Chemistry2720Fall 2001Assignmen8 Solutions

1. (a) v=9=1000d0%m _ 4, 108m/s

(b) Thetimeis measuredccuratelysoAv = %Ad. Sincetheresolutionof the microscope
is 0.5um, we certainlycant determindghedistancdravelledarny moreaccuratelythan
that, even thoughthe rulings on the micrometerare more etchedwith exquisite pre-
cision. In fact, sincethereis a similar uncertaintyin determiningwhenthe sporehas
passedoththestartandfinish lines,Ad shouldbetwice thisfigure,i.e. lumahrmm?
Thus,Ad =1x 10" ®mandAv= 2% (1x 10 %m=4x10"°m/s.

(c) TheuncertaintyprinciplessaysthatAxAp > % =5.27x 1073%Js2 We know thatAx
is 0.5um sincethatis how accuratelywe cantell wherethe particleis atarny giventime
and,in particular at the momentat which we verify whetheror notit hascrossene
of therulings. Ap = mAv sowe needto calculatehe massof the particle: Thediameter
is 1um sotheradiusis 0.5um. Thevolumeof thesporeis

V= gnr3 = gn(O.S x107°m)*=52x10"m*=5.2x 10 cn,

Usingthe density we find thatthe sporeweighsapproximatelys.2 x 10-13g or 5.2 x
10-16kg. Theuncertaintyin p is therefore

Ap= (5.2x 1071%g) (4 x 107%m/s) = 2.1 x 10~**kgm/s.

Thus,AxAp = 1.0 x 10-39Js, which is about20000timeslargerthanthe lower limit
imposedby the Heisenbay uncertaintyprinciple. Thereis thereforeplenty of roomto
improve this experiment.

2. SinceE = hc/A, thelongest-vavelengthtransitionscorrespondo the smallestdifferencesn
enegy. Theenepy levelsof a particlein aboxgolike n?, sothesmallestenegy gapin the
spectrums betweerthen = 1 andn = 2 levels. Thishasa AE of

hc  22h*  1°n* 3K

A 8mL2 8ml2  8mL?’

We canusethis relationshipto obtainaninitial estimateof L:

12 A 3hA1
8mc

AE; =

LA moresophisticatedreatmenbf experimentaluncertaintywould make the netuncertaintyin the distancetrav-
elledv/2(0.5um) = 0.7 um.

2l normally write the units of h as J/Hz. However, one interpretationof the factor of 21t dividing h/2 in the
Heisenbeg relationis thatit corvertsHz (cycles/s)to s! (radians/s).

1



3(6.6260688 x 10734J/Hz)(1104x 10~°m)
8(9.1093819 x 10-31kg)(2.99792458 x 108m/s)
1.004x 10~ ¥m?.

- L ~ 1.0022x 10 °m.

Thereis of coursesomeexperimentalerror in all measurementso we mustidentify the
otherlinesandusethesepointsaswell in obtainingour final estimate.We do this by trial
anderror, we know thatfor eachobsenation j,

he n  ,
whereng j andn; j arethefinal andinitial valuesof the quantunrmumber Therefore

> 5 _ 8mcl?
g = h)\j

We thenjust needto find two integerswhich satisfythis relationship atleastapproximately
Having donethat,we cancalculatel. from eachdatapointby rearranginghe equationo

hA
L2= 1L
8mc
My resultsareasfollows:

Aj(m) nfi—n? ng;ono L (nm)
663 5 3 2 1.0027
473 7 4 3 1.0021
414 8 3 1 1.0022

Theboxlengthis obtainedby averagingthe four measurement§his givesL = 1.0023nm.

. Accordingto the Bohrtheory the orbital speedf theelectronis

Zé
 ATEgMmer

Theorbital radiusis fixed by the quantizatiorcondition:

. n?h2eg
CTZEéEme’
Accordingly, the speeds relatedto n by
7%
" an?hed’
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In our case,Z = 92. The largestspeedwhich will causethe mostseriousproblemsfor a
nonrelatvistic theory)is obtainedvhenn = 1.

(92%)(1.60217646 x 10 1°C)4
4(12)(6.6260688 x 10-34J/Hz)2(8.854187817x 10 12C2J Im1)2
= 4.05x10%m?/<.
v o= 2.01x10P%m/s.

vi

Thisis about% of thespeedf light. At suchhigh speedstelatiistic correctionsarealways
needed.

4. Somepossibleanswers:

e Theuncertaintyprinciple rulesout the possibility of orbits of fixed radiusbecausehe
radial positionis thenexactly known which meanghatthe uncertaintyin the compo-
nentof themomentuntrans\erseto the orbit is infinite.

e TheBohrtheorypredictsanangularmomentumnvectorof size|L| = rp = rmvwhich
dependsn the quantumnumbern (because andv dependon n). In fact,the orbital
angulaiTmomentundepend®n a completelydifferentquanturnumber?.



