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Harmonic oscillator
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Piém quay dau
6 dién.
Xac dinh ?

Co cd dién
d*x ew
F =—kx = mﬁ R |
x(t) = Asin(wt) + Bcos(wt) a 0 a ‘
>
w = 1/k/m \/V 2 b /
1 wi
V =—kx? : I
2 . 1 .
V = =-mw?x? } I
2 -a 0 a
V(%)

* Khéng cé dao dong diéu
hoa hoan hao

* V(x) ~ thé parabol
trong 1an can cuc tiéu

* Khai trién Taylor V (x)

1
H=T+V=c—+-mw

quanh cuec tiéu: :
%

Const. 0 1
V(x) =V(xg) + V' (xg)(x — x0) + EV”(xO)(x —x0)% + ...

1— 1 1
V(x) = Z(x — x9)%= zkx2 = zmwzx2
k

X

Nang lugng toan phan (co cd dién)

2

p 2,2

om T2 e X

Co lugng tir

~2
_ 1
V= f—m + Emwzxz

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Co lugng tir

PT Schrédinger khéng phu thudc thai gian: Hy = Ey

A% d*> 1
Tomaxz Tymet )W =Ey
h% d?

1
—ﬁwlp + Emwzlep = El/) [24-4]
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Phuong trinh Schrédinger cho DDTPH

Cach giai dai s6
* Cach giai tich

Céch gidi dai sb

Déi bién: (x,p) — (a,, a_) (todn tl bac thang)
Viét Hamiltonian H(x,p) theo H(a,, a_)

PT Schroedinger HY = EyY

Xac dinh ham song ¥ va nang lvgng E
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Bién ddi toa dd suy rong = toén tr bac thang

.. Pt
P'ESchrédinger KPTTG H=T+V = ;—m + mezxz
o [p? + (mwx)?Y = EyY [2.45]
H = —[p? + (mwx)? 2.46
= [ZZ ( 19 )] [2.46]

SO: u% +v2 = (iu+v)(—iu+v)=u2+v2+i5;ﬁ7—/)
TTU: u? + v? # (iu + v)(—iu+v) = u? + v? + i(uv — vu
Toan tr thwong khong giao hoan — uv —vu # 0

Vi du: xp khac px !
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Gidi PT Sch. — céch dai s6 [todn t bac thang]

1 ,
H = g )
(iu+v)(—iu+v) i(uv — vu)

A Ay
ay = (Fip + mwx) [2.47]
- 2hmw

(—ip +max) — (+ip + mox)
a, = —ip + mwx) a_ = ip + mwx
* 2hmw P V2hmw P
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Gidi PTS — cdch dai s& [todn t bic thang]

(Fip + mwx)
2hmw P

= (+ip + mwx) (—ip + mwx)

a_a, = _ [p? + (mwx)? — imw(
2hmw :

Giao hoan tr

Giao hoan tlr cGia haitoan tir Ava B la
[A,B] = AB — BA [2.48]
Giao hodan tlr bang 0 = hai toan t& nay duoc goi la
giao hodn v&i nhau (cé thé d6i chd cho nhau):
[A,B] =AB—BA =0 — AB = BA

2 2 _ _
a-ay = oo [p? + (Mwx)* — imw(xp — px)]
1 [x.p]
a_a, = —[p? + (mwx)?] — —[x, p] [2.49]

2hmo 2h
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Xac dinh giao hodn tr
[A,B] =?
Tac dong giao hodn tlr 1én 1 ham thr:  [A, B]f (x)

[4, BIf (x) = (AB — BA)f (x) = ABf (x) — BAf (x)

= A(Bf(x)) = B(Af(x)) = Xf(x) —-I[ABl=X
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Xac dinh giao hoan tir [x, p]

Xac dinh giao hoan tir [x, p]

[ h.d hd
[ p1fCO) = [x;(af(x)) - Ta@f(x))]

h d h d h d
=[x;( () — 7 (=0f () — 72 (x))] [2.50]

h
= _Tf(x) = ihf (x)
[x,p] = ih

[2.51]

Hamiltonian theo a_ va a,

i
_ 2 21_
a-ay = —[p* + (mwx)?] o7 [Pl
11 L.
a_a, = %ﬁ['pz + (mwx)?] — ﬁlh
H
1 1
a_a, = %H +E

1
H = hw <a_a+ -5

[2.52]

[2.53]

