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Variable Band-Pass Wave Recorder and its Use at
USNEL Oceanographic Tower

Rober: R. Smith

Introduction
N\ |

A pneumatically filtered wave recoxder was built, using a
Wiancko type P2-1306>differential pressure transducer as the sensing
device. The pneumatic filters are analogous to electrical RC-circuits,
passiag waves only in ; desired pass band. With the proper choice of
filters, the tide or swell or both can be attenuated to a great extent.
Hence the record obtained is free from Jowell noise" so that longer
period waves can be seen,

The wave recorder is used on the USNEL Oceanographic Tower,
and filters are chosen to attenuate swell by a factor of 100, and tl;e
semidiurnal tides by a factor of 1, 2. With the equipment set up in
this way, waves with periods from 3 minutes to 3 hours are detectable.
The minimum detectable wave height is a function of frequency, but over
most of the pass-band range, waves with 0, 30 ft peak-to-peak amplitude
can be detected.

This type of pre-filtering wave recorder has the advantages of
making data quite easy to reduce and allowing data on wave phenomena
in certain pass bands to be taken by direct methods. If swell is not -—-—_L
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atteruated, some sort df electronic or digital filtering is necessary and ""‘::"' g

data cannot be &kcn on a strip chart recorder for long periods of time. ,..m.._._.u.E_
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Apparatus

An inner tube is used as a pressure sensor., It is connecied to
two air chambers by tubes containing resistive materials, The air
chambers are then connected across the differential pressure trans-
ducer. (See figures 1 and 2a). The chambers are identical solid-wall
volurnes which, in the electrical analogue, serve as capacitors. The
resistive material was a Mill.i.por@ filter, which is similar to filter
paper but of very small porosity. By choosing various pore sizes and
exposing various surface areas to the aix pressure from the inner tube,
the flow rate through these fiiters can be adjusted. The filters are glued
to aluminum discs with holes thxough the middle of them. These discs,
with the filters on them, are analogous to electrical resistors. Many
such discs were made with various flow rates in order to have a choice
of re.iot;nce‘o

Mechanically, a resistive disc in series with a chamber is
analogous to an electrical RC-filter. Since there are two such systems
in parallel with each other, the total effect is that of a band pass filter
as shown in figure 2 Each RC-filter must be calibrated to find T= RC,
which determines the response of the wave recorder for any two filters.

The two chambers are connected by copper tubes to the third
chamber, which contains the pressure transducer, A solenoid valve
inside the latter chamber connects both tabes when power to the solencid
is off. This safety device protectis the pressure :'tunlducer from overload
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while the equipment is being lowered. In comnecting this tubing,
s\umgelokG fittings, which proved superior to the conventional
flange fittings, are used.

Electrical connections are supplied by a 4-conductor cable which
is passed through a stuffing gland and extends to the platform at the
surface, Twenty-eight volt DC across two conductors supplies both the
solenoid valve and the pressure transducer. The other two conductors
are connected to the pressure transducer output,

Because the wave recoxder is somewhat temperature sensitive,

a thermistor is included in the apparatus within six inches of the air
chambers to get a simultaneous temperature record with the pressure
record. A bridgo* made at NEL for the particular thermistor used is
employed to obtain a linear voltage respanse from 9° to 19°C. Both the
temperature and pressure are recorded on a two-channel recorder. ’
Theory

Assume that a filter is subjected to a pressure variation
p(2)= ps+ po sSmwt, As seen in figure 2, the filtess are equivalent

to RC-filters, where

-—-—.—.—--..——.—-_-...——.o‘--u—--‘h G - ——— - - — o Wt St s il S g A

Olsoap J. R.; and D. F. Brumley, "Optimum Parameters for
Linearizing Thermistor Temperature Eridges,' NEL Technical

Memorandum 460




capocitance,

Do,
Ps
Ps
where

n, is the number of moles in the chamber at Ps ’

T is the temperature, °Kelvin,

R is the universal gas constant,

;‘.‘t‘ is the rate of change of the pumber of moles of gas in
the chamber if the pressure difference across the
resistance ie ap.

The differential equation in steady state ie

. d .

Ps +p°smwt—r3—.&v-~gs PsthSim wt=r

Assume a solution 7, {t)e A sn (wt-¢) +K,

Bl
Ps

5

cn-.
< = 0o

Then
ptpsmut-r Bl Awcos(ui-8)- 2 sin(wt-g)-%=0.
Solving this equation and using the fact that sin ¥t and cos Wt are

orthogenal, we get

___..ET_."’ = 1 e M
Brtanpt &Jcos g ’ ot B R

A =
[wr

-___-- - - - b — - — - - . - — - T

Snodgran F E . "Operntional Manua) Shore Wave Recorder Mark 1)(
Model 5, "Univ. of Calif , Inst. of Eng Research, Series 3, lssue 364,

June, 1954, pp. 16-17
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and K= p,C,

ence = ¢ 53n(wt—-¢)+ ¢, #=+ -1y rRTwC :
Hence M, () F——E"—-—'—‘H rTaen Ps an”' ( R )
Ps

The corresponding time dependent pressure in the chamber is
Z,_Q._;_t—)-_: P‘ '5in(wt'¢)+P$‘
v+ (FTwe R)Z |
Pe

w g
Btc--ﬁ:ﬁyf

Po(t) =

Pe sin{wt-9).

