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As the Naffon’s principal canservat]on agency, the Department

of the Interior has basic respons~billt~es for water, fish, wildlife,
mlnerat, land, park, and recreationa] resources, lnd~an Terrltorial

a~affs are other maior concerns of hmer~ca’s "D~pc~rtmont of

Natural Resources".

The Oepartmi~nt wo~ks to assure the wisest choice in managing

all our resc~urces so each wlll make its full contribution to a heifer

United States-now and in the future.

FOREWORD

This is one of a .conffnulng series of reports designed ta present
accounts of progress in saline water conversTon and the economi~s of
its application. Such data are expected to contribute to the long-range
development of economlcal processes applicable to low-cost deinlnerallza-
tlon of sea and othe~ saline water. ~’.

.Except for minor editing, the data herein are as contained in a report
submitted by the contractor. The data and conclusions given i’~. the report
are essentially those of the contractor and are not necessarily endorsed by

the Department of the interior.
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T.e Automatic Partlclo Size Analyzer (APSA) consists of the following

clcotronlo and optical instrmnents:

1) A particle sensor (Model)41~ noyco)

2) An amplifler/power supply (Model ~I, Royce)

3) Pulse converter 01odcl 171", Technical Instruments Inc.)

~) P~lse height analyzer (G~nascope If-Model 102 Technical Instru-

ments ~ne,)

~) Serial printer

Under conditions where the carrier fluid is saturn%cd vlth gas, ns occurs

when ~xamlnlng ice particles produced by secondary rcfrlgcrant freczlng~
a dcgasscr unit is required in the pertlelo-fluid sampling floe. Although

not strictly a port of the AP&~, the degasser will he included in the

general description to be given of the various components.

~|ose instruments will be doscrlbed in the following paragraphs in sufficient

detail to permit the user to understand their function end operation as part

o£ %h~ APSA system.

PARTICT,R SE~0R, A~L~Pa~ER SUPPLY \"

The particle sensor is a low anglo light scattering instrument. ~mtographa

of the sensor with and without the cover are glean in Fig. I with the major

components of the instrument Idcntifled. Light from the tungsten ribbon

lamp is passed through a lens system equipped with light maslce tha~ focus

e well defined beam of light on the flow channel of the sensor cell,L’

Particles suspended in liquid are passed through the 2000 X 2000 micron

flow channel formed between two sapphire windows. Light scattered by the

pnrticleslnte a certain £o~ard~ungle is foaused on th~phctumultiplier

tuba (P~bt~Jc) by two condensing lenses; most of the unscattered light is ~ i~

absorbed by light trops~ The intensity of light reaching the PM-tube has !

z
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Figure 1 Royco Model 5rll Sensor (modified)



been reduced by taping n Wratten, neutral density filter (lO~ trans-

mlttauce) in front o~ the PM-tube housing° - 

i! - :

A fraction of the light in the main ]igh~ beam of the sensor is deflected

from the main beam by ,, beam sp’~itting prism and sent to a chopper by

reflnetton from n t~5° mirror. ~q~en %be chopper mo÷,cr ia ue~iva%cd,- light

pulses passed by chopper enter v light pipe and are directed into the

sensor cell at on angle which will ensure that the light will reach the

PM- tube.

The signal from the P,~[-tube is processed by a preamplifier circuit in the

chassis of tile sensor unit and is then sent to the }Mdel s,1 Amplifier/

Power Supply (A/PS) where i% is fumther amplified before being routed 

the Pulse Converter. Yn addition %o hmplifying signals from the sensor,

the A/PS is the power,supply for the sensor (the ,tunisian lamp. the PH-tu~c,

the preamplifier, und ~he chopper motor). A photograph of the front and

rear of the A/FS chassis is shmrn in Pig. 2. The front panel of the A/PS

includes the P~fER switch and a red light %o indicate when the instrument

is turned on. Another switch on the front panel, L%~[P ON, controls the

power to the tungsten la~p_In the sensor unit. T~o lights on the front

panel, labeled LL~IP ON and LAMP OUT, will inform the user as to tile condi-

tion of the’tungsten 19mp. The output signal from the model Jtl Amplifier/

Power Supply is avail’able from %he S~NSOR 0UTFdT Jacl~ on the front panel

as well as at OUTPUT J~ and gll on the back panel.

il ’,i~

O

The A/PS Includes circuitry for the internal calibration check of the

sensor unit. l~hen the MODE switch on .the front panel o~ the A/PS is in

the CAL position, tile chopper motor in the sensor is activated. Internal

calibration was originally intended by the manufacturer to he done by

using the CAL ADJUST knob and the CALTWIL%TE motor on the A/PS unit. Ifhsn

the ~[0DE m¢iteh was in the CAL setting, the CAL ADg~sT lmob (which controls

the voltage to ~ha~PM-tu~e) was adjusted until the needle o~ tile CALIBIL~TE

meter was in the red zone, Because of modification of the sensor this
i,

eallhration procedure is no longer ’dsod. ~%e meter is superfluous, and

ithe CAL AD~b~T Imob should not be moved. ~io’recommended internal calibra-

tion p~oeedRre iii’ given in the’ operation soetlon of this user’s manual.



!,



PULSECONVEI~TER AND Pb~.~E li~IGI~ ~LYZ]~

~ho 100 ebaunol PUlse I~tght Analyzer (FI~) was designed to detect pulses

with very short rise times. Yeltnge pulses produced byparticles passing

through the sensing volu~e of the Royce msdel 5~il would have a long rise

time dependent upon the particle size end flow-rate; most pulses would be

yielded by the PEt as merely s slowly drifting de base voltage. Detection

of these "long" pulses is accomplished by using the Pulse Conver~er,

sho~ca in Pig~re 5, and by operating the H~I in {be Hgssbauer mode (one of

several operating modes ~¢hisb can be chosen on the PL~CTION knob of the

PEA). ~ormall7, when operating in the ~ssbauer mode, the H~ receives

two signals, one from a radiation de%ester and another from a transducer

with a voltage output proportionnl to the velocity between the M~sshauer

source and the absorber. ~flmn a nunlear absorption is detected, the pulse

transmitted %o the P/L% opens a gate that allows the Pl~1%o sample the

velocity transducer voltage. A count is then stored in sue of the 99

channels corresponding to the tronsdncer voltage. Particle size analysis

is accomplished in the ~ssbauer mode by using the Pulse Converter to

produce a volt’age output proportional %0 the mnxlmumvoltage perceived

durlng a specified sequence time and then to provide a gating pulse at

thb end of the sequence. ~en the signal from the A/PS rises above a

selected threshold value, a sequence of events is initiated. For a pre-

selected time into.real (adjustable to 800,~O0,flO0,100, an= ~0 microseconds),

a voltage output i~ produced which is proportional to the maximum input

voltage received up to that time. At the end of the chosen tlme sequence,

a gating pulse is sent to the PEA vla the -SO ~r connector causing it to

sample the’ voltage output from the Pulse Converter on the A~LOG ~ ’

connector. At the end of the ssqusnce~ the output voltage from the Pulse

Converter is reduced to zero and the sequence is ready to start again.

©

The photograph of the Pulse Convertor glees*In Figure 3 eho~es four contro1

]mobs labeled COARSE GAIN, PINE GAIN, BASE LINE, and DEIAY#S. The COABSE

GAIN control provides amplification of 2,~, 8 and log X end the FINE GAIN

control is for minor adjustment. The threshold vsltnge required to trigger

the timing sequence for particle, counting can be adjusted by the 10-turn

/ C-:
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F~gure 3. Front and Rear Panels of the Pulse Converter

6

j



"I

pc%audiometer labeled ~ISE LINE, A threshold value is needlers a~mld

having a eount£ng sequence %rlggerod bX noise in ~o particle sensor

output. It is imperative that only u particle initiate the counting

sequence, F~_ accurate slze analysis the peele of the voltage pulse

should occur durfn~ the sequence time; if noise initiated %he sequence,

it is possible that a pulse caused by a large particle passing into the

sensor volume during the sequence time, could not roach a maximum value

before the end of the sequence.

