
#4 At time t=o
, a particle is represented by the wavefunction

#(x
,
0 =
(A() O[xa

IA) asseb

O otherwise

where A
,
a , and b are positive constants

(a) Normalize E (Find A in terms of a and b)
-

(b) Sketch E(x, 0) as a function of se
~

~

(c) Where is the particle most likely to be found at t = o ?
~

(d) What is the probability of finding the particle for the left of a ?

Check
your result in the limiting cases b =a and b= 2

~ ~

(e) What is the expectation value of se?

integrals over other intervals yieldO

(a)T ,
Olde = 1=Ad +far

=> Abbed= (bx-b

=>(a +cap- ) = A(y+-b- ) = 1I
=> A =J I Note that b is not necessarily za,

but my gaph may make it seem

like it is due to the spacing /chose

(b) (x
, 0) =

5) 0xa for clarity.

?Fa ax[b

F

-----
8 otherwise

O a !



(C) We can guess from the graph forIt below that it will bex = a.

0xa I

IEIORDent we

8 otherwise ----
!

O a !

(d) P(x(a) = [dx=
check fur b = a -> P(x(a) = 1

check for b = 2a + P(x<a)=

(e) (x>=Ear =1+a

=Salb-xdx uab
de
a

x=b x= b

=utbd=a)u+bud

n=a

=>
=
=+ b2

+zab-
=
+2a

4



#.9 A particle of mass m has the wave function

E(x, t) = Ae
-a[ + it]

where A and a are positive real constants

(a) Find A.

(b) For what potential energy function ,
VIR) , is this a solution to the Schrodinger

equation?

-Vr
(c) Calculate the expectation values of se

,
x2

, p, and ph

~ ~

(d) Find O and Op .
Is their product consistent with the uncertaintyprinciple?

(a) (Ytdx = 1 => an =

z
n =03j2t
-
⒗ s

=> jozz aitx = 12/-(x = 2) e
=

dx = 1

=> ami =A = 1 = A = (am

(b) it VE

=-ait

--ait)=-it
v= it)-aiteit])it](m
i E

-

V(x) =at-m =at + zamx = zamx



(C) (x) = Jedx =Ar = 0

f(-x) = -

xex
- f(x) = odd

= 2120mdx =2

=am

< p) = - it/dx =-itami) e

= + it at . Zam je-zadx = 0

--
odd

<p = -2/*x =+-x)A-a)(
= 22A2jo-am)-See

y

=2
=m
= = tam

(d)=Jam

Op =JTxpo =Jam

=M consistent withHeisenberg uncertainty principle!



#14LetPabbetheprubability of finding the particle in theanyare

switch?

-- ~

(a) Show thatab
= j(a, t)-Jb,t,

where J(x, +)=) "Nabability current

~
↑ What are the units of J(x, +) ?

(b) Find the probability current for the wave function in +1. 9.

(a) Papit) =Star=(, +)Ect)de

Pab*t(t)dx=

- (schrodinger Equation)

(
=IEar

>--
3

(

=-
Fundamental
Theorem of = int -bitt))- Fat)

calculus -

= J(b,t) - Jait) (st] a
from dabunitsa



(b) E(x, t) = Ae
a + it]

#
*

(x,+) = Ac
a(-it]

-ait

-a

](x, t) = Ih(eit-it] + A- it]-
= O



P1 .18 Very roughly speaking , quantum mechanics is relevant when the
-

de Boglie wavelength of the particle in question () is greater than

the characteristic size of the system (d) . In thermal equilibrium at

(Kelvin) temperature T
,

the average kinetic energy of a particle is

= EkT (where key is Butzmann's constant)
,

so the typical

deBroglie wavelength is N=
RisT

The purpose of this problem is to determine which systems will have to

be treated quantum mechanically,
and which can safely be described

classically.

(a) salids. The lattice spacing in a typical salid is around d= 0 .3 um.

Find the temperature below which the unbound elections in a
-
-

salid are quantum mechanical
.

-

+ Below what temperature are thedei in a salid quantum
mechanical ? (Use silicon as an example.)~

Manal : The free elections in a salid are always quantum
-

mechanical ; the nuclei are generally t quantum mechanical.

(b) Gases . For what temperatures are the atoms in an idealgas
at pressure P quantum mechanical ? Hint : use the ideal gas law(PV= NRBT)

-

to deduce all the interatomic spacing.

answer : T<223545 Obviously (for the gaso sho quatis

behaviour) we want m to be as small as possible , and Pasage as
=

possible. Put in the numbers for helium at atmospheric pressureIs hydrogen
in outer space (where the internatomic spacing is about 1cm and the temperature
is at least 3K) quantum mechanical?assume it's monatomic hydrogen,

notHe



(a) L + X)d-

=>Thed
Delections : Me = 9

.

1091103 by h = 6 .
626x10347 . S

ki = 1.
381x1023 >K

*
d = 0.

3x109m

T < 1 .
293x105 K

mass of Si nucleus

&
② sinuclei : m = 25

.005amux24 .665X10 S:
'

28.085 amu

1 amu = 1. 661X1027by

with same constants as before and same assumed lattice spacing d = 0 . 3 m :

TC2. 525K

(b) PV = NkBT = Pd3=N - d = (b t
#(+

=>T
2

For helium : He
4.003 amu

m = 4.003amux2 = 6.649X 1 atm = 1
. 013 x105Pa

P = 1 . 013x10
*

Pa

T <2.936k



Fur monatomic hydrogen : H , 008ame

m = 1 .000amuxXy
= 1 .674x1027kg

d = 0 . 01m

< T6.
332X = MUCH smaller thana

=> No
,

H in outer space isT quantum mechanical


