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1. SUMMARY -

In the present note computation methods for beam transport systems
design are exposed. The IBM 7040 code, by which the beam 1n_]ect10n system
for the Adone storage ring was designed, is also described.

The name of the program is '"'SYTRAN''.

2. INTRODUCTION -

7 We will consider a beam transport system, consisting of a succession
of bending magnets and quadrupole lenses separated by ''drift spaces''.

The problem consists in the determination of the sets of paraineters
fulfilling the channel requirements.

For a given‘ system, the same properties can be obtained through se
veral sets of parameters without changing the essential construction: within
the several solutions, the one providing the best compromise between prac-
tical requirements is chosen.

Each solution is obtained by means of a computer program giving the
indications necessary for further selection.

The beam can be represented by points of surfaces limited by closed
curves in the horizontal and vertical phase planes.



It is convenient to assume an elliptical shape for such curves becau
se in this case the transformation laws along the channel are simple, and
moreover an elliptical envelope is a good picture of reality.

We will describe only what happens in one phase plane with the as~
sumption that the same is true for the other plane.

We will finally assume the particle motions in the two planes to be
uncoupled, and will-use the "rectangular model” in the mathematical treat
ment of bending magnets and quadrupole lenses.

3, MATRIX NOTATION AND PHASE PLANE REPRESENTATION -

Let s be the c,'urvilinear coordinate along the optical axis of the sy-
stem, and y(s) and y'(s) = dy(s)/ds the displacemente and the slope of a
particle with respect to the s axis.

.~ The representative ellypse of beam equation is then:

(1) W = Xy2+20‘yy'+ﬁy'2 (ﬂ!’~ﬂ(z=1)

For our purposes it is useful to describe the centered ellypse (1)
by means of the three following parameters:(ls 2)

R = a/b "axig ratio'
(2) X =c/b "skew ratio"
‘ W = ab ~ "emittance"

with a,b and c defined in fig. 1.
R and X are related to of f': and )) of (1) through the relations:

R =1/ X =Ty

Acco.rding to Liouville's theorem, W d(')es‘not change along the chan
nel, ' ‘ ‘

Fro‘m (_1) and (2)-it follows that, for a generic value of s, the maxi-
mum values for y(s) and y'(s) are, for a centered ellypse:

v VB = W/
il = VP - Vs
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To evaluate the effects of th’e transport system elements upon the
phase plane ellypses, the matrix method was used in the computation,

A y's)

E,

FIG. 1

Let us assume for the generical element a 3x3 transfer matrix

all(s') alz(s) a13(s)
(4) M = aZI(S) | azz(s) 323(8)
0 0 1

The matrix (4) must be applied to the particle representing vector,
whose components are y, y's Ap/po, and whose values at the input and at
the output of the element are related by the expression:

(4) y' ‘ a a - a 1y

Ap/pg 0 o 1 Ap/p9



A p/po is the percentual momentum difference of the single parti-
cle with respect to the central momentum of the channel.

The elements aji(s) (i,k=1,2) modify the ellypse shape without chan
ging the coordinates of the center; the elements a3, agg (which differ from
zero only for the bending magnets) yield a rigid displacement of the ellypse.

We shall use for the matrices of the drift spacés, the bending and the
quadrupole lenses, the well known expression (for the rectangular model)
that can be found in the literature(3,4,5),

By means of some purely algebraic calculations it can be shown that,
whenever the particle parameters are trasformed according to (4'), the el-
lypse parameters under-go the following trasformations:

-1
a ' 2
22 Xo 2 Xo
=] 224 29 4 +22
R(s) o T2851 %99 Ro T 221 (ROtRg }
(5) a. a | 2
. 12 22 Xo Xo
= L 22 (14 29 4 ==
X(s) R(S){ Re t(l+2a,,ay) Fota a,,(Ro Ro‘)}

and the ellypse center is displaced by a vector A c whose components are:

Ay =a,, Ap/po

(6)
Ay'=ay; Ap/po

g0 that the relations (3) are, more generally:

yx(s) = y(s) + IAy|
max max
(3")
y'X(S) = y'(s) +|Ay||
max max g

4, CALCUL'ATION METHOD AND USE OF THE PROGRAM -

In a transport syStem design the requirements the channel must meet
at its end or at some intermediate section are:

1) - Values of ellypse parameters; ~
2) - Optical properties such as a focus, an image point or first order achro
matism,



3) - Minimum beam envelope;
4) - Maximum resolution in a given section.

From a mathematical point of view, points 1),2),3) and 4), yield a
set of trascendental equations, for the resolution of which a number of pa
rameters not less than the number of equations is needed.

The parameters we have found the most convenient are the quadrupo
le lenses strength and the bending magnets field index,for they have both a
considerable influence on the optical features of the channel and an exten-
ded range of variability,

The solution of the above mentioned non-linear equations system is
found by means of a modified Newton-Raphson method which has the follo
wing properties:

Let P0 be a real solution of a certain equation system.

Starting from a point P so that | P—Po|<(5— (where J is fixed by well
defined theorems(G)) the Newton-Raphson method converges to the solution.

If 'P—Po|> d the method does not converge,

Our modification allows a wider range for § value so that if the im-
proved method does not reach a real-solution one can be sure that the ini-
tial point P has been chosen in the neighborhood of complex solution, In
such a case the computation goes on until the curve defined by the set of
the calculated points crosses the surface defined by the vanishing jacobian,

The modification we have introduced to the Newton-Raphson method
is explained in the following. Let

f,=0(1=1,...,n)

be the system of equations to be solved, P; the generic non solution poi_nt‘ob—
tained at the jth iteration, and A P, the increment computated with non-mo-
dified N.-R. method, by which it should be |

P =P + AP
1 7] ]

We introduce at every iteration, a check function Fj defined by
2
F, = £ (P.)
jo 21 (P |
and a reduction factor o, less or equal to 1, so that, taking

=P Ay ’
Pj+1 Pj o(APj [a]
it follows

P < Fy o | [©]



In the relation [a] the largest value of ol (£ 1), compatible with
relation Lb], is chosen.

