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ABSTRACT

Certain wmeasurements of the electrical and wmechanical
properties of translacers are o5f importance to designers.
These cabn be deterninad from acs-urate complax admittancs and
iapedance seasuresents aade throughout thz frequency range
of interest. Manial <collacticn of needed data is a
time-consuming procass that Lis prone o error. The
computerized system herein 3Aascribed substantially reduces
the +ime requirement and producas more accurate output than
car be obtained utilizirng manual methods. In addition =¢ a
general discussiosn of equivalen* circuits and +the
instruments employed, *his r2pd>rt includas saamples of plots
and calculated sarameters for piezoelectric and
pagnetcstrictive traansducars, the experizantal comparison
with traditional mannal methods and <the proagram listing for
two versions of th2 system 2:llowing varyiny amounts of

operator optisns.
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I. INIRQQUCIION

Trapsduction is 3afin2d in an extremely general sensa as
any conversion of 933 form 5f =energy int> another. The
devices responsible for this conversioan, in ei+her
directiosn, are transiacers. Pac “his author, the intarest
is the conversion of 21lsctricity into sound and vice versa.
Commonly, 2 transduzar that coaverts electrical energy into
sound 1is called a projector, loudspeaker, source or
transmitter. Thos2 serving tha reverse function are
commonly called hydraphones, aicrophones, or —creceivers.
Some types of transducers arz ceversible and are capabls of
£filling either role. Ihis study 3is restricted to the

analysis of reversibla transduzars.

A. MECHANISNS OF TRANSDUCTION

There are two basic types »f mechanisms commornly us=2d in
reversible electroasoustic transducers designed for
upnderwater sound, one invslving dintarac<zion bet 4een
sechanical motions 2nd forces 1nd electrostatic fields and

the other between zechanical wnxtiosns and £srces and magnstic

fields. Both typas are a3anzaable <to analysis asing
aquivalent electrical circuits; but, due to the basic
12
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differences in convantions used to describe forcss ir
electric and in magnatic fielils, <he details are different.
Magnetically couplel transducecs of the moving coil type
have the diaphram attached t> a wire coil suspended in a

wagnetic field. It is the int2raction of the currernt in the

coil and ¢the magnetic field that Zinduces a force or the coil
and causes the diaphiram to md>ve and radiate an acoustic
vave [ Ref. 1]. Thase classifications wmay be <further
subdivided based on the @motoar mechanisas involved (i.e.
electrodynanmic, elactrostatic, aagnetic, aagnetostrictive,
and piezoelectric) [R2f. 2]. Th2 classificatiosr systeams for
trarsducers vary depa2nding up>n the analysis beirg done.
Descriptions of varisis classifications are presented by the
previous references as well 2as by Heaslip [Ref. 3], and

Sherman {Ref. 4].

B. PURPOSE OF THIS SruDY

A1l =2lectroacoustic transducsrs may be considersd as
beirg composed of elactrical elzments so that *he analysis
of the transducer is gre2atly simplified if an equivalient
electrical circuit is usei.

While the amost -ommon transiucers currently in use in |

underwvater sound ar2 made of piz2zoelectrisz materials, *he

13




aim of this stuly is ta> provide a generalized,
sepiauntomated seans of obtaining meaningful ¢transducer
measurements on any type of transducer with the operator
having ainiml knowl2ige of the device.

The 3zquipment s2t-up utilizes basiz devices (2.4.
voltaeter, sweep 9scillator, Dranetz impedance meter,
amplifier) interfac21 <¢5, 2anl controllei by, a desk-top
coaputer. This iaterfacing scovides ad>re precise Jata
acquisition than c=an be obtained from panual plots
in*erpreted by an oSp2rator. he *ime saving factor is 2
major motivation for this choizz.

Certain measuramzats of th2 elect-ical and mechaaical
properties of the transducer ar: of importance to designers.
In some casas, it is desir=able <to have the resonant
frequency fall withia a particular range. More likely,
there will be concern for a hijh electromeshanical coupling
coefficient. Effici=acy say be the majeor concern or pzarhaps
it is desired to hav2 high 1losses and, therefore, 2 low
mechanical quality factor with consequent "flatness" of
response (Ref. 5]

Direct aeasur2ma2nt of thase values 3is nect alwvavs

possibla. Hovever, many of tha slectrical ccmponent values

14




needed to calculate aechanical parametars can be readily
obtained from properly annotatzd impedance and admittance
piots for a particular ¢ransducar.

Currently, thera are autsmated systems design=2i ¢o

aralyze A£ransducers, such as ti2 WQM-12 [Ref. 6]. Few are

small enough to be r2adily traasported to the transducar as

is +his system.

C. PORNAT OP THE REPJIRT

The basic physizal ard 2lectrical theory wus2i inp

preparation of this report 1is presentei ir Chapter 1II. {
While more thorough analyses >f transducers and equivalent
circuits may be founl in some of the refsrences, only data
pertinent to the measurements sbtained by this syst2a are
presented.

Chapter 1III explains the interfacing between various
components ¢of the equipm2nt s2t-up and ths computer. The
operator/computer interactioa is also addrassed.

Represaentative samplas of computsr output are included.

Chapter IV briefly describhes +*tha “esting and evalua<+ion
of the systea and pr>jram. Th2 results and conclusions are

presented here.

15




The computer projraams writtan in BASIT computer language

are iacluded in appenlix .

15
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Ir. TIHEQRY

Since much of *ha physics and engire2ring involved in
discussions of tcansducers is clamon to both

electric-coupled 2n3 magnetis-zoupled <transducers, this

report will make a1 ganeral approach and point out

differences where thay occur. Table I, 2t the end of <¢his

chapter, contains a listing 5f symbols used in *his raport
and refers to syabdlogy us2d in some of the references

cited.

A. GENERAL

The approach asu2lly taka2n in s=lectrsacoustic analysis
is to use an electric circuit :> model “<hs <transducer. In
simplest fora one may us2 a tw>-port netwdrk with ons port
representing the slactrical tarminals and *he other ths
mechanical terminals. Analogs for forcs and speed nay be
voltage and current »>5r vice versa devending on +he %ype of
transducer.

The canonical =23juations d2scribing the behavior of <he

two port transducer may bs writtar as:

V22 I + Tem'U (2.1)

and

17




[RPr———

Jroe

PeTp;I ¢ 2,0 (2.2)

vhere V and I are tha voltage and current at the elactrical

port and F and U are the force and velocity at the
mechanical port. Tepy is a transluction co2fficient relating
the elactromotive force at tia electrical port ¢o <the
velocity in the mechanical net, and Tpe 1is a tramsduction
coefficient that rslates tha force developed at the
mechanical port of a two-port natwork +to the current in the
electrical mesh (Ref. 8]. ¢ is the transformation fac*or
ard may be defined as ¢=Tep/Zp. The cancnical equations for
a pmagnetically coupl2d4 transiucar of the moving coil type

are:

FP= -B-1-1 + Zm'a (203)

v=Z,-I + B-1-0 (2.4)

where 3 is the magna2tic field and 1 4is the length of the
wire in +the coil. (Note: This choize is wvalid for
eiectrodynamic transiucers (moving coil) as written usiag
B-l=Teme- Magnetostrictive traasducers obay the same set of

equations but Tem# B-l.)

18




Por electromechanical coupling, Pigure 2.1 shows typical

circuits and transformations  Raf. 7].

o 7% 154 Ter%a —0 Vg
I- =p = é
v Tem F = ;
O ! O > C o
i I
Te ()
o v 2 e B PV £
Zo = I§ 2,
o ]

Pig. 2.1. Typical Circuits and Transformations

In the vicinity 2f resonancz2, which is of concern h:zre,
the Mason circuit or aodified Vvan Dyke cirsuit Is valii. It
is also valid for low fraquency values which will also be
needed for some <calculations [ Raf. 8]. This circuit s
shown 1in Figure 2.2 whe2re L, , R, , and Cp reprzsent

mechanical wvalues. 2o %is th2 clamped or blocked or shuas

capacitance.

19
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Pigure 2.2. (a). Nodifiei Van Dyke or Masd>n circuit (b).
Basic Traansdacer Circuit.

Kinsler, and others (Ref. 1], define the following

measurable mechanical and electrical impedances of a systeam:

Blocked electrical impedaace (ohms)=2,=V/Il,.qg (2.5

Free electrical impedance (shms)=Z =V/I
% ( ) IF“O (2.6)

open circuit ma2chanical iapsdance (N-s/m)sanF/U“’o
(2.7)




Short circuit mschanical ilmpedance (u-s/n)zqmu?P/U|v_o
(2.8)

Magnetically coupled transiucers may be representad by
the circult of Pigucr2 2.3, whsre P,is a transformation

factor. dYm= B-1l for moving =oil transducars [Ref. 2].

AN T o
Emé %Lm Cra
. il .

Figure 2.3. Equivalant Circuit for a Magmnatically Coupled
Transducar.

Important properties of th2 transducer may b2 found by
studying the electrical imp=2iance of the system as a
function of irivingy frequercy. The unloaded driving point
electrical impedarce may be iete:miﬁed from the canonical

equations (2.1-2.4) aad is given by

2=V/T1 %% * (~TemTme/Zm (2.9)




R

Similarly, the short circuit mechanical driving point

impedance is given by

Znnd*? Vly_0 *2m *  (~TeniTme! /%0 (2.10)

The electrical impedance is influenced by the motion of the
coupled mechanical system, as indicated by the seconi term
on the right hand sile. This term is referred to as the

motional impedance, and defin23d by Hunt [Ref. 2], as

Zmot = (“Tem Tme! ( V/2n) (2.11)

Similarly, the mschanical driving point impedance 1is

influenced by the =21l2ctrical 1load,

B. USE OF COMPLEX IYPEDANCE/ADAITTANCE PLITS

1. The Resopangs Cizsl

({14

Graphical iisplays 5f iapszdance 231d admit%ancs data
car be extremely us2ful in th? aralysis of a transdacesr.
When properly scaled and annotata2d, quantitative results aay
be obtained from the iiagraams. Senerally, in the vicinity
of rescnance, the 2lement is r=agarded as having a single
degree of freedom aad the locus of points of <the complex
impedance is a «circla in the na2ighborhocodl 2f the resd>narnce
frequency [ Ref. 7], {Ref. 8]. Figure 2.4 and Figura2 2.5

are typical resonanc2 circle diagrams wher2, in Pigura 2.4,

22




. vk A

the electrical rsactancz is plotted as a function of

electrical resistance vith fregusncy as a
parameter [ Ref. 8]. Py and f5 are the frequencies of the
half power points anl f8 is thas resonance fraguency. Dashed

lines show the same transducer unier load conditiorms.

e

Pig. 2.4. Complex Iapadance Diagras

(Rote: Reactance 11ay be antirely negative for an

electrically coupled traasducar).

23
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Pig. 2.5. Complex Alaittance Diagraa

In Figure 2.5, £2 ard £3 equate to the frequencies

of +he half power points. FO0 is the frequency of Cesonance.

[&T]

The dashed 1line woull be thz same ideal transducsr t2ste
under 1load conditions. {Note: Susceptance may be =ntirely
negative for 3 magnetically couplad transdacer.)

Mot iopnal i{mpadance compdonents may be ob*ained using

the following formula=:

24




Rmot SRE - R

¥ith Zmot = Bmot * IXmot
The motional admittance compoasits are givan by:

Smot

= Gg - (1/Ry)

Bmot = Bg = G

with Ymot = Smot ~ JBmot

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

The frequency of maxiasum powar oSutput at corstant voltage

input is called the aschanical r2scnance and is repressnted

in Figure 2.6 by £f8 [Ref. 9.

In the motional aimittaace diagraa, Figure 2.7,

is the frequency of naximum <coiadactarce ind rssonance.

ard £3 are *he half power points.

2. ¢compopept Responsss

Inpedance m2asuraments are made at +he

£0

F2

te-minals of *he transducer. Th2 behavior of +“he real and

25




Fig. 2.6. Motional Impedance Diagrams

imaginary components of tha2 complex impedance may be
observed as the €£frequency spectrum is swept at a
sufficiently slow rats so that tha systen is
quasi-stead y-stata. When th2 nschanical system is claaped
so that it cannot move, the block2d electrical impedancs may
be measur2d and used to calculate motional impedance. Since
it is difficult to aiaquately claap a devices over the 2atire
frequency spectrunm, values may be ob*ained far abovz and

below resonance and :a1e intermzdiiate values inferrced. This
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Pig. 2.7. Motional Adaittance Diagraa

is especially important for th2 reactance and susceptaace
curves whose clamp2i values vary more drastically with
frequency +han do the real <components 3f admittancs or
impedance.

The maximua value >f am>tional impedance will eJuate
to *he mechanical ra2sistanc2 and is the diameter of the
circle., This valu2 ¢ill be o2f isportance in calculatiny the

efficiency of the system.
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Plots of various iaput electrical paraasters

(conductance (GE) and susceptance (BE ) O9r resistance (RE)
and reactance Xg) versus fraquency) can provide all
of the information 12cessary t> obtain the slectrical and
mechanical quality factors f>r the systeam. These values
indicate the sharpness of the rasonance.

a. Impedanca

The circuit of Pijure 2.8 is us2ful for analysis

of the behavior in tha vicinity of resonance.

Pig. 2.8. Equivalaat Circuit Diagram

A plot of the input 2lectrical impedance components versus

frequency will resemble Figura 2.9.
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Fig. 2.9. BResistanc2 and Reactaance Plotted Versus Frequency

be Admittans2

The motioaal admittance equatisns ar=2

1 R i Xmot
Tmot = Cmot * IBmot = R : mor‘). =
mot *1Xmot Ry o= %Xmot

l‘mot . — Xmot
= = > +j
Bnot *Xmot

(2.18)
2
Rmot * Xmot'
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Plots of conductanc2 and suscaptance versus frequency for

Pigure 2.8 will reseable Figure 2.10. The frequencies where

the susceptance (B) is zero <c=orrespond td> the electrical

resonance and antiresosnance frajuencies,

onoYg
—_

S _ -
——t - -+

g ?requency (Kz)

Figure 2.10. Condactance and Sasceptance Plotted Versus
Prequeazy

C. EVALUATION OQOF TRANSDUCER PARAMETERS

This system is dasigned t5> osbtain useful information on

devices used in *ransaitting and raceiviag in water. As
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such, it is first nacessary t> obtain data in an unldaded

situation in order t> be able to separate the effects of
acoustic 1loading. Por transiucers designred for us2 in
wvater, air normally proviles an adejuate aedium for
evaluation cf the acoustically unloaded properties. Placing
the transducer in wvatar ameans the two-port na<work will now
refiect the sum of the mechaaizal and the load :imrpedances.

Then, according to Hant [Ref. 2],

ZT= It 2 = (Rm'Rl' + j(Xm* x,) {2.19)
or

Zmt Z) = (Ry+t Rp)(T + j-2-Q-p) (2.20)

where p is a frequancy parametac== (p=.5((W/w,) =~ (wo/W)) and Q
is *he quality factor measur2i £or the resonance (i.e.
electrical or a=chanical dzpending on the type of
measurements).

Data oclktainable from adsittance azasuremernts will
provide neeled vwvalies far determining +he motional
admittance circle. The maxiaum value of conductancs will
occur at the frequsncy of elactical resonaace. The quality
factor can be determined from th=z frequencies at which tie

conductance assumes half <the 31iffference of its naximum
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value and its blockel value (i.e. Q = f /(f, -f1). These
frequerncies will als> coincids with the frequencies (£f2 and
£3) of the local maximum and minsimum susczptance values near
rTesonance. Blockel <capacitaace may be calculated from
measurement s of sasceptance far above and/or below
resonance. For an electrizaily «couplsl transducer with
szall dielectric 1losses, valil aeasurements of C, may be
made very far below resonanca, For magnetic coupling,
measurements must be taken far above and far b=low resonance
and the values betw22n interpolated liﬂearly be“wveen %hese
two.

Iznpedarnce data will praovide the frequency of
antiresonance. The frequencies of the aalf values for the
difference between the maxiaum =cesistancz and <he blocked
resistance will corraspond to ta2 maximum and minimum values
of reactance and 2allow £for =calculation 5f a mschanical
quality factor. Blocked capacitance or inductance
(depending on *he typ2 of transiucer) may be calculated from
reactance data obtainad far abov2 and/or b2low rasonancs.

The following paragrapks briafly describe tha defini<ion

and calculation of variosus constants.
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! 1. Quality Eaziog =2

This factor indicates the sharpness of resorance.

7

freaquency of max. G or R f(resonance)

Q f PO R RO RPRUC BN T NDRO BB DB RO B D U W WD U WP W W

freaq. diffa2rence of min. f(upper) f(lover)
and max. B or (2.21

2. Electzomechanjcal coupling coefficient = K2 (eff)
This coefficient indicates how tightly the

electrical and mechanical meshas are couplzd [Ref. 2].

K2 (eff) = 1-(£8/£f0)2 for elesctrosagnetic coupling
(2.22)
and
K2 (2£f) = 1=-(£)/7£8)2 £or electrostatic coupling
(2.23)

vhere f8 is used t> indicats <*he frequsncy of maxipum

resistance and fJ) {indicates the frequency of paximum

conductance.

3. Static Coupling caeffisiant = K2

This term is tha rati> of the stored mechanical

(

enerqgy to tha total 2nergy sto>red in the device [Ref. 1],

[ Ref. 5)
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K2= -E.-:-E-- (2. 2")
o 1

4. ghupt Capacitiance = Co

This 1is tha Dblocked capacitance of <he systenm.
There is nc simpls a2thod of m=2asuring this quantity (with
the possible exception of instruments designed for a
specifiz fraguency). Measuc2ments must bhe wmade at a
frequency far removed from Efrequencies of mechanical
resonance in ordar to ninimize the 2ffects of
electromechanical c¢3apling. I€ the <capacitance ra+*io
(C,/Cy) is greater than fifcy, +he inascuracy should be

minimal and may be coasidared n23ligible.

