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ABSTR&CT

Certain measurements of the electrical and mechanical

properties of translacers are of importance to designers.

These can be determined from a¢:urate complex admittance and

impedance measurements made throughout the frequency range

of interest. danail collction of needed data is a

time-consuming process that Ls prone to error. The

computerized system herein 3Rezribed substantially reduces

the time requiremeat and produces more accurate output than

can be obtained utilizing manual methods. In addition -to a

general discussion of equivalent circuits and the

instruments employed, this r-port Includes samples of plots

and calculated oarameters for piezoelectric and

magnetcstrictive traasducers, the experimantal comparison

with traditional manual methods and the program listing for

two versions of the system illowing varying amounts of

operator options.
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Transduction is lafined in in extremely general sense as

any conversion of ois form of anergy into another. The

devices responsible for this conversion, in either

direction, are translacers. Fir this author, the interest

is the conversion of electricity into sound and vice versa.

Commonly, a transduaz'r that -oaverts electrical energy into

sound is called a projector, loudspeaker, source or

transmitter. Thos- serving the reverse function are

commonly called hydraphones, sicrophones, or teceivers.

Some types of transdazers are eversible and are capable of

filling either role. rhis study is restricted to the

analysis of reversibla transduzers.

&. NECHLNISRS OF TRANSDULTION

There are two basic types )f mechanisms commoniy usad in

reversible electroizoustic transducers designed for

underwater sound, ote invilving interaction bet wen

mechanical motions ind forces tad electrostatic fields and

-the other between 2e-hanical lotions and forces and magnetic

fields. Both typas are Izaaable to analysis uasing

equivalent slectricil circuits; but, due to the basic

12
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differences in Conventions Used to describe forces in

electric and in magnetic fiells, the details are different.

Maqnetically couplel transducers of the moving coil type

have the diaphran attached to !t wire coil suspended in a

magnetic field. It 13. the intaiction of the current in the

coil and the magneti: field thit i-nduces a force on the coil

and causes the diaphram to move and radiate an acoustic

wave (Ref. 11. These classif-ications may be further

subdivided based on the motor mechanisms involved (i.e.

electrodynamic, electrostatic, aagneti4c, nagnetostrictive,

and Piezoelectric) (Reaf. 2]. rha classification- systems for

transducers vary depandiag azp~n the analysis being lone.

Descriptions of vari.)as classificatiJons are presented by the

previous references as well as by HeaslLp (Ref. 3], and

Sherman (Ref. 4]I.

B.. PURPOSE OF THIS 31'UDY

All electroacoustic transducers may be consideral as

beir.o composed of eLectriz4cal elements so that the analysis

of the transducer is greatly simplified if an equivilent

electrical circuit is3 usel.

While the most zommoa trianlUCers currently In use in

underwater sound are made of piazoelectriz materials, the

13



aim of this stuly is to provide a generalized,

semiautomated means of obtaining meaningful transducer

measurements on any type of transducer with the operator

having minimal knowl3ige of the levice.

The equipment s.t-up utilizes basi: devices (e.g.

voltmeter, sweep oscillator, Dranetz impedance meter,

amplifier) interfacgl to, ni controllel by, a desk-top

computer. This iiterfacing ?covides more precise ladt

acquisition than Zan be Obtained from manual plots

interpreted by an oparator. the time saving factor is a

major motivation for this choi:z.

Certain measursusts of th. electrical and mechaaical

properties of the transducer ar. of importance to designers.

In some cases, it is desirsable to have the resonant

frequency fall vithi a partirular range. More likely,

there will be concern for a high electromechanical coupling

coefficient. Effi:i-!cy say be the major concern or perhaps

it is desired to have high losses and, therefore, a low

mechanical quality factor witi consequent "flatness" of

response 'Ref. 5].

Direct measurement of thase values is not always

possible. However, many of th_3 electricl component values



needed to calculate iechanical parameters can be readily

obtained from propecLy annotate. impedance and admittance

plots for a particular transducer.

Currently, there are aiit~mated systems designel to

analyze Aransducers, such as tie WQM-12 [Ref. 6]. Few are

small enough to be readily transported to the transducer as

is this system.

C. FORMAT OF THE REPRT

The basic physizal and electrical theory usel in

preparation of this report is presentel in Chapter II.

While more thorough analyses :f transducers and equivalent

circuits may be found in some Df the references, only data

pertinent to the meisurements obtained by this system are

presented.

Chapter III expLiins the interfacing between various

components of the equipment set-up and the computer. The

operator/computer interactiia is also addressed.

Representative samples of computer output are included.

Chapter 17 briefly describes the testing and evaluation

of the system and prD;ram. Phe results and conclusions are

presented here.

15
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The computer programs vrittan in BASIC computer language

are included in Appealix k.
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Since much of the physics and engineering involved in

discussions of transducers is common to both

electric-coupled ini magnetiz- coupled transducers, this

report wili make a general approach and point out

differences where they occur. Table I, at the end of this

chapter, contains a listing of symbols used in this report

and refers to symbology used in some 3f the references

cited.

1. GENERAL

The approach asailly taken in electroacoustic analysis

is to use an electric circuit :D model the transducer. In

simplest form one may use a two-port network with one port

representing the electrical terminals and the other the

mechanical terminals. Analogs for force and speed may be

voltage and current Dr vice ve:sa depending on the type of

transducer.

The cinonical equations lescribing the behavior of the

two port transducer may be written as:

VZZ0 "1 + Tem'13  (2.1)

and

17



PUTMI + Zm'O (2.2)

where V and I are the voltage ind current at the electrical

port and F and U are the force and velocity at the

mechanical port. Tem is a transluction coefficient relating

the electromotive force at the electrical port to the

velocity in the mechanical net, and T. is a transduction

coefficient that relates the force developed at the

mechanical port of a two-port network to the current in the

electrical mesh (Ref. 81. 4' Ls the transformation factor

and may be defined as =Te/Zo. The canonical equations for

a magneticaly coupled transducer of the moving coil type

are:

Fa -B.-1I + Zm.0 (2.3)

VZ o . I + B'I'U (2.4)

where B is the magnetic field and 1 is the length of the

wire in t he coil. (Note: This choize is vali for

electrodynamic translucers (mDving coil) as written using

B-laTem. Nagnetostcictive traasducers obey the same 3st of

equations but Tem# B'1.)

ia



For electrosechanical coupling, Figure 2.1 shows typical

circuits and transformations :'uf. 7].

0-1 : L LM

Ill Il

riq. 2.1. Typi~al zircuits and Transformations

In the vicinity f resonance, which is of concern h ~re,

the Ilason circuit or modified Vin Dyke circuit is valil. It

is also valid for liv frequencf values which will. also be

needed for some :al~ula~ions "Bef. 8]. this circuit -s

shown in Figure 2.2 where Lm , Rm , and Cm re:e=sent

mechanical values. 'o is t.e clamped or blocked or shunt.

capac!i.anc e.

19Z



Lo~
V C O 

TM C O

'F11

Figure 2.2. (a). dolLfiel Van Dyke or lasDa circuit (b).

Basic Trinsdmcer circuit.

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

measurable mechanical and electrical impedances of a system:

Blocked electrical impedace (ohms)=Zo0 V/I|U. 0  (2.51

F:ee electrical impedance (chms)zsZ -Y/11F=O (2.6)

open circuit mechanical Aiapdance (I.s/m) -Zm=F/U 1-0
(2.7)

23



Short circuit mechanical Impedance (1. s/m)=ZmwzP/Utv. 0

(2.8)

Magnetically coupled transducers nay be represented by

the circuit of Figuce 2.3, whare 4 m.is a transformation

factor. tmn B-1 for moving coil transducaes (Ref. 2].

RO LL
RM Lm C

0

Figure 2.3. Equival3mt Circuit for a Nagnstically Coupled

Transaduc r.

Important properties of the transducer may be found by

studying the electrical impe-ltace of the system as a

function of driving fequency. The unloaded driving point

electrical impedance may be datsmined fcom the canonical

equations (2.1-2.41! aad is given by

Z=V/I.- 0 Z° + (-Temrme/Zm1 (2.9)

21



Similarly, the short circuit mechanical driving point

impedance is given by

Z F/U Iv=0 aZm + (-TendTme) /Z o  (2.10)

The electrical impedance is influenced by the motion of the

coupled mechanical system, as indicated by the second term

on the right hand site. This term is referred to as the

notional impedance, and defined by Hunt [Ref. 2], as

Zo t = (-TemnTme) (1/Z. )  (2.11)

Similarly, the machanizal driving point impedance is

influenced by the alectrical loid.

B. USE OF COMPLEX IIPEDANCE/&DIITTANCE PLOTS

1.ThS ~ ~ e

Graphical 3isplays of tipadance aid admittance data

can be extremely useful in the analysis of a transducer.

When properly scaled and annotated, quantitative results may

be obtained from the diagrams. ;enerally, in the vicinity

of resonance, the element is regarded as having a single

degree of _reedom aad the locis of points of the complex

impedance is a circle in the nighborhood of the :ssonance

frequency [ef. 7], (Ref. 3]. Figure 2.4 and Figure 2.5

are typical resonance circle digrams where, in Figure 2.4,

22



the electrical reactance is plotted as a function of

electrical resistince with frequency as a

parameter (3sf. 8]. P4 and f5 are the frequencies of the

half power points and f8 is the resonance frequency. Dashed

lines show the same transducer aaer load conditions.

XE

f4

I

N N

RE

Fig. 2.4. Complex t2pedance Diagram

(Note: Reactance tay be entirely negative for an

electrically coupled transducart.

23



IB

GE

Fig. 2.5. Complex &1mittance Diagram

In Figure 2.5, f2 and f3 equate to the frequ-ncies

of the half power points. FO is the frequency of resonance.

The dashed line woull be ths sime ideal transducer tasted

under load condition3. (Note: Susceptance may be entirely

negative for a magnetically coupled transducer.)

Notional impadance compnents may be obtained using

the following formula3:

214



Rmot fRE - R°  (2.12)

Xmot 
1XE + J L o  (2.13)

with Zm t  R mot + Xo t  (2.14)

The motional admittaa:e compons3ts are giveci by:

Gmot a GE - (1/R) (2. 15)

Bmut = BE - j CO  (2. 16)

with Ymot = Gmot - iBmot (2.17)

The frequency of maximum power output at constant voltage

input is calUed the machaaical rcsonanc9 and is represented

in Figure 2.6 by fS [Ref. 9].

In the motioatl admitt!Lae diagram, Figure 2.7, fO

is the fre.quency of iiximam coiductance and resonance. F2

and f3 are the half power points.

2. Qa j j g eaongs

Impedance measuraments are made at the electrical

terminals of the transducer. rhe behaviDr of the real and

25



xn

f5e

f68

Fig. 2.6. notional impedance Diagram

imaginary components of the complex impedance may be

observed as the frequency spectrum is swept at a

sufficiently slow rate so that the system s

quasi-steady-state. When the mechanical system is clamped

so that it cannot move, the blocked electrical impedanc9 may

be measured and used to calculate motional impedance, since

it is difficult to alaquately clamp a device over the enrire

frequency spectrum, values may be obtained far above and

below resonance and ta intermediate values inferred. This

26



!Gmot f

f3

Fig. 2.7. Notional Idmittance Diagram

is especially important for the reactance and susceptance

curves whose clamped values vary more drastically with

frequency than do the real components Df admittance or

impedance.

The maximum value of z~tional impedance will equate

to the mechanical resistance and is the diameter of the

circle. this value ill be of importance in calculating the

efficiency of the system.

27



Plots of various input electrical parameters

(conductance (GE) aal susceptaace (BE ) or resistance (RE)

and reactance (XE) versus frequency) can provide all

of the information mecessary to obtain the electrical and

mechanical quality factors for the systea. These values

indicate the sharpness of the resonance.

a. Impedance

The circuit of Fi~ure 2.8 is useful for analysis

of the behavior in the vicinity 3f resonance.

C Lm 1

v Co R

0

Fig. 2.8. Equivalent -Circuit Diagram

A plot of the input electrical impedance zomponents vsrsus

frequency will resemble Figure 2.9.

28



0

frequency (Hz)

I -

Piq. 2.9. Resistanca and Reactince Plotted Versus Frequency

b. Ldmittanza

The motioaal admittance equatians are

Ymot Graot " J 8 mot % RnotjXmot-

3 mot - XmOt (.8

moj 4 Xmot 2  Rmot 2 + XmOt 2  (.

29



Plots of conductance and suszaptance versus frequency for

Figure 2.8 will reseible Figure 2.10. The frequencies where

the susceptance (B) is zero zorrespond to the electrical

resonance and antiresuoance frequencies.

mI -

U I
h
0
a B - G

S"frequency (Hz)

Figure 2.10. Conductance and Sasceptance Plotted Versus
Frequeazy

C. EVALUATION OF TRANSDUCER PARAMETERS

This system is designed t2 )btain usefal information on

devices used in transmitting iml receiving in water. As

30



such, it is first macessary t2 obtain data in an unloaded

situation in order t3 be able to separate the effects of

acoustic loading. For translucers designed for us. in

water, air normally proviles an adequate medium for

evaluation cf the acoustically unloaded properties. Placing

the transducer in water means the two-port network will now

reflect the sum of the mecham!:al and the load impedances.

Then, according to Hunt [Ref. 2],

ZT = Zm+ ZI (RM RI + J(XM+ X11 (2.19)

or

Zm+ Z1 = (Rm R I )(1 + J-2-Q'p) (2.20)

where p is a frequen-y paramet-r--(p-.5((Lf+o)-(wo/)) and Q

is the quality factor measural for the resonance (i.e.

electrical or mechanical depending on the type of

measurements).

Data obtainable from alitttance icasurements will

provide neeled yelies for determining the motional

admittance circle. The maxiiam value of conductance will

occur at the frequency of elactical resonance. The quality

factor can be determined from the frequencies at whizh the

conductance assumes half the iiffferenze of its maximum

31



value and its blockel value (i.e. Q = / f(fu -fl)" rhese

frequencies will also coincide with the frequencies (f2 and

f3) of the local maximum and minimum susceptance values near

resonance. Blockel capacitaace may be calculated from

measurements of susceptance far above and/or below

resonance. For in electriILly couplal transducer with

small dielectric io33es, valil measurements of CO may be

made very far below resonance. For magnetic coupling,

measurements must be taken far above and fir below resoaance

and the values between interp~lated linearly between these

two.

Impedance data will pcovide the frequency of

an-tiresonance. The frequencies of the half values for the

difference between the maximum resistance and the blocked

resistance will correspond to tae maximum and minimum values

of reactance and allow for =alculation of a mechazical

quality factor. Blocked :apacitance or inductance

(depending on the type of translucer) may Oe calculatel from

reactance data obtained far above and/or below resonance.

The following paragraphs briefly describe the definition

and calculation of various constants.
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This factor indicates the sharpness of resonance.

frequency of max. 3 or R f(resonance)

- freq. d iff rence of a n. f(upper)-f(lover)
and max. B or X

(2.211

This coeffi.-ient inlicates how tightly the

electrical and mechanical meshes are coupled [Ref. 2].

K2 (eff) a 1-(fB/fO) for electrozignetic coupling
(2.22)

and

K2(eff) = 1-(f3/fS)' for electrostatic coupling

(2.23)

where f8 is used ta indicta the frequency of maximum

resistance and D3 indicates the frequency of maximum

conductance.

This term is the ratio of the stored mechaaical

energy to the total energy 3tDred in the device (Ref. 1],

(Ref. 51.

3



K2 C124)
Co. C1

4. Q.%= CaLaA Lcj t Qo

This is the blocked =ipacitance of the system.

There is nc simple aethod of measuring this quantity (with

the possible exception of instruments designed for a

specifi frequency). .eascrements must be made at a

frequency far removed from frequencies of mechan ical

resonance in order to zinimize the effects of

electromezhanical coapling. If the capacitance ratio

(CI/C O) is greater than fifty, the inizzuracy should be

minimal and may be cinsidered aagligible.

