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MAGNETIC SCANNING OF LWR FUEL ASSEMBLIES

S. Fiarman and A. Moodenbaugh
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The Agency requires a method to uniquely identify both unirradiated and

L. INTRODUCTION

{
irradiated IWR fuel assemblies.‘l) Although considerable effort has been de-

voted to this problem in the U.Z. and Europe(z), a completely satisfactory

solution is still lacking.(B)

Non-destructive assay (MNDA) technigues are available both for fresh and
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spent fuel, but generally are too time consuming and do not uniquely identify

an assembly. We report a new method to obtain a signature from a magnetic

scan of each assembly. This scan is an MDA technique tliat detects magnetic

inclusions. It is potentially fast (5 min/assembly), and may provide a unique

signature from the magnetic properties of each fuel assembly.

Since about 1977, GE's Wilmington fuel fabrication facility has been

scanning gadolinium doped rods with a magnetic system called MAPS.(4) On

occasion, during the data analysis of rods, spikes were noted in the magnetic

system output. These spikes were later identified as ferromagnetic inclusions,

prcbably iron or an iron oxide, that enter the UO» powder from iron sieves

abrasively worn during processing of the powder. The magnitude and frequency

of these inclusions are process dependent but can be controlled by the choice

of sieve material and the frequency of sieve rep

lacement. G.E. recognized the

potential use of these inclusions in an identification scheme'fér fuel bundles
(5)

and applied for a patent. We became aware of this method during a visit to

GE, Wilmington in 1978 and since then have actively pursued the development of
this concept. Last year, BNL, with the generous assistance of GE, has carried
out a modest experimental program to obtain data on our magnetic fuel scanning

system and on magnetic properties of UOp; pellets and small assemblies.
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II. EXPERIMENTAL PROGRAM

G.E. Wilmington's fabrication facility lent us 86 UO pellets. Sixty-six
pellets contained no or very small magnetic inclusions while 20 contained in-
clusions. The approximate sizes of the inclusions measured by G.E. were pro-
vided with the pellets. Inclusion sizes ranged up to 1-2000 ppm by volume.

A. Magnetization Curves for UO; Pellets

The magnetization curves for the first batch of 26 pellets were measured
with a vibrating sample magnetometer.(e) Typical magnetization curves for two
pellets, one with and one without an inclusion, are shown in Fig, 1. The
linear curve of the pellet with no inclusion (a) is typical for paramagnetic
substances; magnetization is proportional tc the driving field strength, H.
The UO; has a relatively strong paramagnetic susceptibility of 2360x107° cgs
units.(7) Curve (b} for a pellet with an inclusion resembles the sum of the
UO; magnetization and the magnetization of a small ferromagnetic particle
with a very low coercive force shown in curve (c). The saturation field is
about 2 Kilogauss and the ratio of curve (b) to curve (a) is constant between
zero and several hundred gauss. This constant ratio will permit a lightweight
magnetic scanning system to operate at any convenient modest field with no loss

in signal-to-noise.

B. An a.c. Magnetic Scanning System for Pellets

A small mutual inductance scanning system capable of handling a zircaloy
rod containing UO; pellets was designed and constructed (Fig. 2). &an a.c.
driving field coil magnetizes the pellets (v30 gauss at 20 cps) and two bucking
coils of equal turns pick up the induced EMF. The combined EMF induced in the
pick-up coils was detected by a lock-in amplifier (PAR-124A) whose d.c. output
was connected to a chart recorder. A schematic diagram of the system electron-

ics is shown in Fig. 3.
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As 5 pellets with no inclusions are lowered at a uniform speed through
the coil system, the induced EMF in the bucking coils takes on the character-
istic time response shown in Fig. 4. Each pellet with an inclusion sandwiched
by 3 pellets with no inclusions on either side was passed through the coil and
a qualitative value of the size of the inclusion was measured (see Fig. 5).
Since geometric factors such as the shape and orientation of the inclusion and
the radial position of the inclusion in the pellet strongly influence the
magnetization and the coils' response, the magnitude of the output signal on
the chart recorder is not strictly comparable to other type measurements.
However, qualitative agreement with G.E.'s inclusion size measurements were
obtained.

The 6 pellets with ne inclusions that sandwiched the pellet with the in-
clusion in the above measurements moved the UO; "end-effect" away from the in-
clusion effect (see Fig. 5}. In a real fuel rod the UO; end-effects would
only influence the response of the last few inches of a 14' rod. However, the
density variation of the pellets (approximately 3-5%) would produce a random
background UO; signal. The inclusion-to~background signal ratio (henceforth
called S/N) has been measured to be greater than 300 for this system.

