Physics 160 Laboratory, Spring 2010
Session 5:  Electron Impact Excitation of Helium
6

Physics 160

Principles of Modern Physics

 (Spring 2010)

Laboratory session #5
Electron Impact Excitation of Helium:  Pre-Lab

[image: image1.wmf]
Answer the following questions PRIOR to coming to your lab section.  You will not be allowed to participate in any data-collection until you have shown me your pre-lab and I have graded it.  Please tape or staple the pre-lab on the page opposite to the first page of your write-up; failure to do so will result in losing two points (out of a possible 20).  Show all your work.

Please refer to the diagram and table on pg. 6 for questions 2 and 3.

1. Before electron bombardment occurs, in what state are most of the helium atoms in your apparatus?

2. Given the answer from the question above, how much energy (in eV) is needed to ionize a helium atom?

3. List the four lowest excited states in order from lowest to highest energy.  How much energy (in eV) is needed to excite a helium electron from the ground state to each of these excited states?

4. Draw a prediction of what your data will look like on the chart recorder.  Label x and y-axes and include units.  Indicate and label expected data features in your sketch.
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Objective: 

To explore the lowest lying energy levels of helium using electron impact excitation.

Introduction:
Previously, we have studied the energy levels of hydrogen atoms by looking at the spectral emission lines corresponding to electron transitions.  This week we will be looking at helium energy levels, not by using light, but by bombarding the helium with an electron beam of variable energy and determining at which energies the beam most efficiently excites the helium.  Historically, an experiment similar to the one you will perform today (the Franck-Hertz Experiment, 1914) was instrumental in solidifying the idea that atomic energy levels are quantized

The helium transitions we will investigate are different from the previously studied hydrogen spectrum in at least two important respects:

1.  Helium is a two-electron atom.  Each electron must therefore interact not only with the nucleus, but also with the other electron.  This renders the energy spectrum of helium much more complicated than that of hydrogen, and indeed the energy levels cannot be calculated accurately without a complete quantum-mechanical treatment.

2.  We will be inducing transitions in the helium with incident electrons, rather than looking at spontaneous transitions that emit photons as we did with hydrogen.  This means that the selection rule (∆l = ±1) that applied to the spontaneous transitions may no longer apply, since that rule is a consequence of the fact that photons have 1 unit of spin angular momentum and angular momentum is conserved.

Empirically, we will also not be able to see the transitions directly, but will have to rely on somewhat indirect evidence supplied by our instruments.

Apparatus:
To identify the energies of the transitions in helium, we want to a) generate an electron beam of known (and adjustable) energy, b) inject the beam into a helium gas, and c) identify the energies that are absorbed most efficiently by the helium.  To those ends, we have a helium tube circuit wired as shown in the diagram.

•
The ~4V filament supply provides current for heating the filament to temperatures required for thermionic emission of electrons.   There is a diode (built into the tube) in series with the filament that ensures current will flow in one direction only. 

•
To accelerate the electrons, the grid (anode) must be at a variable positive potential above the filament from which the electrons are emerging.  The negative terminal of the variable power supply is connected to the positive side of the filament, and the positive terminal of the variable supply is connected to the anode. The voltage provided by the anode power supply is also connected to the X-axis of the XY chart recorder.  When powered up, the pen will scan horizontally in response to changes in the accelerating voltage.

•
To collect the electrons after impact, the ring collector must be biased slightly positive relative to the grid.  This bias is provided by a  ~1.5 V D cell battery. 

•
The nanoammeter used to measure the current collected by the ring collector is situated between the positive terminal of the anode supply and the negative side of the battery.  Any current collected by the ring must pass through the ammeter.  Note that the ammeter also provides an output voltage to the Y-axis of the XY chart recorder that is proportional to the measured current.  The vertical motion of the pen is therefore proportional to the ring collector current.  You will not need to know the absolute value of the current so do not worry about the conversion factor from current to voltage (the so-called transimpedance).

•
There are two digital voltmeters (DVMs), one to monitor the voltage provided by the anode power supply (the nominal accelerating voltage) and one to monitor the voltage across the filament (and diode).

