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I.. Introduction 

1. General Consid~r.a.tions. 

1.1. C y c 1 o t ron s. The beam in this kind of rna< ;hine is generally 

extracted by an electrostatic deflector whose extraction ratio varies 

between 30-60 per cent. 

The focusing, after extraction, is achieved ty one or several 

sections of magnetic channels which can be of dif"erent conceptions 

a) magnetic channels 

- rectangular cross-section slabs (Orsay, Jllfilano) 

- circular cross-section slabs (Tokyo, Dubna) 

b) electromagnetic channels. 

1.2. Synchrocyclotrons.The use of electrostatic deflectors is 

generally not possible because of the values of the energy and of 

the very small separation of the orbits, therefore ~he beam extrac

tion is usually performed by a resonant system (a peeler- regenera

tor) followed by an extracting and focusing rna.gneti•::: channel. 

But, unfortunately, ·most of the synchrocyclotrnns which are in 

operation have a very small extraction ratio (les.!:• than 100ft,). The 
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greatest part of the beam is lost on the channel walls or in the regi

on with a perturbated magnetic field around the iron pieces of the 

channel. 

2. Presentation of the Problem. 

The principal problem for the owners of these machines is to 

try to improve t 1e focusing in cyclotrons and the extraction ratio in 

synchrocyclotro ns. 

To reach these purposes it is necessary to find some magnetic 

structures which on the one hand,· improve the extraction anp the 

transmission ratios and on th~ other hand, do not disturb the trajec

tories of the accelerated beam when introduced into the machine. 

In the pre!;ent paper we consider the case of synchrocyclotrons. 

The problem fo1· machines working with electrostatic extraction (e.g. 

cyclotrons) in v•hich there is a big difference between the: last inter

nal orbit, and t:"le trajectory of the extracted beam is much simpler 

as far as the correction is concerned and 

a oarticular ca~•e. 

can be considered as 

In synchrc-cyclotrons a magnetic channel is generally composed 

of several secti )ns of two different types: 

1) Extracting sections (Fig. 1). 

These ex :racting sections are composed of two slabs which 

are magnetized by the field of the machine and give in the channel 

a negative fieldX/ of several thousands gauss wit:h a very small 

gradient. 

x In this case and in what follows the term "negative" means 
that the own field of the channel is a negative one with respect to 
the main fiekl. The resulting field (of the machine + the channel) 
is smaller inside the channel than outside it but, of course, is po

sitive. 
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2) Focusin?, sections (Fig. 2). 

They are composed of three slabs: this configuration is cap

able of generating in the channel a high constant gradient which 

focuses the part .cles. 

Unfortunately, the introduction of this amount of iron is followed 

by a modification of the field inside the machine towards the center. 

This perturbation is bigger in the case of two slabs ( 1300+ 1400 G) 

and less importa 1t for three (about 500 G) slabs. The most impor

tant problem is to reduce this perturbation to a few G, by intro

ducing correction shims as many and far as it is necessary (Fig. 3). 
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Fig. 3. 

This is a time-consuming and boring work and the programmes 

reported in this Japer are directed especially towards this aim. 

This problE!m has several solutions fitting the wanted condi

tions and the pr•Jgrammes are not able to find all of them but the 

authors of this r ?port hope that they will be useful for people who 

work on such pr ::.>blems of calculating and shimming magnetic chan

nels, especially in synchrocyclotrons, but of course, also in cyclo

trons where the ::onditions to be satisfied are easier. 
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II. Some Basic Formulas 

We limited our calculations to the case of shims and slabs 

with a rectangular cross-section. 

We supposed also that they are uniformly 

main field of the machine with the magnetization 

ked with its saturation value M = 21000 I 4" G • 

nagnetized by the 

I~ , and we wor-

If the origin of the coordinate system tx,y, ~) coincides with 

the centre of the prism and the axes are aligned with the principal 

axes of the prism (Fig. 4), the general formula giving the vertical 

component, Hz of the magnetic field (in Oe or G ) at one point 

P ( x , y , z ) is/ 1/ 

y -A 
Hz (x,y,z) = M I arctg --

z - 8 

v-A - arctg ...._ __ 
z -8 

V+ A -arc tg ....__ 
z-8 

~ + arc tg 
z- 8 

y-A 
- arc tg 

z + 8 

v -A 
+arc tg ~ 

z+8 

v +A +arc tg "'--
z + B 

y + A 
-arc tg --

z + 8 

X + L ------------

__ _.:;X-L~-- + 
..; (-;-:I)2--:;:(y + A> 2 + < z -.:-8)2 

X + L 

X - L ___ ___;.:_ _ _::._ ______ + 

X + L 

X-L 

V (x-L) 1+(y+A)'+(z+ B) 2 

X + L 

7 

(1) 

+ 



where L , A , B are the dimensions of the prism in em. If we con

sider the following condition: x = 0 , the slab is much longer 

in the x directi:m than in the y and z directions ( L » A, B ) 

we obtain 

H ( ) I -
y -A 

z y, z = :~ M - arc tg 
z- B 

y +A 
+ arc tg -- + 

z-B 

y-h v+A 
+ arc tg ---- - arc tg ~-

z+ II z+B 

(2) 

If the origin of the coordinate system (X, Y, Z ) does not coin

cide with the centre of the prism (Fig. 4} as in the general case 

z t 

28 

G 

y 

Fig.4. Coordinate system whose origin coincides with the centre of 
the prism nnd coordinate system as used in calculations per
taining to the iron slabs or shims. 
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of a channel with n correction pairs of shims ( ::<'ig. 3), we obtain 

from eq. (2) for a point situated on the median phne (z =- 0) the fol

lowing expression 

Hz (Y,O) =-2M I arc 
Y -R-A 

tg -rr:;:"'h- - arc tg 
Y - R' + A 

-u;lJ--

Y-R -A Y-R+A 
- arc tg --G::-n-- + arc tg G-=-8- l . (3) 

The differentiation of eq. (3) gives the formula of the magnetic 

field gradient (in Oe /em or G /em) on the Y direction 

aHz(Y,O) 

aY 

G + B 
2M I --------- -

( Y -R- A ) 2 + ( G +B) 2 

G-B G-B 
- --------- + 

(Y-R-A)
2
+(G-B)

2 
(Y-R+A)

2 
+(G -B) 

2 

G + B 

(4) 

Since we performed all our calculations in the median plane 

and considered the length infinite, all the components except H z 

are equal to zero and thus eqs. (3) and (4) were. used in the prog-

rammes. 

III. Description of the Programmns 

The programmes are written in F'ORTRAN-63 

• DUOBAR Programme 

This programme 'computes tne parameters ot an extracting 

channel and of the relative correction shims. 
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1.1. Method of searching for a required field inside 

an extracting channel. We have seen that the extracting channel 

is composed of two slabs situated on the median plane. 
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Fig.5. Two-slat configuration with the resulting magnetic field. 

F'ig.5 show:; the shape of the magnetic field given by each 

slab, and also th ~ resulting field. Depending on the geometrical di

mensions of the Blab, one can obtain a flat field curve if the aper

ture is small, or .'l. field bump if the aperture is big. But in both ca

ses, it is possil:>le to adjust exactly the value of the field in P 

(therefore, only at one point) varying, step by step one of the di

mensions of the slabs. 

One must choose arbitrary but suitably from the physical point 

of view the initial dimensions of the slabs A 1 , 8 1 A 2 "' A 1 , B 2 .. 8 1 

and the channel dperture E "' R1 -A 1 "" R 2 - A 2 • 
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Nevertheless, one can be limited in the choice of 8 1 , 8 2 by 

the size of the machine gap, and also obliged to take into account 

a minimal aperture to be sure not to loose most of the particles. The 

centre of the slabs is on the median plane, so tha1 G1 "' G 2 = 0 

Before the beginning of calculation the array of the values of Y 

is filled step by step (0.5 em) from 0 to 89.5 em. On this segment of 

the axis Y , towards the center of the machine, the programme will 

correct the perturbation produced by the channel. The value of 

89.5 em has been chosen arbitrarily and one can consider another 

value taking ·care of the dimensions of the array ) in the program

me, Anyway, for any value of the step the programme chooses itself 

the necessary number of shims and stops when t 1e perturbation is 

smaller· than 10 G. 

The magnetic field given by each slab in the median plane, for 

Y =0, i.e. in the middle of the channel aperture is calculated. The 

resulting field is obtained by adding the fields of two slabs. 

This field H 1 is compared to the wanted value - H 0 - for Y "' 0. 

The width A of the slab is changed step by step if the difference 

H 1 ..... H o is larger than 2%. The height B is kept ::onstant because 

of the previously exposed considerations and also because A is the 

parameter which has the greatest influence on the :'ield value. 

The aperture of the channel is not changed ( E = R -A , const. 

and therefore R follows closely each variation of A 

If for one value of A the field H 1 is too large· and for the next 

one A - l'l P it is too small, i.e. we have an "·oscillation" on A and 

the comput~r can field no solution the step value~ P is divided by 

2 and the searching for a solution is started again. The reduction 

of l'l P is repeated until!'! P .. 0.001 em and if a sclution is not found 

the initial precision of the field determination (2%) b changed, 

Once the solution H1 has been found at Y = 0, the programme 

calculates the magnetic field curve along theY -a>is, H = f ( Y ) • 

This curve is actually the perturbation generated by the channel to

wards the centre of the machine, perturbation which is to be correc

ted by setting up a range of iron shims (Fig.6). 
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perturbation fie!d curve 

Fig.6. Setting up of the 1st pair of shims for an extracting section. 

1.2. Correction of the perturbation field outside the 

extraction ch.:~.nnel. We decided to begin the correction that is 

to place the firs l pair of shims at the point where the field has a 

value of 1000 G , because this value of the perturbation can sure

ly be corrected with a precision of .! 100 G imposed on this first 

pair of shims. 

Using the calculated curve H = flY) we chose the Y ( NN) value 

for which the field is equal to -1000 .! 100 G ( HS .. -1000 G ) • 

If this value is r,ot found we look for an Y ( NN) value corresponding 

to -1050± 100 G • Evidently, if the required field value in the chan

nel is around -1000 G , we begin the correction at a different value, 

e.g. -500 G 
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a) First-order correction 

'!'he first pair of shims is set up at a distance RRES = Y ( NN ) 

from the origin • Thus ' we have Rk = 1\. + I = mES • '!'he other para

meters Ak=Ak+t , Bk=Bk+l , Gk .. Gk+l have at the beginning the 

same values for each new pair of shim.s which ls s~t up and the 

programme changes these values in function of the~ field value which 

is to be corrected and of the imposed conditions, In order to start 

the correction process ·we have chosen the va .. ues A k .. 0.2 em , 

B k = 2 em and G k • 5 em. These values are more• or less arbitrary 

but they must be physically reasonable because in the programme 

the number of the parameter variations is limited,. 

'!'he imposed condition for the 1st pair of :;hims which is to 

reduce the perturbation to :!: 100 G i~ three points ( Y(N ) = Y(NN)-0,5 em; 

Y (N+l) =Y ( NN) and Y (N+2) = Y (NN) + 0,5 em) is verified and if it is not 

realised the geometrical parameters of the shims are changed one 

after the other until they arrive at an imposed limit. '!'he order of 

~riation of the 4 parameters ( G k , R k , :\ k , B k ) is determined by the 

importance of the influence of each one on the field value. '!'he first 

parameter which is changed is G k and respect .vely G k + 1 with a 

step ~ G = 0. 2 em. If an "oscillation" (see Ill.l,l) on G k takes place 

the step value ~ G is reduced twice. '!'he limit of this variation is 

determined by the condition that the gap betwe•:m the two shims 

should not be smaller than a certain value, for instance, 4 em or 

that ~ G > 0.01 em, At this moment the variation on R k and respec

tively R k + 1 begins. If the field value at Y ( N ) is smaller than the 

field value at Y ( N + 2 ) the pair of shims is shifted towards the chan

nel and vice versa, '!'he step of variations is ~ P =0.05 em and 

the number of shirtings is limited to 10 • Finally, if after these two 

variations the required field values are not found. the Ak and Ak + 1 

values are increased and the Bk and Bk + 1 valu?s are decreased 

by ~p =0.05 em, '!'his last variation is limited to C,3 em ( Ak< 0,5cm, 

B k >_ 1,5 em). Simultan'eously it is verified if the distance betweeh 

the channel and the 1 st pair of shims or betwee•n two successive 

pairs of shims is not smaller than~ R = 0,2 em. 