The DEZAYFS switch is for selection of the time interval over whioh ~hs

%’Pulse Converter will monitor a voltage pulse once %he instrument timing

sequenae is triggered bY a voltage in excess of %he threshold value, An

optlmumtlme interval is dictated by the largest psrtlcla expected, the

flow rate through the sensor flow channel, and the length of the monitored

zone In the flow channel.

t

As sho~ in Figure ~, the HIA contains a cathode ray tube for display~of

tile particle eotmt on the vortical axis versus channel n.mhor on the

horizontal axis. The CRT operation is controlled hy %he five knobs located

on the upper right side of the instrument (?OCUS, INteNSITY, VERY. CTII.~

HORIZ. CTR and HORIZ. SIZE). ~e count displayed on the vortical dlroction

can be adjusted so that full scale is I00, ~O0, 1000, ~000, I0,000, h0,000,

and lOO,OO0 counts; %he memory core viii store up %0:99,999 counts in each

charnel. Tour eontrol~pushbuttons are used when operating the instrument

(ACCU~fUIATE, DISPLAT~ RFAD0~P, and STOP). Pressing the DYSPLAY puahbut%on

will cause the instrument to display on the CRT, %he iuforma~Icn on counts

per channel stored’In the memory. ~he AccU~zA1~pusl~utton will cause the

¢o accept input data in any of the modes dictated (~sabauer, mUltl~

sealing, etc.), until el%her a preset accumulation time is reaehe’d or
b

another pual~ut%on is pressed. ~en in the readout cycle, the Instrument

vill provlde signals in either digital or analog form (depending on the

position of the PLOT/FRINT switch) for a digital prln%er or an X-Y plotter.

The STOP pushbutton terminates any action of Cthe instrument initiated by

%he other three pushbuttona. At the 9rid of an e~perlment, %he mumory unlt

can be cleared by pressing a )~X~ALIIESEP bu%tOno Shuttlng off the instru-

ment will not erase the information stored in the memory.



Figure 4A. Front Panel of Pulse lleight Anal),zer
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A four-posltlon switch is provided for changing the size of the pulse

registered in channel 99 (and correspondingly in the other cba.nels).

The s~,’iteh positions are labeled xl~ xl, xtl, and x8. In the x8 mode for

example, Inform~tlon that would have been stored in 1° to 13 channels in

tile xl mode can be stored in 99 elmunels, l~hen the instrum0nt is being

used to size ice particles, the .~ position is used to provide the
I’capability of measuring particle ~izes u~o o000 microns. Tf more

detail ~’ns required on the smaller leo particles t the x8 position could

be used. The gain controls on both the Pulse Cdnvorter and the I~%,

coupled with this expansion switch, provide a high degree of flexibility.

A much’more detailed description of what the PIIA controls do is given in

Appendix A or in the instruction manual prepared by Technical Instruments

for the ~Iodel 102 Ga~nascopeo

DEC~%SS~G APP;~ILVr~S

The particle sensor cannot distinguish ice particles from tmdissolved

solids and gas bubbles. Undissolved material can by kept to a minimum

by filtering the brine before adding it to the crystallizer. Gas bubbles,

however, arise from the use of a direct contact refrigerant. The brine

becomes suturated with dissolved refrigerant that can come out of solutlon

during the sampling process,

Entrained bubbles and dissolved refrigerant are removed from ice-brlne

samples by placing a dcgassor in the sample llne. The dogasser (Fig. 5)

oonolcta of ~vo pieces of glasm~-are connected by a 75-mi111meter 0-ring

Joint. The top has three standard taper Joints, one for the Ice-brlne

sample line, another for the stirrer, cad a third for pressure and vacuum

connection. The bottom has a vacuum ~acketed inner wall to reduce heat

transfer rates. The side arm is the llne %o the particle sensor and the

bottom arm is used to drain excess leo-brine mixture from the reservoir

before ~dng nnothor sample.

10
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After the degassvr ie filled with nn Ice-brine Sample from the crystallizer

(300 to ~00 milliliters), the mixture is subjected to a vacuum of approxi-

mately 5 to I0 umHg to remove the refrigerant. After I~ %o 20 seconds,

the pressure in the degasocr is raised to about 2 to 3 pslg with nitrogen

and ~le ice-brine sample is passed throu~l ~io Royce sensor.

The heat transfer rate can be further reduced by enclosing the dogasser in

n fitted polyethylene bog which will permit crushed ice to be pael~ed around

the degasser. The sampling llne from the crystallizer to the degasser and

from the degosser to the sensor is ~’ell insulated and nan also be packed in

iae before an experiment.

/?
/I’

SERL~L PRINTI~t ,’,
\,

At the concluslen of a crystal sizing experiment, the data on elapsed tlme

end counts per channel stored in the memory of the P~L~ is read out By a

solenoid driven Victor Serial Printer. The print out operation is initiated

by pressing the RF~DOW pushbuttan on %be HIA. The small plastic puahbutton

on the printer is a "totsllzer". ~/hon the pushbutton is pressed, the serial

printer will print out the total of the numbers read into it by the P/IA.

This total will include the number stored in channel O, which will be the

time in htmdred%hs of a minute d~Ing %’bich particles ~ore being sized. To

find the total n..~or of particles counted, deduct the number printed in

channel 0 from the total,

I
¯ ̄

ifi¯ ¯
12



..... I.
OP~ITION OF SYST~!

EI~CTRICAL CONNECTIONS

The five pieces of electronic equipment comprising the AP&I are electrically

connected together as described in the following numbered parngraphs, Before

completing any connections be sure that the instrtu,ents are shut off.

(1) Particle Sensor %0 A/PS: Connect one plug of the l~l-pin connector cable

,~,o the Jack at the bottom of the Particle Sensor and the Plug at the
~xx

¯

other end to the jack labeled S---~0R J3 located on the back panel of

the A/PS. All power requirements of the sensor unit as well as signals

from the sensor to the A/PS are carried by this cable. Line po~er to

the A/PS is supplied to the soelcet labeled P(~fER J1 ~’btch connects with

a 3-hole female plug. The A/PS ~mtt will accept 11~ or .o30 volta!

ehoe]~ the position of the sliding switch 52 directly above the power

eoelcet to be sure it to set for the applied line voltage,

(2) ..A/PS to I~dse Converter: Usln~ a coo-~lal cable, connect ~he S~SOR

0U~P~ Jack on the front of "~he A/PS ~o the DrPUT ~aek on %he hack of

%he Pulse Converter. Linu puwer is supplied to the Pulse Convertor via

%he socke% a% its rear pan~l labeled P~fER~.
\

()) .Pulee canver er (a) The at tea= the
Pulse Converter is oonnee%ed with the ~aek labeled *- 2V (located at the

he%tom, near left of the front panel 0£ the P~A) via n eo~xlal cable.

(b) Cermet% the GATE OUTPUT ~ach a% the roar of the Pulse Conve~er

With the -~O ~r jael~ on the lower loft’ corner of the front Panel .or ~he

(h) ~ %o Serial printer: The terminal on the back of the HIA, labeled

SERTAL PR~’r~t, J106, is connected to the solenoid driven Serial Printer

with a cable and l~-pln connectors. Be sure that the sliding switch

labeled PRI’~I~R SIO1 on the bao~ ~of the HIA is in the position marked~’~

SI~TAL and the PLOT/PRINT toggle m,’Itch in the control soctlon of the

front panel of the ~ is in the PR1"~"P"posltlon. The,llne power is

provided to the PIIA at the socket labeled A.C. I~r~r located on the

rear panel. Another power llne is required for the serial printer.



i: i -

©

(5) ~% %o X-Y Plotter: A connector for an X-Y plotter is provided with.

....... %he PJ~o If an X-Y plot%or is used, the’ oonnoe%or should be plugged

in at A/%/LO~ JllO ~t the rear o£ %he rl/A. A tag on %11e connector

cable iden%ifies the function of each of %he untormlnute~ %’ires.

Tnstructlonn for ud~us%in~ %he X-Y plotter to %he horizontal and

vertical llmi%s of the RTA can be found in the Ins%rue%ion Manual

}Mdel 102 Gmmaseopo printed by Technical Ir%tmments Inc.

CONTROLSETTINGS FOR PARTICLE SIZE A~ILYSIS

P~ER

}IODE

LA~m

I,

SETTI%~

01¢

COUNT

U]~’F

St

j. 3"¯

i

I/ulse Converter

9.0,VmOT,

P~ER

COARSE GAIN

rr s ’ AIW
BASE L~

DELAY:~S

Pulse ~eigh% Analyzer

commoL

FUNCTION

(a) Control Section

D~IT,T-~ELLISEC

LIvE-}EN.

