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© ANALYSIS AND DEVELOPEMENT.OF‘
| THE FACE AUTOMATIC APPARATUS
FOR RAPID IDENTIFICATION
OF TRANSURANIUM ISOTOPES

© ABSTRACT

A descriptlon of, and operating manual for the

pFACE Automatic Apparatus has been written along w1th a

documentation of the FACE machlne operating program, to

: provide a user manual for the FACE Automatlc Apparatus.

In additlon. FACE machine performance was investigated to

improve transuranium throughput. Analy31s of the causes of

transuranium isotope loss was undertakenvboth chemical

and radioactive.

To 1ower.radioaotive loss, the dynamics of the most

time consuming step of the FACE machine, the chromatogra-
‘phic column output droplet drying and'flaming, in preparation

'_of sample for alpha spectroécopy and counting} was invésti?\

gated. A series of droplets were dried in an experimental
apparatus demonstrating that droplets could be dried

significantly faster fhrough more{intense heating, enabling

" the FACE machine cycle %o be shortened by 30~60 seconds.,

Proposals incorporating these ideas were provided for FACE

iii



machine developement.,

_The'éé%-éhemical loss of pfoduct was analyzed and

changes were proposed to reduce the radioiéotopes PYr o=

.duct'losso An analysis of the chrdmatographic ¢loumn wés

also provided.

All operating steps in the FACE machine are described

‘and analyzed to provide'a complete guide, alcng with the

proposals for machine improvement.
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I. THE FACE AUTOMATIC APPARATUS.

Introduction

The FACE automatic apparatus (Fast Automatic Chemistry

of Elementé) is a chromatographic chemical analyzer run by a

computer which is used in the investigation of man-made

transuranium elements. The use of this machine and the exper-.

iment performed with it is deseribed in Lawrence Berkeley
Laboratory report UCRL-77104 (1975) "Solution Chemistry of
- Element 104.nlﬁy Hulét, Nitséhke;'Ghiorso,_et'al. Suéhvappaf

ratus is required because with the increase of atomic number,

‘progressively Shérter'radioaétivé half-iives and smaller -
quantities of radibisotdpes»are encountered. Beyond-fermium

f(element 100); intense néutrom flux is not used for élement

synthesis but instead charged—pérticle'bombardment'is_used.
Elements 103 (lawréncium) and 104_aré produced in atom quan-

tites and have halfwlivéSIOf a minuté’or.less. For the trans-

:fermium-elements, bofh the eXtremely small quantities and the

short half-lives render the usual chemical analysis procex

dures ihapplicable, and necessitate innovative methods.

The FACE ﬁachinevpropér collects a sample containing
the trénsuranium nuclei, isolateé these elementstby‘chrom-'
atography in a miniature ion-exchange column, and measures °
their relative abundance via the analysis of their radioac-’
tive properties. _

In héavy element‘productibn, ion-exchange chromato-
graphy can be used to separaté and recover individﬁal elé- 

(1)
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' ments up t5 element 104 or 105. Beyond this'point, the half-

lives fall to a second or less, and ion-exchange becomes

too slow. Chromatographic columns allow rapid separation,

with the drebuposition indicating valence and complex

'stren'gth, The 'strength of a metal anion 'compl'ex 'markedly

1ncreases w1th valence..so that elements of dlfferent va- _'

'lence are most clearly separated from each other by 1on

exchange._

For detectlon purposes. a- column-eluant fractlon can

be drled and subgected to alpha-spectroscopy. The alpha~decay

energles of the rad101sotopes are dlstlnct and SPElelc and

.-allow the 1dent1f1catlon ‘and measurement of a desired product
atom if present. Alpha-partlcle detectlon makes it possible

~ to measure a 31ngle-atom event.

Because of the product's short half—llfe, the bombard-

'ment of each target sample and the ana1y31s of each sample

are-restrlcted to short.elapse times which arevroughly‘
equal. Only a few atoms are produced in each experiment, and
therefore each individual experimentvin itself is insuff
fieient tblproduce the required scientific information,  The
FACE AutematinApparatus allows rapid'sequencing and

summatlon of enough separatlon and countlng to prov1de data

with a statlstlcally sxgnlflcant atomic valence and complexs

"1ng strength.

" The Computer and the CAMAC Interface

The complete apparatus consists of three ma jor-

sections: the PDP-9 computer‘and-associated terminals; the



" CAMAC computer interface{ and the FACE machine. These

'sectionsvare referredvto»as X, Y, andfz, respectively, on

 figures 1 and 2. Figure 1 shows the major elements of FACE,
}’and;Figure 2,shows the components'in:some detail. These fig=

-pmres show‘overall.relationShips of the component parts, and
" the: reader may flnd it helpful to refer to them as he stud-

;1es the rest of thls chapter.

The computer for the FACE automatlc apparatus,,a

'_Dlgltal Equipment Corporatlon PDP-9 (1968), 1s a large 32K

memory general-purpose mlnlcomputer. It operates in binary

mode with 81ng1e address, flxed word-ength(18 blts), and

o parallel transfer.as desribed 1n Appendlxl) A PDP-11 or_

PDP-15 could be substltuted readlly. Operatlng programs can

,be entered by teletype, read in from paper tape. or recalled -

from dlSk storage._

CAMAC’Interface Units

- The CAMAC system ( Computer Automatlc Measurement and

f.Control) is 1nternatlona11y used and standarlzed. It is a
~-switchboard system for dlgltal_lnformatlon transfer, and is
‘especially useful when several pieces of equipment must

interact mutually and with a computer. There are three units:

the CAMAC interface; the CAMAC crate; and the controller. The

" CAMAC interface system has‘a cycle time of 2 pseconds, and
pthe PDP~9 has a cycle tlme of 1 psecond. The CAMAC 1nterface )
-("braneh drlver”) transfers the dlgltal output of the PDP-9

synchronously to the CAMAC crate. As the digital output of

fthe CAMAC system is a 24-b1t word the extra 6 bits are not

used.
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The CAMAC crate is an outlet where electronlc

o modules can be 1nserted, carrylng the inputs from and -

outputs to_one or more controllers. Standard plug7lns can

" be read by the value of a particular bit'in'an~18;bit word

address, indieating‘SOmefparticular Output of a controller,.
The,GAMACsinterface:transfers the“digital output}to'the TTL
-logic converter. Nine.bits_of the 18-hit‘word form a three
‘digitH0ctal word whieh uniqueiy addresses a particnlar" |
mechanlcal or electr1ca1 functlon in the FACW system.

Through a fllp-flop c1rcu1t. a power booster is turned on and

a mechanlcal element of the FACE machlne is operated. In a

reverse of flow 1nformat10n. the sensor outputs of the FACE

'.are converted to TTL 1og1c. whlch is transferred through the
'CAMAC interface to the PDP-9 computer. Each sensor output
is one bit §f an 18-bit word recieved by the PDP-9, All the
ASensors in the FACE machine“ere of'a binary'nature; none are

: analog.

‘Phe TTL unit is the sector of the entlre electronlcs

. which connects directly to the "real world” of the FACE

mechine.<Avcomputer command results in the eontroller's

operating relays.'magnets{'and motore through the CAMAC inter-
- face, The L logic converter is!eompletely isolated from

' the CAMAC crate by photoisolators'whieh_operate'in the

following way; The sustained output of the TTL'logic_oon-
verter is converted by a photo~emitting_diode to a light

signal_which passes through an optic fiber and is recgived

by a photodiode conneeted to the CAMAC crate,



’The‘photoisoietors pfevent the transfer of electricel
:surges to the computer. | . | |

The FACE System can also be operated manually by
hand sw1tches and an octal thumb wheel address generator
‘which dlrectly executes mechanical or sensory functions., A
'sw1tch representlng each spec1flc octal number can be used .
as needed to turn a mechanlcal element on or off or to change

a sensor output.



' THE FACE MACHINE o 9

The FACE machine collects isotopes of heavy elements
. produced by acoelerator,bombardment of - transuranium targets
~ and subjects these_iSotopes(to,chemicai analysis throughvion-f
exchange chromatography; The purpose of the chemical studies
 1$ to verlfy that the ox1dat10n states andcomplex1ngequl-
"llbrla of the elements 105, 104, or poss1bly 105 corresponds
_to those predlcted from the p051t10n in the Periodic Table,

The. EACE machine consists of two un1ts: the target
'apparatus and the chemlstry apparatus. The target apparatus
1s 1ocated ina “cave”, a thlck concrete-wall-enclosed room
_whloh receives a hlgh-energy heavy-lon beam.from the HILAC
accelerator. The chemical ana1y81s apparatus 1s located in an
area ad jacent to the ”cave” _

| The FACE machine is’illustrated SGhematically in

 figure 4. | - i o
o Element Synthesis Station'

" For element 104, as an.example, a high—energy'beam of
oxygen-18'impinges on a target'of'curiuﬁ 248, resulting in a
nuclear reaction formlng an 1sotope of element 10& with
mass number 261, The beam of oxygen-18 nuclei passes through
-a 0,013-mn., thlck*berylllum foil and a helium~filled target
chamber. One the beryllium foiiris the target material
(curium>248) which has been subliminated onto the foil., The
area density of the curium is 13‘pg/hm2.‘The element 104
| nucleus 1s”recoll-e3ected" through the target foil in the

| forward direction.
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The recoil nuclei are stopped in the . target
:chamber, Where'the helium gas suspehde a fine aefoSol of
-godium chloride produced contlnuously by passing helium over
moltethaClvin a seéarate vessel. The recoil nuclei are col-
lected by'the.NaCl aerosol'pafticles.,The recoil nuclei have
an initial'ionicVCharge of 30% which dr0ps'(rapidly at first,}

more slowly later) as the ion collldes thermally with the

‘helium atoms, ‘The 1sotope has a hlgh probability of collldlng,v

with an aerosol partlcle. Moreover, owing partly to residual
charge of the‘iSOtcpe_atom (ion), it has a.very'high'stickingv
coefficient (loo%'fractional'retehtioh).once'it has.collided.
~with an NaCl particle. Thus.”the measured efficiencj of the

- NaCl;aerOSOI.capture'of nuclei‘is essentially 100%.

"Aeroscl-Collection Stationd
: The aerosol particles are remo#ed from the diécharged
helium in a separate locatlon. The aerosol from the target
chamber enters an upper. evacuated chamber where 1t impinges

as a jet onto the flat closed end of a polyethylene cyllnder

. (position 2 1nuF1g. k) called a rabblt". The rabbits are

p081tloned-and later dlscharged by pneumatlc plstons. After
an approtriate'timehinterval (currently 2 min.), the rabbit
 is removed from this station carrying with-it the NaCl parti-
cles., | o - - |

Rabbit Loading,Mechanism

The rabbit resevoir and rabbit loading mechanlsm store
the rabblts until needed, and move them into and out. of the

aerosol collectlon statlon dep051t1ng area.



:The rabbits are received from the FACE mechihebfrom‘
where they were sent pneumatlcally. In the FACE machlne, they '
are stored in a reserv01r. _

When a rabbit is needed, a;piefoh movestthe}rabbit S0
'that 1t w111 drop 1nto a second loading plston which p031t10ns
A 1t over the hellum~VaCl Jet. The second plston functlons as d
»an alrlock, S0 as to maintain a vaeuum durlng the collection
period. After’collectioh, the piston'retracfe,‘withdfawing
the rabbit from contact with the jet. Air pressure is then
_applied, ehooting the rabbit via the_rabbitdtransfer tube °
into- Turntalbe 1 in the FACE machine ('eeedFigure Ly,

Trav Stations

| When a. rabblt is recelved by the FACE machlne, the
radioactlve.products it carries are used forAlon—exchange
‘chromatograph& and fof verifiCation of_the‘producf yield by
alphe-detection. To meesure the yielddof recoil produets
collected, and transferred to the FACE machine, an alpha-
counter station is installed above Turntable 1, If this
eounter is.used, the.sample undergoes ne further anaiyeis.

Each-turntable is a plastic wheel with'twelve holes

".in a clrcular array near the rim. These holes are of the dla-
meter of the rabbits, and are called tray p031t10ns. Turn-
table z,whlch.rotates eounter-elockw1se 1s,used}to position .
the rabbit over»the transfer ram.'Thie ram is located foun
tray positions away, or u/izths of the turntable circumfer-
- ence from the arr1va1 p031tlons of the rabblt returnlng from -
the target apparatus. Atvthe}transfer position, a pneumatl-

cally operated ram pushes the rabbit upward into Turntable 1
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‘wheredlever-tripped spring-tightened pincher hold fhe rabbit
iwhlle the transfer ram recedes to 1ts rest position. The
'rabblt is then rotated 1/6 of the circumference (or two.

tray pos1tlons) to bring the rabblt under the alpha- |
‘ detector where the alpha-detector, under helium blanketlng,
:counts the alpha partlcles emanatlng from the radloactlve
_dep051ts on the rabblt. The salt depos1t is not thick enough
to significantly attenuate the.alpha partlcles;emltted.
’ . The beam bombarding the curiumdtargepvproduces‘not
only the de51red element 104, but also a varlety‘of the iso-
“topes. The energy of an alpha partlcle is Speclflc to the
type of nucleus produclng 1t. and all events are to be 1dent-
- ified and counted separately. The productlon cross sectlon
for 104 is relatlvely low compared to those for other |
elements in the 1ead reglon.v |

| . By observ1ng the deca& yleld of a polonlum 1sotope.
for example, which is produced thousands of times more often
than element 104, the yleld of the target system can be moni-
tored to some extent. Every run of a group of‘rabblts o
is started‘with a yield check of the first rabbit to check
that recoil nuclei'are being produced, and that salf aerosol
is present and has collected rec01l nuclei, 1

.l After yield countlng is completed, Turntable 1 is

rotated to the dlscharge position which conta;ns an outlet
under the turntable. In the discharge posifion the pincher
lever is trlpped and the rabbit released to drop through a
hole under Turntable 1, To assist the rabblt in dropplng,
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ram is'present which will forcibly discharge the rabbit.

- Wash Statlon

The rabbit is recelved from the target by Turntable 2 |
~and transferred to the wash station by rotation of the turne
table through two positions (1/6 of_Turntable 2 cifcumfer4
;ence) When the’rabbit-iS‘in the wash station position,'a'.
-ipneumatlc ram propels the rabbit upwards agalnst the wash R

,statlon head, a hollowed-out Luclte half-sleeve w1th three

o 'metal caplllarles entering it from the top..

The rabbit now completes an alr-tlght enclosure. The
»_three caplllarles prov1de respectlvely a vent a feed 11ne'
of wash solutlon (12M aqueous. HCl) supplied by a. syrlnge,
:w1th a vent branchlng off the feed llne, an alr 11ne- and a
“transfer line to the chromatographlc column, reachlng almost
dto the face of the rabblt. Each capillary llne is connected
to a 1/16-1nch Tygon tublng and is opened or. closed by
-pneumatlc pinch valves.

With the rabbit in place, 70‘pl of llquld is depos1ted
on the r vabblt face to dlssolve the dep031ted aerosol Wthh
‘contains the redlssolved products. The resultlng washing hasg
‘been observed to remove 80% of the re001l nuclei.

- - The vent and feed line are then closed, and the con-
nectlng transfer tube to the chromatographlc column is opened.
The wash statlon enclosure is pressurlzed with air and the
‘droplet is forced into the transferﬁline. and through it to
the chromatographic column. This wash operation is repeated

once,
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After the rabbit is washed, Turntable 2 is rotated to
‘a position where the rabbit drops'through a hole;into a catch.
‘beaker. | | |

-Chromatographic Column

The chromatographlc column performs the separatlon of
the dlfferent radloactive spe01es dlssolved off ‘the rabbit
-face.' | _ .

The chromatographlc column, 1llustrated in Flgure 11,
_'AlS 2 cm, long and has a 2mm. 1n51de dlameter. The column |

packlng is O 25 F trloctylmethyl ammonlum chlorlde dlluted

‘v_w1th ortho-xylene. supported on an 1nact1ve fluorocarbon

powder.-There are five Tygon-llnes g01ng.to-the chromato-
=graphlc column. They have the follow1ng functlonsz an alr
_llne for pressure- the transfer 11ne from the wash station; a
and one 11ne from each of three HCl solutlon-supply syrlnges,
of whlch only two are actually used The a1r llne prov1des
"pressure to drive the wash solutlon and elutants through the
_column. A vent allows the release of rc31dual pressure when
solutlons and . elutants are. belng transferred 1nto the
-chromatographlc column vessel. ‘

The effluent from the chromatographlc column is mon1~
tored by a conduct1v1ty drop counter. A platlnum w1re W1th1n
the column connects the solutlon to a voltage source. When
an effluent dropvis ejected, it makes‘contact with another
platinun.wire as it falls. and_a pulse of_current signals

the computer..
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Chromatographic Chemistry |

A*variety of metal cations dissolves from the rabbit

into the 12M HC1 solutlon._The aerosol supplles Na. and the

others come from target nuclear reactlons or from radloactive

"decay of the orlglnal product nuclel. The actlnldes,.

lnobellum, fermlum, and curlum are present the last of these
der1v1ng dlrectly from the curium target.

| "‘» Metal catlons exh1b1t the follow1ng equlllbrlum
’chemlstry in aqueous HC1 solutlonSs

M+ (n+1)c1” === MCl 1--'

'..The complexlng strength of metal catlons 1ncreases in the
follow1ng order of element groups: IA(IIA(IIIB(lncluding
vactlnldes)<IVB.

| For a 12M solutlon the anionic chlorlde complexes.
esPeclally from a metal (element 104), are strongly bound_
to the Stationary organic phase.in,the-column; The other
- metal groups-complex less strongly;,so-that an elution.
sequence for different elements'can be establlshed

| After pass1ng the wash- solutlon llquld through the
column. elution w1th 6M HCl is performed in whlch the an1on1c
| chloride. complexes are less favored and hence the group

- IVB element is eluted._The»res1dua1 wash}solutlon,(lzm)

is colleoted as a singleefraction (5 freeecolumn volumes)
and'lS'followed‘by.two smaller elutriant'fractlons (6M,
each 2. 5 column volumes. One free-column volume is approx-
| 1mately 30 )11) |

Each fractlon from the chromatographlc column is.
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‘,colleoted’and dried on a platelet.'as,lllustrated in
Flgure 5. o | o |

Falllng onto the platelet dlmple, it lands in a
.tcunped depreSSLOn and is drled_byvthe actlon of a hot
:heliun jet above the blateb1;and}a hot air jet below. When -
the droplet is dried,'another leaves the oolumn'and dried}onA'
lthe'Same'plateE?Enntil thelentire fraction is.colleeted.‘The‘
_droplets evaporate, leaving the solntes. lnoluding element,"
104, lv o | L | | l
- "The“le HClsfraction consiets'of apprOximately 8
-'droplets, and the two 6M fractions are four droplets each,
‘;Each droplet measures 20 yl based on the estlmated free
‘column in each fractlon. From each rabblt a total of 16
droplets is drled on three platelets. .
| | ,. Flamlng Statlon o |
When the column fraction is collected Turntable 3
"itransfers the platelet to the flamer - statlon 90 counter-..A
clockwise from the fractlon collectlon statlon. At thié
p01nt. another hot helium Jet removes any re31dual moisture.
Then the platelet is flamed from below by a gas burner,
’dr1v1ng off any re31dual organlcs and ra1s1ng the platelet-
to a red heat. | |

- Alpha Detectlon and Countlng

After the platelet 1s flamed. it 1s rotated 90°
oounter-clockw1se to theAalpha-detectlon statlon, illustrated
| in Figure L, In this position, a pneumatically activated

‘alpha-detector arm slides out and over the platelet to
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:adhere to the.detector-head.lThe arm.then returns tolthe'
.jcontlng p031t10n with the platelet. -
Durlng countlng,‘hellum 1s supplled to the space
between the platelet and counter. Helium, with hydrogen,
Ehas the lowest rate of huclear stoppihg of alpha particleé
because of 1ts low dens1ty. The alpha-partlcle .detector lS of

" the surface ba.,rier type w1th an area of 5Omm2

and a gold
’coatlng of Lo mlcrogram/bm . It is. pos1tloned dlrectly over
the platelet depress1on. When a radlonucllde decays, a

g certa;n fraction (,about'1/3) of the»emltted alphawparticleg.

strike the crystal and are detected, while the others follow

: .traaectorles into the platelet and are lost The alpha partlé"'ﬂ

Ecles are emltted with speclflc klnetlc energles whlch iden-
“tify thevpare_nt-1:‘_3.(1-1<»>m,1cl'3_.des‘0 The crystal. in detecting the -
" alpha particle;'measuréé its>enefgy and'thﬁs prévldeé
_1nformatlon about theznmuber<xf counts,'energles, and times of
emissions from the dried column fractlon. There are twenty
ualpha-detectorsx When FACE is operating, each arm 1s.used.
in'rotatioﬁ in numerical order'to refrieVe the platelets.
When all the counters are in use, the hexf platelet is picked

up by the arm whlch has been countlng the longest, i.e., the

‘ fnext arm in numerlcal rotatlon. After countlng, the platelet9

,released by_turnlng off its electromagnetl falls through a .
»hdle-ﬁeneath fhelcoﬁntef ihtq"a_cétéh qup. Thié method of
eduntihg ensures that each platelet sample will be counted
as long as possible. | |

When 20 alpha counters are in use, the cycle time
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:until an:armpw;ll be used again.is approximate%y_1§‘minutes.
ﬂfSince‘the haif~life'of element 104 (isotope 261) is 65
,?seconds, the amount of 1n1t1a1 1sotope decaylng after the
platelet has been dropped is 1ess than one part in 105

" Nobelium 257,_the ‘alpha daughter. has a half-llfe of 26
seconds and is almost completely gone when the platelet is
idlscarded. B | |
| | Either of tWo-alpha ehergies'indicates element 102,
,One.isbfrom the,decaytof the‘daughter nobelium, element 102,
| at:8.2248,27 Mev'(any-nobelium'formedfdirectly by target :
bombardment}WOuld be eluted in the.12Mchl wash fraction),

'Efficiency of<£roduct Reoovegx |

The FACE machine is automaticaliy run'by'the computer
;u31ng the FACE program. The rabblts are 1rrad1ated and the
':sample processed with a cycle time of approx1mately 180 |
seconds (3 minutes). |

Approx1mately 120 rabblts were run w1th the FACE
machine in the last 1975 chemistry experlment with element
'104*. The six events detected with_the alpha_couhters con-
lstituted a production rate of one event per 20 rabbits,

An additonai 122‘rabbits were counted with our
chemistry with theﬁTurntable'i alpha-couhter, for which 132
:events from alpha decay of elther element 102 (nobellum) or
Kelement 104 were observed. The 1ow number of events detected,
'after proceSS1ng the rabblts is due to chemlcal loss and

. radioactive 1oss.'Measurements w1th hafnium 181 1ndlcated a

*"Solution'Chemistry of Element 10# ", Hulet, Nltschke,
'aGhlorso, et al., Report UCRL 77104 (1975)
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667 loss process1ng of a chemlcal nature during the process

'steps, by spatterlng. adsorptlon. vaporlzatlon,_and/br

prec1p1tatlon. The removal of radlonuclel from ‘the rabblt

in the wash statlon had an efflclency of 80% accountlng~for

| 207 of the. 667 process1ng loss.

The balance can be attrlbuted to radloactlve 1oss.

‘Since the nobellum to element 104 productlon ratlo of e1e~_

' ment.loz to elementuloh is 1.11.4,1about half of the loss is

due to radioactive'deceyvof‘nobelium before it is collected,

dried, and received by’the'élpha counters;sThe time between

isotope productlon ‘and the collectlon of the first eluant
| fractlon 1s 105 seconds. The half-llfe of nobellum 257 is

26 seconds. About four half—llves Wlll occur before it is

collected for countlng. resulting 1n a loss of 15/16 of the

- produced noblelum and element 104 is more thoroughly

described in a 1ater section.

-
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II. ANALYSIS OF THE FACE PROCESS PLATELET HEATING AND
° DROPLET DRYING

vgroblems and Objectives

It is desired to increase the FACE machine output

' by decreasing the rabbit processing cycle'timé. Since’
_ droplet drying and column—fracfion flaming account for most
-of the FACE machlne cycle tlme, these therefore are the steps

’to 1nvest1gate. Reductlon of cycle time is 1mportant to avoid.

radloactlve loss of the output. The product element 104,

‘and 1ts daughter nobellum have half-llves of 65 seconds and

-25. seconds reSpectlvely. The time lag for proces31ng‘before

Fraction 2;(_see preceeding section on fChromatographic

,Chemistry") arrives at the counter is'about 150'seconds,

By gaining 30 seconds in processing time, 38% more element

104 would reach the alpha counters'for the same beam ekposure

condltlons.

