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Specification,
~ S-T meter

i. SPECIFICATION

1. 1 General

The SFT meter (Flg. 1) was . orlglnally Xknown as a "Portable
Temperature-Chlorlnlty Bridge", and was described by B.V. Hamon in
J. seient. Instrum., 33,.1956, 329-33. Orlglnally designed for est-
'uarine field work, it has also proved useful in the laboratory when
large numbers of samples have to be apalysed quickly in programs
where the highest accuracy is not required.

The instrument consists of a self~contained’bafferdeperated a.c.
bridge, with a.moulded plastic measuring head connected to the instru-
ment by a shxelded mlcrophone cable -The principle of the chlorlnlty
measurement -is:that, -at.a given temperaturea -the- conduct1v1ty of sea-
water is a.-function.of the chlorinity. . The, conduct1v1ty is sensed
with:;a platinized. platlnum conduct1v1ty cell .in-the measuring head,
which also contains a glass-sealed bead thermistor to compensate for .
variation of conduct1v1ty with temperature. For the measurement of fo
temperature, the conductivity cell is replaced by a fixed res;stor,
and the variation with temperature of the compensation arm of the
brldge is used as a measure of temperature. o

The followlng descrlptlon and procedures apply speclflcally to .
the lnstruments made. some.years-ago (1960) by R.A. Ratcliffe, Eastwood
N.S.W. The Division has recently (1969) bought new instruments made
by Auto-Lab Industries Pty Ltd., Chatswood, N.S.W. The main differences

(1) Scales are: in salinity, not chlorinity.. o
(ii) Ranges are slightly. extended, so dllutlon (Sectlon 2-8)
should hardly ever by necessary.

- (iii)-Transistors are used.instead of valves..

. {iv) There-is no dial. lamp - '

(v) The case is more thoroughly sealed aga;nst mo;sture 1ngress.

(vi) It is necessary to open the instrument and replace a plug-
in cirveuit card when changing from one measuring head to .
another. ' '

The Auto-Lab instruments are accompanied by their own instruction
books and circuit. diagrams, but-some..of the matters dealt with in this
report might be found useful and.relevant when using, checklng, or
servicing the Auto-Lab instruments.
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Spéclficatxon
S-T'meter

1.2 Ranges

The bridge configuration is controlled by two selector switches,
one of which selects temperature or chlorinity functions, and the other
selects chlorlnlty'range. The follOW1ng ranges are normally prov1ded

Temoerature- “'04309¢, scale subdivided to 012 deg¢ -
Chlorlnlty <0< 1646$ e u:..:.n 0.2 -%g .
' 16 20 /09:- _':_”':“7 7.; " “ .f! 0.05 %0 EEER

1. 3 Cable and measurlng head

The length of cable fltted depends on the appllcatlon _'For labor-
atory use it is usually 3 ‘m, “and for field se may ‘e’ tp- to a maximum
of 100 m. “'The longer 8iBleg” aré” usually marked at '{'m intervals.” o
Several lnterchangeablE‘heads with -different cable lengthe ‘can be pro--
vided; although due to dlfflcultles in balanczng “the: reactlve 1mpedances
of the cable the accuraby mlght suffer sllghtly w1th thl arrangement
(see Sectlon 5 3)

1.4 Accuracy

U I O T R --"_ ST T

Li

The following values are maximum errors due to scale marking and
1n1t1al adjustment when' no corrections are applled. ~Batter accuracy
can “obtained if" the 1nstrument is callbrated (see Sectlon 5) and
correc éns applled.

Temperature: £ 0.2 degC

Chlorinity ' -

(temperature range 5 2500) 16-2064,1emge i”OEOS%h_,
‘0- 16 %a, range 3001 Yy

On the 16- 20ﬂm'range, ‘the change" in readlng with' teﬁ@eratﬁfe'ln
the range 10- 25°C does not exceed 0 02;éywhen tested w1th water “of
chlorlnlty 19 5£a e

Bl -‘.

1.5 'BatterleS' LUt
The 1nstrument 13 powered by two dry batterles

h.t. us E eready No. 482’ or equ*valent tvpe, e
9. 5 tveready Nos* 742 AL 't"L". "if 5

Battery life is from a few months to a year in normal service,
depending on the amount of use and the storage temperature.
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Specification
S-T meter

1.6 WMechanical
Construction:
Brass case with aluminium front panel; splash-proof: a screw-
down hinged 1id with a carrying handle protects the front panel
during transport.
Dimensions of instrument case:
Width - 10% in.
Depth - 12 in.
Height ~ 9 in.

The measuring head and cable assembly are treated separately.
Heads with long cables should be stored on reels.
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Operating. instructions,
S-T meter

-QPERATING INSTRUCTIONS . oo o siion i

(T IRt TiIs i
d. sallnlty of searwater

i idF

2.1

The total salt content ofF. sea—water 13 frequently expressed as
sallnlty allnltg.ls deflned .28 the total amount of salid. mater1a1 in
grammes oontalned in one. kllogramme of sea-water when all carbonate has
been converted. to oxzde the. bromlne and iodine replaced by .chlorine, -
and all organlc matter oxldlzed

Because of the convenlence of chlorlne analysls by tltratlon w1th.
silver nltrate usxng potass1um dichromate as lndlcator,.‘the salt con-~
tent of sea-water is frequently expressed as chlorlnlty.;g Chlor&nlty )
is deflned acnrox1mately as the total amaunt -of chlorine, bromine, and
iodine in _grammes, oontalned in one kilogramme. of .sea-water when the .,'
bromine and iodine. hawe been,replaced by. chlorlne. Since, this, deﬁlnlt—
ion depends upon the accepted values of the atomic welghts whloh have
changed since this definition was established by an international
comnission, chlorinity is established in exact oceanographical work by
comparlson with a standard "normal sea—water", prepared by. several
agencies. : e i Lo

Sallnlty lS related to chlorlnlty by the formula

Sallm.ty = 0.03 + 1.805,% c"

. Sallnlty 1s tabulated in Section'7 A at chlor;nlty 1ntervals of
0. Oiéﬁ over the chlorlnlty range 17. 5 to 21 5%0,1 Farg r