T~T/~.

 Dls@ 2 "
RESET AETO

~MN/AETO

I,

SETTIN~

ON

LOG

108

40,

SETTING

M0SSBo

EXT.

ADD

USE

ADD

OFF

I~INT

MAN.

DISPLAY

14



(b) ~lultt-chcnncl Section

L~PA~ION

Tlll~SIIOIa)

UPPE.X LEVEL

BASELINE

TESI,/U~’

COINC./ANTI

(c) Single Channel Section

T/IRESHOLD

}XT./INT.

(d) Rear Panel

Pjt~AT,T,~ SERIAL

X~

0

130
10

195
Ol~ic,

A.~’r

1000

2

INT.

S~IAL

i’

The DEIAY~S switch was placed in ~le ~00~ see. position for the expcrl-
mental work conducted with tile APSA to date. The correct delay time to
use is determined by the length of time required for the largest particle
expected %o travel from a point in the flow channel ~ere it just enters
the sensing zone to the point where it is completely in the sensing zone.
?or very small particles and high flow rates this delay time could be very
short; for large particles and low flow rates perhaps 800 ~see. would be
required. A delay of h00 ~aee. is suitable for par%felts as large as
2 mm and a channel flow rate of 20 ml/sco.

}~CHANTCAL CONNEOTION8

Connections between the sampling line, the degasser and the sensor flow cell

ore sho~m in Fig. 6. The sample line %0 %he degas~er is 5/8 inch diameter

stainless steel tube which is connected, via TYGON tubing, ~o the F/K~
tubing leading %o the degasaer. At the side exit near the bottom of the

degasser, a length of TY(]ON £ubtng :LB used %0 ectmect %1:c ~ line with

1/~ inch stainless steeltubing leading %o the s~nsor cell. Bath the

entrance and exit tc the Sensor cell are 1/tj inch AN flare fittings. The
¢,~a valves shown in Fig. 6 are ball valves (IlOlgi7115F~B) ¢.ha% open fully

with one quar%er of a turn. : ,

~)
All sampling tubing and vah-.s should be well insulated and %he tubing lengths

- ~\ic: i .as short as possible to avoid melting the ice sample. In sampling experiments

/- 1s

!%.. ., ~’~)



Sampling Line From C.rys%alli~er ~o Sensor
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p~rfermod u~lng %be JPSAI lbc ssinplhll line was £iLtoll with s ~roogh so

tlist ice could be pushed srollrid the iilsillottOno

A eomblnotlon vacuum sad pressurlzs~ion llne are also plumbed into the

delssssr, Tlm pres~uxe required to fol’ee the ilsmpls ft’ettt ~;hc dcgflsser

tbreugb the sensor cell at a rnnsanflblc rate should be no more tbnn ebou’c

5 pslg.

Au ice-brine IIit.~tt~e passing threugh the sensor cell will ebin tbo 0011

~o the poin~ ~berc moisture ~’ill condense sit tits ocll exterior, Send’cored

light from eon~onstt~e an tbo ~,’indo~s of the £1o~ cell ~ill iliter£ero with

particle sizing. To prevent moisture from cendcnslng on the windows of

the sensor cell during an o.xporlmen~j the particle son~Ing uni~ (Royce

Hodel )Ill) iv kept in an atmosphere of dry nitrogen. This can bo enslly 

done with t~¢o polyethylene bags; one bag is slipped over each end of the

instr~Ion~ and they are sealed together ~,’i~h masking tape. Of course,

some cutting of the plastic hags is llecessaPy to get a fit around the

connector cable, the flow channel entrance mid exit, and the tubing

supplying the dry nltregen a~mesphere, Hashing tape can also be used to

ann1 ~bese fitted areas.

¯ GENt~LA~, II~OI~L~ION

I. The flo~¢-cbaunol of ~he sensor should be hope filled wltb fluid when

%be instrument is not in use. The fluid can be methanol, or cthnnol,

For times up to a ~’eeh, dlstllled ~’ater can he useR. This ~ill tend

~o heep the wlndews ef the flow cell clean and prevent gasher mntorlals

from drying out.

2. Tf the flow cell windows become fouled, they can bo clonned by running

a length of r’~Ipo eleanor (soaked with water, methanol, ethanol or

acetone) bach nnd ~orth tl~reugh the flow channel and then flushing the

channel wlth water. Cleaning the wlndoi~s Is simple and sheuld he done

frequently,

). II Fill the sensor flow channel with fluid before turning on the tungsten

lamp, If ~he flo~ channel is empty, eon~ains a largo bubblo~ has very

" 17
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dirty windows, or if the fluid tn..the channel enntnlno runny dirt ........

particles, e large amount of light ~,’ill got to the P~l-tube. ~%on Lhe

signal from thc~P,~l tube rises above o cer&oin level, a protective , .

circuit in the A/I~ will shut off the tungsten lamp to prevent so%tits-

%ion of the I~]-tuho, The lflmp will he nutomatleelly turned on ogaln

after ~ seconds and if the PH-~ube signal is still too high, %he lamp

will again shut off for about ~ seconds. An on=off cyclin~ of the "’

indicator lights on %he front panel of ~ho A/PS will indicate ~,’hen this

situation scours, l~tth the flow ehcnnol filled with clear water or

brine and ~he tnagston lamp turned on, the signal from %he S~SOR OUTPUT

jack (or OUI’POT J5 and J~t on the back panel) on the A/PS should be

fairly smooth when viewed on an oooilloscope at ~0 mvolt/cm and should

not cause the Pulse Converter unit %0 trigger n pulse. If %be oscillo-

scope %rnce is "rough" nnd causes ~he Pulse Converter %0 ~rlgger %lining

sequences, %hen either the fluid in the flow channel contains small

bubbles and/or dirt particles, or the flow cell windows should be

cleaned,

If it is over necessary to remove ~he cover from the sensor, be sure %he

power to the sensor is shut off. Aside from eloctrleal hazards which

should be apparent to %he user, damage might be dune %0 %1|o P~I-tube by

exposure to the room lighting.

The instrumentation is sensitive %0 ele etrlcal noise. Eloetrleol noise

from D.C. motors or various relay switches can be picked up and amplified

by the circuitry of %he Sensor and the A/PS. The sharp pulses caused by

this electromagnetic noise becomes a part of the signal sent to the Pulse

Convertor and can ~hus lead to spurious counts on %he l~A. If the censor

and A/PS Instruments must be operated in an area where %hey wlll be sub-

Jected ~o electrical noise, they may have %o be shielded. If the eiec%rl-

col hair’pulses are small enough %o be confined to %he first few channels,

I% Is possible to turn up the BASE LINE knob on %he Pulse Converter and

eliminate them. In so doing| however, all pulses below the BAS~T,TNE

level wlll be eliminated and the first few channels bf: the ~ will

record no pulses, . ~ "

On rare occasions ~he FUNCTION hnob"of ~he ~ will improperly set in

the detent for the MOSSB. mode. Nhen this lmppeus, %he I~A ~III not .~
register counts in any of %he channels. This condition will usually b~,~ ~:J .:

noticed when the ACCU,~TB button has been pressed bUt no counts are

18
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observed on the CRT. Turning the function knob slightly to one side

or another will cause the m,’Itch to ¢llcl~ into its prosper position.

The PIL~ should not be left in the STOP mode (one o£ the four push-

buttons at the bettom o£ the front panel of the PILt) for long periods

of tlmc. Tn this mode, a single spot will steadily appear on the CRT

and there is u possibility of "burning in" the spot on the CRT.

Before using the APSA, the internal calibration of the sensor should be checloed.

The method provided by tile manufacturer for choo]¢ing the In~ernnl calibration

has boon modified booouse of several changes in the operation of tile sensor.

Do rot turn the CAL ADJUST 1~uoh and pay no attention to the CALTBP~TE mot~,

on the front of the A/PS.

~qle calibration is now eonductcd as follmos:

I. Connect the jack fabled SE~01t OUTPUT on tile front panel of the A/PS (or

d0TPW’ J~ on the bnclr panel) to an oscilloscope.

: 2. Turn the F(ZfER switch on tile A/PS to ON and permit %he instrument to warm

up for about 20 minutes.

