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AUTOMATED MICRODENSITOMETER

C. VISWANATH

ABSTRACT

An intsrfaos to a Cerl Zelss microdensitometer and the HCL'S micro-oomputsr MICRO 2200 has been
bwilt te digltize, log, and protess the analog veriablo denaity infarmation on photographio plaise,

The automated praossa allminates the tedlous apd tims ocopnsuming reduotion procedured of anajog records
on oharts and helps a direot svaluation of Intensity from the photographlc plates and llims {or ths guantiiative

analysls of speatrograma.

Key words  micredsnsitometer—Iinte:face

Introduotion

In quantltative Interpretation of spectrograms of
astronomloal oblects, the uss of mlorodensltometer
for meagsurementa of photographlo plates and flims I8
common. The advantago of racording & vast amount
of Information on photographlc plates Is largely off-
aet by the difflculty In reduoing it to a veabls form.

Large computing systems have been generally
used for reducing tha denelty Informatlon atored on
photographs (Lynge and Arinder, 1872} : (Vasllevskls
and Popov, 1971). Some amaller systema heve sleo
been devalopad, but with differsnt Intarface hardwara,
A need Is often folt for an Inexpenalve end simple
device for digitization apd date handling capable of
belng Interfaced with a mlcrocomputer.

In the conventlonal Instrumants the density ls
racorded ma deflectlons on strlp charts and then
manuelly digltized end fed Into the computsr for
further analysla, The manual method of digltlzetlon
ls always tadlous, time-consuming and error-prone.
Thie paper desoribes a system bullt to sliminate the
manual method of scallng end computation by auto-
mating the prooess of digltizetlon, legging end com-
putetlon of the analog varleble, The automated
syatem |s aimad to increass the speed and efflolency
In the reduotlon of spsotrophotometric data from
photographlo plates and flims.

Desoription of the syatem

The automated system (Flg. 1) ls bullt around
8 microdenaltomster manufsciured by Mesara. Carl
Zslag, Jona. The baslc system conslsts ot hardware,
the electronlc Interface clrcultry and software applica-
tlon programmes. The hardware conalsts of & poaltion
sensor, a digltizer, a system Interfaca end the ocontrol
logle, Mloro 2200, desk top computer with Microdata
interface (MDI) and floppy disk attechment (FDA).
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BLOCK DIAGRAM OF AUTOMATED MICRO DENSITOMETER
rlg. 1

The positlon eensor [8 an Incremental shaft
sncodar (ROTASWITCH-8286) which glves 60 pulass
per revolutlon with quadreture output and [e coupled
10 a gear dlrectly attached to the table movement
sorew In the microdensitometer. Thla arrangement
glves ana pulss at every 8 microns linear displacament
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of photographic plats/flim. This puise la the basle
clock for the syatem, and digltizatlon and data transfar
at sach position I3 dons only on amrival of thlg pulses,

The digitizar (Teledyne Phllbrio 4111-10 A/D
converter) |s an snalog to diglial converter (A/D) of
3 digite with BCD output which digitizes the analog
voltage from the mioro photometer, The output s
callbrated such that the zsro end the maximum
deflection on the chart recorder. Correapond to zero
and 89.9 of the digltized output,

The system Interface (Flg. 2) s an hend-shake
logic thet Interfaces digitizer and the mlcro-computer
Mloro 2200. The Interface conslets of addreas latch-
Ing and decading olrcult, data ready Indlcator, digits
multlplexer and data over elgnal-generator (Appendix
1). The control loglc controls the functions llke
releaga/hold of mlcrodensitometer, dspending tpon
the command from Micro 2200.

Operation

1. Llogging deflsctions to the disc: The sequence
of digltizetion and data reductlon (flow charis {, 2,
and 3) Is ee follows !