1 B
CO = —-x-—o-s -—;- whart: @ << Wy (2'25)
Wiop

5. Clasped Besistancs apl Ra2actance = Ro ard Xo
Ro and X, may be closely approxiazted by obtainirg
data far below and abd>ve resonancs and interpolating between
since *here is a positive fraqua2ncy dependence. However,
for many practical parposes, (and for elsctrically coupled

trarsducers), data miy be obtainsd far below rascnance which
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provides a reasonables approxiaation to the actual value
throughout the frequancy rang2 of interest. These values
are assumed %o reprasent those which would be measursd if

the mechanical parts of the systeam were blocked or clamped

to prevent motion.

6. Blocked Indusztancs = Lo

This is the 3inductan:c2 of th2 blocked systen
(usually with magnstiz ccuplingyy and is obtainable from 3ata
collected far below 3and above ra2sonance.

E wemwccnmcce-aee- (2.26)
o)

7. capacitancs Ratio = 'R!

This is the ratio of th2 blocked capacitance (C,) to

the mo+ional capacitance (CT,).

c PI 1-K2 where K2 is_the
IRV = ~ecfaan 2 wcza- 12 stat?.g couglgng
c, 8 g2 coefficien
(2.27)
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8. PEigure of Metit

The figurs >f m2rit is 1lit¢tle aentioned in the
references probably because it is an arbitrary formula
depending wupon a dzsignazr's =sriteria. Miller (Ref. 5],
mentions K2:Q, as on2 possibility and wutilizatioun of the
coupling coefficient as apothar. No specific calculation of
this value is done ia this raport, leaving it to the usar to
insert as desired.

9. Diametezs

Impedance or admittanc: circles are +transform=4 %o
mctional diagrams by subtractiagy dlocked values or blocked
values multiplied by angular frequency as discussei in
saection B. 1 above. The diametars of th2 resul:ing circles
will provide reeded values for =2fficiency calculations. Dy
and Dy signify the diametars of tie motional circle for the

transducer in water and in air, raspectively.

D. EPPICIENCY

The overall efficiency of 3 transducer is +he ratio of
the power deliver2d to an extarnal load connected at the
output terminals to the total powa- at the input.

At resonance, this can b2 =2asily calculzted from known
values., For an 32lectrically coupled ransducer, the
efficiency is given by:
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E= -YoA_ W (2.28)

wvhere D4 and D, are the diameters of the motional admittance

circles and where 3 is the condactance at resonance.

Similarly, the efficiancy at rasonance for a
magretically couplsd transducar is given by: i
D,,(D4 =D
e -2wiAT) (2.29)
R-Dy

where these are diamaters of th2 motional impedance circles
and R is the resistanze at rssonance {Ref. 10).

The mechanical power utilization factar is part of the
overall efficiency. It is givsn by Ry /(R *+R,) which zan be
expressed in terms of loaled ani unloaded values of Q 5z by

the diameters of circles.

Rl D - 2 - Q
-.R--:.¢-- - -——4 -B--!’-- - -A--—-Q—o- (2.30)
m* R A %

(Note: All values should be taken from szither admi*tance

data or impedance jata but shouli nct be mixed.)
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Once the efficiency at resonance is deternined,

utilization of the impedance 3ata of a magnetically coupled

transducer allows for calculation of the lagging phase angle

{0

B= 0.5 ArcZos ((Rres ~Rol /Dy) (2.31)

The fraquency paraa2ter for amaximum efficiency may be

calculated as

P = (DSin(2:B)) /(4 -By- Qy! (2.32) -

and from the earliax vrelationship between p and +the
frequency ratios, tha frejuency f£or maximum efficiency for 2

magnetically couplsd transducar ma2y be calculated.

£ = £0 (2-p +(p2+1)1/2) (2.33)

The <£requency of maximum 2fficiency may no* coinciie
vith either the resonant £rajusncy or the frequency c¢f

max‘mum admittance. For th

()]

nmagne*ostrcictive transiucer,
this frequency of maximuam efliciancy is usualily greater <han

that a:t resonance.
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A development by Camp _Ref. 8], shows that a
magnetostrictive transducer may produce adre acoustic power
at the resonant fra2juency evea though efficiency may be
less. Normlly, tha frequency for op+iaum acoustic power

will fall between thz mechanical resonance frequency and the

frequency of optimum efficiancy. This is due to eddy
current losses and magne+ic hystaresis.

Since transductisn losses 2-2 lcw, maximum power ou+put
for piezoelectric 1iavices is limited mainly by voltage
limits. The optisux operating frequency is accepted as the
frequency of maximum admittance [ Ref. 8].

If one assumes that the trinsducer has a high Q (sharp

resonance) and that <he block=2d resistance Is cons+tant
thrcughout the fraquancy rang2 for the impedance circle,

then the potential efficiszncy may be expressed as

Pot. Eff. = ---DAR1/__Z llminl_._____ (2. 34)
(Rmax) ¥2 + (3min ) V2

The potential efficliancy repras2nts the aaxinum efficiancy
available for the most favorabl2 loading sondi%ions. This

equation deletes th2 rejuir2mzn: for Jdata from a 1loaded
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condition but reguiras the air notioqal impedaace 1loop o
very closely approxiamate a :czircle [Ref. 9]. “High Q" as
used here implies values greatar than thirty. If the air
motional impedance loop is not approximately circular and/or
the Q is low, then, from referzaza 2,

(1 ¢ B coszp v - (1-Ds s1Nzp ) ”2

Fot. BEf. = 3T BcoszprvE v (- sINE )

E. SUMMARY

There is thelpful informatis>n to be obtained from both
impedance and adaittancz2 Jat:a. some transducers more
readily reveal properties throagh one typ2 of diagram <than
ar.other. Norwmally, admitiance data is collected for
electrically couplad systams, warile impedance data is batter
for studying magpneciz2ally coupl:d systems [Ref. 2]+ Due :o
the ease of obtainingy data with the systam proposed here,

both sets of data anl diajrass may be rapilly obtained.
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III. ADARIATION IO A ZJMRUTERIZED SYSIEN

In-phase and out-of-phase components of the admittance
or impedance are neeiad in tha analysis of a transducer. An
initial attempt was nrade *5 us2 a lock-in arnalyzer, but

ultimately a Dranetz impedanc2 neter was used.

A. EQUIPMENT SET-0OP

Data needed for <the calculation o°f properties of
transducers may be obtained usiag a lock-in analyzer. The
magritude and phase or in-phases and quadrature compinants

-

will indicate r2s>aancass 11i provide <he nLecCeSs sary

irformation.
The initial set-up utilizad ~he Prince*orn applied
Research Companry Molel 520% Lock-in Analyzer. Phase

irformation wdould have allowed for desired calculations. 1In
experimenta+tion, th2 circuit ra2quired for obtaining valid
phase information bezime too complex to be practical. The
lock-in analyzer is designed +> operate inp the 1 Hz «5 100
KHz frequency rang2 although it was 3dz2termined *3 be
accurate at higher fr2quencies. it low freaquencies, *:here

is a low scurce resistance ani “he signal to ncise ratio
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became too small to provide a refarence. It was concluded
that conplex impedance measurzaznts would be another means
of getting the necessary data.

As briefly mentioned in th2 introduction, *here ar2 nmany
methods for obtainiag impedanca2 information. Since this
au*hor desired a portable syst2a usabls for underwater
trarnsducers, a briiga network s22med reassnable.

The set-up usel t> design this system is shown in Pigure
3.1. The Hewlett-Packard HP-35 computer directs the
peripherals for th2 1ata taking. The printer and plotter
are non-essential <to the systzm and wers used' to provide

larger format graphics ani priantosur than are available with

the buil+ in thermal printer provided with the HP-85.

1. Hewlett-Packicd HP-85 Cogputsr

The HP-85 is an  =2ijht bit microcomputer cthat
utilizes BASIC comput2r language. I+ has a 127 wmillimeter
diagonal black ard white 2lectrsmagnpetic-dz£flection CRT. A
32 character per lins thermal p-cin<er/plotter is par+t 2f the
uniz. The computar has 16K bytes of read/write memory of
vhich 14,579 are available +t> <he operator. Por <his
program 3 meamory wmdiule is n32ded *o expand the memory to

32K by*es. Programs >r data may be storei on, or read €rom,




magretic tape cartrilges. T> interfacs with peripheral
equipment, an I/0 ROM and an iiterface card were addad to
provide Hp-1B (IERE-438) inst-umentation inter face

capabilities.

2. Synthesizer/Punction Seisrator

The Hewlett-Packard M5d21 3325A Synthesizer/Function
Gerera*or can produc3 five different continuous waveforams.
For this application 2 sine wavs was desired for which this
irnstrument has a fraquency rangys of 1 amicrohertz ts 20
megahertz. Frequansy may b2 specified with up +o eleven
digi+s of resolution. Output amplitude is 1 millivolt to 10
volts peak-to-peak into a fifty ohm load. This molz2l is
fully programmable through the «rear panel Hewlett-Packard
Irterface Bus (HP-IB).

3. Dranetz Complax Impedanza--Admit:ance Meier

The Model 10)C Complex Impedanca--Adamittance Metar
(CIAM-100C) is a transistorizad instrumsnt that measures
vector iampedance, v:2s-tor admittancs, vector amplitads and
phase. It covers a frequency range froa 100 Hz to 20) K4z

ir three ranges of J).1 to 2 K4z, 1 to 20 KHz and 10 *o

200KHz. For measuring impadance a constaat curcent is
producei ia the unknown impaiaics. The amplitude of <the
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current is set by tha range switch. The voltage developed

across the unknown impedance 1is aiplifiei and fed ¢o5 twvo
resolvers, For measuring adasittance, a constant voltage is
applied to the unknown. The current through the unknown is
seasured Dby means 9f vyrltage develeoped across a small
range-seiected resistor placzd in series with <the unknown.
The resolver outputs are prop>rtional t> conductance and
susceptance 5f th2 i1aknown. The <claimed accuracy of the
instrument is plus or minus two percent full scale
amplitude. The Dranetz metar tequires an input signal
voltage of 3 Vras. In takiny aeasuremants on an unknown
transducer, 1initially the fragu2ncy of interes% may not be
known as well as th2 appropriats scale settings for the
aeter. Measuremants made o531 the Dranetz meter using a
variable resistance box and voltmeters indicate 1linesari-y
throughout the range set+ings. However, i+ is necessarcy *o
insure measurements 310 not caus2 either mster cange to be
exceeded. The 1imit irndicator lights are activa<ted when the
unkrown impedance or admittanc2 1is substantially gr=ater
than the full scales satting. fhen ¢his osccurs, an intsrnal

relay shunts the me*ta2rs and tha DC outpu< t2rminals to zerd.




. Data Acguisitions/tontral Onit

The Hewla2t t-Packard Model 34972 Data

Acquisition/Aontrol Unit is us2d here as 2 voltmeter and
scanner to> measure th2 DC output voltage proportional to +he
deflection of the maters of th2 Dranetz. The Instrument
measures and displays voltag2 values +*o five and ona half
digits. It is intarnally triggered by software command
during the data takiny but takes the next ceading as soon as
the first is complat2l for obtaining averages.
5. Roser Amplifisr
This instrumant is not 2ssential t> the operation of
the systenm. The Dranetz meta2r is design2l to accept direct
ac voltage input; however, the particular me<2r used
exhibited more stability when ta2 amplifisr was included in
the set-up. The amplifier had unity gain and was cnly uased
to lower <+the effective output impedance >f “he £rejuency
synthesizer from fifty ohms t2 :two milliohas.
6. Geperal Discussion
This equipmant set-up 1is suitabla for an ini<ial
systen. A systea 1designed for regular 2nd rcurines use
shculd include a differen*t imp2dance measuring sys+em than

the Dranetz. Becaus2 of the Jasign fea*ur2 of :the Dranastz,
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a great daal of operator intecfa:g is required to change the
various different scale and ca:g§ factors which cannost be
set directly by the conputer.' It is too easy for an
operator to wmiss <changing oas settirg or to ova2rlap
frequency range scala3s in the spactrum sw2ep and, thereby,
obtain erroreous 3data. 4ls>, the scals factors mus+% be
manually entered prior to the ccaputer doing any cal-
culations, The Dranatz also h2l arpnoying f=satures, such as
drift of the zero, 2xcessive n>ise on low impedance raanges,

and DC output at full scale daflzction of 0.8 - 0.95 wolts.

B. DISCUSSION OF THE PROSRANM

The HP~85 is tha controslliag wunit directing the other
instruments to take or send 3ati as needed. Memory storage
is handled by this microcomputar.

The goal wvas to 13asign a prog-am +than would minimize the
time necessary to cd>llect partinernt data while maximizing
accuracy. The program was td> accommodat:s diffsrent msdia,
allow for collectior of admittarce or impedance data ot
both, ard work for <*ransducers with either electriz or
magnetic coupling, while beiag 2asy to opercate. This was
accomaplished; but Ju2 ¢o the lacjye differeances in properties
of differsnt 4ransiucars, a seco>nd program was woitzen tc be
used by more experienczed operators.
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One program is 3a2signed s> that a psrson with minimal

knowledge of the traasducer o: measurement procedures may
rur it and obtain meaningful information. It is suggested
that the operator b2 faailiar with the oSperation of <the
interfacing instruments (aspeczially the Dranetz meter). An
equivalsant program is designel so that the operator may
select the bandwidth for data collection and may specify the
frequency fo measura2ment of ta2 blocked valuss (don2 as a
percen*age of the resonant frajaency).

The program is broken ints three sections. The first
gives th2 operatar an overviaw of <+he conductance ard
resistanca of the transducer uider test. Fart <+wo is +he
data collection for iesired msasurements wi*h c¢ptions for

plets and lists of tha2 data. Th2 final section performs the

calculations for wmotiornal Jata, efficiencies, ard oczher
desired outputs. The £51lowiag subdivisions addrass the
program in detail. Figure 3.2 is a £low chart of <+he
progran. The programs writt=n inp BASIC ar2 included as

Appendix A.
1. The Seazch
This £irst por+i>n has b2en inclujed o allow for

visual and graphic display of ta2 response of “he transducer
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over a selected frequancy ranjs. The oparator is.required
to insert information on the type of coupling (mggnetic or
electric) of the transducer aad the mediua (air or.uatar) in
which measurements are to be taken. The operator is
instructed to set the Dranetz for the measurement of
admlttance data and to specify the range tc be ccversd in
the frequency sweep. The operator also @2nters the desired
voltage to be sent to the Dranetz. This wmanual vol<+age
input is necessary since =2t higher frequencies lover rms
voltages are necessary to keep the ac voltage meter on +he
Dranetz at 3.0 V.

Through the Data Acjuisition 0Uni%t, ¢the rela<tive
ampiitude of the real part of :the admittance is samplzd at
300 equally spaced points throughout *he sslected freguency
range. A graph is 1isplayed a2 +the CET 2nd ther copizd on
the “hermal printer of th2 HP-85 for later refesrance. In the
evert that some parana+ter needs t> be changsd, <+he opara%or
is given the opportunity to rerain this portion.

The operator is instrucsted to specify a relazive
ampiitude (from 0 to2 1.2) that is less “han the maximum of
the admittance peak »>f interast. The computer prin=s zhe

relative agmplitudss greatar <han <his value and *he




associated frequenciss. This allows the sperator to select

the resonance of intarest ani >rovide the center frequenaw
apd halfwidth to b2 considar2d 4in finding <the resosnant
freguency and quality factor (2. A comparison is done *o
find the absolute maximue valuz £or amplitude and the half
power pyints for tha determination of 3. The resultant
factors are printel and the sption t> rerun is zgain
extended.

This same subroutire is 33ain used to obtain similar
data for the real part of th2 imosedance. The subroutine is
an adaptation of 2 part of a proceiure dJdesigrned by
Conte [Ref. 13].

Althougk two :epeits 3f the subroutine %zke abouxr 10
minutes, the operator is givan sufficient informaticn on <hs
impedance and the admittance rssponses of the transducer to
decide which type of measurzasats will provide <the aost
accura“e information.

2. Data Collection

The computer has the frsquency synthesizer sz22d 2
frequency far below resonanca. The me*2rs c¢f the Dranstz
are zeroed by tha operatd>r and set for full scale

deflection. An avarage of %t=n measuraments for =2ach




Figure 3.2 Flow Chart of the Program
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Figura 3.2 Continuvad
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terainal is placed ia memory %> be used as normalization

factors for all later DC s>utpat voltage measurements.
While still at this fraguancy far below resonance,

an average of ten measureaents will be mad2, normalized and

scaled (using operat>r ipnput f>- the scale factors from the
Dranetz instrument) and stora1 as blocked values of
corductance, susceptiice, resistance and reactance. These
will be used 1later ia computations after being assigned to
different variables dependingy on the m=zdiunm. This one
measurement is all that is n2csssary for the electrically
coupled transducers with small 3dislectric losses. Por the
pagretically couplsd transducers, the values are *akan far
below ra2sonance and storei. Th2 program 10ps back through
this secticn after seniiag a2 1aessage t> <the fregquency
synthesizer to Jo an equal frequency distance above
rescnance. An averag2 of ths two values Is stored for later
use, This averaging is necessary since ths eddy curcent 2nd
hysteresis losses cause 3 stzaly increas2 in *he blocked
impedance values.

The decision 2f tae opsrator on tha2 type cf data <o
be collected is enter24d. Tha scale factor from the Dranetz

ins*rument is enter2d and the =sompu*er go2s t> a subrou=zine




for data collection. The <coaputer draws the appropriate
center fraquency froa the data csllected during the search
and bases the bandwilth for the sweep on the gquality factor
seasured previously. Pifty fraguencies 2and the associated
real and imaginary iata are mz2asured ani stored froa ten
times the half powar bandwidth below center fregquency ¢o two
times the bandwidth below resonance. Two hun dred
measuresents are takan in the vicinity of resonance and
another fifty in a1 rejion f:zom two t> ten times the
bandwidth above resoniance. (N>t2: This program reduces the
range of interest to plus and ainus five times the baniwidth
around resonance wh2n tasts arz done wuander load (water)
conditions. The sacond progran takes data at three hundred
equally spaced frequancies within the bandwidth specifi=ad by
the operator.) Jdnc2 the data aave been collected, another
subrou+ine is ernterei to find ta2 minimum 3and maximum values
for the two sets of lata and their associated frequencies.
This is accomplishad through 2 comparison to a ainimsum (or
maximum) value until a smallar (larger) one is found. A
reassignment is done and the coaparison continues throughout
the da+a. The maximum value ani -he two adjacent values are

then fit+ed to a quairatic aquation which is used to pr>3uce




a better estimate »>f the saximum and its associated
frequency. In the avent of an error in data ccllection,
there is an opportunity to retake the data before proceeding
in the prograam.

