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SECTION 1 : PRINCIPLES

1.0 General

It will be assumed that the reader is familiar with the general principles
of the Instrument as described by Hamon (Hamon, B.V, "A portable temperature-
chlorinity bridge for estuarine investigotions and sea water analysis", J, Sci.
Instrumen., Vol., 33, pp. 329-333, Sept, 1956). The N,I.O. version of this
ingtrument differs from that described by Hamon in being transistorised, and in
some minor details of the bridge circuit. A considerable number of these
instruments is likely to be made, so it was thought advisable to describe the
principles and practice for the engraving of scales, the calibration of cells
and thermistors, the choice of bridgse components and the testing of the
completed instrument.

It is perhaps worth pointing out here that the scale engraving must not
depend on the characteristics of individual cells or thermistors, since these
are fragile and may have to be replaced, Also, of course, individually-
engraved scales would considerably increase production costs.

On the question of accuracy, there are numerous factors which can introduce
errors into the measurements made by the bridge, and it is therefore necessary
to keep any individual controllable error to considerably less than the
meximum permissible overall error: a factor of 5 is commonly accepted in these
circumstances.,

We have also assumed that the cells will be used either with 10 yards of

cable, in which case the cable impedances may be neglected, or with 100 yards
of a specific type of cable (which is the maximum length permissible).

1,1 The bridge with negligible cable impedances

This is the case when the measuring-head cable is 10 m. or less in length,

1,1(a)  The salinity bridee (Figure 1) .

This is disocussed first here because it governs the choice of R,
which in turn governs the arrangement of the temperature bridge,

The thermistor compensates the variation of the resistance of the
salinity cell with temperature, but by itself it would overcompensate.
A fixed resistance R,, is thercfore connected in series with it and is
chosen to give the best possible compensation over the temperature range
0 to 20°C, using the criterion

(R,, + R at 5°C R, at 5°C

23

o 0
(R,y + Ry) at 15°C Ry at 15°C

L15
LS

where L., and L, are the conductivities of sea water of S = 35% at 15°¢
and 5°C respectively.

P, is the measuring potentiometer,

In the "fixed arm", R,, is shunted by a trimming network (R,, and P,
which allows small drifts in the cell constant or thermistor calibrations
to be compensated.

R, and R, may be switched into circuit to provide an expanded scale
on the 32% to 38% range of the instrument,

Considering first the 0 to 32%. scale, if P, is agssumed to be linear,
with a resistance of Ry, per degree of shaft rotation, and 9 is the angle
of rotation of the shaft from the position of zero resistance, then 7,
the resistance of the bridge arm containing P,, is given by
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e R is the resistance of the ‘bridge arm containing R then when

21?
the bridge 13 balanced

=3

#

R, R,y + R,I,)/Rc
= R',, (Ras + RT)'KL

where K is a constant depending on the dimensions of the sallnity cell and
L is the conductivity of the water:

or 6 = R',, (R,, +Ry) KR,

The scale is calibrated so that it is correct at a temperature of 15 C
giving

0 = A°L15°C

kWhere A = R'21 (R23 + RT15°C) K/sz

Now this is the only equation governing the choice of R’ ,, so that
A may be made a constant for all instruments by adjusting R,, %o sult the
values of Rp3, Rpqgogs K and Rpe in each individual instrument.  Thus, a
universal scale is possible, and for historic reasons. A has been chosen 80
that

3
0 = 73044 x 10 L15°C

For the calculation of this scale, the values of L at various
salinities have been taken from the value given by Thomés, Thompson and
Utterback (1934).

R, and R, are chosen to give a suitable expanded scale on the 32% to
38¢: range, On this range

T L SO
‘Z—Rs R4+9RP2

If the same value of R,, is to be used, then at balance

Z = R,y (Rzz + RT15) K L15°C

or, inserting the equation for A given above,

Z = ARy, Lo
Thus,
S S, F, B
A L15°C sz Ry R, + G'R_p2

The values of RA and Ry are chosen by putting in convenient values of & for
Ligog at 5 = 32%, .and at S'=738%, This gives two simultaneous equations
from which R, and Ry may be determined. The velues obtained are not oritical
and could be "rounded off", but for historic reasons the following values

are used ‘ :

G
1

. 627+3 Ry,
53245 Ry,

22 ]
v
Y
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Having fixed these values, the scale must, of course, be engraved in
precisely the correct relationship to the O to 329% scale,

The above equation now bccones

1 1 1
7300k 107 T o T B32.5 T 073+ 0

from which the values of 6 may be calculated for the various values of
'L,‘OO ’
5°C
For this range, the value of Lygog at 32% used is that given by
Thomas, Thompson and Utterback, but for the rest of the scale the more
accurate relative values given in the Handbook for the Thermostat Salinity
Meter (N,I.0, Handbook No,H12) have been used. These values were measured

‘on the thermostat salinity meter, which is in effect a precise conductivii;
comparator,

R,, 18 found by setting up the instrument with the cell in water of
known salinity, connecting 2 resistance box in place of R and adjusting
it ti11 the correct dial reading is obtained.