Photographlic plate or flim is posltionad on the micro-
densltometer. The progrsmme 1o log tho deflectiona
to dlec {sample programme 1) ia called from the dlsk
to microcomputar mamory end Inftlated for oxecution.
The mlicrocomputer then aske for the dark level, clear
lsvel, number of such levels to be averaged, and
length of the plate In millimetara over which the data
are to be digltlsed. Once this is glven the micro-
computsr digltizes the deflcctlone at every lineer
dieplacement of alght microna an the plate, Assoon
as the diglizatlon le ovar fora glven length of tha
plate, digitization end date logging are stopped and
and this Is Indicated by printing the number "'899**

AHALOG SIGNAL l gg: l-——>HnN
FROM PHOTOCELL
DY STROBE & — 5 RELEASE/HOLD
Looi¢ CONTROL LOGIC Y/
j———>D0s

FRON SHAFT I
EHCODER CHANNIL |,

; STATUS SELECTION

Fig 2

Micro 220013 a desk-top computer with 2000
progremming steps and 200 data reglsters. MD! ls &
digital Input/output port through which Micro 2200
can Interact with the extsrnal world. FDA for Micro
2200 Is = memory back up and hes a capaclty of
30,000 programming stepe and 3000 dete raglaters,

Tha software I a collection of applloation pro-
grammes wrltten In BASIC |anguage feslding In the
floppy dlak. The varlous programmes ere, logging
deflectlon to diek, computing density/opaaltance,
logglng callbration, computing intensltles and print-
Ing out data from disk, These programmes which are
kept In separate blocks of the diak, cen be callad to
Micro 2200 for exeoution end can be linked to other
progremmes by entering the block number of a pertl-
cular programme,

DIGITIZER . & SYSTEM INTERFACE

on the printer
dlak,

Theee deflections are siored In the

2. Computation of Dansity Opacitance : For densito-
metrlo analysls a few standard parsmeters are
commonly required to be celculated. Transmittance
T of a polnt on the photographlc plste ls measured
from the deflectlona of the microdensitometer scan-
ning beam corresponding to tho Intensity transmlitted
by the raglon being sampled (1:), compared to that
tranemltted by a cleer portlon of 1he plate (o).

Jt_ _ Deflection - dark

T= 15 Clear ~ dark

Denalty 'D’ Is defined es the logarithm of the
realprocal of transmittanae T.
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o - ()
~ — Log (T)
= loglo - Log I

while the denalty la the moat generally used parametar
In the densitometrlo analysls, the opacltance end the
Baker transfarmed denslty log « have found wlide-
spresd applicatlons |n astronomlical photography {de
Vaucouleurs 1968). Opacitance @ Is dellned es ths
reclprooal of transmittenca minue unity,

(u—[(-}“) -1]

Tha Baker trapaformed denelty Dy la thus

Dy = Log @ = Log [(—-}-‘) -1 ]

The major edvantage of these transformations lles In
the llnesrlzation of the characterlstlo curve over e
large range, especlally near the 'toe' at lower
dansltles. The deflectlons In the dlsk are converted
to densitylopecitanoe by celling the programme
*compute denslity/opacitance’” (sample programme 2)
For thle step, It Is nacessary tc enter tho block number
of the programme which computes densliy or opacli-
ance. Thia progremms |s brought to the sscond
page of memory, starting from location 1000, and tho
control le transferred to the programme. As the
exacutlon of the programme elarta one page of data
which la equel to 100 points ls traneferred from the
disk to data memory of the mlorcaomputer. These
deflactlons sre eonverted to denslty or opacliance as
required and transferred back to the eams block In the
disk, where the deflectlona were Inltlally atored, end
an Indleatlon |8 made on the printer by printing the
block number of tie page for which computstion is
over. The computatlon and transfer to the disk
continuee for the glven length of plate. As soon ss
thla operation Is completad for the entlre length of
the plats tha number /888"’ (s printed. Thls ls an
Indloation thaet the computations are aver and the
values of dens|ty/opeoltanas are stored In the disk.