A subroutine provides f£or a listing of the collected
data (100 points) in the vicinity of resconance. All of the
data could be print2i1; howevsr, the data npear resodonance
provides the important informatior and printing is an opticen
open to the operator.

Plots of th2 data may b2 made. The operataor may
chose t9 make plots 2f real sr imaginary amplitudes varsus
frequency or the plots of r2al versus imaginary data over
frequency, or all, or aone. Each plot is drawvwn using a
subroutine and label2d with p2rtinent scaling and captiors.
At the end of this chapter, Pigures 3.3 through 3.14 are
examples of plots for a piezoszlectric transducer. (This
example is for a Type 100-6353-010, S=2cial VNo. 1213,
designsd fcr use 1ia an activs sonobuoy.) Figures 3.15
thrcugh 3.22 are =2xamples of plots for 2 magnetostrictive
trarsducer. (This 2xample is 3 Type CMT-10255, Model (QGB,

Serial No. 318.)




3. Data Mapjpulatjor

In the <calcala+ion of aotional data, <the type of
coupling of the transiucer becoaas important.
a. Magnetic Coupling
Por a magnetically coupled transducer, the
motional 4impedance iata is calculated by subtractirg the
blecked resistance from 2ach resistance measurament.
Blocked inductanc2 at r2sonanz2 1is calzculated using the
averaged blocked reactance valusa. The angular fregquency
multiplied by the blscked inductance is then subtractzd from
each value of reactanze. In th2 event aimittance data has
been collected, th2 motional conductance is obtained by
subtracting the blocked coaductance, while moticnal
suscep*ance may be obtained by subtracting the blocked
capacitance multipli2d by ths angular frzjuency from each
value. A list of motional data may be obtained. A plot may
be electad and drawa ard 1lab=lsd with axis scaling dcne
usirng minimum 2ad maximum values 2f the calculatad data.
Computations are 412 using the collected Jata.
The dynaaic electroymechanizal coupling coefficient 1is
calculated from the resonant fr:quencies. A new guali+y

factor is calculat2d8 based con tha frequencies of maximum and
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airisua amplitudes of the imaginary part of the data

collected. Values of some blocked measurements, quality
factors, the coupliny coefficisat, and resorances are ou:put
te the printer.

b. Electric Coupling

For an electrizally coupled transducer,
dielectric losses‘ara small and it is acceptible to usa the
values nmeasured far below rasonance 2s the blocked
measurements. Motional rasistance is cbtained by
subtracting the blocked resistance from 2ich measur=2aent.
The addition of th2 angular fraquency aultiplied by <*he
calculated blocked iajuctance t> the reactance measur2ameunts
will provide the motional reastance. The 13ta may be listed
and a plet maje. An exampls of the motional impedancs plot
can be seen in Figurz 3.9.

Motional adaittancs data may be obtained by
subtracting the reciprocal of the blockszd resistancz from
each conductance valu2. The anjular frequsacy multiplia2d by
the blocked capacitanze is subtracted froa each susceptance
measurement. Figur2 3.10 shows a mo*ional admittance plot
for a piezoelectric translucer in air. Calculations similar
to those for magnetic ccuplinjy 2re done 2nd desired values

printed.

51




After measurements ars taken with the transiucer

under load (ir water) salculations are 3done to £ind the
efficiency and optimal operatiag frequency (for magnetic
coupling). This information is Sutput +*o the printer. An
opportunity to repeat data collaction in either mediunm is
afforded before 3data on air and wvater *emperatur2s andg
transducer identification pumbers are requasted prior to the
end of ¢the PLogrime. A sample oi1tput (for the
magretostrictive transducar Typ: CMT-10255, Serial No. 318,

Model QGB) is included as Figur® 3.23.
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VALUES MEASURED IN AIR FROM ADMITTANCE DATA

BLOCKLD INDUCTANCL = 8.86E-4 HENRIES AT 23956 HZ
ELECTRICAL QUALITY FACTOR = 189.73

MECHANICAL QUALITY FACTOR = 29.426

ELECTRICAL RESONANCE = 23956.0379323 HZ

MECHANICAL RESONANCE = 23920 HZ

DYNAMIC ELECTROMECHANICAL COUPLING COEFFICIENT = .003
BLOCKED RESISTANCE = 33.724 OHMS

VALUES FOR MEASUREMENTS IN WATER FROM AIMITTANCE DATA

BLOCKED INDUCTANCE = 9.01E-4 HENRIES AT 23932.48 HZ
ELECTRICAL QUALITY FACTOR = 18.513

MECHANICAL QUALITY FACTOR = 19.688

ELECTRICAL RESONANCE = 23932.4882297 HZ

MECHANICAL RESONANCE = 23892 HZ

DYNAMIC ELECTROMECHANICAL COUPLING COEFFICIENT = .00338
POTENTIAL EFFICIENCY = .20398

FREQUENCY OF OPTIMIM EFFICIENCY = 24246.61 HZ
MECHANICAL POWER UTILIZATION FACTOR = .14645

Figure 3.23 Sample Computer Output
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IV. TEST AND EVALUATION

Although many of <the calculations madz by <the computer
are basic, it was desireable to> have a set 2f data collected

marually to ensure accuracy of ths semiautomated systen.

A. TESTING
1. Hethod

Data were collected for four different transducers,
all of which were 1later use2l to ¢test the computerized
systen. A similar equipment set-up was used with the
ccemputer replaced by an operatsr and an X-Y plotter, and a
Wave*ek pulse/function gensrator in place of the
synthesizer/functisn jenerator.

The fregquency spectrum was swept aanuaily with plots
made of the real and imaginary components versus frequsncy.
From +*hese plots, amplitudes and frequancy valuss were
obtained and calculiations similar +o those done by +he
computer performed.

2. comparisons
cr the magnstostrictivs transducer used here, +the
da+ta ocutput of *the coaputer cor-responds very closely ¢o <+haz

collected manually. The bloskzd inductancs was found to be
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the same calculatel by eithar method to five digits.

Resonance frequency variatiosns up *o ten hertz may be
attributed to temperature variations; and these frequency
variations will affact the :coupling coefficient. The
efficiencies comparel to within five percent.

Comparisons o5f the piszoelectric data were as
favorable as that for the magnetostrictive transducer. The
blocked capacitances vari2d by up to six percent and there

were small resonance frequency iifferences in some cases.

B EVALUATION

The resonance frequency variations noted may be
attributed mainly to temperaturz changes from one experiaent
to ano+her. Larger jeviations noted in a few cases are due
to Zinaccuracies ia reading grapks or in determining a <rue
maximum for a very 1low ) dsvizz as is the case for many
transducers when plaz2d under 1oai. Por the examples used
here, the computer jata are zonsidered mare accurate since
i+ measurss and comparess data to> five digits, far baztier
than “he average =2y2 «can do with unscalsd data. In the
computerized system, <*he data collected in the vicinity of
resonance are compar2d *> find the absclute maximum value

and the associated fraquency. This point and =wo adjacent
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points are then ussd for a parabolic fit to find the preciée
frequency for wmaximam coapon2nt amplitude. Tkis provides
accuracy in the resonance fraquancy far in excess of what
may be achieved manually by an >perator.

A ‘delay time* to allow stablization of the systenm
(dominated Ly the response time of the Dranetz meter) was
determined to be 222 hundr2d ailliseconis. In manually
sweeping the freguaacy spectrun, stablization tims is
difficult to achieve. This may result in the appearance of
spikes in the plots which 1incr2ase the difficulty of mznual

evaluation of <the collected 3iata. Once this s%*abliza+ion

tipe was dstermined, all wait times in-the computer program
were ensured to be gr2ater than this valus with the longest
waiting period duriyg deteraina<ion 5f <+he shunt and
normalization valuas. The s2conl longest wait period osccurs
during +*he data collaction. Hzre, 2 perinod of two aundred
fifty wmilliseconds has been ussd in the vicinie of
resonance to minimiz2 the chancz o5f error. The added minute
for data collection that this a3ditional wait time requires

is of wminor Znconvenience <compared to tha improvement in

accuracy.
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Transducers may 2xhibit a moderately high Q@ in air

(above 25). FPor thase (and most resonancss with a Q above
5) <thke program with set freogqaency ranges for data *aking
works vell. However, these same transducers may have very
low quality factors under load (in water). To avoid data
review over a frequency range bzyond the upper limits of <the
instruments and perhaps overlappinrg other resonances of the
transducer, it is racommended that the program allowing for

operator input of th: frequency range be utilized.

C. CONCLUGSIONS

It was noted that most transducers have more than one
resonance. To be a useful analy*ical tool, the operatar of
this system needs t> know th2 primary dasign frequeacy of
operation for the test transduzar. Should the resonanca at
this frequency cause the admittanrce or impedance to exceed
the limits c¢f the Dranetz metar, <the opzrator may opt for
data taking of the type to fall within limits.

Manual collection of impedance and admittance daza for a
single +transducer 1in two 112iia (air and water) ard
calculations similar +*o thos2 done by the computarizad
system utilizing data at thrse hundred fraquencies requires

on the order of £f£ifteen hours. This system carcias out
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these operations in saventy-four ainutes. | For most
transducers, only ona type of 3ata (admittance or impedance)
is normally collectei. A typical measurement which produces
results and the plots similar to Figures 3.15 through 3.23
would taks2 fifty-twd minutes. (Since s2ach collectisn of
data allows for four plots and two lists >5f data, the time
tc run the program cdllecting impedance 2nd aimittance data
in both media could b2 redace2d by £orty ainutes and
collection of one type of 3ata in both media by +twenty
pinutes if no plots >r lists wsr2 made and only the listing
of transducer parametars similar to Pigurs 3,23 desired.)

The major time saving £factor for this system would be
fourd through thelreplacenent of +he Dranetz Impedance Yater
with an instrument that does 19t requirs as much operator
interface. Howevar, sami~szutouation as providsd in this
system constitutes 3 major tina-saving over manual msans
even when <the equipaant set-up is not alcered in a major
way.

Tha plots produced using an I-Y plotter and sweep

oscillator enable measurements >f frequency with an accucacy

of about oSne percent, Using ta23 compu%er, *the precision is
better than one 1ia ten tadusand. Similarly, for
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calculations using real and imaginary <comporents of the
impedance or admittance, compatar precision is better than
one in ten thousand as oppos:zd to about one in ten for
manual manipanlatioans, Howevar, the measursment accuracy is
at best plus or amipnas two parcent €or ths Dranetz meter.
The advantage gain2d1 over maaual methods by using the
computerized system is due td> the systzmatic pauses for
Dranetz meter stablization prior to all me2asurements.

This system has been desiyned to analyze any type of
transducer. specific adaptatian <“o thanile a particular
transducer type with known rassnance range carn drastically
reduce wmuch of <th2 operator interfaca necessary £or
evaluation of the properties of +he transducer anrd rsduce
the time requiramsat accordiagly. Ajaptation for a
particular type of transducer wiil allow variablas currenatly
in the computer pry>jyram t> be made coanstant. Careful
selection <c¢f these values will maximiza accuracy arnd

precision in the desired measur2a2ats and calculations.

D. RECOMMENDATIONS FOR FURTHER IMPROVEMENTS
In all of the prz-eding dis-ussions, it must be apparent
that the "weak link" in this systam is “he Oranetz impeiance

meter which is ovar fiftaen y2acs oid. The difficul*ie:
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with this device are primarily its lack of computer
controllability, its plus or miaus two perceant accuracy, and
its high noise at low signal lzvals.

Although it was unfortuaately not available for this
study, the Hewlett-packard 41322 Low Fraquency Impedance
Analyzer seeas to be the proper raplacement for the Dranetz.
I+ is capable of <£fill program <control via <*he HP-IB and
would also eliminate the neel for a s:zparate frequency
synthesizer and data acguisitiosn systea. I+ is highly
recommended that ¢this device b2 substituted in any future

applications of this technigqus.




APRENDIX A

Tvo programs wer:z written to implement <the measursment
procedures and ths calcu.ations to evaluate any type of
transducer. The first progras titled "HYDRA2" autcmatically
looks at a frequeacy vrTange 5f ten ¢times the bandwidth on
either side of +he rasonance frajuency. (This is modified
for water (o be fives times th: bandwidth on either side.)
This oprogram alsc aatomatically selects the frequency at
which to take shunt measurameats based o5n the Q factors.
The second program, titled "PICXBW", allows the operatdor o
specify the bandwidth for apalysis and +*he frequency at
which ¢to measure shunt values. The €£5llowing ref=rence
quide is applicable for both programs. Major differsncss in
the pregrams occur batwean linzs 2501 and 2650 and bastween

lines 8601 and 8635.
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REFERENCE GUIDE

Lire WNos.

1 - 60
60 - 90

100-149

150

153-176
177-186
198-450

451-500
525-540

541-642
645-657

658-668

670-757

800-940

1000-1031
1040-1146
1150-1225
1350-1410
2501-2650
7000-7545

8100-8110
8200-8250
8300-8380

8400-8u450
8549-8573

Dascription
Daclarations, inputs, "bockkeeping"

Admittance Sg
subroutin:z 7

e
73
k

Iapedance S
gpS%ins blocked values using subroutine
5

true (freq. & Q) using

c
0
Srum (fr2q. & Q) using

e
0
c
subroutinz 0
e
Inpedance data collectisn (option)

Aimittance lata collection (option)

Listipg and plots of data using
subroutinas

¥>tional 1ata calc. for magreto. (for
'TY data)

u:tignal data calc. for elec. (for
YYY data)

4

List 5f motional data and plot
1>tional data calc. for elec. (for '2¢
ia ta)
H:tignal data calc. for magreto. (for:o
121 data)

List 5>f motional data and plot

Calculations for elec. coupling in air

Talculations for magn. coupling in air

Calculatisns for elec. coupling in water

Zalculations for magn. coupling in water .
Jptiens for rerun or change of mediunm ,
Subroutins t> determinz blocked values

Sabfouiina £5r search and spectrunm
analysis

Subroutins t»> prin* data list
Sabroutins t> plot real data vs. fraq.

;gggoutine 5> plo* imaginary data vs.

Sabrouting t> plot 'circles!

Subroutina t> ob<%tain normalization
factors
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8600-8699
8700-8799
9000-9350

Subroutina to collect iata
Sabroatins t> determine max/ain values
Saubroutinzs f£or printouts
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1l REN **HYDRA2**

2 OFTICN BASE 1

3 SHCRT wO,vl,u8,u9,.,E,E2,E3,E5,R8 R7,X2,%3,X5,%6,57,X8
,G7,G8 ,82,6%,B5,66 ,&7 ,88 ,K,K1,PS ,P6,4

7 SHOKT A,F2,F3,F4,F5,H%,H4,J1,02,03,J4 ,R,X,G,B

8 INTEGER ~,Y,¥1,I,Y2,J,22,H1,82 ,L2,S1

16 CIM £$(2] ,A$(2],TS(1],D(3¢C,3) ,Als(4],08(30C] ,LS(2C],
ES(1) ,IS[Ll),Ss(10],CS[S].,GS(23],H48({23]

1i REAL S ,\,N8,N9,RK0,RS9,X0,X$,L,C0,L0,C,P1,86,69,F,%0,G0
,G9 ,B0,ES ,N(i0) ,M(lU) ,FO,FL,F6 ,F§ ,F9Y

14 REAL S&,E«,E6,LS,0 ,01,D2,03,D4

15 x6,01,02,03,04=0

16 ¢,E2,E3,E3,R6,K7,X2,X3,%5=0

17 23,A,F2 ,F3,F& ,FS,B6,87,B6=C

16 S6,E4 ,E6,N,Y,¥1,I,¥2,J,22=0

19 K ,K1,B5,F6 ,w,L0,0L,(6,09 ,E=0

20 CO,LC,C,P1,E,E8 ,H65 F,W0,S=0

zl ¥ ,N6,N9 ,RO,R9,X0,X9,G0,G9=0

22 &G,BS,Hl,H2,F0,F1,F6 ,F8,F%=0

25 DISP "THIS PRCGRAM AUTOMATICALLY SELECTS HALFWIDTH FC
R DATA COLLECTICN."

26 LISFP "THIS LCOKS AT 10 X BW IN AIR & 5 A bW IN WATER.

27 CISP "10 INPUT YCUR OWN BANCWIDTH USE "PICKEW  FRCGRA
¥4 INSTEAC.(HIT “CCNT )"

29 FAUSE

30 CLEAR ¢ BEEF o

.35 CISF "ENTER TYPE CF TRANSCUCEE TC BE &EASUREC? (M  FC
h MAGNETIC CCUPBLING Ck E” FCR ELEC.)"

