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DATAH A& CQ{UISIT ION SYSTEWN. FOR 4 PRESSURE SCANNER
PHOTOBELECTRIC FABRY-PEROT SPECTROMETESR - -

- ¥. K. Kikani, N.S.Jog, K.C,3ahu;and J. M, Tesai .

Physical Research Laboratory ., .
Ahmedabad -3800¢S, India

Abstrabis.

The pressure scanned ohotoelectrte Fabry-Perot spectro-
meter is 2 high resolution instrument used for spectroscopic obsers™’
vations of astronomical objects. This technical note descmbes the
data ac‘qms‘ltmn and recordmg oysterr\ for this t'§'r£).e of P abry-}"‘erot
spectrometer- ThlS mstrument was used at the Casuegram foc us

of 1 toéter telescopes at <avalur and Nalmtal Indla.



Introduction

A data acquisition system has been developed for a pressure
scanned photoelectrlc Fabry-Perot Sgectrometer whlch can be used at
Cassegrain t‘ocus of a large telescope for the velocity field and spectral
measurements on planetary nebulae. These measurements are madé
‘by obtammg line profiles through scanning various emission lines
from the sources. A Fabry-Ferot spectrometer is used in the pressure
scanned mode and both the signal in’ terms of photon counts and Fabry -
Perot Etalon chamber pressure in terrns of pressure counts are
recorded on digital printer. After reducing these numbers to corres -
ponding intensity and wavelength forms, one can plot the complete tine

profile for a selected wavelength.

Instrumen t

Flgure 1 shows schematzcatly the spectrometer together with
the data acquisition system. Lxght ﬂux from an astronormcal source .
falls on the prlmary mirror of the 1 m telescope and after. reflections
from primary and secondary mirrors, it gets collected at the Casse-
grain focus. This /13 light beam, after pessing through an aperture,
a-collimating lens and a tunable filter, falls on to the Fabry Perot
parallel plates placed inside a Fabry-Ferot etalon chamber. Due to
the multiple reflections inside the two parallel plates, an interference
fringe pattern is generated. The central fring;re Is passed through an
aperture and then focussed by an achromatic lens on to the photocathnde

of a photomultiplier tube.



The photomultmher tibe' used in thxs system is ITT FW-13¢
type from st Electro- optlcal Products DlVlSan St This is a -
special purpose 16 stage multlpher phototube havmg 2(? spectral |
response and restmcted sensm Lve area of ¢ Oy 1 inch dLa. It has a hlgh
photoelectron countmg eff1c1ency of greater than 8“% and low dark
current of 2 x 16 A at 5 x 1(6 gain and hence miore suitable for
‘photon counting appllcatxons. Output photoele ctr’m pulses from the
photomultiplier are given to fhe pulse amplifier discrim mator cu‘cmt

as explained later in the electromcs system. descrlptlon.

Scanning throrught a line prbf iie is a_c_h}ieved by, changing the
pressure. inside the Fé{‘bfx‘jf"—Pfe‘rét:"c'hamber .fil.'léd with Freorl—l_z gas,
permitting scanning range of about 4 :Ea/atm. The Fabry-Perot etalon
is placed inside this chamber and the pressure in the chamber is varied
in steps (C.7 mm Hg every 2 seco‘nds) by means of a piston—cylipder
unit. The step-wise motion of the pist_ori inside the cylinder is achieved
with the help of a geneva gear drive coupled to a 144¢ RPM continuously
driv'en synchronous motor., A m icrosw'itcﬁ has been mounted near _t_he
piston shaft which is closéd at the end of each step movement for a few
mitliseconds, by a cam mounted on the piston shaft itself. This micro-
switch pulse is used to synchronise the complete electronics systemb

operation as explained later.

The: pressure inside the F.P. etalon chamber is monitored by
means of a pressure transducér typ}e- 58@ Barocel from M /s Datametrics,
Inc., USA. This pressure sensor _iprojfides highly accurate, repeatable
and reliable pressure measurement o?e.r a wide range of 1660 Torr
(mm Hg) and converts it into an ‘Outpiif signal of & to + 1€ Volts -DC,

floating., It ﬁas a transient _reSpoﬁse_’o‘f 2 milliseconds and provides



an accuracy of about .1 Torr Wlth a repeatablhty of £,11% of the
readmg The D, C voltage output of the pressure transducer is fed
| through a dlfferentLal ampllﬁer to a voltage to frequency converter in
order to get pressure readings in ternﬂs of dlgxtal data as press ure

