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AN OCEAN WAVE MEASURING BUOY 

ALSTRACT 

We describe the design, construction, and performance of 

a surface wave-following buoy that can measure the directional 

spectrum of 0.06 to 0.5 liz ocean waves with an accuracy of 10%, 

and an angular resolution of around 90°.  The buoy is disc 

shapea, 1.5 m (5 feet) in diameter, weighs 150 kgm (300 lb), 

and is completely self-contained.  Wave height ir measured by 

an accelerometer mounted on the inner gimbal of a vertical gyro, 

wave slopes by the tilt of the buoy about the gyro's vertical 

axis, ana buoy heading by a gyro stabilized compass.  Data from 

the transducers are digitized and recorded on computer compa- 

tible magnetic tape.  Wave suectia are calculated from the data 

by computer.  The accuracy of the measurements is verified by 

calibration in a wave tank, and by the internal consistency of 

the data. 

1.  INTRODUCTION 

The wave measuring buoy described in this report was 

designed to provide directional spectra ->f ocean wave? for 

comparison with radar scatr.er data.  Initially we sougnt to 

purchase a buoy, but a quick survey of available instruments 

showed that none were capable of measuring a directional 

spectrum.  Thus we v-L-re forced to design and construct one. 

_»_ j_i. ̂  
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>. number of techniques exist for determining tht   direc- 

tional distribution of a wave field.  Essentially, the measure- 

ment requires a coaerent sample of the wave field over many 

wavelengths.  The directional resolution is proportional to tne 

number of wavelengths used.  The measurement of the ocean wave 

field is particularly uifficult because it is difficult to 

establish a fixtu reference point to A/hich wave heights can be 

related.  Wave data can be measured at several p'aces using an 

array on a stable platform, or, alternately, the surface eleva- 

cion ana two components of slope (tilt) can be measured at one 

povnt using an inertial reference. 

A buoy that measures wave heiqht and tilt (commonly 

called a pitcn-and-roll buoy) is particularly simple, and can 

be small and easily handled.  Vve have chosen this technique. 

Several pitch-ana-roll buoys have been built in the past. 

The first were designed and built by the National Institute of 

Oceanography in England.  One was contained in a 5 feet 6 inch 

cast aluminum, ellipsoidal hull (Longuett-Kiggins, Cartv/right, 

and Smith, 1963).  Later versions used 54" torus shaped hulls. 

Still later, another version was built by Hudson Laboratories 

of Columbia University (Saenger 1969a, b; Goldberg an-1 Goldberg, 

19b9; Jordan, 1969).  All of these buoys required a ship to 

stand by for recording daca and supplying power.  Our design 

borrowfi heavily from the^e previous instruments and is an 

~* .*^. 1 il t^bi 
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extension of their concept; 

and can operate unattended 

It is completely self contained 

2.  PRINCIPLE OF OPERATION 

The hull of a pitch-and-roll wave measuring buoy is disc 

shaped, of sha.-low draft, and is radially >ymmetric about an 

axis normal to the water surface.  Such a hull will follow the 

surface of a wave provided the wavelength is sufficiently long 

and its high frequency response will be independent of wave 

direction.  The buoy contains an accelerometer mounted on the 

axis of a vertical gyro and a gyro stabilized compass.  The 

vertical component of acceleration, when doubly integrated, 

gives the sea surface heighc.  The buoy tilts, when referenced 

to the vertical axis of the gyro and to the compass heading, 

gives the wave slopes in a fixed (North cer.tered) coordinate 

system.  These variables can be related to the ocean-wave 

directional spectrum and its lower-order moments. 

Let 

C C11 ^ 2 ' l' 3 )  =  U, H/3x, H/3y) 12.1] 

be the wave height and slopes measured by the buoy as a func- 

tion of time in a coordinate system with x,y pointing North and 

East (Fig. lb).  The spectrum l\(k,  ,k ) of ItiXfTfttJI   at some 

instant t0 is so defined that 

^ Au ■ I JM 
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Figure  1.     Coordinate  system:     a)   of  vertical 
yyrc,     b)   for  analysis  of  data. 
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<c?> =     f   / F   (k   ^  )dk dk i  space IJ     iv  x'   y'     x    y 

o»   2 n 

f   f       F. (k^)   k dk dß 

Similarly,   for  time  series     ;.(x,y;t)   at  one  point x  y   , 

■ 2^ 

(2.2) 

^i time ■ 11   Fi(" ,ß) du dß , (2.3) 

where  ■  is a radian frequency, k is the wave number. 

By the ergodic theorem the space and time averages can be 

equated: 

F. (u),ß) du  =  F. (k,ß) k dk . 
i i 

(2.4) 

For deep-water waves,  w2 =  gk, wnere g is the acceleration 

of gravity, and the required Jacobian is 

Fi(k,ß) 
1 d 
k dk 

-   g2 

PtU,!) 2U3 
(2.5) 

It is convenient to express all measured spectra ir terms 

of  F; (k ,K ), F- (u/p), etc., e.g. the contribations (per unit 1  X  y     1 

wavenumbcr space, per unit frequency-radian, etc.) to the mean- 

square surface elevation.  We omit the subscript "i" and refer 

to F ( ) as simply the wave spectrum. 

The Cartesian moments are written 

M ■ 11   Sc kj F(kx,ky) dkx dky 
oo 

(  kP+q Npq(k) k dk (2.6) 

. . ^V — 
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where 
2n 

N  (k) 
pq 

cosPß sin^ß rUf0] eis . (2.7) 

For an elementary wave train, the wave height and slope are 

^ • C ■ 1 • i(k'X-ut) 

i(k-x-wt) 

=  R ik sinß oi'.k-x-a.O . 
^2  =  3x^  =  R ik COSe e 

^3     y 
(2.8) 

The co-spcctra Cij and quadrature-spectra Q^j 
of any Pair of 

quantitxos li  and :,■   can be expressed in terms of the moments: 

(2.9) 2« 
C11(U)  "  I F(a),6) dß =  J-1 N 00 

"I u2 
CaaUJ ■ j  k2 cos20 '(»••) de = J  k^ N2& 

C33(u))  =  I   k2 Sin23 F(u)'ß) dß  = J~1 k2 N02 

23 

2V -i   9 
I"  k2 cosß s.inß P(Mf9) d3 = J  k^ NJ^J^ 

0i2 ■  | 

Q13  =  ( 

k cosß F(u),ß) dß 

k sinß F(w,ß) dß 

=  J * k ■ 

=  J-1 k N 

10 

01 

and C^    =     0»  CJJ =  0,  Q23  -  0. 

Furthermore, a trigonometric identity gives 

^Cll = C22 ♦ C33 

(2.10) 

(2.11) 

Equations (10) and (11) serve to estimate the accuracy of the 

buoy data. 

A 
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The five moments determined by the buoy can serve to 

evaluate the first five Fourier terms of the directional 

distribution of ocean-wave energy (at each frequency) 

F(5)(k/ß)  = i/2  a  + a^ose + b^inß + 

a2COs2b + b2si. 26 

with 

^ao'al''3l'a2'^2^ 
(N00'N10'V'N20-N02'2Nl1' 

;2-12) 

The  terminated Fourier  expansion can be  expressed   in the 

form   (Longuett-Higgias,   Cartv.right,   and  Smith,   1963) 

2- 
F(

5)(k/P)     =     jLf       F(k,8)W(ß,-ß)   dß' 
2T   o 

(2.13) 

where W = 1 + 2co3(ß,-ß) + 2cos2(ß'-ß) can oe regarded as a 

weighting function associated with the buoy measurements.  When 

g>_g = o, +44°, W = 5, 5/2 respectively.  Thus the angular 

resolution of the tilt buoy can be taken at 8&-.  This is not 

very good, but it is the penalty one must pay for having a 

simple instrument. 

3.  DESIGN PARAMETERS 

The wave buoy was to be used primarily in a trade-wind sea. 

To meet our requirements it must measure the ocean wave spectrum 

in the frequency band of 0.06 to 0.5 Hz (2-16 sec period) while 

wind speeds range up to 15 m/sec.  Furthermore, it must be com- 

pletely self-contained and operate ""or up to 24 hours unattended. 
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Typically, we expect ^o place it in operation and then conduct 

other experiments nearby.  After tnree or four hours we would 

return and recover the buoy.  The measured spectra should have 

an error of no more than 10% in amplitude or 10° in direction. 

These criteria determine the buoy size and transducer accuracy. 

To estimate the accuracy required of the transducers using 

these criteria we assume an ocean wave spectrum proposed by 

Pierson and Moskowitz (1964) 

S(u))  ■  {ag2u)"5)exp[-ßgu (vu)"11] (3.1) 

where 

(u.) 

2TT 

F(u),ß) dß 

.-3 
end v is the mean wind velocity.  We use a = 8.1 x 10   and 

I = 0.74.  The acceleration spectrvm derived from (3.1) is: 

S im)     =    ag2^-1 expl-ßgMvu))"14] 
A 

The root-mean-squr. .-e acceleration is: 

oo 

<;A>
1/2 = (/ t^U) du)1/2 

(3.2) 

(3.3) 

This integral diverges because of the contributions at large 

w.  However, a buoy will respond only to waves whose frequency 

is less than some frequency, B| it« acceleration is found 

by integrating (2.3) to this upper limit.  This gives: 

<c ,1/2 (-cv.g2/4 E^-egMvarM) i/2 (3.4) 

_■ j i *■ *- ttm 
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Here E. is the logarithmic integral defined by Jahnke and Emde 

(1945, p. 1).  We expect the buoy to respond to waves whose 

wavelength is roughly twice the buoy diameter or greater (see 

the end of this section).  Waves at the high frequency cut-off 

typically have a frequency of one Hertz.  Letting a =  2TT/sec, 

<r   >l/i  = 13% g when v = 15 m/sec and 5% g when v = 2 m/sec. 

To measure these accelerations with an accuracy of 10% requires 

an accelcroneter -vith a total error band of less than 0.5% g 

over a range of 0-2 g. 

The directional spectrum (2.12) is calculated from the 

slope spectra and co-spectra.  The accuracy is limited mainly 

by the coefficients a2 and b2 which depend on the two slope 

measurements.  Each must be measured to an accuracy of 10% + /2 

if the two components, taken together, are to have a total 

error of less than 10% on average. 

The root-mean-square slope is directly related to the 

acceleration spectrum through the dispersion relation: 

^2 3 
k2<t2> r*<c*> (3.5) 

The acceleration measured in units of g is the slope in 

radians.  A 2 m/sec wind gives an RMS surface slope of 3°, a 

15 m/sec wind gives 7°.  A vertical gyro capable of measuring 

these angles to an accuracy of 7% must have an error of less 

than 0.2° over the band ±30°, the Stokes limit for a progres- 

sive wave of maximum amplitude. 

..A. 
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The operation of the wave buoy requires a hull which 

accurately follows the water surface.  One that is disc shaped 

ana of shallow draft will perform well until the wavelength 

becomes less than about twice its own diameter.  Since a 2 sec 

wave has a wavelength of 6.2 meters, the buoy should be some- 

what smaller than three meters.  On the other hand, it should 

be easily handled.  As a compromise, we arbitrarily chose a 

hull 1.5 m (5 ft) m diameter, with a draft of about 8 cm. 

Such a buoy displaces 150 kgm.  Hudson Laborator.es1 experience 

with smaller buoys indicated that a hull of this size will sur- 

vive 15 m/sec winds with only a small chance of being upset (of 

course it would not be sunk). 

We estimate the response of this size buoy hull from Kim 

(1966).  From his figure 11, the half-power point in heave 

response occurs when a = Rcj2g"1 = 1.5, R is the radius of the 

buoy (0.75 m).  This occurs at a frequency of 0.7 Hz.  In a 

similar manner, the half-power point in the pitch response 

occurs when a = 3.8 vKim's figure 12).  This corresponds to a 

frequency of 1.0 Hz.  The hull responds to wave slope slightly 

better than to wave height near f 3 cut-off frequency.  In 

eitatr case, the response is within 10% of unity at frequencies 

of 0.5 Hz and lower, so the hull should meet our requirements. 

4.  BUOY CONSTRUCTION 

The buoy consists of four main systems:  1) the trans- 

ducers,  2) the signal conditioning and recording system,  3) 
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safety and recovery system, and  4) the buoy hull that houses 

and supports this equipment.  We w:ll discuss each in order. 

The sources of supply and cost of equipment discussed below, 

together with detailed electrical schematics, are included in 

the appendix. 

The transducers consist of a vertical gyro, an acceler- 

ometer mounted on the inner gimbal of the gyro, and a gyro 

stabilized magnetic compass. 

The gyro-accelerometer assembly was madt ' »y Honeywell, 

and consists of a vertical gyro (part number JG7044A45) and a 

quartz-fiber accelerometer (GG326C1).  The accelerometer has a 

range of 0 to 2 g, a total error band of 0.01% g, a drift in 

sensitivity ot  0.02% g/0C/ and  n zero point of 4 x 10"6g/oC. 

The gyro gimbal remains vertical to within +0.25°, and has a 

full scale range of ±30°.  The tilt of the buoy is measured 

with a resistance potentiometer having a 1% linearity.  The 

entire assembly is 26 x 15 x 14 cm in size, weighs 4 kgm, and 

unes  about 50 watts of power. 

Buoy heading is measured by a Humphrey North Seeking Gyro 

(DG04-0122-1).  This consists of a gyro stabilized and gimbaled 

magnet whose position is measured by a resistance potentiometer. 

The unit has an accuracy of ±1°, and is linear within ±1%. 

Physically, it is 21 x 8 x 8 cm, weighs 1 kgm, and uses 10 

watts of power. 

-A-k i ii *Tki 
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The recording system conditions the signals from the 

transducers, converts them to digital numbers, and records 

them on computer compatible magnetic tape.  In addition, it 

controls the operation cf the buoy, times its operation, and 

writes the time on the tape.  The system was designed and built 

by Monitor Laboratories.  The tape recorder is a standard unit 

manufactured by Precision Instruments (PI1387) .  The assembly 

is remarkably small (see figure 2), and its standby power 

requirement was less than two watts, 

T'he signals from the transducers vary between +5 volts, 

and contain some noise at higher frequencies, parti«- -.larly at 

400 Hz (the frequency of the gyro supplies).  To reduce alias- 

ing errors, the signals are sent through low-pass filters.  The 

voltages from the potentiometers (tilts and heading) go through 

a simple RC filter with a cut-off frequency of 20 Hz.  The 

accelerometer signal is more severly attenuated sinco it must 

be integrated twice to obtain sea surface heights.  Evm a 

small amount of aliased power could cause severe errors in the 

measurement of low-frequency wave heights.  This signal goes 

through a two-pole filter with a cut-off frequency of 1.0 Hz. 

