Quantum Mechanics Lecture Notes

Chapter 1 The Wave Function

» Schrodinger equation

Classical mechanics:
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» Statistical interpretation

Born’s statistical interpretation :

®dx = { probability of finding the particle between
x and (x+dx) at time ¢ }
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» Probability

|‘P(x,t) o9 s probability density

the probability of infinite interval : J.jo |‘P(x,t) ? dx
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> Normalization
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(1) If W(x,?)isasolution, AW¥(x,?) is also a solution.
Normalized the wave function to determine the factor 4

(i1) If above the integral is infinite for sme wave functions,
no factor to make it been normalizable.

The non-normalizable wave function cannot represent particles.

(i11) the condition of wave function which can be normalizable
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If wave function can be normalizable then above form must be zero
So W(x,t)=0 asx— <+ andif ¥isnormalizedatz=0,
it stays normalized for all future time
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» Operator and expectation value (average or mean)

expectation value of position x : (x) = f x|‘P(x, t)|2 dx = f‘P*x‘de

AN
expectation value of momentum p : <;,> CACIN .[ Tt (=in i)xy dx
dt —oo Ox

.. G, : o
operator x represent position; operator —iZi— represent momentum in x-direction

ox

all physics quantities can be written in terms of position and momentum

(05, p) = [ ¥ Qi Ly
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» Heisenberg uncertainty principle

oo, > g ( the proof in chapter 3)

o : standard deviation

o’ ={((Aj)*) :the variance of distribution
where Aj=j—(j)
j : individual physics quantity

o’ =((A)) =G~
=((J* = 2NN +N)
=) = 2N +()*
= (= ()?
so o ,: standard deviation in position

Op: standard deviation in momentum

o =((A0)") =(x")=(x)* 7, =(p")~(p)’
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X (x)
Ax = x —(x)
ol ={(A)%)
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