212

1.1(b) Effect of cell polarisation

Cell polarisation has approximately the same effect as connecting a
large capacitor in series with the cell resistance. In the present cell
it produces a phase~shift of about 2°, Since this phase-shift is small
it does not appreciably affcct the acouracy of the resistance balance
(assuming that the resistance trimmer is set to give the correct reading
in the centre of the 32 to 38" range), but the out-of-phase signal is
sufficient to cause trouble in the amplifier and detector circuits and
therefore has to be balanced out. Once again, because the phase-shift
is small, this may be done without appreciable loss in aeccuracy by
connecting a small capacitor C, in parallel with R, ,, instead of a large
capacitor in series with this resistance,

1.1(0) Temperature bridee (Figure 2)

R,s has already been fixed to make

Ry + Rps) at 5°C

Rp + R,, at 159C

a value which is the same for all instruments., In practice, this makes
the proportional variation of the resistance of this arm with temperature
follow the same law for all thermistors within the accuracy required, and
50 once again a similar dial nay be used for all instruments.

R, is chosen to give & sultable scale on Py, but once the dial has
been engraved, the retio of Ry to P, rust be kept constant. The scale
is caloulated from the measured characteristics of the thermistors. In
practice, to facilitate setting-up the bridge, P, is set so that it reads
100 with the dial set at 0°C, and R, is chosen so that

R1 273'8 RP‘ - 10 Q
1521 P, (180} - 10 Q

R PR LI . - - AR P A ; Y
WNhere P;QN) i f’i(cr-eili ﬁtnce c;./tc’vfyt’,,."f'ﬁ“ I8¢5 rete ]L”“

R, is chssen arbitrarily at some convenient value.

Rp» then depends on the value of the thermistor resistance at some
standard terperature, and is determined by plecing the cell in water of
known temperature, connecting a rcsistance box in place of Rpp, and
adjusting it until the correct dial rcading is obtained.
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1.2 The bridge with a long cable in series with the measuring head

1.2(a) The salinity bridge

Figure 3 shows the salinity bridge as it appears with 100 yards (92 m,)
of cable type Telecon K 23 M connected in series with the measuring head,

(1) The effect of cable capacitances

The capacitances across the cell and thermistor arms partially
compensate, but since the thermistor has nearly twice the resistance
of the cell arm, it would be expected that an extra capacitor would
have to be connected across the cell to produce balanoce, However,
it go happens that the polarisation effect in the cell works in this
sense and is slightly too large, so that in practice a small shunt
capacitor C, has to be conneoted across Ryq.

If capacitance balance is achieved at S = 35% and 15°C, it will
not be correct at other temperatures and salinities. The effects
of this are discussed in detail in Section 1.2(c).

(11) Effect of cable resistances

To obtain the best teumperature compensation with negligible cable
resistance, Rz3 was chosen so that

(Rp5 + By) at 5°C _ Roat 5°C  _ Ly,

= =

(R, + Ry) at 15°C Re at 15°C I,

where L is the conduotivity of sea water,

The equivalent criterion with 2¢4 Q cable resistance is

(R' 55 + 2+k + Ry) at 5°C . (Ro + 2:k) at 5°C

(R7y; + 2+h + Rp) at 15°C  (Rg + 2:4) at 15°C

From this it ocan be shown that

(8]
R’z: - st = 2.4 (st + RT at 15 C - 1\
R at 15°C /

Or, since the resistance of the P, arm at a setting of 35% is 1.7k x
resistance of P, for 180° rotation,

- R,, = 2+ (1 il ;”" (180) _ 1)

21

S
R23

Tor this purpose P, (180) and R,, need to be known to only about *i,
so that this expression may be found to be effectively constant in
practice for cells coming from the same mould, and thermistors from
the same batch,

An additional effect of the cable resistance is that the
proportional variation in the resistance of the whole cell arm with
changes in salinity will be reduced and the scale will be significantly
contracted, It can be shovn that this effect can be precisely
oompensated (at a given temperature) by shunting the variable arm P,
by a resistance R, given by

2¢ Rgg = Rpy (R'p5 + 205 + RBy)
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Inpractice R,, is calculated for Ry at 15°C, and the errors at
other temperatures will be small. '

1,2(b) The temperature bridge

The temperature bridge with a long cable is shown in Figure L,

- The effect of cable capacitarce can be balanced by Cyq» and if this
is done at the centre of the temperature range, variations in the
capacitative balance at other temperatures will not affect the resistive
balaence as long as the phase-shift in the detector amplifier is within
the prescribed limits of *27,

