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Var iable 5&nd -Pass Wave Recorder s.~d its Use at

USNEL Oceanogra phic Towex

Robert R. Smith

Introduction

A pneuznattcally f~lte red wave -ecorder was bul1t~ using a

Wisncko type PZ43Of ~differential pressure tran sducer as the sensing

dsv~c.. The pneumatic filters are analogous to electr ical RC-circuJ .ts~

passiAg waves only in a desired pass ban d~ With the proper choice of

ftlt ers , the tide or swell or both can be attenuated to a great extent•

Hence the record obta1g~sd is bee f rom psw ell noie&’ so that longer

period waves can be seen.

The wave recorder is used on the USNEL Oceanographic Tower~

and filters are chosen to att ~nuM e swell by a factor of 100 and the

semidiurnal ides by a facto r of 1 2 With the equipment set up in

this way , waves with per iods from 3 minute s to 3 hours are detectable..

The minimum detectsble wave height is a functi on of freque ncy, but over

most of the pass -b*nd range , waves with 0 30 ft peak-to-peak amplitud e

c$n be detected

This type of pr.-fil t.ring wave recorde r ha. the advantages of

melting data quits easy to rtduce and allowing data On wave phenomena

in certain pass bands to be taken by direct methods U swell ii not
•t 

—

sttannat.d. some sort ~f electro nic or digital filtering is necessary and .~”1 ’ %

data cannnt be taken on a st rip chart recorder for long periods of time. ... ..
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Apparatus

Ao lnn r tube is ised ss a pressu re sensor . It is connected to

two air chambers by tubes contAining resistive materials . The a~r

chambers are then connected across the different ia l pressure tr ans..

ducer . ~See figures 1 and 2.a~. The chambers are identical solid-wail

volumes which , in the electri cal analogue~ serve as capacitors. The

resistiv , mater ial was a MUUpora filter , which i. similar to filter

paper but of very smal l porosity By choosing various pore sizes and

exposing various surf ace areas to the ai~ pressure from the .nn.r tube ,

the flow rate through these filters can be adjuste& The filters are glued

to aluminum discs with holes through the middle of them .. These discs

with the filters on them , ar e  analogous to electric al resistors . Many

such discs were made with various flow ra tes in orde r to have a choic e

of resist ances

M.~h.n~cally a resistive disc in series with a chamber is

snalogoul to an electrical RC -’filter , Since the re are two such systems

In p&rallel with each other , the total effect s tha t of a band pass filter

as shown in figure 2 Each RC .fllter must be calibrated to find T 
~ ftC

which determines the response of the wave recorder for any two fil ters

The two chambers are connected by copper tubes to the third

chamber , which confale; the pressure transducer A solenoid valve

• inside th. latter chamber connects both tubes when power to the solenoid

is off This safety device pro tects the pressur e trans ducer from overload
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while the equipment is being lowered , In coenecting this tub ing,

Swagelok fittings , which prov.d su perior to the conventio nal

flange fittings, are used

~ lectrtcal connectio ns are suppUed by a 4..conductor cable which

ii passed throug h a stuffing gland and extends to the platform at the

surf ace Twenty-e~gbt volt DC across two conductors suppli es both the

solenoid valve and the pressure trsnsducer, The other two conductors

are connected to the pressure t ransducer output .

Because the wave recorder is somewhat temperature sensitive ,

a the rmistor is Included in the appa ratus wf thin six inches of the air

chambers to get a simultaneous temperature record with the pressure

record. A bridge* made at NEL for the particular thermistor used is

employed to obtain a linear voltage response from 9 to 19 C. Both the

temperature and pressure are recorded on a two -channel recorder ,

Theory

Assume that a filter Is subjecte d to a pressure var iation

p(t)’. p5+ p~ 5”t wt , A. seen in figure 2, the flltet. are equivalent

to RC-fLlters~ whet’ 

•Olson 3 B . ,  and D.. 7 Brumley “Optimum Parameters for

Linearizing Therm istor Temperature Bridges, ” NEL Technical

Memorandum 460
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where

n is the number of mot es In the chamber at p~ ~
T is the temperature , KeJ.vth ,

R ~s the universal ga~ constant ,

is the rate of cba ng~” of the number of m oles of gas in

the chambe r if the pressure di fference across the

resistance is E~p.

The differential equation in stead y state ~a
d .

