Unfortunately very little
is known about th2 homogeneity of the winds over areas 100km
on a side. Nevertheless, the lack of variation in wind speed
on che scale of a few hourne, and the large size of the trade
wind region imply the wind field should be homogeneous over a

scale of a hundred kilometers.



Poor Colainais o1 t.e trade wlnds regilon to e useful for the
Shaore tas.ed exietlrents, they should be small so they will not
1ntertere with tae deasured wave field. €fince the degree of

interferonce waii decrease with distance from the islana, 1t
will be a function of radar range, and since a good operating
range for available multifrequency radars is about 40km, the
1slanus should be less than 10km in diameter. It is difficult
to find such an island in a suitable region. In the Pacific,
Palmyra Island would be ideal, but it is inaccessible. Johnson,
Wake, or Marcus Islands could probabiy be used, but are slightly

north of the winter trade wind area.

Developing Sea Experiment

The sccond experiment requires a suitable wind blowing off a
lece coast. Such winds could be produced by cold fronts or
monsoon winds blowing off continental areas. The monsoon
areas are rerote and have not been considered. The winds be-
hind cold fronts movinc off the east coast of the U.S. have
been used for wave growth experiments in the past, but useful
fronts are rare. A more suitable area is the Texas gulf coast.
This coast is straight and parallel to the cold fronts. The
water slopes off smoothly to deep water. And data collected
by Orton9 indicates cold fronts with 10-15m/s winds extending
several hundred kilometers offshore and lasting for 24 hours

occur several times a month in January and February.
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DESIGN OF EQUIPMENT

The field experiments will require several items of equipment
not now available: 1) a pitch-and-roll buoy. This will be
used to measure the ocean waves and some integrais of the
directional wave spectra, and will be used for calibratior
and supplying wave data not measured by the radar techniques.
2) Three wind buoys. These will be used to measure the wind
field in space and time and whatever other ocean variables,
such as air-sea temperature difference, which may be needed

in the field experiments.

Data from all buoys will be recorded in computer compatible
digital format using versatile low power data recording systems.
These systems will be unique in that they will use less than two
watts of power, so they can be used for extended periods of time
at sea, and will be small encugh to fit into the wave measuring

buoy.

A. Pitch-and-Roll Buoy

The pitch-and-roll buoy will measure the ocean surface height
and slope at a single point, and will be similar to buoys

built by the Hudson Laboratories of Columbia Universityw'11

and the National Institute of Oceanography (England)s. but
will be completely self contained. This buoy will consist
of 1) a flat disc shaped hull, about five feet in diameter,

which should accurately follow the surface of the water up to



a cut-off frequency of around 0.5Hz, 2) an accelerometer
mounted on the inner gimbal of a vertical gyro, and 3) a
gyro compass. The output of the accelerometer ir integrated
to obtain the water surface height; resistance elements in
the gyro give the attitude of the buoy with respect to the
gyro's vertical reference, and thus the water surface slope.
The slopes are then oriented with respect to the earth by
the compass. These signals can then be used to calculate
the first five Fourier coefficients of the angular distribu-
tion of ocean wave energy, and thus the one-dimensional wave

spectrum and an integral of the directional spectrums.

Wind Buoys
The wind buoys will be catamaran buoys developed at Scripps

by Isaacs”" group, including gsome of their instrumentation,

but with the data recorded in digital format.

This preliminary work has placed us in a position where we
can conduct a number of comparative exriariments designed
to study the roughness of the ocean surface using the radio

frequency band of 2-30MHs durirg the rest of this year.



13

VI. REFERENCES

1. Braude, S. Ya 1962 Radio oceanographic investigation of
sea swells. Academy of Sciences of the Ukranian
S.S.R. Kiev. Institute Radiofiziki 1 Elektroniki
[Department of the Navy Translation No.2067,
DDOIAD634242] .

2. Crombie, D.D. and Watts, J.M. 1968 Observations of
coherent backscatter of 2-10MHz radioc surface
waves from the sea. Deep-Sea Research, 15, 81-87.

3. Barrick, Donald E. 1970 Theory of ground-wave propagation
across a rough sea at dekameter wavelengths. ARPA
order no.l1178, Battelle Memorial Institute, Columbus,
Ohio.

4. Peterson, Allen M.; Teague, Calvin C.; and Tyler, G. Lennard
1970 Bistatic-radar observations of long-period,
Airectional ocean-wave spectra with LORAN A. cience,
1970 , 13523-161.

S. Netional Academy of Sciences 1963 C .a» Wave Spectra. New
Jersey; Prentice-Hall.

6. United States Navy 19335-~1989 wNarine Climagtic Atlae of th.
World Vol. l-§.

7. Sipser, Bdward J. and Taylor, Ronald C. 196% A catalogue
of meteorological data obteined during the Line ls-
lands experiment Pebruasy-April 1967. MNational Center
for Atmospheric Research Tech. Note )%, Bould:. ¢, Coloredo.



10.

lll

<ipser,

Orton,

Jordan,

14

Edward J. 1970 The Line Islands experiment,
its place in tropical metec:ology, and the rise
of the fourth school of thought. Bulletin of

the i~crican Meteorologtical Soeiety, 51, 1136-1146.

Robert R. 1964 The Clima ¢ of Texae and Adjacent

‘ulr waters. Washington, D.C.: Superintendent
of Documents, U.S. Govermment Printing Office.
W. N. 1969 Mechanical design, construction,
calibration, and field deployment of surface
wave floats. Hudson Laboratories of Columbia

University Tech. Report 171, Dobbs Perry, New York.

Goldberg, Harold D. and Goldberg, Miltor. 1. 1969 Trans-

ducer instrumsentation for surface wave measure-
ment. Nudson Laboratories of Columbia University

Tech. Report 100, Dobbs Perry. New York.