13 



If all these possibilities have been exhausted the pair of shims 

is shifted from the channel with 0,5 em at Y (NN + l) that is in a re

gion where the perturbation field values are smaller. The process 

of seeking for a solution begins again from' the initial values of the 

shim parameters with eventually a new shifting away from the chan

nel and so on until the imposed conditions are realized. A similar 

process has been provided for all the pair of shims but in all the 

cases for which the programme was tested such a shifting never 

occurred, a rea~;onable solution being always found at the intial 

point Y (NN) • Nevertheless, if somehow a too important shifting away 

from the channel of the first pair of shims occurs one can remote 

th.e decreasing c•f B K and B K+ 1 and finally choose greater initial 

values for A K an:i B K • However, too large dimensions of the 1st 

pairs of shims c<:.n give a too important negative bump in the adja

cent region ( Y > Y ( N + 2 )) which will be difficult to correct with the 

next shims and <l.lso to distort too much the field in the channel. 

If a shiftin§, of the 1st pair of shims away from the channel 

was necessary tr:e programme goes on to the verification and even

tually to the corr(~ction of the field in the channel, 

If a solution has been found in the region where the perturba

tion field equals ·- 1000 G the programme tries to realise the cor

rection closer to the channel. The parameters found for the 1st 

pair are stored, the position of this pair is shifted by 0.5 em towards 

the channel, i.e. ·rom Y ( NN) at Y (NN- 1) and the process of seeking 

a solution is sta :-ted from the initial values of the parameters. If 

the imposed condition (t.100 G) can be realized, the new parameters 

are again stored and a new shifting towards the channel takes 

place and so on until the 1st pair of shims arrives at a region 

where no solution can be found. In this case the previously stored 

values of the par::1.meters of the 1st pair of shims are taken again 

and the process goes on to the next stage which is the verifica

tion of the field value in the channel. 

For this vel'ification the field given at Y = 0 by the whole iron 

structure already :;et up (channel and the 1st pair of shims) is com-
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puted. If this value differs by no more than 5% from the initial re

quired values H0 ( .1 H := I 0.005 H o I ) the programme sets up the 2nd 

pair of. shims, If the difference is greater the main field is corrected 

but this operation is performed only by changir g the value of A 1 

(and respectively, of R 1 ), i.e. the parameter of ::;lab No.1 in order 

to affect less upon the region where the perturbation field is to be 

corrected. The correction condition of the 1st pa:.r of shims is then 

again. verified and a new fitting of its paramete1•s is performed if 

necessary, This process of verification and fittin 5 can be repeated 

10 times and if no solution is found the 1st pa .. r is shifted away 

from the channel, However, in all the tests we per'ormed, never more 

than 3 passings channel-shims were necessary in order to find cor

rect values, 

Now the new perturbation curve is calculated taking into account 

the two slabs and the 1st pair of shims, A new nE~gative bump appe

ars towards the machine centre and such a new bump will appear 

after each setting up of a new pair of shims but each one will be 

smaller than the previous one, Thus, its correction is possible, 

Beginning from the 2nd pair of shims the computing process 

is identical for each new one ( NSHIM = 2,3,4 ... ). I'he computer ve

rifies if the negative bump is smaller than -10 G • Then the position 

( Y = Y ( NN )) of the minimum is found and at this point a new pair 

of shims is set up. The parameters are fitted (in the preferential suc

cession G k , Rk , A k ) in order to achieve the imposed correction 

condition. After each setting up of a new pair of shims a verification 

and eventually a new fitting of the previous one is performed 

( NCORR .. NSHIM-1), and 'then the computer goes on to the next one 

(NSHIM=NSHIM+ 1) • The imposed conditions are the following: for the 

2nd pair :!: 10 G , for the 3d one the perturbatior must not exce.ed 

the limits - 10 G to zero and for all the next ones -5 G to zero. 

We noticed that if for the 2nd and 3d pai:-s of shims vari

ations on R k still occw; beginning from the 4th pail· only an increas

ing of G k ,i.e, of the gap whose initial value is 3 em ( G k = 5 em, 

B k .. 2 em) takes place, 
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New pairs c•f shims are set up in this way until the negative 

bump is smaller han -10 G or until a fixed distance in respect of 

the last value of Y is reached. This last condition is achieved as 

follows: it is verified if the last pair of shims ,which has been set up 

is at 20 em or less with respect to the last chosen value of Y (in 

our case Y ( 180 ) = 89.5 em) and in this interval the last pair of shims 

is set up. After he correction of the previous pair the first order 

correction is finished. 

b) Second order correction. 

This additio 1al set of shims must correct the small negative 

bumps which rem:tin in the regions situated between the firs.t order 

shims. This is a•:::hieved with shims whose initial dimensions are 

twice smaller tha 1 those of the previous correction. 

These second order correction shims are set up at the mini

mum .of the reman ~nt negative bumps and the correction condition is 

to reduce to a he If the bump value or if this value is larger than 

-200 G to reduce it to a value smaller than -100 G • In the regions 

where the minimu n is above -10 G no correction is done ("In this 

region no correct. on is necessary"). If all the variation possibilities 

which are the same as for the first-order shims, have been exhaus

ted, and the correction condition is not realized the programme prints 

"In this region no correction is possible" and the imposed conditions 

or the initial dimensions can be changed, 

At the end ::>f the programme a general Table with all the pa

rameters of the channel and corrections shims as well as· the correc

ted field Hz = f( Y ) are printed, 

Fig. 7 show:; the simplified diagram of the correction process. 

2. TRIBAR Progranme 

This programme computes the parameters of a focusing channel 

and the correspon1ing correction system. 
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Fig,8, Three ;lab configuration with the resulting magnetic field, 
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2,1, Method of searching for the required field inside 

the focusing channel, F'ig,B shows the super,)osition of the two 

fields given, respectively, by one and by two slab; inside the chan

nel, It is easy to see that for particular values of the geometrical 

parameters of this configuration, one can obtain c quasi-linear gra

dient and use its focusing properties. These parameters are six: 

for slab N o,1: the width 2A 1 and the hei§ ,ht 2 B 1 

for slab No.2: the width 2A2 , the height 2B , , the aperture H 2 
and the gap G 2 

The parameters of slab No.3 are identical with those of slab 

No.2, except that G 3 = - G 2 • 

12/ 
We decide to use the Newton-Raphson methcod, well known and 

often used because of its efficiency, 

We must calculate at once the six parameters of a three slab 

configuration of the magnetic channel to obtain 

either at 3 points 3 fields and 3 gradients, 

or at 4 points 4 fields, 

The first case vvill be presented in what follows, 

z as 

Fig, 9, 
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'I'he required val --tes of fields and gradients are the point No. 

Hoi 1 and H o! 

'I'he system to be solved is the following (see Fig. 9) 

f 1 ( a 1 ' a 2 ' •s ' • • • a6 ) - H t ( a t ' a 2 

a 6 ) - H 2 ( a 1 , a 2 , • • • a 6 ) - H0 2 = 0 

0 

(s) 

Consider a group of values 0 
a I 

0 
• a 2 

0 
a3 , which 

are supposed to Je near the solution, a 1 , a 2 , ... a 6 

'I'hen, we c< en write 

(6) 

and develope the function f 1 in 'I'aylor series around the point a~ 

to the first order 

fi (at ,a2' 

If the solution is 

0 

20 

a fi (a~' a~ •... a 6° ) 

a a. 
J 

(7) 
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we obtain the matrix equality 

o a r 
[ r, 1 + [ ---1 - l [ h. 1 = o 

a a. J 
J 

The solution of this system will be done prac tically in two 

ges with the help of the following array: 

a r1 a f 1 a r1 
df = --- da 1 + da 2 + • ~ • 0 ••••••• + -- d a 6 1 a a! a a2 a a 6 

a r2 a r 2 
da 2 

a r 2 
da

6 d f 2 = ---da + --- + ............. + a a 6 a at 1 a a2 

••••••• 0 •••••••••• 0 •• 0. 0 ••• 0 0. 0 0 •••••••••••••••• 

da 2 + 
a r6 ................ + -- da 6 a a 

a) Calculation of partial derivatives at the point 
0 

a i 

6 

( 9) 

sta-

(10) 

Giving each parameter a finite increase d a 
1 

, d a 2 ,... d a 6 and 

calculating the increases d f 1 corresponding to each d a i one can 

determine column after column, the ratios 

a r, 
equal to ---- • 

d r 1 
--- wt- ich will be taken 
d a j 

a a 
i 

b) Calculation of the necessary hi to approach thE solution, 

If the array of partial derivatives in a? 
obtain from eq. ( 9) 

ha~; been found, we 

q,nd 

0 

- [ r i 

-I a r 
hl=-[--:..L] [ r o l 

i ' a a~ 
where [ JLL_ J fs the inverse matrix of [ : f 1 ] • 

a a i .a j 

Hence, from the iteration p to the followtng, one has 

[a. ] = aJ. 
J p + 1 

+ [ h . 
p J 

21 
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c) Practical Reallzation 

Although this method has proved its efficiency in other cases, 

the most important problem is to know the convergence conditions and 

to maintain the J:rocess of iteration in strictly stable areas, It is 

also necessary t) find solutions which are physically "acceptable" 

(the channel must be set up in the machine gap which has a fixed 

size). 

For all theE e reasons, we were obliged to search for an app

roximate solution at two points No,1 and No.3 or 4 before beginning 

the iteration proCI!SS, for all the points, The study of the geometrical 

parameters of the magnetic configuration capable of fitting the wanted 

conditions, is the! 1 performed in two steps: 

1) Search f::>r an approximate solution, One begins to look for 

such a soluticn, fitting at ±_So/o the required conditions in the 

point 1 and ±_20Yo in the point 3 (for the case with three points, 

see Fig, 8) or h (for the case with 4 points). 

In order to find a solution at point 1 the programme changes 

with a constant s .ep only the width A 1 of the 1st slab, and at point 3 

(or 4) only the h2ights B 2 and, respectively, B 3 of the 2nd and 

3d slabs, 

If an "osciHation" (see III, 1,1) occurs on A 1 or B 2 and B 3 

a little variation is given to Bt or to A 2 and A 3 , respectively. 

If there is no "m;cillation" but a solution is not found after 30 va-

riations of Al cr B2 and Ba the other parameters are varied 

successively, i.e. A 2 ' R2 G 2 and Bl with a greater step 

and the process ::>egins again from the initial values for the other di-

mensions, The v:J.riations of all the parameters are limited by limit 

values, When ::~.1. these limit values have been exceeded the prog

ramme stops and the user has to change either the limit values or 

the required fielc values, 

2) Once thi;; rough approximative solution has been found, the 

iteration process begins, This process which is generally very fast (a few 

iterations) leads b a solution fitting all the conditions at all the points, 
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The 
a r -1 

value of the inverse matrix ( ---1 
-] a a. 

iE calculated by the 

SUBROUTINE INVERSE. J 

The imposed geometrical limitations lead to reasonable solu

tions, with an accuracy better than 1 Oo/o." AnyVIay, it would not be 

useful to continue the process, imposing a betteJ' accuracy, because 

eqs. (3) and (4) based upon the assumption of the uniform magneti

zation of the iron pieces give the field and gradiettt also with an accu

racy (5-lOo/o). 

2. 2, C orr e c t i on of the p e r t u r bat i o n 'i e I d outs i d e the 

focus in g chan n e I. The perturbation set up by a three-slab chan

nel presents some differences with respect to this created by a 

two-slab configuration and therefore the correction process will be 

also somewhat different. 

2 H 
i!. R(4) =RRES 

2 

1 

y 

pertur!Jation fiefcl curve 

Fig.10. Setting up of the 1st pair of shims for a focus.ng section. 

23 



The typical ')erturbation field curve is shown in Fig.10. and 

one can see that it presents a minimum similar to that which appears 

in the previous ca:;e after the setting up of the 1st pair of shims 

but greater in abE olute value • Therefore, it is useless trying to 

correct this great negative bump with a single pair of shims since 

its dimensions woL ld be very large and it would completely distort 

the field inside thE channel, The programme begins correcting the 

bump at its begim ting near the channel. The point Y ( NM) where 

the field is still p•)sitive is determined and then the 1st pair of 

shims is set up at Y(NN) where NN =NM + 3 (Fig,10). The correc-

tion condition of + 100 G is easily carried out. The setting up 

of this 1st pair of shims decreases the negative bump of the per

turbation curve sl1ifting it at the same time towards the machine 

centre. After that the process is practically identical to that used 

in the DUO BAR programme. 

