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INTRODUCTION

The Model 125 MicroScale Conductivity-Temperature Instrument (MSCTI) is designed to measure

the temperature and electrical conductivity of water solutions containing conductive ions. The

MSCTI provides analog voltage outputs that are functions of the solution’s electrical conductivity and

temperature. The instrument is intended for use in moving solutions where spatial resolution and

time response are important.

DOs AND DON’Ts

Always use fresh, clean solutions. Large contaminants such as algae flakes can become caught

on the sensor’s electrodes and cause calibration shifts. If possible, position the sensor so that it

points directly upstream in the flow. This orientation is less susceptible to contamination.

Debris caught on the electrodes can sometimes be removed by gently rinsing them under a

faucet or using a squeeze bottle. Never tap the stainless steel shaft. This causes vibrations that

can cause the glass sensor to become cracked.

Avoid solutions that contain oil or slime. The conductivity electrodes are platinized to increase

their ability to pass electrical current into the solution. This plating is sponge-like. If the plating

becomes fouled with oil or slime, then the electrodes will have difficulty conducting electricity.

The ‘PHASE ERROR’ light on the electronic bridge’s front panel comes on when this condition

occurs.
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Minimize the time the sensor is exposed to air after calibration. Calibration shifts will occur if the

air exposure time is longer than a few seconds. When moving the sensor from one solution to

another, take advantage of the fact that a small drop of solution will cling to the sensor’s

electrodes and protect them.

Always rinse the sensor with fresh water after use.

Never expose the sensor to water unnecessarily.

The preamplifier is watertight and may be submerged. The cable may also be submerged. The

connector to the electronic bridge is not watertight. Do not allow water to get into this connector.

If this happens, then the instrument will not operate properly and can be permanently damaged.

When storing or transporting a wet sensor assembly, be sure that the connector is kept at the

highest point. Small drops of water tend to run down along the cable and into the connector if

allowed.

The preamplifier cable is a complicated instrumentation cable. It is important that the cable

jacket not allow water to enter the cable. Never allow the cable to be damaged. Don’t allow it to

lay on the floor where it can be stepped on or have equipment rolled over it.

SPECIFICATIONS

CONDUCTIVITY

Measurement equation Vo = G * C + Voff

8 hour calibration stability Better than 1% of C reading

Time response -3db at approx. 800 hz

Spatial response -3db at approx. 4 cyc/cm

Noise < 1mV RMS 10 Hz  to 1 kHz

Output voltage range +/- 5 volts

Linear conductivity range 0.5 to 800 mS/cm
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TEMPERATURE

Measurement equation Vo = G exp (A+B/T) + Voff

8 hour calibration stability Better than 0.01 deg C

Time response Approx. 7E-3 seconds

Noise < 1mV RMS 10 Hz to 200 Hz

Output voltage range +/- 5 volts

Temperature range -10 to 100 deg C

PANEL FUNCTIONS

The Model 125 front panel has several displays and controls. Each of these is described below:

POWER - This switch controls power to the electronic bridge and preamplifier assembly. The

adjacent light is ‘on’ when power is applied. Note that the switch simply interrupts power from the

power supply module and does not control the power supply module in any way.

GAIN - TEMPERATURE - This controls ‘G’ in the temperature measurement equation

mentioned above. ‘CW’ operation of this adjustment increases ‘G’.

GAIN - CONDUCTIVITY - This controls ‘G’ in the conductivity measurement equation mentioned

above. ‘CW’ operation of this adjustment increases ‘G’.

PHASE ERROR - This lamp comes on when the sensor’s electrodes have become damaged or

fouled and indicates that the conductivity cell is having difficulty passing current into the solution.

Momentary phase errors cause this lamp’s output to latch for about one second.

OVER RANGE - This lamp comes on when either the conductivity or temperature circuits have

voltages within them that are outside of the operating range. Having ‘G’ settings that are too high

usually causes this condition. Momentary over ranges cause this lamp’s output to latch for about

one second.

