Eigen States of an Operator
1. Measurements on a definite quantum state results in and eigen value.
Consider a particle in a box wavefunction   =   EQ \r(\f(2,a)) sin\b(\f(2px,l))  where  =  EQ \f(2a,n)
p2  =    where  is the eigen value of p2 in this state.
p2  =  EQ \b(-i \o(h,∕ ) \f(d,dx))\s(2, )  =  EQ - \o(h,∕ )\s(2, ) \f(d2,dx2)  =  EQ  \o(h,∕ )\s(2, ) \b(\f(2p,l))\s(2, )  the eigen value is  =   EQ  \b(\f(h,l))\s(2, )
 is and eigen function of p2; therefore the system is in a definite quantum state

2. Measurements on an indefinite quantum state results in a linear combination of eigen values

The particle in a box represents an indefinite momentum state

p  =  EQ \b(-i \o(h,∕ ) \f(d,dx)) = -i  EQ  \o(h,∕ ) \b(\f(2p,l)) EQ \r(\f(2,a)) cos\b(\f(2px,l))   is not an eigen function of p

<p> = <|p|> = -i  EQ  \o(h,∕ ) \b(\f(2,a)) \i(o,a,sin\b(\f(2px,l)) \b(\f(2px,l)) cos\b(\f(2px,l)) dx) = 0
 may be represented as a superposition of the eigen functions of p
 =   EQ \r(\f(2,a)) sin\b(\f(2px,l)) =   EQ \f(1,2i)\r(\f(2,a))\b(exp(\f(i2px,l)) - exp(\f(-i2px,l))) =  EQ \f(1,\r(2)) f1 - \f(1,\r(2)) f-1
where   1 =  EQ \f(1,i\r(a)) exp(\f(i 2px,l)) 

note:  p 1 =  EQ  \b(\f(h,l))1
a particle moving to the right
where   1 =  EQ \f(1,i\r(a)) exp(\f(-i 2px,l)) 
note:  p 1 = - EQ  \b(\f(h,l))1 
a particle moving to the left

the standing wave in the box is a superposition of two waves one moving to the right and the other moving to the left.  EQ \o(h,∕ )
<p> = <|p|> =   EQ \f(1,2) <|p|> +  EQ \f(1,2) <|p|>  =    EQ \f(1,2) \b(\f(h,l)) + \f(1,2) \b(\f(-h,l)) = 0
3. Any function can be expanded as a linear combination of eigen functions
f(x) =  EQ \i\su(i,∞, ci fi(x))     where     ci = <f(x)|i(x)>
The indefinite state f(x) is made up of a linear combination or superposition of definite states i
4. Eigen functions of Hermitian operators are orthonormal and their eigen values are real.

<f|O|g> = <g|O|f>*

definition of Hermitian
O i = oi i   

the eigen value is real oi = oi*

<i|j> = ij


ij = 1 and ij = 0
