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Collisions of electrons with atoms 

Classical or quantum approach? 

Electron: 

1eV   v=5.9x107cm s-1 

  t~a0/v ~10-8/ 5.9x107=2x10-16s 

  ~2A = 2x10-8cm  de Broglie 

Ar+: 

1eV   v=2x105cm s-1 

  t~a0/v ~10-8/ 2x105~6x10-14s 

  ~ 9x10-11cm  de Broglie 

n=8, l=0,m=0 

r=200A Rydberg atom 
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H3
* + e    at   10  K  ???? 



Collisions of electrons with atoms (atomic beams) 
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Partial cross section for excitation 
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Total collision cross sections Na, K, Cs… 

Alkali metals 
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Total collision and reactive  cross sections comparison 
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Collisions of electrons with atoms – Ramsauer’s method 

Lenard 1903 

Akesson 1916 

Ramsauer 1921 
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B ATENUATION METHOD 

dI=-NsIp dx 

IP= I0 exp(- sNx) 
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I0(v) IP 

IP 
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IP= I0 exp(- sNx) 
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Mono energetic electrons 

Photo cathode 



Collisions of electrons with atoms – Ramsauer’s method 

Lenard 1903 

Akesson 1916 

Ramsauer 1921 

B C 

e- 
Ar 

B 



Total collision cross section – e/atoms 

a0=0.53x10-8cm~0.5A 

Radius of the first Bohr orbit of H atom 



Details of Ramsauer effect 
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Frequencies of elastic collisions 

n~nvs 

Collision Frequencies 

dI=-NQIp dx 

IP= I0 exp(- QNx) 

IP N.x I0(v) 
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Total collision and reactive  cross sections comparison 

Alkali metals 

Ne 

Ar 

Cs (3eV) 

(0.3eV) 

Ar 

e-
(v) 

(2eV) 

Ne, He 

Ar 

(3eV) 

(0,3eV) 

s(v) o

A000100
500A 

CCl4 

eV1



Kvantová mechanika 

Jednorozměrný rozptyl 

Kvantová mechanika I 

J. Klíma B. Velický 

MFF 1992 
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Jednorozměrný rozptyl 
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Vlnová funkce má tvar superposice Brogoliových vln 
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Urči konstanty B, C, D, G,  

Hodnota A je vstupní parametr 

Parametry jsou  E, V0 , a 



Jednorozměrný rozptyl 
a +a 

V0 

x 

axeBeAetx
htiEikxikx

k
k +=  /

)(),(

axeDeCetx
htiExikxik

k
k +=  /

)(),(
''



axeFetx
htiEikx

k
k =

/
)(),(

2

0

' /)(2 hVEmk +=

2/2 hmEk =

Tok dopadajících částic 

Tok odražených částic 

Tok prošlých částic 

2
A

m

hk
jin =

2
B

m

hk
jrf =

2
F

m

hk
jtr =

Hladkost řešení v bodech ±a 

Urči konstanty B, C, D, G,  

Hodnota A je vstupní parametr 

Parametry jsou  E, V0 , a 

akkie
k

kF
C )'()

'
1(

2

+=

akkie
k

kF
D )'()

'
1(

2

+=



Jednorozměrný rozptyl 
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Jednorozměrný rozptyl 
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Efekt Ramsauera - Kr 
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Ei= 14 eV V0=57.97 eV Ei= 14 eV 

V0=57.97 eV 
E=0.013 V0=0.75 eV 



Jednorozměrný rozptyl 
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Frequencies of elastic collisions 

n~nvs 

Collision 
Frequencies 

dI=-NQIp dx 

IP= I0 exp(- QNx) 
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Very low collision energies 

Kr & CCl4 
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Very low collision energies 
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Electron attachment at very low electron energies 
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Molecules 
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Molecules -rotational excitation 

H2O (j0) + e(1) H2O(j>j0) + e(2) 

2006 