I B
CO = ---- -= wra- (< (d <o o  (2.25)

Ro and Xo  miy be closely approximated by obtainirg

data far below and above resoaaace and interpolating between

since there is a positive frequency dependence. However,

for many practical pacposes, (and for elactrically coupled

transducers), data mif be obtai-ned far below rescnance which
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provides a reasonable approxiiation to the actual value

throuqhout the freqa.ncy range of interest. These values

are assumed to represent those which would be measured if

the mechanical parts of the system were blocked or clamped

to prevent motion.

This is the inductanze of the blocked system

(usually with maqneti: couplini and is obtainable from data

collected far below and above rasonance.

X(interpolt ted)
L = (2.26)

00

7. g~.2 R

This is the ritio of th. blocked capacitance (co) to

the motional capacitance (,).

C0  PI (1-K2) whert K2 is the
SRI--------------------------- static gou uling

C, 8 K2 coefficient

(2.27)
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8. In!~ t

The figure DE merit is little mentioned in the

references probably because it is an arbitrary formula

depending upon a designer's :riteria. Miller [Ref. 5],

mentions K2.Qm as one possibility and utilizatiou of the

coupling coefficient is another. No specific calculation of

this value is done i2 this raport, leaving it to the user to

insert as desired.

9. 2

Impedance or admittance circles ace transformed to

actional diagrams by subtractiag blocked values or blDcked

values multiplied by angular frequency as discussel in

section B.i above. The diameters of the resulting circles

will provide needel values for efficiency calculations. Dw

and DA signify the diameters of the motional circle for the

transducer in water ind in air, respectively.

D. EFFICIENCY

The overall effi,-iency of a transducer is the ratio of

the power deliver-ad to an external load connected at the

output terminals to the total p.vwe at the input.

At resonance, this can b.e easily calculatel from known

values. For an -Lectricall7 coupled transducer, the

efficiency is given by:
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'E-= k - (2.281

where DA and Dw are the diameters of the motional admittance

circles and where 3 is the coadactance at resonance.

Similarly, the efficiency at resonance for a

magnetically coupled transducer is given by:

E a .. ..... L (2.29)
R-DA

where these are diamaters of the motional impedance cirzles

and R is the resistinae at reso.ince (Ref. 10].

The mechanical power utilization factor is part of the

overall efficiency. It is givan by Rl/(B14Rm) which :n be

expressed in terms o! loaled ai unloadel values of Q or by

the diameters of circLes.

- ---D2
. .. . = (2.30)

Rm + R1  DA A

(Note: All values should be taken from either admittance

data or impedance lati but should not be mixed.)
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Ouce the efficiency at resonance is determined,

utilization of the impedance data of a magaetically coupled

transducer allows for calculation of the lagging phase angle

= 0.5 * Arc--os ((res - Rol /Dw) (2.31)

The frequency paraz.ter for maximum efficiency may be

calculated as

p = (DwSin(2-P)| /(4-Ro. w )  (2.32)

and from the earlier relationship between p and the

frequency ratios, the freguen-y for maximum efficiency for a

magnetically coupled transducer may be calzulated.

f - fO (2-p *(p2+1)1/k) (2.33)

The frequency of maximum .fficiency may not coincide

with either the resonant frequency or the frequency Cf

max'mum admittance. For the iagnetost.ictive translucer,

this frequency of maximum efficiency is usuaily greater than

that at resonance.
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& development by Camp "Ref. 8], shows that a

magnetostrictive transducer may produce moie acoustic power

at the resonant frejuency eve2 though efficiency may be

less. Normlly, the frequency for optimum acoustic power

will fall between the mechanical resonance frequency and the

frequency of optimum efficienzy. This is due to eddy

current losses and magnetic hysteresis.

Since transduction losses a.e low, maximum power output

for piezoelectric levices is limited mniniy by voltage

limits. The optiiuz operatiag frequency is accepted as the

frequency of maximum admittanze 'Ref. 8].

if one assumes that the transducer has a high Q (sharp

resonancel and that the blo:;ked resistance is constant

thrcughout the freqaency range for the impedance circle,

then the potential efficiency miy be expressed as

(Rmax V - ( min) V
Pot. Eff. =---- -- - --------- (2.34)

(Rmax) /, + (min )

The potential efficiency represents the maximum efficiency

available for the most favorable loading :onditions. This

equation deletes the reguirem-nt for data from a loaded
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condition but requires the air motional impedaace loop to

very closely approximate a =itzle [Ref. 9]. "High Q" as

used here implies values greiter than thirty. if the air

motional impedance loop is not approximately circular and/or

the Q is low, then, from refersaize 2,

Pot. Eff. .ECS;; , - (1- SIN2I3)V(1 * cos5213, il s.

(2.35)

E. SU&k?,Y

There is helpfuL informati:n to be obtained from both

impedance and adaittance 3ati. Some transducers more

readily reveal propect-es thro)ah one type of diagram thaL

ar.other. Normally, admitI.-taa data is :ollected for

electrically coupled systems, v~ile impedance data is better

for studying magneti-illy couples systems 'Ref. 2]. Due to

the ease of obtainiAg data wilth the system proposed here,

both sets o! data ant diagrams nay be rapidly obtained.
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TABLE I
COMPARATIVE SYMBOLOGY

4-1

Blocked
Resistance ReP R' RO/Rg
Blocked
rnductance Lo - Lm L' LO
Blocked
sCoroitnceC CO - C CO
Blocked
Reactance YE Y - Yo

Blocked
Conductance C- -- --

Blocked- -- - - 608
Susceptarce Be B60 OB
Blocked -

Admittane Ye YEB Yo0 Y~e Yo~'
Blocked7v2B7 

Ztuopedance - E - Z ~ -4Driyirwq Pt. ye Y y
Admittance Y YE YIN -- YiDriiap- Ze z z I z

7E ZIZ Z Z Z
tpt Elec- R RE

stewm R e Re RE RIN Ri RR

Inut Elec.

du ctnce

Sus n E BN bE
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Restonne I -- o ly a
Mechonial I

Motinalc
ucacrOt m w

Qity Factor Q IqQ

trical



TABLE I (CONT)

+e 4
*f

Coef~tic nt f ~ f F
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Ft-~q.Max.G Fr l/- F ,, oF
Frgq.Max.R fa YW1r 0 i  Fo fn PfB/fg
Frec aox. X i-~ - 4'2T1F -- ft 4

Fr-Qg.Mcx. - ~V2v F, f1
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F2 2
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Diameter of d-
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'~Kinsler, F-ey. Coppens, and Sanders
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In-phase and out-of-phase -omponents of the admittance

or impedance are needed in tha inalysis of a transducer. An

initial attempt was uade to uae a lock-in analyzer, but

ultimately a Dranetz impedance ueter was used.

A. EQUIPMENT SET-UP

Data needed foc the -alzulation of properties of

transducers may be obtained usii.g a lock-in analyzer. The

magnitude and phase or in-phase and quadrature compon.nts

will indicate resonances La provide the neces sary

information.

The initial set-up utilized the Pcinceton Ipplied

Research Company Model 5204 Lock-in Aaalyzer. Phase

information would have allowed for desired calculations. In

experimentation, the circuit required for obtaining valid

phase inforumtion be:i me too -oaplex to be practical. The

lock-in analyze: is designed t3 operate i the I Hz to 100

KHz frequency range although it was determined to be

accurate at higher frequencies. Xt low frequencies, there

is a low source resistance and the signal to noise ratio

. . . .. l~ ,, • - . . . . . . . .. i ,, m, | .. . . 'S



became too small to provide a reference. It was concluded

that complex impedai-e measurements would be another means

of getting the necessary data.

As briefly mentioned in the introducti~n, there are many

methods for obtainiag impedance information. Since this

author desired a portable system usable for underwater

transducers, a brilge network semed reasonable.

The set-up usel to design this system is shown in Figure

3.1. The Hewlett-Pa kard HP-35 computer directs the

peripherals for the data taking. The printer and plotter

are non-essential to the system and were used to provide

larger format graphics and printout than are available with

the built in thermal printer provided with the HP-85.

The HP-85 is am eight bit microcomputer that

utilizes BASIC computer language. It has a 127 millimeter

diagonal black and white electromagnetic-deflection CRT. A

32 character per line thermal p:inter/plotter is part of the

unit. The computer has 16K btes of read/write memory of

which 14,579 are available to -the operator. For this

proqram a memory module is needed to expand the memory to

32K bytes. Programs or data ma be stored on, or read from,
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magnetic tape cartrilges. To interfaza with peripheral

equipment, an I/O RON and an i'terface card were added to

provide HP-IB (IEEE-438) instrumentation interface

capabilities.

The Hewlett-Packard Model 3325A Synthesizer/Function

Generator can produce five different continuous waveforms.

For this application a sine wave was desired for which this

instrument his a frequency ringe of 1 microhertz to 20

megahertz. Frequenzr may be 3pecified with up to eleven

digits of resolution. Output axplitude is 1 millivolt to 10

volts peak-to-peak into a fifty ohm load. This model is

fully programmable tirough the rear panel Hewlett-Packard

Interface Bus (HP-I8).

The Model 103C Cimpler Impedance--Admittance Meter

(CIAM-100C) is a transistorized instrument that measures

vector impedance, ve.ctor admittance, vecztor amplitude and

phase. It covers a freqaency :ange from 100 Hz to 2O) K~z

in three ranges of 3.1 to 2 Kiz, 1 to 20 KHz and 10 to

200KHz. For measuring impadincq a constant current is

produced in the unknown impedaics. The amplitude of the

46



C)I

r- W J

'U-

.4.J

00

04



current is set by the range switch. The voltage developed

across the unknown impedance is amplified and fed to two

resolvers. For measuring admittance, a constant voltage is

applied to the unknown. The current through the unknown is

measured by means of voltage developed across a small

range-selected resistor placad in series with the unknown.

The resolver outputs are prop~rtional to conductance and

susceptance of the aiknown. rhe claimed accuracy of the

instrument is plus or minus two percent full scale

amplitude. The Driaetz metar requires an input signal

voltage of 3 Vrms. In taking zeasurements on an unknown

transducer, initially the frgtaency of interest may not be

known as well as the appropriate scale settings for the

meter. deasurements made .n the Dranetz aeter using a

variable resistance box and voltmeters indicate lineari-.y

throughout the -ange settings. However, it is necessary to

insure measurements lo not cause either meter range to be

exceeded. The limit indicator lights are activated when the

unknown impedance or adaittan:e is substantially grsater

than the full scale setting. ihan this occurs, an internal

relay shunts the meters and the D- output terminals to zero.
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The Hewlett-Packard model 3497A Data

Acquisition/Control Unit is used here as a voltmeter and

scanner to masure the DC output voltage proportional to the

deflection of the meters of the Dranetz. The instrument

measures and displays voltage values to five and one half

digits. It is internally triggered by software command

during the data taking but takes the next ceading as soon as

the first is completed for obtaining averages.

5. WE-

This instrument is not assential to the operation of

the system. The Drinetz meter is designed to accept direct

ac voltage input; however, the particular meter used

exhibited more stability when t .e amplifier was included in

the set-up. The amplifier had anity gain and was only used

to lower the effective output impedance of the f=equency

synthesizer from fifty ohms to :wo milliohms.

This equipment set-up is suitable for an initial

system. A system lesigned for regular and rcutine use

should include a &iEferent impedance measuring system than

the Dranetz. Because of the design feature of the Dranetz,

49



a great deal of operator interfize is required to change the

various different s.cale and raage factors which cannot be

set directly by the computer. It is too easy for an

operator to miss changing one setting or to overlap

frequency range scales in the spectrum sweep and, thereby,

obtain erroneous data. Also, the scale factors must be

manually entered prior to the computer doing any cal-

culations. The Dranetz also hal annoying features, such as

drift of the zero, excessive n ise on low impedance ranges,

and DC output at full scale deflection of 0.8 - 0.95 volts.

B. DISCUSSION OF THE PROGRAM

The HP-85 is the controlliag unit directing the other

instruments to take or send data as needed. Memory storage

is handled by this microcomputer.

The goal was to design a program than would minimize the

time necessary to collect percinent data while maximizing

accuracy. The program was to accommodate different media,

allow for collectio- of admittance or impedance data or

both, and work for transducers with either electric or

magnetic coupling, while being easy to operate. This was

accomplished; but Jug to the l.a:ge differences in properties

of different transducers, a second program was w.-it-en tc be

used by more experienced operators.
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One program is designed so that a person with minimal

knowledge of the triasducer o: measurement procedures may

run it and obtain meaningful information. It is suggested

that the operator be familiar with the operation of the

interfacing instruments (aspe-iilly the Drinetz meter). An

equ'valent program is desiqnel so that the operator may

select the bandwidth for data c~llectior. and may specify the

frequency fcr measurement of ti3 blocked values (done as a

percentage of the resonant fragaency).

The program is broken into three sections. The first

gives the operator an overview of the conductance and

resistance of the transducer uader test. Part two is the

data collection for desired maisurements with options for

plots and lists of the data. rhe final section performs the

calculations for motional data, efficiencies, and other

desired outputs. rhe followia subdivisions address thq

program in detail. Figure 3.2 is a flow chart of the

program. The progrims writtea in BASIC are included as

Appendix A.

1. Ih2

This first portiin has been ircluded to allow for

visual and graphic display of taa response of the transducer
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over a selected frequency range. The operator is required

to insert information on the type of coupling (magnetic or

electric) of the traasducer aad the medium (air or water) in

which measurements ire to be taken. rhe operator is

instructed to set the Dranetz for the measurement of

admittance data and to specify the range to be ccvered in

the frequency sweep. The operitor also :nters the desired

voltage to be sent to the Dranetz. This manual voltage

input is necessary since at higher frequencies lower rms

voltages are necessary to keep the ac voltage meter on the

Dranetz at 3.0 V.

Through the Data Acguisition Unit, the relattive

amplitude of the real part of :he admittance is sampled at

300 equally spaced points throughout the sm-lected frequiancy

range. A graph is lisplayed Da the CRT ind then copied on

the thermal printer of the HP-95 for later reference. In the

event that some paraucter needs to be changed, the opsrator

is given the opportunity to reran this portion.

The operator is instruzted to specify a rela-ive

amplitude (from 0 to 1.2) that is less than the maximum of

the admittance peak of inter-st. The couputer prints -he

relative asiitudes greater than -.his value and the
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associated frequencies. This allows the operator to select

the resonance of interest and 3.ovide the center frequenv,,

and halfwidth to be considered in finding the resonant

frequency and quality factor (I1. A comparison is done to

find the absolute maximum value for amplitude and the half

power points for the determination of a. The resultant

factors are printel and the option to rerun is again

extended.

This same subroutine is again used to obtain similar

data for the real part of the iiedance. The subroutine is

an adaptation of a part of a procedure designed by

Conte [Ref. 13].

Although two repeats )f the subroutine take about 10

minutes, the operator is given 3ufficient information on -the

impedance and the admittance responses of the transducer to

decide which type of measuramets will provide the most

accurate information.

The computer has the frequency synthesizer send a

frequency far below resonance. The meters cf the Drinetz

are zeroed by the operator and set for full scale

deflection. An average of tezn measurements for :.ach
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terminal is placed ia memory to be used as normalization

factors for all later DC outpat voltage measurements.

While still at this frequency far below resonance,

an average of ten measurements will be made, normalized and

scaled (using operator input fD: the scale factors from the

Dranetz instrument) and stored as blocked values of

conductance, susceptaice, resistance and reactance. rhese

will be used later lia computations after being assigned to

different variables depending on the medium. This one

measurement is all that is aecessary for the electrizally

coupled transducers with small dielectric losses. For the

magnetically coupled transducers, the values are taken far

below resonance and stored. The program loops back through

this secticn after sending a message to the frequency

synthesizer to go an equal frequency distance ibove

rescnance. An average of the two values -3 stored for later

use. This averaging is necessary since the eddy current and

hysteresis losses cause a steidy increase in the blocked

impedance values.