~ dt C -

Assum e a solution 7)0 (t) v ~ ~i~~(’~j t- 0) +~( ~

Then

~~+p3~) si~ ~t ~
.. f~~ ~os(~~~~~2Q 4 sh~(wt-Ø) --~~ zo .

Solving this equa t~on and using the fact that sin ~‘t and cos .Vt are

orthogonal . we get

p -‘ r.RTw C
~~~~~~~~~~~~~ 

(—
~~ ‘

*Snodgrass . F E . “Operational Manual Shore Wave Recorder Ma rk IX,.

Model 5, “Uni v of Calif • .~r ’at of Eng Research , Series 3, Issue 364 ,

June. 1954 , pp. 16-)?
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and K r 3
p4

Hence ~ PD c ø~~S-4-r%~’( r i~ T 44j~
Ps )

F ’s

The corresponding time dependent pressure in the chambe r is

2 .  —o
But ~~~ V

• RT

so I 
____________p~

t)
~ ~ s +

This is the same as the expressi on for an electric al P.C circuit , with-

time constant

ThUS b (t) r p3 + ~~o s i ~~(ld t— Ø)~ Ø ’ ( ~’~~.i G

Considering the case of a band -pass B.C-filter with time constant

for one section and 
~~ 

for the other , the signal

I
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-t p5 s i n  wt

app lied to both filters give3 the outputs. ”

—. . .Sh t (u t - Ø, ) , Ø,xt~~~’(7~~,),
P~ ~~~~~~~~~~~~~ Ø2 a~~~(1~~~),

which are simultaneous Inputs to the differential pressure transducer.

Th. output is E~ Eoi Eoa

—~~s n ( ~~t $_ _ _ _ _ _  

Pa
~~

- (7~~~ 
- 

‘
~~ i(T~~ 

‘-  

~~~

Co. It  ~% ~~~~~~~~~~~~~~~~~~~~~ 

~~~ — 
~ a~t~ ~ ote tho.1-rr~ c-~~COS Ø,- 

~~~~~~~~~~~~~~~~~~~~~~ 4~•
E m  A EGOS Ø, C6 i (wt~~~~~~~~05 ~~~~~~~~~~~~~~~

= P o ( C o s~~a (s,) i i.) t cosø~ -c 0S 1ut S1’,t 0.)
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ t2) J

p .Esbt w t (Cos~~ -c~s~4 4-~oE~ ~t (~ n~ ~~~~~~~~~~~ 
COS

Since sin ~st and cos U3 t are ortho gonal

max Fb ’p~(Go s~t$,_co52øv ) 2 .~(ç ~ Ø,~ GOS d~t 
— s~~u Ø~ cosØ~ )~~

?,l GO S~~1~ I cos al2 ‘ Z c o ~ Ø~eosØ 2 cos (Ø,-Ø~) ‘
.

This ii response of the filter for any t~ and any T
1 

and

Observations at the NIL Oceanographic Tower are made using

filters with time constance of T i = 3. 2 minutes and a~ 2 5 hours. The

net response for thes. two filters I.e plotted in figure 3
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Calibration

In the filters for which the time constant is less than one minute,

a sinusoidaUy varying pressure head could be used to determine T.

However , where it is longer , a step function is applied to the chamber

and 1 determined from the response.