4Z INPUT TS@ LCISE "TC GET A CCMELETE SET CF CATA YCU WNEE
L MEASUREMENIS IN BC™ AIR AND WAIER, "

45 LISP "CC AIR FIRS .1l WHAT MECDIUM ARE YOU GFERATING? (
ENIER "L FGR AIR CR “Z° FCR wATEER)"

«6 INPULT M@ CLEPR & BEEP

47 IF M=z TUEN 49

4% C$="AIR" ¢ z22=lu € CUIC &1

49 CS="WA'IER" 4 22=5

€1 PRINTER IS 2 & PLOT1ER IS 1

55 LISPF "SET THE CRANETZ FCR ACMITTANCE.SET CN LCwEST 3C
ALE THAT wCN'1 PEAn DURING RUN.(CCN1I)"

6C FAUSE

05 PKINT @ PRINT @ PRINT

7¢ ERINT "ALCMITTANCE IN “;CS

75 GCSUE 70600

60 IF M=2 THEN S¢

65 FuU=F6 @ wU=Q @ GCTIC 1CU

90 Fl=F6 6 (1=

16U GCLEAR @ CLEAF @ BEEP

lo¢ CISE "SET CRANETZ FCR IMPECANCE=-(SCALE NEECED)-LIT C
GNT "

94
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110 PAUSE

115 PRINT € PRINT €& EBRINT

120 PRINT “IMPECANCE IN ";CS

125 GCELB 7000

130 IF m=2 THEN 140

135 £8=F6 @ (8=C & GOTC 141

140 F9=F6 @ QY%=

141 CLEAR ¢ EEEP

142 PRINTER IS 701,76 €& PRINI USING 144

144 IMAGE 2/

145 FRINT “F(Y-AIR)= ";INT(FC),,"F(Y-wAl)= ";INI1(F1),,"F
(Z-AIR)= ";INT(F8),,"F(Z-nAT)=";INI(FY)

146 PRINT "¢ (Y-AIR)= ";¢C, "w(Y=-WALER)= ";¢l,,"«(2=-BIR)=
":G8,,"C(2-wATER)= ";u9

147 PRINIEE IS 2

148 CLEAR @ DISP "THESE ARE THEE INITIAL ESTIMATES. (HIT

CCNT " wWEEN READY TO PRCCEED)"

149 PAUSE

150 GCSUE 2501

152 CLEAR @ EEEP

153 DISF "TO CCLLECT ACMITTANCE DAIA (FCR ELEC. CCUFLING

) ENTER “l'°. ENTER “Z° FCR IMPELANCE"

154 INPUT L2€ PRINIER IS 2

155 IF LZ=2 THEN 156

156 RS="G" @ IS="2" ¢ SS="ADMITTANCE"™ ¢ HS="CCNLUCTANCE
(MICROMHOS)" € G$="SUSCEPTANCE (MICRCMHCS)"

157 GOCTC 159

158 RS$S="R" ¢ IS="X" ¢ SS="IMFELCANCE" €& GS$="RLCACTANCE (CH

MS)" & HS="RESISTANCE (CHMS)"

159 IF L2=1 THEN 176

160 CLEAR ¢ DISP "SET ON Z ANC ENTER SCALE FACTCF 1C CCL

LECT DAPA."

16l INPUT S&@ PRINT S$;" IN ";CS @ PRINT "SCALE =";S&6:"

CHMS"

162 CLEAR € DISFE "I AM WORKING"

164 GCSUE 8600

165 IF Y=z ThEN 152

166 IF NM=2 THEN 16¢

167 R6=E @ X3=Ez ¢ X8=E3 ¢ F4=E4

16€ X6=ES @ FS=E6 € F&8=E1l ¢« GCTC 19¢

lo9 R7=E ¢ X2=EZ & X7=E3 & Fé4=E4

17C X5=E% @ F5=E6 € FS=£l €& GOTC 196

176 CLEAR @ BEEF

177 DISP "SET CN Y & ENTER SCALE FACICR IN MICFRCAECE TC

CCLLECT LATA."

176 INPUT Ste PRINI S%;" INMN ";CS & PRINI "SCALE =";s&;"

i ICRCMHOS"

L79 GCSUE 560U

160 IF Y¥=2 THEN 152

lsl IF »=2 THEN 1l&¢
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182

GE=E €@ B3=EZ @ EG=E3 € F2=E4

163 B6=ES @ Fi=E6 € FO=El & GCTC 198

165 G7=E & B2=E2 @ B7=E:

186 F2=E4 @ BS=ES @ F3=E6 € Fl=El

196 PRINT USING 159

199 IMAGE 2/

206 DISP "DO YCU CESIRE A LIST COF CCLLECTED DATA NEAK KE

SONANCE? (l00 POINTS) (l=YES ,2=NC)"

201 INPUT Y

202 IF Y=2 THEN 300

204 IF L2=2 THEN 240

210 PRINT "ACMITTANCE CATA FOR “";CS$;" IN MICROMHOS" € PR

INT USING 215

215 IMAGE 2/," FREQUENCY",4X ,"KEAL" ,6X,"IMAGINARY"

216 GOTO 265

240 FRINT "IMPECANCE LCATA FGR ";CS;" IN CHMS" @ PRINT US

ING 215

265 GOSUB 8100

300 CLEAR € DISP "CC YOU DESIFE A PLOT CF CATA?(1l=YES,2=

NO)

305 INPUT Y@ GCLEAR ¢ CLEAR

315 IF Y¥=2 THEN 450 l

.320 DISF "ENIER: l= G/R vS. FREyY; 2= B/X% vS. FRE(; 3= B

vS. G/X VS. R; 4= END PLOTTING LOCE."

3125 INPUT Y

33y IF Y=2 THEN 365

335 IF ¥=3 THEN 425

140 IF Y=4 THEN 450

345 GCSUB 5200

356 LCIR C € PEN 1 & PENUP 1

357 MCVE O(l,1)+.2*{D(300,1)-D(1,1)) ,~(E*.8)

160 LABEL RS$;" VS. FRECUENCY IN ":C$S

361 GCTO 320

ES GCSUE 8300

367 LDIR C ¢ PEN 1 @ EENUP

¢ MOVE C(Ll,l)+.2*(D(306,1)=D(1l,1)) ,~L~.5*L

40U LAEEL I$;" vS. FREGUENKCY IN ";CS

461 GOTC 320

425 GCLEAR @ CLEAR @ GCCSUE &4y

431 PEN 1

442 LLCIR C @ PENUE

443 MCVE = (.5%L) ,~L~.2*L

445 LABEL "INFU1 ELECTRICAL ";S$;" BLCT (";IS;"vS.";ES;"

) IN ";CS$

446 GOTO 320

45¢ IF L2=2 THEN €45

451 IF T$="E" THEN 5Z5

452 GCLEAR © CLEAR @ CISF "I ANV CALCULATING MCTICKAL LAT

AII

465 CU=B*.0UGCG1/ (Z*EI*Fo) ‘
3
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466 LO=1/((Z*EI*F6)"2*CU)
.47C FOK I=1 TO 300

475 C(I1,2)=D(1,2).-G

480 D(I,3)=D(I,2).-D(I,1l)*B/F6

485 NEXT I

49G GOSUB 67G0

500 GCTC 541

525 GCLEAR @ CLEAR € DISP "I AM CALCULATING MCTICNAL DAT
All

532 CO=B*,G00001/(Z*FI*F)

535 FCK I=1 TC 3(G

536 D(I,2)=D(I,2).-G

537 D(I,3)=C(1,3).-D(I,1l)*B/F

£38 NEXT 1

540 GOSUB 8700

541 CLEAR ¢ GCLEAR € BEEP

542 DISP “LCC YOU DESIRE A LIST COF MCTICNAL LATA NEAR RES
ONANCE? (L=YES, 2=NC)"

543 INPUT Y

545 IF Y=2 THEN 604

575 PRINT *"MOTICNAL ADMITTANCE DATA IN “;CS @ BERINT USIM
G £80

80 IMAGE 2/,"FRECUENCY",4X ,"REAL" ,6X,"IMAGINARY"

€95 GCLEAR € CLEAR

6C0 GOSUB 8100

6C4 CLEAR € BEEP @ BEEP

6CE DISP "wANT A PLOT?(1l=YES ,2=NC)"

61C INPUT Y2

6l5 IF Y2=2 THEN 755

©l6 PLCTTEK IS 705 @ PEN 1

6206 GOSUB 8400

628 LDIR ( & PENULP @ PEN 1

629 MOVE - (.5*L) ,~L-.2*L

620 LABEL "MOTICNAL ";S$;" PLOT FCEK ";CS

642 GOTO 755

645 CLEAR & GCLEAR ¢ DISF "I AM CALCULATING MC1LICNAL DCAT
Au

646 IF TS="M" THEW 658

647 FOR I=1 TC 300

648 D(I,2)=D(I1,2)~F

649 CU=1l/(Z*PI*F*X)

650 LO=1/((2*PI*F6) " 2*CUy)

651 D(I,3)=D(I,2).-2*PI*D(I,1)*L0O

65z NEXT I

653 GCSUB 87G0

654 CO=AES(CU) @ LO=ABS(L0) ¢ BEEF

655 DISE "LCO YOU WANT A LIST CF THE CATA NEAF RESCNANCE?
(1=YES ,2=NO) "

656 INPUT Y

657 GCTO 670
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658
662
663
664
665
666
667

LO=X/ (2*PI*F6)

FOR I=1 TO .Z00

E(I,2)=D(I,2)-kK

D(I,3)=D(I,3)-C(I,1)*2*PI*LQ

NEXT I

GCSUB 8700

BEEP @ CISP " DC YOU WANT A LIST CF CATA NEAR KRESCNA

NCE? (l=YES ,2=NQ) "

668
670
655

INPUT Y
IF Y=2 THEN 706
PRINT "MOTICNAL IMPEDANCE CATA It ";C$ @ PRINT USING

686

666
700
705
706
716
715
72C
721
745
737
73€
740
755
756
757
600

IMAGE 2/ ,"FREVUENCY" ,4X ,"REAL" ,0X,"IMAGINARY"
GCLEAR ¢ CLEAR

GCSUB &§100

CLEAR ¢ BEEP @ BEEP

DISP "wANT A PLCT?(l=YES ,2=N0)"

INPULT Y2

IF Y2=2 THEN 755

PLOTTEKR IS 705 @ PEN 1

GCSUB 8400

LLCIR C ¢ PENUP

MOVE = (.5*L) ,~L-.2*L

LABEL “"MCTICMAL ";S$;" PLCT IN ";C$

GCLEAR ¢ CLEAR

PRINT USING 757

IMAGE 3/

DISF "I AM COING CALCULATIONS FOF YOUL. FLEAEC BE FAT

IENT."

603
6lu
828
840
045s
85¢%
go ¢
805
685
895
636
9:1
94 C

1Gou

IF ~=2 THEN 1040

IF TS="M" THEN luCU
IF L2=Z TaEN 86C

wO0=E1/AES (E4-E6)
CL=AES (EZ/ (2*FI*FG))
GOTC &85

wb6=El/ABS (E4~E6)
Cl=ABS(Ll/(Z*FI*F8*EZ))
K=1-(FC/Fb) "2
KI=Cl/(ABS(CC)+C1)

GCSEUB 9GGU

PFINIER I8 2

GCTC Ll:5¢
K=1-(F5/F0) "2

luusS IF LZ=2 THEN luZs
10lo (=ELl/AES(E4-E6)

1uls

1645

GCTC 1lu3¢
WO=ELl/AELS (E4=L6)

lu30 GCSUL s<lu ’
131 BRINTER IS 2 ¢ GOIC 135G
Lud0 IF TS="»" THEEN 1150
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1041 DISP "IF YOU HAVE CATA FCR AIR, ENTER 1; ELSE 2"
1ud2 INPUT Y
1043 R&D
1u44 IF L2=1 THEN 11l1l¢
1045 IF Y=2 THEN 1062
1660 P6=D4* (D3-D4)/(C3*R7)
1061 wC=F1
162 (l=El/ABS(E4~E6) € K=1-(F1/F9) "2
1070 GOSUB §1l0C
1076 PRINTER IS 2 € GCTO 135y
1110 IF y=2 THEN 113%
L1126 wC=F1
130 Fe=C2*(D1-D2)/(C1*GC7)
1135 ¢l=E1/AES(E4-E6)
1140 K=1-(Fl/F9)"2
1145 GCSUB 9100
1146 ERINTEK IS 2 @ GCTC 1350
1150 RAD
1151 DISP "IF YGCU HAVE DATA FCR AIR, ENIER 1; ELSE 2"
1152 INPUT Y
1153 IF L2=1 THEN 1160
1154 IF Y=2 THEN 1162
1155 B=.5*ACS((R7-R9)/D4)
1156 do=SIN(B) "z ¢ HS=COS(5) "2
1157 PE=((14D3/RO*HS) ".5-(L-D3/RG*H8)".5)/((1+D3/RC*HY) "
.S+ (1-C3/R0*HB) °.5)
1159 E=D4*SIN (2*3)/(4*RI*CS) @ wCG=F9* (Z*P+(F"2+1)".3)
1.:6G P6=L4* (C3-D4)/(C3*R7)
1162 (S=E1/ABS(E4-Eb) & K=1-(FS/F1l)"2
1163 PRINI "E=";B,"K=";K,"Kl=";Kl,"HKE=";H8 ,"HY=";HS
L164 GCSUE 930¢
11656 PRINTER IS 2 ¢ GOTO 1350
1180 RAD
118z IF Y=z THEN 1210
lle4 B2=.5*ACS((G7-GS)/C2)
1186 HB8=SIN(B) "2 @ h9=CCS(B) "2
L1€6 PS=((1+D1/GC*HS) . S5-(Ll-D1/GO*H8) ".5)/((Ll+C1l/Gu*HY) "
.3+ (1-D1l/GO*HE) " .5)
1i90 F=DZ*SIN (2*B)/ (4*GO*( 1) € wO=FLl*(2%P+(F 2+1)°.5)
1195 Pe=LC2*(Cl-C2)/(C1l*C7)
L2iy JY=EL/AES(E4-Eb6) d K=1l-(Fy/Fl) "2
1211 PRINT “"E=";E,"K=";K,"K1=";K1,"H6=";H5 ,"H9=";HY
1215 GCSUB 930G
1225 PRINTER IS 2 € CLEAR ¢ EEEP
1350 UISP "DC YOU DESIRE ANCTHEK IN THIS MECIULMZ(TC GET
THE CTHER TYPE LATA?) (1=YES,z=nNC)"

1358
1387
1360
136l

INFUT 21
FELCITER IS 1

IF Z21=1 THEN 152
PRINT JSING 1362




B S Sr vy

1362 IMAGE 3/
1365 DISP "LC YCU DESIRE A RUN IN ANCTHER MELCIUM? (1=YES,
2=NO) "
1370 INPUT 21
1375 IF Zi=1 THEN 45
136C DISP "JUST FGR THE RECCRLC, INPUT WATER TEME, Alk TE
MP, TRANSDUCER SER NO, MCDEL NC. ,"
1381 DISF "AND TYPE (E OR M)"
1385 DISP "IKPU1 U7 IF IKFC IS UNKNCWN"
1390 INPUT w,2,S,N,L$
1361 PRINTER 1S 701,76
1400 FERINY “"WATER TEMP=";w,,"AIR TEME=";2, ,"SER. NC.=";S
¢ *MCDEL NC.=";n,,"TYPE ";L$
l41u GCTO $95¢
2501 KEM *SRHUNT*
2503 CLEAR € GEEP @ DISP "wE ARE FINDING SEUNT VALUES ¢C
Kk G/E CR R/X."
2510 AS$="FR" € E$="EZI" @ S1=1
2511 IF T$="M" THEN 2520
<512 IF b=2 THEN 2516
2513 Q=MAX (L0 ,08) @ F=FCG-(i2-2)*FO/Q
2514 IF F>200 THEN 2535
2515 F=2006+(F0-2*FG/3-200)/ %0 @ GOTC
2516 w=MAX(Ll,uQ) € F=F1-(22-2)*Fl/y
2517 IF F>200 THEN 2535
25lc F=20(+(FLl=-2*Fl/3-2GC)/5C & GOTC 253%
2520 IF M=2 THEN 25Z
521 =MAX (0 ,28) € F=F&-(4i2-2)*Fs/u
2522 IF F>z00 1HEN 253%
2523 F=20C+(F&-2*F5/C-200)/ S0 & GCTC
2524 (=MAX(ul,b) € F=F9=(22~2)*FS/y
525 IF F>2C0 THEN 2535
2527 F=200+(F9-2*7S/(~2C0)/ 5C
2535 D$S=vALS$(F)
2537 CUTPUT 717 ;AS,D$,BES
2538 wAIT 1000
2540 LISF "SET CRANETZ FREY. SCALE 1C CCVEE FREw. CN SN
THESIZER .2ERC METERS .SET ON FS,(CCNT)"
2541 PAUSE
254Z DISF "HERE wE GET ThHEi NCRMALIZATICK FACTCERE."
2543 CUTPUT 70y ;"vIl”
45 GCSUB 5549
<550 G ,B,R,4=U
2551 AS="FR" & BS="HZ" & D$=vALS(F)
<553 CUIPGT 717 ;AS$,C$,5S
2561 CLEAR « CISF "SE1 CEAMNETZ Cb Y ,SET SCALt ,SE1 Cl. ACE
M FCF FIL1ER + rHASE,PLLG IN TPANMSDUCER."
2562 BEEF d DISE "EN1ER SCALE FACTCR IN MICRCHMEOS.SAmb
CALE AS FCR CAlA.(wE GET SalM Gya)"
2564 IJFLL S6€@ CLEAR ¢ CISP "I AM wCRRIMNG 1C GET SELWT v

L]
w
w
tn

)
n
w
n
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ALUES" € BEEP

<565
2566
<567
<568
<569
<570
«571
2572
2273
2574
<575
<576
25786
Cve 1
2575

FGR I=1 TO 10

OuUTPGT 717 ;AS$ .C$,ES

~#AIT 1000

OUTPUT 709 ;“acC3*

ENTER 709 ; M(I)

G=G+NM (1)

CUTPUT 709 ;"ac4"

ENTER 705 ; N(I)

B=B+N (L)

NEXT I

G=G/(I-1l) @ E=8/(I-1)

G=G*S8/Nb @ E=B*SE/NS ¢ ELLP

DISP "SET LRANETZ CN Z;SET SCALE FCR #AX RESFCMSE.r
RANS . INFUT. EN1ER SCALE FACTCE"

INPUT S6¢ CLEAR @ DISF "I AM WCFKIWG IC CET SFUNI WV

LLLUES"

<58C
<581
<582
2583
<584
2585
2506
2587
<8¢
<586
<5%C
2561
<5%2
<5655
2550
2€L0C
2601
<00z
26073
Z6CE
iGS,
2606
z6lC
<tll
<6lz
261:
2615
2620
X) &
26130
2935
EPEAT
2640

FCR I=1 1IC 10

OULTELT 717 ;AS$,CS$,ES

»AIT 1CCU

CUTIPULT 709 ;"ac:"

ENTEF 70S ; M(I)

R=R+y (1)

CUTFLT 709 ;"AC4*®

ENTER 70¢ ; N(I)

X=N(I)+x

NEXT I

R=R/(I-1) & X=4/(I-1)