The lock-in amplifier efficiently selects a chosen frequency from its
input, (the frequency of the driving signal) and a particular phase. In this
way, noise and unwanted signals are eliminated. We observe that the eddy
current response of the zircaloy rods is about 60° out of phase with the UO;
and inclusion signal and can be essentially eliminating by setting the lock-in
amplifier 90° out of phase with the zircaloy signal.

At this point, we considered the application of this technique to a full-
sized system. The background signal, due to the pellet-to-pellet density
variation, is sure to go up because more pellets will be sampled. Also, the

inclusion signal would go down because of the larger diameter pick-up coil.
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The S/N for a full system is not easily estimated. W¥e built an intermediate
sized system capable of scanning a 3x3 array of 9 rods in order to test the
effects of scaling up the geometry. We also wrote a computer code to predict
the effect of scaling and to calculate the S/N for any size mutual inductance
a.c. scanning system having the same simple coil design (see Section III).

C. An a.c. Magnetic Scanning System for a 3x3 Array

A small array of 9 rods having the geometry of an 8xS8 BWR assembly was
constructed of 10" zircaloy rods. We designed and built a corresponding en-
larged coil system with a bore of V24" (see Fig. 6).

The driving field coil (v5Q resistance) was driven by a power amplifier.
In this case, an external signal generator provided the input signal to the
amplifier as well as the reference signal to the lock-in amplifier operated
in EXTERNAL mode. Again, the EMF from two bucking coils was the signal input
to the lock-in amplifier.

With just 2 of the 9 zircaloy rods loaded with inclusion free (0O-ppm) UO2
pellets, the curve of Fig. 7a was obtained. If one of the center pellets was
replaced with a pellet having an inclusion (“300 ppm), the curve of Fig. 7b
was produced. While the display data were taken at 20 hz, comparable results
are obtained at frequencies up to several hundred hz. High frequencies pro-
vided better signal~to-noise strength due to the inductive nature of the coup-
ling, but frequencies above an inclusion "cut-off" frequency will have reduced
signal. Also, a similar response (Fig. 7¢) was obtained even at a driving
field strength 1/150 of the 500 gauss used in most runs.

The 66 inclusion free UO; pellets are not enough to f£ill up more than
2-10" rods. Fig. 8a,b illustrates the situation when 4 rods are partially
full: the U0; end-effect overlaps the inclusion response. We can virtually
eliminate thé zircaloy end-effect (Fig. 8c¢) by setting the lock-in amplifier

phase to be 90° out of phase with the eddy-current zircaloy signal.



Wich nine rods filled with 7 pellets each, the UO; end-effect congiczzly
overlaps the inclusion signal. A partially successful attempt was made to
match the UOs magnetic response with strips of magnetic computer tape to reduce
the end-effect (see Figure 9a,b,c). One must remember that the pervasive end-
effect is an artifact of a short fuel bundle, but is not a problem in a full-
sized system.

In oxrder to compare the inclusion signal to the UOs background signal due
to density variations in the UO;, rods approximately 2 feet long would be
required. A test using one 15" long rod run through the coil and having either
no inclusions or one inclusion resulted in a S/N greater than 50. The limiting
factor being the electronic noise rather than the UQ; density variation, and
the electronic noise can certainly be reduced in a more carefully constructed
system (see Figure i10). Although simulating the U0Os with other magnetically
matching material could reducs the end-effect problem, it could also alter the
important UO, background signal.

III. DATA ANALYSIS PROGRAM

A small magnetic dipole located at a height z f;om the pilane of a circu-
lar coil will induce an EMF in that coil if the magnetic flux from the dipole
linking the coil is time dependent, i.e.,

e ~fi-di - - 3 & [5nan. W)
5

The z~component of the magnetic field of

this dipole is,

_ I _cos it

z = - (3 cos?8-1) (2)




Equation (1)} then becomes

. P 20 -
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Since cosf = -f_— =—%— and 3= 3/3/zz+pz
VzZ+pZ

the integral can be evaluated and the result has the form

27m wsin wt 1 22 *
EMF = - -T/z .
¢ VzZ+p2 Vz2+p2

If instead of a point source magnetic dipole, such as an iron inclusion,
we have an extended source such as a pellet, the integral becomes much more
formidable. For an a.c. magnetic scanning system designed to scan many rods,
the pellet radius is still much smaller than the coil radius and the point
source magnetic dipole field can be used. An alternate approximation used in
this program was fo consider the pellet to be a linear array of point sources

and the ¢MF then becomes the integral of the point source field over the length

of the pellet; i.e., (refer to equation 4)

[ dz__ _ log(z + vVz2+4p2)

Vz24p2
z%dz Zz

373 = - + log(z + V22+p2)
Vz24p2 Vz2+4p2

so that the difference of these two equations is simply,

*The bracketed term is equivalent to: [__iEZRL__]
Y1+ (z/0)2

(3)

(4)

(6)

{6)
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where the limits of integration is shown and Hl is the pellet length.