In processing a rabbit sample, approx1mately 16

'droplets are drled._The reduction in tlmeAfor drylng each

droplet is multiplied by 8, 12, or 16 to give the total time

'reduction forhthe first, second,‘Or‘third column fraction )

respectively. Thus, even a small amount of time saved for -

' each'droplet is an important,improvement.'If.the time

required for_flaming-is also redqced.from'the present 25
seconds, perhaps.even to as little as 5 seconds; the fiaming
station might be combined with the droplet drying station so-

as to enable each fractlon to reach the counter approx1mate1y

30 seconds earlier than at present.’
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Present Methods.'Dropletsileavihg the chromatographic
column are placed. on a platelet containing a small dimple,

and are dried with hot helium from above and hot air from

v'below in the apparatus illustrated in Figure'S. The platelet

is made of Hastelloy sheet 0.10 mm thlck,w1th a soft-iron
_outer rlng for magnetic llftlng (shown in Flgure 6 ),
~and welghs 15 grams.f

The hot air is supplled through a glass tube whlch
-houses a 200-watt res1stance heater w1th manual control.
‘The air heater is red-hot 1n1t1ally (about 850 C), but
__v1s1bly cools w1th the air flow1ng such that the air leaves
;at ‘slightly over 100 C. : ‘ |

The helium 1s supplled through a metal ring above
the platelet with an~arrayrof_small'holes-foeus1ng it ohtod
_the center of the platelet. The helium teﬁterature is
controlled iﬁdireétly through regulation of a thermocouple
attached to the housing of the heating‘resistbr. Helium is
,‘chosen.since its thermal coﬁductivity'and diffusivity are
greater thaﬁ'ahy alternate noneflammablexgas. The helium -
temperature is initially 80-100°C and rises to approximately
) 200°C in about 2 minutes. The low temperatures are due to
heat loss to the ringvnOZZle.',v |

When a droplet leaves the chromatographlc column
and falls onto the platelet the hot air and hot hellum are
}sw1tched on and the drop is evaporated. The time allotted
for drylng each droplet is constant at 7 secondS° the flrst

drop to be dried starts at room temperature. whereas

’
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_Succeedihg droplets contact a‘prewarmed'platelet. In the
f operation of the FACE machine, 8.3 seconds are allocated per.
drop including the time for drop formation.

'FACE Machine Experimental Results. The heating of a

plételet by hot helium and air jets. separately ‘and in
combiﬁation, was investigated in the FACE machine drying
statioh. A chromel;élumélvthermocouple Waé'fastened onto the
upper side of the depression in the platélet and soldered on 
to provide‘thermalvcontact; the thermo=couple output was
- monitored by}a recofding voltmeter. '
~ The thermal response of the platelet shouldkbé
-greater than'that of a platelet with a column droplét for'.-
1'thé following'reasons.-The thermocouple'connectioh weighs al
coﬁple of grams and compared to fhe 15 gram weight of the
platelet is not a significént change in the dverall‘heat
capacity of the platelét.,The_thérmocouple solder droplet
- is smallér than the column droplet and has a lower heat.
.‘éapacity. Finally, although the thermocouple wires conduct
_ héat away‘frém;the solder droplét. this is less than heat
remo#ed by evéporative effects, The importance of fhe
‘thermocouple measurements is to compare the heating of the
experimental apparatus to_thé FACE machiné gas jets.i
| The hdt—air’heater,was'used.at a conétant‘resistor
Setting in the-ékperimental ruhs. The results were found to
reproducible énd éoﬁsistent,.and ﬁvu summérized'in Table 1
and Figufe 7. Thevdropiefs will_COncentfate to the HCl azeo-

trope_concentration (6.1M, boiling at‘110°0) 6n drying.
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fheHSlow heating and low final temperature of the platelet;
'which never reaches the azeotrope-boiling point, shows‘that
“the heat flow is insufficient to eteporate the d’ro_nlets0 It
-was found that the helium contributes little toward heating
h_the platelet in comblned hellum and air-heating experlmentso

- The thermocouple responses to hot helium at 10 20, |
‘and 30 cublc»feet per hour flows ig shown in Flgure 8. The
‘results indicated a slow raise of helium tempereture as the
1r1ng nozzle warms up.
| _ These results showed the need for more exten31ve
experlments to observe droplet evaporatlon and flamlng and
to ‘develop methods for_aocompllshlngAthese steps in mlnlmnm
- time'without radioeotite produet 1OSs;5Rapid drying of
idroplets has two operating constraints; First, boiling.is
';undesireable; Bubbles breaking on e‘liqdid_surface nearly
 always eject an aerosol which, in this_case.eonld contain an
’.element 104 etom. Secondly the droplet must remain in the
_ platelet dimple depression. Since the alpha—deteotion silicon
“crystal is placed immediately over the'depression'during-
counting, and decay occurring elsewhere on ‘the pletelet,isv
"not detected. To advoid letera11y disp1acing‘the droplets; a
| practicelllimit is inposed'on hot gas-velocity; In all
1experiments, it was noted‘whether these7two-criteria were met.

Droplet Dry;ng4w1th Hot Gas Jet Above. The evaporation

of a droplet cools the droplet and insulates it from the hot
gas in contact with it. The droplet.ds 1nsulated from che

hot gas by the evaporated 1iquid i that provides a material -
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f floweaway fromithe'dropletlsurface‘againSt which the heat
:dmust»conduct. Thus, heating supplied'from hot gas impinging
on the droplet is safe and self-limiting with respect to |
advoidance of bulk boiling. | |

With aniincrease ofdgas temperature immediately above
the droplet;'the vaporﬁpreSSure‘(and;~hence;_the interface
;gas‘phase COntent) of the droplet fldid-increases, resulting
‘in a 1arger mass flow from the droplet w1thout much increase
‘in the llquld temperature. A

Platelet Heating From Below. Heat transfer from the

platelet is a means of supplementlng the heat supplled

through the droplet surface. As thls heatlng enters the

’.;droplet from below, it will tend to cause b01llng, W1th the

‘attendant rlsk of 1oss. To minimize this problem, 1t 1s ,'
pdes1reable to have the heat conduct from the platelet 1nto‘
the edges of the droplets instead of the'platelet.beneath the
7dropleta | ' | B | |
, The v1gorous forced convectlon currents do not reach
hthe edge of the droplet and are circular, ‘and parallel to the
plane of'the platelet Whether the heat-transfer mechanlsm is
conductlon or convectlon, the res1stance is proportlonal to
droplet thlckness. |

The droplet is lens shaped and rests in the platelet
in a dlmple depression. The platelet metal 1s O 10 mm thick.,
The droplet has a dlameter of 7 mm and a depth of 1.0 mm (see
Figure 6). When heat is suppl1ed.byxus1ng hot gas from under- -

neath the platelet, heat must conduct through the droplet at
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v;its haximum depth before'reachingvthe droplet surface. When
’rheat is Supplied'from'ﬁuaplatelet circumference (by RF.or ,
other source), conducting-toward the center, the_heat'coné
‘ducts into theﬁthinnestrpart of the droplet.,The thinness ofi
the platelet,lessens the rate of.horizontal heat conduction
'compared to vertical heat transfer into”the_droplet.'From
this, it_appears that”most'oflthe heat_conducting'toward the
ycentervof thevplatelet will be transferred into the droplet
:uithin 1 mm'of its outer boundary. Conduction'of'heat from
the rim to the center of the platelet is rev1ewed in Appendlx
A. If the droplet b01ls along its outer. edge rather than :
imerely evaporatlng at 1ts surface, 1t is llkely that much

" less spatter (or aerosol formation) w1ll occur than w1th
fcentral bulk b0111ng of the droplet. |

Experimental Apparatus and Procedure

"Anvexperlmental apparatus was set up.to 1nvestigate
~the use of higheretemperature overhead gas and of_RF heating,
’and the behav1or of the drylng droplets.

The Air Gun. The air gun used had a 6" long, %” w1de

nozzle to av01d 1nterfer1ng with the RF heatlng and to
restrict 1ts alr_flow, and the air intake orlflce was reduced
to 1”-to further restrict the air flow. Theurestricted air .
hflow allowed much higher temperatures. h. -

Radlofrequency,Inductlon Heating. In RF 1nductlon '

.heatlng, an alternating magnetic fleld 1nduces eddy currents
in the platelet and its resistance to currents produced |

ohmic heatlng. The experlmental apparatus had an RP
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' frequency‘of 350~400 kilohertz which supplies heat oniy
>tthUgh_induction, not by dielectric excitation; and thus
only affects conductiﬁg objects. The RF apparatus can be
Acontrolled on a time scale of millesecondé, and is capable
of heating'the'platelets at an initial rate of over 600°¢
per seédnd. The eddy currents are locaied'near the surface
and'neaf the:outerlrim of the platelét; and the'interior is
shielded. Under strong RF heating, fhe platelet rim is the
‘first part to reach red heat. | '

Platelets. Two types 'qf-plételet'were used. One was
the circular platelet presently used by the FACE machine. The
’other'was a slotted platelet with the rim cuf inward; almost
. to fhe center dimple; alohg three radii 120°C apaft. The
tri—éut platelet was used only for RF heating and drying. The
RF heat was produéed at three yéllowehOt points ét the end
:of the -cuts, and thus'had the advantage of heat input c1oser
“to fhe droplets.

Platelet Heating. The heating rates of the air

éun and the RF coil were measured with a chromel-alumel
- recording thermocouple affixed to a platelet., Comparison
" was made then with the results from the exiting FACE machine

‘droplet-drying assembly.

Droplet Drying. The apparatus'waé_then‘used to dry
a series of 6M HClhdroplets oh plételets piaCed in the |
interior of the RF coil (see Figurél9). Droplets were dried
Wi%h hot air alone, RF alone, and both in conjunctioh,_The

 goal of the experiments was primarily to search for a min-
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dimum droplet drying time and only.secoﬁdarily to establish :
base_iine data for the droplet size of the FACE apparatus.

- ‘Two sizes of droplets were used in the experimehts.
First, an'effort was made to put 20‘p1 into the platelet
dimple, this belnv close to the FACW droplet size (a sym~
metrlcal lens of llquld restlng in the dlmple is about 20/ul
in volume). These droplets were formed_by touchlng the eye-
drooper.foifhe’plateiet;’they showed a:cohsiderable size |
.vsriatiOn withinnthe range of ZQ_to 30 pl; Droplets(fall-}
: ing from the eyedropper,-on_the other hand, were fairly
constant}in size and were measured fc bev46‘pl by oounting
the number needed to total 1 ml,

| The droplet drylng tlme was measﬁred, and the drop-
lets were v;ewed under a magnifying glass to observe boil-

ing behavior,

Results

Platelet Heating. The heating response of a platelet

- to the medification air gun is iliustrated'in line 3 in
Figure 10. Lines 1 and 2 inIFigure 10 illustrate the hest-
ing re3ponSevof the platelet to the airgun unmodified

" (1line 1) and with a restriction to a 3/4 inch air'infake.
orifice. All three Heating responses are'much stronger than
'the present FACE machine. In the experlments, the air gun
nozzle was held approx1mately 1> above the droplet being dried.
The air flow of the air.gun was considerably greater~than

30 CFH (viz., approximately 10 CHM). At no time was there
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Tany indication that this flow was likely to horizontally
 displace the droplets. | |

Droplet Drying. A series of droplets were dried for
 general observation, then 37 droplets were dried under
specified conditions to measure droplet drying times. A
';difference in drying.times was noted between a platelet

fwarm" from drying a,prévioué droplet (150—20000) and a
‘Eroom-temberature-"éold” platelet. Tableé 3, 4, and 5 list |
the results of the droplet drying. Tébles.3 and 4 list
‘results for droplets near the sizé of the actual FACE _
machine droplets of 20~301pl, and Table 5 for 40 ul drdplets.
| In genéral, it was obéerved>that a pre-warmed
ipiafelet reduced droplef timéé byiappfoximately 1o‘td 20%.
By applying hotter gas and RF heating, it was possible to -
dry 20-30 pl droplets in 5 to 6 seconds with a regﬁlar wérm
-plételet and h_to 5 seconds with a tri-cut platelet, It was
. possible to dry 40 pl droplet in 6 seconds with 6n1y a few

bubbles appearing. | . | '

' General Observations of Boiling. In observafioniof_
* boiling dufing droplet drying, two previously stated drop-
1et.drying theories were subStantiated. First, in boiling a
droplet, bubblés'form around the edge and boiling does not
occur toward the cente? without significantly increased RF .
heating. ’ | _ : | |
Seéond, 380°C gas suppressed Boiling of a RF heated,
'droplét. This showed:that the gas, with a mucﬁ higher than

~liquid boiling temperature, acts as a cooling gas through
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Fl and the platelet type is regular,

" Table 3 Experimental Results -
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For the following results the droplet size is 20-30

DTy g

Boiling

112

Resistor [Initial Air i
Time [Setting |[Platelet|Gun
Sec,o, % : Tempo )
[ 28 0 Cold yes| none
21 0 Warn "
30 | 50 Cold no edge
24 50 Warm " "
9 . 70 " " a v
50 - " iyes nohe




_)ul;-

Table 4 Experimental Results
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For the following results the droplet size was 20-30

Initial

Air

Boiling

Platelet

.Dry'g Resitor
Time {Setting|Platelet jGun Type
Sec. o Temp., ' _ . '
9 70 | Warm ~no| edge regular
1.5.5] 70 Warm yes| none ,?egulér
9.5 ] 50 Cold | " " ffi-cut
8 | s0 Warm " " "
{5 |70 : ER "
 5»5 75- Warm " " "
16 | 8o cCoxa | "] " K
4.5 80 arm | v " SC




Table 5.
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Experimental Results

‘ Dry'g Resis~|Initial [Air brop— | Boiling Piatélet
Time |tor Platelet{Gunilet = | ' Type
Sec, |Set'g |Temp., Size/pll

12 | 70% Cold vno &0;' none regular
10.5| 702 | warm |* | v | v
9 | 75% " " " " "
11 | 702 |cola yes| ® " "
so%  |Warm yes| * " "
0% Warm " " " "
8.5| 80% |cold “ | * | voiling| *
80% Warm I. " | v | voiling "
#  lcold " " .s‘light "
+ lWwarm | v | v . "

% Purned to 100% resistor
to 7 0% ° .

setting for 1 second,

thep reduced_
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its e#épbration of the droplet. This.also'showsvthat a much
higher gas témperature could be used when RF heating is not
‘being used. Additionally, it_was'obséfved that boiling was
gentle.:without bumping or flashing, in the forﬁ of fine
bubbles. |

Conelus1ons. The results in Tables 3, Iy, -and 5

 demonstrate that more 1ntense heatlng can be applled to
droplet drylng, without problems, to achieve shqrter tlmeéA
‘}and accelerafe the operation of the FACE machine. Thé'results
~of the tri-éut platelet'show thaf intense heating can be |
lapplled horlzontally without b0111ng, as long as air is |
'asupplled from above. Wlth 600 C helium 1nstead of 380°¢ alr,
,‘1mprovement over ‘the results of‘Tables 3, 4, and 5 should be
gquite possible; To allow boiling is not intolerable: the .
‘possible loss of 1 or 2% of yield, én estimate bésed.on ny
profeésional jﬁdgement and ekperiehce,.éinéeAthe boiling is
.gentle, 1s more than compensated by a sav1ngs in. radloactlve
loss by faster fraction collectlon and drylng. The exper- -
iments were executed in an attempt to av01d b0111ng. further'

experiments would show possible gains by tdlerancé of boiling.
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ANALYSIS OF CHROMATbGRAPHIcfSEPARATIoN

The FACE machine chromatographic-column is.shown,
'with specifications;'in}Figure,11. The:column separates the
metal ions in the wash.solution éccording to theif valences,"
The rabbit is washed with 140 pl of 12M HC1, and the wash
solution is ruﬁ}through the colﬁmﬁ{ cdllecféd on a;platelet
as fhe first column fraction, and dried. The column is then
aeluted w1th 160 pl of 6M HC1l, which is spllt 1nto the second |
vand third fractions, About 90% of the dlvalent- and tri-
7valent~meta1 lons leave the column in the flrst fractlon.
Element 104 (w1th any other four valent metal) is removed
;from the_waSh solutibn by theﬂéblumn andxis'éluted in the
"secondvand.%hird_@ashes. The-differéhtiafion‘of the:ions ié 
 £ased upon thevdifferences‘in binding strength fd the ion-
exchange resin; in chloride.cbmplexihg strengths{ and in
'stoichiometric'complexing fatios;‘The_reaction and'equili;,_
brium,equations for the éolumn éré as followse

ut +6C1” @ MClZ

2RCL + IV'016 B 2017 + R M016
w3+ uer” = MClu_

- EMClLl
S P

RCL + NC1j si¥ ‘01 + RMclL'F



} ——r , Column Material: Crushed polytrifliorochloroethylene
powder coated with tri_oct_ylme'thyl-
‘ammonium chloride. The Mesh size is
a 240 screening.

Column Volumes  50pl total volume, J0ul free volume.

R

: W_Diametér 2. mm,

FIGURE 11 CHROMATOGRAPHIC COLUMN SPECIFICATIONS

ko



41
R = organic amine group
Kn= equlllbrlum for n—valent metal 1on

M = metal ion

Column Binding. Four valent:mqtals'form bi-negative
complexes, Such complexes bind'ionioélly to“f%o‘cafions;of.
the resin, with approximately ﬁwice’thé binding energy of

the mononegative complexes formed‘by'three valent metals.

Anlon Complexing. The strength of | complexes 1ncreases
_»w1th valence, thus generally at any given chlorlde concen-

tration the four valent metal will be more strongly complexed'
than the three valent metal,

Chloride Stoichiometry. The setective uptake and el- -

ution 6f‘the'ions is also due tQ the dependence of CompleXing
on different powers of chloride cohcentraions,-to the 6th
power;for the four valenﬁ metals vérSﬁs to the 4th power fof_
the three valént metals. This effect makes it possible for
the four valent metal to attach to thé resin in‘iZM HC1 and
to disassociate in 6M HC1l. For the following reaction:
M™ + 4ol + 2RC1 === R MClg
The ratio of resin complexing strength at 12 M HCl1l and 6M HC1

solutlon concentratlon is:

(RMCL ) (R 1»1016) | [12]4 -6
(M Z;) 124 (M i) 6M [t

Thus the change of chlor;de conbentration has a
stronger effect on four valent anion cbmpleXes. Also, the

equilibrium concentration of four valent complexes will
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decline by a factor of 64 resultlng in its elutlon.e

Conclusions. From the experlmental results, it appears
that the column is adequate for purposes now desired,
:&Separation appears to be clear cut, any retained valence-B
»metal 1ons in fraction 2 is probably due %o llquld retained
'between resin beads. The solutlon 1s llkely to equlllbrate ;V
‘1n a. few seconds w1th the re31n. As the. solutlon will. be |
.stagnant for 4 seconds or more before it is displaced, the.

shortenlng of droplet dry1ng_w1ll not-affect column perfor-
manCe appreciebly;‘Since thevvoid volume oflfhe column is nowl
slightly less than 2 droplet voiumes, the difference in expo-
_sure to re51n for dlfferent portlons of each droplet could.

. be corrected by increasing column volume from 50‘y1 to 65‘pl.
Solution residing above the resin bed 1s_1nact1ye._So that,ai_
larger bed would allow better contact without change in the

actual retention time.



Minimum Drying Modification Proposal - L2g

In analyzing the response of a platelet to the FACE
machlne heatlng jets, both air and hellum, 1t was obsgerved
that the temperature of the gas streams were lower than
opt1ma1 The max1mum gas temperatures are approx1mately 110° Cc
for +the hot air and 200°C for the hellum. The helium jet
”would be a much more effectlve droplet drylng agent if its

temperature were ralsed 4o 600°C. The heat from the helium
:Jet is very unllkely to induce bulk b0111ng of the droplet.
'Fxperlments w1th 380 C gas show only surface evaporatlon."

The hellum temperaturejls controlled by a thermo-
couple‘attachedvto the gasvheatihg chamber housing. The
. helium gas, initially_at 600°c, is cooled in passing through
the metal ring nozzle - Which is not insulated or heated, is
initially quite»cold,'has a‘high heat capacity, andaleses
heat to the surroundings bj convection and radiation. The
; 200°¢ temperature is not reached until the nozzle has_been in
operation for about 60 seconds. -

The hot air below the platelet reaches 110 C At the
present flow and temperaturea the hot air heats the‘platelet
only to'85°C@ Hotter air, used in cpnjunction with hot |
helium, could provide enough heat to complete the drying in
5y geconds and still av01d bulk b0111nga
' To accelerate the drylng of droplets, the metal
nozzle ring of the helium jet should be wrapped with an .
electricalmresistoraheating element and insulated with .care

that it &oes not obstruct the jet or column. This woﬁld
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"permit maintaining the helium jet. at a constant temperature

of 600°C. The hot air temperature should be increased, by
.either stronger heating or reétricted flow, so -that it
reaches 12500 within 4 seconds. The more intense heating
wﬁich will result, should match or oﬁtdo the 4-second drying
time‘aChieved in -the airgﬁn~RF heating‘experiments for a
larger-than-average drop, since thé proposal is to use helium
at 600°C rather than at 380°C. With a shorter drop—drying
time of 4.seconds, time (e.g., 12 seéénds) can bevailotted .
for flaming at the drople?t drying'sfation, allowing the |
elimination of the flaming station. o
The flaming station results'ihvé,time‘delay of,33
© seconds for the'first;and second fractions, and 25’ée00nds
for the thifd fraction; once in the flaming station, the
platelet can_not be moved independently. If flaming‘were con-~
ducted without moving and cooiing the piatélets, the flaming
time could be cut from the'present 15 secbnds to 10~12
seconds. A dual-feed combination hot-air nQZZIe'and Busen
burner, equipped with'an ignitor, could be installeﬁ to
gsupply both the hot air for droplet drylng and the heatlng by
burner for the flamlng operatlon. |
- To reduce heat conduction %0 tﬁe arm of Turniable 3,
the platélet should rest on an-insuiating washer.
It should be notéd that, with‘600°C helium, adeqaute
pyrolysis and>removal of residual water of hydration might
even make the flamlng operatlon unnecessary.

In summary, consolldatlon of the flamlng station with
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the droplet drying station, with the increased gas
‘temperatures, would allow elimination of the flaming-station

time delay and more rapid drying-of each droplet.,
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Extensive Drying;Modifieation Proposal

_ The minimum FACE machine modification proposal is the
most expedient, but not the optimum, method of droplet |
dryingq The method pfoposed here is a more radical change.

For the reasons.given in the'minimum~medification_
proposal, the helium-gas ring nozzle needs to be insulated
‘and wrapped with anvelectricalnresistor heating element to
.prov;de 60000 helium. "

It is also desired to heat the platelet in such a way
that»heat is provlded to the edge_of the droplet rather than
’undefneathe_This method would permit more intense heéting :
lw1thout bulk bo:.llngo When using hot alr. a temperature llmlt
‘ex1sts, above whlch the droplet becomes superheaﬁed and bulk
boiling begins (with a risk of llquld ejectlon)o RF heatlng,
‘directly and instantaneously, generate heat at the edge of'e
“the plaﬁeleﬁg where it encounters the edge of the droplet.
The heat transfer path from the platelet to the droplet |
surface is shorter at the droplet edge than at its center.
Thus, heating the droplet edges'reduee the bulk‘heatinge |

Because RF ﬁeating allows a precise amount of energy
%o be induced ‘into the_metallie-platelet with millesecond
timing, it can also be used as a substitﬁte for flaming and
can bring the platelet'to flaming temperatufee in as little
as 0.5 secondso | | : | | | |
» A tempefature below that of e Bunsen burner, approx-
imately %450°C %o 600°C, would sdffiée to oxidize the non-vol-

~atile organic residue,-while fedueing the risk of losing



. _  h2e
“desired product isotopes. '
For RF heating, the platelet will rest on an insu-
 1ating ceramic washer set in'é_fiberglass=reinforced (or
other) high«femperaturemresis{anﬁ p1astic. The need for
noh«me%alic’arms-islio avoid RF inductance anyWhere'excépt"
for the platelet. Stray inductance.of_the helium-gés?ring
:nOZzle will necessitate fractiOnally higher power iﬁpgt. but
this will not prevent plateletAheating and.the_lost energy.
will aid in keeping the ring hot. With the‘RF-coii below the
vplateleﬁ,Athe,current induced in the plafelet.will'Shieid the
‘helium ring nozzle from the RF flux. o |
 The poWér output of a RFihéating coil is-prbportionali
» .to the square of “the coil current and the square of the‘coil‘
turns. The RFiindﬁction coil should consist-6f>2 to 5 coil
turns; have a diameter of aboutIZS mm, and be 19cated imme-
| ‘diately underneath the Turntable 3 arm holding the platelet.
in sﬁmmafy,»the RF'heating method w111 allow more
intense héaﬁing. better heating control, ahd faster (l-séﬁ C

‘cond) flaming.
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ANALYSIS OF CHEMICAL LOSS '

“Introduction

Most of the atoms of element 104 produced in the

 target‘are'lost before reaching the alphandetectors by both

radloactlve decay and chemlcal 1oss in sample proces31ng.

