
3 . 2
-

(a) Forwhat range oft is the function f(x)= in Hilbert

space, on the interval (0. 1) ? Assume - is realbut not

necessarily positive.

(b) For the specific case v = Ye
,

is fliel in this Holbert space ?
What about sef(z) ? Howabout(f()) ?

b

(a) Want f(x) such that /If(z)/d <0
f(x) =x

(
-Eth

E
↳ (a,

b) = 20, 1)

=><(f) = Jawdx==(
this must not be Live

lelse we have zero in

=> 28 + 130 32) - t the denominator)

If 0 = need to check it !

=> w =- - (f(f) = jx dx = enx)) = en - e0 = + 0X = does not

converge

=> uz -t

(b) jedx=
=> f(x) furu = - is in Hilbert space.

Sx . x des = jx*x = 2 (1 - 0)= -



=xf() for - = I is in Hilbert space.

S () dx =%'
*
d does not converges as shown before

=> i(f(x) for v= is NOT in Hilbert space.



23.7

(a) Suppose that f(x) and g(x) are two eigenfunctions of an
-

operator & , with the same eigenvalue 9 . Show that any
linear combination off andg is itself an eigenfunction of
&, with eigenvalue q

x
(b) Check that f(x) = e and g(x) = e-" are eigenfunctions of the

operator d2/dx?, with the same eigenvalue . Construct two

linear combinations of f and g that are arthogonal eigenfunctions
on the interval (1

,
1).

(a) h(x) = a f(x) + bg(x)

We wantfo

prove=A=g
↓ L

= (af + by) = af+ bg = aqf+ bqg = gaf+b=

(b)E Ef=e =q same

E

-> g=

Try h
, (x) = f+g = ex+ e

-x

, hz(x) = f -

g =
e - e

-

are theywthogonal ? h
, (x) = eP+ e = h

, (x) - even

hz(-x) = ex-e = - hz(x) - odd

=> Yes
, they are arthogonal and well-defined for REC-1 , 11



23 Show that (x) =S
*(in) Edp

Hint : Notice that xep/t = -it ipr/h ,
and use Eqn2147

In momentum space,
then

, the position operator is in
pluse generally,

J*( ,-int)Ed ,
in position space

(a(k, P,+ =)J(ipP , t)dp ,
in momentum space.

In principle , you can do all calculations in momentum

space just as well (though not always as easily) as in position
space.

S(x)= liked -eq 2 .1

Let's use F.T
. instead : Ext)=h)

(x) = (EE)= ) (Leipath*dp) m)/ipul Eda
=- itzp

=)(Scipup)))
S onormalizability)

=
=/]] *

(,) in ppdp!
xk

Septipethx =Seph
Lequ

2
.14.

-

= 2ThS(p-p)



S(p-p) bic Sotn is even !

= ()E
*

(p,
t) in E(p, t) S(p-p) dpdp

= SE
*

(p , t) it(p , +) dp

= SE*

(in) Edp
i



3 . 15 Prove the famous "(your name)" uncertainty-

principle, relating the uncertainty in position (A =x)
to the uncertainty in energy (B = ph/2m + V) :

&P

For stationary states, this doesn't tell you much-why not ?

(, ] = ( , F] = [, V]
=(+
= -> (2- (2)

Operate (2,2) on a function f(x) with=-
(, p] f(x) = (p_pr)f(x)

=-
=-
=-
=z
·(

=p

=>>1
from takinga



3.20 Test the energy-time uncertainty principle for the wave
-

function in Problem 2.5 and the absorable x by calculating
# Be,

and desIdt exactly.

The wave function in P2.5 : E(x , +)= (sin(I) ec + sin () iwt]o
from HW2-

W=z

=peictpet
revenmixture => P(E) = P(E2) =/ = E

We want to show that DEDEE

DE=H =- <H3
O

It=
tro tha

II II

① (H)=PEn = PLEE+PLE)Ezw2

= Et=

② (H)=Per=e)=t+It

=Etch
from HW2

③ (x) = (EE) a (t-OS(W



(i) = (EKE) =I* Ede

ElISe
W-

se2·Sinswiss
F : ((1-cos)dx)

IBP Mod.-tosum formulas + 1BP

b 16a3
Iz: 2cos(wt)(sin()sin(dx =

- 20s(3wt)

IBP

Is:(1-cos)dx)
# (x= (I , + [2+ Iz)=S(wt)+ a

=a2(-5
w=

= a-

②winswsince



#h)=
8 =((x2)- (x)

-wt) -a(-t + 2cost)

=-St= As

=co

↑ScoSD
9m2

=

Chech itthis just multiply both sides by/

=>wt)sint

=>[*) (5--cort) 2, ()" sir snot



--cost sindBut
24

-(+sinswt)
1

- 45

0 . 206681930.
1297823

The uncertainty principle is verified.