The complex filter response functions are: 

L =  (a)2 - 1) (o^ + I)"1 + j/2 OJU1* ♦ I)"1 

L =  (OJ
2
 + l)"1 + joüU2 + I)"1 (4.1) 

■■ t i i * *1^ ^^ am 



-^ TT 
13 

20 cm 
POWER    INPUT 

FUSE 

D\G\TAv\_ 

RECORDER 

•TO   DISPLAY 
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LOW POWER \^^ RECORDER ^SSX 

Figure  2 
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where u is frequency in Hz.  Measured responses are very close 

to values calculated from these equations:  within 41 in ampli- 

tude and 1/2° in phase at the half-power frequency. 

The filtered signals are multiplexed, converted to 12 bit 

binary numbers (an accuracy of approximately ±0.01%), and 

recorded on 1/2" magnetic tape.  The recording format i- vari- 

able and controlled by switches.  The correct time (year, day, 

'-^ir, minute) is recorded at the beginning of each record.  The 

time base wab a quartz crystal having an accuracy of +4 seconds/ 

day over a 500C temperature range. 

A 7 track, incremental tape recorder records the data at 

a density of 200 characters per inch and at a rate of up to 200 

steps per second.  It is rugged, can operate with 7  g RMS accel- 

erations, uses one watt of power during standby and 40 watts 

while recording.  The total amount of energy required to write 

600 feet of tape is fixed at approximately 7 amp-hours from a 

12, volt supply (72 joules).  The rate of energy used is deter- 

mined by the rate data is recorded.  Typically, recording 144 

bits/second uses 4 watts (144 bits/second = four 12-bit word.«!, 

three times a second). 

The recording system controls the buoy operation.  The 

correct time is entered in the clock by switches.  Once started, 

the system turns on power to the equipment 10 minutes before 

the nexr hour, and begins recording on the hour.  Data are 

recorded in the form-it selected.  After the selected amount has 

been written, recording stops and power is turned off.  One, 

x • -* -*- nmmm 
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two, or <"our hours later the cycle repeats, thus allowing the 

buoy to operate unattended for a number of hours. 

Typically, each transducer xs sampled 3.125 times/sec; 2048 

samples are written in each record; and 16 records comprise a 

file.  The records contain 10 minutes of data, the file about 3 

hrs.  Each file uses about 9 meters (27 feet) of tape.  Spectra 

calculated from this data have a resolution of 1.5 x 10~3 Hz and 

a Nyquist frequency of 1.6 Hz.  This format ensures that low 

frequency waves are adequately resolved, aliasing errors are 

small, and the time series are easily handled in the computer. 

Power for the operation of the gyros and recording system 

comes from sealed, gel-cell, lead-acid batteries.  In normal 

operation the buoy uses 7 amperes at 12 volts.  Twe.ity-four 

hours of continuous operation requires 168 amp-hours of energy, 

but inVermittant operation reduces this considerably.  The buoy 

has six 20 amp-hour batteries.  They operate in any position, 

and need not be protected from sea water. Each battery is iso- 

lated by diodes:  failure of one does not affect the operftion 

of the others.  The batteries weigh 48 kgm and are a major part 

of the buo} weight, but are small in size (0.02 m3). 

The 12 VDC power is converted into other voltages required 

by the systems (see figure 3) .  The gyros operate from 115 and 

26 VAC, 400 Hz.  The first voltage is produced by a switched 

inverter (Nova).  Switching transients occur on the 12 VDC 

lines and are reduced by the input and RF filters.  The 26 VAC 

is derived from a transformer.  A small amount of +15 and +5 

• -* IMI ■— - 
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yDC is produced by twc Acopian power supplies.  This serves the 

Potentiometers, accelerometers, and data recorder. 

The buoy is designed to operate unattended, consequentlv 

it has systems that help in finding it once it is out of sight. 

It also recognizes and responds to certain dangerous conditions 

such as overturning in large seas.  In this event, the gyros 

tumble and no data can be obtained.  Other mishaps include loss 

of power (batteries discharged), broken magnetic tape, or end 

of tape.  The occurrence of any of these events turns off tne 

power to the gyros, terminates the recording of data, and causes 

the buoy to call for help on its radi-?. 

To aid in finding the buoy, it is painted bright yellow, 

has a flashing zenon light, and a citizen band (27 MHz) radic 

transmitter.  The buoy can be seen fox several hundred meters 

in 2 meter seas.  The flashing light can be seen for one kilo- 

meter at night.  The radio can be heard from 10 km away.  The 

transmitter sends out 500 m watt pulses and has two antennas, 

one on top and one on the bottom of the hull.  In the event of 

a mishap the pulse rate doubles.  If the buoy overturns, the 

bottom antenna is activated.  The antennas are small (40 cm 

long) and are not likely to be damaged while the buoy is hand- 

led.  Both the liqht and the radio have their own batteries; 

both can operate for two days. 

In typical operation, the buoy is started, and placed in 

the water.  Some time later it starts and data is recorded.  It 

J^. 
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is difficult to stand around hoping all is well.  To aleviate 

ristnss in the operators, the buoy has a small (100 m watt) 

citizen-baJJ iadio transmitter that -ransmitts everything it 

hears.  The operators, several hundred yards away c^n  hear the 

gyros turn on and spin up, and can hear the tape recorder step 

each time data is recorded.  This verifies that all is well, 

and the operators are relieved. 

The general layout of the buoy hull is shown in the cut- 

away view (frontispiece) and figure 4.  The control logic, ver- 

tical gyro, inverter, and transmitter are mounted together on a 

frame (figure 5).  The data recorder (figure 2) mounts directly 

on top of this.  The entire assembly is housed in a watertight 

aluminum can.  The light and transmitting antenna are mounted 

on top of this.  The north-seeking gyro (in a waterproof Poly- 

vinylchloride container) and the batteries mount on the buoy 

hull.  Underwater type connectors connect them to the lid of 

the can.  The container is 52 cm in diameter, 40 cm high, and 

weighs 60 kgm. 

The hull is made of two, 1.5 meter (5 feet) diameter 

sheets of 1" marine plywood.  Ten centimeters (4 in) of closed- 

cell styrofoam is sandwiched between them for floatation, and 

the three bolt together to form the hull.  The aluminum can and 

gyro bolt into holes in the top piece of wood.  The batteries 

are held below three hatch covers.  All wiring is routed between 

the plywood sheets and protected.  A small wind vane provides 

' - i i alki 
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further protection for the compass gyro.  The edge of the hull 

has a soft neoprene bumper glued to the styrofoam. 

The entire buov assembly bolts together.  The aluminum 

can is easily remo^ ed and carried into ■ protected laboratory 

for repairs, calil ration, and setting switches for turning on 

the electronics.  The electronic rack may be unplugged and 

removed.  All electronic components, gyres, etc., plug ii and 

can be removed for repair.  Connections to the data recorder 

are by screws or. a terminal strip.  All internal wiring is 

laced together.  Thus the entire assembly may be quickly and 

easily disassembled for repairs.  In normal operation, the unit 

can be switched on, the lid to the aluninum can bolted on, the 

can bol^d into the hull, and the buoy launched, all in 20 

minutes, by three people. 

A three-point bridle of spliced 3/4" nylon rope is attached 

to the buoy for launching.  Usually, 30 meters of 3/4" polypro- 

pylene rope is attached to the bridle.  When the buoy is in 

the water, this line floats on the surface upwind of the buoy. 

The heavy ]ine is necessary to handle the buoy in rough seas. 

A smaller line (1/2") parted during one recovery. 

The aluminum can ana wind vane are painted bright yellow 

(epoxy coating).  The hull is bright red.  English and Japanese 

lettering on the vane identifies the buoy.  External fittings 

are stainless steel, external wiring is neoprene jacketed.  This 

greatly reduces corrosion and electrical shorts to sea water. 

- - i i *1L II 
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5.  DATA ANALYSIS 

The buoy data are analysed on a Burroughs B6700 computer. 

A complete listing of the program is produced in the appendix. 

Although it appe-rs long and complicated, it is, in fact, 

straightforward.  Processing of data is quick, typically one 

hour of buoy data is analysed in 11 minutes at a cost of about 

$25.  The following paragraphs outline the procedure, shown 

graphically in figure 6. 

Data from the four sensors (acceleration, two tilts, head- 

ing) are written on magnetic tape as six-bit characters.  The 

first 24 bits of each record is a time word.  The procedure 

TAPESTART positions the tape at the record to be read, and notes 

any read errors in records passed over.  The procedure READTAPE 

transfers into the compute]- the bits written i.i a particular 

record, converts them into time series with appropriate units, 

removes the mean, and rotes any apparent errors.  Procedure 

PRDATE decodes the first 24 bits into time and date.  The four 

time series are tra) »formed into the frequency domain (using 

the Fast Fourier Transform) by the computer's library routines 

FFT and BITRV2. 

The frequency data are multiplied by the appropriate 

inverse filter function L-1 calculated from (4.1).  Some data 

were recorded with sample-and-hold modules installed in the data 

recorder.  In this case, all channels were sampled simultaneous- 

ly.  Other data were recorded without the modules and the chan- 
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nels were sampled sequentidlly.  This is equivalent to applying 

the linear filter: 

L  =  cos nwi + jsin nwi (5.1) 

where n = 0,1,2,3 is the order of sampling, and i is the time 

delay between samples.. When appropriate, the inverse of this 

filter was applied.  Finally, the tilt and heading were trans- 

formed back, into the time domain. 

At this pcint, the slopes are relative to the buoy, and 

must be transformed into a geographic coordinate system.  Let 

r be the rotation about the outer gimbal axis, p the rotation 

about the inner gimbal axis, and 0T the angle measured clock- 

wise from North to the inner gimbal axis in the coordinate 

syscem shown in figure la.  The coordinate transformation is 

r,2     =      (-sin0T/cos p) tan r + cos0T tan p 

K,  -  (-coä0T/cos p)tan r - sin0T tan p (5.2) 

These equations follow from Saenger's (1969) equations (9.6) 

for | = 270° and tj; = 0°, and noting m = -0T + 90°. 

The slope series are transformed back into the fvequency 

domain and the appropriate Co- and Quadrature-spectra are com- 

puted from the Fourier coefficients of the data using: 

2C. .  -  .i.j - b.bj 

I0ij  ■ a^.   + ajbi (5.3) 

■ j *-*  J 
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where a^( b. are the cosine and sine transformation of the 

first series, a-, b.  are those of the second series.  Note 

that the sign of Q^. is arbitrary.  Our definition agrees 

with (2.9), but is in disagreement with the convention used 

by some workers. 

The spectral quantities (2.9) are used to calculate 

various parameters of the ocean-wave directional spectrum. 

The mean wave direction (at each frequency) is: 

tan ß0  = N01/N1 0 (5.4) 

The root-mean-square beamwidth can be calculated several ways; 

we use 

tan 2Y /I - R\l/2 
U + R/ (5.5) 

where 

R2  ■  [(N20 - N02)
2  4  -iN^l/NQQ (5.6) 

This agrees with equation (22) in Longuet-Higgins, Cartwright 

and Smith (1963) . 

6.  BUOY RESPONSE TO WAVES 

We have estimated the response of the buoy to waves by 

observing the internal consistency of dat^i recorded at sea and 

by calibration in a wave tank.  In general, the buoy responds 

as a damped harmonic oscillator with a 1/2 power point near 
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0.7 Hz.  The accuracy of the data meets the design criteria 

specified in section 3. 

Before describing the calibration of the buoy, we first 

give a gross overview of some typical data.  They were obtained 

off Monterey, California in a 10 m/sec wind when the signifi- 

cant wave height (4<c2>1/2) was 2.5 m.  A short section of the 

digitized data from the tc xr  transducers (figure 7) indicate 

the general range of these variables.  The root-mean-square 

acceleration was 10.3% g, and the slope was 6.8°.  This is in 

very good agreement with the values of 10.7% g and 6.1° predic- 

ted by eqs. (3.4) and (3.5) using ü  =   0.1  and v = 10 iu/sec. 

The first time the buoy was operated at sea we sampled the 

transducers at the maximum possible rate to determine the opti- 

mum rate for later operations.  The Nyquist frequency (maximum 

frequency of the digital spectrum) was 6.25 Hz.  The accelera- 

tion spectrum recorded on this occasion is shown in figure 8. 

The noise at low frequencies has a spectral power of around 

10 cm2sec~'4Hz~1 .  The high-frequency noise is considerably lower, 

and the Nyquist frequency could be reduced considerably.  Conse- 

quently, all later da^a were recorded with a Nyquist frequency 

at 1.5625 Hz (each signal was sampled 3.125 times per second). 

The spectra derived from the Monterey data are plotted in 

figure 9.  The Nyquist frequency is 1.5625 Hz, the resolution 

is 0.0015 Hz.  The figure gives a good indication of the signal/ 

noise ratio of the data.  The acceleration values are approxi- 
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mately 1000 times the low-frequency noise, and the low and high 

frequency ends of the spectrum are identical to those in figure 

8.  The slope spectra are approximately 100 times laiger than 

the low-frequency noise.  The slight rise in energy near zero 

frequency is due to drift in the sample-ind-hold modules, and 

is the reason for not using them on subsequent days.  The buoy 

heading swings slowly with time, so its spectrum is large at 

low frequencies.  The small spikes in the spectrum are due to 

aliased 400 Hz noise. 

The acceleration noise values require some comment.  The 

noise is 30 times that expected from least count noise (which 

itself is about equal to the noise from the transducer).  It is 

also about 30 times larger than the noise measured with the 

instrument on land (no motion).  It is probably due to the 

slightly non-linear way the buoy responds to the motion of the 

sea, and is not significant for our work.  For example, a sinu- 

soidal wave with an amplitude of 0.8 cm at the lowest frequency 

of interest (0.06 Hz) is detectable with a signal/noise ratio 

of one.  The contribution to this same frequency band by a 

fully developed sea is 100 times larger. 

The buoy was calibrated by observing its response to 

sinusoidal waves in a tank 2.6 meters wide, 2 meters deep, and 

30 meters long.  This facility is just barely adequate; fortu- 

nately, the best data was obtained near the buoy cut-off fre- 

quency.  Lower frequency waves were too long for the shallow 

tank, and shorter waves were not two dimensional.  The observed 

response is plotted  in  figure  10,  together  with the 

.i^ 
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response o£ a 1/8 ellipsoidal hull calculated by Kira (1966) . 

Although this hull is not very similar to the buoy in plan view, 

it has nearly the same cross-section along one axis, and it is 

of shallow draft.  The wa^enumber k of the incident waves was 

calculated from the wave frequency u using u)2 = gk tank kh, 

where h is the depth of the water.  The figure  indicates the 

inodel accurately predicts the 1/2 power point in the buoy's 

response, anu the ratio of pitch to heave response at low fre- 

quencies.  This ratio diverges from the observed values at high 

frequencies. 