‘FACE processing yield is approx1mately 5%, thus any small

‘ almprovement will mean a great increase in FACE machine

The chemical and radioactive lésses'are independent

which, when multiplied together, give the overall FACE

jmachine yield. Approximately'60m7o% of the'elemenﬁ 104 is
' 16st thfough‘chemica] processese-This eétimate is based on
"an experlment with hafnium 181 ThlS experlment is descrlbed

in the prev1ously ‘mentioned report -on the chemistry of

element 104, |
There are five stages to con51der in the handllng of

elément 10@ and nobelium in the_analys1s of-the_loss of

these two elements. These stages are: collection of elements

104 and nobelium on the rabbit; the transfer of the radio-

active nuclides to the column; elution and collection on a

platelet; flaming theﬂplatelef; and finally, alpha counting
of the platelet, '

Hafniumﬁxpérimen‘ts° Hafnium 181 was used to test

these chemical losses. The isotope is beta emitting with a

half-life of 42.4 days, so radloactlve loss during the exper-

1mcnt is not signifieant,
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The'éhemicalvloss’was 66% of hafnium deposited on the
"rabbitso 0f the 66% lbss, 20% was écédunted for by.hafhium
left on the rabbit, indicating incomplete dissolution.
| | The remaining 46% loss was unaccounted for;’The fol-
N lowing 1osé mechanisms after rabbit washihg aré'possiblé{
‘precipitatiOn_or adsorption 6nto the Tygon transfer lines;
possible precipitation or adsofption’ohto the glass wélls of
the columns incompleté desdrption*from.the column; and final-
ly volatilization ihveither.the dryiﬁgvor flaming operations

“on thé>plateletsq

Rabbithashing; Element 104 is‘deposited with fhe Salﬁ.
‘aerosol on thé rabbit,vThe chemical state of the element 104
: atomsvis not knde; When the rabbit is washed, a few films
o of'wash solution remains on the rabbit, adhéring@tovthe surs

face rather than being transferred'td the column,

To reduce loss on the rabbit face, a wash solution of
iM HNO; and 11-12M HC1 should be used. The HNO5 will not bind
oy precipiiate any solute, since all nitrates are Very o
soluble in an aqueous solution, Also, it will'ihsure the oxi-
dation and dissolving of all element 104von the rabbit, mild
aqua regia being a strong stripping}agent.

~ The nitric acid Will'also reduce_fhe surface tension

of the wésh solution, greatly aiding in mechaﬁical transfér.
to the column,‘and-befﬁer wetting of the rabbit surface.

When the solution is finnally dried, it should aid in

oxidizing any trace organics present. .
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Tygon Tublr_lg° Tygon tublng is a polyv1ny1 chlorlde
polymer with trinolyl phosphate plastlclzer, typlcally 20~
40%; to make it flexible. This plasticizer is leachable even
in agueous solutions of pH 7, significant enough to exclude
nygon from use on solutions for human use in 1ngest10n or
intraveneous 1n3ectlon° In the FACE machlne, the concentras:
‘tion of heavy metal chlorides is extremelyvsmall, so that
e?envan eXtreMely wéakAsolufion of phosphates has the,poten~
‘tial to complex a iafge ?art of the'eiément 104'preseht.
Hafnium is known to form an insoluble strong phoSphate com~
‘pound whlch preclpltaﬁes from solutlon. Trlnonyl phosphate .
has the folloWLng formula, (C O)BPO, molecular weight 377.

" As an ester, trlnonyl phosphate 1s hydrolyzed by ac1d so the_-
'hlgh_a01d1ty of the wash solution is likely to promote rapld
_diSsolution'of the phosphate and perhéps other orgénics.
.kP?asticiZersg'in the'Tygon tubing and oligomers in the
plagtic storage bottles are the probable cause of the need

for flaming step to remove organlcs )
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The writer recommendslpo;yétﬁylene or even Teflbn
tubing, even though it is leés flexiblé. It should be
 pretreated by boiling in HC1 and thorbugh washing after-

‘wards with distilled water.

.Possible Loss on Chromatographic Vessel Walls
' ' Glass, an alkali silicate,,dissolves.quite slowly,in
 strong acids,‘pfoducing an alkéli chlbfide sait‘énd silicic
" aeid, The etdhed glass sﬁrfacés may’then adédrb various
salté.or ions., However, heavy metalé_in a strong HC1 solution
,are not expected to precipitate 6nfo the glass wails,}and the
ﬂpossibility of chemical loss in: the column is not very
likely, - n |

| The column materlal is 0, 25 F trloctylmethylammonlum
chlomdep dlspersed by orthOmxylene onto an 1nact1ve fluro-
carbon powdera When}hafnlum 181 was run on the}column, the
.second‘fraction eluted more hafnium.‘57%'of.the amouht |
| chérged,‘andvﬁhe %hird'frae%ion eluted 29%,‘I%_is therefore
possible that 10 to 20% is being retained as an anion com-
>, plex boundvtd the stationary phése;_v'

Losses from the Platelet

' Evaporation and_fiaming aré'suspected as a caﬁse'of
chemical loss. The chemical properties of element 104.are
éXpected}to bhe homblogous with zirconium_or:hafnium. The
'éhemical pehavior of hafnium was considered in the design
of the FACE machine, and bossiblé pathways of loss for

'hafnlum would be mechanlsms of 1OS° for element 104

Hafnlum and zirconium tetrachlorldes-are volatlle,
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and sublime'under one atmosphere pressure at 3319C and 319°c,

respectively. The vapor pressure of hafnium is estimated to
double for every iOOC The vapor pressure at IOOOC is then

.:i.o"‘=6

atmospheres, and loss through droplet batch distillation
'1S not expected for hafnium or element 104,
| When the dropléﬁ_is being brought to dryness,.the
fihal‘dehydrétion is ill-defined. The tetrachloridé of
elément 1ok is eipecﬁed to hydrolyze fo 164 oxychloride..
in analogy to the behavior of hafniumutetrachloridég This
“compound is not very vdlatilekand should remain on the
platelet as it is.heatéd té higher temperéture during flaming.
Invthe flaming operation, residual contamination can
_be expected to dehydrate, and organics to oxidize. The
~dynamics of this change with its out-géssing‘ovazo and CO,.
,is.not known. Whether there is flaking of the dried.preCipié
téte and scattering when_ﬁhe p1atelet is being dehydrated or
-moved ié not known. Therefore is would be desireable to mon-
'jitof %he hafnium 181 radioactivity before and aftér each

- processing step, to verify the retention during processing.
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ANALYSIS OF RADIOACTIVE LOSS

The analysis of radioactive loss will be"investigated
s%ep by step in the FACE machlneo - |
Collection of Element 104 on the Rabblt. The half-life

of element 104 is 65 seconds?_and the half»llfe of nobelium
is 26'secohds; This gives exponential.decay coefficients of
k,=0.,01066 for eleménﬁ 104, and k,=0.02666 for nobelium.

Let P be the production rate of eleﬁent 104, Let Rf»
- be the amount of element 104{ and No, the amounf bf nobeliumo_
The rate of increase in the amounf‘bf}element 104 on the
rébbit, minus the.rate of.decay of ‘the matérialualreadyIOn
the rabbits | | |

4(RE) = P - k, (Rf)

AThe solutidn‘to'this equa%ion iss

(Rf) = P/kl(iée“kit)
The rate of increase of nobelium bn the rabbit is equal to
.’,the rate of decay of element 104 minus the rate of decay of .

nobeliums

dlNo) = Xy (RE) - k,(No)
d

The solution to this equation is as follows:

50 g

(Noj = P 1/k‘ - ekt + Pli/k, - 1/(k,-k, ) ekt
) A B R 2 27517 B

e

Phe following ﬁable lllustrates the increase of ele-

'ment 10# and nobelium on the rabblta
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t (see.) RE/P (RE/P)/E____ No/P
o 0 0 | o
15 ©13.86 0,92 1,00
30 25,68 0.86 3.35
b5 35,74 o9 6.35
60 ik, 32 og74 | 9L60»
75 5.6 0,69 - 12,80
90 57.87 0.64 15.83
105 63.18 0,60 18,62
120 67.71 0,56 _ 21,14
180 80,04 0.l 28,12

- 93.81 0,00 37.51

The ratio of No to Rf after 120“séconds 13705315‘and'the
infinite time ratio is 0.40, The actuai.ratio is 1.1i'0;4.
Why this is so is not explained. This will be used in the
calculations which followo_(No)o'Will be the initial amount
- of nobeliuﬁ and (Rf)0 will be the iﬁitial amdﬁnt of element
-10l, after the rabbit is removed from the aérosollcéllection
station, |

First Fraction. Affer'element 104 is collected on the

rabbit, the amount at any time in the future is a simple
exponenﬁial'function as follows:

| (R) = (Rp) 1T

Phe amount of element 104 that will.be detected by the alpha
detectors is the amount of 104'remaining‘when the platelet’

is retrieved by an arm. The rate of increase of nobelium,
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;expreSsed as before, yields the f:ollowing'equationo

kyt . kg (RE) =k

ko-ky

(No) (No) e

For'calculatiqn, it is assumed that all the nobelium
present in the column (either initially as such, or produced
from elemen% 104 by decay) . is immedia%ely eluted onto the
platelet. This.means that_any nobelium eluted onto the next
flatelet is from decay of element 104 in the columh subse=
‘quent to the previous elution. It is also assumed that no
 element 104 is eluted in the first column fraction.-Eighiy
v,secbnds after the rabbit has been removed from the aerosol
. eollection station, the first fraction is collected and dried
~on the pla%eléﬁo A%.this moment, the_amount'of nobélium (it
'«;g"on the platélet is given by the £0116wing formulas

(No) = (No)i(0911851) + (Rf) (0.2050)

The amount 33 seconds later when the platelet is
i retrleVGd by an arm after flamlng is as follows:

(No) = Ejﬁo) (0.11851) + (Rf) (o 2056:1 ’k2(33)-
or -(No) = (No) (0.0492) + (Rf) (0. 0851) |

The first alpha»detector ‘will recieve the follow1ng
amount of nobellums

(No) ~_~(No)o(0.0492). + (Rf) ,(0.0851) ,

This, with (N0)0= 1.1 (Rf) - (No) = (Rf) (O 14276)

Second Fractiono In calcu]atlng the amount of element

104 and nobellum in the next two fractions, it is assumed

that each fract:on w111 receive 50% of the element 104 on
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%he fesiﬁ; This 50% fraction,is the chemiéél division of the
element 104 assumihg an infinite haifmiife.vThe real divisioﬁ
will be different due.to the radioactive decay of element 104,
and to the exact column behavior.

All the nobelium produCed’in thevcolumn between the
first plateiet and ‘the second platelét is aésumed to be elu=
'ted onto the second pla%eleta At the time beglnnlng with.
column droplet collectlon onto the second platelet
the amount of element 104 on the column is as follows:

(Re) = (Re) e *1(80) = (re) (0.4262)

.The raté of increase of nobelium is equal to the rate
Mof decay of’eleméht 104 minus the fate of decay of no‘beliumo

. The equa%ion is as followss'

 A(No) = k; (Rf) - k,(No)

at
(No) = 0 for %=0
(Rf) = (Rf)o(oohzéz) for t=0

The solution of this equation is as followss

(vo) = Ky (RO (0:4262) [kt e"kzgl
kzmki g . ; ’

The nobeliuvm present on the second platélet 33_se¢onds later.
when the second elution is finished, i. e. 133 seconds aftér
%hé béginning of <the current FACE.batch is:

(No) = 0,082(Rf)

‘After the elution is finished, the rate.of increase of
No is again equal to the decay o£ the“é1ement 104 minus the

rate of decay of the nobelium,
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' The conditions at this time are:

H

(No) = 0.082(RE)

I

(re) = (re) e ¥ (113) (0.5) = (re)_(0.1499) t=0
After an additional 33 seconds, when the platelet is moved

to the alpha counter, the values are:

(No) = EZO@OBZ)(Rf):zemkz(BB)
v X (Rf)o(0;1a99) [é"k1(33) «e”kz(3%j
K,k v - |
(Re) = (RE) e K1(0,5) = (Re) (0.10543)
(No) = (0,0340) (RE)  + (0.02882)(RE)_ = (0.0628)(RE),

Phird Fraction. In a tdtal of 58 seconds all the

remaining element 104 is eluted, along with all nobelium
produced, onto a platelet and dried, flamed, and retfieved
by %he_plaﬁeleﬁa The amount of element 104 on the final
platelet is as followss o

(RE) = (RE)_(0.5) e~171ky

= (0.0808)(Rf)o

The amount of nobelium present iss

1 (R£) (0,1499) [r =58k . ”58£;E
kzwkl v -

(0.66625) (RF) o0 1499)(0 21304) = (RF) (o 0212)

55

(NO)

i

In ummary, the results for the three platelets are

ag follows:

Pirst Fraction | - (No) x_(No)o(0.0492)+(Rf)6(5085)
‘Second Fraction  (Rf) = (Rf)_(0.10545)
(No) = (Rf)o(o,oézs)
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il

Third Fraction (Rf) = (Rf)_(0,0808)

il

~(No) = (Re)_(0.0213)

Since element 104 will ultimately result in two alphas
/in the energy band of interest, the counts on each platelet
‘will be as follows:

C, = Counts of fraction n

z = detector geometry factor _
Pirst Fraction ¢, = Z(No)o(o,0492)+(Rf)o(o,0851)
Second Fraction C, = z(Rf) (0.2737)

. Third Fraction | C3 = Z(Rf)o(0.183)

Total Counts ( assuming (No)o/(Rf)O = 1,1 ) = 
z(R£) (0.59592) |
The relative ¥atio of counts for the threé fractions

is as follows for the two (No)o/(R:f')0 ratios.

Calculated Counts Observed Counts
(No)o/<Rf)o 0,3 1,1 Inerement Cumulative
| First Fraction 0,42  0.58 1 1
Second Fraction 1.00 1.00 2 3
Third Fraction 0,62 0.62 3 -6

‘_If the flaming step is eliminated, the final fraction

guantities are as follows:

Firsﬁ»Fractipn : (No) ?'(No)o(Oe1185)+(Rf)0(0.2050)
Second Fraction _(No) =‘(Rf)o(0;082)

(Rf) = (Rf) (0,1499)
fhird Fraction - (No) = (Rf)(0.0288)
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(RE) = (RE)_(0.1055)

The éounfs are as folldWs; assuming (No)o/(-Rf')o =1.1,

First Fraction Cy = Z(Rf)o(003354)
Secénd Fraction 'Cz = Z(Rf)o(0.3818)
 Third Fraction Gy = Z(Rf)(0.2398)
Total Counts | : =AZ(Rf)O(O.957O)

Thus the calculated increase in total counts would be

- 60.5% with the elimination of the fiaming step.
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ITII. THE FACE COMPUTER OPERATIONS
Computer “software” 1is loaded into the-PDP»Q to
~allow ﬁfograming to be done in FACE language. The FACE
 programs which operate the FACE machine ih,experimental runs
are wrltten 1n the FACE computer language. | ‘
Programmlng in FACE is done through a teletype

~ terminal.

General Structure 6f a.FACE Prdgram

- The general sfructure of the programs'is illustrated
in Figuresz and 4; Each FACE program is composed of operaéi
:tions; up to 20 in number, which in turn are composed of
 s‘t;epsg numbering more than 1000 total, for all opera"cions°
\'Each operation also'has,ité own internal indicator; or
_ internal flag, specifigéily dedicated and.limitéd to switch-~
ing that operation in and oute,Thé,interﬁai flag for
Operation 1 is set by a teletype command "GO* which initiates
all programs. All other operatlons have their. 1nternal flags
';se% or cleared by prewprogrammabe steps.

When a progam starts, the computer goes'toloperation
bi and executes Step 1, Step 2, Step 3, ect., until it reaches
the end of the operation. If the next oﬁeration"s flag ié
Bet, Operafion 2 is‘éxecuted; if not, the computer moves to
the flag for Operation 3 ahd so..on through Operation 20.

If 2l1ll the internal flags aré unset, the program 'tefmina'tes°
Otherwise, the computer goes through Exit and on to COnt:mueo
After a 50 msec., pause, the sequence of_operatlons is repeat»
ed, The B0-msec. cycle time islan important figure to remems

ber,
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FIGURE 12 p.A.C.E. PROGRAMING STRUCTURE

STEP =

18 Bit WORD (PDP g/i5)

= e
8Bit - o . 10 Bit
FUNCTION No. " ARGUMENT
mox. 256 ) mex. 1024
CLASSES OF FUNCTIONS o " ARGUMENT CONTAINS
COUNTERS _ _ o e — e CONTENT GOF COUNTER _
PRINT COMMAND FOR TELETYPE _ __ _ _ __ __ _ _ STEP No., OPERATION No,, COUNTERS etc.
JUMPS . . e e No. OF STEPS
© CHECKS ON SENSORS_ — _— _ _ _ _ ' . —_ - SENSOR No.
CAMAC COMMAND _ _ = _ . e o — . — — - DEVICE No. ,
HALTS AND EXITS o o o o e o e e e OPERATION No., STEP MNo,,etc.
SET AND CLEAR FLAGS . . = . — — -~ = — — . FLAG No. . -
SUBROUTINES - . . . - o w0 o e SPECIAL ARGUMENTS
TIMERS o o o o o o e e e = e — —-TIME IN UNITS CF 50 ms

HARDWARE ORIENTED - . . ~ . — - . . — . DEVICE No

XBLT737-3728
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:for_several purposes to be explained later. Execution of
fsteps is not necessarily in numerical order; certain
functions ih a given step will cause the computer to skip '
forward or backward several steps within any one operétio_ne
_.Internal flags are set or cleared through premprograﬁmed com-
‘mands in the steps. Certain functibns in a given.step will
cause the computer to skip forward or backward several steps
within any one'programo Ex%ernal'flags, which are addressable,
displayable, and usually related to ﬁhe‘machine operation;_
will be discussed later. |
| Steps
Each function is identified by é Specidic number, ...’
Assdcia%ed with each function i§ an argument specifying the
element humber.(flag,,counter; sensor, of sfep),or the .
measure (time, number of é%eps) required to execute the
function. |
iThe teletype reporits a step}in'fhe,followiﬁg formats
Step Nog Funetion No. Argument Meaning |
23 ho R T Zero couﬁter'oné;
a4 dol 10 Count o "10” time
| | units (50 msec. ..
each, or 500 msec,
total)
Each of the functions.Will be explained‘at a later |
point. | |

Teletype Commands snd Programming

There are 18 %eleﬁype (1T) commands., Each teletype
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- command is identified by a tWOwletter mneumonlc code, The
teletype commands listed in Table 1 are used to 1oad, alter,
~and execute a program, To -use a teletype command, you type
the %woeletter code and ‘then press fhe ALT key. The name
standé for alternative mode, but in this-mabhine'languége,
the key is arbitraily selected as a_”loéd” kéy.ﬁo instruct -
%he,compﬁter; The computer wili fequest more information if
ﬂeeded to execute the command, . |

Teletvpe Programming

To start a program, the'following teletype command
would be typed by theicompu%ers
- - 60=0/1 | |
The *1° has the effect of correcting the "050 To start the.
prograit, you types: o | |

GO
The program then begins with Qtep 1, Operatlon 1.

Po illustrate how to program via “the tele'type9 the
pfogrammlng of Operation 1 of the FACE program will be
showﬂ; |

Flr 36, you give the command IS and acknowledge (type
ALT key). Unless you have been programmin in another oper-
ation, +the computer will assume Operation 1 is involved, and |
will type | |

18 op=1/

You again acknowlege, and ‘the computer will add to the line:

18 op=1/ BSTEP=0/

'The sﬁep number is the one just ahedd of the point where

your program step is to be inserted.



Table 6
TT Commands
: CF«chaﬁge or list state of flag.
- CO~continue where halt occurred;
CS-change or list a step.
DS-delete a step |

GO-start opera%ion_ivrstep 1o (does nbt‘zero cdunters)
| HP-halt Rube Goldbers |
IS~insert a step
L0-1ist steps in an operation.
QNaturnvon an operation.
‘SSwsingle step executiono.'

TT-tape in. (not implemented)

TOm%aﬁe out (not'iﬁplemented)
| Lxmlist'integrafcro_'
AfOFmturn off an operation. (not implemented)
‘NWwﬁumber of washes.
- CX-change status of XTAL
CC-change oy list contents of a counter.
Oiwapeiation in (from paper tape).
00-operation out (té paper tape).
- PI-program in from disk.

PO-program out to disk.

52
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After you acknowledge,-the compufer responds‘withv
| IS Op=1/ STEP=0/ FUNf=0/
At this point, you type‘in the function (58) and acknow-
ledge. The computer will then respond by adding the argu-
ment | _ |
IS op=1i/ STEP=0/ FUN#=0/58 ARG=0/ R |
You type inAB for the argumen%, so that a complete line
followss . ,‘ ‘
18 OP=1/ STEP=0/ FUN#=0/58 ARG=0/3
With aéknowledgemenﬁ, the computer will store the command
as Step 1 in Operation 1. |
Starting the pfocess again, the computer wilil
. respond to IS with the resulting line:
s op=1/
Afterwards Qith acknowledgement, the cbmputef responds:
Is op=1/ STEP=1/ ,.
, After this, you again program the function, then the
arguement. The full progrémming of Opefétion 1 of the FACE
program would appear as followss |
Is oP=1/ STEP=0/ FUN#=0/58 ARG=0/3
18 opP=1/ STEP=1/ FUN#=0/58 ARG=0/6
i
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OP=1/ SIEP=2/ FUN#=0/62  ARG=0/1

IS 0P=1/ STEP=3/ FUNA=0/62 ARG=0/5

IS OP=1/ STEP=N/ FUN#=0/57 ARG=0/1
Po see what you have in Operation i; you type 10 (1ist
operation). If +the teletype}command'weré the first oné, the -

computér would respond withs
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Lo op=1/
Acknoﬁledgement causes the computer'to print out the
program sequences
L0 op=1/
STEP FUN# ARG

1 58 3
2 58 6
3 62 4
o625
5 57 1

To delete a stépg say Steﬁ L, &Ou would types |
ns | L S .
:‘=The computer would respond withs |
| DS 0P=1/ o ﬂ
.You would égain aéknoWledge, and'tﬁe computer will réspond:
DS op=1/ STEP=5/ |
- Step function and argument humbers aré propred'by the
computefg depending on the telefypé command; You wquid
‘type 47 and aéknowledgeo'The final line is as followss
DS OP=t/ STEP=5/4
htter acknbwledgemént, Step 4 will be delted and ensuing
_steps;will be advaenced, A LO command and acknowlédgement of
line 1 will yield the printmouté_ |
L0 0?51/ |
STEP FUN# ARG
1 58 2
2 58 6
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3 62 4
¥ o571

In delefing or insertihg'a step or steps, the
folloWingvsteps will move eifher up or down to fill or open
the gaﬁe |
| To reinsert a step, the following command sequence
would be used: |

Lo op=1/

STEP FUN# ARG

1 58 2
2 58 6
3 62 4
h 62 5
5 57 1

To change a step, you type

cs |
and %hevcomputer responds:

cs op=1/ ‘

With acknowledgement, the computer would add:

s op=i/ STEP=L/ | |
In this case, it is STEP=4/. Another acknowledgement would
gives

Cs Op=1/ STEP=U4/ FUN#=62/

~You could now change the FUN# by typing.in another number

and acknowledging, or keep it the same by Jjust acknowledging
it., The computer would‘respOnd'Wi%hs

Cs op=1/ STEP=4/ FUN#=62/ ARG=5/
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‘Typing in "6” and thenvackndwledgingi followed by a LO
_OP=1/, a teletype command statemeht_wou1d give the following
ﬁrint outs | '
¢S op=1/ STEP=4/ FUN#=62/ ARG=5/6
L0 OP=1/ -
. STEP FUN# ARG

1 58 3
2} 58 6
3 62 4
v 62 6
5 57 1

AIS, DSg CS, and LO are four basié programming ﬁeietype
. commands used to write FACE.language'programso

Since}an operation may be,mény stepsvlong, its listing
can be terminated by a P control command (depressing both
the control key and P key) if desired. When a control P
éommand is used to terminate any action, the computer prints
a two»line statement to signify complétion, Ccﬁtrol P has
the disadvantage {hatAno HLT statement will be made and allA
load information in counters and flags is lost.

