Nguyén ti hydro

my, »> m, — proton ding yén so voi electron.
Chon gdc toa d6 tai proton

Toa dd cau — Ph. trinh ban kinh

ne At 2l [4.37
2m dr? u=au
Verr
R2 131+ 1)
Veff(r) = V(T) + % T'Z [4‘38]
h? d%u
_%—d’l"z +Veffu =Fu

CuuDuongThanCong.com

PT cho nguyén t& hydro

h? d2u+ e? 1+ 2 1L+ 1) _r
2m dr? dmegr  2m 12 w=ru

[4.53]
Tim u(r) va nang lwgng E

Xét trang thai lién két (E < 0)

V—2mE
h

K= [4.54]
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K2 dr2

2

1 d?u me? 1 I(l+1)
2wegh?kkr  (kr)?

Gidi PT — xét tiém can

_ . _ me
p =Kr, va po = m [4‘55]
d?u po I(l+1)
1—— 4.56
dp? [ p 0z " [4.5¢]
Giai PT — xét tiém can
d?u po I(l+1)
dpz [1 — ? —|u [4.56]
p—0 )
1 po  lLIl+1) =>du_l(l+1)u

p—>0=>ptoscw =D=0
u(p)~Cpttt [4.59]

d*u _ I(1+1
-2y +1) u [4.56]
dp p 2
PN I(1+1) 2u
p — =1 >> — >> > = > =Uu
I p p dp
u(p) = Ae™” + Be” [4.57)
po>o=>ef 500 = B=0
u(p)~Ae™* [4.58]
) > o u(p)~Ae P [4.58] _ _
/[)—>0 u(g)%pl“ as9) u(P) =p'tle pv(p)
Can tim v(p) . ¢ [4.60]
d*u po lA+1)
= [1- 5
Z—Z—pe p[(l+1 p)v+—]
du
apz P ”
X{[—Zl—2+p++l(l+1) v+2(l+1—p)§—Z+p%}
’ [4.61]

p3—+2(l+1— )—+[ -2(l+DJv=0
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2
2
P s 20+ 1- p)—+[ —2(l+Dv=0 Pan? S 20+ 1- P)—+[ —2(l+Dlv=0

[4.61] °° [4.61]
Lov(p) = Z ¢jp’ [4.62]

Giai PTVP 4.61 bang chubi lly thira (power

j=0
series - phwong phdp Frobenius, dua vao dinh P © &
ly Taylor) é = Jgpit =Y G+ Dgap! d—p’; = JG + Degaap?™
j=0 j=0 j=0
v =) gol  [462] > G+ Dgeap! 2041 Y G+ D!
]:O ]=0 ]=0

Can xac dinh céc hé s c;

2 jgpl +lpo =20+ D] ) gl =0
j=0 j=0

= . = . _(2G+1+1)—pg
Z](J + Dejrap’ + 2L+ 1)2(1 + 1)¢j1p’ G NG DG+ 20+ 2)]9 [4.63]
j=0 - J'=0oo (2 +D=po)
. i Qt’f{m}””
—22]cjp +lpo — 201+ 1)]2 cp’ =0 Tim “déng diéu” ctia v(p) khi p — oo,
j:() ]:0

p — oo thi p/ (j 1&n) cé déng gép quyét dinh.

) 2+ 1) — lon 2] 2
—2]C]+[p0—2(l+1)]cj :O Cj ]8%—214—?3 j 1] jd)Cj_lzj—,Cj_l

2+ 1+ 1) —py 2 2J
= . 4.63 Ciy1 E——C; =>C=—2°¢ 4.64
RAE {(i+1)(i+zz+2) G  [463] j+1 1 2G=gr e (464

j+1
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2J
¢ = ]—' Co [4.64]
[00]

= v(p) = z cip! = cq i—,]pj = coe??
j=0 j:(), xJ
Nhac lai: ZT:OT =e*
u(p) = p*te=Pv(p) [4.60]
v(p) = coe?”
= u(p) = copttle?  [4.65]
Nhanxét: p -0 u(p) - -
Sy phan ky dén tir chudi v(p) v() = z cip’

j=0

oo

v()= ) ol [462]
Nhirng s6 halﬁg v&i j 1én 1am cho chudi phan ky.
Do d6, chudi phai bj “ngat” tir s6 hang j I&n
nao do.
= Phai ton tai jymay d€ ¢ 41y =0  [4.66]

_(2(+1+1)—pg

TG+ DG r2l+2) T ) [463]

= 20max +1+1) —po=0

Datn=ju+1+1 [4.67]
n duoc goila s6 lvong tlr chinh.n > 1

S6 lvgng tlr chinh: 1 = j0 + L+ 1 [4.67]
Po =2n [4.68]

V=2mE me?
= =—— [4.
; [4.54] P =kKr,po Imeghin [4.55]

g h2ic? me* (4.69]

SF=-— =— :
2m 8n2e5h?pg

Nang luvgng

K=

E, =—

m [ e? \’ 1 K 123
22 \4me,) |n2 n2'"t T "[4.70]

Cong thirc Bohr (dua ra 1913. QM:1924)

