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OPTICS OF THE 4 MEV LIL-W SPECTROMETER

K. HUBNER

1. INTRODUCTION

In order to measure the energy and the energy spread at the exit of bun-
cher W, D. Warner proposed to install a temporary spectrometer. This note

describes the spectrometer layout, the optics and the obtainable resolution.

2. LAYOUT AND COMPONENTS

Figure 1 shows the layout of the spectrometer being a temporary set-up
downstream of converter target W and taking the place of the first acceler-
ating section of LIL-W (AC 25) which is not yet installed.

The beam leaves the buncher W with about 4 MeV kinetic energy. It enters
the solenoid SNT25 focusing the beam in both planes with a minimum focal
length of 0.41 m. Simultaneously, the planes of oscillation are rotated by
5. It is the only vertically focusing element downstream of the buncher.

Appendix I gives more details about it.

After having passed the position and intensity monitor UMA 25)1) (sensi-
tivity to beam position and intensity to be determined after cabling), the
beam crosses the plane of the wire beam scanner WBS 252) and is collimated
by either one of the two holes in the copper block holding the converter
target (CEP 25). The hole radius can be chosen to be either 2.5 mm or 1.0

mm3). The pulsed solenoid SNP 25 is not used for these measurements.



The longitudinal charge distribution in the 10 to 25 ns long beam pulse
after the aperture limit is measured by the wall current monitor WCM.25.S
(Type W, sensitivity about 4 V/A; 0.22 - 1300 MHz)").

The pure sector magnet BHZ 25.5 deviates the beam by 45 and, therefore,
introduces an energy dispersion. It focuses horizontally (f = 1.13 m) and
slightly defocuses (f = 40 m) in the vertical plane due to the fringe field

extending over about 0.1 m.

Figure 1 gives the magnetic length of the magnet not the mechanical
length! The magnetic field had been measured at LAL®) where the magnet was
used in the test station of the front-end V®).

After having passed a pumping manifold the beam traverses the SEM grid
MSH 25.S before hitting a dump. The grid consists of 20 vertical foils with a
horizontal pitch of 2 mm and about 0.1 mm distance between the foils. The
length of a strip foil is 84mm’). The frame holding the strips is mounted
such that the strip plane is 15 mm downwards of the SEM flange axis. The
foils stay in the beam; no movement of the frame required. The box can also
house slits preceding the SEM grid but we shall not mount them; at least not

at the beginning.

The vacuum chambers have the standard 40 mm diameter except in the ben-

ding magnet where the old, large chamber is used.

The dump is built up from lead-blocks; one might add some Al to reduce

backscatter.

3. 0OPTICS

3.1 Choice of layout

We had two choices:

i) put the SEM grid at the image*) of the hole (classical spectrometer
solution);

ii) put the SEM grid at the image of the buncher output.

*) Image is defined as the place where a beam ellipse upright at the object
become again upright.



Figure 2 shows the locus of the images in real space. The locus of the
buncher exit image is drawn for maximum and for vanishing solenoid strength.
The distance between the longitudinal centre of the target hole, identical to

the target arm axis, and the magnet front face is the parameter Lg.

It can be seen that the SEM grid could not be placed at the hole image.
Hence, it was placed at an image of the buncher exit where the transverse beam
ellipse must be upright. Scrutinizing the resolution versus solenoid strength
and versus Lg, and maximizing the working space around the SEM grid, it was
decided to put the SEM grid at the image of buncher exit for Lg = 1.75 m and
for a solenoid field Bg which is 3/4 of the maximum. The beam ellipse at
the exit of the buncher (end face last cell) was assumed to have an aspect

ratio:

Xmax/X'max = Bi = 0.25 m,

as the most recent PARMELA calculations indicates).

Table 1, 2 give the geometry in terms of a MAD output. The first part
(Table 1) goes from the cathode of gun W to the intersection of the gun axis
with the linac axis in the a-magnet; the second part (Table 2) starts from
this intersection and ends at the plane of MSH.25.S5. The length of the gun is
equal to the distance from the cathode to the anode exit. The solenoid
lengths are optical lengths (cf. Appendix 1) except for SNW23 where the
mechanical length is given. For SNG221 and SNG222, the optical length refers
to 60 keV kinetic energy, for SNT25, to 4 MeV kinetic energy. All solenoids
are split to give the position of the centre for the survey. Table 3 gives
the input to MAD which may be useful because it contains comments. Question
marks in the comments indicate that the position of the element was measured

on the drawings.

Although the longitudinal position of these elements is not critical, we
would like to define it precisely. Otherwise our calculations can never model
the reality. Since no better information is available, it is proposed that

the positions so deduced become the nominal positions.

Elements occurring only once per section have on the drawings a two-digit
number. Since MAD does not permit blanks in the element names, we add a O.
The LIL-W indicator WL. becomes W for lack of space and without loss of infor-
mation. For example, the axis of the coupler at WL.PBW.22 becomes WPBW220C,
the C indicating that this element designates a position and not a length.
The steering coils DHZ are not given because they coincide with the steering
coils DVT.



Some elements have numbers referring to a wrong section (WDVT221,
WPBW220) but since they appear in this way on all drawings and lists of LIL it

is preferred to make no changes.

Tables 4 and 5 give the geometry in the survey reference frame. Fig. 8
shows the accelerator reference frames. Appendix II gives the transformation
from the gun-W and from the LIL-W reference frame to the survey reference
system. The transformation from the LIL-W system (z = 0 at intersection of
axes) to the rather odd LAL reference frame (z = 0 at end of LIL and z running
against the beam) is also shown. This transformation is useful for checking

against LAL drawings.

3.2 Momentum resolution

If By # 0.25 m and Bg # 3/4 Bgpax, the SEM grid is "out of focus"
and the ellipse at the SEM is tilted. This does not necessarily imply that
the other settings give a larger horizontal beam size. This is illustrated
for a beam of given emittance but different initial B; in Fig. 3a and 3b.

Note, the SEM grid only measures the projection onto the x-axis.

Figure 4 gives the horizontal half-size Ax of the beam versus Bg with
Bi as parameter. We use € = 4 T mm.mrad®) in agreement with the specifi-
cations € < 9 © mm.mrad”). The initial aspect ratio Bj is varied by a
factor 4 in both directions in order to see its influence. 0Obviously, the

initially widest beam (B; = 1 m) is also wider at the image.

