                                  FRANCK-HERTZ EXPERIMENT (Rev Fall 2014)
This is a classic experiment to demonstrate that the energy levels of electrons are quantized. Look at background material before doing experiment.
Part I Neon
Setup

1. Connect up the Neon tube first to the control box, scope, and voltmeter using the attached chart. 

2. Before turning on the control box, turn controls for heater, acceleration and amplitude all the way to the left. Set reverse bias control to center position.

3. Set the switch labeled Man/Ramp to Ramp position.

4. The control box signal output needs to be connected to scopes Y input (CH2) and U/10 output is connected to X input (CH1).
5. Set the Sec/div knob to XY position or use XY button depending on scope. Set volt/div knobs to 1 V/cm in DC mode. You may need to adjust volt/div later. Select Ch 2 on vertical mode menu. Select Ch 1 on Source menu.
6. Turn on scope. Adjust position of scope display so dot is in lower left corner of screen.

7. Turn control box on. Green light should come on.

Take Data

1. Slowly adjust heat control for 8v.
2. Adjust acceleration voltage to 40v.

3. Adjust amplitude control to increase amplitude of the signal.

4. Vary the reverse bias control to obtain curve with well defined maxima and minima. You will only see a few peaks for Neon. You may need to increase the acceleration voltage but do not exceed 80v.

5. Record the voltage where the maxima and minima occur on the scope screen. Since you are in XY mode you want to measure the voltage horizontally on scope screen not vertically. Measure the voltage between peaks not the height of peaks. Treat the position of the first peak on the left as zero volts
6. For a more exact value connect a voltmeter to A and K jacks. 
7. Set Man/Ramp switch to Man. Set accelerating voltage to zero.

8. Slowly raise the accelerating voltage and determine the voltage of the maxima and minima. Look at the scope. You can see the spot move up and down. 

9. You will need to record whether maxima or minima and voltage between A and K.

10. Turn off equipment when finished for day. When data taking is complete forall parts see Analysis section.

Franck-Hertz Experiment Using Argon 
1. Use the apparatus labeled Franck-Hertz Experimental Instrument. Read the background material.

2. Plug in and turn on. While waiting 3 min for the argon tube to warm up check controls as listed below.
3. Manual/Auto: Manual    Scan: all the way to left     Filament Voltage: 4.5   Current Multiplier:10-7.

4. Voltage Switch in 1.3-5 position: Voltage = 1.5 on 0.5 scale.  Voltage switch in 1.3-15 position: voltage = 7.5 on 0-15 scale. Use knobs to the right if not reading correctly. Voltage switch in 0-100 position: Adjust 0-100 knob for 0 voltage.

5. Connect a digital voltmeter to X output and ground so reading is negative. Increase 0-100 knob until digital voltage is positive.

6. Slowly increase the 0-100 voltage while watching the current meter. Record current (including multiplier) & voltage at first maximum. Slowly increase voltage and record current and voltage at each maximum and minimum up to 100 on analog voltage scale. Adjust current knob if current goes too high or too low to read. Obtain additional points as needed to plot current vs. voltage.

7. You can see what the pattern looks like by using the oscilloscope. Remove digital voltmeter. Set current multiplier to 10-7.  Turn scan full clockwise. Switch from manual to auto. Connect X output and ground to Ch1. Connect Y output and ground to Ch2. Set Volt/div to 5 on Ch 1. Set oscilloscope to XY mode. This depends on model. Adjust volt/div on Ch 2 so highest peak is ~ 5 div high. Adjust vertical and horizontal position as needed. You should see 5 peaks.
8. When finished turn 0-100v knob back to zero and turn off apparatus. When finished with experiment disconnect digital meter and oscilloscope.  

PART III   Mercury
Setup

1. Turn off control box and disconnect the Neon tube and connect the Mercury tube to the control box, scope, and voltmeter using the attached chart and picture. 

2. Mercury must be heated to vaporize it. Insert the thermometer probe in to of tube housing. Turn on heater. While waiting for temp to get to around 180 complete rest of setup steps. Monitor temperature. Do not allow temperature to exceed 190 deg C. 

3. Before turning on the control box turn controls for heater, acceleration and amplitude all the way to the left. Set reverse bias control to center position.

4. Set the switch labeled Man/Ramp to Ramp position.

5. The control box signal output needs to be connected to scopes Y input (CH2) and U/10 output is connected to X input (CH1).

6. Set the Sec/div knob to XY position or use XY button. Set volt/div knobs to 1 V/cm in DC mode. Select Ch 2 on vertical mode menu. Select Ch 1 on Source menu.
7. Turn on scope. Adjust position of scope display so dot is in lower left corner of screen.

8. Turn control box on. Green light should come on.

Take Data

9.   Slowly adjust heat control for 7v.
10. Adjust acceleration voltage to 50v.

11. Adjust amplitude control to increase amplitude of the signal.

12. Vary the reverse bias control to obtain curve with well defined maxima and minima. You may need to increase the acceleration voltage but do not exceed 80v. Once temp is close to 180, adjust reverse bias control and accelerating voltage to obtain at least 6 peaks.

You may need to increase heater voltage slightly but do no exceed 8v.

13.  Record the voltage where the maxima and minima occur on the scope screen. Since you are in XY mode you want to measure the voltage horizontally on scope screen not vertically. Measure the voltage between peaks not the height of peaks. Treat the position of the first peak on the left as zero volts.
14. For a more exact value connect a voltmeter to A and K jacks. Set Man/Ramp switch to Man. Set accelerating voltage to zero.

15. Slowly raise the accelerating voltage and determine the voltage of the maxima and minima. Look at the scope. You can see the spot move up and down. You will need to record whether maxima or minima and voltage between A and K.

16. Turn off equipment including heater and thermometer when finished for the day. Disconnect wiring when ready to move on to another experiment.

Analysis

Part I

1. For the Neon tube obtain difference between voltages (max to max, min to min). 

2. For voltages from scope the differences need to be multiplied by 10 since output was divided by 10 by control box. Voltmeter values do not need to be adjusted. Compare your values to those given in background handout.
Part II
1. For Argon plot current versus voltage. Determine voltage between peaks and average. Compare with “book” value.
Part III
1. For the Mercury tube obtain difference between voltages (max to max, 

        min to min).

2. For voltages from scope the differences need to be multiplied by 10 since output was divided by 10 by control box. Voltmeter values do not need to be adjusted.

3. Compute an average value of the differences and standard deviation. Compute % difference between your value and “book” value from background handout.