counts

Electronics Syster

The complete electrnmcs data acquisition system conststs of

the fo Mo wmg subsystems

iy Charge Ser;.s itive Pulse Trearcplifier Diserim inator ...
| ‘_ii) Photon Counter -
" iii) Differential 4 mplifier
Civ) Voltage to Frequency Converter
v) Pressure Counter _
vi) Digital Multiplexer ~ - e _ i

vii) Digital Srinter, . e : N gk

The mterconnectlons between these subsystems are ag shown
in the Fig.1, The functlomng of each subsystem is .as described

below: : S

- i) Charge Sensitive Pulse Preamplifier Dis'crirpinatbr: '

- The photoelectron output pulses from the anode of the photo—
“ multiplier tube are amplified by a charge .sensitive pulse preamplifier

and subsequently discriminated. against bac! rgr,ound noise level by a .



disc;ﬁfimihatdr circuit.. | F"ovr"this' purpoée, an integréted .hy'brid c-l:large
sensitive preamplifier, discrim ‘mafdr»and plﬂse shaper, Mociiel A.—ll.(}l
PAD of M/s Armptek Inc., USA, has been used. Thjé has a nominal
threshold referred to the input of 1.6 x 10—13‘coulomb, eq-ui\?aien;t to
106 ellectrons, w ith a RMS noise level less than C.4% of the threéhold; '
The output is available in the form of TTL 1e\}e1 pulses of 220 ns
nominal pulse width with a typical rise timre of 6 ns ahd féli time of

’ 20{{35. The maximum count rate can go upto 4 x 1”6 counts/second
giving_é, pulsé pair resolution of 250 ns. A small circular prmted
circuit board carrying this 12 pin P& D mtegrated circuit was mounted
_directly behind the photomultiplier tube in the same housing so as to
avoid noise and pick up'problems. £ 18 turn potent id:meter.wa_s also
mounted inside the same housing in order to set acc-urat-ely the desired

threshold level. , T P I

ii) Photon Counter:

The TTL level pulses from the pulse preampiifier discri-
minator circuit are counted for an integration per-iod of 1 secondiin a
€ dLth Bmary Coded Decimal (BCL) counter. This counter err‘ploys
a ptezoelectrlc crystal of 1 MHz formmg a basis for a stable 1 MiHz
crystal clock generator. The clock..frequency. has been divided down T
to 1 pulse per second (1 PPH) w1th the help of three numbers of dual
_decade counters type 7435C. This 1 PPS with the; help of gating '
--_C.i_rcuif:ry (74i:2), Flip-Flop (7473) and monoshots (#4121 and-74123)
._;'or_'ms a gate period of 1 second “for integration.of photon counts:and

... pressure counts.



Input photon count pulses are passed.through mput gate (7400)
-to 6 digit BCD counter us ing TIL 307 mtegrated c1rcu1ts Wthh have
-built in BCT counters 1atches decoders drivers and 7 segment LED
-~ displays '.'also. Thus, the photon counts are made available in para-

~1lel BCD form for dlsplay and recordmg purpose as shown in Fig. 2,

iii) Differential A mplifieff:

The output of the pressure transduceris a floatmg T ta t1¢
Vv JC voltage correspondmg to a differential change of - pressure of
'IGOG' Torr (mm Hg) ' When the pressure inside the Fabry -Perot
etalon’ chamber LS mcreased by the moving. piston, the output of the
pressure transducer mcreases, say from.C volts: towards + 1¢ volts
-and vice versa Sometlmes while this pressure is commg back to
normal chamber bressure, the transducer output may undershoot
below T volts towards negative side. In order not-to loose thése B
- bressure readings, a polarity change over switch with an LED indi-
cator has been provided alongwith the differential amplifier., A FET
mput operatmnal amplxher Type 740 has been used in unity gam B
differential conﬁguratxon Wthh gwes smgle ended output of ¢ to 1"*

volts.

iv) Voltage to F_I"equency C‘on\;erterz
“The' analog output of the pressure transducer after passmprLi '
through the dlfferentlal arrpllfler has beeun converted ints digital
form by a voltage to frequency coaverter type 4705 of M/s Teledyne
Philbrick, USA. This low drift V/F converter has a wide operating



range 5f 1 Hz'to 1 ¢ 5 MF¥z corres po‘ﬁdin{‘ tr £t 10 V i nput voltage,
with & 1% lmearlty, gwmg equivalent reSOLutmn more than 14 bits.
The output of this V to ¥ converter is TTL level pulses which can be

directly fed to the pressure counter.

