Physics 451 Sect. 1 Exam I

Tues., Sept. 3@ Thurs., Oct. 2 Class ldentification number:

Instructor: Justin Peatross

Time limit: 3 hoursD 1% penalty per minute oveClosed book

Instructions: Write your 1.D. number above and on each sheet of your work. Please donOt write
on the testingenterOs cover page; it will be discarded before returning your test. Make sure to
put your work in oder. Staple it well. D& of the 6 problemghe lowest one will be dropped

Each complete problem, including the collection of true and false, is equally weighted. Good
luck!

Potentially Useless Formulae: ¢’ =cos! +isin!/ , cos! :(e +e'! )/2, sin/ =(e” " )/2i

(F(x) = j W (x,0) () (x t)dx, j . (), (X)=5,,

Given a complete orthogonal set of functign(x)} in an interval, we can write

F(x)="1,5,(x) wherea, = [ g (x)f(x)dx.
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Integration by partsjudv =uv " | vduU

1. (a) Write down the timedependent Schrsdinger equation in one dimension.
(b) If the potentialv(x) is independent of timelevelopthe timeindependent

Schrsdinger equatiofor y(x). Show how! (x) and ! (x,z) relate.
(¢) Thenormalized eigen functions of an infinite square well potential (with infinitely

_ o _ 2 o4 &
hard walls att=0 andx=« andV =0 in between) are n(X)—\/gsm%X( :

By direct substitution into the Schrsdinger equation (or fintependent Schrsdinger
equation), find an expression for the energy levels

2. (a) Using p! " ih#i, prove EhrenfestOs theoré%ﬁfj—’):<! —V>
X

"x
(b) Explain how this looks like the classical formwa ma.

3. A free particle at =0 has waveform (x,0) = A¢'*", wherea is real and positive.



(a) Normalize to findA.

(b) One can construct the waveform for future timew¥as:)= % J dko (k) /o)
T

You are asketb find analytical formulafor ! () andw(k). You are notisked to

perform the above integral

4. (a) If at r =0 aparticle is in the normalized stat¢x,0) = (x)+",(x)g of the

1.
N
infinite square wel(existing in theange(0.a) ), what isthe probability(as a function of
time) of finding the particle in theangex<a/2. HINT: This problem depends on 1@)

Sorry that they are linked.
(b) What is the moggeneral saltion ¥ (x,t) in the infinite square wellHow are

coefficients in the summation deterraihif ¥ (x,0) is known(not necessarily the same as
in part (a)p
5. (a) Find the expectation of thmotentialenergy (.e.,<

m/ 2x?

>) for a partcle instate

! .(x) of the harmonic oscillator.
(b) What is o, = /(x*)-(x)* for the different states.

6. You start with two points. Each correct response adds a point up to ten points; the first incorrect
response is frefto help cover instructorOs laiguity); additional incorrect responses subtract a point.
Unanswered questions are neutral.

TorF If ! (x0) is normalized, them (x,t) is normalized.

!
TorF If! 1 =

3 for a freeparticle wave at one time, thexo,, =!E at all times.

T or F The furction ¢(k)=% j dx¥ (x,t) e will be different depending on what time
T

it is calculated, so we usually calculate at0.
T orF Thecommutatofx, p]! xp" px is zero.

T orF The expectation of thanergy <H’> for a general solution (x,t) to the harmonic
oscillator must lie on one of the valugs=! w(n+%).
T orF A measurement of the energy of a general wavetibm! (x.t) to the harmonic
oscillator must lie on one of the valugs=1! é“%?g/:'

T orF The velocity in the de Broglie atlon p=nv=7k equalghe wave group velocity,

not the wave phase velocity.
T or F For the harmonic oscillator, the wave dtion v, (x) is zero wherg(x) > E, .

T orF For the infinite square well potential, the wavedion /  (x) is zero where
V(x)>E,.
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The dispersion relation is obtained by substituting aefoamn | ¢/ into the
2 12 . :
Schrsdinger equation for free partme — ;—m"— ( =0. We could also substitute in
Ix% g

our superposition of plane waves:
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(x):E,ﬁg(x)x/ n(x)dx:‘/m#(i/b;(x)(@++@)! (X)dx=0 =0, = $(2n+1)

(b) From part (a){x’) =




