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Klasyczny model wspotczynnika zatamania

Fala w osrodku (réznym)

2% di .. g
F + VE + w%x — %Eoew)t Model Lorentza
d?x dx . -
F + )/E + w%x — Widmo emisji

2 -
ﬂ +04+0= iﬁoeiwt Fale plazmowe
dt? m

the steady state solution:
f(t) = foelwt
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Klasyczny model wspotczynnika zatamania

Fala w osrodku (réznym)

Model Lorentza

Widmo emisji

Fale plazmowe

the steady state solution:
f(t) = foelwt
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Klasyczny model wspotczynnika zatamania

d*x q ] the stead ion:
= y state solution:
m -
7 el = - 1 —_ 1 — —_— -
Swobodne noséniki: j = 0 E H = WB ~ ,u_B D = gy E
d*x* q - q 0 0
— = —F(t) = —FE.,eWwt
dt? ® m ¢
dx Ng? . 2 Ng? OF
> __ - 1 lwt — lwt — _ lwt — __ -
J=Ngq 7 qumE e'®tdt mia)E e wz( DwEye e
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Klasyczny model wspotczynnika zatamania

d?x L
——+O+O=£Ewmt

Plasma waves

dt? m

Swobodne noéniki: = o E H=

VXH=ro0tH=—+] =

1 - 1.5
— B~—B
Hio Ho
Ng? 0E
mw? ot

the steady state solution:
f(t) = foelwt

-
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Klasyczny model wspotczynnika zatamania

dzf q ; the stead ion:
= y state solution:
—— +04+0= _Eoelwt Plasma waves 200) = £t
dt m = %o
7 el = - 1 —_ 1 — —_— -
Swobodne noséniki: j = 0 E H=——B~—B D = gy E
B Hio Ho
(. . 0B
VXE =1r0tFE = ——
) dt
ﬁ L, dD | ._ _Ng®0E
kV)(H=T’OtH=E-|'] ] = mw? ot

. L 0EF
VXB=rotuyH = Ho%&%"‘ﬂo]
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Klasyczny model wspotczynnika zatamania

d*x L .
+04+0= iE piwt Plasma waves the st(iady sta;ce sig)ltutlon.
dt2 m 0 X(t) = Xpe
; ey e o = — 1 — 1 — — N
Swobodne noséniki: j = 0 E H=——B~—B D = gy E
Hio Ho
[ . 9B
VXE =10t E =——
< ot
ﬁ L, dD | ._ _Ng®0E
kaH=rotH=E+j J/— mw? ot
U B . 6§+ S gdE 1 Ng?2OE 1 Ng? \OE
X = = _— = — —_ —— —
rot Ko HofolL g T HoI = 275 c2egmw? dt 2\ " ggmw?/ ot
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Klasyczny model wspotczynnika zatamania

dzf q ] the stead ion:
= y state solution:
—— +04+0= _Eoelwt Plasma waves 2(0) = 2 el
dt m x(t) = Xge
7 el = - 1 —_ 1 — —_— -
Swobodne noséniki: j = 0 E H=——B~—B D = gy E
B Hio Ho
[ )
VXE=1r0tE =——
) dt
kaH—rotH—E+j J/ mw? ot

goE 1 qual:?)_l . Ng? \OE
L egmw?

VX B =rot uoH = tpene — + o
Uo .uOOLat UoJ ot

+ —
c? 0t c?gymw? ot c?
VxVxE=V(VE) - AE

. 0B 9 .
VXVXE=-VX—=——VXB
ot ot
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Klasyczny model wspotczynnika zatamania

d*% qd = the stead lution:
- — it Plasma waves e steady state solution:
dt? +0+4+0= mE 0€ 2(t) = Zyelot
s e D = — 1 — 1 N — N
Swobodne noséniki: j = 0 E H=——B~—B D = gy E
. Hlo Ho
(. . 9B
VXE=1r0tE =——
) dt
, ., 9D _ . Nq*OE
kaH=rotH:E+] j/— 2 Ot

g dE 1 Ng° GE_ 1 Ng? \OE
? L

+ — _
c2 9t ' c2gymw? Ot gomw? /) Ot

\7><\7><E=\7(\7E)—AE

_ - _ W VIVE) — AF = — —
VXVXE=-VXx — atVXB (VE) o2 <‘9L eomw2> 9t2

Rozwigzanie w postaci fal biegngcych E(t) = E’Oei@f—wt)
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Klasyczny model wspotczynnika zatamania