The decision of t2e operator on the type cf data to

be collected is entered. The scale factor from the Dranetz

Instrument is entered and the :omputer goes to a subroutine

57



for data collection. The computer draws the appropriate

center frequency frox the data collected during the search

and bases the bandwilth for the sweep on the quality factor

measured previously. Fifty frequencies and the associated

real and imaginary iita are measured and stored from ten

times the half power bandwidth below center frequency ta two

times the bandwidth below resonance. Two hundred

measurements are taken in the vicinity of resonance and

another fifty in a region f:3m two to ten times the

bandwidth above resonance. (NDta: This program reduces the

range of interest to plus and ainus five tises the bandwidth

around resonance wh%?n tests are done uader load (water)

conditions. The saond program takes data at three hundred

equally spaced frequencies within the bandwidth specified by

the operator.) Drica the data aave been collected, another

subroutine is entered to find the minimum and maximum values

for the two sets of lata and their associated frequencies.

This is accomplished through a comparison to a minimum (or

maximum) value until a smaller (larger) Dne is found. A

reassignment is done and the zoaparison continues throughout

the data. The maximum value and -he two adjacent values are

then fitted to a quadratic equation which is used to produce
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a better estimate 3f the maximum and its associated

frequency. In the event of an error in data ccllection,

there is an opportunity to retake the data before proceeding

in the program.

A subroutine provides for a listing of the collected

data (100 points) in the vicinity of resonance. All of the

data could be printed; howevtr, the data near resonance

provides the important information and printing is an option

open to the operator.

Plots of the data may be made. rhe operator may

chose t- make plots 3f real or imaginary amplitudes versus

frequency or the plots of real versus imaginary data over

frequency, or all, or none. Each plot is drawn using a

subroutine and labeled with pertinent scaling and captions.

At the end of this :hapter, Figures 3.3 through 3.14 are

examples of plots for a piezoelectric transducer. (This

example is for a rype 100-6353-010, Sarial No. 1213,

designed for use ii an active sonobuoy.) Figures 3.15

thrcuqh 3.22 are examples of plots for a magnetostrictive

tratsducer. (This -Kample is a lype CMT-10255, ?odel QGB,

Serial No. 318.)
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3. R~

In the calculation of iotional data, the type of

coupling of the transducer becomes important.

a. Magnetic Coupling

For a magnetically coupled transducer, the

motional impedance data is calculated by subtracting the

blocked resistance from ea:h resistance measurement.

Blocked inductance it resonan-e is calzulated using the

averaged blocked reactance value. The angular frequency

multiplied by the blocked inductance is then subtracted from

each value of reactance. In the event admittance data has

been collected, the motional conductance is obtained by

subtracting the blocked zoaductance, while motional

susceptance may be obtained by subtracting the blocked

capacitance multiplied by the angular fr-guency from each

value. A list of zotional data may be obtained. A plot may

be elected and dram and labeled with axis scaling done

using minimum aad maximum values of the calculated data.

Computations are dole using the collected data.

The dynamic elezt¢omechani.-al coupling coefficient is

calculated from the resonant frequencies. A new quality

factor is calculated based on the frequencies of maximum and
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minimum amplitudes of the imaginary part of the data

collected. Values of some blocked measurements, quality

factors, the coupling coefficient, and resonances are output

to the printer.

b. Electric .'oupling

For In electrically coupled transducer,

dielectric losses are small and it is acceptible to use the

values measured fir below resonance as the blocked

measurements. motional resistance is obtained by

subtracting the blocked resistLnce from ach measurement.

The addition of the angular frequency multiplied by the

calculated blocked iluctance t3 the reactance measurements

will provide 'he motional reactince. The lata may be listed

and a plcA male. An example of the motioal impedance plot

can be seen in Figure 3.9.

Motional admittaace data may be obtained by

subtracting the reciprocal of the blocked resistanc- from

each conductance value. rhe aujular frequency multiplie.d by

the blocked capacitance is subtracted froa each susceptance

measurement. Figure 3.10 shaw3 a motional admittance plot

for a piezoelectric transducer in air. Calculations similar

to those for magnetic coupling are done and desired values

printed.
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After measurements are taken with the translucer

under load (in waterl zalculitions are lone to find the

efficiency and optimal operating frequency (for magnetic

coupling). This information is output to the printer. An

opportunity to repeat data collection in either medium is

afforded before lata on air and water temperatures and

transducer identification numbers are requasted prior to the

end of the progrim. A sample oatput (for the

magnetostrictive transducer Typ- CMT-10255, Serial No. 318,

Model QGBI is includel as Figure 3.23.
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VALUES IfASUREJ IN AIR FRI' AI)ITTANCE DATA

BLOCnED INIUCTANCL - 8.86E-4 HENRIES AT 23956 1IZ
ELECTRICAL QUALITY FALTOR - 189.73
MEQIANICAL QUALITY FACTOR - 29.426
ELECTRICAL RESONANCE = 23956.0379323 HZ
MECHANICAL RESONANCE = 23920 HZ
DNAMIC ELECTROMECHANICAL COUPLING COEFFICIENT - .003
BLOCKED RESISTANCE - 33.724 OI$fS

VALUES FOR MEASURFlTrS IN WATER FRC1 A1MITTANCE DATA

BLOCKED INDUTANCE = 9.01E-4 HENRIES AT 23932.48 HZ
ELECTRICAL QUALITY FACTOR - 18.513
MEGCICAL QUALITY FACTOR - 19.688
ELECTRICAL RESONANCE = 23932.4882297 HZ
MECHANICAL RESONANCE - 23892 HZ
DYNAMIC ELECTROMECHANICAL COUPLING COEFFICIET = .00338
POTENTIAL EFFICIENCY - .20398
FREQUENCY OF OPThIMW EFFICIENCY - 24246.61 HZ
MECHANICAL POWER UTILIZATION FACTOR - .14645

Figure 3.23 Sawle Coputer Output
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Although many of the calculations made by the computer

are basic, it was desireable to have a set of data collected

manually to ensure accuracy of the semiautomated system.

A. TESTING

1 . Reho

Data were collected for four different transducers,

all of which were later usel to test the computerized

system. A similar equipment set-up wis used with the

computer replaced by an operator and an X-Y plotter, and a

Wavetek pulse/funct i on generator in place of the

synthesizer/function generator.

The frequency spectrum was swept manually with plots

made of the real and imaginary components versus frequency.

From these plots, amplitudes and frequency values were

obtained and calculations similar to those done by the

computer performed.

For the magnetostrictive transducer used here, the

data output of the co3puter cor:esponds very closely to tha-

collected manually. The blozckd inductance was found to be

A



the same calculated by either method to five digits.

Resonance frequency variations up to ten hertz may be

attributed to temperature variations; and these frequency

variations will affect the coupling coefficient. The

efficiencies compared to within five percent.

Comparisons of the piezoelectric data were as

favorable as that for the magnetostrictive transducer. The

blocked capacitances varied by up to six percent and there

were small resonance frequency differences in some cases.

B. EVALUATION

The resonance frequency variations noted may be

attributed iainly to temperature changes from one experiment

to another. Larger deviations noted in a few cases are due

to inaccuracies in reading graphs or in determining a true

maximum for a very low 2 device as is the case for many

transducers when plazed under load. For the examples used

here, the computer data ire considered more accurate since

it measures and compares data to five digits, far bette r

than the average eye can do with unscalad data. In the

computerized system, the data collected in the vicinity of

resonance are compared to find the absolute maximum value

and the associated frequency. this point and two adjacent
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points are then used for a parabolic fit to find the precise

frequency for maximum component amplitude. This provides

accuracy in the resonance frequency far in excess of what

may be achieved manually by an 3perator.

A 'delay time' to allow stablization of the system

(dominated by the response time of the Dranetz meter) was

determined to be oha hundred milliseconds. In manually

sweeping the frequency spectrum, stablization time is

difficult to achieve. This may result in the appearance of

spikes in the plots which increase the difficulty of manual

evaluation of the collected lata. Once this stablization

time was determined, all wait times in the computer program

were ensured to be greater than this value with the longest

waiting period duriag letecr'alation of the shunt and

normalization values. The sec3a longest wait period occurs

during the data colLection. Here, a period of two hundred

fifty milliseconds has been used in the vicinity of

resonance to minimize the chance of error. The added minute

for data collection that this ilditional wait time requires

is of minor inconvenience compired to the improvement in

accuracy.
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Transducers may exhibit a moderately high Q in air

(above 25). For these (and most resonances with a Q above

5) the program with set freqiency ranges for data taking

works well. However, these same transducers may have very

low quality factors under load (in water). To avoid data

review over a frequenzy range beyond the upper limits of the

instruments and perhaps overlapping other resonances of the

transducer, it is r.-ommended that the program allowing for

operator input of the frequency range be utilized.

C. CONCLUSIONS

It was noted that most transducers have more than one

resonance. To be a useful analytical tool, the operator of

this system needs to know the primary design frequency of

operation for the test transdu--r. Should the resonance at

this frequency cause the admittarce or impedance to eKceed

the limits cf the Dranetz meter, the operator may opt for

data taking of the type to fall within limits.

Manual collection of impedance and admittance data for a

single transducer in two itdia (air and water) and

calculations similar to those done by the computerized

system utilizing data at three hundred frequencies requires

on the order of fifteen hours. This system carries out
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these operations in seventy-four minutes. For most

transducers, only one type of dita (admittance or impedance)

is normally collectel. A typical measurement which produces

results and the plots similar to Figures 3.15 through 3.23

would take fifty-tw3 minutes. (Since each collection of

data allows for four plots and two lists of data, the time

tc run the program collecting Impedance and admittance data

in both media could be reda.ed by forty minutes and

collection of one type of data in both media by twenty

minutes if no plots 3c lists were made and only the listing

of transducer parameters similar to Figure 3.23 desired.)

The major time saving factoc for this system would be

found through the replacement of the Dranetz Impedance meter

with an instrument that does aot require as much operator
interface. owev-er, semi-aut3mation as provided in this

system constitutes a major tize-saving over manual means

even when the equipment set-up is not altered in a major

way.

The plots pr-du-ed using an X-Y plotter and sweep

oscillator enable measurements of frequency with an accuracy

of about one percent. Using t~a computer, the precision is

better than one ia ten tiousand. Similarly, for
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calculations using real and imaginary zomponents of the

impedance or admittaane, compater precision is better thin

one in ten thousand as opposed to about one in ten for

manual manipulations. However, the measurement accurazy is

at best plus or minas two per:ent for the Dranetz meter.

The advantage gained over manual methods by using the

computerized system is due to the systematic pauses for

Dranetz meter stablizition prior to all measurements.

This system has been designed to analyze any type of

transducer. Specific adaptation to hanile a particular

transducer type with known res3nance range can drastically

reduce much of the operator interface necessary for

evaluation of the propertie- of the transducer and reduce

the time requirement iccordingly. Alaptation for a

particular type of transducer will allow variables currently

in the computer program to be made constant. Careful

selection cf these values will maximize accuracy and

precision in the desired measureients and calculations.

D. RECOMMEND&TIONS F:R FURTHER IMPROVEMENTS

In all of the pre:-eding dis-ussions, it must be apparent

that the "weak link" in this system is the 9ranetz impedance

meter which is over fifteen years old. The difficultie -
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with this device are primarlly its lack of computer

I controllability, its plus or miaus two percent accuracy, and

its high noise at low signal levels.

Although it was unfDrtuaitely not available for this

study, the Hewlett-Packard 4132A Low Frequency Impedance

Analyzer seems to be the proper replacement for the Dranatz.

It is capable of fill program control via the HP-1B and

would also eliminate the neel for a separate frequency

synthesizer and data acguisiti3n system. It is highly

recommended that this device be substituted in any future

applications of this technique.
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A,

Two programs wesr writtes to implement the measurement

procedures and the zalcau.atioa. to evaluate any type of

transducer. The first program titled "1YDR&A2" automatizally

looks at a frequency range of ten times the bandwidth on

either side of the resonance frequency. (This is modified

for water to be five times th.s bandwidth on either side.)

This program also iztomaticily selects the frequency at

which to take shunt measuremeits based on the Q factors.

The second program, titled "PICtBW", allows the operator to

specify the bandwidth for analysis and the frequency at

which to measure shunt values. The following ref.rence

guide is applicable or both proprams. Iajor differences in

the programs occur between. l.ins 2501 and 2650 and between

lines 8601 and 8635.

. . . ". .. . . ii , , i , , . - . .H ..



REFERENCE GUIDE

Line Nos. Description

1 - 60 Declarations, inputs, "bookkeeping"

60 - 90 Admittance 5 pectrum (freq. & Q) using
subroutine 7300

100-149 lapedange S3ectrum (freq. & Q) using
su routine 7300

150 3 aias blocked values using subroutine

153-176 Impedance dita collection (option)

177-186 Almittance lata collection (option)
198-450 Listinq and plots of data using

subroutines

451-500 MItional lata calc. for magneto. (for
T' data)

525-540 Kati nal data calc. for elec. (for
IT, dlta)

541-642 List of motional data and plot

645-657 13tional data calc. for elec. (for 'Z'
aIta)

658-668 mtional data calc. for magneto. (for

670-757 List Df motional data and plot

800-940 Calculati3n for elec. coupling in air

1000-1031 a:ilculations for magn. coupling in air

1040-1146 Zalculation3 for elec. coupling in water

1150-1225 :alculations for magn. coupling in water

1350-1410 3ptions for rerun or change of medium

2501-2650 Subroutine to determiae blocked values

7000-7545 Sabroutina for search &ad spectrum
inalysis

8100-8110 Subroutine to print data list

8200-8250 Subroutins to plot real data vs. fraq.

8300-8380 iabroutine to plot imaginary data vs.req.

8400-8450 Subroutine to plot 'circles'

8549-8573 Subroutine to obtain normalization
f ctor s
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8600-8699 subroutine to collect lata
8700-8799 Subrouatine to determine max/min valuies
9000-9350 Suabroutines for printouts
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1 REP, **HYDRA2**
2 0PTICN BASE 1
3 ShCRTI O,,89,E,E2,E3,E5,R8,R7,A2,,x5,6,AT,Xd
,GT ,G8 ,e2,.83 ,85 ,86 ,57 ,$8 ,K,kI.,P5 ,P6 ,v

7 S8OK A,F2,F3,F4,F5,a,H4,JI,j2,j3,J4,R,XG,5
8 INTEGER ,Y, 1,I,Y2,J,Z2,fI2.L2,S1
10 DIM 5$[2] ,A$E2$ ,T [11 ,D(00.3) ,AI$[4] ,D$[3UJ ,L$4201 ,
Rs[I ,111 11 $111 I L] ICl[5 ,G$[12 ,-l Hf$[(2 -j
Ii REAL S ,N N8 N9 R0 ,R9 ,x0 ,X9 ,L,CO LO ,O P H6 .- 9 ,P,E0,G0
,G9,BOB9,N(10) ,M(1U) ,EFl,F6,F8,F9
14 REAL S6,E-4,E6,L5,DD,0D2,D3,D4
15 Xb,D1,D2,3,4-U
16 Q,E2,E3,E5,R6,R7,X2,X3,X5=0
17 Z3 ,A,F2 ,F3 ,F2 ,F5,B6 ,7 ,Eb=C
16 S6,4,E6,,YYlI , 2,J ,Z2-=0
19 KKlP5,P , O QlQI,6,Q9,E=O

20 CU,LG,C,P E,H8,HS, P,WO,S=O
21 N ,N6 ,N9 ,0 ,R9 ,X0 ,X GO ,G9=0
22 60,B9,HlH2,FO,Fl,F6,FE,F =O
25 DISP "THIS PROGRAM AUTOW.AI'ICALLI SELECTS HALFWIDIH FC
F DATA COLLECTICN."
26 LISP ".HIS LCOKS AT 10 X BW IN AIR & 5 X B1. IN WATER.

