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Exam 2 review

Information you may need (given on exam):

h=6.626x1034]s hc =1240 eV nm kg =8.62x105eV /K
k=8.99 x 109 N m2/C? 1eV=1602x101%] kg=138x102] /K
e=1.6x101°C R =8.31]/(K mol) kg =R / Na
me=9.11x1031 kg
1 2 AN,
1= ECEOED I=T,hv r,= AAPt
R 9"W(x,1) M(x,1) W d*p(x)
— 2 V(x, D)W (x,t) = ih———— - +V(x)ep(x)= Ep(x
= sl (x,1)¥(x,1) > PR (X)@(x) = E@(x)

Infinite square well:

' | ' h*n*
W(x,1) =(Ae™ + Be™)e E'* Wt
i ) toBmE

Hydrogenic atom:
me*Z* ZE . Z o)

W(x,1) = (Ae™ + Be™)e ! B ee.
Tunneling:
2 -E
AxAp, = h AEAt =T o’ =%
Information vou should know (NOT given on exam):
Intensity = Power/Area Power = Energy/time Nphotons = Etotal // Ephoton
1 .

AL = nA AL=(n+E))» 2dsinf=nA, n=1273,...

| he
KE =—mv” =gAV KE_ =hv-® E=hv=—
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2

T k =27/ A V=it
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probability ~ e *'*" e™ = cos(kx) + isin(kx)
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1. For a hydrogenic atom, the energy levels are given by E,=-EoZ?/n?. Give physics reasons
why there is a Z2 dependence in this equation. Your answer should cover both why it would
only make sense for it to contain Z, and reasons why it makes sense that it should be
squared in the equation, rather than some different power.

Ore Z comes o A\ rpo*e.nfko\ﬂ enen V= - kT /r | Tha O’\‘\AV Ao

e pack fhat Yo wavesunchiva hay 4o %Le conbiavous s Mtsjzw"’cﬂv\l .
wacanghes < codil ate allowed: ah=2me, prmuol, o oLy 0
2. Suppose you have an electron and a photon both moving through'space with a kinetic

energy of 5eV.
a. What is the deBroglie wavelength in nm of the photon?

f-‘-'—" h_c_:_ ) >& - \AC.» _ “240%\/(\‘(“ _ ‘2"4'8-'(\0\

2,
b. What is'the deBroglie wavelength of the electron (in nm)? . =
Cﬁ-'—*.ﬂ—z ; P=V{Z«\N\b€-;h =\ﬂ :G'G%*'O qd"? :S—.-S‘K'IG ™
Zm A ZnEE /zm‘uwro_?‘ Y(&g.oixl0 'Y

3. You are walking briskly across campus for your next class. What is your @pproximate
deBroglie wavelength in meters? X "
P =y ~ (,go%)(?,W/h)(\om/kww)(thfgﬁoos) = 2%. € "5

A=l - (0626 ¥ (07735 / (278 ks w5 ) = 2.4 % (0 TSon

4. A free efectron is generally described by the wave function yi(x,t)=Ael*eiwt, At t=0, this is
P(x)=Ae**=A*cos(kx)+A*i*sin(kx). For this wave function, a bigger k ... (check all that
apply)

means a bigger wavelength E= 2T
Jreans a smaller wavelength /\

has no effect on wavelength

means a smaller momentum P =t b
Areans a larger momentum o

has no effect on momentum ke = 2

means less KE L
_nateans more KE

has no effect on KE

5. a) A plane wave has: (check all that apply)
-“l’aﬁ“ge uncertainty in position
small uncertainty in position
large uncertainty in momentum
«small uncertainty in momentum

b) Relative to a plane wave, a wave packet has: (check all that apply)
larger uncertainty in position
—sMmaller uncertainty in position
~arger uncertainty in momentum
smaller uncertainty in momentum
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6. How does thinking of electrons as waves rather than particles explain why energy levels
in the hydrogen atom are quantized? How does it answer Bohr's question of why electrons
don't radiate energy when they are in one of these energy levels? .

T w&V€+MQ'\\‘M otk e tendnuous, so eartesn valoes ot m\'ﬂ.ﬁ\‘\
ore alwed AX=2T , Olwdh leads o anhf] crvennm alloed  valoes of em.r{(\?r :
e & camot mdicke e oace o5 m R lowesh &m eoe V' sviee !
Migmo{'w_o\gwu% le‘o\wwea : .