The a.c. scanning system consists of two coils spaced z, apart. If the
origin of the z-axis is taken at the center of the coils, then egquations (4)
and (7), for the EMF for two bucking coils (BC) yields,

(for a point source)

r

2
(EMF)Pt' _ 27 mw_sin wt [ 1 _ (Z+z°/2) -1 )
B — e 3/2 —
e : Y(z+25/2) 2+p2 7% (z+24/2)2+p2

~—

1 (z-20/2) 2 1

—_— T 7372
Lv’(z-z,_-,/Z)?-ﬂ)2 V(z=2o/2) 2+p2 ]

(8)

and

(for an extended source)

NET ¢ V(z4+2o/2+H1)24p2 ¥ (z+25/2) 2+4p2

Pellet 27 mwsin wt 2+z,/2+H1 z4+20/2
(EMF) =

p-

-

2-2o/2+H1 Z-25/2

- (9)
| 7 (2=2o/2481) 2402 V(2-5/2) 24p2 ]

These equations were used in a computer code EMF-BC (Appendix I) to
simulate the experimental results and to predict how the induced EMF would
scale with changes in the coil geometric parameters.

The computer code also assumed a reasonable shape for the driving field
z-dependence, i.e.,
c—-L/z——-——-’-

P = —_— (10)
P ipe?/P

]
[

H\J+e




1t
i)

where b

L = the length of the driving coil.

The average driving f;eld seen by a pellet of length Hl is:

2+H1
P dz
+
Pellet fz pt - o l+belz HL/p
P =-—-Hl_--l—HleOG-—-1?l—/p—- . (11)
l+be

The EMF equations (8) and (9) should have equation (10) and (11) as z-
dependent coefficients to approximate the effect of the z-dependence of the
driving field.

If there are N rods and it is assumed that each rod contributes equally,
the total EMF induced by N pellets located at position z becomes,

_ e, Pellet Pellet
(EMF) p(r = Npop ® (EMF) o™ x P (12)

RO
Pellets are stacked in rods and each group of N pellets at a height z
contributes to the total EMF so that a sum over all pellets in the z-direction

gives the final expression for the EMF. A normalization factor Dj which is

proportional to the density of the N pellets at height z is included.

Pellet _ v

TOT .z NRDD
i=1l

(EMF) (13)

Pellet Pellet
x Di X EEMF)NET ] P,

Fig. 1l shows the UO; end~effects of a stack of 200 pellets in an 11" dia.
coil system, as a function of position of the stack.

The variance of this EMF is

_ Pellet|? pellet\?
V(EMF) = Npop * V(Di) x E [(EMF)NET ]i x (Pi ) ' (14)




where viD.) is the variance of the density of N__ _-pellets which is a quantity
i

ROD
easily datexmined.

For an inclusion of size F, the EMF (see egs. 8 and 10) has a typical
shape shown in Fig. 1l with a maximum value called MAXY at a z-position, Zyax”
The ratio of the peak-to-peak signal of an iron inclusion-to-the-signal

R . 9) .,
[= v(EMF)&] of a large linear array of UOp pellets (S5/N) is given by( )

2x (MAXY)
S/N = - MAX (15)
n 2 2
// iy Pellet Pellet
NRDD X v(Di)iZl EEJF)NET : % \Py

The computer code EMF~BC calculates this quantity for each scan of a
collection of rods having one inclusion in the center of a stack of n pellets
high.

The results of the S/N analysis is not complete, and because of the
approximations in the computer code, the validity of the results will need to
be checked. Nonetheless, the results from EMF~BC are that the S/N ratio for
an B8x8 BWR full-sized system (bore = 7.5" dia.) having the same relative
geometry i.e., all coil dimensions scale equally, would be 13 times less than
our 3x3 array; and 30 times less than our rod scanning coil geometry. The
comparable numbers for a 1l6x1l6 PWR system (bore = 11" dia.) are 31 and 71.