R=R*S6/N8 @ X=a*Sh/NS

IF T$="M" TEHEN 261l(G

IF b=1 THEN 260(L

KS=R & X9=X & GY=C & £S=B ¢ GCTC 26(1

GLU=C & EO=E @ RO=R ¢ Xu=X

FEINT “Siawws VALUES"

PRINT USING 26C:

IMAGE 1/

PRINT "GU=";GL,,"EC=";BC, ,"FO=";R0, ,"20=";%XG,,"Gsc="
"ES=";29, ,"R¢ G, "r9="; Xt

PRINT @& GCTC

IF Sl=2 THEN 2
J1=C € JU=E @€ J3=F ¢ Jd=X

IF M=2Z THEN 2615
F=F8+(u2=-2)*Fb/q @ Sl=2 ¢ GCIC
FeF9+ (22-2)*FY/ & Sl=2 ¢ GCIC
G=,5*(G+Jl) ¢ B=,.5%(B+JZ) & R=,
GO1C 2585

GCLEAR & CLEAR & EBEEF

CISE "ENTEE “L° IF ALL IS wELL; “2° IF YCU WNEED A K

INEGT Y

(n N
* N

thh
mo

+
(&

w
e
>
]

OF (U4
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S ORI AT\ e . Riac e -

2645 IF Y=2 THENK 2501

2650 RETURN

TULO REM *ap-Ck»

70C1 GCLEAR @ CLEAR

700% DISP “ENTEER LCWER, UFPER FREy. FCR SWEEE.IF RESCNAN

CE UNKNCWN USE 10C0C,2000C0. (Fl,F2)"

7010 INPUT F4,F2

7011 DISP “EN1ER RMS VOLTAGE NEEDED.(30CG Mv FOR LOw FRE

C. AS LCW AS 2060 MV FCR dIGH)"

7G1lze INPLT A€ Al$S=VvALS(A)

702G CLEAR & BEEP

7025 A$="AN" @ BS="MR"

7035 CLTPUT 717 :AS,AlSs,2$

7C4C OUTPUT 769 ;“"AC3vT3"

764% F3=CEIL((Fz~F4)/3CC)

700C CLEAR @ LISP "I 2 WORKING TC GE1 THE SFECTFUM L2ATA
FCR YCU,THEN WILL SEOw & MAKE A PLOT"

706S FCR I=1 TC 3C¢

7070 D(I,L)=sF4+1*F:

7075 Asgllazu @ B$.="FR"

7053 D$=VALS(C(I,Ll))

7G€S QUIPUT 717 :88,08,A5

7C9C CUTIPUT 709 ;"aC:ivri”

709% wWAIT lou

71060 ENIER 709 ; L(I1,2)

7165 NEXT 1

71106 FS5=F4-,1*(Fe¢-F4) € Fe=FZ+.1*(Fa-F4)

7115 Fo=Fch.1l*(F2-F4)

7119 BLCTIER IS 1 ¢ GCLEAK ¢ CLfAF

7125 SCALE FS5,F6,-.1,1.2

7130 XAXIS (,206¢,Fa,Fz

7135 YAAIS F4,.1,-.1,L.2

714v 0K I=1 TC UL

7145 FENUP

7180 ¥LCT D(I,1),0(1,2)

7155 NEXT I

7158 GRAFH © CCFEFY

71€C DISPF "NEED ANCTHER KUHR? (l=YES,z=NC)"
716l INPLT 1

71€2 IF Y=1 THEN 70QUE%

7167 CLEAR ¢ GCLEAR ¢ BEEF

7165 CISP "ENTEF GECISICN PCINT FCR AMELITULE (G IC L.2)
. (LEES THAN THE MAX LCISFLAYEL) ."

7176 INFUT S¢ CLEAR ¢ LEEF

710 PFINT "AMELITCLE IN VOLTS";" FRELUENCY"

7lol PRINI

7190 FCR I=1 TC z0¢C

7193 IF L(1,2)<S THEN T72lu

74uy FRINT uSING T20% 3 O(I,2),C(I,1)

725 IVAGE 1lX,C.LLECCCCCL,l6X ,LOLLCC.LC
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7210
7215
7240
7225
7226
wISE
7227
7228
7235
7230
7240
7241
7242
7243
7245
7255
726C
7265
7270
7275
7285

- ——— s ——y e

NEXT I

PRINT USING 7220

IMAGE 3/

CLEAR ¢ BEEP o

DISF "IF YOU ARE READY TC CONTINUE EMIEFR ‘1°; OTHER
ENTER “2°."

INPUT Y

IF Y=2 THEN 716C

DISP "wHAT IS CENIER FREGC, HALFwID1H TC CONSILER?"
INPUT F,N¢ CLEAR € BEEF

DISP "I AM wORKING TO GET GCOD FRE( AND ( DATA"
FOK I=1 TC 304

D(I,1)=FE~-N+I*N/15C

A$=llazn @ B$3”FR"

DS$S=VALS(C11,1))

OUTPUT 717 ;8S,05,AS

OUTPUT 709 ;"ACZVT3"

wAIT 100

EN1ER 709 ; D(I,2)

NEXT I

CLEAR € GCLEAR ¢ DISF "I AM FINCING THE ABSCLUTE ~A

32 ANE FREY UPEFER AND LOWER"

729G
7295
7300
7310
7315
7325
7340
7345
7350
71358
7260
7365
7370
7365
7380
740U
740¢%
7425
7430
743%
7440
7445
7450
7485
7460
7470
7475
7480

51,B4=0 ¢ H,Hl H2,HZ,Hée=1
EZ,B3=50

FCR I=2 TC 30¢

IF C(I,2)<DH,2) THEN 734G
IF C(I,2)=C(H,2) THEN 732
A6=0(1,2) € F6=C(I,l) € H=I
NEXT I

AT7=A6,2

FCk I=1 TC H

IF A7=C(I,2) THEX 74GS

IF A7<C(I,2) THEN 7385

IF C(I,2)<E1 THEN 7425
B1l=D(I,2) & Hl=I @ GOTO 7425
IF C(I,2)>B2 TEEN 7400
82=C(1,2) & H2=I

GOTC 7425

B1,82=C(I,2) ¢ Hl,H2=I @ F7=0(&2,1) & GCTC 7440
NEXT I

X=(A7-E1)/(£2-bl)

F7=X* (D(H2,1)=D(dl,l))+C(d1,1)
FCR I=h 1C 200

IF A7=C(I,2) THEN 7455

IF A7>C(1,2) THEN 747°%

IF O(I,2)>B3 THEN 747G
B83=C(1,2) & Hi=I

GCTC 7515

IF C(I,2)<=B84 THEN 745G
B4=C(1,2) @ H4=]l
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7490
7495
7505
7510
7515
7520
7525
7530
7535
7536
7538

EUN FOR BETTER VALUES, ENTER “2°."

7538
7540
7545
8100
8lul
8102
8103
8105
8loé
8107
glio
8110
8200
Bz01
8202
6203
62CS
8209
s2ly
8z11
selz
8215
s§zlé6
6217
8216

GOTO 7515

B3,B4=C(I,2) @ HZ,H4=I

LS=D(HZ,1)

GOTO 7530

NEXT I

X=(A7-B4)/(B3-B4)

LS5=- (X* (D(H4,1).-D(H3,1).))+D(H4,])

C=F6/ (L5-F7)

PRINT "CENTER FREG IS ";F6

PRIN1 "C IS “;( .
CIsp "IF YOU ARE READY TO PRCCEED, EN1ER '1°. TG RE

INPUT X

IF Y=2 THEN 7235
RETURN

REM **DATA LIST**
PRINTER IS 2

FCR I=99 TC 199

PRINT USING 8105 ; D(I,l) ,D(I,2),D(I,3)

IMAGE CDCOOD.D,2X ,L.DCCE 2X,D.CDDE
NEXT I

PRINT USING 810&

IMAGE 3/

RETURN

REM **ELOT RE**

GCLEAR @ CLEAR
H&=C(1,1)-.15*(D(300,1)-C(1,1))
HY9=0 (300,1)+.1*(D(300,1)-C(1,1))
PLCITER IS 70S ¢ PEN 1

SCALE H8,H9,~(.8*E) ,E+.25*E
XAXIsS 0,(C(3G0,1)-C¢1,1))/1G,C(1,1) ,0(200G,1)
YAXIS C(1l,1) ,b/C,=-(.8%E) ,E+.2*E
EENUP

FOR I=1 TO =00

BLOT D(I,1l),C(I,2)

WEXT I

PENUP €@ DEG €@ LOIR C,SIN(90)

6221 FCR Ll=D(1l,1) 10 D(0C,1) STEP (D(:00,1)=-D(1,1))/1C
a PENUP

LA

Deca
§22:
€224
824

6227
0z2b
6220
Beid
dez4
8c:S

8236

mCVE Ll,-(.18*E)

LABEL INT(L1)

NEX1 L1

LDIR G ¢ PENUP

MCVE D(l,Ll)+.2*(D(300,1)-0(1,1)) ,~(.7*E)
LAEEL "FREQUENCY (HZ)"

PENUP ¢ PEN 1

LDIR ¢

FCR Ll=-(,8*E) IC E+.<*E STEP E/5 & PENUP
MOVE D(Ll,l)-.09*(C(:wU,l)-0(1,1)),LL
LABEL INT(L1)
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6237
6240
§241l
Ee4:
825y
8300
6301
8303
8304
3308
8306
8312
£313
8314
6315
8318
B8:e5
8330
8331
8333

NEAT L1

LCIR (,SIN(90)

MOVE D(l,1)-.1*(D(3006,1)-D(1,1))..1*E

LABEL HS$

RETUERN

REN **PLOT IM**

GCLEAR € CLEAR
Hoe=L(l,1)-.15*(D(300,1)-D(1,1))

HS=D (300,1)+.1*(D(300,1)-D(1,1))

L=MAX (AES (ES) ,AcS(E3))

PLCTTER IS 705 @ PEN 1

SCALE H8,HY ,-L-.S*L ,L+.25*%L

KAXIS 0,(D(300,1)-C(1,1))/1v,D(1,1),B(200,1)
YAXIS C(l,l) ,L/S5 ,~L-.2*L,L+.2*L

PENUP

FCR I=1 TC :0¢C

PLOT C(I,1).,C(I,Z3)

NEXT I

PENUP @ DEG € LDIR ¢ ,SIN(SC)

FOR L1l=C(l,1) TO D(:00,1) STEP (D(zC0¢,l)~-D(1,1))/1C

d FENUP

8336
8337
8340
5341
6§34z
§345
6352
8355
6356
8357
6360
36l
53268
0380
8400
t4ul
840G2
8402
5404
8406
04G7
84C5
6409
86411
04lz
0413
€414
5415

MOVE Ll,-L-.2*L

LABEL INT(L1)

WEXT L1

LDIR G @ PENUP

MOVE D(Ll,1)+.2*D(300,1)-D(1,1)) ,~L-.4*L
LABEL "FRECQUENCY (HZ)"

PENUP @ PEN 1 ¢ LCIF C

FCR Ll=~L-.2*L TC L+ .z*L STEF L/t & PENLP
MOVE D(1l,1)~.09*(D(:v00,1)-D(1,1)).,L1
LABEL INT(L1)

NEXT L1

PENUP € PEN 1 @ LOIK C,SIN(Y0)

MCVE D(Ll,1)~.1*(D(30C,1)-D(1,1)) ,-(L*.5)
LABEL G3$

RETURN

REM **CIRCLES**

GCLEAR € CLEAR

L1=MAX(ABS (E3) ,ABS(ES))

L=MAX (AES(E) ,L1)

PLCTTER IS 705 @ PEN 1

SCALE l.25*(-L-.1*L),1.25*%(L+.1*L) ,~L=.2*%L ,L+.15*L
ABLIS O,L/5 ,-L-.1*L ,L+,.1*L

YAXIS O,L/S5 ,-L-.1*L,L+.1*L

FENUP @ PEN 1

FCR I=1 TC 200

BLOT ©(I,2),C(1,3)

NEXT I

SENUP

LOIR O & FEN 1 & FENUP
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65416 MCVE - (L*,%) ,~-L-,1*L

86418 LAEBEL HS

6420 PENUP @ PEN 1 @ DEG

8425 LCIR C,SIN(9Q)

86426 FCR Lla-L-,1*L TC L+.1*L STEP L/% @ PENUP
6427 MOVE Ll1,-L

8428 LABEL INT(L1)

6429 NEXT L1

6435 LDIR 0 @ PEN 1 @& PENUP

8436 FOR Ll=~-L~,1*L TO L+.1l*L STEF L/% & PENLUP
6437 MCVE -(.886*L) ,L1

t436 LAEEL INT(L1)

8435 NEXT L1

8445 LDIR O,SIN(9Q)

8446 MOVE - (.S5*L) ,~(.3*L)

6448 LABEL G$

5450 RETURN

8549 REM **NORM**

8550 N8 ,N9=0

8551 FOR I=1 TC lu

8557 WAIT 5Suv

8558 CUTPGT 709 ;"AacC3"

855% ENTER 7G9% ; N(I)

6500 NE=NB+N(L)

8565 GUTEUT 7C9 ;"AC4"

oS€66 ENTER 709 ; M(I)

6567 NS=N9+M (L)

5568 NEXT I

3569 NB8=NB/(I-1)

8370 NG==(NC/(I-1))

8572 PRINT USING 8573

8573 IKAGE 3/

8575 RETURN

8000 RED **VALUES**

6601 CLEAR @ EEEE

86CZ CISP "1 am CCLLECTING THE LAIA NCw"
86GE IF LZ=1 AMD M=2 THEN 662¢

6606 IF L2=1 aiC M=l THEN &6zl

86C7 IrF L2=2 ANC M=1 THEN bozZ

sblo IF L2=2 AND M=z THEN 08623

cb2lL Fo=F1l ¢ y=yl & GCLC tos5s

8ozl FoafU @ (= U & GUTO 865

86022 Fo6=FE ¢ =y 06 ¢ CCTO 062t

B6Z2: Fb6=F9 ¢ (=9

8625 FCR I=1 1C S0

0028 IF FO-L2*Fo/u+(22~2)*F6/(50%y)>20U THEN ooll
8629 C(I,L)=200+(F6=2*F6,/w~2LL)*I /50
863G GCIC t©b6132

8631 C(I,l)=c0~az*Ffo/u+I*(22-2)*Fo/(50*y)
603z Ls=vALS>(DI,1))
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6633
8634
6635
6b36
8637
86306
86369
8640
6641
8650
ob6S1
8632
8653
8654
8655
c656
8637
56 36
6639
866¢
6ol
€670
6671
667c
80773
8674
8675
5676
co 77
66 78
6679
008U
8661
E6oz
FREGS
66453
3dbb4d
06b5
S EEN
Bobb
BoL7
M AM
2gv97
E CAT
cb93d
8699
o 7Ly
8703
67LS
3700

CUTPUT 717 ;A$,D$,5S

WAIT 150

CUTBULT 708 ;"AC3VT3"

ENTER 7C9 ; &8

D(I,2)=H5*S8/N8

OUTPUTI 709 ;"AC4VT3I"

ENTEK 705 ; K9

D(I,3)=HY9*SE/NS

NEXT 1

FOR I=51 TO 250
C(I,]l)=F6-2*%F6/u+(I-SG)*2*F6/ (100*y)
L$=VvALS(D(I,l))

CLTPUT 717 ;AS,L[S,ES

WAIT 250

CULTPUT 709 ;"AC:IvT3"®

ENTER 709 ; HS

D(1,2)=H6*S&/N8

CUTPUT 7CY ;"AC4VT3"

ENTER 7(G9 : HS

D(I,3)=H9*S5/NS

NEXT I

FCR I=251 T0 30¢
D(I,1)SF6+2*F6/Q+(I-25G)*(22-2}*F6/ (SU*{) :
D$s=vALS(C(I,1))

CUTPUT 717 ;As,DS,ES

~AIT 150

CUTPUT 709 ;"AC:ZIvT3"

ENTER 709 ; d8

C(I,2)=HB*SS/NG

CLLPUT 709 ;"AC4VT3I"

ENTER 7C9 ; kS

C(I,3)=H$*S5/N9

NEXT I

CLEAR ¢ DISF “I AM FINCING MIN/MAX VALGES & ASSCC.
GCSUb 87¢C

IF L2=Z THEN 8687

PRINT "GMAX=";E, ,"FGCMX=";El
A=";E4, "BrI=";ES, "FBMI=";
GCLC ©657

PRINT "Re2X=";E,,"FRnX=";E1,,
A=2";E4, ,"AMI=";E£5,,"Farl=";:£6
DISP "IF AIL IS wELL, ENTER '
A.“

INPUT ¥

EETUEN

REN **VAXMIN®*

B,HI,82=1u0

E=D(lul,2) € E1,E4,E6=L(10U,l) © EZ,E3,E5=D(1llL,3)
FOR I=101 1IC 2uLu

W BGha="jEZ, " eMXx=";10T,

"XEmX=";EZ, " &LX=";E7,

1°. ENIEE 27 IC RETAK

)
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8716 IF L(I,2)<DH,Z) THEN 6725

6711 IF C(I,2)=C(H,2) THEN 8720

8720 E=D(I,2) € EL=D(I,1) € E2=L(I,3) € H=I

6725 IF C(I,3)<D(H1l,3) THEN 8740

6726 IF L(I,3)=D(Hl,3) THEN 8735

5735 E3=D(1,3) @ E4=D(I,1l) € H1=I

6740 IF C(I,3)>=L(HZ,3) THEN 8751

8745 k=1 @ ES=D(I,3) @ £6=D(I,1)

8751 NEXT I

6760 J1=D(H,2) € Jz=(D(H+1,2)-D(H-1,2))/2 ¢ J3=(D(d+1,2)
+D(H~-1,2).~2*vl)/2

8702 F6=-(J2/(2*J3))

8704 A=J1+U2+Fb+J S*Fo" 2

0770 Fo=C(H,l)+F6* (C(H,1)-D(H~1,1))

775 El=F6 ¢ E=A

6708 D=ABS(E3-ES)

676S IF =2 THEN 879:

8750 IF Lz=1 THEN §792

879l £3=C @ GCTC »7%6

8792 Cl=C @ GCIO 87%

0753 IFf LZ=1 THEN 8795

8754 D4=L ¢ GCTO 5756

8795 Cz=C

8756 PRINT "Dl=";D1,,"C2=";C,,"D3i=";0%,,"C4=";04
67¢¢ RETURN

9uCU REL **CALC-A**

9uol ERINTER IS 7G1,76

Su02 BERINT ¢ PRINI

4603 PRINT "VALUES MERSUREL In AILR FiCh ";55:" LATR"
5Gu4 FRINT

SCLl PRINT “ELCCRED CAFACIIANCE= ";AES(Cu);"™ FARALS #I "
;F; "hi‘"

¢ulz PRINT "ELcCTERICAL (UALITY FACICR = ";.u
yCl3 FRINY "MECHANICAL UALITY FACICE = ";.0
$Cl4 ERINT "ELECTRICAL RESUNALCE =";r(;" iHe"
SLlS PRINL “"MECHANICAL RESUNANCE = ";ré;’

tH] 1.’4" '
SLlo PRINI "LYNAMIC ELECInCMECBANICAEL CULULEFLING CULFFICIE !
ST = "3k
9017 PRINT "STALIC CCUFLING CCEEFICIcuii= ";anl
9C21 ¢RIWT "ELCCKED RESISTANCE=";Fu; "CEL3"
vC:l PRINT USING 9(32 P
sU:Z IMAGE 2/
305U RE1TUkn
SlUU REM **CALC~pw**
¢lul eRIGieER Is 70l,76
dluz PRINT ¢ ERINT ]
91L: FRINT "VALUGES FChR rEASCRENLNTS IN WAIER FRCH ";S3
» CA"A"
Ylud FPRINYG
11l PRINI "ELCCHREL CAFACITALCE = ";AES(CU) ;" FARALS
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n;F;uHZu

9lle PFINT
911: PRINT
5114 FRINT
9115 PRINT
Ylle PRINT
NT = ";K

9120 ERINT

5lz1 PRINT
9122 FRINT
$1:2 FRINT
S133 IFMACE

9150 KETUKRN

“ELECTRICAL wUALITY FACTCR = "
"MECHAKNICAL CUALITY FACTOR "
"ELECTRICAL RESCNANCE = "
M ECHANICAL RESONANCE = “
“CYNAMIC ELECTECMECHANICA.

