Basic Principle of the
NMR Measurement
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The Continuous Wave (CW) Method
The Pulsed NMR Method



The Continuous Wave (CW) Method
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Frequency Sweep Method
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Table 1-2.
1H and *C resonance frequencies
at different magnetic flux densities

Bo.
Bo Resonance
frequencies
|17 [MHz]
H 1C
2.35 100 25.15
4.70 200 50.32
5.87 250 62.90
7.05 3 7547
9.40 400 100.61
11.75 500 125.76
14.10 600 150,90
16.44 7 176.05
17.62 750 188.62
18.79 300 201.19
2114 900 226.34
13.49 1000 251.48

4 Values from the Bruker Almanac
2010.

The Pulsed NMR Method
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Figure 1-7.

Schematic representation of a
pulse. The r. f. generator (fre-
quency ) is switched on at time
fo and off at 1;. The pulse duration
e 1s typically several ps.
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Figure 1-8.

Frequency components of a pulse. . I-}al El ])U!SE‘ )

The band extends approximately ookl YU e g L °L'95 U"'"n'-.' <=

fromvi—7p 'tow + 7p L v isthe Sg 0

generator frequency and v4 and va

are the resonance frequencies of

nuclei A and B.

The Pulse Angle
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Representation of a inear alter- ..LWLI
nating field (max. 28,) as the
sum of two rotating hiclds, B (r)

(clockwise) and B (1) (anticlock- . - a “v
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Figure 1-10.

Direction of the macroscopic 6 = yByitp (1-14)
magnetization vector My in the

rotating coordinate system:

a) after a pulse of arbitrary angle

€,..: b) after a 905 pulse: c) after

a 1805 pulse. The wavy line along

the x'-axis indicates the direction

of the effective B, field.
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Figure 1-11.

Dependence of the NMR signal
from a water sample on the pulse
angle €. In the experiment the
pulse duration e was increased in
1 ps steps. The maximum signal
amplitude is obtained with a 90°
pulse, which in this case corre-
sponds to a pulse duration of about
8 us. Forrp = 15to 16 us the signal @ = p By; rp (1-14)
amplitude is zero, as the pulse angle

is then 180°. For still longer pulses

the signal amplitude is negative.
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Figure 1-12.

Pictorial representation of phase
coherence: after a 905 pulse a
fraction of the nuclear spins (not
all!) are bunched together in phase
as they precess about the field
direction z.