). Turn on tlle oscilloscope and adjust the vertical scale to I0 or 20 mv/cm

and the time scale to ebout ~ msco/cm.

~. Be sure the flox¢ channel of the sensor cell is filled with tile carrier

fluid to he used in the size analysis.

~. After the A/PS has warmed up, place the T..%,~IP snitch on the A/PS in the

ON pesition. The I~)[P OUT light should go~ out and the LA)IP ON bulb should

light.

6. Turn the NODE s1¢iteh on the A/PS %0 the CAL position. This activates

i ~ the chopper motor in the sensor, ~
oscilloscope7~ The signal displayed on the ~" should loo1¢ li1¢0 the photograph

in Pig. 7. The short voltage pulses occurring every 7.5 msec. ore used

for the cnli])ration. A sinusoidal ~’ove vlth a period of 3 msoc., super-

’ imposod on tbc sharp pulses, i~s somehow related to the operation of ~he

chopper meter hut is not of interest for the calibration.

8. AdJust the potentiometer instnll~ at one ~nd of the sensor unit until

I 19

i l



m d W m ~ d

..
. ."

" , ¯ , , " , ¯

2O



tits calibration pulses hove n peak voltage of 56 ere. ~lts adjustment

is slightly ohseured because the "base line" is a sinusoidal wave.

Ttu’n tile HODE s~itch to the COUR~P position and turn the LLxfl~ s~itoh

off.

. ~(PE~D~’NTAL EIOO~UrtE I~OR ’r2m DETEg-~II~%TION 0P 10E

P~TICL~. SIZE DISTRIB~F21ON

Before proceeding aceerdln~ to the numbered steps given below! be sure the

electrical connections, control settings und moohuntcal connections are

correct, Check the internal calibration of the APSA.

1. Turn on the po~,’er to all of the instruments and allow them to ~mrm up

for about 10 to cO minutes. Press the DISPLAY pushbutton on the HtA

and then the D~N~L reset hu~ton to clear the PI~ memory.

Shut off the ball valves on both sides of the dogasser and open the

vacuum line to reduce the pressure in the degasser.

5. Turn on the stirrer for %he dog, asset~.

Open the valve in the sRmpliug ~ine and ~¢itbdraw an ice-brine sample

from the czTstalllzvr (about 500 to t~00 ml should be enough).

~. After the ice-brine sample bee been under moderately reduced pressure

for about 90 seconds, "shut off the vacuum line and open the llne to

pressurize the dugassor to roughly 3 to ~ psig.

6. Turn on the tungsten lamp in the sensor u~i~ via the LLx~P 0H s~¢itch on

the front panel of %he A/PS,

Under e pressure ~e%ween 5 and 5 pstg. the ball valve on the exit llne

from %he sensor is opened and %he fee-brine mixtune is passed thrungh

the sensor cell.

8. Im~odiutely after the sample has begun flowin~ through the sensor cell,

press the ACCU~IUIATE push button at the bottom of the front panel of the

PHA. If the intensity knob is turned high enough, the accumulation of

counts per channel can be viewed on the CRT as they are recorded by the

Ifnen a su~flelent count has been obtained or when the sample level in :

the degasser falls close to the sensor exit line, the STOP but~gn on ~the

PI~% is pressed, the tungsten lamp sl!ould be shut off and the ball valve
O

9.

I’i
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11.

12.

CALIBRATION OF PULS~ CO~Vr’RTER A~D PHA

downstream of the sensor should be shut off.

Press the RE,~OUT button on the PHA. This will cause the serial printer

to record the data stored In the memory core of the PHA.

The ice-brine sample remaining in the degasser resez~’oir can be removed

by opening the pinch clamp on the drain 11ne and blowlng it out.

Enter the numbers printed out by the serial printer into the computer

program set up for data reduction, to convert these numbers to particles

per 50 ~slze interval. The computer programs and instructions in their

use are given in the Data Reduction section of this manual.

The input voltage necessary to excite :. specific channel of the P~hk is easily

determined by using a pulse generator or wave form genera~or capable o£

producing pulses with rise times less than the sequence time specified by

the DELAY /~S switch on the Pulse Convertor. A plot of voltage versus channel

number for the recommended¯instrument settings is given in Fig. 8. If, for

some reason, the control settings of the Pulse Converter and/or the PHA must

be changed, the new relationship of voltage to channel number can be determined
by the procedure given in the £ollowlng numbered steps.

I. Connect the pulse generator output with the Pulse Converter input jack,

and with an oscilloseope.

2. Turn on the Pulse Converter, the PHA, and the oscilloscope. Allow about

i0 Zo 20 minutes for them to warm up.

3. Adjust the peak voltage and rise time or frequency of the pulses produced

by the pulse generator.

4. Press the ACCU~JLATE pushbutton on the H~A and note the channel receiving

the counts.

S. With the dscilloscope, measure the peak vol’~ago of the input pulses.

6. Repeat steps 3, 4, and S at a su£ficient number of peak voltages to

obtain a smoo~h curve of voltage versus channel ntmLber.

The new voltage-channel number curve can be USed with the calibration curve

relating particle size to voltage output ffro~ the Power Supply/Ampli-fier, i

(~ given in Figure 9, to obtain a correlation of particle size Qith channel
number ~uitablo for the,altered control settings. Of course, with altered

t~ i
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settings, the particle size celibrntion curve in£or=ation supplied to

the computer program used to reduce the counts per channel to a size

distribution wtll also require nlteratien. The info~natton on the size

calibration curve is supplied to the computer program in the ~o~m of

fourth order polynomials which were fitted to the curve° A new calibration

curve thus requires thst new polynomials be used.

ȩ-

, !



DATA REDUCTION

~vo computer programs are given in Table 1 and 2 to reduce the counts

per channel to particles per size interval. Both programs arc written

in BASIC language. The program named GEOICE, listed in Table I, reduces

the counts per chan~ol to a size distribution uncorrected for coincidence

counting while the program named SEOCUP, listed in Table 2, serves to

correct the size distribution £or co~. ";,lance effects.

To use GEOICE, enter the counts per channel in sequence from channel I

through 99 on any statement number between 81 and 99. The data presently

entered in the program at steps 90 to 96 are for illustration and should

be deleted ~han entcrlng new data. Salt concentration in gms NaCl/liter

H20 is represented by S and is entered in statement number I00. The salt
concentration is required to make the correction for the effect of refrac-

tive index ratio on the amount~ of light scattered by s particle. The

correction is valid from 0 to 60 gm NaCl/litor H20. Information on the

calibration of channel number vs particle size has been included in the

computer program in statements 230 and 2S0 in the form of polynomials

fitted to the calibration curve.

To use GEOCUP, enter the number of particles per 50 micron interval found

from the GEOICE program, in the statements from 71 to 79. In statement

180~ enter the total number of particles counted, as A. The time delay

used on the Pulse Converter (400 microseconds is shown in ’the sample

,~listing) is entered in statement 190. The total number of seconds in which
the counting was accomplished (channel 0 ~n the printout £rdm th~ PHA,

multiplied.:..b)~’O’6 to convert to seconds) is entered in statement 200. The
p~ogram w~ll ~terate through as many cycle s as are designated by KI in

step SO. This program is a lengthy one for a timeshare computer (about

16 seconds ,pe~ cycle) and more than 6 cycles is not usually required. Per

more information on the particle coincidence problem in the APSA and the

mathematics required for correction, the reader is referred to of£ice of

Saline ~ater Research and Development~ Progress Report No, 770.
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Table I.