-
’
.
’

"4AECHANICAL POWER UTILIZATICMN FACTOR";AES(r6)
" STATIC CCUPLING CCEFFICIENT=";Kl
"ELOCKEL RESISTANCE =";KR%;"Onhsg"
USING 9135

3/

S200 REM **CALC-A/NM**
$201 PRINIER IS 701,76

920z PRINI
3263 PRINT
Y2U4 ERINI1
€zll PRINT
;Fo; VA

Yelz BRINI
Yel: BPRINT
yeld PFPINT
Yeld PRINT
Yzlo FRIN:
Nl = ";K

$z17 PRINT
¢23i PRINT
vziz INACE

325y RETUSN

¢ PRINI
“VALUES MEASUKEL IN AIR FRCHM ";S$;" CATA"

"BLCCKELC INCUCTANCE= ";ABS(LC);" RENKRIES AL "

"ELECTRICAL «UALITY FACTCR Y
"MECHANICAL (LALITY FACICK "o
"ELECTRICAL FESCLANCE =";Fug;" HZ"
"MECHANICAL RESCHNANCE = ";Fg;" EL"
"LDYNAMIC ELECTRCMECHEANICAL CCLELINC CCEFFICIE

"ELCCKEL RESISTAMCL= ";F;"CENS"
USING Sz:z
</

SIGU REN **CALC=in/M**
93iCl PRINGIEF IS 701,76

v:0z PRIwi
950% FRINT
" DA,‘lA“

Y U4 EKIY
€311 ERINT
";FO;"EZ"
¥:12 PRINY
y3:l: PRIMNI
¥:l4 FRIW1
YZl3 EFRINT
$:l6 FRINT
NT = ";K
vZle FRINT
G319 EFRINT

-

S3cu ERINT

¢ PKINI
“VALLES FCE NERSUBEFELTS IL aATER EFCE “;3§;

"ELCCAED INDUCTANCE = ";ASS(Lu);" HENFIES AT

"ELECTRICAL ULALITY FACTCR = "; i

"HECHANICAL UALITY FACICR = "

"ELECTRICAL RESCMALCE = ";F1l;" Bo"
"MECRANICAL RESCHAMCE = ";F9;" pe"

"CYNAMIC ELEZCTERCMECHANICAL CCUPLINC COEFFICIE

s
(Yal

"FOTENIIAL EFFICIENCY = ";i°&
"FREQUENCY CF CrTIiiM EFEICIENCY = "j;wep" EZ"

"5 ECHANICAL PCWER UTILI4ATICYK FACICE";AcS (ko)
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8z22
v3i23
5380
$6%&
5966

PRINT USING 932:
IMAGE Z/

RETURN

ISP "1HE END"
ENC
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*k e X 1
L Bk rontEREEY]
3 SHORT ¢O0,¢1,¢8,09,0,E,E2 .£3,E5,KR8,R7,X2,X3,X5,X6,X7,%X8
,G7,G8 ,E2,B%,85,86 ,B7 ,E8,K,K1,P5,P6,w
7 SKOFT A,FZ,F2,F4,F5 ,H:,H4,J1,J2,03,J4,G,B,R,X
8 INTEGER M,Y,Y1,1,Y2,3,%2,23,Hl ,H2,L2,51
10 DIM BS$({2},28(2]),.TS[(1]),D(3CG,3),Als(4] ,DS[30C] ,LS[2G],
R§[1] ,I8[1),S%[10] ,CQ[5]) .GS(23],m8][273]
11 REAL S ,N,N8,NS ,RCG,RS,X0,Xy,L,CO0,LC,0,P1,H8,H49 ,FE,nG,GO
,G9 ,E0,B9,N(10) ,M(10Q) ,FCG,F1,F6,F6,FS
14 REAL s8,E4,E6,LS,0,01,D2,D3,D4
15 X6,01,D2,D3,C4=0
16 ¢,E2,E3,E5,R8,R7,X2,%X3,X5=0
17 %3,A,F2,F3,F4,FS,B6,E7,86=C
16 s8 ,E4,E6 ,M,Y,Y1,I,¥2,0,22=0
19 K,K1,P5,P6,W,00,Q01,C6,09 ,E=0
<0 co,L0,C,Pl,B,HE ,H9,P,n0,5=0
<l N,N8,NY,RO,R9,X0,X9,G0,GY=0
22 B0 ,B9,H1,H2,F0,F1,F6 ,F8,FS=0
24 DISP "THIS PFCGRAM IS LCESIGNED FOR AN EMPERIENCEL CPE
KATCR, THE BANDWIDTH FOR CATA CCLLECT."
25 DISP "ANLC FREC. TC GET BLOCKED DATA wILL BE THE CECIC
E OF THE OPERATOK. 'HYCRAZ  PRCGRAM IS"
26 DISP “LDESIGNED TC CCVERE 10 X 8w AUICMATICALLY. AIT °C
CNT ~ IF REACY TG ERCCEED."
27 PAUSE
28 CLEAR @ BEEP o
.35 DISP "ENIER TYPE OF TRANSCUCER TC BE MEASUREL?('¥  FC
K MAGNETIC CCUPLING CR 'E° FCR ELEC.)"
4z INPUT 1S$6 LCISP "TC GET A CCMPLETE SET OF DAT2 YCU NEE
D MEASUREMENTS IN BCTH AIR AND W~ATEE., "
45 DISF "LC AIR FIRST.IN wHAT MECIUN ARE YOU CEERATING?{
ENTER “L° FCR AIR Ck “Z° FCR WATER)"
46 INPUT M@ CLEAR ¢ BEEP
47 IF M=z THEN 49
40 CS="AIER"” ¢ GOTO 51
49 C$S="WA1ER"
51 PRINIEF IS 2 @ PLOTTER IS 1
55 CISP "SET THE LCRANE12Z FCR ACMITTANCE .SET CN LCWEST SC
ALE THAT WON'T PEAK GCURING RUN. ICCNT)"
6C FAUSE
65 PRINT € PRINT €& PRINT
70 PRINT "ACMITTANCE IN ";CS
75 GCEUB 7000
80 IF M=2 THEN S¢
85 FO=F6 e ¢0=Q & GCTC 100
90 Fl=F6 @ <l=¢
lUv GCLEAR @ CLEAR & BEEP

1CE DIS¢ "SET1 CRANETZ FCR INPECANCE=(SCALE NEEDED)-EIT C
onNT "
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110 PAUSE

115 PRINT @ PRINT @ PRINT

120 FRINT “IMPEDANCE IN ";C$

125 GOSUE 7000

130 IF M=2 THEN 140

135 F8=F6 @ Q8=¢ @ GOTC 141

140 F9=F6 8 u9=(C

141 CLEAR €& BEEP

142 PRINIER IS 701,76 & PRINT USING 144

144 IMAGE 2/

145 PRINT "“F(Y-AIR)= “;INT(FG),,"F (L-WAT)= "“;INI(Fi),,"F
(2-AIR)= ";INT(F8),,"F(4-MAT)=";INT(F9)

146 PRINT “"(C(Y-AIR)= ";¢C, "W (Y-WATER)= ";¢(l,,"C(%-AIlR)=
308 ,,"C(Z-WATER)= ";u9

147 PRINTEK IS 2 )
148 CLEAR @ DISP "THESE ARE THE INITIAL ESTIMATES. (KIT °

CONT“~ WHEN REACY TC PRCCEEL)"

149 PAUSE

150 GOSUE 2501

152 CLEAR @ BEEP

153 DISP "10 CCLLECT ADMITTANCE DATA (FOR ELEC. CCUPLING
) ENTER “I’. ENIER “2° FOR IMPELCANCE"

154 INPUT L2@ PRINTER IS :z

155 IF L2=2 THEN 158

156 RS="G" & I$="B" € S$="ADMITTANCE" ( HS$S="CONLCUCIANCE
(MICRCMHECS)" € GS="SUSCEPTANCE (MICRCMHCS)"

157 GCTC 155

158 RS="R" € I$="X" ¢ SS$="IMPELANCE" ¢ G$="REACTANCE (CH

MS)" €& HS="RESISTANCE (CHMS)"

159 IF Lz=1 THEN 176

16C CLEAR @ DISP "SET ON Z AND ENTER SCALE FACTCR 10 COL

LECT DATIA."

161 INPULT S6@ PRINI SS$;" IN ";CS € PRINI "SCALE =";c&;"

OHMS "

162 CLEAR

164 GCSUL 8600

l65 IF Y=2 THEN 152

loo IFf Mm=2 THEN 16¢

167 R6=E € X3=E£2 & X6=E3 ¢ F4=£4

l6s X6=E5 ¢ FS=E6 & F8=E1l & GCIC 198

169 R7=E @ X2=£2 & X7=E3 ¢ F4=E4

170 X5=ES ¢ FS=£6 & FY=El € GOUIC 19s

176 CLEAR ¢ EEEP

177 CISP "SET Civ Y & ENIER SCALE FACTCR IN MICFCMHCS TC

CCLLECT CATA."

178 INPUT S6@ PRIN1 SS;" IN ";C$ @ FRINT "SCALE =";5&;"

MICROMHCS®

179 GCSUB 86GuU

180 IF Y=2 THEN 182

161 IF Mm=2 THEN 1t
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lo2 G6=E € B3=E2 ¢ BS6=E3 € FZ=E4

183 B6=ES © F3=E6 ¢ F(O=El ¢ GCTC 1968

165 G7=E @ B2=E2 ¢ B7=E3

166 Fe=E4 ¢ B5=E5 €& Fi=E6 € Fl=E1l

155 PRINT USING 199

169 IMAGE </

200 BEEP @ DISP "DC YOU DESIRE A LIST CF LAIA NEAR KRESON
ANCE? (106G POINTIS) (l=YEES ,2=NC)"

201 INPUT Y

202 IF y=2 THEN 3GO

204 IF L2=2 THEN 240

210 PRINT "ACMITTANCE LATA FCR “;CS;" IN MICFOMHOS" ¢ PR
INT JSING 215

215 IMAGE 2/ ,FRECUENCY",4X ,"REAL" ,6X,"IMAGINARY"

216 GOTOC 265

240 PRINT “IMPELANCE DATA FOR ";CS$;" IiN CHMS" @ PERINT US
ING 215

265 GCSUB 8100

300 CLEAR @ BEEP @ DISP "DO YOU DESIRE A FLCT CF DATA? (1
=YES ,2=NC) "

305 INPUT Y@ GCLEAR €& CLEAR

315 IF Yy=2 THEN 4%:§

320 CISPF "EN1EF: 1= G/R V8. FREw; 2= E/X vS. FREL; 3= L

vS, G/X vS§. R; 4= ENLD PLCTTING LCCE."

325 INPUT ¥

330 IF Y=2 THEN 385

335 IF Y=3 THEN 425

340 IF Y=4 THEN 45¢

345 GCSUE 6200

356 LLCIR U & PEN 1 @ PENUP

357 &GVE L(Ll,l)+.2*0(300,1)=-D(1,1)) ,~(E*.B)

60 LAEEL R$;" vS. FRELUEWNCY IN ";CS

361 GOTC :20

65 GOSUE 8300

297 LOIR G @ BEN 1 @ PENUP

:¢s MCVE D(l,L)+.2*(D(3Gu,l)-D(1,1)) ,~L=-.5*L

4GG LAEEL IS$;" vS. FRELUENCY IN ":Cs

401 GCTC 3220

425 GCLEAR © CLEAK @ GOSUE b4ulG

431 BEN 1

442 LCIR L € PENLUP

443 MOVE -{(.5*L) ,~L~.2*L

445 LAEBEL " INPGT1 ELECTRICAL ";S8%;" ELCT (":IS;"vS.":R
) IN ";C$§

446 GCTO 320

450 IF L2=2 THEN 645

451 IF T$=a"E" THEN 525

452 GCLEAR & CLEAK @ DIsP "I AM CALCULATING MCTICNAL CAT
An

465 CC=E* . UU0COLl/(Z*PI*F6)

47
e
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466
47¢C
475
480
485
490
500
525
Al‘

532
335
536
537
538
540
542
EAR
543
545
575

LC=1/ ((2*PI*F6) " 2*C0)

FOR I=1 TO 300
D«I,2)=D(I,2)~G
D(I,3)=D(I,3).~D(I1,1)*B/F6
NEXT I

GOSUE 8700

GOTC 542

GCLEAR @ CLEAR € DISP "I AM CALCULATING MOTIONAL DAT

Cu=B*_,000001/(2*PI*F)

FGR I=1 TC 300

D(I,2)=C(I,2).-G

D(I,3)=D(I,3).-C(I,1)*B/F

NEXT 1

GOSUE 87G0

BEEP @ DISP "DO YOU DESIRE A LIST CF MCTICNAL DATA N
RESCNANCE? (1=YES, 2=NC)"

INPUT Y

IF Y=2 THEN 604

PRINT "MOTIONAL ADMITIANCE CATA IN ";C$ € PRINT USIN

G 580

580
595
6CU
6G4
6CS
610
615
6lé
620
628
629
630
642
645
An
€46
647
048
849
620
651
652
653
654
655

IMAGE 2/ ,"FREUUGENCY" ,4X ,"REAL" ,6X ,/"INMAGINARY"
GCLEAR € CLEAR

GOSUE 8106

CLEAR € BEEP @ BEEP

DISF "WwANT A PLCT?(1=YES ,2=NO)"

INPUT Y2

IF Yz2=2 THEN 755

PLOTTER IS 7G5S @ PEN 1

GCSUE 84060

LDIR 0 @ PENUP @ PEN 1

MOVE - (.5*L) ,-L-.2*L

LABEL "MOTICNAL ";S$;" PLCI FCk ";C$

GOTC 755

CLEAR € GCLEAR @ DISP "I AN CALCULATING MCTIONAL DAT

IF T$="M" THEN 6505

FOK 1I=1 TO :00

D(I,2)=C(I,2)~-F

CO=1/ (Z2*PI*F*X)

LOo=1/((2*PI*F6) " 2*CG)

D(I,3)=0(I,3).-2*PI*D(I,1)*L¢

NEXT I

GCSUB 8700

CO=AELS(CO0) € LO=ABS(LO)

BEEP @ DISP "LCC YOU WANT A LIST CF THE CATA NEAR RES

ONANCE? (1=YES ,2=NC)"

636
657
658

INPUT Y
CCTO 670
LO=X/ (2*PI*F6o)
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662 FCR I=1 TO 1300

663 D(I,2)=D(I,2)-R

664 D(I,3)=D(I,3).~D(I,1l)*2*PI*LO

665 NEXT I

666 GOSUB 8700

667 BEEP @ DISP " DU YOU WANT A LIST OF DATA NEAR RESGNA

NCE? (l=YES,2=NQ)"

668 INPUT Y

670 IF Y¥=2 THEN 706

665 FRINT “MCTICNAL IMPEDANCE LDATA IN ";CS @ PKINT USING
666

666 IMAGE 2z/," FREGQUENCY",4X ,"REAL" ,6X,"IMAGINARY"
700 GCLEAR €& CLEAR

765 GOSUB 8100

706 CLEAR @ BEEP @ BEEP

710 DISP "WANT A PLOT?(1l=YES ,Z=NC)"

715 INPUT Y2

720 IF Y2=2 THEN 755

721 PLOTTER IS 70% @ PEN 1

725 GOSUB 8400

737 LCIR ( @ PENLUP

736 MGVE = (.5%*L) ,~L-.2*L

74 LAEEL "MCTIONAL ";S8S;" PLCT IN ";C$

755 GCLEAR € CLEAR

756 PRINT USING 757

757 IMAGE 3/

§CU CISP "I AM LCOING CALCULATICNS FOR YOUL. FLEASE BE r2T
IENT,"

603 IF i=2 THEN 104C

§1C IF T$="M" THEN 1004

§z% IF L2=2 THEN 8§6C

640 CO=E1/AES (E4-E6)

045 CL=ABS(EZ2/(2*FI*F())

555 GCTC 885

86C LB8=E1l/RES (E4—E6)