v) Pregsure Counter:

The pressuré ¢ounter circuitry is exactly similar to the
photon counter. FHere the pulses cutput from the wvaltage to frequency
converter are passed on -thfough an input gafe toa 6 digit BCD counter
using integmwated circuits:TIL 307, similar to photoﬁ counter. The
input gate is opeﬁed for a counting period of 1 second by the same
source whieh contrnls the input gate of the photon counter. xence,
the counting of photon counts and pressure counts, as well as latchmg
of the counts on the respective BCD latches in TIL 307 integrated
circuits, in bpth the counters is done d surultaneously Thus, th‘e‘.
Fabry-Ferot etalon chamber pressure which is converted from '—malog
voltage into corresponding digital velues by V to F converter is avail -
able in parallel BCD form for display as shown in Fig. 2 and can be

further processed for recording purpose.

vi) Digital Multiplexer:

The limritations of the digital printer usad in this experiment
was that it'could not print more than maximum 8 digits in a single
line. The lab-testing with this De'ltronix‘ printer showed that whenever
we tried to print more than 8 digits in parallel columuas, it wés either

not printing at all or misprinting. 7This is probably due to the load



-exerted by number of hamrr ers on the drum at a tlme and thereby on

. - the motor due to Whlch lt slows down and looses the synchromzatxon

- This restrlcted the desi ign of the recordmg system to have 6 dLgxts of
photon counts and 6 digits of pressure counts in two separate lines,
instead of in a single line of 12 digits, although both the € digits data
are acqmred simultaneously. Thus, to prmt these two data 1mes
one after another on the dlgltal printer, they were reguired to be

smult Lplexed ahd passed on to the printer at dlfferent times with the

L help of separate’ subsequent prmt comrrands. For this multiplexing

purpose, 74157, Quadruple 2 line to 1 lme data selector/multxplexer

o mtegrarbed circuits are used as shown in the F1g 4. These data multi-

plexer chips have two sets, each of 4 lme mputs A and B and 4 line
. “outputs, being selected by a-single. select line. Dependmg upon the
loglc level on the select lme, mputs A or B wdl be passed on to the

eorresponding o utput lmes

cvii) Digital Printer:

The dngxtal prmter used in thlS expern“ent was of rotat ing
drum type, Model 2002 from N‘/s Deltronix Ltd. , Bombay. This has
a printing speed of maximum 3 lines/second and upto 18 columns :
mcludmg U to S numerels and some opeCLal characters. The printer
provxdeo ltiming and reset signals and accepts parauel BCD data,
alongwmh the prmt command through an mterface Wthh was developed

earher.
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OPERATION

~The detail electromcs cu‘cutt schemattc of photon/pressure
counters is as shown in Flgure 3 The complete electrontcs system
is synchrontsed by a pulse derlved from the microswitch fitted on the
pviston drive' systtem * This mtcrosmtch gtves out a pulse on every
revolutlon of the ptston shaft at the mterval of 1 5 seconds both in -
the forward and reverse motton of the plston. .. Upon the arrtval of
this pulse which is fed to the input of 74123 in the "EXT” position,
| both the photon and pressure counters are resetted and a. delay of
0.5 seconds is gtven by one of the monoshots of 74123 as shown .before
integration of photons and pressure counts gets started. This delay
. is -desirable for the stabilization of pressure in th,,ec‘.E;.:E‘-.; Etalonb

- chamber, after each step of piston mof}erhe._ht.

* Theé photon and pressx *e counts‘are courted smcultaneo usly:
in two separate 6 dlglt BCD counters for an mtegratton pertod of
1 second and then they are latched by a 1etch ‘pulse, at the same-time,
on to two. se‘parate"e'ciigtt tatches as well as dLSplayed in.the game
mtegrated circuits viz, TIL 367 -7 segment dtsplsys alongwith counter,
latch and decoder driver functtons. This latch pulse has been derived -
from the other monoshot of the same 74123, whtch is triggered by the \
trailing edge at the § outout of J K fttp flop 7473. Thus, 6 digits of
photon counts and 6 d1g1ts of press ure counts are sxmuttaneously