We estimate the internal consistency of the data by 

observing how well eqs. (2.10) and (2.11) are met.  In general, 

C'  , C1V and Q-, are zero within the statistical fluctuations 

of the data.  Six hours of data recorded in a trade-wind sea, 

when averaged to give spectral estimates with over 2000 degrees 

of freedom, yields values for these quantities that are less 

than 5% of the leading terms (C..).  To evaluate (2.11) WP have 

averaged together 17.23 hours of data and plotted it in figure 

11.  The peak near 0.9 Hz is predicted by Kim (of. figure 10), 

but the slight rise above unity (near 0.5 Hz) is unexplained. 

Perhaps it is due to the additional moment of inertial of the 

high instrument can. 

7.  CONCLUSION 

The wave uuoy has worked well.  Typically we work near 

shore.  The buoy is taken 20-30 km offshore, data is collected 

• - ^*- - rta 
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for three hours, and we return, all in one day.  In one year, 

it has operated at sea on nine different days in four different 

parts of the world and recorded more than 30 hrs of data.  Dur- 

ing this time there was only one major failure.  On the last 

day of operation the unit stopped because of low battery volt- 

age.  Inspection revealed sea water had corroded away most of 

the terminals and discharaed the batteries. 

The data recorder has also worked well.  We usually record 

data in 10 minute segments (records) of 2048 scans.  Out of 

over 200 records recorded, 5% (11 records) have errors.  All 

but two are due to the tape recorder adding an extra 6 bit char- 

acter in the middle of a record.  This is not serious because 

the data can be recovered with a ..ittle extra computer work. 

We prefer to ignore these records.  Once the clock failed to 

act properly.  No data was lost but the time word was incorrect. 

Once the record was too long.  We suspect these errors were due 

to noise introduced into the logic circuici by strong radar 

signals from ships used to deploy the buoy.  Certainly, the 

errors were less frequent when the ship did not have a radar or 

was not close to the buoy. 

The buoy has withstood rough handling.  It has been shipped 

from San Diego to Monterey and back, to San Clemente Island and 

back, to Hawaii and Wake Island.  The waterproof connectors have 

been damaged by inexperienced crane operators on the ships, and 

the radio antennas have been bent.  These items are easily 

-  * *■ 



repaired. The internal components, which are harder to repair, 

have not been damaged. 

The buoy has been deployed by helicopter anc from a variety 

of very small ships with little difficulty.  Two men holding 

lines attached to the bridle mounting points can steady its 

motion on a rolling ship.  It can be lifted by small hydraulic 

hoists or cranes found on many small workboats, and an inexpen- 

sive two-man helicopter can carry it to sea. 

Our experience with the buoy shows ways it can be improved. 

The instrument can could be considerably smaller.  It was orig- 

inally designed to hold the compass, but iron in the inverter 

caased interference.  If only three hours of data are recorded 

at one time, the much cheaper  low-power, cassette type data 

recorders could be used.  This would make changing tapes easier, 

and would further reduce the size of the instrument can. Thus the 

buoy \.ould be more disc shaped, and should have a better response 

to waves. 

In conclusion, we can say the buoy has met the design cri- 

teria specified before it was built, and has provided the ocean 

wave spectra we need in our resea.-ch program. 

fci  • -* i^ in 



^^ 

REFERENCES 

Goldberg, I.D. and Goldberg, Milton J.  196°  Transducer 

instrumentation for surface wave meaeüremf.nts.  Hudson 

Laboratories of Columbia University Technical Report 

180, Dobbs Ferry, New York. 

Jahnke, E. and Emde, F.  1945 Tables of Functions *ith 

formulae and curves.  Dover, New York. 

Jordan, W. N.  1969 Mechanical design, construction, calibra- 

tion and field deployment of surface wave floats.  Hudson 

Laboratories of Columbia University Technical Report 171, 

Dobbs Ferry, New York. 

Kim, W. D.  1966 On a free-floating ship in waves.  Journal 

of Ship Research, 1£, p. 182-191. 

Longuett-Higgins, M. 3., Cartwright, D. B.« and Smith N. D. 

1963 Observations of the directional spectrum of sea 

waves using the motions of a floating buoy, in Ocean 

Wave Spectra.  Prentice-Hall, Englewood, New Jersey. 

Pierson, W. J. ana Moskowitz, L.  1964 A proposed spectral 

form for fully developed wind seas based on the simil- 

arity theory of S. A. Kitaigorodskii. J. of GecPhy . Res., 

69, p. 5181-5190. 

Saenger, R. A.  1969a Measurement of the statistical properties 

of the ocean surface with instrumented surface floats. 

Part 1:  Theory of measurement.  Hudson Laboratories of 

Columbia University Technical Report 183.  Dobbs Ferry, 

New York. 

■ ■ - -■- 



■S^1 

K 

Saenger, R. A.  1969b Measurements of the statistical properties 

of the ocean surface with instrumented surface floats.  Part 

2:  Engineering and data processing.  New York University 

School of Engineering and Science Technical Report 1-1-69-10. 

University Heights, New York. 



^^ 

APPENDIX 

This section contains many of the details necessary to 

operate the buoy and to analyse the data from it.  We have 

included detailed circuit schematics (figs. Al, A2, A3), pro- 

gram listings, and a list of major components and their source 

of supply. 

\ 

- ■ • ■ A *^mm 



PLOV *MP  I"» b«!^ 

•«■«»P SAM 

Figure Al. 



^\00\    !%>»■»    »OXIHOW 

\ 

s 
d 
a o 
4 
0 
g y o z ^ 

a 1 

> UJ 
> 
4 

D^ ? 
LJ 

^ 

§ 

\ 

»•*»■<    S'»«VM) tXW^» tx 

Figure A2. 

A. 



UJ 
z 95 

\ 

■^A/V 

VSAAAAA/V 

0s in i* 

-VSAA/V 

io 

> 

> I 

IT 

11 
II 0 M 

Ij 

H 51 
a F 
I 
u. ui 

d 

O 

2 
UI 

UJ 

O 
> 

> 
Qi 

k 

Figure A3. 



Listing of Computer  Program used  to  Reduce  Buoy  Data 
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HL£   PRINTEKKIND   «   b,   flAXRECSIZE  =   22); 

Uli  CÄHL   (KIND   -   9.   rRXRECSIZE  =   14); 

ULI  FUNChEh   (KIND   «  PM'ICH,   flRXHECSIZt   «   14); 

lOOLEKN   IMJ 
imCER   CHANNELS.   flRSTHE:,   J.   K,   LASTREC,   HEK.    i,    Ml.   NCHANNEL,   NM, 

NULL,   hEC,   NWCRDS,   NREC.   TAPENARE,   AVEFQ; 
htAL   KSTEP,   OttG,   SCALE,   VARN,   X,   XNYgUIST; 
REAu   ARRAK   CAL.nEA.tl 1:4); 
tEHht   PI   »   3.1415926S35897S32»; 
I 
»     NOTE:   3777   OCTAL  »   2047   DECIMAL   =  ♦*,«   VOLTS. 400(1   0CTRL = 2048 

FILL   CAL[4|   ^ITH     .478S15625     I     (983   C1/SEC   **   2)/204b. 
,.001533980768   \     PI/204b. 
,.000383495197  \     (PI/4)/2n4b. 
,.000383495197;»     ( PI/4 ) ,'2048 . 

RkAKCARD.« ,■'>>,TAPENAPIE); 
READ(CA<J,<   14,   Hn.4>,   HEX,   XNtgUIST); 
kfcAD(CARD,    <5I3>,   NULt,   KIRSTREC,   NRJC,   CHANNELS,   AVtHj); 

1»   AVEFJ   LEJ   0.   THEN   IffkFQialj 
'«RnKfhINTER,<"TAPt   REEL«",   Afa>, TAPtNAflF.) ; 
WRITK) RIMER, <MrEX»",I3,Xb,"NYCUIST«M,) 8.4,"   HERTZ .">, KEX ,XNYOUI ST ); 

M^ORDS   I«   11  t   l(1tX:1:ll;      t     2   »»   HEX 
N   :«   NWORDS   CIV   2   ♦   1; 
«II    I«   N   -1; S:ALt:»2./<W0RDS»*2; 

I 
WRITt(PRINrhR,<"ULE  NO.«",13,"      BtCINNINC   WITH   RECORJ   NO.   ",I3, 

"   TOTAL   NO.   OF  RECORDS   READ»",13, 
C.i ÄSNELS»", 13 >,U ILL, F I RSTREC, NREC, CHANNELS ); 

I 
» 
I 
I 
I 
3ECIM t   <<<<<<<<<<<<<%   (HIN   PROCRAI   BLOCK   9ECINS   .HERE. 
I 
i 

B3DLEAN   SMIN,    TABLtl,    TAiLL2,   IABLt3,    PUNCHX3,    PUNCHPS,    rJNCHUS,   LAV; 

INTFCER   EAST,EOhW,tNDFT,FREEDOfi.VALAVtFQ,WEST; 
^tAL   :,   Cil,   C33,   C44,   C34,   COSAZ,   CJSP1TCH,    K2,    Kl.   (1ACDEV,   313,   J14, 

RR,   SINAZ,   TLIM,   TANPITCH,   TANROLL,   Y,   ZETR,   Z; 
PEAL   NZERO,    BCfOHl.    JEN0n2,   JACOKi   Kll,   K22,   NOl,    N10,    N20,   N02,   Nil, 

N12.   N21,   N22,   CM,   C13,   Q34; 
KtAL   ARRAY   i,    I   [1:4,    0:NW0RDS1,      PSA,   A.   B   (1.4,    DtMlll, 

CSN,    CSl«,   CN»,   CO,   FREQ.   0nEC4,   PE»,    PS,   (,Sh,   CSV»,   yN». 
HlltMnilt   AVEPLR,   AT,   Al,   A2,   II,   82,   BETA,   :REST[0:1   » 
tNTltR(Nrl/AVtFÜI|; 

REA;.   ARRAY   XA5,NA7,NAä,RLD,!<Al,NA2,NA3,<Ä<,MA5,ANCl.ANC2,RNEW,NNN, 
XALPH[1:    1   f   E'(TIER(Nnl/AVtFQ) |,   JACUb, KONE, KTWOf 0 ; N?ll) ; 

lUECT   FILE   BUOYTAPE   (KIND  «   13,   LRBELTYFE   =   ODITTEDEOF,   DENSITY   »   LOW, 
PARITY   »   0,   1AXREC3UE   =   NWORDS   ♦   III 

ikCI   AHKAY   FAPEBJ)!1:^WakDS|; 
ULI.   Runih,ACRlN,Fxn,HNI,l,C0FER,NEXT, PUNl,PUN2,PUN3,TAb2,TAB3; 

f<<<<<<<<<<<<<<<<<<<< 

F)«»!   rjl"      N   ",<5,"?ER10b",XJ,"Mn = ",xl2,   ••Ml=",X12,"A2*",X12,'Mi.", 
xi2, "L'2»",XC,"DEO.   iikvr.a{xs1"kiie i«iw»icsa,/tj 

^>HT »-•ill^.f-fe.JfKl.Strp.l.xJl^m.i.lTin 
ANL.",XI,"?ERI0l",XJ."ACCEL.",X4,"SLR)ACE»,X3.-N-SL0FE", 

XJ,"t-^LOPr",Aj. X^'OJAD-SN" ,X1,,,Cü-SE",X4,"QJAD-3E", 
BFAfl" ); X4."CO-Nf,X4,"tUAl-NI",X2,"WAVES 

F ) W. A f   H ' l ( X 1 H , " ^ J !1" , X 5 ," W u T H " ) ; 
FÜhr.PT   UK"   FKF.v.",X5,":EC.",X3,"r-12/StC4",X3."(fl««2",X4,2("PEH  HERTZ 

),4(',   :i./HZ.      "ttlCHI   HERTZ   "),"   JEC.    (T)"); 
)Ol,rAT   H.M tb.2,fb.^,10tl(i.i,2(X2,F6.1)); 
UKIAT   F13("   A^ERACEU   DIRErilONML  COEFFICIENTS   FUR   .989   SEC.   <   r   <   " 

F7.I,"   SIC."«//}} 
rOklAI  Fl4(X32."^AVtS   FR01",X5,"BEA1   WIDTH"); 
MJKKAT   HKXlB^'FEh   HERTZ", X2, "PLR   HZ.",/); 
»ORtAT   HoC'ANC.    ) RF3 ." ,XS,"Hrii/N0(|", x■,,"„! n/Npn" , x^ #»Nin/Nrin..   xb 

■•Mn2/Nn",X'5."Nll/NOM",x5,"ALPHAl",X3,"ALPHA2,,X3.,'8NEJ-, 
XL,"Ri)Ll",XS,"(ltXP",X3,"ALPHR",/); 

rJRIAf   H/(tl'1.4,x5,5(E9.2,XJ),2(F6.l,X^,2(E3.2,Xl),Fow,X2,t9. O; 
.cm»'.: Hbcvut.o.  ^•Fw.".x5,"fH2/NiT",x5."N2i/Nnn",x5,"K;;/NPf",xt, 

"NCIUCK",/); '       ' 
M.(""A: FI MKin,«(xs««is,t.j(xjt}j 
'tv<<<<v<<<<v-<t<<<c<<< 

002:0000:0 
DATA   IS   O0Ü5   L3liC 

oo2:ronn:0 
DATA IS 0005 L0N3 

002:0000:0 
JAIA IS OOOa LOSC 

002:0000:0 
002:0000:1 
002:0000:0 
002:0000:0 
002:0010:0 
002:0002:1 
002:0012:1 
002:0002:1 
002:0002:1 
OO2:O0Oj:5 
002:0003:5 
012:00.13:5 
002:0006:.) 
002:0014:5 
002:00^5:2 
002:0038:5 
002:OCJU:4 
002:0(46:% 
nA2iO)>ltt 
noaionspti 
nO2:005F:rl 

002:0063:2 
002:01i3:2 
002:00o5:l 
002:00^5:1 
002:0077:1 
002:00/7:1 
O02:0077:i 
002:0077:1 
002:0077:1 
002:00/7:1 
002:0077:1 
002:0077:1 
002:0077:1 
002 0077:1 

BLOCK IS SEGIli NT OOTIb 
005:0000:0 
005:0000:1 
005:0000:0 
005:0010:1 
005:0000:0 
005:0010:1 
005:rOOb:3 
005:001(1:3 
005:0011:0 
005:0119:1 
005:0119:4 

015:0129:4 
DATA   IS   0025  LONG 
DATM   IS   OOdj   LOli 

Ifl^iOliCt« 
005:0030:4 

005:1130:» 
005:0030:4 
005:0130:; 
005:0rjO:4 
005:0130:» 
0O5:rr30:4 
003:0130;, 
005:0(30:« 
0O5:03jO:J 
005:0njn:, 
OO5:0l3'i:< 
00j:0fj0:4 
005:0130:4 
005:0f3O:< 
005:0130:4 
005:0030:4 
O05:00j|i:4 
005:0130:, 
005:0fjO:4 
005:113.1:4 
OP5:Or30:4 
005:Or30:4 
on5:01jO:J 
005:0030:4 

^^ ^A. 



