Chemistry2720Fall 2001 Assignmen®

Due: TuesdayDec.4, 9:25a.m.

Thisis thelastassignmenof theyear Thefinal examwill beheldFriday, Dec.14at2:00p.m.in roomAH117. 1 will
be keepingregular office hoursduringthe exam periodso you candropin anytime to talk to me. Goodluck with all
your exams.

1. We establishedn classthat quantummechanicakffects are not obsenablefor large objectslike instructors
walking acrosgheroomor hockey pucks(althoughsomegoaltendersvould swearotherwise) In this question,
wewill seewhethemwe needto worry aboutquantummechanicgor thingswhich aresmall,but notassmallas
atoms.

A plantsporeis a roughly sphericalparticlewith a diameterof 1um anda densityof 1g/cm®. Small objects
like theseare subjectto Brownian motion, which is to say that they tendto dancearounddueto collisions
with molecules.Supposéhatyou wantedto measurghe averagespeeddueto Brownian motion of the spore
describedabore. This canbe doneusinga stagemicrometey essentiallya glassslide with fine rulings etched
into it (often by photolithographyjpt regularintervals. Stagemicrometerswith rulings which are 10pum apart
are commerciallyavailable at reasonablegrices(in the neighborhoodof 100US$). The distanceshetween
the etchedlines canbe consistento within 0.01um or better(dependingon price). You planto measurdehe
speedof the sporeby watchingthe sporemove acrossa stagemicrometemwhoselines spacings, asdescribed
above 10.00+ 0.01pum. The speeds thenjust the distancebetweenlines divided by the time takento travel
thatdistance.In the calculationswhich follow, assumehattime canbe measurednuchmoreaccuratelythan
position. Thespore(andstage)s to beviewedthroughanopticalmicroscopewith aresolutionof 0.5um.

In onetrial, it wasfoundthatthe sporemaovedthedistancebetweertwo rulingsin 250s.

(a) Whatis thespeedq2 marks]
(b) Whatis theuncertaintyin thespeed{5 marks]
(c) Doestheuncertaintyprincipleleave muchroomto improve theaccurag of this experiment?10 marks]
2. An electronin aone-dimensiondbox hasanabsorptiorspectrunwhosefour longest-vavelengthlinesoccurat
1104,663,473and414nm. Whatis thelengthof thebox?[10 marks]
Hint: Youwill first needto identify thetransitionsj.e. theinitial andfinal valuesof thequanturmumbem. This
is donepartly by trial-and-errorandpartly by makingonesmartinitial assignment.
3. Using a quantitatve argument,shav that a treatmentof hydrogenicatomswhich doesnot includerelatiistic
effects,suchasthe de Broglie-Bohrtheory is inappropriatdor U°*. [5 marks]

Notes:Thisis notacompletelyacademiexercise.Hydrogenicuraniumionsareusedn avarietyof experimen-
tal andtheoreticalscientificstudies both becausehey areinterestingobjectsin themselesandbecauseheir
studyhassomeapplicationsin materialsscience.Unfortunately the relatiistic theory of atomsis extremely
comple sothatour understandingf superheay atomsis highly incomplete.

4. TheBohrtheoryof hydrogenhadonesingularsuccesspamelythe equationfor the enegy levelswhich led to
the explanationof atomicspectraanda numberof failures. Briefly discussoneincorrectpredictionmadeby
theBohrtheory [4 marks]

Note: Limit yourselfto oneshortparagraplandstick to thepoint. Excessiely wordy answersnaybepenalized.



