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DEPARTMENT OF PHYSCIS
PHYSICS 212 Moder Physics
TERM 022
FINAL EXAM
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Q1. Write clear and neat answers t the following questions:
(a) Describe briefly the Stern-Gerlach experiment and what the outcome of that experiment was?
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() Explain the originof the spin-orit couplin. (2 poins)
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(&) Whatis the significance of the Frank-Hertz experiment? (2 points)
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(0 What s mean by the “Bohr orrespondence principle™ (2 pint)
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() Explain why not all the emission lines of an element are secn in the absorption spectrum of the
same element, (2 paint)
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< (i) An elctron and a proton e aceeleated from rest through the same potental diffesence, Which
parice has the longer de Broglic wavclength? Explain. ( 2 point)

) Y W W
De Brglie woudinglh 5 A = st
s Ve He Seme >P~’M < N, becane mp> e

) 1 matter has a wave nature, why is this wave-like character not abservable in our daily
experiences? Give an example 10 Support your argument, (2 point)
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Q2. (10 points)

(a) Show that Moseley's aw for K., X-ray radiation may be cxpressed as
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() Caleulate the moment of inerti, I, of CO molecule about an axis perpendicular o the
bond axis and passing through the center of mass.

Given: the bond length = 1128 4, mass atomic of C = 12u, and that of O = 160,
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(b) Calculate the wavelength of the photon absorbed by the molceule for a transiion from / = 2 to
7= 3 energy level, where {is the rotational quantum number,
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“The figure shows a porcion of the ahsorption spectrum of HC molccule.
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(@) Determine from the graph the vibration! frequency of the malecule.
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(€) Determine from the graph the rotational energy spacing of the peaks and compare with the
expected (theoretical) value for HCl molecule,  for HC1 = 0,125 mm,
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e description of the potential energy of a distomiic molecule is given by the Lenard-Jones
potential,
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where A snd B are constants, Find, in terms of A and B
(@) The value the equilibrium scparation .
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(e) Evaluate ryin meters and Uy in oV for the Hy molecul. In your calculations, take A = 0.124 X
107 eV and B = 1488 x 10 eV.o".
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“The spin-orbitefTect splits the 3p ->3s transition in sodium into tw lines, one having a wavelengih
o 589.0 nm and the other having a wavelength of $89.6 nm.

(3) Drasw a diagram showing the two transitions

(5) Caleulate the effcetive magnetic fekd-experienced by the outer electron in the sodium because
afitsorbital mtion.
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Consider an clectron in an atom (o be in a sate with 1= 1 and j = 312
(a) Caleulate the angle between the orbital and the spin angular momenta £ and §
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“The normatized ground state wavefunction for the electron in the hydrogen atom is
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where ris the radial coordinates and a is Bohr radius
(a) Sketch the wavefmction versus .
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(b) Show that the wavefunction is normalized.
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Q95 points)
One of the most prominent spectral lnes of calcium is the one with wavelength 7. = 4227.73 A
(from p—>s). Calcium atoms cxhibit normal Zeeman effect when placed in a uniform magnetic
feld of 4 T. Caleulate the wavelengths of the three components of the normal Zeeman pattern an
the separation between ther.
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(@) Calealate the fonic cohesi
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energy for KCl ionic crystal. Take a=1.7476, m =9, and ro

{b) Caleulatethe atomic cobesive energy of KCI by using the fact tha the ionization crcrgy of K is
434 ¢V and tha the elctron fTiniy of CLis 3.61 cV.
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