Program Running and Storage

Programs can be loaded by being typed in, read in from
paper tape, or read in from disk. The TI and TO commands are
not implemented. |

To read in from paper tape, you type the command

0T

After typing the ALT mode key, the computer responds withs



0I oP=1/ 57

The operation number desired is typed in. For all

0P= / statements, as any step is loaded, the number printed

by the computer will be 1, unless for any earlier step in

’the-sequence, another number‘has_just been specified; In that

case, OP= / statement will then list that number instead of
. | . | | |
To print the program on paper tape, coﬁmand OC is
typeds >' |
00

"The computer re3ponds

00 op=1/

. If the opera%ion is not Operation 1, the'operation number

is desired 1s typed in, The paperpuch 1s turned on and the

CALT mode key is Typed. The paper tape is then produced.

Whereas the'paper tape loads or prlnts one operation

| at a time, the PI and PO commands involving disk storage can

store and load entire programs. composed of many opera:hions°

‘To store a program on a dlsk, the PO command is typed

&nd the computer responds withs

PO PROGRAM OUT TO DISK
The program is now on the disk, This command\wipés out a pre«
existing program on the disk. |

As menﬁioned{before, the GO cbmmand'starts a program
ruming,

TO»;QQQ a. stored progrém, typing in PI and pressing

the ALT mode key produces the following'responses
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PI PROGRAM IN FROM DISK ,:

iThe program 1s now loaded to run.

To halt a program, you type the command -

HT |
The compuﬁer halts opération and ?rints the operation and
step number at Wthh the halt occurred.

HLT 1002 | |
The first digit is fhe.operation number and the last three
digits are the step number. The HT command will be ignored .
if’the teletype is occﬁpied,with pfinting other function |
outputs; there must be a pause for HT to be used.

Other Teletype Commands

Besides these basic operating teletype commands,
there are other commands to assist in programmlng, debugging,
and running the FACE machine.

To 1list or change the state of a flag,vyou type CF,

-folloWed by ALT mode. The computer réspénse iss

CF |
You then type the desired flag nﬁmber and its status is
shownsv. | |

CF #=5=1/

If the flag needs to be set or cleared, you can then
type the appropriate signal. 1 stands for a set flag; and 0O
stands for a cleared flag.

To restart a program where a previous halt (HLT)
occurred you use the command CO, Thls allows the program-

mer to restart the program after making a mechanical
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.‘correction in the operation of'the FACE machine er a
correctlon in a program parameter. The teletype command
_ON wiht ALT mode ackowledgement has the computer reponse

ON 0P=1/

- After you specify the operation and press ‘the ALT

mode key, thejcomputer wili respond.as foilows:

ON 0P=1/3 STEP=1/ | | _
After you'specify‘the step and press the ALT mode‘key, the
computer will exectelthe specific operation starting with
“the specified sﬁep; With this command, you can start any |
foperatation at'any step. The GO command starts the program
‘only at the first operation atAthe‘first step.

To do single-step execution, you type SS, then ALT.

The computer responds:

ss op=1/ |

After you type ‘the d691red operatlon number and
ac}mowledge9 the computer respondss

ss op=1/ STEP=1/

Changing the step number if necessary; and ackmowleg;
1ng the computer response three more tlmesp will give the
following computer printout:

ss op=1/ STEP=1/ FUN#= / ARG= /

With the third aeknowledgement,.the computer will execute
 the step. All teletype commands with the following format
- will increment the step number by ome automatically:
| op= / STEP= / FUN#=/ ARG= / |

Thus, another SS command wiljrnespond.wiﬁh the same opera-
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: tion;

ss op=3/
and upon acknowledgement with:

SS op=3/ STEP=2/ | |

The SS'&ﬂeiypecommand is'extemely usefull in
‘debugging a new program, or 1nterpret1ng an unfamiliar
“program, by follow1ng 1t.through step by step.

To read out the total amount of accelerator beam
‘received by the target apparatus in coulomb units, you
'type the command LI, then_acknowledge. The computer
responds, for example:

“INT 26213 X10- 00009 COULOMBS
INT 1ndlcates_the integral or cumulative amount, and this
amount is printed asnfive digits times a power of 10, Thue,
the example figured corresponde tov206213x10“5,_

Command NW controls how mény fractions the ohromm

atographic column output is to be divided into for pur-
poses of computer memory allocation. The machine has twenty
" alpha-detector sensors. The compufer'will group the |
detectors as follows (forva particular:gronp'of rabbité){

' : #* %  * # '
1234567891011 12 13 14 15 16.17 18 19 20
123/M 67/8 10 12/13 14~15/16 18 19/20 1
* nonwopefable elpha counter in need of repair in

an hypothetieal situation |
The NW=3 conmand tells the‘compnter to aesemble the

sensor outputs in groups of three; and for data collection
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;purposes 4o sum all data for the number-1 1abeled sensor
°'(the'first chemical fraction) as one data output and |
‘similarily for the humber 2 and 3-labeled sensors., This TT
command is for the data analysis by the computer, not for
operétion of the FACE machihé.’NW, though a mmemonic for
_number of washes, is more aécurateiy referred to as number
of column fractions (usually 3 effluents) Wthh is deter-
-mlned by the FACE program.

CX is the TT command to change the status of the

crystal (XTAL), CX is typed in with ALT mode and the
- computer responds with: - |
X #=

The desired crystal number 1s typed in and with ALT.
‘mode the computer respondss
| CX # ="3= 1/

The first number (3) gives the silicon~crystal
. detector number. The last numberA(l or 0) tells whether
:the crystai is operéble (1) or not (0). To change the
crystal status, the-alternative_numberﬁ(O or 1) is typed
:after the /. This cbmmand gives the computer the needed
information for the NW éQMmand'to-group the counters as
’explained'above; |

Command cc llsts the contents of a counter, whlch
in certain cases can be changed. 4 CC command with +the
ALT mode, will have the computer respond with:

CC #=

The desired counter number (e.g., 8) is typed in,
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and ALT mode is depressed. The computer responds w1tho

cc # =8 =0/ |

OF is a TP command not-now‘implemented which could
tbewused to turn off an opera’ciono |

Functions and Arguments

As has already been seen, each step 1nvolves a
functlon and an argument. The various FACE functions are
. listed in Table Za:The argument indicates which one (the
eelemenfbnumber»in a_sequence), or'how'much (time, number of
steps) |
~ Functions number 1 through 40 are for counters 1
%hrongh b0, If the values of the counter is equal to the
argument of the function,of'the.same nunmber, the computer
;will omit the following step, and will skip from step N +to

'step N+2, For instance, in the following example: -

31 22 ‘10
32 59 8
33 52 0

When the computer reaches Step'jl and the value in connter
22 is 10, the computer will go tolstep 33, otherwise, to
Step 32, | _

- Function 41 is more complex. The FACE machine has a
;collectlon of sensors assmgned numbers 1 through 67o Sensors
(discussed in a folloWLng section) are either set or cleared
as a machine eperation is completed and thus reflect the
existing states of the particular element. An example is

given by the listing:
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Functions

FUN# FUN DESCRIPTION

1
2
i

L1

42
b3

b6

b7

ne

o
50
a
52
53
a
55
56
57

58h

Skip if counter #l=argument

Skip if counter #2=argument

o L) [N e e

Skip if counter #40=argument

Skip if sensor # in counter is set

. Print step and content of cntr,#3

Stoptresettstarttelectrometer+tape
Put value of electrometer on tape

Put x-tal in proper sum on scope
and increment counter #3

X=tal I.D. on tape with time and
content of’counter 1

- Beam off on tape with time and

. content of counter 1
Beém'bn tape with time -
Zero a counter
Tnerement a counter
Priﬁﬁ value of a counter
Print 6peration and step no.
Jump forward N steps' |

Jump backward N steps

skip if sensor set

GAMAC command

Halt operation

Start an operation at step one

ABBR.

63

SOP

FUN ARG,
SKCl max,=1024
SKC2 max.=1024
SKCHO  max,=102%
SK3
PS3
SEL
TEL
SUM
JON
BOF
BON
¢ counter no,
IG counter no.,
PC. counter no.
?S none
JF NA
JB N
SKS  sensor. no.
CoM »cémmand no.
HOP operation no.
oberation No.



" FUN# FUN_DESCRIPTION

59

. 60
61
62
o
6l
65

66
67
68
69

Exit and return forward N steps
Exit and return backward N Steps
Clear a flag

Set-a f1ag

Cheek flag

Load arguments of the next N steps

Call subroutine

‘Return from subroutine to next step

after function 65
HOP and print OP and STEP
Continue OP after HOP |

ID-x%-tal-off on tape

-70-100 unsused

101

102

s .
o o o
o .

142

160

De;ay N time increments QSing entr.
1 , . , |

De;@y N time increments using cntr.
2 B

Delay N time increments using cntr.

o |
Skip N steps'ifbxntal #1 incorrect
Skip N steps if X-tal #2 incorrect

Skip N steps if X-tal #20 incorrect

ABBR

64

FUN ARG,

RF
RB
CF
SF
SKF

. LD

cs
RS

HOPS
CoP

- IOF

DL1

- DL2

DLAO

SKX1

SKX2

N

N

flag #

flag #

flag #
N

‘step‘# of

subroutine

none

restart step#
0P #
if the arg.

-0 it is ta-

ken as the
I.D.

N(increment=
50 msec,)

N(increment=
50 msec, )

N(increment=
50 msec.)

N
N

SKX20 N
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37 41 0

38 59 8
39 52 0

For Function 41, no argumen% is needed. If the sensor of
the samé number as the value in Counter 3 is set, then
Function 41 will cause the computer to skip a step. For
éxample, counter 3 has a value of 12 and Sensor 12 ié sét;
then the computer will go to Step 39, otherwise, the com~
~puter will go to Step 38. Func%ion\Ml.is only found in
| Operation 5 of the FACE program. '
Function 42 prints the step of the operation and
-~ content of counter 3; For examples
| 38 42 0 | _
Step 38 would prihﬁ-0038 and then fhe,value of counter 3.
Function 43 stops, resets, and starts the‘electrOa
nmeter and tapee’ _

Functioﬁ Lh puts the value of the electrometer on
tape. _ ‘ | » |

Function L5 puts ‘the alpha detector érys%al-data
on the scope and increments counter 3. | |

Function 46 puts the cryétal identity on tape with
the time and content of'counter_i. |

Function 47 turns the beam on, and the +ime of Fun-
"ction 47 execution is stored onAtapeQ
Function 48 turns on beam with time stored on"’té.pen
Function 49 zeroes a counter. It-is used especially

in cbnjunction with Functions 101 to 104 (discussed below)



66

for timing purpesesn.

| Function 50 increments a counter by uhity, It is

_used in loops for repetifiVe aetions, A typical loop will

be illustrated with Functions 55 and 60, |
Function 51 prlnts the value of a counter, It is

not used in the entire FACE jprogram° It is however

valuable fop dlagnostlc purposes.

For example, fhe following steps:

11 b9 1
12 50 1
13 51 1

_JWOuld first zero counter ene; then'incrementvthe #alﬁe
vfo one, then print CTR 1001, The:first 1 stands for the
__counter number, | .

Function 52 is a dlagnostlc functlon. The presence
of Punctlon 5? will prlnt the step numbero

37 52 0 (A step in a hypothetical Operatlon 1)

The eomputer, when it comes to this step,-w1ll prlnt
the following: |

ko037

The first number is,theeoperationﬁ the rest of the digits
are the step number., Thig funcfion;will give information
’about'the.computer”s operation of FACE, Table 12‘gi§es”
Function 52 printuouts in terms of'their diagnostics_for
'FACE mechanical malfunction, . ’

Functions 53 and 54 +tell the computer to shift
forward (53) or backward (54) the number of steps specified’
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vln ‘the azgumento Great care must be taken in us1ng Function
';54 which may enable the computer to loop (or lock-up)
endlessly. Usually, in lock-up, the operation cannot even
-~ be halﬁed_manually_and the entire program mﬁst be abbrﬁed,
.hecéuse the loop may take only‘a few'millesecondsg whereas
about 2 seconds are needed to ihsért an HLT command.
Function 55 enables the computer to be *informed”
of the FACE machine status, by inspecting one of the
' sensors (explained in another section), |
g Function 56 is the function whlch turns on and off‘
FACE machine equlpment setsvor,clears Sensors, Each
mechanlcal operation has two assoéiated arguments., There is
an evenvargumenﬁ-nuMber which turns on‘thé_mechanical
opefatiényvand an odd argumenf numbef(fhe even numbér plus
one), which turns it off. For instance, 250 turns on linear
valve 1y 251 turnsvi% off. Each sensor has ohly‘a Single_‘
'_address number which clears the sensor if clearable and sets
it if settable, The following example illustrates both func-

tion of Function 56.

3k 56 292
35 56 224
36 49 1
37 101 20
38 56 225

Step 3% will clear sensor 292, Step 35 will turn on the
maiﬁ FACE ingtrument air supply. Steps 36 and 37 will pro-

vides a time lag ofii second, Step 38 will turn off the air
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Table 8
CAMAC Command Listing (Function # 56)

Decimal Octal FACE Machine Element

000 = 000 Amplifiers for Alpha Counters

to - to
o046 056
048 060 Magnets for Alpha Counting sample arms
- %o to . ' '
090 132
096 140  Alpha counting sample'afms'
, to to
138 212
140 214 Tablebohe release, labled spare one
142 . 216 VSpére'Two |
ibh 220 Main‘air to rabbit contrdl system and
- Counter arms _
146 222  Shoot rabbit from FACE to target, 90° valve
148 224 Main Inst. air (1ow pressure for column, ect.)
150 226 Main air for all pneumatic relays
i52 | 230'. Hot air jet.uhder plafe‘at column positionf
is4 232 K |
156' 234 Slosyn Syringe #1 Dispense
158 236 Sldsyn Syringe #Z‘Dispeﬁse
164 24l Motor 3
2166 246 Motor b4
168 - 250 ._Linear Valve 1
170 252 Linear Valve 2
172 251 iinear Valve sparé
174 = 256  Shoots rabbit from target-to FACE
'176 260 = Removes rabbit from irrado or reverse of 177

177 261  Moves soln., #2 in opposite direction of 176
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‘Degimal Oc¢ctal

178 262 Drops rabbit in soln. # 2 from rabblt storage
column at target

179 264  Reverse motion from 178

180 264  Spare 4 |

182 266  Spare 5

184 270 Solonoid‘sparé

186 - 272  Beam - . |
256 . 400  Set microswitch for arms #1 through 21
276170 424#0

277 - k25 Turntable #3 (90° position microswitch)
278 126 -'Upper druh step countef_and position'indicafor
279 27 Lowér drum step céuntéi and.position indicafor
 280‘ . 430 ?istonlin shoot position'micrsw.'
281 - 431  Piston in irrad, poéition'microsw.

288 ho Cléar-PhotOcell. #1

289 byl noom #2
290 b2 L #3

201 M43 v

292 by N

293 b5 v #6

206 446 v #7
295wy " #8

296 450 . Level sensor in column

297 451 Dfop Counter | ,

320 500 Plate is in Tufntabie #3 sensor

321 501  Plate slide mechanism sensor

' 322' 502 Lower plate hopper (almost out of plates) sensor
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Decimal Octal

323 503  Upper plate hopper sensor

‘328 504  Turntable #1 position microswitch

325 505  Turntable #2 positidn microswiteh _

332 51l Turntable #3 (30° “turn microsw., sets at off |

_ ' , | » position)
,.404_ 624 Rabblt ram (removes rabbit from turntable #2
' to Turntable #1) v

| @OG‘ 626 Pneumatic Ram.(Seats rabbit agalnst dissolver)
FQO8 630 Flamer On o

.ElO -6?2 Air pressure on dissolver

@12 634 Close diséol#er vent |

416 640 Spare‘pneumatic rélayg31osyn 3/'Dissolvef _
418 642  Open line'beﬁWeen‘dissblver‘and column

h2o  6hl Air pressure on column | | |

bz 646. Open valve from:Slosyn #1 syringe

- hob 650 Open_Valve”ffom Slbsyn #z.syfinge

h26 A652 CloSe:vent tolcolumnf
428 '.654 s Spare pneumatic relay |

186 746 - Turn Turntable #1'CQW'(counting table)-

488 - 750 Turn Turntable #2 CCW (i‘abbit table)

490 . 752 Turn Turntable #Z_CW A(rabbit.table)

.&92 | 754"-Turn Turntable #3 309 (saﬁple table )
' #9@’v 756  Helium Jet #1 on | |

2496 760 Helium Jet #2 on

198 762  Slosyn 3.
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:subplya Arguméﬁ%s‘asSOciated with;Fuﬁctions 55 and 56 are
listed in Tables 8 and 9 with their associated FACE machine
" sensors or mechanical élementsn'Function 56 is a CAMAC com-
narnd and Tablé 8 is a CAMAC command listiﬁg by argumént |
number in both decimal and octal.
Funetion 57 clears an internal fiag éssdciated with
the operation, which has the same number as the Function.
For ekaﬁples -
5157 2 -
Step 57 will cause the cqmputer.to‘bympass Operation 2,
that is to discontinue or terminate. |
| A_Function 58 sets aﬁ»internai‘flég associated with
fhe'op@raﬁion having the Same.numbers as the furiction's
apgument. This turns on.an.operation. For example: |
| 59 58 3 |
6o 57 2 | |

' S%ep_59 wou1d_$et'%he'interhal flag for Operation 3, which :
would turn on_OperatiOn'B and Stepléo would turn 6ff
Operation 2, | | |

- Functions 59 and 60 allow the computer to exit to
4%h¢ next Qpera%ion; and at the same ‘time set thé
re-gntry point fof return to thevpresent opération as
a specified number of steps forward (59) or backward (60)
iﬁ_rela%ioh to the step performed jusf before the exit
OCeUrs, | |

Functions 61, 62, and 63 concern the use of flags fo

communicate information between operations.
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ﬁFunctién.éi clears a flag, Functipn.éz sets a flag, and
Fun@%ion_éBIinstrucfs the éomputer to skip a step if the
flag is se%o The flags store and.communicate information
aboui‘eXQCUtion of the FACE operations. Thé completion of a
"FACE program sequence or.FACE machine task can result in a
  flag being either cleared or set. Another operation is
informed Whetherbthaﬁ task has been done-by having a step:
Where.the set or cleared»fiag is_checked, and a step is
Hskipﬁed or not skippedgbdepending on the flag status;~This
‘would be uséd_as fbllows, Which-is from Operation 12 in the

 FACE machine program.

13 63 2
i 53 2
15 53 3
16 58 1b
17 57 12
18 58 13
19 sy 1z

in Step 13, F&nctioh 63 checks Flag 2 to see if it is
set. ifvi% is set, <the computer skips to Step 15 which in
tuen, jumps to Step 18, which turns on,Operation i3. Step 19
then turns off Operatién 12, If in'Stép 13, Flag 2 is not
- set , the computer skips %he'Step i%4 which sendslthe.come
puﬁef to Step 16, In Step 16, Opératibn 14_ié turned on and
then, in Step 17, Operation 12-is terminated.

- Punctions 6, 65, and 66'are uséd for subroutines.

The following example illustrates the use of these three
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- functionss
11 59 6 | . (cont.)
12 ‘@9' 1  _' 21 15 30
13 101 20 22 65 12
1 4y 2 23 6h b
15 10120 24 12 3
16 66 0 25 13 20
17 64 4 26 14 4
18 12 2 27 15 20
19 - 13 30 28 65 12
20 1k 2 | |

ESfebs iz through 15_are_fhé steps_makingvup the sub-
routine. Step 11'instructS”%he-computéf to gb}t6VStep 17,
Funetion 64 iﬁ.Step 17-instruc%s the ébmputer toiload the
arguments of the next four steps, 18 to 21,_intb the argu-
ments of the @>sﬁeps of the subroutine. The function number
of the step ingfructs tﬁe compﬁter'into which subroutine
»’S%ep.ﬁo load the argument numbére | |

Funétion 65 transfers the computer to fhe sub-
routine, Func%ioﬁ 66 at the end of the subroutine returns
ﬁhé computer to the next step after the step containing
Fune tion 65 ) _ 1.

Steps 18 to 21 change Ste?s 12 to 15 as foilows:
Step 11 causes-a skip.oflé steps”fo Stép 17,
Step 17'ini%iétes the loading of:arguments from the next
four steps. . | R |

Step 18 loads argument 2 into Step 13, etc.
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'Sﬁeb 22 transfersrﬁhe éoﬁpuﬁer-tb-Step 12 so as]fo execute
»“%he subroutine;
‘Step 16 returns <the computer.to Step 23 (next after 22)a
Step 23 ini%iates_%he loading of arguments from the next
four S“’céfps9 etco |
bAlthough the illustration doés not shdﬁ a  programming
advantagévin gsing this subroutine;.casés afise in the
ac%ﬁal FACE %rogram where a fairly long subroutihé has 6nly :
. a few arguments that need to be changed:between repetitions.,

Funetion 67Ahalts the‘computer execﬁtion of the
program and prints the sﬁep-aﬁd opefaﬁion‘number of ‘the
step coﬁﬁaining the 67 function. For example: |
| | 34 67 0 (a hypothetical step in an operation 9)
“would print odts - |

9034 .

After a step containing a Fﬁnc%ion‘67 halté the
program, a following step_con%aining a Function 68‘will
regtart the pfogramolFor exaﬁple:v |

35 67 0

36 68 3 o
Step 35 will stop the program, Step 36 will restart the
Cprogram with Operation 3, ' |
| Function 69 puts the identification number of the
alpha-detector which has been turned off on the magnetic
tape to inform the cémpu%er to close the data file for that
detector,

There are no Funetions 70 through 100,
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Functions 101 %o 140 will»exif and return from
':continue and increment fhe counter. The following steps are
bgiven as an example: | |

77 49 5

78 105 20
Step 77 wi11 Z2ero countér five. Step 78 will increment
'cbunter's by one and exit and return tb>Step 78lvia.cohtu
inue., This function Wi;l'ﬁepeatvthis_operation until counter
5 is équal to 20. The cycle time is 50 mséce Sincevthe arg-
1ument©fﬂFuné%ion 105 ig 20, the total time delay will 20 -
times 50 mseco,>or one second. Counters-aré not zeroced
béforé use, Tﬁé initial values of the counter after a TT
command of "GO"-is’noﬁizefo, . 4 |

To be used as a»timerb_Funcfioh 49 must be executed
to zero the counter that the timer'function will use. An
example using the timer function for counter 13 follows:

33 49 13

34 113 30

_StépABS sets counter>13 equal.to zero. Step 3 will
‘delay the execution of the current.operatibn,by 30x56 mséc,=
1.5 seconds, Thélcompufer will execute the other executable
steps in other on-going 6pefatiénsa:and.return,to incre-
'menﬁ counter 13 every 50 mseéoJWhen»counter 13 is_equallto
30, the computer will execute Step 35. | i |

| Function 1@1 %hroﬁgh 160 ensure that the silicon;

crystal alpha detecﬁor.is the correct on to read the sample.