2.2..Cont*ols

| Tﬁé‘fciibﬁing'ééﬁiﬁéls'éré"pﬁbvidéa;” o

.. .+.£i) Powerswitch .
Lo (11) ;Panel light. sw1tch
(1ii) Temperature-chlorlnlty seleetor SWltCh

.{iv) Chlorinity, range,, switeh
.. {¥), Temperature dial, Q- 30;Qf subd1v1ded t5 0.2 degC
e (vx) Chlorlnlty -dial with two ranges:. .0 -1B,éﬁ subd1v1ded to 0"2%%
1.‘ 16-—20/;5, AL 05/0

‘ﬁf|

2. 3 Instructlons for S-ttlng up, RIS A

Connect the measurlng head to the meter by plugglng 1n at . ‘the toP;
left~hand corner of the control panel. ‘This connector must be kept e
clean and dry at all times. The pins may be smeared with vaseline or
silicone grease to retard corrosion. If wet, the connector should be
sprayed with a commercial dewatering agent such as CRC 2.26.
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Operatlng instructlons
S-T-meter -

Immerse the head in dilute’ hydrochlorlc acid for two minutes,
raising and lowering the head continuously. Tt is thought that this
helps to keep the electrodes clean and to reduce the effects of polar~
ization, and experlence hasg shown that it does tend to reduce the drift
of the chlorlnity Zero’ correctlon. 0.1 N acid is suggested - this has
the advantage of hav1ng a conduct1v1ty of the same order of magnitude
as sea-water, whlch reduces ‘the effect of contamination of the samples
with the acld. ‘The ‘acid may be re-used a number of times.

Rinse the cell several times with clean sea-water and, without
allow;ng the electrodes” to dry, immerse the head in any convenient
sample ‘of 'sea-water, contalned in a suitable vessel. If a cyllndrlcal
container of diameter 1.5 in. is used, a sample of approx1mately 100 ml
is requlred " From this poznt to the end of the series of measurements,
the electrodes must not be adllowed to dry. If by accident they become'
dry, they should’ be rlnsed w1th a01d agazn before further measurements
are made.

With the electrodes now clean and the head immersed in sea-water,L
turn on the bridge. “The right-hand switch’ operates a panel light to
illuminate the potentiometer dials and meter; it is not normally used-
in the laboratory. Set the lower left-hand knob to "chlorinity" and
the lower right-hand knob to the appropriate chlerinity range (16- ~20%0
for marine waters). Rotate the chlorlnlty dial until the meter reads
zero. Stir the sample by repeatedly raising and 1ower1ng the head,
adjusting the chlorinity dial until 3 steady reading is obtained, If
the head has not beén used for some tlme a soaking period of about 10
min is generally required. The first few readlngs should be regarded
with suspicion until the operator is confident that the head is well
soaked. If a steady reading cannot be obtained, the cell might need
cleaning or replatinizing (see Sectlon 5.2). Batteries might need re-
placement. : T :

Drain this sample and rinse the beaker a couple of times with sea-
water of approximately the same chlorlnlty as the sea-water to be used
for the standardization. This rinse may convanlently be with standard
sea-water slightly polluted as a result of previous standardizations,
and kept for this purpose. Drain again, and £ill with sea-water of
known salinity ~ the standard or substandard. Stir, and adjust the
"chlorinity dial until the meter reads zero. Read the chlorinity dial.
The known chlorinity of the sample and the S-T meter reading should be
recorded in the appropriate places on the analy31s ‘log sheet (Section
2.7); the difference between these values is the "correction” to be
applied to all subsequent measurements Record the meter and head
numbers on the’ log sheet.“”
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Operating instructions -
S-T.meter -

The temperature of the sample should be measured.by: turnping the
lower left-hand switch to "temperature" and rotating the temperature
dial until:the.meter-reads zero. .. Read:-the temperature and. record it on
the log-sheet;.. The instrument. 15 oW | standardlzed and ready for measure~
ment . of unknown samples...hm~; e - e .

S

2.4 Measurement af uﬁknowu samples in the laboratory

}.

Afterastandardlzatlon of the 1nstrument the samples can be measured'
consecutively. No rinsing is required between samples if the observed
chlorinity values are reasonably close, but the beaker should be rinsed
with sea-water of chlorinity approximately. equal to.that.of: the standard.
before repeatlng the standardlzatlon check. ‘

Ind1v1dual samples should be stlrred by mov1ng the measurlng head
up and down ,until-a steady readlng is obtained.  For. maximum accuracy, -
samples and standard should be stored in.the 1aboratory untll they. have .
reached temperature equilibrium (within say, 1 degC)

A check on the standardlzation should be carried out after the
firgt ten or so; samples; . if this.agrees with the previous reading;of
the standard,. checks can. be made at the rate of one per twenty samples
for the remainder of -the series of measurementsu_ fo e e :

;After a series of measurements has been flnished, 1t,m1ght be con- i
venlent to leave: the head. immeprsed in the last samble until: next. Te-.
quired. If this is not. posslble, wash the head in fresh (preferably .
distilled) water before allowing it to dry. This prevents the ‘formation
of salt crystals- on, the electrodes, which.damages.the. platznlzatlon.
After drying, the head genenally.; needs. cleanlng with hydrochloric acld
before it will give consistent readings.

