Fourierova transformace

Rentgenova strukturni analyza
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~  Napiste jednu véc, kterou si pamatujete z videa.

Wordcloud Poll ) 23 responses & 18 participants

Elastic scattering
Sinus=protilehla/preponé
Kompetitivni interference Viny konst. A destrok. Interferencia

Viny interferuju Interference

elasticky rozptyl

Rentgenové zareni
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Braggﬁv zakon  Konstruktivna

Je dulezity krystal
Krystal

. Uhol sa zvacsi o lambdu
Difrakce ..
Vinova difrakce

Potiebujeme krystal

Konstruktivni interferenc

Destruktivni itereferenc
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Difrakce na mrizce

Vypocitejte d (parametr mrizky).

2 =532nm X1 =..cm
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tg(26) = X1/Y 2d sin0 = njl

26 = tg '(X1/Y) d=nl/2 sing

20 =..° d=..%./2*sin(.) .

0 =.° d=..nm E
d - l,lm U



Reciproky prostor
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https://youtu.be/DFFU39A3fPY?si=sW5zmz1TGplLVImL | 5



https://youtu.be/DFFU39A3fPY?si=sW5zmz1TGpILVlmL
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Arganduv diagram

A= |A]| (cos a+ i sin a)

A= |Alexpia

imaginary axis

Asina

real axis
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Arganduv diagram

A= |A]| (cos a+ i sin a)

A= |Alexpia

imaginary axis

Fokny = |F(hkl)|(COS Ay + 1SIN A )

Asina

Farny = |Farplexpliamen]

real axis
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Arganduv diagram

A= |A]| (cos a+ i sin a)
A= |Alexpia
Fokny = |F(hkl)|(COS Ay + 1SIN A )

Farny = |Farplexpliamen]
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1 \ \ A | ) i
p(xyz) — V—CZ Z Z ‘F(hkl)‘ exp [—an(hx + ky + IZ) + la(hkl)]
h k 1
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FT jednoduche funkce

fo

Pe




FT jednoduche funkce

fo

Pe




FT jednoduche funkce f;

f1

Pe




FT jednoduche funkce f;

f1

Pe

270°




FT jednoduche funkce f,

E

Pe




FT jednoduche funkce f,

E

Pe




FT jednoduché funkce f,

f3

Pe




FT jednoduché funkce f,

f3

Pe




FT slozene funkce f, f,=f. +f,+f,

f4

Pe







FT slozené funkce f,

fa I A

Pe

f2

0 1 2 3 4 5
Frekvence h

3 4

5
Frekvence h

Frekvence h
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FT slozené funkce f,

fs I -

Pe
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FT slozene funkce f, f,=f. +f,+f,

f4

Pe

OO
, 270° 0° ‘
1 2 3 4 5

Frekvence h




X X - _ X

1 . :
p(xyz) = V_CZ Z Z ‘F(hkl)‘ exp Zﬂl(hx + ky + lZ) + la(hkl)]
h

N
1 . .
Elektronova hustota @mm O(y) = 72 |Fp| exp [_27” hx + l“(h)]

n=1
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Frekvence
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1
Elektronova hustota <= O(x) = TE@EXP [_Zﬂi@+ ]
n=1 l l

Amplituda
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Kolik atomu je ukryto ve funkci f,
f4
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Frekvence h

f4
Pe

1D experiment



Vicedimenzionalni experiment

90°

Frekvence h




Vicedimenzionalni experiment

90°

r~ |

4 5

Frekvence h [0,0] [1,0] [2,0] [3,0] [4,0] [5,0] h
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Fourierova transformace mrizky ,A"
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Fourierova transformace mrizky ,B”
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Fourierova transformace mrizky ,C"

L I (S T T | | L L1 | - L1

()

P

(@)}

o

©

v 80—_ u ;

u —_

S v
= 60

- — ~©

5 :

4o ] = c

5 40+ B h o

Q ] (@)}

02 T *

[

g 2] ) ®

T o

| - | 100000 I

0 — T v r T T 1 T 7 T T [ T T T T T 1 X -

0 0,5 1 1,5 ™

v V4 o/ LN

X Excel soubor pro vyzkouseni v materialech .

O

je nazvany “Mrizka_C"




Fourierova série jednoduché funkce

* Jedna perioda funkce f(x) = exp(—|x|)
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Fourierova série funkce

« Jedna perioda funkce f(x) = exp(—|x + 2|) + exp(—|x = 2|)
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Metody reseni fazového problému

e Metoda molekularniho nahrazeni
e Metoda izomorfniho nahrazeni
« Metoda anomalniho rozptylu

diffraction electron atomic
pattern density map model

crystal
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Fourierova transformace obrazku

| ( IO N Fourier Transform
« 227-Telomerase image 4 « image 3
Q
G
©
—
(@)
(@]
©
-+
wn
>
-
A4
~ (O
>
]
=
(<))
(@)
Cell parameters Mask Draw Transform Image Show Color ref +
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Odkaz program ZDE je potreba mit java na PC



https://www.epfl.ch/schools/sb/research/iphys/teaching/crystallography/diffraction-fourier-transform/

Real space cat Fourier amplitudes
and phases
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Unknown structure,
unknown orientation

&

Cat

Known structure

o

Manx cat

Diffraction
experiment

llllllll

=
Fourier

transform

Observed
amplitudes Phases
unknown!
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Fourier cat

Calculated amplitudes
and phases

'L

FT of Manx cat

Wrong orientation!
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Observed amplitudes (tailed cat),
calculated pha es (Manx cat)

5
e &
Inverted
Fourier
transform
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Model Bias

Duck Fourier transform
of duck
-_ °
Fourier ©
transform =
Duck amplitudes Looks like a cat!! 2
+ cat phases { | c
L Ed A
Inverted 2 '
Fourier "
transform >
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Fourierova transformace obrazku
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Opakovani R-factor, R¢... factor

Film

Diffracted
X-rays

tube Observed
reflections

Calculated
diffraction pattern

R-factor
Z HFobsl =2 lecalc”

hkl
> | Fobs|

hkl

R =

Rs.. factor

Z llFobsl . kIFcalc“

Z |Fobs|

hklCT
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Vypocet struktury z nahodnych fazi

Original structure Reconstructed structure
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Odkaz program ZDE je potreba mit java na PC



https://www.epfl.ch/schools/sb/research/iphys/teaching/crystallography/charge-flipping/
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