The only diff?rences are: 

1) The negative bump after setting up the 1st pair is greater, 

hence the correction conditions imposed on the 2nd pair are only 

+ 25 G 

2) The centre 1 region of the three-slab channel is not screened 

with respect to thE· correction shims by slab No.2, as for the two

slab configuration. Therefore, the influence of these shims on the 

field inside the crannel is greater and the programme must verify 

and correct the ch'lnnel field not only after the setting up of the 1st 

pair of shims but 1fter the first 7 pairs of the 1st order correction 

and after the first 6 pairs of the 2nd order correction. 

The simplifie:i diagram of the correction process, is given in 

Fi~.11, 

IV. ::=ihortcomings of the Programmes 

The shortcc•ming of the programme DUOBAR is that inside 

the channel the rE·quired field value is obtained only at one point. 

For the pro~;ramme TRIBAR we must say that: 
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1) since lim.tations have been imposed on the channel dimen

sions the program ne cannot find a solution for any value of the field 

or gradient at all the points inside the channel. If the limits have 

been reached, the!;e values and the field (and gradient) corresponding 

values are printed and the user of the programme can change the 

imposed limits or the required field (or gradient values), 

2) The subrc utine ITER, finds a particular solution which is not 

the only one and nay be not the best one, 

3) The resul ing positive peak outside the channel is too broad 

and the correction of all the perturbation is not so precise as for the 

DUO BAR. 

V. Required Data and Results of Calculations 

In the data c .eck of each programme the following information is 

to be introduced : 

1. Programm~ DUO BAR, A card with the initial values of A 1 

Bt Az I: 2 Rt and Gt (see III.l) and a card with the 

required value of the channel field at y =0, Hot 

2. TRIBAR Drogramme. A card with the value of NPOINT, 

the number of po nts at which we calculate the channel field and 

which can be eqL al to 3 (for 3 fields and 3 gradients) or 4 (for 4 

fields). 

A card with the required values of the field (and gradient) in 

the channel, For 3 fields and 3 gradients the first values are the 

field values follov\ ed by the gradient values at the same points, 

A card with the Y values in which we calculate the field (and 

the gradient) in th~ channel, 

The final rEsults are printed in a Table which contains the 

geometrical paramEters of the channel of the 1st order and 2nd order 

correction shims a '!d the corrected field curve, 

Figs. 12, 13 show the configurations obtained for an extracting 

and respectively, c focusing section with the correction shims and the 

field curves with and without correction. 
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For the extracting channel the :"equired field value was H 01 = 
-6300 G and we imposed a height of the slab.~ of 4.3 em and a 

channel aperture of 3 em. 

For the focusing channel the required field 'alues were -2500 G 
-1400 G , -600 G and 150 G , respectively, at ~ =0, 0.5, 1, 1.5 em. 

Below we give also a list of the programmeE, indices the block 

diagrams of the two programmes and of the subrcutines and a com

plete listing of each programme. 

VI. Signification of the Indices and Farameters 

For the DUOBAR Programn e 

KLING 

KLING = 1 - Calculation of the field H 1 in the channel at Y = 0. 

KLING = 2 - Calculation of the field at three poi 1ts under the cor-

KLANG 

KLANG 

KLANG 

KLANG 

JANA 

JANA = 1 

rection shims. 

0 - Calculation of the channel pararr eters and of the 

1st pair of shims. 

1 - Correction of the system channel - 1st pair of shims. 

2 - Calculation and correction of the 3ystem channel 

- 1st pair of shims is finished, 

Correction of the parameters of the i-th pair of shims. 

JANA 2 - Calculation of the parameters of the i-th pair of shims. 

KLYNG 

KLYNG 1 - Shimming of the 1st order 

KLYNG = 2 - Shimming of the 2nd order. 

INC 

INC 0 - Shimming of the 2nd order, 

INC > 1 - The number of shiftings of the 1st pail of shims towards 

the channel, 

IT - The number of verifications (and corrections) of the system 

channel -1st pair of shims. 
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!COUNT Number of corrections of the parameters of the 1st pair of 

shims b ?fore the setting up of the 2nd pair of shims. 

KLAC 

KLAC 

KLAC 

ISWITC 

ISWITC 

ISWITC 

1 - The ·e was no variation of the parameters of the chan

nel or of the - i-th pair of shims, 

2 - ThE variation of the parameters of the channel or of 

the i-th pair of shims begins. 

1 - Th? calculation of the field in the channel or at three 

pcints under the shim. 

2 - Tr .e calculation of the complete magnetic field curve 

H, = f (Y ) 

NSHIM - The nu nber of pairs of shims. 

NSHIM1 - The rumber of the 1st order correction pairs of shims. 

NCORR - Number of the pair of shims which is corrected. 

NSH Number of the magnetic iron bodies (slabs of the channel 

or shims) which has been set up. 

K - number of t~e first slab or shim from the channel system or 

from the pai · of shims which is under calculation or correction, 

LA - The numbe · of variations of the parameter A of the channel 

slabs. 

LG - The numbe • of variations of the parameter G 

shims. 

of the pair of 

HL - The maximL m value in gauss of non-corrected field perturba

tion at threE! points under the shim beginning from the 4th pair 

of the 1st :)rder correction and for the 2nd order correction 

shims. 

DELTAY - Step in em on the Y -axis. 

DELTAP - Step ·Jf variation in em for the parameters A 

DELTAG - Step ::>f variation in em for the parameter G . 

B and R. 

DELTAR - Mininum allowed distance between the channel and the 

1st p ::tir of shims or between two pairs of shims. 

DEL'I'AH - Precision of calculation for the field in the channel 

(gauss). 

30 



SIG - Saturation value of the JYiagnetization ( .n gauss). 

HS - Absolute value of the perturbation field <tt which the correc

tion begins, 

KLIC- Number of variations of the parameter R fc r each pair of shims, 

KLYK -Number of variations of the parameter A for each pair of 

shims, 

For the 'I'RIBAR Programme 

NPOIN'I' - Number of points inside the channel i 1 which the required 

fields (or gradients) are obtained, 

NPAR - Number of geometrical channel parameb~rs which are chan

ged during the iteration process. 

The other indices or parameters 

tion as for the DUOBAR Programme, 
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15 

f5 

5 

£_ 

5 

BLOCK 1JIAGRAM 
OF THE PROGRAMME DUOBAR . 

R~ad the initial parameters Of 
the channel 

l!'ead the initial values of 
the indlces 

':alcu!ation of the range 
of values of 'I 

P"inf the initial parameters 
and the wanted 

ra!ues Of the ji.eld. 

32 

Cafcufafion oj the 
field in the ma'lnetic 

channel. 
Vert/icalion oj the 
difference ~etween 
the calculated and 
the wanted Jietds in 

the channel. 

Elimination of an 
oscillation if the 
step of variation 

is too 6if 

Reducflon of the step 

If the step turns too 
smatf the precision of 
the cafcutati.on is re-

duced. 



96 
Print the parame
ters of the channel 
:ejore the Geginninj 

oj tlte shimimJ 

Print the parameters of 
the K-fh shim and the 
value of the field in three 
oints under flus .shim. 

!-. ettim; up of the 
p 1rameters of the 
17air num!Jer HCORR= 

.--.-1-~ :NSH!M-1 which is 

®-® -Searchin1 oj 
the minimum for the 
setttn1 up of the i-th 

pair of shims. 

33 

to fle corrected. 



~?ES=Y(HH) 

I PRINT 120 
~ Hll'f, PAIR OF SHIMS 

~H=2 XNSHIH +2 

LJ(Y(NSHJH)= # 
I 

(£?!NT f55, N, Y(N) 
I 

~
a dim; of the 
fiat parameter.s 
the K-th shim 

34 

seftlm; up of the 
i-th pair of shims. 



Correction of the 2nd 
order. KL determines 
the position of the 
,i.rt'!..th pair oj shims. 

1/e find the position r-__;;;.;.....c::.._.., Verification if we 
have not overpassed 
the position of tht: 
tast pair of shims . 

of the ,,itt"-th pair 
shims. The correction 
Gegins with the re9i- ;:;;~t:::;~ 
on situated 6etllfeen '"'"'"'.:..._o"i--'-'~..J 

the fst and the 2nd 
pair at shims . 

PRINT 160 
IN THIS REGION, NO 
CORRECTION tS NECESSARY 

Jetting up of the pair 
oj shims at the mml
mum of the jieed in 

this reyion . 

We find the minimum 
of the fiefd 6etween 
the ,itt"-and i-th 
pairs of shims. 
lf the minimum is 
less than- 20 G no 
correction is neces-
sary in this re'/ion. 

We determine the voh e 
of the jiefd after corremon 
which must 6e tess thun 
the half of the jiefd M.
nimum and in any cas? 
in aosoeute vafue fes; 
than IOOG. 
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35 

Calculation of the field 
in thpee points situated 
under the corl'ecti.on shim. 

36 

Z7 

Shijting
.-,M-'C-=-tML....'C-.,.-f .... of the 
NN=NN-f fSi pair 
N==NN-1 OfJhims 
NY(NSI!Iflf)::N towaf'ds 

the cha11111f 

@-@-Verification if the 
imposed corPection is 
realised in all the 3poi!fts. 

@-@-The conditions af'e 
not !'ea!i.sed at !east in one 
point We 6e;tn to chanve 
the value of G . 



23 

23 

23 

70 

VerLficafion if we have not 
an osci!lat1 on on G . 

@-@-Variation of the parame-
tef' ~'. 

The pair ot slims is shifted r~~itlt 
a step tJ.P onR towa!'ds the point 
where the jl1'fd is smal!ef'. 

@- @-7/arial ion of the parametuA 

@and @-Yer,ficafion t/ two pairs 
oj sh;.ms cr>e not superposed. 

@-@-Shifting of the pai.T' 
of shims at treater 

distant' from the channel. 

II(K)"A(K)tJJP ,3;;_f;__ ___ -+------.-\ 
A(K-tt}=A{K) 
B(K}=B(K)-JJP 

B(K+f)= B(K) 
G(K)= 5 

G{K+f)=-G(K) 
Kl.YK=KI..YK+f 
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®--

PRINTf54 
PARAMETERS OF 

fST SH/1'1 

l!ert.ft.cation o/ the field in the 
channel after setting up the 1st 
pair of shims. 1/ thl value o! 
the (t.e(d in the channel is not 

correct ltfe dlil/lf! 
1-------------. the l!afueo/ATf}. 

I 
86 

{88}1f fhe fit!d in 
lfie channel has a 
correct value 
Wilhouf. anv COI'
recilon we 9.0 
/urtheT' on lo 
the 2nd pair 
of shims. 

@Jflhe ft.e!d in the channel hasa 
correct va!ue alter variation of lM 
parameters of the channel we 
vertf!f a?_ain the correction 
rea!t6ed tJv the fst pair of slrtms. 

@-- ... ~l- ) 
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BLOCK DIAGRAM 

OF THE SUBROUTINE CHAMP 

FOR THE PROGRAMME JJUOBAR 

o~ 

.....!..L. 
1=1 

:Index """"J 
the point 
in which 
we catcula 
te the 
fietd in 
the chan 
nef. 

'25' 

39 

®-QD-tndexes of the 
point.; of the pertur8a
tion . ~tefd curve. 

@-@)-Indexes of the 
thzee points under tach 
pair of shims. 

@-!n1.exes for each piece 
oj iron ( sfa6 or shim). 

We j1 z the numBer of 
iron J •ieces with a coniri6tJ.
iion t1 · the to tat vatue of 
the ji1•fd at a given moment. 

We veri/';/ if we haV1! 
catcul 1ted the field of aft 
the i1 on pieces at a jiVtn 
mome?t. 

@-Wt ca!cutate the sum 
of j iefds 1i.ven 6y each 
ira~ piece. 



See JJUOBAR 

BLOCK JJIAGRAM 
OF THE PROGRAMME TRIBAR 

R ?ad the num6er of points in ur/,ich 
we ca!cufate the fte!d in the channel 
!l1•ad the india! parameters of 

the channef. 
Prmt the india! parameters and the 
refui.red val'ues of the jiefd. Read 
th1• initial values of the indexes. 
Cdcutation of the maximum allowed 
fidd error in each point. 

fatcutalion of the -zange of 
values of 'I· 

Print the paramete!'S 
and the field of I be channel 

@-@For the 2-7 tst ozder 
and f-6 2nd order correction 
pairs of shims we go to@ 
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@-· r!J-setlif up of 
the ~t pair oj shims. 

NSHIM=NSH~ 



llffer tl't setting up of the tst patr of .shims. 

From@ tor !hi @
f+6 2nd orrier 
correction shims 

Fro11~ for the 2+ 7 t~t ord~r 
correction shims . 

42 

If the ua!ue of the 
c"hanne! field i.s not 
correct the channel 
parameters are 

chanyed. 