27 LISP "10 INPUT YCOUR 0iN BANDCWIDTH USE "PICdij'. PRCGRA
S ISTEAL. (HIT "CCNT)"

29 PAUSE
30 CLEAR c BEEP

.:-5 [ISP "ENTER TYPE OF TRANSDUCER TO BE -EASUEOD?(l" F
MAGNETIC CCUPLING CR E' FCR ELEC.)"

42 INPUT T$J LISP "TC GET A CCQL:PLETE SET CF DATA YOU NLE
, NEASUREFENTS IN 5CEO AIR AND i AIEP. "
45 bISP "CC AIR FIR. .,4' iNHAT :EDIUL. APE YOU OFEFATINC?(
ENTUE ' FOR AIR OR "2' FOR MATE)"
A:6 INPUT ML CLEAR @ BEEP
47 IF N;=2 THEN 49
4, C4="AIE" e Z2=l1U L COTO 51
,49 C$="WAIER" Z2=5
51 PRIN'IER IS 2 C PLCJ'IER IS 1
55 LISP "SE' IHE CRANEIZ FCR ACMIIIANCE.SE CN LCVEST SC
ALE lhAT CN'1 PEA DURING FUN. iCCN'i)"
6C PAUSE
o5 PRINT o PRINT e PRINi
7C PRINT "ACbl.ITANCE IN ";C$
75 G0505 7000
6U IF %=2 THEN 96

55 FUrF6 @ jU=Q @ GCC ICU
190 F1=F6 L %1=Q
iU GCLEAR @ CLEAR @ BEEP
165 CISP "SET LRANETZ FOR IfPELANC -(SCALE NEEZED)-iiIT C
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110 PAUS E
115 PRINT @ PEFIN @ PRINT
120 PRINT "IY'PEDANCE IN ";C
125 OCEcUb 7000
130 IF v;=2 THEN 140
135 F8=F6 @ ,8=Q 0 GOTC 1.41
140 F9-F6 @ 9=
141 CLEAR @ BEEP
142 PRINTEF IS 7U1,76 @ PRINTI USING 144
144 IMdAGE 2/
145 PRINT "F(Y-AIF)- ";INT(FC) , "F(Y.-WAT)= H;INI(I) , "F

14 6 PRINT "(Y-AI R) =" ; ,,"'(Y-WAIEF) 1j, , " (Z -AI R)

147 PRIMIER IS 2
148 CLEAR @ DISP "THESE ARE ThE INITIAL ESTIRATES. (IT~
CCNT4' 6EEN READI TO P ROC EED)"
149 PALSE
].5U GCSUB 2501
152 CLEAR Cd PEEP
i53 DISI- "TO CCLLECT ALLITTANCE DAIA (fOR LLEC. COUPLING

ENTER -f'. ENIER '2FOR IDIPELANCE'
154~ INPU~T L2@ PRINTIER IS 2
155 IF L2=2 THEN 156
156 R$"=~ I=z & ~"CITNE of-i H"CNCUCTANCE
(611CROL%: C S)' G$z="SUSCLPTANCE (lVICROMH.fCS)"
157 GOTC 159
158 R$="R" C, I$="X" E S$= "DvPEEANCE" @ G$="RLACTANCE (Ch
MS)" CL H$="RESISTANCE (OHNS)"
159 IF L2=1 'THEN 156
160 CLEAR u DISP "SE/I ON Z AND ENTER SCALE FACTCF TO COL
LLCT DA.LA."

61 INPUTI S6@ PRINT S ;" IN ";C- Ca PRINT "SCALE "S;

162 CLEAR @ DISF "I AMv i-OFi<ING"
164 GOSUE 8600
i65 IF =2 ThEN 152
166 IF V,=2 'THEN 16c,
167 Rb=E @ X3=E2 C, X6=E3 C- F4.=E4
16E X6=E5l @ F5=E6 Cc E6=E1 z- GCTc 19b
1o9 P7=E L X2=E2 Cu X7=E3 @ F4=E+
17 G X5=E.5 @ F5=E6 L- fc9=1 c GOTC 196
1-16 CLEAR o BEEP
17 7 DISP "SET ON% Y & ENTER SCALE FACTOCR IN !/ICFGlMhC2S IC
COLLECT LATA."
176 INPuT Sb~a PR~IM S ; " IN " ;Cvr PRINI1 "S~rPILE

£59 (aOsub 8bou
16U IF 1=2 THEN 152
lbi IF 1%=2 TH-EN 16.5



182 G~mE @ 83uE2 @ 8-E3 @ F2=E4
363 B6-E5 @ F3-E6 @ FO-El GCTC 198
185 G7=E @ B2,E2 B 67=5E
186 F2-E4 @ B5-E5 @ FZ=E6 6 FIE]
19b PRINT USING 199
199 IVAGE 2/
200 DISP *DO YCU DESIRE A LIST OF CCLLECTED DATA NEAR RE
SONANCE? (100 POINTS) (1 YES,2=NC)"
201 INPUT Y
202 IF Y-2 THEN 300
204 IF Ld=-2 THEN 240
210 PRINT "ACMITTANCE DATA FOR ";C$;" IN YICROfikiOS" @ PF
INT USING 215
215 INAGE 2/,uFREQUENCY",4X,"REAL ,6X,"IMAGINARY"
216 GOTO 265
240 PRINT "IMPEDANCE DATA FOR ";C$;" IN CHMS" @9 PRINT US
ING 215
265 GOSUB 8100
-00 CLEAR @ DISP "DO YOU DESIRE A PLOT CF DATA?(1=YES,Z=
NO)-
305 INPUT Y@ GCLEAR @ CLEAR
315 IF 1=2 THEN 450
-20 DISP "ENTER: 1= G/R vS. FREQ; 2= B/X VS. FREQ; 3 B
vS. G/X VS. R; 4- END PLOTTING LOOP."
325 INPUT Y
3%U IF 1=2 THEN 365
-35 IF Y=3 ThEN 425
;40 iF 1=4 IHEN 450
345 GCSUB b200
356 LDIR C @ PEN 1 6 PENUP
'-57 V.CVE 1(,0+.* (300, 1)-D (1Ii) ) ,-(E*.6)

16C LABEL R$;" VS. FREQUENCY IN ";C$
361 GCTO 320
35 GOSUE 8100
3-7 LDIR G PEN 1 @ PEN(P
3r8 MOVE D(1,1)+.2* D(.3UG,1)-O(1.1)),-L-.5*L
400 LABEL Is;" VS. FR%.UENCY IN ";C$
461 GOTO 320
425 GCLEAR C CLEAR L COSU6 t4u;o
431 PEN I
442 LLIR C @ PENUP
443 MOCVE -(.5*L) ,-L-.2*L
445 LABEL "INPUI ELECTRICAL ";S ;" PLGI (";I ;"vS.";F.$;"
) IN ";C$
446 GOTO 320
456 IF L2-2 THEN 645
451 IF T$="E" THEN, 525
452 GCLEAR Cu CLEAR @ DISP "I AY CALCULAIING ECTICAL LA'j
A"
465 CU=B*.0OGCU,/(2*PI*F6)
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466 LO-- /(( PI*F6) "2*C0)
470 FOR I-1 '10 300
475 C (I,2) -0 (I1,2).-G
48 t D (1 ,3) -D (I , --).-D (1, 1) *B/F-6

485 NEXT I
490 GOSUB 6700
500 GCTC 541
525 GCLEAR @ CLEAR @ DISP "I AM CALCULAIING MOTIGNAL DATAm
532 CO=B*.Go0001/(2*PI*F)
535 FCR I-1 TO 300
536 D (I,2) -D (I ,2).-G
537 D (1, 3) -D II , 3).-D (I, 1) *8/F
538 NEXT I
540 GOSUB 8700
541 CLEAR @ GCLEAR @ BEEP
542 DISP "DO YOU DESIRE A LIST OF ETICNAL DATA NEAR RES
ONANCE?(1=YES, 2-NC) "

543 INPUT Y
545 IF Y-2 THEN 604
575 PRINT "MOTIONAL ADRITTANCE DATA IN ";C$ @ PRINT USIN
G 580
580 IMAGE /,"FREQUENCY",4X,"EREAL",6X,"I vAGINARB "
595 GCLEAR E CLEAR
600 GOSUB 8100
6C4 CLEAR C BEEP @ BEEP
6C5 DISP "hANT A PLOT?(1=YES,2=NC)"
61G INPUt Y2
b15 IF 12=2 THEN 755
o16 PLOTTER IS 705 @ PEN 1
620 GOSUB 8400
628 LDIR 6 @ PENUP @ PEN 1
629 MOVE -(.5*L) ,-L-.2*L
630 LABEL "MOTIONAL ";S$;" PLOT FOR ";C$
642 GOTO 755
645 CLEAR L GCLEAR C@ DISP "I AN CALCULATING MO'IICNAL DAIA"

646 IF T$="M" THEN 658
647 FOR I-I TO 200
648 D(I,2)=LD(I,2)-R
649 CUNI/(2*PI*F*X)
650 LO,1/((2*PI*F6)^2*CU)651 D (1 3) -0 (1 , -).-2*PI*D (1 ,1)*LO
65i NEXT I
653 GOSUB 8700
654 CO-AES(C(k) @ LO-ABS(LO) 4 BEEP
655 DISP "DO YOU hANT A LIST CF THE DATA NEAR RESCNANCE?
(1=YES,2-NO)"
656 INPUT Y
657 GCTO 670
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658 LO=X/(2*PI*F6)
662 FOR 1-1 TO .100

664 D(I 3) aD(I 3).-L;(I ,1) *2*PI*LO
665 NEXT I
666 GCSUB 8700
667 BEEP @ DISP " DC YOU W~ANT A LIST CF DATA NEAR RESCNA
NCE? C 1YES .2-NQ)w
668 INPUT Y
670 IF Y=2 THEN 706
665e PRIRT *kLOTIONAL IP;PEDANCE CATA IN ";C$ @ PRINT 6SING
666
666 IMVAGE 2/,uFRE .UENCY",4X -HREAL" 6X,"IAGIN4ARY"
700 GCLEAR @ CLEAR
705 GOSU6 6100
106 CLEAR @ SEEP @ dEEP
710 DISP "WPANT A PLGT?(l=YES,2=NO)"
715 INPULT Y2

72C IF Y2-2 THEN 755
721 PLOTTER IS 705c @ PEN 1
725 GOSUrs 6400
737 LLIR 0 @ PENLP
736 MIOVE -(.5*L) ,-L-.2*LI 740 LABELJ "MOTIGNAL "u;S$;II PLCT IN ";C$
755 GCLEAR @ CLEAR
756 PRINT USIN\G 757
757 I1NAGE 3/
600 DISP "I Atv COING CALCULAIIONS FOFE 106. PLEASE 6E eAT
1&4NT."
603 IF 1%.2 THEN 1040
olU IF T$-"Y~" THEN 16OU
825 IF L2=2 THEN 86C
840 QO=E/AES(E4-E6)
o45 C1LA6S(E2/(2*eI*EG))
,55 GOTC 865

860C v=E 11AESS(E 4-E6)
d65 Cl=ABS (1/ (4"*E:*F8*E 2)
685 K= - (FO/Fb) ^2
d95 K1=Cil(AsiS (CC)+CI1)
9,:c GCSU6 9666
9i1 PFIIER is 2
940 GCTC 11-50
I.Uou Kul- (i6/foV 2
1, 4 ' IF L2-2 THEN lUA25
1010 ,-El/Ai S(E4-E6)
LU15 ~CrC lu30
1U!5 ,-E/AES(E4-66)
lk30 GCSUf. ! U
iio3l FRIN'LER IS 2 @' GOfOG 1350
1 u 4 0 I F I $ "'x T H E J 1 1 5 0 g



1C41 DISP "IF' YOU HAVE CATA FOR AIR, ENTER 1; ELSE 2
1u42 INPUT Y
1043 RAD
1L.44 IF L~2-1 THEN 111C
1045 IF ?z-2 THEN 1062
10-60 P6=fl4* (D3-D4)/ (03*R-i)

1070 GOSUB 9100
1076 PRINiTER IS 2 @ GOTO 135U
11.10 IF Y-2 THEN 1135
1.126 NC-Fl
11.30 Pb6C2*(D1-D2)/(Dl*G7)

115~-El/ABS(E4-)
1.40 K=1-(Fl/F9)^2

1.145 GCSUB 9100
11.46 PRINTER IS 2 @ GOTO 13-50
£1.50 RAD
1151 DISP "IF YOU HAVE DATIA FOR AIR, ENTER 1; ELSE 2"
1'32 INPUT Y
11.53 IF L2-1 THEN 1160
1154 IF Y-2 THEN 1162
1135 6= 5*ACS( (R7-R9.)/D4)
1136 sib-SIIEfL&V2 L H9-COS(5) ^2
11.57 P5((+)/Of9 .- LDvoH)^5/ ir.R*9
. 5+t(1-C3/R0 *H8) ^ .5)
1159 F-D4*SIN(2*tl)/(4*R9*QS) @ v GF9*(2*P+(.P^2+1)7..5)
ll*bU P6=tL4*(EC3-D4)/(L3*R7)

1163 PRIN.I
1164 GOSUB 9300
1166 PRINTER IS 2 e- GOTO 13-5G
1160 RAD
1162 IF Y-2 THEN 1210
1164 a-.5*ACS( (G7-G9.)/LDZ)
118b e.8=SIN(B)-2 @ h9=CoS(B5V2

* +(~1/GU*fi4) ^.5)
U190 1PaD2*SlN (2*B) /(4*G9*t, 1) Cc vv0f 1* (2*P+(P '+1) .5)
1 .o5 PbmC2*(D C)(C1*C7)
£21U Q~-E/AES(E4-Eb) C, K1I-(F9/F1V2Z
121.1 PRINTI'""" ~1;(1"&;~,H=;i
1215 GOSUB 9300
1225 PRINTIER IS 2 @ CLEAR ! EE.EP
135u Iuisp "DC You DESIRE ANGTHER It- THIS %,El:I~ll;(TG 6FET
rHiE OTHER TYPE D;ATA?)(1=YES,;=NC)"
1.355 INPL1 Zi
1357 PLOTTER IS I
1360 IF ZI=1 lHEN 152
1361 PRIiT LiSING 12362



13:62 IbIAGE 3/
1.365 DISP "rC YCU DESIRE A RUN IN ANCTHER IvILIUM? (1=YES,
2- O) N

1370 INPUT Zl
1375 IF Zi-1 THEN 45
1360 DISP "JUST FOR ThE RECCRE, INPUT WAIER TEM~P, AIR~ TE
MP, TRANSDUCER SER NC, MODEL NO. .