= the steady state solution:
— 4+ 04+0= _Eoelwt Plasma waves N
dt? m x(t) = xpe

. s - %a e
R0 A O /5 SC S

A < s,
A >

—3
- =

* jonized gases (eg. in gas lamps, ionosphere in the atmospheres of stars and planets),
* plasma,

* plasma in a solid - the gas free carriers in metals or semiconductors,
* liquids - as electrolytes or molten conductors.

28/10/2019
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Fale plazmowe

d*x q - .
——+0+4+0= _Eoelwt Plasma waves
dt? m

S w* Ng* \ -
—k(Egk) + k°Ey = ——| ¢, — E

( 0 )+ 0 c? (8L eomw2>

Longitudinal wave (fala podtuzna): K I E

-,5 = - 2 qu
—k(Eok) + k2Ey =0 Yp = eem

The transverse wave (fala poprzeczna): kK1E

the steady state solution:
f(t) = foelwt

101 q5_
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Fale plazmowe

d*x q - . :

® 12xi0° // 2
: e //’
dt? m= 0 o} l,

— 4+ 0+0=—Ee' :

Longitudinal wave (fala podfuzna): k || E Foop: WO > 3§
Ng? &

IR L2 w2 = < 2

- s

- - 2 G 14

The transverse wave (fala poprzeczna): k 1 E &"°L £e

c? w?
2 1!
P - n—1 c(w)—1
n+1 e(w) + 1 f
-1 (m—-12%+x% . _
R = = (with damping) : . A . ; Bl S
A+l (n+1)2+x2 S R Mike P ®

Fi1c. 8. Reflectivity os wavelength for five n-type indium anti-
10/28/2019 monide samples. The refractive index curve labeled n is for the
sample with ¥ =6.2X10"" cm™,



Fale plazmowe

0
dt? m R%|
, BO|- E HgSe

R 1 | n=144x10"cm™?
: \ -8 e i T=1]DK
| Ttceviny col-
|
| L. }
|
: ' 40

\
I
05 + i—— e i
{ ' 201-
| -
| ! ]
: | | /, L ] 4 ! i !
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t | i / cneraia (mev)
| ! \
o 5 ?_.A —— i 1
1 3, q 5 eV 2
l obszar I hw _‘n—lz_ c(w)—1
e CIn+1 c(w) +1

10/28/2019




Fale plazmowe

Very High Frequency Waves Pags Through the Atmosphere -

(c) 2007 NASA -- Comical NASA diagram to illustrate ionospheric radiowave propagation
Neatly weaving in four kooky NASA fantasies -
(n sp
(i) It
ellite; and
(iv] highe liowaves "pass through" the ionosphere - the Big Lie to prop up the satelite hoax!
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Klasyczny model wspotczynnika zatamania

Fala w osrodku (réznym)

2% di .. g
F + VE + w%x — %Eoew)t Model Lorentza
d?x dx . -
F + )/E + w%x — Widmo emisji

2 -
ﬂ +04+0= iﬁoeiwt Fale plazmowe
dt? m

the steady state solution:
f(t) = foelwt
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Odbicie, transmisja, absorpcja

T+R+A=1

https://en.wikipedia.org/wiki/Fresnel_equations
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Absorpcja | emisja Swiatta

2 K
o— B12 ®o—
v A21
1 1 2
absorpcja em|s4a emisja
spontanlczna wymuszona

Relacje miedzy wspdtczynnikami Einsteina:

B‘12 — B21
A21 - 8?Th1/3
821 3

(Wyprowadzenie - na ¢wiczeniach)
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Trzy Kolory

Monochromatic / spectral colours have a single wavelength:

If you buy a laser that operates at 457 .9 nm
you know that the emission should look blue

Radiant power (W)

Wavelength (nm)

Colour of non-monochromatic light is more difficult to quantify:

Spectral Radiance Spectral Radiance

™
>
-
e
«

E
=
:qE
o
=

600 700 500 600 700
Wavelength (nm) Wavelength (nm)

Light spectrum of D65 fluorescent lamp Light spectrum of late afternoon daylight

Prof. Thomas Anthopoulos
28.10.2019
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Trzy kolory

komork{ dwubiegunowe

Swiatlo r:>

rods preciki
S5y CONes CZOpki czopki

1

komorki zwojowe

preciki
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Trzy kolory

—
o
o

~
(4

N
O,

380 nm
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Wrazliwos¢ siatkowki (procent max)
O,
o

0

Czopki  Preciki Czopki Czopki

B

G R

\/

450 nm 500 nm 550nm 6800 nm 650 nm 700nm 750 nm

Dlugos¢ fali Swiatta (nm)

komorki dwubiegunowe

Swiatlo

czopki

komorki zwojowe
preciki




Trzy kolory

» Early experiments used B (435.8 nm), G (546.1 nm) and R (700 nm) as “unit amounts”
of blue, green and red primary colours in luminance (Im/sr/m2)

G IE
0L e

350 450 550 650 750
Wavelength (nm)

oo

» Note that B, G and R are of different size in radiometric power units (W/sr/m?) because the
sensitivity of the eye will be different for different colours

Colour of emission spectrum =  Colourof: BB+ G'G + R'R
E -
£l = ELB, &
=L 1 ! G
= ¢ [yt
z | El le |e |r
J.I PRI R T SR TR T SR T SR S SN N N SR S - L Ly M By PR T
350 450 550 650 750 350 450 550 650 750

Wavelength (nm) Wavelength (nm)

Prof. Thomas Anthopoulos
28.10.2019
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Trzy kolory

£
R(7000nm) | N * Lg(R) ;E
G (546.1 nm) E;
B (435.8 nm) =
— 350 450 550 650 TS50
I Wavelength (nm)
Test
light
White C, Masking
SCreen sCreen
5 =
R (700.0 nm) E ino Leq(2) ;E
G (546.1 nm) - oo B
- = G- R3
B (435.8 nm) =
— 350 450 550 650 TR0
I Wavelength (nm)

‘: Ci=bB*+*g,&+rR
Lea(2)

£
-~ Test - T NE
g SRy :
White c, | Masking E[b]B 7fc . [R]
Sereen sereen C2=bB* 0,6+ R ri10f. Thomas Anthopoulos
28.10.2019

23



Trzy kolory

R (700.0 nm)
G (546.1 nm)
B (435.8 nm)

)‘> 20 __ )
Test 1
light
White C, Masking
screen screen
R (700.0 nm)
G (546.1 nm) _
B (435.8 nm) 400 500 Jom 600 700
I [ Tréjchromatyczne sktadowe widmowe
Test
light
White C, Masking
screen screen

Wiki
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Trzy kolory

R (700.0 nm)
G (546.1 nm)
B (435.8 nm)

Test
Ty, light
White T 9¢, | Masking
screen screen
G (546.1 nm)
B (435.8 nm)
o Test
T light
White o Pe, | Masking
screen

screen
R (700.0 nm)

28.10.2019

Im/srim?

350 450 550 650 750
Wavelength (nm)

C,=?B+7?G+?R

Niektorych
koloréow
NIE DA sie
otrzymac!

Im/srim?

