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I - INTRODUCTION

The bending magnet is obviously the main element of the EPA lattice
Responsible not only for the closed orbit deflection but alse for the
strength and for the repartition of damping, it moreover contributes to
the vertical beam focussing and to the appropriate shaping of the dis-
persion function. In consequence, many of the EPA parameters depend on
the characteristics of the bending magnet. The hard edge approximation
with which they have until now been deduced has been deemed insufficient
because of the specificity of the very low bending radius in a specially
short combined function magnet.

It's the reason why precise particle tracking based on accurate

(2)

magnetic field estimations has been initiated in order to deduce
the exact bending magnet properties. _
The bending magnet characteristics (length - pole profile) have then
been reviewed in order to match better the beam dynamics constraints,
Finally the EPA lattice had been reoptimized and the consequent ring

and beam parameters recalculated.

II - Main tasks of the EPA bending magnet :

The very important tasks devoted to the bending magnet imposes the
accurate knowledge of not only the particle trajectories but also of the
different synchrotrons integrals along the trajectory as well as of the

equivalent transfer matrix.

II.1. The high deflection angle required (8 = 22° 5) necessitates a big
(3)

and precise bending strength

Bdl = 7854 % 4 gm (£ 5 x 10“4)

(1)
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I1.2. A high damping rate 1/11, very beneficial to the accumulation

process, is provided by a magnetic field at the limit of saturation(a) s
B =1.47T

o

In fact, Tiga I = B2 ds

Ji Ji
where 12 is the second synchrotron integral
Ji is the damping partition number in the plane 1.

That is the reason for a magnet with a very short length (fm = 0.56 m)

and bending radius (p= 1,43 m)

1I.3. An exchange of the horizontal and longitudinal damping

favours the injection efficiency as

x’
well as the beam stability(l).

J
X

partition numbers J

where 14 =[B3 (s) + 2 B (s) G. (s)] Dx ds

That is the reason for the introduction of a small defocussing

gradient in the magnet :

dBy
Jx 2 & G 1= ~=1 T/m

I1I.4. Taking advantage of its vertical focussing strength, the bending

magnet is used as a D quadrupole in the curved part of the EPA - -
lattice based on a quadruplet FDDF structure. Moreover, the contri- '
bution to the focussing of the fringe field (liff cannot be neglected(s)
because of the specially low bending radius.

In the case of a pure dipole magnet :

(s) - B(s)
(kg)ff .= 1 + sin E\f[ B(s [B B s]

cos €

where ¢ is the angle between trajectory and bending faces.

B, is the magnetic field in the center of the magnet.



I1I.5.
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A sextupolar strength in the bending magnet first envisaged for

chromaticity correction has finally been removed for two reasons :
first, the non-linearities so introduced in half of the magnets
are unefficient for chromaticity correction because of their
dispersion free situation and decrease substancially the dynamic
aperture(G).

secondly, as pointed out by A. Krusche, the presence of a sextupole
field in the magnet would notably change the bending and focussing

strength along the trajectory because of its specially low bending

radius (Annex 1),

First approximation of the beam behaviour in the bending magnet

In the particular case of a specially short bending magnet affected

by a very low bending radius together with a combined function, the magnetic

field and its gradient are varying in all directions all along the trajectory.

Unfortunately the analytical integration of the exact equation of motion is

not ‘possible in this very general case (Annex 2}.

This is the reason why the bending magnet behaviour was first deduced

from an approximation based on a magnet split in three parts,

III.1.

Central part in the hard edge approximation (B and G constants)

The bending and focussing strength along the trajectory are then
calculated as if the closed orbit stayed on the magnet axis. This
procedure is completely right for the focussing in the absence of
sextupole (Annex 1) but is not for the bending strength because of
the presence of the gradient and because of the lengthening of the
trajectory.

(7)

The equivalent gradient magnetic length, 1G’ is estimated from

the equivalent bending magnetic length, lB'

a1
2 =% 4+ ._Bo B

(dB/dx)o dx

. In the EPA case, this difference reaches 60 mm (v 11 )

The synchrotrons integrals evaluated along the trajectory are

n n
fB(s)ds < Bofds

surestimated as



I11.2. Edge part where the magnetic field and gradient vary suddenly

This results in a well known equivalent vertically focussing
quadrupole of strength 1 tg €. The corresponding angle ¢ between
bending faces- and centrgl trajectory has first to be corrected by
the variation of the magnetic length with the horizontal position.