2.5 Field use

The procedure is similar to that glven above (Sectlon 2.4), except
that the readings ave recorded by station number and depth, rather than
by sample number. The depth is generally‘measpred by markings on the
head cable. Eogdiinnn b o

The frequency of standardlzatlon wxll depend on the acecuracy re-
quired and the degree of cell pollution experienced. Varicus schemes
have been used, ranging from standardization before and after each
station, to once. dally standardlzatlon. ;

The cell should be kept wet w;th clean sea ter for the entire
duratlon ;of a cruise or. fleld trip.. I th;s is not.. practlcable the
cell should be washed with fresh water after use and acid rinsed be-
fore use {see above, Section 2.4).
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Opepating indtructions "
S-T iiéter

2.8 Cell contamlnatlon N

At 1ntervals, partlcularly when used in water contamlrated with
seldge ‘or wheve there are dense plankton populations, the electrodes
may become fouled. This is indicated by a large chlorinity correction;™:
and a tendency for the meter to drift. If the usual acid rinse fails
to correct the situation;ireplatinization is indicated (Section 5.2).
It should not normally be attempted in the field. NO ATTEMPT SHOULD
BE ‘MADE 'TO- CLEAN THE" ELECTRODES MECHANICALLY UNLESS THEY ARE T BE
REPLATINIZED ’ '

2.77 Log sheets (refer to Appendlx 7. 1)

The log sheets for the analytlcal results 1nc1ude spaves for the
standardization results and the meter readings for all samples. . The
meter co¥rection’ must be applled to all readlngs The operator s name=
and’ the'date should: be noted on each sheet ff~ R ' S
2.8 Measurement of hlgh sallnlty samples -

The upper range ‘of the LT meter  covers values of- chlorlnlty from
16*20A% {salinity 29- 36%,) . This range: 1s-adequate for most marine
samples. Samples of greater galt content can'bé diluted with a known -
quantity of dlStllled water and the S-T meter used to measure the
relatlve volumes Of‘ﬂﬂdlluted sea—water and dlstllled water and thelr

to the chlorlnlty (or sallnlty) of the orlginal sample.;

A suggested brocedure ‘ig descrlbed below, and a table- of the cor- :
rection factor’ For: comnon valies of temperature and sallnlty 15 glven

Required:

‘Dlstllled water

L .10 ml plpette A grade, 0 02 ml. o
, h_(The pipette is. most: 1mportant and should be of the
highest quality.)

100 ml stqppered’graduated flask, A class, ¢ 0.06 ml.

‘Procedure o _
1. After the sample of sea-water’ has been placed in the S-T meter::
beaker and its chlorinity found to lie above the range of the
instrument ,” the sample" should be ‘returned-to its- stoppered bottle
whllst the volumetrlc glaseware and dlstllled water are made ready'

2:4 -
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Operating 1nstruct10ns
$-T ‘meter’

The graduated’ flask should be‘either completely dry or rinsed with
a small quantity-of ‘the high-chlopinity sample: If the flask has
been previously washed and rinsed with distilled water, it is most

;:important that-it ‘should be rlnsed and dralned tuice w1th the -

sample before being used.

The pipette shoule_be_either completely dry or rinsed with dis-
tilled water: it can be used immediately after rinsing with dis-

tllled water

U31ng the plpette dellver 10 ml dlstllled water ‘into the flask
allowing the pipette to drain for the time stated on its callbrat-
ion certificate. The distilled water should be within 1 degC of
the temperature of the sample. This can conveniently be arranged

by storlng the samples and dlstllled water together.

F111 the flask exactly to 1ts mark by the addltlon of- the hlgh-
chlorinity sea-water. Stopper the flask and mix the dlluted sample
thoroughly by repeated 1nver31ons of the flask.-- -

Rlnse the S-T meter beaker and electrode assembly w1th ‘a-little of
the diluted sample, drain the beaker, and refill with diluted’
sample. Measure the chlorinity in the usual way and record its
value in the usual column onithe ‘log ‘sheet, but place an asterisk
by the value. At the foot of the log sheet place an asterisk and
the words "90 ml sample diluted with 10 ml distilled water'. The
chlorinity of the diluted sample should be corrected in the normal
way, and converte& to sallnzty s . .

e e
Measure the temperature of the sample by turnlng the: 1ower 1eft- -
hand switch of the S-T meter to "temperature' and rotating the -
temperature dial until the meter reads zero;  read the temperature
and record its value in the remarks" colunn of the log sheet,

If the diluted sample .is to be kept discard the undiluted sample
left in its original st0ppered bottle rinse the bottle with a
little diluted sea-water remaining in the graduated flask, and .
drain the S$-T meter beaker and’ flask into the stoppered sample'
bottle for retention.

Before plac;ng the next sample of sea-water in the S—T meter

" beaker, rinse with new sample since its chlorlnlty may be markedly

dlfferent from the traces of dlluted sample remaining in the beaker.

Before the graduated flask can be used for the dllutlon of another

-.Ssample it must be rinsed w1th that sample' no other rinsing is

required.
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Operating “ingtructions. .
S-T meter.

1.. The. salinity:of ithe ‘diluted sample is multiplied by a factor
(Table 1) to glve the salinity of the orlglnal sample.r~-
For values of temperature and sallnlty lying outszde the tabulated
values, the factor can be calculated from. the expression:: T

EE L . - .o : '1op't
L ",Convension factor = yo—r—
o Op = pdJ.st _ .
density of salt water of salinity equal to the dlluted
sample at the temperature of measurement, !

N

H

where pt

'

li

'and~péiét. den31ty of dlStllled water at. the same temoerature

Example After dllutlon a samole has 2 chlorlnlty of'19 Su/g
(corrected), temperature of measurement 21.49C; calculate the salinity
of therorlglnal sample : L -

The f1rst step is to convert chlorlnlty to sallntty by ‘use of the
table in Section 7.4 of the expression Sal. = 0,03 + 1.805 X Chl.
(Section 2.1). -For this example, the salinity is found to: be 35 304%-
and from Table 1 the ralslng factor lS 1 10790 B

- Orlglnal sallnlty = 35 30 X:. 1 10790
. , . =3911 st

Effect of dllutlon on accuracy of measurement Laboratory tests
have indicated that the above method does not aﬁfect the aceuracy- of
final salinity measurement by more than * 0. 02ﬁm, so that the results
of -analyses:made bv this method are compatible with ‘those made with
the 5-T meter in the normal manner, Extreme care 13 nece‘sary 1n the
dllutlon of the orlglnal sample 2T T

TABLE 1
TABLE OF QAISING FACTOR

Salinity_riff'“_;i“"ff“:jf:'t:} Temperature °C S C
%o V18T ar 49 91 23 25
31 1.10825  1.10826  1.10827  1.10828  1.10823  1.10830
32 ' 816 . 817 7" "'pis ;V_ 819 .0 820 . 821

783 0. 807 0 808 T (809nTC 811 . 812 | 813

T regtt 793 T god U goz T 803 = 804
8 . 789 7%0. 792 . 793 _ . 79 . 795
3% U7sgt 781ffj“’f1783 “784 T 785 7 786
</ 4 S ¢ B £ OO 775 778 L 777
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Circuit.description
S-T meter -

3. CIRCUIT DESCRIPTION :
(Refer to circuit diagram Section 6.3)

3.1 General

'The ‘instrument consists of an a.c. resistance bridge supplied by
a 3 kHz oscillator. Three brldge configurations are provided by the
selector switches S1 and $2. S1 'selects temperature or salinity _
measurement, and S2 selects either of two chlorlnlty scales. Separate
balanclng potentiometers are used for the temperature and sallnlty
bridges. 'The bridgeoutput is transformer—coupled to an amplifying
stage and detected by a phase~sensitive detector.’ Submlnlature ‘yacuum
tubes type DL68 are used throughout.