~EOICE

10
t5
16
17
20
30
AO
50
60
65
70 NEXT X

Computot PTogcam, GEOICE, £o¢ gete~*mlnatton of Size

Distribution from Counts per Channel

DIM P{!10)¯C¢45)¯G(45)¯C(45)¯A(45)¯V(45)
LET T=O
LET T2=O
LET T3=O
FOR 1=100 TO lid
L~T P(I~=O
NEXT Z
FOR I=1 TO 100
READ P(1)
LET T=T+P(I)

SO IF P(IOO)>=O THEN 470
90 DATA O,37a36,39¯ASJAS¯37sSS¯38¯46146¯37¯53¯53JS7J47¯SO¯60¯6&¯
91 DATA 63¯TTs68¯T9¯TTa~9¯SI,93¯95¯I14¯I2OJ139J142¯lS2¯158¯
92 DATA 208¯t?Sa204JI93m23T¯223J306¯27|J2931302s337¯336~331~340¯
93 DATA 377a373¯373¯~SAJ448¯429~33JA61¯427¯~SO¯4~9¯A06~436¯441~
94 DATA 414¯AAS¯422a395J~12~372,385~407=352¯O86a3??¯3TO¯32T¯306t
95 DATA 263,252J259JRTB~246¯220¯205¯lDO¯166115B¯l~O¯|31,10T¯98b
96 DATA
IOO LET
105 LET
liD FDR

IOT, lOloST~80¯162~t49¯22=O¯O¯-|¯
S=60
P(IOO)=O
I=1 TO 45

11 READ D(I}
12 NEXT I
13 FOR I=t TO 44
14 LET A(1)=¢D{I)t2÷DCI+I)T2)~3oI416/2
16 LET V(I)=¢D(l~tS÷D(l+l)tS)*3*1416/l~
l? NEXT I

135
136
13T

140
150
1 60
170
i80
185
190
200
210

220
232
240
250
26O
270
280

:290
300

DATA I;25¯50¯75¯100¯125,150¯175.200*250~300¯350¯400¯450¯
DATA 500¯550~’600~50~T00¯750.800¯850~900~950¯1000¯1050¯1100~
DATA I150~1200,1250~1300¯1350¯1400~I~50~1500¯1550¯I,&00¯1650¯
DATA ITOO~ITSO~1800~t850¯lDO0¯1950¯2000:
IF S>=lO THEN 170
LET V=.012"$+*68
GO T~ I~0
LET F=~OI~S+*7 ,:
LET FI=SQR(F}
LET GCI)=D¢I)
F~R 1=2 TO 45
LET H=FI~D(~)
LET Y=LOG(H)
IF D(I]>127 THEN 250
LET GlI)=.9999T-4T*98~4*Y+34.SBSl~Y~2-8,32712*YtS+,T|168?~yt4
GO :T~ 260
LET G¢II=265.97"198*567*Y+52,6411~Yt2-S=45099~Yt3+oNO8198*y*4
NEXT I II
FeR I=l T~ 44
LET~J=INT(G(~)~
LET JI=INT(G(I+I))
LET R=JI-J

28 ~ ’



29

,!



i~y++ ..................................

Table 2. Co~pute~ PTO~+mj OEOCUP~ fo~ P~ticle Coincidence Co¢)octio~

GEOCUP .....

|0 DIH G(~O)sP(~O)$O(AO)*X¢40),U¢~O),D(AO),H(~O)*F(AO)~B(2O)
20 DIM V(2O,20>,E(2O*20)~S(20)*O(2O)*Y(2O}*W(20)
30 LET ½1=6
O| DATA 25~75,125,175.225e275.325.375.425.475~525.575,625,675,
32 DATA 725,775.825.875~925,975~1025sl075.1125.1175,1225~1275.
33 DATA 1325, 1375. t425~ 1475, 1525~ 15?5~ 1625+ 1675~ L~25+ 1775, 1825.
34 DATA 1875.1925,1975
40 F~R I:! TO 40
50 READ X(1)

LET~U(1):(X(1)+25)t2
t i"

DATA 34, t*53*S7,90,~O~iO3,25*97*O6,93.B2*TB,65,67,47,55,71*
DATA 46,AB*AO.B9,37*O5~29o47,22*49~lg*66*|9,|6e15,47*12,95~
DATA IO.87+9.l*T.BT~6°79~5oS6~4.66,4°56+~.At,3.93*3o~,~.t3~
DATA 6°09~5,84,4.53,1,79.,22.0~0,0,0~0~0.

60
?0
71
72
73
74
80
90
tOO
ItO
1~0
130
140
150
160
t?O
180
190
20O
210
22O
230
2~0 FOR ½=1 TO Ht
250 PRINT "K="K
260 ~ET R3=~O
270 ~ET R4=20
260 FOR I=1 TO 40
290 LET C(1)=O
300 LET O¢I)=O
310 bET D¢I)=O
355 ~ET F(X~=O
320. NEXT l
350 FOR I=l TO 20
350 LET ~¢1)=0
3~0 LET BtI)=O
370 NEXT l
3~Q F~R I=1 T~ 20
390 FOR J=l T~ 20
ADO LET V(I~J}=O
410 LET E(I,~)=O
420 NEXT J
430 NEXTX
440LET J=l~

FOR I=i T9 40
READ P(I)
~ET N(I}=P(1)
LET P(t)=P¢I)/IOOO
NEXT I
P~R I=~ TO 20
bET $(I)=P(2*I-I)+P(2+I)
bET Y(1)=(X(~I-I}+X(2~I>)/2
LET O(1)=(Y¢I)+SO)t2
NEXT I
LET ~=20642
~ET G=AE’4
bET 7=34.2
LET TI=A*T/(T-A*G)
LET,’L=IOOO*F..XP(-TI*GIT)~TI*GIT
LET LI=L*(TI*G/T)/~

3O
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Tab1© 2. (Continued)

ASO LET R=X(J)t2
460. LET-Atlt-
470 LET RI=P¢J)~L
4~0 F~,< N=J T~ 40
490 LET Q(N)uPKN)mRI~AI
500 LET AI=~
510 LET DCN)=R+X(N)t2
520 IF D(N)<4E+6 THEN 560
530 LET Q(N)=O
540 LET R3=N
550 LET N=40
560 NEXT. N
570 LET R2=J
580 FOR N=J TO R3
590 FOR I=R2 TO 40
60~ IF D(N)<U(Z) THEN 
610 NEXT I
620 LET C(I)=C(I)+Q(N)
630 LET C(N)=C(N]-Q(N)
640 LET C(J)=C(J)-Q¢N)
6SO LET R2=1
660 NEXT N
670 FOR,I=I TO AO
680 LET O(l)=O
690 LET D(I)=O

¯ 700 NEXT [
710 LET J=J+l
720 IF J>40 THEN 740
730 GO T~ 450
740 FOR I=I TO ~0
750,LET R=Y(1)t~
?60LET Rt=S(I}~Lt
770 FOR J=l TO 20
780 LET V¢I,J)=RI~S(J)
790 LET E(I,J)=ReYCJ)t2
800 IF E(I,J)<4E÷6 THEN 830
810 LET V(I*J)=O
820 LET J=20
830 NEXT J.
B40 NF~T’I .. ’.
B50 FOR I=1 TO 20’
860 LET At I ......
B?O FBR J=l TO 20" "
B80 IF V(ImJ)=Q,THEN 1180 .

890 FOR N=J TO 20
900 LET FCN)=V(I~J)*$CN)~A!
910. LET W(N)=E(I,J)+Y(N)t2
9~0 IF W(N)<4E+6 THEN 960
930 LET F(N}=O

t̄ "

,%’

940 LET R4==N
~

:
950 LET N=20 ’ ’ ’ I:’!i

¯ 960 IF’ J=,.I THEN 990
, I ~

(’., ¯ 970 LET A’I==3 ’ I",~To !ooo :

¯



Table 2. (Contlnuod)

990 LET A1=6
tO00 NEXT N
1010 LET R2=J
1020 FOR K=J T8 R4
1030 FOR H=R2 TQ 20
1040 IF WtNI<OtM) THEN 1060
1050 NEXT M
1060 LET B(J)=B(J)-F(N)
I070 LET B(1)=B(1)-F(N)
1080 LET 8(N)=StN)’F(N)
1090 LET B(H)uB(M)÷FtN)
1100 ~KT R2=H 6~
lifo NEXT N
ll20 FOR H=l TO 20
1130 LET F(H)=O
1140 LET NtH)=O
1150 NEXT H
1160 LET A1=3
1170 NEXT J
1180 NEXT I
1190 FOR N=I TO 19
1200 LET T2=(B(NI-B(N+I))/I’O0
1210 LET O(2*N):BCN+I1+75*T2
1220
1230
1240

{;