‘The quantity Fy vanishes in the case of a real solution, otherwise
it tends to a non zero value,

However we are in_tere,sted only in real solutions and consequently
the initial set of the n coordinates of the point P must be chosen following
a set of experimented rules we think worthwhile to report:

a) - W‘hiéhever the arrangement of the quadrupoles succession, that is dou ‘
blets or triplets, their strengths should be of alternate sign;
b) - the strengths should be chosen so that the focal lenghts be of the same

order of the distances between the lenses;

c) - to match four ellypses (two for each phase plane) at the beginning and
at the end of the channel length L, it is convenient to start from a lens
system having, over the distance in question, an almost unitary transfer
matrix;
in this case the quadrupole initial strengths can be easily evaluated in
thin lens approximation.

A unitary system, such as the one designed, consists of 2p thin len-
ses (p > 2). The effect of a lens doublet and of the corresponding drift spa.
ces is a rotation of each particle by an angle Iu. in the phase plane; M veri-
fies the conditions

,,L < TC
b= ar |
, ‘ q integer > o
For p=2 only one value of q-i‘s_a‘llowed (q=1)

For p=3 two values di q are possible (q=1,2)
More generally the number of possible q values is p-1,

The usefulness of a unltary system is due to the fact that it transfers,-
without changing them (neglecting 224 order effects), the parameters of the
particles and of the ellypses, except for a possible reflection with respect
to the origin in the phase plane, over an arbitrary space L; the only limita
tion on the length L arises from the physical dimensions of the lenses.

On the basis of the above mentioned criteria, it is generally possible
to match any four ellypses, increasing the q value of the initial unitary sy-
stem. In the case one has to change a number of elements greater than 4
(number of equation) only four parameters can be varied a time. Itis pos
sible to-do so because, as stated above, our program calculates and stores
the values of the variables which have decreased the initial quantity = £
also when a real solution is lacking, Coming back to the matching, if we
have six quadrupoles numbered 1-2-3-4-5-6 we will change previously the



lenses 1-2-3-4 and after, for example 3-4-5-6 ones.

Another way is to fix the values for the strengths of certain lenses:
this method is suitable mainly when the lens number is a multiple of four
and the geometric structure is a periodic one (see fig, 2);

| |
IR

1 2 3 4 56 7 8

g(1) = g(5) | g(2) = g(6) g(3) = g(7) g(4) = g(8)
FIG. 2

The esistence of a real solution for a matching problem is a priori
the more probable the greater the q value, but it is not convenient to in-
crease this value beyond the minimum indispensable to get a solution, be-
cause the field strengths in the focusing elements and the 2°%d order chro-
matic properties of the transport system increase with this parameter.

5. PROGRAM DESCRIPTION -

The channel optical requirements yeld a set of trascendental equa-
tions :

(7) f, =0 i=1,2,...,]

and it is in practice important to know the values of the variable parame
ters for which the functions f; are smaller than a prefixed value,

We assume the elaboration is finished when k being an arbitrarily
small assigned value, the following relation is verified

(8) z, fiz<k

Let Xij and Zij be the horizontal and vertical matrix elements for
the part of the system between the initial section and the intermediate one
under consideration regpectively.

In our program the conditions one may impose (not necessarily all
of them) have the following order:



I) v Xll: 0

in every system section, _Conditioh I) has the meaning of a focus;
. v | o
1) X13

| o
111) | X,

The II) and III) represent first order achromatism conditions for ben
ding magnets (see expressions (6));

v) ' V-I=0

where V is intended to be the maximum yfnax(.s) value (as defined by (3')),

in both phase planes, and I is a prefixed value, whose choice will be consi

dered later on. Relation IV) represents the condition for beam envelope mi
nimization, '

V) | 2X12/X13—D =0

where D is a number’ proportlonal to the des1red momentum resolution at
~a fixed beam -section, - :

The I) and V) together realize the required momentum resolution.

Specific values for the total transfer matrix elements THlJ, TVlJ,
- (i,j = 1,2) can be obtalned through the followmg conditions: :

VI) | T‘H,ll-o}11 =0
VII) TH,,-0,, = 0 |
Vi) | TH, -0, = 0
IX) | TV =0
X ’ o ., TVi5- V15 =0
_XI) - S V917 V91 7 0

Specific values for the final parameters of both phase plane ellypses
are reached through the followmg conditions:



XI1) ROI - ROF =

0
XI11) - XOI - XOF = 0
X1V) RVI - RVF = 0
0

XV) | XVI - XVF =

where ROI, XOI, RVI and XVI are the R and X values in the two final pla
nes, evalutated by the computer,

Specific values Oij for chromatic elements of total trasfer matrix can
be reached through:

I

XVI) TH,_ -O 0

13 13

XVII) TH23 —O23

0

Conditions for first order achromatism can be obtained at the same
time in two different beam sections by means of II and III, together with
the following:

XVIII) X13 =0

XIX) Xyq = 0

By means of simple modifications to the program, the choice of dif-
ferent equations is possible,
We shall now examine the program operations in their general lines,

First the following input data are read:

PIPPOT = k (from relation 18)
PULSO =  beam nominal energy (MeV)
E ' =  emittance (m-rad)(*)

X, XPR, Z, ZPR
RO, XO, RV, XV

ellypse center coordinates in the initial phase planes

R and X values in both initial phase planes

(%) - In our computations we can assume for E the same value in horizon-
tal and vertical phase planes, but this is not in general verified.
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ROF, XOF, RVF, XVF = R and X values required in both output phase planes

N = total number of transport system elements (drift
spaces included)

NUMIT _ = upper limit for the number of iterations

NONT = upper limit for the number of partial iterations.

N6 = gequence number for the section in which a focus
must be realized;

N8, N9 = gsequence number for two different beam sections in

which first order achromatism is to be obtained (el-
lypse centers coincident with phase planes origins);

011,012,013,021,023, Vli, V12,V13

MM(I)

= total horizontal and vertical matrix element values
that can be asked for if final ellypses parameters
are not assigned;

,1=1,...,N = indices which describe the succession of the elements
in the system with the following conventions:

MM(I) = 1 for a drift space
MDM(I) = 2 for a quadrupole lens
MM(I) = 3 for a bending magnet

According to the value of MM(I) the program reads the following data:

For drift spaces:
EL(I), length (meters)
For 4-pole lenses:
ELM(I), equivalent magnetic length in the rectangular model

(meters); '

G(I)‘ = k2 . ELM(I) (in thin lens approximation) (meters-l),
pp
where k is the elastic constant of the Hill equation de
scribing the particles motion;

For bending magnets:
EN(I), field index
R(I), radius of curvature (meters)

ALF(I), deflection (degrees)

AC1(I) and AC2(I), trigonometric tangents of input and output .
' edge angles
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Now instructions corresponding to a set of partial computation in
which the total problem is subdivided are given.

