
Chemistry3730Fall 2002Test2

Write all your answersin the bookletsprovided. You areentitled to one81
2
� 11-inchpieceof

papercontainingany informationyouwant. (Somedatais alsogivenat theendof this testpaper.)
Hand-heldcalculatorsareallowed.YoumayuseMapleandits helpsystem.No otheraids,printed
or electronic,areallowed.

If you useMapleto solve a problem,it is your responsibilityto make it clearwhatyou aredoing.
I expectto seethemathematicalexpressionsevaluatedusingMaple,but not theMaplecommands
usedto evaluatethem.

Time: 2h

Totalmarks:54

Useful information

Harmonicoscillatorwavefunctions:
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α �� µk� h̄.

Harmonicoscillatorenergy: En � h̄ω � n 
 1
2 �

Maplesyntaxreminders:
If youwant type

ex exp(x)� x sqrt(x)
π Pi

Fundamentalconstants:

c � 2 � 99792458 � 108m� s
h � 6 � 6260688 � 10� 34J� Hz

NA � 6 � 0221420 � 1023mol � 1

1. Evaluatethefollowing symbolically: � Y5 � � 3��� L̂2
x

 L̂2

y �Y5 � � 3��� . Provide a physicalinterpreta-
tion for theresult.[10 marks]

2. The Lagrangian,a quantitywhich arisesin classicalmechanics,is definedby L � K 	 V
whereK is thekinetic energy andV is thepotentialenergy. Calculatetheexpectationvalue
of theLagrangianfor aharmonicoscillatorin its secondexcitedstate.Simplify youranswer
asmuchaspossibleusingthedefinitionof α. [10 marks]

Hints: Maplewill needto know thatα is apositivequantity. Onceyouhavedonetherequired
bits of calculusin Maple,it will probablybeeasierto simplify yourexpressionby hand.
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3. (a) Calculateanapproximationto theground-stateenergy of aquantummechanicalsystem
consistingof two particlesboundby thefollowing potential:

V
�
x��� 1

2
kx2 
 Acos

�
ux�

whereA is small. [10 marks]

(b) Obtainanapproximatenormalizedwavefunctionfor thegroundstate.Carryyouranal-
ysisup to thefirst nonzerocorrectionto thezero-orderwavefunction.[14 marks]

Maplehints:Maplewill needto know thatα � 0. Youarestronglyencouragedto apply
the simplify() function to your resultsto get somethingthat you can easilywrite
down. It would alsomake sensein this problemto show thepiecesthatgo into your
answer(insofar asthis is possible)ratherthanto try to write down onebig expression
with everythingsubstitutedin.

4. Metal fluoridesaregenerallyfairly easyto make dueto the very high electronegativity of
fluorine. However, gold (I) fluoride hasonly beenmadevery recentlyby a group at the
Universityof British Columbia.1 They wereableto make 197Au19F in thegasphaseandto
studyits rotationalspectrumby microwavespectroscopy. Thespacingbetweentherotational
linesis 0 � 52868780cm� 1.2 Themassesof 19F andof 197Au are,respectively, 18.99840320
and196.966552amu.Calculatethebondlengthin AuF. [10 marks]

1C.J.EvansandM.C.L. Gerry, J.Am. Chem.Soc.122, 1560(2000).
2This is actuallynot quite true: Becauserealmoleculesaren’t rigid rotors,it is necessaryto do someanalysison

therealline spacingsto calculatewhatthespacingwould beif themoleculeweretruly rigid. This calculatedvalueis
whatI amgiving you to work with.
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