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Classical physics Is deterministic

Quantum physics Is probabilistic



Basic postulates of Quantum mechanics

Probabilities in QM are determined
by wave functions (not observable)

Y(x,t)  Complex

|¢(l’; t)| 2 Observable

(£oo,t) — 0 Well behaved




Shrodinger Equation

(Time dependent)
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Probability of finding the particle between
rand r + dx

P(x)dr = ¢ ()¢ (x)dx
[2%, P(x)dx

= 2 T (@)e(x)de = 1
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G(K) = = IS Ulw) exp(—ika)do

6(o) = 5= 125 {R) expliko) dh



» = hk
kand k 4+ dk h=nh/2r
P(k)dk = ¢ (k)y(k)dEk

Superposition

Y = ayy + b,



Physical observables are replaced
with Hermitian operators
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Operator algebra



Linear operators
1) OY = ¢
2) O(th1 + 12) = Otpy + Oty

3)  O(Cy) = COY

where C IS a constant



Examples: Momentum and Energy Operators

. o, s,
px——zh%, E—zhat

Position Operator 2 (x) = zY ()
O = f(&) or g(p)
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Commutator of two operators

A, B] = AB — BA

T, pe = |, _Zhaa$]¢
0 O(xy)
= — @hxaw - h 5



Ly O O
= — @hm&v + ?Jiaxw + @hmaw
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Schwarz Inequallty

A=z, B=py

(Az)(Apn)) > | | (f.pa])

(Az)){(Apz)) = 1/2

Minimal
Uncertainty



Y, py| = ih. 2,pz| = ih

Ty =l 2] =y, 2] =0

[p-’f;?py] — [pxapz] — [Py,pz] — ()
T, pz| = T, pyl =0

YDzl = Y, 0z) = 0= [2,pz| = [Z,py]



Algebra of commutators

A A =0
A, B|=—|B, A
A, al =0

Y constant



A+ B.C|l=AC|+|B,C]

‘A, BC| = ABC' — BC A
— ABC — BAC + BAC — BC A
— (AB — BA)C + B(AC — CA)
— [A, B|C + B[A,C



AB,C|=|A,C|B+ A|B,C]

AB,CD) =[A,CD|B + A[B,CD]

= C|A, D|B+|A,C|DB+A|B,C|D+AC|B, D]

A, [B,Cl|+ B, |C,A]|+ |C,[A, B]]| =0

Jacobi identity




Problem {1, ] =7, L=
= [tpy — ypa,x] T
= |zpy, x| — YDz, 7]
= x|py, x| + T, x|py
—YPx, x| — Y, x|px = ihy



