
Chemistry2720Fall 2001Assignment8 Solutions

1. (a) v � d
t
� 10� 00 � 10� 6 m

250s
� 4 � 10� 8m

�
s

(b) Thetime is measuredaccuratelyso∆v � 1
t ∆d. Sincetheresolutionof themicroscope

is 0 � 5µm, wecertainlycan’t determinethedistancetravelledany moreaccuratelythan
that, even thoughthe rulings on the micrometeraremoreetchedwith exquisitepre-
cision. In fact,sincethereis a similar uncertaintyin determiningwhenthesporehas
passedboththestartandfinish lines,∆d shouldbetwicethisfigure,i.e.1µmathrmm.1

Thus,∆d � 1 � 10� 6m and∆v � 1
250s � 1 � 10� 6m � 4 � 10� 9m

�
s.

(c) Theuncertaintyprinciplessaysthat∆x∆p 	 h
4π

� 5 � 27 � 10� 35Js.2 We know that∆x
is 0 � 5µm sincethatis how accuratelywecantell wheretheparticleis atany giventime
and,in particular, at themomentat which we verify whetheror not it hascrossedone
of therulings.∆p � m∆v soweneedto calculatethemassof theparticle:Thediameter
is 1µm sotheradiusis 0 � 5µm. Thevolumeof thesporeis

V � 4
3

πr3 � 4
3

π � 0 � 5 � 10� 6m
 3 � 5 � 2 � 10� 19m3 � 5 � 2 � 10� 13cm3 �
Usingthedensity, we find thatthesporeweighsapproximately5 � 2 � 10� 13g or 5 � 2 �
10� 16kg. Theuncertaintyin p is therefore

∆p � � 5 � 2 � 10� 16kg
 � 4 � 10� 9m
�
s
 � 2 � 1 � 10� 24kgm

�
s�

Thus,∆x∆p � 1 � 0 � 10� 30Js, which is about20000timeslargerthanthelower limit
imposedby theHeisenberg uncertaintyprinciple. Thereis thereforeplentyof roomto
improvethisexperiment.

2. SinceE � hc
�
λ, thelongest-wavelengthtransitionscorrespondto thesmallestdifferencesin

energy. Theenergy levelsof a particlein a boxgo like n2, sothesmallestenergy gapin the
spectrumis betweenthen � 1 andn � 2 levels.Thishasa ∆E of

∆E1
� hc

λ1

� 22h2

8mL2 � 12h2

8mL2
� 3h2

8mL2 �
Wecanusethis relationshipto obtainaninitial estimateof L:

L2 
 3hλ1

8mc
1A moresophisticatedtreatmentof experimentaluncertaintywould make thenetuncertaintyin thedistancetrav-

elled � 2 � 0 � 5µm��� 0 � 7µm.
2I normally write the units of h as J/Hz. However, one interpretationof the factor of 2π dividing h � 2 in the

Heisenberg relationis thatit convertsHz (cycles/s)to s� 1 (radians/s).
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� 3 � 6 � 6260688 � 10� 34J
�
Hz
 � 1104 � 10� 9m


8 � 9 � 1093819 � 10� 31kg
 � 2 � 99792458 � 108m
�
s
� 1 � 004 � 10� 18m2 �� L 
 1 � 0022 � 10� 9m �

Thereis of coursesomeexperimentalerror in all measurements,so we must identify the
otherlinesandusethesepointsaswell in obtainingour final estimate.We do this by trial
anderror, weknow thatfor eachobservation j,

∆E j
� hc

λ j

� h2

8mL2 � n2
f � j � n2

i � j �
wherenf � j andni � j arethefinal andinitial valuesof thequantumnumber. Therefore

n2
f � j � n2

i � j � 8mcL2

hλ j
�

Wethenjustneedto find two integerswhichsatisfythis relationship,at leastapproximately.
Having donethat,wecancalculateL from eachdatapointby rearrangingtheequationto

L2 � hλ j

8mc � n2
f � j � n2

i � j � �
My resultsareasfollows:

λ j (nm) n2
f � j � n2

i � j nf � j ni � j L (nm)
663 5 3 2 1.0027
473 7 4 3 1.0021
414 8 3 1 1.0022

Thebox lengthis obtainedby averagingthefour measurements.ThisgivesL � 1 � 0023nm.

3. Accordingto theBohr theory, theorbital speedof theelectronis

v2 � Ze2

4πε0mer
�

Theorbital radiusis fixedby thequantizationcondition:

r � n2h2ε0

πZe2me
�

Accordingly, thespeedis relatedto n by

v2
n
� Z2e4

4n2h2ε2
0

�
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In our case,Z � 92. The largestspeed(which will causethe mostseriousproblemsfor a
nonrelativistic theory)is obtainedwhenn � 1.

v2
1

� � 922 
 � 1 � 60217646 � 10� 19C
 4
4 � 12 
 � 6 � 6260688 � 10� 34J

�
Hz
 2 � 8 � 854187817 � 10� 12C2J� 1m � 1 
 2� 4 � 05 � 1016m2 � s2 �� v1

� 2 � 01 � 108m
�
s�

This is about2
3 of thespeedof light. At suchhighspeeds,relativistic correctionsarealways

needed.

4. Somepossibleanswers:

� Theuncertaintyprinciplerulesout thepossibilityof orbitsof fixedradiusbecausethe
radialpositionis thenexactly known which meansthat theuncertaintyin thecompo-
nentof themomentumtransverseto theorbit is infinite.� TheBohr theorypredictsanangularmomentumvectorof size �L � � r p � rmvwhich
dependson thequantumnumbern (becauser andv dependon n). In fact, theorbital
angularmomentumdependsonacompletelydifferentquantumnumber� .
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