ELEC105L
Fundamentals of Electrical Engineering
Spring 2010
Lab #8:  Thermistor Response Time

Why is this important?
When using any transducer, it is important to know its characteristics. For example, you learned in Lab #4 that the resistance of a thermistor depends on temperature and that the relationship is nonlinear. Response time is another important factor.  In this lab exercise, you will measure the amount of time it takes for a thermistor to reach equilibrium after it experiences an abrupt change in temperature.
Grading

This lab is a “familiarization exercise” and therefore will be weighted 50 points.  To receive full credit, e-mail the screen captures obtained in Step 8 to your instructor along with the answers to the questions in Steps 9 and 10.  All items are due at the end of the lab session.  Only one submission per lab group is required; however, each member of the group must contribute to its production.
Procedure
1. We will first review some of the basic functions of the oscilloscope.  Connect the output of the function generator to Channel 1 of the ‘scope, and set the function generator to produce a 1-kHz, 2-V peak-to-peak sine wave.  (See Lab #7 for instructions on using the ‘scope and function generator if you need help.)  Use the “Autoscale” button if the signal is not stable on the display screen.
2. Press the button labeled “Cursors” on the ‘scope.  A menu should appear at the bottom right of the screen.  Set the “Mode” to “Normal,” the “X Y” selector to “X” (for the horizontal time scale), and the “Source” to the channel you are using (Channel “1.”).  Now press the button labeled “X1.”  This will allow you to control the position of a dashed vertical line on the screen using the knob next to the “Cursors” button.  Move the line until it intersects a peak (maximum) of the voltage waveform.  Then press the button labeled “X2” (or push in the knob you just turned), and move the other dashed vertical line (with longer dashes) until it intersects an adjacent peak (maximum) of the waveform.  Record the values given for “X1”, “X2”, and “∆X” (above the “Mode” indicator).  Note that the center of the oscilloscope screen is the “0.0s” reference and that everything on the time axis is relative to that point.  The value for ∆X is the period of the waveform.  Does it agree with what you would expect from the settings on the function generator?
3. Now press the button under the “X Y” selector once to select the cursors for the “Y” axis (voltage).  Use the two horizontal cursor lines to measure the minimum and maximum voltages of the waveform.  Note the values for “Y1,” “Y2,” and “∆Y(1).”  (The “1” in parentheses refers to Channel 1.)  Do these values agree with the function generator settings?  (Remember that the amplitude displayed on the function generator is not necessarily what you will measure.  Review Lab #7 if you don’t remember why.)
4. Obtain a thermistor from your instructor and measure its resistance at room temperature.
5. Build the circuit shown in Figure 1.  The resistor with the “T” next to it is the thermistor circuit symbol most commonly used in the United States.  For R2, use a resistor with a value close to the room temperature resistance of the thermistor.  At room temperature, predict the value of Vo.
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Figure 1.  Voltage divider using a thermistor.

6. Using the digital multimeter, measure VO with the thermistor at room temperature.  Does the measured value for VO agree with the predicted value?  If they do not agree within 5%, check your circuit and make another measurement.
7. Using the oscilloscope, measure VO with the thermistor at room temperature:
a. Use the knob above the button labeled “1” to change the Channel 1voltage scale to 1V/division. 
b. Use the knob in the upper left area of the front panel (in the “Horizontal” group) to change the time scale to 5 sec/division.  You will not see anything for 25 seconds; the trace must reach the middle of the screen (i.e., it must travel through 5 divisions of 5 sec each) before it appears.

c. Move the ground reference (the yellow arrow with a “1” on the left side of the screen) close to the bottom of the screen using the small knob below the button labeled “1”.  

d. Press the button marked “Single” to start a single measurement.  (By default, the screen refreshes continuously at the rate determined by the time scale.  When the “Single” button is pressed, only one trace is drawn on the screen.  The screen is complete when the “Run/Stop” button turns red.  You can resume continuously repeating measurements by pressing the “Run/Stop” button again.) 
e. If the trace is a straight line at 0 V (indicated by the yellow arrow with the “1” next to it on the left side of the screen), check that the oscilloscope is DC coupled by pressing the Channel “1” button.  If “Coupling” is set to “AC,” press the button underneath the label until “DC” appears.  (In AC mode, the ‘scope only measures the variation in voltage and not the DC component.)

f. Is the voltage measured by the oscilloscope close to the value of VO measured with the multimeter?  If it is, continue to the next part.  If not, find out why.

8. Press the “Single” button and then immediately apply heat to the thermistor by pinching it between your fingers.  Watch as the voltage changes with time (remember to wait 25 sec for the image to appear).  Is the voltage changing in the correct direction?  When the voltage reaches its final value, remove your fingers and watch as the voltage changes again.  Capture the final screen images for the heating and cooling cases.  (You will need to run a single trace twice.)  Save the images in your network space, and e-mail them to your instructor along with the answers to the two questions below.
9. How much time does the thermistor take to reach its final equilibrium temperature when it is heated?
10. How much time does the thermistor take to reach equilibrium when it cools? Is the time different from that for the heating case?  If so, why?  (Hint:  The change in temperature in both cases is the same.  The reason for the difference in response times has to do with heat conduction.)
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