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magnetic field

Vektorovy model NMR

Makroskopicka magnetizace

Smér rotace je negativni!!

magnetization

/ vector

Z

Boltzmanova rovnice

Vop™ Vo1
spectrum
—_l M= +1/2 - -
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Vektorovy model NMR

Larmorova precesni frekvence

|
wy = —y By Vo = —E}’Bo
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Vektorovy model NMR

Detekce
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Vektorovy model NMR

Detekce

& & ‘_“ & L & = Mg sin B cos(wof)
? (_\ O 0 O 0 y = —Mp sin 5 sin(wot).

time
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Vektorovy model NMR
Rotujici souradna soustava
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Vektorovy model NMR

Larmorova frekvence v rotujici souradné soustave — efektivni pole

Z
Offset 2 = W) — Wrot. fram. - ABA s E
5 off
w=—yBb. N
B,
Q=—-yAB
Q2 S ,,
AB = ——. Befr = .\/BI‘+AB‘.
)4
€2 = wo — (—wRF) weft = Y Betr
= W + WRFE.- | B, AB
sinf = cosf = tanh = —
Begy Begy
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Vektorovy model NMR

Larmorova frekvence v rotujici souradné soustave — efektivni pole

Q=—yAB.

w| =y B

weff = ¥ Ber.
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Vektorovy model NMR

RF pulzy — plsobeni v rezonanci — offset O = AB= 0

@ p=90° © p=180°
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B= ot

M; = :'W” cos ﬁ fW_T = —:'W”ﬁill ﬁl



Vektorovy model NMR

RF pulzy — "tvrdé pulzy”

transmitter
frequency

B

p = wit, hence w; = —.

Ip

T /2
12 %< 10-°
= 1.3 % 10°rad s !,

w)] =

Je-liB=90° prot,= 12 us potom
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Detekce v rotujici souradné soustave

QID,
YTV, =X
_,_._du IRRTRTRM X
NN AN L
M, = —Mycos(€2r) o / —_
M_.i- = Mo sin(Q1). / t
M, time -
/ \
\\
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T = wil180
T

(1)] = m—
180

JL Jk_ e JL_

Vektorovy model NMR

Kalibrace rf pulzd

N

signal intensity

(e IIIZ;T ) =

| T
90° 1802 270°
m/2 T 3n/2

flip angle -
| . .
— Hz o) =—=— —=2.03 x 107 rad s~".
21180 1180 15.5 < 10-°

= 32.3 kHz
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Spinové echo

phase, ¢

time - 2t
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Faze rf pulzl

36



Vektorovy model NMR

Relaxace
1802 902
RF H - I
i} -
» \AAA

VY

increasing t

T
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Vektorovy model NMR

Off-rezonancni vlivy a slabé pulzy
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Vektorovy model NMR

Selektivni excitace a slabé pulzy

strong pulse JL~ JL JL
excitation /\/\/\/\/\/\/\/\/\

selective pulse —* A,

offset ———— =

transmitter
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Vektorovy model NMR

Selektivni inverze a slabé pulzy

-20 -10 10 20 -
LT
Mz .y oF Mz
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