
1619/2015 Day 21· Particle in a square with
Z -
Next we take up a situation where

the potential energy V(x) has a simple
but non-trivial dependence on e.

V(x) = E
O Iel[b/2

& 12 > 4/2
-①

av

I·i
The potential changes discontinuously at
x = 1429 but stays constant in the

I
,
I
,& , albeit having3 reques --

a different value in eac interval
Such a potentialwith finite numberof
-discontinuities is called a piccerise

---

continuous polental.



We note that the TISE, in
the

position representation, is a local
-

equation satisfied by live ware func
at every point e , decided by the potential
at that point.

-) + (v()- E)4(x) = 0
-

This means that we can solve the equation
-

--

separately inthe 3 region I,I& II , oblaining
--

a wavefunds defined differently in each
- ·

to lieregion, all the same corresponding
same energy E . After sching thus , we

-

--G4 to piecewill confesse continuity
-

together Nie Sclubons.

Moreover
,
we will look for solutions with

ETO Since Exo
,
as we have

seen; willgive us a trivia solution Y=0.



Regions I&I : In both these regions
-

Ste wavefuncional satisfy
I a

2Riga)=I (E-V-

IWI↑ Ja
-③

where Vo-
In live entire regio , the potential

,

remains uniform (but large) · This means
we expect 4,484"to be continuous

and hence finite. Therefore, RHS& being
infinite is only consistent with

P() = 0 -

That is, Hie wavefunction corresponding

toanyevery E) state
vanishes in regina

- P-30 -



Region I:The TSE
herea

*a)
den

+
124
*
(a) = 0 -⑤

where ↳2=M
E30

-> ko F=
-G

As we have seen earlier, the general
solution to is :

- ikzpF(x) = c
,
eik + Ge

-⑤
For this problem it is more convenient to

recastSas

↑(x) = A, cosk +A sink f~

S T
I(h &

Ceasily house by the Substitution
jika= Fisika) -D



Now
,
the A,& A2 can be determined

- at the boundariesIby watchingwith 41 & 4t
, respectively .

Is PF(42) = 4(4/2)
4=(() = 442) 3

Accordingly,we have

A , cos (b)/2) + A,sink) =0
A, cos(k(/2) - Ansin(k) = 0-

where in⑬ we have used the factthat
co is an even function gx ,while
since is add.

⑫ 2A, (k) =0-
⑬- Asin() =0-



⑭- either Al = 0 & calk) =-

⑮ eillier Az= o or sin() =0

Since A,& As cannot be simultaneously
zero (trivial solution)

,
we must

haveloo sets of solutions :

(i) A
, to ,Az=o & cal =

=> k = m ,
m =3,57

or k = m ,
m=1
,
3, .

-
and

ii, Alo,Acto & sin() =0

Ekh = mM ,
m = 0, 1,

2
,
3,...

or k=M
, (m)= 0,2,4
-



Accordingly , we get 2 solution

Am cos(mte) m= ,
15, ...↑= [Ansi
⑮

This makes sense suice, given
the

- valive of Hie solutiooscillatory
&

S

and the requirement that it
must vanish at li boundaries

· of
-

Sie well, we must
havethat

- T

the bignometric funchons must have
·wavelengin X that satisfy

nX/z = L => uezt

: sin(kx) = sin (E)
⑮Itt n= 1,2,3....

-



· K is connected to tie energy
this means that allowed energies
of Hie particle are "quantized"
(eeG)

I=N
n= 1j2,3....

Note that although⑱ allows negative
values for 21 , the corresponding

- &

warefunctions are unearly dependent
on the one for U70.

Hin() add u↑ (e) = T - 4
,n ,
() even U.
-

·.
T

Additionally n =o corresponde to the
trivial solution =o , which mean
no particle existe. Here , we reject
these .



The following bignometric integrals are
helpful . 42

du Sin (mIx) sin (2)E
⑭ [

= ↳ Omnforteren
↳2

~

da we (a)an
for

= Em,n
m
,
n= even
r

/ integers⑮ Yu

Esde Sir(i)cos() = 0-
In -

Using there it is straightforward
to show that -T. O -



↑[i
.

.

.

-

and
, keeping in mind the piecewise

definition of ↑ and it being O inI&IP-

[Pm/4n]

=>
= Em

,
n -8

That is
,
as required

,
the eigenfractio

are athogonal.



&

rE

~ 9h/smL3
n=3

~ 4h%mLn =2

/ I
n=1

- 44mL

E
-42 ↓/2

7
x

Nodes : pli . where the wavefunction
goes to zero.
The probability density also vanishes

--

at these points. These areinterference
features unique to quarter mechanics



Probability of finding the particle
in the region , -4 <a < x<<

= Parb = Jala 14(a) - -
a

Some question to ponder on

Q1. What is the probability of finding
the particle in this left halfof
the box when it is in this state
u= 1 .?

G2 . Why is lowest energy not 0 ?

93 . AreInc) are eigenfunctions of
Ye ? What is the average
monculio of the particle in any
eiquidate ?

T

94 · Why are the eigenfundon real her
unlike in liv freeparticle case!


