
Instructions for Experimental Physics Experiments – 1/1/06
Some experiments require a laptop with specific software:

· Radioactivity: LoggerPro software (from Physics I)

· Atomic Spec:  Labview runs on a dedicated computer (no laptop required).
Where to get the appropriate software:

LoggerPro: Physics I/II website.
Scope Explorer: This course website.
Diode Temperature II: this course website
Genie/MCIA/File Convert: must be loaded and operated in the classroom (Hardware key!)


EXPERIMENT NOTES (chapters refer to Napolitanos old course manuscript unless your text is specified).
Resistivity of a Metal

Goal: Measure the resistivity of  Cu at room temperature (using a cylindrical sample, rod number 6).

Read chapter 10 in Napolitano’s enotes and review relevant sections of chapters 2 and 3.  The circuit should be changed to add a variable resistor in parallel with the solenoid.  This damps some oscillations out of the solenoid current.  See also p. 480 and p. 361 of your text for an example of nonlinear fitting.

In this experiment, you use the current in a probe coil to detect the decaying eddy currents in a metal rod.  Collect voltage versus time decay data so that you can fit over at least a factor of ten in voltage.

Use the + and – outputs on the HP current supply.

Put your data on diskette and copy it to your computer.  You will need the converter program on the web to change the data to text form for analysis.  You will need to do a nonlinear (exponential) fit to the data.  Include a graph comparing data and fit in your report.  Also, inspect your data for a possible constant voltage offset. To estimate the random error on resistivity you should scan your fit using values close to the best fit values.  Chisquare will change by one when you span a one sigma uncertainty (see p. 361 of your text).  You should also estimate the systematic uncertainty on resistivity associated with your measurement of temperature by shifting it by one sigma and refitting.  You may have to interpolate to find the accepted value of resistivity at the value of T that you used.
Atomic Spectroscopy

Goal: Determine the Rydberg constant.

Read chapters 11 and 12.

You will be using the Jarrell-Ash scanning spectrometer with photomultiplier detector.  The spectrometer and detector are run by a LabView program.  You have a lot of control over this experiment and you can do damage to the photomultiplier so review all of the material here and get a thorough introduction to the instrument before you begin..

You can control the current from the photomultiplier either by varying the applied high voltage or by varying the slit width on the monochromator input.  Set the HV to maximum, 1000V, and close the slits until you can barely see that they are still open.

Set up the He source so that it is focused on the spectrometer slit and insert the filter in front of the slit.

The “spectrometer2” version of the program can be used for long "low resolution" scans.  These are sufficient for calibration and for computing the Rydberg constant.  

Scan by hand to find the peak of the 588nm line in He to tune up on, and adjust the slit width to give a maximum output signal of about 4V.  The output signal for all sources should always be limited to a value less than 5V.  You will not be measuring the line intensities from any source so the HV may be adjusted at any time between scans.
Calibrate the monochromator by identifying two spectral lines from the helium source in one long scan from 570 nm to 670 nm.  It is not necessary to fit peaks to the measured spectra but you can if you want to.  A simpler way is to determine the channel for each peak by interpolating the intensity as a function of channel number (i.e. find the peak intensity and use that to estimate the fractional channel number where the intensity is half the peak value on each side of the peak.  The centroid channel is the average of these two values.  If you use this method you should repeat the scan on a single peak several times to determine a typical centroid uncertainty).  In either method the channel number or wavelength of a peak should be accompanied by an error bar.  You may assume that these uncertainties dominate the measurements.  Use these to determine the uncertainties on the (linear) calibration coefficients.  Include these in your report along with a graph comparing calibration data with fit.  Note that the monochromator dial reading may not be well calibrated.  The monochromator has significant gear backlash, so you should always start a scan with the gears already moving in the direction of increasing wavelength.  If you are careful the systematic errors in this measurement should be negligible.  If you have time, repeat the experiment to verify this.
Determine the Rydberg constant by measuring and analyzing the Balmer peak near 650 nm in hydrogen.  Don’t forget to combine all the “random” uncertainties to deduce an error bar on R.
Faraday Effect

Goal:  Measure the Verdet constant for water.

