
P2. 24
-

check the uncertainty principle for the wave function in Equ 2 . 132.

Hint : Calculating<p3) can be tricky ,
because the derivativeof 4 has a step

discontinuity at ce = 0 . You
may want to use the result in P2.23(b).

-

Partial answer : <P2 = (A step function

lEqu 2. 132) -> ↑(x)=-Make=
&

Pres = Semes a
Uncertainty principle : Op - need <x, <x<PC,< P*

(x) = [*4 dx=
2ml
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P2.48

Consider a particle of mass m in the votentialI
V(x)

& &
-

Niece-wise function

Vas =( ↓-> ⑪
finite square well

(2) a
- Vo (zero at origin -> odd states)

(a) How many
bound states are there ? Bound state & ECO

(b) In the highest-energy bound state
, what is the probability that the particle

would be found outside the well (x> a) ?

answer : 0. 542 ,
so even though it is "bound" by the well, it is more likely to be found outside !

(a) In theRegion >a
, the potential is zever :

S -

-=E , >0

=> P(x) = Aekz Insal

In the region USxXa ,
the potential is Vo :

- = VP = Ev ->
↑(0) = 0 = 0 = 0

=> P(x) = Csin(ex)+Jos(ex) (0(x(a)

=> N(x) =

Aeks (x > a) > B . C.
->> Y

-
(a) = #

+ (a) 10ICsin(ex) Coecal ↑
(a)



Applying B. C,s : 2+22 =-Em+E)
① Aka = Csin(la)

2-KAe
=ka

= eccos(la)

=-ME
= G

Dine : - K(sin(la) = epcos(a)& => k
= a + la2 = 64

- E = cot(la) - (M)

- Ka = la cot(la) - Ka =ja
-564= l2a2 = la cot (a)

-

↓
Let z la

,z

- cot((a) = -1

·For E = 0
, - cot(z) =J

=> 80 =8- 8.34

↑

three bound states
~

(b) fPdx = 1 = P(O(x(a) + P(x> a)

&Ploua)f+da = I sin(ex) d

= IC1-cos(ex) de=-sin(ze)
= I (a- sin(la) cos((u)

PEP(x) a) = /Med = 1AR2k dx =-

=



By continuity : Csinla = Aka

IARe-2ka = Ich sin (la)

=> 42=since

P + P = #(a- sin(lu)cos(la) ++sin(a)

= (Ka-sin(la)coscla) +sinl
(*

)Kata)cosatsili
=(a + 1) = 1 = I=

P(x > a) = P=
->Kaz = -zcotz cotz = E -1
sint=utzz=Pa

of 8
,

= 8 and z is for third energy
state (highestE) , then 3

is the highest energy solution to-cot(z) =J , which

can be sulved graphically to find z
= 7.

95732 , giving

=



P2 .
52
-

Consider the potential V(x) = -sech(are) where a is apositive
constant, and "sech" stands for the hyperbolic secant.

O

(a) Eaph this potential -
-> Desmos

(b) "Check that this patential has the ground state & TISE

to (x) = A sech(ax)

③ # ⑤
and find its energy. Normalize it ,

and sketch its graph.

③

(2) Show that the function

↑ (x) =Atanhlan) ikea TISE

a

(wherek , as usual) salves the Schrodinger equation
for any (positive) energy

E . Since tankz- -1 as z2-0,

↑esse) = Ae
ke

no travel to the left!

for large negative s ,

This represents ,
then ,

a wave coming in from the left with

~~accompanyingreflected wave (ie, no teem expl-ikee))

G
What is the asymptotic form of itplies at largepositive s?

⒗
What are th and T for this potential ?

Comment: This is a famous example of a reflectionless potential :

--

every incident particle , regardless its energy, passes through.



(a)
O V(z)

-

-
> x

(b)- +V = E
, T = Asecha-

=>Asech(ax) -sechcax) (Asech(ax) = Et

-

-uttank(ax) sech(ax) = aAsech(ar) (tanticar) - sectcases)

&⑫Asechcaxs (tamticans - sechicaes)-Masechcase) (Asechcams)
-

=Ascansechcase) (1-seccar)

=_Asech(a
②

=-=E andto fulfills theTISE.

1*d= A sech (are) dr =AFantas
A =Jaz ⑤ MT2)

·
Si

.



(C) 44() = A atantcas) ke
a

-(x) -secticax)Tu(x) = EYu(x)

-S

I -

Aiktankcase

=&eih (lik-ikatanhax)-secaa

=i (h-liatanhlar) -iksechcax) + tanhamsectcar) - Thasechala
=in the titan car+ 2 pchicars)ishavesecha
&edcase) like - aFaycass)]#
=eiki-Katanax) = tanhaTeens

-

A2k2 (x)
=>Etufufls TIE
-

Eme
⒔

tr

tank(ax) ->1 as x- +a => Yu(x) ->Alic
no travel

C to the left!e
>

There is no reflection :

2
⑧

R= 0 = T = 1 -R = 1

↑-Aeiku ↑Beka