If the bridge is set to give the correct reading at the centre of the
scale (15°C), the extra resistance in the thermistor arm (i.e., R',, - R,,
+ 2404 06 Q=50) will give an appreciable contraction of the scale,
The obvious solution of switching in a lower value resistance for R’,, is
inconvenient, and the saie effect can be obtained precisely by shunting
the P, + Ry arm by a resistor R,, given by

(Rlzz ~ Rpy + 2¢4 + O’6> Ry = R, R'zz

where R/ ,, is the resistance of the arm containing R,,,

Since the Py + Ry arm is switched in any case, qu can be left in
circult and requires no extra switeh contacts. ‘

ﬂ.Z(clf The phase-shif't of the amplifier

It has been pointed out briefly in Section 1,2(a)(i) that large out-
- of-phase signals are produced by the bridge under some circumstances, and
these have to be rejected by the phase-sensitive rectifier, If the
phase relationships in the system are incorrect, the out-of-phase
components will produce a D.C, output on the meter which is compensated
by a departure from the correct resistive balance, thus introducing an
error, This effect turns out to be surprisingly critical.

It is easiest to see the cause of the effect by considering the
temperature bridge (Figure &). Assuming for the moment that R’',s is
negligibly small, the condition for capacitance balance i1s

2016 RT = G,y Rpy

Cyy i3 chosen to give the correct value at 1500, and is typically 001 u =,

At OOC, Rp has increased by approximately 70%. and to achieve balance,
C,, would have to be increased in the same proportion. Since it is, in
fact, fixed, an output is obtained approximetely equivalent to removing
an 0-007 ¢ F capacitor across C,,, which in turn is approximately equal in
effect but opposite in sign to adding an 0:007 4 F capacitor across C,q.
The voltage produced is equal to that given by a temperature change of
rather more than 0:5°C, Thus, if the output produced is to be equivalent,
to less than 0:02°C, the phase relationships must be correct to about
2¢5°% in angle, '

The correct amplifier phase-shift is not zero, which might be expected
at first sight, because the capacitance is not connected across a pure
resistance. Assuming for the moment that the bridge supply is low
impedance, the capacitance is connected effectively across the thermistor
arm and the R,, arm in parallel, and these have shunt capacitances
giving a phase-lag of between 3% and 4°, Thg correct amplifier phase~
shift is therefore a phase advance of about 3 .

The approximations in the above argument do not matter, because in
practice the phase-shift is set empirically.

Considering the salinity bridge, this is difficult to treat
theoretically because ‘we do not know the way the polarisation phase-shif't
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in the cell varies with salinity and temperature. However, tests indicate
that the 32¢oto 38% range is the most critical, and that at 35%, a change
from 15°C to 0°C requires an increased capacltanoe across the cell of about
0:005 4 F, For this to have a negligible effect, the amplifier phase-
shift must be correct to within about *1° in anwle.

A further complication is that the amplifier phase~shif't required is
not quite the same for the two bridges, because the phase—-angle of the
impedance of the bridge arms is sligshtly different. However, in
practloe, if the phase is adjusted to be correct for the salinity bridge,
it is not 51gn1f10antly wrong for the temperature bridge. The reverse
is not true,

The accuracy reguired in calibration and the tolerance on compohents

1.3(a) General

When a calibration involves several sources of error, a commonly-
used oriterion is that each individual error should be kept to 1/5th of
the overall accuracy required, In the present case the specified overall
accuracy is +0:03% (on the S = 32%, to 38% scale) in salinity and *0.1°C,

To follow the above rule would involve calibration of the cell with water
samples whose salinity is known to *0+007% and to calibrate the thermistors
at temperatures known to *0:007 °C (see below) Most oceanographic
leboratories have access to a thermostat conductivity salinity meter which
will give the accuracy in salinity, but it is more dlfflcult to get the
temperature accuracy. However, an accuracy of 001 °C should be possible
and is probably adequate. In any case, the final check on the instrument
will show if the errors have accumulated to an unacceptable extent.

In the case of the temperature scale and the S = 32% to 38% scale,
the trimmers P; and P, respectively are sct so that the scales read
correctly at their mid-points. Thus, errors in the choice of the bridge
components expand or contract the scales ebout these points, or spoil the
temperature compensation.,

1,3{b) The thermistors

The resistance of the thermistors is measured at 5°C and 15°C. Ir
the error in temperature measurement is WST) this can give an error of
2E(T) over a temperature difference of 10 C, Assum_ng the instrument is
set before use to give the correct reading at 15° C, this would allow an
error of approximately 3E(T) at 0°C and 30°C, Thus using the eriterion
mentioned in Section 1 B(a) E(T) should be *0.007° C In practice, as
alreaiy mentioned, it is probably not practicable to achieve better than
+0.01°C (using a multlple thermocouple, for example ),

The resistance of the thermistors changes approximately 3-L% per C
so that the accuracy of measurement requlred, corresponding to *0-007° C,
is approximately 2 in 10 , or 005 Q in a 950 {1 thermistor. (Note that
it is the ratio of resistances at 5°C and 15°C which is critical. An
error in the absolute value is roughly three times less important, )

A further problem arises becauge the power dissipated in the
thermistor by the bridge voltage can appreciably raise its temperature,
and for this reason it should be measured with a bridge which causes
0+t Vr.m,s, or less to appear across the thermistor,

Similar reasoning applied to the salinity bridge shows that the
above acouracy is adequate for the temperature compensation.