These Ffunections are used in Operation 5 of the FACE prdgram
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“only. Functions 141-160 search for the proper file in
which data from the current silicon-crystal alpha detector
is to be stored. This search terminates after the proper

detector is erased.
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FACE_MACHINE SENSORS

To facilitéte computer monitofing-of.the méchénical
functioning of the FACE machine,}it is eqﬁippediwith 36
mechanical sensors and 8 photocell sensorso In the CAMAC
'program, each sensor 1s ass1gned one bit in the sensor
" words read by the PDLPmQo Bach sensorle;ther is set (on,
symbol one) or cleared (qff, éigﬁal zero) by a CAMAC func-
~ tion 56'éommandp.ahd:a‘éhange in the sensor's status is
observed with a 55 funetion. The Function 55 skips a step

" if the sensor éorrésponding to its argument is set; other-
i_wise, %hé»cbmpu%er proceeds to the next étep in the ﬁrOgrams
* When a sensor is cleared in avprogram'command; %he computer
- program may later check %o see if the sensor is set. A set
" sensor usually signifies the completibn of some mechanical
~ operation in the FACE machine. In the opposite case, the

‘sensor is set and the computer then later checks to observe'
“that the sensor has been cleared by a mechanlcal operatlon
in the FACE mactheo By using the sensors. the FACE program
is informed when mechanical operations have been completed
and wheﬁ to precéed to the next step. Also several FACE
machine oﬁefations can be coordinated through information
from the sensors, |

AlphawDetector ArmSW-Sensors 1 21

SQH&OES i through 20 are used for p031tlon~sen31ng
of the respective alphawdetector arms numbers 1 through 20,
‘Sensor 21 is Tor sensing contact between an arm and a center

contact fing'around the platelet Station, where the platelet
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are ﬁetrieved-by the ans; The arm sénsor_is unse ttable
-when the arm is in the retracted poSitionQ'and is settable
.when the arm is'extendeda An elecfromagnet over the arm in
_retracted position keeps the sensof switch closed so it can
not be opened (set) by a CAMAC’commancie Sensor 21 iS'sé%éw'
 tab1e when the arm is in electrical éontaét_with.the center
 pla%elet-pickup'station°s rimo

It is important that.an'afm complete its mechanical
task of extending éﬁd picking up a platelet, bﬁt it is also
important that one arm dbesvnot collide with another diSm '
abled arm‘still'exfendedo The arms are.forcefully extended
and retracted by air pressure and a‘collision.can be quite
damaging to- the arms. The arms should be operated with
- extreme care to avoid damaging them,

Sensor 1-20, when settable, communicate that the
.fespective_arm is still extended ahd,_un%il retrieved, that
ﬁovfur%her arm extensions should take place. Sensor 21 com-
municates that an arm is exfended, wifh the alphamdgtector
head over the platelet, and the arm®s electromagnets will
be turned on to_picklup the pla%eleta

Turntable 3--Sensors 22, 67

‘Sensors number 22 and 67 moni{orrmechanicél switches,
Sensor]é? indicates whether a 30° ro%ation.incremeht'bf the
Turntable 3 has been@ohapletedn Sensor 22 checks whether
Pfurntable 3 is in a 900 posi%iana Turntable 3 has four arms.
 that are 90° apart. Each station around Turntable 3, the

platelet hopﬁér; drople% drying station, fléMing station aﬁd
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5piatelet feﬁrieval'station;_ére 90° apart} and to inéure o
.i%hat Turntable 3 is in alignment with these stafions, |
Sensor 22 is provsdcdo

| When sensors 22 and 67 are not in pos1t10n, they are
‘;settableg Sensor 67 will remain set until Turntable 3 has
rotafedVBOo, and then the sensor wil; be cleared. Sensor
22 is settable when out of alignment with thé 90° station
-positions’0 When in alignment, the sensor wil1 clear. Sensor
- 22 is a switeh, Located at a 90°‘p08ition'at the drying
Station, which is élosed'mechanically by a Turntable 3 arm
_when in 90 allgnmento~ | B

Rabbit Transfer and Tqﬁget Apparatus Loadlng

- Sensors 25, 26, and 33, through 39

‘Rabbits are transferred from th; FACE maqhiné pneu¥
‘matically to the target apparatus and back. Their move-
ment is monitored with photoceils 1 through 7, corresponding
%o sensor's 33=39. - | - _ | |

The fllpmflops associated with the photocells are
cleared by a CAMAC command, and are set by 1nterrupt10n of
a 1light beam across the path of the rabbito 

Photocell number 6 is set by the rabbits in thé

shooting reservoirlwaiiing to be shot to the target area.

When photocell 6 is}clearable,lihere are no.more rabbits
in the reservoir, Photocell 7 is set by a rabbit which
18 leaving %hé}shooﬁing*mechanism on its way to the target
apparatus, thus indicating that the shooting mechanism has

‘operated correctly.
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Photocells 1 and 2 are near the top and bottom,
respectively, of the %argetmappara%us rabbit reservoir,
Photocell'B is beneath the r.eservoir-sa When a rabbit
arrives in an empty reservéir; it sets two'photocells. When
the target-apparatus rabbit reservoir is full, Photocell 1
is.unclearé’ble9 and no more rabbits are sent td the
‘féservoiro Photocell 1 also'tells.the computer program that
the rabbit has'afrivédland is not clOggéd in'thé tfansfer
__fube« also, it tells the COﬁputer that the next rabbit can
be sen% over., L
| Photocell 2, whencléarai.blég indicates that the _
targeﬁ apparatus is.low 6n rabbits. Photoceil 3, clearable.
kin_%he'retrac%ed position, indicates that the rabbit -
éhu%tle containg a rabbit, AlsbﬁveXtending the rabbit-load-
ing shuttle will set Photocell 3.

Photocell 4 will indicate either the drbpping of a_.
rabbit into tﬁe irradiation positiénvvbr thé}shOOting_of a
 rabbit tb'ﬁhe FACE machine;vThe rabbit which drops down
in%o the irradiation piston is,éfter'irradiation, shot'back
out the same way  into aho%her transfef tube back to the FACE
machine, |

Phbtbcell 5 is se% when the rabbit afrives at Turn-~
table 2 and indicates that the rabbit has avoided being -
‘stuck in the fraﬂsfer'tube;

The rabbl% 1zrad1atlon piston has two mechanlcal
. 8ensors, .one. for “the retracted shoot position, number 25,

When the irradiation plston ;s belng retracted to shoot the
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rabbit to the FACE machine, sensor 26 has just been cleared
and sensor 25 will be cleared. Similarly, the ektension of
the irradiation piston will clear sensor 25,

Turntalbe 1 and 2 -- Sensors 59,60

Turntable 1 is monitored by mechanical sensor 59 and
Turntabl: 2 by mechanical sensor 60, Eéch of these Seﬁsors'
is settable when the turntable is}rotating-betweén turn~
table positions. Turntable 1 rotates in one 30° increment,,
Turntable 2 in two 300 incremenis. TheAsensors.are used to
count the increments through which the turntables rotate.
When the turntables are in positionu the sensors are cleared

and uwnsetiable.

Chromatograpﬁic Column-Sensors 41 thfough'hh

Sensor 44 is the level sensor, and is settable if the
 001umn vessel becomes empﬁyg - _ |

Sensbr bits 41, 42, and 43 are for the column drop-
counter sensérg and make up a three digit binary number
(maximum counts is seven drops). One QAMAC commandunumber‘
clears all three sensor bits. The drop-counter sensor de-
tects a current pulse when-a drop leaving the chromat-
ographic column strikes a platinum wire between the column
and the platelet. ’ |

When‘%he first drop is detected by the drob;counter,
bit 41 is set to 1; when the second drop is counted, bit 42
ig set to 1, and 41 is cleared; and so on. The following

table illustrates the counting of drops.
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Bit Numbers

Ly L2 b1

First Drop 0 0 1
Second Drop 0 1 0
Third Drop o 1 1
Fourth Drop - 1 | 0 _0 
Fifth Drop 1 o0 1
Six%h.Drop 1 1 o0
11 , i

Seventh Drop

‘Plgﬁelet Delivery Sensors-- 57, 58, and 40

A These three sehsdrs moﬁitof‘ﬁhe platelet hopper
inventory and verify.thé traﬁsfef_of fhe platelet frbm‘the_
fhopper to Turntable 3.

‘Sensors 57 and 58 are the lower and upper platelet
vﬁo?ﬁer sensors., Both are photocells whlch are interrupted
‘by a-stack of platelets iﬁ thevhoppérg As the platélets are'_
used Sy the FACE machine, the level drops anddﬂuwsenSor can
be set. This allows the FACE program to print a Function 52
Sﬁatemeﬁt and-noﬁify the FACE machine operator of the
impending shortage. | | |

Sensor 40 (photocell 8) is located 30° clbckwise from
the droplet drying station. The photocell is interrupted |
and set by the presence of a plafelet,_verifying'suécess~

ful. transfer from the hoppér to Turntable 3.
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- Table 9 | |

Sengsor Number and Arvgument List

b 1= 1 10 (5 =30 02T OV 0 DO b0

Function #55 CAMAC #56 Bquipment Identification
Argument no. & Argument no. .
Sensor no, ~ Decimal
256 ~ Alpha-detector Arm #1
27 I
259 v [ ) [ ‘ w #2
260 Cow o . 1] #5
261 _ ® B )
262 . " 7 o #7 )
263 4 [ - va' #8
264 8 9 ov. #9
0 265 e T o
i 266 _ oo o #i1
2 . : 267 : oo L : L #12
3 268 ) L1 A o #13
4 ‘ 269 o 0 8 [ #113‘
5 . 270 ‘ - 0 - 9 ‘ L] #15
16 271 ® o " #H6
17 . 272 , 1] : LI 1] #17
18 . 27 [il] _ . 1] [1] #18
] 19 : 27 : . . . o ) 9 o #19
20 . 275 | B (4] [ #20
24 .. 276 , Center Contact Sensor
22 277 Turntable #3 (90" p031%10n
v ' miecroswiteh)
2% - - 278 Turntable #1 Step counter and
position indicator
2h 279 Turntable #2 Step counter and
: ' p@Slwwon 1ndlcator
25" 280 Load piston in shoot position
26 - 281 . Load piston in irradiation
o position
27 through 30 not implemented
3 288 - " Photocell #1
& 289 ' " #2
5 290 " #3
6 291 . ® - #
7 292 : ) (1] #5
8 . 293 " #6
39 294 : " #Y
o 295 o #8
iy g - 297 : Dron cowmnter #1
o o 297 ’ o #2
&%3 . . 297 . -60 0 #3
Al 296 R Level Sensor for column

59 ‘ -322 - Lower platelet hopper sensor
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Function #55 CAMAC #56 - Equipment Identification

" Argument no., & Argument no, - .

-Sensor no. Decimal

59 , 324 Turntagle #1 p081t10n microsw,
- ‘ (307) sets in non-aligned

position -

60 : . 325 Turntdgle #2 pos1tlon microsw.

_ . : (30”) sets in nonwallgned
- V : position
- 61 through 66 not implemented
67 332 : Turata%be,#B position microsw,
: (307) sets in non-aligned

"position
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PROGRAM GUIDES

The FACE machine is run with é program written in
the FACE language. The FACE’prograﬁ is composed of 15
"operations. The FACE program, when’running, is often}exe»;.
cuting two or more processes or opefations simultaneously.,
- For example, whiie a fraction iskbeing collected on a
platelet, andfher plateiet might be’undergéing flaming. The
simultaneous rﬁnning of the opefations is cobrdinatéd |
through the use of flags and counters.

| In reality, the computer can exedute only one step

“at a time, dut because of the computer®s speed, thefexecuéi
btion}of the operations appears to be simultanebus to the
FACE ‘machine opera%or,‘All the eXecutable,Steps'in each
Operation, which has been turned on are executed every 50
milleseconds.
| Each step requires, on the aVerage. 60 microseconds.
Approximately 800 steps caﬁ be executed in every 50 mille-
seconds éycle without a time problem. The exit and return
func%ions, numbers 59 and 60, allow the computer ﬁoigo on
to the next operation and will provide‘the operation, in
‘which the computer is exiting ffom, a 50 millesecond pause.
Timer functions also prbvide an exit and.réfurn,'

Tévillus%rate the generallsfructure‘of'ﬁhe FACE
program, Figurelij is provided, showing the'interrelétions
be%ween the operations via the 58, 61, 62, and 63 functions.
In each rectangle, which represent an Operation, is a

listing of each step which involves a flag function, and
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whether that flag 1nvolved is being set, cleared - or checked
for whether it is set or clearede Also 1lsted in each rec-.
tangle is the number of steps in the Operatlon and whether
.1ﬁ halts 1tse1f. The arrows connectlng the Operatlon rectan~-
gles indicate which Operatlons turn on which Operatlon. The
arrow represents a 58 functlona

Table 10 lists the purpose of each Flag, by Flag
_'numbero Table 11 lists the location of each Flag by Flag
numbera Table 11, under each Flag number, lists where each
_flag is cleared, set, or checked.,
| ~In Operations 3, 4, and 5, there are Functlon 52
statements prov1ded to help dlagnose frequent mechanlcal
failures, If there is a fallure of a certain type in the
,operatlon of the:FACE machine, the computgr will execute a
52 function. The Function 52 print out of fhe operation and
step number will enable the operatér to look up that number
on Table 12 énd see what the problem is. |

Table'13 lists the 1ocati6n of the,counter functions
steps which are not used for tlmlng. |

: These tables and the flgure w111 enable the FACE
machine user to understand the FACE program, by p01nt1ng

out the more important 1nterconnect1ng functions.
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“TOPERALION L
Step 3 Sets flag &
Step 4 Sets flag 5
Starts program by
starting Cps. 3&%5.
Halts.

5 Steps long.

OPERAT‘v«
Step 9 Sets flag 9 -
Step 12 Sets flag 10
Step 1k Sets flag 10
Step 16 Sets flag 10
Sugvailance Op. Checks
platelets, syringes,ect

Halts., 21 Steps long.

OPERATION 3
Step 18 Clear flag 2
Step 20 Sets flag 2
Step 89 Skip flag 3

. Listep p 77 Skip fleg I

Step 109 Skip flag &
Step 111 Skip flag b
Step 136 Skip flag 3
‘IStep 139 Clzar flag 3
Step 142 Skip flag 31

*__Step 1u6 Skip flag b

Step 149 Clear flag 31
Irradiates rabblt and

: | shoots rabbit from

target to FACE. Central
control, Cperation.
§Does not Halt.

155 Steps long.

OPERATION &
Shoots rabbit,FACE to

target.halts. 37 Steps,

OPERATICH 5
Step 63 Set flag 5
Op. 5 described in
another. fig. Halts.

CPERATION 11

Step 25 Skip flag 10
Step 28 Clear flag 10
Step 29 Skip flag 9
Step 32 Clear fleg 9
Step 33 Skip flag S
Step 35 Set flag L

Readies column,checks
syringe 3, and plate -
hopper. Halts. 36 Steps

CFERATION T2
Step 2 Clear fiag b .
Step 3 Set flag 6
Step 4 Set flag 7
Step 5 Clear flag 8 .
Step 6 Clear flag.9
Step 13 Skip flag 2

Starts 2nd half of
program{Op.. 11-18)..

Halts. 19 Steps long.

OPERATION 13
Step U2 Set fiag 1.
Step 43 Set flag b

Yield cggnging.

88a
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OPERATION 17
Step 9 Clear flag 5
Step 4T Skip flag S
Step 54 Set flag 6
Step 55 Skip flag 5
Halts. 58 Steps long.

- Step 59 Skip flag 6

" OPERATION 18
Step 7 Clear flag 9
Step 33 Skip flag 7
Step 55 Skip flag 7

Step 63 Clear flag 7
Step 64 Skip flag 7
Step 69 Set flag 8
Step 70 Skip flag 8
Step 76 Skip flag 5
Halts. 80 Steps long.

OPERATIL: ©
Op. 6 descrived in
another fig.
nalts,

OBERATICH B
Turns turntable 2 CW.

5

Halts. 16 Steps long.

?
1
P
i

=ty

-

" OPERATION 1h

Dissolves sample &
transfers it from the
dissolver to the eolumn
Does elutions. Halts.

"Halts. W7 Steps long.

OPERATION 15
Step 32 Clear flag 6

\

"jl -

Run feed load thru
column. Haltsa
35 Steps long.

. OPERATION 16
Step U5 Skip tlag
Column running, drop
counting, & fraction

Flamiug platelets.
'Halts, 53 Steps long.

collecting on platelets}

et ey b e e i s eremtn cefomeinr <

Figurq 1h Schématic Rbpresen'li;atlon of the FACE
: [
1
|

Program

- ————
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| | ~ Table 10 Flag Purposes
- Flag 1. Vestigial. ‘
Flag 2. Flag 2 is set by Opo 3 for when the counter 6
equals 1 and the flag 1s cleared when counter 6 is equal to
any other number. The set Flag 2 in Op. 12 will decide that_.
| the'rabbit will be a yield rabbit andvthat Op. 13'w111 be
executed. - | | |
1ag 3o Flag 3 is set by teletype and aborts the rabblt.
'Causes 1rrad1at10n to bgvbypassed. Op. 3 SklpS‘StepS.89v9?
which”is thé timer for irradiation. Flag 3 also starts Op.8.
Op. 8 dlscharges aborted rabbits. ‘
,Eggg;g Flag 4 is set by Op.'s 1 11, and 13. Flag L tells |
~the machine that it is ready for next rabbit if set. After |
‘next rabbit is started,_Opovlz clears Flag h.;An unset Flag
L in Op, 3-causes the computer to lock up in steps 112-111
and will not execute the program. |
Flag 5. Flag 5 is set in Op.'s 1 and 5. It skipé in Op. 11,
16, 17, and 18, It is cleared in Op. 1?._Flag 5 insures
- that Op. 5 is completed so that the: counters are ready ‘when
wet chemlstry starts. v |
Flag 6. Flag 6 sets in Op, 12 and Op. 17. It clears in Op.
18, and skips in Op. 18. Op. 12 sets the flag %o prevent use
of Helium gets until thlngs are ready as notified by Op. 15,
Flag 7. Flag 7 sets in Op. 12, and is cleared in Op. 18, It
skips in Op. 18, Flag 7 communicates whether the plate
position has been checked. An,interhal\communicafion'in Op.

18 started every time by Op. 12, -
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Elggﬁg. Flag 8 ‘sets in Op. 18, and is cleared in 0p.12. It
“sklps Op. 18. It is an 1nfracommunicat1ng flag in Op, 18.
It tells the 1atter portlon of Op. 18 that three platelets |
“have been d;scharged and to call counters. Op. 12 clears to‘.
start second half of program. ' .
';;gg_g Set in Op. 2, Flag 9 is cleared in Op. s 11 12 and"'
18, It skips in Ope 11. After every run, Op.cz is run to ,,'
check. $ystem. Flag 9 is set if 1ower plate hopper is empty.
YVOp._11 stops with set flag. Op. 12 clears for new run.
Platelets in hopper in Op. 18 will,clear_flag. |
Flag 10. lrlag 10 is set in 0p. 2'and is cleared in Op.'ll;
- 0pe 2 sets flag. if any of the Slosyns are empty. It causes |
 Op. 11 to halt. Clearing of flag is. after correction of
prcblem. . , : o :
Flags ;1-39 These flags are used in Op. 5 & 6, Use 1s
Jstralght forward.
- Flag 31. Flag 31 stops rabbit productlon. It is set by
:teletype.



C Flag 8. Tabtenld.+Flag FunctionsLocationsarccd in 0p, iz, T4
O BLAGeIsy, 28, T Ss s vcfrncommurnioating flag in Op. 18,
Functlon Locatlon ‘

T wa Lhe Jatter porxtion of Du. T o o el Ly
61 Clear —————— _ _ : '
hevn YBean AL eehs AL A H W obn call eoaunters. . L2 oo rTears to
62 Set Op. 13 Step 42 : -

o oY Wy ‘11 £ AT ony NI e

63 Cﬁeck ------

5N .,
R

i RO L "':‘!" S I S ST = Ta..":, 12 and
FLAG 3 . R ~
Function Location:, “ . &ty svesy ol fl Dol gt

'f 61«@18',&_‘!‘# Gsp-», 3’,"Sft.ep,;1§s~: s LI g ol e hapnsw * oanty .
'62 Set - Opo 3 Step:. 20+ Dot aioeve Donoviaw v,
féﬁs'.thﬁkrs Op. 12,:Step;: ':13.‘?1). Thowitl eleur Clag

O FLAG 3, v n s met v e, ’.;.'H: e
. Funcxlon Location L
: 61 Ciegr 6p. 5$Step i59 |
62 Set {'-L-Li; AR e
63 Check Op. 3 Steps 89,136

.:n‘,. l . g
FLAG 4
‘Function Locatlon

61 Clear Op. 12 Step 2
62 Set ,Op. 1 Step
- .0p. 11 Step
Op. 13 Step 43
63 Check Op. 3 Steps 97, 109. 111, 146

FLAG 5

Function Locatiop

61 Clear Op. 17 Step 9

62 Sét Op. 1 Step 4
Op., 5 Step 63

63 Check Op. 11 Step 33
O0p. 16 Step 45
Op. 17 Steps 47, 55
Op. 18 Step 76
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FLAG 6 S A SO IE SRRy
Functlon Locatlon ’ ' '

 61fbiearLOpJ 15 Step 32

62 'Set' Op. 12 Step 3
- op. 17 Step 5#

63 Check 0p. 18 Step 59
FLAG 7

Function Location

61”Ci§%r Opo 18 Step 63
62 Sei‘ Op. 12 Step Iy
63 Check Op. 18 Steps 33, 55, 6

© FLAG 8
_*Functlon Location

| 61 Clear 0p. 12 Step 5
- 62 Set 0p. 18 Step 69
© 63 Check Op. 18 Step 70

" FLAG 9 '
: Functlon Locatlon

61 Clear Op. 11 Step 3
Op. 12 Step 6
Opo 18 S’tep 7

62 Set ap. 2 Step 9

63 Check Op. 1i S%ep 29

FLAG 10
Functlon Locatlonv

61 Clear Op. 11 Step 28 |
 ;62 Set Ops 2 Step 12, 14, 16
63 CheckkOp. 11 Step'ZB

FLAGS 11 to 130 s Flags 11 through 30 are set in Op. 5 and
skiped and cleared in Op. 6.

e (SO



FLAG 31
Function Location

61 Clear Op. 3 Step 149
62- Set  amm——-

;‘53 Check Op;‘Step 142

)

93
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Taple 12- Interpretation of Functions 67 and 52 Print

Statements

;Operation 3

Number Mesgsage

3034 No rabbits in loader (starts Op. &)

3045  Loader is not in loader position

‘3056 Piston has not moved into load-shoot p031tlon
v (before irradiation)

3064 Rabbit has not dropped into piston.

3082. Piston is not in irradiation position

3108 Piston is not in loadwshoot position

o . (after 1rrad1aﬁlon)

3110 Lower drum is not in’ place (waits for Flag 4)
3123 - Rabbit 1s stuck in loader or piston

- .313 Rabbit is slow or stuck in tube

3140 Halt after aborting rabbit

3148 Interruption of rabbit production

3150 Requlred no, of runs has been made .
- 3152 Requlred no. of rabblts has been produced

- Qperatlon b

-Number Message

4009  No more rabblts in reservolr, load 1ast two rabblts
3022 Rabbit stuck in 90° valve
4028 Rabbit slow or stuck in tube

- Operafion g5

The second message number is the restart step no., The two
numbers are always printed together.

Number Message

- 3008/9 Arm #n is stuck S-way

5013/14 Arm #n is already out

- 5016/17 Arm #n is trying to come out, but another arm is
i "~ already out

5031;32 Arm #n which is out, is slow or stuck

5039/40 Read switeh #n is malfunctlonlng

5053/54 Arm #n which is in, is slow or stuck
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Table 13 Counter Function Location List (Not'Including Tiners)

~ Counter 1 , | Counter 7 ‘ o
~ Operation Step Fun.# Arg. -Operation Step Fun.ﬁ Arg,

Op. 3 10 49 1 Op. b 23 47

- 0Ope 3 50 50 1 ‘Op. & 7
Ope 3 130 1 1o 0p. 4 25 7 bo
~Op. 3 153 50 1 | | '
» S - Counter 8 _ S
- Counter 2 Operation Step Fun.# Arg,
Operation Step Fun.# Arg. T 8 ,
' o . Op. 5 :
- Opo 3 11 l"9 2 Opo 5 ‘ 8
Op. 3 148 . 50 2 0p. 5 - ko 8
Op. 12 12 50 2 Op. 5 k7 50 8

Counter 3 - : " Counters 9, 10l-1i, 12, and>13 L
) erat on Ste Fun.# Arg. ‘ _ -

R D G S GF PR P O G B S D YD P WEP W A UKD EIR G SN 4 SN SO

' Counter

. Op..

-C . ‘-u . Counter 14 S
Counter ‘ - Operation Step Fun.# Arg,
O eratlon Ste Fun.f# Arg, . T

Op. 12 1 49 14

49 L  Op. 18 2 50 14
S ope 3 go b op. 18 13 1% 1
- Ope 3 130 Op. 18 61 14 3 _
' ‘ Op. 18 67 : 14 3 .

Operation Step Fun.# Arg. Counter 15 | o
. ' Qpera&ion-step Fun.# Arg,

0po 3 87 ’4'9 5 _ S
Op. 3 88 50 5 Op. 16 1 49 is
3 92 5 21 0Op. 16 3% 50 15
Op, 3 115 49 5. Op. 16 35 15 ?
Op. 3 116 50 S  Op. 16 8 49 15
' 0p. 3 120 2 10 Ops 1? 1 49 - 15
- Op. 3 126 L9 5 - O0p. 17 43 50 15
Op. 3 127 50 2 :
Op. 3 131 5 O Counter 16 :
, Operation Step Fun.# Arg,
Counter 6 - ' :
Operation Steg_Fun.# Arg, Op. 16 2 Lo 16
Op. 3 12 49 6 Counter 17 EETE
f gp.-g f%? go o f - Operation Step Fun.# Arg,
Ope 3 Lo 6 Op. 8 = 1"~ &4 17
Op. 3 15& 50 6 > 4 4

Op., 8 11 50 17



Counter 17 Continued
Operation Step Fun.# Areg,

Op. 8 12 1y b
Op, 13 - 1 o 1y
Op. i3 36 50 17
Op. 13 %7 17 2

Op. 18 L9 17
Op. 18 30 50 17
opo 18 Ei : 1? 1
Op. 18 19 iy 2

Comter 39.