565 CLl=AES(l/(2*PI*FB8*EZ))

vos K=Ll-(FG/F8)" 2

895 K1=Cl/(ABS(CUV)+Cl)

930 GCSUE 9CU0

931 PRINIER IS 2 .

940 GCTC 1350

1Cuy K=1-(F&/F0) "2

1065 If Li=2 THEMN lU2Z5

101y wu=E1l/AES(E4-Eb)

1615 GCTO lulo

1625 Lo=EL/AEBS(E4-E6)

1L36 GCSUE S20¢

1031 PRINTER IS 2 & GCTIO 135y

1040 IF T$="M" THEN 115¢

ludl BEEF ¢ CISP "IF YOU HAVE LATA FCR AIR, ENIER 1l; ELS
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E 2"
1642
1043
1C44
1¢45
1060
1061
1062
1070
1676
1110
1126

130
1135
1140
1145
ll40
1150
1151
ils52
1153
1154
1155
1150
+157

INPUT Y

RAD

IF L2=1 THEN 1110

IF Y=2 THEN 1G62

P6=D4* (D3-D4)/ (C3*KR7)
wGC=F1]

Cl1=El/ABS(E4-E6) @ K=1-(F1/F9) "2
GGSUE 9100

PRINTER IS 2 @ GCTC 1350
IF ¥Y=2 THEN 11135

wWo=F]

P6=D2* (D1-C2)/(C1*G7)
Cl=E1/ABS (E4-E6)
K=1-(F1/F9) "2

GCSUE 910G

PRINTER IS 2 ¢ GOTC l35v
RAD

DISF "IF YCU HAVE DATA FOR AIR, ENTER l; ELSE <"
INPGT ¥

IF Lz=1 THEN ll6V

IF ¥=2 THEN 1ll62Z
B=.5*ACS((R7-RS.)/D4)

H6=SIN(B) 2 & H9=C0S(s8) "¢

PE=((1+D3/RO*HY) ".a-(L-C3/RKC*H8) ".S)/ ((1+D3/Ru*dY) "

.5+ (1l-C3/RU*H&) " .5)

1159
1leu
llo2
1163
L1l64
1168
1180
1162
L1lv4
1186
Lles

E=D4*SIN (Z*E) / (4*R9*L9) & WO=SES* (2%f+(r 2+1)".%)
P6=D4* (03-D4)/ (CI*R7)

wS=E1/ABS(E4~E6) ¢ K=l-(rfy/Fl)"2

PRIND "B=";E,"h=";K,"K1=2";Kl,"ho=";6¢,"n9=" ;Y
GCSUB 9300

PRINTER IS 2 ¢ GOTC 1:5u

RAD

IF Y=z THEN 1210

E=.5*ACS((G7-GS)/LC2)

H8=SIN(B) 2 ¢ d9=CCS(B) "2 A
FE=( (1+4C1/GO*HY) ".5-(L-D1l/Gu*to) ".S)/ ((I+L1/Gu*uY)

LS+ (L-Cl/GUL*HA) ©.5)

1L19¢
L195
121y
121l
1215
1225
138y

E=C2*SIN (Z*B)/ (4*G9*u 1) & aC=FLl*(2%P+(r "2+1)".%)
Po=L2* (Cl-D2)/(C1*GT)

JS=E1/AES(E4-E6) ¢ w=l-(Fe/Fl) "2

ERINT "E=";&,"K=";n,"nl=";K1."86=" ;10 ,"R9=" ;1Y
GCSUB 930u

ERINTER IS 2 € GCTO 135y

DISP "DC YCU DESIRE ANCIHER It 1HIS MECIuUMZ(1C CLi

THE OTHER TYPE LALA?) (l=YES,e=0C)"

1355
1387
li0U
l:6l

INPUT 21

FLOTTER IS 1

IF <sl=1 THEN 15¢
PRINT USINC l:6&
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1362 IMAGE 3/

1365 CISP "DG YOU DESIRE A RUN IN ANCTHER MELCIUM? (1=YES,
<=NO) "

1370 INPUT 21

1375 IF Zl=1 THEN 45

1360 DISP “JUST FOR THE RECCRLC, INPUT WAIER TEMP, AIK TE
MP, TRANSDUCER SER NG, MCDEL NG, ,”

136l DISP "AND TYFE (E OR m)"

1385 CISP "INEUT “0° IF INFO IS UNKNCOWN"

1390 INPUT w,A,S,N,LS

1391 FRINTER IS 701,76

1400 EKINT "WATER TEMP=";w,,"AIFP TEMP=";A,,"SER. KC.=";$S
¢ "MCDEL NO.=";N,,"1YPE ";L$
1410 GOTC 9996

25C1 REM *SHUNT*

2502 CLEAR @ DISP "INPGT A PERCENTAGE OF KESCAANT rREC.
TC USE TO GET SHUNT (BLOCKED) VALUES."

25G3 DISP "INPUT A vALUE FRCM ¢ TC 1,"

2504 INPUT Bl

2513 CLEAR € BEEP ¢ DISP "wE ARE FINLCING SHUNT VALUES FO
R G/B CR R/X."

2515 A$S="FR" @ B$S="HZ" € Sl=1

2519 IF 1$="M" THEN 2525

2520 IF M=2 THEN 2522

2521 F=F0*Bl ¥ GCTC 25:%

2522 F=F1i*Bl @ GOTO 2535

2525 IF Mb=Z THEN 2527

2526 F=F8-B1*F&6 ¢ GOIC 2535

2527 F=aF9-B1*F9

2535 DS$=VALS (F.)

2537 CUIFUT 717 ;AS$,DS$.,CS

2536 WAIT 1C0C

2540 DISP "SET LRAMNETZ FREy. SCALE TC CCVER FREy. CN SN
ThESI4LER .4ERC HETERS.SET ON PS.(CONT)"

<541 PAUSE

2542 DISF "HERE wE GET THE NCRMALICZATION FACICES."

2543 CUTEUT Uy ;"vIl"

<545 GCSUB 8549

<550 G,8,K,x=0

2551 AS="FE" ¢ ES="HZ" ¢ D$=VALS(F)

2553 CUTEUT 717 ;A$,L$,ES

2561 CLEAR @ LISF "SET CRAMETZ CN Y,SET SCALE,SET Ci ~CK
8 FCF FILIER + PHASE ,FLUG IN TRANSDUCER."

<562 EEEP ¢ DISP "ENTER SC2ALE FACTICR IN »ICRCi.hCE.SAME S
CALE AS FCR LCATA.(wE GET SHUNT G/B)"

2564 INPULT S5S6€@ CLEAR ¢ LISy "I &:m ~CARRING TC CET SHLNI v
ALUEE"™ € BELF

2565 ECR I=1 TC Ly

2560 CuuPLT 717 ;AS,08,BS

2567 wAIT 100U
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<500
2569
<570
2571
<572
2573
2574
<575
2576
25%7¢&

OUTPU1l 709 ;"AC3"
ENTER 7CS ; m(I)
G=G+M (1)

CUTPUT 7¢Y ;"AC4"
ENTER 705 ; N(I)
E=3+N(1)

NEXT 1

C=G/(I-1) ¢ E=E/(I-1)
G=G*S8/N8 © 2=B*SE/NS @ BEEP
DISP “SET LCRANETZ CWN &;SET SCALE FCR !Aa KESPCNSE.E

OvE TFANS. INFUT. ENIEF SCALE FACICR"

2579

ALLES"

2580
25481
25tz
<5863
2564
2585
2586
2547
<560
2569
<55¢C
<5681
2582
2595
2556
26CC
26C1
26C2
20l
L6005
:iG¢,
zolo
<olC
z6ll
celz
2613
<bl5s
2620
4) €
2039
26138

INPUT Soe CLEAR @& PISP "I Ad wCEKING 1IC GET SEUNT v

ECF I=1 TC lu

CUTPWI 717 ;AS,DS,B$

wAIT 1luCe

CUTELT 709 ;"AC:"

ENTER 7(S ; M(I)

R=R+M (1)

CCTEUT 7GY ;"AC4"

ENTER 7uS ; N(I)

A=N(L)+X

NEXT I

R=k/(I-1) € a=Xx/(I-1)

R=R*S5/N8 @ A=X*SH/NS

IF TS$="." THEN 2610

IF M=1 THEN Z6CU

R9=R ¢ a9=X ¢ CY%=C ¢ BY=8 ¢ GCTC 26Ul

G0=G ¢ bu=b ¥ Ru=R ¢ Xx(=X

PKINT “"SEUN1 VALUES"

PEINT USING 2603

I¥AGE 1/

ERINI "CU=";GC,,"EU=";BG, ,"RG=";Ru, ,"XC=";a0,,"Cs="
JMEI="FEG, TKRE=";RE, ,MA9=": Y

FRINT © GCIC 2630

IF S1=2 THEN Z262v

J1=C & Uz=E & J3=R & J4=X

IF M=2 THEN Z6l5

F=Fb+L1*F6 ¢ Sl=2 ¢ GOUTC 25%¢

F=FS+B1*FY @ Sl=2z & COIC 25%8¢

G=.5% (G+Jl) @ B=.5*(B+Jz) & R=.5*% (R+u3) & &=.5%(Jat
GCTC 2595
GCLEAF € CLEAR & BEEF

CIS? "ENIER "1I° IF ALL IS WwELL; 27 IF YCU NEED A K

EPEAT."

2640
2645
<65V
7UGL
7061

INPUT Y

IF Y=2 THEN 2501
RETUEN

REM **F -y **
GCLEAR ¢ CLEAR
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7005 CISP "ENTER LCWER, UPPER FREC. FOk SwEEP.IF RESCMAN

CE UNKNCWN USE 10006,200000. (Fl,Fr2)"

7010 INPUT F4,F2

7011 CIsSP "ENTEK RMS VOLTAGE NEEDED. (3060 mV FOR LCw FRE
¢. AS LOw As 2C0C NV FOR KEIGH)"

701< INPUT A¢ Al$=VALS(A)

7020 CLEAR € BEEP

7025 A§="AM" @ B$="MR"

9G35 OuTPUT 717 ;AS$ ,AlS ,BS

7040 OUTPUT 7CS ;"AC3VT3"

7045 F3=CEIL((F2-F4)/30C)

706C CLEAR @ DISP "I AM WORKING TC GET THE SPECTKULM LATIA
FCR YOU,THEN WILL SECwW & MAKE A PLOT"

7065 FCR I=1l TC 30GC

7670 D(I,L)=F4+I*F:

7075 A$="HL" ¢ BS="FR"

7083 D§=VALS(L (I, 1))

7065 OUTPUT 717 ;B%,D$,AS

76946 CUTPUT 709 ;"AC3VT3"

7095 wAIT 100

7100 ENTER 709 ; ©£(1,2)

71uS NEXT I

7110 F5=F4~-,1*(F2-F4) @ Fe=F2+.1*(F2-F4)

7ll5 Fe=Feh,.1*(F2-F4)

7119 PLOTTEF IS 1 ¢ GCLEAR € CLEAR

7125 SCALE Ff5,F6,-.1,1.2

7120 XAXIS ¢,200C,F4,F2

715 YAXIS F4,.1,-.1,1.2

7140 FCR I=1 TC :0v

7145 PENUP

7150 PLOT D(I,1).,C(I,2)

7155 NEXT I

715¢ GRAPH ¢ CCrY

716C DISP "NEED ANCTEER RUN? (1=YES,2=MNC)"
7161 INPUT Y

7162 IF ¥=1 THEN 70CES

7163 CLEAR @ GCLEAR @ BEEF

7165 LIsP “ENTER DECISICAN POINT FCF AMPLITULE (L TC 1l.Z)
. (LESES THAN THE MAX DISPLAYEL),

7170 INPUT S& CLEAR ¢ BEEF

7160 PRINT "AMPLITULE IN vOL1sS";" FRELUENRCY"
7161 PRINT

7190 FOK I=]1 1TC Z0y

7195 IF D(I,2)<S THEN 721C

7200 PRINT USING 72uf ; O(I,2),C(1,1)

7<0S IMACE 1X,C.CCCCCCCC,LlOX LCoCieC.CC

7210 NEXT I

7215 EFRILT USING 722V

722V INMAGE %/

7225 CLEAR ¢ BEEF
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7285

. ENTER 72°."

CISP "IF YOU ARE REACY TC CONTINUE ENIEF ‘1 °; CTHEK

!

INPLT Y

IF Y=2 THEN 71l6¢

DISF "WHAT IS CENTER FREC, HALFWIDIH TC CONSIDER?"
INPLT F,Ne CLEAR € BEEP

DISF "I AM WORKING TO GET GOOL FREW AND ¢ CATA"
FOk I=1 TO :00

D(I,1)=FE-N+I*N/150

AS="HZ" @ BS$="FR"

C$=vALS(C(I,l))

OUTFUT 717 ;;E$,08,AS

, CUTEUT 709 ;"AC3vT3"

wAIT 100

ENTER 709 ; D(I,2)

NEXT 1

CLEAR & GCLEAR @ LCISP "1 AM FINDING THE ABSECLUTE MA

X AND FREQ UPPEK AND LOWER"

7290
7295
730¢
7316
7318
7325
734¢C
734¢%
7350
71385
730U
7365
7370
7385
73506
7400
740%
7425
7430
7435
7440
7445
7450
7455
74060
747¢C
7475
7480
749V
7495
TS5uk
751¢

Bl,84=C @ H,d1 ,42,H3,H4=1
Bz,E3=50

FOR 1I=2 TIC :Z0UL

IF D(I,2)<C(H,2) THEN 7:4¢
IF ©(I,2)=C(H,2) THER 7:zS
A6=D(I1,2) € F6=C(I,l) @ H=I

NEXT I

A7=A6/SuR(2)

FOR I=1 TC H

IF A7=D(I,2) TEEN 74CS5

IF A7<C(I ,2) THEN 736°%

IF D(I,2)<BJ] THEN 7425
£1=C(I1,2) @ Hl=I @ GCTC 74Z°%
IF C(I,2)>82 THEN 7400
B2=C(I,2) @ dz=I

GCTC 7425

El,B2=0C(I1,2) @ Hl,H<=1 @ F7=C(H2,1) & GCTC 744y
NEXT I

X=(A7-E1)/(BZ-El)
F7=X*(D(d2,1)-C(81l,1))+0dl,1)
FCR I=d 1C (00

IF A7=C(I,2) THEN 7455

IF A7>0(1,2) THEN 7475

IF L(I,2)>B3 THEN 7470
EI=C(I,2) € H3=I

GCTC 7515

IF C(I,2)<=B4 1HEN 7490
B4=C(I,2) & Ha=I

GCTC 7515

B3 ,E4=D(I,2) @ d:,H4=I
LS=L(HZ:,1)
GCTC 7530
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7515
7520
7525
7530
7535
7536
7538

RUN FOR BETTER VALUES, ENTER "2°.,"

7539
7540
7545
81006
8101
8l02
8103
8105
8106
8107
5108
6110
800
€201
8202
0eC3
<08
6209
§21¢
6zll
6zl2
dzls
gelo
dzl1l7
8zls
szel

NEXT I

X= (A7~54) /(B 3-B4)

L5=- (X*(D(H4 ,1).-D(HZ:,1)))+D(H4,1)

G=F6/ (L5-F7)

PKINT "CENTER FREQ IS ";Fé

PRINT "¢ IS ";¢

DISP "IF YCU ARE READY TO PROCEED, ENTERK ‘l°., TC RE

INPUT Y

IF Y=2 THEN 723¢

RETUEN

REM **[CATA LIST**

PRINYER IS 2

FCR I=59 TC 199

PRINT USING 1G5 ; D(I,L) ,D(I,2),D(I,3)
IMAGE DCCCCD.C,2X ,OD.DCDE ,<X,C.DCCE
NEAT I

PRINT USING 81C8

IMAGE 3/

RETURN

REM **PLOT RE**

GCLEAR & CLEAR

H&8=0(1,1)-.15* (D(3uvl,1)-D(1,1))

HY=C (30C,1)+.1*(C(3500,1)~C(1,L))
PLOTTER IS5 7uS & PEN 1

SCALE 48 ,HY,-(.8%E) ,E+.23*E

XAXIS 0,(D(30u,l)-Ct2,Y))/10,0(1,3),0(20C,1)
YAXIS C(l,l) ,E/5,~(.L*E) ,E+.2%E

EENUP

FCR I=1 TC :0U

FLOT D(I,l1l),D(I,2)

NEXT I

PENLP ¢ DEG ¢ LLCIEK C,SIN(S0L)

FOR Ll=C(1l,1) TC O(zuu,l) STEF (D(30U,L)~C(1l,1))/1ic

@ FENUP

bzzz
bz2z
becd
bezh
g227
ek
6e:0
6lze
624
8§z2:¢
5236
027
824y
gzdl
ved:

~CVE L1,-(.18%*E)

LACEL INT(LL)

NEXT L1

LCIK U @ PENLP

*»CVE D(L,l)+.2*D (3L, 1)-D(1,1)) ,~-(.7*L)
LAEEL "FREGULENCY (HZ)"

PENULP @ PEN 1

LCIR 0

FCR Ll=-(.8*E) TO E+.2*E STEF E/% ¢ FELLEF
MOVE D(1,1)-.09*(D(:CC,1)-D(1,1)).,L1
LAEEL INT(L1l)

NEAT L1

LCIR U,SIN(9Q)

MCVE D(L,l)-1* (0L, L)-5(1,1);,.1*E
LAGEL ES
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82tV
8300
£301
8303
8:04
8§:us
8:U6
8:12
6313
5314
€315
6318
8:25
8330
831
§333

RETURN

REM **PLOT IM**

GCLEAR € CLEAR
H8=D(1,1)~-.15*(D(3C0,1)-D(1,1))

H9=D (300,1)+.1*(D(300,L)-0(1,1))

L=MAX (ABS(ES) ,ABS(E3))

PLOTTER IS 705 @ PEN 1

SCALE H8,H9,~L-.5*L ,L+.25*L

XAXIS 06,(C(30uv,l)-D(1,1))/10,C(1,1),D(200,1)
YAXIS D(1l,1) ,L/5 o-Li=.2*L ,L+.2*L