1,3(c) The resistors and potentiometers

(1) Rps

When dealing with the accuracy required in the main bridge
resistors, we may neglect the cable impedances,

Considering the salinity hridge (Pigure 1), Ras is chosen '
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(see Section 1 A(a)) to give optimum temperature compensation, that
is, so that

(Ras + Ry) at 5°C L,,

(R; + Rp) at 15°C L,

If a small error AR,y is made in R23 and the bridge is balanced at
15°C and S = 35p1 then if the bridge is to remain balanced at 5 c,
& small change in conductivity to 1’5 is required where

(Ry5 +8R,5 + By) at 5°C L,

(R + AR,, + R) at15°C 1/

5

Neglecting second order terms this gives

AR Lys - L
Lls = I}s <1 + R 'Zi 150C . —-LE-—---S-\
23 + R.T a L5 //

AR,
R23 e RT at 15001,’;

Ls (A + 0;28

Since L is approx1mate1y proportlonal to (sallnlty) , the
proportlonal error in S&llﬁltj is annrox1mately 0428 AR,3/(Ros + RT
at 15 C) Thus, the maximum allowaeble AR,; is given by

0-007

AR, max * 3T Ojég (ﬁzs + Rp at 15°C>

R

*0.25 0Q

A similar oalculation for the temperature bridge shows that an
error of *0:65 Q! in R, can be tolerated, so that the accuracy
required for the salinity bridge is the controlling factor,

At first sight this may avpear inconsistent with the acouracy
of 0:05 Q1 demanded in the calibration of the thermistors (Sectlon
1 3(b,,. However, the difference in the calibration errors at 5 C
and 15°C has an e\aggerutea effect in expanding or contracting the
temperature scale, whereas the main effect of an error in R,y; is to
alter the scale zero, which can be corrected by the trimmer and is
therefore unimportant, and its effect in expanding or contracting
the scale is comparatively small.

(1) Ry and P,

It is the ratio of Ry to P, which is critical. Changes in the
absolute value oan be compensated by adjusting R,,.

In practice, to avoid using the non-linear end portlon of the
potentiometer, P, is set so that when the diel reads 0° °C, it has a
resistance of 10 Q,

If the potentiometer resistance at 15°C on the dial is P, + 100Q,
then the design value of Ry is given by

0
Py, + R, + 10 _ (Ry5 + Rp) at 0°C _ Y, say
Ry + 10 (Rps + Rp) at 15°C .
S . : : e b
“}‘i ¥ .

From which P, = (Y - 1)(Ry + 10) = 045 (Ry + 10)
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Now if R4 is in error by 4Ry, and the trlmmer P53 has been
adjusted so that the dial reads correctly at 15° C, then with the cell
precisely at 0° G, the bridge will balance with P, havmng a registaence
of 10 0 + AP, such that

P,s + Ry + AR, + 10 Pys + Ry + 10

= Y =
Giving
Y
ARy = TV AP,
o =322 AP1

Near 0° C, an O 02°C change in dial setting is given by a shaft
rotation of 0+16° , so that

il
I+

AR max

3+22 x 0416 Ry,

I+

=

0452 Rpy

o~

I+

043 Q

AR
or oot max
Ry

2

* 0.002

Since it is the ratio of R; to P whioch is important, the
resistance of P, must be measured to the same proportional accuracy.

(1ii) R,, Rs and P,

Errors in these resistors have two effects:

(a) Assuming that the trimmer is set so that the bridge reads
correctly at 35% on the 32i: to 38% scale, then an error will be
introduced when the bridge is switched to the 0 to 32%:soale.

(b) They will expand or contract the scale width on the 32%- to
38% scale.

Treating effect (a) first, on the 324, to 38/ scale

The bridge is trimmed with P, set at 35%, where P, = 133+1 Ry, (Rpa =
resistance per unit angle of P,).

With the correct values of R, and Ry, this gives Z = 312+9 Rp,.

However, if R, is increased by a small amount AR,, and Rs by a
small amount ARy, the value becomes

Z + 0% = 312:9 Rp, + 0417 AR, + 0435 AR,

(This is derived by differentiation of the expression for Z and putting
in the nominal values of R, and Rs.)

