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Deuterium Hydrogen

TIDAL INTERACTIONS IN M81 GROUP
Stellar Light Distribution 21 cm HI Distribution
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Co byste méli po dnesni pfednasce umeét:

* definovat a ve spravnych souvislostech pouzit terminy L-S a j-j vazba

« porovnat normalni a anomalni Zeemanuyv jev (z hlediska experimentu i fyzikalniho popisu)

* popsat a objasnit princip Sternova-Gerlachova experimentu

» urcCit zmenu vysledku Sternova-Gerlachova experimentu pfi zméné prvku pouzitého v tomto
experimentu

 objasnit a na prikladu ukazat vliv kvantovani energie a momentl hybnosti na strukturu
atomovych spekter (napriklad vliv L-S vazby)
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28 JANY. 1862.

When the flame was between the poles—the making of the
Magnet did not change its form or direction—and there was no
appearance of change in the lines when magnet made or broken.

Used Chlo. sodium on the platinum wire—still there was no
appearance of change in the luminous lines in any way by the
magnetism.

Poles 1/3 of inch apart. No magnetic effect either with or without
the Sodium.

Michael Faraday _ |
(1871-1867) Used Chloride barium—no effect.

Chloride Strontium—no effect.
Lithia—nothing.

:);C 12 MARCH 1862.

poles, i.e. in the magnetic axis or line of magnetic force. Then the
Electro magnet was excited and rendered neutral; but not the

slightest effect on the polarized or unpolarized ray was observed.
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Zeemanuv jev - rozStépeni spektralnich ¢ar v magnetickém poli (1896)
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Zeemanuv jev - rozStépeni spektralnich ¢ar v magnetickém poli (1896)

normalni Zeemanayv jev
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Cd 635nm B=260 mT



Cd 635nm B=357 mT



Cd 635nm B=450 mT



Cd 635nm B=540 mT
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Cd 635nm

B=720 mT
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Cd 635nm

B=790 mT
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Cd 635nm

pozorujeme ve smeru podel B
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Cd 635nm

B=0 mT
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Cd 635nm

B=260 mT
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Cd 635nm

B=357 mT
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Cd 635nm

B=450 mT
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Cd 635nm

B=540 mT

18



Cd 635nm

B=635mT

o



Cd 635nm

B=720 mT
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Cd 635nm

B=790 mT
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B, =790 mT B, =790 mT

B, =950 mT B =950 mT




Atomova fyzika a elektronova struktura latek

Zeemanuyv jev, 643.8 nm, podel B
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Al (pm)
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250

B=0mT] ——
B.,=790 mT

p
Bpe=790 mT ——

200 \

150 p

Intenzita ( a.u.)

100 p

50 |

lllllllll
i il

0 200 400 600 800 1000 1200 1400 160C
pixely (px)

27



Atomova fyzika a elektronova struktura latek

3‘ RADIATION PHENOMENA IN A STRONG MAGNETIC FIELD.
Sodium doublet

EE NN
B0 e

Zinc sharp triplet
NN NN
N R -

Tomas ﬁreston
(1860-1900)
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Stern-Gerlachuv experiment (1921)
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spinovy a orbitalni moment

spin — vlastni moment hybnosti elektronu neorbitalniho ptivodu
- slozky splnuji komutacni relace momentu hybnosti

teoreticky koncept 1925 Uhlenbeck (vlevo), Goudsmit (vpravo)

h
spin elektronu je kolmy k roviné “obézné” drahy a ma vzdy stejnou hodnotu — S,
A2 2 1 1
8°=hlll; +1) ;= 5 +h
. h
8= i, = i§
. | . € ~3h
je spojen s magnetickym momentem g = — -~ S
e
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1) orbitalni magneticky moment (... moment proudové smycky)

Ht v\ L=m_.rv
ev ‘ 1 e e
)I =185 =— mrl = —Zerv = — m.rv = — L=,
27r 7 2T a1 M8
S . 3 H
gyromagneticky pomér: 7y = 7
kvantovani: 2 = h.gf(l +1) L, = hmy
eh eh
1 = — [(l+1 1, = — m; = —ugm
Hi om. \/ ( ) om. E KB