Actual measured S/N ratios for our rod coil system are much larger than
30 /S/N measured > 30{), and for the 3x3 array coil system are much larger
than 13 (S/N measured > 50). By judicious choice of the coil design, the S/N
ratio can be improved even further.

IV. CONCLUSIONS
A determination of the feasibility of the magnetic scanning of fresh fuel

assemblies begins with an estimate of the expected S/N for a full-sized system



us:ag the data obtained from the single rod and 3x3 array system constructed at BNL.

'Fiy.12). These data will require corroboration and where deficient, will have

to be repeated. The analysis program used in the scaling-up to a full-sized

system will also require verification and again where better approximations

in the analysis are needed, they will have to be included. To the extent that

the S/N values measured to date are accurate and the approximations used in

BNL's program EMF-BC are acceptable, the scaling up analysis indicates

sufficient S/N to warrent constructicn of a full-sized system to scan either

BWR or PWR fresh fuel assemblies based on an a.c. magnetic system. Bettar §/N

results can probably be obtained with more sophisticated coil design.

Before a system is designed for scanning spent fuel assemblies, some
questions have to be addressed, such as:
a) Signature changes:

What happens to an inclusion after 3 years exposure in a reactor

core? If the inclusion is Fe3Oy, probably not much of a change.(lo)

What additional magnetic materials appear in or on an assembly after

it comes out of the core and into the SFSP? Here the concern is

mainly magnetic "crud" that can c¢ling to the assemblies.

If the signature changes, can a new magnetic signature be obtained

and used for the remainder of the assemblies' life?

b) How diversion deterrent is a magnetic signature of an assembly and how
can the scanning system be designed to increase the deterrance?
Perhaps a simultaneous axial and transverse field scan (x-y~z infor-
mation) that is sensitivz to inclusion orientation is feasible.

c) How best can the spent fuel assemblies be scanned underwater with the

constraint of minimum movement of assemblies?

d) What is the projected cost of both a spent fuel scanning system and a
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fresh fuel system? (A fresh fuel system would probably cost only $1C-20K).
At this =2arly stage in the development of a new LWR fuel identification
system, most of these guestions seem premature. Reference 1 points out that
the development of 2 fast and secure fuel identification system for fresh fuel
alone - either UO0; or mixed-oxide-could aid the Agency ccnsiderably in meeting
its safeguard requirements. Finally, the lack of other fully acceptablé

methods for identifying fresh or spent fuel assemblies should mitigate against

]
&‘”E‘.

placing too great a burden on a new promising system hefore proceding wic
modest development.
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FIGURE CAPTICNS

Magnetization curves for a) pellet with no inclusion, b) pellet
with an inclusion, and c¢) an iron particle.

Specifications for a rod coil assembly.
Schematic di~gram of the rod scanning system's electronics.
Time response of 6 pellets passing through the rod scanning system.

Time response of 6-0 ppmpellets and 1 %600 ppm inclusion pellet
passing through the rod scanning system.

Specifications for the 3x3 array, the driver coil assembly and the
pick-up coil assembly.

Two rods of 3x3 array filled with a) O-ppm UO2 pellets, b) one O-
ppm pellet replaced by a 500 ppm pellet. Figure 7c same as 7b
but with driver field reduced by factor of 150.

Four rods of 3x3 array filled with a) O-pom UQ» pellets, b) cone O-
ppm pellet replaced by a 500 ppm pellet. Figure 8c indicates
position of zircaloy end-effect in this geometry.

Nine rods of 3x3 array filled with 7 pellets each having a) only
O-ppe UO; pellets, b) one O-ppm pellet replaced by a 500 ppm pellet.
Figure 9c shows the typical inclusion response when curve (a) is
subtractec from curve (b).

A 15" rod in 3x3 array with a) no inclusions and b) one O-ppm
pellet replaced by a 500 ppm pellet.

Computer output from EMF-BC showing UQ; end-effects and inclusion

effect. The program input parameters are shcwn along with the
results of the S/N calculation.

Photograph of the BNL single rod and 3x3 array system.
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Figure 1 Magnetization curves for a) pellet with no inclusion, b) pellet
with an inclusion, and ¢) an iron particle.




DRIVER COIL
ASS'Y

¢maﬁw.1sx..x.n:,cf:e

PICK—-UP
COIL ASS'Y

=34

Specifications for a rod coil assembly.