350 450 550 650 750
Wavelength (nm)

C,=?B+7G+ 7R

Prof. Thomas Anthopoulos
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Trzy kolory

G (546.1 nm)

B (435.8 nm)

:‘>

Test
light

",

White

screen SC
R (700.0 nm)

28.10.2019

C, Masking
reen

Cy=(C3+r;R)=bB+9g,C

g [P 957 6= g
:;_E : = Lza(h) -E
E : i B
“L#B G | iRZ (Vs
350 450 550 650 750 Niekté rych
Wavelength (nm) -
C,=?B+?2G+7?R kolorow
£ NIE DA sie
£ S E
= E otrzymac!
s :

_r3|

C;=bB+g,G-rR

Prof. Thomas Anthopoulos
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Trzy kolory

t
L
1

L
(=)
T

rd
Ln
|

G (546.1 nm)
B (435.8 nm)

-

%)
=
|

9,4(+)

b,.(+)

tristimulus values
= =
(] Ln
|

o Test 0.5
. Hz light .
White C, Masking s

reen

screen SC
R (700.0 nm)

500 800
wavelength (in nanometers)

RGB color matching functions
Stiles-Burch 10® color matching functions averaged across 37
observers
{adapted from Wyszeck & Stiles, 1982)

http://www.handprint.com/HP/WCL/color6.html
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Trzy kolory
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~
(4

N
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380 nm
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Wrazliwos¢ siatkowki (procent max)
O,
o
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Czopki  Preciki Czopki Czopki

B

G R

\/

450 nm 500 nm 550nm 6800 nm 650 nm 700nm 750 nm
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Enchroma glasss

28.10.2019

ENCHROMA
GLASSES

TRY NOT TO CRY CHALLENGE #2, EnChroma glasses

Vrrr Tube + 1,2 min wyswietleri « 1 rok temu

Watch these amazing videos of colorblind people seeing more of the spectrum of color for the very first
time

Max sees color! Enchroma 12/23/17
Kandra Jones + 140 tys. wyswietlen » 10 miesiecy temu

The best gift | received this Christmas was JOY! A joy | have never before experienced. A joy so wide and
deep that my heart felt ..

COLORBLIND WOMEN see color for the first time! (Enchroma

Glasses Compilation)
Pepper + 491 tys. wyswietlen « 1 rok temu

Colorblindness is rarer in women - about 1 in 200 has it. But colorblind women should see themselves
represented too! Watch as ...

Our Favorite Reactions of 2015
EnChroma, Inc. * 971 tys. wyswietlen » 2 lata temu

Take the Color Blindness Test: htip://enchroma.com/test/instructions/ Shop Color Blindness Glasses:
http://enchroma.com/shop/ ..

napisy

This Is What Color Blind People See With These Viral Glasses

Tech Insider @ 489 tys. wyswietleri + 8 miesiecy temu

These glasses bring more color to the color blind by helping them see more hues and differentiate
colors. You have seen the viral .



Trzy kolory

Kolory CIE (1931) — przestrzen barw
LA =Z2'Z+Y'V +X'X

0.7
06 XI
500 X = / / !/
054 X'+Y'+Z
| Y
7 y = X/ / I/
0.4 - +Y' +7
ZI

- — =1_ —_—
0.3' Z XI+Y/+ZI X y

0.21

Tylko dwie zmienne (x i y) sg niezalezne,
wiec wykres 2D wystarcza do

| , reprezentowania wszystkich barw w tzw.
00 01 02 03 04 05 06 07 08 Wspotrzednych tréjchromatycznych

0.1
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Trzy kolory

06 I 570nm

500 White point
05 'nm 77 (0.33,0.33) | 590nm
~ 04— A 620
03 - 5 -730nm
~ |490nm / ff,,b
02 | G
01 F f"‘/
0 f eeis
- 380 -470nm
0.1 I I

01 0 01 02 03 04 05 06 07 08
X
Prof. Thomas Anthopoulos
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Trzy kolory

=
0.1 F=--1 - R e SRR S et
o E :’:::: __________ NN SN NS EEEEE
F 380 - 470nm
0.1 AR A
01 0 01 02 03 04 05 06 07 08
X

Prof. Thomas Anthopoulos
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Trzy kolory

0.9 ;
- 520nm 330nm | G (546.1nm)
0_8 : | ! !
07 | -
0.6
500
05 nm N 590nm -
> 04 this triangle can - 620
03 | be produced by -730nm
© 490nm combining R,
0.2 G and B
— = R (700nm
- ( )
0.1
o f ~'~ B (435.8nm)
- 380 -470nm
-0.1 T T Y T AR

01 0 01 02 03 04 05 06 07 08

X
Prof. Thomas Anthopoulos
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Trzy kolory

Why use organic LEDs for displays?