Thus the trimmer arm has been changed by a proportion AZ/Z, and
will give this propcrtional error when the bridge is switched to the
0% to 32%. scale, On this scale, the accuracy specified is O0e1%, or
1 part in 320, and the maximum allowable AZ is therefore given by
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Amax 1
A 5 x 320
or AZ may = 1020 sz

j=e]
R

or AR, max =% = s d 10

R
I+

and ARy max = % —e== R 0:50Q

If the value of Rp,, the resistance per unit angle of P,, has been
inoorrectly measured, the calculated values of R, and R, will be in
error in the same proportion, and Z at 35% will be in error by very
nearly this proportion. Thus, Rp, wust be measured to an accuracy
of 1 in 5 x 320 = 0.07%,

With regard to effect (b), suppose that for a salinity S the
bridge balanoces with P, at an angular position €, Then a measure
of the scale width is X = ds/d9 (this is more convenient than d8/ds).

This expression can be changed into more convenient terms as
follows -

as as ar
X = 3% =45, * @™

Now for the present calculations it is sufficiently accurate to
assume that the cell resistance is proportional to 1/S or at balance,
Z « S, :

Thus 8 _ _az
A
aP2
Also B ° sz
Thus az S
X = E: . Z [ sz

Writing down the expression for Z in terms of R;, Rg and P, and
differentiating gives

az Ry _ Z Rs
apP, = (R4 + Rs + Pa)d - (R4 + Pa)zR‘z + Rs + Pz)
From which . Rs
X = S R 2
P2 (R, + P2)(Rs + Ry + Pp)

Consider the situation when S = 35+ A small error 4R,
introduced into Ry is first compensated by trimming P, to give the
same reading on P,. Thus, the effect on scale width is

S R :
ox _ B2
AX = AR, (ﬁ:) = (R4 T Ry + Pajz‘ AR
' R,P,o0nst.
‘ AX . . Ry« Py AR
or v

X ~ Ry + Rg + P,) Rs

s
Rs

i

063
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The specified accuraoy of %% is 1 in 100, so that using the 1/5
criterion

A Ry max * 3:0 x 1077 R,

The similar equation :f‘or‘:&R4 is

AY o AR,

e = "1‘ Sam———
T Sk T
or . AR, pax = *1:5x 107 R,

so that the previous criteria are the oontroiling ones.
Suppose we now change Rpe from its correot value by an amount

ARp,.  This will meke a change in zero which will be compensated by
" the trimmer, and it will cause a scale change AX given by

3
BX = OR, <§§3§-

P2>R4, Rgs const.

Putting in that B, = 133 Ry, at 35%

AX ARpe RZ + R4R5>“ P,*
X = FBp * (Ry + P2)(Rs + Ry +P_27
= 0775 Bpe

Thus,

D Bp, max = * 2+6x 107 Rpq

80 that the effect (a) above produces the controlling accuracy here
also,

Considering the accuracy necessary in the angular setting of the
body of P, relative to the dial, the criterion is that the low salinity
settings on the 0 to 32% range must be correct, since the zero of this
range cannot be trimmed, The angular change is approximately 10° per
% at low salinities, so that the angle must be correct to 0.2°,
equivalent to approximately 0.2 Q,

(iV) jo and Rzg

These can be trimmed by approximately *2%, so that it is quite
sufficient to make them to *0.5%,

(v) Rpe and Rog
Rae and Ras are never less than about 40 times the resistance of

the bridge arm which they are shunting, and an accuracy of * 2% is
theref'ore adequate. ’

1,h  Changing cells

Ryy depends on the cell constant and on the thermistor resistance;



R,, depends on the thermistor resistance;
. R,s depends on the thermistor characteristios,

Thesé resistors therefore have to be changed when a cell is replaced.

Cy
c These components depend on whether a long or
" short cable is used, and to some extent also
R,q on the thermistor and cell resistances. They
R must therefore also be readily changeable,
29 '
SECTION 2 : PRACTICAL ROUTINE FOR CALIERATION OF THE CELLS AND

THERMISTORS, CHOICE OF RESISTORS AND CAPACITORS, SETTILG UP OF
THE PRIDGE AND FINAL TESTING.

2,9 Table of accuracies required in measurements and of tolerznces on bridge

comEonents

c ent - Accuracy or Proportional
omponent or process tolerance value
Calibration of thermistors: <temperature 0+01°C -
resistance 0.050Q 0-0%%
Measurement of potentiometer resistance:
Angular acouracy P, (temperature) 0+2° -
P, (salinity) 0.2°%7% -
Resistance accuracy F, 043 Q 0+2%
P, 0.1 0Q 0075
Setting the anguler positions of the Py 0+l -
measuring potentiometers (by measuring '
resistance at a given dial setting) B 0.2 Q -
For selection of R,, and R,,: ‘temperature 0+1°C -
| salinity 017 -
Temperature 0-02°C -
For final trimming - _zaA 0007 _
and checking: ! Salinity 32-38; ' 3“
Salinity 032% 0402} -
Component tolerances: : R, Ok Q 0+2%
Re - 7
R, 0+25 0.+05%
Rg S 0+5Q 015
P 0+5 Q 056
" Raz 145 Q 0+5%
Rzs or R'z3 { 0425 Q 025%
R, - 10%
Raz = 10.%
AR v r LT R ;
pppt YT Toant R - 2%
o R - o%
VRO Dore DY oowded 29
(Cont.)