1
E(d_l_)
dx

("Slant" magnet)

This variation can be approximated by(s)
dly, 1.3 dg
AN
dx dx

where g is the magnet gap.

In the EPA case : dg 0.52 dl ;
E o X 2< B - Ae A 25 d
ix = 78 = T 0.048 =p CE mra

II1.3. Fringe field extension :

This part is obviously the more difficult to treat accurately.

First because the variations of the gradient in the fringe field is
certainly different from the magnetic field variation.

Secondly because the corresponding vertical focussing already mentioned

is only an approximation up to the second order in j .



IV, Exact particle Tracking

In order to remove all these different approximations, a precise

particle tracking based on exact particle equation of movement (Annex II)

has been launched.

It uses magnetic field estimations(z) deduced from two dimensional

computer programs whose results have been first checked by comparison with

N

magnetic measurements on a very similar bending magnet

The main tasks of this particle tracking was :

a)

b)

c)

to calculate the position of the central trajectory through the

whole magnet including the fringe field extension.

to adjust the total length of the magnet in order to fit the

desired deflection angle of 8= 392,7 mrad.

to determine the exact synchrotrons integrals all along the central

trajectory from the known values of the magnetic fields and of its
gradient assuming the dispersicn and the H function from the AGS linear

optic program(lo).

I, = D6) ds <D> f B(s) ds
f (s)

ds - 4 < i
i 7 RO r.)‘} B 7

ds
’ ?()_T’T?) C By RO

i\

ol
n

i
1

I, = (1-2=)DG) <D>

4 £ (4 e (‘b %) %[B -‘)'\-e} Y)B(‘)AB(}
1. = (

5 f Hgi(?) ds = «H> TIj

withe D» the mean value of the dispersion function in the magnets

< H» the mean value of the funection H in the magnet.

2 2 , . <
W(s) - _}‘W[D (s) « (Yy(s)?(s)-% }mDm) ]



d) to deduce the exact equivalent transfer matrix [H] , [Y] respec-
tively in horizontal and vertical plane by tracking particle slightly
deviated from the central orbit and comparison between the entry (1)

an exit (2) of the magnet

H = P ‘Yz v - : A 7.;
11 5y, 11 S
B, = &N Vi, = A Yy
Fa "'y Ayl -

= ' = A Yz
Hy, A Vo1 AL
Loy, 1

- y = 2.

Y, B % ‘ Va2 ¢
A 1?'1 A Yy

Ry = AW, Vig = INEH
be/p : &p/p

where n and n' are the horizontal position and slope in the direction

perpendicular to the trajectory.

e) to adjust the internal gradient in the magnet in order that the

corresponding transfer matrix perturbs as little as possible the
EPA lattice. -
This perturbation has been calculated by a new version of the linear
optic computer program AGS(lo) specially modified by T. Risselada

in order to be able to replace any element by its numerical equivalent

transfer matrix.



V. EPA bending magnet and lattice modifications

After different field configuration caleulations (Fig. 1) a new
set of characteristics for the EPA bending magnet (Table 1) have been
decided for a minimum of perturbation of the main lattice parameters

(Fig. 2) :

The main modification consists in a 12 7 increase of the intermal
gradient to compensate the loss in focussing by the edges due to the
varying magnetic length with horizontal position.

The correspending central orbit position has then been deduced as
well as the different bending and focussing strength along the central
trajectory and the straight magnet axis (Fig. 3).

The equivalent transfer matrix and the real synchrotrons integrals
have after that been evaluated and compared to the hard edge approximation
results (Table 1}.

Finally the lattice has been reoptimized using in place of the bending
magnet the above equivalent transfer matrix.

The same lattice parameters (B and dispersion functions, phase advances
betatron working point, tramsition energy) have been found again (cf. Table 2 :
Listing AGS annexed) by slightly adjusting the strength of the main lattice
quadrupoles (some % change) as well as of the little trim quadrupoles

HR.QTR {~ 1%0 g) already needed for the energy range cperation(s).

VI. Beam dynamics modifications :

All beam dynamics parameters relevant to the synchrotron integrals
will consequently be modified.
It concerns specially the energy loss per turn, the damping partition
numbers and damping time constants, and therefore the beam emittances at
injection as well as at equilibrium. They are summarized together with

their "old" value in Table 1.