^un-UKt thtkiimt niMCnlit, OB, KS, SY, S«, Lä*;; 
I 

VALUl   «j,   Jt,   SK; tMTtCU   Kb-,   St,   Slw BOULLAN   LKK; 

llftfT   HU   CIliECTFlUi riKttT   MHKAY   Lb(ni; 
t   t   t   t    v   I   i   «   »   t   t   \   I   t   t   '.   t   t   t   t   t   t   t   »   t    i   »        *   s   »   '•   »   t 

■t 

* tMli   fR0:£DUHt   IS   KOK   KABISC   N   Hil^D   LUTt   LOi'.GLR   TRfE   B<   ItH.IS 
♦ Lh   tiKKT    I/O.   THt   IAH   IS   AÜVANCFF      TO     A   SPECIFIF.D   KILt   GIVFN 
» Di   "I»"   ANl   Tl.tH   IC   A   PLCoRL   OIVEN   BY   "Sk'^.TriF   EXPECTED  NUMBER 
\ dt    «ü<nj   EAC(   ÜECORO   ZORIftlliS   13   "RS".    iHt   ACTJAL   HUribER   OF   «(0RÜS 
>. VhANSKREL   hhOH   EACH   KtCORO   A:.l   THE   hEUt   ERROR   TYPt   ARE   PRINTED 
t JJT   FOR   ikCi   FILE   AS   WELL  AS   ME   NUIbtR   OF   RECORDS   PER   ULc. 
i c-RJCEDIRt   TAPFSTAKT   PEOdlRES   FJREWARU   OECLARATiON   CF   DIRECT   FILE 
i Al.C   DIRECT   AhKAY   DB. 
* 
l|»%%t%%%%%t%ltlt%%%%%l%%%%%%%%l%%l 

IMEOLK   tOFtl.   hC; 

HU   PRINT   (KINL   *   PRINTFR,   MXRtCSUE   »   22)i 

F'JRffT   SKKC   ("ULE",   IJ,   "   hlCORi",    1J,   M     CONTAINS",   lb.   "   »ORLS,     ", 
'* EKRJK   NO.**,   I/); 

^KnE(rR*lNT|SFACI   2),«"SPACE  K   KILE   ",   12,   "     RECORD   ",   I2>,   EF,SR); 
tFR   :=   FPLJE;   \      NO   ERROR   INMLATION. 
•<:   :»   1; 
LCFCV   :=   1; 
HIM   KOFCI   LJS   it   wC 
bUIM 

RLAU   IJIRtnULE,    RS,   I'd!*)!; 
• MIK lb!*] ); 
IF   i>l(*|.l3K9l   THEN 
btGIN 

."uOiEi DI^ECI^ ILt,*); 
ttKJTC   (FRUTISPACE   2|i   <"IOK   ENCOLNTERED   FUR   PIU   ",   12.   "   OF", 

13,   "   KECJRn(S)M>,   ioFCT,    HC): 
ECFCT   :=   •   ♦   1; 
LiRirrKIL-. 3Ptti   :=   TRUL; 

nC   :•»   P; 
t N 0   E L S E 
BEGIN 

<:   :=   •   ♦   1; 
»RITFIFhlNl, SKRC, EOFCT, RC, «B|• | . I DWORDS,DB[«]-lOERKOhTYPE); 

EXO 

HC  := 1; 
k>hILE   IC   LSS   ||   I Li 
tECIN 

.VLA:   (DlRSCTftUi  R:. MC 1>; 
• MlKOfli«]); 
• Kli'EIPRlHi,SKKC,   L-JfTT,   RC,   üri[ * ]. IOWOSDS,    DB1 » ]. I OERRuRF Yl'E ) ; 
RC   :-   *   ♦   1; 

ESDI 
Fi.l        TAPEJTHRI; 

nnsionjoH 
nnitounti 
nnb:Pf3n:4 
Orib:nr30:4 
nosjmjni« 
Or^tOOOH 
nnstOU'i:! 
n05i0030j4 
nnbior JC:S 

nosimjnH 
oosinrjflH 
onsiftijii» 
0nSi03J1|4 
n05:Prjn:4 
005:0131:. 
ico^f jn:4 
WbimjOH 

3 ( Ob: Of 311:1 
TAPESTMRT   IS   SEwliMI   nnnv 

Oditrnnnin 
DMiA   IS   nr^A   LONG 
DATh   13   M(l>   LONG 

nr*7ionnnin 
007:3110:1 
opv-.nnnrrr. 
007:0010:1; 
117:inil-4 
Ol.7:OOU:z 
'107:0013:0 
nrntCPUii 

4 Oi7:0')U:2 
nn7iOPi»ia 
ori7:OOU: I 
007:0010:0 

5 ll/:r..UC:3 
nniiflfliEtP 
107:01^1:3 
nO7:fi0^E:b 
.10 7:00JO: I 
D(i7tf>n]li% 
007:0032:3 

5 007:00JZ:3 

S 00 7:00 3 3:1 
007:0034:* 
0O7:0O4B:1 

i 007:00 4C:1 

< OO7:014B:4 
O07:rr4C:2 
no7tnft4fitl 

•i 007:0HL:; 
00 7:00^1:4 
017:003J:* 

0P7:nfibA:l 
007:003b:3 

4 O07:0ObC:0 
TAPESTARTdin?)   IS   ni7d   U3HC 

3 OOb:00jO:4 

■ ■ *•*- 



TT 

f nütH'UKK   PKI.MTl (UAl I; 

VhlLi   L."!; IbliCEll   UAT; 

.     .    <    >.    i    I    i    \    \    *    :    i    \    \    <    \    *    \    \    I    *    \    \    \    i    \    \    \    \    i    \    \    \    \    \ 

* »HIS   HOCICHM   l•tL■OÜ^S   THf   UAT^.  AND   ll"t   INKÜknATIOf.   CONTAlNtl/ 
\ li.   IHt   LirilMC   24   tlTS   :i    Ff.CH  TAI-F   ^COfl  AND   PRINTS   ThIS   OUT. 

ü£JIN 
IMEotk   PKHAi  ROHTNSI 1:12); 

l/ALUt   ASR^Y   SaiTN«    "JAN".   "rEH",   "IAH",   "AHH",    "1AY",   "JJW",   "JUL", 

"'»j:",   "!£»•,    "OCT",   "NOV.   "DCC"); 

HIUUEK   ftAK,   DAKb,   HOUR,   MIMI,   HIIli   NM; 
IKrikL  INI,   EXIT; 

FILL  SOiHSl»!   W1H   III   2tj,   31,   !«<   31,   3",   31,   31,   30,   31,   3(1,   31; 
:)1NCiit   JAf   (UATL   ANU   Tint)   IS   t»   THE   FOfd-.: 

Y LL LLHD UU KM hHhh r.tr. mm       y-YtAR, D-DAY, H-HOUH, r-niH 
11   BINARY   C'OjtL   JLdiihL   DtCITSl 

\tkh   :«   II   DA1.|23ll]   twL   1   ThLh  7j   ELSF   72; 
Dllti  :=  D<t(.(i<i2]   *   inn »  blkT.U'ltl]  »  lri »  Mf.(Ul«lJ 
I.OUK   :*   IAT.[12:21   •   If   ♦   I MT. 11'U 4 ) ; 
KmiM   :»   Mt*jkt3fl 
'.TU   :=   UAI. [3:4 j; 
If   YtAI(   rOL   4   IQl   n   TlltN   r.0STHSl2l   :«   25; 

KIM   NPl   :*   1   SiiP   1   IMfll   W   UO 
tf   CAYS   lEw   MVTNSimil   IritN      SO     Ff.D   ELSl.   LAYS   :-   PAYS-nONTHS [ NH) ; 
■IttEIMtHrkliC'CltlOH   11   i'KDMTt:   JAKS   TOO   LMRi;t"'); 

co txn; 
FIR:   MltEfMlirCk«   <"JATt:      ",   12,   Xl,   M3,   XI,   12,   ";        FlrtE:     ",   12, 

":",   11,I1>,   CAYS,   flUhTHlNK-l I,   YtAK,   HOUR,   HiNlO,   MINI); 
<il<Ilt(PRlNr£K,e/>); 

EXIT:   FND   FftMUJ 

t<t<<<<<<<<«;<<<<<<<<<<<<<<<<<<<<<<<< 

PRLATE IS 

DATA 

DATA 

PRDAIEfOna) 

nnb: 0331: 
nos Of JO 
nni rc.30 
ons; 0330: 
ous Of 30 
ons 0130; 
rr.ü nnjo 
nns 0 130: 
onb Of JO 
nob Of 30 
mb 033O 
onb ff 30 
,inb 0130 
nos Of JO •t 

StCnENT Cidfins 
on 0010 i 
IS 1011 LONG 
ons 1010 o 
IS 100C .CNC 
00 3 00 TO 

ore sfionn 
009 ooio 
nos 0014 
nns .00 04 
on j 0314 
nns .nooi 
oo^ 0017 
nob :rroc 
on. iDoni 
oos :00n 
009 :r0l2 
nns IOOIJ 
ons lOOlS 
onq :001C 
009 if« 21 
009 :0022 
ons :0024 
009 :003d 
nos : 0 0 4 0 
IS 10 4 3 ^0^3 
OOb icoin :4 

^^ ■ i A - am 



RKEöUKt   RtRDIAPEINKILL,   RtC,   CHANNt-S); 

ALUt   m'lU.   HtC,   ChANNLLS; 
nEStK   NEILt.   HE:,    CHANNELS; 

» l \ l » » t i i l . »\»t%*»»»»»»l»»»*»*»»»»» 

\ 

THIS PROCEEUkl READS ONE ktrOHD/CALL BY flEANS OF DIRECT I/O, 
THE HIGH OkDtk 24 BITS OK THE FIRST hORE, WHICH CONTAIN THE DATE 
A^D till INF0R1ATIQN,AP£ ISOLATED INTO THE VARIABLE *DATE". 
THE rW*   CHANNELS OF DATA AKt SEFARATEL AND CONVERTEC INTO THEIR 
AFPROPPIATh UMTS. THE RIM VALUE OF EACH TIME-SEKIES IS FOLND 
AND S-HTRACIED OFF. VRKIOUS ERROR CIAGSOSTICS ARE PRINTED OUT. 
ktADTAPE IkgUIItl FOREWARL DECLARATION OF TAPEFILE I DIRECT ARRAY. 

mcif 
INTtGt.<   DATE,   ERRCT,    lOERR,   J,   L,   LlfllT; 

KEAL CF. XMEAN; 
BOOLEKN AUKAY I4CM(1I4I] 
LABEL CCNT, FkkLR, LEAVE; .,...-, ,, ,e   , ■,, 
DEFINE iEIFIELDISUBC, LäF) «  DU R(L,J1 := TAPEBUF[SUSC1.[LBF:12) 
LNTIL J :» * ♦ 1 CEQ NWOkDS»; 

\ 
fckk:»FALSE; 

TDiritNT     READ   THE   NEXT   RECORD   USING   DIRECT   I/O; 
kEADIBUCYTAPE.   N«ORDS*l.   TAPEBUI-| * 1 ' •' 
^AIT(    TAPEBUFl*)); 
10EKR:»   TÄPEl;'JF(*l-IüKkkCRTYPE; 

WHITE( FRINURISPACE   ? ] ) ; 
l<RIIE(''RINTER,<"FILE   NO.",    13, 

"   WORDS      ERROR   NO.",    I2>,    NFILC, 
CAiE   I&ti<k   OF   BEGIN 
;  t n >ia EHKUR; 
BEGIN   WHIIE(?RINTEk,<"NOT   READY'^);   GO   10   ERROR 

APEBUFI*l.IOWOklS   NEO   NWORDS   ♦   1   THEN   GO   EkRCR   ELSE   WK ITE(PRINTER, 
«"PAUTY   tHROR,    RECORD   WILL   BE   PROCESSED.":«); t   2   PARITY. 

BEGIN   WKITUPRINTER,<"REWIHüINC">);   CO   TO   ERROR; 
BEGIN  WkITt(PkINTER,<,'IESC.   ERROR">); 
BEGIN   WRITE!PRINTER,<"END/BEC.    TAPE">), 
BEGIN   WRITE(PkINTEK,<"FND  OF   FIU*>ll 
BEGIN   «RITE(PkINTtP,<HERRPR   »1">);      GO   EXIT;      END; 
BEGIN   «kITE(PkINTER,<"ERROR   I   8"-');   GO   tkROR;   END   I 
BEGIN     WRUEC PRINTER,<"S-10RT   KE'-ORD  ".Fin.3."   ChARACT      >">. 

RtADTAPE   15 

IF   1 

■   RECORD",    13,    "   COTAINS",   15, 
REC,   TAPEBUFl» MO-'0'*35'   IOERR); 

END; 

GO   TO   EkROR;      EKC; 
|   GO   tXIt;   END; 

CC   EXIT;      END; 

TAFEBUFI^J.IOChARACTCKSi;        GO  TO   ERROR; 
tND; 
I It 

DO     JW.'HIL) :»    ^U0LEAN(:HANNELS.(4-L:l ))   UNTIL   L   :• 
COfintHT     DJ1P DEADER   INK0R1ATI0N   ON   THE   LINE   PRINTER; 

CONT: 
DATE   :«   P   b   TAPEBJFin)    [21l«1tl4|l 
PkrATE(D»-TE); 

FOR   L   :•   1 JTEP   1   UNTIL   «   DO 
II   SWCH(L1 THEN   BEGIN 

END; 

*   ♦   I   GTR   4; 

I 
I 
I 
\ 
4 

nnb:nc3n:4 

005:0030:4 
005:0330:» 
005:0030:4 
n05:01in:} 
005:0130:4 
005:0130:» 
005:0110:4 
005:0030:'! 
005:00 JO:1 
005:0030:4 
005:0030:4 
005:0030:4 
005:0130:1 
005:00 3i:'i 
005:00 30:4 
O0'-:0031:l 
005:0030:4 
005:0130:1 

SEGHENI   OHIO; 
0PC:rnO0:O 
inC:OüOO:1 
OOC:0000:0 
noc:0O0O:l 
OOC:0000:0 
OOC:001i):0 
nrC:00OO:0 
onC:Q10Q:4 
oriC:0000:4 
01C:0004:5 
OOC:0006:3 
nriC:OOOS:l 
00C:00lE:i 
ooctoointi 
OOC:00^4:l 
nnctftfiiii J 
OnC:On2b:3 
O0C:002D:O 
mC:0031:3 
Oo::O03ö:2 
OOC:00 3C:5 
n0C:0.143:<: 
OPC:00«b:n 
OOC:0052:4 
OOC:005A:2 
nOC:003l:5 
O0C:0O63:3 
ilOC:00;i:l 
OOC:Oü7b:3 
nOC:0077:l 
nnC:007C:3 
nnC:007C:3 
nOC:Or7C:3 
nOC:00i7t:3 
onC:017F:» 
OOC:OObO:^ 

^ 

■^ .     A ^  > *■ 



\ 

J  :»  ' ; 
cdjt u-i if BLSH 

UETHtLK J.^J); 
HtV ILLJIJ.ll); 
ütnilLUJ«!,   47); 
^LTHtLJl J»!.   J5); 

liCPblC« HOiNTtRdlL.n))  DY ;-nnMnpTinmn" FOR NJCäUS WORDS; 

tHhCt   :*   0; 
itHN  -)   :»  K[ L.n); 

II   L   E^L   i   THIN   UllIT:«2bb   :.LSt  LlMtt«ll*i«l 
LiniT»23fc   COHlEirOiM   Tu   2^.^  bid.   hiinUIH 
Ll11i«ll'24   CDRKtSFONuS   TO   22   DEC.   TILP   OR   . 5*C   ^CCEL. 