For each partial computation the input is:

J number of imposéd equations;'

N1 initial section of the examined part of the channel;
N2 final section of the intermédiate part of the channel,
NS number of the trials to be done

(MUT(1), 1=1,...,J), LIST where MUT(I)......are the labels of the equations
to be solved and LIST assumes the values 1 if the envelope must be cal
culated and 2 on the contrary

KUT(1, 1), I=1,...,J
KUT(,2), 1=1,...,J

KUT(I, NS), I=1,...,J
labels of the variables to be used.

The program attempts fo find a real solution with the first set of varia
bles; if it goes on,it skips the subsequent sets and comes back to the subse-

quent partial calculation, otherwise it repeats the trial with the next set of
variables taking for the initial values the last ones found in the former trial.

When all the conditions are fulfilled one can attempt to solve the pro-
blem of minimizing the beam envelope,

To this aim in our progfam we adopt a method which although it does
not calculate exactily the minimum envelope nevertheless it avoids the use
of the Lagrange's multipliers, ‘

The method used is the following:

a further equation, T(4) and a further variable adopted; this equation fixes
the maximum value of the envelope along the channel, The initial value that
may be assigned is the one the channel has with the last values. Successi-
vely one tries-to decrease this value clanging the variables.

If a real solution is found one goes on with the attempt until a non real
solution is found, and then takes the last real one.

We shall now give a partial input example.

Suppose. we have chosen:
J =4 N1l =1 . N2 = N NS =2

MUT(1) = 12 MUT(2) = 13 MUT(3)=14  MUT(4) =15
LIST =2
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4
4

KUT(1) = 3 KUT(2) = 2 KUT(3)=5 KUT(4)
KUT(1)=1 KUT(Z)??} ’ » KUT‘(?:):Z : KUT(4)

In this case the choice of equations represents an ellypse matching
‘problem to be solved by the variables 3-2-5-4 in the first try, and by the
variables 1-3-2-4 in a successive try; the imposed LIST value means that
the print out of the channel envelope is wanted. '

If in a next intermediate computation we assume

J =6 Ni=1 N2 ='N NS =1
MUT(1)=12 MUT(2)=13 MUT(3)=14 - MUT(4)=15 MUT\(S)'=2 MUT(6)=3
LIST = 2 |
KUT(1)=3 KUT(2)=2 "KUT(3)=5 ~ KUT(4)=4 KUT(5)=6 KUT(6)=17
this means that the program tries to solve also the equations 2 and 3 (1St
order achromatism at the n8th section) using also variables 6 and 7.

When the input data are read and printed, the program executes the

following instructions: (see block diagram A)

- Starting from the initial section, it calculates the matrices of all the chan
nel elements, employing initial values parameters (point 1 of block diagram
A) :

- It executes matrix multiplication, obtaining the two transfer matrices from
the initial to a general section (point 2 of block diagram A).

- For each of them it calculates the coordinates of the center of the ellypse
and the associate R and X values, by applylng (4) and (5) to the initial values
(point 3 of block diagram A),

- It compares the actual beam envelope values with previous ones and me-
morizes the largest (point 4 of block diagram A).

- It verifies if the parameters relative.to the section must satisfy some
equation and, if so, it memorizes their values (point 5 of block diagram A).

- At the final section the assigned equations memorization is complete (point
6 of block diagram A).

- - It calculates the quantity (point 11 of block diagram B):

FUN3 = S_'fizv

- It takes initially (point 3 of block diagram B):

‘ PIPPO = FUN3
and prints its value,
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- It calculates the jacobian of the equations system - In order to perform
thig calculation, it slightly increases each of the parameters in turn
(point 5) and calculates again the functions (path '1-2-4-5-1 of the block
diagram).

At the end of the channel it calculates the incremental ratios of the
J functions relative to that parameter and treats them as derivatives.

- At this point the program has memorized the values (calculated for the
initial values of parameters) of the functions and of their first derivati-
ves and can apply Newton-Raphson's method, to solve the equations.

- Tt calculates (point 6) the increments to be given to the parameters and
" the new values for these (point 7).

- It comes back to point(1l) substituting new values for the previous ones.

- Afeter point (8) it compares the calculated FUN3 value with the previous
one (memorized as PIPPO).

- If FUNS3 is less than PIPPO (point 9), it puts PIPPO=FUN3, prints its
value and performs a new iteration with new values for the variables; if
FUN3 is greater or equal to PIPPO (point 10), it follows again the path
(7-1-2-11-8-10-7) with half-values for the increments and examining,

~at the end, if FUNB% PIPPO. If FUN3 > PIPPO, path (7-1-2-11-8-10-7)
is followed again (always with half of the preceding values of increments)
and, if after a number of loops the same result is found, partial elabora-

"tion is stopped and the program marks that no real solution is in the nei-
ghborhood of the chosen initial set, and goes on varying a new set of va-
riables, or solving another set of equations.

If FUN3 <« PIPPO a new iteration takes place.

After a number of iterations two cases are possible:

a) FUN3 becomes less than k., This means that a real solution (from
a practical point of view) has been found

If the T(4) (or T(5)) equation is among the satlsfled equations the
program tries to decrease the I (or D) value (see IV or V equatlons) other
wise it goes on varying another set of equations.

b) When FUN3 does not decrease below the previous valu‘e, the com-
putation goes on in the manner described.

The points of the block diagram, Where our method differs from the
usual Newton-Raphson one are:

1) - the ¢omputation of the quantity FUN3 = fiz and the comparison of
the actual to the precedent value (points 11, 8, 9).

2) - the multiplication of the increments computed by Newton-Raphson me -
thod by a factor less than one if the comparison between two subsequent
FUN3 values is unsatisfactory.
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Besides the general block diagram, we referred to up to now, the
one relating the matrix computations more in detail is presented.