BLOCK .DIAGRAM 
OF THE SUBROl/TIN£ ITER 

lntr.o uc ion of the accuracy jor 
the final .solution, of the fitld errors 
or the rough approximation ami of 
'lie variatlon steps for the paramettrs 

A(} RACY- maximum 
error in each point 
for the fi. 1af .solution. 

HEIGHT- he. fJht of tst sla& 
NPOINT- num8~ r of points in 
urhich we cafc'llate the field 
or the 9radient in the channe!. 

Jl-numGer of parameters which 
are chanyed dw•infJ the final 

~O~~~~~~L-1 deration process. 

yes 

ves 

PRINT 180 
The parameters 

Gl- P=ha!f fJ.OP 
Gez ween 2nil and 

Jrd staGs. 

nave exeeeded 
the limits 

43 

))1ST= 9,0f.' Between 
fst ana ~nd or3rd 

.5la!Js. 

P,=ll,, Pz=B1 , PJ=.Il2 , 

P'f=B, Ps=Rz, p6"'G2 



yes 

'!,Q 

/count- index for the 
limitation ot the variation on ~-

II,= /1,-JJPTITII 

Storaye of HT (f) 

1/erijication if ~t~e have 
not an osciltalion on II 1 
If there is an oscillation 
the value of 8, is 

increased. 

/.imitation on 81 . 

llerificalion of the 
error on HT(f). 

LB- index for the !imit(Ilton 
of the variaflon on B; . 

(liiffi)-fhe process is 
Yirenft c. al to (4026). 

,...-...~-.---. cha nrJinc; index 4 info 3. 

44 

7/erl/ication ot the 
error on HT {4). 



PRINTf5 
Jotution of 

the pro6l'e. 

(jjpjj) The pro1 •ess is identic af to 
Gollf) 6ut C(N,~") is chan9ed into 

1J {/'f, 7). 

l/erijication if the imposed 
pT'eczsion ha1• Been o6tained. 

If after 20 ileT'alions a 
solution is no' found a 
roWJh chan9e of the 
paramet~rs is made. 

@-~~Inversion of the 
partial derivates 
mat rLx and ca!mla
tion of the eorrection 

on P-C(J';.'i) 

Rf the end C(J;5) 
is divided once 
more oiJ 10. 

@-@- Cafeufalion of the taGfe 
oj partial derivates. 

@ -Reindiatii!afton of the 
parameters. 

4.5 



BLO':K .DIAGRAM 
OF TJIE ~:UBROIJT/N£ CHAMP 

FON THE , "JROGRAM1'1E TRIBAR . 

/SWtTc-;"C) 
0< ?!0 

@ @-We ch1nqe the notations 
of the Jiefd(and r;radient) 

values urhich are to 6e 
t.ntroducr?d into ITER or 

into the principat pror;ram . 

@-@-Indexes of the points 
in which the channet /ietd is 

computed. 
@-@-Indexes of. the three 

points unaez each pair 
9 Of shims. 

TC=O ®-®-Indexes ot 
the points of {he 

l..l£=-R!~,___ perturGation jiefd 

......,.,.,..,........;...;;_..., 
no 

2 
curve . 
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FROCRAM D~OHAR 

r!MtNSICN H (1l,W(~60l,AAC,ODl~GG(500loNY<100) 
COM~O~/ELCCK1/HC18Ql,YC180),AC40l,Bt40l,RC40loG 401 

H,SJG,KL lf'<G,!SW!TC,NSH 
REAl 100,AC1),8C1l,AC2),BC2l,RI1l,Gt1l 

100 FON~ATCfE8,4) 
R<2>=·RCtl 
G ( 2 > =G < 1 > 
R E: A [ 1 0 ~ , 1- ti< 1 l 

10·1 FOR~ATCF:R.4l 
!NC=t 
l T = · 
!COLNT:O 
KLAC=l 
!5W1TC=1 
~SHIM•O 

~SH=2 

K=l 
LA= 
f-L=-5. 
l:E:LlAY=",5 
l:E:LIAF:'1, 0~ 
rELI AR= '.2 
l:ELIA~=AASC ,:2•H0(1Jl 
Pl=~.1415~2A5 
S!G=210 •Q,/(4,•Pl l 
~S=l '0. 
y ( 1) = ,, 
ro ~ !1=2-lHw 
Y<JJ):YC!l- l+DELTAY 

~ CONlltiUE 
PR!~T 171 

111 FOR~ATCJH , 5X,////) 
FR!~T 118 

10d FOR~ATC1H , BH!NITIAL FARAM~TE~S.5X,///J 
FR!~T 1-z,K,A(I\),K,B!K),K,RCKJIK.GI•l 
FR!~T 1"9•H (1) 

10~ FOR~AT!1H , 6HAT Y(1l=O,Hl(1)=~1~.7,/) 

FR!~T 171 
FR!~T 11G 

0 FOR~AT!lH , 6HF!NAL CO~OITIONSo/l 
PR!~T 111 
FON~ATC1H ,.!lHHCll•HOil)cLESS THAN 5 PERCENT./) 
FR!~T 112 

l • FOR~AT!1H .~9HAUTO~AT!C CORR&• T!ON •T MIN DISTAN E ·r THE SLAB,/l 
Ff<Jq 113 
FOR~AT(1H o?lHF!RSl SHIM +,- ctO G.,/l 
FR!~T 114 

" 4 FOR~ATC1H , 7H2ND SHIM +,- lOG;,/) 
FH!~T 115 
FOR~ATC1H ,, 2H3RU SHIM ·10G. lt. ZER1 ,/l 
FR!~T 116 

c FOH~AT!1H .«X,4.HALL NEXT SHIMb OF 'ST uRDER •5G· 1" ZEROo/l 
FR!~T 117 

1 ; FOR~AT(lH •"X.57HT~E 2~0 OROEH SHIM~ REuUCE ~ALF OF THE LOCAL PERT 
lLRBAT!0~,//1///) 
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PRJq 118 
1i6 FOR~ATC1H ,AJX,34HtETERMINATJnr OF 1HE ~HANNEL FIELO,Il 

.,iAN~=1 
PRI~T 150,JANA 

1?, FOR~ATC1H .~HJANA=[5,///l 

KLI~G=1 
PRI~T l~I),KllNG 

lS FOR~AT!1H ohHKLING•l~•/l 
KLA~G=O 
FRI~T 1~2.KlANG 

1~2 FOR,AT!1H ,AHKLAN0al5o/) 
KLY~G:l 

PRI~T 156oi\I.YNG 
1?6 FOR~AT(1H ,AHKLYNGcl~•/1 
~ CALL CHAMF 

IF<KLAC·1)6,6o7 
6 FRI~T 1G7.H<ll 
101 FOR,AT(1H .~HHC1l=E1~·7,/l 

I<LA(=2 
1 IF<ABS<H<11-H0(1li•DELTAH115,J~,10 

10 IF<~<1l·HCt·)>13,15o14 

lJ ~<ll=A<ll·D~LTAP 
R<l>=R<1l•D~LTAP 
GO 10 271 

14 Atll=A<ll•D~LTAP 
R<l>=R<ll·DlLTAP 

~11 A<2l=A<1l 
R(21=•R<ll 
LA=LA•l 
AA(LAl=A(ll 
IF<LA•5l5o272,272 

£1~ CIFA:A(tl·AA(LA-21 
IF(ABS<C!FAJ~C.rc5)273,273,~ 

<IJ CELTAP=CELTAP/2. 
IF<LELTAP·O.O~ll270.~I0,5 

~10 CELTAf<=1,5*"ELTAH 
I:ELTAF=~.cJ:> 
LA::_ 
GO T 0 5 

~.\ KLI~G=2 
PRI~T 171 
PR!~T 172 

1/i FOR,AT!1H , 15X,23HCORRECT!ON Oi 1ST ORDtR•///) 
PRI~T l~O.KLING 

2. !F<ABS<~<~M>•HSI·100.l53,53 •• A 
4n t'M=nl-2 

IF<'M•2l51.~1.21 
~M=i'K 

I<S=f-S•5'. 
F R I~ T 1 ·. 3, H S 

103 FORI'AT!lH ,jHHS=E15.7•//l 
GO 10 21 

9? IF(KLYNG•ll~4,54,94 

5• IF<Y(18i)•RRES•2G,)9Po56>56 
~b IF!~(~MJ•h(MM-21157,51,58 
51 JF(~(t'MI+1u.l59,59,9P 
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4· 

~M=~i'<-2 

GU 10 '>1: 

I F < ~ S ~ I ~ • 2 l '- 3, 4 7. 4 7 
K=K•? 
~N=i-M/2 

~=N~-1 

R~E~=Y<~Nl 

.At-1~=2 

K=K•2 
~SHJH=NSHIM+1 

FRI~T 1;;c.NSMIM 
•• 0 FOR~ATClH , 1~.14H FAIR OF SHI~•.I//, 

~SH=?•NSHIM+2 
~Y<~S~In=~, 

FRI~T 1"5oN.Y(N) 
1~) FORI-AT<!H , 'HY!,(3,2~l=F15,i,/• 

P R I~ T 1 ": 1 dn:ES 
1'>1 FOR"AT<'.H ,·,HRRfS=E15.7,//l 
.'• A!Kl:",, 

A<K•l):A(Kl 
E ( K l = 2. 
E<K+l):HKl 
R!Kl=RRI:S 
R!K•ll=~<Kl 

G ( K l =5. 
G<K•1l=·G(Kl 
ENHFF=HK )+2,1 
KLA(::', 
Klll = 
KLYK=' 
LG=-
CE:l.TAF= ,_'J 
CE:LlAG= .2 
CALL CHAMP 
If (KUC-l>Po12.'>5 

l' FR!~T 1 2•K,A(K),K,B<Kl,K,R<K•,K.G<• 
,; F 0 R" A 1 ( I_ H , 'H A ( , I 2, 2 f- l : E 1 ;> , 4, • • • .>HI- ' , I 2 , 2 ~ : >- 1? , "' 

1 4Xo?~R(,l~.2Hl=~12.4•4Xo?HI-(, <2,2h>=~1~.4 /I 
~P=~+l 

~Q=~+2 
H!I~T 1 1oN.H(t-.),NF.H~P),NQ,H<N'll 

101 FOR"ATClH, 'HH(.!3,2f-l=E'l'J,I,.X,;HH(,IJ,2~ =•1';. , 
1 3X·2~H<.IS.2Hl=clS.i•///) 

KLAC=2 
'::'• CO ~? NU:1, , 

~V=~+~l!-1 

l~<~S~Ir-5l<L.27,27 
>0 GO l0(24,2,·,,17l,f'JSHIM 

If (JA~A-1 )~ :,24.?5 
> !F(JA~A-1)?••,25.?/i 

l• JF(JA~A-1l?r,,2fi.?7 

', IF(ARS!f-(~Vl)-1 G.l3':·~5•22 

" I~<AF<S<H~Vl)-1 .>~5 • ..15,2? 
<'· If<H<~v>-".191.91.22 
>1 If <HC~Vl+l· )22,,>2,.3': 

If <H<~Vl- 1 • 192,9<.22 



'-" lF!HOVl-f<Ll22,22,35 
h CONTI~ UE 

l F ( K Ll NG •l l tl,ll• 15 
t A3=AO) 

A4=A0+1) 
E3=EO l 
E4=E 0 +ll 
R3=~0 l 
R4=Ht +1 l 
G3=Ht l 
G4=l:0+1l 
NS=~YINSH!Ml 

INC=HC+1 
NN=NN·1 
~=NN·J 
NY<NSf lM>=N 
FRINT 1':5,N.Y<Nl 
RRE~=\ <t-.Nl 
FR!NT 151•RRES 
GO TO 37 

•~ IF<H<~Vl•O.J28,15,29 
<t> If <GO l-E~TPEFl70,?0.36 
~" G!Kl:((KJ-DLLTAG 

GO TO 71 
<'-~ G!Kl:((K)+lii-I,.TAG 
il G!K+l; =-G(K! 