1381 DISP "AND TIYPE (E OR NO~"
1-635 DISP "INPUI 'd' IF INFO IS UNKNOWN"
1.39(1 INPUT W,I,S,N,L$
13S1 PRINTER IS 701,76
1.400 P~RINT "YiATER TEk'P-";w,,"AIR TEVtP=";A, ,"SEE. G";
,."MCDEL NO.u";N~,,"TYPE ";L$
141U GCTO I996~
2501 REMr~ *ShN*
25013 CLEAR @ 6EEP @ DISP %~E ARE FINDING ShU.Ni. VALUES F'G
R~ G/E CR R/X."
2510 AW=FR" @ E.W"hZ" @ S11l
2511 IF' TWa'W' ThEly 2520
s51.2 IF b.2 THEN 2516
2513 Q=PAX( U,Q6) @ F=FG-(L2.-2)*F0iQ
2514 IF F>200 THEN 2535
2515 F=20G+(F0-2*FG/Q-2Uu6)/5u CA GOTC 2535
2516 ;d=,%AX (Q1,Q9L) §F -fZ2)1
2517 IF F>200 ThEN 2535
251c F0+F2*/Q2C/ GOTC 2535
2520 IF M-2 THEN 25Z4
2521 Q=bMAX ( 0 ,Q8) @ ='-( 22 F/
2522 IF F>;(U UREN 2535
2523- f=2UC+(FPA-2*Fb/CI-2UU)/5U @ GCTC 253E

2525 IF F>200 IHEN 2535
25d-7 F=G+ F -*: A -C )
2535 D$=vALS(F)
253;7 GUTPUI 717 ;A, B
21536 iNAIf 1OC0U
2540 CISf- "SET CRANEIZ FRE ,. SCALE IG COVEF iR, CN SI
'IhESIZER.;4LRC NE'IERS.SET ON FS .(CCN'I)"
2541 PAuSE
25-42 DISE "hEFE oE CEI ThiE NGRF.ALIZA'lICN FACTCES."
2543 CuTEQUI 709 ;"v'I1"
2 54w* GCSUB d549
'6550G G,6iS,, X=U
2551 AW="i'" $"tZ L 0$=vAL$;(F)
i553 CL'IC.T 717 ;A$,Z&,6$
256L CLEAR (E CISP nSET CFANEIZ Ct, &, ET SCALE ,SEI Cl. i\CF
M' FOE FILIER + L-hAEE,PLLG IN -IPAL!SDLC~i ."
2562 6E.EP La DISP "ENIEF SCALE FACTLR IN iv.ICRCL:CS.SAi~iL E
CALE AS fCR LAIA.(vE GET SnU;NT G/,m)'
2564 I.JF-4'1 S6@ CLiAf, Lv CISP "I AY~ 14RkING IC0 C-LI S-LT



ALUES" @ BEEP
2565 EOR I=1 TO 10
2566 OUTPUTI 717 ;A$ e:D f,$
2567 * AIT 1000
2566 OUTPUT 709 ;"AC3"
2569 ENTER 709 ; MU)
2570 G=G+tv (L)
2571 CUTPUT 709 ;"AC4"
2572 ENTER 709 ;N(I)
2573 B=B+N(L)
2574 NEXT I
1575 G-=G/(I-1) @ =/I1
2576 G=G*$S/Nb @ 6=8*S6/145 ELL
2576 DISP ".cET LRANETZ ON Z;,5Er SCALE FOR LAX RLSPCf.SE.i'.
GVE 'IPPNS. INPUT. EN2.'EIR SCALE FACIGF.'
2579 INPL~I S6C@ CLEAR @ DISE "I AL' i-vCKIild IC CETI SFUNvi 'v
ALUES"
58C FOR I-1 TGC 10

2,581 CLTPLI 717 ;A$X4,E$
i582 *AIT iCCU
2583 CUIP~i'I 709 ;"AC?'
2584 ENTEF 76S ; ?(I)
2565 R-R+, -j(1)
2566 CUTPL'I 709 ;"AC4;
2567 ENTIER 7G N(I)
258E X-N(I)+X
2589 NEXT I
2550C /I1 ~X4(-
i591 F-R*Sb/N8 ~8N
Z592 IF lW='i" TihEN 2616
2555 IF 1%=l THEN 26W,
2596 R9=R L X9=X G9=C ES~=b i GOTC 26C1
26LL GU-C L, E0=E C RO=R te Xu=X
2601 VRNI",±~ALLES"
2.oC2 PPINI USING 26C-.
2603 IL'.GE I/
2605 PRINTI GG;G,"C"B."0;Ox=; ,"GS=

26G6 PRIL4I @ GCTC 26 0
261C IF S1=2 THEN 2621,
2611 jiuC ( j2=E @s j3=F t, j4=;%
261i IF V=;2 THEN 2615
2.613 FmF8+(Z2-2)*Fb/Q S1=2 L GOIC- 255U
2615 FaF9+(Z2-4^)*F9/- w 51=2 (, GCIC 2550
2620 G-.5*(G+j]) tj b=5*(+J2) Rin.5*(P+j3) X=i *j4
A) k GC2C 2595
2630 GCLEAR C, CLEAR @~ EEEP
2635 CISP MELIEF "I' IF ALL IS iwELL; "' IF iCL i'EEC A i

264U INRFiI Y

lot



2645 IF Y-2 THEI; 2501
2650 RETUBN
ULO REMr *..*

7UCI GCLEAR @ CLEAR
7005 DISP "DiTER LCWER, UPPER FREQ. FCf, SV EEP.IF FESCNA\
CE UNK~NOWN USE 1000C,200060. (F1.F2)-
7010 INPUT F4,F2
o011 OISP USNIER R1b1S VOLTAGE NEEDEfD.(3GUC NiV FOE L06N ERE

Q. AS LOW AS 2000 koV FOR tIIGH)'I 01.2 INPUT A@ A1$=VAL$ (A)
7C20 CLEAR BEEP
7025 A$-"A" @ $"P

035 OLTPUT 717 ;A$,Al$,?a$
7G40 OUTPU.T 709 ;"AC3vT3"
7045 F3-CEIL( (F2-F4)/3GC)I 7UbL CLEAR @ LISP "I Ate~ 4ORkINUz TC GEl IHE SPECEL4UM LTA

FOR YOU,IHEN hILL ShOW & Mi E A PLOT"
7U65 FCR I1 TO 300
1070 D(I,1)=F4+I*F3-
7075 A$ai'HZ" rt BS.FR"

7065 OLTPUT fl.7 ;6,$.$
7C9C OUIPUT 7U9 ;'*AC--VT3'1
7095 ivAIT 106
7160 ENIER 7G9 ; D(I,2)
7165 NEXT I
7110 F5=F4-.1*(F2-F4) Cc FLUF2+.*(F'2.-F4)
1115 Fb=F2+t. 1* (F2-F~4)
7119 PLOTIER IS 1 @ GCLEAR C, CLEAR~
7125 SCALE F5,F6,-.1,1.2
7130U XAXIS U,200C,F4,F2

714tu iQRE I-%l IC --UL
7145 PL

7155 NEXT T
7156 GRAPH Lu COPY
7160 DISP "NEED ALNCITER F~UN.? (1=YES,2uN0)"

71o1. L:IP "EN LCSEENPCI4 FCP APPLITULE IQ i.Z)

(LEE6 THAN THEVA LSELAEL

717% INPUT S@ CLEPSAR EE
i Ib0) PFINTI"t.LlL NVLS; ;EEC
71o1 PRIN'1
7 190 FOR~ I-1 TO '_0L
,159 5I1F L (I , 2)(<S T iE N 7 21 U
'2u~u p R IiN I u SI NG -/U 10s; ;(I L.2) ,EI .1

7i5IiAGE 1,.LCCCE,1XLxCLC.L
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7210 NEXT I
7215 PRINT USING 7220
j2;0 ItVAGE 3/
7225 CLEAR L BEEP
7226 DISP "IF IOU APE READY TC CONTINUE EMER "; OThER
WISE ENTER "2."
7227 INPLT Y
7228 IF 1=2 THEN 716C
7235 DISP "AHAT IS CENIER FREQ, HALFNIDIH IC CONSIDEr?"
723b INPUT F,N@ CLEAR C BEEP
7240 DISP "I AM hORKING TO GET GOOD FREQ AND DATA"
7241 FOR 1-1 TO 30t,
1242 D(I,1)=-N+I*N/150
7243 A$="HZ" @ 65$"F "
7245 D$-VAL$(DIIf))
7255 OUTPUT 717 ;t3$,D$,A$
7260 OUTPUT 709 ;"AC VT3"1
7265 iAIT 100
727U ENIER 709 ; D(I,2)
7275 NEXT I
7285 CLEAR @ GCLEAR t, DIS- "I Alv. FINDING flH. AzSCLL iE ie6A
X AND FREQ UPPER AND LOWER"
729G 6I,B4-0 @ H,Hl.H2,H3,H4=]
7295 E2,B3=5G
7300 FOR 1-2 TO -0U
7310 IF D (I,2)<D IH ,2) THEN ,340
7315 IF D(I,2)=D(H,2) THEN 125
7325 A6=D(I,2) C F6fc(I,1) C H-I
7340 NEXT I
7z45 A7=A6/2
7150 FOR I1 TO H
7;55 IF A7-D(I,2) THEi 7405
7-60 IF A7<D(I,2) THEN 7365
7365 IF C(I,2)<El ThEN 7425
7370 61D(I,2) - HI=I @ G3TO 7425
7365 IF D(I,2)2 THEN 7400
7390 t2-D(I,2) C H2-1
740U GOTO 7425
7405 61,B2-D(I,2) 4 H1,112=1 0 F7=C(h2,]) @ GCTO 7440
7425 NEXT I
743U X= (A7-E]) / (P2-&1)
7435 F7X*(D(82,l)D(hht))+D (il,1)
7440 F R I=h 'IC 200
,445 IF AT=C(I ,2) THEN 74S5
7450 IF A7>&(I,2) THEN 7475
7455 IF C(I,2)>B3 THEN 747C
146C 3D(I,2) C' H31-
7470 GCTO 7515
7475 IF D(I,2)<-i34 THEN 7490
746U 64-C(I,2) L H4I
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7490 GOTO 7515
7495 B3,B4D(I,2) @ H.,H4I
7505 L 5-D( 1':", 1)
7510 GOTO 7530
7515 NEXT I
7520 X-(A7-B4)/(B --B4)
7525 L5--(X*(D(H4,1).-D(H3.]).))+D(H4,])
7530 Q-F6/(L5-F7)
7535 PRINT "CENTER FREQ IS ";F6
7536 PRIN.1 "Q IS ";Q
7538 DISP "IF YOU ARE READY TO PROCEED, ENIER "'. TO RE
RLN FOR BETTER VALUES, ENTER '2."
7539 INPULT Y
7540 IF Y-2 THEN 7135
7545 RETURN
8100 REM **DATA LIST**
8101 PRINTER IS 2
8102 FCR 1=99 TC 199

Is03 PRINT USING 8105 ; D(I ,I) ,D(I,2),D(I,3)
8105 IMAGE DDDDCD.D,2XC.DC0E ,2X.D.DDDE
8106 NEXT I
8107 PRINT USING 8106
810b IMAGE 3/
8110 RETURN
8200 REM **PLOT RE**
8201 GCLEAR - CLEAR
8202 H8=D01,1)-.15* (D(300 .1)-c(,I)
6203 H9=D(300,1)+.i*(D(30U,i)-C(i,l))
62C5 PLOTTER IS 705 @ PEN 1
8209 SCALE fi8,fi9,-(.8*E),E+.25*E
6210 XAXIS 0,(D(300,1)-D(1,))/10,D(,),D(L0,1)
8211 YAXIS D(1,1) / -6*E) ,E+.2*E
6212 PENUP
6215 FOR I=l TO 300
6216 PLOT D(I,1),D(I,2)
821"1 WEXT I
d2lb PENUP @ DEG @ LDIR GSIN(9U)
o22 1 FOR LI=D(l,l) IO 0( 0C.1) STEP (D(200,l)-D(1,I))/1G

@ PENUP
b222 r.OVE Ll,-(.1*E)
822- LABEL INI(Ll)
6224 NEXI LI
b226 LDIR 0 @ PENUP
6227 kOVE D (1,1) +.2* (D (300,1) -0 (1,1) , (7*E)

o22b LABEL "FREQUENCY (hZ)"
82-0 PENUP e PEN 1
o&.2 LDIR 0
d!!4 FOR Ll-(.b*E) TO E+.2*E STEP E/5 PELNUP
8 ':r- MOVE D (1,1) -. U9*(0 ( U , 1) -0 (1,1) ) ,L1
b226 LABEL IU-I(Ll)
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-257 NEAT LI
6240 LDIR 6,SIN(90)
8141 MOVE D(I,)-.1*(D(300 1 )-D(1,I)).I*E
8243 LABEL H$
6250 RETURN
8300 RE. **PLOT IN**
6301 GCLEAR @ CLEAR
6303 kiD(i,1).-.15"ID(300,1)-D (1,1))
8304 H9=D(300,1)+.*(D(30,1)-) (1,1))
8305 L--WiAX(AES(E5) ,AzS(E3))
630b PLOTTER IS 705 @ PEN 1
6312 SCALE H8,ki9,-L-.5*L,L+.25*L
6113 AAXIS 0,(D(300,l)-.(1,1))/lu,D(I,1) ,0(1U0,1)
8-14 YAXIS C(1,L) ,Li5,-L-.2*LL+.2*L
6315 PENUP
8316 FOR I=1 TO 300
6325 PLOT D(II),L(I,)
6330 NEXT I
8331 PENUP @ DEG @ LDIR C,SIN(90)
6333 FOR LI=C(1,I) TO D('00,1) STEP (D(30C,1)-D(1,1))/10
@ PENUP
8335 MOVE Ll,-L-.2*L
6336 LABEL IN.T(LI)
6337 i4EXT Li
8340 LDIR 6 @ PENUP
8341 GVOE D(1,1)+.2*fD(30U,1)-D(1,1)) ,-L-.4*L
6342 LA3EL "FREQUENCY (HZ)"
6:45 PENUP @ PEN 1 @ LDIP 0
6-52 FCR Ll=-L-.2*L TC L+.2*L STEP L/5 @ PENLP
8355 MOVE D(Ll).09*(D(300,i)-O(1,1)),L1
6356 LABEL INI(LI)
8357 NEXT Li
8360 PENUP @ PEN 1 @ LDIP C,SI&(90)
t36 1 MCVE D I I -I ((0 ,)O I I ), (* 5

6365 LABEL G$
o360 RETURN
8406 REY **CIRCLES**
b4U1 GCLEAR @ CLEAR
8 402 L1-MAX(ABS(E3) ,ABS(E5))
8402 LzMAX(AES(E) ,L1)
6404 PLOTTER IS 705 @ PEN 1
8406 SCALE 1.25*(-L-.1*L) ,1.25*(L+.]*L) ,-L-.2*LL+.I5*L
6407 XAAIS U,L/5,-L-.l*L,L+.I*L
64C6 YAXIS 0,L/5,-L-.I*L,L+.1*L
o409 PENUP J PEN 1
6411 FOR I-I TC 300
6412 PLOT L(I,2),E(I,')
a413 NEXT I
8414 -?EN.P
b415 LDIP 0 CQ PEN 1 PENUP
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6416 MOVE -(L*.5),-L-.1*L
8418 LABEL H$
6420 PENUP @ PEN 1 @ DEG
6425 LCIR C,SIN(9(1)
6426 FCR Ll--L-.1*L TO L+..*L STEP L/5 C PENUP
6427 MOVE Li,-L
642d LABEL IN.T(Li)
6429 NEXT Li
6435 LDIR 0 @ PEN 1 @ PENUP
8436 FOR Li=-L-.i*L TO L+.i*L STEP L/5 @ PENLP
6437 1.1OVE -(.886*L) ,LI
6438 LAEEL INT(LI)
6439 NEXT Li
8445 LDIR 0,SIN(9Q)
0446 N'OVE -(.95*L) -(.3*L)
6448 LABEL G
6450 RETURN
8549 REMI **NORM**
655U N8,N9=0
6551 FOR I=I TC iU
8557 WAIT 5u0
8556 OUTPUT 709 ;"AC3"
8559 ENTER 7G9 ; N(I)
b560 N=N8+N(t)
8565 OUTPUT 7G9 ;"AC4"
b566 ENTER 709 ; (I)
o567 N S-E9+M (L)
6568 NEXT I
85b9 NS=NS/(I-1)

8572 PRINT USING 8573
6573 IlAGE 3/
8575 RETUEN
86GC REV **vALUES**
661 CLEAR C L-EE:
b60i LISP "I Ain CCLLECTING THE LAI NGo"
66LS IF L2= ANC Y&=2 THEN 662C
,606 IF L2-I A i C =i THEN 6 b21
6607 IF L2=2 ALZD LV=i IHEN b622
o666 IF L2=2 AND l.=2 THEiN 0622
Qb2U F0-F I Ci L GCiC ta25
b6Z1 Fo-F6 C, Cc0 C@ GOO 6625
8622 E6=F6 e =6 V GCTO 6615
b62': F6F9 e L-0
d'5 FCR 1-1 I C 50
o628 IF - riiE o'li
d629 0(I,i)=200+(F6-.*Fb,./-2U)*I/5u
6630 G'IO 6632
6631 0( ,+)
bo3;. D4-vAL4(0fI, I) )
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6633 CQ"IPUT 717 ;A$,D$,F.$
8634 WAIT 150
8635 GUTPLAT 709 ;"AC3V4T3"
6636 ENTER -709 ; fib
6637 D (1 2) =H8*S8/N8
8636 OUTPUT 709 ;"AC4VT3s
8639 ENTIER 709 ; h9
6640 D)(I,3)Hk9*Sb/N9
6641 NEXT I
6650 FOR 1=51 TO 250
iobi 5 D(I ,4) =i'6-2* F6/i+ (1-50)*2* F6/ (10 0)
86:2 D$ -AL (D,(I ,1) )
8653, CLTPUT 717 ;AS$,
d654 AAIT 25U
d655 CLJTPUT 709 ;'AC-VT3"
656 ENTER 709 ; H8

8637 D(1,2)=i6*S8/NS
6636 OUTPUT 709 ;"AC4VT3"
6659 ENTIER 709 ; Hi9
6666 O(I,3)=ji9*56/N9
6661 N'EXT I
6670 FCR 1=251 'TO 306
b671 D(I,1)=F6+2*F6/Q+(I-25Uj)*(Z2-2)*F6/(5cu*CJ)

6673 CUTPUiT 717 ;A4,D$,E$
6674 AAIT 150
86-15 CUTPLTI 709 ;"AC3'VT3l"
6616 ENIEF 7US H8d
e,077 CI2i*SN
d67b GUIPiUi 709 ;'AC4VT3"
b679 EiNTER 7(;9 ;h9
o686 j(13) =9i*56/&9
661 NExT I
6662 CLEAR CISP' "I AR: FINCING M.IN/rLA" vALGES &ASSCC.