•
Check the connections to confirm that the circuit is wired as shown in the diagram and as explained above.
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As electrons bombard the helium gas in the tube, incident electrons that do not have the appropriate energy to promote electrons to higher energy states in helium collide elastically with the atom and leave with almost exactly the same energy as they had before the colliding. These electrons are fairly energetic and moving rapidly along the axis of the tube, eventually striking the end of the glass tube.  If, on the other hand, the incident electrons have very nearly the amount of energy required to excite the atoms into higher states, many of the collisions will be inelastic, and nearly all of the incident electrons’ kinetic energy will be transformed into internal energy in the atom.  The incident electrons will be left with nearly no forward momentum, and will be easily drawn to the ring collector by the small positive voltage applied to it.  If the incident electrons have much more energy than necessary to produce a particular transition in the helium atoms, transitions may still occur; however, the electrons will be left with substantial kinetic energy and are not likely to reach the ring collector.

The result of all of this is that as the energy of the incident electron beam is swept through a range of energies, the current in the collector will show peaks for energies corresponding to transitions of the helium atoms.

Measurement:
· Set both DVMs to measure DC Volts.

· Turn on the anode power supply (green box) and adjust it to as close to +12V as you can.  The observable transitions will occur for accelerating voltages in the range from 12 V to 22 V.  The DC offsets on the chart recorder have been adjusted to display this range of voltages and thereby maximize the resolution of the energy levels.

· Place a piece of graph paper on the writing surface of the chart recorder. 

· Remove the cap from the chart recorder pen and rotate the pen into position.

· With the “PEN” switch in the “up” position, turn on chart recorder “ON” and move the switch to the “SERVO ON” position.  Switch the “PEN” to “down” to mark the position where the anode voltage is +12 V.  Raise the pen and then turn up the anode supply to +22 V.  Lower the pen again to mark this place on the graph paper.  Raise the pen and return the node voltage to +12 V.

· Turn on the filament supply (black box), note the voltage displayed on the DVM.

· Insert the D cell battery into its holder.

· Turn on the nanoammeter.

You are now ready to acquire data.

· Lower the pen.

· Slowly scan the anode voltage from +12 V to +22 V.  The chart recorder should sweep out a curve with several peaks.

· Raise the pen and return the anode voltage to +12 V.

· Repeat the scan to observe the reproducibility of the location and shape of the peaks.

· Each lab partner should produce his/her own set of curves for his/her notebook.  The lab team might experiment with scanning a little faster or slower to observe the effects on the resolution of the peaks.  Also try scanning down in voltage as well as up.

Analysis:
Determine the voltages at which peaks occur in your data.  Note that the voltage recorded is not exactly the accelerating voltage of the beam, since the electrons are emitted from the filament at some nonzero potential relative to the low side of the accelerating power supply.  You will therefore have to add a correction to all of your values.  Take the following into account when determining the appropriate correction: 

a) The potential drop across a diode is 0.6 - 0.7 V.

b) You can measure the voltage across the series combination of filament and diode.

c) You can assume the electrons are emerging on average from the middle of the filament.

Also give some consideration to what a reasonable estimate of the uncertainty of your results might be.

An energy level (or term) diagram for helium is shown on the next page, along with a table of the energies for some of the states relative to the state in which one of the electrons is removed from the (ionized) atom and the other is in the 1S ground state.  (Note that "parahelium" or "singlet" states are those in which the two helium electrons have opposite spin, while "orthohelium" or "triplet" states are those whose electrons have the same spin.  The absence of a 1S triplet state – which would have had two electrons with four identical quantum numbers – was a major clue to Wolfgang Pauli in the formulation of his exclusion principle.  What do the selection rules say about optical transitions from singlet to triplet states?  Do they say anything about transitions due to electron impact excitation?)  Identify likely candidates for the transitions you have observed.  You may find better qualitative agreement between your results and transitions listed below if you shift your data by some fixed voltage offset; try looking for differences in energy levels that match rather than level-by-level agreement.

Conclusions:
In addition to the usual conclusions (main results, things learned, assessment of measurements, sources of error and uncertainty), consider how this experiment compares with the hydrogen spectroscopy studied previously.  How do these measurements support the ideas of quantum mechanics in a different way than those did? 
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Helium energy levels (in eV relative to the state ionized state He+(1s)+e-):

	Singlet states
	S-states
	P-states
	D-states

	n=1
	-24.587
	
	

	2
	-3.972
	-3.370
	

	3
	-1.668
	-1.501
	-1.514

	4
	-0.914
	-0.846
	-0.852

	5
	-0.577
	-0.542
	-0.545

	6
	-0.397
	-0.377
	-0.379

	7
	-0.290
	-0.277
	-0.279

	Triplet states
	
	
	

	n=2
	-4.768
	-3.624
	

	3
	-1.870
	-1.581
	-1.514

	4
	-0.994
	-0.880
	-0.852

	5
	-0.616
	-0.560
	-0.546





































































