
d"ryz aia`

mi`wihnznl dwiqit

:mihpeewd zxezl `ean :7 libxz
mixehxte` ,w`xic ly `zlc zivwpet ,hxalid agxn

:egiked .hxalid agxn H idi .1

.‖xn‖ → ‖x‖ y jk x ∈ H miiw if` ,iyew zxcq {xn} ⊂ H m` (`)∑∞
n=1 xn xehd if` ,dxcq {xn} ⊂ H xy`k ,

∑∞
n=1 ‖xn‖ < ∞ m` (a)

.H a qpkzn

.(ε→ 0 leaba) `zlc zeivwpet opid ze`ad zeivwpetd ik e`xd .2

fε(x) =
1

ε
√
π
e−x

2/ε2 ,−∞ ≤ x ≤ ∞ (`)

fε(x) =

{
2
πε2

√
ε2 − x2 |x| ≤ ε
0 else

(a)

lr ihwtnew jnez mr g ∈ C∞(−∞,∞) ogan zivwpeta eynzyd : fnx)
.(
∫∞
−∞ δ(x)g(x)dx = g(0) ik ze`xdl zpn

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

1



‖Uϕ‖2 = ‖ϕ‖2 miiwzn H hxalid agxna |ϕ〉 xehwe lkl ik egiked .4
U xehxte` xnelk .ixhipei xehxte` U m` wxe m` (〈Uϕ|Uϕ〉 = 〈ϕ|ϕ〉)

.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

.A(t) onfa ielzd xehxte` oezp .5

i"r dpezp A(t) ly zitvzd jxr ly onfa zegztzdd ik egiked (`)

˙d

dt
〈A〉 = − i

~
〈[A,H]〉+

〈
∂A

∂t

〉

x`znd hqtpx` htyn z` gikedl ick (`) sirq z`veza eynzyd (a)
mewnd ixehxte` ly zlgezd ikxr ly dwinpicd oia xywd z`

.m dqn lra wiwlg xear d
dt
〈p〉 = −

〈
dV
dx

〉
, d
dt
〈x〉=〈p〉/m rpzde

ik e`xd ,V (x) = mω2x2/2 l`ivphet mr ipenxd xehliqe` xear (b)
d2

dt2
〈x〉 = ziq`lwd d`eeynd it lr drp mewnd xehxte` ly zlgezd

−ω2〈x〉

-het zrtyd zgz (zicnin cg dira) cala x xiv lr repl laben wiwlg .6
.V (x) `edylk l`ivp

-iw zix`pil miielz izla miinvr miavn dnk ,xeyw wiwlg xear (`)
?E dpezp dibxp` xear mini

.P̂ x = −x `id ely dlertd x agxnay jk xcben P̂ zeibefd xehxte` (a)
.P̂ ly miinvrd mikxrd z` e`vn

xehxte` `ed Ĥ xy`k ,[Ĥ,P̂ ] = 0 f` V (x) = V (−x) m` ik egiked (b)
.zkxrnd ly dibxp`d

`ed dibxp`d ly xeyw invr avn lk f` [Ĥ,P̂ ] = 0 m` ik egiked (c)
ibef i` e` (ψ(x) = ψ(−x)) ibef xnelk ,ahid zxcben zeibef lra

.(−ψ(x) = ψ(−x))
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