6b GCSUb 6700
6b64 IF L2-2 THEN 8687

60b6 6cic b69

8o97j DISP "IF PALL IS YWELL, ENTER 1. EIEFk ' rC AETAiK
E DATA. "
669d INP LT Y
db95 RE'iUEN

,j t EOR 1101l TC 2u
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8 711; IF L(I,2)De~H,42) ThEN 6725
6711 IF £iI,2)=E;(i,2) THEN 8720
8720 E=D(I.2) E1-D(I,1) @ E2=L(I,--) @H-I
8 7 -5 IF rII,3)<D(Hl,3) THEN 6740
6726 IF C;(I,3)-D(H1,-,) THEN 8735
6-135 E3=D(I,3) @ E4-0(I,l) @ H11I
6740 IF C(I.3)>-C(H2,-') THEN 6751
87145 fil-I @ E5-D(I,3) C. i.6-D(I4l)
8751 NEXT 1
6760 Jl=D(H,2) Cc i((+,)-(-,)/ (~j3=(D(ti+l,2)

8762 z(J/2J)
6 7 04 A=J 1+-j 2+Pb+J --*F 6 2

b775 El-F6 LuE-
6766 D=AS (E 3-E 5)
6';69 IF Lv-2 THEN 879--
8790O IF LZ=l TIHEN 8792
b-191 C3=0 @ GCTC b7c%
6192 1)1=E Q GG'10 8796
o/93 If 1,2=1 THEN 8795
6794 JD4-L @ GCTO 6796
6795 Lz=c

o79RETURN~
9uCU REiw. **CALC-.A**
,U61 PRINTLER IS 7G1.,76~

96u4 PR~INT
9C11j PFRIN 'tLQ CRED Ciii'ACIIALNCE ";AsLS(OL);" fiAE- 7-1
;.F; "hi, '
9uI2 PRIN..T "ELECTFRICAL .ALIPY ECTCR ",.
CU13 P i I Ni ",NIECHAiNICAL ,,UiALI-ly FACTCF, = ;o
0 14 F FIN I "ELECTICAL iRESuNANCE =';rL;" ii -"
L15 e i± IN± '-i "-CHAL ICAL CEk'AiCE e, ; to ; /o

'Lio PRIN I "X&iCE~iC'LtfiA LAL.. ~EI

vC17 19 "68iAiC CC~elLIi.C, CC krICIz.'i. ";r~

CjF IAGE 2/

91U6 REIM **CALC..W**
1tJ1 PIIER IS 761,76

,111 PFIN.'I "ELCCi EL CAi;ACIfA,,CE =e;, LS(Cu);
9

s LfAifi..S
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9112 PFIN.T "ELECTRICAL teUALITY FACTCR = <-

911- PRIWI "MECHANICAL Ci.ALITY FACTOR a
9114 PRzINT "ELECTRCAL RESONANCE = ';Fl;'$ hZ-1
91.15 PRINT ul-iECHALNICAL RESONANCE = ";F9;uI HZ"
9116 PRINTI UDYNAIIC ELECTRC1MECHANICA. COUPLING COiFFICIE
NI - ;
9120 PRIUT "MECHANICAL PO~WER 61-ILIZATICN rACTOR";ABS(r6)

912]. PRIN.[ STATIC CCUPLING CCEL ICIEN =";K1
9122 PRMtT "ELOCi<ED RESISTANCE ";OLS
! 132 PRIN I USING 9i33
5 13^3 it-AGE 3/
9 150 RETURN
S2GO REY, **CAL...Aqa,**
9201 PRIMIER IS 701,76
9202 PRINI C PFINI
2C3-f RI NT "VALUES LLtASUPt.C IN AIR FRO ,I "; C; ATA"

192U4 A.I~

9211 PRIN.1 "BLCCfr iLucTANCE= ";AL-S(LC);" hEiNRIES A-1
;Fb; "li-iV'
9212 PRINI "ELECTIRICAL ,UALIIY FACTCR =
9213I-- PRINT "MECiANICAL QLUALI!IY FACTOR =
9214 PP-Il "ELECTRICAL PESV~iAi-CE =";F6;" hZ"
5215,f i IN. 1 ",liCi ANICA L FRMSC1'CE = ";Fb;" HL2"
5210- PRI&*± "PYNANi-C ELECTCO".kCL?.Z.I CAL CCLPLI.NC C-CEFFICIE

5i17 P F I N "ELCCREPD ?ESISTANCZ ;= "h~S
9 231 P~RINTf U SIN G 9 2 --

9252 IT AE ,

93CI PFI.MiEF IS 7Ll,-i6
9,3Cz ERI~'&i P PI 1,"

9':U4 P RI J'l
s£3'11 1-rI A T "ELCCiEL INDUCTANCE = ";AE.S(Lu) ;" riENFIES AT

,12 P ;I N 'J" "ELECTIRICAL ,LALIrTY FACTGR =
9H13 PRI ":.:ECvzV:ICAL .UALITY FACTOR = ;S

914 PRIii "ELZCII ICAL RESCt4Ai4CE = ";El;l" i-,!"

93 F 1, 1 ii "EYNAviIC 6.LLCTf-CMEC~i-.AN ICL COLPiLINC COEFFIE

I ~ ~RiN. T "PO'1ENUIAL EFFlCIENCI "i
9119 PRIN-l "FFE ,I.LNCY OF 04I:AUI. EFi ICIENC'i i "-,;' l

932t, F F I "'.LCkqP.N1CAL i 'CvvEll UTILIhA1ICL1M FACTCF"; AS (i-a)
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32PFI~Vi USING 9323-

9998 DISP "IHE ElC'
9999 LNC
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I 8-TIONEASE 1l

3 SHORT QO,(;l,Q8,Q9,Q,E,E2,E3.E5,R8,R7,X2,X. ,X5,Xb,X7,X8
,G7,G8 ,E2,B3,B5,B6, B7,B8,,Kl,P5,P6 ,W
7 ShOFT A,F2,F3,F4,F5,H,H4,JI,J2,J3,J4,G,E,R,X
8 INTEGER t,Y,Y,I,Y2,J,2,Z. ,HiH2,L2,SI
10 DIM B$[21 ,A${2j,T6[I,D(3G,.) ,Al-[41 ,D$[30C1 ,L$[201,
R$411 ,14[l] ,S4[10] #C4[5] ,G'[23- , H$ 121]

11 REAL S,NN8,N9a,R,R9.0 ,X9 ,L,CO ,L ,O ,PlH8 9,P,fhG,GO
,G9 EO ,B9 ,N (10) ,1( LQ) ,FI,F6 ,F ,S
14 FEAL SS,E4,E6,L5,D,D1,D2,D3.,D4
15 X6,D 1,D2,D 3,D4-0
16 C,E2 ,E3,E5,R8 #R7 ,X2,X3,X5=0
17 Z3 ,A,F2 ,F3 ,F4 ,F5 ,B,7,BE=C
16 SOE4,E6,tY,Y,Yl IY2,J ,Z2=0
19 K,Kl,P5,P6 ,,Q0,QlC6,Q9,E=O
;0 C0,L0,C.PlB,HbH9P,N0,S=0
21 N,N8,N9,R0,R9,X0,X9,GfG P=0
22 BO,B9,HlH2,FO,F1,F6,F8,F9=0
24 DISP ".THIS PrOGRAM IS DESIGNED FOE AN ENPERIENCEL CPE
RATOCR. THE BANDWIDTH FOR DATA COLLECT."
25 DISP "AND FREQ. TO GET BLOCKED DATA vILL BE ThE Ch.CIC
E OF THE OPERATOR. 'HYDRA2" PRCGRN IS"
26 DISP "DESIGNED TC CCVER 10 X B AU'CMATICALLY. hI C
ONT' IF READY TO PRCCEED."
27 PAUSE
28 CLEAR @ BEEP
. 5 DISP "ENTER TYPE OF TRANSDUCER TC BE N;EASUPED? ('1" FC
R MAGNETIC COUPLING CR E' FOR ELEC.)"
42 INPUT 2$@ DISP "TO GET A CCNPLETE SET OF DATA YCOU EE
D MEASUREMENIS IN BOTH AIR AND aATE_. "
45 DISP "[C AIR FIRSTI.IN vNHAI YECIUIV; ARE YOU CE-EATING?(
ENTER -'C FOR AIR 0R -' FCR WATER)"
46 INPLT k@ CLEAR C &EEP
47 IF 'i-2 THEN 49
4o C4="AIR" @ GOTO 51
49 C$=",AIEF"
51 PRIN'IEF IS 2 @ PLOTTER IS I
55 DISP "SEI THE DRANEIZ FOR ADMITTANCE.SE1 CN LCiEST SC
ALE THAI WON'T PEAK DURING FUN. ICCNT)"
6C PAUSE
65 PRINT @ PRINI @ PRINT
70 PRINT "ADCITTANCE IN ";C$
75 GCSUB 7000
60 IF M=2 THEN 96
85 F0=F6 @ Q0=Q L GCTC 0G0
90 F1-F6 @ la&
1(6 GCLEAR @ CLEAR @ BEEP
ICS DISP "SEI DFANETZ FOR I'PEDANCZ-(SCALE Ntf.DED)-.IT C
ONT
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110 PAUSE
115 PRINT @ PRINT @ PRINT
120 PRINT "IM'EDANCE IN " ;C$
125 GOSUB 7000
130 IF rj=2 THEN 140
135 F8-F6 @ Q8=, @ GOTO 141
140 F9=F6 @ W9=Q
141 CLEAR @ BEEP
142 PRINTER IS 701.76 @ PRINT USING 144
144 IMAGE 2/
145 PRINT "F(Y-AIR)- ";INT(FU) ,,"F(-WAT)= ";Il4(F]) ,,"F
(Z -A IR) = " ;IN.T (F8) ,,"I'F(Z,-iAT) ="; INT (Fg9)
146 PRINT "Q(Y-AIR)= ";CG,," (Y-6AIER) "; ,," (Z-AIR)"l;t,,,"%(Z-iATER)= ";Q9
147 PRIMiTER IS 2
146 CLEAR @ DISP "THESE ARE THE INITIAL ESIIY.ATES. (HIT
CON!' WHEN READY TO PRCCEED)"
149 PAUSE
150 GOSUB 2501
152 CLEAR @ BEEP
153 DISP ",O COLLECT ADYITTANCE DAIA (FOR ELEC. CCUPLING
) ENTER "i'. ENIER "'2 FOR INPLDANCE"
154 INPUT L2@ PRINTER IS 2
155 IF L2=2 THEN 158
156 R$"G" @ I$="B" l@ S$="AD ITTAlNCE" (' i$="CONDUCIANCE
(LMICRCMEOS)" @ G$="SUSCEPTANCE (MICRGYHCS)"
157 GOTC 159
158 R$"R" c I$="X" C S$="IPELANCE" L G$="REACTANCE (GH
MS)" @ H$="RESISTANCE (CHMS)"
159 IF L2=1 THEN 176
16G CLEAR @ DISP "SET ON Z AND ENTER SCALE FACTCR TO COL
LECT DAIA. "

161 INPUT S8@ PRINI S$;" IN ";C$ @ PRINI "SCALE =;S8;'
0 Hif "

162 CLEAR
164 GOSUIE 8600
165 IF Y=2 THEN 152
ioo IF P:-2 THEN 16.
167 R8=E @ X3=E2 @ X8=E3 Cu F4=E4
16d X6=E5 La F5=E6 F8=EI C- GOiC 196
169 F7=E @ X2=E2 @ X7=E3 L; F4=E4
170 X5-E5 @ F5=E6 L Fg=E1 @ GOTO 19b
116 CLEAR @ BEEP
177 LISP "SET CL Y & ENIER SCALE FACTOR IN .ICFC.JiCS TC
COLLECT DATA."
178 INPUT S6@ PRIN S$;" IN ";C$ r PRINT "SCALE ";$6;"
I, ICRON.HOES"
179 GOSUE 8600
160 IF Y-2 THEN 152
161 IF -2 THEN 51
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lio2 G6-E @ 63-E2 @ B6-E3 @ F2.E4
1 3 86-E5 L F3-E6 @ FC-El GOTO 196
165 G7-E @ B2-E2 B 87-E3
166 F2-E4 @ 85-E5 @ F3-E6 @ Fl-El
198 PRINT USING 199
199 IMAGE 2/
200 BEEP @ DISP "DO YOU DESIRE A LIST OF DAIA NEAR RESON
ANCE? 10G POINS)(]YES,2-N0)"
201 INPUT Y
202 IF Y-2 THEN 300
204 IF L2-2 THEN 240
21U PRIUT "ADMITTANCE CA'IA FCJR ";C$;" IN MICROP.HOS" C PF
INT USING 215
215 IMAGE 2/,"FREQUENCY",4X,"REAL",6X,"IbAGINRY"
216 GOTO 265
240 PRINT "IMPEDANCE DATA FOR ";C$;" IN OHMS" @ PFIXI US
ING 215
265 GCSUB 8100
30U CLEAR @ BEEP @ DISP "DO YOU DESIRE A PLOT CF DATA?(I
=YES ,2-NC)m
305 INPUT Y@ GCLEAR @ CLEAR
-15 IF Y=2 THEN 450
320 DISP "ENIEF: 1= G/R VS. FRE ; 2- E/X VS. FREQ; 3- L
VS. G/X VS. R; 4= END PLOTIING LOOP."
3125 INPUT Y
330 If 1-2 THEN 365
335 IF Y-3 THEN 425
340 If 1-4 THEN 450
345 GGSUE 6200
356 LLIR U @ PEN 1 @ PENUP
257 t-,0VE U(1,1)+.2*ED(30Ul)-O(ll)),-(E*.b)
-60 LAEEL R;" VS. FRE&UECY IN ";C$
361 GOTO 220
t62 GOSUB 8300
z97 LOIR G @ PEN 1 @ PENUP
-£ c-,8 VE D( ,) .*D 3 o I - ( ,) -L-.5*L

400 LALEL IS;" VS. FRE UENCY IN ";C$
401 GCTO 320
425 GCLEAR @ CLEAR @ GOSUB 64UG
431 PEN 1
442 LZIR L @ PENLP
443 MOVE -(.5*L) ,-L-.2*L
445 LAEEL "INP(A ELECTRICAL ";S5;" PLOT (";I$;"vS.";F$;"
) IN " ;C $