3,2 Osc1llator (V4)

' Thls ‘is a conventional’ tuned-plate osc1llator ‘Bigs is prov1ded
by the grid- leak/capacitor comblnatlon R18/C10. " The bypassed re51stor'
R17; in series with the p081t1ve power supply lead, prOV1des some amp-
litude stabilization, and may" be ‘altered if necessary to adjust the ’
level of the output ‘to the measuring brldge to its normal value of
0.5 V rms. An additional centre-tapped output 1s prov1ded to drlve the
grlds of the phase-sen51t1ve detector '

3.3 Detector amplzl.fler ' (‘vr)'

This is'a tetrode ampllfler with a tuned transformer-coupled
input: Bias is prOV1ded by the resistor R12, which is in serles w1th
the negatlve lead of the hlgh ten31on battery

3.4 Phase-sens1t1ve detector (V2 VS)

ThlS is a balanced pair- of trlodes biased beyond cut-off by a
voltage from the bypassed resistors R12 and R13, which are in series
with the negative lead of the high tension battery. A polariZing
voltage of about4 Vpeak is applied in opposite phase to each grid,
causing a series of negatlve pulses at the plates. To the extent that
exact balance exists) no deflection of the meter occurs. When an a.c.
signal from V1 with a phase of ‘0% or 1800 is applled to the centre tap
of the polarizing voltage w1nd1ng, ‘the effect is to increase the size
of the pulses on one side, and to decrease those on the other side,
causing the meter to deflect.: “'The: operation of ‘this circuit is im-
proved if the valves V2 ‘and V3 are ‘selected as & balanced pair. Final
balanclng can be achleved by trlmmlng R15 or R16 b '
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Cireuit. /description -
S-T:meter

3.5 MWeasuring bridges '~ . o+
3.5.1 Salinity =

R8 (the series combination of R8A and RV8) is chosen so that the
series combination.of the thermistor and R8 has a variation with temp-
erature closely matching that _of sea-water, . .The. fixed. resistor RBA is
installed .so that. correct. compensatxon is obtalned thh RVE at about .
half settlng. _Changes ‘in the slope of the .compensation error .curve,
due “to sllght variatlons of the thermlstor resistance. may~be corrected
during recallbratlon by. adjustlng Rvs, It.is. generally ‘necessary -to;.
change RBA 1f a new. thermlstor is fltted P e Faei wap

R6A is chosen after adjustment of RB to obtaln the declred sen81t—
ivity on the 0-16%, chlorinity range, with RV6 at half.setting.:.Small
changes in cell constant, and adjustments of RV8 will cause callbratlon
errors, which may be removed by adjusting RV6. This adjustment is- valid
for- both chlorinlty ranges, as the relatloqehlp between ranges .is set by
R3, R4, and RVZ, all of which are stable precision resistors. . As better
accuracy is usually required. in the .16-20%,range, RVS. :is used to make -
the f1na1 _ZEYo. adjustment on thls range, after R3 and RR have been flxed.

Reactlve unbalance of the brldge, caused malnly.by the capac1ty of
the cable, can cause small errors due to imperfect workln of the phase-~
sensitive detector This effect is reduced on the. 16&20 ¢ range by Ci.
The balance can only be correct at one chlormnlty value, as the require-
the cell and ‘the. compensatlon arm,of the brldge bein 1nverse proportlon
. to the resistance ratio, which -is a function of chlorinity. The chlor-
inity at which reactive balance occurs will be a function of the length
of the cable. In practice, where an. Anstrument, is used with several
heads with different cable lengths, C1 is selected for balance with the
most commonly used head,. near to the most commonly measured value of
chlorinity. : : Soe T e Dy

3"5.2 'Tempefatufe?f:i:'

g If RB 1s correctly set the.varlatlon wlth temperature of the com-a
pensation arm of the. brldge lS very closely that -of sea-water. . Hence K .
the yariation of scale setting with . temperature is- closely repeatable
from instrument to Jinstrument, and is .Fixed by the ratio of the resist-
ances of Ri and. RVI., For maximum. brldge sens;t1v1ty, R2 is chosen'to
be approxlnately equal to Rl +.RV1, with-RV1 at half setting. Zero
 adjustment is determined by: R7. _Aftep_a@jpstment‘qf R8, R7A-is chosen
to correctly align the temperature scale, with RV7 at half setting.
During recalibration, zero adjustments may be made with RV7.

C2 reduces reactive unbalance, and remarks similar to those made
concerning C1 apply to this.

3:2 "



'Maintenahce
S-T meter

4, MAINTENANCE
u 1 General

a} Clean off dust, salt partlcles and moisture, 1nsxde and outs;de
the case, . . _ . -

b) If m01sture is present 1n51de the case, spray w1th a de—waterlng
agent, such as CRC 2.26. Allow compound and moisture to drain off and
clean off. excess. compound with absorbent cloth or tissue. .Examine case
seals and repalr if necessary, before proceedlng further.,,

c) Inspect thoroughly for s;gns of corrosion, damaged components,
and for dry or fatigued 301nts. Correct where found : AT

d) Siri tch on and check for general operation. Test battery volt-
ages and replace if necessary (make sure that the lamp is on while
checking the 1.5 V battery). If the instrument is not working, find and
repair the faults by the usual methods. After repair, recheck battery
voltages with the instrument switched on.