Tinh Hamiltoniantheo a_ va a,

a,a_ =?
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Tinh Hamiltoniantheo a_ va a,

1 1
ara- =g H=3 [2.54]
[a_,a,] =1 [2.55]
1 [2.56]
H=hw(aa_+ >
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PT Schroedingertheoa_ vaa,
1
HY = hw <a+a_ +E>zp =Ey

HY = hw (a_a+ —%)d} = EY

hw (aia; + %)1,[1 = EY ‘ [2.57]

Xac dinh ham séng — budc 1

Né&u ham song  thoa PT Schroedinger HY = EY
thi a,y théa PT H(a,y) = (E + hw)(ay )
va a_y thoéa PTH(a_y) = (E — hw)(a_y)
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Xac dinh ham séng—budc 1

Ching minh H(a, ) = (E + hw)(ay)

hw (a+a_ + %) a,y = hw (a+a_a+ + %a+)lp

= hwa, [ a_a, +% Y =a,hw (a+a_ +%+ 1)1/)
[a_,a;] =1 \at+a—+1
1
=a, |hw (a+a_ +5)zp + hwyp
HY=Ey

=a,(F + hw)

=& + how)(ash)
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Xac dinh ham séng — budc 1

Chitng minh H(a_) = (E — hw)(a_th) |

Xac dinh ham séng—budc 1

Chitng minh H(a_) = (E — hw)(a_) |

hw (a_aJr - %) a_y = hw (a_a+a_ - %a_)lp

1 1
= hwa_ < a,a_ —E)IIJ =a_hw (a_a+ -3~ 1)1/)

a_a+—1

=a_(E — hw)y

= — hw)(a-y)

=a_ [hw (a_a+ - %) Y — hwyp
HY=E

Xac dinh ham séng — budc 1

‘ H(a,y) = (E + hw)(ayy)  a, giup tang thém 1 luvgng
hw: leo 1én thém 1 bac nan
H(a, (a, ) ;

= (E + hw + ho)(a, (@, 1)) lwong Aw. a,: todn tlr tang
H(a2y) = (E + 2ho) (a2 )

H(a) = (E +nh )(aty)

‘a+: todn tu tang

Xac dinh ham séng—budc 1
H(aw¥) = (E + ho)(aw) | H(a_p) = (E — hw)(a-h)

H(ay(as)) H(a2y) = (E — 2hw)(aZ1))
= (E + hw + hw)(ay(a )

H(a3y) = (E + 2hw)(ai)

H(a¥y) = (E +nh )(a}y)

a, giup tang thém 1 lvgng a_ giup giam di 1 lwgng hw:
hw:leo |&n thém 1 bac ndng | leo xudng 1 bac ning lwong
lwong Aw. a.: toan tlr tang hw . a_:toan tlr giam

a,, a_ duoc goi la toan tl bac thang (hay toan tl sinh hay
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s H(@iP) = (E +nho)(aky)
Jee  H(@3W) = (E + 2hw) (a}y)
oo Lottty = (8 + hoday)
. HY =Ey

H(a-y) = (E + hw)(a_1)
H(a?y) = (E — 2hw)(a?y) ...

a_ lam gidm 1 lvgng Aw: cang xudng nang lugng
cang thdp dan = xudng trang thai trang vdi nang
Iwong nhd hon 0!! (khdng tén tai)

" > Can c6 “nac” (trang thai) thap nhat 1, sao cho
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Xac dinh ham séng — budc 2
a_ lam gidm di 1 lvgng hw: cang xuéng nang luong cang
thdp dan = xuéng trang thai trang v&i nang lvgng nhé hon
0!! (khéng ton tai)
- Can cb “nac” (trang thai) thap nhat 1, sao cho

a o =0 [2.58]

1
=? a_p, = ——(ip + mwx) hd
: Vo= Tatme Voo, nd

i dx

a_

1 d
= ——| h— + mwx =0
\/thw< dx )lpo

a_yy =0
h d + =0 & Ao _ _mow
dx T mex Jio = ax - Yo
Wo _ _me dx =1 = — 2252 4 hiing 56
ve . h xdx niy, = th ang so6

_mw..2 : .
= Yo=Ae 2r~ Alahangso
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Tim A tir dk chuan hoa:

400 _mw n_h
1= |A|2f e R Y dx = A2 |—
o mw
mw\1/4 mo ,
= Py (x) = (_ﬂh) e 2h [2.59]
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Xac dinh ham séng & nang lvong — budc 3
Nang lvong E, twong ing vai trang thai Y, (x)
H o = Eq 9y
hw <a+a_ + %) Yo=Ey Yy

1
a- ¢o=0:§hw¢o=Eo¢o

E—lh
0 = 5w

[2.60]

Xac dinh ham séng & nang lvgng — buéc 4

Trang thai ¥, (x) va nang lvong E,

Tim trang thai kich thich thr nhat

1
lpl(x) = A1a+ lpo(X) = Al m

1 (0) = Ay —— (hfu )(mw)““
x) = —n—+mwx || —
1 Y 2hme dx h

4 <mw)1/4 2mw  _mo,
~ 1\ RoC

Chudn héa: [| ¥, (x)|*dx = 1cho4; =1

(=ip + mwx) Yo (x)

_mw, 2
e 2h

[2.62]

1
Y (x) = Apa Yo(x) voi E, = <n + E) hw [2.61]
A, 13 hang s6 chuin héa
Xac dinh ham séng & nang luong — budc 5
Xac dinh hang s6 chuan héa A4,
‘ ayPn = Cn¥Pni1, a-n = dphp—1 [2.63]
Tim ¢, d,
St dung
7 f(azg) dx = [ (azf) g dx [2.64]
“Bai tap nhé”: CM ay. = (az)* va [2.64] !

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Xac dinh ham séng & nang luong — budc 5

oo frarg)dx = [ (azf)"g dx [2.64]
Chon: f = a ¥, g =19n

> [l (@) (@stpy) dx = [7_ (azasPn) b dx
Chay:a,a_y, =nyY, va a_a,p, = (n+ Dy, [2.65]

> 2 (aspn) (aspy) dx = [° (azasn) Py, dx
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CM 2.65
1 1
hw <aia$ iz)ll} = Elp = hw (aia$ i E) Iljn = Enl,[)n
1
Yn(x) = Apal Po(x) voi E, = (n + 2 hw

1 1
= hw (aia¢ + E) P, = (n + E) hwp,

1 _ 1
= (aia¢ iz)l,[)n = (Tl +E>¢n

= a,a_ P, =nY, va a_a, P, = (n+ Dy, [2.65]

Xac dinh ham séng & nang luong — budc 5

2 (@epn) (arypn) dx = [ (agasthn) P dx

ara i, = mp, va a_ayP, = (n+ Dy,

A Pn = Cp¥ni1, a_ P, = dpyPp_4q

> 5 (@) (astpy) dx = [, (a_ayipn) Py, dx
= lcal? [ [Wnsal?dx = (n+ 1) [ [1Ps|? dx

> 5 (acpp) (actpy) dx = [, (aya_ipn) Py, dx
= |dn)? [ [hn-1|?dx =1 [ |9, |? dux
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Xac dinh ham séng & nang luong — budc 5
|Cn|2 = (n + 1)

= a,Pp =Vn+ Wpyq, aPp = Vnpn_y [2.66]

|dp|? =n

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Xac dinh ham séng & nang luong — budc 5

A Pn =Vn+ 1pyq, a Py =np,_4 [2.66]
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Truc chuan ctia ham séng

J20 e dx = Sy [2.68]

“Bai tap nhd”: CM [2.68]

1 1 1
=P = a Py, P, = ﬁa#/ﬁ = ﬁa+a+1/)0 = ﬁ(aﬂzlpo
1 1 1
Y3 = ﬁaﬂﬁz = 5(003%'1/)4 = ﬁa#l)s = W(MF%
1
Yn = W(m)”wo [2.67]
Vidu

* Tim gid tri trung binh cla thé n3ng & trang thai thir n cla dao dong tir
diéu hoa.
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a; = (Fip + mwx)

2hmw

X = /%(mr +a.), p=i /hmTw(aJr —a_) [2.69]
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Ham song va mat do xac suat (sach Griffiths)

b walx)

Potential

x

(2)

Iw,x) 12
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k—\ . |
A/\,/\/\/\

W)
E- /
A
Eq
[ I— 7

h J/-E o . |x)_

E —
E, . A
= _ uw

W

X
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Ham séng (trai) va mat do xac suat (phai)

[Hinh I8y tir en.wikipedia.org/wiki/Quantum_harmonic_oscillator]

| B

M

.(x)

Py(x)
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