VI.1. Energy loss per turm : LJV

This parameter will be slightly decreased according to the second

synchrotron integral change (-10 %)

Uykev) = 14.08. 1,. E* (Gev)

£

2739 b= U=7.21 kev
E = 0.6 GeV

VI.2. Stable phase angle during accumulation : *;

Keeping the total VR voltage to 50 kV for the linac momentum

F
acceptance of = 1.2 % -

‘fs = Arc sin. (Uy /VRE)

7.21 keV > Y; _ 171_70
50 kv '

Uy

VRE

ft

VI.3, Damping partition numbers : Ji

Due to a nearly same decrease of both the second and fourth

synchrotron integrals, these parameters are little perturbed :

I = 1 - 14/12 ; Jy =1 3 J. =2+ 14/12
I, = 3.95 J_ =2.01
2 x
I, = - 3.98 Je = 0.99

VI.4., Damping time constants : i

The damping time constants suffer from a substantial increase
of up to 16 Z for the longitudinal one

7. _2.976 x 10%* &
o=
1,3, E

ZX = 34,71 msec. Zy = 69.77 msec. Zt-: = 70.47 msec,



V1.5,

VI.6.

Beam emittance after injection : Er

This very important parameter from which depend the vacuum chamber
dimension increases by some 4 I because of the smaller horizontal

damping. Moreover another 6 7 increase is due to the widening by

1 mm of the injection septum apparent width,S,(ll).
S =10 mm Ep = 112 € mm—mrad
S =11 mm Er = 119 ¥ mm-mrad

The beam enveloppe at injection is nevertheless only slightly

modified and does not affect the vacuum chambers dimensions.

Beam emittances at equilibrium : £ _ , €

yo

The equivalent decrease of the second and fifth synchrotron integrals

X0

limits the modification of the equilibrium beam emittances.

_ —2% I 2
Exo = 1.47 xIIO j_;f”__ EZ
(1 o) x 2
I, =3.9 ¢ = 0.135 1 mn-mrad
N - X0
IS = 2,02

Assuming a maximum coupling EL of 25 7 between the two transverse

planes :

ezp =**<f§§§z“-§xo

)L = 0,25 = %zo:,0,027 T mm-rmad

1 g
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. . caeq s LY
VI.7. Momentum dispersion and length of the equilibrium beam : 76 ; 0;;

Here also, the equivalent decrease of the second and third synchrotron
integrals reduces the equilibrium momentum dispersion change and

therefore slightly affects the equilibrium bunch length Oco

C.
ilv‘_ =+ 1,21.10'12(___53.__)1/2 E
J 1
€ 2
I, = 3,95 -4
2 ’ 9% + 5,96.10
= 5
I, = 2,64
1/2 5
o = 2,506 R E E
0 E
(1 o) xtr thRFcos Ts
-4
UE/E 5,96.10 _
¥er = 5,54 5 sy = 21,0 co
fs =171,7°
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VII. CONCLUSION

An exact particle tracking in the EPA bending magnet has been able
to remove all the approximations and uncertainties of the corresponding
beam behaviour in the particular difficult to treat case of a very low
bending radius in a specially short combined function magnet.

The computer program launched for this purpose is in fact quite
general and is intended to be used by J.P. Riunaud to analyse the future
PS wiggler fine characteristics.

Consequently the pole profile and main parameters of the EPA bending
magnet could be specified.

Moreover the position of the main EPA lattice clements have been
confirmed and the synchrotron integrals dependent parameters modified. It
concerns particularly the damping time constants and the beam emittances
during accumulation as well as at equilibrium.

The precision of these parameters depends in fact only of the accuracy
of the magnetic field estimations. They will easily be refined after the
bending magnet magnetic measurement by using the same particle tracking

program.
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Annex 1 :; Integrated bending and focussing strength in a small

bending radius bending magnet.

Let be a magnet of total length, 1, in the hard edge approximatiom,

where the magnetic field is given by :

FAY

!