For sinusoidal pressure fluctuations, the response B. is given by
I

B. z1jii’
1 

~~~~~~~~~~~~~~~~ 

. Severa l wave frequencies are applied to the system and

plotted against response. From this graph the w~ for B. 0.707 i.

determined and i~ is given by I

For step functions , I is the time necessa ry for the chamber to

change (1 •- .1~. )  of the total step change in pressure This 1. measured

by record ing the pressure in the chamber as a functi on of time,

From the theory , I = where is the static pressure.

Hence the I determined in these teat. had to be converted to the ~

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

Observa tions

The wave recorder was towered into about 50 ft of water at the

USNIL Oceanographic Tower . The filtering was set up so that

11 — 3.2 mm and ‘r2 2.5 hr. at this depth . The response curve for

these filters is given in figure 3~ The wave height was recorded on a

strip cha rt recorde r with a full scale of * 5 ft or ± 2, 5 ft depending on

th. magnitud, of the tides. Temperatu re and pressure were recorded on

a dua l cham~m~el recorder. Because the wave recorder was tempera ture
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sensitive, if the temperature of the water changed 1C  the pressure

could change up to 3. 2” of water~. This temperature dependence is ax-

pI~(ned by Charles ’ law applied to the gas volume within the air chambers

on the wave rec order , Becaus e the two chambers were connected to the

Inner tube through different resistances th~.s pressure chan ge did not

leak from the chambers at the same rate and hence caused a pressure

differential for certa in frequencies of temp erature changes. With the

equipment set up in this way data were taken continuously fr om 1300 on

21 Oct to 0900 on 25 Oct 1963 ,, and from 0900 on 15 Nov to 1230 on

19 Nov l963~ These original data were then reduced furthe r to optimine

detect ion of any waves which may have been recorded on the original cha rt.,

Redu ction of Data

The data were reduced by playing the chart paper back th rough the

recorde r 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 this time-compressed

record 1. shown in figure 5(b~. All waves with period less than 3 minutes

were filtered out by eye when 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 bend-pass filter to search for wave, of ‘various frequencies.
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The t ime  and date,. period, amplitude 0 and number of osrill aUons of all

waves w, ta ~rnp Vt ude g reater than 0 10 f t  or~ ~be fi l tered rec~ord were

measured ~1cr~, e an’~- w~~v~ wh~ b appo~ared on ~he ori ginal ~eeord with

ampL.tude g eater  than C. 20 1’ was noted. since the gain of the f’ tte~

was greater than 0 ~ in all hands from 0. :3 cycle8/rn~n to 0, 3 cy c les/hr .

Since the response of the pr~eun~at~c flJtere was n ot unity for all fre --

quencies and s~nce the water depth attenuated the wave height for higher

frequenciee the actual minimum wave he~ght noted was a fun c~t~ ov of the

period of the wave (See figure 4~ Any temperatur e changes whic:h

occurred ~t the time of the roted wave w~’i~e taken from the or~gthal

record

Result s

Eve ~v wave greater than 0 20 ft on the originai. was noted- The

amplitude of any temperature change that n’~curred simultaneously w~th

these waves was noted , The greatest possible effert on the pressure

record which these temperature fluctua tions may have ‘~*used was

compnted by Char1es~ law T~~ every ~:ase~ the wave height predicted by

Charles ’ law was within 25% of the ai~tua l wave height . Two poss lft es

are evident~ (1~ that the temperature fluctuations c ause the pressure

changes and no real waves are present , or (2! Jow frequency surface

waves ar e present , Lmplytng tha t . l.a general , aurfa e.e waves of these

freq uencies have internal waves (which cause the temperature fluc tuations

noted) associated with them Thi s problem was resolved when more data
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were taken from 15 Nov to 19 Nov. DurIng this timeL the temperature

cba~g.d abrupt ly on three occasions , but remained constant both before

and after each change-j The pres sure changed Lu a fashion simila r 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 chang e

In tempera ture and the aa~~ cinted pressure response. The difference

between the actual and predicted pr essure changes is less than the accuracy

of the strip chart recorder.

Assituning that th ere are no real waves with a waveform like that

in figure 5~ah any temperature change of the right frequenc y ~period of

about ten minutes to one hour) will produce a. correspond ing pressure

hagge In the gas Thus any pressure wave indicated by this system

must be discounted as a possible surface wave if accompa.ni ed by a

temperat ure change of appropria te magnitude .

As noted above all pressu r e changes greater than 0. 20 ft had

temperature changes associa ted with them the diffe rence 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-compressed pressure record By referring back to the original

shown in figure 5(c~}, we see that these waves were accompan ied by

temperature fluctuations with magnitud. of about L 0 C  By Charles law

the pressu re fluctuations should be about 3, 2” 0. 27 ft . The actu al

pres sure chang. is about 0. 30 ft . The differe*ce between the actual and
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predicted or essure changes Is less than the accuracy of the strip chart

recorde r Hence temperature alone ca .iaed the pressure fluctuatton.

Without exception., the reduced pressure 2.uctuations and their associated

temperature fluctua t~ou~ were of appropriate m agnitude to be explained

by Charles ’ law - - Also there were a few cases where the temperature

was constant for beveral hours and there were no visibie pressure fluctuatio~~

during these hours of constant temperature *nce all waves greater than

0. 20 ft.. were reduced , there were no real waves greater than 0.. 20 ft on

the original cha rt- . Therefore , ~here w~ re no real waves abov, the

m~nimum detectable wave be~ght during 21 -~Z5 Oct and 15- 19 Nov

The m n ’m’Lm detectable wave h& ghi La the mln~mum observed wave

he- ght on the o’l giAaI (5 n  this case, 0, ZO ftt  divided by the response of

the wave recorder and divided by the a~teuuatLon of wave height due to the

depth of the recorder ~ The minimum detactabl e wave height ~.s a functiot

of frequency and is plotted in figure 4 Srce  no waves were detected

during the weeks noted, the maximum posa~ble surface wave height is

given by figure 4-- For example from the fi gure we vee that there were

no surface waves great er than 0. 30 ft with periods between 18 m~n and

3 hrs The response of the recorde r is still high above 3 b i~ but

1Snodgraes~ F E - ~. “Ocean Wave Meae~ rements, ” Univ. of Calif.. inst

of Eng . Re search , Series 3 J~saue 342 , Aug 1952 , F~guro 2~ ~Prossnre

respon se facto r for any submergence in an~ depth of waterè.
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!..!‘~terCe r .’r- c c ,rn .~-. t~des p ‘v ~ *:-d :~~-~~ ron of wave.~ above h a

p~~-’ - ) d  Also ~o w~ vcs w~ t ’~ per io :i ~es rn - r ~ ,‘~id b. deie : tecj

beea~~~- of r t ’’ t~-~ er~~e f v ~,’ - 
~~~~~~