. e) Loock for signs of erratic operation due to dirty potentiometers,
valve sockets or head comnector. Clean or replace where applicable.

4,2 Oscillator
a) Check frequeﬁcy: 3 kHz, + 20%.
b) Check output level to bridge: 1.5 V p-p, % 20%.

c) Check distortion: 1less than 2% (not readily apparent on
oscilloscope).

Adjustment is not normally required after initial setting-up, so
that performance outside these limits generally indicates faulty
components.

4.3 Amplifier

a) With the head shielded from air currents or in water, adjust
the temperature dial to give a meter deflection of about half scale.
Adjust the trimming capacitor C4 to give maximum output at V1 anode.
Measure directly at V1 anode when making this adjustment.

b) Check that the signal at V1 anode is not clipping at either
extreme of the null meter reading, indicating malfunction of the valve
or bias network. Note that the output near the balance setting will
normally be distorted, as the harmonics of the oscillator are not in
general nulled because of reactive unbalance in the bridge.
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Maintenafice™"
S-T'meter

4.4 Detector

a) Adjust the temperature dial to balance. Short-circuit the
bridge side of the detector transformer and observe the null meter
readitig.” If-this-is gredter than one third of a minor division, re-
move any existing shunts from R15 and R16 and shunt either one
(dependlng on the direction of the meter deflection) to reduce this
to as near zZero as can be obtalned u51ng a 31ngle shunt r331stor.

»b)‘If the value of-the shunt pesistor’ obtalned'lsrless-than'i M
ohm, examine the civcuit waveforms foér possible malfunction: 'If -the-
c1rcu1t appears to be operatlng normall > remove the shunt and balance

than one minor division and: repeat ‘the balanc1ng procedure

i . TR
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5. CALIBRATION

_5 1 General :

The least stable part of the lnstrument is the conduct1v1ty cell,:
because of the fragility of the platinization and its susceptibility to
fouling:’ ‘Because of this; when the chlorinity correction becomes un-
acceptably large it is often sufficient simply to replatinize the cell.
When maximum accuracy is sought, particularly in field measurements, the
temperature compensatlon correction curve should be measured about every
six months. ' When this is'done'it is convenient to reduce both the temb-
erature and the chlorinity correctioms to zero. Calibration procedures,
1nclud1ng those for the allgnment of new heads, are glven below.'

ey

5.2 Platinization

a) Check the polarization. Acid prinse the cell and soak it in a
sample of clean sea-water for at least 15 min, Measure the polarization
capacity expressed as capacity in parallel with the cell at a frequency
of 500 Hz, using the "polarization bridge"” described in Appendlx 7.2.

If the capac1ty is greatee than 0.025 yF, replatlnlzatlon is necessary.

b) Strle and clean the cell by fllllng it with conc. HC1 (10 N),
and. applylng a:voltage of about 3 V .for. 5 min, reversing the polarity
every 10 sec. If . the fouling 'is partlcularly bad, it may be necessary
_to first clean the cell mechanlcally with detergent and a stiff bristle
brueh After strlbplng, rinse the cell thh dlstlIIEd water.

c) Flll the cell thh platlnlzlng solutlon prepared as follows

Weigh 3 g of hydrcchloropLathlc ac1d hexahydrate (HthClB 6H20
"pl&tlnlc chlorlde of commerce} 1nto a: porcelain cruclble. -

Add 20 ml of come. HCL and take o dryness Repeat once.#s'

To the dry residue add. 25 mg-of lead dcetate: (Pb(€,H40, )2.3H20)
and dissclve in 100 wl of 0.0025'N HC1,- Fllter through Whatman No.1
paper 1nto a cleam dry bottle. : . ‘

4) ‘Apply a voltage of about 5V for S win, revers;ng the pclarlty
every 10 sec. Rinse the cell’and recheck.the polarization. ' Soak the
cell for several hours before attemptlng any measurements as there
appears to be an 1n1t1al aglng nrocess ‘

NOTE: The platlnlzlng solutlon can: be kept and used repeatedly. A
convenient method of retalnlng ‘“the: strlnplng and platinizing solutions
is .to clamp the cell’ vertlcally in a retort stand c1031ng the lower
end with a small rubber bung or-with®a fubber cap.
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5.3 Reactive balance et e

This need only be adjusted during major overhauls or when the best
obtainable accuracy is required, when a head with a different cable -
length from that w1th Wthh the reactlve balance was orlglnally adjusted
1s used o e L SR

e
e

a) Immerse the cell in a sample of sea~water of roughly the chlor-
1n1ty and temperature expected to be most commonly measured Cow

. b) Dlsconnect C1 replaclng 1t w1th an, adjustable canac1tance box.
Connect an OSClllOSCOpe to, monitor the. waveform at the, anode of VI._“_,

c) Adjust the temperature dlal and the capacltance box to reduce
the signal at V1 as nearly ‘as pOSSlble to zero (there will always bé a
small residual, due mainly to harmonics of the osc1llator) ot e

Install the nearest standard value of Ci to the capacltance
Tlndlcated on the box. _ f

o) Determlne 02 31mllarly, uszng the chlorlnlty dlal and the S
16~ 2o/ag range. e
5.4 Callbratxon (temperature compensatlon and zero adjustment)

a) Aftev checklng the. polarlzatlon and wbzle the head is- soaklng,
cool about 2 1 of clean sea<water; chlorinity about 19 Sém, to 0°~2°C
It is” often convenlent to do thlS overnlght.:n : el

b) Transfer about 500 ml of the cooled water to a 2 1 conlcal
flask connected to the sample container:as shown in diagram 6.1.. Fill
the sample container by raising the conical flask and using the stopcock

to admit ‘the required:amount:of .watter :to: the icontainer. Allow at least
S5 min for temperature equilibrium-to:be. attained, draining. the sample
back into the flask and refilling several tlmes as the sample is warmed
in the process 6f icooling:-the:head. -