Then we want to show an example of a four ellypses matching over
a length of 20 meters, the initial values of R and X being assigned, toge-
ther with the final ones to be realized. The computation is performed using
six lenses and it goes through the following steps:

1) - The program tries to solve equations 12, 13, 14 and 15 using the Gs
of the lenses 1,2, 3 and 4, without success,

2) - It tries to solve the same equations with the G of the lenses 2, 3, 4 and
5 with a full success. ,

3) - It adds the equation 4 to minimize the envelope, and it gets a total fai-
lure at the first iteration, by means of the lenses 1, 2, 3,4 and 5.

4) - It tries to solve these five equabtions using the lenses 2,3,4,5 and 6;
four solutions are fouind: for each of them the beam:envelope is minimi
zed by ang amount of 5%. At this point horizontal and vertical envelopes
have about the same value, ’

5) - The last trial to low the beam envelope is insuccessful.

We want finally to mention briefly the meaning of the quantities given
in the output.

G(I) is the variable value, that is quadrupole strength or the field in-
dex of the magnet,

CAl,...,CAn, are the values of the constant k in the Hill equation,
corresponding to the strengths G(I) and to the magnetic lengths ELM(I).

GRADI1,...,GRADn, are the values,. in Wb/m , of the field gradients
in the lenses, corresponding to the lengths ELM(I), for the value. PULSO
(MeV) of the nominal energy. : '

The meaning of the numbers under the title "Inviluppo del sistema"
Delta energia...., is the following:

DELTA ENERGIA is the energy spread for which the beam envelope is com
puted.

After this title, the numbers are collected in groups formed by three
lines of data; every group corresponds- to the output section of the general
element., The first two numbers of eachfell refers to the radial plane, the
two others to the vertical one, and the last number individuates the element
1n the succession (for the first one, also data the 1nput section are printed).

~For each group of three lines and two columns the numbers represent
the following quantities:
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st ’ ‘
1 line R and . X . see relation (2)
pnd v " ' y and y! see relation (6)
3rd " yfnax and y;’I)iaX see relation (3')

The values of R and X at the output of the last element, for the case
of zero energy spread, must be equal for the values requested by equations
12, 13, 14 and 15, P '

In the numerical example showed in the following we have:

Orizontal plane Requested value Computed: value
R : . 8694462 ..8694463
X . 6536449 ' . 6536449

Vertical plane

R . 1416358 . 1476358
X . 8999918 . 8999917
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P5=0

PY = 0

¥
" THu" " 'll

v, i = 1]

&

Knwi

10=10+1

L=

L = MM(IO)

1Ayl

v

il

bending matriceq

Ayl fivyl

drift space matrices

Il A v

A

“"

quadrupole matrices

-

I x”n =||A”[| -||'rn”|| ROI=ROI(XU, RO, X0) Rv1=1w1(z“, RV, XV)
Il z,”|| =|v, j|| ] TV, j|| XOEXOI(X, |, RO, XO) xv1=xv1(zu, RV, XV)
. ¥
Y.
XI”“XU' Ap) m 21=21(z“. Ap) - xmm‘axmax(ROI, XOI1, X1)
XPRl=g(X“,Ap) zmu=zpm(4iJ,Ap) Xp___ =XP_ - (ROI XOI, XPR1)
z =Z - (RVI, XVI, Z1)
max max
ZPR__ _=7ZPR: - (RV1,XVI, ZPR1)
max max
BLOCK . DIAGRAM A
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f1 = Xll —p RIS=2X12/X13

DISP2=X13

ENRIETE
" Tvij" = "Zij "

N

>PS

f4 = V-1

15 = (2. Xy9/X13)-D

6 = TH11-011

£7 = TH12-012

f8 = TH21-021

19 = TV11-VE1l

£10=TV12-VE12

f11=TV21-VE21

f12= ROI-ROF .

£13= XOI-XOF

fl4= RVI-RVF

| £15=XVI-XVF ¢
f16=TH13-013

£17= TH23-023

ROS = RIS

¥

KIP = 1

!

BLOCK DIAGRAM A
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PIPPO
PIPPOT

KOP=2

OuTPUT

KOP=4
h = 1
CHANNEL
AND
KOP=1 FUNCTION
COMPUTATION
m = m+l
<]
ARIABLES\ [VARIABLE'S
' INCR, AND
INDEX DERIVATIVES
conTrROL [ |COMPUTATION
=j

A x;
INCREMENT

COMPUTATION

PIPPO=FUN3

®__

\

- yi’xi+h'0 X,

BLOCK DIAGRAM . B

PIPPO=FUN3




PARAMETRI DEL SISTEMA
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RF= 0.86944620D 00  XF= 0.653644900 00

1L TRATTD DRITTOeseee No 1 01
2 QUADRUPOLOD . « No 1 0.730000 00 0.200000 00
3  TRATYO DRITTOecees No 2 0.10000D 01 .
4 QUADRUPOLD - cevee No 2 <eee =0.730000 00 0.200000 00
8  TRATTO DRITTOceceas No 3 oeoe 0.56667D 01
& QUADRUPOLO  eesee Ne 3 eees 0.730000 00 - 0.20000D 0O
7  TRATTO DRITTDseceas No & ocee 0.100000 0}
8 QUADRUPDLO  eseea Ne & s0ea —0.730000 00 0.20000D 00
9  TRATTO DRITTOcceee No 5 ceee. 04566670 01 .
10  QUADRUPOLD . «seee No 5 seee 0.730000 00 0.200000 00
11  TRATTO DRITTO.eces Noe 6 soee 0.100000 01
12 QUADRUPOLD evace Ne & ooee -0.730000 00 0.200000 00
13  TRATTO DRITFOuceceo No 7 oseee 04283330 OL
IL CANALE INIZIA ALLA SEZIONE © E TERMINA ALLA SEZIONE 13
EQUAZIONI IMPOSTE VARIABILI
EQ{12) VARL 1)
EQU13) VARL 2)
EQ{14) VAR( 3}
EQ(15) VAR( &)
ORIZZONTALE RI= 0.100000000 02 XI= 0.
VERTICALE RI= 0.100000000 02 XI= O. RF> 0.147635800 01
ERRORE INIZIALE= 0.25371700D 02
1 ITERAZIONE ERRORE= 0.1561701D 01
2 ITERAZIONE ERRDRE= 0,1372540D 00
3 ITERAZIONE ERRORE= 0.13670980 00
4 ITERAZIONE ERRDORE= 0.13625600 00
5 ITERAZIONE ERRORE= 0.1355755D 00
&6 ITERAZIONE ERRORE=.0.1351265D 00
T ITERAZIONE ERRDRE= 0.13502370 00
8 ITERAZIONE ERRORE= 0.1350048D 00
9 ITERAZIONE ERRDRE= 0.1349452D0 00
10 ITERAZIONE ERRORE= 0.1349374D 00
NON CONVERGENZA
F{12) = 0.137118750 Q0 Gt 1) = 0.482763650 00
FU13) = 0.136675460 00 Gf 2) =-0.62544570D 00
Fl14) = 0.,30002957D 00 Gl 3) = 0.70436017D.00
FL15) = 0.85454130D-01 Gl 4) =~0.69781965D 00