Bohrav magneton: {Up — 9.274 X 10—24 A.m2 (JT_l)

2) spinovy magneticky moment

eh
o= —— Vi(le + 1)

7
ls=——8 Hg=—"—"=— byy = —— M, = —2UpMm, = +Ug
Me S Me e me i /
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skladani orbitalniho a spinového momentu hybnosti:

1-elektronova aproximace

N TB N 12 12
2 zZe 1 e
H = Z N A+ Z — S 3 75 - =
i=1 2m. i=1 |'r-;'. - Rl 2 i |'?'i — Ty
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H(]. p— E —_ 2 & —|— _ — E L’ el
1 (;"2
) rel .
Hkm 5 |:.r_" - Fl o Z U Hg() = AL -5
iy UF J i /
H = Hy + Hyor + Hso ~PD -
/ } >
elektronové konfigurace Hy.r > Hgo Hpor < Hso
Cu : 1832822pﬁ3823})ﬁ451Sdm Russel-Saundersonova vazba j-j vazba

4] + 2

n-elektronl v neuzaviené slupce (
n

) degenerace
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skladani orbitalniho a spinového momentu hybnosti:

Hior > Hso  Russel-Saundersonova vazba

-

1)H,.  lelektron [, § . . .
//
/ /
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. . \\\\ ~N—
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2) H,,  celkovy moment hybnosti confiorace e i
—r — — HO
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Zeemanuv jev - rozStépeni spektralnich ¢ar v magnetickém poli (1896)

anomalni Zeemanayv jev spin

AB

celkovy moment hybnosti f: E + §
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Zeemanuv jev - rozStépeni spektralnich ¢ar v magnetickém poli (1896)

anomalni Zeeman(v jev

U=—ji-B= —u, B
oy f__;fB (L 98 L. B)
=" T T 7
J-B J /LB (E+25)(f+§)]
&, =5 i — Y = = i
M M.y 7B M. T h ]2 z
Up J(J+1)+S(S+1)— L(L+1)
L, = ——q;J, 7=1+
He = 7 97 %f 2J(J +1)

Landéulv g-faktor

Eorsysy, = Earsy + tpgym B
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Zeemanuv jev - rozStépeni spektralnich ¢ar v magnetickém poli (1896)

anomalni Zeeman(v jev

m;
Am; =10, £1 P +3/2
2o o “'I?H:"—)
_ Tarz —€ s e
Eorsysy, = Earsy + ppgym;B S -1i2
32
o1 AN SN LAY, a2
| 2J(J +1) e
sodikovy dublet
[Photo from H. E. White, Introduction to N Yl Y| ¥ +1/2
Atomic Spectra, New York: McGraw-Hill Book 231;2 —
omoany. ! - " ' ' ' oq b
G.-J..,El.?u}',- 1934 e

mm) napi. magnetické pole Slunce 36



Atomova fyzika a elektronova struktura latek

skladani orbitalniho a spinového momentu hybnosti:

1-elektronova aproximace

N ﬁz N Z{Eiz 1 {?!2
-1 2Me o |R—R| 2N
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skladani orbitalniho a spinového momentu hybnosti:

Hg(_}z)\f;g

[JI* = IL]* = |S]®
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Hundova pravidla - postup pfi obsazeni castecCné zaplnéné slupky:

1. maximalni spinovy moment S

2. maximalni orbitalni moment L v souladu s max. S

3. je-li slupka zaplnéna méné nez z poloviny je  J = |L — §

je-li slupka zaplnéna vice nez z poloviny je J = {48

v . 25+1 =
oznadeni termu: * X 7 I)-( ~ g

kyslik O: 1822822[}4 T l T T zakladni stav: P
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Hydrogen hyperfine Muclear Electron
structure sp;n spin TIDAL INTERACTIONS IN M81 GROUP
i
1s 15.9 x10 Cev Stellar Light Distribution 21 cm HI Distribution
S ;_; ) |
1420 MHz
A=21cm
Higher energy Spin
state flip

d D
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