Recomr~ cr . ’i~it ~or~s

‘The w ave re’~order ~~ tiet ’n ~s~ u ~~~~ i~~~P ’~ to ~~~~~~~~~ i ts hi gh

r eJ i abt~ it v ove r sevc .ui w~~e’~-~ t~ f o,i~ ri ~us r ecor d ’n ~ The wav.~

rerorde r is ror ~ en~ for  r n e a s u r~~~~ w av e  ~.e~,rht f o r  long p eri ods of

t i~~ie % f the Lo ss of data wi th p t ’ r~ ds ar  ~~~~ or t - d e  ~~ not r~ portant

Si r r : e  the m barnr .~l : l~ —’r baa a ~~~~~~ a i  rut  ott awell ~‘.o as~ pr events

observi ng .‘~~“es w ft p e r  cd ‘~s -~~ ii~ th -ee n~’~:u~~ s A better method

to measure h gber f r ~~~~u : n e ’. waves  ~ :.~~~~ 1 b~-’ to  r eco r d  aLl  wave~~.

t h — J u d~n~ ~wr ~1ls , n a r n ag i~et ie  e ~~r .a~ e ~~~~~ der ar~~ br ng ~~ese

data ~ ar ~< s o  the 1aborator ~ wher~ ~~~ ‘-p cu t -  oil - -- a t  f a l ters  a re

.~va l a t i e  r l) sb  woul d perrm t a i ’ &—~ ~~~ ~~ e1l ro a at f ’~ciei-~t extert mi~d

at ~ 1l ret .1m~ng waves  with f r e  ~e~~r - ~ r ear  swell fre quen cy The d-sad--

va~ t;j - i~ of this method , wh~c~i r.a not e ~~~~~~ wt ij .  the wave recorder , ~s

that la rge  amount s ~f dat a ‘,-.,ould ba~~ to be take.n and waves eould flØ~ ~~~

recorded too l ong w’thnut a forb . dd~t~~ ~‘ 
— ~~~t o~ data hav~ng been taken

~ri Lb . a memorandum , the wa:r  r~~~~’~~ d~ r was used only o the ocean

w her e  ~we1J and t~de noise are app re~ i~: W~ For other app U.’ationa

where undesir able back gro~~ d notse ~~ay o~ cur at different f requencies ,

the time constants of the system ca.~ ~it cha r~~ed to measure any wave from

1z
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The author wishes to express appreciation to Dr A., A. Hudimac

~~

i

for the initial design , which was simila r to a design Dr-, Hudirna.c used

iii 1q53 - of the wave recorder and many subsequent suggestions

Jay Burritt . Code 4343, also r~ t c - ~~~ m any helpful suggestions in

conetruction of the recordex and coordinated the efforts of the machine

shop. weld~ng shop, etc

Hudirnac , A. A , “A Momentum ~ ~ .‘e Recorder , ” NEL Report No. 359

(C’, 18 ~ .arch 1953
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