LET D(2*N+I)=Q(2*N)-50*72 "
NEXT N
LET 0(I)=B(21+(8(I)-B(211#I*25

1250 LET 0(401=8(201+(B(20)-8(191)~*25
1260 LKT P(O)=O
1261 LET R7=O
1270 FOR I=1 TO 40
1280 LET C(I)=C(I)+Q(I)/2
1290 LET Ffl):C¢II+IOOO*P(1)+P(I-I)
1300 N.~T I
1310 FOR I=l TO 40
1320 LET P(I)=PfI)÷CHCI)-(F(1)-F(I-I))*IOOO/F¢40))/IO00
1321 IF P(1)>O THEN 1323
1322 LET P(1)=O 
t323 LET R7=P(I)+R7 ~ :
1330 NEXT I
1331 FOR I=1 T0’40
1332 LET PCI)=P(1)/R7
1333 NEXT I
1340 FOR I=l TO 20
1350 LET $(11=Pf2*I-I)+P(2*I)
1360 NEXT I
1370 ’NF_.XT K
1372 FOR I=! TO 40
1373 LET F(I)=IOOO*P(1)+FI|-{)
1374 NEXT I
1380 PRINT "TOTAL T~O PARTICL~ COINCIDENCE =’*L
’!390 PRINT *’TOTAL THREE PARTICLE COINCIDENCE =’%1
1400 PRINT "SIZE=RANGE"~**INIT* DIST*’*~’*CORR*
1410 FOR I=l TO 40

C

32

rJ

L

DIST*’%’DIST* SUM"

f"



Table 2. ~Continucd)

1450
1 460
I 470
t 480
1 490

500
510
515
516
520
530
540

1550
1560
I 570

LET X(O)=O
FOR l=t TO 40
LET H( I)=IO00eP(1)~( ( .005~I ) t 3+( .005~’(I- I)) t3)/12~3.14159
LET O(I)=lO00~P(I)*((*OOS~I)t2+(*OO5$(I-l))t2)/S~3*14159
LET F(I)=H(I)÷F(I-I)
LET X(1)=C: I)+X(I-|)
NEXT I
PRINT " "
PRINT " "
PRXNT "AREA","CUM* AREAI’,"VOLUME°’,"CUMo VZLUPIE"
PeR I=l T{] 40
PRINT C(1),X(L},H(1)aF(I)
NEXT I
PRINT "TBTAL MASS OF 1000 PARTICLES ~F ICE =$IF(40)$o916
END
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Table 3. Sable Co]~uted Size Distrlbutlon Using GI~OIC~

L;;’_’~,I.C~’: ~.1;1’6 ~’,~, i/L riS~ l’,:t l)l:~

:t;’:.!!;’.-_’ ’,i J~;,:,i’J~ ~,,,,i~t’~ L t oGii* v ,I..,C*J.L: ~.
] i ; ~’:~ 13.1 "~.: i .:~i~/,.’,’;~-.z; :~.:jbll~,’,.Z-~

bLI I ) "/5 ~!~’.76~5 ~.90537;:-:~ 2.;’::5~.~k3~-~
7~-~ i~ I{~O 3I).q~£3 Y.56:.’,-~-::’--J !*~.~1!~:-~

II’,,_’, [ . 1~’~ j~.6~l)’l "*.1~:.~;9"..-.";. :~.~.~l~")Z--~
1~ l’(; 150 3~;.U,!~7 ~’:..[!/’~G:!!’.’-~ 5.30-/blL’-b
15U 1:; ~ib 51.b~U? ~.~);::,,~’.’L-~ 1.17"11.-4
’1 Io 1~!1~00 "~1.7’;’:o ’o.7:!,;~:5E-’< I .~0907F-~

3or., i.J 350 /:.,’.617~: .;~.6~;~- 1.~3~17i’-’-~J
:t5o I’) ~OD 6/.~73~ .~:."’:).~16 l.;~j’/91k-B

~0(~ I(1 -~ti~r 55.71 ::~.’l ¯ 3 l 7v~, 5 ;~ .:,: 6;-’ ~?; E-3
~50 ’[(J bOO ~6.,’;91:~ o33D~56 ,~.~31~;i~-L~
500 1~) 651~ ~0.9015 .35.’197 3. I?-OI)-’tl:~-3
55U }’;i 60G 37.0z11~ -3B~.q/I 3../050~"-5
600 f~l 650 ~9°,~7~ o361~.~-!; :~.7~5i~1~-3
6,50 I :1 700 ,~. 5075 ¯ :~ 61 ~’! :.~ o 63933E- 3
700 1~ ’150 19.6.,~.’-~ .3~./71 3.9336z.’!:-3
7s, n F’> ~;;lu 19. I?~c; .:36~1 ’3~: l,. 6S’I’~..E-3

%L}O[’,’] ~50 15.",6(]6 °3"~0~9 .q.55~cJsi-3

90’) ~.; 9:~U 1,). ;66;~ .i-:~’d2k’ "!.blL~lTl:--3
9"/J IL~ IG:30 9.10;!1~ ,’;’?>!(1:~ z,./,763~,-*~
1000 -~1 1ISt~O ?.;:;’~;::,J, .~6q002. .O0.’a:~7
](}bO ]~:t ]t00 6.’/9~:0~ .[~-":6719 ,~.,U2515E.-3
t100 ,0 llatJ’ ’5.:~556z* .’-.<’~ltlu6 ~1.14198E-3
115(} i9 1200 4.6633 .~02356 ,?,.966~’~E-~
I~iI0 Y~) 17:50 11.55937 .~’~,035 ~.Bg?,95E-:3
1250 T~J 1300 .’,.zd3,’~l .~H~z~72 -q.79~97E-3

13uO 10 1350 ~,.93z10:.~ .~t7059 z~.7967gE.-3

1350 T,~ 1/406 3.39,371 .~01956 ~.(,3076E-3

I ~ ~ O [" ~J 1S(’IO 6"09066 .416413 1 " 0~’’~ 1Z--~

]500 TO 15~0 5.6,83/~3 .~705 .0108~
1550 l’(,J 1600 .~.52~53 .333003 .009~71
1600 TO 1650 1,7d7~9 .I¢/535.~ ~.DIg~SE-3
1650 ’[ ~ 1700 " ~{~09 6 [ *g 5~O~I~ b. 46~59E-4

1700 TO 1750 ¢I 0 0
1750 I’D 1800 0 O O
1~00 "If) I~,50 0 0 0
1850 1"0 1900 0 0 u
1,°00 T~] 1950 0 0 0
1o50 TO riO00 0 0 0

TWf~L I000 8.67521 .132555

RUNN~.~G "~’][M~’L: 4.6 SEC5 I/9 1]~i¢~E : .’1 5EC5
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Table 4. Sample Computed Size Distribution Corrected for Particle

Coincidence Using GEOEUP
i’ ’}

©

(:7)

¯ ,~,,,t a
~l:2(J ~’!t,~ I"/5 FEL 12, 1977J

|

- X= 3
X -- 4

4= 6
1 (J l/’,l,
l’fllAI.
5I~E 1~ A ;~’GI’,"

LI T~J 513
bO "1’.) 100
ICl(] i(i I "71")
1 St] i’;’7 ’:q

t I .,.,00 i"$ 250
250 T(J .3tJ+)
300 "fO 350
350 T:) 400
400 i’~; 450
,,-f~la,) f"; 500
5"~0 Tg 550
559 "f;.! ~OLI
6(t0 ’lEg (,L~C,
65,) [(~ 700
70G I’!:) 7bO
750 ’l:i 300
~[lO "I~ 650
550 TO 900
900 ’1"o)950
950 TO iOOO
I000
I 050
1100
1150
i 200
1250
t 300
1350
1400
14’~0
1500
1550

.1600
" 1650

1700
1750
1800
1850
1900
1950

It’l’,~ Pf!F:TICLE C,~INCIL)!CNCE = 233.5"~.1
fl:l .... /I,I1 ~E C(;li!’,lCll3h’.t’JL;!£ : ",/.u36v

TO 1050
lO t 100
i 0 11 50

,t(; 1200
I!:) 12 50
10 1300
To 1350
"1"3 t 400
F9 1450
"rID 1500
TO 1550
T’TI 1600
T9 165U
TO 1700
1"0 1750
T9 I,’300
TO 1850
I9 (~.00
’to 195o
"F~ 2900