available in pamllel BCD form for data recordmg

'N_'ow,' to print these 6 dLth photor_l counts and 6 digits pressure

counts in subseq’uent lines on the digital printer, we have to generate
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two distinct print command palses, synchronous with the corresponding
6 digit data. This has been achieved with the help of 6 Nos, of 74157
Quadruple 2-line -to-1 -line data selectors/multiplexers, 2 monoshot
74123 and an AND gate 7408, as shown in tbhe circuit schemétic of
Digital Multiplexer', Fig. No.4. The 'lateh' pulge which transfers
photon and pressure counts data on the respective l,atchés, has been
utilised to trigger one of the monoshot of 1. C, 74123, This monos.hot
gives a delay of ¢.5 seconds before triggering the sther monoshot of
the same I. C, 74123, The Q- output of this monoshot and the basic
'latch' pulses are passed through an 'AND' gate IC 74€8, to generate

two distinct 'print commands’,

The 6 digit photon counts 4] B1C1DI, A2 B2C2pa ...
and the 6 digit pressupe counts P1 Q1 R1 S1, P2 Q2 B2 82 .... ape
connected to the respective A and B input lines of the corresponding
rﬁultiplexer I Cs. 74157 and the multiplexed 8 dirit parallel data out -
puts, viz: W1 X1 vi Z1, W2 X2 Y2 22, vo... are passed on tg the
digital printer, The com‘mon 'input select’ line of these multiplexers
is connected to the & output of the igt monoshot of I, C, 74123, As
shown in the timing diagram of Fig.5, when the "latch!' pulse arrives,
the T output of the monoshot or the 'select! line of the multiplexers ig
at logic 'Low' leve] and hence the photon counts are selected and printed
on the digital printer by the same 'latch' pulse serving as the first
print command. Now the 'select! line of the multiplexers goes to
'"HIGH' level and hence the pressure counts afe selected, when the
other print Command arrives after 0.5 seconds ag explained earlier

these pressure codnﬁs are printed in the next line on the digital

printer.
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CONCLUSION

The data acquisition and recording system for the Fabry_
Perot spectrometer has been developed and used to record photon anci
pressure counts in two separate lines of 6 dlg";ts e'xch on the digital
printer. This hrmtatlon of prmtmg two separate lines for a smgle
data point can be avoided, in future, with the help of better printers
available recently in the market, e.g. EPSON Model 350, 360 or
720.

ACKNOWLEDGEMENTS

We are grateful to the Director, PRL and Prof. P.V.Kulkarni
for their encouragement in this work. We sincerely thank Mrs. Mary
Thomas and Mr, F. M. Pathan fdr their clean and neatv Wiring aﬁd lay-
out of the instrument. This was supported by the 'era‘rtmentpf

Sp_ace, Government of India.



References

. : ) ‘ ‘ '
"1, Datametrics Inc. USA;, "Instructional Mannual Type 59¢ Barocel
- Pressure Transducer.. :

2. Electro-Optical Products Divn.., “USA., .”Specific_ation'she_et,,i.,: ,
REV 12-7¢ of FW 13¢ Photomultiplier tube',

3. Amptek Inc.,’ USA, "Specification sheet of A-171 PAD, Hybréd

charge Sensitive Preamplifier Discriminator, " Jan, 198¢.
- R

4. &.D.Bobra: "Electronic Interface for Digital Electronic Printer"

PRI Tech. Note, TN-78-04(1873).

12

»



#ﬁmw%ﬁwwmmtwmﬁ
FENSEId NVLIITIOONE THL 20 LNOAY TLTAEHIS 1S

: . ILNTSY
. : . 337 YIRS ey In9 7o T o
;w g f : ety %uww F5S Fud f,;%}m TS w%mm@rﬂireﬁa EESPc a1
&
anin 150 _ H ;
.wmia Mwamw@.mww ,. ma@.rmwm NG .W%.m m w |
ﬁtnﬁaw;: ernd | A 2 i ! w | i
R TRt Y §%m _ . . mwuﬁ&wxﬁmaw ot m ! W i
Rl i I ypwen IHET I 7 i . m
_wj.vaul.l.ll.. sl o &w Fwﬂ% oo - Serra P 3 H
% ALY B M A . 1
A ) % % H w
; m 37 m i} i I
i mm ‘Mue..:.v,iai. ,m,...o....aaia..f....... S m &
b é@ﬁ wm&} ?yﬁi : ol _ F i AL
- u% &%‘Jﬂ mmau; gﬂﬂngn m..a.%\ m m. ; m. f\ww : m u.wauw. mm\w
RS 4 § 3 7 s i H Y
. m mw,_. S mﬂ mu m.m _mm m M_,r
] Wr:.nﬁa.a oy sl i i LY
TG WIoDRL i ) m ] { !
oo L i T i i, %
w. BILARS Jad g 4, s i x
(=18 m ] ;
< ¥ m, M \
I . ®
£