The Model 125 back panel contains several connectors. The function of each is fairly obvious

except for the circuit outputs that are BNCs. The outer BNC supplies Conductivity Vo. The inner

BNC supplies Temperature Vo.
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GROUNDING

The Model 125 must always be used with grounded solutions. You have the option of grounding

the solution yourself or using the ground supplied by the preamplifier-sensor shaft. The

preamplifier-sensor shaft is wired through the cable to JMP 1 on the main bridge’s circuit board,

near the preamp connector. JMP 1 is accessible by removing the two screws that hold the

bridge’s cover. The Model 125 is shipped with JMP 1 shorted, connecting the preamp-sensor

shaft to circuit ground. If you break this connection, then the preamp-sensor shaft and the

sensor float free of circuit ground. This allows you to provide ground to the solution in whatever

way that is required. The Model 125 circuit ground must be connected to this ground through the

outer side of either BNC on the back panel.

CALIBRATION

Precision Measurement Engineering (PME) performs temperature calibration when the Model

125 is initially supplied. In this condition, a small piece of tape is placed over the GAIN-

TEMPERATURE potentiometer access hole. This is intended to prevent accidental adjustment

of this potentiometer creating an uncalibrated condition. The conductivity channel is not

calibrated by PME. When a new sensor is installed, the customer must perform both

calibrations.

Calibration of the Model 125 is performed in three stages: ‘G’ setup for proper range, calibration

data acquisition, and numerical analysis.  Each of these is discussed below:

G SETUP - It is important that the instrument does not go out of range during an experiment. To

insure that it does not, you must first set both ‘G’ adjustments at the maximum experimental

conditions. The procedure is:

1. Turn both gain pots fully CCW. The over range
lamp should be dark.

2. Place the sensor in a solution at the lowest
temperature expected during the experiment. Adjust
the temperature gain pot CW until the over range
light comes on. Back the pot off CCW ½ to 1 turn. If
the light does not come on, then leave the pot set
fully CW.

3. Place the sensor in a solution at the highest
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conductivity expected. Adjust the conductivity gain
pot CW until the over range light comes on. Back
the pot off CCW ½ to 1 turn. If the light does not
come on, then leave the post set fully CW.

CALIBRATION DATA ACQUISITION- This process depends on the accuracy that you need in
your experiment. Calibration of the Model 125 depends on laboratory standards for temperature
and conductivity that you supply. The Model 125 will not measure more accurately than these
standards. The procedure for simple calibration using a 0.1 deg C resolution thermometer and
one solution of know conductivity is given below.

1. Turn the electronic bridge off. Disconnect the
preamplifier-sensor cable. Turn the electronic
bridge on. Record the voltage at the temperature
output. This voltage is temperature Voff.  It should
be approximately -5 volts. Turn the power off and
reconnect the cable. Turn the power on.

2. Expose the sensor to two stirred solutions at
temperatures approximately bracketing the
expected temperature span of the experiment.
Record the temperature from the reference
thermometer and the voltage at the temperature
output.

3. Hold the sensor with the tip up and gently shake the
water from the electrodes. Record the voltage at the
conductivity output. This voltage is conductivity Voff.
 It should be approximately -5 volts.

4. Place the sensor in a solution of known conductivity
that is near the highest conductivity expected.
(Conductivity can be calculated from density and
temperature or salt concentration and temperature
or otherwise known.) Record the conductivity and
the voltage at the conductivity output.

NUMERICAL ANALYSIS- A numerical means for connecting voltage outputs from the Model
125 with their corresponding conductivity and temperatures is described below.