">

‘s ‘!.

dt _“~‘\\\\ ﬁ% 3\
Cd

7

Z
, <

. o [£2E) e
SE-\S vy [[zl-‘lz + 4(5-;;){'![%]_,&‘ [_' % ('rr/:,- )]

! N

The equation trajectory can be approximated by
x(g) - 2 x, cos (Ifx_z.\ - X,

All along this trajectory :

' de - ds.cs §
J* = J .?.'L,s{;{ 'f . 4 iz A+ J(xﬁg)lime(.v.—z-')
hi 9. “'/elz - - —-""1-’" S"“(—l:rri osd At z " T 2

The integrated bending strength along the trajectory becomes :

; 2
(neglecting the terms of order greater than ., %)

<
T z J
SBAS - fﬁii—- -+ 'anx'i;—% -~ ]%X——z.:
Ba x,? < Gu£ T z
Jour v [ e ) o) ]
"'ql[ 2y ¢=$t‘;—-‘")¢11 « %o f"‘-]
y) vl
3[-{0 1‘}&:-41‘9 cos__4=+_£_ -l-r.]
g <

-
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IBAS v fl; a, (4.*0,05“7-0)_*.0’{'7342}‘-—0’1’73QJ10J

The integrated focussing strength perpendicular to the trajectory

becomes
fc.xs._ LTI 4By dx dg o [ 20wt g,
-I"z ] dy ce=¥

o —
<l
S|

JCJS
gc.ls : f"; dz « fajlr-,cos(lrz.}.)dz -]a_,‘ 1,82 o i

N2

“‘VL (/
4 z 2y a | L2 *
¢ [' .‘\'q/l MR {“A L‘f )l-‘/; -5 X,[z].qh

- Alxof

- a, g 4 4 X,<13-£?

g Cis = ‘[ 4, + 0,233 «,x,]
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Numerical application in the EPA case :

1 =0.5m; xo=0.0133m; a; = 1.4 T
then the introduction of the gradient as = — 1,T/m modifies
the total Bdl by 21 gm (- 0.3 7)
In the same way the introduction of a sextupole ay = + 1 T/m2 would

modify
-~ the total Bdl by 0.3 gm (- 4 x 107°)
- the total Gdl by 21 g (- 0.4 %)
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Annex 2 : Exact differential equations of motion

Let's the magnetic field B expressed by its components in the

three planes :-Bx, By’ Bz‘

Horizontal movement :

7
0
-
»
| 9
N
[
~
v~

|+
-
o~
o
T
T

¥
LI“-
[
TiN
~
"
+
™
L 8-
-rl"
«
~
!
N
o
e 4
v

34 -~ '
L. dx *_ (dr? 4217 2 ( 2 I
e S\ (B) @ s )T 2 (e 2Bl

in case of a movement in the horizontal plane only, this equation

can be simplified :

dy 2 L1
-5 e = d*x =-%‘By[4+(-‘iﬁ-)]‘

(- 4

Vertical movement :

4t 4

LN Y e - ._‘lL ...__-f.. E

Ty G e prym [ z + & v x
d¢e dx R Y

e e - —_—
Y * prpet Y € v Bx




e
QY e [AFA\R] ex 3t ﬂ(i’.‘ dy
“K(ﬁ J\'B"*d\-g"at v By - oy .

dz?
FU (A_v)[--\x B, +%,-§11(ii R, - <) B,):l
|

dz FE )

[ B L) ] 22 (329t 81))

N I 4 J4x\¢ (4 < y)¢ d
S SBR[t )

In case of a movement in the vertical plane only this equation can

also be simplified :

3
o x £ 27 %
SR PO DA

-zt P dz

But the complete vertical differential equation has to be used in

an horizontal bending magnet because of the simultaneous curvature

in the horizontal plane (dx/dz # 0).

Magnetic field components outside of the mid-plane :

The magnetic field components are usually calculated or measured

only in the mid plane. Then for vertical tracking outside of the

mid plane, the real magnetic field components have to be deduced

from their mid-plane values.

Let the indice o associated with these mid~plane values, the components

outside the mid plane can be approximated up to the second order by :

B\,(x,y) . By ,,(4_3-_) . 'x"-(:'._f_‘b)

’ o x o x?




