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x-ray spectrometer

1. Purpose
In this experiment, X-rays derived in an X-ray tube from a copper target undergo diffraction from a sodium chloride crystal.  By measuring the intensity of the reflected X-rays as a function of the angle of scatter, the spacing between the atomic planes in the crystal may be determined.

Superimposed on the continuous X-ray spectrum ("brehmsstrahlung") from a typical tube are several sharp lines.  In the case of copper, there are two, which are prominent: the K( and K( lines.  These occur when an electron incident on the target removes an inner (K-shell) electron from a target atom and this is replaced by an L-shell or M-shell electron respectively.  In the process, the electron making the transition loses energy, which appears as an emitted X-ray photon.  The wavelengths of the K( and K( lines for copper are 1.542 Å and 1.392 Å respectively.

X-rays of wavelength   will be strongly reflected by a crystal when the Bragg condition is met:


2dsin( = n(,

n = 1, 2, etc  



(1)

Under this condition, which defines the angle of incidence, rays reflected from adjacent atomic planes a distance d apart would interfere constructively.  (See Fig. 1.)
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Fig. 1. Bragg scattering from successive planes of atoms.

By measuring the rate at which sin( changes with n for either the K( or K( line, the value of d may be determined.

2. Procedure

The apparatus is shown in Fig. 2.  Study it carefully making sure you can identify the various features.  The plastic cover (1), which absorbs scattered radiation, is opened by sliding it sideways (parallel to the hinge) about half an inch either way from its central position.  Note that the cover must be closed and in the central position before high voltage may be applied to the X-ray tube.

[image: image3.jpg]Teansparent Plastic Cover

-2 X-Ray Tube
Visible Light
7 Visisble Light

20-30 KV Selectable 3+_ "V Slide Cartiage

Switch

Vernier Scale
21 -
Spectromater
Drive

Tobe 4
Current
Adjustment

Key Switch

Visible Light Electrical Timer Switch




The 1 mm vertical slit (TEL 582.001) should be attached to the X-ray tube window (2).  Similarly the 3 mm vertical slit (TEL562.016) should be placed in slot number 13 on the slide carriage (3) and the 1 mm slit (TEL562.015) in slot number 18.  The Geiger-Muller tube holder should be placed with the locating plates in slots 22 and 26.  Connect the coaxial cable to the counter.  Set the GM tube voltage to 400 - 420 V and switch on the counter.  Swing the slide carriage slowly around until the cursor gives an accurate zero reading on the 2( scale.  Check that the ( scale also reads zero.  Check that the crystal post rotates through half the angle that the slide carriage rotates.

Using tweezers, remove the NaCl crystal from its vial and mount it on the crystal post.  Do not touch the crystal with your fingers and do not overtighten the clamp, as the crystal is very fragile.

Check that the voltage selector switch (4) is set at 30 kV.  Move the slide carriage counter-clockwise from the 0o position to an angle of at least 20o, then close and center the plastic cover (1).  Turn the timer switch (5) to 55 minutes then turn on the main power using the key (6) on the control panel.  At this stage both the X-ray tube filament and the white POWER ON lamp (7) should be illuminated.  Wait a few minutes then press the red ON button (8).  The red lamp (9) should now be illuminated indicating that the X-ray tube is functioning.  If a faint crackling sound is heard, turn off the X-rays by sliding the plastic cover sideways.  Wait a few more minutes and try again.  Set the function switch on the counter to "radioactivity" and set the timer to 10 seconds.

Starting at 2( = 20o, record 10 second counts at 1° intervals up to 120o.  Where the count rate appears to peak, reduce the interval to 10'.  To do this use the thumb wheel scale.  The thumb wheel (10) operates through a friction drive and may be reset as follows.  Set the cursor to the nearest whole degree mark to the center of the peak.  Holding the slide carriage firmly in place, rotate the thumb wheel against the friction drive until you obtain a zero setting.  Release the slide carriage and double-check that your adjustment is precise.  You may now backtrack to cover the peak at the required 10' intervals.  When your measurements are complete, return the crystal to its vial.

3. calculations

Plot a graph of counts (ordinate) vs. angle 2(  (abscissa).  Identify on the graph the K( and K( peaks and the order, n, for each pair.  Prepare a table like the one below, and from it, a graph of n (ordinate) vs. sin( (abscissa) for the K( and K( lines separately.  From the slopes of the two lines and using equation (1), determine an average value and error for the spacing, d, between the atomic planes.
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