
mi`wihnznl dwiqit

l`ivphet xea ,mixehxte` ,selig iqgi :mihpeewd zxez :7 libxz
ipenxd xehliqe`e

selig iqgi ly ze`ad zepekzd z` egiked .1

[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 :dkxcd)

mekqk gn z` meyxl ozip ik egiked zrk .gn = Bgn−1 + g1B
n−1

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

kg1B
n−k−1

ixhipei `ed mm` H hxalid agxna dnxep xnyn U xehxte` ik egiked .2
.(U † = U−1 ⇐⇒ ‖Uϕ‖ = ‖ϕ‖, ∀ |ϕ〉 ∈ H)

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

.(ixhipei U ik ewiqde λ = i

l`ivphet xea ly ceqid avnl dni`znd zicnin cg lb zivwpet dpezp .3

.〈x〉,∆x, 〈p〉,∆p z` eayg .ψ(x) =

{ √
2
a

sin
(
πx
a

)
0 ≤ x ≤ a

0 else
iteqpi`

.V (x) =

{
0 x < 0
−V0 x ≥ 0

l`ivphet zbxcn dpezp .4

x = −∞ n dribn E = 30eV zihpiw dibxp` zlra mipehet znel` (`)
wlg dfi` .V0 = 10eV xy`k x = 0 a l`ivphetd zbxcna zlwzpe

? l`ivphetd zbxcn z` xeari wlg dfi` ? xfgei dnel`dn

-na mipexhwl` eid miwiwlgd m` `4 l daeyzd dpzyn dzid ji` (a)
? mipehext mew

1



:(Ehrenfest) hqtpx` htyn z` egiked (`) .5

if` .o`ipehlind H e xehxte` A idi

d〈A〉
dt

=
i

h̄
〈[H,A]〉+

〈
∂A

∂t

〉
,

ziq`lwd drepzd z`eeyn z` zniiwn A xehxte` ly zlgezd xnelk

lbd zivwpet ly dqnd fkxn ik hqtpx` htyna yeny i"r e`xd (a)

d`eeynd t"r rp V̂ = mω2x̂2/2 l`ivphet mr ipenxd xehliqe` ly
d2〈x〉
dt2

+ ω2〈x〉 = 0 ziq`lwd

rpd wiwlg x`zn |ψ(0)〉 .icnin cg ipenxd xehliqe`a milb zliag dpezp .6
miavnd zxfra df avn `hap .t = 0 a ω zexicz mr ipenxd l`ivpheta

.|ψ(0)〉 =
∑∞
n=0 cn|n〉 o`ipehlindd ly miinvrd

(bra, ket zbvda) cn mincwnl iehia enyx (`)

? cn mincwnd miniiwny i`pzd edn ,lnxepn |ψ(0)〉 y ozpida (a)

t > 0 xear |ψ(t)〉 z` enyx (b)

df jxr m`d .〈H〉t = 〈ψ(t)|H|ψ(t)〉 dibxp`d ly zlgezd z` e`vn (c)
? onfa ielz

zniiwn 〈x〉t mewnd ly zlgezd ik e`xd (d)

〈x〉t =

√
2h̄

mω

∞∑
n=0

√
n+ 1|cncn+1| cos(φn+1 − φn − ωt).

dcnyde dxivi ixehxte`a eynzyde cn = |cn|eiφn enyx :dkxcd)
(〈m|x|n〉 dvixhnd ihpnl` z` aygl zpn lr a, a†

z`eeyn z` zniiwn 〈x〉t mewnd ly zlgezd ik zeyxetn e`xd (e)
d2〈x〉
dt2

+ ω2〈x〉 = 0 ziq`lwd drepzd

2