LG=LG•1 
GG!LG:=G<KJ 
IF !LG• 5123, t2, 72 

i<" C!Fl:((KJ·Gr;(LG-zl 
IFUH~ ([!FGl•., 'li5)n•73•2~ 

1 Cf:L I A( =CELT '.G/2. 
!F<LflTAG-G 01>70.70.23 

iO H!KL)C-1';)!6,77.77 
"' IF(~ 0 )-H(N+2) l1ts.l5• IS 
ll:l !F(KL\NG-1)18,78,8~ 

/" IF (h(~ l-A(K l-R<K-1)-A(K-1l•DI!LTAR)31 ,31,89 
t'f R<Kl=F<Kl-lJf·LTAP 

GO T 0 43 
1'1 R<Kl:f(K)+[Jfi.TAP 
4,, R!K+l):R(K) 

KLI l =t Ll C+l 
GO 10 44 

II If (KL\K-5)1'-'•19.31 
lV If (KL\NG-1HC,3 ,75 
!0 IF!h(~ l-A(KJ•R!K-1)-A(K·1l•IJEUA4l3J,31,75 
I., A ! K l :I ( K l + D f- L TAP 

A(K+t;:A(K) 
f(Kl=E (Kl-Dfi.TAP 
~(K+ll=H~l 

G! K J =! • 
G<K+l)=-G!KJ 
KLYI<=~LYK+1 

4 ,, rE: L l A C = • 2 
GO 10 2.1 
IF!INC-1161,32.33 
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3~ ~N=~N+l 
~=N~-1 
~Y<~Sf<l~l=N 
FRI~T 1~5•N.Y(N) 
RRE5=YI"Nl 
PRI~T 1';1oRRE:S 
GO 10 37 

3.\ A ( K l: A 3 
A(K+ll=A<I 
E<Kl=S3 
EIK+1l=E4 
RIKI=R3 
RIK+l):R4 
G<Kl=G3 
G<K•1l=G4 
~·N~ 
NY<NS~I~l•N 

PRINT 161 
FRINT 133 

133 F"ORMATC1H ,'-3HWE SET UF THI! SHIH IN THE PREVIOIIS PO''ITIONo//ll 
1! IF<KLANG•1lHC,60o1! 
80 KLANG•l 

KLING•l 
JANA=l 
IF<IT•1l38,~9.39 

~b FRI~T 130oKLING 
PRI~T 150oJANA 
tEL1Af.=ABS< ,:5•H0(1ll 

3Y IT=IT+1 
FRJq 153oll 

1~3 FORHATClH .~HIT=I5,/l 

~o CALL CHAMP 
€1 IF<AASCHC1l-H011ll•DELTAHl85,8>,g2 
E2 ICOUNT=ICCUNT+1 

JF(HC1l·H0( ll63,8~.f4 
83 Al1l=A<tl·D~LTAP 

R(1l:R(1)+D~LTAP 

GO To 86 
84 A<ll=A<tl+DtLTAP 

R<1l=RC1l·O~LTAP 
GO 10 86 

e? IF<ICCU"T•ll88o67.e7 
81 !COUNT=' 

KLING=2 
CALL CHAMP 
"P=N+1 
"Q=N+~ 
FRINT 1'1•N.H<Nl,NF,ei"Pl,NU,hlNO) 
IF< IT•1' >23.32,3<' 

E~ JNC=l 
KLANG:2 
PRINT 152oKlANG 
PRINT 131 

1~1 FORMAT(lH , ·,7HTHE CHAN"EL FlliLO HAS A COR~ECI I AI Ut: /1/l 
PRINT 1r7,h<ll 
KRES=I< 
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ro ~,3 K=L? 
FRIHT 1:2,K, '(Kl,K,BCKl,K,ACKliK,GC'l 

~0-l CONTI~UE 

K~K~ES 

KLING:2 
PRINT lJO•KliNG 
FRINT 1~4 

154 FORHATClH ,?2HPARA~ETERS or 1ST SH!M,//1 
GO TO 4<; 

~0 K=K-2 
JANA=l 
KLAt=l 
KLIC=c 
1\CORihNSHlM·L 
FR!HT 12loNr)Rfl 

1.1 FORI'I.ATclH , ~HCORRECT ICN or ShiM , lj,/11) 
II.=NVc~CCRRl 
GO 10 23 

1~ JF(KLJNG-2l4S,49,49 
~~ CO ~04 K:lo2 

FR!I\T 102oK,,(K),K,BCK),K,RCKl~K,G<•> 
~04 CONTJIIUE 

K=1 
FRII\T 107oH( 1l 
GO TO 97 

4Y PR!I\T 102oK,,(Kl,K,BCKl,K,ACKliK,GC'l 
1\1'=1\+1 
1\<.i=l\+£ 
FR!I\T 101oN.~(Nl,NF.~CI\p),NO,HIN~) 

!F<JANA-1)9 •,97,50 
>7 ISWiTC=£ 

CALL CHAMP 
tO 16 NJ:ld.SO 
~=2•NJ·1 

~CMl=YCI\Jl 
ldM+ll=ll<NJI 

16 CONT IWJE 
I'M=~+l 

I'K=~M 

IFCI\SHI~-1>245,246,246 
<4? PRli\T 171 

FRli\T 113 
l1j FOR~ATC1H ,42X,30HFIEL[ CURVE WITHOUT CURqFCTION•//• 

FRII\T 1°5 
10? FOR~ATC1H •"3Xo1HY,2tX,1HH,//! 

PRII\T 1 '6•CiodMloM=1•1'Kl 
lOt FOR~ATClH .~5X,E14,6,15X,E14,6~/l 
c4t ISWITC=1 

IFCKL!NG·2)~3,95,95 
<;n PRII\T li4 
114 FOR~ATC1H .~BX,3HHFIELC CURVE AFTE~ tST O~DEK CORRE TION,//) 

FRli\T 1 '5 
FRII\T 1 •6.CIH(M),M=1•1'K) 

<,4 If CKLYNG•llh2,62,63 
(:" FRII\T 171 

FRI~T H2 
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1~~ FOR~ATClH .~5X,23HCO~RECT!ON 0~ ?NO ORDtR•//1) 
1\SHII<l•I\SHIM 
KRESt:K+2 
INC=O 
KL=l 
K•K•4 
KLYNG:KLYNG+l 
PRII\T 156oKIYNG 
GO 10 6~ 

t,\ K•K•2 
to KL•KL+1 

IFCKL•NSHIM1)67o67,60 
tl ~•NY(Kll 

1\oN=I\+1 
MM=2•1\N 

td lf(~(~Ml·~(MM•2)l40o4~,69 
t~ MM=~M-2 

GO TO 68 
40 IF(~(~Ml+20.)41.41,4' 
41 1\N=~M/2 

~=NI\•1 

1\SHIM:NSHIM+l 
PR!q 12CoNSMIM 
I\SH=2•NSMIM+2 
RRES=Y<r.Nl 
PRII\T 151oRRES 
I<L=~<~Ml/2, 

IF<~L+1~0.ln4o64,65 
t4 .. L=-lcO, 
t~ FRII\T 157oHL 
1'/ FOR~Al(lH ,AHML=E15.7o/) 

KRES2•K 
A(Kl:O,l 
A(K+l):A(K) 
E!Kl=l, 
ECK+l)•~(K) 

fi(Kl=RR~S 
fi(K+l):fi(K) 
GIK):]Q, 
G<K+l):•G(Kl 
KLAC=l 
KLIC=O 
KLH=O 
L G= ~· 

CELTAG=0.2 
GO 10 ?3 

42 PRII\T 1611 
160 FOR~A1<1H •'·lHIN ni~ REGION t-.0 COf<><ECT!O~ I~ NEl.Es···Af<Yoll 

GO 10 6t 
tl PRII\T H1 
161 FOR~A111H ,•UHIN T .. l~ REGION NO ~ORNE~T!ON I~ POSSI •l~o/l 

1\SHlM•NSHIM-1 
GO To 6f 

tO PRII\T 111 
FRII\T liu 

170 FOR~ATI1H ,35Xo2BHMAGI\ETIC CHA~Nl• PAHA~ET~~S,t/1• 

')3 



CO 3no Kc1,'' 
FRI~T 1 '2•K A<Kl,K,B!K),K,R!KliK.G(,) 

300 CONliiiUE 
Kcl 
f'RI~T 171 
FRI~T 1/2 

~01 KcK+2 
PRI~T 1S2oK.AIKl,K,8!K),K,R(KI~K.G<•l 
IF'<K·t<RES1l lC1.312,312 

312 PRI~T 171 
f'RI~T H2 

31.5 K•K+2 
PRI~T 1r2,K.A(Kl,K,B<Kl,K,R<Kl~K.G(~) 
IF!K-t<RES2ll13o302,302 

JO" PRI~T 175 
17~ F'OR~ATI1H ,38X,38HFIFLt CURVE •FTER 2ND ORDER CORRE TION,I/l 

PRII\T U5 
FRII\T 1:6•<•<Ml,M:1,~Kl 

9Y STOF 
END 

SUBROUTINE CHAMP 
COM~OIIIELCCK11H(180l·YI180),AC40l,bl40l,R<40loG(40l. 
l~oSIG,KLI~C.ISWITC,NSH 

IF< ISidTC-; )8,9,9 
IF<KLING•2l1ol2o12 
J"1 
GO To 14 

U ~B=I\-1 
1"8=1\+2 

<1 ~B=~Il+1 
IF !,!l•MEJ1: ,13,25 

1.1 J:JE 
GO 10 14 

~ JC=r 
10 JC=.C+1 

IF<~C-1801; ,2,25 
<: J=JC 
H HJl=C 

I= U 
24 lc1+1 

i"C=I\S .. 
I F < I -I' C l 2 3 ? 3, 2 ·' 

20 IF< ISidTc·:•>7,H,10 
7 IF!KLING-2 ?5,21,21 
23 H<Jl=H~>• •.•SIG•< 

l·AT~N(!Y!~ -RIIl-A(Illt(G((l•RIII)l 
£+AT AN ( I Y ( ~ 1 - R ( I l +A ( I l l I ( G ( I l • f' I I I l l 
3 +AT AN ( ( Y ( ~ 1- R ( I l- A I I l l I ( G! I l • b I I J ) l 
4-AT.N((Y(~ 1-R!Il+A(IIl/(G!Il•~l II))J 

GO TO 24 
25 RETLRI\ 

END 
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PROGRAM TRIHAR 
t!H~NSICN D~LTAH!6),YY(4),W!3~0l,GGc500l,~Y!100l 
COM~O~/ELCCI':l/H!lBOl.Y(18•),A!OOl,lic60l,R!60!,G! >Ol 
l~,SIG,KLI~G.ISWITC,NSH 

COM~O~/ELCCK2/H0!6l 
CO~HCN/BLOCK3/X!4) 

COM~O~/ELCCK4/HT!6),F!t),NPO!NT 
5000 FRI~T 3997 
~SYt FOR~AT!lH ,_5Xolll//ll///) 

REA[ 3998oNPOI~T 

<9<.Jb FOR~ AT< 15l 
FRI~T 3S99,NPOINT 

.. <S'J~ FOR~AT<lH ,,,LX,31H~ACNETIG C~U>-NF'L I.ALCULAT!l)N II, I ',2Xo6HPOINTSo/ 
1////) 

IF !~PCI~T·314•-.·. ,4001•4002 
4000 STOF 
4001 ~PAh=6 

FRi~T 4'0~oNPAR 
400.l FOR~AT<lH ,:.>4X,l'iHCAI GLLATION F ,J •,2X.52HGf0ME RI Al PARAM~TERS 

lCf A THREE.SLAB CO~FIGLRATION,I////J 

R~A[ 3996,(HC(!Cl,JC=1,6) 
~S'Jc FOR~AT<tE8,4) 

REAL 3996.!X!HAl ,MA=1•3l 
FR I~ T 4 'l 0 4 

4004 FOR~AT<lH •"4X,32HFI~AL CONfli 110'11S iN THRtE POI~·S,_t/1) 
FRI~T 4'05 

400~ FOR~AT!1H ,pX,6X.ltX.I~P0JNT l~l~X.;HPOtNT 2.16Xo7H OINT 3,//l 
PRI~T 4'06.<X!IFJ,JF:1,3l 

4006 FOH~AT!lH .~X.6Hf<AC!LS,13X,b1~;~.1l•,~lj.5,1 X.E~3. ,/) 
Pf<l~T 4 [17, IH; (JA),JP•l,Jl 

4007 FOR~AT!IH ,vX,5HF!Elf•13X,EJJ.~.10X,E13.5•10X,~1'•5 /) 
FRI~T 4 QB,cHr,(Jfl) 1 JF'4,6l 

400-c FOR~AT!lH •'·Xo8HGRADI<=~T.~3X,tl3.5,J.OX,t:lj,5,111X•E1· .~.1/1) 
GO 10 4121 

4002 ~PA~=4 
FRI~T 4'0~.tii'AR 

REAl 3996o!hG!IICl,IIC=1o4) 
REAt 3996o!X(HMAl.~MA=1,4l 

FRI~T 4 ·09 
400~ FOR~AT<lH .~4X.31HFI~AL CONDI!IONS 1N FUU'l Pt!NT:·,/!/) 

