
Chemistry2720Fall 2001Assignment9

Due: Tuesday, Dec.4, 9:25a.m.

This is thelastassignmentof theyear. Thefinal examwill beheldFriday, Dec.14at2:00p.m. in roomAH117. I will
bekeepingregularoffice hoursduringtheexamperiodsoyou candropin anytime to talk to me. Goodluck with all
yourexams.

1. We establishedin classthat quantummechanicaleffectsarenot observablefor large objectslike instructors
walkingacrosstheroomor hockey pucks(althoughsomegoaltenderswouldswearotherwise).In thisquestion,
wewill seewhetherweneedto worry aboutquantummechanicsfor thingswhicharesmall,but notassmallas
atoms.

A plant sporeis a roughlysphericalparticlewith a diameterof 1µm anda densityof 1g
�
cm3. Small objects

like thesearesubjectto Brownian motion, which is to say that they tend to dancearounddue to collisions
with molecules.Supposethatyou wantedto measuretheaveragespeeddueto Brownianmotionof thespore
describedabove. This canbedoneusinga stagemicrometer, essentiallya glassslidewith fine rulingsetched
into it (oftenby photolithography)at regular intervals. Stagemicrometerswith rulingswhich are10µm apart
are commerciallyavailable at reasonableprices(in the neighborhoodof 100US$). The distancesbetween
the etchedlines canbe consistentto within 0 � 01µm or better(dependingon price). You plan to measurethe
speedof thesporeby watchingthesporemove acrossa stagemicrometerwhoselinesspacingis, asdescribed
above 10� 00 � 0 � 01µm. The speedis thenjust the distancebetweenlines divided by the time taken to travel
thatdistance.In thecalculationswhich follow, assumethat time canbemeasuredmuchmoreaccuratelythan
position.Thespore(andstage)is to beviewedthroughanopticalmicroscopewith a resolutionof 0 � 5µm.

In onetrial, it wasfoundthatthesporemovedthedistancebetweentwo rulingsin 250s.

(a) Whatis thespeed?[2 marks]

(b) Whatis theuncertaintyin thespeed?[5 marks]

(c) Doestheuncertaintyprincipleleavemuchroomto improvetheaccuracy of thisexperiment?[10 marks]

2. An electronin aone-dimensionalboxhasanabsorptionspectrumwhosefour longest-wavelengthlinesoccurat
1104,663,473and414nm. Whatis thelengthof thebox?[10 marks]

Hint: Youwill first needto identify thetransitions,i.e. theinitial andfinal valuesof thequantumnumbern. This
is donepartlyby trial-and-errorandpartlyby makingonesmartinitial assignment.

3. Usinga quantitative argument,show that a treatmentof hydrogenicatomswhich doesnot includerelativistic
effects,suchasthedeBroglie-Bohrtheory, is inappropriatefor U91� . [5 marks]

Notes:Thisis notacompletelyacademicexercise.Hydrogenicuraniumionsareusedin avarietyof experimen-
tal andtheoreticalscientificstudies,bothbecausethey areinterestingobjectsin themselvesandbecausetheir
studyhassomeapplicationsin materialsscience.Unfortunately, the relativistic theoryof atomsis extremely
complex sothatourunderstandingof superheavy atomsis highly incomplete.

4. TheBohr theoryof hydrogenhadonesingularsuccess,namelytheequationfor theenergy levelswhich led to
theexplanationof atomicspectra,anda numberof failures. Briefly discussoneincorrectpredictionmadeby
theBohr theory. [4 marks]

Note:Limit yourselfto oneshortparagraphandstickto thepoint. Excessivelywordyanswersmaybepenalized.