- 12 =

Component or process Azgggigzcgr Prosgiggonal
Component tolerances (cont,): P, - 20%
Cq 0+«001UF -
C1 1 O-OO‘IIJF -
Amplifier phase-shift 197 -
Anplifier gain - 30%

NOTE: All resistors and potentiometers in this list must be wound
from low temperature-coefficient wire, except Rpe, Rp7, Rae
and Rpe, which may be grade 1 carbon, and P; and P,, which
are ordinary carbon-track potentiometers. Resistors to be
wound non-inductively.

2.2 Practical routine

2.2(a) General

The measurements and calculations have to be performed in three stages:

Stage 1. As early as convenient the thermistors are calibrated, the
potentiometers are checked for linearity and their resistances
measured, and Ry, R,, Rs and R,, are calculated.

Stage 2. When the instruments have been completed except for the
insertion of the components whoge values are so far unknown, these
values are determined by measurements and calculations, The

- electronics are also checked at this stage.

Stage 3., The final checks on agcuracy are made, and a correotion
chart prepared if required by the pustomer,

N.B. Don't forget to note the serial numbers of the thermistors,
potentiometers, salinity cells and completed bridges, and the
date of the test on each sheet of paper used!

2,2(b) Stage 1. Calibration of the thermistorsi,cheokingAtheAgotenfiometera
and calculation of Ry, R,, Rg and R,«.

(1) The thermistors and Ras

The thermistors should be calibrated in a bridge such that the
potential applied to thenm is not more than 0+1 V.

The values required are:- RT5 :  the resistance at 5-QO°C
Rqygi the resistance at 15+00°C

It is probably not practicable to hold the water bath precisely at
the stated temperatures, and it is easier to allow the bath to drift
slowly, to measure the resistances at two temperatures within Oe 5 on
either side, and to interpolate, The water bath must be well stirred,
and silicone grease smeared over the top of the glass thermister tubes
prevent electrical leakage between the leads,

Caloulate Ras from
Res = 3+557 Rpg = 4557 Ry

vThe value usually comes out to between 750 and 105Q,
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If the instrument is to be used with a short cable on the
measuring head, Rz3 can now be constructed using this value. If,
however, the measuring head is to be used on a long cable, R'23
oannot be constructed until stage 2 (see section 2.2(e)(ii)) .

(11) Py (180) and P, (180), and Ry, Rs and Rs,

Fix a protractor to the shaft of Py (used in the temperature
bridge) and arrange it so that when the potentiometer is turned fully
anticlockwise, the protractor reads approximately 0° (this is not
oritical).

Use a bridge to measure the resistance between the wiper and the
lef't-hand terminel looking at the back with the terminals uppermost,
Measure this resistance ‘

Pao at 20° rotation
Pso at 50° rotation
Pgo at B80° rotation
Piso at  14&P rotation
P2oo at 200°rotation
Paso at 230° rotation

Paso at 260°rotation

Calculate Paoo = Pzo

Pa3zo - Pso

Pago - Pao

Owing to the discrete turns, these values may differ by as much as
0+7Q, Take the average value and use this as P1(180), If they
differ by more than 0-7Q rotate the wiper several times to clean the
wire and repeat the measurements.

Check that Pyso = 533-545322 + 0460

Note: Though these errors seem large compared with the accuracy of
*0+10 demanded in the measurements, the maximum error in P»(180)
should be approx., 0:4, and the likely error is considerably
less than this, Also., controllable errors must be kept to a
minimum so that they cannot contribute significantly to the
overall error,

Measure the resistance P2(180) (the potentiometer used in the
salinity bridge) in a similar manner,

From these values oalculate

Ry = [1s521 Py(480)] - 100Q
Rs = 3:487 P2(180)
Rs = 2:960 P,(180)"

2,2(c) Stage 2, Determination of Ray, Rez, R'23, Rea, Ras, Cs and Cis,
and checking the amplifier characteristics.

For this stage the instrument must be complete except for the above
components, :

‘If a short cable is used, Rze and Res are omitted and Rzs will already
have been determined.