FRI~T 4n10 
4010 FOR~AT<lH ,;-X,6X,HX,/~p0JNT 1116Xo!HPOtNT 2.16Xo7H•'OINT 3,16X,7HP 

lCINI 4,//l 
PR!~T 4'1loCX(IAAl,I~A:1,4) 

4011 FOR~AT!1H .~X.6HRA[!LS,13X,~1~;5,1Gx,Elj.~.1 X.E. 3. ,1gX,E13·5,/l 
FRI~T 4'12,(H,.!JAB)olAE:1.4l 

4012 FOR~AT!1H .~X.5HFIELfo13X,E13.~.1QX,E13.5•10AiE1~.5 10X,ElJ,5,///l 
4020 FRI~T 112 

112 FOR~AT!1H .~X.4BHALTCM.TIC COR~ECTI11N AI MIN OISI'N E OF THE SLAB, 
lll 
FRI~T 113 

113 FOR~AT!1H ,HX,21HFIRSI SHIM •·• lOL G.o/) 
PRI~T 114 

114 FOR~AT!lH oHXo17H2~D S~!M ••• ~5G,,t) 
PR!~T 115 

115 FOR~AT!1H ,RX,22H3~D SHM •10•.~ TO t.ERO,/) 
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PRINT 116 6 FORMAT(1H .f\X,4' HJ>.LL NEXT SHIM~ OF 1ST uRDER •5G• 1'' ZERO./) 

I FORHAT<1H ,BXo5~HT~E 2~0 ORDER SHIM~ REuUCE hALF OF THE ~OCAL PERT PRINT 117 

lLRB.T!0~,////1/ 
INC=D 
IT= i. 
!COLNT=~ 
!SW!TC=1 
~=2 
I\SH=3 
~SHIM•O 
~L=-5. 
CELl.t.Y=",5 
CE:LHRs1,2 
Pl=:!.141592f,5 
SIG=21000·/!4.•'1) 
tO S6 NC:loNPAR 
CEL1A~!"O)•A8S(0.1•HO(I\Q)) 

eo CON1 !1\UE 
V!ll•O 
co~ !1=2·1fl0 
Y!ll!:Y!Il-~)+CELT-Y 

3 CONlli\UE 
FRI~T 118 1 8 FOR~AT<1H ,43X,34HtEH:RM!NATl0•' OF 1HE ~.;HANNI:~ FIEL'I,/) 

~Ll~G•l 
PR!~T UO•KLIN( 

1~,0 FOR~.t.TilH ,AHKLING•l~•ll 
J.t.N•=l 
PR!~T l~O,JANA 

1~0 FOR~J>.T<lH .~HJ,,NA=15•///) 
I<LY~G•l 
FRII\T 156oKL.YNI; 

1?6 FOR~AT!1H ,r-HKI.YNGal'ioll 
CO ~1 NA:1,NPO NT 
YY (I\ A) :Y ("A l 

21 CONl!t-.UE 
CJ>.LL !HR 
tO ~2~ ~E=l,NP liNT 
YCNE!•VH!'.El 

<:/? CON1!t'>Ut 
GO 10 1~ 

~"\ ~Lii\G•2 
FRII\T 171 

111 FOR'AT!\H , 5X,////l 
FRII\T 1i2 

112 FOR,AT!1H ,35Xo23HCO~RECT!ON 0~ 1ST ORD~R·/1/l 
PRII\T 130•Klli\G 

~j !Hid~Ml•IJ,l3~o4tlo48 
34 ~M=,M-2 

GO 10 3' 
4<:\ r..M=n"/2 

t-.N=H-~+3 
GO 10 51 

~" IF< Y (18': )•RRE! ·2~, )9~ •56• 56 
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56 IF<~<~HI-W(MM-21157,51,58 
57 !F(~(~MI+10.)59,59,9f 

5ti t'M=~M-2 

GO l 0 56 
59 IF<~S~It'-2>~3.47,47 
4/ KoK+2 
5..1 ~N=nv:? 

5.. ~·N~-1 
RRES:Y(IINl 
JANh2 
K•K+2 
"SHIM•NSHIH+1 
FR!~T 120oNSH!H 

120 FORt'ATI1H ,J2,14H FAIR OF SHIM3,///J 
IISH=2•NSHlH+3 
~Y(~Sf<lt'l=N 

PRI~T 155oN,Y!N) 
l'>'o FOR~AT!1H o2HY(,[3,2t-loE15,1,il 

FRl~T l~l.RRES 
1?1 FOR~ATI1H .~HRRES=E1~-7,//l 
.ol A!Kl:C,2 

AIK+1)•A!Kl 
8!Kl=1· 
E!K+l):~(K) 

R!Kl=RRf'S 
R IK+l)of<(K l 
G<Kl:5, 
G IK•l l =-GO, I 
ENlf.H=HKl+2,1 
KLAC=l 
KLIL='. 
KL H:: 
LG=. 
CELl AF:•l, J? 
CELIAG=l,2 

2.\ CALL CHAMP 
IF(KLAC-1)1~.1?.~5 

12 FR!~T 1 ;?.K,AIKl.K,BIKl,K,RIKioK,GI• I 
102 FOR~ATI1H o2HAio!2,21-l=E12,4,4A,?Hht,[;>,21):t12.~• 

1 4X.2f.R<,l2.2Hl=H<.4•4Xo2HG(,I2.2Hl=F1c. 1,/1 
~P=~+l 

11()=~+2 

Pf<IIIT 1 •loN,H(Nl,NFoHIIPl,NQ,HN'J) 
101 FOR~ATI1H .~HH(, !3,2t-l•E15,J,.•x.-'Htl< ,1..1.21):f:l"· ·, 

1 3Xo2f.HI,l3,2Hl=E15.7•1//l 
KLAC=2 

~-, CO ~5 NL:1, ~ 
IIV=II+~U-1 

lF!~SHIM•5)GQ,27,27 

>0 GO lQ(24,2.~.17l,NSHIM 

IF!JA~A-1)24,24.25 

> IF!JA~A-1>2~,25.26 
11 IF<JA~A-1l2~.2o.27 
~4 IF!AAS<H<IIV>l-1 0,)35.~5.?2 
~~ IF!AAS<HIIIV>l-25.)!5,..15,22 
<:n IFIHI~VI-0,191.91.<2 



~1 IF<I-C~Vl+iu.)22,22,3'5 
2- IFCt-CI\Vl-'1, >92,92.22 
~< IF!~ C~Vl-HU22.22,;!5 
-l:> CONll~UE 

lf<~S~IH-1111•11,1~ 
11 FRHT 1'J2,K,/dKl,K,B!K),K,R(K)iK,G!• l 

~P=~ +1 
~U=~+2 
PRIPT 101,N,H(Nl,NF.~!~p),NQ,HINUl 

GO 10 80 
£< IF (1- (1\Vl•O, 128,15.:29 
£11 !FCC Cl<l-EIITHEF"l7fJ,?O • .S6 
~n G!K;=G!Kl-OtLTAG 

GO lO 71 
£'1 G(K;:GCKl+DH.TAG 
71 G!K•1l=-G!Kl 

LG=l G+1 
GG!lG)cG(Kl 
IF<LG-5123, 12,72 

lc CIFC=G!Kl·Gr;(LG-21 
IF!IBSC[IFG>~G,C05)7~•73,23 

I~ [~LlAG=CELTAG/2. 

IFOFLTAG·O.C1l70,70•23 
IF!ILIC-11176,77,77 

76 IFO (I\)-H(N+2ll18o15·7~ 
lH IF" (I LYNG-1 l !8, 78, 8~ 
ld IF!f !Kl-A(K)~RCK-1)-~IK•1l•D~LTAR)31,~1.89 
~~ R!K =R!Kl•UELTAP 

GO 0 43 
7~ R!K =R!Kl•OELTAP 
4_1 R!K·l)=R<Kl 

KLI<=HIC+l 
GO ·o 44 

I' IF<tLYK-101~9,19,31 
1Y lf<tLYNC·ll-10,3C,7~ 
~ IF"U !Kl-A(KI•RIK-1l·A(K•1l•lJEl TARl3' ,31,75 
7~ A!K =A!Kl+OELTAP 

A(K·l):A(Kl 
G!K =~. 
G(K·1)c-G(Kl 
KLYI =I<LYK+l 

4 •t [ ~L AG = -'. 2 
GO . 0 23 
IF"(I LYNG•lL12,32,61 

.• IIN:IIN+1 
N=NI -1 
1\Y(IISHin=N 
PRII T 1'i5,N,Y(Nl 
RRE~ =Y!IIN) 
FRII T 151,RRES 
INC 11\C+l 
GO 0 37 

eO KLIIIG=l 
JAN. =1 
IF< T-1)38..19.39 

3rl FRII.T 1JQ,KLING 
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Ff!l~T l~r;,J,\NA 

3~ IT=IT+l 
PRI~T 1':3-ll 

l~J FOR~AT<1H .~HIT=I5,/l 
[0 ~1 NFs1,NPOINT 
YY<~F):Y(/Hl 

CONI I~UE 
FRI~T 122 

11~ FOR~AT<1H , OHCALL C~A~P,/1 

CALL CHAMP 
IF<~PCI~T-3199,232,231 

c'l FRI~T 4010 
FRI~T 4 '12, <HT<JPl,JF•1,4) 
GO TO 2~3 

£ ,) ~ p R I ~ T 4 I~ (I 5 
PRI~T 4~Q7,1HT<JR),J~•1,3> 
FRHT 4•QB,CHT(JS),JS•4,6) 

'= '~ CO t3 N~d,f..PAR 
IF <ABS<f-T(NH)·H' (N~l l"[ELTAH(NH) 163 1 83.t!4 

~l CONTJ~Uf' 

GO 10 R5 
F.4 IF<~S~l~·2l~02,2G3,203 
£0< ICOLNT=ICOUNT+l 

FRI~T 123• !COUNT 
l/J FOR~ATI\H , >HICOUNT=I~,/1 
<0j FRI~T 124 
1 4 FOH~ATI1H .~HCALL ITFR,/l 

CALL l TER 
[0 t? NG:1,~POINT 
Y<NG):YY(~bl 

~. CONI I~UE 
t~ IF<~S~l~·2l!04,8H,e8 

£04 IF<ICOU~T·llH8,87,87 

bt ICOLNT• · 
KLI~G=2 
CALL CHAMP 
~P=N+l 

~i.l=N+2 

PRINT 1"l•N.HCNJ,NF,~<~P),NQ 1 h1Na) 
IF<IT·l ')23,32,32 

t~< FRI~T 1~1 

1 1 1 FOR~ATC1H ,,?HTH~ CHAN~EL FIELW ~AS A CuRRFCT VALUE /1/) 
KRE~=K 
c Q ~ 'I .3 ~ : 1 , ;-l 

FRI~T lO?,K,A(K),K,B<K),K,RIKliK.G<•> 
~0~ CONII~Ut 

K•KhES 
!F<~PC!~T-3l99,228,2r9 

, > FRI~T 4'11 
FR!~T 4:12, <HT<JF),JF""1,41 
GO IO ;;>.•n 

i<'t Ff!lq 4 (;5 
FRI~T 4 1 u7.1HT(JGI,JG•1,3J 
PR!~T 4 QB.IHT(JHJ,J~•4,61 

230 KLI~G=2 
P R I~ T 1 .' ,, , K l I N G 
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IF<NS~I~·2>~06,97,~7 
206 FRI~T 151 
1?4 FOR~AT<l' ,22HP~RA~ETERS or 1Sl SHI~,//1 

GO 10 4~ 

50 I<•K·2 
.,AN~=l 

KLAC=l 
KLIC=~ 
~COhRzNS,IM-1 
PRI~T 121•t.cORR 

1~1 FOR~AT<lH ,-9HCORRECTICN or SHIM ,!~,///) 
PI•NY<PICCRRl 
GO 10 23 

1? IF<KLING•2l46,49,4; 
~o tO 304 K:l,r' 

PRI~T 1n2,1<,A(K),K,B<K),K,R<K>~K,Q(~) 
304 CON1111UE 

1<=2 
IF<~PCI~T-3>99,226,2<1 

2 ,; I F R I ~ T 4 •: 1 0 
PRI~T 4c12,<HT<JC),JC•1,4l 
GO 10 Q 7 

2<o FRI~T 4 o5 
PRI~T 4! o7.<HT<Jlll,JP1,3l 
FRI~T 4 Q8,CHT(JE),JF=4,6) 
GO I 0 9/ 

4~ PRI~T 1 2,K,A(K),K,B<Kl,K,R<KliK,G<~> 
~P=~+l 
110=~+2 
PRI~T 1'1•N,H(Nl,NF.~<~p),NO,H,NU) 
!F<.AIIA·1)2 7,2 7,~0 

~01 IF<~S~I~-2>~7.2JB,~OP 
<Ob IF<~S~I~-e>~u.e.s 
8 JF<KLYN<-1>47,97,52 
5~ IF<~S~I~-~SHIH1-7le0.97,97 
91 JSW lTC=< 