TABLE 1: Modified parameters of the EPA design

BENDING MAGNET

Central magnetic field
Central magnetic gradient
Central magnetic sextupole
fBdl along the trajectory
[Bd1 along magnet axis
Bending magnetic length

J(dB/dx}dz along magnet axis
Gradient magnetic length
J{d*By/dx?)dz along magnet axis

Equivalent transfer

matrix coefficients

Synchrotron integrals

LATTICE

Betatron tune [

Normalized transition energy

Twiss parameters

BEAM DYNAMICS

Energ& loss per turn
Stable phase angle (VR = 50 kV)

Damping partition number {_
Damping time constants [_

{t1l o) at equilibrium

Beam emittances [_after injection
{xx=0; xy=0.25)

Momentum dispersion at egquilibrium

Bunch length at equilibrium

_ EPA Design - |New parameter %
Symbol PS/LPI 82-8 PS/LPI 82-13 lafter tracking|change| Units
By 1,400 1,400 0 T
{dBy/dx} ¢ -1,000 -1,120 +12 T/m
(dZBy/dxz) 0 ] 0 T/m?
Jeds 0,7854 0,7854 0 m
feez 0,7854 0,7846 6,1 | Tm
Ig 561 560,4 0 mm
Jadz -0,5610 -0,5452 -3 T
16 561 487 -13 mm
[sdz 0 ] 0 T/m
LY 1,0798 1,0786 0
Hiz 0,5617 0,5636 +0,3
Hay 0,2954 0,2987 -2
Hya 0,1103 0,1106 0
Hag 0,4083 0,4078 0
¥ 0,8540 0,8518 -0,3
Y12 0,5455 0,5495 +0,7
V21 -0,4962 +0,4993 +0,6
I 4,1750 4,1731 0
I, 4,4060 3,9497 -10
I3 3,0900 2,6379 -14,6
I, -4,2590 -3,9803 -6,5
Is 2,3620 2,0165 -17,6
Qx 4,45 4,45 0
Qy 4,38 4,38 0 -
Yer 5,52 5,64 +0,3 -
Bymax 14,9 14,9 0 m
5ymax 14,4 14, -1,4 m
Dymax 2,29 ,e7 -0,9 m
Dymin 0 0 m
Uy 8,04 7,21 -10 keV
' 179,7° 171,7¢ +0,6|degrés
Jy 1,97 2,01 +2
dy 1 1 0
Je 1,03 0,99 -4
Ty 31,81 34,75 +9,3Imsec
Ty 62,57 69,77 +11,5{msec
Te 60,55 70,33 +16,1 {msec
oy 108 119 +10 | mpradm
£x0 0,144 0,135 ~6,2| nuradm
tyo 0,029 0,027 <7 | maradm
o/t 6,07 5,98 -1,5[10-*
&g 21,6 21,0 -2,8] m




TaMle 2

15,40,49

2B/07/R5
NF ELE

)
XX

)

SUPLERFPERTLNG

83/07

EPA;VERSION

CIRC L

MENTS

HAGNLTS

STRAIGHT

HALF

-3
[~

125. 66680
KX K KN AX A AU R Y AN KA RK A AR AN A AX AT AN AN A RN XK YOO KX LN XXX XKL KX KN AXX XXX K KN ZX

FERENCF

XEXLAXNAAXAAAX AN

XUXXX

ALG(MRY HK{1/M2) BETAV(M) BUTAH(M) ALPHAV ALPHAH Huv/2r] MUH/Z2PT  ALPHAP({M) ALPHAP'

L{M}

ELEM

HQ

‘\ G S q\s\w‘} \Y\M E Q“ Kc\\‘\:c? W&u\l(uta

\’Rv.! ﬂ& \S\a\e.\ \')f,&u:\wth wackar\' Ec\u\\)‘&m\ A v \Mq'\f\\

COoCoOORIDOINNNINOCO.NCC N OINO O NN NN O OO OO OO OO CO oo D

O L O D C O L Oy OO C O C C O L O L O o S C C o C O T o o C CC oo o

O T T R g e N N T O =T U I I T T o O O OO C e OC OO S O O Do OO O OC

L R L I R N N A N A A A L I R I N T T T T

LI ] —— Fomeny b 1 ER YD rs s ARt REE LIRS s
LI |

COoOOOCQ—OO NI T NC NI IMIMA I Nt MO O OO OO ODOO00 OO0 OODOTOODDO™D
CCCCC~rNDCO—T =A== N~ e S T OO CC oSS CCCoo &
OOODC O ITROCINONNNOANNNC OO TN —OCOOOoC OO O SO0 00OTCCOIONOCOoC e DD
[ IR L L LR NI L A B D I N B I I R N O B B R RN NI B L N R NN I Y I I Y I R R R I A A )

t PN et O DTN O OO T O e trrtrrrrR RN YNLOL Y

OTCONN—TTOCRNONNOTOC MD=OUMOMMEONC O MY OOMNNDN OO ON =T —~C OSTO L O @
CArmNOMonNO TN C VS~ AN OR T oMU CTOMA T I ONO O e e T = ST O
CONTOMATMIOMNTINANOAR(CRMO~SOCD™M DR T OUD OO =0 T D 0Nt O et O =T A O O NN 200D T "N
oMM TN T OO COMOT R T INCAC OO eI N O N OC e iC L L BN OO C D N
COoOODOOOOCw={(NNMMMMmIMI U oINS IOOOOONASRNASNCORDC OO O AOO O O e
LR I R I R I LR I R N I R R R R R I A BN T R R R R I R R L N T R R R R R R )
L] et ettt ot

