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CHEM3141 PHYSICAL CHEMISTRY: EXAM |

September 26, 2005 Time: 110 Minutes 100 pointstotal
Answer all questionsin detail and SHOW ALL WORK! Please write answers on your paper.
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Multiple Choice: Choose the best possible answer and write this on your answer sheet.
1. (3 Pts) Themolecular process most similar to the photodectric effect is:
a photoreduction — reduction following the absorption of a photon.
b photoionization — loss of an electron following absorption of a photon.
C. photoemission - loss of aphoton (fluorescence) following absorption of a photon
d photopolymerization — polymerization following absorption of a photon

2. (3 pts) Young's Double Sit Experiment involves the generation of an interference
pattern by electrons passing through two dits. Thisis a good example of:

A blackbody radiator.

A paticlein abox.

Phenomena classically considered as waves demonstrating particle-like properties.
Phenomena classically considered as particles demonstrating wave-like properties.
Ultraviolet Catastrophe
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3. (3 pts) Which of the following is NOT a characteristic of a well-behaved wavefunction.
a multivalued.

b. normalizable

C. continuous

d. no singularities:

4. (3 pts) Which of the following is NOT necessarily true for two degenerate eigenfunctions Y , and

Y, of H.

a. 1Y m + Y nisaso an eigenfunction of H.

b. Y and Y, are mutualy orthogonal.

c.Both Y  and Y , are normaized.

d.Yn and Y, are have the same energy eigenvalue.



5. (7 pts) Answer the following questions for a particle in athree dimensional box.

a (5 pto) If Y (x,y,2) isthe wavefunction for the particle in the 3D box, describe the useful meaning of
Y *(X,y,2) Y (X,y,2) dx dy dz.

b. (2 pts) What is the value of the potentia V(x,y,z) within the box.?

- End of qualitative section- ~ Beginning of quantitative section
Answer all questionsin detail and SHOW ALL WORK to receive full credit!

6. (17 pts) If the Balmer series for H atom trangitions are given in wavenumbers by:
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Nn=RuG=Z"—=7 n=3456..
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a. (6 pts) Determine the longest wavelength for this series in nm units.

b. (6 pts) Determine the ionizing wavelength for this series in nm units.

c. (5pts) Transform the above equation into the equivalent expression in frequency, i.e. express
n on the left hand side in terms of Ry, n and possibly other variables on the right hand side.

7. (14 pts) a (8 pts) Determine the value of the commutator [px, X?] by using agenera function y (x).
b. (6 pts) Arethe 1-D particle- in-abox wavefunctions eigenfunctions (listed at the top of
the exam) of the [py, x°] operator? If so state the eigenvalue? Justify your answer!
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8. (30 pts) The1-D Particle-in-a-box Schrodinger equation is given as: - —d—y (x)=Ey (x)
2m dX2
. . |2 . ampxo _ n*nh?
a. (8pts) Show by explicit subgtitution of y n(x) =, /—sn¢g——=and E_ = > that
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Yy nisasolution to this 1-D PIB Schrodinger equation. DO NOT SOLVE A
DIFFERENTIAL EQUATION, rather insert and show that the LHS equals the RHS!

b. (8 pts) Explicitly show viaexplicit integral substitutionthat thesey n(x) PIB functions
are normalized.
c. (10 pts) Show that the expectation value of py? using thesey n(x) PIB basis functions
i &
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d. (4 pts) Explain why we obtain the trivia solution fory , for the case of n=0.

9. (12 pts) If Hy:=BEyi, Hy,=B, ad Hyz=3Ey3
Show whether each function below is an eigenfunction of H and if so state the eigenvalue.
Note ¢, &, G, are congtants.

a Cyi-Gy»2 b.coy2+cays C.3C1y 1+ Cay 3

10. (8 pts) A metal absorbs two 460 nm photons and g ects an electron with 0.805 eV. What is the
work function of the metal in €V units?



1. (3 Pts) The molecular process most similar to the photoelectric effect is.
b. photoionization —loss of an electron following absor ption of a photon.

2. (3 pts) Young's Double Sit Experiment involves the generation of an interference
pattern by electrons passing through two dits. Thisis agood example of:
d. Phenomena classically considered as particles demonstrating wave-like properties.