CALL CHIMP 
tO lt> N, =1• BC 
1'=2*N~-
~(Ml:Y{tJ) 

~(M•l)=f (1\J) 
J n CON1!11Uf 

I'M=~+l 

I'K=nt 
IF <~Sf.ll -1>245,246,246 

£~5 FRJ~T 1 1 
FRI~T 1 3 

)1-l FORI' AT< H ,42X,30HFII'L[ CURVE "ITHll•·T CUR~ECTION•// • 
FRl~T 1115 

10~ FOR~AT< H ,43X,lHY,2fX,1HHol/l 
FRIIIT 1116d\oi(M),M=b~K) 

10c FORI'AT< H ,.15X,E14,6,15X•E14,,,;n 
<:41.l !SWITC= 

IF<KL!t••;-2!93,95,9~ 
S·, lf<KLYN ;-1)<-,4,54,94 
~" FRI~T 1 '4 
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114 FOR~ATilH ,j8X,38HFifLC CURVE AFTE~ 1ST O~nEh ~O~RE TloN,//) 
PRI~T 1'15 
FR!~T 116dW(M)oH=1•~K) 

~' !FIKLYNG-1162.62,6~ 
U PRI~T 111 

FRI~T 162 
lb~ FOR'ATitH .~5X,2JHCO~RECT!ON Of ?ND ORU~R.///1 

~SHIHl=~S~IM 

KRES1:K+2 
KL=l 
K=K•4 
KL HG•KLYI'IG+1 
FRI~T 1~6oKIYNG 

GO IC 66 
t' I<=K•2 
tr, I<L=KL+l 

IHKL·NSHIM_ )67.67 1 60 
t' ~=NYIKL> 

~N=~•l 

'M=~•I'II'< 
r" IFI~(,H)-~IMH•2)l40o4v,69 

t• 'M=MH·? 
GO IO 6f 

40 IF (loll'"l+2G. )41o41 1 4r 
41 ~N=~I"/2 

N•NN-1 
1\SHU•:NSHIM•l 
FRI~T l~u·N~HIM 
~SH=?•NSH!M+3 

RfH:~=Y I~N) 

FR!~T 1S1oRHES 
1-L=W"Ml/2. 
IFOH.•1 1:.>,,4,64.6~ 

t; 1-L=-1 L'• 
FRI~T 1~7.HI 

J '' FURMATI1H ,.IHHL=1::1~.7•/) 
KRE~l'=K 
HK l :r ,1 
A(Kq):A(K) 
HK >=1. 
EIK+l):HK) 
RIKl=RRFS 
RIK+l):fi(Kl 
G ( K l: 111. 
G(K+J):-r;(KJ 
KLAC=l 
KLIC=-
KL H=-
LG= 
CI'LIAG= ,2 
GO 10 ?~ 

-1-_ FRI~T lU 
J<>O FOR~ATI!H, -1HIN nr~ ~EG!O~~ f,., 'Of<·•f-f:lJO~ I~ If-f::-, At<Y,/) 

GO 1(1 ~t 

f1 F~I~T 1'1 
l''" FOR~ATI1H ,.•HIN ni~ f.EliiOI·· ~' QI.--F~IIO~ I' >n S1 U:,l) 
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f\SHli<I•NSHIH-1 
GO 10 66 

60 FRI~T 171 
FRI~T 170 

170 FOR~AT(1H ,35),28i-H1G~ET!C f:"'ANNE1 PAKA'1F.TERS.I//I 
[ 0 ~ t: J K :: 1 , ,~ 

FRI~T 1 1 2,K,A(~),K,BCK),K,R!KJ~K.GC~) 

300 CONl If\UE 
~=2 

PRI~T 171 
FRif\T 172 

301 K=K+2 
FR!~T 1 2,K,A(~),K,BCK),K,RCKJ~K.G!K) 
!FI~·KRFS1J~U1o312,312 

3i2 FRI~T 111 
PRI~T lf2 

313 K=K+2 
FR!~T 112•K.A(~),K,BCK),K,RCKJ~K.GC•l 
If !~·KR~S2l.113,3(J2,302 

302 FRI~T 171 
PRI~T 175 

1·~ FOR~ATCIH .~8X,38HFIFLC CURVE •FTER 2NU ORUER COKRE .TION,//) 
FRI~T 1r5 
FR!~T 1'6• Oi!Hl .H=l•~Kl 

~~ STOF 

1~ 

END 

S URhtiL T l NE ':HI HP 
[!t-I~NSICN GI.Al 118•;) 
C GM~ 0~ I~ l C C • 1' H C 18 0 l , Y ( 18 I) , A I C> ll J , b 1 6; J , R C b 0 I , G C '' 0 J 

HoSlG,KL[i'<G.!~O.ITC,N~H 
CO~t-'CN/RLO .K; /XC4l 

COM~ 0~ IE L. C C K 4, H T ( 6) , F C t ) , NP 0 li'l 
If C 1S .. ITC·cl8, 9,\1 
lfCKl!NG•2l •c2o12 
A C 1 J = F I 1 l 
EC1l=FC<'J 
AC:O'l:FC'J 
ACJJ:A(~) 

t\2l•F<4l 
t C 3 J •E I;;> 
R!ll=·Aill 
R C 2 J =F < ., l 
RC3J•RC?l 
G (1 J =. 
G12l=Fifl 
GC.5l=-GC2l 
r 0 '; 2 N A: 1 , i·J PI I I N 1 
YINA):XCNAJ 
((IN I I ~U~ 
JA= 
JA=~A+l 

If LA·NFiliNl )· ldl,'>~ 
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11 J•J~ 
GO 10 14 

12 ,s=~-1 
~li=~·~ 

a JB=-B+l 
IF!.B•MEl13.13,25 

13 J•JEi 
GO 10 14 

9 JC:( 
10 .IC=.C+1 

IFI.C•180l2.2,25 
2 .,:J( 
14 HJl:O 

GRAC<~>=o 
I• o 

~4 1~1•1 

~C=~SI-

IFC I·~Cl23,;3,2' 
20 lfCIS~ITC·2l7,1 ,10 
7 lfCKLING-21•9,21,21 
2J 1-CJl=I-C.l+2.•SIG•C 

l•AT~N((Y(J)-R([)•A(Ill/(G(ll•~IIll) 

2+AT~N(CY(vl·RCil+A(Ill/(G(ll•~lll)l 
3 +A H N ( ( Y<, l - R ( I l - AC I l l! ( G ( I ) •H I I l ) l 
4•AT~N((Y(~l-k([)+A(Ill/(G(!>•R1Illl! 

IFC~PCI~T-Sl57,2o,24 
£t> GRAU.>=GRAioCJl+2.•SIG•( 

l• ( G ( I ) • f' ( I ) l I ( I Y ( J l · ~ ( I l • A ( I ) l • * ;:> + ( ;, ( I ) • f ( I ) I* •? I 
2+CG!I)·FCilJ/((YCJ)·f'!Il*A(I)l•*2+Ct,(Il·E(f)1**21 
..I+(GCil+~(lll/((Y(Jl-R!Il•A(l)l••2+!.,(Il+E(f)l**?l 

4 • ( G ( l ) + E ( I l l/ ( ( Y ( J l- f' ( I l *A ( I ) l • * 2 + ( ·, ( I ) + B ( I ) l ** 2 I l 
GO 10 24 

:~ IFC~PC!~T-3>57,59.~8 

~ I s T OF 
~H [0 ~6 NF:1,4 

HC~Eil=Hi'.t<l 
5'. CONll~UE 

GO TO ?5 
~~ ro 60 NC=l.6 

IF(~C-3)61,~1.62 

t1 ~u=~C 
1- T ( ~ C ) : ~ ( ~ lJ I 

GO 10 6 
t · ~E=~C-3 

HC~C)=GRAllrNEl 

tO CONl I~UE 
<:~ RETLR~ 

END 
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SUBhOl.TINE ITER 
~!MeNS JCN HP!4'' l .HFPI200l .~RESI6l ,Ct4,51,1ND~X14l .F< 6) ,0(6,?>• 

llNDE16l 
COM~O"/ELCC!<2/H c6) 
CO~MCN/8LO~K3/Xi4l 

COM~O"/BLCCK4/HTi6),FI6l•NPO!N~ 
.AQRACY=' .1 
CLT.AH1=AAS<0,05•1011ll 
tlT.AH3=.ABS<0.2•HJ(~)I 
[;LTAH4=.ABSI0.2•H i(4ll 
tELl AF=il. OG 
J:H=C.02 
J:PTITA=n,D2 
tGR.AN.A:'J. :)2 
I<EIGHT=<. 
IFI"PCI"T"3l4G4C ·17.18 

11 11=6 
GO 10 423 

Hi "=4 
4cj I<EIGHT=~EIGHT+c.! 

IF O·EIG~T-3. )424 .4:;4,425 
4,.~ FRI"T 180 
lnO FOR~ATI1H ,A9HTH: FA~A~ETERS ~~V~ EKCEEUED T~E LIM! •S•/l 

PRI"T 2.(PIJA).J\=1•tl 
2 FOR~AT!1H .~HA!11=E13.5,2X,5HHI1lRE,3.5,2X,5h.AI2J•E•3·5• 

12X.~HBI21=E 3,5, !X,5~R(2l=E13.~.2X.~HG(~)=E13,5,//I 
IF<"·4l20o227,22> 

<!I PRI"T 4J12oiHTIJ:l,Jf=1,4) 
4012 FOR~ATI1H .~X,5H IELf·13X,E13.~•10X,E13,5•10X•E1v.5 10X,E13,5,///) 

GO 10 2•: 
2~6 PRI"T 4UQ7,<HT<JJ),JP1,3l 

4007 FOR~ATI1H ,vX,5H ·IeLr•tJX,E13,~otOX,E13.5•10X•E1J,5 II 
FRI"T 40Q8,CHT<J:l,JE=4,6) 

4008 FOR~ATI1H ,AX,8HiR.ADIE"T•l3X,~l3.5olOXot13.5·10XoE11,~,///) 
20 SlOf-

4,4 GAP=2. 
4~1 GAP=GAP+Oo5 

IF<G.AF--5,l4:"2,42 '•423 
·~' t!Sl='.o 
i~ [!Sl=C)ST•U.2 

IF ([ IST-1· l42:;,4 !0 1 421 
4~0 F<ll=c.e 

F<2>=HEIGHT 
F I 3 > = :', 4 
P<4l:3, 
F<5>=CIST+P<31 
Pl6l=GAF+PI~l 

4 9~ Pl3l::P(3)+0~RANA 

F<5>=CIST+P(3) 
Ll:!=• 
IF< F I 3 l -2. > 497,4 17,29 

•i<; I I COL NT= 
500 !CO\. NT= ICCllliT+1 

IF< ICCU~T-3 )498 .4~8.4~9 
··~'> CALL CHAMP 

~P!ICCU"Tl=HT(l) 
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IF<ICOU~T·3)701,704,7J~ 
702 t!FrTaHP<ICOUNTl·HP<lCCUNT•21 

IF<ABS<CIFHT)•L,OO~l7U3,7n3.7c1 
70J F<2>=F<2l+DPTITA 

IF<P<~)-3,)497.497,4~9 
10, IF lrT(ll•HO<lll501,501,504 
?0. lFCABS<~TCll•HGll))·[LTAH1152 i5?0·~03 
50S P<l>=FCll•DPTITA 

GO 10 5';0 
':>04 IFCABSCrT(ll•HG(l))·CLTAH1)505f505.?06 
50'5 GO 10 520 
506 PC1l=PC1)+0PT!TA 

GO TO 5 1 0 
520 LB=LB+l 

!FC~·4l4025,4U26,4027 

40,>? STCP 
•0~6 ~PPlLBl=HTC4) 

!FCLB•3l704,705.70~ 
705 tlFrT4~rPPCLBl•HPP(LF•2) 

IFCABSCC!FHT4)•0,005l4~9,499,J04 
704 IFCrT(4l•HOC4ll521,5Ll,524 

521 l~CABSCHTl4l•HuC4))·fLTAH4l53Ci530·~23 
523 !FCFC4l•6,)708,708,4~9 
708 PC4l=PC4)+0H 