(1) Preliminary adjustments

First adjust the cursor of Py on its shaft so that when it reads
0°C, the resistance of Py is 100 (%o the nearest step on the winding).
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, Similarly, adjust Pz so that when the oursor reads 16/ on the
0-32% scale, the resistance of P2 is 0857 P2 (180),

. Adjust Ps and P, to the middle of their working ronge (in terms
of angle),

(41) Reyy R'z3, Res and Oy

: sPlace'tﬁe»oell in a Stirred bath of sea-water with a known salinity
of between 347 and 36/ and a temperature of between 13°C and 17°C.

If Ras is not already inserted, connect a resistance box in place
of it and adjust it to approximately the correct value as follows:

Rl2s = Rozs +. LQ if o 100-yard cable is in use.

Connect another resistance box in place of Ra¢ and a capacitor box
in place of Cq, Adjust Rpy to 100Q and Cy to zero,

Turn the bridge switch to the 327 to 38/» scale and switch on the
instrument,

Use a C.,R.0, to check that the bridge supply voltage is about
05 V pk., - pk, at 2¢5 Ko/s.

Reconnect the C.R,0, to look at the voltege (A.C.) on the collector
of the first amplifier transistor.

Set the dial of P, to the salinity of the bath and balance the
bridge using the Ra¢ and Cy boxes., (The C,R.0. should have
sufficient sensitivity to see a change of 0¢1Q in Ra4, which should
produce a veltapge of approximately 5 mV pk. to pk., on the C.R.0,) If
C4 should apparently be negntive, reconnect the capacitance box across
the cell terminals,

Use this value of Ray, and the approximate value of R’23, to
calculate Rps as follows:

Rag = 0°96 Raq (R723 + 2¢5 + Rp ot 15°C)/ 240

Insert this value of Rzs, It should be possible to construct
this by combining two Grade 1 *10% carbon resistors,

Rebalance the bridge, and use the new value of Ray to caloulate
_the exact value of R’ss as follows:

R’23 = Rasz + [4+2 Pz (180)/Raq] - 2440
(R2s is the value determined in section 2,2(a)(i).)

Note this value of R’23, set it up on the resistance box, and
rebalance the bridge,

Cy is now its final value, but the final value of Rzy is 1%
greater than the value now set up on the box (since Ps in the middle
of its angular range is not at the middle of its shunting effect),

- Note these final wvalues,

(4ii) Amplifier phase-shift

The oscilloscope should be disconnected for this test.

Insert the correct capacitor in place of Ct+, and reconnect the
capacitance box across the salinity cell (the back of the cable socket
on the panel is a sultable place). With the bridge comnected as
above and balanced, a change of 0+01uF in the capacitance across the
cellgshould change the meter reading by the equivalent of less than
‘ 0‘03/57. i
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If the change is greater than this vnlue Ct13s (across the
amplifior output) must be adjusted until this condition is fulfilled,

N.B. It 1s essential that for this test the capacitance across the
cell is changed, and not the capacitance of Cq.

(iV) Eg_z_r, Rzg and 011

Reconnect oscilloscope to look at voltage on the collector of
first amplifier,

Leave the R’»3 box set at its final value.

Reconnect the box from Rp4 to tale the place of Rzz.
Reconnect the capacitor box to take the place of Cqy4,

Switch to the temperature bridge and switch the instrument on,

Measure the temperature of the bath to *0+1°C and adjust the
temperature scale to read this value,

Balance the bridge using Rz and Cqg,
Use this value of Rsz to calculate Ras using_the formula:

Rao

i

390 x 0+96 Ra2/(R’23 = Ras + 2+4 +_006) 0

#

37 Raz/[Le2 P2R2180 +0:6] 0

Insert this value of Ras. It should be possible to construct
this by combining two Grade 1 *10% carbon resistors,

Rebalance the bridge, (N.B, Make sure that the temperature of
the bath has not drifted, If it has, re-adjust the disl,)

Cy1 is now its final value, but the final value of Rzz is 1%
greater than the value now set up on the box.

Note these final values,

(v) Amplifier gain

Remove the C.,R.0.

Change the temperature dial by 0¢5°C, The meter should deflsct
about 20uA,

2,2(d) Stoge 3. Final checks and preparation of the correcstion chart,

For this stage the instrument should be complete in all details.

It consists of checking the instrument at a variety of preoisely
known temperatures and salinities.

