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Magnetic field distribution of the basic magnet is essential measurement in the Nuclear Magnetic Resonance (NMR). It is useful 
for the magnet homogeneity setting and also for many further parameters calculation. Magnetic field distribution is derived from 
the basic magnet inhomogeneity measurement. The simplest way of its measurement is processing the NMR data (signal from 
NMR experiment after the Fourier transform) for their phase is proportional to the inhomogeneity. Experimental measurement was 
performed and possible errors are indicated. 
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1  INTRODUCTION 

 
 

Magnetic field measurement can be very useful in Nu-
clear Magnetic Resonance (NMR) not only for the basic 
magnet setting but also for measurement quantities con-
vertible to magnetic field or to inhomogeneity of the basic 
magnetic field of NMR scanner. Several methods have 
been developed for inhomogeneity of the basic magnetic 
field measurement with different advantages and disad-
vantages. The most common method is the gradient echo 
sequence with phase pictures as an output. Its disadvan-
tage is periodicity of the exponential function of imagi-
nary variable. More advanced methods are based on spec-
tral line examination, nevertheless they are much more 
time consuming [1], [2] and [3]. The purpose of the article 
is to present method of inhomogeneities of the basic mag-
netic field measurement based on the gradient echo se-
quence. The measurement is performed two times with 
different echo times. The ratio of the both Fourier images 
is calculated and its phase is a base for inhomogeneity 
calculation. Periodicity of the exponential function of the 
imaginary variable is effectively suppressed in this way. 
Moreover some errors caused by NMR hardware can be 
suppressed efficiently in such manner. The method can be 
used on almost every NMR tomograph. 

 
 
 

2  SUBJECTS AND METHOD 
 
 

The method has been tested on the NMR data gener-
ated by the 0.1 Tesla experimental whole-body NMR 
imager TMR-96. This device is controlled by S.M.I.S. 
console (Surrey Medical Imaging Systems Limited, Guild-
ford, UK).  In our NMR experiments a circular plastic 
vessel (diameter of 110 mm) filled with 0.1 % solution of 
CuSO4 in distillated water (applied for relaxation time 
shortening) was used (Fig. 1). Measuring parameters: GE 
sequence, 8 averages, ms151 =TE , ms162 =TE , repeti-

tion time TR = 300 ms, slice thickness = 5 mm. Measure-
ment using GE sequence rendered set of complex num-
bers, the phases of which are proportional to basic mag-

netic field inhomogeneity and echo time. Measurement by 
gradient echo was repeated two times with different echo 
times TE. Subsequently, ratio of the both measured and 
Fourier transformed results were computed and the basic 
magnetic field from its phase inhomogeneity was calcu-
lated. 

 

 
Fig. 1. Experiment arrangement with transversally oriented slice. 
 
 
 
 

3  RESULTS OF EXPERIMENT 
 
 

A term of data matrix obtained by gradient echo se-
quence measurement and subsequent Fourier transform 
can be described by 

)exp( TEB∆−= γρ jI ,  

where 

ρ  is proton density, 

γ  is the gyro magnetic ratio, 

B∆  is average inhomogeneity of the basic magnetic field 
within a voxel, 

TE  is the echo time of the gradient echo sequence and 

1−=j . 

Phase can be calculated as an argument of the complex 
data 
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)arg(I=Φ . 

The exponential function of imaginary variable is peri-
odic, for only one period depicted, the condition must be 
valid 

πγπ ≤∆−≤− TEB . 

If inhomogeneity is higher or echo time longer the perio-
dicity distorts the result. The distortion can be excluded 
by shortening the echo time but this is limited by the pa-
rameters of the signal sampling. For almost arbitrary 
shortening the echo time, the following procedure can be 
used. 

In the first step the sample is scanned with the echo time 
of  1TE . After the Fourier transform, the following values 

of data are obtained 

)exp( 111 TEB∆−= jI ρ . 