J   :»   1; 

CcnntNT     ERROR   IN   LÄTA   FIRST   KtU   DIGIT  DIFFtRENCt; 
IF   *BSIRlL, J)   -   R[L,J-ll>   ÜTR   LIRII   TiiEN 
II   Ef.RCT   :«   •♦!   CTR   4   THEN   BEGIN _„   „ 
»KlU(PK:NTER,<"ERKGK   IN   REMDTUPE:   TOO   DhNY   BAD   DATA   MlR1f."i 

"     L.Abl   ONE   AT   ",    14,   ••.">,   J); 
GO   .-(.■'■*. 

END   ELSE   EEC IN .      .      ^ ,.,   , . 
^IfEIFRISTKR,«-"ERROR   IN   READTAPt:      3AD   DATA  POIM   Al:   ROW   (    , 

11,   *•),   COLUr.NC',    14,   ").   IN   k^FRENCE  TO   ",   F7.2,   ".   POINT      , 
F7.2,   "   OUT   OF   LINE"»,    L,J,RlL, J-1),   RIL.J]); 

^[1^1   :»  h(E.   J-l): 
MDl 

«.tA;;[Ll   :«   rEAN[Ll   ♦   *[ltill 
i*lt   JNTIL   J  !•   •   ♦   I   f'EJ   NUORDS; 
X^EAiJ   :»   ^EAN11.1   /   N»OKCS; 

v.>   : «   "AL[L ); 
NEANlEl   :«   (XntAN   -   ^''4P )   *   CF; 

i[,ITE(ifKlNlEk,<,'r.EAN VALUE 01 CHANNEL Ml," IS ",Hl.b, 
M   Cri./itC.«*2">.L,.1EAN|L.l ) ELSE 

«KITEl PSiNrc;K,<"r.EAN VALUE 01 CKA4NEL ", 11," IS ",Hl.b, 
■   RADIANS.">.L,rtAN(Ll); 

If   I.   EJL   4   THEN   (<KITE( PRINTER,</>); 

M libti]   I«   (RlL^l-XfEAN)   •   CF   WTIl.   J:«   *   ♦   1   GE3   NiORDS; 
END; 

;D  Lt^vE; 

nnc:onbl 
finc:Pn-)2 

EK10A:   ERF   :«   TRUE; 
LtiWEiEND   KEMJtAPE; 

OOC:PnBb:J 
oncion)iii2 
nrc:nnsi: i 
noctooiiti 
nncrrnsL:J 
nn::nojF:J 
onc:onA2:r. 
nnc:fnA2:4 
nOC:f'PAb:i 
nnc:nPA9:n 
nnctflAMin 

:nrA9 

if'OAD 
irnpo 
:(infa2 
;miE 

i oi • r 
onc:rnci 
ndnifnci 
pi'Cjoncb 
nnC:iHlDA 
nnc:finLA 

nnc: 
OtlC; 
nnc: 
nnc 
noc: 
nnc: 
nnc; 
on; 
nnc: 
IOC; 

;.< <<<<<<c<<<<<<<<< <<<<<<<<<<<^<<<<< 

onciOtuKii 
one 
one 
nnc 
nnc 
nnc 

READTAPE(nOC) 
3 

r010:2 
nOi2:^ 
nntitS 
niE6:l 
00E7:/ 

n(.C:Pri9:4 
HftCtOlflt« 
nnc:noib:n 
nnc:nnA:l 
nrc:niii:r. 
BftCt01llt4 
nnc:01ib:l 
oactmiiii 
nnc:OiiB:n 
nnctoiit»:'. 
is ni2E LO: 
MStnijnH 

i 

J 



■w 

F-hrCtDUk.1   HIJPhAS t{K, LSI, CC, HEX, CHANNELS, NYU S*H IN); 

k»l.   ftRKftf  ^, I[l, ll.SI.COC)]; 
hf*!-  NYü; BOOLEAN   SAHIN; tKTkCri nEktCUMklLti 

i 
»   »   ^   '   »    •   k    ^   l   :   t    l   «    t   i    »   '.   ^   '.   '.   *   \   '.   •    i    •.   ».   i   ».   »   »   l   t   »   » 

i 

v 

I 
t 
I 

K-h   EACH   CHANNEL,   J,   Thi:   PKOCEÜLRE   CMIICTS   THE   TlflE-SERiES   II 
uiunttw us EOJKiiR mASit'Okii a THE «HPKüPRIATE IMVSISI KREJ. 
HEShÜNÜE   (U   ITS   OUTPUT   ULTLR   kM   THEN   hpJ-LYINl,   THE   IIVCXSC 
TRR^SKO^I   TJ   Mi   PRODUCT.    THt   HtJJLTING  KEAL   TIRC-SERIES    IS   THEN 
SCALEL   ANb   htT.RNEU   THRCUth   AhRAY   K. 
THE   CliAnNEL   «1   lirE   HIblChY   IS   CCNVERTLiJ   TO   SURf ACE   E   EVATIUN. 
«ME.'I   THE   iAHPLE   k   HOLD   IJDJLES   ARE   iPERATHC,   JET   SA.UNxrRdE. 

NOTE:   PRCCEDURE   SIRCOS   r.UST   BE   CALLED   PRIOR   TO   CALLING   ADJPHASE. 
ALJHIilSL   ItfftilhlS   FORUkftfi   LECLARATION   OF   ARRAYS. 

tECU 

KriSKI  IIFPII«J(K(i(irTtl 

<<m   H.it,Cj,.DJ,0S,H,K2,PI,CCALE,SD?,3'(,S'<i,TÄU,:E1
,1PI,rcnPR,VAR.., 

c, w 11,«i L »o, •*o2, zc, zi; ,• 

t.t'1i,:'(   k   1|;',E>:":1); i   B2**IIII 
;cit.£t«i./i(rrs**2) 
FIta3.1«lS9«(.S3&hl  kFttftaMm  lil«   r.   lw2t«S8llT(2.ll  *fi,W*t\it*mSl 
rKj:«l.ll; KUCOUSI      STA»'   lUttMM,   hLim.i   CHANNEL   JAflHLES. 
Hl«i.l»l *(HEhlZI   CUT>k>l    fktC   Of   Ci(ANSEL   ll   Hi-TE«. 
>2:«2f,.f>: »i.HERK)     CUT-On   rRE;.   KOk  CHANNELS   2,3,4   KILTERS. 
W1:'1./U.*FI*H); kiI2:xl./(2.*PIM2); 

K'R  J:«l     TEP   1   UNTU  4   rn   ||   ChANNELS. < 4-J: 11   NEO  P   ThFN   BEGIN 
rFKR; J,* 1,1 !;,•],<: I, CO, TEX); El TR*2( » [ J,'• ), I [ J, » '   1EX ) : 
VR;,;. :»!•.; 

Pl«)j        "Z   »U«t«*»<||(J,»|**2   f    l|J, {l**2l*fCAfal   JNTi^   N:«»*l   CEJ   HFPTS, 
IF   J   LyL   1   THtN 
Mntf*lUU,*mH*lMCl  Jt   1MPJT   ri.1E  HISTORY  CMU.   «Ml,"   IS   ",Fi2.5, 

M   tr«.»V/SEC.*MH>fJ.VAkf.') ELSE 
•MtiiMiartif^wMiiwici OF  INPUT THE HISTORY CHAN. »-, II," is ".EU.S, 

"   RAL1ANS««2">,J,VA«NI; 
k 
DJ:«(J-l)«rAJ»^; 3ÜS:=SIN(OS); COS:«COS(DS1; 
;■:»n; 

liiij   «TU   DO   BEUIN 
IF   N   LF(.   H^i-TS   THEN   K:«-N   ELSE   K:»NPTS   -   N; 

I   WHEFE   Si(I-l)«TÄU*ta*K;   K»l,2.. 
IF   I   NEw   "   AND   J   Ntj   1    T'lEN   BEGIN   ZC:»CS, ZS: = 3N; 

II   I   EwL   HFPTS+l   THEN  ZS:»-SI.'; 
C3:»ZC»:JS»2S*SJS; S,4:«ZS»CDS-ZC»3US; 

ENL   ELSE   BEGIN 
CSl«l*| SN:*".; ENL; 

< MaS11IS)««IMS*0tl   , CS»CüS( S)«COS(S*DSI . 
tESPRiaNiJ*»|| triPlt«I|i«l|j 

noStDfJ0t4 
ijnsiOijiit 

OfibjPf 3n:4 
nn5:mj ):4 
nnbsmjn:, 
noiiiPf jr:4 
nnitfliinit 
nnsin« 3(i:* 
m: 1131:; 

mc;,;liT:4 
r'i3:nuO:» 
0P5:r.r.jPt4 
nnb.(.r3ri:, 
nr'J:fir jP:, 
'I'lbrPiji:; 
W>Sil f jP:<, 

AliJPHASE   IS   SEGTENI   nnfiOD 
m0:0110:1 
nrL:f rpp:ri 
TlD:P,1iri:i 
Oft:POPP:n 
ifiu:ini:J 
opf^rppj: b 
nouifloioii 
nncif>oni: J 
0PL:PP11:P 
nnoiPoiitj 
PSDlllllAt« 
nrRt(i|iut4 
OOD:nnii;:b 
0r.i,:rP2fa:3 
113:0027:1 
nODiOMFil 
onj:On2r:3 
PPU:r.(.j/:l 
01D: 0in : 1 
0Oii:PP42:3 
IMIOiPO&At« 
i>ftOtni3(iii 
0PL:Pnbb:b 
'1(13:0030:3 

i Dlk&tlWS«l4 
OPmPfibF: 1 
00,5:00,F:l 

i 0f.U:P0fa2:b 
nnainAtSiJ 
ont:f f.tA:l 

i Dnfiiori«(4 
i nflDi03*0tl 

nnpiftA>Dti 

^k J 
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F.NC   ELSE   BEGIN 
END; 

*   KJN:TIONJ   A   »ND   d   HE   StUL   AND   inftSlSARt   PA-«TS   ÜF   INVERSE   FILrt»   RESP 
IF   J   tU   1   THEN   BtCiN 

IK   S'.rtlN   IH£N   hi.Zl*   A!»*0?;      Pl«l|l*Ml       EUD 
ELSE   HSIM 
A.«(*02*:S   -   SUi!*»0»S<; 
b:»»0/*Sh   ♦   S^i'^O^CS; i.ND; 
If   H   fgL  HH-IS   THEN   B:«".; 

iii(«|t«MUiifa ♦ ••fiafii 
llJ.Nli'A'TErPI   -   B»TEnH.; 

ENL   ELif   BEGIN 
«3:»**K»JI2; 
U   SftlUN   TiUM   bEulf.     M:»l.;     B:«»0; 
A:»CS   ♦   »O'SN; Bi^'C'CS   -   SN; 
IF   N   EJL   KFPT"^   TUtl   b:»n.; 
Kj J.Nj^A'Ttr.PR   -   E**EnFI; 
11 J,.<):«A'FLIPl   ♦   d'TLIPu; 

LNt; f.:'«*!; 
Lie; 

Hal) t   COmkT   «::EL-.HATinN   TRANSFOR1   IU   SURFALC.   LUVATIOM. 
Ih   J   F^L   1   THEN   tEUN 

iHiJ   (NPTS-11    PC   rtE^IN 
II   N   Ltfc   I'rPTS   ThtN 

.0:»-l./(N»».)««2   E.Sc   ((0:»-l./(l NPTS-h)«<()**i; 
■|lt«liMMI|l*il|l i(l,;,l:«rfO*Ill,Nl; 
Hl«'*ll 

I.NL: 
< IJ   Hit   I*ECIM 

»IIIfi4tfJt*|«l|l.*l.llU>l PftW#H.»|#MJ.*|.tl.Ct.««IIJ 
I 
i.:«n; CO   F(J,i. 1:»R[J,N)/NPTS   UNTIL   N:-'*l   Bl«   NPTi; 
HHAZi   POlNltRl 1^. •] '   rt"   n-   '•'3,(  Ni'TS   «I^HDS; 

IN:; 
W-IU; 

INI   riJFHASE; 

7 
I 

b 

b 

AUJPrtA5c(nrij) 

nriL: 

OfiPl 
1M»P| 
n(D: 
nnj: 
HOC: 
nni,: 

HOBI 
OPD: 
SflDi 
nni: 
r.rr: 

OdL; 
nno: 
fua': 
003: 

nn:)! 

01Ü 
not 
o.'n 
my 
HOD 
(IfiD 
OOü 
n( 9 
ooj 
ipj 
not 
ilOu 
ore 
noj 
ori, 
is 
nob 

0070: 
f no; 
r072: 
01 Jo: 
fr?^: 
00/A: 
f n7L: 
rn7F: 
Qllli 

:rr.ab: 
;rnB9: 

IPMHM 
sOOBF: 
;nOJ3: 
:ri("i5: 
lAASti 
:r09C: 
innjii 
^PSF: 
iwnn 
:OrAn; 
|A0«|| 
rffAb 
:Onnu 

:00\E 
rOljj 
:n( P4 
:00ib 
:rOHb 
:00io 
:njF 
zf'ObF 
:niCb 
rOOCb 
:m:8 
lAOCI 
0001 
:nr jn 

5 
b 
0 
I 
•i 
I 
n 
b 
5 
3 
I 
". 