PC6l=GAP+PC4) 
GO 10 500 

524 lFCABSCHTC4l•HLC4))·rLTAH4l53~~53Q,~26 
526 PC4l•PC4)•DH 

PC6l=GAP+PC4) 
GO TO 500 

40~7 HPPCLBl•HTC3l 
IF<L8•3l706,707,707 

707 tlFrTJ•HPPCL8)•HPPCLF•() 
IFCABS<CIFHTJ)•O.U05l4~9.499,;~6 

706 IFCHTC3l•H0(3))402S.4U28•4029 
40~8 IF<ABSCHTC3l•HiJC3l )·rLTAiol3l53 't530•'>23 
40?.9 IFCABSCHTC3>•HCC3l)·rLTAH3)53 t5SQ.~26 
':>30 PRI~T 4134 
4034 FOR~ATClH ,43X,35HROLGr APPROXIMATI"N 0~ THE SOL"TI ·N•/Il 

IFC~·4l4035,4o36.4037 
4035 STOF 
403o PRI~T 2.CP<JO),J0•1·f> 

PRI~T 403B 
40~d FOR~ATllH ,:eX,//) 

PRI~T 4~10 
4010 F'OR~4TC1H ,t~X.6X,HX,II-PO!NT 1~16X•IHPOtNT 2·1oX•7H"OINT 3,16X,7HP 

lCINl 4,/1) 
PRI~T 4:12. CHTCJP) 1 JF=l,4l 
GO 10 4139 

4037 FRI~T ?,(P(JQ),JQ=1•fl 
PRnT 4138 
FRI~T 4'105 

4005 F'OR~ATC1H ,flX,6X,HX,/f-PO!NT ti1r>X>1HP01Nf 2·16X•7H"0l"'T 3,/1) 
PRI~T 4 Q7,(HTCJR) 1 J~=1,3l 
PRI~T 4 .oB. CHTCJSl,JS=4,6l 

4039 IT=O 
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e<!B CALL ( HAHP 
IF<~-• l4040,4041,404:: 

4040 STOF 
4041 tO 40•3 JP4=1.4 

C<JF4,5l:HO<JP4l·HT<~P4) 
F<JF4:=ABS<C(JP4,5)/1-0(J1'14ll 

404J CONl HUE 
tO 40<4 JY4=1,4 
(F(F(,Y4l•AQRACYl4044•4044,60 

4044 CONl HUE 
GO TO n 

404~ tO 4U!3 JP6=1•6 
t<JF6,7l:HO<JP6l-HT<~P6l 
F(JF6l•~BS(U(JP6,7)/ .. D(JP6)) 

40.,3 CONTHUE 
tO 40!4 JY6=1,6 
IF<F<.Y6l•AURACYI4054•40!4,60 

40?4 _ CONl HUE 
GO TO 73 

60 IT=IT+1 
!F<IT·22l45k,458,29 

45!l tO e JG=1•N 
looRES< IG>:HTt !Gl 

t; CONl HUE 
K•O 

'i KoK+1 
IF<K-~ >eo.a .12 

80 tF<r-•4l4040,91v,913 
~10 IF<K-~)913,914,914 
~14 P(K+2)•F(K+cl+DELT~P 

~13 P(Kl=F<K>+D~LTAP 
CALL CHAMP 
JI=C 

1.0 JI=JI+1 
(F(JJ•Nl63,A3,11 

SJ IF<N•4l4040,61,82 
81 C<JI,Kl=<HT<Jil-HRES(J()l/DELfAP 

GO TO 1l 
ec [(JI,K>=<~T<Jil•HRES(J!)I/D~LT¥P 

GO TO 11 
lf IF(N·4l4040,911·915 
>11 (F(K-31915,<;16,916 
~lb F<K•2>=P(K+~l-DELT~P 
Sl~ F<K>=F(K)•OFLTAP 

ru 16 JC=1.N 
1-<T<~O>=I-RES<JOI 

t CONTI~JE 

GO 10 9 
1. IF<~·4l404G,4~45,405~ 

404o CALL I ~vERSt C,4, 4,~, 1, INDEX.N~wROR,,.ETEHMl 
K LOt=; 

404b ro 4.'47 J~4"1•"' 
CORf::CT=C(.;M4,5) 
IF<F<w~4)•AHS(CORECTll404A,404~.404t 

404d KLOC=1 
404/ CONl I~ JE 
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IF<ncc-1>4 49,405Q,4o~O 
.. oso ro 4, 51 Jl4=l.N 

C1Jl4i5J:C<JZ4,5J/~. 
40')1 CONTJ~UE 

KLOC=O 
GO T 0 4 '146 

•04~ ro 4, 52 Jli4=l.N 
F<JU4J=F<~U4)+C(JU4•5l/10, 

•O'Jc: CONI J~UE 
F<5l•[!ST+P(3J 
F!6l=GAF+P(4) 
GO 10 R~ll 

"07'> CALL JNVFRS<D,6.6,7•1•lNDE,NERkO,OrlERJ 
KLOC:f 

40'>6 CO 4,.57 Jl't'>=l,N 
CORii =C < ~M6, I) 
JF(F(wMtJ-AHS(CORR)l4J58,4058.4n57 

<~O~b KLOC=l 
40'>1 CONI )1\UE 

IF<KLCC-1)4 59,4u60•4~EO 
4060 CO 4J61 Jl6=l•N 

C<JZ6,7l•C<JZ6,7J/2• 
40o1 CONlJI\UE 

KLOC=C 
GO 10 4156 

407~ tO 4.62 Jli6=l•N 
PIJL6l•P<~Uh)+DIJUE,7l/10, 

40o.:: CONl!I\UE 
GO 10 828 

I~ FR!I\T 15 
·~ FORI'AT<lH ,45X,2.lH501UTJON Of' 7Hf' f-~Ofllt:M·//J 

PERCEII•lQu.•AQ~ACY 

PR!I\T 4l7~.~ERCEN 
4070 FORI'AT(lH ,•8X,10HACCU~ACY =r~:2.tX,AHPt:R CEI\T,/t) 

RETLRI\ 
END 
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c 
c 

c 
c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
c 
c 

SUBhOLT!NE !NVI:RS (~.O!Ml,Nl,fliM?.,NI',!NuEX,NE:RROf<,Q•·TERM) 

~AHD INHflS!ON W!H ACCOMPANI!NG ..,OLUrtJN (;F LINE: R FOUAT!ONS. 
TYP~ !f'ITEGFR DlM1.t:I~2,DlM,I:MAl,PlVr OL.t•!VCOI.l.PlVC··L2 
CIH~NSICN A<DIH1l·I~[I:~!O!M1) 
CAH<LGLNIT=2) 
CE:TI::R:l, d 

~=Nl 

EHA 1 =~+~;> 
[ IH=ll!Ml 
~Mll\l:N-1 

THE RCUT II'<!:' DOES IT~ U~N FVALU•TION FOR OJUflLE SI•BS RIPTING OF 
ARR~Y A. 
FIVLOL=1-CIM 
~AI~ LOCP T•• INVERT THE MATRIX 
CO 11 MAil'<= ,N 
PIVCT:•J,O 
FIVCOL=F!VCOL+DIM 
SE:A~C~ FOR NEXT PlVCT IN COLUM MAl•, 
FIVLOLt=P!V~OL+MAl~-1 

FIVCuL2=PIVrOL +NMH1 
CO £ l=F!VC!iL1.PIVCCL2 
IF!ARS!A!ll>·ABS!PI\CI)) 2,2, · 

1 P!VCT=A!I) 
LP n: I 

<CONII~UE 

IS i-IVOl ClffERE:NT F~O~ ZERO 
IHi-!VOTl .5,1'5,3 
GET TI-l= PIVrrT-LlNE I~U!C4TOR A'O SWAP L!N~S rF NrCE~SAfiY 

J !COL=LPIV·PIVCOL+1 
!NDI:~(MAJI'<)=!COL 

IF!lCCL·HA!N) 6,n,~ 

COHi-LEHENT lHE DETEF~I~ANT 
4 CE:Ttk•·CETE:H 

FOli\TER TC lIN!: PIVCT FOUND 
!COL=!COL-DIH 
FOli\TER TC EXACT P!\Cl LINE 
I3=~A!N·DlH 
CO ~ l=t,EH"T 
ICOL=ICCL+DIM 
13=13+DIM 
St><Ai-=A ( 13) 
A<UJ:A(ICOil 
A( ll.OLJ=S"'Af' 
COH'UTE OET~RH!NANT 

c CET~R=OETEk•PIVOT 
F!VLT=1./P!VOT 
TRA~SFOhH P•VOT COLl~N 
l-l=~IIJCCL•Nt"IN1 
[0 1 I•FIVCrrL.I3 

I A(!l:-A(!)•f'IVOT 
A!PIVCOL1l=~IVOT 
F!VCT ELEI'H1T TRANSfCH~ED 

hUW CCNVERT REST OF THE MATRix 
Il=~AIN-n!H 
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F100IIOUO 
f 1000010 
f-lOQUO~O 

f100llO.SO 
f 1000040 
F100il050 
FlOOIIOC>O 
FlOOfiOIO 
f 100001:10 
F100UO'JO 
F 100li1UO 
F 100fi110 
F100U1£0 
F100ti130 
F1UOU14Q 
FlOOU1~0 

f lOOOH>O 
F lOOllllO 
F100111t:IO 
F100111YO 
Fl00U2UO 
F100il210 
F1000;>£0 
F1 0 0 I) 2.S 0 
Fl000240 
F1000250 
f 10011260 
F1oou21o 
f 1oou28n 
F10011290 
F100li3Un 
F10003lO 
F 10 0 113 ~' 
F100U3.SO 
F10011340 
F1UQ113~0 

F100D36~ 

Fl0003/0 
F1oon3&o 
F10003YO 
F10011400 
f 10011410 
f1U01i4.!0 
F1001l4.50 
f 1001l440 
Fl00fJ4~0 

F100il460 
f1oou4/o 
f 1001141:10 
F100049Q 
f 100il50rJ 
f'1UOU5lU 
f 100115<!0 
f lOOir<;.SO 
f 10011540 
F1U011'5.,~ 



C POI~TER TO PIVOT L!NF ELEMENTS 
ICOL=l•[l~ 

C GENERn COLUMN POI~HH 
CO 1.. I •l.EcMAT 
ICOL=ICCL+D!M 
11=11+DIM 

C FOI~TERS ~OvED 

IHI-~AJN) M•1u.8 
C F!VCT CCLUMN EXCLU[Ef 

d .COL=ICCL+NMIN1 
SioiAF=A(lll 
13=FJVCCL·1 
ro ~ l2:JC0l ,JCOL 
!3=13+1 
All<:l:A(i2l+SWAP•Ail~l 

A( 11 l•SoAP•PlVOT 
10 CONT nuE 
11 CONTI~UE 

C ~OW REARRANGE THE ~ATHIX TO GF1 ~IG~T INVERS 
[0 14 11=1•N 
~Al~=~+1•11 

LPiv=INCEX<MAINl 
IF(LPIV-MA!N) 12,14,12 

1~ ICOL=(LF!V· l•DlM+1 
JCOL:JCCL+NMIN1 
F!VCOL=<MAIN•1l•Ol~+1-ICOL 
ro 13 12=1COL,JCOL 
13=12+P1VCOL 
SioiAP=A < 12) 
Hl<l=A<!3l 

1J A(l~l•SI.AF 

14 CONl J~Uf: 
CEHR~=CETF:R 
~ERf'OR=~ 

RETLR~ 
1':J ~ERhOR=-1. 

CE:HR~=CEH:H 
hRITE<LGU~!T,lL 1) ~A!N 1 MAIN 
RETLR~ 

100 FOR~ATI18~ MATIN1 , ••• , THE ,li0,5lH. CULJMN Of tHl 
1S O~LY ZEROS AT THE ,l10ol9H 1 el~MI ATluNSST~P. l 

END 
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f 10Qtt'560 
FlOQ057n 
F1001l5t!O 
F100115YO 
Fl001160U 
F1000610 
r 100062n 
f 10006.)0 
Fl001t640 
F100U6?0 
F100116b0 
f 1000670 
FlOOilf>t;O 
f 100il6YO 
f 10011700 
f 100il71C 
F 10 0 tl7 2 0 
f100tJ7.)0 
F 10 0 II 7 4 0 
F100li750 
F10007b0 
F10QII7/Q 
F 10011780 
F100U7\IO 
F1000800 
f 10 Q II 81 Q 

F 100fl8~0 
F10Qfl830 
F10Qfi84C 
F100118~0 
f 1000800 
Fl001l8/0 
F10008!:lO 
Fl00118'>'0 
F1001l900 
F10011910 
Fl0011920 
F100U930 
F1001l940 

MATRIX CONTA!Nf100fl9~0 
FlUOIJ9bO 
flOOD9/0 