Read chapter 15 and review relevant sections of chapters 2 and 3.

Differences:  You will use the Stanford Instruments digital lockin amp instead of the PAR lockin described in the text.  The solenoid is also significantly different.

Align the laser beam and sample so that the laser beam enters the detector with minimal scattering from the edges of the aperture.

Calibrate the dc signal diode voltage against polarizer angle.  Identify the slope of the best angular region.  The dc signal should have the form 
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 where the angle is measured with respect to the point 
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 where the signal is smallest.  Test whether this is a good approximation for your data by measuring over a large enough range to include two minima.

Find the ac magnetic field for excitation at ~100 Hz using a pickup coil, an oscilloscope and Lenz's Law.  Integrate the field along the z-axis of the solenoid.  Check that the ac magnetic field at one point is linear in applied ac voltage from the amp. (Note: you may calculate the integrated Bdx from the expression, 
[image: image3.wmf](

)

0

12

2

coscos

B

B

qq

=+

, where the constant, B0, is determined by measuring the central field and the coil geometry, and theta is the angle of a line from the axis point to the end winding, measured from the axis.  Alternatively, you can measure B(x).)
Observe the voltage oscillation of the diode voltage on the oscilloscope for ~10V peak to peak voltage across the power resistors.

Test whether the ac diode signal voltage is proportional to field amplitude by varying the drive amplitude and measuring the signal using the lockin amp.

Note that the formula given by Napolitano for the Faraday rotation (eq. 15.10) is approximate.  The angular rotation is proportional to the integral of field times Verdet constant as a function of position along the beam path,
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The magnetic field B(x) can be measured using a small coil and the relation 
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.  It is safe to assume V(x) is a constant of the material.

Uncertainty analysis is very important for this experiment.  Most of it is uncertainty propagation through several stages.  First, measuring the slope of the dc signal vs polarization curve.  Second, accounting for variations in the dc laser output signal.  Second, finding the integrated field.  Third, measuring the magnitude of the ac signal.

Photon attenuation
Goal: measure the gamma attenuation coefficient (or mass attenuation coefficient, or absorption length) for paper.

Read chapter 8.2.5 in your text, and notes_photon_attenuation.pdf.  Here is a good ref. to measured values (http://physics.nist.gov/PhysRefData/XrayMassCoef/tab3.html ).
Data can be collected directly to your laptop using the LOGGERPRO software.

Measure the background rate for ambient radiation detected in the Geiger tube.  Count for at least 10 minutes.
Set up the 137Cs source so that radiation from the source enters the side of the Geiger tube.  This will absorb the charged particles from the source.  Place the source close to the detector and measure the photon rate from the source.  Obtain at least 1000 events.

Insert about eight pieces of notebook paper between the source and detector (Don’t move anything!) and measure the photon rate again.  Use the results to calculate the gamma attenuation coefficient for paper.  The attenuation coefficient is expressed by,

I=Io exp(-t/)

Here I is intensity.   is the attenuation coefficient in units of area/mass, so thickness t is in units of mass/area.
t=L, where is mass density, L is absorber thickness and ,
 =where is the attenuation coefficient in units of 1/length.
Report your answer in cm^2/gm.  You will need to measure the areal density for the paper using a scale and ruler.  If you use your computer to measure time, those contributions to the rate uncertainties should be negligible.  Combine the rate uncertainties to get an overall statistical error.  Combine the mass and area uncertainties to get an overall systematic error.
 Inexpensive paper is mostly cellulose (C6H10O5) so to find an accepted value for  you should take a mass weighted average of the elemental mass absorption coefficients.  Use the chemical masses for each element.
Positron Annihilation

Goal: Measure the anisotropy, , of correlated gamma rays from 60Co decay.