Up to this point we have dealt with a mono-energetic beam. Since the
dispersion function at the SEM grid is
dx
Dy =— =1.28m
dp/p
a beam with vanishing emittance but with a momentum spread covers the width

AXe = DX Ap/p

indicated for Ap/p = 10-3 in Fig. 4. We define the momentum resolution
(Ap/p)r as the momentum difference two non-zero emittance, mono-energetic
beams must have in order to form two separate distributions along the x-axis
at the SEM grid plane as sketched in fig. 3c. Hence

(Ap/p)p = 2 Bx/Dy



However, in our case, it is more likely that Ax is always smaller than the
2 mm foil width, which becomes the effective resolution limit
(Ap/p)p = 1.6 x 10-°

Figure 4 gives the upper limits for Ax. In reality, the beam is smaller
because it is cut down by the target hole. This is apparent from Fig. 5 where

the beam radius at the target hole is given.

But even if we neglect this fact it is clear from Fig. 4 that the resolu-
tion is determined by the foil width up to € ~ 11 = urad.m as long as we work

with Bg = 0, which provides the best resolution. Hence, we did not bother

to compute the real beam width due to the collimation by the hole.

3.3 Vertical Beam Size

The vertical plane is different. The half-width of the beam without
collimation by the hole would reach 40 mm downstream of the 45° magnet excee-
ding the available aperture in the 20 mm radius vacuum chambers. Thus, we
need to know the effect of the collimation. Fig. 6a sketches the effect of
the target hole in the SEM grid phase plane. Only the hatched part of the
beam arrives at the SEM grid and the beam height is reduced to Ayeff.

Fig. 7a, 7b gives the final result for the nominal emittance and for
twice the nominal emittance. We have taken into account that in some cases
the beam is small enough to pass the hole (Fig. 6b) and other possible cases
(Fig. 6c).

Inspection of Fig. 7 shows that the beam will easily pass through the

vacuum pipe especially if rp = 1 mm and small Bg are used.

4. DISCUSSION

The momentum spread desired is < 1%°).  The resolution we can very likely
get is about 0.16%, which is adequate. The absolute momentum measurement will
be of the order of a few percent. The error is likely due to our ignorance of
the true bending angle (effect of stray fields). But this precision is suf-

ficient.

However, there is one problem. If the momentum spread exceeds 3.1%, the
beam starts to hit the upstream 40 mm diameter orifice of the SEM grid box or

the vacuum chamber. Two solutions exist:



i) the SEM box can house movable slits in front of the grid. This would
allow for scanning the momentum spectrum by changing the strength of the
bending magnet. Since the slits (SLH) are not planned to be ready in
November, we would have to find a temporary solution by putting two fixed
plates or a plate with a narrow window either into the SEM box or into

the 40 mm diameter vacuum chamber just upstream of the SEM.

ii) the SEM box is moved closer to the bending magnet by shortening the pipe
between pumping manifold and SEM box. This reduces Dy because
D; = 0,707, Since the -energy spectrum 1is then > 3%, the
concomitant loss in resolution when Ax (beam width due to emittance)

starts to exceed 2 mm (foil width) will be tolerable.

Since the PARMELA runs®,!?) predict momentum spreads between 5 and
10%, it is not unlikely that we have these problems with the beam width. How-
ever, we preferred to make the layout for high resolution for a large

emittance beam because this is more demanding in space.

Having seen that the solenoid SNT 25 does neither improve the resolution
nor does it help with the vertical beam size, its usefulness might be
questioned. Nevertheless we like to have it in order to force more beam
through the hole; also it might help to get an idea on the emittance though we
do not yet know how to disentangle Bj and €. Although no study has been
made, it is certain that we would have a better chance to learn something
about the emittance if we had the pulsed solenoid SNP 25 in addition to
SNT 25.
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APPENDIX I

If object and image are far from the solenoid its focal length is given byll)

2
FodiBe) (1)
/B dz
where Bp ~ magnetic rigidity of the particle. The usual matrix formulation of

the solenoid focusing used in our calculations implies

8 sin ® (2)
2 2

1.7
FooL

where the angle of rotation of the oscillation planes by the solenocid is

B L
6 =35 _S_ (3)
2 (Bp)
we further know
IBZ dz
6 = = (4)
(Bp)

The integrals in (1) and (4) are either known from measurements or

computations. Combining these equations gives

2 (Bp) [ B dz [ Bz dz
Lg = > z 81N ———— (5)
/By dz 2 (Bp)

/82 dz
Bg = z (6)
2(Bp) sin [[B,dz/2 (Bp)]

For 8/2 << 1

-
|

so = (fBz dz)z/fBidz (7)

Bsg = /B2 dz/[B,dz (8)



POISSON computations'2) yield for SNT25

[B7 = 1.49 x 10-2 T.m

fB3dz = 2.21 x 10-% T2em

at maximum current. Hence from (5) and (6) at (Bp) 21.495x10-2 Tem
corresponding to 4 MeV kinetic energy

Lg = 0.0962 m

Bg = 0.155 T

Note that Bg is not quite proportional to current and Lg weakly de-
pends on the excitation current due to the sin in (5) and (6). Since the
effect is small (4% at 1/4 of maximum current), we neglected it in the optics

calculations. Saturation effects are negligible as B < 0.3 T in the iron.

For the geometry list (see Table 3) we use (7) to get a solenoid length
independent of excitation

Lgg = 0.100 m.

The length of the solenoids SNG is determined in the same way.

Bsg and 6 are proportional to current.
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APPENDIX II

Fig. 8 gives a plan view of the acceelerator reference systems. The
cathode is at Zg = 0 and the intersection of the axes is at 7 = 0. The LAL

reference system is also indicated.

Any transformation into the survey system ;S can be decomposed into a
rotation described by a matrix M and a translation vector t linking the

two origins.