.-¢). Capéfully balance:the. temperature.and chlorinity dials of the
—T metersand record the settings. Slowly lift the head.in and out of
the sample several times until a repeatable chlorinity readlng is
obtained. This procedure avoids errors due to bubbles and to lower
temperature water ‘being trapped-in. the.cell or around the thermistor
and should be used throughOut ithe, callbratlon :

NER Tep

d) Draln the sample back into. the flask and ralse 1ts ‘temperature
2-3 degC by immersing the flask in hot water. Experlence will indicate
how. hot; te have.the water and.how:long to. immerse the flask. As a guide,
the. heatlng bath- should be. at.a temperature of about '300C at first,
increasing. to. sbout 60°C at .the. end of the. callbratlon ‘ The lmmer31on
time for the flask Wlll be about. a. mlnute.rﬁH,A\{hﬁ :
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e) Using the procedures of the preceding two paragraphs take a
seéries of’ readlngs covering the whole of the temperature range of the
Meter,’ Plot these’ as 'a graph of - chlorlnlty vs. temperature.. The plot
should be a ‘smooth curve with a shape similar to those shzyn on diagram
6.2. If the deviations from the smooth curve exceed 0.017%7, insuffic-
ient care was taken and the whole serles should be repeated

£) Adjust R8 if necessary, by means of RV8." Diagram 6.2 indicates
the direction of the adjustment. Repeat the process until satisfactory
compensation is obtained. When this has been done, use the remainder
of the cold water to cool the head and the sample contalner to room
temperature: -

'g) Fill the sample container with water of accurately known chlor-
inity (standard or recently measured substandard), having first rinsed
the container twice with water of similar chlorinity. Set the chlorin-
ity dial to the chlorinity of the sample and adjust RV6 until the meter
reads zero. Note the temperature of the sample.

h) Remove the head from the sample container and measure the temp-
erature of the -sample with an accurate thermometer. Apply the therm-
ometer correction to obtain the true water temperature and, replacing
the head in the container, set the temperature dial to the true water
temperature and zero the meter using RV7. Remove the head again and
check the temperature of the sample. Repeat the procedure if necessary.

i) Seal the adjusting screws of the trimming resistors with wax.
Using the readings from the last obtained temperature compensation run,
prepare a graph of the temperature compensation correction as a function
of sample temperature, setting the correction to zerc at the sample
temperature at which RV6 was adjusted.

5.5 Head standardization

This procedure is used when a new head is constructed, and is
generally necessary when a thermistor is replaced in an existing head,
as the required values of R6, 7, 8 are generally outside the range of
adjustment provided by the trimming resistors. While it is possible to
carry out this procedure using resistance boxes in place of the three
head resistors, better results will be obtained using the test jig de-
scribed in Appendix 7.3. In the following description, it is assumed
that the test jig is being used.

a) Remove the existing connector, if any, from the cable and
connect the two conductors and the screen to the appropriate terminals
on the test jig. Carry out the full procedure given above in Section
5.2, and in Section 5.4 up to and including para. h. Begin with a
trial setting of R8 of about 80 ohms, and with R6 and R7 set to give
approximately correct readings of chlorinity and temperature.
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by Heasure the resultant settlngs of the varlable neg:stors on_the
test jig to * Q. 5 ohms o Subtract frgm these values half the resistance.
of the .variable res1stors RV, 7. 8 The remalnders are 1he requlred

values of the fixed resistors Rsa;”zatﬁaa

e) Procure ‘the requlred re51stors and make up the new connector
assembly. Repeat the calibration.of Section 5.4 .to obtain the ‘exdct
settings. of the variable reszstorsfand the Compensatlon correctlon

graph.‘ﬂ
d) Note the values of RSA 7A BA in the malntenance record of the
1nstrument. L
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6.1 Arrangements for determination of temperature compensation

error curves

Head L]

Sample container

Stopcock

—.l.-

Two litre f{losk

Bucket

Hot waoter

Sample

5-Y Meter
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6.2 Typical temperature compensation error curves,

. RB too lorge
' RB correct
T /RB too smalli
/ >,
/ ....,...

CHLORINITY ERROR ——>

TEMPERATURE —>»
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R19
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51 52
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Circuit diagram

FARTS LIST
Resistor w/ﬁ 250Q  +5%
" t 350 Q iS%
" precision w/w 520¢ approx., adj. on test
mn " . 1 480 Q " 1) |l "
" w/w 50Q +10%
" precision w/w, adj. on test
" w/w 3000  +10%
" 75 kO metox F23 1+5%
-mn 'I OO k Q " L "
" 1 . 5 k Q 3 I 11
1] 2 .O kQ H n "
n '] MQ " n 1
" 100 kQ see maintenance Section 4.4
" 5 kQ metox F23 +5%
" 500 kQ metox F23 +5%
" 100 Q
Potentiometer precision Painton type CV25 250 Q
mn " " " " 50 Q

Trimming potentliometer Beckman 797 10Q

Capacitor polyester 0.006 pF, see calibration Section 5.3
" " C .003 “F , 1" 1 " 1

Deleted

Capacitor air trimmer 40 pF

" polyester 0.1 pF 400 V

" electrolytic 100 uF 5V
" polystyrene 0,025 uF
" polyester 0.1 pF 400 V

Valve subminiature DL68

Meter sealed Master Tnstr., SHSRS 18 50-0-50 pA

Selector switch Oak type H 4 pole, 2 positions

Transformer ferrite core D36/22 turns as shown 31
B&S SSC/EN

Transformer ferrite core D36/22 turns as shown
PRI 26 B&S SSC/EN, SEC 42 B&S EN

TEMP.