Read Ch. 9.5 of your text.  Note: eq. 9.38 is wrong.  
The experiment is similar to the one in your text.  The 60Co source is already mounted in the apparatus.  Set the HV on each detector at maximum, 1kV.  Verify that the analog signals from the linear fan-out look good on an oscilloscope and that you can see coincident gamma ray detection. Note: the amp clips each signal so that they are shorter than the scintillator pulses.
Use the QVT multichannel analyzer (in q-mode) to plot the energy spectrum from each detector and lower the HV until the 1.17MeV peak is mid-range on the plot.  You should be able to identify strong peaks at 1.17 and 1.33MeV as well as the Compton edge.  
The discriminator thresholds are set to minimum because you want maximum detection efficiency; you want to count an event even if some energy escapes.  Verify that coincident discriminator signals are being generated by viewing the output logic pulses on an oscilloscope.  Note the resolving time of the coincidence (T = 2 * pulse width).  These signals produce a logical coincidence which can be switched from AND (overlap required) to OR (either input).  Verify that the discriminator thresholds correspond to roughly 0.7MeV by triggering the oscilloscope on the AND signal and displaying each analog pulse from the fan-out.

To determine you need to measure the coincidence rate, the singles rate (OR/2), and the accidental coincidence rate at 180 and 90 deg. The accidental rate can be estimated from the singles rate and resolving time (acc = (OR/2)^2 * T).  Count at least 10k events in each measurement.  Since this is a ratio measurement it is safe to assume that counting statistics dominate in the error analysis.  The accepted (theoretical) value is given in your text as 
Compton Effect

Goal: determine the mass of the electron by scattering a beam of photons from stationary electrons.

Read Ch. 8 and Ch. 9 of text.  There is also useful info on the source in Napolitano’s enotes.  You will also need the references in notes_A22.pdf and in http://pdg.lbl.gov/2005/listings/lxxx.html .
Use the shielded 137Cs source and the thin fixed brass (?) target.  You will measure only photon energies so many sources of uncertainty are negligible.  Start by setting the detector HV to 1kV and setting the amplifier gain to maximum.  Check the signals on the oscilloscope using a 22Na calibration source.  You should be able to identify the strong positron annihilation gamma and the weaker 1.275 MeV transition, as well as their “Compton edges”.  Start the Compton software and reduce the gain until the 1.275 MeV peak is about mid-scale on the multichannel analyzer.
To calibrate the (linear) energy scale of the NaI detector use the two lowest peaks from the 22Na source.  Peak positions can be fitted (Gaussian plus linear background) with the acquisition software by setting the sliders in the display on each side of a peak and adding a Region Of Interest (ROI) in the display menu.  Fit the peak using the 2nd difference method.  To determine the calibration coefficients use the fitted channel numbers and error bars, either by fitting or by analytic solution.  Include the coefficients with error bars in your report. You may assume the known energies (see refs.) have negligible uncertainties.  You do not need to include energy spectra in your report.  You should ignore the fact that the electron mass is needed to calibrate and that is what is being measured.  We could have used a different calibration source but 22Na is convenient.
Measure the Compton-scattered peak positions at scattering angles of 30, 50, 70, and 90 degrees using the same method.  Report the electron mass, with error bar, resulting from each measurement, and plot these as a function of angle to look for systematic errors (include in report).  Finally, combine the results into one experimental value with random and systematic uncertainties, M +- er +- es.
Characterization of a Semiconductor p-n Junction Diode
Goal: Determine the Boltzman constant, k, by measuring the conductivity of a Si diode junction. 

See Ch. 2.4 of your text for a brief introduction.  See the notes_pn_junction.pdf for a better description.

