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OBJECTIVE:  These activities are designed to show how conductivity probes are made, to calibrate a probe to see how quantitative tests can be and to display the results on a CFX-985GC plus graphing calculator.

 .  

INTRODUCTION


Probes are devices that can be attached to measuring instruments that measure the voltage or current in the device and register it as a number.  If the probes are calibrated they can be used to make highly accurate measurements.  One of the probes to be made in this set of activities is a conductivity probe.  Both qualitative and quantitative measurements can be made by a suitable calibration.  The probe shown in figure 1 can be used to determine if a solution is conducting sufficiently well to cause the light to glow.  The brightness of the light will determine the degree of conductivity.  The light can be replaced with a current meter or a voltmeter and a calibrated resistance to make quantitative measurements.  The first part of this activity is to construct a circuit and measure conductivity of a saline solution with a given amount of NaCl dissolved in it.  The solution is seen to have a temperature dependent conductivity.  The number of ions in solution determines the conductivity.


Conductivity is a measure of how well a medium can carry an electric current.   We can determine whether a medium will conduct and just how much by making specific measurements.  
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Figure 1.  A sketch of the simple conductivity probe constructed in this set of activities.  The probe will not provide a qualitative value for the degree of conductivity but merely provides a “yes” or “no” to the question of whether the solution is a conductor or not.   



A simple electric circuit can be constructed that will provide a quantitative value for the conductivity of a material.  Conductivity is defined in terms of a specific geometry of the material.  It is defined as the ability to conduct the electric current by a sample of the material that is one cubic meter of volume, one cm on all sides if it is a cube.  This may be a cube or a cylinder with dimensions with radius providing one cm2 for the base area of the cylinder and being one cm in length.  The conductivity is the reciprocal of the resistance. 
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Figure 2.  The geometry needed to define the specific conductivity of a sample of materials.  The dimensions are L = 1 cm and A = 1 cm2.  Electrodes are attached to the ends of the cylinder or the ends of the cube and the ability to conduct current, the specific conductivity, is the material can be obtained.

One measure of conductivity  is how much does the material resist the flow of current and the other is how well the material conducts the current.

A cell can be constructed to make conductivity measurements through the use of a series circuit with the conductivity cell in series with a resistance and a voltage supply.     The cell is shown in figure 3
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Figure 3.  (Left) An equivalent circuit for the conductivity experiment.  (Right)  The conductivity cell with two electrodes fixed at a constant space between the them.  The spacing material must be a good insulator and the cell must be calibrated against a known conductivity.

RESULTS AND ANALYSIS


The circuit shown in figure 3 is set up and the temperature is changed by heating the cell using a hot plate.  The cell is constructed by putting 200 ml of water in a 250 ml capacity beaker.  Weigh out 4 grams of NaCl and put it in the water.  Measure the conductivity before and after placing the NaCl into the container.  Stir the mixture and allow it to stabilize.  Measure the voltage dropped across the standard resistance.  In this activity the value was chosen as 15,000  Ohms.  This value depends upon the range of conductivity to be measured.  


As the temperature is raised, the conductivity will change as the NaCl dissociates in the solution.  The conductivity can be obtained by measuring the voltage across the standard resistor.  


The standard circuit laws can be used to calculate the conductivity as follows.  The voltage across the standard resistor can be made and from this the circuit current determined.  The battery potential needs to be measured and assumed constant under each load.  



Ix/Vx  =   σx







(1)

The current Ix can be obtained by dividing the measured voltage across the standard resistor by the standard resistance.  The value of Vx is obtained by the equation:



Vx   = Vsource -  Vmeasured





(2)

Putting the values used in this experiment yields the following result:



σx  =  Vmeasured/{15,000(9.00 - Vmeasured)}



(3)

TABLE I.  TEMPERATURE AND CONDUCTIVITY MEASUREMENTS MADE ON NaCl AND WATER SOLUTION

	TEMPERATURE
	CONDUCTIVITY (MHOS)

	22
	0.00143

	26
	0.00166

	26
	0.00184

	28
	0.00211

	30
	0.00232

	31
	0.00247

	35
	0.00265

	40
	0.00265

	43
	0.00276

	47
	0.00277
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Figure 4.  A picture of the circuit set up with all of the instrumentation needed to make the measurements needed.  (Right)  A plot of the conductivity versus temperature for 200 ml of water with 4 gms of NaCl dissolved in it.
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Figure 5.  (Left) A picture of the calculator with data input for Resistance versus temperature and (Right) an excel plot of the averaged data.  Note that the resistance decreases with increasing temperature. 

The data in Table I can be plotted and analyzed by using the CFX-985GC plus

graphing calculator to show the plot and to analyze the curve.   The voltage and temperature are measured using the EA – 200 Data/Collector.       

QUESTIONS

1. The solution chosen was NaCl dissolved in water.  Can you think of some other solutions that can be measured?

2. Measure the conductivity of regular coke and diet coke to see if the conductivity is the same.

3. Would you expect ocean water to have a different conductivity than that of lake water?

4. This device as constructed can be used to measure resistance or the inverse, conductivity.  Can you describe how an Ohmmeter can be made using the set up given above?

5. Describe how we might be able to use the probe shown in figure 1 and the light probe provided with the EA-200 Data Collector/Analyzer to make the glow of the light a quantitative measure of the conductivity of the solution being measured?  
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