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Inverse photoelectric effect

1. Purpose
The inverse photoelectric effect describes the ejection of photons (in the X-ray region of the spectrum) from a material as a result of bombardment by high energy electrons.  This process is exploited in the X-ray tube where the electrons are accelerated through a potential difference V before striking a target.  The majority of electrons undergo a number of sequential glancing collisions with the target atoms.  As a result, they lose their energy a portion at a time, partly to the atoms and partly in the form of emitted electromagnetic radiation.  This "brehmsstrahlung" (German for braking radiation) therefore forms a continuous spectrum of wavelengths.  (The sharp lines superimposed on this spectrum were the topic of an earlier experiment, "X-ray Spectrometer".)

Some electrons, however, give up all of their energy in one collision and this results in photons having the minimum possible wavelength, (min.  Since the electron energy prior to striking the target is eV (the electron charge times the accelerating voltage), we may write

                    hc/(min   = eV     ........(1)

Thus if  (min can be measured, a value for Planck's constant, h, can be obtained.  Now a particular wavelength is strongly reflected from a crystal when the Bragg condition is met:

                  2dsin( = n( ,   n = 1, 2, etc.  ........(2)

where d is the spacing between the atomic planes.  For a given order, n, there will be a cut-off angle, (o, corresponding to  (min, below which no reflection will be observed.  Then from equations (1) and (2),

       h = 2deVsin(o/c      ...............(3)

Here, n has been put equal to 1 because in the experiment, you will be seeking the smallest (o, there being, in principle, one for each value of n.

Procedure 

2. Procedure

You should already be familiar with the X-ray spectrometer from the earlier experiment.  There are a few modifications to be made:  Remove the 1 mm vertical slit (TEL 582.001) from the X-ray tube window and then use it to attach the auxiliary slide carriage to the window.  Make sure the slit is vertical.  Place the 1 mm slide collimator  (TEL 562.015) in slot 4 of the auxiliary slide carriage and the 3 mm slide collimator (TEL 562.016) in slot 13 of the main slide carriage.  Place the Geiger-Muller tube with its locating plates in slots 22 and 26.  Set the GM tube voltage at 400 - 420 V, the function switch to "radioactivity" and set the timer to 10 seconds.  Mount the NaCl crystal on the crystal post, the flat matte side being the reflecting surface.  Set the X-ray tube voltage to 30 kV.

Record the counts per 10 seconds starting at 2( = 11o30' and proceeding in 30' increments.  You should observe an initial increase in counts followed by a slow decline.  Make sure you are well into this latter region before stopping.  Repeat for an X-ray tube voltage of 20 kV.  Replace the NaCl crystal with one of LiF and again take measurements at both 20 and 30 kV.  RETURN THE CRYSTALS TO THEIR DESSICANT-CONTAINING TUBES.

3. calculations
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Fig. 1 Typical graph of counts vs. 2(
Plot graphs of counts per 10 seconds (ordinate) vs 2( (abscissa).  Note that the value of 2(o in each case has to be obtained by extrapolation as indicated in Fig. 1.  In 

some cases, e.g. LiF at 20 kV, the curves flatten out before intercepting the horizontal axis.  This is due to general background radiation and should be ignored in the extrapolation, as indicated in Fig. 1 in your text.  Tabulate your results as shown below and determine the average value and standard deviation for h.

    _____________________________________________________

	Crystal
	2d (nm)
	V (kV)
	2(o
	(o
	sin(o
	h (eV*s)

	NaCl
	0.564
	20
	
	
	
	

	NaCl
	0.564
	30
	
	
	
	

	LiF
	0.403
	20
	
	
	
	

	LiF
	0.403
	30
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