1. Gun-W system ;g to survey ;s

Xg = Mxg +t x = (x, y, z)
r _
M= - 0.99467641 0 - 0.10304817 t = I 2207.95361
0.10304817 0 - 0.99467641 | 2067 .26609
0 1 0 | 2433.5100

2. LIL-W system X to survey ;s

—— — —— — — —— —— —— —————— —— —— ——

M= [_ 0.35697807 0 - 0.93411285 | t = | 2207.890748
0.93411285 0 0.35697807 2066 .65934
0 1 0 2433.,5100

3. LIL-W system X to LAL system ;L

M= [_— 1 0 0 i t = [- 0 _T

0 1 0 0

0 0 -1 L 64.8800



Distribution:

LAL:

D 0 m XV

Brunet

. Chéhab
. Dupont

Le Duff
Belbéoch

- 11-

LPI: PS: SPS:
J.J. Aebi B. Szeless J.P. Quesnel
S. Battisti

A. Bellangero

R. Bertolotto

D. Blechschmidt

J.P. Delahye

J.C. Godot

J.H.B. Madsen

B. Nicolai

A. Riche

D.J. Warner



U:xmu&\. D2UdsDfDL N UND vy
uwr@dMY \)A PAﬁumU

L 219%L

- D D D e S - > o G2y e o A R R R G S Y S A e AR P P S = G P D D R D BT P M P AP G 4D W e S W W e b e A G OF D m e e s A D D B D R R AN SR GG G R D R R D R D S e W e T

60 = ( 1Sd )HoyYy3 0°0 = { I Hd YHoYYH3 00 = (V13H1 )youy3

00+0000019°0 = (Z)¥ouy3 0°0 = (A)uoyy3l 0'0 = (x)yoy43

00001L9°0 = HLON3T oV 000019°0 = HL19NI1 vlOol

0°0 0°0 0°'0 0000190 0°0 0°0 000019°0 0000190 L 71M9719 QN3

0°0 0°'0 0°0 0000190 00 0°0 0000190 000019°0 t ngz2119  aN3
0°0 0°'0 0°'0 000019°0 0°0 0°0 0000190 000019°0 1 D022ZHEM GL
0'0 6°0 0'0 0000190 0°0 0°0 000019°0 00001970 t h221¥aM L
0°0 0°'0 0°0 000694 °0 0'0 0°0 000694 °0 00069%°0 I Q0Z22WOMM €L
c'0 0°'0 0°0 000L1Lt1°0 0°'0 0°0 0001470 00041L4°0 L NOZZWOMM 2t
c'0 0°0 0°0 000G9€ "0 0°0 0°'0 00069¢ *0 00069¢°0 L £22140M LL
0°0 0°0 0°0 00h€9€°0 0°0 0°0 O0hEIE O 00he9e "0 L GLZ229NSM Ot
0'0 0°0 0°0 00062¢ ' 0 0°0 0'0 00062£°0 00062¢£°0 L NLZ229NSM 6
0°0 0'0 0°0 009982°0 0°'0 0°0 0099820 009982 °0 L 2221HOM 8
0°0 0°0 0°0 0069920 0'0 0°0 0069920 006992°0 t 022VIQM L
0°0 0°'0 0°'0 00699270 00 0°0 0049920 006992°0 L L22140M 9

0°0 060 0°0 0006620 6’0 0°0 000662°0 000662°0 L n22119 N193d

0'0 0'0 0°0 000662°0 0°0 0°0 0006620 0006620 t 127119  ON3
0°0 0°0 0°0 000662°0 0°0 0°0 000662°0 0006562°0 l 2L2I8aM &
0°0 0°0 0°0 0079EL "0 0°0 0°0 00h9EL "0 o0h9¢L 0 L QL22LIAQM 4
0°0 0°0 0°0 0049110 0'0 0°0 00h9t 10 00h9LL "0 L Ni22LACM €
0°0 0°0 0°'0 0019600 0'0 0°0 00%960°0 008960°0 1 LL21damM 2
0°0 0°0 0°0 000650°0 0°0 0°0 0006500 000660°0 L OLZNNOM L

0°0 0°'0 0°'0 0°0 0°0 0°0 0°'0 0°0 L L2118 N193g

0°0 G0 0°0 0'0 0'0 0°0 0°0 0°0 L 71M978 N1939

[avy ] (avy] [avy} i (W] (Wl (W] | [w] (W] *ON IWVN "ON

ISd I Hd V13IHL | Z A X ] oYV (1)wns *000 IN3W3N13  "Sod

S3ITONV | SNOI LISOGUJ ] 30N3IADIS 1INIWII3
1 39vd L11M9789,, NI Wv3g 40 A3AYNS

10°21L°8L 48/tL/H0 :NNY 60°h :NOISY3A ,,QVH, T HLIM NOIL403SY3LINI OL M NNO SINIWITI IVOILdO 40 AULIWO3IO M TTH71

/I.



