"d0 = (in0 - p2 - 1.28*p3)/2"

“p3 = 49 psec” (90° puls)
“p4 = 44 psec” (180° puls)
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cos ¢ = b/c

tan ¢ = a/b
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Without an external magnetic field
spins are oriented randomly in all possible directions
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a net magnetization...
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Net Magnetic

Moment
Vol
X -
#i i E:::rharllum X
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The observer is moving with
the angular velocity ® while
the spin is moving with oy
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then there can not be a
magnetic field

0g-® = Q=7 (B - w/y)

On resonance there is ho
maghetic field !
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B () —r,

Now we do a pulse, i.e. we irradiate with radio waves
and their magnetic component is of relevance here
This is called the RF-field
If the irradiation was not on resonance, it would have
to be as strong as the main field to be of significance
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in the opposite direction
compared to the spins and can
be ignored, the other
component, however, is on
resonance....
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Rotating Apparent
Static Field

Rotating
Observer

... and does thus appear to be static in the
rotating frame of reference
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B¢ =\[ (By)? + (B - /y)?
YBetr = V (vBy)? + Q2

Bo-ofy) O
B B,

Befr > By
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tan 0 =

the effective field.

The angle o is determined by
the length of the pulse (z,) and
the strength of the field (vB,)
o= xyBy
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Radio-

z z
+  frequency /\

Pulse

This is true for every spin...
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.. and thus also for the net magnetization

z
Y Y
RF-pulse

B, X " 4 X
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LR . performs a precession

! M, = cos ot exp (-1/T,)

- M, = sin ot exp (-1/T,)
M o M= MM

t M= exp (iot) exp (-1/T,)
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the rotation becomes
slightly more
difficult to describe
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Region where the
pulse is effective

y4 r4
Ay Region where the pulse Ay
is not effective /'
X " X
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armeatic nng

476 foprn| [ 1% 12 ] L 0 M o 0
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n rotations

on-resonance off-resonance
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Boe = 1/2 %1+ (Q/yB,)?
T . 180°
N s T = 1/(4  1B)
Q/4B,
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/2 = 2n (thBl)—> 1/(4YB1)=TP

n=2n(g,yB) —> 1/(2yB)=r1,

off-resonance

2nn = 21 (‘tp ¥ Begg) — > n/(y Bog) = T
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n/(y Begs) = 1/(4 v By)
¥ Begr = 4ny By

NGB+ Q2= 4ny B,

(7 B2+ Q2 = (4n)? (y B,)?
Q= ((4n)1) (v B)

(v B) = @ A ((4n)-1)

180° pulse (v B;) = @ A/ (@n)&-1)
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(1B)=QA15

(y B;) = 18000 /415 = 4.65 kHz

1, = 1/ (4 v By) = 54 psec

F w Peter Schmieder 27.01.2004

(GB)=Qn3
(v B;) = 18000 /43 =10.4 kHz
7, = 1/ (2 v By) = 49 psec

(yB)=0Q /‘\j 15
(v B;) = 18000 /415 = 4.65 kHz
7, = 1/ (2 v B) = 108 psec
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720° pulse,
thusn=2




P it S I I O s P - P
90°,120 ppm | n=1 | 3.1 81 | 47 WEEN 58 | 43 | 70 | 36
90°,130ppm | n=1 | 33 | 75 | 50 |[WEEMN 63 | 40 | 7.6 | 33
180°,120 ppm | n=1 | 6.9 | 72 | 10.4 @RS 130 | 38 | 156 | 32
n=2 | 31 | 161 | 47 BOEM 58 | 86 | 70 | 72
180°,130ppm | n=1 | 75 | 67 | 11.3 BEZEN 140 | 35 | 169 | 30
n=2| 33 | 149 | 50 | 99 | 63 | 79 | 76 | 66
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To calculate that we will have to switch coordinate
systems back and forth
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VBere = ()2 + @2

Befr = Ocf

the pulse angle is

- Beff = Tp @efr
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X x" M, sin 6

yll O
z" M, cos 6
in the new

coordinate system
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COS Pess Y My sin 0
Mo cos 6 (-Sin Beff)
Mo cos 0 cos Beff

after the puls
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M, sin 6
M, cos 0 cos B¢

Mo sin 6 cos 6 (1- cos Be¢f)
= Mo cos 6 sin ﬁgff
Mg [(cos 8)? cos B¢ +(sin 6)?]

is our result
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Q/vB, Q/vB,
27.01.2004

F w Peter Schmieder

Q/vB,

Q/vB,

F w Peter Schmieder

27.01.2004

fan ¢ =

_ sin 6 cos 0 (1- cos B¢)

this phase shift corresponds fo

€os 0 sin B

(p:A*Q
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sin 6 cos 6 (1- cos B¢)
€os 0 sin B

tan ¢ =

_ (Q/wy4) cos 6 (1- cos Bogy)

tan ¢ -
(ml/weff) sin Beff

cos 0 (1- cos B¢f) Q

Tan ¢ = ~
Sin Begs o)
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6~ 0

Bets ~ 90°

Weff ~ O

tano ~ ¢

____?4 _ N\ - /2 = oy T
o \H---H-\-\_"

o= /(2 * 1)
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_ oS0 (1-cosBey) _Q

sin Beff 1

A=1/o= (2/m) * 1,= 0.64 * 1,

-
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90, 180, 90, 180, 90, 180,

quﬂml doﬂdoluzﬂm
50 p2 0
X O O Entkopplung

and thats where the formula comes from

"d0 = (in0 - p2 p3)/2“

2% (2/m)!
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