446 GCTO 320
450 IF L2-2 THEN 645
451 IF T$-"E" THEN 525
45Z GCLEAR @ CLEAR @ DISP "I AN CALCULAIING VICTICNAL DAT
A"
465 1C13E*.U U00 0l/(2*PI*F6)
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466 L(;l/((2*PI*F6)a2*C0)
470 FOR I-1 TO 300
475 D I,2)-D (I Z).-G
480 D (I,3) -D (I 3).-D (I, 1) *B/F6
485 NEXT I
490 GOSUE 8700
500 GOTO 542
525 GCLEAR @ CLEAR @ DISP "I AM CALCULATING MOTIONAL DAT
A"
532 CUsB*.000001/(2*PI*F)
535 FOR I=l TO 300
536 D (I,2) -D (I ,2).-G
537 D (I, 3) D II, 1 ).-D (I, 1) */F
538 NEXT I
540 GOSUB 8700
542 BEEP @ DISP "DO YOU DESIRE A LIST CF L.CTICNAL DATA N
EAR RESONANCE?(1=YES, 2=NO) "

543 INPUT Y
545 IF Y=2 THEN 604
575 PRINT mMOTIONAL ADM.ITTANCE DATA IN ";C$ @ PRINI USIN
G 580
580 IMAGE 2/," FREQUENCY" ,4X ,"REAL" ,6X,-"INAGINABY"
595 GCLEAR @ CLEAR
6C0 GOSUB 8100
6C4 CLEAR @ BEEP @ BEEP
6C5 DISP "WANI A PLOT?(I=YES,2=N0) "

610 INPUT Y2
615 IF Y2-2 THEN 755
616 PLOTTER IS 705 @ PEN 1
620 GCSUE 8400
628 LDIR 0 @ PENUP @ PEN 1
629 MOVE - (.5*L) ,-L-.2*L
630 LABEL "MOTIGNAL ";S$;" PLCT FOR ";C$
642 GOTO 755
645 CLEAR L GCLEAR @ DISP "I AV CALCULATING MOTIONAL CAT
A"
646 IF T$W"" THEN 65o
647 FOR I-1 TO '70(0
b46 D(I,2)-C(I,2)-F

649 C0 1/(2*PI*F*X)
650 LOIl/((2*PI*F6)'2*C0)

652 NEXT I
653 GCSUB 8700
654 C0"ABS(CO) @ LOABS(LO)
655 BEEP @ DISP "CC fGU WANT A LIST CF IHE DATA NEAR FES
(jtANCE? ( 1mYES ,2-NO)"
b56 INPUT Y
657 COTO 670
658 LU-X/(2*PI*F6)
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662 FOR I-1 TO 300
663 D (I ,2)-D (I ,2).-R
664 D (I, 3) D (I, 3).-D (,1 ) *2*PI*L0
665 NEXT I
666 GOSUB 8700
667 BEEP @ DISP ' DO YOU WANT A LIST OF DATA NEAR RESONA
NCE? (IYES ,2-NQ)"
668 INPUT Y
670 IF 1-2 THEN 706
685 PRIMU "NOTICNAL IMPEDANCE DATA IN ";C$ @ PRI.N USING
686
666 IMAGE 2/,"FREQUENCY",4X,"REAL" ,6X,"IMAGINARY"
700 GCLEAR @ CLEAR
705 GOSUB 8100
706 CLEAR @ BEEP @ aEEP
710 DISP "WANT A PLOT?(1=YES,2=NC)"
715 INPUT Y2
720 IF 12=2 THEN 755
721 PLOTTER IS 705 @ PEN 1
725 GOSUB 8400
737 LCIR G @ PENUP
736 MOVE -(.5*L) ,-L-.2*L
740 LAEEL "MOTIONAL ";S$;" PLOT IN ";C$
755 GCLEAR @ CLEAR
756 PRINT USING 757
757 IMAGE 3/
800 DISP "I At, DOING CALCULATIONS FOR YOG. iLEASE BE ePT
I ENT . "
803 IF L=2 THEN 104L-
810 IF T$"M" THEN 10UU
625 IF L2=2 THEN 666
640 Q0"E1/Ai.S(E4-Eb)
045 CI=ABS(E2/(2*PI*F0))
655 GGTO 885
d66 Q8=EI/AES(E4-E6)
665 CI=AES(I/(2*PI*FS*E2))
0o5 K-i- (F6/F6) 4 2
895 i =C I/(A6S (C0) +C i)
9i0 GCSU8 9o00
91- PRIi'lEf% IS 2
940 GCTC 1350
ICUU L<=-(F6/F0)"2
1(65 Ii Li=2 THEN 1G25
101u vu.1E/ABS(E4-Eb)
1615 GCTO lu30
1.25 o,6-EI/AlS(E4-E6)
IL36 GCSb £200
1631 PRINTER IS 2 L GOTO 135u
1640 IF £ "1" ThEN 115U
1u41 eEEP L DISP "IF IOU HAvE LAIA F(R AIR, ENILF 1; ELS
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E 2"
1642 INPUT Y
1.043 RAD
1.044 IF L2-1 THEN 1.110
IG45 IF Y~m2 THEN 1.062
IU060 P6aD4*(D3-D4)/(C3*R7)
1061 w0=FJ
1.062 QI=El/Aj3S(E4-E6) @ KL1-(FI/F9) 2
1.070 GOSUE 91.00
1076 PRINTER IS 2 @ GOTO 135U
1.11.0 IF Y-a2 THEb 11.35
1.126 WO-F]~
11310 P6-D2*(D1.1D2)/(Cl*G7)
11;5 Q1=E1./ABS(E4-E6)
114U K-I- (FI/F9) A2
1145 GOSUE 91.00
1.146 PRINiTER IS 2 GOTO 11.5u
1150 RAD
1.151 C15? "IF YCU HAVE DATA FOR AIR, ENTER 1; ELSE 2"'
1152 INPUTI Y
11.53 IF L2-1 THEN 11.6U
11.54 IF Y-2 THEN 1.162
1155 B .5 *AS ( (R 7-R90)/D 4)
11156 ii b=SIN 03) 2 @ H9.COS(03) ̂
i157 PEt;( ( 1+D 3/R 0*H S) ̂ .i -,3 H8 .5 L3 6*f9

1159 PiD4*SIN(2*E),(4*R9*%.9) L
1160 Pb-D4*(D3-D4)/(L3*R )

1164 GCSUB 9300
11.bd PRINTER IS 2 o GOT1C 1--ru
1.160 RAL
1162 IF 1-4, THEN 1.210
l1b4 E-.5*ACS( (G7-G9)/[12)
1166 Ht3SIN (B) ^2 @ d9-Ccs (b) ^

. 5+ (1-c1/G,*H&) A 5
1.19U F.-C2*SIN (2*li)/ (4*G9* ,1) L- .Cm* (2*p+ ( ' -!1)5)
1195 kPb-r2* (L;IDDd/ (C*G-1)

1211 PRINT "E'nKn"t,"r1";i.l."ciin" ;tic)" h, 5- . I
1215 GCSUB 930u~
1225 PRINTER IS 2 @ GCTO 13'5U
1350U DISP "DO YOU DESIRE ANO7HER IN 'IBIS Y.EFIut' ('1O C.L'
THE OTHER TYPE DATA?) ( 1-Yk.S,.
1355 INPU&T ZI
1357 PLu~rrrER IS I.
130J IF .41-1 INEN 152
12-61 PRINT1 USING 1264-



1362 IM4AGE 3/
1365 CISP "DO YOU DESIRE A RUN IN ANOTHER tNEIUM? (1-YES,

13-/U INPUT ZI
1.375 IF Zl=1 THEN 45
1360 DISP "JUST FOR THE RLCCEC, INPUT WATER TEP.P, AIR TE
MP, TRANSDUCER SER NO, MODEL NO. ,"
1381 CISP "AND TYPE (E OR b!)M

1385 Lisp "INP-UT* 0 IF INFO IS UNKNOWN"
1390 INPLT W.A,SN,L$
1391 PRIN.TER IS 701.76
1400 IkRINrf "AATER TEiP=";vy.."AIP TELP=";A#,"SEF. NO.-";S

NlL GOTO 9998
25C1 REN1 *SfHUNT*
2502 CLEAR @ CISP "INPLT A PERCENTAGE OF FESCiNANT rREr..
TC USE TO GET SHUN.T (BLOCKED) VALUES."
2503 DISP "INPUT A vALUE FRCrj 0 TC 1."
2504 INPUT El
2513 CLEAR C BEEP La LISP "VvE ARE FINUING SHUNT 'VALUES FO
R G/b CR R/X.'
2515 A$="FR" @ B$.="HZ" @ Sl11
2519 IF ~I~""THEN 2525
252U IF Lt.-2 THEN 2522
2521 F=FO*81 Ld GCTC 25.35r
2522 Fm? 3*t1 0 GOTO 253-5
2525 IF V,-2 THEN 2527
2526 F-Fa-B1*F6 GOIC 2535

527 F=FS-Bl*F9
2535 L$SVAL IF-)
2537 OUTPUT 717 ;A$,D$,iZ$
2536 iNAIT 1C00
254(i LISP "SET LRANETZ fRtd SCALE IC C~vER FREw. CN SIN
±hESIZER.RC iNE'IERS.SEL ON e'S.(CGCWI)"
25'~1 PAUSE
54Z DISP "IiEPE ovE GET IHE NCRZALIZAlION FAC'ICFS."
543 CUTPUT %to ;"VlI1"

1.546 GCSUB6 54S
255 u G,43,R,X=o

2553 CUIPUT~ 71.7 ;A, E
2561 CLEAR k EISP nSET DRANETZ GN 1 ,SET SCALE ,SE I CL' &CR
i FCE kILTER + PHASE,-LiUG IN TfiALSDXER."
2562 EEEP ,d DISP "L'aIER SCALE E'ACTCR IN .IEii-CSAES
CALE AS FCR CA'IA. (AE GET StiUil G/B)"
2564 INPLq 56@ CLEAR D15±- "I Ai-i AC(IN L E'I SviLNE ,,
ALtUEE" 6 ~z
Z565 kCR 1-1 TC 1U

256oO-.PU- 71.7 ;A ,D-,Bcy
25 07 v -.A ll 1 00 
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;5ob OUTPU'1 709 ;"AC3"
2569 ENTER 7CS ; 1.(I)
2570 G-G+,M(t)
i571 CUTPUI 769 ;UAC4l
572 ENTER 709 ; i(I)
2573 E-13+N(l)
2574 NWiAT I
2575 CG/(I-1) E=B/(I-1)
2576 G-G*S8lt6 2' =6S6/N9 @BEEP
2576 DISP "SET CRANE'IZ ONL~ ;SET SCALE FOR~ "A; ESPCNSE.b.
OvE 'lEANS. UJPCI. ENTIEF SCALE FACICR'
2579 INPLI S6L CLEAF LISP "I AZ% vvCFEING TO GET SiLUNT v
ALLES
2566 ;F I-1 TO iu
25dl CLTPILT 717 ;A$,D ,6$.
25b, hAIT 1LUCU
2583 GUIPLJ 7U9 ;"AC':"
2564 ENTER 76S M(I1)
2585 R-R+Y(.)
2566 CLTL..l 709 ;"AC4'#
25d7 ENTER 7US N(I)
256b A1; (1) +X
2569 NEXT I
2590 R-ik/(I-1) @ xX'I2
2591 R-R*Sb/N8 e X=X*Sb/NS
2592 IF T= ThEN 2610
2 59 5 IF Li=l THEN 2bCu
2556 R9-R . 9=X LL C9=G Lt &5= GOTC 26u1
26C1, G6JG (~u- OU= iiu=R - XG=X
26C1 PRINtir "SIFUML VALLE"
26G;. PFINA USING 2603
lib63 Ib,.AGE 1/

;GS , "RS=";R HS..'\=
2666 PRIM' L- GC'IC 26--U
2610 IF S1=2 IHEN 262u~
2611 J 1=C L- V 2-E -i~ J3kI L i4=,

2612 IF &.=2 THEN 2-bl5
2613 F.=Fb+L1*F6 S 1-2 GOTO- 255U
2615 F=F9+bl*F9 iS 3=2 C GOTC 25SO
26!.u G-.5*(G+jl) t 6=.*(b+,j2) ~~*f+3
A) %,, G-CTC 2595
2630 GCLEAF @ CLEPF L" BEEF
2635 cisp "EN'IER *'f If ALL IS VLLL; ' IF YGL NEED A f(
EP EAT . "

264U INPUT' Y
2645 IF Y-2 THEN 2501
;4650 iRE'IUErN
7UQL RE,, **F. g**
701u1 GCLEAiP CLEAR
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1005 CISP "ENTER LOWER, UPPER FREQ. FOR SKEEP.IF RESGbAN
CE UNKNOWN USE 10000,200000. (FI,F2)"
7010 INPUT F4,F2
01ll DISP "ENIER RMS VOLTAGE NEEDED. (3000 MV FOR LCW FRE

1. AS LOW AS 2C00 MV FOR hIGH)"
d012 INPUT A@ AI$-VAL$(A)
7020 CLEAR @ BEEP
7025 A4-"AM" @ 8$-"MR
7035 OLTPUT 717 ;A$,A1$,BS$
7040 OUTPUT 709 ;"AC3VT3"
7045 F3-CEIL((F2-F4)/30C)
706C CLEAR @ DISP "I Af. iIING TC GET THE SPECTUM EAIA

FOR YOU,.THEN WILL SECW & MAKE A PLOT"
7065 FCR I-a TO 30C
7070 D fI,L)=FA4+I*F3

7075 A$-"HZ" @ B$-"FR"
i083 D0$=VAL$(C IIa))
7065 OLPIPUT 717 ;t$,D$,AS
709G OUTPUT 709 ;"AC3VT3"
7095 WAIT 100
7100 ENTER 709 ; C(I,2)
71.u5 NEXT I
7110 E5zF4-.l*(F2-F4) @ F6-F2+.1*(F2-F4)
7115 F6=F2,. 1*(F2-F4)
7119 PLOTTEF IS 1 @ GCLEAR @ CLEAR
7125 SCALE F5,F6,-.1,1.2
7120 XAXIS 0,2000,F4,F2
7135 fAXIS F4,.1,-.1,1.2
7140 FOR 1=1 TO 30,
7i15 PEUP
7150 PLOT D(I,1),D(I,2)
7155 NEXT I
7156 GRAPH e CCkY
716C DISP "NEED ANCThER RUN? (1=YES,2=NC)"
7161 INPUT Y
7162 IF 1=1 THEN 7005
7163 CLEAR @ GCLEAR @ SEEP
7165 LISP "ENIEK DECISICN POINT FOP A.LITUCE (U IC 1.2)
. (LESS THAN THE NAX DISPLAILL)."
717U INPUT S@ CLEAR L SEEP
i16G PRINf "ArIPLITULE IN vOLTS";" FREMUENCY"
7161 PRINT
7190 FOP I=1 TC '00
7195 IF D(I,2)<S THEN 7210
7200 PRIN'I (SING 72U5 ; (12) ,D(I l)
7205 IMACE 1XC.DLCLC.E ,luXDC.LD
721U NEXT I
7215 PRINT USING 7220
i22U IMAGE 3/
7215 CLEAR B BEEP



