Nguyén ti hydro

V(r)

Twong tac

my, > m, — proton duing yén so vOi

electron.
2



Toa dd cau — Ph. trinh ban kinh

Dl [4.37

h? l(l+1)
Veps(r) = V(1) + 5——— [4.38]
A% du
Tom drZ +Verru=Eu
PT cho nguyén tu hydro
% d*u e’ 1 N h? 1(1+ 1) _r
2m dr? Amegr  2m 12 w=r
[4.53]

Tim u(r) va nang lvgng E

Xét trang thai lién két (E < 0)

V—2mkE
h

K= [4.54]



1 d?u

[ me®? 1 I(l+1)

K2drz |7 2wegh?kkr  (kr)? “
_ \ pp = 4.55
p =K Ve po_ZnethK [4.55]

d* I(l+1
“eu_ [1—'3)0+ (pz )]u [4.56]

Giai PT — xét tiém can

d?u po I+ 1)
—=|1- 4.56
dp® [ p i 0?2 " [4.>6]
po I+ 1) d*u
p — © =>1>>p>> 2 :>d—p2—u
u(p) = Ae P + Be® [4.57]

p—o>o=ePf 500 = B=0

u(p)~Ae=° [4.58]



d?u
d_pZ:
p—0
= 1<K

Giai PT — xét tiém can

Po
p

N l(lpJ; 1)] y

[4.56]

Po l(l + 1) N dzu

S <z a5

= u(p) = Cp** + Dp~*

p—0

u(p)~

p— oo u(p)~Ae P [4.58]
p—-0 u(p)~Cp'*' [4.59]

>ptow =D=0

[+1

Cp [4.59]

Can tim v(p) . ¢———

d?u [
1

N l(l; 1)] .

=>u(p) =p

I(l+1)

“le~Pu(p)
[4.60]

x{l—21—2+p++

I+ 1)]

21—y v
v Pyt P

d2v+2

8

dv
(U+1—-p)—+
dp

[4.61]

lpo —2(1+D]v =0



p@+2(l+1— )—+[ —2(l+D]v=0
dp* dp [4.61]

Giai PTVP 4.61 bang chudi lliy thira (power
series - phwong phap Frobenius, dwa vao dinh

ly Taylor)
v() =) gof  [462]
j=0

Can xac dinh cac hé so ¢;

2
pa+2(l+1— )—+[ —2(l+ Dy =0

L © | [4.61]
v =) gpl  [462]

j=0

v~ i1 = j ?v -
dp - Z]ij = Z(I + 1)¢jv1p Frche Z](l + 1)¢j41p’

Zw F1)ganp’ +200+ 1) Z(] +1)gja1p)

—Zz]cjpf + [ —2(l+1)]zcjpj =0
j=0
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Z](I + Dcjpap! +2(1+ 1)20 +1)¢j 107

—22]611)1 + | —2(l+1)]chpj =0
j=0
= ](] + iy + 2L+ DG + iy
—ZjCj + [po — 2(l + 1)]C] =0

[ 20+1+1)—pg
= Cf+1_{(j+1)(j+21+2)}cf [+63]

11

(20 +1+1)—pg
EALRE {(j + 1)+ 20+ 2)} G [463]

oo o 20+D=po]
TG H2t+ )7

Tim “dang diéu” cua v(p) khi p — oo,
p — oo thi p/ (j 1&n) cé ddng gdp quyét dinh.

o 20HD=po  gum 2 2

TR IR O
2 27

Cj+1 = —1C] = Cj Co [464]

J+ I

12



Cj ]—' Co [4.64]
= v(p) = Z cip! = co -_,P] = cpe?’
=0 =0 J

Nhac Iai:Z?ozo% =e”*
u(p) = p'*te~Pv(p) [4.60]
v(p) = coe?f
= u(p) = cop'*'e?  [4.65]
Nhanxét: p oo u(p) - o .

Sy phan ky dén tir chudi v(p) v = Zc,-p"

j=0

13

v(p) = ) gl [462]
=0
Nhitng s6 hang vdi j I&n 1am cho chudi phan ky.
Do d4, chubi phai bj “ngét” tir s& hang j 1dn
nao do.
= Phai ton taijmax dé C(jmax+1) =0 [466]

14



15

18

Ci+1 =

:>2(imax+l+1)_p0=0
patn=j .. +1+1 [4.67]
n dwoc goi la sé lvgng tlr chinh.n > 1

n duoc goi la sé lwgng tir chinh, n > 1

[ s lugng tu quy dao va m sO luong tur tu
[=012..,n—1;
m=--1+1,..,-1,0,1,..,l — 1,1 [4.29]



S6 lwgng t&r chinh: N = j,0 + 1+ 1 [4.67]

Po = 21 [4.68]
2
V—2mE M€ [455]

[4.54] P =KT,Po = 2megh?K

h?ic? me*
2m 8m2eih?pg
Nang lugng

m [ e2 \°] 1 _E 193
2h% \4me, n2 nz't o '2['4.'7'0']

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

[4.69]

U
eyl
|
I
|

E,=—

19

J=ZmE me
= hm [4.54] pEKr,pO_ZnEOhZK [4.55]
o A2 K2 B me*

T 2m 8m2elh?p?
E, = —|— e V]2 B _ 1,2,3
e m<4n60> nz 2t
me? \1 471
o = o
4medh?/n  an [471]
4reyh? 10
a=———=0529%x10""m [4.72]
me
r Ban kinh Bohr
p=— [4.73]