Operation Step Fun.# Ars,

Opo 2 3 50 39
Op. 2 17 Lo 20
Op. 2 20 49 39
S 0pe2 7 49 39



IV, CONCLUSIONS |

The considerable achievement, that is the FACE
Automactic Apparatus, can bevmade-even more usefull through
improvement of ivs low elément 10k throughput_yielde

'Chemi@al itoss, which results in’?o% appr@ximate?y'

£

of <the 63@menm 104 to be ml$81ng in addition to the radlam

"active losg fa ctor, needs to be %yStematlcajly 1nvesclgated

with a haxnlpm 181 seample Followed nhrough the FACE

ma@hln@ processing sﬁ@p&a Thls will allow the identi Ni ation |

@f the erucial steps in whlch.@hemlcal loss ocecurs and

 Subsequen% analysis and elimination. This thesis has reviewed

'pgsgible causes, with the Tygen tabiﬁg being par%icularly
gugp@cﬁo. A |

o reduce radioactive loss, or accelerats the FACE
machine operation (the same thing), the time consumingAstQPS'
of droplet drying and flaming need to be shorten, At the
pr@ﬁén% time great gains can a@hiev@d'by more intense heatingo
The present heating is too mild for ve%y rapid dryxn { 4

seconds or less per droplet). The @xpeWLments were Limited

by +the maximum temperamure genaervatable by the e@uipmen%@

Futher gains are geill o to be achleved by even more intense

S

heating. The important f,Shri tio np

--g.J';

8 to apply ‘the ‘heat at

e*face to

ok
{D

or near the gﬁsmllQHTd_%ﬂ id v1olent bolllﬁgo

Flaming shows promise of bewng eliminated by either
the new drying conditions oy a few per cent additi@n of

HN©3V %0 the HC1L soluwtions used in the column;
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In summary, the throughput can be at least doubled; in
, cénsideration of improved droplet drying now demonstrated

to be possible, and further improvements are very likely.



Appendix & . Platelet Thermel Dynamics - 99

in order to mathemaﬁicaily'model:the;thepmal
‘behvior of a RF heated pla%elet, a differential heat

balence equation is derived as follows:

t HeatAcc.

hzf(r+dr)deg h(zﬁr)k L ,j;(r+dr) ZW;1 [; T%] |

caspnmd]

—h[j;(r+dr)2m2Trz

Héaﬁinmﬁeaﬁ

r+dr - e

dT
dt

=
B

4 C T

temperature "'_"_ clﬂ Platelet metal haat

radius ‘ L capaclty

W

thermal condu@t1v1ty of platelet
thickness of plaﬁelet

W‘

- - B
: i

thermal coexficlenﬁ of heat transfer to
the aiyr | |

Tes= temperature atvinfiﬁity

consolidating termss

rk%l h(ZPdr)(Tm’I’w) Zrdro\dT

(r+dr)k 3t

r+ir

\. br_[; ’ .
k»ﬁ”r] Ezr (1~ m«,ﬁZro«ﬁ%
oodr '
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The right hand term is set equal to zero in the

assumption of steady states

T T
530
AT |
1) 821 (T-Te) = 0
or '
: \
- Dividing“thrdugh by ks
Y N
aAursy)
2 Er(T-Te)=0
Variable substitutions: B 0=T-Toy
28 .
oUrin) oo -
, .,.g_g ot
I

~Eurther'differentiating the right mostiquantityz

52020 28
.rg;§+sf mkhr8“0_

Variable substitution:



ol |
E ‘ . 3
xy" + y? - 2gxy =0 z=(2g/%h) *x
) ~ kh | |

The order of the Bessel solutions to the above
'équaiion is zero, that is p=0, |
- The solution %o thelequation is.as followss
.yg Zo(iz) = eiio(z) + CZKO(Z) | |
Io(z) is known as the modified Bessel function_of the
'~first kind, of order zero. | | |

Iy B (a/2)2"
=0 (m$)? - | |
KO(Z) is known as the modified Bessel function of the

second kind, of order zero, .

” "‘Ko(Z)$ . '%fiiﬁéi)(iz)i“



PACE Audomatic Apparatus Program Appendix B
© Oparation 1o Stéf'ting Opsration,

This oporatien 1s only run once to start the program by .

turning on Opsrations 3 and 6 and setting flagsIt and %,

op 1

STEP FUNF ARG v
i 58 . 3 Start operatiem 3 at step'one .
2 &8 . 6 Start opsration 6 at step one

3 62 & Sot a flag, flag &

L 62 s Set flag 5

5‘ 57 ¢ Halt opsration one

io2



Oporation 2, Wabeh-pog aud Closk Opsretion,

103

Ghecks ©o see 1 hoppow has enough platelets and if.sIOm

gyas axe alwost empty. Alse provides a sseond dolay in program.

op ¥
STEP FUN# ARG
1 55 58
2 5. 0
3 5 39
b 56 282
5 56 283
6 % 333
7 56 322
8 56 323
9 55 57
0 62 9
11 55 27
12 62 10
13 55 28
il 62 10
5 55 68 -
16 62 10
i 39 20
i8 60 15
19 5 Lo
20 9 39
21 60 18

Skip %o step 3 if sensor 58 is set, low on plates,Upper plate hopper
Print operstion and step no.

Increment counter 39 '

Cleer sensor 27,upper limit Slosyn S&ringe #

Clear sensor 28, upper limit Slosyn Syringe #2

ﬁiseontiaue&e dess nothing L

Clesr sensor 57, Lower pleste Hopper( slmost out of plates)

Clear sensor 58, Upper §laﬁe Hopper{ low on plates)

Skip to step 11 if sensor 57 is set ‘

Set Plag 9

Skip if sensor 27 is set,to step 13
Set flag 10
Skip if sensor 28 is set to step 15
Set fleg 10

‘Discontinved, doos nothing

Set flag 10

Skip if counter 39 equals 20 to step 19
Exit end return backwards 15 steps to step 3
Increnent counter 40

Zero eounter‘39

‘Pxrit and return backwards 18 steps to step 3
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Oporation 3. Rabblit Control Opsration.
Irradiat@s the rabbit at the target apparatgs gnd then transfers
the rabblt to the FACE wachine.

STEP FUN# ARG

1 5 187 Turn off beam , .
2 5 176 Removes rabbit from irrad.,target soln. #3
3 Lo 5 Zero counter no. 5
y 105 16 ' Count to 16 with counter 5, 800 ms. _
‘5 56 ' 17k Shoots rebbit from target toFﬁCE, Target soln,'l
6 L4 s  Zero counter 5 . :
7T 105 50 Count to 50 with counter 5, 2.5 seec.
8 s 175 Stop shoot rabbit from target to FACE, target soln. 1
g 58 .8 Start operation 8 at step one
0 ko 1 Zero counter one
1 bk 2 . Zero counter two
2 49 6 Zero counter six
13 50 1 Increment counter 1 by oneée
ik 50 6 Tnerement counter 6 by one _
5 6 1 If counter 6 is equal to 1 skip to step 17
16 53 2 Jump forward 2 steps to step 18
7 53 3 Jump forward 3 steps to step 20
18 6L 2 Clear flag 2 '
i9 53 3 Jump forward 3 steps to step 22
20-62 2 Set & flag , flag no. 2
21 ko 6 Zero counter-6

22 56 288 Clear photocell No. 1
23 56 290 Clear phiotocell No. 3
2L 56 291 Clear photocell No. 4

25 55 35 . Check photocell No. 3, skip to step 27 if set
26 53 2 Jump forward 2 steps to step 28

. 27T 53 12 Junp fdiward 12 steps to step 39

28 L9 5 Zero counter 5 S
29 105 10 Count to 10 with counter no. 5, 500ms.

30 % 290 Clesr photocell 3



. SYEP FON§ ARG
3 55 35
P2 53 2
33 53 6
34 52 0
35 58 &
% 4 5
37 105 200
38 60 16
39 56 280
ko 56 281
56 286
2 56 287
43 55 3
B 53 2

k5 67 39
k5 856 - 176.
Y b9 5
k8 105 =20
b9 56 280
50 56 281
51 - 55 - 25
52. 53 L
53 55 26
5 53 2
55 53 2
56 67 49
57 56 178
58 L9 5
50 105 20
60" 56 179
61 Lo 5
62 105 20
63 55 36

105

Skip to step 33 if photocell No. 3
Jump forward 2 steps to step 34
Jump forward 6 steps to step 39
Print operation and step no.

Start operation I at step one

Zero counter 5

Count to 200 with counter 5, 10 sec.

Exit and reburn backwards 16 steps to step 22
Set mieroswitch for. piston in shoot position,at terget
Set microswiteh - for piStqn.in irrad. position, at target

Skip if sensor 32 is set
Jump forward 2 steps to step %6
HOP and print OP and STEP restart step 39

Removes rabbit from irred, or takes rsbbit from soln. 3 for
loading with command 261 oct.
Zero counter 5

Count to 20 with counter 5, 1 sec.
Set microswitch for pistdn in shoot position, at target
Set mieroswitch for piston in irrad. position, et target
‘Skip if sensor 25 ié set, piétcn in shoot positien.
Jump forward h.stéps to step 56. '
Skip if sensor 26 is set, piston in irrad. position.
Jup forward 2 steps to step S6

" eron 7 4
HOP and print .OP and STEP, Testart step 49
Drop rabbit into soln. 2 from rabbit storage colunn
Zero counter 5
Count %0 20 with countey 5, 1 sec.
Reverse motion of CAMAC command 178 262 Octal
Zero counter 5 ]
Count to 20 with counter 20, 1 sec.
Skip to step 65 irf phqtoeelllﬁo,h is set



STEP FUNF ARG

-8

6 67 5T
65 56 - 288
66 5 33
67 58 b
68 56 177
69 k9 5
70 105 Lo
7. 56 281
72 55 26
73 53 10
8 56 176
75 k9 5
76 105 20
7T 56177
78 49 5°
79 105 ko
8o 55 26
53 2
& 67 7
83 56 186
gy 48 o
8 43 o
8 Lk b4
87 49 5
8 50 5
89 63 3
g0 53 2
9L 53 6
@ 5 2
93 60 5
g 50 L
¢ L 130

106

HOB and print OP and STEP 5 restart step 5T.

Cleer photocell No. 1

Check if photocell No. 1 is set, if set skip to step 68
Start operation 4 at step one '

Moves soln. No. 2 in direction opposite for 260 (octal).
loads rabbit into irrad. step, v
Zero counter 5

Count to 40 with counter 5, 2 sec.

Set micro switch for piston in irrad. position at target -

Skip to step T4 if sensor 26 (piston in irrsd. position) is set
Jump forward 10 steps to step 83

Removes rebbit from irrad. or takes rabbit from solno 3 for
loading with commend 261, pushes soln. in.
Zero counter 5

Count to 20 with counter 5,1 second

Moves soln. No. 2 in direction opp031te for 260. Loads pabbit into
irrad. step.

-Zero counter §
Count to 40 with counter 5, 2 sec.

Skip if sensor 26 is set to step 82,(Piston in irrsd. position)
Junp forward 2 steps to step 83

HOP and print OP and STEP, 71 restart step
Turn on beam

Beam on tape with time.

Stop + reset+ start electrommeter+tape‘

Zero counter b ‘

Zero counter 5

Increment counter 5

Skip to step 91 if flag 3 seto:

Jump forward 2 ste§$ to step 55

Jump forward 6 steps to step 97

If counter equal to 21 skip to step 9%

Fxit and return backwards 5 steps to step 88
Increment counter 4 by one

If counter 4 is equal to 130 skip to step 97



RN

et

00
101

103

1oL
105
106
o7
108
109
110

111

113
11k
115

STEP FUNCH ARG

53

54 9
63 L
60 1
56 187
W7 o
AT
53 1
56 176
k9 5
'105 16
56 280
55 25
67 93
63 L
52 0
63 4
60 1
56 20L
56 17h
ko 5
50 5
55 36
53
53 5
5 10
6 5
56 175
6T 06
56 29
5  3Th
o 5
305
9 3
53 2
5.

io07
Jump backward 9 steps to step 87

- Skip to step 99 if flag 4 is set.

Exit and return backward one step

Turnoff beam )

Beam off on tape with time and content of counter one
Put value of electrometer on tape

Jump forward one step to step 103

Remove rabbit from irrad. or teke rabbit from. soln. 3 for loading with
Octal command 261.

Zero counter 5

- Count to 16 with counter 5, 800 ms.

M23, piston in _shaot positlon microswitch

Skip to step 109 if sensor 25 is set, shoot position mierosu.
HOP and print OP and STEP

Skip to step 111 if flsg b set
Print operation and step no.

Skip to step 113 if flag b set |
‘Pxit and return backwards 1 step to step 111

Clear phctocell No.h

Shoot rabbit from target to EACE

Zero counter 5

Increment counte: 5 :

Skip to step 119 if photocell no. bt is set
Jump forward two steps to step 120

. Jump forward 5 steps to step 124

If counter 5 is eequal to 10 skip to step 122
Exit and return backwerd 5 steps to step 116
Stop shoot rebbit from. target tc FACE

HOP and print OP snd STEP restart step 106
Cleaf photocell no. 5 ,

Shoots rsbbit from target to FACE

Zero counter 5

Increment counter 5 by one

Skip to step 130 if photocell 5 is set
Junp forward 2 steps to step 131

Jump forward 5 steps to stép 135



STEP FUN# ARG

-

60

131 5 k4o
132 60 5
133 56 175 .
134 67 117
135 56 175
136 63 3 -
137 53 &
138 58 8
139 61 3

1o 67 16

1 58 12
12 63 31
3 53 7
ik 67 1kg

15 53 7
6 63 4
7 60 1
48 s0 2
kg 61 31
150 1 1o
151 53 2

) 67

153 50 1
5% 50 6
155

1ko

Count to 40 with counter 5, 2 sec.

' Exit and return baékwards 5 steps to step 127

Stop shoot rabbit from tsrget to FACE

HOP end print OP snd STEP restart step 117
étop shoot rebbit from target to FACE.
Skip. to step 139 if flag 3 is set

Jump forward I steps to step 1M
‘ Start operation 8 at step one

Clear flag 3 '

HOP and print OP and STEP

Start operation 12 at step one -

Skip to step 1Ll if flag 3L is set

Jump forward 7 steps to stép 150

HOP end print OP and STEP restart step 149
Jump forwvard 7 steps to step 152

Skip to step 148 if flag 4 set

Exit and return bsckwards 1 step -
Increment counter 2

Clear flag 31

If counter 1 is equal to 10 skip to step 152

Jump forwerd 2 steps to step 153

. HOP ana print OP and STEP restart step O

Increment counter 1 -

Increment counter 6

Exit snd return backwards 140 steps to step 15

. 108
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" Oporation ¥, Rabbit Reserveir Operation,

' Rabbits are transferred from FACE.mackine to target reservolr

vatil 1t is filled,

O O~ o\ W N e

op b
SYEP FUIW’ ARG » ‘
56 1k6 Shoots rebbit from FACE to target srea, 90°valve
b9 7 - Zero counter no. 7 v
07 13 Count to 13 with counter 7 , 650 milleseconds
56  1h7 Stops shoot rabbit from FACE .
ko 7 . Zero counter seven .
o7 10 Count to 10, 500 ms. , with counter 7
56 293 Clear photocell No. 6
53. 2 Jump forward 2 steps to step mo. 10 .. . -
67 7 © Halt operstion (HOP) and print OP snd STEP, yestart no. 7
-10 56 170 Turn on linesr valve no. 2 :
1 by 7 Zero counter 7 ‘
2 107 6 Count to 6 with counter 79 300 ms.
13 5 . 171 Turh off linear vaslve no. 2
ik Lo T Zero counter T _
15 107 6 Count to 6 with counter 7 , 300 ms.

6 56 294 Clear photocell No. 7
7 56 289 Clear photocell No. 2 .
56 146 Shoot rabbit from FACE to target area, 900 valve

18

19 k9 7 Zero counter no. 7

20 107 - 20 Count to 20 with counter 7, 1 sec.

21 55 39 Check photocell no. 7 '

22 &7 14 HOP and print OP and Step, restert step no. 14
23 l&9 T Zexro counter 7 ' ) '

2h 50 7T . Increment counter 7 by ohe

25 7 W If counter 7 is equal to 4O skip to step 27

26 53 3 Juup forverd 3 steps *_to' step 29




STEP FUNP ARG

27
28

29
30
3

R?
33

3k

35
36
37

56
67
55
60
56
4o

1k7
16
3h
6
b7

lo7 6

56

55

60

- o7

289

34
-
L

110

Stop shoot rabbit from FACE to target ares, 90%valve

. HOP snd print OP end STEP, restart step 16

Skip step to step 31, if photocell No. 2 is set
Exit and return backwards six steps

Stop shoot rebbit from FACE, 90° valve

Zeéro counter 7

Count to 6 with counter 7, 300 ms.

. Clear photocell No.2

Check photocell No. 2, skip to step 37 if sef

Exit and return backward 31 steps to step 5
Halt operation 4
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_ Oparation 5. Alpha-dstsctor Arm Operation.

This operation runs the alpha-detector arms to pick up
- FACE mochine wash samples and aduhb their alpha decays,

ors s

STEP FUM# ARG S .
1-53 66 "Jump forwerd 66 steps to step No. 67 '
2 56 276 '
3 56 258 .
L 55 21 Si:ip 1# sensor 21 is set to step 6
5 53 6 Jump forward six steps to step 11
6 K o Skip if sensor # in counter #3 is set
7 53 12 Jump forward 12 steps to step Nos 19 -
8 k2 0 Print step and content of counter #3. -
9 67 2 HOP end print opération énd_ step, reétar‘c step 2
10 54 8 . Jump backward eight steps to step 2
s W ' B Skip if sensor # in counter #3 is set
12 53 b Jump forward four steps to step 16
3 k2 0 Print step and content of counter #3
i 67 2 " HOP end print OP and STEP, restart step 2
15 54 13 Jump backward 13 s‘téps, to step 2
% k2 0 Piint step and content of counter #3
17 67 2 HOP and print OP and STEP, restart step 2
18 s4h 16 Jump backward 16 steps to step 2
19 5% 5 Turn off emplifier 3 o
20 56 .53 Turnoff magnet 3
2. k9 8 - Zero counter 8
22 108 6  Count to 6, 300 milliseconds.
23 56 100 " Turn on arm 3 ,
24 hg 8 Zerc counter 8
25 50 8  Increment counter 8 by one o
26 55 21 Skip if sensor 21 i3 set, to step 28
27 53 7 Jump forward seven steps to step 34

28 8 Lo - Skip 1f counter 8 is equal to 4O to step 30
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QP 5 L @@ﬁto

SJEP FUNH ARG
.20 60 4 Exit and return backward 4 steps to step 25
30 56 1ot Tarn off arn 3
38 b2 0 Print step and content. of counter #3
32 67 23 HOP and print op and STEP, ‘restart step 23
33 s 10 Jump backwards 10 steps te step 23
56 258 c o o
38 59 14 Exit and return forward one step to step 36
36 b4 0 Skip if sensor # in counter #3 1s set
37 53 2 - Jump forward 2 steps to'step 39
38 53 & Jump forward 4 steps to step 42
39 42 0 . Print step and content of counter #3
W 67 W HOP and print OP and STEP, restert step 3
B s 7 Jump backward 7 steps to step W '
S b2 56 52 Turn on arm 3 ‘
43 49 8 Zero counber 8 . ,
uh 108 6 Count &b 6, 300 me., with couriter 8
5 56 108 Turn off arm 3 ‘
kg 8 Zero counter 8 |
b7 50 8 Inerement counter 8 by one
3 & O Skip if sensor # in counter #3 is set
b9 53 7 Jump. forward 7 steps %o step 56
s 8 &o If counter 8 is equal to 40, skip to step 52
5 60 & Exlt and veturn backward to stey by
82 86 100 Tura on arm 3
53 k2 0 Print step and content of connt.er #3
g 67 45 HOP and print OP and STEP .
56 5% 40 Jump backwards ten steps to step 45
B b9 8 Zero counter 8 )
57 108 & Count to four, 200 ms,
0 56 b Tura amplifier 3 on .
59 4. 0 X-tal I.D. on taps with time and content of connter 4



op s

eonte
 STEP FUNE ARG
60 5 o
61 49 23
62 62 13
63 62 5
64 56 33
65 .57 5
66 66 - 112
67 1b1 15
68 6h 12
69 3 2%
70 19 1
7L 20 29
72 23 %
73 30 9
7h 3% 256
75 L42 8.
76 4. 97
77T 52 9%
78 58 0
79 61 21
80 62 11
81 65 2
82 1ke 15
83 64 12
84k 3 257
85 19 3
86 20 51
87 23 98
88 30 99
89 3% as7
9 k2 50
oL b5 . 99
2 52 9
93 58 2
9h 61 - 22
g5 62 12
95 - 685 2
97 3 15
98 6k 12

113

Put x-tal in proper sum on. scope snd lncrement counter 1

Zero counter 23

Set flag 13
Set fleg 5

Helt operation 5‘

Return from sub-routine ( to next step after fun. 66)
Skip 15 steps to step 83 if x-tal #1 incorrect
Load argments>of the néxt 12 steps

Change argument of step 3 to 256

"

LU

e

"

"

’ 1
n
L
1

w

"

114

"

19"
20 " 29
23 " 66
30" 97
3k " 256
.kz"he .’
b5 " o7
52" %
58" 0
61 " 21
62 " 11

Call sub-routine, step 2 Pirst step in sub-routine
Skip 15 steps to step 97, if x-tal #2 incorrect
Loed arg. of the next 12 steps

Call sub-routine, first step no. 2

Skip 15 steps to step 112 1f x-tal #3 incorrect
Load arg. of the next 12 steps
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. 123

15

oP 5 conto
STEP FON# ARG
99 3 258
100 19 5
101 20 53
102 23 100
103 30 101
1ok 3k 258
S 105 k2 52
ks 101
107 52 100
i08 58 &
109 61 23
no 62 13
1. 65 2
112 1k
13 64 12
1k 3 259
15 19 7
116 20 55
117 23 102
118 30 103
19 3h 259
120 k2 sk
21 4 103
122 52 102
58 &
2% 61 24
125 62 1h
126 65 2
127 15 15
128 64 12
29 3 300
130 19 "9
131 20 58
132 23 10k
133 30 105
13k 3k 260

Call sub-routine, first step 2

skip 15 Stéps to step 127, if x~tal #4 incorrect

Load arguments of the next 12 steps

Call subroutine, first step no. 2
Skip 15 steps to step 142 if x-tal #5 incorrect
Losd arguments of the next 12 steps

114



oP 5

conte
STEP FUN# ARG
135 42 56
136 45 105
137 52 1ok
138 58 8
139 61 25
10 62 15
L 65 2
M2 16 15
13 64 - 12
ik 3 . 301
5 19 11
n6 20 59
7 23 106
148 30 . 107
1k9 34 261
150 k2 58
51 bs 107
152 52 106
153 58 10
sk 61 26
'155° 62 16
ig6 65 2
157 17 15
158 64 12
159 3 302
160 19 13
161 20 61
162 23 108
163 30 109
a6h 3h 262
65 k2 60
166 b5 109
167 s2 108
68 58 12
69 61 27 -
170 620 17
7. 65

iis

Call subroutine , first step number 2 o
Skip 15 steps to step 157 if x-~tal #6 incorrect
Load arguments of the next 12 steps

Call subroutine, first step no. 2

" Skip 15 steps if x-tal #7 incorrect

Load arguments of the next 12 steps

Call subroutine, first step numberz



@P 5 eonbe

STEP FUNS ARG
S172 148 15
173 6h 12
a7h 23 303
175 19 15
176 20 63
177 23 ~ 110
78 30 11
179 3 263
180 k2 62
181 k5 1
182 52 110
183 58 1k
18, 61 28
185 62 18
186 65 2
87 149 1315
188 64 12
189 3 304
190 19 i1
191 20 65
i 23 112
193 30 113
igh 34 26h
195 L2 6k
196 hs 113
97 52 112
3198 58 . 16
199 61 - 29 -
200 62 19
201 65
202 150 . 15
203 64 12
20 3 305
205 19 19
206 20 67
207 23 -~ 11h

208 30 115
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~ 'Skip 15 steps to stép 187 if x-tal #8 incorrect

Load arguments of the next 12 steps

- Call subroutine, first step no. 2
‘Skip 15 steps to step 202 if x-tel #9 incorrect

Load arguments of the next 12 steps

Call subroutine, first step NO. 2 -
Skip 15 steps to step 217 if x-tal #10 incorrect
Load argwunents of the next 12 steps

\
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0P 5 conte
STEP FUNS ARG
209 34 265
210 k2 66
211 k5 1315
212 52 11k
213 58 18
21k 61 30
215 62 20 : . v
216 65 2 Call. subroutine, first step No. 2 _
217 151 15 Skip 15 steps to step 232 if x-tal #11 incorrect
218 6k 12 Load arguments of the next 12 steps o
219 3 . 306 o o
220 19 21 T
221 20 69 '
222 23 116
223 30 7
224 34 2667
225 2 68
226 L 117
227 52 M6
228 88 20
229 61 3
230 62 21 .