3. Computation of Intenalty : The values of dansity/
opacltancs storad In the dlsk are converted to Intenslty
by calllng a programme to compute Intensity. Thls
calling I» normally done by the programme to compute
dansity/opaoltance. For thls step, It Is again neces-

8ary to enter the block number of the programma
whiloh computes Intenslty. Thle programme Is brought
to the firet page of memory and contral lg ransferred
to the programms. The converslon algorithm la
based on a third degree polynominal equetlon, the
cosafflolents A, B, C and D belng obtalned separately
from callbrated plates. As tho exeoutlon of pro-
gramme oommences, It aska for coefflolents which arm
enteted through the keyboerd. Oncs these coefficlents
ars entered and the programme ls Initlated for execu-
tlon It wlll trensfer a page of data which le equal to
100 points to data memoty, These dsta which
correapond to densltyfopacitence are now converted
to [ntenslty by the algorithm ueing the coefflalenta A,
B, C and D. Onaos the Intenslties ara computed for
the 100 points the resulis are egain tranaferred to theg
block of the diek from whero the denslty/opacitence
waa brought and the blook number for which the
computations were done is printed at the printer.
The process continues for tha remalning langth of the
plate. As soon es the computation Is over for tha
entlre length of the plate It prints out the number
*777*. Thia le en Indlcatlon thet the Intensity com-
putation [a over and the results are elored in the disk,

4. Printing the data stored In the disk: The data
In the dlek, which correspond to deflectlon/denslty!
opaaitenca/Intensity cen be printed out (sample
proegramme 3) for any length of the plete by calling
thle programme. Thile progremme can bo called by
aarller programmes by maerely entarlng the block
number of this programme. Onco the programme |a
Inltlated for exeaution, It asks for the number of
bloaks of data 10 be printad out. After entering thle

number, It prints out tha data and halts wlth an Ind|-
catlon on the printer,

6. Flow Charts, sampla programmes and e list of
programmes : Flow charie showling the sequence of
operations and sample progreammes showing the
programming steps usad In logging and processing
of data are glven In AppendIx 1l. Each programme
coneleta of & block number, a ealling formet, the
Inpute needed during exacutlon and an [ndlcetion of
the end of the programme stepa. Theee programmes

oen be linked to other programmea for cantinulng the
ocomputations,
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APPENDIX-1
Micro-computer Interfaaing

Microcomputer Mioro 2200, communlcates with
petipherale through digltal Inputfoutput port oalled
as mlcrodata Interface (MDI), The peripherals usad
In thig Intstfece are analog to dlgltal convarter (A/D),
latched output relays and floppy disk drlve. When
one or mare perlpherals are connected to MDI, an
Interface circultry ls requied. Thia [nterface la
neceasary to convart the Informatfon belng trensfarred,
from the peripherale to the microcomputer Into &
compatible format, and durlng a reveree tranafer to
convert the Informatlon from ths mlorocomputer Into
the peripheral format. The baslc funatione of an
Interface ciroultry are buffering, addrees dacoding or
devloa seleotion, commend decoding and timing and
control. Micro-2200 has 8 Input lines, B8 output
lines, 2 Input/output device address iInes, 2 Interrupt
devlece address lines and 7 control IInes. The Inter-
face olrcultry la clasaifled Into two major groups,
namely digitizer end systsm Interface which are
deacrlbed with clrault/schematlc dlagrams

Digitizer

The digltizer Is an enslog o digltal (A/D)
converter. (Flg. 3), Teledyne-Phllbric 4111-10 of
Intagrating type with convemslon time of 2 milli-
saaonds for the fullecale of +10 volts. The analog
signal from the photometer la presented to Er of A/D.,
The sinueoldal signal correaponding 1o the linear
dieplacement of the plate/film, coming fram Incre-
mental shaft encoder, is shaped to a T.T.L. pulses by
FCL-101, the Sohmitt trigger, end Ia presantad to the
converting commend of A/D through monostoble
74121, The 3 diglts output of A[D sre multiplexed
using two 74167, and !s presented to dats bus of
Mlcro-2200 through two trietate buffers 74 LS 1 26,