20




Xac dinh ham soéng

l/)nlm (T', 61 ¢) = Rnl (T') Ylm (61 ¢) [474]
u(r) =rR(r) [4.36]

u(p) = /J?l“e‘pv(p) [4.60]
v(p) = mz 6ol [4.62]
7=0
Ru() = p e (o) [475]
2 +1+1—-n)

T GrDG+2l+2) [4.76]

21

Trang thai nén (ground state) n =1

m (e \]|1 E
En=- [ﬁ <4n60> lﬁ = 221'2'3'
E, = m e’ = —13.6 eV 4.77
V7 122 \dne, ) | € [477]
N=jmax +1+1 [4.67]

1=01,2..; m=—l,-l+1,..,-1,0,1,...,l — 1,1 [4.29]
n=1=>0l=0m=20

Y100, 6, ¢) = R10(7")Y00 (6,9) [4.78]
u(p) = p*lePv(p) [4.60] e T
u(r) =rR(r) [4.36] vlp) = JZ:(; G’ 14621 p = an [4.73]

C
- Ryo(r) = E"e-”a [4.79]

22



P (x) = (1 — xz) 2 <E> P(x) [4.27]
1 /d\
P,(x) = Tu(ﬂ) (x2-1)"  [4.28]

2L+ 1(1—|m|)! .
' [4.32]

e=(—1)"™ néfum=0vae=1néum<0.

Tinh Yy va Y3

23

Trang thai nén (ground state) n =1

Y1001, 0,¢) = Rio(MY (6, ) [4.78]

C
Rio(r) = EO e~7/a [4.79]
*© a 2
Riol?r?dr = |yl ==1= ¢y = —.
J. 1Rul cl? =12 ¢ =72
ve = —
0 VA
Y100, 6, 9) = e~"/a [4.80]

Va3

24
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Trang thai kich thich |

n=2
E;, —13.6eV
By=og=—F —=34eV [4.81]
N=jmax+1+1 [4.67] [=0,12..;

cm=—1-1 [4.29]
n=2=1=0(m=0),1(m=-10,1)
= Ynim: Y200, ¥P21-1, Y210, ¥211

W) =TRG) ulp) =p e ) v = ) p)  p = [473)
Co r _
Ry (1) = %(1 — %) e~ T/2a [4.82]
_ %o -r/2
R, (1) =227¢ r/2a [4.83]

25

Trang thai kich thichn

E, = % l/)nlm(r» 0, ¢) = Ry (r)Ylm(H, o)

n=jrae +1+1 [4.67]
l=0,1,2..; m=-l,-1l+1,..,-1,0,1,...,1 — 1,1 [4.29]
nchotruwdc: (=0,1,2,...,n—1 [4.84]

moi [ cé 21 + 1 gid trim
Epn © Yum(r,0,¢) = Rnl(r)ylm(er ®)
1 mirc nang lvgng ung \1/é'i bao nhiéu ham séng?
n-

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

[=0
26
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Trang thai kich thich n
Xac dinh ham séng bang da thirc Laguerre
i 2G+1+1—-n)

v(p) = Z cjpj [4.62] Cip1 = G+D0+2+2) cj [4.76]
j

v(p) = 124, (2p)  [4.86]

Da thirc Laguerre lién két duoc cho bdi

d p
L ,(x) = (1P (E) Lo(x)  [4.87]

V@&i da thirc Laguerre duoc xac dinh nhu sau:

d\?
Lo(x) =e* (&) (e *x9) [4.88]

27

2N -t 2y
Yrum = (na) 2n[(n+l)!]3e e (%)

2
Lty (n—D] Y/"(6,¢) [4.89]

X

f w;;lm?)bnll/m’rz sin 0 dT‘d@d(b == 67111’ 6”’ 6mm’
[4.90]

d p
LY () = (-1)P <E> Lo(x)  [4.87]
a

Lo(x) =e” (%) (e ™*x1) [4.88]

28
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d*y dy
— 24 (1=x)=-= —
xdx2+( x)dx+ny 0
Nghiém: Pa thic Laguerre

d*y dy

_ 1 — —_ =
xdx2+(a+ x)dx+ny 0

Nghiém: Da thirc Laguerre lién két
2

v+za+1 fw+[ 20+ D]Jv =0
P ap? P, T 1Po (+Dv=

il SN (n+1y=0
Nghiém: Da thic Legendre

29

Pho nguyén tir hydro
Nguyén t&r hydro < trang thai Y, (r, 6, ¢)

Khong lyc tdc dong: NT hydro & yén trong Y,
Cé tac ddng: NT hydro chuyén doi trang thai

T 1

1 1
Ey = Ei — Ef = —13.6eV <—2 _TL_]%> [491]

n;

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

30
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Pho nguyén tir hydro

Cong thirc Rydberg

1 1 1

l

Hang s& Rydberg

2 2
R=-"L (e ) =1.097 x 107 m~1 [4.94]

"~ 4mch3 \4meg

31

Pho nguyén t&r hydro
Chuyén doi = trang thai co ban (n = 1):
day Lyman — Cuyc tim
Chuyén do&i = trang thdi KT | (n = 2):
day Balmer — Kha kién

Chuyén do&i = trang thdi KT Il (n = 3):
day Paschen — Héng ngoai

32
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Energy Levels

Backett
L Series
Paschen
Series
y
Balmer
Series
! Lyman Series
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