; J 
:b 
ii 
: j 
|| 
il 
:l 
: 2 
:i. 
:n 
:i 
:<• 
:J 
I« 
:2 
:< 
11 
: i 
ii 
ii 
i« 

ii 
ii 
: j 
LO.i; 
H 

>  I I    i    fclLi    ■■ J 
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iM-t:* 4"C5"; 
tittt* rti". 
IllrUMI>|*|.l«CM :•■ " k l|4«:il * biJJ:3) k 1(30:11; ^ 7-TRK, ^im PH 
lRHbUF(« j.I&rAaK   :=   n   k   UTti]:   *     SUPPhESS  PARITY   LHKUK   KtlKY. 
Ksrti- :- XNYgjisr * ^./NWOROS; 

trtC   :«   I./I2.   *   Fl   *   KSTEP); 
lIKWIfl«   JO,   Hill   %   SET   UP   SIN-COS   TABLE   FOB   FFTF 
J   :«   1; 
IC  ELGIN 

FliilJ]   :«  FSTtP  *   J; 
yLNlJ)   !■   l./»ht^|J|i 
üHEu^lJ)   :«   (orEC/J)   *•   4; 
(t40ll|t«IK}ll| Jl:».il4'i<!8»n996»IFST£P«J)»*2)«*2; 
:»C0B|Jl:«4(jr2nn./(^.«pi*fSTtP»J)«*3; 

tNÜ  UNTIL  J   :«   *   ♦   1   CtO  Ml 
PSI'l   :»   0rtC4(n)   :s   fKEül")   i1   PEK(n|   :«   n.; 

14   :»   n; 
HkAD(C«Kn.<2(lb,Xb).F6.1.Xl,Al.Xtj,F6.1>,l'>V.SAHIN,nACUtV,L0R*(,TLin); 
i<tAU{CA'!U,<b( Lb,X5)>, TÄ iLEl, T^BoEZ, Tfi3L£3 , PUNCHXS, PJKCHP3, PUNCHOS) ; 
II   ILIP   LrQ  Ci.   TMEt.   TL IT: »NHl/XKY^U 1ST ; 
I^   LAV   MEN   «RirEi PHINith^-SPECrKAL   BANDb   Ay£HAGEü   Oi   LuGiUfHUIC   ", 

HBASIi).">) ELSE  BEr.lN 

F«UMIIt«l*MCC*AVKPtfi 
tflIffilrilflUI«<l2»a   ADJ^rtNT  FRtJS.   AVERAr.cu  tlELDINi  ",I3. 

-   DECREES   Vi   JÄLtCün   II   SPECTRAL   ESTI r.ATES .">, 
AVEFd.KREELOr. I: END; 

IF   MM   l-t.   3   HNU   LMV   IriEN   l)-;iH 
• KITE(FKINUk,<''Tlt1E   HISTfRY   TOO   SHORT   TO   inPLMENT   LOORITHniC* 

."   AVERACIN;."-); so  TO  mil EHö; 
«hIT.( PÄlNrk.R,:"il»1PLi   i   HOLD   MODULES   IN«" , LS >, S AHIN) .■ 
^,BlTL(r■hlNTEI^,<"^ALNETIC   CÜKPASS   tEVlATIÜN«",F6.1#Xl,Al,''.",//>, 

f.ACUEV.EflKM); 
HSüiiV:»  1A6Mf*N/llH*l 

iKnKH.II.TFR,<fc(L'j,Xb»>,TAbLKl.TABLt2.TAaLE3,PUNCHXS,PU:4CHPS,PUNChDS); 
| 

iAPESTARTdLOYTAPL,   TAPEt'iK   NJORCS^l,   NFILE,   fiRSTREC,   ERR); 

Kt::«l; 
t.tXT:   BtCIK   hl;ADTAPt<hHLE,   K IC*F IkSTREC-1,   CKANNtLS); 

II NOT ERK TUU ADJPHASLL H,I,SI,CU.IEX,CHANNELS.XNYTJIST,SAHINI 
ELSE LO TO AGAIN; 

MM NN * 1; 
I 

K:«n; 
IF   iOiä   tuL   Ei-JT   THEN   UO   *[2.<.]:**   *   flE.VMz)   ♦   «ACDEV 

UNTIL  K:»**l   GE3   K^ORL'S   ELSE 
IF   tiiid   LWL  rftST   THEN  JO   kli,<l:-*   ♦   UtAN;;)   -   NACUEi/ 

UNTIL  *:«'♦!   CEC   NnORCS   ELSE   Cu   TO   EXIT: 
K:»n; 

t COKVEKT   ANGLE   TIHt   HISTORIES   TO   SLOPE   TIME   HISTORIES   CHANS.   3,4. 
THRU   NWOKUS   DU   ülili 

SINAZ:«S1N(R[ 2,IC1); CüSAZ:»COr. Rl 2,K ) ); 
1ANRUIL:<TAN(R|3,K1 ); TANPITCH:^TAN I R|4 ,K ) ) ; 
:3fftfC4t*CJIIR14,K1); 
<[3,K!:«   • COSAZ'TANROLL/COSPITCn  -   SINAZ»fAKPITCH; 
<|»,K,i:«   »oHAZ'TANROLL/cUSPITCH  -   COS AZ*rANP ITCH; 

nn^: nuoi 
nn1): nfjO: 
nn^; •mil 
Wit nnJ2: 
Tiflb: nnjb: 
Mit 003/: 
Mit nnjA: 
on J: on3F: 
■n^: 0011: 
nnb. no41i 
tMi Bfl«li 
nub-. nm: 
pnt,i Pr^b: 
Mit B9«9i n 
nnS; nP4E: (1 

mi: Jt->A: 1 
Mil pr.Mi A 

Mit OI^S: 5 
nob rntA: i 
nij: no7n: s 
m b Miit 2 
mb. m3d: D 
nob POIEl 3 
01S ni)^: 1 
on. niM: 1 
nnb (flSfc! 3 
nrb .rn«)?. 2 
roj Il)«4i 4 
nnb pc no. J 
mb nnno. 2 
OOb miAc. 3 
nob PPHA 4 
nob :nnbL 2 
inb :m:K. i 
nob :( PC) 1 

Mi :nic7 4 
Mi idftV 4 
DOS :PPib 4 
nnb :" IE« 4 
nnb :nntc 2 
flOb rOOLF .2 
nob :nPF< :1 
OPb :rriM tb 
onb |(J»»FS ,1 
nob :f PFb :1 
DOS isnri !5 
nnb :rnjA :2 
OftS :Onr j t2 
nob :P1P1 I] 
nnb 10114 I] 
nnb :Pir.b :n 
ins :Onb :0 
nnb :niPb :1 
nnb imno ll 
OOj ifllll :3 
ma I«11J i4 
nnj ifiin ■.i 

^A ^te 
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nACDEV   ELSE IK   tO^   E9I.   EAST   mi   RI-!,KJ:»*   -   !1EANI21   -   nACDE/ 
Rt2,Kl:«*   -   fltAh(2l   ♦  HACDEV; 

K 

K:»«*l; 
' v , 

fOK   NCHAhNU:»!   STLP   1 UNTIL   4   DO   ||   CHANNELS.(4-SCHANNEL: I )   NEU   0 
THEN   DFCIN   If   SCHANNEL CEfc   2   THEN  DELHI 

riT(|liCIUUmU..*li llRCMAMiL(*li   SI,  CO,   HEX); 
iJlTHV2(hlNCHANKEL, *)«    U-ICHANNEL,   •),   HEX); 
Itiiii 

CALCULATE l-€WtR SHECTKA;  CALCULATE VMklANCES. 
VAKN:«n.; Kr^n; 

UJ i, is 
X :' IR(NCHANNEl, K) *» 2 ♦ l(NtHANNEL, K] •* 2)*SCALE; 
II NCHANNEL LZI  ) AND * LSS INTECERd./(ILlr*fSTEH ) THEN 
X:«f1.; 
AINCHANNEL.K):»«!NCHANNEL,K); b(NChANNFL,K):=1[NCHANNEL,K]; 
^ H R M : « • ♦• X ; 
P.AlHCHANf EL,   K]    :'   II   NN   EuL   1   THEN   X   Li-SE 
PS»h:HA4SEL,Kl   ♦   X;   ENÜ   JITIL  K:»*»!   CCJ   N; 

:ASE   liCN44aiL*l   3f    Btül« 
WiaTt(PKI«TKH,*/.MSUR>ACE   ELEVATION   VAR1ANCE»" , EU . b . "   Cfl »*2"> , Vf RN ) ; 
klllEIMlNTU««      "HExDINC   VARIANCE«",E1<:.S,"   RADIANS**2">,VARN), 
»EITt(PI<!NTEh,<     "N-S   SLOPE   \>AR IANCE«" ,E i: .b,"   SLüPE*»2   (NO   UMTS)">, 

v A < H ); 
■*f 1U(PKINTEH,<      "E-«   SLOPE   V AHI ANCE'" , E 12 .b , "   SLÜPE«*2   (NU   UMTS)", 

////>,VAEN); 
EMJ Of CASts; 

ENL; *   FND   Of   ffT   LOOP. 

b 

4 
CALCULATE   CROSS   SPECTRA 
K:«l;      ÜO   CJN1K):»*»(H1,K1»A13,K)   ♦   b( 3,K )*B [ 1 ,K J )*SCALE 

UNI II   f : = *♦!   Cfi/   N  -   1; 
Rtali     DO   QSM[ <| :»*HA13,K !•»(:,Kl   -   A( l, K j »8 [ 3, K i »• SCALE 

UNTIL  f :«*♦!   OE';   I.   -   ll 
Kt«ll      ÜO   :sWl<i:>'*(A|l,Kl*A14,Kl   ♦   B[»,K)* dli,K1)*SC^LE 

UNTIL  K : = *♦!   CEw   N  -   1; 
X:»l;      UO   gS-Jl<l:=**(A|4,<)*a|l,K|   -   b|l*K|M|4«K|l*SCKkl 

UNTIL  K:»*♦!   CEJ   N  -   i; 
Rtali      00   e<M|«lt«**U|l*R|*A|l*>l   *   B|1.K|*B1 J.Kp'SCALE 

JMIIL  K.:«»*l   3tU   N  -   1; 
Riall      LO   wNWlt.l:«**(A14,K|,bl3,l'1   -   ^| 3 ,K 1« B 1 •., K 1 ) • SCMLE 

UNTU   K:i» + 1   CEw   N   -   1 •' 
Kl*l|      03   PS1<|:»**(A|1,K1**2   ♦   811 ,K 1«»2 ) • 3CALE/0riEC41 K ] 

UNTIL  f :»»♦!   LEU   N  -   1; 

EN! | 

ALAiN:REC:«««l; 
lr   ÜC   LEJ   Nn'EC   THEN   CO   TO   NEXT; 
t 
iAll:    If   NN   itR   I   THEN   oECIN 

HCHANNEL:»!; Z:»1./NN; 

nnb:nuu:3 
OnSiOllFH 
nnb:ni23:n 
nnb:ni24:^ 
Onb:rizb:3 
wistfliasi] 
nnsiflli&iS 
OOStMilt! 
nnb:(il2A:n 
nnb:riiE:2 
nnb:(iJl 
nnb:ni31 
nnD:ri3l 
nnb:ri31 
mb:01Jj 
nrotfU j3:r 
n(b:i'ij7:3 
n'lb:ni3d:l 
rinb:ni3C:l 

nnb:ri4j:c. 
nrö:ni47:3 
nrb:(U4b:b 

HAStttlSCtl 
nn'jrPlöfcM 
nnbrfiioi): i 
nnb:ri7A:i 
nribioncif1 

nnb:riBb:4 
n^Stftiiitfl 
pnb:riibb:n 

nnb:i i6L:z 
nPb:fibL:i! 
firbiOlbS:^ 

nr.b:nisc:', 
Ofib^UO:,! 
ncb:ni4b:2 
OQiiflUSti 
nnbidlPf:'. 
(|<IStAliJt« 
nnb:nns:4 
nnb:PlbL:l 
nr'j:01C3: 3 
flASlAl^ltfl 
nnstfliccii 
nnb:ni:F:. 
nosiMCft« 
nn5:ni:f:4 
nnbiOlCf:4 

(inb:nU2:^ 

nnb:riL3:J 

—v ^^ -J 
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Dj »csiri 

IF'BOOLEUMICHANNELS. (»-NCHANNEL:!)»   THES 
H    NChANNtL   tUL   1   THEN   DO   BEGIN 

PS[K1:»*   *   Z; 
FSAll.K):«»   *   Z; thC 
UNTIL K:»**i liE'J N-l ELSE 
DO PSRINCHANNEL.K):«* • Z 
JNTIL  K:«**l   CEQ   H-l   ELSE 

SJ S;j{u.;:S,,!Sfi?wimi;i--wtcMim rÄPE icir>ii 
ÖO   TO   ► Mil ENU: 

CSVIKlt««  * Z; 
JN^iK):«*   *   Z; 

H»flJ 
II   NN   ^TH   I   THEN   DO   BtOIN 

CfNlRlt»*   *   7: QSN(H):-»  *   Z; 
iStffKft«'   •   z; CM|IC|»«*  •  Z; 

tN'j UNTIL K:»*** LEy h; 
WKUtiPKINIcklSKIP l)); 
FCk   N:HRNNtL:«l,3,4   DO   BtilN 

00   »M«M*   »   PS»|N:HÄNNtL,<l   U1TIL   K:"»*.   CEO   N, 
If    NCHRNNLL   tCL   1   THEN Neroone      ruaM   »- 

II"   i";!l"i,-   fWK««i  IM   UNITS)-./».HRLC.NCHKNNtL.^RN); 

ENL; 
t 

mufSil«M%/J"uww«»i.mi ma SPECTRA AV.KACED O^ER MI, 
" ftECOtCS.a>*KilCll   „ 

WKITt(PHlNTth.<Xlb."ACCEL."(X3."SUKKACE-.X4."COnP.   . 