" RO Pt lrel)

Thie is the same as the expression for an electrical RC circuit, with
rv

time constant ')"! —
Fa

e e (t)= - i t- =tan~' (Tw) .
Pe( Ps+#=;+(7-w)z sin(wt-d), g=tan™' (Tw)

Considering the case of a band-pass RC-filtex with time constant T,

for one section and T, for the other, the aignal




p(t)= p, + P Sin wt

applied to both filters gives the outpuis: \

or = Ps Friomms Sin(ut-4), g,= fan”' (70

=4

E._=p + sinf(wt-d,), B2 Tan (K w),
A Y6 %)y

which are simultareous inputs to the diffarential pressure transducer.

The output is Eg = Eoi ~Eoa

= ) i t-¢,)- 2 S t-
JTEE S Gl by S0 (at - 4),

ol ARG P B and ot et

Ccos drz _A_F_“’ cos ﬂz. Az

Eo= nLcosd Lsin (it 0. cos §, [sin(wt-)7]

= Po[ cosd(sin b cosf ~cos wt sin @)
“Cosd; (sinwt cosd,~coswt simb,)]

= Pl sin wi (cos?g, -cos24, Y +cos wt (sm 8,cos @, -sin ) €05 #)]

Since sin Wt and cos Wt are orthogonal

Eo max = PDV(COS’¢,’C0$2a¢)z +($ in “z cosd& -sin ”603; "

= PV cos?d, +c0s?d - 2 cos Brcosdr cos (B ~-do)

This is response of the f{ilter for any @ and any 7, and -

Observations at the NEL Oceanographic Tower are made using
filters with time constancts of 7; = 3. 2 minutes and =25 hours. The

net response for these two filters is plotted in figure 3.




Calibration

In the filters for which the time constant is less than one minute,
a sinusoidally varying pressure head could be used to determine T.
However, where it is longer, a step function is applied to the chamber
and T determined from the response.

For sinusoidal pressure fluctuations, the response R is given by
R= v‘-;:?:’fwﬁ . Several wave frequencies are applied to the system and
plotted against response. From this graph the @, for R = 0.707 is
determined and T is given by T = _éa

For step functions, T is the time necessary for the chamber to
change (1 _é,) of the total step change in pressure. This is measured
by recording the pressure in the chamber as a function of time.

From the theory, T = LP% . where R is the static pressure.

Hence the T determined in these tests had to be converted to the T

assoclated with a head of 50 ft of water, which is the head used at the tower,

Observations

The wave recorder was lowered into about 50 ft of water at the
USNEL Oceanngraphic Tower. The filtering was set up so that
T} = 3.2minand T2 = 2.5 hrs at this depth. The response curve for
these filters is given in figure 3. The wave height was recorded on a
strip chart recorder with a full scale of + 5 ft or + 2.5 ft, depending on
the magnitude of the tides. Temperature and pressure were recorded on
a dual channel recorder. Because the wave recorder was temperature
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sensitive, if the temperature of the water changed 1°C, the pressure
could change up to 3. 2" of water. This temperature dependence is ex-
plained by Charles' law applied o the gas volume within the alr chambers
on the wave recorder. Because the two chambers were connected to the
inner tube thirough different resistances, this pressure change did not
leak from the chambers at the same rate and hence caused a pressure
differential for certain frequencies of temperature changes. With the
equipment set up in this way, daia were taken continuously from 1300 on
21 Oct to 0900 on 25 Oct 1963, and from 0900 on 15 Nov to 1230 on

19 Nov 1963. These original data were then reduced further tc optimisze

detection of any waves which may have been recorded on the original chart.

Reduction of Data

The data were reduced by playing the chart paper back through the
recorder at a much higher tape speed and a voltage generated manually
to reproduce the ordinate of the original data. This output was recorded
on an FM tape recorder and then played back at a higher speed. The end
result was a signal on tape that was the same as the original, but with a
frequency multiplication of 192. A portion of thie time-compressed
record is shown in figure 5(b). All waves with period less than 3 minutes
were filtered out by eye whan' the original data were traced. The data in

this form were much more compact and easier to reduce.