7. A low energy electron sitting in a ccd pixel'of a digital cameré%zéso) wave function of

approximately the following functional form: e - (x-d)/0
P=celx+d)/L for x<-d 4
Y=c between x=-d and xii/ \_
P=ce(xd)/L for x>d T + Y x

+
Draw the wave function and calculate what ¢ needs to be in terms of L. and d in order for

tfgg wave function _'Eo Jbe properly normaclilzed.

% (e
Yl = (xed) /L 2 T -
f J,%‘” Jy f&e ey I;, due e £c, Py Iy

oD
_ - L = L=
,—_Cz.[—%e}()(**-l)h_ %el(“‘”b]i 1=¢ [;—o +d-(-d) 0"-2:1

+ X

] d

-3

= (L+2d) =1 = .. f
Lt d

8. The work function of copper is 4.7 eV. Which of the following could be a plot of potential

energy vs. position for an electron in a copper wire of length L surrounded by air on either
side? (Check all that apply)

/A::J V) B Vix)
G 7eV

L

+4.7eV
05t x =51 X
@ V(x) D Vi)
0 X 0 X
—4TeVIFTL _47ev0 L
cy V(X) F V()
L7eVl +1.7eV
. e _ o~
SeVig—i _3ev [0 L
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9. An infinite square well would be the exact potential energy function for:
A. an infinitely long wire
B. a really really short wire
C. an infinitely thick wire
D. a really really thin wire
~E7a wire made out of a metal with an infinite work function
F. a wire made out of a metal with a work function of zero

10. In class we solved Schrodinger’s equation to get the wave functions for an electron
trapped in an infinite one-dimensional square well potential. This potential is a reasonable
approximation of the potential energy for an electron in an isolated segment of wire.

a. If the wire is length L, what wavelengths are allowed for the wave function of the
electron?

L=n? (shomnding wzves) = A==

-

b. Why does this restriction on the wavelengths lead to a quantization of the possible
energies an electron can have in the wire? Show how to determine these quantized
energies from the quantized wavelengths (include the final express for the quantized
energies)? (Be sure to explain your reasoning)

w&:uda_n.(g;-}h /kj wawve nwvbe, £ and W;gb ce ndeded
L= _P SRR K ram h

A i Ton  Zen . Zom VA ) Zm)("'
Of\\,ijl adein h cre allowed, &n cartmin © oie A‘Lm-’ic&

at is the smallest possible energy (in eV) - the ground state - for an electron in a
0.01m(1cm) wire" n=1,

(Al ‘/\1.
'Lw\-/\?' ?AM (-’LL T gml*t

d. How much energy (in eV) does an electron at room temperature (300K) have? Recall
(from the equipartition theorem) that the average thermal energy of an electron is given
approximately by (3/2)kT where k is Boltzmann's constant.

ke ~ %b‘r 2 (£.62x(D 6V/K )- 300K = 0.039e\ ~ ’i_S'c(‘/

=32, %4 x (O S_o‘/

e. What length wire (in nm) would have the energy difference (energy spacing) between
the ground state energy level and the next energy level up is equal to this thermal energy of
an electron at room temperature?

X6 =T ( ) LY
T=T-% = (V-1%) — ~
v ! L Tl”

L = 3-5-——{“ = gﬁﬂf\
€ AT
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f. Looking at the electrons energy levels in the wire:

False As the wire gets longer, the wavelength of the electron in the lowest energy
state gets longer.

False Asthe wire gets longer, the ground state energy level gets lower.
True ¢FalseDAs the wire gets longer, the energy differences between the energy levels get
larger.

e False For awire thatis 1 foot long, there will be many, many (much more than a
million) allowed energy levels between the ground state energy and that plus the thermal
energy of an electron at room temperature,

False The energy of level 3 (n=3) is 9 times the energy of the ground state energy.

False If you halve the length of the wire, the energy of the ground state increases by
a factor of 4.
True If you double the length of the wire, the energy spacing between levels n=1
and n=2 will decrease and be equal to 0.5 times what it was.

alse The quantization of energy levels and the fact there is a gap between allowed

levels only become large and important (relative to the typical thermal energies important
in describing the behavior of the electron) when the length of the wire becomes
submicroscopic as it does in nanotechnology.

11. The correspondence principle states that as the scale of things becomes larger, the
behavior predicted by quantum mechanics must match the behavior predicted/observed in
classical mechanics. So in the case of something in a potential well, explain what happens in
terms of the quantum behavior as you make the well wider or you make the particle more
massive that makes it look more and more classical in its behavior.

