
Chemistry3730Fall 2002Test1

Write all your answersin thebookletsprovided. You areentitledto one 81
2
� 11-inchpieceof papercontainingany

informationyou want. (Somedatais alsogivenat theendof this testpaper.) Hand-heldcalculatorsareallowed. You
mayuseMapleandits helpsystem.No otheraids,printedor electronic,areallowed.

If you useMapleto solve a problem,it is your responsibility to make it clearwhatyou aredoing. I expectto seethe
mathematicalexpressionsevaluatedusingMaple,but not theMaplecommandsusedto evaluatethem.

Time: 2h

Totalmarks:50

1. Calculatetheprobabilitythataparticlein atwo-dimensionalsquareboxof sideL occupiestherectangledefined
by L

�
5 � x � L

�
3, 0 � y � L

�
8 if thequantumnumbersarenx � 2, ny � 1. Reportyour answerto four digits.

[8 marks]

Maplehints: Don’t forgetthatπ is Pi in Mapleandthatsquarerootsareobtainedwith thesqrt() function.To
getanumericalvaluefrom anexactresult,usetheevalf() function.

2. (a) Explain what it meansfor a wavefunctionto be normalizedandwhy this is an importantproperty. [4
marks]

(b) We will seelater thatwe canuseapproximatemethodsto solve quantummechanicalproblems.Suppose
thatφ � x � � x � L � x � is anapproximateparticle-in-a-boxwavefunctionandnormalizeit. [6 marks]
Seethesyntactichintsfor question1.

(c) To whichof thetrueparticle-in-a-boxwavefunctionsis theapproximatewavefunctionφ � x � orthogonal?[8
marks]
Maplehints: Seethesyntactichintsfor question1. Maplemayneedto know that thequantumnumbern
in theexactwavefunctionsis aninteger.

3. For theparticlein a one-dimensionalbox, calculatea generalexpressionfor theexpectationvalueof x2. How
doesthis quantitybehave in thelimit of largequantumnumbern? [8 marks]

Maple hints: Seethe hints for question2c. It may be necessaryto usethe simplify() commandto get the
simplestform of thegeneralexpression.

4. Is Lx compatible(a)with x? (b) with y? [10 marks]

5. Trueor false:If Â commuteswith B̂ andB̂ commuteswith Ĉ, thenÂ commuteswith Ĉ. If thestatementis true,
provideaproof. If false,providea counterexample.[6 marks]

Useful information

Particle-in-a-one-dimensional-boxwavefunctions:

ψn � x � � � 2
L

sin � nπx
L 	�


Particle-in-a-two-dimensional-boxwavefunctions:

ψnx � ny � x � � 2
LxLy

sin � nxπx
Lx � sin � nyπy

Ly � 