>
Aavi
2500

D

ADJ.CL
ZERO

]
RV & 4
[100 R4
! Q
1 2 480

16-207,,

ic CHLORINITY
AV2
500

- Ao LoL

N5l DRG, ED42653

CL ZERO
« RS
S1A R 19 1 500
‘_—o
2 1 100 0
1, 2
$2D -
s
z
- ADJ_TEMP
>3 ZERQ I f
*} @ ! t
cz 3 - N
0-003 r RV 72CW ..® | =
HF 100 c1 - ]
0of[ | {3,
AF | |
! t 3
| | NC—— |
[ | _MEASURING HEAD
R7A rFl = - = =--"""""1"""""=""~"~"~"~"¥"—"—"=—"—--t
TEMP. | RTHL
IERO 1 sTC F22
| SHIELD
T
— D
‘4
° 77
1. CHLORINITY 1. o %, €L #* SEE PARA. §.3
51— 52 —
2. TEMPERATURE 2. 18-20 %, G G0 see Para. 4.2
DAM. 5.01. 6B D.R.L, REF,

25r°0 @Tuuc DET.

c4
40 pF

R 12

PORTABLE

100 uF &
45y
DIAGRAM 6.3
TEMPERATURE — CHLORINITY
CIRCUIT SCHEMATIC

ISSUE 3. 13.6.57
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MK.II

2a 1 9 ) A17
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0-025
uF
201
Va4
1] DL 8B
R18 o/}
500 k0 ; ; ~~é:LF
;L
OC1uF  C10 z /
X X X
R 11 R 1S R16
100 100
s 100kn ko kD
Mi
Cs 50-0-50 pA
__'l__4s b
o4 uF
b
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7.1 Log sheet

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANIZATION

DIVISION OF FISHERIES AND OCEANOGRAPHY

SALINITY

Date Analysis .isevsvnvvevesseesas Date Collection ....vvcuvessarenvees
T - - 1 L P 1« O

Head LI BN BB U R B IR B BB Y BB R I IR R R R B ) S.TIMI
COrrection veeeseeesrsssnsnsssscesna

Bottle |Uncorrected

No. c1 '%a Correction Corrected s %g

Remarks
Cl '%g
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7.4 Conversion of chlorinity to salinity

Chl. ' Sal. Chl. Sal. Chl. Sal. Chl. Sal. Chl. Sal.
Ya %a %y ',7/09 %o %o Yo %‘5’ %:7 %;1

17.50 31.62 17.90 32,3¢ 18,30 33.06 18.70 33.78 19.10 34.51

.51 .64 .91 .36 .31 .08 71 .80 .11 .52
.52 .65 .82 .38 .32 .10 72 .82 .12 « Sl
.53 .67 .93 .39 .33 .12 .73 . B4 .13 .56
.54 .69 .94 A1 .34 .13 74 .86 .14 .58
+55 71 .95 A3 .35 .15 .75 .87 .15 .60

.56 .73 .96 LU5 .36 17 .76 .83 .16 .61
.57 .74 .97 L7 .37 .19 7 .91 .17 .63
.58 .76 .98 .48 .38 .21 .78 .93 .18 .65
.59 .78 .99 .50 .39 .22 .79 .95 .19 .67

17.60 31.80 18.00 32.52 18.40 33.24 18.80 33.96 19.20 34.69

.61 .82 .01 .54 A1 .26 .81 .98 .21 .70
.62 .83 .02 .56 12 .28 .82 34.00 .22 .72
.B3 .85 .03 .57 U3 .30 .83 .02 .23 YL
.64 .87 .04 «59 oY .31 .84 .0y . .76
.65 .89 .08 .61 45 .33 .85 .05 .25 .78
.66 .91 .06 .63 L6 .35 .86 .07 .26 .79
.67 .92 .07 .65 A7 .37 .87 .09 .27 .81
.68 + 94 .08 .66 .u8 .39 .88 A1 .28 .83
.69 .96 .09 .68 A48 40 .89 .13 .29 .85
17.70 31.98 18.10 32.70 18.50 33.42 18.90 34.14 19.30 34.87
.71 32.00 .11 .72 .51 L .91 .18 W31 .88
.72 .01 .12 .74 .52 46 .92 .18 .32 .90
.73 .03 .13 .75 .53 .48 .93 .20 .33 .92
- T4 .05 14 .17 .54 49 .94 .22 .34 .94
.75 .07 .15 .79 .55 .51 .95 .23 .35 .96
.76 .09 .16 .81 .56 .53 .96 .28 .36 .97
.77 .10 17 .83 .57 .55 .97 .27 .37 .99
.78 .12 .18 .8l .58 .57 .98 .29 .38 35.01
.79 L4 .19 .86 .59 .58 .99 .31 .39 .03
17.80 32.16 18,20 32.88 18.60 33.60 19.00 34,33 19.40 35.05
.81 .18 .21 .90 .61 .62 .01 .34 A1 .07
.82 .20 .22 .92 .62 . 6L .02 .35 42 .08
.83 .21 .23 .94 .63 .66 .03 .38 43 .10
- B4 .23 .24 .95 .Bu .68 .04 R4 Ak .12
.85 .25 .25 .97 .65 .69 .05 B2 45 .14
.86 .27 .26 .99 .56 .71 .08 43 46 .16
.87 .29 .27 33.01 57 .73 .07 A5 47 .17
.88 .30 .28 .03 .68 .75 .08 A7 .48 .19
.89 .32 .29 .04 .69 .77 .09 .ba .49 .21
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S-T meter
7.4 Conversion of chlorinity to salinity (Cont'd)
Chl. Sal. Chl. Sal. Chl. Sal. Chl. Sal. Chl. Sal.
Yoo %a %a %a fa’w Yo Yos %a '3‘59 %a
19,50 35.23 19.90 35.95 20,30 386.67 20.70 37.39 21.10 38.12"
.01 .25 .91 .97 .31 .59 Bk} 41 A1 .13
.52 26 .92 .99 .32 .71 72 43 .12 .15
.53 .28 ,93 36.00 .33 .73 .73 M5 .13 .17
.54 .30 .94 .02 .34 .74 Y L7 u .19
.55 .32 .35 .ol .35 .76 JI5 - A48 A5 .21
+ 356 .34 .96 .06 .36 .78 .76 .50 .16 W22
.57 .35 .97 .08 .37 .80 L7 .52 .17 .24
.58 .37 .98 .09 .38 .82 .78 .5l .18 .26
.59 .39 .99 11 .39 .83 .79 .56 .19 .28
19.60 95.431 20.00 36.13 20,40 36.85 20.80 35.57 21.20 38.30
61 u3 .01 .15 A1 .87 .81 .59 .21 .31
.62 i .02 .17 L2 .89 .82 .61 .22 .33
.63 U6 .03 .18 A3 .91 .83 .63 .23 .35
.5l 48 .DH .20 LU .92 .84 .65 .24 .37
.65 .50 05 .22 U5 .gu .B5 .66 .25 .39
.66 .52 .06 24 U6 .96 . B6 .68 .26 LU0
.67 .53 .07 .26 47 .88 .87 .70 .27 42
.68 .55 08 .27 48 37.00 .88 72 .28 Y
.69 .57 .09 .29 .ug .01 .89 LTH .29 6
19.70 35.59 20.10 36.31 20.50 37.03 20,90 37.75 21.30 38.48
.71 .61 11 .33 .51 .05 .91 77 .31 49,
.72 .62 .12 .35 .52 .07 .92 .79 .32 .51
.73 .64 .13 .36 .53 .09 .93 .81 .33 .53
LT .66 LA .38 .5h .10 .94 .83 .34 .55
.75 .68 .15 40 .55 .12 .85 .84 .35 .57
.76 .70 .16 A2 .56 L4 .96 .86 .36 .58
.77 .11 A7 Lu4 .57 .16 .97 .88 .37 .60
.78 .73 .18 LUS .58 .18 .98 .90 .38 .62
.79 .75 .19 Ju7 .59 .1s .99 .92 .39 Bl
16.80 35.77 920.20 36.89 20.60 37.21 21,00 37.9% 21.40 38.66
.81 .78 .21 .51 .61 .23 .01 .85 A1 .68
.82 .81 .22 .53 .62 .25 .02 .97 L2 .69
.83 .82 .23 .55 .63 .27 .03 .99 43 .71
« Bl .BY <24 56 .64 .29 .04 38.01 U4 .73
.85 .86 .25 .58 .65 .30 .05 .03 L5 .75
.86 .88 .26 .60 .66 .32 .06 . Ol Ub 77
.87 .90 .27 .62 «67 34 .07 .06 47 .78
.88 .91 .28 Bl .68 .36 .08 .08 48 .80
.89 .93 .29 .65 .69 .38 .08 .10 L9 .82
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NICHOLLS, A.G. (1957).— The ‘Tasmanian trout flshery I. Sources of
1nformatlon and treatment of data,