BT L33V duawd ol i . gy mm&m.,«m i
smmEs L, B9 m, FIBYLNL TOHIDI4S omidelld
Rt e
gﬁw



o T T e suade|

T H3INNCT JUASSINS ONY SSINNGS NOIOWA 20 WEEVIO H0W czow

AVIESIG

LOdN S
- dHY

L e A3W0
. 3YUNSE3ud

31w |

LN ﬂmmmwmm_ e

1 Linows ke
. . mmmmmwmm ey mam ‘wﬁm .ﬁ

.Hhﬁmﬁw W S ,

LNaRI . T | e

| A¥14SIQ

e LOHSONOW}-

b puow aaw)
e ONLLY L8 et




. 'ts FR ISP AT Peong gpma L 6w s TR A £ " l
Fiﬁ RGN c“ SOHE zv‘ai-{% i DIARRAOM OF 06T ACOINZITION BYBYEW O
FABRY - PERDT SFESTRODME TeR- : :
1523 8.
froviome i = “mm/m,:.-m.w /
. o Fav _twm 'I
! ’r oy d,.o TNy §§ | h’& .
""@M 1 »fwwé{“/f’w ;«" 33 & 8 2 S, 2
; «..«4‘, vl ’\% N:wj" r»,_,s " ‘Q‘?‘%
o semE ¢ ;A
. - ...,r.} ..,%?lg}-;qq:an\:munmqu .g ,
S & - SR o Aot ol
Shape
& ; =
T PR ¥ ¢
il sfi* % WY i #H121 5 .
= & AP © S
o 2123 '*?W’, B "
AR gy ?@? 5 S
Qupy ok FEETS F- P 5"% ?
e s g 3 M i FY3 ERL.T W -
w7 o ozy  F W? 8
.. aaly e B . @;; 5
. iy e Jf’: AL, o mﬁiﬁ
-{a Lahrdd ToE &5
w?‘—" ?ﬂ’v vs & FAFUT
4, ;ﬁ,&zwﬁ %) LAves o}
) ] i ¥ 3
s LY oo wpey fe v & v 1 37 oy i3
ssgobai ¥ IR 7 & RO .- SR LA P . Lo w5 %.m,as:‘.”m
' ﬂ“i.% ";sr:-a:.‘-i Taf ko i - e Mﬁ
>~ 5 1 i
gt Tib de i . 13 jor B ’
sl 307 @1 a0y B | 2 5 A
Jet Lgﬂ -2 & 24 %@{i@% i
. et Trerbigpran®  BIERS
S g ik St
jtﬁ gy {15 ‘éf . 3 o
FRERH .
O i fe - #
Py FEeny N’b n.;&{nr\&i i i - I S IR 5 ¥ “!I'«.\_~
;m TJ»% n\,'i Pty %
i i Tils ;
Bl oo 1R sar 1%
o3 AeY f 6
i) o | bt ;4
* iy ' L2 .
im 4, ){:s e
N ;iu-e ~ v s e B g PRSP
e
B s s RECETE T St M 28 B ey
Vv e e P, w L Vo .
faxz oy g s TR Y S, 838 e FERE,
SR T I b Z 3 o s ™ . L »
T e L L T :
e . W Gov TRRFT

2 h{:f:r

!7/‘:‘

1 RS VIR, gyt

F VG

R s




¥

ey

’ ?E-ﬁ W

i
3
3

P———.

g
£,

gocid

..9.,@\

¥
) .
" eIt sy
b et » in
o g;é-u&lmwr)d @ 'E
wegrmmm £ &
,?@mawg 5 3
: ' - #
is ?
i Amoriauy fo § 2 ’9
A ¢ <
\ " oA LI b " W;
A G S0 3 .
1 5 o |
» Lo §FK ez ot o G
M@ * u-.mmm!.- g % ‘?ﬂ’
. qﬁw«w&g § £ & 3
1 & X “g
. &
" .
' : H
. r £ Ngw;:g‘.,,--—... : 3 % s e L cans g
Dt PR U
< : <
3 3] 3
i " b b
N %@..w.‘» S ] g-)z.«:mwmarwgni’mwzlaw: &8
4 o psge 5
B By [ TEPAL ; e £
> L TS i | R SR ST
. .