F.waxww aoudsafay M—T717 U

pug wenlu p-77 2 B)OY

0°0 0°0 0°0 000246 "€ 0°0 0°0 0002496 ° € 000246 ¢ [ NSGZWOMM 0%
0°0 0°0 0°'0 00006h * € 0°0 0°0 000064 " £ 00006h "€ i 162140M 6¢€
0'0 0'0 0'0 0008.0°2 0°'0 0'0 0008102 0008.0°2 L s119 Ni193d
0°0 0'0 0°'0 0008.0°2 0°0 0°0 0008.0°2 0008202 1 21118 ON3
0'0 0°0 0°0 000810°'2 0°0 0°0 000810°2 0008.0°2 1 62118 aN3
0°0 0'0 0'0 0008102 0°0 0'0 000810°2 0008.0°2 L 062430M 8¢
0°0 0°0 0°0 0001.0°2 0°0 0°0 0001202 0001202 1 9G214aM LS
0°0 0'0 0°0 0000.0°2 0°0 0°0 0000102 000002 L D062430M 9¢
0°0 0°0 0°0 0000.0°2 0°0 0°'0 0000102 0000.0°'2 L GG21HAM GE
0°0 0°0 0°'0 000Lh6° L 0'0 0°0 0001h6°1 000Lh6° 1 L D2062S8MM fi€
0°'0 0°0 0'0 000Lh6° L 0°0 0°0 000L16° 1L 0001L46° L L nGZ14aM €€
0°0 0'0 0°'0 006811 "L 0°'0 0'0 0068LL°1L 006811°1 L D0G2HINM 2¢
0’0 0'0 0'0 00684L°1 0'0 0°0 00G68LL" 1L 0068.L°1 1 £6214aM L€
00 0'0 0'0 0008€6°1 0°0 0'0 0008€6G° L 0008£6G° 1L L QosevhNM 0€
0'0 0'0 0°0 00091 1L 0°0 00 0009.4h°1L 0009i%°1 1 NOS2VHWNM 62
0'0 0°0 0'0 00080% " L 0°0 0'0 00080h " L 00080h L t 26214aM 82
0°0 0°0 0°0 00L8LE" L 0°0 0°0 00281€°1L 00.18LE°1L I  QOGZLINSM L2
0°0 0°0 0'0 00682¢€° 1L 0'0 0'0 00G82€ "1 00682¢ ' L I NOGZLNSM 92
0°0 0°0 0'0 00€822°1L 0°0 0°0 oosgL2" L oog8Le L L LG21¥aM G2
0°'0 0°0 0'0 000862° 1 0°0 0°0 000862° L 000862° L 1 62118 N1934
0°0 0°0 0°0 000862° L 0°0 0°'0 00086e° L 000862° 1 i £€27718  GN3
0'0 0'0 0°0 000862° L 0°0 0'0 0008621 0008621 l GE214aM he
0°0 0'0 0°0 0006HO " L 0°0 0'0 0006h0° L 0006H0 " L L DOE2MNSM £2
0°0 0'0 0°'0 0006H0 " L 0°0 0°0 000640 1 0006H0° L i hE219aM 22
0'0 0°0 0°0 0081110° 1L 0'0 0°0 0084710°1 008hi0° L L OE2MNSM 12
0°0 0°'0 0°'0 00802L°0 0'0 0°0 00802L°0 00802.L°'0 L £€214aM 02
0°'0 0°0 0°0 008199°0 00 0°0 008L99°0 008199°0 L QOE29NSM 61
0°0 0°0 0°0 00h€29°0 0°0 0°0 00h€£29°0 001£29°0 I NOEZONSM 81
0°0 0°0 0°'0 0004860 0°0 0'0 0005860 0006860 1 2€214aM L1
0°0 0°0 0°0 0001L£G°0 0°0 0°0 0001£6°0 0001£€6°0 I D022MadM 91
00 0°0 0'0 000LES 0 0°0 0°'0 000LEG 0 0001£6°0 L LE2I1YAM 6L
0°'0 0°0 0°0 0006.5°0 0°0 0°0 0006170 0006.41°0 1 €27179d N1938
0°0 00 0°0 0006.41°0 0'0 0°0 000G6.H°0 0006.h°0 L Q22118 dN3
0°0 0°‘0 0°0 000S.%°0 0°0 0°0 0006.7°0 000G.H°0 1 6221duM Nl
0°'0 0°0 0'0 oohhih ‘0 0'0 0°0 00hthn "0 00thth 0 I Qf£221AQM £t
0°0 0°0 0°0 o0hheh 0 0°'0 0°0 oohhzh ' 0 oonneh 0 L NE22LAGM 2L
0'0 0'0 0°0 oontoh° 0 0°0 0°0 00htioh 0 00410t " 0 1 8221HAM L1
0°'0 0'0 0°'0 00061£°0 0'0 0°0 0006LE°0 0006.€°0 1 Q0Z2VWNM 01
0°0 0'0 0'0 000€1L€°0 0°'0 0'0 000£LE°0 000€LE 0 1 NO22VWNM 6
0°0 0'0 0°0 0006h2°'0 0°0 0'0 000642°0 0006420 L L22140M 8
0°0 0°0 0'0 00£0£2°0 0°'0 0°'0 00£0£2°0 00£0€£2°'0 L Q2229NSM L
0°0 0°0 0'0 006161°0 0'0 0°'0 006L6L°0 006161°0 L NZ229NSM 9
0°0 0°0 0'0 00G€6L°0 0'0 0'0 00G€61L°0 006¢61°0 L 922140M &
0°0 0°0 0'0 006660°0 0°'0 0°0 006660°0 0066600 L Q222LAOM 1
0°0 0°0 0'0 0066.0°'0 0°'0 0°0 0066L0°0 0066100 L N2221AGM €
0°0 0°0 0°0 0066560°0 0'0 0°0 0066600 00%660° l G2Z1HaM 2
0°0 0°0 0°0 0°0 0°0 0°0 0°0 0'0 L D022ZHEM |
0°0 0'0 0'0 0°0 0'0 0°0 0°0 0°'0 L a2211g Ni193g
0°0 0'0 0'0 0°'0 0°'0 0'0 0°0 0'0 L 211718 N1939
0°'0 0'0 0'0 0°'0 00 00 0°0 0°0 1 $1118 NI19389
[avy] [avy] [avy] 1 (W] (Wl (Wl | (Wl (Wl "ON JWVN *ON
1Sd | Hd V13HL | z A X | 24V (71 )Wns *000 1IN3W3ITI  "Sod
S3ITONV | SNOI LISOAJ | 39N3IND3IS 1 NIWIT3
t 39vd WS04, INIT Wv3d 30 A3AYNS

20°21°8L G8/LL/M0 INNY 60°1f1 *NOISHY3IA ,,GVW, *¥103dS QGN3 0L S3XV NOI1D3SHIINI SINIW3ITI TVWOI11d0 40 AYLIWO3ID M 117



1 P0U 2000 N §

rlllllllllllllllllllllllllllllllllllllllllllIll|l|llll|l|l|l|||ll|llll|llllllllllllllllllIlllllll...l.lllllllllllllllllllllllllllllll!l
0°'0 = (1Sd)doyy3 0°0 = {I1Hd )40uy3 00+086€£48L°0 = (VL13IH1)¥0uy3
LO+Q9€EENG O = (Z }youy3 0°0 = {A)doyy3 10+dL€182L°0 = (X )youu3
. 009626°6 = HLON3IT 28V 0096266 = H19N31 vlO0lL
rlll|'|'|l||"'lll"-l"'lll'-'-llll|l'l'-""-l‘l'l'l-l"'lll"lll"lll""'llll""l|I-I-'|lll|l|lllll""l"'l"ll"'---'ll'll"'l.
0°'0 0°'0 86€68L°0 LGEEER"G 0'0 aLgLgz -t 009626°6G 009626°6 L s1179  aN3
0'0 0°0 86£481°C 168€€H 6 0'0 oLEL82 "L 009626°6 009626° G L s179  aN3

0'0 0'0 86£68.°0 LGEEER" G 0°0 oLgLg2 L 009626°G 009626° G L OSGZHSHWM Gt

0°0 0°0 86£G8L°0 LGEEENR"G 0°0 oLELB2 "L 009626° G 009626° G t 6G2140M hh

0°0 6'0 86£68L°0 6£898¢ "1 0°'0 261h€2 0 00964t h 0096hh "4 t SG2ZHEM £

0°'0 0°0 0'0 000028 ° € 0°0 0°'0 000028 ° € 000028° ¢ t 8G21HAM 2Zh

0°0 0°0 0°0 000466 "€ 0°0 0°0 000h66 "¢ 000H6G "¢ L OSG2WOMM LK
A= == = e o o m e m e M m e mmmm . ——————————————————————
{avy) (avy] [avy] I (Wl (W] [wl 1 (W] (W] *ON IWYN *ON
1Sd | Hd V13HL | z A X | ouv (1)wns *000 IN3W313  °SOd

