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INTRODUCTION 
The shape of the nuclear induction signal is determined 

by structural types and dynamic processes in the analiz-
able substance. It depends on the conditions of observa-
tion: temperature, a radio-frequency (RF) impulse se-
quence type, a spatial inhomogeneity of the RF field and 
so on [1, 2]. The magnetic polarizing field inhomogeneity 
exerts essential influence on nuclear induction signal pa-
rameters. The form and the orientation of the sample have 
also effect. F. Bloch equations describing the motion of 
the macroscopic nuclear magnetization vector have been 
solved in case of the homogeneous magnetic field. The 
inhomogeneity influence is taken into account under the 
assumption that the real distribution of the magnetic field 
is known [3 – 5]. 
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where )0(xM  – initial value of the transversal compo-

nent of the magnetization vector, 00 Bγω =  the resonant 

value of the nuclear frequency in the field 0B , γ  - gyro-
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The sample is divided into elementary volumes. The 

field inside of them is considered to be homogeneous. The 
signal from the elementary volume is a two-variable func-
tion: of time t and of 00 BΔ=Δ γω  - a frequency deviation 

of a nuclear precession from its average value 00 Bγω = , 

where BΔ  - induction deviation from its average value 

0B  inside the volume element (the spot). In that case  
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– a precessional frequency in the elementary volume 
taking into account the screening magnetic effect, σ - con-
stant of the magnetic screening, α = Δω. Since field devia-

tions from the average value B0 are small value М(0) – a 
weak dependence function from inhomogeneity. This de-
pendence is neglected. 
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In case of the exponential distribution  

)/exp(
2

1
)( βα

β
α −⋅=f                                          (4) 

the total signal with the initial amplitude normalized to 
unity is 
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where )( tarctg ∗= βφ , βσβ )1( −=∗
, 00 )1( ωσω −=∗

, 
this and below index “x” is omitted. The phase of the 
induction signal is time-depended. Therefore the fre-
quency of total precession signal is changing.  
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where hh 2/)1( σ−=∗ . 

In case the Lorentz, the Gaussian, the triangular, the 
impulse (rectangular) field distributions the frequency is 

const=∗
0ω . Amplitude expressions for the Lorentz, the 

Gaussian and impulse distributions published in [5] agree 
with those which we deduced in special case of 0=σ . 

Let’s examine the pulse distribution with finite accel-
eration time. If the leading edge curve changes by Lor-
entz law 
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the nuclear induction signal is  
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MG  - Meijer G-function of the kind 
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If pulse “wings” modify by Gaussian law  
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the nuclear induction signal is 
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the formula is given by 
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If leading edges modify by the linear law (the trapezoi-
dal distribution) 
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Let’s consider two sites system (a and b) of the same 

nuclear spins with a chemical shift 0≠Δ abω . We will 
consider fast exchange between components a and b. In 
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2. For the exponential distribution (4) the formula 

is 
( ) ( )tmntAtFN 0sinexp)( ω−= ,                                 (12) 

where 

( ) ktmttk

ktt
k

m
tk

A

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

⎥
⎦

⎤
⎢
⎣

⎡
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

=
2

2

0

2

0

2
1

2

2
4

exp2
1

ω
β

β

πω
β

, 

n, m, k are the similar as above. 
Similar expressions have a place for the component of 

the longitudinal magnetization )(tM z
, if in foregoing 

formulas ),( αtM x
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Now work out the shape of the nuclear induction signal 
from the cylinder sample under the field with the constant 
gradient G. Let the gradient is directed along the coil axis 
coinciding with � (B=B0 – Gx). If the coil has got radius r0, 
the amount of turns N uniformly distributing among the 
length l  the electromotive force (emf) induced in the coil 
is  
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where the precession initial amplitude is 
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In extreme case ∗∗ >> δω0  and 120 >>∗Tω   
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If the field gradient direction is perpendicular to the coil 
axis (B=B0 – Gz or B=B0 – Gy) the emf value induced in 
the coil is  
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Here )(1 tJ ∗ϑ  - Bessel's function of the first order of the 
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CONCLUSIONS 
The shapes of the nuclear induction signals depend on 

the inhomogeneity type of the magnetic polarizing field. 
It is possible to perform effective filtrating of the mag-
netic resonance signals by the deduced expressions. It 
enables to increase a precision of the data processing and 
decrease experimental time.  
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