Colour gamut

0.9

' 520nm ,:J\{:mnm
08 |

- o

- O
07 @

06 F
500

.| EBU green ~.
05 2 (0.29,0.60) 7\\;~2\L

o

| « Coordinates shown are

nm - T T~ 590nm for solution deposition,
~ 04 3 | 620 but powders give similar
- i / O (0.3,03) 730nm coordinates, apart from
03 F 0 T / ‘4 green which is slightly
490nm ! : = i
02 . / il L= //‘| EBU red I_ better for the solutions
- R (0.64,0.33) s ™
01 F ESteqmmen e + Range of emission
EBU blue colours obtained by using
0 :‘ 380 - 470nm {015,{]{15} :]r_ganl_c Semlcnndu_[:t{)rs
R . e e with different chemical
0.1 structures
01 0 01 02 03 04 05 06 07 08 Good col ;
(CDT) . ] ood colour gamu

Prof. Thomas Anthopoulos
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Atom wodoru

Eigenstates (stany wtasne) of L :

1 ox (_r)
WIS_\/E p a

1 7 7
=— (2 —)exp(——
Vo 4m( a) p( 2a)
1 7 r
= —exXxp(——)cos @
1 7 ro. ]
W, ,e = —F——=—CXp(———)sin & exp(Figp)
8\’ a 2a
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Atom wodoru

Eigenstates (stany wtasne) of L :

1 ox (_r)
WIS_\/E p a

1 r r
Y =——(Q2 - )exp(- )
4+/27ma a 2a
1 r r
= —exp(——)cos &
1 r ro.. _
W, ,e = —F——=—CXp(———)sin & exp(Figp)
8\ ma” a 2a
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Real functions (funkcje rzeczywiste):




Atom wodoru

Eigenstates (stany wtasne) of L :

1 ox (_r)
WIS_\/E p a

1 s Iz
Y, =—— Q2 ")exp(—-)
4+/27ma a 2a
1 Iz r
= —exp(——)cos @
1 v ro. ]
W, ,e = —F——=—CXp(———)sin & exp(Figp)
8\ ma” a 2a

28.10.2019

Spherical harmonics (harmoniki sferyczne) Y,

Voim (T: 9: {P) = R, (T)}rlm (9; {P)

o= (220 %) £)

mo=(2) " 5 (5= ()

1
Yoo(8, ) = e
3
Yio(8,¢) = —?TCOS(@)
3
Yix1(0, ) = |/ g sin(6) exp(Fiy)




[yf?

Eigenstate: FQ_,,,, Stan 1s
E.g. hydrogen wavefunction
U = Ry (1) O (0) @1 () .-
=l ) (22N e
Rn,ﬂ(T) — \/ 271(?14- l)' nag € P Gn—l—l(p)
B m (201 —m)
O (0) = (1) \/ o I+ m)!P,j (cos®)
®,,(0) = Ce'™? //}Jantum numbers!
K

V= Rn,l(T)@E,m(H)i’m(qb) — |?'1, L, m)
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http://chemistry.stackexchange.com
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Hydrogen Wave Function

Probability density plots.

/2 (n-=1-1) AT
(r, 9 .;IMJ! \1 7*"/.7‘[ __1/ - Yin \,'

nag/ 2n[(n+1)!
(D)

(3,1,1)

(3)2y1)

1)

(4,1,1)

http://chemistry.stackexchange.com
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Perturbation theory (rachunek zaburzen)

Time-independent perturbation theory (rach. zab. bez czasu) s
ﬁ — Eﬂ + A E“ré’ perturbation 13‘03061'
1‘ (30\(\'

Known solutions of unperturbed Hamiltonian ﬁnwiﬂj = Ej‘lﬂj 1,&’5‘10]