. S3ITONYV | SNOI LI SO | 3I9N3INDIS LNIWIT3I

3 39vd LS098, INIT Wv39 40 A3ANNS

L0°2L°8L 68/1LL/%0 :NNY 60°f1 INOISYH3A VW, "¥103dS GNI 0L S3XV NOILJ3ISHIINI SIN3WITI TTVOILdO 40 AYLIWO3IO M I



(30dur Quty )

Spuawd)d 40O

wv\w%iww \OS.U UU(NJWUM/

£ "92L

HLON3T VII11d0 i

L13INSVI-4TIVH HOJ WWZ + HLIONIT °“HO3W i
13INSVO-J4IVH Y04 WWZ + HLION3IT °"HO3W i

1394Vl H3ILIHIANOOD~-i

WYV 1304Vl 3YIN3D i
JYtM 3YLNID i

G2 HdN 40 SIXV ¥31dN0Jéi

L13INSVO=4TIVH Y04 WWZ + HLIONIT "HOIW |
L3INSVYO-JTIVH YO WWS + HLON3T "HO3KW i

A3W 1 1V HLION3T WVIOI1dOéi
AW t LV HLION3T WOILdOéi

OtZMNE SIXV ¥31dN0OD |
3X0A NOY! 40 HIONIT i

A3X 09 LV HLION3T IvOI1d0di
A3X 09 1V HIONIT IvOI1dOéi

022M8d SiXV ¥37dN0J i
i

INOA 40 HLONITéi
INOA 30 H1ONITéi

LINSVO-4TIVH HO4 WWS + HION3IT "HOIW i
13INSVO-4T1VH HO4 WWe + HION3IT "HOINW |

H19N31 VOI11d0éi
H1ON3T VD1 1dOoéi

3INOA 40 HLON3Iéi
INOA 4O HIONI

4930 G/=3T19NV S3IXV 10 NOILJ3ISYILNI-i

13%SVO-41TVH 404 WWS + HION3T "HO3IW
13INSVO-4T1VH HO04 WWZ + HLON3T "HO3IW

A3¥ 09 1v H19N37 vOIL1dO
A3% 09 iV HLION3IT vII1LdO

—

WW S 2L=d ‘WWL ~+=1 VWOVYHdVIQ
-i

INOA 40 HLIONIATLi

INOA 40 HLONIéi

WHWL =+ LIX3 3QONV OL 3AOHLVD i
S8°LL HO

pua Jalawoul2ads 031 M uNY

HOL | NOW
gh'i1=1 ‘141¥4a

86€G8.°0-=319NV ‘9629 "0=1 ‘GN3ES

0922°0=1 ‘14140
0260°0=7 ‘HOLINOW
0260°0=1 “YOLINOW

o2t 1L=1 ‘14140

0200°0=1 ‘L4140

01L00°0=1 ‘14140

YIANYVW

0621°0=1 ‘14140

HOL I NOW
G291L°0=1 ‘14140
HINUVW

G0h2°0=1 ‘L141d4a
0290°0=1 ‘HOLINOW
0890°0=17 ‘HOLINOW

£€620°0=1 ‘L41YQ

“1=S¥ ‘2060°0=1 ‘GiON3T0S
*L=S¥ ‘2060°0=1 °‘GION3IT0S
£€020°0=1 ‘14140

0£12°0=1 ‘14140

YINYVH

20£0°0=1 ‘14140

0862°0=1 ‘14140

0660°0=1 “1341y0

LEL°2=SH ‘H8E0'0=1 ‘GION3TOS
L€4°2=S% ‘h8E0°0=1 ‘QION310S
0460°0=1 ‘14140Q

HINUVW

0960°0=17 ‘1J1ya

90£0°0=1 ‘141¥0

0020°0=1 ‘XOINH

0020°0=1 ‘ADINH

£©620°0=1 ‘141¥0

0290°0=1 ‘HOLINOW

0890°0="1 ‘4OLINOW

LH10°0=1 ‘13140

LEL 2=SH ‘HBE0'0=1 ‘QION3T0S
LE€L°2=S% ‘H8£0°'0=1 ‘QION3T0S
OhG0°0=1 ‘131140

020°0=1 ‘ANDINH

020°0=1 “‘UDINH

6650°0=1 ‘14140

HINYVYH

oLttt "0=1 ‘141¥0Q

0260°0=1 ‘HOLINOW

0260°0=17 ‘HOLINOW

9100°0=1 ‘l14iHa

L€L°2=S% ‘nB8E0°0=1 ‘QION3II0S
LE€L°2=S% ‘H8£0°0=1 ‘QI0N310S
t020°0=1 ‘L4140

YINUVH

GL00°0=1 ‘L4I¥Q

9221L°0=1 ‘14140

0020°0=1 ‘H3iNH

0020°0=1 “NDINH

L0 0=1 ‘141¥Q

0660°0=1 ‘1414Q

sjuswa|a jeot3do 4o Aulauwo

o av 2

() ¢ ¢+ 60 00 6o eu a6 44 as oo 6o so o5 on 6s on 60 ov 24 se 04 00 06 S0 S5 G4 S0 S0 1 G4 40 G4 G0 S0 S0 G0 S0 ¢ 64 40 Te 45 06 So €8 G0 88 4 00 48 oo se e Be os o0

OSGZHSHM
6621 4aM
SG2ZHAM

862 1AM
QSSCHOMM
NSGZHOMM

LG21HAM

062d430M

9621 40M
00462430M

G621 HAM
0062S9MM
hGZ 1°YaM
00G62HdNM

€62 1HAM
Q0G2VHNM
NOGZVHNAM

2621 HaM
NOSZLINSM
QOG2ZLNSM

LG2 1 HaM

GECIHAM
O0EZMNEM

hEZ 1 HAM

O0£2ZMNSH

€ECIHOM
QOE2IONSM
NOECONSM

cE£2 1 HaM
0022MadM

LECIYGM

622 1 4aM
Q€221IAQM
NECSLAGM

822 14aM
G022VHNM
NOZZVHNM

L2211 UGM
Q2CZ2ONSM
NSZCONSM

9221 4aM
GC2ZLAGM
NSCCLAQM

G221 HOM
0022ZHAM

hee 1 HaM
QO22CHIMM
NOC2ZHIMM

€22 140M
QLZZONSM
NLZSCONSM

ZeclyaM

022vIaM

LZ21UaM

212 1uaM
ALCZLAOM
NLZ21IAaM

LLSIHOM

012NNOM

L

ERFRNY

09

19

0s

Gh

Ooh

113

(113

62

0e

st

oL



.

