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Example- Let's examine the various quantities related to putting an electron in an 
                   infinite potential well that is 4 Angstroms wide.  

Define some constants

h 6.62607015 10
34 J-s hmod

h

2 π
 hmod 1.05457 10

34 J-s

m 9.1093837015 10
31 kg a 4 10

10 m

Calculate some quantities and/or define equations

Per (2.33), the wave number (rad/m), in terms of quantum number n,  is k n( )
n π

a


Per (2.35) A2
2

a
 A2 7.071 10

4 m-0.5

Per (2.38), the quantized energy (J & eV), in terms of quantum number n,  is

E n( )
hmod

2
n

2 π
2

2 m a
2

 EeV n( )
E n( )

1.602176634 10
19



Per (2.39), the wave function (m-0.5), in terms of quantum number n and position x,  is

ψ n x( ) A2 sin k n( ) x( )

Per (2.17), the probability density function (m-1), in terms of quantum number n and
position x,  is

Ψ2 n x( ) ψ n x( ) ψ n x( )



Define a vector of positions x across the width of the potential well, i.e., 0 <= x <= a.

Nmax 200 n 0 Nmax xn
n

Nmax
a
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 For the first quantum level, i.e.,  n  = 1

k 1( ) 7.854 10
9 (rad/m)

E 1( ) 3.765 10
19 (J)   or EeV 1( ) 2.3502 (eV )
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 For the second quantum level, i.e.,  n  = 2

k 2( ) 1.5708 10
10 (rad/m)

E 2( ) 1.506 10
18 (J)   or EeV 2( ) 9.4008 (eV )
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Wave function (m^-0.5) vs position x (m),  n = 2
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 For the third quantum level, i.e.,  n  = 3

k 3( ) 2.3562 10
10 (rad/m)

E 3( ) 3.389 10
18 (J)   or EeV 3( ) 21.1517 (eV )

EeV 3( )

EeV 1( )
9

0 1 10
10 2 10

10 3 10
10 4 10

10
1 10

5

5 10
4

0

5 10
4

1 10
5

Wave function (m^-0.5) vs position x (m),  n = 3
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 For the fourth quantum level, i.e.,  n  = 4

k 4( ) 3.1416 10
10 (rad/m)

E 4( ) 6.025 10
18 (J)   or EeV 4( ) 37.603 (eV )
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Wave function (m^-0.5) vs position x (m),  n = 4
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 For the fifth quantum level, i.e.,  n  = 5

k 5( ) 3.927 10
10 (rad/m)

E 5( ) 9.414 10
18 (J)   or EeV 5( ) 58.7547 (eV )

EeV 5( )

EeV 1( )
25

0 1 10
10 2 10

10 3 10
10 4 10

10
1 10

5

5 10
4

0

5 10
4

1 10
5

Wave function (m^-0.5) vs position x (m),  n = 5
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Example- Let's examine various quantities when an electron with a kinetic energy of  1 eV
                    in a region of zero potential is incident on a finite potential barrier at  x = 0 of 
                   12 eV that is 4 Angstroms wide followed by another zero potential region.  

Define some constants

h 6.62607015 10
34 J-s hmod

h

2 π
 hmod 1.05457 10

34 J-s

m 9.1093837015 10
31 kg a 4 10

10 m

Calculate some quantities and/or define equations

EeV 1 eV E EeV 1.602176634 10
19 E 1.60218 10

19 J

V0_eV 12 eV V0 V0_eV 1.602176634 10
19 V0 1.92261 10

18 J

Per (2.61a), the wave number k1 (rad/m) for regions I & III is

k1
2 m E

hmod
2

 k1 5.12317 10
9 rad/m

Per (2.61b), the wave number k2 (Np/m) in region II is

k2
2 m V0 E( )

hmod
2

 k2 1.69916 10
10 Np/m

From notes, the exact transmission coefficient T is

Texact
1

1
V0

2
sinh k2 a( ) sinh k2 a( )

4 E V0 E( )



Texact 1.52636 10

6

Pretty small!

For k2 a 6.7966 sinh k2 a( ) sinh k2 a( ) 2.001859 10
5

which can be approximated as 0.25 e
2 k2 a 2.001864 10

5

Per (2.63), the approximate transmission coefficient T is

Tapprox 16
E

V0
 1

E

V0






 e
2 k2 a Tapprox 1.52635 10

6

Very good approximation!






