C O T OIS DG e =S N AN N = O DO M OO S IO D OO O OO N T O i e
O Lo O OCNCNN O CNO TN Er A OO RN~ C L C OO TN C O T LTI NNECC =R =T
ST DOM D SND «=C MO MG T NSO O OMA O M OW S OO T OND YT OO N DINDMM OMST DTIWNN
C=NNMITINNOARNR=" NN COC NN TN OO OO~ OO NN O W A S T
o — —t—— SEAICMIM T N INDDIOWNIIONNIAININD DSNARARNI DO SR CODSO D DO
LI I I B R R I R e I T T I I R I e N N N A I A AR A A}
(=] Tt v bt o et

SINFICTHO VTN T (D T T 0N OV I mt (NN T SO OV DU T DDA D DG D ORI O St et TOOUD TR D

COmOEL T TLM ) U e DDLU T O I G T P © M 0D~ i e P i P T S AR P (DAL Fa O o ol © T C I AR Pl ©

SO FI RO O =TT [t DU et O vt P 3 D et T O AL L3 ot T D O ) =3 04 O N O w2 et LI O O O™ 1D e DU D

® & % & & ® P B & 5 & & % & B FaF S EF B S S S 4 F SN P E S F S SER ST PSS S SRS RO

N s o L S, | o Pl e B et 1 LI Lot ot (VTN B P PP '
s NN EREN] EEEN)

SOOI =IO OO OO O D OO NN O O RO D UM OO O T O =T OO N DM SR~ NN — D
(=3 5T T BTal N - FT oY sl o] TR UL - Sl o BTl - J ol - V) ST RV oY ol . f SN ol oo} op T =] g T gl ot o} MRl =gV ] S ol ol wull . o o To T o T ok el T Rl o SR o Y ]
OO O T G AR TIT fu OCN T G S e 3 T Dt S M O D+ D OIS D S AIMNE T mn D A O OIS =L N S S
2 8 & 8 ® & % » ® 8 2 83 % % % & F Fd e s s v s P PR S S A E B RE S 4P E SRR SRR RN
O F NI Attt IO 11 —aUTY et ) T O T T N e T T o F 8-ty
st TR RERER T Y

SN T SN T P ) e T OO T OOV I =G U OO T oM MM D T T N = A I D OO
VU O M VO N M Com O NN OO O (NS MMM ST MO OIS A IO N O OO S O
U D MR M et ¥ L) ™ PO w3 D D DD =D " T O Ch I O O ™2 DT D L M — I O T 0TI D O D O Y e
I T R I I I R I R I I I N O L R N R I I I L R B B R T I I I B I )
hab b oV i Nolg ba bas T b ol ot e o bep b antap lag Lur s Bl ol o BTatiog tpTFelealallp b dap e lorlathe Lo Dep burlanlop Lag fovd oz lating Sop Lep g Lo o' Lop bnp 108 Lo ]

o —— — et e e . gt et

COoONMOE T C e NN OO O e e OO —~ T M D MG RO U M b OO D PG W L P DD
IO DTN 0T DO OO e QA D SN T SN O D DDA OIS = D OO T D Ot D et DN D P, et T
—E W OO NRNCCO =T CAROT O TR NO O I @ e Mol o= e LI O 200 M e O I e
T R R R R B I I S N I I R B R S R I R I N T O O B N R B R R R T N R R R A A L L R R BTN I B N B R I N )
Lt e R ol N ol sk AN AW o - of SRR 4T ol o R 3 AN v T AU A TR I o AN N D] o] pp g I A ot ol Do Eagd & S o B o o] p] bl ol oL a1