a7 A 0D

f 797U

)]
U»:G&\ NI DAL DY \E\{aw AV 20 B
4

0'0 = { 1Sd)youy3 0°0 = ( IHd )Houyl - £1-0899L€L°0 = {V13H1)d04y3

0L-0666h412 "0~ = (Z)yoyy3 00+Q£6.909 0~ = (A)yoyy3 L0-aL65829°0- = (X }yoyu3

000019°0 = HLI9NIT Duv 0000190 = H19N31 ViO0L

0°0 G969 L~ 68€2LL h 000016 €Eh2  8££6G9°9902  8HL068°'1022 00001970 000019°0 1 J1M919 QN3

0°0 G969 L~ 68¢2LLh 000016 £€h2  B8££6G9°9902  8H1068°1022 0000190 000019°0 L nezzita  aN3
0°0 G969 L= 68€21L°h 000016 €€he  8££6469'9902 8410681022 0000190 0000L9°0 L D022ZHEM 61
0°0 G9G6L9h " L~ 68€21L° 1 000016 €Eh2  8£€6G9°9902  87.068° 1022 0000190 000019°0 L nZeI14aM fL
0°0 696194 |- 68€21LL°1 000016 €EhS  88G66L°9902  812G06°L022 00069t °0 00069t ' 0 t  GOZ22WOMM €1
0°0 96194 " L~ 68€2LL° N 0000LG €EhE  LLELGB 9902 9£9016° 1022 000ZLh"0 000L1L4°0 Lt NOZZWOMM 21
0°0 G9G.9h " L~ 68€2LL°h 000016 €€h2  HEOE06°9902 6666161022 00049¢ ‘0 000G9¢€ "0 ‘ €2214aM L1
0°0 696190 L= 68€2LLh 00001G 'E€h2  929h06°9902 6619161022 00hE9€ "0 00hE9€°0 i QL229NSH 0L
00 696194 L~ 68€2LL"h 000016 €€he  1282h6°9902  L1L026°1022 00062¢£ ‘0 00062¢£ "0 {  NL229NSM 6
0°0 G969 L~ 68€2LLh 0000LG"€E€h2  L10186°9902  1L0h26°1022 0099820 0099820 L 222140M 8
0°0 59690 |- 68€21LL Y 0000LG €€HS  OLOLO0 L1902  6hi926°L022 0069920 006992°0 L 022V IaM £
0°0 G9GL9h " - 68€2LLh 0000LG '€€hZ  0LOLO0 L2902  GhL926°1022 0069920 0069920 L 122140M 9

0°0 69690 L~ 68€21LLh 00001G £E€hZ  OLhB00° 1902 816926°L022 0006620 0006620 L n2z2119 N19538

0°0 6969t - 68€2LLh 0000LG €EhZ  0Lh800°L902  816926°1022 0006620 0006620 L 12119 aN3
0°0 G969 |- 68€2LL Y 0000LG "EENS  OLhBO0 L1902  816926°1022 0006620 000652°0 { Z2L21YaM 6
0°0 696190 L~ 68£2LL° Y 00001G €E€hZ  LLhOEL L1902  14G6E£6°L022 00h9€L "0 00h9¢£L°0 L QL22lAQM ©
0°0 G9G. 9" L~ 68£21L°h 0000LG €E€hZ  LLEOGL 1902 219Lh6°L022 00h9LL "0 00h9LL"0 L NL221A0M €
0°0 G9GL9h L~ 68£21Lh 00001G €E€he  ©02011°1902 £19Eh6°1022 00h960°0 00t1960°0 L LLZIHOM 2
0°0 G9GL9h " L~ 68€2LL"h 000016 €E€h2  hBELL2 1902  6E6Lh6°L022 000650°0 000660°0 L OL2NNOM L

0°'0 696.9h° L~ gsALLEh 0000tG°€€hE  160992°1902  L09£G6°L022 0°0 0°0 L 12178 Ni1938

0°0 G96L9h " i- mnmm—nwanv 0000LG"€ENES  160992°1902  L09ES6°L022 0°0 0°0 t 711M9718 N1938

{avy] [avyl {avy] | (W] [W] [W] I (Wl (W) *ON VN "ON

1Sd t Hd V13HL | z A X ! oV (1)Wns *000 INIW3T13  °"Sod

S3ITONVY | SNOI LISOUJ | 30N3IND3IS Lt N3IW3II3
L 39vd 4w 11M978,, 3INIT WV3IB 410 AJAYNS

20°21°81L 68/1LL/%0 NNY 60 't :NOISY3A , VW, 17T HLIM NOILD3SY3ILNI OL M NN SINIW3ITI TVIiLd0 40 AYLI3WOIO M 11



gUﬁuhw wu&w.\w\wL NU\.\OW NYITD Y

Umwﬂw :O.\w.v.u.kw\ M ;l\\N

L£0G9€°0
LE0G9E°0
LE£0G9€°0
LE0S9E"0
L£069E°0
L€059€°0
LEOG9E "0
L£069€°0
LE0G9E"0
LE£0G9E°0
LEOS9E "0
L£069€°0
LE0G9¢E°0
LEOS9E "0
L€049€°0
LEOG9E O
LEOS9E "0
LE0G9€°0
L€0G9€°0
LE0G9E "0
LEOG9E" O
LE0G9E°0
LEOG9E "0
L£069€°0
LEDG9E "0
LE£0G9€°0
LE0G9€°0
LEQGIE O
L£069¢€°0
LE0G9E "0
L£069¢°0
LE0G9€E°0
LEOG9E "0
LE0G9E"0
LEOG9E"0
LEDG9E"O
LE0G9E 0
LEOSIE "0
1L£069€°0
L£069¢€°0
LE0G9€°0
LEGGIE 0
LEOG9E "0
L£059€°0
L£€069¢ "0
L£0G9€°0
LEOGIE "0
LEOG9E"0
LE£0G9E "0
1£069¢€°0

. - . . 3 ) - 3 - - - . - 3 . . . Ooooooo
OO0 O00000000000000000000O0Coo00000000000000coao