We are looking for the function y,,: I::H.:. -+ }LHF)’I,&'“ = Eﬂ’t,fi'ﬂ

we can write E,, and y,, as power series in A::
U = U + X0 + N+
E,=E)+)\E" + ¥E® 4
Thus:
(HotAH ) () + 00+ X% +..) = (BpAABW+ X B+ ) (0 +20 + X290 +..)

comparing coefficients of each power of A -
P g p Hﬂ'ijl'.[f’{ﬂ E{D ,Gb{ﬂ
- 1 & o 0) (1) 1)
Ay + H® = EQy) + By
3 2 rrf 1) 0) (2) 1) 1) 2 0
Hopl? + 0y = EPyE + EN 9 + EP ¢
http://pl.wikibooks.org/wiki/Mechanika_kwantowa/Rachunek_zaburzen dla_réwnania_Schrédingera_niezaleznego_od_czasu
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Perturbation theory (rachunek zaburzen)

Time-independent perturbation theory
Eigenfunction

E,=FEy+\E, = Fy + \H,

Ly

H,.
Un =09 20 =@ 4 A T 50 E{ﬂ %

k. k#n

a solution exists only when its determinant : det(/lH’ — fE) =0

f

Perturbation AH{, — E AH{, <o AH{,
= (Wil A'[y)) \H,,  MH,—FE ---  \H,, )
AH!, MH!, -~ MH. - F

http://pl.wikibooks.org/wiki/Mechanika_kwantowa/Rachunek_zaburzen dla_réwnania_Schrédingera_niezaleznego_od_czasu
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Hydrogen-like atom A

Alkali metal atoms (wodoropodobne):

3e’
perturbation theory H = H,+ H": ) V(r): " Are r +A§(}" _a)
0
Hoy; = Ejp; (702
2 r<b
&
~ —~ b) V i 0
perturbation Hl-’j = (l/JilHll‘Pj) ( ) ) gz
— r>b
dre,r

the method: det|ﬁ’ — Ef| =0
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Hydrogen-like atom A

Alkali metal atoms (wodoropodobne):

perturbation theory H = H,+ H": ) V(r): " Are r +A§(}" _a)
0
Howi = Ei; (702
2 r<b
&
i 7! iy’ b) V(?") — 4 2[:
perturbation H;; = (l/)ilH |1,bj) e
— r>b
dre,r

the method: det|ﬁ’ — Ef| =0
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Pole elektryczne
Stark effect of hydrogen atom

electric field E

H'= pE =ezE,
dipole moment p
Eigenfunctions of hydrogen atom for 2p state: Uoim(r,8,0) = Rui(r)Y,(8, )
Y200 ¥21-1, Y210 Y211 ANE Zr Zr
Roo(r) = (%) 2 (1 - %) exp (—%)
o, _ ZN? 2 [ zr Zr
Perturbation H;; = (l/)l-lH |l/)j) Ry (r) = (%) NG (%) exp (—%)
1
Yoo(f, ) = =
3
Yio(0,9) = gy cos(6)
3 . .
Y141(0,¢) = |/ g sin(0) exp(Fip)

http://pl.wikibooks.org/wiki/Mechanika_kwantowa/Rachunek_zaburzen dla_réwnania_Schrédingera_niezaleznego_od_czasu
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Pole elektryczne
Stark effect of hydrogen atom

electric field E

H'= PE =ezE,

dipole moment p

Eigenfunctions of hydrogen atom for 2p sta

Y200 ¥21-1, Y210 Y211 ANE Zr Zr
ZO(T): % 2 1—% exp _%
-~ —~ Z\*? 2 (zr Zr
Perturbation Hl-’j = (‘/)ilH’|l/Jj) Ry (r) = (ﬂ) 7 (ﬂ) exp (_%)
1
Yoo(8, ) = dn
. 3
Yio(0,¢) = An cos(#)
Yi41(0,¢) = 8 sin(#) exp(Fiyp)

http://pl.wikibooks.org/wiki/Mechanika_kwantowa/Rachunek_zaburzen dla_réwnania_Schrédingera_niezaleznego_od_czasu
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