8ystam Interface

The system Interface alrcultty Is described In the
following groups, nemely control and hand-shake
logle, addresa latching and dacoder and mptor contro|
olroults (Flg. 4-8). Control and hand-ahake fogle
oonalets of status aetting flip-flop (1 12 7473) whose

output Is “AND’ ed (} 74 L S09), with output of
monostabls (74121), iriggered from ACKW pulse of
Micro-2200, to pull down hardware ready signsl to
low and synchronoua BCD up/down counter to oount
the number of diglts trensferrsd to Mlcro-2200, and
fup-flop (} 7473) to latch the ‘TAKE' algnal from
Micro-2200 for relsing tho hardware ready, when
autputting data from Mlcro-2200.
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Address |atching and decodsr conslsts of 74 L8~
180 to latch device address outputted from Mioro-
2200, one 74 LS 166 1o decode two address lines to
four device [gad commanda to GET-DATA and four
device load ocommends to INV-GET-DATA, onas
74L8 1668 to decods 2 address 10 4 device enable
commands to GET-DATA and 4 device snabje com-
manda to INV-GET-DATA.

Motor control olreult conslats of one 74 LS 193
to letch the command from MIlcro-2200 end 2 slay
drlvers to drive the relays of which ona is usad to

hold/relesse motor and the other to forward/reverse
the motor.
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this oaes also,

Data Logging

Dets exchanga between the microcomputer and
the peripherals oan be clasaifled into the following
typea namaly, pregrammed data transfers, Interupt
data transfers and direct memory access iransfers,
Progremmed data transfer 13 commoniy used in almost
all the microcomputer eystems,

The aame I used in
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GET-DATA end |NV-GET-DATA are Input and
output [netructiona of mlcro-2200, Befora exscuting
theae Instructiona the address of the device numbar la
to be entered Into the ‘'Y" reglster of mloro-2200.
As there are only two address llnes, only four external
devices can ba eddressad. When GET-DATA/INV-
QET-DATA ls executed Mlaro-2200 outputs the devios
address stored [n ""Y" reglster on the address |ines
00, and DO; and the D!V-STROBE pulee en etrobe
line. Device address DO, and DO, are latched Into
74L5 190 ot the ralelng edge of DIV-STROBE pulss
(Timing dlagram, Flg. 7). The latched address ls
deooded soparately for Input end output and "AND"
ed with control signals *'SEND" and "TAKE" to get
2 poty of device load commands strobsd by DiV-
STROBE pulse through monostable 74121, end 2 seta
of devioe enable commanda.

piY-sTRONN

A

ACEW

ELL . L
Fig. 7



62

Date logging starts with the exscuilon of tha
Instructlon GET-DATA with A/D address 00;0. The
devlce anable commeand enables tho 74 LS 126 at A/D
and loads synohronous upfdown counter 74 LS 180
wlth number 149, which corresponds to 2 sets of data
(1 set = 2 digits BCD) to be transferred to Mlcro-
2200. Mlero-2200 now walts for the hard ware ready
(HR) commend, befors It can read from the data bus.
This HR Is genarated from the output of status fllp-flop
(4 7473) “AND" od (} 74 LS 09) whh output (Q) of
monostable (74121). The low going stetus aignal
whlch Indicates the end of converelon (EOC) of A/D
sete the flip-flop {(} 7473). This In tum ralsea HR to
logical 1. Now Mlcro-2200 reads the data on the
data bus and sends a pulse on ‘ACKW' line. This le
an Indlcatlon that Micra-2200 has read 2 diglts of
date and has placed In Its ‘X" regleter. The ACKW
pulse la used to lower HR to logloal 0, through mona-
stable 74121, and to down-count the synchronous
up/down counter (7415180} which swiltchee the
multlplexer to the first aet of digite. Aftor e dalay of
time "'t'’ whieh [e set In the monosisble 74121 the
HR age[n ralses high (timing dlegrem). MIcro-2200
now reads the sacond eet of diglts and places them In
% regiater after shlfting to the left the digite which
are read earller and then esnda a pulss on ACKYY line.
This pulse pulla down HR to low egain end down-
counts tHe eynchronous up/down counter. This time
"bomrow" tha low-golng pulse from synchronous
counter, goes to etatus filp-flop to claer It and to tho
data over signal (DOS) of Micro-2200 to Indlcate
that the date coming .from the extemal devloe era
over. The date avallable on ‘X’ reglaterof Mloro-2200
| transferred to the {irst page of date memory., This
saquenae continues unill 100 polnts of daia &re
collectsd. As soon as the 100 points of dete are