R I A N

COOCOOCOOOOOOOOO0OOOCODOOOLOOOOODOOODO000O000O

68€2LL"h
68€2LL h
68¢2LLh
68E2LL "N
68t2LL N
68€2LL h
68€2LL"h
68tcil’h
68t2LLh
68€CLL ' h
68€2LL
68€2LL ' H
68€2LLH
68€2LL " f
68¢2LL f
68t2LLh
68€2L.L %
68tctl h
68¢CLL ' h
68t2LL h
68€2LL h
68¢2LL h
68t2LL h
68t2LL
68E2LL N
68€2LL"h
68€21LL N
68£2LL N
68€2LL h
68te2LL h
68€2LL h
68¢2LL N
68¢2LL h
68£2LL N
68¢€2LL h
68tcLl h
68€2LLh
68€2LL
68£2LL°h
68€2LL"h
68E2LL K
68ECLL N
68E2LL
68€21.L°N
68¢€2LLh
68t2LL
68€2LL N
68E2LLh
68EeLL h
68f2LL N

S 21922

0000LG"EERS
0000LG6°€€hS
0000L6°€Ehe
000016 eEhe
000016 €Ehe
000014 €Ehe
000016 €ERE
000016 €€he
0000L6°EEhe
0000LG°EENE
0000L6°€Ene
000016 gEne
0000LG°€EhE
000016°€€he
0000157 €ehe
000016 €Ehe
000016°€€he
0000LG°€ENE
000016 EtEhe
000016 €EheS
0000LG EEhe
0000LG6"EEhe
000016 €ENE
0000LG°€€he
0000LG"E€ENS
0000LS"€ERS
000016 €Ehe
0000L6 " ¢ehe
0000LG €che
0000LG"tENe
000016 €Ehe
0000L6°EEhe
000014 €Ehe
0000LS"gEhe
000016 €ENe
000016 °€Ene
000016 €E¢he
000016 €Ehe
000016 €Ehe
0000LG tene
0000LG EENS
000016 EEhe
0000LG"€ENS
0000LGa°"€che
0000LG €€
000016 €€NS
000015 eEhe
000016 €€he
000016 €€he
000016 EEhe

96.£26° 1902
£61606°L902
OhtLon*L90c
oht1OK"L902
Oniton" 1902
OhitLoh" 1902
2h986¢€ ° 1902
G8286¢ ' L902
68286¢°190¢
heeest " L90e
he2eqat " L90e
G22h6e°1902
aeen62 - L9oe
€L£802°190¢
0he98l " 1902
696191 °1902
906161 °1902
GQGEEL 2902
699611 °1902
81t8G1L"L90¢
8Lh80L " 1902
81h801L L1902
29€2¢£0°190¢2
28£2£0°1902
L09120° 1502
05991L6° 9902
886668 °990¢
088188°990¢2
21189879902
6688189902
4688h8°990¢
$06828°9902
406828°990¢
506828 °990¢
L86L18°9902
L1801 89902
2c0L€08°990¢
L02€6L°9902
7l01L1°9902
0089tL°990¢
26614179902
whglLel 9902
9€LhL L9902
6581699902
0¢.1.89°9902
085089°990¢2
06699902
0h€669°990¢
0n€649° 9902
0he659°990¢

L2Less "hoee
h690¢€9°hoee
2996h6°G0ee
2996h6°602e
2996h6° 6022
29961676022
002966 ° 6022
6€1166°60¢2e
GELL66°6022
G£9L10°902¢
6£9.1.0°902¢
geh62e ' 90¢ce
82h622 9022
£gonsh 9022
86611679022
11661679022
188209°90¢c2
6L1L619°902¢
219969°90ce
n€961LL°90ee
heosiLl 90ee
he96LL 9022
009t 69022
009h16°9022
0iL82h6°902¢2
onnwlLe loee
2662le’loée
2eh80¢€ " L0ce
c6ehneL0ece
helh6e L0282
helh6e L0282
hhoihh*L02e
hholhhL02e
hholinh® L022
8296lh" 022
LLEW6H " L0Ce
€66216°L022
96h0hG " 1022
LLEB6S LOCeC
0681L99° L1022
229619° 1022
eéhiLLL L02e
e9€LihlL"L02e
h08L61°L0e2
98h91L8"L0ce
8916£8°2022
801068 L022
8h.068° 1022
8h.068°L022
87,068 L1022

0002hs° ¢
00006h " €
0008L0°¢
0008.0°¢
0008L0°¢
0008.0°¢2
000LL0°¢2
0000L0°¢
0000L0°¢
co0oLh6" L
000Lh6" L
00G8LL" L
00S8LL" L
0008£G" 1L
0009.h "1
00080% " 1
oolelE L
00682¢° L
oogg8le’ L
000862 ° 1
000862° 1
000862°1
0006h0 " L
0006H0° 1L
008HLO" L
00802.°0
0081L99°0
00H€29°0
000686 °0
000L€S°0
000LES"O
0006.41°0
0006L4°0
0006.8°0
o0hhnvh 0
00Hhheh "0
0ohtioh "0
0006.€°0
000£1L€°0
00064h2°0
00£0€2°0
006161L°0
00G6£61L°0
006660°0
0066L0°0
006660°0
0°

[=ReXa)

0"
0
0°0

0002hS° ¢
00006%° ¢
0008L0°2
0008L0°¢
0008L0°¢
0008.0°¢
0001.0°¢
0000.L0°2
0000L0°¢
000L06° L
cooLh6° L
0068LL° 1
0068LL° L
0008€G6° 1
0009Lh° L
00080h " L
00L8L€° L
00682t "L
00g8le’L
000842 °1
000862 ° 1
0008562°1
0006h0° L
0006H0° 1L
008hL0" L
00802L°0
008199°0
00H€29°0
000486 °0
0001L€5°0
000L€5°0
000641170
0006Lh°0
0006.171°0
oohthh "0
00hhen "0
0ohhon "0
0006.€°0
000ELE"OD
0006h2°0
00£0€2°0
006161 °0
006€61°0
006660°0
0066.0°0
006660°

COoOoO
cCOoOCOo

e e o e e e e e e e P e e e e e e e e e T Y P P P e e e e g P e e Y e e e P (e e P P gee g g g g g - g

NSGCHOMM
LG2 1 ¥aM
s7114g
o149
42174
062d430M
9621 HaM
00562d30M
GG2 1 HOM
0062S9MM
RGZ I HOM
30G2HdNM
IR TAR ()
QOGZVHNM
NOG2VHNM
2G21H0M
GOGZLNSM
NOGZLINSM
LG214aM
TANL
(AL
GE21HAM
J0E£CMNEM
hESIHAM
OE2ZMNSM
£E€21HAM
QO0ECONSM
NOE2ONSM
rAYA R,
0022ZM8dM
LECIHYAM
£2c1g
ace1g
6221 40M
QE£2ZLAGM
NESSLIAGM
8221 YaM
GOZ2VHNM
NOZSVHNM
IRZA R,
Q222ONSM
NZZ2ONSM
9221 4aM
a2221AAM
({TAAA T
G221 HaM
00227ZHAM
aecig
01114
sS4