231 65 2 Call subroutines, first step no. 2
232 152 15 Skip 15 steps if x-tel #12 incorrect
233 64 12 . Load arguments of the next 12 steps

23k 3 307 ‘
235 19 23
23 20 71
237 23 118
238 30 119
239 3h 267
2k k2 70
25 45 119
2k 52 118
243 58 22
okh 61 32
2ks 62 22

26 65 2 v Call subroutine, Tirst step no, 2
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0P 5
STEP FUNF ARG
247 153 15
208 64 12
29 3 308
. 250 19 25
251 20 73
252 23 120
253 30 121
25k 3h . 268
255 k2 72
256 L5 121
257 52 120
258 58 24
259 6L 33
260 62 23
261 65 2
o p62 15% 15
263 64 12
264 3 309
265 19 27
266 20 75
267 23 122
268 30 123
269 . 34 269
270 b2 Th
271 45 123
o2 52 122
273 58 26
C27h 6L 3k
o275 62 2k
276 65 2
277 155 15
278 64 12
279 3 310
280 19 29
281 20 77
282 23 12b
283 30 125
28k 3L 270
285 k2 76

118

Skip 15 steps to step 262, if x~tal #13 incorrect
1oad arguments of the next 12 steps

Call subroutine, first sthp No. 2
Skip 15 steps to. step 277 if x-tal #14 incorrect
Load arguments of the next 12 steps '

_ Call subroutine, first step no. 2

SKip 15 steps to step 292, if x-tal #15 incorrect

load arguments of the next 12 steps
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Call subroutine, step 2 fifst step in subroutine
Skip 15 steps to step 307.,if x-tal #16 incorrect
Load arguwents of the next 12 steps '

gP § eonte
STEP FON$ ARG

. 286 L5
287 52 124
288 58 28
289 61 35
200 62 25
291 65 2
202 156 15
293 64 12
29h 3 311
295 19 31
296 20 79
297 23 126
298 30 127 -
S 299 3k

‘300 k2 78
30L ks 127
302 52 126
303 58 30
304 61 - 36

© 308 62 26
306 65 2
307 157 15
308 6% 12
309 3 3;2
310 19 33
311 20 8L
32 23 328
313 30 129
3k 3% 272
315 42 8o
36 45 129
37 52 128
318 58 32
39 61 37
320 62 27
3P 65 2

Call sub routlne, first step of sub routiné step 2

- Skip 15 steps to step 322, x-tal #17 incorrect

Load the next 12 arguments of the next 12 steps

Call sub-routine, first step no. 2

ii9
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gont
STEP FUNF ARG
32 158 15
323 64 12
32k 3 33
3?5 19 35
326 20 83
37 23 130
328 30 131
329 34 273
330 k2 82
33 5 13
332 52 130
333 58 3k
334 61 38
335 62 28
336 65 2
337 159 15
338 6L 12
339 3 31k
340 19 37
3 20 85
o 23 13
343 30 133
3kl 3k - 2ub
34 h2 8
36 45 133
37 52 132
348 58 36
39 6L 39
350 62 29
351 65 2
352 160 15
353 6k 12
354 3 315
3%5 19 39
.35 20 87
357 23 134
358 30 135
359 3% 275

Skip 15 steps to step 337, if x-tel #18 incorrect

‘Ioad the srguments of the next 12 steps

Call sub-routine, first step no.2’ »
Skip 15 steps to step 352, if x-tal #19 incorrect
Load arguments of the next 12 steps

Call sub-routine, first step no. 2
Skip 15 steps to step 367, if x~-tal #20
Loed arguments of the next 12 steps

120



oP 5 eont,
STEP FUN# ARG
30 ko 8
36l 45 135
%2 52  13h
363 58 38
Bh 61 Lo
365 62 ' 30
366 65 2
37 Sk 366

Call sﬁbroutine, first step no.2 ‘
Jump backwards 366 steps, to step no. 1

121



Opsration 6, Data Retrieval Opsration.

122

Oporation turns off alpha-detectors and collects alpha decay ﬁatao

()

STEP FUN# ARG
1 % 9
2 109 20
3 63 11
53 7
5 50 21
6 21 20
7 53 &
8 5% 1
9 69 0
0 6 n
11 63 12
12 53 7
13 50 22
i 22 20
15 53 b
6 56 3
17 69 0
18 61 22
19 63 13
20 53 7
21 50 23
22 23 20
23 53 'L
2k 56 5
25 69 O
26 61 13
27 63 14
28 53 7
29 50 2k
30 24 20
32 53 &

Zexo coﬁn‘ter No. 9

Count to 20 with counter No.9, one second
Skip a step if flag is sebt, flag no. 11
Jump forward seven steps to step No. 11
Increment counter No. 21 one

If counter No. 21 is equal to 20 skip
Jump forwerd four steps to step No. 1

ID-x=~tal « off on tape, if the arg. is #0,1t is taken as the ID.
Clear flag No. 11

Skip & step, to step No. 13, if flag No. 12 is set.

Jump forward seven steps to step No. 19

Increment counter No. 22 by one _

Skip a step, to step No. 16 , if counter No. 22 is equal to 20
Jump forward four steps to step No. 19

ID-x-tal-off on tape; if the arg. is #0, it i1s taken as the ID.
Clear flag No. 12

Skip a step, to step No. 21, if flag No. 13 is set

Jump forward seven steps to step No., 27

Increment counter twenty three by one

If counter twenty three is equal to 26, skip to step No. 2l
Jump forward four steps to step No. 27

ID-x~38l-0ff on tape, if the arg. is Of, 1t is taken as the ID.
Clear flag MNo. 13 ’

Skip a step t0 step No. 29, if flag No. 1h is set

Jump forward seven steps to step No. 35

Tnerement counter 24 by one v

If counter 2b is equal to 20, skip to step No. 32

Jump forward four steps to at‘ep No. 35



or 6 eonte
STEP FUN# ARG
32 5% 7
33 69 0
34 61 14
3% 63 15
3% 53 7
3f 50 25
38 25 20
39 53 L
o 5 9
B 69 0
hop 61 15
b3 63 16
W 53 7
k5 50 26
46 26 20
kr 53 &
B8 856 11
49 69 o0
50.61 16
5163 17
52 53 7
53 50 27
54 27 20
55 53 4
5 56 13
57 69 0
58 61 17
59 63 18 -
60 53 7
61 50 28
62 28 20
63 53 Lk
6L 56 15
65 69 0

123

ID-x~tal-off on tepe, 1f the arg. is #0,1t 1s taken as the ID
Clear fleg No. 1k

Skip a step to step Nou37, if flag No. 15 is set

Jump forward seven steps to step No. 43

Increment counter No. 25 by one

If counter 25 is equael to 20, skip a step to step No. 40

Jump forward four steps to step No. 43

ID-xstal-off on tape, if the arg. is #0,it is taken as the ID
Clear flag No. 15

Skip a step forward to step Noe us, if flag No. 16 is set
Jump forward seven steps t0 step No. 5L

Increment counter No. 26 by one

If counter 26 1s equal to 20 skip a step to step No. 48

Jump forward four . steps to step No. 51 .

ID-x-tal-off on tape, if the arg. is Q#,lt is taken asthe ID
Clear flag No. 16

Skip & step forward to step No. 53, if flag No. 17 is set

Jump forward seven steps to step No. 59

Increment counter No. 27 by one

If counter No. 27 is equal to 20, skip to step No. )6

Jump forward four steps to step No. 59

ID-x-tal-off on tape, if the arg. is #0, 1t is teken as the ID

Clear flag No. 17 ,

Skip a step to step No. 6L if flag No. 18 is set
Jumé forward seven steps to step No. 67
Increment counter No. 28 by one

If counter 28 is equal to 20 skip to step No. 6%
Jump forward four steps to step No. 67

ID-x-tal-off on tape, 1f the arg. is #0, it is taken as the ID
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| STEP FUN% ARG :
| 66 61 18 = Clear flag 18
| 67 63 19 Skip to step No. 69, if flag 19 is set
! 8 5 7 Jump seven steps to step No. 75
69 50 29 Increment counter No. 29 by one _‘
70 29 20 If counter 29 is equal to 20 skip to step No.72
7. 53 4 Jump forward four steps to step No. 75 -
72 56 17 - .
73 69 O ID-x-tal-off on tape, if the arg. is #0, it is taken as the ID
7h 61 19 Clear flag 19 . '
_ 75 63 20 . If flag 20 is set, skip to step No. 77
j S T6 53 7 Junmp forward seven steps to step No. 83
‘ T 50 30 Increment counter 30 by one _
78 30 20  If counter 30 is equal to 20, skip to step No. 80
: ' 79 53 W Jump forward four stéps_ to step No. 83
| 80 56 19 R |
8L 69 0 = ID=¥=tal-off on tapé, if the arg. is #0, it is teken as the ID
i 82 61 20 Clear flag 20
| 83 63 21 If flag 21 is set, skip to step No. 85
:' g8 53 7 Jump forward seven steps to step No. 91
f . 8 50 31 Ircrement counter 31 by one o .
' 86 31 20 If counter 31 is equal to 20,skip to step No. 88
i 8 53 4  Jump forward to step No. 91
l 88 56 21 :
i - 89 >69 o ' ID=x~tal-off on _‘b&peo if the axg. is #‘O, it is teken ag the ID
90 61 21 = Clear flag 21 :
| oL 63 22 If flag 22 is set, skip to step No. 93
% 53 7 .  Jump forward seven steps to step No. 99
: 93 50 3 . Increment counter 22 by one ‘
! oh 32 20  If counter 32 is equal %o 20 skip to step No. 96
: 9% 53 4 Jump forward four steps to step No. 99 '
% 56 23 o | '
) o 69 O ID-x-tal-0ff on tape, 1f the erge is #0, it is taken as the ID
%8 ' '

6L 22 Clear flag 22
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oP 6 cont,
STEP FUN# ARG
99 63 23
00 53 7
10 50 133
102 33 20
103 53 4
i0h 56 25
105 69 0
106 61 23
107 63 24
o8 53 7
109 50 34
10 3+ 20
mr 53 &
ez 56 27
113 69 0
1k 61 24
15 63 25
ns 53 7
1y 50 35
18 35 20
3719 53 4
120 6 29
121 69 0O
22 61 25
123 63 26
2k 52 7
125 50 36
126 3% 20
27 53 &
128 56 3
129 69 0
130 61 26
13 63 27
132 7

125

e flég 23 is set, skilp to step No. 101

Jurp seven steps to step No. 107

Increment counter 33 by one . _
If counter 33 is equal to 20 skip to step No. 104
Juup 0 step No. 107 '

ID-x-tal-off on tape, if the arg. is #0, it is taken es the ID
Clear flag 23 _ )

If flag 2 is set, skip to step No. 2k

Jump forward four steps to step No. 115

Increment counter No. 34 by one _

If counter 3% is equal to 20 skip to step No. 112

Jump forward four steps to step No. 115-

ID-x~tal-off on tepe, if the arg. isf0. it is taken as the ID
Clear flag 2k - '
If flag 25 is set, skip to step No. ZL'L?
Jump seven steps to step No. 123
Increment counter 35 by one '
If counter 35 is equal to 20,skip to step 120
'Jump forward four steps to step No. 123

ID-x~tal-off on tape, if the arg. is #O, it is taken as the ID
Clear flag 25

‘If flag 26 is set, skip to step MNo.125

Jump forward seven steps to step No. 131

Increment counter 36 by one

If counter 36 is equal to 20, skip to 128

Jump forward four steps to step No. 131

ID-x-tal-off on tape, 1f the arg. is #0, 1t is taken ss the ID
Clear flag 26 ' ' ’

If flag 27 is set, skip to step 133

Jump forward seven steps to step No., 139
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STEP FUNF ARG .

133 50 37 Increment counter 37 by one

13 37 20 If counter 37 is eugal to 20, skip to step No. 136
| 135 53 b  Jump forward to step No. 139

136 56 33 . _

137 69 o0 - TD-x-tal-off on tape, if arge. is #O it is taken as the ID
‘138 6L 27 Clear flag 27 :

139 63 28 If flag set skip to step No. 1kl

%0 53 T Junip forward to step No. 147

2 50 38 Increment counter No. 38 by one v

b2 38 20 I counter 38 is equal to 20 skip to llm

43 53 4 Jump four steps to step No. 11;7

i 56 35 o ~

5 69 0 ID-x-tal-off on tape , if the arg, is #o, it is teken as the ID
1% 61 28 Clear flag 28 ‘

W7 63 29  If flag 29 is set, skip to step 149

8 53 7 Jump forward seven steps to step 155

g 50 39 Increment counter 39 by.one

150 39 20 . If counter 39 is equal to 20, skip to step No. 152

151 53 & Jump forward four steps to step No. 155 ‘

152 56 37 _ ‘

153 69 © ID-x~tal-off on tape, 1f the arg. is #o it is taken as the ID

Bh 61 29 Clear flag 29

155 63 30  If flag 30 is set skip to step No. 157

156 53 7 Jump forward seven steps to step No. 163

157 50 Lo v Increment counter 40 by one

158 Lo 20 If counter 40 is equal to 20 skip to step 160

159 53 4 Fomp forward four steps ' ’

160 56 39 :

6L 69 0 ID-x-tal-off on tape, if. the arg. is #0, it is taken as the I
62 61 30 Clear flag 30 '} |

163 63 1 If flag 1 is set skip to afep No. 165

6k 53 Jump forward seven steps to step No. 171

165 50 20 Increment counter 20 by one “

166 20 120  If counter 20 is equal to 120 skip to step No. 168

67T 53 L4 Jump forward four steps to step No. 171

68 56 KL Skip to step No. 170 if sensor No. in counter #3 is set
169 69 21 ID-x-tal-off on tape

o 61 1 . Clear flag 1 ' v

17. 60 170  Exit and return backward 170 steps to step No. 1



Operation 8, Rabbit Discharge Operation.

Tarns turntable 2 eight positions to discharge washad rabbit’s.

op 8

STEP FUN# ARG

1 ho 17 Zero counter 17

2 5% 312 : .

3 56 490 ‘Turn Turnteble 2 CW (vabbit table)

4 56 325 . Turntable 2# (position microswitch)
"5 55 60 Skip if microswith is set, go to step No. 7

6 60 2 ‘Exit and return backward two steps, to step No. 4

7 56 325 Turntable 24 (position microswitch) .

8 55 60 Skip if microswitch is set, go to step No. 10

9 59 2 Exit and return forward two steps, step No. 11 -
10 60 2 Exit and return backward two steps, .step No. 8
11 50 7. Increment counter No. 17 by one

12 17 & Skip if counter is equal to four, to step No. 1k
13 60 9 Exit and return backward nine steps to step No. 4
1k 56 LoL Turn off Turntable 2# CW (rabbit table)

5 56 313 :

16

57 8 Halt operation No. 8,
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_ngﬁibri 11. Colum Preparation Operatione

428

Baadieg célum, IChecks syringe nuchr 3» and cheks plate hopper.

Rinses colum,

28

o oo
Apply air pressure on column.
Close ven} to colwmn

Set level sensor in column

Check column level sensor, if still set skip to step 6
Exit and return forward 2 steps to step 7

~ Exit and return backwards 3 si:eps to step 3

Stop applying air pressure to column
Open vent to column '
Turn Von spare pneumatic relay

Turn on Slosyn 3

Zero counter 11 _ A

Count to 20 with counter 11, 1 sec.
Turn off Slosyn 3 o ’

Turn off spare pneumatic relay

Apply air pressure to column

Close vent to columﬁ '

Zero counter 11

Count to 20 with counter 11, 1 sec..
Set level sensor for column

- Check sensor 4l levelsensor for column if set, if set skip to step 22
Exit and return forward 2 steps to step 23 ’
Exit and return backward 3 steps to step 19

Turn off air pressure to column

Open vent to column ]

Skip & step to step 27 if flag 10 is set
Exit and return forward 2 steps to step 28
HOP(halt 'o‘peration) and print OP(operation)

0P 41
STEP FUN# ARG
1 5% leo
2 56 _l;2'6‘
3 56 2%
L 55 &
5 59 2
6 60 3
7 56 k21
8 56 k26
9 56 ko8
10 56 498
11 4 1
12 111 2b
13 56 k99
k56 ke
15 56  heo
16 5 426
7 b 1
18 111 20
19 56 2%
20 55. L4
21 59 2
22 60 3
23 56  h2l
2h 56 hav
25 63 10
26 59 =2
27 6%

‘ond STEP (step), restart step 28
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oP 1%
STEP FUN} ARG
28 61 10
29 63 9
30 59 2
3B 67 3
2 61 9
63 5
3 60 -1
33 62 &
36 57 1

eonte

Clear flag 10 .
Skip if flag 9 is set, to step 3L’
Exit -and return forward 2 steps to_step 32
HOP and print OP and STEP restart step 32
Clear flag 9 3

Skipto step 35 if flag 5 is set

Exlit and return backwards one step to step 33
Set flag L ' ' '
Helt operation 11
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. Qggr&tion 32o Second Half of Program Control Opsration.

- Initlally zeros counters, seis and clears flags to start

gecond half of program, Decides whether rabbit will go to yield

eounting or te chemistry,

STEP FUN# STEP

- oP 12
1 hg
T2 6L
3 62
L 62
5 6L
6 61
7 b9
8 ko
9 58
© 100 49
1 12
‘12 50
13 63
i 53
15 53
16 58
w57
18 58
19 57

14

13

Zero counter 14
Clear flag L
Set flag 6

. Set flag 7
Clear flag 8
" Clear flag 9

Zero counter 39

Zero counter 40 7 .

Start operation 2 at step one, after execution return to step 10
Zero counter 12

Zero counter 16

Increment counter 2 by one _

Skip a step if a flag 2 is set to step 15

Jump forward 2 steps '

Jump forwapd 3 steps

- Start operation 1k at step one, after executlon return to step 17

Halt operation 12
Start operation 13 at step one and return %o step 19
Halt operation 12
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Oporation 13, Rabbit Yield Operation.

Prangfors rabbit from turntable 2 to turntable 1, and then teo

yisld alphe-counter to measure depesited radioisotopes on the rabbil.

.20

28

oP 13
STEP FUNF ARG
T W 1y
2 56 312
3 56 1488
L 56 35
5 55 60
6 60 2
7 56 325
8 55 60
9 59 2
10 60 2
11 5 489
12 k9 12
13 12 2
i 5 325
5.5 60
&6 59 2
1 60
18 56 - 324
19 55 59
59 2
21 52 0.
22 56 hob
23 k9 12
2k 112 20
25 56 hos
26 h9 12
27 12 8
56 486
29 56 3k
30 .55 59

Zero counter 17

Turn turntable #2 CCW (rabbit table) on.

Set turntable #2 microswitch for position

Check Turntable #2 microswitch , if set skip to step 7
Exit and return 2 steps to step 4

Set Turnteble #2 microswitch

Check Turntable #2 microswitch, if set skip to step 10
Exit and return forward 2 étéps to step 1l

Exit and return backwards 2 steps to step 8

“Turn off turntable #2

Zero counter 12

Count o 2 with counter 12, 100 ms.

Set Turntable #2 microswitch

Check Turntable #2 microswitch, if set, skip to step 17
Exit and return forward 2 steps to step 18

Exit and return backwerd 2 steps to step 15

‘Set Turnteble #1 position microswitch

Check Turnteble #1 position microswitch, if set skip to step 21
Exit and return forward 2 steps to step 22
Print o_pere.’c:.on and step ho.

'Rabbit ram(removes rabbit from turntable #2 to table #1) turn on

Zero counter 12

Count to 20 with counter 12, 1 sec.

Turn off rabbit ram

Zero counter 12

Count to 8 with counter 12, k00 ms.

Turn turnteble #1 CCW (counting table)

Set turntable #1 position microswitch _
If turntable #1 position microswitch is set skip to step 32
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8ont,

0P 43
- STEP FUN# ARG
31 60 2
32 56 324
33 55 59
3k 59 2
35 60 2
36 50 17
37 17 2
38 60 9
39 56 W87
% ko 12
KL 112 15
Sk 62 1
3 62 4
L 56 ko
W5 6 21
% b9 20
¥ 56 33
8 56 1ko.
b9 L9 12
50 112 15
51 56 1
52 57 13

Exit and returri backwards 2_ steps to step 29.
Set turnteble #L position microswitch .
- If turnteble #L position microswitch is set skip to step 35
Exit and return 2 steps forward to step 36
' Exit and return 2 steps backwards to. step 33
Increment counter 1.7 by one -
If countdér 17 is equal to 2 skip to step 39
Exit and return backwar@s 9-stepé to step 29
Turn off turnteble #1 '
Zero counter 12
Count to 15 with counter 12, _600 ns.
Set flag L
Set flag 4
Turn on amplifier 21 , _
X~tal I.D. on tape with time and content of counter one.
Zero counter 20 '

-Turn on table one release ram

Zero counter 12

Count to 15 with counter 12 750 ms.
Turn off table ohe release ram:

Halbt operaﬁion 13
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Operation 14, Rabbit Wash Operation,

Rotates turntable 2 to place rabbit in wash station. Washes rabbit

4n wash station., Washes rabbit with first wash and transfers it tp the

colwm, and washes the rabbit with the second wash.

0B 1%

)

STEP FUN# ARG
1 5 32
2 .5 490
-3 56 325
L .55 60
5 60 2
6 56 325
7 .55 60
8 159 2
9 60 2
10 56 ko1
1. k9 12
12 12 b
13 56 325
1 55 60
15 59 2
%6 60 3
1w 56 313
18 56 koo
19 k9 12
20 112 5
21 56- 416
22 56 Lo8
23 L9 12
2y 112 15
56.

koo

_ Turn on turntable #2 CW (rabbit teble)

Set truntable #2 position microswitch
Check Turnteble #2 microswiteh, if set skip to step 6

. Exit and return backward 2 steps to step 3

Set turntable #2 position microswitch A
Check Turntable #2 microswiteh, if set skip to s‘bep 9
‘Exit and retwrn forward 2 steps to step 10 -

Exit and return backwards 2 steps to step 7

Turn off turnteble #2 CW

. Zero counter 12. -

Count to I with counter 12, 200 ms.

Set turntable #2 position micyroswitch '

Check turnteble #2 microsw.,if set skip to step 6
Exit and return forward 2 steps, to step 17
Exlt and return backwards 3 steps to stepl3

ATu.rn on pneumatlc ram (seats rabb:.t against dissolver).

Zero counter 12
Count to 5 with counter 12, 250 ms.
Turn on spare pneumatic relay

- Turn on Slosyn 3

Zero counter 12 v
Count to 15 with counter 15, 750 ms.
Turn off Slosyn 3 '
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oP 14 eont,

STEP FUN§ ARG | T

26 56 -y Turn off spare pnuematie relajr'

27 49 12 | Zero counter 12

28 112 60 Count to 60 with counter 12, 3 sec.
.29 58 18 Start operation 18 at step one and retu.rn to step 30
30 5 M8  Open line between dissolver end column

3 5 W2 Close dissolver vent _ '

P 56 1410 Turn on air pressure on aissolver

33 k9 12 ‘Zero counter 12

3k 112 150 Count to 150 with counter. 12, 7.5 sece.

35 5 M Turn off air pressure on dissolver

36 56 1413  Open dissolver vent '

37' 56 419  Close line between dissolver and column _
38 58 15 = Start operation 15 at step one and return to step 39
39 49 11 Zero counter 1 _ _

5 111 1o Count to 10 with counter 13, 500

u o 56 46 Turn on spare pneumatic relay
‘J2 56 498  Slosyn 3, turn on

43 49 11 Zero counter 11

B 111 15 Count to 15 with counter 11, 750ms.

W5 . 56 k99 Turn off Slosyn 3 '

4% 56 W17  Turn off spare pnuematic relay

W 57 14

Halt operation 1k e e e



| Opsration 15, Coluamn Rinning Operation, o . _ 135

Fransfers socond wash to colwm after first wash is run through the

eolwm, The second wash is then run through column,

- OP 15

" STEP FUNE ARG
1 56 k6
2 5 k2o
3 k9 322
B o 12 35
5 56 2%
6 . 55 I
7 59 2
-8 60 .
9 5 Ik
10 56 ket
1 4 12
12 12 30
13 5% W2
i, 56 W8
15 56 L0
16 ko 12
17 112 &0
18 56 3
19 56
20 56 9
21 56 Kot
22 56 he6
23 56 k2o
24 kg 12
25 112 20
26 56 2%

Close vent to coluvmn
Apply alr pressure to column
Zero counter 12

Count to 35 with counter 12, 1450 ms,

" Set level sensor in column

Of level sensor set skip to step 8.