C. Viswanath

stored In the data memory, Mloro-2200 outputs a
word on Ite INV-GET-DATA lines with relay addrase
to hold the movemant of the microdensltomster. Tha
device load commands coming from the address
letching and the decoder clroult loads the lower
algnificant diglt (LSD) of the word Into 74 LS 183,
Devlce eneble command enables one gate of 74 1.S 126
which la connacted to HR “"TAKE" signal from Mloro-
2200, and ssta the flip-flop (} 7473) which ralses
HR to high. The output (QB) |a used to drlve the
alectromechanlcal ralay through the driver tranalator
(2N 1418) whosa contacte are ueed to dlsconnoot
the power to the mlcrodens{tometer. Micro-2200
now trensfers tho 100 polinta of data setored In the first
pesge of data memory to the specifled block In the
floppy disk. As soon ae tho transfer of data to the
floppy disk |a ovar, Mlcro-2200 outputs a word on [ts
INV-GET-DATA linee which switches the relay off
allowIng the mlcrodensiiometarl to move and to contl-

nue data logging. Thle completes one cycle aof data
logging for 100 points and traneferring the semes to
the diek. Thlis cycle can bo repeated to log dete for
the remeining langth of the plate/flim.
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Logging and
Averaging

Autometed mlorpdensitometer

APPENDIX-1I

'SAMPLE PROGRAMMES _
Logging Deflection to Disk

GNLD 4

2EX3

INV GET DATA

INV GET DATA

INV GET DATA : To hold

INV GET DATA MIicrodenaitomater
INV GET DATA

INV GET DATA

HLT

: To enter No. of points of
dark to be logged and

STX 2 averaged
SPACE

SPACE

SLv B

GOLD 1

SLv 8 ; Printe No pointa enterod
SPACE

SPACE

2 EX

CE

INV GE1 DATA

INV GET DATA

INV GET DATA ; To release Microdensito-
INV GET DATA maeter

INV GET DATA

INV GET DATA

QRP 1
GQOLD 9
DL 11

0 EX

GET DATA
+ 1000

Lo

DEX 2
aoTo
LN

8D, MEAN

EX
SLV 8
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‘CLEAR’
Logging end
Averaging