I,N[’[. DIS I- C~3RA~. DI:DT.
34.1 b3.7-~49
53 ̄  b7 !;2. ¯ 52[)Y
90.73 12R.9",4
103, ~.5 135, 171
97.36 110.634
93 ̄  %~: II30 .~’94
7,3. 65 63.9 66~3
67 ̄  47 53. 3402
55 ̄  7 i 4’;. I 3,-~:~!
46..q~ 34.79 ~2"-2
49.~9 29.4372
37.05 29.1791
29. t,7 16.35!"I
L~fi.tO 1")-~7G9
19,66 12. 15"-J9
19. 16 13.64,~3
15.47 10.0489
!2.95 ~J. 19,31~
I(].$7 / ¯ 0zt73/~
9.1 :, 5.10259
7.37 4.70763
6,79 ,I.33154
5. b6 3.42625
,’i, 66 q.81327
4. 559 2.7670~
4.41 2.9 5033
3.93 2.55021
3.4 2.1599,3
7.13 5.72461
6.09 .4.25187
5.64 3,6~$972
4.53 2.86904
1.79 .556634
¯ ~:2 0
0 ’ 0
0 0
0 0
0 0
0 0
0 0

DI S I ¯ :.-,Jt4
b3 ¯ 7149
136.306
269.3
394.zl71
5[)5.104
605.39 :~;
614.365
7t~.7 * 7(l 5
775 .::J Zl
"410,633
540.07
’469.2z19
m45-601
300.97H
913°13
926, 7~
936.!~P.9
945.017
952.064
957.167
961 .~74
966,~06
969,632
972.451
975.~I~
97~;. 16~;
9,30.71F,
96"2. ~ 7,3
9S5 ̄  603
99~.85.b
996.544
999.413
1000.
1000 ̄
lIJO0.
1000.
1000.
1000.
I000.
1000.

U
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Table 4. (Continued)

.. ! .13. 3 ,_.]I~..L--3

¯ 13~-103 ¯¯ ~ 13"30t;
¯ 17~ I~7 .391935

ti./ ~, ¯¯ r. ~0-5 * 63~ I;’35
¯ ;~’30?07 .̄,6:" "":3.~.v"
¯ ’27~’66":’¢I i *{.~. t.V’~ ~<I
¯ Y. 74l}:~ ? I * 3 I .. I ~,

¯ .f~S;F7.5 I ¯ "/w, :.,’

¯ k’[09;;7 " , c

¯ ~,11 ()li~ .....,.-* ,~0 IF 3
¯ ~5"1,~ l 9 3*ta597b
,~ ! 5063 3.?. /-~o V:
¯ 19"/I(9 [3. /1719~

r£ t., ,,¯ 1o2:~/~ 3,061 5
¯ 1 b~z~z,B 3. ~ 1399
. I 5b/47 ~: 3.969::6
¯ t. 373/d /~. l~6’~

¯ 1,’9"!~ 9 .~: ,i ¯ :3k 53’:/

¯ t 50733 /I./’~666B
¯ 1 a071] 6 11.’,’~f313.fi
¯ |F.e3~t~ /I.93567
¯ ~ 6530’] 5. 3009::~
.29069 5 ’5.55’ 167
¯ 2696/,9 5.t~ 6 ~/i~
¯ E:P. 36,:~.~ 6 ̄  0:5 ,-’197

0 6.13B6Z,
0 6. 1336,,1
0 ;~. ]-,3o,q
0 6.13364
0 6. 133 (’,A
0 6. 1336/l
0 6.1.3364

V UL Ijf.]
1. t6til t!5-6

1 ̄  .’dj,~ 7 il.~_’-" zt

G.Z z,k 69 C-.q
1 ¯ I I 9ZE-3

| ¯ z19 %! z~ 5L- :#
l .’? bA~ m-- :."
1 .96,55~) 1!-3

’d ¯ 9 "’099 ;£- 3
~:. I OU3’Z- 3

;!. -:~:] -~ 7 .’tC- 3
8.3~’109 E-3
~.9v261a-:3
¯ ~ ..q 79 f~.’2- 3
E .’?I~6"{ 6£-3

i’.. 6"~9 ~ 74-’-5
;?.. ;l ~’-: 08 E.- 3

;:’. :J9709 £-3
P. 6<66~.E-3

3. 109 zfl k’-3

S.6614~-8
7. ! bI.)37[~-3
6.8 57~7;"-3
5.i;736E-3
~.. 31’~9"; E-3
G
O
0
0
0
0
6

’Zf~T¢:XL ~t¢~SS OF I000 PAR’~[CLES ~F

G 0,’4 ¯ V~LUM£

Ho60645~- ~
I * 66’) 3;H~;- zl
5.694721"-4
!. ~5S7Z¢£-3
2.37~-9 ,]~:-- 3
3.63:~6E-3

7.J::td /~-%
9,050,16K-’3
¯ i.~l l’d2C
¯ (, I .!d< 17
I ¯ 43 l 131:.- ~-"
I ¯ ~607 (-E-:?

U.SB-’j31£-:>.

,’: ¯ 5’.:~;< z~31: -i~
3,54G ~ 5F.-P-
~.I3OD6,;-Z
:,. 3r; 637E-Z

:̄I ¯ "~ 9 :%’1 q [£- ~
.05~I~

6 ̄  6t:; 66~: E-2
7 ¯ ¢10172E-’~

;d ¯ 67,1~] 1 K-o

¯ 0B~067
,OSB06"/
¯ Ot’;[~ 067’
.08~3067
.0fj8067
¯ 08f.;067
.’.)~B067
.0B6067

IC r’ = 8.(16694E-R

0

. RUNNING TINE: 99.7 5ECS I/~ ’lIME : 3.3 5EC~
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’RO’;CO %.tODd. ~S~l SEh~OR A~ND MODEL tl,1 A/PS

lh.oventivo maintenance on the Royce oqulpmen% is limited to good housekeeping°

All motors used in the 3ttl System equipment hnve sealed permauently-lubrlca~ed

bearings. Do ;lot oil %hem. Corrective maintenance is carried out using the

Trouble Shooting Chart sbo~ in Table 5. Tt is telten from ~he Royce Operating

and Soz~rlelng ~[enual. Per any further instructions on the malntenoncc or

repair of the Royce equipment, the user is referred %o that manuel.

TECIENrfCAL I’NSTIi~.~ff’~NTS HODEL 102 &L~ISC0PE (PEA)

Preventive malntonnnce is limited %o good housekeeping. General trouble-

shooting procedures for possible typical malfunctions are given in Section 5

or the Inetruotion ~faunal for the Hsdcl 102 Gs~nascope.

TABI~ 5

ROYCO ~YROUBLESIIOOT~ CHART

TROUBLE POSSIBLE CAUSE

Any equipment

Red ON lamp not llt, Fuse blown Replace; if replacement fuse also
with P@~ER switch blo~s, contaet Royc?.
ON Power not applied Chee]¢ line cord and utility outlet.

,,z

ON lamp burned out Replace lamp NE-2])).

No sample flow, with Tubing or cell Disconnect t~3ing and blow clear,then
pressure applied clogged purge thoroughly with sample liquld.

Sensor lamp burned Replace lamp in 3ttl sensor.
lamp II%, with I~}IP out
switch ON

b~tte ~P ON and .Sample cell empty Turn LLx~ switch off until cell is full,
LA~P OFF lamps 1t%

,i

alternately’, with Air bubbles in Check for bubbles at 3~I sensor outlet

LDIP switch ON sample tubing.Determine source,and elimlnate.

Emulsion in sample Purge thoroughly with :solvents.
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APPEh~-~ A

PULSE T~I~lIT A~LYZER CONTROLS //

~te brief explnne%ion of the purpose of each of the controls on tile I~A is

based on information compiled in %be instruction manual for %hls instrument.

Often the explanations given here are t~¢en directly from the manual, r At

times, ho~ever, they’ve been abbreviated or elaborated and, it is hoped,

clarified.

The FUNCTION switch can select three possible primary operating modes (in

addition %o 01~), ~SSB: ~ssbauer nnalysis mode, SC~T,~: the multlscaler

mode and, P~: the pulse height analyzer mode. For performing particle size

nnalysaa, the instrument will be operated in the ~ssbauer mode.

Upper Front Panel

The six controls labeled FOCUS, INTENSITY,~ItT. CTR., HORIZ. CTR., KORIZ. SIZE~

and DISPL%Y all regulate the cathode ray tube (CRT) display. Since none 

these controls effect the pulse counting and slzin~ process, they can be

adjusted %o suit the user.

