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.(ε→ 0 leaba) `zlc zeivwpet opid ze`ad zeivwpetd ik e`xd .1

fε(x) = 1
ε
√
π
e−x

2/ε2 ,−∞ ≤ x ≤ ∞ (`)

fε(x) =

{
2
πε2

√
ε2 − x2 |x| ≤ ε
0 else

(a)

l`ivphet xea ly ceqid avnl dni`znd zicnin cg lb zivwpet dpezp .2

.〈x〉,∆x, 〈p〉,∆p z` eayg .ψ(x) =

{ √
2
a

sin
(
πx
a

)
0 ≤ x ≤ a

0 else
.iteqpi`

selig iqgi ly ze`ad zepekzd z` egiked .3

[A,B] = −[B,A]zeixhniq ihp` (`)

[A, f(A)] = 0 (a)

[A,Const] = 0 (b)

[A+B,C] = [A,C] + [B,C] zeix`pil (c)

[AB,C] = A[B,C] + [A,C]B (d)

[A, [B,C]] + [C, [A,B]] + [B, [C,A]] = 0 iaewri zedf (e)

[A,Bn] = nBn−1[A,B] f` [B, [A,B]] = 0 m` (f)
diqxewxd z` divwecpi`a egikede gn = [A,Bn] exicbd)

gn =
∑n−1
k=0 B

kg1B
n−k−1 mekqk gn z` enyx zrk .gn = Bgn−1+g1B

n−1

.([B, g1] = 0 xy`k gn = nBn−1g1 ik e`xde

ly dqnd fkxn ly dwinpicd z` x`zn (Ehrenfest) hqtpx` htyn .4
:V l`ivphet zrtyda ,ely rpzd zlgez lye ihpeew wiwlg

fkxn ik hqtpx` htyna yeny i"r e`xd .d〈x〉
dt

= 〈px〉
m
, d〈px〉

dt
= −

〈
dV
dx

〉
l`ivphet mr ipenxd xehliqe` ly ψ(x) lbd zivwpet ly dqnd

d2〈x〉
dt2

= −ω2〈x〉 ziq`lwd d`eeynd t"r rp V̂ = mω2x̂2/2

‖Uϕ‖2 = ‖ϕ‖2 miiwzn EH hxalid agxna |ϕ〉 xehwe lkl ik egiked .5
U xehxte` xnelk .ixhipei xehxte` U m` wxe m` (〈Uϕ|Uϕ〉 = 〈ϕ|ϕ〉)

1



.U † = U−1 m` wxe m` dnxep lr xney
xy`k |ϕ〉 + λ|χ〉 xehwea eppeazd ixhipei U ik gikedl zpn lr :dkxcd)
λ = 1 xear ziniptd dltknd z` ewca .akexn xlwq λ e ,|ϕ〉, |χ〉 ∈ EH

.(ixhipei U ik ewiqde λ = i e
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