C. Viswanaih

5LV 8
QoLD 1
SLV 8
SLV 8
STM 100
SPACE
SPACE
SPACE

2 EX 3

INV GET DATA
INV GET DATA
INV GET DATA
INV GET_DATA
INV GET DATA
INV GET DATA

HALT

STX 2
SPACE
SPACE
SLv 8
@QOLD 1
SLv 8
SPACE
SPACE

2 EX

CE

INV GET DATA
INV GET DATA
INV QET DATA
INV GET DATA
INV GET DATA
INV GET DATA

GRP 1
QoLD &
DL 12
0 EX
QET DATA
+ 1000

2
)
DEX 2

GOTO
L12

8D, MEAN

; Printa “DARK"
averaged

: To held
MIlcrodensitometar

; To enter no. of polnts

to be logged and
averaged

! To release
MIlcrodensitometer



“*DEFLECTION"
Logging Starta

Automated microdenwutometsr as

EX

MEM 100
SLV 8
sLv 8
GOLP 1
SLv 8
SLV 8
STM 110

2 EX CE

3

INV GET DATA
INV GET DATA
INV GET DATA
iINV GET DATA
INV QET DATA
INV GET DATA

HLT

——

ST™ 120
SPACE
SPACE
SLvV 8
QOoLD 1
SLv 8
SPACE
SPACE

-1
STX 8
0
87X 1

2 EX CE

INV GET DATA
INV GET DATA
INV GET DATA
INV QET DATA
INV GET DATA
INV QET DATA

DL 13

88

§TX 2

DL 14

0 EX

GET DATA

; Prints clear averaged

:Stores @ 110

; To hold
Mlcrodensitometer

: To entar epproximate
length of plate In MM

: Printe length of plate
entared

: To relocss
MIlcrodensitometer
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+ 1000

— MEM 100
STM
DP/IND 2
DEX 2

GO TO

L 14

2 EX CE

3

INV QET DATA
INV GET DATA
INV GET DATA
INV GET DATA
INV GET DATA

SV 1

INX 1
RCX 1
X 100
SLv 8
PRINT
SLv 88

2 EX CE

INV GET DATA
INV GET DATA
INV GET DATA
INV GET DATA
INV GET DATA
INV GET DATA

DEX 8
GOTO
L3

2 EX CE

3

INV GET DATA
INV GET DATA
INV GET DATA
INV QET DATA
INV GET DATA
INV QET DATA

SPACE
SPACE
SPACE

: To hold
Microdenaliometer

: To record on dlek

: To release
Mlorodensitometsr

:To hold
Microdensitometer
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CE

999
SLV 8
GOLD 1
5LV 8

CE
SPACE
SPACE

HLT

SLvV B
GOLD 1
SLv 8

STX 8B
SLV €
SPACE
SPACE
TL 1000
HLT

Programmae ls stored In Block 0
Callby O STX 6 SLV 4

Log w
= Jag

Claar

DEF / ~

1

; Indicatas deflaction
logging I3 ovor

; Enter block No of
programmse

; Printe block No
snierad

; Loade programme on
page 1

: Control |8 trenaferred
to programme on
page 1

2. Computation of Opacltanca

SPACE
SPACE
SLv B
MEM 120
slv 8
silv s
GOLD 1
sLv 8
SLV 8
HLT

STM 120
SPACE
SPACE
-1
STX 8
8PACE
DL 16
SLvV 8

i Printa length of plate

; Enter length of plete
If It s not correct

a7



C. Viewanath

RCX 8
PRINT
SLv 8

SLv O ; Loads & pege from

dlsk
:1: ]

5TX 6
DL 18
MEM 110
MEM
DP/IND B

-1

INV 10=
STM
DP/IND &
DEX B
GOTO

L 18

SLV 1 i Record & page of data
DEX B
QOTO

L 1B

CE

sLv 8
aes
QoLD 1
ELV 8
SPACE
SPACE
CE

HLT

: Enter block no of
programme

5LV 8

GOLD 4

SLv 8

§1X 8

SLV 8 ; Load programme to
SPACE looatlon 1000
SPACE

TL 1000

HLT

Programme [s stored In block No, 4
Callby 4 5TX 8 SLvV @
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3. Printing data from dislc

SPACE
SPACE
HLT

; Enter No. of pages 10
be printad

SLv 8
QoLp 1
SLV 8
~1
STX 8
SPACE

DL 14
SPACE

SPACE

SLV 0 : Load a page of data
99

STX B

DL 15
MEM
DP/IND
6
PRINT
DEX 6
GOTO
L 16
DEX 8
GOTO
L 14
SPACE
SPACE
CE

111

: Enter block No of
programms

SLvV 8
SPACE
SPACE
TL 1000
HLT

F.rogramma I# etored In block 28
Call by 28 STX 8 SLX 6
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FLOW CHART-1