Fiqure 2



| ERITIVEES G i el S b

CHART RECORDER

& &

% DRIVER
COIL

PAR—124A
LOCK—IN AMPLIFIER

SIG . AY
IN —
REF
— SIG
our  oUT
ny

Figure 3 Schematic diagram of the rod scanning system's electronics.
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Four rods of 3x3 array filled with a) O-pom UO; pellets, b) one 0-

ppm pellet replaced by a 500 ppm pellet.
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IN 3x3 ARRAY

Nine rods of 3x3 array filled with 7 pellets each having a) only

b) one O-ppm pellet replaced by a 500 ppm pellet. .

Figure 9c shows the typical inc
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O-ppm UO2 pellets,

" Figure 9

lusion response when curve (a) is
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Photograph of the BNL single rod and 3x3 array system.
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1360 IMFUT “DEMSITY FLUCTUATIONS (B-13 WARIAMCET",F Yar
13@ INFUT "IHCLUSIGH PELLET HUMBER®",Hfe

291 INFPUT "STARTING HEIGHT?",Hs

218 INFUT “ENDING HEIGHT?",He

2zl INPUT “STEP SIZE?",5s1ze

INFUT “02,FET",U03,Fe

238
4 INFUT "“DRIVYER COIL LEHGTH *",L
241 INFUT "HNUMBER OF RODZ?",HMHrod
293 19=HEa -2
| MAT Eusl=ZER
71 YAT Eus2=ZER
ave MAT Eua3=2ER
229 1axw=0
2 I=2#H=~v5zizs
89 Jo5=LsZASARCIL 2 2+4RA2 S
31 I=a
110 Zrart wowing pellet: down _ stepping with J
32a I=J+1
221 U _guate Pozition of first pelilser
2 4{Ji=Hs~Ssize#®(J-1
] =0
10 3rart sum over pellsts

IF J>1 THEH 258
SdiH»=3IND
IF M>*Ngs THEH Sea

b _acate Fe inclusion
Afz i JrsHs+HL#(H=-1-2 -3
=i HLJ a4+ CH-1)#H1-HB - R
g=iHIJa+N#H1-Ha> - R

e

3igesiJ=-17

O U RO I I w B O OO

33

43 90 YR iH=1)¥HI+HA AR

+1 Bp=iHCJs+H*H1+HB 3 7R

42 Eb=EXP-L/(2%#R}

43 J=R-HL

431 ¢ Zalecwlate driving field cosfficient

44 2=1-U= 3B LOG (1 +Bb¥*EXP (ABSCHO T +H#H1 » R 20 1 +BE+ESPCAES urin Jor o= o =HL » RO
3543 IF SEHCHCT ) +N*#HL 2 =5GHEHL T+ H=17%H1+ THEH 471

321 =1-U#3B3CLOGY(1+Bb 2~ (1+BE*ERPCABSCHI T x+ (H=108H1 2 wRa 30 i —d=RESLGGY L 1r80 0 <«
1+Eb vE P ABSCHCII+NEHL » /R332

452 1 Zaloculare cosfficient for snf tncluding random dersity Fluctuation
471 Jo2C Ty =UoZ#Cl+FERACHI 252

47z f=HCJ 3 #iN-10%H1

473 T1=V+H3

474 f2=(—H3

175 ¥1p=Y1+HL

475 T2p=vZ FHL

177 i1 l=sdlp/sARIYIp 24RAZ2 -1 30RO 1 2

475 D11 ES (2P SARIY2RAZ+RAZI-YI/SERIY S A2+

434 IuoZ{Ia=CCoi11~Coi 127 5Uua2CJ)

431 el Ja=Eun2iJi+Euol (]

43z IuoICT s =Eued i Jo~2+Euc3C ]

433 1 Iz thiz the gellet with the iran incluzion?



b IF H=NFfs THEH 511
a1 a0TO 348

S22 ! Te inclusion calcularion

S11 TfeiJr=Fes(1+BE*EXPCABSIHf (T 3R D
s12 “aill=

213 i las=

214 X - ]

5549 ZaTa 3

5 Ztotald{JisEunlcJa+EFelt?

57 1axwl=3BS{Etotal{Jal

DISP J,Maxy,RND
IF H(J»=He THEH &208
SOTO 32a
FRINTER IS @4
3ig=EBus3{J~22
Staon=Maxu SRR{Hrod<Yar+Sig?