1   «,   -cUiiiUSH". bUn/>.    K.K   NCHANNtL      . x    1. 1. 2. i. i   CO 
U   CrtRNNtLb.i4-MCK(«NNEL:ll   EyL   1   THE>I   NCHANNELl; 

11-   CKANNE'S.I^NCHANNEL:!!   EQl.   I   THEN   PSM NCHANNEL. J 1) 
jsriL J:»»*i  r.Lj N; 

kNL: 

||   CHANNELS   L3S   lb   THEN   CO   TO   E1NI; 

IMUMi   TOCETHLH   AIJACENT   KRtyLENCV   BANDS. 
It'll 
i>   LAV   TLLN   BEGIN 

X:»l./KSrEP; Y:";X',     *   *   v        Denn    n-.*   *   v. DC BECIN MfcuuNltji./rwwlfli "»!••• • »i   g» I'JI?;: , i1. 
v^tt J   n-««  *  x:       Pl&iJiJlt**      x;       rSH|«(<i|i*        *• 
cs5 jj-i* * -.;      öfWJ ti» ! «I      cswui:.* * 11 
OS-lJli"   •   »I        CH*IJ1:-'   •   II        ONWU):-   •   Y: 

iU   UNTIL  J:«**l   CEC   t5; 

LATR 

nb:niU7:T 

OnStftlDTt4 
PPb:ril9:2 
nib:nil)a:T 
nnS:ClLC:b 
nnstflicrt« 
rinb:PUl:4 
nnb:rit4:l 
nnärnitV:j 
QAStOlCfll 
lb  npvc LONC 
nnsiiiicft4 
aosiiiirnii 
nflSiAlfnil 
(MSttiroiS 
nnb:niF2:P 
nnbifiu 7: J 
n(ib:nUL:n 
OflütnirFti 

Tlb-.n^iCM 
in'j:P/il:2 
OfliiOZUifl 
nnSi02i4t2 
PPbtPilH 
nTj:r.224! 
nn'j:n227! 
nPb:P/:37i 
nnb:ri<;jR: 
PPb:P23P: 
mS:P23»:2 
nPb:P2JD:1 
nnb:P/;4y:l 
nrb:n24B:i' 
nnb:T21t:4 
nnS:n23T:3 
nit):3262: 

P/ot; 
n2oE: 

nns:n23(i 
0ri3:123D: 
Tnj:n2)2i 
fiPrj:P2<)C: 
QA^iOgK 
nP'jtdiSC: 
nnb:P2JD:b 
Ar.St*2fCtS 
nPb:n2iD:b 
PO'jiPiSEtJ 
nn3:n2JF:2 

r2A3:P 
PiAA:P 
niBP:b 
n2Bb:2 

:l 
i4 
lO 
:1 

3 
; i 

OOSi 
mi: 

:2 
ll 
i 3 

li 
;i 
li 

3 
3 

;3 

nosi 
Pdb: 
PPb: 
PPb: 
PPb:Pi:bB:i 

-V 
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VILAVktfital) thLPT:»i2B; J:sb5; 

3 3 Ä [ 4. J ): * '   *   X ; 

JKOlIJ|t>*   *  i; 
Vtil 1101 
PVtPEKlJ]:»l./rKtt1J ll 
iil)   UNTIL  J:»»   ♦   yibiVK»'fl  Stj   tNUPT; 

k 
t^DPt::'   »   2; 
II   ItilH   LLw   hrl   THtN   UO   TO   LOGPtK; 

>. 
tiii   IUE   bO   itGIN 

«   l'IEQiJ»R)i 
03 arjH 

iauiJ]i** 
Pit ill«*    »    r n J-IVJ. 
rSktitJ!:«* ♦   PSAl1,J*K1. 
Pb»lJ,J|:=-* ♦   Pia|1(J*K|l 
LSN(J ):«»   ♦ CbN|J + K); 
(.SWIJ):»«   • CS««IJ*K1; 
fNW|Jl:»,   ♦ CN^IJ+K); 
JMCUH1J1:=* ♦   jiCOI|J«R|) 
<r^3(-' 15 = '   *  tMONH |l 

tflU   imiL   <: = »♦!   CitC   -AVthQ; 

OrtC4|J): = «   ♦   ünEC4lJ*K ); 

PFA|2,Ji:=*   ♦   PSAli.J*«!; 
PfA|4#j;:'*   ♦   Pt*|««J«K|l 
tSlll J) : = •   ♦   USN1 J*K ); 
lifMIJlM*  ♦  0M|J«K|J 
IlMU] !•• ♦ irf'wl J*l< |; 
KCHKlJjt«1   ♦   K0NE|J*K1; 

S 

4 

3 

I 

iiai./mr 
«citii 

|«l./lAVtKO»fSTKP); 

UIH^IJ):«*   *   fc| 
•'J,J1:='   •   x; 

<:•   -X; 

PSIJ):^*   •   X; 

Mi 

iMUlJlt»«   *   Z; unH.4|J):«'   •   <.;          PSIJ):^«   •   X; 
Mlll.Jlt**   '   X; IJ«[J(J1:'*   '   X;        PSA;4.J1: = '   •   X; 
cmiJIt** * '•" BiMiUl«»* ' x;     cnuit«« * ti 
KSkUita*   •  >; rN»[Jl:»«  •  y;       gN^IJ):«»   •  Y; 

nC5:{i2Cn:j 

t»05i02C2ifi 
1)OSI02:ZI1 
nnb:n2C^:4 
nnb:n2:2:» 
nnsifliriiO 
nflStoaciii« 
nnb:n2Lb:n 
nnb:r.2tD:2 

nflStraknif" 
'in3:n2Eü:2 
nnb:fi2FC:0 
nnb:Ciir2:^ 
nost02r2i2 
ftrtSi02FltJ 
lU)^tft2Flt3 
n')5tn2F«tJ 
nflSiP2Fli3 
nPb:ri2hfc:3 
nrb:Pzhb,3 
ni5in2rEii 
nnb:n314: 
nnS:nj1A; 
0fb:r31z: 
nns-.oji?: 
ni»bifl5l7i 

nosiOiitt 
n'lb:n3lU:3 
n05i031Fi' 
nnb:0j2P 
l)nb:n32n: 
iinst',32ni 
nASiO]2li 
nnb:rj^l; 
nnb:n326: 
rir5:f J^'J: 
PflSt(,32»t5 
nrb:033t<:t-- 
nnS:f3JC:1 

nr.b:n341:J 
nnb:r,j4b:b 
MSiflJICtt 
nnb:T3U:u 

(Iflitfll&ltl 
Onb:n3b7:j 
|tfiSifl)S7i] 
nnb:13bLi:ri 
MtStPSiitS 
nOb:rJbS:. 
nrb:(i3bE:b 
nOb:ri3/4:L 

) 
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If 

-. 

M 

Mt-'tUl   »U   DIV   IVira) lial./FIEtt{J|> 
II   INTU  i:-*«ÄVtf:(,   CtQ   R  -   1; 

CKLCtfLtTI   ««Vt   LIRfCT'.CN   ANL   HPS   BlAf.   iilCTi!. 
.ft«   IrttS   ALZIH   irftLftVCi>'dl*l) ENJPT:«SJ; END 

tLit   DtCIN   VJ)Lft«CF(it«ftHr(tl ENDH:»Nrl; END; 

k:»l; 
LlH:lJO   hELJN 

U    LftV   rKt'i   J:»< 
eiit«»tftii»<)) 
CMt'CRIiilCji 

JftCOiVl«JftCOfc|K)i 
II   113  NLU   ".   THEN 

K 

ELSL   J:-l   ♦   <   DIV   MVtfj; 
: J3:»HSA( J,<); C44i*riftl4«lC] 
Wl3:««SKlK); (.14:»aS*lKl; 
Cl3i«CSN(Ki> BJ4iatM(R|j 

Klli^KOSEiK]; iii 
tlTfttaftlCTftN2(   liH   ,   -QIJI 
ELSt   iETÄ:siiGN(-jM)*PI/i; 

•   IbT./H; 
THE   DIKtCinN  Of   PIOrftCAIIM   <II<T   N- 
THE   DIRICT10H   ft«l!   »nlCH   THE   k«A»/LS 

«.(.i'\d<nsH«(fSTEF*K)4*2)*«2; 
EE  = .n«n2l4n}«ii. 

:«KThOiKl 

THEN 
-   :44)*'2 

ZEI«:«* 
ZE14 15 
i)ETA \* 
ftEIftiJI 
K2:>(Kl 
1   •   ?l«*2/ 
tl Lll KEfl ". 
•(K: = 2JI<I<(C33 
r LI | J ]: - nI< i 
C:«( i.   -   KH/( 1 .   •   KK); 
Ci«2«*AbCTftR<SaftTItill 
CKEiTl Jl:»!')'1. 'C/PI; 

LKLCULATE   K.dl<lER   COlfUCIENTS 
liIilECIICttftL   IGEEKICU'ITS   ARE 
An; J it«:u/rii 
Kl|J |i«tl3/IFI»ltl i; 
«21ji:»<C33   -   C44)/(riaK2ll 

4 COORDINATES. 
ARE  cor.r.inc DEC, 

4.*CJ4**2l/lU*eill   ELSE RR:»n.; 

It   C   1.SS   i.   TriEN   C:«l'.; 

Ot   MRECTIliN   KOh   EA, 
•RT   ANGLE   ZETA   NUl bET*. 

b2iJ|ta2.*C34/iri*K2)l 

CALCULATE .PECIRAL ncriNTS AND RATloS Oi   HOREMTI E1C. 
s^c.^^: »:n» JACOU<; 
till :«„! J^JfiCOSK/KU; 
•iin i«bl4*JACOIR/Klli 
t.2i' i*C44*JftC0M(/R22l 
HOi. :>CJ3*.)ALObK/IC22; 
411 :=C34,jHCCiK/K22; 

Hl2t«C14*JftCCM/RUi 
N21l*:iJ*JRCORR/Rlil 
N:2:»U34,JACGBK/K22; 

• THIS 15 unn. 
\ THU 15 NO; (gss). 
» THIS IS iUn  < J5E). 
\ THIS IS H2fl   (CC-EE). 
t ThI? IS Nnt   (CC-NN ), 
» THIS IS Nil   (C0-.»ti. 

t   (CO-SE)   k   NAb|J 
t   (Cu-SNI   I   NATJJI 
4   : .I.M   K   NAb[ J] . 

IK   NZERO   RfQ   ".   THEN   ANGl|J 1: »ARC:fcN2(   RMI   ,   Nin   » 
tL5E   ANMl llt'O.i 
ftHUIJ|i«*   '   lb"./H; 
If   NZERO   -ttv-   ".    »HEN 

»NJ?( Jl :=.,>'»RTA.2(    »••Rll    ,   IN/!'»   -   %"<!))   ELSF 
AIlc.2(Jl:»f'.; 

AN-2[J1:»'    '    .J'l./H. 

l)EMOIIliaNl'>*ai   ♦  Nni»»Z; 
If   LENPri   NK   M.   THEN 

KNEW1J!:x(Nin«(N2T   - 

DO 5 
fins 
MS 
nrb 
fifib 

nr.b: 
nnsi 

:jn2l   ♦   2.,NII1'N1 D/DE iOni   ELSE 

137A:J 

Cj7A:b 
r3/A:S 
0371:i 
nj7F:4 

nn-J:n3/F:4 
nnb:P3bn:^ 

n0SiA3ft(li2 
OT3:0 334:3 
nn'j:f 3bb:b 
•insiii3«ct2 
nnstPStFiS 
nnsin393t2 
nn>t03iSt2 
ncsiosscii 
niStn3iF 
nOStC39l 
nrstiisfi 
nrS:n3A2 
DflütASli 
B0Si03M 

DPStl 3At 
r3AF 
OjHb:(' 
n3li:2 
r'JfaD:^ 

nrib:njBL:i 
:)'TJ:03iD:2 
nnb:näC(i:2 
nfib:f JC7:b 
■inb:D3jn: J 

n(ib:rjLr:b 
nn^tn3ünii 
itn^insai 
nnb:n3u4 
RriSt03Cb 
Üfjb:n3L7 
nnb:fi3 JS 
035:0303 
fiGb.-njIb 
0'ib;i3DD 
nrb:(.jLF 
mb:n3Eri 
nnstrijtn 
0<IStOJE3 
(inb:n3Eb 
00j:n3£B 
nb:03tC 
nrö:03n 
00i:03r3 
nr.b:r3Fb:/; 
OOi:03F8:2 
nrb:rjfA:2 
nnsiOSfiiO 

A^. J 
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HSf^l l]|ail.| 

llM4(J ]tall.   »   •».»RNkrfl J 1/PI )/( 1.   -   KNt«l[ JJ/Hl ); 

QCridllJiaSaRII Jt'JOfll ); 
if    UNO»/   CTI   n.   AM   NNNIJ)   Si.lj   n.   ThlN 

XAIPh| Jl: = NZtRO/(2.*Pl*DK«Cr2)   -   ( \NN [ J )*2 . )/s:*N [ J )   tLSF 
XAIPHIJ):-".; 

MimtMfllj      NA2|Jl:»Mn;      NA Jl J i : =N2i';      Rll4IJ|l>kfl2j 
JASI) l:»1ll;      ,NAb| Jji'Nl«:;      ^7[Jl:sN21;      N^S ( J ) : »^22; 

II    JZER3   tU   H.    THtN   ICSII 
■.A1[I|:^T.;   NAimtsl.)    MJ(Ji|a1.)    «.^4|Jl: = n.;   NAb[J):«n.; 
^blJ]:«'.;       MTIJIis'l.)       *M(J]t«n.i 
END   FLSt   BtCIN 
Mttt&i int i<MriJ 01 T.it hvt.<Ai,t niNCNTS lii 'lon^jitj, NJT THK 

lyCRkSK   RATIO. 
'.Ml I J jtä'/r.ZLKG; 
KII4Jjii**/liSlkOl 
N^D| j|:«»/i.aH3; 
t Ni/,' 

L..J   ll<riL   <: -*    »    VALhV: 

MUj J) 
NAS( J ) 

s'/NZtKO; 
= VNZtl-C- 

M3| J): = ,/NZhRü; 

MMMJ|ta*/MflOl 

''j   JL.   LMiiFT; 

Ir   ILA»   AND   EllOPt   ÜQL   t)b)    HLN   «SCIl 
KtalNCfTi VALAVthv:s»   •   2; tMFl:«12h; INC   ELSE 

IK   LAV   THtN   IkCIK   K^LNLiPT+l;      VALAVLK C :»*   * 
li    (LAV   IHt   tNtl--,    LFü   Nrl )   fHi-r.   Ü0   TO   »,i:DIK; 

E,.LPT:-' 2;F.ND; 

N : »i; « K S T: » I ; 
kHILE   rVtPK,|Kl   ETI   ,**•»   10 btLIN  iISlia*«|t«KFtfi K:»**i;       tND; 

i A   .9t)S   SIC.   FLhKU  WAV t   HAS k   «AVELtNCTH   t^L   BUOY   D1A.=J   tT. 
WtST:=Nni;        \   10   HWINT   LOT ?LL   VALüt   UP   Tl   NVvUIST. 

If   TMbLtl   iHtN   WRlTl(PnlNTtR|5KlH   1)1; 
U    rKiLE2   IHtN   BLOIN 

■«I<ITE( FHIMth,<"NORnALIZtL   ANL   AVtkMOkL   CPPSS   SPtCTSA" ,/> ); 
• RlTtt FPINUK.h'J); WHUKPMNTHi.Fin);       WKITK Pk INTtK, H 1 (; 
Wi<IUI MHi1Ii«Fl&t| 
K:«l; 
IF   LAV   TriES   3t;iN Vt LM Vif U : » 1; L.^DPT : = fj b; 

TAL2:WKnE(FkIMEK,Fl2,Lü   12.»PI*H<fcwlKl,AVFPLh(Kl, 
P3(<l,PJf.| l^L.'SAl 3,H l,HJ,4[4,Kl,r3;J^l. ^SN(K 1,CS«| Kl.JSWj K), 
rN«(K j.^olF 1,BFTA| K l.CKtlTlK] )   IWTIl   K :*'♦VdLA V t K   CCQ 
t'lLFT); 

II    LNLrT   til   t'.   Tiltl.   ktolN   H:»6b;      VhLAvtK:-'   *   2;   tMJPT:=12b; 
tSu   ttSL   bH-lN   R|akllU1«lj      VALAVEFC:»«   *   /.;      ENDPT:»*   *   2;      END; 
IF   tNUT   Lt»,   l.'l   THtN   ÜG   TO   TM!I2: 

k 
EK D  L L j t 
hi<lTL( FHlNit;«, F 1/, I 0    |/.«PmHt^lirl,   AVtpkk|I   ♦    (K   LIV   AVLF^I]. 