L LOBGING DEFLECTION TO DISK

_

]
CALL PROGRAM § STX 8 5LV &,RUN

il

——— —
HOLDS MICRODENSITOMETER AND HALTS,FOCUS
TO DARR ENTEA#POINTS TO BE AVERAGED,RUN

! gy
PRINTS OUT AVERAQED DARK LEVYEL STORES
AND HALTS

X

FOCUS TO CLEAR,ENTER® POINTS TO BE
AVERAQGED, RUN

[]

PRINTS OUT AVERAGED CLEAR LEVEL STORES,
AND HALTS

¥

FOCUS TO SPECTRUM ,ENTER LENGTH OFPLATE
INmm TO BE DIGITIZED, RUN

PRINTS ,LENOGTH OF PLATE INmm STARTS
DIGITIZATION AND LOGGING

[
LO®S 100 POINTS, TRANSFERS TO DISK ,
INDICATES AT PRINTER CONTINUES

[

PRINTS, 688 INDICATING DICGITIZATION AND
DATA LOOGGING QVER,DATA IS IN DISK,HALTS

¥

G0 TO NEXT PROGRAMME BYENTERING BLOCK
#& OF THAT PROGRAMME

FLOW CHART-2

FLOW CHART-3

FPRINTING DATA FROM DISK

COMPUTING OPACITANCE,LOGL)

}

}

CALL PROGRAMME 4 STX 8,5Lv @, TL 1000,
RUN

CALL PROGRAMME 28 STX @, 3LV 8, TL 1000,
RUN

!

1

TRANSFERS A PAGE {100 POINTS) TO DATA
MEMORY COMPUTEB QPACITANCE, FOR ALL
100 POINTS,PUTS BACK IN BISK, INDICA TES
AT PRINTER,CONTINUES

COMPUTER HALTS,ENTER BLOCKS OF DATA
TO BE PRINTED QUT. RUN

:

PRINTS BLOCKS E

NTERED ,3TARTS
TRANSFERING A PAGE

AND, CONTINUES

PRINTS 888 INDICAT/NG COMPUTATION IS
OVER,DATA IS IN DISK, HALTS

_ l

PRINTS, 111 INDICATING PRINTING 15 OYER
HALTS

ﬂ'

60 TO NEXT PROGRAMME BY ENTERING
Bl'..OCK#OF THAT PROGRAMME AN

Lo

00 TO NEXT PROGAMME BY ENTERING
BLOCKWOF THAT PROGRAMME




B AlIS

-op- wbbl., muld map N0 Kuly UIEp Jo®POJqJ0 ON g yisBr BT ¥s1p woly mep Bujtupy
¥oeq sind
'Y ¥ip Wol) eau)sedo ep
JAysusp Bupm IoRROIGJOON ‘A ¥ AIS XA+ X3 +XE+ V=
—op- L., SWud Ayjsusiu) seinduwion ‘0 'd ‘v ‘musiayeo] g XIS 9 g Apustu) Supndwo)
. 439 -
A Y ek
¥ AS 4 Bo] eaumpordQ
-op- -op- -op- op- Bxisv 4 Bupnduwioy
yoeq sind '@ ¥8ip Wway Aﬁu Bo1—=a
sJjey vonoeep Supwl ¥ AS 43
~op- ..888., SWwud Aysuep sendwon POUIl B IN BXIS L 1 Aysusp Bupndumiog
‘oN ¥20iq Buusjue wnnoeds efoT ‘seolg
Aq surumiBaxd Bupmoljo} ‘Rupd ebBoieas soel WW ueedjopbus; ¥ ATS AP o
Ol pujleque)  ,,866.. BUHd ‘|eaR] Jw0[D “uep sbo) ‘speas] o[ peg 8 XIS O 0 uojrsyep BajbBon
™p
fpaey  uoREdipul puj ueyE] uohYY pepesu mnduj lsuuoe) U "oN sumN wadold
Bujey  woig

SWVHO0ud 40 1S