Ooh

6¢

N1O39
GN3
ON3

FANMINOVONONO =N oy
-~

N§1O3d
N193d
N1O38

{avy] [avy]
ISd IHd

S3ITONYV

[avy ]
Vi3HL

(W]
z

(W)
A

(W)
X

SNOIL 11 SO0d

fW]
ouv

303N3IND3IS

(W]
(1)nns

AWVN

‘000 iIN3IW3T3

1 NI WIT3

‘ON
*S0d

- e = > " W D N A W D G G e S8 e e e e e = T R P T S R T D e e T e e A S D R B R G R R EE R A RGNS S E,E A E SRR ESEEE TS mSaEooEeosee e

4S8, 3INIT WV3E 40 A3AYNS

L 39vd

20°2L°81L S8/LL/N0 :NNY

60" :NOISY3A ,AQVKW,

*¥4103dS AN3 01 S3IXV NOI1O3SHILNI

SIN3W313 TvII1d0 40 AHL3IW03IO M 1171



\QUD&:WSOU M .NQ«INU

00+0226£92 0~ = {1Sd)yoyy3 00+36h8601 *0- = (I1Hd )yOoYY3 00+016h618°0 = (V13H1)¥0oyy3

10+QLELB2L 0 = (Z)youy3 L0+06S6E6L°0 = (A)doyy3 L0+0L£620G° 0~ = (X )yoyy3

009626°6 = HI9N31 Oouv 009626°6 = H19NI1 Vi0L

226£92°0- 281662°0 Oh8LEG"G OLEL6L iEhe  626866°8902  6.£61L8°2022 009626°¢G 0096266 L S1179  aN3

226£92°0- 281662°0 OnBLEG G OLEL6L nERS  62686G°8902  6.£618°2022 009626°6 0096266 1 s1718  aN3
226£92°0- 281662°0 OhgLEG S OLEL6L " hEhES  62686G°8902 6L£618°2022 009626°S 0096266 L  OSGZHSWM Gh
226£92 0~ 281662°0 Oh8LES G OLEL6L hEhS  62686G°8902 6L£G18°2022 009626°G 009626°G L 6G21HAM tih
226£92 0~ 281662°0 Oh8LES G 26Lhhl €€h2  GhEG22 8908  Gh626L°£022 00964t " h 00960t 4 1 SGZZHEM th
0°0 L£0G9€°0 68€214°h 0000LG 'SEhS  966220°8902  LE£h22E°h022 000028 "¢ 000028 € L 8621 4aM 2h
0°0 L£0G9E°0 68c2LLh 0000LG €ENE  61E2h6°L902  LhGEEG hO22 000166 "¢ 000h66 € L AdSGSWOMM Lh

{avyl [avy] [avy ] | (W] (Wl {wl | (Wl (W] “ON IWVN ‘ON

18d 1 Hd V13HL I y4 A X { o4V {(71)WNS ‘020 IN3IW3I13  "SOd

SITONVY ! SNOI lLISoOd | 39N3INDIS LNIWIT3I
¢ _ 39vd #S1179,, INIT Wv3E8 10 AJAUNS
LO°2L°8L G8/LL/Y0 :INNY 60t :NOISYIA ,AVW,, *Y103dS GN3 OL SIXV NOIL1I23SHYILIN! SINIWITI VvIILdO 30 AYLIWOIO M I



)(Oq ADJAPAUOD

N N ]
AN o~
)
N U
<.
| |
[O—— -— e [, ! l
A — - I
: N
R T T R T TR
. - “\_
> Y N
V3 >
[ VEEEN
\ NEEe
~k RN
S NI
N N
AR AR AR A I RRTIN NN
\\
V]
. <
2 3
d a
g : o
SN .
9 ¢ 0 &
$ < <9
Y 2
[
v =
I
9
: 5
e
G + >
Q AN
¢
& -
o $°'sz zHL
\‘
N
S'SZ  HDOM \Q f:_l
} - r
i 0
! 2
; 9 ©
| <
| N
i
‘ ———
)o Liid L DAZUDD W ',,a&.\o-}_ —
suend sorm Gz SgM
=
- o
sup)d ssv3wW SZ wIN N\
~§ suod whs o7 ANS
3 !
-g 473N )o jouy :
8 M 4eyPung  w=dnod —
)
€2 MNS. ™M J«aupung 1

,‘4 1 4aY

LQB out

Optics

LiL - W 5pec4vomc"tc:w

F.11.85
J\“)I‘q

K. &



Te mporary s pectvo mete v

bgoo

TUV\hQ.[.. WQLL

ST
7 Im +{ 1&:(,&{
.O [ 4] ,ﬁg AQ"

7 Z |
> 30m

A Y
T
L - 7
% 3.0 é

// [

Z Imasg ﬂ Aurchcr
Z exﬁ
” i |
; B
/'/ é :
# Z

Z 7

~ z ACS 2_6
Z Z

/ s

Z Z

7 ~

9 7
¥ -

~ 7

4 concrvetle

7 weall ?

7 7

'/'//’// S s S

300
- o
220
Optics La%oat L A




9.(0.85

|

[\X ﬁ%:/"‘"

> X
t o)
y
|
-l
A |
\ |
x |
]
|
: /3;= AJq m
17 h
‘ /ouv.‘ of focus
{
|
I __b__> >< )
/
A <
| aAp =80y
> X




“.8.8%

Howz, beam roolius at SEM—%HOL

AX (mm)
N €= b Jerad.m
2 P Be=Am
+C.
,/'/’ ’
o T A, for &= A073

A4

o | / A J¢

o -
EUUS '/—"//
I | | I
| A
oS 4,0 B./B,
r‘.
/—/9. l/'
AX‘:A% Beam radius at hole
(mm) :
A0 R in tavget € = br pracl.m
._\\L\\ )
5 = \
e
—
25 '?:"—\—\—_\—\— _ _}\_ A/%
\ " - 2%
/] - - . . - O O M - -
1 ] 1 [
- A
05 A0 B./ B,

SNT 25 Solenolol strength Fio. 5,



A 40,85

(>



t4.10.8S

Vertical beam radivs at SEM %r{OL MSH 25.5
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