V—2mE me?
= =Kr,pp =——— [4.55
= A [4.54] p =K Po 2meyh?k [ J
oo h%K? B me*
~ 2m 8m2elh?p?

b m [ e \’|1 _E o3
"= 202 \ane, ) [n2 TRt T e

_( me* \1 1 171
= 4melh? )n  an [471]

CuuDuongThanCong.com

47T€0h2 1
a= — = 0.529 x 10 m [4.72]
me
Ban kinh Bohr
r
p=— [4.73]

an
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Ham séng

lpnlm (r, 9, ¢) = Rnl(r)Ylm (9' (;b) [4-74]

u(r) =rR(r) [4.36]

u(p) = p'*te~Pv(p) [4.60]
Jmax
v()= ) Gpl  [462]
=0
1
Rny(r) = —p'™le™Pv(p) [4.75]
B 2+1+1—n) 476
TG +2l+2)Y [4.76]

Trang thai nén (ground state) n=1

E — m (f o 123
n T T2 47‘[91, e

Trang thai nén (ground state) n =1

V100(7, 0, 0) = Ryo(r)YY (6, d) [4.78]
c
Ryo(r) = zoe_r/a [4.79]
*® a 2
Riol?r2dr = |2~ =12 ¢y = —.
fo|10|7' r |Co|4 Co Ja
0 1
YO = —
VA
(r,0,¢) = e "/a 4.80
IplOO d) W [ ]

CuuDuongThanCong.com

E, =— = —-13.6eV 4,77
1 th 47T60> ] ¢ [4.77]
N=jmax+1+1 [4.67]
l=01,2..; m=-[,-1+1,..,-1,0,1,..,1 — 1,1 [4.29]
n=1=0l=0m=0
Y1001, 6,¢) = Rio(MY; (6, $) [4.78]
c
Ryo(r) =—e77/* [4.79]
Trang thai kich thich | n=2
—13.6 eV
E,=———=-34eV  [481]
n= jmax +1+1 [4.67]
l=01,2..; m=-[,-1+1,..,-1,0,1,..,1 — 1,1 [4.29]
n=2=01=0(m=0),1(m=-1,0,1)
Co r
R =—(1- —) —T/2a 4.82
2@ =22 (1= Je [482]
_ Co -1/2
Ry (r) = 12" r/2a [4.83]
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Trang thai kich thichn

E;
E, = ? Yum (1,60, 9) = Rnl(r)ylm(e' ®)
N = e +1+1 [4.67]
1=0,1,2.; m=—L,—1+1,..,-1,0,1,..,1 — 1, [4.29]

nchotruwdoc: 1=0,1,2,...,n—1 [4.84]
moilcéd 2l + 1gidtrim
En © Ynm(r,0,¢) = Rnl(r)Ylm(GJ ®)
1 mirc nang lugng (g y&i bao nhiéu ham séng?

D6 suy bién d(n) = Z(zz +1) = n? [4.85]
=0

Trang thai kich thichn
jnlax
v(p) = Z cip’ [4.62] Cp1 = G [4.76]

2+1+1—mn)
G+DG+20+2)7

v(p) = LiHL.(2p)  [4.86]
Da thirc Laguerre lién két

p = (—=1)P i ’
B, = 0P () LG [487]

Pa thurc Laguerre

d\4
Lo(x) = e” (—) (e™*x7) [4.88]

dx

2y m-t-1r _r (2
Wrim = (E) G DI (E)

2
2t (é)] Ym(6,4) [4.89]

X

f l:l):tlm7ml)rl’l’rn’r2 sin@drdf = 6y 0y Oy
[4.90]
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d*y dy
XW'I'(].—X)E-FTL}I—O

Nghiém: DPa thirc Laguerre

d*y dy
xw+(a+1—x)a+ny—0

Nghiém: Da thirc Laguerre lién két

Y ot 1-0 P [ — 20+ Dy = 0
P ap? Plg, T 1P (I+Dv=

d 1 2 d Dy=0
T | =Xy +nn+ Dy =

Nghiém: Da thirc Legendre
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Phé nguyén tlr hydro
Nguyén tr hydro < trang thai Y¥,,;,, (1, 8, @)

Khong luc tac dong: NT hydro & yén trong ¥,,im
Cé6 tac ddng: NT hydro chuyén doi trang thai

1 1
Ey = Ei - Ef = —13.6eV (?_ E) [4—91]

i

Planck: E,, = hv = hc/A [4.92]

Phé nguyén tir hydro

Cong thirc Rydberg
1 1 1

Hang s& Rydberg

2 2
R=-"L_ (e ) =1.097 x 10’ m~! [4.94

 4mch3 \4me,

Ph& nguyén tir hydro

Chuyén doi = trang thai co ban (n=1): d3y Lyman
Cuc tim

Chuyén doi = trang thai KT | (n=2): d3y Balmer.
Kha kién

Chuyén doi = trang thai KT Il (n=3): d3y Paschen.
Héng ngoai

3 33 3
I

& U o TR

LA A A

Pfund
Yy

l Brackett
FYYTY

l Pascken

‘ Balmar

Lvman

0k

-82 kJ

-146 kJ

=328 kJ

1312k
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