PHYSICS 334 - ADVANCED LABORATORY I

THERMIONIC EMISSION

Spring 2002

Purposes: 
Determine the temperature of a heated vacuum tube tungsten cathode. Investigate the behavior of electrons emitted in a vacuum tube from a heated cathode as a function of temperature, applied electric potential, and work function of the cathode.

Background: 
Melissinos pp. 65-78 (thermionic emission).



Preston and Dietz pp. 141-147 (thermionic emission); 152-161 (pyrometry)



Exercises assigned in class.

Skills:
 
Basic electronics, optical pyrometry, and current measurement using a shunt.

Protocol: 
The circuit to be used is shown in Fig.1. Remember that the vacuum tube used in this experiment, the GE FP-400, is now an antique. The maximum current that can be used in heating the filament is 2.5 A. Do not exceed this value. (This value will also keep you below the maximum filament voltage limitation.) You will first develop the procedure for measuring the cathode temperature and then use this technique in studying thermionic emission.

Part A: Temperature determination

Procedure:

1. Connect the filament-heating portion of the circuit shown in Fig. 1. For measuring the current in the filament, use the 10 A = 100 mV current shunt, since the digital voltmeters used do not measure currents above 2 A. 

2. Before applying current to the filament, have either the instructor or teaching assistant check the connections. Then adjust the filament current to 2.0 A. 

3. Sight the filament within the viewer of the pyrometer. View the filament through the viewing hole in the anode. Initial sighting is best achieved using the lowest range of the pyrometer. The range is selected with the adjustment ring at the front of the viewer. 

4. Once the pyrometer is correctly aimed and aligned, secure the pyrometer viewer in position.

5. Pressing the comparison switch on the viewer produces a horizontal line in the viewer for brightness comparison with the filament. Turn the pyrometer temperature knob until the pyrometer line brightness matches the filament brightness. (You may have to change pyrometer scales.) When the brightnesses match, the knob indicates the brightness temperature. (Note: The pyrometer temperature scale is in oC, not oK.) Estimate the uncertainty in this temperature, indicating how you determined that uncertainty.

6. Since the pyrometer reading assumes the object viewed is a black body, correct the brightness temperature to the true temperature using the information on tungsten at 0.65m found in the Handbook of Chemistry and Physics or the AIP Handbook.

7. Jones and Langmuir [Gen. Elec. Rev. 30, 310 (1927)] developed a phenomenological formula for determining the temperature of a tungsten filament carrying a current I. Prof. Roland Hanson has analyzed their data and produced an equation embodying this approach. By defining a variable A = I / d 3/2, where d is the diameter of the filament in cm, the temperature of the filament carrying a current I is
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Use this equation and the information given in Melissinos on the FP-400 to determine the temperature of the filament at 2 A. Estimate the uncertainty in d and the corresponding uncertainty in T. Compare with the result found in step 6. Average the two values and report that uncertainty.
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Figure 1. Wiring diagram for the thermionic emission experiment.

Part B: Thermionic emission

There are three variables that will be studied in the circuit shown in Fig. 1. Note the following two observations:

· Since the filament voltage directly controls the filament current, the filament voltage controls the filament temperature T. By changing the filament voltage, different temperatures are achieved and the behavior can be studied as a function of filament temperature T.

· The anode voltage Va can also be varied, which then affects the anode to cathode current Ia. By holding the filament temperature constant and varying Va , the current Ia can be measured as a function of Va .   

Putting these two items together means we can study Ia = Ia (Va, T ). This function can then be analyzed with the Richardson-Dushman, Child's Law, and the Shottky emission equations, as shown in Figs. 3.14 and 3.16 in Melissinos. (Note that Fig. 3.14 illustrates how to plot three variables on two axes.) The goals for this portion of the experiment are to verify the applicability of these three equations and, from them, to determine the work function for tungsten.

Procedure:

1. Connect the remaining portions of the circuit in Fig. 1. Before applying power, have the connections checked by the instructor or teaching assistant.

2. Adjust the filament voltage to 6.0 V.

3. Determine the temperature of the cathode using the two methods described above.

4. Measure the anode to cathode current Ia as a function of the applied anode voltage Va in steps sufficiently small that the space-charge limited region, the saturation region, and the Shottky correction are well-defined. (The voltage step size may vary as the voltage is increased.)

5. Increase the filament voltage in 0.2 V steps. Repeat steps 3-4 for each setting of the filament voltage. Be sure to increase the current very slowly and carefully so as not to exceed the maximum current limit. The measurement series should end with a filament voltage of 7.4 V. 

Analyze the data obtained as described in Melissinos and Preston and Dietz. Your analysis should allow you to answer the following questions:

1. In the space-charge limited region, does the slope of the Ia versus Va curve agree with Child's law? Why or why not?

2. How does the value of the work function for tungsten you obtained compare with the accepted value of 4.5 eV? Why or why not?

3. How does the value of e/m obtained using Child's Law and your data compare with the accepted value?
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