Exit and return 2 stéps forward at step 9
Exit and reburn backwards 3 steps to step 5 -
Stop applying air pressure to column

Open vent to column

Zero counter 12 .

Count to 30 with counter 12, 1500ms. -

close ‘dissolver vent

Open line between dissolver and column -

- Apply air pressure on dissolver.

Zero counter 12 » o
Count to 60 with counter 12, 3 sec.
open dissolver vent

Stop air pressure on dissolver

Close line between dissolver and column

‘Turn off pneumatic ram(seats rabbit against dissolver)

Close vent to column
Apply air pressure to column
Zero counter 12

Count to 20 with counter 12, 1 sec.
Set level sensor in ¢olumn .



oP 15

. STEP FURf ARG
27 55 Lh
28 59 =2
29 60 '3
30 56 ka7
A 56 ki
¥ 6 6
33 58 18
3 58 16
3% 57T 15

136

If level sensor set skip to step 29
Exlt snd return forward 2 steps to step 30

. Exit.and return backwa.rds 3 steps to step 26 - |

Open vent to column

Stop eir pressure to colnmn

Clear flag 6 | o

Start operation 18 at step one and return to step 34
Start operation 16 at step one and return to step 35
Halt operation 15 - ’ ‘
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Qpepation 16, Colum Runming and Fraction Collection Operation,

oP 16

Col¥acts column on platelsta,

. STEP PUN# STEP
1 ko 15
2 W 16
3 % ‘W&
L 56 ey
5 56 426
6 4 112
T Va2 2
8 56 158
9 W ¥
10 12 20
n 56 159
12 5 k25
13 5 %6
i 56 420
15 4 22
6 12 20
17 %6 2%
B %% 2y
19 55 M
20 60 37
2L 49 12
22 12 1
23 55 W
2k 60 7
25 56 2%
26 56 2971
&r 55 Wb
28 60 24
29 4 12

30 12 1

Zero counter 15

~ Zero counter 16 v
Turn of{ alr pressure to column

Open vent to column

Close vent to column

Zero counter 12

Count to 2 with counter 12
Slosyn #2 digpense

Zero counter 12

COhnt to 20 with counter X2
Slosyn #2 stop dispense

Close valve from Slosyn #2 syringe
Close veat to column

Turn on air pressure for column
Zera counter 12

_ Count to 20 with counter 12

Set level sensor in column

Set drep gduhter ‘ o

Skip to step 21 if level sensor is set

Exit and return backwards 17 steps to step 3

Zero counter 12

Count to 1 with counter 12 o
If drop 1 set skip to step 25 : o
Exit and return backwards 7 steps )

Set level sensor in column

Set drop sensor & counter

Skip to step 29 if level sensor is set

E¢it and return backwards 24 steps to step 4 -
Zero counter 12 :

Count to 1 with counter 12




op 16
STEP TUND ARG

3
32

3

3k
35
36
37
38
39
4o
by
2
43
Ik
k5
b6
by
ha,
Ly
50
51
g2
53

95

59
60

50
15
60
50

i6

53

53

56b

‘conto

LA
2
8

15

z
19
16

Check drop 1 sensor;if set skip to step 33
Exit and return forward 2 steps to step 3b
Exit and return backwards 8 steps to step 25
Increment counter 15 by 1 v
If counter 15 is equal toi7 skip to step 37
Brit and return backwards 19 steps to step 17
Increment counter 16 by 1

If counter 16 1s equal to L skip to step LO.

Junp forward 2 steps to step bl

Junp forward 1O steps to step 50

Flamer on

Zero counter 12 _

Count to L0 with counter 12, 2 seées_

Flsmer off '

Skip to step 47 if flag 5 is set

Exit and return backwards to step 5

Start operation 18 at step one, and return to stepll

Zero counter 15

Fxit and retuwrn backwards 32 steps to step 17

Turn of f alr pressure on column s

Open vent to column '

Start operation 17 at step one and return to ‘step 53
Halt operation 16 '



Oporation 17, Flaming Oporation,

op 17

STEP FUN# ARG
1 ho 15
2 53 6
3 56 LoB
h ho 12
5 112 ko
6 56 ko9
7 . 66 5k
8 65 3

9 63 5
0 60 L1
11 58 18
12 56 kel
13 56 hey
i 56 - b2k
15 kg 12
6 112 20
17 86 158
8 k9 12
19 2 20
20 56 159
21 56  L2s
22 5 426
23 56 k20
2k ko 12
25 112 20
26 56 24y
27 5 2%
28 55 hh
29 60 17
30 ko 12
gL 112 1
32 55 Ll
33 &0 7
3 56 2%
3 56 297
3% 55 b

Zero counter 15 .

Jump FTorward 6 stepu to step 8

Flemer on '

Zero counter 12

Count to kO with counter 12

Flamey off _ )

Return from subroutine(to next step after fun#65)
Call subroutine, first step number 3

Skip & step Aif Flag 5 is 21234

Bxit and return to step 9

. Start operation 18 at step 1, and return to step 12

_Stop air pressure on column

Open vent  to column

Open valve from Slosyn #2  syringe
Zero counter 12

Count to 20 with counter 12
Slosyn #2 syringe dispense

" Zero counter 12

Count to 20 with counter 12

Stop Slosyn #2 syringe dispense
Close valve from Slosyn #2 syringe
Glose vent to column -
Apply alr pressyre to column

Zero counter 12 '

Count to 20 with counter 12

Set dreop counter

Set level sensor in column

If level sensor seb, skip to step 30

Exit and vebturn backwards to step 12

Zero counter 12

400unt to L with counter 12
Bf drop L set skip to step 3k

Exit and return backwards 7 steps to step 26
Set level sensor

Set drop counter

If level sensor set skip to step 38
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op 17 gont,

STEP FUMF ARG
37 60 2k Exit aid return 24 steps to step 13~
38 ko 12 Zero counter 12 ’

3¢ 112 1 Count to 1 with counter 12
o 55 L JIf drop one counter set skip to step 42
W 59 2 Exit and return forward to step 43
-2 60 8 Exlt end veturn backwards to stepi3h
7 k3 50 35 Increment counter 15 by one
W 157 1f counter 15 is equal to 7 skip to step i3

b 60 19 Exit and reburn backwayds 19 steps to step 26
B 65 3 Call subroutine step 3 _

k7 63 5 Skip a step to step 49 if flag:5 is set

8 60 1 Exit and return a step to step 47 A
kg 58 18 Sart operation 18 at step one and return to step 50
50 58 11
51, . ko 12 Zero ecounter 12 .

52 112 400  Count to 400 with counter 12, 20 sec.

Stert operation 11 at step one and return to step 51

53 65 ~ Call subroutine step 3
54 - 62 Set flag 6 ‘ .
55 63 Skip to step 57 if flag 5 is set.

3

6

5
5 60 1 Exit and return 1 step %o step 55 ‘
‘57 58 18 Start operation 18 at step 1 and return to step 58
58 571 7 Halt operation 17 ' .

o
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Operation 18, Platelet Dispensing Operation.

OF 18

 2§

Dispenses platelets and controls Turntable 3 rotation, -

STEP FUNf ARG
1k 17
2 50 14
3 59 10
L 56 322
5 55 57
6 52 0
7. 61 9
.8 56 3%
9 ko 13
10 113 20
T 5 397
2 66 67
3 1 1
3y 53 2
15 65 b
6 56 k95
1 56 oy
8 5 153
19 Lo 13
20 13 5
.21 56 312
22 5 hoe
23 56 33
2h 55 67
60 2
26 56 332
27 55 67
28 53 2

_ Zero counter 17

Increment coun'ter 14 by one ‘
Exit and return forward 10 steps tosstep 13
Set lower plate hopper (almost out of plates) semsor

~ If lower plate hopper sensor set,skip to step 7

Print operation and step no.

Clear f£lag No. 9

Feed plate to turn table 3

Zero counter 13 '

Count t0 20 with counter 13

Stop feed plate to turn table 3

Return from subroutine (to next step after fum, #65)
If counter 1l is equal to 1 skip to step 25 -
Jump forward 2 steps to step 16

Call subroutine , step & i

Turn off heliun jet #1

Turn off helium jet #2 .

Turn off hot alr jet ur;dei- plate at column posit‘ion
Zero counter 13 A -

Count to 5 with counter 13

 %urn off ADC

Turn turnteble #3 30°(sample table)

Set turntable #3 position microswitch .
Skip to step 26 if position microswjteh sensor for table #3 is sete
Exit and return backwards 2 steps

Set turntable #3 position microswiteh _

If turntable #3 sensor is set, skip to step 29

Jump forward 2 steps to step 30 '
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0P ¢8 gonb,

STEP FON ARG o |

29° 60 2 - Exit and return backvards 2 steps to step 27

30 50 17 Inerement counter 17 by one

3L 17 X If eounter 17 is equal to 1 skip to step 33

32 53 17 Jump forward 17 steps to step 49

33 63 7. . Skip a step to step 35 if flag 7 is set

3 53 15 Jump forward 15 steps to step 49

35 56 320 Set plate is on turntable 3 sensor
.‘ % 55 55 e plate on turnteble sensor seb, skip to step 38
7 59 2 . Exit and return forward 2 steps to step 39 _
38 59 1L Exit end yeturn forvard 11 steps to step b9 @  ~

39 56 k93  Turn off turntable #3 30°(sample table)

o 67 HOP end print OP end STEP

- 57 15 Haly 'cpveration 15

2 57 16 Halt operation 16

by 57 a7 Halt operation 17 .
By 56 e Turn on turntable #3

45 68 15  Continue OP after HOP

Y6 68 16 Continue OF sfter HOP o o
by 68 17 Confinue OP after HOP - _

8 59 3 Exlt and veturn forwsrd 3 steps to step 51

kg 17 2 If counter 1‘7 is equal ta 2 skip to step 51

50 60 o7 Exit and return backwards 27 steps to step 23

51 56 L93  Turn off turntable #3

52 49 13 . Zevo counter 13 _

83 113 10 Count to 10 with counter 13

55 56 313 Turn on ADC _ .

55 63 7 Skip o step to step 57 if flag 7 1s set

5% 53 3 Jump forward 3 steps to step 59

57 56 152  Turn on hot air jet under plate at column position
58 56 Lok Helium Jet #1 on :

5 63 6 Skip to step 61 1f flag 6 is set
60 55 hos Helium Jet #2 on
6L 1k 3 If counter 1L is equal to 3 skip to step 63

62 53 2 - Juap forward 2 steps to step Gb



cout.

op 18
STEP FUN$ ARG
63 6L 7
6k 63 7
65 53 2
66 65 &L
67 1ikh 3
68 53 2
69 62 8
70 63 8
i 57 18
72 56 277
T3 35 22

¢h 53 2
95 671 66
% 63 5
7 60 1
78 56 312
79 58 5
80 57 18

Clear flag 7 _

Skip to step 66 if flag 7 1s set

Jump forward 2 steps to step 67

Call subroutine step %

If counter Ll is equal to 3 skip to step 69
Jump forward 2 steps to step T0

Set flag 8 _ »

Skip to step 72 if flag 8 set

Halt operation 18 .

Set turntable #3 (90° position microswitch)
Check turntable #3 microswitch (90° position)
Jump forward 2 steps to step 76

HOP and print OP and STEP

. Skip a step if flag 5 is set %o étep 78

Exit and return backwards 1 step to step 76
Turn off ADC
Start operation 5 at step one

- Halt. operation 18
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Appehdix C Comparison Chart of the Physical

Properties of Airﬂand Helium

Temperature Density X 104f(g/bm93)f Cp (cal./gm-°C) | )
Or | °c Jair  [Helium |He/Air [Air [Helium|[He/Air

500 | 20,5 | 7,40 1.02 |0.1379 |0.245]|1.28 50061
1600 | 315.6 {5.99 | 0.86 }0.1382 |[0.251]1,2k le.ow0
1800 42507 5,05 | 0,70 |0.139% 0,25? 1.24 4.825:, 
11000} 537.8 | 3.25 | 0.60 |0.1852 |0.263|1.24 |4.715

Temperafuie' u 3,105 (centipoise) | :_(stokeé)

:v_oF. ' bc Air Heliuﬁ ,_He/ﬁir' Air JHelium He/hir’.
%00 |204.4 12589, [2745, (1,06 = [0.35 2;70'5 7.72 |
600 [315.6 |2076. |3125. [1.05  |o.50 [3.75 |7.55
800 |426.7 3333, |3467. |1.04  |0.66 |h.91 |7.43

11000 |537.8 3661, |3807. |1.08  |o.8% [6.30 |7.48
Temperature |k x‘ioé(calé/bmgseGQC) (cm%seéo)
°* 1% | Air | Helium | He/Air | Air Helium He/Air |
oo [ 2ok.h [ 3.05 1556 | 5.07 0.5z [3.78 (7m0
600 | 315.6 | 3,66 |17.60 | 4.81 0.74 5.32 .7.15
800 |426.7 |4.11 |10.69 |49 | o0.97 |7.12 |7.36
1000 | 537.8 "4,57 21,57 | 4.72 1.22 19,16 | 7.52




Appendix C Conﬁinued}

| DppP h }
Pemperature K Air~H,0 HeliumeZO . Ratio "
 313.0 0.288 0,902 3.223

* Fundamentals of Momentum, Heat and Mass Transfer, by
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Weltwaicks; and Wilsoh@-Publisher; John Wiley & Sons,vInc;; ‘



CHAPTER 1 B
SYSTEM INTRODUCTION o R

The PDP-—9® progrommed data processing system is o general purpose compurer,v mcorporatmg FLlP CHXP
hybrid m?egrafed circuits throughout. The PDP 9 features: o
-High performance at low cost
Demonstrated reliability
Simple input/output interfacing
- Extensive software .
FleX'fﬁlé, high copqéify, input/output provisions c':oijpled wifh.'d compiete line of peripheral .equipm'e“nvt R
allow system plunmng to sahsfy a variety of applications. PDP-9 can be easily configured to perform -

equally well the role of central dats processing focnhty, contro] element, or satellite processor. The

ease with which its modular hardware and software adapt. to the réquirements of data ocquusnhon, process
- control, and on-line pnpcessmg in real- ~time envvronments mokes it the ideal small scale system for ;

sclenhfsc and- mdusfrlal use, . ' . R : o

The PDP-9 sysfem isa smgle address, fixed word lengfh (18 bxts) pural!el bmory computer. _The mm- BRRER
-fmum system conf'gurohon( see frontispiece )has 8192 words of core memory storuge pcper tape. mpui S

at 300 cps and oufpuf at 50 cps, console feleprmrer keyboard input and prmfer output ot 10 cps, cnd a

real ~time clock.

The system readily interfaces to optional peripherals such as punched card equipment, ‘line printers, L
magnetic tape transports, analog-to-digital converters, digitol-to-onalogvconyerters; CRT displays, data - ...
vcommun‘iccﬁon'equipment, and magnetic drum and disc systems. Equipment of special design is _ec:;ﬂy a ‘
adaptesd for interfocing to the PDP-9. ‘The FLIP CHIP module line offers proven reliability p.h_xs simple, .. T
inexpensive fabrication of compatible interface cénf_rols for special equipment, or for the special- '
purpose equ?;ﬁment itself. Peripherals can be_ interfaced to the system as processing requirements expand,

without modification of the central processor.

CHARACTERISTICS

Complete cycle Hime of 1 psec for the rondom access, fernte core memory

Real-time clock generates g clock pulse every 16.7 msec {every 20 msec for 50 Hz systems) fo increment - .
o time counter stored in system memory. The counter initiates a program interrupt when a programmed’

preset time interval is completed. The clock can be enabled or disabled under program control.

©- PDP is a registered trademark of the Digital Equipment Corporof.i-on.

1-1
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True direct oddressing is provided for all 8192 18-bit word locations in the basic core memory module

configuration or ony memory module appended to the system. The system allows indirect oddressing up
to the memory expansion Himit of 32,768 locations. Core memory is expanded in increments of 8192
words. Memory parity can be optionally included. With the parity option, 'memory:cycle time is ap-
proximately 1.2 psec.- System software expands to make efficient use of all available core memory )

storage.

Power failure protection can be optionally implemented to protect against data loss due to internal

power interruptions. With this option, the PDP-9 is unaffected by power interruptions of less than
25 msec duration. In the event of a longer interruption, the option can save the active register con~
jents ond vautomcst'icclly restart the interrupted program ot a specified address when power is restored.
Without the “power failure protection” §§f?§n, power interruptions of 10 msec duration, or longer,

may result in loss of active register contents and memory contents.

’Auj_c_a_ri;mﬁc readin is provided of binary-coded programs from paper tape via the poper tape reader. A
* yser-initiated and hardware~implemented control transfers 18-bit words (three tape lines) from tape to
.a block of sequentially addressed core'memory focations, and executes the instruction defined by the

last word without further user intervention. -

© A built~in test program, user~initiated and hardware~implemented, circulates a self-incrementing count

through all central processor registers for the purpose of validating both their operation and the internal
transfer paths. The user can monitor and verify register operation by observing the respective register -

disploy on the conirol console.

All mpu?/oufpui transfers are executed in paralle! bytes up to 18 bnfs in |engrh The system s I/O

fbcnhhes can service data transfer rates up to one million bytes per second.

Bidirectional input/output bus is provided for program controlled data/command transmissions between

the central processor and up to 256 external devices. All program controlled 1/O transfers pass through
" the central processor’s accumulator (AC), the 18~bit primary arithmetic register, Memory refereﬁcing

_Instructions convey data between the AC and system core menfiory. 10T (input/ output transfer) instruc-
tions select appropriate devices and effect the data transfer between the AC and information registers in

the devices.

Four buffered data channels allow fast, non-overlapping data transmission between system core memory

and four devices interfaced to the I/O bus. Data channel transfers accur via the memory buffer (MB)
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register in the central processor and do not disturb the contents of other major registers in the processor.,

‘Thus, a data channel transfer suspends rather than interrupts execution of the program in pregress. The

maximum transfer capacity of the data channel facility is between 250,000 and 333,333 words per seqo.n‘c‘!‘_‘, N :

depending on the mix of input and output transfers (each output transfer steals four machine cycles; each’
input transfer steals three cycles). Provisions are made in system memory for word counter registers and -
current address registers unique to each data channel. The data chonnel facility can be expanded for -

multiplexed Servicing of up to four additional devices.

Direct memory access channel (DMA) bypasses the cential processor, allowing direct, cycle stealing,

data transmission between core memory locations and external devices via a separate entry port to system

memory module(s). DMA transfers have priority over all other system actions. An optional multiplexer/

‘odapter will interface to and allocate priority of service among up. fo three devices.

Program interrupt control frees the program in progress from the necessity of monitoring the stotus of

peripheral devices. The program continues until a device signals o request for service. A subroutiqe,,v
entered outomatically upon the processor's granting of fhe'in'terrupt»reque'sf, stores the interrupted pro- o
grom's s*ofus, determines the device making the request, and transfers contro! to the appropriate service
subroutine. "At completion of the device servicing, the interrupted program is restored to control. The .

program interrupt control facility is suitable for those peripheral devices having low data rates.

Multileve! automatic priority interrupt option (API) affords immediate access to device handting and

- data handling subroutines on a ranked priority basis, Of the eight priority levels added by this opﬁon

the four higher levels ore assigned to device use, and the lower four are assigned to software use. The

priority levels are fully nested; i.e., a higher priority request can interrupt in-process servicing of a
lower priority. The restoration of an inferrupted service subroutine does not require additional pro~ =
gramming considerations. Likewise, the return to an interrupted main program segment is"eusily im-

plemented.

~The granting of priority interrupt requests, at completion of the current instruction, is rated above pro-

grom and program interrupt activity and below data channel or direct memory access channel

activity, or real~time clock counting,

The API system has 32 channels of which 28 are allocated to external device interrupting (hardware
priority levels) and 4 are ollocated to programmed interrupting (software priority levels}. A channel
assignment defines the core memory location of the unique entry to an interrupt subroutine. Device

channels function independently of priority; up to eight device channels may be assigned to the same
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priority level. Device channels also may be multiplexed without limit, in which case the channel

address defines the entry to a search routine rather than unique entry to one routine,

Additional provisions include dynamic reallocation of device priority level assignments (device control
must be designed with logic éircui‘ts.fovc‘xccombﬁsh reass.ig'nment) and programmed raising of the active
‘ini‘errﬁp? to a priority level higher than the normal assignment, when the situation requires exclusion of
interrupt requests at specific priarity levels. The API is program enabled or disabled. Specific devices

can be inhibited from interrupting by appropriate control inputs fo their interfaces. -

The basic machine has fixed-point hardware capability and floating~point software capability for per-

forming binary arithmetic in s and 2s complement notations. Floating-point software offers choice of
6 or 9 decimal digit precision. The program library supplied includes extensive repertoire of multi~ and

single~precision subroutines.

Add or subtract (corﬁp!emenfdry addition) is performed in 2 psec with fetch of operand from effectively
addressed core memory Joccﬁ_&_a‘n. Overflow indication fs furnished for 1s complement addition where
absolute value of algebraic sum_med result exceeds copacity of the accumulator (2]7 ~1). Algorithms
for 2s .cqrhplément'éddfﬁon ldnd sybtraction treat overflow from a;cumulof& as a carry into a 1-bif

register called the "link", - .

- Extended arithmetic: element option offers fast, Flexible; hardware execution of the following as signed

or unsigned functions:

Shifﬁ'r}_g_ the contents Qf.fhe primary arithmetic registers (AC or MQ), right or left, in 2 to

17 psec.

Normalizing the quantity in the primary arithmetic registers; f.e., shifting the contents left
to remove leading binary Os for the purpose of preserving as many significant bits as possible.

- Time required is 2 to 17 pséc .
Multiplication in 3to 11 usec.

Division, including integer and fractional, in 3 to 12 psec. Divide overflow indication is

furnished when division would produce quotient exceeding 2°° ~ | magnitude.

Cded
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DESIGN

The compactness of the PDP~9 affords moximum computing facility in o minimum of space; its modular
construction provides for ease of system gréwth to meet future processing requirements -~ externol devices
ond additional core memory append with minimum effort and no effect on the central processor.
(Section 4, Interface, presents complete details on im‘érfacing’ special purpose or user~-designed external
devices to the PDP-9 input/output facilities.) PDP-9 is completely self-contained, and does not re-
quire special air conditioning or humidity control." Intern'o! power suppliés generate all required oper~
ating voltages from a single mpuiL source of 115-volt, 60-Hz smgle-phase power. Systems con be supphed

to operate with 50 Hz power ot a variety of voltage levels. :

CONFIGURATIONS
The basic PDP-9 cdnfigurat'ion (figure 1-1) cansistsof the following,
1. Central processor with integrated contrg! console, work shelf and chair.

2. Core memory stack of 8192 18-bit words. Includes interface connection for direct v

“memory access of memory locations by high data rate peripherals.

3. Three peripheral devices: a 300 chor’qcfer/,second poper tape reader; a 50 character/
second paper tape punch; and an input/output feleprintér, Teletype Model KSR 33.
(Teletype Mode! KSR-35 con be ophomlly supplied and is recommended for cpphcahons

where exrreme use is to be mode of the feleprmter s output function. )
4. Real- hme clock
5. Input/outpuf facilities: 1/O bus, four data channels, direct memory- access channel,

program interrupt control, 1/O status word provusion , ond condmonal sk|p on exfernal

» device stofus.

DREC T MELORY 892+ WORy NTAM,
iy ) Gl BN 0N Gy [

gi
E B

CARATON'S CONSAE. il T : pAPLa 1abe

. . [;“— 30-Co8
PAPER TAPE
(R SO PR

Figure 1-1 Basic PDP-9
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The PDP-9 expands into a variety of configurations by:

Increosing sysrém core memory from the bos?c-supp!-iqd'8192A words 'up to 32,768 words in
increments of 8192 words. Memory parity may be optionally added.

Adding peripheral equipment selected from the PDP-9_ line, or interfacing the system to

special purpose or user~designed equipment.
Interfacing a basic or expanded PDP-9 to a data processing complek.
Incorporating central précessor options fo increase the system's computing and data

handling power.

Figure 1-2 illustratesa typical expanded PDP~9 system. .

PALMORY ERTIN0EY ATOMATIC
ExTENTIN ST TIC PROMTY
mm sl__tiewenr of iwtconuere

CEMTIN,
PROLESIOR

QPERATOR'S. m‘

© OPTIONAL ACCESSORES

Figure 112 Expanded PDP-9 System Cenfiguration, Block Diagram



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the Depart-
ment of Energy, nor any of their employees, nor any of their con-
tractors, subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness or usefulness of any information, appa-
ratus, product or process disclosed, or represents that its use would
not infringe privately owned rights.