VERT. CTR:

HORIZ. CTR:

HORIZo SIZE:

DISPIAY~

A slngle-turn potentlometer controls the sharpness of CRT

display.

A single-turn potantlometer controls the brightness of the CRT

display. Every tenth channel is intenslfled’~or ease of

Identlficatlon,

This knob controls the vortical position of the ORT display.

The inner single turn potentlometer of dual concentric

potentiometere; it con%role the horizontal position of the

display.

The outer single %urn paten%iometer ef dual eoneeatrie

potentlometers| it controls the width of the display.

An uight-~eui%icu ro%ary switch is used %0 select fuil-seale

eoumt range (Y-axis) of the display. When the count in 
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chcnno.1 exceeds tha ~cleeted full-scal~ vahle the channel

display st~ts at 1 ~in, ~is doesn’t ~Hoat the memory

unit or the counting process (unless counts >99999) and

the proper display can be found hy switching to the next

hlghor range.

PEYtC~NT LIVE TD~: b~-~ER indicates the percentage time %lint the luetrumcnt

is able to process input pulses.

LIVE-~ffN. :

ADD/SUB. :

(next %o

TEST-~SE)

TEST/UBE:

ADD/SUB. :

RESET AUTO:

~lls switch is used in connection with the Hultlscalor mode.

~q~a positions are the number of milliseconds that each

channel is open to accept pulse counts. The position marked

R~T is used for the ice particle size analysis.

Tkis switch is used to select a preset llve time (positions

are given in minutes). ~,e instrument will automatically

stop accumulating counts at the designated time. At the

position marked ~ the instrument must be stopped manually.

ADD - A count is added to channel 0 every 0.01 minutes.

SUB. - A count is subtracted from chonnel 0 every 0.01

minutes until the cotmts accumulated in channel 0 (from

previous ADD mode operation) declines to zero.

When the analyzer is in the DISPLAY mode and the TEST/US~

switch is in the TEST position, one count Is added %o each

channel dvxlng each display cycle. This internal test cheeks

on the proper operation of the read-write memory cycle. ~ne

m¢Itch would ordinarily be left In the USE poeJtlon,

This switch determines whether a c~unt is added to or sub-

tracted from the contents of the memory. Normally this switch

is placed in the ADD position.

For this switch to be effective, the HAN./AUT0 toggle switch

should be in the AUTO position. Then with the RESET AUTO.

switch in the up position (automatic reset), continuous

accumulate destructive readout cycling will oCcUr, provided

that the L]SFfi-HIN. m¢iteh is not set at ~. With RESET A~O

$9
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DISPLAY:

STOP:

in thc dm~ position, one occumulste-ncn-dostruetlve readout

cycle will occur, the instrmnont ~ill STOP, and the data will

be retained in the memory cores.

In ~w DISDL%Y mode, pushin~ ~lo lhES~T DL~AL button will

rose% the accumulated counts in each channel to zero.

This toggle switch is used %o select the type of readout.

In the PLOT position, signals are provided a% connector J llO

on the back of the P~A for an X-Y roeordoro Y.utho PRINT

position, signals are provided for digital readout devices

(serial type printers on Jl06 and parallel type on J109).

Yn the AUTO. position the instrument will accumulate data,

readout, and recycle, l{hun in the D~hN. position ~he instru-

ment will accumulate data until preset time on LIVE-~F/N. is

reached or until manually shut off by pushing the STOP button.

~%vn the ACCIDh pushbutton is pressed, the instrument will

accumulate dat’a in any ~h~TIOH position until either a preset

%ires is reached or the STOP button is pressed.

Pressing this pushbutton causes the information on counts per

channel to he displayed on%he CRT. When not aeeumula%ing

data, %he instrument should be loft in the display mode to

prevent burned spots on the CRT,

Pressing %hie pushbutton onuses theinstrumen~ %o readout

information on counts per channel in either digital or nnalog

form depending on the PLOT/~ switch position.

This pushbutton terminates any mode initiated by the ACCUM.,

DISPLAY or READOUTpushbuttun.

.Me 1%i-L~mnnel Sectlou

A four position m~i%ch will change the slzo of the pulse

registered in channel 99 (und correspondingly in the other

channels), The m¢~teh positions are labeled Xl, X2, X/~, and

X8. lathe X8 mode for exomplo, information that would have

boon~etorod in l~ %o 1~ channels in the X1 mode can be stored

in 99 channels.

4O

J



BASE-LINE:

TEST/0FF:

This slnglo-~urn potenttsmeter do,ermines ~he level below

which pulses ~¢III not he registered. Tn 4ho ~fdssbauer made

thls control does nothing.

l~tlses shove tlle level set by this slngle-%urn pstcn-

tlometer will not be registered.

The ten-turn potentlometer nttensates input signals on the

-~OHV jack only. This Jack is used for tile gating signal

~dlen operating in the .Xrdssbauer mode. ~Ins, tlle gAIN

control effects the sizing process only when it reduces

the gating signal below some detection limit. At that

point all ~ounting will cease.

The light above the UPPF/I LEVEL control will go on when

incoming pulses exceed the setting 0£ the lYPPkh~ LEVEL

control. ~Is Im~p may not he visible unless mors than

60 pulses/see, exceed the sottlng.

This ten-turn pogentlometer can be used %0 attenuate

incoming pulses. Tt enn, in effect, control the voltage

pulse range covered by the 99 channels.

In the test position, test pulses from an in~ernnl pulse

generator eau be addressed to any chunnel by vaxTing the

gain control, This procedure is used %o verify that the

linear amplifier and the height-time converter ore

working properly, The switch should be loft in the O~F

position.

The toggle switch should be loft in the A~TI position

when using the ,~fdsshauer mode for sizing particles.

Single Channel SectiOn

The controls in this section have no effect on the operation of the Pl~i in

the ~f~ssbauer mode. Their function will be briefly described for completeness,

Wlh~OW: The ten turn potentiometer is used to regulate the upper

level of the slngle-chanttel window From 100% to 5% oF Full scale.

TI~ES~G~t Variation of the lowe~ level of the slngle-chunnel window

. is accomplished via this ten-turn potentiometer.
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L~T./IN% ~u the ECP. position, a bl-polar siglml supplied to the

adjacent sonnoo~or goes dlrse%l T to the input Of the

single channel sec6ton, tn the LVP. position, signals

fed %o the -~0.~ connector are routed to both the

single end the multi-ehonnel section,

_R:mr Panel

lWIon using the ~ as part of a system to perform a particle size analysis,

few of the connectors on the bank of the ~ are utilized, IIowover, a brief

description of the function of the connectors (falcon primarily from the

instruction manual for the Nodol 102 OoJm,,escope) ~¢ill be given.

( 

N,J

PARA~T,~S~IAL:
(8101)

ACCESSORY (Jlll
and dl12):

(a09):

A.C. I~uT:

DEFLECTION
~,S,/X. (el02):

(ao6)

~flmn the sliding m¢itoh is placed on ~he serial position

~ho instruments will provide readout %0 a serial priu%ar.

For all o~her digital readout the parallel position is

used.

This connector provides a readout of the data stored in

the memory of the instrument, for use with an X-Y recorder,

a strip ehur% recorder, or an external oscilloeoopo.

These connectors supply and accept signals for remote

control operations of the analyzer and oxtorna! equipment,

Connector J’lll is supplied with a shorting plug by the

manufacturer. Pine C and E are shorted together in order

that the instrument operate in the aepumulate mode,

(Connector ~ll ~¢as damaged and is not mounted on the

rear panel).

This ~0 pin couneetor provides data mud control signals

for u parallel-entry printer.

The socket accepts a three-hole female plug to provtd0

line power %o the instrument.

~aen pressed, this pushbu~ton causes a full-scale ~Omv

signal %0 be applied to the horizontal input of an asso-

ciated analog readout device. The do~loetion" can be used

%o adjust position of channel 99 on the X-axis of the

analog display,

Provides an output signal for a serial printer.
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This colmector accepts a chbnnel-advanee signal from an

external time base signal generator.

Not used.

~c connector prevldes a pulse ~on an input pulse cxcoeda

the upper level of %he Single Channel window,

The connector provides an output pulse each time tha~ an

input pulse occurs within the Single Channel windo~¢.

The connector accepts gating pulses for coincidence and

mtticoincidcnce operations.
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