The signal was filtered with successive band-pass filters using a
Krohn-Hite band-pass filter to search for waves of various frequencies,




The time and date, period, amplitude, and number of oscillatiors of all
waves with ampiitude greater than 0 10 fi on the filtered record were
measured Hence any wave which appeared on the original record with
amplitude greater than O 20 fi wae noted, since the gain of the filter
was greater than ¢ 5 in all bande from 0,3 cycles/min to 0, 3 cycles/hr
Since the responsge of the pneumatic filters was not upnity for all fre-
quencies and since the water depth attenuated the wave height for highex
frequencies, the actual minimum wave height noted was a function of the
period of the wave (See figure 4, Any temperature changes which
occurred at the time of the noted wave were taken from the original
record.
Results

Every wave greater than 0. 20 ft on the original! was noted. The
amplitude of any temperature change that occurred simultanecusly with
these waves was noted, The greaiest possible effect on the preasure )
record which these temperature fluctuations may have caused was
rormnputed by Charles' law. In every case, the wave height predicted by
Charles' law was within 25% of the actual wave height. Two poseibilitiea
are evident; (1) that the temperature fluctuations cause the pressure
changes and no real waves are present, or (2! low freguency surface
waves are present, Implying that, in general, surface waves of these
frequencies have internal waves (which cause the temperature fluctuations

|
noted) associated with themm This problem was resolved when more data |
; ’
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were taken from 15 Nov to 19 Nov, During this time, the temperature
changed abruptly on three occasions, but remained constant both before

and after each change. The pressure changed in a fashion similar to an
RC-response, the amplitude change being within 10% of that predicted by
Charles’' law in all three cases. Figure 5(a) shows such a step change

in temperature and the as2nclated pressure response. The difference
between the actual and predicted pressure changes is less than the accuracy
of the strip chart recorder.

Assuming that there are no xeal waves with a waveform like that
in figure 5(a), any temperature change of the right frequency (period of
about ten minutes to one hour} will produce a corresponding pressure
change in the gas. Thus, any pressure wave indicated by this system
must be discounted as a possible surface wave if accompanied by a
temperature change of appropriate magnitude.

As noted above, all pressure changes greater than 0. 20 ft bad
temperature changes associated with them, the difference in actual
pressure change and that predicted by Charles' law being always less
than 25% Figure 5(b) shows such a wave as it appeared on the
time-compresased pressure recoxrd. By referring back to the original
{shown in figure 5(c}}, we see that these waves were accompanied by

temperature fluciuations with magnitude of about 1. 0°C. By Charles' law.
the pressure fluctuations should be about 3. 2" = 0. 27 ft. The actual

pressure change is about 0. 30 ft. The difference between the actual and

10
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predicted pressure changee ie less than the accuracy of the strip chart
recorder. Hence temperature alone caused the pressure fluctuation.
Without exception, the reduced pressure {luctuations and their associated
temperature fluctuations were of appropriate magnitude to be explained

by Charles' lJaw. Also, there were a few cases where the temperature

was constant for several hours and there were no visible pressure fluctuations

during these hours of constant temperature. Since all waves greater than
0. 20 ft, were reduced, there were no real waves greater than 0. 20 £t on
the original chart. Therefore, there were no real waves above the
minimum detectable wave height during 21-25 Oct and 15-19 Nov.

The minimum deteciable wave height is the minimum observed wave
height on the original (in this case, 0. 20 ft) divided by the response of
the wave recorder and divided by the attenuation of wave height due to the
depth of the reccrder. ¥ The minimum detactable wave height is a function
of frequency and is plotted in figure 4. Since no waves were detacted
during the weeks noted, the maximum possibie surface wave height is
given by figure 4. For example, frorn the figure we gee that there were
no surface waves greater than 0. 30 ft with periods between 18 min and

3 hrs., 7The response of the recovder is etill high above 3 hrs, but
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*Snodgr;u, F E. , "Ocean Wave Measurements,' Univ. of Calif. , inmst,
of Eng., Research, Series 3, Jseue 342, Aug 1952, Figure 22 (Pressure
response factor for any submergence in any depth of water).
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interferrnce from the ifdes prevani=d detect'on of waves above this
period.  Also, no waves with period less than 2 min. could be detected
because of interference from the awells
Recommendations

The wave recorder hau been vsed sufficient!y 1o ascertain its high
reliabiliiy over several weeks of continuoue recording. The wave
recorder is convenient for measuring wave height for long periods of
time if the loss of data with periode near swell or tide is not important
Since the mechanical filter has a gradual cut off, swell noise prevents
observing waves with peried less thar three mipuies A better method
to measure higher frequency waves would be to record all waves,
including swells, on a magnetic ¥ M ‘iape Recovder and bring these
data back Lo the laboratorv, whexe gharp cut-off electrical {iltere are
available This would permit attenuating swell o a sufficient extent and
still retaining waves with frequency rear swell frequency The disad-
vantage of this method, which is noi a preblem with the wave recorder, is
that Jarge amounts of data would have to be taken and waves could nei be
recorded too long without a forb dding amount of data having been taken

in this memorvanduin, the wave recorder was used only in the ocean
where swell and tide noise are appreciable. For ather applications
where undesirable background noise may occur ai different frequencies,
the time constants of the system can be changed to measure any wave from
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The author wishes tc express appreciatica to Dr. A. A. Hudimac
F’ for the initial design, which was similar to a design Dx, Hudimac used
in 1953, * of the wave recorder and many subsequent suggestions.
Jay Burritt, Code 4343, alsc offered maanyv helpful suggestions in
construction of the recorder and coovdinated the efforts of the machine

shop, welding shop, etc
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- »
' Hudimac, A A , "A Momentum Wave Recorder," NEL Report No. 359

(C), 18 March 1953,
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