€h ._.,lf\'ln‘*- AS L \\I\C(C,C\SES, o f!‘\(\e_ ?a”!hokb Adle. VMaSaNe (lQr&(N)}

e

Gl Svt;&\f‘»és Vehoean lewels ckﬂ.crmse.? so "‘KL\Ox'\“\‘L\u,\ (vo
moce W a eakauum, wlid, s e clashied aase

12. Below is shown a snap shot of a small segment of the real part of the wave functions for
3 different electrons. (Note these are completely delocalized so extend from -co to o).

. Which has th KE? .
aA®Cast e most I Fg-:-f-— conalles X }ng,gu, 4
?/‘): ! 2o~

b. For which is the wave number k largest?

AC
-
‘ b
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c. If we know the electron is traveling to the right, which of the constants in the equation
for Y(x,t) (A or B) must be zero? That is, which of the two terms represents a wave
traveling to the left and which represents a wave traveling to the right (you can think about
which way the real part of the term would travel).

ig {

i ol Bih 1k Brih Tk Brin
“l‘_ll_’..l’.\ Be th.= e = .-"i:':' - =

H- +Le /
k-t prrw

t

A=

try

S

13. Suppose that in the infinite square well problem, you set the potential energy at the
bottom of the well to be equal to some constant Vy, rather than zero.

a. Write the time-independent Schrodinger Equation inside the well:
4
B A) e =T e0x)
Zon  Ax*

b. What are the energy levels for the infinite square well of width L with potential energy
equal to Vo at the bottom of the well?

Are enrssies G }:s’\* a\z\:{)@l La \"0, 5o

W™
€ = “t VA
EmL

¢. Why is it that in most cases we only have to solve the time-independent Schrodinger
equation instead of the more complicated time-dependent Schrodinger equation? (Check
all that apply.)
o Time justisn't that important.
4 In most cases the potential is not time dependent.
o Inmost cases the wave function is not time dependent.
o In most cases we only want to look at what happens at one particular instant in
time.
o The time dependent Schrodinger equation is impossible to solve.
o If the potential is not time dependent, the time dependent part of the wave function
is always the same.
o We already solved for the time dependent part of the wave function last week, so we
don't have to calculate it again.
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14. An electron is bound in a potential well. The wave function of the electron is Y(x,t)=

@(x)ei“t where @(x) is shown below and w is a real number.
W t=0)

a. Which plot of V(x) vs. x below could represent the potential well in which this electron
is bound?
Energv

veo A ’-“’—(“-‘1 C

A Energyofeledron |

.
oo /7 B Ve

[] & r
Energy of electron |

b. Explain your reasoning.

X dearenses  as He € moves Ao e “\3\’\+, Sdh waeang
R wcenses = ’H/\L(Eo*f_(\Jnu o 3 boe ()owen, 5‘\VLC9._J‘.L\‘Q— <

me S oor\x\'én‘k' £ = ﬁ'+%ﬁ

c. Mathematically, choosing W(x,t) = [Acos(kx)+Bsin(kx)]exp(-iwt) is equivalent to
choosing W(x,t) = [A'exp(ikx)+B'exp(-ikx)]exp(-iwt). Sometimes it's just more convenient
to choose one or the other. Suppose we made one choice and wanted to convert to the
other choice. What are A and B in terms of A" and B"? .

sek x=0 (svue b golulisns rfrj'u&*‘\‘ %M%‘Wﬂwm)’
(o) = A/o¥_@\+g.);/wb — A-A'+B
b x=1T
Ze T
e A A N e ]
o - T I 1
. T ) Aygisn(-%) (= AL -BY
N eyt o8 [Ga}/;)* A
g [/( e -1
B=(h-8")c

_| Enerqy of slectron

) E

qy of eladron
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15. a) What is the uncertainty in position for an electron in the n = 1 state of an infinite

square well of length L?
! ? Ax = -

o L
b) What is the uncertainty in momentum?
e —kx
p(x) = Ae + Be

?-;-rb\b ¢ ?"—"}C\l:-,’;“f\—?/\ A?—:Z't‘t

c) Does the electron violate the uncertainty principle? Explain your reasoning.

Axho = L(20k) - (2 ) X 24
H c\%& ot vio\o.-\:c-ku_ mw'\-&\\/\—\\/k ?«Mu?bg .