NICHOLLS, A.G. (1957). — The Tasmanlan trout fishery. II. The fishery

. of the north-west rivers, ‘

CHITTLEBORQUGH, R.G. (1357).—'An’ analysls of recent catches of hump-
back whales from the stocks in Groups IV and V. Prepared for
the International Commission on Whaling. ’

CSIRO AUST. (1957).— F.R.V. "Derwent Hunter'. Scientific report of
Crulses 3/56, 4/56, 5/56. )

COWPER T. R., and DOWNIE, R.J. (1957) - A llne—flshlng survey of the
flshes of the south-eastern Australlan continental slope.

DAVIS, P.S. {(1957).—A method for ‘the determlnation of chlorophyll
in sed-water.

. JITTS, H.R. (1957). -The““c method for mpasurlng €O, uptake in marine

produet1v1ty studies.

HAMON, B.V. (1957). —-Mean sea level varlatlon on the coast of New
South Walés.

NICHOLLS, A.G. (1957).— The Tasmanian trout flshery. III The rivers
of the north and east.

NICHOLLS, A.G. (1957).— The population of a trout stream and the
survival 6f released fish.

CSIRO AUST. (1957).— F.R.V. "Derwent Hunter". nSclentlfrc report of
Cruise 6/56.

CHAU, Y.X. (1957},— The coastal C1rculat10n of}, New South Wales from
drift card pesults 1353-56,

KOTT, P. (1957).— Zooplankton of East Australlan waters” 19u5 1954,

CSIRO AUST. (1958).— F,R.V. "Derwent Hunter". Sc1ent1f1c report of
Cruises 1/57 - 4/57. _

ROCHFORD,; 'D.J: "(1958).— The seasonal cxrculation ’f’the surface water

. masses of the Tasman and Coral Seas. )

CHITTLEBOROUGH, R:.G. (1958) .~ Australian catches of’ humpback whalesf

1957, Prepared ‘for the International Commission on’ Uhallng

'CSIRO AUST. (1958).— Australian documents prepared for ‘the  UNESCO

Conference on’ the _Oceanography of the ‘Tasman’ and Coral Seas o
held’ at’ Cronulla ‘August 9-14, 1958, ff U :

CSIRC AUST. (1958Y. —F.R. V. “Derwent Hunter Selentlflq;peport of
Cruises 5/57. - 8/57." o mRmmt

CSIRO AUST. (1959).— F.R.V. '"Derwent:HUﬁtér";: Sciéntific’ report of
Cruises DH9/S7 - 12/57. - e

CSIRO AUST. (1959).— F.R.V, "Dérwent Hdﬁtér”;"”SEiéntific répbrt of
Cruises 13/57 - 16/57. y .

ROBINS, J.P. (1958).— F.R.V. "Mapelda™, "’ S“lentlfl' report of Cruises
July 1957 - May 1958. s i

CHITTLEBOROUGH, R.G. (19539). ——Austrellan humpback whales 1958.
Prepared for the Internaticnal Commission’on Whaling.
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CSIRO. AUST. (1959}.— H.M.A. S "Queensborough“ and "Culckmatch”
Scientific reports of a cruise. March 24 - April 26, 1858,

CSIRO AUST. (1959).~ H.M.A.S. "Warrego". Scientific reports of
Cruises W1/57 and W1/58.

THOMSON, J.M. .(1959).~ Summary review of a SClentlch survey. of
Lake Macquarie by CSIRO Division of Fisheries and Oceanography.

CSIRO AUST. (1958).— F.R,V. "Derwent Hunter". Scientific report of
Cruises 1/58 - 9/58.

WooD, E.J.F. (1963).— Check-list of dlnoflagellates recorded from
‘the Indian Ocean.

CHITTLEBOROUGH, R.G. (1960). ~ Australian catches. of humpback whales
1959. Prepared for the International Commission on Whaling.

CSIRO. AUST. .(1960). F.R.V. "Derwent Hunter". Scientific report of
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