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PLEASE ANSWER ALL THREE QUESTIONS IN THE SPACE L

PROVIDED. QUESTIONS ONE AND TWO ARE WORTH 35

POINTS, EACH. QUESTION THREE IS WORTH 30 POINTS. PLEASE BE SURE TO SHOW
ALL WORK AND JUSTIFY ALL YOUR ANSWERS. GRADING WILL BE BASED ON
EVIDENCE OF YOUR UNDERSTANDING OF THE BASIC CONCEPTS AND PRINCIPLES—
PLEASE PROVIDE THOROUGH SOLUTIONS TO THE PROBLEMS. GOOD LUCK!

Possibly Useful Information:

g, = 8.85 x 107 C}/Nm? ¢. = charge of electron = 1. 6x107C
m, = mass of electron =9.11 x 10% kg mp = mAass ofproton =167x 10" kg
qp charge of proton =1.6 x 10" C ¢=3.00x 10° m/s
= (1/4ne,) (qy @/ ) =k (q; @/r°) E =k (q/r? ) = (1/4ne g’ )
h 6.626 x 107 Js E =F/q
1eV=16x10"7 k=1.381x 102 JK
6= 5.67x 10 W/(m> K* o y=1-@YHYE
x=x" +tut,y =y, z' =z At =17 (At ) = (At, ) (1 — (u¥/cH))?
=17y =1,(1-(u¥))" X" =y(x-ut), ¥y =y, z' =z
t° =y (t-(ux/c?)) Ve = (V' +u)/(1+(ulvx eh)
p=ymy a =(F/m) (1 —(*c*)"? F=v"ma (F & valong same line)
F=yma (F&v perpendicular) E= K +mc’=y (mc"’ ) =@w-1 (m¢? )
E’= (mcz)2 + (pc)? (pe)’=K* +2K(mc¢) E hf =h(c/A)
Yo mv? = eV, =hf-o P=E/c=(hf)c=h/ L hf=F; - E;
R=1.097x 107 Balmer Series: (1/4)= R(1/2% - 1/n? ) n=3,4,5..
E, = (-hcR)/n’ Lyman Series: (I/3)=R(1/1>—1/n") n=234..

' Paschen Series: (1/A)=R(1/32-1/a%) n=4,56..
- Brackett Series: (1/1)= R(1/4* - 1/m*) n=56,7.. PfundSer:es (I/?L) R(L"S2 1/n*) n=6,73..

L, = mv, ry = nh/(2) In = & {(nh)zl( ame?)] .= e*/(2nh g,)
ceVae= hfyax = (hc)/ Amin

Af—A= [h/(mc)](l——coscp) I=oT*

Am T=290x10°mK I\ = (znhc’-)f(xs)[e““’”“ 1} -
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Problem One (35 points): An electron is in a state with » = 3. (a) What are the number of
possible values of £ ? (b) What are the number of possible values of m, 7 (¢) What are the
number of possible values of m; ? (d) What are the number of states in the » = 3 shell?

(e) What are the number of subshells in the n = 3 shell? (7 points each)



Problem Two (35 points): (a) In the Free Electron Model of Metals, write down the equation
that describes the probability that an energy state of energy E is occupied. (b) For a solid having
a Fermi energy of Er eV, what is the probability, at temperature 7 (in Kelvin), that a state having
an energy of Er eV is occupied by an electron? (c) For an energy state having energy above the
Fermi Energy, at temperature 7 (in Kelvin), explain how the probability that an energy state of
E > Er differs (if at all) from your result of part (b). (d) For an energy state having energy
below the Fermi Energy, at temperature 7 (in Kelvin), explain how the probability that an
energy state of E < Ep differs (if at all) from your result of part (b). (e) As temperature
increases, explain what happens to the probability of finding electrons occupying states £ > Ep.

(7 points each)



Problem Three: Coneeptual Questions: Please answer the following possibly unrelated questions,
using a minimum of mathematics (6 points each, 30 poinis total).

a. Briefly describe the Zeeman Effect.

b. An atom in a state with £ =1 emits a photon with wavelength A »m as it decays to a state with £ =0.
If the atom is placed in a magnetic field with magnitude B T, determine the shifts in energy levels
resulting from the interaction of the magnetic field and the atom’s orbital magnetic moment.

c. A Hydrogen atom in a particular orbital angular momentum state is found to have j quantum
numbers 7/2 and 9/2. What is the [etter that labels the value of ¢ for that state?

L Emply Conduetion Band.
T v aees e T T enetgy between the conduction band and valence band
st < it called? What type of material has such an energy
structure?
e. Assessment Questions: A guaranteed six points for answers you provide! Please be sure that

your game and section number appear on the first page'
g3 What'WaS the M challen'ging (aka.' difficult) topic we studied?
.10 What was the least challengmg (aka: d:jf cult) topic we studled‘? s B
*':; What was most helpful in preparatlon for this exam‘? o
@ What was least helpful, in preparation for this exam?

*¢ Onascale of 1-5, 5 = identical, 3 = neutral, and 1= very different, how would you rate the
sample exam w1th the actual exam‘?

%+ ‘What did you- 11ke most about our course‘? Why‘?