PENUP

FOR I=1 TO 20C

pLoT C(I1,1),C(I1,3)

NEXT I

PENUP @ DEG € LCIEK 0,SIN(50)

FCR L1=C(l,1) TO D(Z0C,1) STEP (D(z0C,l1)-D(l,1))/1C

@ PENUP

§3:5
£336
8337
6340
5341
8342
§345
6352
5355
86356
3357
6360
836l
83638
8380
8400
5401
8402
5403
§404
8406
8407
54035
8406
d4ll
04lz
0412
6414
8415
6416
s64ld
64<0
8425

MOVE L1,-L-.2*L

LABEL INT(L1)

NEXT L1

LDIR O @ PENUP

MOVE D(l,1)+.2*(D(360,1)-0(1,1)) ~L-.4*L
LABEL "FREYUENCY (HZ)"

PENUP ¢ FPEN 1 @ LLCIK G

FOR Ll=-L-.2*L TC L+h.2*L STEP L/5 & PENUP
MOVE D(l,1)-.09*(D(zC0,1)-D(1,1)).L1
LABEL INT(L1)

NEXT L1

PENUP @ PEN 1 & LDIR C,SIN(S0)

MOVE D(1,1)-.1*(D(3GG,L)-D(1,1)) ,~(L*.5)
LABEL GS$

RETURN

REM **CIRCLES**

GCLEAR & CLEAK

L1=MAX(AES (E3) ,AES(ES))

L=MAX (AES(E) ,L1)

PLCTTER IS 705 @ PEN 1

SCALE 1,25*(-L-.1*L),1.,25%(L+.1*L) ,~L-.2*L,L+.15*L
XAXISs 0,L/5,~L-.1*L ,L+.1*L

YAXIS G,L/5,~L-.1*L,L+.1*L

EENUP ¢ PEN 1

FOR I=1 TC :0U

PLCT CL(I1,2),0(I,2)

NEXT 1

PENUP

LCIR G @ PEN 1 @ PENUP

MCVE =~ (L*,S) ,~L-.1*L

LASEL HS

PENUEF @ PEN 1 @ CEG

LCIE (,SIN(9G)
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8426
8427
8428
8429
8435
8436
§437
8438
843¢
8445
8446
§448
6450
8545
£550
8551
8557
8558
8559
6560
6565
8566
6567
§568
8569
§57C
8572
5573
§575
360U
6601
660LE
86 06
b6 LT
56 U8
661¢C
B6ll
861z
661z
0615

FOR Ll=-L-.1*L TC L+.l*L STEP L/S% & PENUP
MCVE L1 ,-L

LABEL INT(Ll)

NEXT L1

LOIR 0 @ PEN 1 @ PENUP
FOR Lls=-L~,1*L TO L+.1*L STEP L/5 @ PENUP
MCGVE -({.886%*L) ,L1

LABEL INT(LLl)

NEXT L1

LDIR G,SIN(94Q)

#CVE - (.95*L) ,~-(.3*L)
LAEBEL GS§

RETURN

REM **NCRM**

N8 ,N9=(

FCR I=1 TC 10

wAIT 500

OUTPUT 709 ;"AC3"

ENTER 709 ; N(I)
NE=N8+N(L)

GUTPUT 709 ;"AC4"

ENTER 709 ; M(I)
NY=NG+M (1)

NEXT I

NE€=N8/(I~-1)
M9=-(N9/(I~1))

FRINT USING 8573

IMACE 3/

RETUKN

REDM **VALUES**

CLEAR @ BEEP

IF L2=1 AND M=z THEN 861C
IF Lz=1 AND M=l THEN obo0ll
IF LZ=2 AND M=l THEN 38bl:z
IF L2=2 AND w=2 THEN 8661:
F6=Fl @ J=yl @ GCTC 6615
Fo=F0 ¢ =0 © GOTC bolS
Fe=F5 & yw=y8 & GC10 ©Bo6lE
F6=F9 ¢ w=.9

LISP “PLEASE SELECT THE HALFWIDIA CF INMIERESY 10

LLECT CALYA.(ENIER HALFWIDTH)"

oo lo
6625
8629
6630
5632
86133
8634
5635
€636

INPUT N¢ CLEAR ¢ CISF "I AM CCLLECTING THE LCA1A."
FCR I=1 TC 13060

D(I,L)=F6-L+I*N/150

AS="FK" € BS="Hi"

L§=VALS(C(I,Ll))

CUTFUT 717 ;A$,0$,ES

WAIT 250

CUTPul 709 ;"AC3vT3"

ENTEK 709 ; K&
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8637 D(I,2)=HE*S8/N8

8638 OUTPUI 709 ;"AC4vT3"

6635 ENTER 705 ; HS

8640C D(1,3)=H9*S8/N9

€641 NEXT I

8682z CLEAR € DISP "I AM FINCING MIN/MAX VALUES & ASSOC.
FREQS"

6663 GCSUE 8700

8684 IF L2=2 THEN 8687

66685 PRINT "GMaX=";E,,"FGMX=";ELl, ,"BGMX=";EZ,,"EMX=";;E3,
M FBMX=";E4, ,"BMNI=";ES, " FBMI=";E6

8656 GCTC §6657

§667 PRINT "“RMAX=";E,,"FRMX=";El,,"XRMX=";E2,,"XMXx=";E3,
' FAMX=";E4, ,"XMI=";E5,," FAMI=";E6 o

8697 DISP "IF ALL IS wELL, ENTER “1I°. ENIER ‘2 ° 1C RETAK
E DATA."

5698 INPUT Y

6699 RETURN

5760 REM **MAXMIN**

€703 H,H1,H2=50

8705 E=D(50,2) & El,E4 ,E6=D(50,1) @ E2,E3,ES=C5C,3)
§706 FCR I=51 TC 250

6710 IF D(I,2)<CH,2) THEN 5725

8711 IF C(I,2)=D(H,2) THEN 8720

8720 E=D(I,2) € El=D(I,1) ¢ E2=C(I,3) € H=I

3725 IF D(I,3)<D(H1l,3) THEN §74¢

56726 IF C(1,3)=D(HLl,3) THEN 8735

8735 E3=D(I,3) €@ E4=D(I,1l) € H1l=I

8740 IF C(I,3)>=L(Hz,3) THEN 87%l

8745 Hz=I € E5=CL(I,3) ¥ E6=C(I,l)

8751 NEXT I

876C J1=D(H,2) € cz=(D(H+1,2)-D(H~-1,2))/2 ¢ J:=(D(E+1,2)
+D (H-1,2).-2*JLl)/2

2762 Fe==(J2/(2*J3))

2765 A=J I+02+F6+J3*F6 "2

8770 Fe=D(H,l)+F6*(D(d,1l)-D(E~1,1})

6775 ELl=F6 @ E=A

07686 D=AES(E3-ES)

6769 IF M=2 THEN 876¢:

8790 IF L2=1 THEN 8792

§791 C3=0C @ GCTC o7¢%6

87¢2 Ll=C ¢ GCTC 57¢6

8793 IF LZ=1 THEN E£7%%

5794 D4=L ¢ GOTC 5796

3795 L2=C

8796 PRINT "D1l=";D1l,,"C2a";CZ,,"C3=";0%,,"Ca=";04

8799 RETURN

SLUUV REM **CALC-A*~*

Y0ul FRINTER IS 7¢1,76

$0u2 PRINT @ BRINI
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9003

PRINT "VALUES MEASURELC IN AIR FRCM ";S$;" DATA"

9004 PRINT

SUl1 PRINT "BLOCKED CAPACITANCE= " ;AES(C0);" FARADS A1 "
;F: "HZ"

$012 PRINT "ELECTRICAL QUALITY FACTCR = ";0

9013 PRINT "MECHANICAL (UALITY FACTOR = ";u§

YGl4 PRINT "ELECTRICAL RESCNANCE =";FQ;" HZ"

$Cl5 PRINT "MECHANICAL RESONANCE = ";F8;" HZ"

9016 PRINT "DYNAMIC ELECTRCMECHANICAL CCUPLING COEFFICIE
N1 = ";:x

9017 FPRINT "STATIC COUPLING CCEFFICIENT= ";Kl

9021 FRINT "BLCCKED RESISTANCE=";Kk(; "CEMS"

5031 PRINT USING 9032

5032 IMAGE 2/

9050 RETURN

9100 REM **CALC~w**

9101 PRINIEK IS 7G1,76

3102 ERINT @ PKINT

Y133 PRINT "VALUES FCR MEASUREMENTS IN wA1lER FRCs ";S5S;
" DA.IAII

9104 ERINT

€111 ERINT "ELCCKED CAPACITANCE = ";AES(C();" FAEALS AT
";E;"qu

9112 PRINT "ELECTRICAL (UALITY FACTCR = ";yl

6113 PRINT "MECHANICAL QUALITY FACTCR = ";y S

%114 FRINT "ELECTERICAL RESONAWCE = ";Fl;" HZ"

9115 PRINT "MECHANICAL RESCNANCE = ";F9;" HZ"

9116 PRINT "DYNAMIC ELECTRCMECHANICAL CCCUPLING CCEFFICIE
NT = "“;K

$11¢ ERINT "FRECUENCY CF OFTIMUM EFFICIENCY = ";wl; " Ha&"
9120 BRINT "MECHANICAL PGWER UYTILIZATICN FACTCE";AES(E6)
Y12l PKRINT " STATIC CCUPLING CCEFFICIENT=";Kl

9122 FRINT "ELCCKED RESISTANCE =";R%;"OiumS"

v132 FRINT USING 5133

9133 IMAGE 3/

Y153 RETURN

Y2UU REM **CALC-A/M**

920l PRINIEFR IS 701,76

32z FRINT ¢ EFINT

9203 PRINT "VALUES MEASUREL Id AIR FRCHM ";3%;" CATA"
9204 ERINT

€211 ERINT "ELCCKED INCUCTANCE= ";ABS(LC);" EENRILS AT "
:Fo;"RZ"

9212z PRINT "ELECTRICAL (UALITY FACICR = ";0

921 PRINT "MECHEANICAL (UALITY FACICR = "; 6

9214 FRINT "ELECTRICAL RESCNALCE =";F0G;" da"

Y215 PRINT "MECHANICAL RESCNANCE = ";Fo;" uz"

9zlo

ERINT "DYNAMIC ZLECTRCHECHANICAL CCLFLING COLFFICIZ
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NT = “;¢
$217 PRINT
9231 PRINT

Y301 PRINITE
93062 PRINT
9303 PRINT
" DATA"
9304 PRINT
311 PRINT
M;Fs;uﬁzll
9212 PRINT
93Il: FRINT
$314 EFRINT
5315 PRINT
531lo ERINT
N1 = ";K
9318 PRINT
931y ERINT

(VY]

Y320 PRINT
9322 PRINT
5:2: IMAGE
5350 RETURN

£¢%s LCISE "

5959 ENC

"ELCCKED RESISTANCE= " ;K
USING 9232

$232 INAGE 2/

Y25y RETURN
$300 REM **CALC-W/M**

R IS 761,76
d PRINT
“VALUES FOR MEASUEREMENTS IN wWAIER FRCh ";S8§;

"ELOCKED INDUCTANCE = ";AES(Lu) ;" HENRIES &1
“ELECTRICAL WUALITY FACTOR = ";\1

"ECHANICAL (UALI1Y FACICR = ";.¢

"ELECTRICAL RESCNAICE = ";F1l;" #Hz"
"MECHANICAL RiSCHANCE = “;F9;" Ho"

"CYNAMIC ELECTRCMECHANICAL CCCPLING COEFFICIE

“PCTENTIAL EFFICIENCY = “;FS
"FREWUENCY CF C¢TIMUN EFFICIENCY = ";wU;" HoO"

"MECHANICAL PCwEFR UTILIZATICH FACICR";;AES(P6)

USING 9323
/

THE ELL"

126




1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

1.

12.

13.

LIST OF REFERENCES

Kinsle: L. and othara Fundamentals of A ics
p. 344-363, wiiay, 198 f 2f Rcoustics,

Hant F.V.
5§§9§g§§§§255 }fﬁfiiﬁgifziiéiiil packirousRatifis v 2
res

Heasli B., Epvirpnpental Data Hapdling, p. 3-8,

Ae331 Pro9s.

Sheraan C. H "gndecwater Sound--A Review",
! ' sgi55E

*:an§aaéin@s_gm_5q3§§s_ani,nl,.asgn..s, vol.

0. 5, Septeabat .

Miller for the Analysis gé
Hasdieadic, LgpgltfiiT tf" 1 BEE

[est apabilities at J. S.

v Lilivg;‘%% =: 1: -ﬁﬂ!!&i Naval saa
stem nlan ¢ . Nas Ea sE 377-BB-
95 0 10/ TRF July 1979 &1~iud1nq Change A, Y January

W. G., Piezoalectricity p. 284-402 Nc3rav-
aili' 1946, ' ! )

Can L. U vat 2 asus*ics . 39-45 89- 108
1095 % 32, ﬁils%%1§v9§?£ A2298zics.  ° ! !

Albers Ve T%ggg_ég‘; oustics Hapdbook, p. 17,
19 , 28-26 § spnsylvania State niversit y
press 21566,

Bobber, R. J.
aagts, WRL, 1870,

th2 IRE, "IRE Standards on Pi2zo2lgc-
<ric Xs algs~-T he lezoal=c.r1c Vibrator: geflnltlon
and Methods of Yeasurem2n:, 195", March 19

zggggéglnggrgﬁ_ihg_jij. "IRE Standards on Piezoelec-
tg 3 easuramants of Piezoslactric Ceraaics,

1961, July 951

Conue De_ Vo ana
o =

1
™
N

]

Upderwatap [Electzoacoustic

127

e ——— o




BIBLIOGRAPHY

gsgsfs, V. M., Indargater Acoustics, Plenum Press, New York,

Albers, V. Indacwater Acoustics Voluae 2, Plenum Press,
Nev York, 967.

Arttur, K., Ixapnsducac Measuremagts, Tektronix Inc., 1970.

Beranek, L. L., Acoustic ¥easurzamepts, Wiley, 1949.
Gayford M. L. ol al pl ers,
MacDonald and Evans .¢ LONIoQ, N

Gray, D. ed., ue{ﬁu;ﬂmn_ﬂ_uuus_ummx.
chrau~ Hlll, New York, 63.

F., and Rhue, 4, J., A ;§§§%%§ Automatic
'] p - .

Beap, N.W., and Oliham, D.J., "LOw Cost Computer Controlled
Acoustlc Measurirng Sysfens", Aggl;gﬂ_ggggi;_gs Vvol. 14, No.

Green, R.

1, 1981.

Heasli G B. ;gzi;oggental Data Handling John Riley &
sons, géw York,'19 N ‘ Y
§h¢51% a.ctI. %ni gtovn, JB._, ”Tge tEfgaciencK 3{1 3
agnetostr ve ransducer i ar oplie
Acgustgcs,‘ ol. 6, No. 2, Apr. 13751 ‘

Ibisi, 1. I., aal Brown, B8., "The Efficiency of 1a
nagnetost*ictive Iransducer Init, Paret I, iad
Acdustics, Vol., 6, Nd>. 3, July 1973,

LeBlang,

Techrnology, NUSC fachn

Morse, P. M., I;h;;%igi_gnirigngi American Institute OFf
Physxcs for tha Acoustica o1ty ot America, 1876,

123

L S




Instzument Izansducers,
euberttonao 3983 Ixford University

ress,
Norton He N., Handbook >f T >
nansn:4gggixalgn§. rentice-Aall, Inc., Englewood Cli
g.JQ' -
Rett'nger. M. A., g;2;;15%1_T§§§z:;93;235:iss. Chemical
Publishing Co., Inc., Wew York, -

Cc

Sherman N He "Oniervatar Sound-~A Review"
Izansa%é;gns_nn.Snii;s.nnd.ﬂl:n&snnics,Vol. 5033 yo, SREE
Sept. .

Sixﬁh f;%ggduger #orkshop Jocument 112-70, National
Technica nformation Service, o

Tiersten, H. i
Plenum Press, New io: -

L) 2 < L3 i he 3

Urick, R. —Principles of Unlarwater Sound, McGraw-gill,
New York, 1998

123




INITIAL DISTRISUTION LIST

No. Copies

1. Defense Techpical Information Center 2
Cameron it zn ]
Alexandria, Virginia 22314

2. Librar;o Code 0142 2
Naval stqraduate School
Monterey, (Caiifornia 9394)

3. Commander, Naval Sea Systsms Coamand 1
A+ttn: ICDR M, Sherr Dlractor
Transducer D1v13 on sﬁ L 5)
Wwashington, D. Z.

4., Commanding Officar 1

Underwvater Souni Reference Detachnment
Naval Research Laboratory

ATTN' T. Rug erio

P. Box

Orlando. Florlda 32856

5. Professor 0. B. Wilson, 2212 61W1 1
Naval Postgrajuate s-hg % 43

Mcnterey, California

6. Professor S. L. 3arratt, C>31z 61Gx 19
Naval Postgraduate Szhool
Monterey, California 9394)

7. Dr. L. E. Hargrove 1
ths‘cs Di v1s1gg (Cole 412,
nc o
Arling.nn, v 22217

8. L. J. Skowronek 2
goncaster Dc.

cne, Oregon 97027

QO

CDR
610
lads

9. Chairman, Departaent of Physics, Code 51 1
Naval Pos*graduate s~hoo§
Montarey, Califacnia 9334)

10. ég D, V¥, Con&a 1
Q0 Park Roa ]
ambridge, Penasylvania 15)03

1. nding otf;-sr. Tra
r¥aa0uBist 45283
jo, Califorcnia BK

sdg: r Repair PFacility 1
213. 7

ari
592

12. ational r:ansducer Cacporation 1

c1
Closker,2L1<® 93017

13)

QOH
oErD
"‘Qg"
r".lﬂ
WOﬂ




e

13.

.

Channel Industrias, [nc.
P.0, Box 368 ]
Santa Barbara, California

Mr. D. Ordero, CTode 51
Depaftlont of Physics

Naval PostGraduite School
fonterey, California 9334)

131

93105




