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217 EIGENFUNCTIONS AND EIGENVALUES

The tim

compact form Wer wave equation s usually written in the

HY = Ry

It belongs to the class of equations ¢
eigenvalue” is a partial translation of th
ranslation 18 “characteriatic value".

alled eigenvalue equations. The word
the German word ‘Eignewert. A full
| An eigenvalue equation han on one side an
operator operating on a function, and on the other side a constant called the

eignevalue multiplying, the same function, which i« called the cigenfunction, In the

above equation H reprosents the Hamiltonian operator, E the eigenvalue and ¥ the
aigenfunction

(operator) (function) = (constant factor) x (same function)

When an operator operates on a function and the same function is reproduced
with same numerical value, then the function is called an eigenfunction and
numerical value is called its eigenvalue, An equation that contains both
eigenfunction and eigenvalue is called an eigenequation.

The SWE 1s the eigenvalue equation for Hamiltonian operator, The coordinate
wavefunction 1s the eigenfunction of the Hamiltonian operator, and is often called
energy eigenfunction. The eigenvalue of the Hamiltonian operator E, is the value of
energy, and is called the energy eigenvalue. Solving an equation means finding not
only the set of eigenfunctions that satisfy the equation, but also the eigenvalue that
belongs to each eigenfunction. Two common cases occur. The first case is that the
eigenvalue can take an any value within some range of values (a continuous
spectrum of eigenvalues), The second case is that there is a discrete set uf
eigenvalues with the values between the members of the set not permitted (a discrete
spectrum of eigenvalues). The occurrence of a discrete spectrum of eighenvalues

corresponds to quantization. 2 s Ay e RS
In addition to “ﬁgfying the SWE, a WI?.!. function m

fonditions. Since it represents a wave, we assume that it has oy il
which are generally shared by waves. S
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Example 2.10
Which of the following operator/function combinations would yma e
eqmtmm’ What are eigenvalues of the e;ienfunchm'?

(i) ﬁ_{m x) (i) E (cos x)
. d .
(i) % (e vy gz
- d
(v) ifg ( cos *E ) o) S (G
o . EA 2 i ;
v gz ™) (viif) == (sin 4x)
. : d
) (™) C )
Solution
(1) dx (sin x) = cos x

This is not an eigenequation as function sin x is not generated.

d ; '
(i) g (cosx)=-sinx \ h

This is not aﬁ'éi@ngqua;iqn,an‘fuucum cos X is not generated. :

(i) ﬁ{e‘}=u et
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(vii1)

(1x)

This is not an E_igEH‘«’Hlue equation because although the original function 18
reproduced, it is not multiplied by a constant, it is multiplied by another
function —8x.

2
—5 (81n 4x) =£- (4 4x) = *
i dx (4 cos 4x) = 16 sin 4x

This i an eigenvalue equation with an eigenvalue if -16.

d n
( un) : an

dx"

. . . . |
This is an eigenvalue equation with an eigenvalue of a".

ad—x- (5x*) = 8.5 x°=15x2
This is not an eigenvalue equation as the function is not reproduced.



