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The FIRST way talks to you:
What does it say?
It says:  The fractional curvature is proportional to  V – E = -T
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What is this equation?
E =Tot. energy, V=potential energy

what is this equation?
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Rewrite in “Atomic Units”

Both are exactly the
1 D Schroedinger Eq.
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Atomic Units
Fundamental

h/2π = hbar = 1 = 1.054571726(47)×10−34 J·s

mass = mass of electron = me = 1 = 9.10938291(40)×10−31 kg

charge = charge of proton= e = 1 =1.602176565(35)×10−19 C

electric constant-1 k =1 = (4πε0)-1 = 8.9875517873681×109 kg·m3·s−2·C−2

Derived and often used:

length  =  bohr radius     = a0 = 1 = 5.2917721092(17)×10−11 m

energy =  e2/a0 = 1 hartree = 1.602176565E-19^2/ 5.2917721092E−11
= 4.35974E-18 J/molecule =2.625499E+03 kJ/mol = 627.509 kcal·mol−1

chmy 564-19 Lec 3 
Mon. 14jan19
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Typical Exam problem in this course:
1.  For the one-dimensional potential for a certain particle below, draw qualitatively the 3 
lowest  energy well-behaved energy eigenfunctions separately on the abscissas provided 
below.  For full credit, the sign of the curvature must be correct at all points, as 
prescribed by the respective energy eigenvalues of these states shown by the dotted lines.  In 
addition, other general aspects associated with the lowest 3 energy eigenfunctions of any 
system should be apparent in your drawing.

Negative
fractional
curvature

Negative
fractional
curvature
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"  
2
1 "  in atomic units
2
1 " Kinetic Energy
2
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E

V = potential energy

0.5-0.5 0

electron in a finite square well = 1 bohr radius

Region 2Region 1

V= 0

What is the Kinetic Energy sign 
in region 2 where V > E

Obviously negative KE wh

This is called tunneling 
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2 2(0.5 0.5) (0.5 0.5)
1
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cos( 0.5)     
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cos( 0.5)     

k kk ce de
k c d Eq

k k k c k d

− − −= +
= = +

= +

1.  Equal amplitudes at x =0.5 :

2. Equal slopes at x =0.5 : 2 2(0.5 0.5) (0.5 0.5)
1 1 2 2

1 1 2 2

sin( 0.5)
sin( 0.5) ( .2)

k kk k k ce k de
k k k c k d Eq

− − −− = − +
− = − +

Boundary Conditions for even case

2 equations and 2 unknowns, c and d

Subtract Eq. 2 from  k2 times Eq. 1 , solve for c

Add         Eq. 2   to     k2 times Eq. 1 , solve for d
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k2 times Eq. 1: 
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k k k a k b
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1.  Equal amplitudes at x =0.5 :

2. Equal slopes at x =0.5 :

Boundary Conditions for odd case (sin)

2 equations and 2 unknowns, a and b

Subtract Eq. 2 from  k2 times Eq. 1 , solve for a

Add         Eq. 2   to     k2 times Eq. 1 , solve for b
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(k2 times Eq. 1) 
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Numerical Solution for ground state using excel spreadsheet, which you can 
download from our website.



All have V=50 

E=3.6 E=30

E=3

E=3.41357 E=29.4523

E=28

E=Close to “well-behaved” Close to “well-behaved”

All are solutions,
and are eigenstates,
but only certain energies
give acceptable 
wavefunctions.

Figures created with an
excel spreadsheet.
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Comments?  Is this 
curve correct in all details?
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HARMONIC  OSCILLATOR REVIEW
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What are the
units of      ?𝜶𝜶

More obvious from
this equation.

Units of α = length-2

Next, show that α-1/2 is the “Bohr radius of the harmonic oscillator” 
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½ hν

3/2 hν

Classical
turning point, x= xctp0
in the zero-point energy state𝟎𝟎

5/2 hν

xctp0

α = 𝜔𝜔𝜔𝜔
ℏLevine:
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