MAX.INV.ORIZ2. = 0.19493581D-01

MAX. INV.VERT. = 0.12198424D-01

EQUAZIONI 1MPOSTE VARIABILI
EQ(12) VAR( 2)
EQ(13) VAR{ 3}
€Q(14) VARL &%)
EQ(15) VAR( 5)

ORIZIONTALE
VERTICALE

RI=
Rl=

ERRORE INIZIALE=
1 ITERAZIONE

2 ITERAZIONE
3 ITERAZIONE

CONVERGENZA

F(1r2)
Fl13)
F(14)

0.10000000D0 02 XI= O.

0.10000000D 02 XI=

0.13493740 00

2=0,12144655D-07
=-0,372174320-07
*-0.3054071L60-07

0.

ERRDRE= 0.1797517D-02
ERRDRE= 0.26292650-06
ERRDRE= 0.3808116D-13

F{15) = 0.18872147D-06

MAX. INV.ORIZZ. = 0.19845683D0-01

= 0.4827636D
2-0,62687260
= 0.7178474D
2~0.69520500
= 0.7434930D
=-0.7300000D

OO0

00
00
00
00

00

CA
-CA
CA
CA
CA
CA

PV D W

2) =-0.62687255D 00

3) = 0.71704736D 00
4) =-0.69520500D0 00
5) = 0.74349299D0 00

MAX.INV.VERT, =

= 0.1553647D 01 ‘GRAD. 1 = 0.4023030D
=-0.1770413D 01 GRAD 2 = 0.5223938D
= 0.18945280 01 GRAD = 3 = 0.5982061D
=-0.18644100 01 GRAD 4 = 0.5793375D.
= 0.1928073D 01 GRAD 5 = 0.6195775D
=-0.1910497D 01 GRAD 6 = 0.60833330

RF= 0.869446200 00
RF= 0.14763580D 01

0.129566280-01

Xfe 0.899991800 00

XF= 0.65364490D 00
XF= 0.89999180D. 00
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ULTIM] PARAMETRI DEL SISTEMA

TRATTO DRITTO.000s No
QUADRUPOLD  sssee Neo
TRATTO DRITTO.esee Neo
QUADRUPOLD  saese Na
TRATTO DRITTOeesee N.
QUADRUPOLOD  sesvas Mo
TRATTO DRITTOwcese Neo
QUADRUPOLO  weese No
TRATTO DRITTOwsaes No
10 - QUADRUPOLD © seeas No
11 TRATTO DRITTO..se. Ne
12  QUADRUPOLO  ssase Neo
13 TRATTO DRITTO.esws No

OE NN

EL CANALE INIZIA ALLA SEZIDNE O

-0tV D DWW N A

EQUAZIONI IMPUSTE

€Q(12)
€Q(13)
EQ{14)
EQL15)
EQ( 4)

essae

ORIZZONTALE Rl= 0.100000000 02

VERTICALE

ERRORE INIZIALE= 0,98462790-06

1 TTERAZIONE
NON CONVERGENZA

F{L21 = 0.91158270D0-05
FU13) =-0.26247213D-0%
Fl14) =-0.21070993D-03
F{15) = 0.11718373D0-03

FU.4) = 0.99225686D-03

MAX.INV.ORIZL. = 0.1984

R1= 0.10000000D0 02

0.28333D 01

0.48276D 00 0.200000

0.10000D 01

~0.62687D 00 . 0.20000D

0.566670 01

0.717850 00 ©0.20000D

0.100000 01

-0.69521D 00 0.20000D

0.56667D O}

0.74349D 00 - 0.20000D

0.100000 01

-0.73000D 00 0.20000D

0.268333D 01

VARL
VAR{
VAR
VAR{
VAR(

XI= 0.
Xi= 0.

ERRORE= 0,9845959D-06

Gl
Gl
Gt
Gl
Gl

5656D-01

EQUAZIONI I[MPOSTE

£Ql12)
EQ(13)
EQ(14)
EQL1S)
EQ( 4)

ORIZZONTALE RI= 0.10000000D. 02

VERTICALE
ERRORE INIZIALE= 0.984%

ITERAZICONE
ITERAZIONE
ITERAZIONE
ITERAZIONE
ITERAZIONE
ITERAZIONE
TTERAZIONE

wNE VS WN

CONVERGENZA

Fl12) = 0.745261910-07
F(13) =-0.254007080-07
F(l4) = 0.23765063D-07
F(15). =-0.511503180-07
Fl 4} =~0.160617690-09

MAX.INV.DRI12Z. = 0.1885

1 = 0.4829406D 00
2 2-0.62008720° 00
3 = 0.72319950 00
4 =-0.69993900 00
5 = 0.7477614D 00
6 =-0,74902430 00

oo0ano

5959D-06

RI= 0.10000000D 02

1) = 0.48294061D
2} =-0.626930500
3) = 0.718037140
4) =-0.695263480
5h 2 0.743491950D

00
00
00
00
00

00
00
00
00
00
00

VARIABILI

€ TERMINA ALLA SEZIONE 13

RFa D.B6944620D 0O
RF= 0.147635800 01

MAX.INV.VERT. = 0,12956627D-01

VAR(
VAR(
VAR{
VARL
-VAR(

Xi= 0.
XI= 0.