For a large band-gap semiconductor like Si, the “simple” diode description doesn’t work very well because the charge carriers are located primarily in the depletion or space-charge region near the pn junction.  At room temperature and low voltage (<0.2V) the current across the diode junction goes like,

J  = C (e^(-eU/2kT) – 1)

Here C is a constant, U is the applied voltage (forward bias), e is the electron charge, and T is the junction temperature in Kelvins.  I have neglected the small variation of depletion depth with applied voltage.  The exponential term has the usual Boltzman dependence, but note the factor of 2 in the denominator of the exponent.
To determine k you should measure the forward current as a function of U, starting at zero.  Extend your measurement up to about 0.4V and observe the region where the above description is adequate.  At high U two additional competing effects take over; the ohmic resistance of the bulk Si causes the junction voltage to be lower than the applied voltage, and also the bulk material provides additional charge carriers.  Make a chi-squared fit to determine the best values of k and C.  Include the fit and the data on a single graph in your report.  To estimate the random uncertainty on k you should scan your fit using values close to the best fit values.  Chisquare will change by one when you span a one sigma uncertainty (see p. 361 of your text).  Repeat the fit with T shifted by one sigma to estimate the systematic error in k.
Magnetic moment
See notes_magnetic_moment.pdf for a description of the experiment.  Measure the magnetic moment of the small dipole inside a plastic sphere.  Don’t forget to record error bars for all measured quantities and use them to construct an uncertainty for .  The magnet is a mass-produced NdFeB cylinder with diameter 0.375 in and length 0.25 in.  Based on earlier samples we expect the magnetic moment to be roughly 0.4 Am^2.
Hall Effect

Goal: Measure the hole mobility for p-type Ge.  

See notes_Hall_effect.pdf and Ch. 2.3 of your text for a description of the experiment.  You should also read notes_pn_junction.pdf (a good description of semiconductors) as well as the CASSY Quickstart document. This is a fragile and expensive apparatus!  Do not exceed the specified limits.  Also, magnet current and sample current are both sources of heat so don’t leave them on when they are not needed.
Since we don’t know the dopant concentration it will not be possible to compare with an accepted value.  The conduction properties of the sample will be determined by the density of “holes” at low T.  Your first task should be to demonstrate that room temperature is low enough to do the experiment.  You can save some time by assuming it is and measuring the hole mobility at room temperature first, then measuring the T dependence of the Hall voltage last.  
At low T the hole mobility is given by 
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Here UH is the Hall voltage, w and b are dimensions of the sample, B is the applied field and U is the applied voltage.  
To determine the hole mobility you should use the Cassy system to measure B and UH, and a digital meter to measure U.  Set B to maximum by setting the coil current to 5A. Carefully insert the B probe to measure the field at the center of the magnet (don’t forget to record the error bar). Start with maximum sample current, 30mA, and repeat the measurement at about I=15mA and coil current about 2.5A.  Use the four measurements to determine the average mobility as well as the “random” uncertainty.  The obvious systematic uncertainties are those associated with w and b.  You may assume a 1% error bar for each of those and combine them to give an overall systematic error for mobility.
In your report you will need a graph of Hall voltage vs. T to demonstrate that room temperature is low enough to justify that the above equation is a good approximation.  Go back to max. UH and remove the B probe from the Cassy interface and substitute the T signal.  Program the software to calculate a calibrated T value from the thermocouple voltage (This signal is proportional to the temperature difference above room temp.), and set up the program to measure UH and T every 30 seconds.  The easiest way to do this measurement is to heat the sample until the Hall voltage goes negative, then quickly turn down the heater current and start the timed measurements as the sample cools.  Do not turn of the heater supply voltage, as that will disable the thermocouple circuit.
Note: the sample heats very quickly and can be easily damaged.  Set max. V on the heater supply (12V scale) then raise the current until the heater button on the apparatus engages.  Do not exceed 2.5A.  Do not exceed a temperature of 350K.
Fit the T dependence with the supplied function and include the graph in your report. You can print it as .eps and copy it to your RCS home directory. The fitting and graphing can all be done with the Cassy software.  Verify that the fit gives a reasonable value for the band-gap in Ge.  This graph should go before your mobility analysis in your report.
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