3. (3 pts) Which of the following isNOT a characteristic of a well-behaved wavefunction.
a. multivalued.

4. (3 pts) Which of the following is NOT necessarily true for two degenerate eigenfunctions Y , and
Y of H.
c.BothY nand Y, arenormalized.

5. (7 pts) Answer the following questions for a particle in athree dimensional box.

a (5 pt) If Y (x,y,2) isthe wavefunction for the particle in the 3D box, describe the useful meaning of
Y *(X,y,2) Y (X,y,z) dx dy dz.

Thisrepresentsthe probability of finding the particle between x and x+dx, y and y+dy, and z and
z+dz.

b. (2 pts) What is the value of the potential V(x,y,z) within the box.?
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6. (17 pts) If the Bamer series for H atom transitions are given in wavenumbers by:
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a. (6 pts) Determine the longest wavelength for this series in nm units.
First let’s convert this into a wavelength equation and compute the transition to the next energy
level (n=3) for the longest wavel ength
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b. (6 pts) Determine the ionizing wavelength for this series in nm units.
Now let n=¥

=656 nm

9
09677581cmlaei-iOu ‘e 1m0 MO _ 365nm
£ v p

100cmg 1Im g

@: ('LCD\



c. (5pts) Transform the above equation into the equivaent expression in frequency, i.e. express
n on the left hand side in terms of Ry, n and possibly other variables on the right hand side.
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7. (14 pts)
a (8 pts) Determine the value of the commutator [py, x?] by using ageneral function y (X).

e Y 6
e X g

[pX,XZ]Y(x)= =3 XY (x)- x° PXY(X) =- ihﬂlx(sz)_
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b. (6 pts) Arethe 1-D paticle-in-a-box wavefunctions eigenfunctions (listed at the top of the
exam) of the [py, x?] operator? If so state the eigenvalue? Justify your answer!
Based on the answer to part awe may use.

2 .
[P, X (X)e =+ 1825V (1),
This is not an eigenvalue since the factor precedingY (x)PIB IS not a constant, but a
functionof x: - 172X
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8. (30 pts) The1-D Particle-in-a-box Schrodinger equation is given as: - Z_d_y (x)=Ey (x)
dx 2
. . 2 napX § nh?
a. (8pts) Show by explicit subgtitution of y n( ) —sng——-=and E| that
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y nisasolution to this 1-D PIB Schrodinger equation. DO NOT SOLVE A
DIFFERENTIAL EQUATION, rather insert and show that the LHS equalsthe RHS!
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b. (8 pts) Explicitly show viaexplicit integral substitution that thesey (x) PIB functions
are normalized.
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c. (10 pts) Show that the expectation value of p? usingthesey n(x) PIB basis functions
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(4 pts) Explain why we obtain the trivial solution fory , for the case of n=0.

For n=0 we see that the wavefunctiony  isy /7 na@%g \/7 0=0is
eloyg

zero everywhere irrespective of the value of x, i.e. the function (system or particle) does

not exist.

9. (12 ptS) If Hy:1=Byi, Hy:=By, and Hys=3Ey3
Show whether each function below is an eigenfunction of H and if so State the eigenvalue.
Note ¢, &, G, are constants.

a Cyi-Qyo2 b. Cyo2tCaya C. 301y 1t C3y3s d.3C3y 3

a H{cyi-coy2} =cHyi1-oHy>=aEyi-oEy2=Ecyi1- cy2}, Thisisan
eigenfunction with eigenvalue = E.

b. H{cy2+tcyst=oHy2+tCcsHY3 = Eyo+ G3Ey3s=E{ coy2+c33y 3} Thisisnotan

eigenfunction since cpy 2+ C33y3! QY2+ Cays

c. H{3cy1+cays} =3cHYy 1+ csHyz3=3c1By 1+ c33Ey 3=3E{c1y 1+ C3y 3}, Thisisnot an

eigenfunction sinceciy 1+ Csy s 3cy 1+ Cay 3

10.(8 pts)
E,=E,-f ® f=E,-E, ® f=nn-E, ® c=In ® n==
34 8 9
f_n_hc_ E, _2hc_ E, = 27 6626 10*Js” 2998 10°ms* &0 nmo leV - 0.80%V
| | 460nm 1m ;1602° 10%°J

f =5.391eV - 0.805eV =4.59¢eV