ERRORE= 0.7837485D0-06
ERRORE= 0.7426334D-06
ERRORE= 0.60280990-06
ERRDRE= 0.4485638D-06
ERRORE=. 0.2998656D-06
ERRORE= 0.50983960-07
ERRORE= 0.9380508D-14

33990-01

ca
[}
CA
CA’
CA
ca

2) =-0.,620087220
3) = 0.72319953D
4) %-0.699938950D
5) = 0.747761410
6). =~0.74902426D

00
00
00
00
00

2
3)
4)
5)
6)

VARIABILL

RF= 0.86944620D0 00 XF= 0.653644900 00
XF= 0.899991800 00

RE=

0.14763560D 01

MAX.INV.VERT. = 0.130797570-01

= 0.15539310 01
2-0.17608060 01
= 0.19015780 01
==0.18707470 01
= 0.19336000 01
=~0419352320 01

GRAD
GRAD

"GRAD
GRAD

GRAD
GRAD

SR WA

0.40245050
0.5167394D
0.60266630
0.58328250
0.62313450
0.6241869D

XFa 0.65364490D 00
XF= 0.899991800 00

o1

o1
o1
1]}
(12}
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ULTIMI PARAMETR! DEL SISTEMA .

0.,268333D 01 .

0.48294D 00 0.200000 00
0.100000 01
-0.620090 00 - 0.20000D 00
0.56667D 01

0.,72320D0 00 0.20000D0 0O
0.100000 01
~0.69994D 00 04200000 00
0.56667D 01

0.74776D 00 0.200000 00
0.10000D 01
~0.74902D 00 0.20000D 00
0.28333D 01

TRATTO DORITTOesees
QUADRUPOLO '
TRATTO DRITTO.0sss
QUADRUPDLO essaa. Neo
TRATTO DRITTOcesae Ne
QUADRUPOLO evess No
TRATTO DRITTOeeasa No
QUADRUPOLO eseane No
TRATTD ORITTDecane

10 QUAORUPOLD enees No .
11 TRATTO DRITTOsecee
12 QUADRUPOLO
13 TRATTO DRITTOcucae

WDt W

N T VMWD DWW -

ERRORE IN{fI1ALE= 0.9846275D-06

1 ITERAZIONE ERRORE= . 0.9012828D-06
2 ITERAZIONE ERRORE= 0.78855430-06
3 ITERAZIONE ERRORLE= 0.6820066D-08
4 ITERAZIONE ERRORE= 0.62188490-06
S5 ITERAZIONE ° ERRORE= 0.48356920-06
& ITERAZIONE ERRORE= 0.3396842D0-06
7 ITERAZIONE ERRORE= 0.1905789D-06
8 ITERAZIONE ERRORE= 0.29368050-07
9 ITERAZIONE ERRORE= 0:4744991D~-13
CONVERGENZA
F{12) =-0.65486903D-07 G( 2) =-0.61321343D 00
Fil3) =-0.155084200-06 . G( 3) = 0.7287L176D 00
F(14) = 0.13821606D-06 G{ 4) =-0.70532144D 00
F(15) =2-0.256460710-08 : Gl 5) = 0.752270850 00
Fl 4) =-0,76449782D-10 Gl 6) =-0.76920195D 00 )
MAX.INV.ORIZZ. = 0.17861115D0-01 MAX. INV.VERT, = 0.13210448D0~01
G. 1 = 0.4829406D 00 CA 1 = 0.1553931D 01 GRAD 1 = 0.4024505D 01
G 2 =~0.61321340 00 CA 2 =-0.17510190 01 GRAD - 2 = 0.5110112D 01
G .3 = 0.7287118D 00 CA- 3 = 0.1908811D 01 GRAD 3 = 0.6072598D 01
G 4 =-0.7053214D 00 CA .4 =-0.1877926D 01 GRAD 4 = 0.5877679D 01
6. 5.= 0,75227090 00 CA 5 = 0419394210 01 GRAD = 5 = 0,6268924D 01
G 6 =-0.T76920190 00 CA 6 6= 0.64100160 01

2-0.1961125D 01 GRAD



ULTIMI  PARAMETRI DEL SISTEMA

0.752270 00
sees 0.100000 01
veva —0.76920D0 00
0.283330 01

10 - QUADRUPOLD. . 0.200000 00
11 TRATTO DRITTOescao Neo
12 QUADRUPOLU  <aees No

i3 TRATTO DRITTOceass No

1 TRATTO DRITTOcease 1 seee 0.20333D 01
2 QUADRUPOLO 1 ceae 0048294D 00 0.20000D 00
3 TRATTO DRITTOceone 2 seses. 04100000 01
4 QUADRUPQLD eeess No 2 2eee —-04461321D0 00 0.200000 00
-] TRATTO DRETTDeesee No. 3 eaee 0.56667D OL .
[} QUADRUPOLD eesse No 3 eeee D.T72871D 00 - 0.200000 0O
7 TRATTO DRI¥TDeasas Ne 4 sees  0.100000 01
-] QUADRUPOLOD eenss No & veoe =0.705320 00 0.200000 00
9 TRATTO DRITTOasees No 5 cvee 0.56667D 01
"5

6

6

7

0.200000 00

eessw

ERRORE INIZIALE= 0.984627T7D-06

1 ITERAZIONE ERRORE= 0.7811924D-06

2 ITERAZIONE ERRDORE= 0.6561114D-06

3 ITERAZIONE ERRORE= 0.5668963D-06

-4 TTERAZIONE - ERRORE= 0.4986000D-06

5 ITERAZIONE ERRORE= 0.4355948D-06

6 ITERAZJONE ERRORE= 0.3740094D-06

7 ITERAZIONE ERRDRE= 0.34282570-06

8 ITERALIONE . ERRORE= 0.2743229D-06

9 ITERAZIONE ERRORE= 0.1948111iD~06

10 ITERAZIONE ERRORE= 0.1195118D-06

11 {TERAZIONE ERRORE= 0.1833192D-07

12 ITERALZIONE ERRORE= 0.13586040-12

CONVERGENZA

F{121 = 0.17537517D0-06 Gi 2) =-0.60629779D0 00
F{13) = 0.60570879D-07 G{ 3) = 0.734677000 00
Fll14) =-0.31065193D-06 Gl &) =-0.71169792D 00
F(15) = 0.702174500-07 Gl 5) = 0,75712968D0 00
Fl 4} = 0.17572301D-09 Gt 6) =-0.791091990 00