7226 DISP "IF YOU ARE READY TO CONTINUE ENIEr "'"; OuHER
WISE, ENIER
7227 INPLT Y
7228 IF Y-2 THEN 7160
7235 DISP "WHAT IS CENTER FREQ, HALFWIDIIH TO CONSIDER?"
7236 INPLI FN@ CLEAR @ BEEP
7240 DISP "I AM WORKING TO GET GOOD FREQ AND Q DATA"
7241 FOR I=1 TO '-00
724; D(I,1)-E-N+I*N/150
7243 A$-"HZ" @ B$="FR"
245 D$=VAL$(D1, 1))
7255 OUT LT 717 ;E$,D$,A$
726C OUTPUT 709 ;"AC3VT3"
7265 *AIl 100
7270 ENTER 7%9 ; D(I,2)
7275 NEXT I
7285 CLEAR GCLEAR @ DISP "I AP. FINDING THE ABEOLUE IMA
X AND FREQ UPPER AND LOWER"
7290 B1,14-0 @ H,Hi1,i2,H3,H4=1
7295 B2,E3=50
730C FOR 1=2 TO -0U
7310 IF D(I,2)<D(H,2) THEN 7340
7315 IF C(I,2)=D(H,2) THEN 7125
7325 A6=D(I,2) 6 F6=D(I,I) @ H=I
7340 NEXT I
734_ A7=Abh/SQR(2)
7350 FOR 1=1 TO H
7355 IF A7-D(I,2) TEEN 7405
73bU IF A7<.(I,2) THEN 7365
i3b5 IF 0(I,2)<82 THEN 7425
7M70 61=D(I,2) a Hi=I @ GCTO ,425
7;65 IF C(I,2)>82 THEN 7400
7390 B2=0(I,2) @ 2=I
7400 GOTC 7425
7405 E1,82=D(I,2) @ 81,H2=I @ F7=C(H2,3) C@ GCTO 744u
7425 NEXT I
7430 X-(A7-E1)/(B2-E1)
7435 F-X ((2 1. H ,)+ (II
74Ai0 FOR I=ti '00 GC

7445 IF A7TC(I,2) THEN 74S5
7450 IF A7>0(I,2) THEN 7475
7455 IF D(1,2)>B3 THEN 7470
746C 5!=0(I,2) H3-I
7470 GOTO 7515
7475 IF D(I,2)<=84 lHEN 7490
7480 S4-0(I,2) C H4=I
749U GCTO 7515
745 583,4-D(I,2) Q t3,H441
75u5 L5=C(H ",i)
7510 GOTC 7530
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7515 NEXT I
7520 X-(A7-B4)/(B3-B4)
7525 L5=-(X*(D(H4,1).-D(H ,I)))+D(H4,1)
7530 Q=F6/(L5-F7)
7535 PRiINM "CENTER FREQ IS ";F6
7536 PRINT % IS ";Q
7538 DISP *IF YOU ARE REALY TO PROCEED, ENTER I'. TG RE
RUN FOR BETTER VALUES, ENIER '2'."
7539 INPUT Y
7540 IF Y-2 THEN 7235
7545 RETURN
b100 REM **LAIA LIST**
8101 PRItNIER IS 2
8102 FCR 1=99 TO 199
8103 PRI'LT USING b165 ; D(I,1) D (1 2) ,D (I,3)
8105 IMAGE DDrnCD.C,2X,D.D0DE ,2XD.DCEE
8106 NEAT I
8107 PRIT USING 8106
6108 IMAGE 3/
6110 RETURN
820G REM **PLOT RE**
8201 GCLEAR @ CLEAR
8202 H6=0 1, 1) -. 15* (D( 3u0 , 1) - (1,1)
o203 U9= (30C, 1)+. I* (0 ( 300,1).-C( 1, 1)
6205 PLOTTER IS 7u5 @ PEN 1
6209 SCALE ,
621C XAXIS 0 , ( --O U,1) -D 11,1) )/ 11)D ( , ,1)D --CG 1
6211 fAXIS C(II) ,E/i5-(.L*E) ,E+.2*E
6212 Ei UP
d215 FOR 1=1 TO 300
621b PLOT D(I,1),D(I,2)
8211 NEXT I
8216 PENLP @ BEG C LLIR C,SIN(9g)
o22t FR Ll=(1,1) TO L('U,l) STEP (D(UU,)-L(i,2))/iu
e PENUP
6222 o,,CvE L1,-t.]6*E)
b223 LArEL IN.2(LI)
b2s4 NEXT L1
622b LCIR u @ PENUP
8Z27 INV E r,( 1, 1) +.2* D( k; ,I)-D( ,I1 , (.1F

6226 LAiEL "FREQLENCY (HZ)"
02-0 PENUP @ PEN I
o2l2 LCIR U
bZ234 FCR Ll=-(.8*E) TO E+.Z*E STEP E/5 PE L
6 2 -- 5 t.O\E D , )- 9* (=G , .- ( , ) Li

623-6 LABEL I.I(LI)
o2-7 NEXT Ll
624U LDIR 0,SIN(9Q)
6241 MOVE (1, 1).-. 1* ( , L) -0 ( , 1) ,.*
b243 LA6EL h$
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82!0 RETURN
8300 REbj **PLOT I'l**
b301 GCLEAR C CLEAR

8304 H9-D(300,1)+.l*(D(300,L)-)(l,1))
8305 L41AX(ABS(ES) ,ABS(E3))
8z06 PLOTTER IS 705 @ PEN 1
812 SCALE H8,H9,-L-.5*LL+.25*L
6313 XAXIS 0,(D(300,1)-D(1,1))/10,D(],]),D(.300,1)
6314 YAXIS D(1,1) ,L/5 -L-.2*LL+.2*L
E315 PENUP
6318 FOR 1=1 TO 30C
8325 PLOTD(I,) C(I,3)
8330 NEXT I
8%31 PENUP @ DEG @ LDIR 0,SIN(90)
6333 FOR L1=C (1,1) TO D(.300,]) STEP (D3-0C,1)-D(,))/10
@ PENUP
6315 MOVE Ll,-L-.2*L
&336 LABEL INT(LI)
8337 NEXT LI
6540 LDIR 0 @ PENUP
8341 MOVE D(1,1)+.2*ID(30,1)(1,1) ,L.4*L
8342 LABEL "FREQUENCY (HZ)"
6345 PENUP @ PEN 1 @ LDIR G
6352 FOR Ll=-L-.2*L rC Lh.2*L STEP L/5 @ PENUP

6355 MOVE D (1, ) -. 09* (D (.C0 ,1) -D (1,1)) ,L
8356 LABEL INI(LI)
d357 NEXT Li
660 PENUP @ PEN 1 @ LDIR C,SIN(90)
8--61 MOVE C,(I ,1) -. 1* (D ( 3G,1) -D (1, 1) ,(L*. 5)

8-6d LABEL G$
6zb0 RETURN
8400 REL: **CIRCLES**
6401 GCLEAR @ CLEAR
802 LI-KMAX(AES(E3) ,ABS(E5))
8403 LtMAX(ABS(E) ,Ll)
8404 PLCTTER IS 705 @ PEN 1

8406 SCALE 1.25*(L.*L),1.25*(L+.I*L),L.2*LL.15*L
8407 %AXIS 0,L/5,-L-. 1*LL+. 1*L
8406 YAXIS 0,L/5.-L-.1*LL+. I*L
8409 PENUP .@ PEN I
8411 FOR Imi TO 10U
6412 PLOT L(I,2),D(I,1)
6413 NEXT I
6414 PENUP
8415 LEIR 0 @ PEN 1 @ PENUP
6416 MCVE -(L*.5) ,-L-.1*L
o4lb LABEL H$
64kG PENUP @ PEN I @ CEG
d425 LDIF 0,SIN(9G)
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8426 FOR LL=-L-.l*L TO L+.I*L STEP L/5 @ PENUP
8427 MOVE LI,-L
8428 LABEL INT(Ll)
8429 NEXT Li
8435 LDIR 0 @ PEN 1 @ PENUP
8436 FOR LL--L-.I*L TO L+.1*L STEP L/5 @ PENUP
8437 .:OVE -(.8b6*L) ,L1
8438 LABEL IN.T(LI)
8439 NEXT Li
8445 LDIR 0,SIN(9{1)
8446 1kCVE - (.95*L) ,-(.3*L)
6448 LABEL G$
6450 RETURN
8549 REM **NORM**
8550 N8,N9-0
8551 FOR I=l TO 10
8557 KAIT 500
8558 OUTPUT 709 ;"AC3"
8559 ENTER 709 ; N(I)
6560 NS-NB+N(L)
8565 OUTPUT 709 ;"AC4"
8566 ENTER 709 ; (I)
6567 N 9=N9+Y.:M()
6568 NEXI I
8569 N8=N8/(I-1)
8570 N9=-(N9/(I-1))
8572 PRINT USING 8573
8573 IYACE 3/
8575 RETURN
8660 REt: **VALUES**
6601 CLEAR @ BEEP
6605 IF L2-1 AND Y=2 THEN 8610
6606 IF L2=i AND tiI= THEN 6611
6607 IF L2=2 AND M=i THEN 8b12
6608 IF L2=2 AND Lo:=2 THEN 661-
b610 F6=Fl @ = @ GOTC 6615
8611 F6-FO @ =u0 @ GOTO 6615
8612 F6F6 @ , @ GOTO 8615
6613 F6-F9 Id-=,9
o615 LISP "P-LEASE SELECT rhE HAL-i DIfH C± I,.'2EEST IG CO
LLECT LAA. (EMER HALFiIDrH) "

6b16 INPi N : CLEAR L CISP "I At! CCLLECTING THE DAIA."
6625 FOR I=1 TC 300
ts629 D(I,1)=F6-N+I*N/150
6630 A$-"FR" E 5$="HV"
6632 L$-VAL$(D(II))
6633 CLTPLI 717 ;ASI$,E$
6634 WAIT 250
6635 OLTPu'1 709 ;"AC3vT3"
e636 LNTER 709 ; Hb
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8637 D (1 2) -H8'S8/N8
8638 OUIP(lU 709 ;"AC4VT3#"
b639 ENTER 709 ; H9
8640 D (1 3) -H9*S8/N9
8641 NEXT I
86b8. CLEAR @ DISP aI AM~ FINDING DIINIYrAX VALC(ES & ASSOC.
FREQSm
6663 GOSUB 8700
8664 IF 1,2-2 THEN 8687
8685 PRINT "GMAX'";E ,FGMX=";El , "GX" ;E2,"0.X-" ;E 3,

b666 GOTO 8697
6667 PRINT 'EtvAX";E,."FR=X";E,,"XRL-iXn';E2,,"X1v.X-;E3,

8697 DISP "IF ALL IS nELL, ENTIER I.ENIER -2 ' 'IG RETAK
E DATA."
6698 INPUT Y
8699 RETURN
6700 REMK **MAXMIN**
6703 iiH1,H2= 50
8705 E-D(50,2) @ E1,E4*E6i=D(50,1) C' E2,E3,ESCE45C,3)
8706 FOR 1-51 TC 250
6710 IF D(I,2)<rIH,Z) THEN 8725
8711 IF L(I,2)=D(H,2) THEN b720

d-/25 IF D(I,3)<CfiH1,3-) THEN 8746
8726 IF rII,3)=D(Hl,3) THEN 8735
8-435 E3=D(I,3) @ E4-a)(I,1) Cc El1=1

1740 IF DI3>ki,)ThEN 8751

8751 NEXT I

+D (H-1,2).-Z*3L)/2
d', 62 F6z-(j2/(42*J'3))
8765 A=J 1+%2+Fb+j -*F6 ^2
87170 Fb=[D(fi,1)+F6; (D (,d l) 0(1-l *1))
6775 ElrnF6 E=A
oi6b Za=AS (E3-E5)
67b9 IF LN:=2 THEN 8791:
6790 IF L2-1 THEN 8792
8791 C3=0 @ GC'IC o7S6
6 79.' D1=C 0 GCTO 6756
d793 IF L2=1 MNEN e795
6794 04-L Od GOTC 6796
d 795 L2-C

8799 RETUR
'ULJk REZN. **CALC...A**
9GO1 PRINTJER IS 7U1,76
0UU2 PRINT PRII%'I
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9003 PRIN'I "VALUES MEASUREL IN AIR FROM ";S$;" DATA"
9004 PRIN I
9011 PRIN.T "BLOCKED CAPACITANCE- N;ALS(CO);" FARADS Al
;F; #H!i"
9012 PRINT "ELECTRICAL QUALITY FACTOR = ;O
9013 PRIMT "MECHANICAL QUALITY FACTOR - "Q
9014 PRINT "ELECTRICAL RESONANCE -"u;FO;"' HZ"
9(;15 PRINTr "ECHANICAL RESONANCE = ";F8;u HZ"
9016 PRINT "DYNAMIC SLECTRCMECHANICAL COUPLING COEFFICIE
N2l-" r
9017 PRIN~l "STATIC COUPLING CCEFFICIENT= ";kR1
9021 PRINT "BLOCAED RESISTANCE-";R6; "OHMS"
9031 PRINJ USING 9032
90.12 IiGE 2/
9050 R ElEJ RN
9100 REM **CALC-h.**
9101 PRIUTvER IS 761,76
9102 FRIN.T @ PRINT
9 10 3 PRINT "VALUES FOR NMEASLREMENTS IN viAlER FRCio ";S$;

9104 PRIN.1
S111 PRINT' "ELCCKED CAPACITANCE = ";AES(CG);" FARALS AT
is;f ; "#HZ"1
9112 PRIiNi "ELECTRICAL .UALI'IY FACTCR =

113__ PRINT "MECHANICAL QUALITY FACTCR = ;S
9114 PRIN.1 "ELECTRICAL RESONANCE = ";F1;' HiZ"
9115 PRINT! "MECHANICAL RESONANCE = "l;F9;'# ti"m
9116 PRIN.T "DYNALMIC ELiCTECMECdANICAL CCGPLIilC COEFFICIE
NT = ;
9119 PRIN'I "FFEQUENCY CF OPTIMIUM EFFICIENCY = ";iw;"i"

9120 P RIjN.T "MECHANICAL POWER U.'ILIZA'IICN iACTCF*";AES(p6)

0121 PRIN.T " STATIC CCUPLING CCEFFICIEN'1";Kl
Pi22 PR I N. "ELCKEJ RESISTANCE =";F.9;"O0iS"
~1'-2 PR I N-1 uSING 9133

9133 ItAGE 3/1
9150 RETURN
,!U FEb, **CAL...A/&h**
9ZG1 PRINIER IS 701,76
iZU2 PRIN.f L- PFIK'I
9203- ? RI~IN "VALUES M.EASijREL 1I4 AIR FRC ; ";S,-;" aLATA"
52(4 PRI N I
S211 P RIN. T "ELCCrED ItNDLUCTANCE= ";AiES(LC);" hEN±cILS Al
;F6; "HZ"
9112 PRIN.T "ELECTRICAL QUALITY FACTCR = ;e
9213- PRINI "M*EChANICAL .UALITY FACTOR =
9214 k RINIT "ELECIFICAL RESCNANCE =";FO;f HVIZ
9115 PRIN'1 "MECHANICAL RESCNAL CE = ";Fb;" 'iZ"@
921t)r PRINI. "DYANAMiIC LCTRCZ, EClAx I CAL C~t.A;LfiZ( COLfFICIE
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9217 PRIN.T "BLOCKED RE~SISTANCE- ";R
9211 PRIIKd USING 9232
9232 IbrGE 2/
92!0 RETURN
S344 REM **CALCWlf/M**
V301. PRIN ER IS 701,76
9302 PRIN-1 @ PRINT
9303 PRIN-T uVALUES FOR 1 ASUPBVIENTS INJ AAMEF FRC.I U;56;
"DATA"

934PRINT
9311 PRINhI 'E.LOCKED INDUCTAINCE - ";AE5(Lu);u iIENRIES A'I
u;F6; HfiZU

9 112 PRINT 'ELECT9ICAL .LJALITlY FACTOR~ u ;,
tp 1 - iINT wrIECiANICAL tUALIIY FACTCR -
9314 PRI&T "ELECTRICAL RE.SCNAL.CE = ";FI;" HiZ'
9315 PRIN.T "MECHiANICAL RLSC' ANCE = "';F9;## h2;0

P316 iI N.T "IDYN&MIC ELECTFCk.ECriANICAL 'CCCPLINC COEFFICIE

931b PRINT "PCTENTIAL EFFICIEN Cl r
91 9~ FRINT "fEE'ULNCY GF CPIILWN EFFICIENCY =";Vio; I -o"

VI-20 PRINi "!KECHALhICAL PCG.EF UTILIZAICti FAClIO";AES(P6)

93'22 PPINT USING 9323-
933IPAGE 3

9350 REILR~N
ss fCISP lihE ENI#

S959 ENE
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