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43-15 Graph of intensity per unit
wavelength as a function of wave-
length for x rays produced with an
accelerating voltage of 35 kV and
a molybdenum target. The curve is
a smooth function similar to Fig.
4314 with the addition of two
sharp spikes corresponding to part
of the characteristic x-ray spec-
trum for this element.




a) Calculate the value of the const in Moseleys law and restore the labeling of the y-axis in Fig. 1. b) Estimate the error in comparison with Fig. 2. 
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43-16 The square root of Moseley’s measured frequencies of the K, line for 14 elements. The
graph of +/f versus Zis a straight line with an intercept at Z = 1, confirming Moseley’s law, Eq.
(43-29). .




Problem 4. [10 pt.]
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43-18 X-ray absorption by
molybdenum. A beam of x rays is
passed through a slab of molybde-
num, and the absorption is
measured for various energies. A
sharp increase in absorption
occurs at the K absorption edge,




Problem 5. [10 pt.]

Fill out the Table below and give proper formulas:

[image: image4.png]Problem 1. [20 pt.] In 1913 H. Moseley observed a characteristic X-ray line (so-called K,
line) which varies smoothly with the atomic number Z as
f[Hz]=const (Z-1)?

The value of the constant can be calculated from the following considerations:

Supposed one electron is knocked out of the K-shell (n=1), leaving a hole there and one
electron. An X-ray photon is emitted when an electron in an L-shell (n=2) drops down to
fill the hole. This electron is attracted to the nucleus (charge Z), screened by one
remaining K-electron. The Bohr’s formula can be used with an effective charge of the
nucleus Z-1.




Problem 6. [10 pt.]

[image: image5.png]Problem 2 [20 pt.] In optical specira the absorption lines are usually the same as those for
the emission. However, for X-rays this is not the case, and often one observes absorption
edges (see F ig.l) rather than lines. Explain the reason for the difference.

Problem 3. [10 pt — extra credit). Imagine the following hypothetical molecule: two
nuclei of 10 a.u. each are separated by an equilibrium distance of 0.2 nm. When the
nuclei are displaced from equilibrium, their interaction can be modeled by a spring
constant k=1000 N/m. Calculate (in SI units!) the rotational inertia and vibrational
frequency for this molecule, and find a few lowest rotational and vibrational levels in eV.
Give wavelengths of several characteristic spectral lines.




Problem 7. [20 pt.]

[image: image6.png]During an RBS study of a certain compound, peaks in the energies of
alpha-particles scattered by 180 degrees were observed at 1.44 and 3 Mev. If these peaks

correspond, respectively, to oxygen and iron, estimate the energy of the incident alpha-
particles.



Calculate the ratio of concentrations of the elements with the three largest

 numbers of counts.

Problem 8. [10 pt.]  Describe qualitatively the structure of electronic spectrum a) for free motion b) for restricted motion c) for motion in periodic potential

Problem 9. [Extra credit - 10 pt.] In the Bohr’s model of the hydrogen atom, the electron revolving around the nucleus can be treated as “current”. This current will create a magnetic field at the center, where the nucleus is located. Estimate the energy levels due to the interaction of the magnetic moment of the nucleus with this magnetic field.

[Note: field due to a current I at the center of the loop of radius R  is given by (in SI)

2 π10^-7 I/R]
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[image: image8.png]Estimate the ionization potential of a “muonium” atom — a hydrogen atom with the
electron replaced by a muon — a particle of the same charge but with mass 207 times
larger than the electron mass. (For reference, ionization potential of “normal” hydrogen is
13.6eV).

Extra credit: try to account for the fact that the mass of a muon is already non-negligible
compared to that of a proton.








Fig. 1

[image: image9.png]Suppose you are frying to identify elements using RBS with alpha-particles of 3 MeV.
Results are shown below. The width of each energy channel is 0.1 MeV, and they start at
1 MeV (i.e. channel 1 is between 1 and 1.1 MeV, channel 2 between 1.1 and 1.2 MeV,
etc.), Fill out the last cotumn of the Table. For the given parameters of the problem
starting from which atomic number can one use the approximate version of the

expression for K7

Energy channel Counts (arb. units) Element (or range)
1 40
|2 0 1
|3 [0
4 0
5 33
7 77
8 0 1
9 6 i
10 (1.9 - 2.0 MeV) 32 { 1
11 0 {
12 0 )
113 0
i4 0
15 2.4 - 2.5 MeV) [4]
16 0
17 0
18 88 ]
19 0 I
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