MAX.INV.ORIZZ. = 0.168688310-0L MAX.INVL.VERT. = 0.13352363D0-01

GRAD

G 1 = 0.4829406D 00 - CA 1 = 0.1553931D 01 1l = 0.4024505D
6 2 =-0.6062978D 00 CA 2 =—0.1741117D 01 GRAD 2 = 0.5052482D
G 3 = 0,73467700 00 CA 3= 0,1916608D O1 GRAD . 3 = 0.61223080
6 4 =-0.7116979D 00 CA 4 =-0.1886396D 01 GRAD 4 = 0.5930816D
G 5 = 0.7571297D 00 CA 5 = 0.1745674D 01 GRAD 5 = 0.6309414D
6 6 =-0.7910920D0 00 CA 6 =-0.1988834D 01 GRAD 6 = 0.6592433D

01
1)
o1
o1



ULTIML PARAMETR] DEL SISTEMA

esss 00283330 01
eess 0.48294D DO 0.200000 00

TRATTO DRITIOewass No 1

QUADRUPOLO veses No 1

TRATTO DRIT¥TOeeeee Ne 2 ceae 04100000 O}

QUADRUPOLO sseee Noe 2 weew ~0.606300 00 0.200000 00

TRATYO DRITTOeense No 3 sces 0.56667D 01

QUADRUPOLO sveso No 3 coue 0.73468D 00 0.200000 00

TRATTO DRITTO0ueees Ne 4 s... 0.100000 01

QUADRUPOLO waveo Ne 4 su00 =0.71170D 00 0.200000 00

TRATTO DRITTOccnca Ne 5 wess 0.56667D 01

QUADRUPOLO esaee Ne 3 ..., 0.757130 00 0.200000 00
© TRATYO DRITTOevece Na 6 .... 0.100000 01}

QUADRUPOLD 6 «ses =0,791090 00 0.20000D0 OO

TRATTO DRITTOeeoss T aves 0.283330 01

Lo
WNFEFOOB~NEW&WwN ™

ERRORE INIZIALE= 0.9846283D-06

1 ITERAZIONE ERRORE~ 0.8077269D-06
2 ITERAZIONE ERRDRE= 0.71963900-06
3 ITERAZIONE ERRORE= 0.66935340-06
4 ITERAZIONE ERRORE= 0.62210490-06
5 ITERAZIONE ERRORE= 0.55920720-06
6 ITERAZIONE ERRORE= 0.5101308D-06
7 ITERAZIONE ERRORE= 0.4474828D-06
8 JTERAZIONE ERRORE= 0.38793810-06
9 ITERAZIONE : ERRORE= 0.3505611D-06
10 ITERAZIONE ERRORE= 0.2671559D-06
11 ITERAZIONE ERRORE= 0.1876188D-06
12 ITERAZIONE ERRODRE= 0.10177790-06
13 ITERAZIONE ERRORE= 0.1157141D-07
14 ITERAZIONE ERRORE= 0.1362811D0-13
CONVERGENZA
F(12) = 0.839300090-07 Gl 2) =~0.599323340 00
FU13) =-0.21041769D-07 G( 3) = 0.74129946D 00
Fll4) = 0.55870765D-07 Gl 4) =-0.71960669D 00
Fl15) =-0.549503920-07 Gt 5) = 0.76255739D 00
F( 4) =~0.138558170-09 Gl 6) =-0.81580718D 00
MAX.INV.ORIZZ. = 0.158765460-01 MAX.INV.VERT. = 0.13512780D-01
G 1 = 0.4829406D0 00 CA 1 = 0.1553931D 01 GRAD 1 = 0.40245050 01
6 2 =-0.5993233D 00 CA 2 =-0.1731074D 01 GRAD 2 = 0.49943610D 01
6 3 = 0.7412995D 00 CA 3 = 0.19252270 01 GRAD 3 = 0.8177495D 01
G 4 =-0.7196067D 00 CA 4 =-0.1896848D 01 GRAD - 4 = 0.5996722D 01
G 5 » 0.7625574D 00 CA 5 = 0.1952636D 01 GRAD 5 = 0.6354645D 0}
6 & =-0,8158072D 00 CA 6 =-0.2019662D 01 GRAD 6 =

0.6798393D 01
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GDNREWN -

ULTIMI PARAMETRI DEL SISTEMA

TRATTO DRITTOseass

QUADRUPOLO

TRATTO DRITTDescese

QUADRUPOLO

QUADRUPOLO
TRATIO ORITIO..
QUANDRUPDOLO o
TRATYO DRITTO..
QUADRUPOLO

QUADRUPOLO

LEX NN}
TRATIO DRITTO. e

LR X
LN )
LA R KR
TRATTO ORITTOvaswe

TRATTO DRETTOcases

Y- . VRN S R R R g

0.28333D
0482940
0.100000
0.5992320
0.566670D
04741300
0. 100000
0.7194610
0.546670
0.76256D
0,10000D
0.815010
0.283330

0.200000 00
0.200000 00
0.200000 00
0.200000 00
0.200000 00

0.200000 00

INVILUPPD DEL SISTEMA @ DELTA ENERGIA= 0.