FSIKItHSJtllfRlfPMI l«X|«r8A{4«R]fCSIill(l«1«fMfR|*Cfli|K|*CSH|K)i 
CNto|K |,vN«|K),HtTA| 1   ♦    (K   MV   MVtF3 ) ) .CktST| 1♦(F   I1V   AVEFi ) j] 

UNTIL     :»•   »   AVFFJ   LtO   WiST); 
LM)i 
IF    MlAdLFV   AND   I'A'tLLJ)   J:'   (TABI.kl   AND   TAttLEJ))   TMEN 
«,<i it( piiNrEij ;< i'' i p; 

rm'j: 141.!: 5 
lUib: n4n^: J 

Klii 14 12: 3 
Ofl'j n4nci 4 
1113; 141C: 4 
noii n4nEi I 
nnb. n41": n 
Ofib 0417: 2 
nnbj 14H: ti 
np'j r41S: r 
nnbs 141E: 2 
nnb r4iJ 4 
nni: n4<:3: 4 
nnj' 14^4. b 
im^j n42A: 4 
i»{i5 n««! 1 
nnb r>4iCi i 

nnj n4<it.: I 
nfij (42t 4 
nd'j n4 it 1 
no,. 1437: b 
nr.-j f.4 3i 2 
nnD n4JDi 2 
nrb P4if b 
nnb n4JF: b 
tmb n4 4l 4 
fifD r44b n 
nnb n4 4A 4 
nns r44C 3 
nnb 144C J 
nr.b r'4iL b 
nnb r*b4 r 
nrb n4b. n 
ino 34SS 3 
nri'j r4bb ( 
nn3 i4Da 0 

nrb ri4Si b 
nnb n4bi L 

nnb 04 71 3 

nn-j 04 77 2 
nns 1470 n 
nnb f47A ■ 
nnb ma 3 
nn-j 04 St i 

nnb n4AA 1 
nns (■4AF i 
nnb 04 = 3 4 
nnb 1  4rb j 
nns .n4b') sb 
nrö n4i^ b 
nob n4c^ t •« 
nnD :04:9 4 
nob Mtf .2 
ms 14ib I 
nns iM»2 |] 
■ins .l4r2 il 
onj 14r-4 .1 

I       it ^TLI .!■ 
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WHILt   IVfcfikijI   CTR   TLIH   tO   J:»**l; 
WhILt   PVtFkKlK]   CTR   .98S   M   K:=**l; 
II   TkbLKl  luEh  BtülN 
fiKtlCI'RlNIkil.rDftLXüll <HTflMI«M.fUlJ 
hKltti FIIII1Eil«FSIj 
U   (NOT   LAV)   IhfN 
WKlTEIFRIMtR^b.   CO   1 J , ÄVtH tR ( J 1 , ^ni J ] ,Al 1J 1, R21 J ), 

bl{J).k2(J)<   btTR[Jl.CKESTlJil     UMIL J:»»»!   Cti   Kl 
LLSb.   dtJIN 

VRlAVtrv: = l; tMPT: = bb; 
IftkitHkITIII,Klll1Ei.ril«DO   lJ,»»EFillJl.*«'NJ.«lNl.»2|Jl.tl[JJ.»2lJli 

IIT»m.CtEfT|JJl  U«ll Ji«**»»L»»tlfl  CEw  MDPT); 
IK   IHltr   ta  bb  THIN   ELGIN   J:»l,5;     VkUVkKl'«   •   2;   tk»rtl«12tj 

ifiMffli VALftVtr«: = *   •   2; ENÜHT: = «   *   2; END; 
IK   INCH   LLU   Nfll   ThtN   CO   TC  TAB3; END; 

LNt; 
\ViU   TAbLt   I   MEtk   iJ   AN   UNCONDITIUNAL   PRINT. 
»winifkikiktisKir ii>; 
»Kir;(r'Rl,»rL<,Klb); K: = l; 
»klTHVRINUR.Kn.U. [ 2 .*P1« K RtO [ K ) . NA M UK   HV   AVEKO). 

NA2|1*K   DIV AVLlul, ,.    , 
NPJIIK   OIV AI/KK'jl.SRlIlK   UI V   kKCFQ I« K*S| UK   DIV   AVt-Fg), 
RN^iiUK tu kviFdj.meaiUR DIV AVEKCI, kiiMlin tiv AVIFQI, 
iUIl   ♦   K   DIV   AVEK&l. 
NNNjUK   DIV   AVEKül.XALPHI i+K   DIV   AVFH.11   LNTIL   K:»**ÄVtKj 
OKI,   Mill 

\ TABU   5   IS   ALSO   AN   UNCONDITIONAL   PRINT. 
kklTlifklNIEPlSKir   1)); /,iir.w   ., 
*Rr.t(KHNlER,<"THLS£   PlOtltNT   RATIOS   SHOULD   BE   SKALL;   hCHELf.»   , 

"NCI   ♦   MP   (SHOULD   EdL   1.0).",/>); 
«RlfilPRlfHEh.KlS); kl'll , .    , 
',R!U(n.ir.UK.HS(DO   |2.'PI*KREU>-).''Äfc|l*l<   D1 v   AVEfC), 

«•7tl»R   DIV   AVLKJ J,>(AB(l*iC   DIV   AVEKJ), 
hAltUK   DIV    MVEKC!   ♦   R«2(UR   HI   »»««ill 

UNTIL   Rta*«Mtl 9   CE'w   Ml > ; 
-. 

IK   ,"U<:H<S   TrttN   BtCIN 
J:*i; 
IK   (NJI   t-AV)   HKN" 
kinEUUKCfkl.<kll<,.2>«    DO    [LSN[Jl.^H!Jl.CSWlJl..Si»lJ 1,CN»(J1, 

UKklJ)«MiJM^EONil   UNTIL  Jta*«kVEF(  CEi.  Rllll 
ELSE   tECIN 

.AI-ULKJ:-1; üMBfTl»*iJ 
KUNJiktnlTLiKUNCHER^bEl".-■•,   DU   |CSk( J]»tfSN( J].CSU| ) ],03k(J |.Cl|K|J |< 

.1^1 ll.PSlJl.KKbwlJll   J^TIL   J|a*«VfcUVEFg   UEJ   fcMOMI J 
H    INUKT   EVL   lb   THEN   RUIk   J:«6b;      VALAVEFt:^   *   2;    KHDPT: = I2e; 
END   ELSE   BEUIN 

Jt«II9Pr»U VALAVtKw:»*   *   2.- E^DPT::'   •   2; END; 
.      IK   ENDPT   LEO   Ml   THEN   .,0   To   PUMl; END; 
tr,D; iK  PUkCWS  "HEN BEUIN 

U   INOT   LAV)   THEN     fafUIN 
J: = i;*RlTE(IUNCHLR,<bEl".2>.D0 PSAjLJ) UNTIL J: = MAVEKQ -E^, Ml . 
Jtalf«4UMPU>ICHkK«<IKl1.2»»D0 PSAfi.J) UNTIL if*>h1if<l »tj NMl); 
J:'l;»,ÄirK:,UN':HE'<,<dEri.2>.D0   PSAIA.J)   UNTIL   J: = «»HVEFJ   BKj   Nfli); 

END   EblK   BE^IN FOR   v:*!.    J.   <        M   3EclN 

VALÄVEKt:«!; EiiDFT: = bD; J:«!.- 

IUNz:khnE(KUNCHER,0,H(,.,>.DU   PII.|R.J]   UNTIL   Jl«*»f»U»irt   BM   ENDPT); 
IK    KUDKT   EU   bS   THEN   hECIN   J-.'bb;      VALA VEK.!: «•   '   2;   tNDPT: = 12b; 
ENL   ELSt   BEUIN 

I: = LNr)Pr»l; VALAVEKJ^»   •   2; ENDPT:»"    •   2; END; 
IK    r.NlH   LK*   NTl   THEN   UO   TO   PJN2; END; END; 
t;iL; IK   I'UNCHLS   ".HEN   HEGIN 
|»    (NUT   LAV)   THEN   HEUIS 
K:;N1l   UIV   AVErn; 
JS«tl4RItk(rtt«C4KK.<«kin.<»<B0 1KREJ1U(J-1)'ÄVEKJ1,BETA[J], 
CREJrlJl.H'iJI.Ali I1.A2[ Il.BlU l.b2[Jl| UNTIL J: = «»l Gt.v Oi 
tiH   ELSt   BIUIN 

.MLAVLfj:»!; ENuPTt^U1); Jl«ll 
f'Ut.J:i.KriL(KUNCKER,<tEll.2>.   LU   [ K REOl J 1 . BE! A [ J i, 

CRl..ilJl.Al'lJl,AlIJl.A21Jl.lilJl.lt21Jll   UNTIL  J : = •♦VMLRVE F«   CEU 
En DPT); 
IK ENDPf EJL to THEN kkGtl J:*bb:      VAUAVEKJ 
tNt ELSE BEGIN 

J:=tNLPT«I; VRLAVEKu:1*   '   2; ENDPT: 
II   ENIPT   lit,   RRI   THEN   CO   TO   PIIN3; END; 
END; 

HM:ENL; i   END   C K   TAIN   bLUCK. 

•  •   2;   KN0fti*l2ll 

» * 41 END; 

-D. 

nniiOAf1):*   c, 
nnj:C4FB;n   bb 
nnb:r4KE:3 
0nb:rbn3:J 

3 nnD:n5T4:2 
nfi5:PbI7:4 
nr.b:r.5iD:r 
dObirblD:^ 
nOS:fb3I:l 

4 005:0^43:0 

nPb:Pb5L:b 
n0b:Pbb9:4 

5 finb:Pb6E:i 
b .llj-.ObjE:! 
b n05:Pb73:'' 
4 nnb:fiD74:2 
3 nnb:nS74:Z 

n(VJ:Pb74:i 
i.TbcOb; ): 3 
00b:0b7K:4 
nOb:rb8E:4 
0n5:nbJ2:I 
riPbiCbSCM 
015:13^7:1 
nPb:PbAA:4 
P(ib:PbB2:2 
DASiOSsaii 
fiPS:rbEfa:4 
nr^tnsMt« 
nnsiPSkBti 
nr.5:P5bK :H 
n'ib:3b:3:2 
P('b:l|bC9: J 

inD:nbL;b:4 
nob:PbIF:4 
nnb:n3E4:4 
ni.'j:rbtb:4 
r>0Stft5E«i4 

3 Pfb:PbEC:j 
m5:TbED:i 
nnbiftbkCt3 
nnstPkdit« 
OUb:PtOB:J 

4 mb:Toll:l 
n(ib:nbK:4 
irib:0o27:2 
nOb:Pfa3b:4 

b nP,j:Pfa3R:l 
b 003:0»jA:4 
b mSt<lft)F|1 
4 00Si«k4Pl2 
3 Pnb:fi6-.1:1 
4 nfl%tP642in 

IftStflkiltl 
m j: (1 a a o : 4 

onsirikfsil 
b Pnb:Pbön:^ 

npb:r.bb2: 3 
Oiij:Pbr)4:4 

h n(ib:Pb':,3:l 
b fnb:OB39:4 
t rio^pfabt:!' 
4 0(ib:rfah2:3 
i Onb:nbAJ:z 
4 i>n!ttBik4il 

Ofo:no-ib:4 
nnsin6i4i2 
nOD:PbCA:r' 

4 O0b:(ib:A:J 
niib:PbCC:4 
orib:Pblb:b 
nPb:nbEA:3 
OnStOkiFtl 

b tin&iPki4ti 
b Onb:nbF4:4 
b PPb:('bK9:P 
4 MStA4FÄt2 
j n(ib:PtFA:2 

BLOCKJOPb) IS   PbKC   LUNG 
STA:KCODE  13   StCIENT   on.in 

STACKCUDE(ni9) IS   ^Obl   LONG 
2 OO2:0,T7^:D 

bL0CK(nn2) IS   nr.94   LCiiG 
DATA IS   llö:   LONG 
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COMPONENTS 

The following is a list of the major components of the 

buoy, procurement source, and approximate cost in 1972. 

1.  Battery:  Lead-Acid 12 volts, 20 ampere hour 

capacity (6 required) 

Model GC12200 

Globe Battery Division 

P.O. Box 591 

Milwaukee, Wisconsin 53201 

2. Inverter:  12 VDC to 115 VAC 400 Hz 100 watt capacity 

Model 12400-12(w/input-output filters) 

Nova Electric Manufacturing Co. 

263 Hillside Ave. 

Nutley, New Jersey 07100 

3. Radio Transmitter:  Citizen band (Marine data channels) 

500 mw, modulated 

Model BT-109 (modified) 

Ocean Applied Research Corp. 

10475 Roselle Street 

San Diego, California 92121 

4.  Visual Beacon:  Flashing Xenon Lamp 

0.5 flashes/sec, self contained batteries 

Model 

Ocean Applied Research Corp. 

10475 Roöelle Street 

San Diego, California 92121 

$40 ea 

$250 

$150 

$200 

- i i i >1^i — —J 
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5. Vertical Gyro/Accelerometer Assy:  Includes Honeywell 

Model GG326C1 Quartz fiber accelerometer 

mounted on inner gimbal of Honeywell Model 

JG7044A45 vertical accelerometer 

Model GG1134AA01 

Honeywell Inc. Aerospace Division Dept 691 

2600 Ridgeway Rd. 

Minneapolis, Minnesota 55413 

6. Directional Gyroscope:  North seeking 

Model DG04-0122-1 

Humphrey, Inc. 

9212 Balboa St. 

San Diego, California 

7 .  Data Recorder System 

A.  Data Recorder/Logic Assembly 

Model 10015 

Monitor Labs, Inc. 

10451 Roselle St. 

San Diego, California 92121 

$6000 

$700 

$4000 

i 

B.  Incremental Digital Tape Recorder 

Model 1387 

Precision Instrument Co. 

3170 Porter Drive 

Palo Alto, California 

$2500 

■ ' Ai j 
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\ 

C. Low-Power Analog-to-Digital Converter 

Model ADC-12QL 

Analog Devices, Inc. 

P.O. Box 280 

Norwood, Mass. 02062 

D. Low-drift, low-power operational amplifier 

Model 153J 

Analog Devices, Inc. 

P.O. Box 280 

Norwood, Mass. 0 2062 

Buoy Hull Assy 

No Part Number 

Honeywell Marine Systems Center 

5303 Shilshole Ave., N.W. 

Seattle, Washington 98107 

Radio Transmitter Antenna:  3 needed 

Model AW257 

Ocean Applied Research Corp. 

10475 Roselle St. 

San Diego, Ca. 92121 

$900 

$50 

$10,000 

$75 ea 

) 
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