=7
BEEF
IHPUT "DQ YOU WANT R PRINTOUT?",Ans¥
IF AnsE="NO" THEHN 748
IMAGE 2¥,RA,S{3X,8H >
QRINT JSIHE ,5?[1; nHu . IAEL":lln . “EFE’" . "ET':lf,-El.] u . o EFE’“ . ] ELU:'E“
IMAGE 4DD.DD, 3%,4{MDL.DDDDD,5x>, MDOD.DDDD
ToR J=1 TO 1
SRINT JSIMG 838 HCJ  EuoliJr ,EfedJ Etotal {Jo FfaoTr, Uuaa s
HEXT J

*RINT 2RGE
SLOTTE® IS 13, "GRAPHICS"
SRAFHIZS
OCATE ©,122,98,32
SCALE IMTCHe =1, INT H L0+ 7 =IMTiMauwi=1, INT{Maxwi+l
I<ES 1,1,8,8

-ORG 1

SOR K=INT(Hz>=1 TO IHT(HClxx+1

IF K=8 THEN 348

1OVE K,.2

-ABEL JSIHG "K";K

HEET K

TOR KE=-IMTiMaxwis=1 TO IHT{Maxwir+l

IF K=9 THEN 899 '

TIVE L Z2.K

-ABEL JZIHG "E";K

HEXT K

-JEG S
Z5IZE 3
_IHE TYFE 4,2
STOR J=1 TGO I

IF J=1 THEH MOWE HIJ:,EunliJ>

DRAW HOJ3,BuolaoJs

5}

=]
e IF Maxs<{=Maxyl THEN Maxwstaxwl
5]

5}

5]

OO BRet IRV B IR BN BN NN N BV I PR R x PN« (R YRR J R A )
O =) T O e ) o= D 00 O D R (0T

0D S O g T O e 00 RS oL 0 g 3 LA e L T Al

HEXT J

~INE TvFE 3

SOR J=1 TO I

IF J=1 THEN MOYE H<J3,EfsvJo
ODRAW H{JI,EfecTy

NEXT J

1923 _IHE T+PE 1

1838 <OR J=1 TO I

1g49 IF J=1 THEM MOYE H<J ,Etotaldlt:
1958 DRAW H{J>,Etortal it

1858 EXT J

1878 _IHE TYFE 1

1939 10YE IATC-Hz), CINTOMaxwi i+t %, 9
1933 _RABEL J3ING “K";"u*

1183 0VE INT(-Hss+,2, (IHTMaxui+l o=, 3
i119 _IME TrPE 4,2

P R R R AR IO DA R D RO DA B - RO DO O DG DAR O R RO DR O U R U ot o

Lol R UV IR WY (R (T BT RV S R N OO R R R K
[



SRR A T T e et e

s g T P R e i o A L YT B A 4 e o -

1129 DRAW THTC(-Hs> 2, CIHT{Maxgui+li=,9
1138 MOYE INT(-Hs), {INT(iaxys+l2#,8
1148  _INE TYFE 1
1158 .ABEL JSING “"K";"Fe"
1169 MOVE THTCO-Hs +, 2, VINTOMaxpl+lo#%.3
1178 _INE TYFE 3
1139 DRAW IAdT(-H3b-2, CINT(Maxud+1%,3
1198 _INE TvPE |
1288 MOVE INTO-Hs», CINT(Maxwi+los, 7
1219 _RBEL JSING “K";"T"
1228 MOVE INT(-Hs )+, 2, CINT{Maxywi+10%.7
1238 DRRAW INT{-Hs -3, (INT Maxkwi+ld=,7
1249 “RUSE

13%8  INPUT DO YOU WAKRT A HARD COPYT",Ans#
1260 IF Ans$="NO" THEN 1331

279 DUMP GRAPHILCS

1238 =XIT GQHPHIES

1898  3RINT .IN(3»,"Radius=";R,"Cnil spacing="j;Z#HE,"F
llets=";Hp,LINi1)

13883 2RINT "Starting hﬁ1gh?‘"'H' "Endirng height=";He,"
1318 2PRINT "UJ02="jlUo2,"Fe=";Fe,"

1329 PRINT "Driver coil length="iL, “Density Fluctuation
ar,"Nrad="iN~od, "Nfe="jNfe,LINCLD

1338 *RINT =RGE

1331 ZKIT GRAPHICS

1348  30TO 139

1358 STOP

1388 =MD

CAREA

size=

sHL1, “Hoo

RUM #="33-Rr, "S-M=";Ston,LIHCLD
fa-13=

ot

"SRy "Wariance=" g

Fe
Step size=" Szize,LIHTL

Iy