0.1000000D0 02
0.
0.1000000D-0%

0.1000000D0 02
0.
0.10366830-01

0.33561250 00
0.
0.10926870~01

0.33561230 00
0.
0.152649%20~01

0.6543185D 00
o‘
0.15407500-01
0.65431850 00
-0.
0.6686134D-02
0.12060150 00

e
0.79342280-02

" 0.12060150 00

0.1%518236D-01

0,18719510 01
~0.
0.15876550-01

0.48719519 01
-0«
0.5068774D-02

0.85982400 00
~0e
0.52289320-02

0.85982400 00
-0.
0.76425390-02

0.86944630D 00

0.76446030-02

0.86944630 00

0.
0.3688974D0-02

O

D - -
0.10000000~02

0.27333330 01

0.
5.10000000-02

0.19734390 Ot

[+ 2
0.5458596D~02

0.27734390 01
0.
0.54585960-02

~0.3086490D 01
~0.
0.3969358D~-02
0.15801770 01
~-0.
0.39093580-02
0.86294000 00
-0
04910591 70-02

0.16629400 01
~-0.
0.9105917D-02

-0.66091660 O1

Q.
0.23112810-02

~0.11424990 01

0.
0.23112810-02

0.12694920 01
-0.
0.34103210-02
0.2069492D 01

-0.
0.34103210-02

-0.2079688D 01
0.
0,33913970-02
0.6536449D 00

0.
0,33913970-02

0.1000000D 02
0.
0.1000000D-01

0.10000000 02

O
0.10366830-01

0.44048750 00
Da
0.99238910-02

0.4404875D 00

[\ 2
0.62505720-02

0.2650114D 01
0!
0.972260710~62
0.2660114D 01
-0.
0.9619616D-02
0.32773130 00
“0.
0.92368180-02
0.32773130 00

~0e

0.49791630-02

0.12393920 0L
~0e
V4307450002
0.1239392D0 01
_0.0
0.43512¥8D-01

0.17591850 00

0.17%91850 00
~0.
0.70572830-02

0.14763580 01
“0a
0.61261750~02
0.14763580 01

0.
0.464999950-02

0.
0.13030830-01

0.

0.
0.1000000D~02

0.,27333330 01

0.
0.10000000~02

-0.2035694D 01
~0e
0.467646740-02

~0.12356940 01

~0e
0.47646740-02

~0.1278748D 01
<0 - '
0.19308750-02
0.41679180 O1

~0.
0.19384750-02

-0.1639706D 0L

0.
0.5%238400~02

-0.8397058D 00.

0.
0.55238400-02

~0.8737797D0 00
~0. -
0.28505060-02

0.45928870 O
-0, -
0.2840506D-02
~-0.17193580 01

0.
0.75395300-02

~0.9193579D. 00

Q.
0.75395300-02

~0.1833342D 01}

0.
0.2602580D0-02

0.899991L70 00

0.
0.2602580D0-02

10

11

12

13



INVILUPPD DEL SISTEMA » DELTA ENERGIA= 0.10000000-02

0.1000000D0 02
0.
0.1000000D~-01

0.1000000D 02

0.103646830-01

0.3362399D 00

0.
0.1092636D-01

0.33623990 00
O«
0.15244880-01

0.65661320 0D
[

0.1540304D-01

0.6566132D 00
-0.
0.66582140-02

0.1215515D 00
-0.
0.7901712D-02

0.12155150 00
-0.
0.15120870-01

0.1903721D 01
~0.
0.1581352D-01

0.19037210 01
~04 .
0.51155700-02

0.8498595D 00
-0.
0.52800720-02

0.8498595D 00
-0..
0.7718267D-02

0.8576519D 00
-0.

0.7719966D-02
0.8576519D0 00

0.
0.3657108D-02

0.
0.
0.1000000D0-02
0.2733333D 01

0.
0.10000000-02

0.19751340 01

0.
0.5453500D-02

0.2775134D 01

0.

0-54535000-02
-0.3891946D 01

-0.
043902520D0-02

0.15747200 01
~0.
0,39025200-02

0.0626454D 00
-0.
0.9070260D-02

0.1662645D 01
-0,
0.907T02600~02
-0.6631872D0 Gl

O
0.22919140-02

-0.1165205D 03
0.

'0.2291914D-02
0.12833850 01

-0,

0.3430255D-02

0.2083385D 01
-0.
0.3430255D-02

~0.20918550 01
0.
0.3414636D-02
0.6414785D0 00

0.
0.3414636D-02

ERRORE INIZIALE= 0.9846276D-06

0.1000000D 02
0.1000000D-01

0.10000000 02

. Oe
0.1036683D-01

. 0.4413679D 00

0.9924384D-02

0.4413679D0 00

0.
0.6254907D-02

0.26684460 01

0.
0.57277671D-02

0.2668446D 01
-0. -
0.96139010~02

0+3285608D 00
~0.
0.92231441D-02

0.3285608D 00
-0.
0.4979851D~02

0.1242563D 0O}
~0.
0.4309343D-02

0.12642563D 01
~0.
0.2349781D~010

0.1767272D 0O
~0. .
0.13017230-01

0.1767272D 00
~0.
0.7T057693D-02

0.1489321D 01
~0.
0.6129673D-02
0.1489321D0 01

0.4503037D~-02

0.
0.
0.10000000~-02

0.2733333D0 01

0.
0.10000000~02

~0.2037738D 01

~0.
0.4759920D-02

-0.1237738D 01
-o.
0-47599200~02

~0.12782220 01
~0e

0.19358646D0-02

0.41884440 OL
-o_‘

0.1935846D--02
~0.1640739D0 01

0.

0.5516862D-02
~0.84073940 00

0.

0.55168620~02

-0.8738024D 00
-0
0.2836879D-02

0.4592864D 01
~0.
0.28368790-02

-0.17214470 0L
0.

0.7522259D-02

=0.9214466D 00
0.
0.75222590-02

-0.1837851D 01

[+ 2
0.25912290-02

0.8954722D0 00
0.2591229D-02

10

11

12

13

25,

1 1TERAZIONE ERRDRE= 0.8709452D-06

2 ITERAZIONE ERRORE= 0.8138344D-06

3 ITERAZIONE ERRORE= 0.7618592D-06

4 ITERAZIONE ERRORE= 0.7167358D-06

5 ITERAZIONE ERRORE= 0.6732913D-06

6 ITERAZIONE ERRORE= 0.6329801D-06

T ITERAZIONE ERRDRE= 0.59688600~06

8 ITERAZJONE ERRORE= 0.5599995D-06

9 ITERAZIONE ERRORE= 0.5326260D-06

10 ITERAZIONE ERRORE= 0.5326136D-06

11 ITERAZIONE ERRORE= 0.5326136D-06

12 ITERAZIONE ERRORE= 0.5326136D-06

CONVERGENZA PARZIALE

Fl12) =-0.36733251D-03 Gl 2) =-0.59596305D0 00
F(13) =-0.343281110-03 Gl 3) = 0.74480508D 00
Fll4) =-0.23046714D~04 Gl 4) =-0.72420266D 00
F{15) = 0.10991927D-04 Gl 5) = 0.76547248D 00
FU 4) = 0.,528381100-03 G( 6) =-0.82922245D 00

HAX.fNV.DRllZ. = 0.15412643D-01 MAX.INV.VERT. = 0.13599951D-01
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