v et et ] e — e ) g et —— ey

DOHOYLDIMIMNOIAIDTODODDIOOITTRIRMIMIOT IO OAOBOLOTOSMODODDDOSODIDOCD
RN e O C RN C AN N C o NN eN R OO = O C C O e O C Cm il Tt X C
ODMOADOAMSDASIANNOODINUDIDTIOOOCO DD DDDNINDMA DINA IOT DI OO DN D
CrMN I OT T C T ChR A CC M C G o C YT AT CRA A C CE O C oo C T C O CC T4 CLLO
SO ADHDMERD DO OOSOO O IOOND OO IO D= ~MDMMID OIS DO Dt DO e DI D
O ol CA N Cr et A S C e e CCCNACONCCRNCC S CARCCNENNC
DSoOOEMATOOQDN GMMOOSMMQDODNO DRI HOIONNONNOINNN OIDIIAIN DO NN D
f 8 2 & ¥ 8B 8 F T S F PR FE N B RPFTES M E R R EomF S E SRS F A AN YYD
Siestem SR JODT OttDDIOrstet S SO0 FITD Dt DB LD D 2oDIDILOD1 12 o
[ | L E L |

Pl ol el ¥ = il el ol ) il el ) ol el ' i} o e el Y el vl el o g el el il i Ll el R o el ol ol o 8 Y

OOooHOOODTOSSOTIIODOVIAOHODSDODOCOODODIDOODDOIDDOT TR IO IIDDIDT

[y R =X Y Y N o ol ol Y =Y} - Y ouf of ol =T ] o] ol Lo fol o] o f o} ol e fow T or ol o L ol ol o onfl e | el o} e o fomd o e ] o =] ] )

DOOOMNOOOOD PN I DIOQODINCONORITDDDIAOIDIOOOIODDVIIGCODOODOTIOIDIOOODD

I R R L N I T T I I e S T T T T T B S T S S R R I T Y R R R R I A O R A 2 R I I AT I T RN I R ]

DOODNOCDOLSIOINISDIOOODDONC DT DS TN IDOMDoIDODTODI OO oOTOIDS DD DD
o L=} o o

- - B )

rrecnhoccooc oo oroohCnocoaeciriooHino orocorneocochcorrcancs oy
TS OMSOIIOIMOIDBMNDND I IO DO ICM OO OD NIRRT =D DN D RIS e U NI ) -
NO‘CP‘C-OO.G SO TS o OOV COINNOCOC AT UG == OO OO OO DT T
O an----'uﬂvﬂv—--v"}"""‘—-—qvn"!-')—'\—-—cv\n"r-—-—-‘:'\hv-«")—-v-::r:)--—-b")--—-"'-'--h\—-—""':----“
.l......lII.......'.ll.'l"'II.II.'.'IIII'II.'.......I..'

~ [4"3 '] —r ™

"~
.

-4

—

18,3

L] "y

» []
@« [~
-— -

[a¥ o8 o LaN 4% 127 aN ot (3% a8 [4¥4 4N [a ¥ oY [ oW oS AN 4 oy (48
LIt O N YT PO NN TN NN A I TN O N N D) SO B I T S N O TN N S S N B D S S T
P LT ST ST ICNT aJY. T o V] U PR o VT S VOY. o T O T L b T | o) o I AL - o - N O e AL U T ] N o o)
- bl [OWE VR % _—— Y al e B VU T Ty Vil e S dmE T8 ki bl o2

[
H—Nnvmohc~:—Nﬁvnonamcawﬂvnohwmoﬁuﬂvnohmmo—wﬂvnohcﬂouwﬂ"ﬂCN
et e ot e e e (WO WOV VNV VNP I D MM MMM € X T T U T Y T INOOOONION

H

CAMMA TR,

XHMAX(H)

RETAMAX (V)

QPRINE (V)

vy
4.3807
AGE ALPHAP

CUsHU(V)

AETAMAX (H)

()