1. Use the temperature response equation given in
the Specifications section. Include ‘G’ in the
coefficients ‘A’ and ‘B’. Find a simultaneous solution
to the equation:

1n (V(T)-Voff) = A + B/T   (T in deg K)

 for ‘A’ and ‘B’ by using the two data points. If your
reference measurement of ‘T’ was absolutely
certain, then this equation will give fit errors of
about 0.05 deg C over a 20 deg C span.
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2. Use the conductivity response equation given in the
Specifications section. Solve:

V(C) - Voff = G * C

for ‘G’ using the data point measured above. If your
measurement of conductivity was absolutely
certain, then this equation will give fit errors of less
than 1% of the reading over the linear range of
conductivity.

MAINTENANCE

Maintenance of the Model 125 consists of keeping the sensor, preamplifier, and cable assembly
free from physical damage, rinsed off, and dry.

From time to time a sensor assembly will need to be replaced. The procedures are:

1. Remove the outer screw (screw #1) nearest the
cable end of the preamplifier. Place it in a cup to
prevent loss. It is very small. Refer to Sensor
Replacement drawing.

2. Grip the stainless steel shaft and carefully slide the
preamplifier cover toward the sensor until all the
interior parts are exposed.

3. Clip the six wires (4 - conductivity and 2 -
temperature) about 1 cm from each connecting
point on the circuit board. Do this so that some of
the color from each wire remains connected to the
circuit board. This will help when soldering the new
wires.

4. Loosen the set-screw (screw #2) in the shaft
retaining bracket at the shaft end of the preamplifier
circuit board.

5. Withdraw the stainless steel shaft. Slide the
preamplifier cover off the stainless steel shaft.
Discard the used shaft.

6. Inspect the o-ring at the cable end of the
preamplifier for any cuts or debris. If detected, then
replace. Next, apply a small amount of silicon oil
around the o-ring.

7. Remove the outer screw (screw #3) on the
preamplifier cover that holds the nosepiece. Inspect
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the o-ring for cuts or debris. If detected, then
replace. Apply a small amount of silicon oil around
the o-ring.

8. The nosepiece has a smaller, inner o-ring. Carefully
remove it and inspect for cuts or debris. If detected,
then replace. Apply a small amount of silicon oil
around the o-ring before replacing it back into the
nosepiece.

9. Slide the nosepiece onto the preamplifier cover. Be
sure not to cut the outer o-ring with the cover. Install
the outer screw (screw #3). Be careful not to over
tighten.

10. Insert the o-ring expander into the stainless steel
shaft where the wires protrude. Insert the wires
through the clear, plastic tubing. The fit is not tight
and the expander will fall to the side. See the
Sensor Insertion drawing.

11. Apply a small amount of silicon oil to the end of the
new stainless steel shaft and to the o-ring
expander. Do not put silicone oil on the clear,
plastic tubing since it will be inserted into the
shaft.

12. Insert the wires through the nosepiece and carefully
slide the preamplifier cover onto the o-ring
expander. While holding the preamplifier cover,
position the o-ring expander so that it is flush with
the stainless steel shaft. Keep the expander and
shaft in a straight, horizontal position. Gently push
the preamplifier cover over the expander/shaft
section and onto the shaft being careful not to cut
the inner o-ring. See the Shaft Insertion drawing.

13. Once the preamplifier cover is on the shaft, remove
the o-ring expander and insert the wires through the
shaft-retaining bracket. Insert the shaft fully into the
bracket and tighten the set-screw (screw #2).

14. One at time, unsolder the old wire on the circuit
board and solder the new wire (that has been
stripped) onto the connecting point. Be careful not
to switch the colors. If you become confused, then
refer to the Sensor Connection drawing. If you coat
the stripped end of the wire with solder flux, then it
becomes much easier to solder.

15. Be sure to inspect the solders and cut any exposed-
stripped wire.

16. Carefully slide the preamplifier cover back into
place over the circuit board. To insure that the
cover does not cut the wires, be sure that they are
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positioned near the center of the circuit board. Be
careful not to cut the o-ring near the cable end as
the cover slides over it.

17. Install the outer screw (screw #1). Be careful not to
over tighten. Wipe off any remaining silicon oil on
the shaft or preamplifier cover.
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