<50
{‘%‘:

e asng

i

£ D f ) 4
?f o the é "‘“ﬂ'wuwavﬂ:‘{;ww& §
*J il B £ 4 %
. @ AR o < :
& 5 sessmedd " Al e ¢ v
* TSV 'M"‘ et e ;{é ;‘jﬂ; S ] &
@fiiuﬁmvm { s v r g -
i% d%_“‘—n‘:t oty ot s A 0 B0 3 i ﬂ_‘f
¥ * - . - £ i :@ .
- _‘?M S sievtr dvare ...A.«‘.,mm‘«‘f._.‘,.»...,‘, J, \-:u“—;w.m,_,‘ T S Q
o -
. £
;‘ﬁ: . - b g
: 3 AP e PV one o i e % A
& b § 3 i M e
e s o 4
B rmmnny SETEU v tEa g S SN
g @mmﬂ- 3 3 RS 2L dfean g &
) "} L i §8 £ oot
W > - i ‘i M«? B Y
1 - 3 et g Sesnaae BF
“r? - wm@wum» - &
£ k]

v
. >
N ' ig‘ [ s Jronscenns s St i s ?
Eercand il L s <1 | g ¥
LT — R Ve 4 s g 3 oo 9
4 Gy o {. M ﬁ ;P - 1 F - 4 &
W C 3. :":f a)'; IS - T T 3P
""’“"{% . ,;‘v,&:ﬂm:mam: ke d 21 S % 5 &
w - wdip I pmsimod gp
o s N
G
* b Vet e
e g nasmnster 3§
e N
] . e o
& iar et s (B

Sl
ok

.
A

Srgsy

GO AR S e g e A 4&'
. S

5’:;‘3%1«5#

% BResk st

< um:‘% %ﬁf!g? ST AN R RS

of o
. * ‘.‘,‘--,awwumax ﬁa
iy "&‘mg 3
. w.{?: . ;:E
&4 g %] N §Q

ps P z4
@ ¥ I é‘ja' o
] 2 ¥ , sadd
{““a\'lh&m«w@tbﬁ £y ) ‘ : g‘(,
. e
o . o 3%
. g Y
o = ! }reﬁ

@, B

.-’.;’.,'- I 1 . . 3;’
oF - 4
z i3
' » e o 45
hesesgns ; h.
. ) Yy
e L E N A
- : . £
IS ' "‘;%:
. i pas 1
% y R g
R . BN
R : ;:gi
e 4 "‘: ‘ it
“é,w'ﬁ*’?m"‘ fooa
v,'.‘ ;, 'l‘r-*.i.ﬁs-;.“\.., N ‘@7
gy L
%9 r? k '5‘: &'-32-3
jgéw@.,- Vot "
! L i
PN . % q ‘-jf,. )
. ' i
) ’ §‘; i
v P
v
§° a0
L) ® .
b - e
.ﬂ o .
. W g
N R " ]
B3y
. AT
' '3 "‘.":l *
o : a
. . 3 .
a . ™ !




&

F o ey i p
‘& BT ey

FIG.B. TIMING wave s FORMS

COUNTER~MULTIPLEXER

. * o, -‘ v
) o ! _
BICRDSWITER g
VRIGGER PULSE | | o

OF Ta123

OELAY pat

58 ﬁ‘“}* iy
STABMIZATION

Sy,
g

GATE
PEGIOB

Wre &Mﬁﬁ A

f’-é&@%ﬁ

T

[IECTEs R

anuafs]

tgEe

'-.;.,
-

e

‘G surTeur oF

MULTIPLE RER
L PEIEY

B
*\:

e %
e i

T PR e
"-ﬂ'walc:ama.,

WU TRLENER
GHIF SEL ?"Eﬁ"@“ Ry

¥
3

@ ouTeuT oF

BULTIMLENER ¢
By R

Sy

s g;% :Sﬁ,, Cedh L8
i

FERIL AT e T e d»wuv\g [,
4

4

$
iadaicr S
I oo g

o

emvreugald

5 SE

W"qm.-.;-,-

e

B e e S T