QrRTl

1(H) g
4.44493
AVLRAT

15874

VTN

Caslt

dpr /e

*

5,5393

2.,2733
GAHMA TR
CXXYXYAXNK A

14,2013

G4,0000

14 8597 . 36597

00,0000

g.ungn

9,000

op 7y

¥

¥YXXx¥x

Jo3
XX

2

r
1 4

[+

XX UXXXXARAYX

.H6518
KA XA ALY

Y

AYFF

E X

r

NN Y Y SN Y Y Y Y YN Y Y P P LY Y S Y A Y A XX Y LY NN Y Y AN AN XA LN

SV

Y oSy



ook 00.. b« o B v B or N
7 € _ ; ooy 20 a0y ey M umm- - 2 ¢l.
i~ N < a : -
_W“ oy . ~ o gl N \_qﬁ INTA R P g
!
b/ \/
S0 MR
. 3| 570 ~N
I, V |
>y K
7 i
7 g /\ -3
A f i {\ i
*“. \ \wa .V/ _M. i
Iy b | 4¥ N
/ - J [?
Y J !
4 4 3
# N
/ N
v J
“ 9 oy N _
/ J
4 . ] |
/ t NI
7 N
/ r_\ N |
\ ﬂ. i-uv h@ﬂv J
/ N
/ N
N v ‘ J
\ v N
e ,, 3/
cidhg AN N
*.
K..:. H_
| P - N
T T atl e T PE-Y, PR / N
“~
ﬂﬂo ﬂ-ibbduﬂﬁg “(r'#r{..aﬂ J\v N Y .-M N
e vy M
i) ..u VJ’ wQ .)0....#.1;.53 “ Y Nﬁ\ N
‘v pum \_\\ 4 ?\C e \
/ (134 oo - N
v o J




!

o

1 101

3ays 14

gtﬂhZ‘. ?&\,r%\)a.r\'oa o&r‘«c EQR WOS‘W% i\ou&" \Na
A\gw %ma.c\(&* %.Cﬂé ww&;chu.\a\:ou_g Q\KJ \:o-é'-hﬁ w\%g_\'s

Caﬁc,

@
@

®

C = ‘1%7/4:;

= AALL Tm
—-/1|Aol| T/m
A AL T [
- *Ll"l-io‘rf\-\

;Gelz.

- 0,554 T
0,536 T
- o..fj‘o T

-0,545 T

(o
e}

- ! . . .L_J"l
A Y
P ‘ ¢
et ST AN :
'F’ : h‘: l
. ,’ 1" ' . + .';
A . 2. .___ Bt AR . —
5Qy < 23 | R (
| I . .
1Qy 32 I R T
- o Lt | s
e 2 i Qe L3
- \Q& Ap I _ — e IR l 9\" / ES. ET.._
~Fg : L

—— ot

— —-———
i

[ :

— e T

an:

1Qy, 43 / .
lf - l .

$Qus 23
3Q, = 44

Qy

Y

N

&0

—



H

SN

e ylors = Uy

gyt o E:..z.imﬁb
Lytere ® st

w/L ogV'y -=
A Onv-«\ =

[t

R

ywer el MU AY

wolpg =9y

C/LIERe's ,.n:ﬁw. .

198y = 2} .ru:t.?niawm.ﬁ
“lepsgro = SxQf

/.
/
7 %
/ /,
/] Sido Low, o™ | 1< t \\\
7 ¥ .w_, W [ 77TTTTTYZ777 7T T ey 7
/] | 1V ] _ / ! A
/ / _ %
Z N I /
/ _ | “ 3702 1981QN3IQ A _ m
“ ; _ L/ - A S
/ _ A /
Y | 1Y) 7 /,
/] i t Y/ 1] /] } ,
/] _ % /7 /
A i / A
5 “ ; ; ! L/ , L/ N
e _ “ 09. /] L/ o
2 “ bV /] /, ~
s 7 v / 2
- /] _ [V og~ N “ o
5 / | v / /A
G JAINOBU INIANZG b ‘ ] <
7 o ¥ . W B s 3
% b | g 2
/ : gV : /] Lo
v ¥4 3 0 g %
: ¥ S R /
c /] ua&n» v / , g “ u!
: 1 v C
o 1 hyo1o3 Syy \| 1/ h 7 72"
F y v A L, F
7 \ ] 2
/ TY¥ AL NIy 1Y ol ,_ - 4 2
« 4~ 1 / [/ Z
~ A i Py o ooy sl Vo /] o - oy 25) - .
/ | 4 / /
“ | “ 1 _ L/
/ _ N7 yi m
/] I oo Y .
.\\ * —Ql.“lq..ﬂﬂﬂ!xoohm‘nw*. U.ﬂwu., 4(!3 ..w _ N
/] “h 4 s LML T ¢ an.x—v(.o? / T L \
“ t 1 \ =e 1UY ,au d.-. ubtt...- 4 d _-\.. “
] IS ¢ A B B /

(=1 XV