(1) Trimmine, using Ps and Py

Put the measuring head in a stirred bath whose sallnlty is
precisely known and is as close as is practicable to 357, and whose
temperature is precisely known and is as close as is practicable to
15°C,  Set the dials to precisely the values of the bath, switch the
bridge to the temperature range and bring the meter to zero using Pa,
change to the 327 to 38} range, and again bring the meter to zero
using Py,

(11) PFinal checks

The tests given here are suggested as the minimum check which
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should be given to each instrument, When the customer requires a more
comprehensive test this should be undertaken by the N.I.0, who will
issue a test certificate and charge a fee to cover the cost of the tests

Prepare a series of stirred water-baths at roughly 5°C intervals
from 0°C to 30°C (fresh water may be used for this test) Immerse the
cell in each bath in turn, read the temperature to 0+1°C on a reliable
thermometer, balance the bridge and note the dial reading. Prepare o
table of corrections as follows:

True temperature 0.0° 5.2° 1043° veecssrens

Bridge reading ~041° 5+0° 10+4° cessseees

Correction to be applied | +01° +0.2° 20+1° cevesercoe
to bridge reading

Prepare baths of sea water of sallnltles approximately 5/, 157
25” for the low range and 337, 357, 37 for the high range. These should
be in thermally insulated containers (m large vacuun flask is suitable),
Cool the water in advance to about 0 C immerse the cells of the
instruments and to prevent evaporatlon during the tests plug the neck of
the flask with cotton wool, The bath must be equipped with a stirrer, a
thermometer and an electric immersion heater. Stir until the water is
uniform, balance the bridges and read the temperature. Switch on the
heater untll the temperature has reached about 10 C again stir until
uniform and read, Repeat at 20°C and 30 °c.

Immediately after the series take a sample of the water and determing
its salinity on a precision galinometer,

Repeat with the other salinities.

Prepare a table as follows:

Reading of instrument under test

True
salinity 0°C 10°C 20°C 30°C
L+ 957 Le9 Le9 5:0 51
1512 1541 1541 1542 - 15e3
eto,

37.04 | 37+10  37.06  37.05 3702




CIRCUIT COHPONENTS

Circuit ‘

Diagran Description

Symbol
71 2500 25 W
P2 2500 2? W
P3 1010 ? W
Pl 10KQ = W
R1 2200 approx, Wire wound
R2 3900 1 ” 1
RY 5300 1 ] n
R5 L500 1" 1 1
R6 1700 —‘g W
R7 22K0 7 W
R8 L TKQ 7 W
R9 15K =W
R10 68KQ v
R - 10KQ z W
RrR12 L «TKQ z W
R13 1+5KQ 7 W
R4 68KQ 7 W
R15 10KQ 7 w
R16 1 ¢5K0 7 W
R17 L°700 ¥
R18 22K0 7 w
R19 1KQ 7 W
R20 1K =W
R21 100Q approx, Wire wound
R22 3000 1] " 1
R23 80Q 1 1 "
R2k 1500 W
R25 680 z w
R26 L7KQ z w
R27 22KQ 7 il
R28 depends on cable length K W
1{29 n 1 n n 5 W
St Switch 8~pole 3-way wafer S/W
Sz "
c1 To be adjusted to csble length
c2 001uF
C3 O«5uf approx,
cly 100 UF
C5 Qelur
cé 100uF
c7 25uF
c8 Oe1uF
Cc9 25uF
c10 a2 5 Oulf
c11 To be adjusted to cable length
ci2 BUF
C13 0+015uF approx,
TR Transistor 0C 71
TR2 " 0C L4k
TR3 fn 0oC )_'l'_
MR Diode GV 448 (0A 71) germaniun
MR_Z 4] " " "
Th Thermistor (S.T.C. type F 22)
T ‘ Transformer Ferroxcube LA,1
M Meter 50-0-50uA centre zero

B Battery Batrymax 9V



Bridge Supply
2:5Kc/s

\a00)
(0000)

Measuring arm for
J S =32%so0 to 38%o

Detector
.

-Preset
trimmer
(ollows for
small drifts
in cell
constant
etc.)

Measuring arm for
S=0%0 to 32%o0

Detector
Common
I

FIGURE |

The salinity bridge with no appreciable cable impedances

Typical values are :—

R.=280A R.=1500 P =0Oto2500

C, = O-Ol5pf

Vi oF

i



— Detector

- Detector
Common

FIGURE 2

The temperature bridge with no appreciable coblé
impedances

Typical values not given in Fijg | are :—

R, = 2200 R, = 390N R, =3000




25Ke/s

\a000)
ichant

To balance etfect of cable
resistance (typically 22Kn.)

+ Detector
/(TYPICALLY 005 F)

Cable COPOCHQV
‘O04pF
R23 2 }L

[
ik

2:4 n(caBLE CORE)

0-6.1 (CABLE SCREEN ) Detector
- - =
v )] 3
| AL 7 AN o // 1/‘ Y. R T Common

FIGURE 3
The salinity bridge with long cable (thc trimming

resistor and potentiometer and the alternative arrangement

tor P, have been omitted for the sake of simplicity.)

Typical values not marked here are given in Fig |



2-5Kc/s

-» Detector

- To balance effect of
cable resistance

(CABLE CAPACITANCE)
™ 0.016uF
: Cy

6-8Kn

Detector
—

Common

FIGURE 4

The temperature bridge with a longe cable

Typical values not quoted here are given in Fig_2
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