Subsequently the same sample is scanned in the second 
step with longer echo time 2TE  and Fourier transformed 

values of data are given by 

)exp( 222 TEB∆−= γρ jI . 

Ratio of the both values is calculated as 
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For the whole span of phase within the sample the follow-
ing condition must be achieved 
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This can be easily fulfilled for the difference of the both 
echo times can be made very little. 

Inhomogeneity (in ppm) related to the working magnetic 
field of the scanner is calculated as 
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where of  is working frequency of the scanner. 

Result of the measurement is a matrix of values which can 
be depicted as an image. Magnetic field distribution of the 

experimental NMR scanner ( TBo 1.0≅ ; MHzfo 45.4= ) 

with purposely caused inhomogeneity using x-direction 
shim coil was measured and is depicted in Fig. 2(a). The 
program language Mathematica (Wolfram Research Inc., 
Champaign, IL) was used for the data processing and the 
figures creating. The echo time msTE 151 =  was used for 

the first measurement. The same sample measurement 
with msTE 162 =  is depicted in Fig. 2(b). It is evident 

that the difference between the both figures is not signifi-
cant. Effect of periodicity of the exponential function of 
imaginary variable is apparent in the both figures 2(a) and 
2(b). To acquire the absolute values of the measured mag-
netic field the whole measured span of the sample must be 
depicted within one period. It can be easily fulfilled with 
the procedure described above. Figure 2(c) shows the 
magnetic field distribution measured by the described 
method.  

 

 
Fig. 2. Magnetic field distribution of the experimental scanner with 

apparent artefacts due to periodicity (a) for msTE 151 = , (b) for 

msTE 162 = . Resulting magnetic field distribution measured by the 

examined method (c). The magnetic field distribution was caused by the 
1st order shim coil, correcting x-direction inhomogeneities. The original 
measured matrices were reduced to the points of the sample. 

 

The improvement in suppressing the distortion by the pe-
riodicity is evident. The whole measured span of magnetic 
field is within one period and the measured values can be 
considered as absolute ( 0=∆B  corresponding toof ).  

 
 

 

4  DISCUSSION AND CONCLUSIONS 
 
 

The experiments proved that the described method of 
magnetic field (or inhomogeneity) measurement is very 
promising. The undistorted span of the phase measure-
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ment was extended and resulting values of the magnetic 
field distribution can be received as absolute. 

 

Fig. 3. Resampled results of the measurement: (a) the measurement with 

msTE 151 = ;  (b) the same sample measured with msTE 162 = . The both 

measured data were resampled with the sampling interval 0.97 times 
shorter than in the original; (c) Resulting magnetic field distribution 
processed with the described method. The original matrices were re-
duced. 

 

 

Fig. 4. Results of the measurement resampled with longer sampling 

interval: (a) the measurement with msTE 151 = ;  (b) the same sample 

measured with msTE 162 = . The both measured data were resampled 

with the sampling interval 1.1 times longer than in the original; (c) 
Resulting magnetic field distribution processed with the described 
method. The original matrices were reduced. 
 
 

The measured inhomogeneity was created by the 1st 
order shim coil correcting the x-direction inhomogenei-
ties. The measured results in Fig 2(c) correspond to that 

but the gradients in original magnetic field distribution as 
seen in Fig. 2(a) (b) are rather different. 
 

 

 

Fig. 5. Medium row of the measured sample. The resampling influenced 
noise significantly but the inhomogeneity information within the sample 

was changed little. 
 
 

It is the proof that the rational measuring method of 
the NMR data phase also removes some other distortions 
caused by scanner hardware eg errors in timing and eddy 
currents induced in the surrounding metallic structures 
[7]. These imperfections cause phase errors in the result-
ing phase image and can be removed by the double acqui-
sition measurement. The influence of the inaccurate sam-
pling is illustrated in Fig. 3: in the Fig. 3(a) and (b) the 
original images measured with msTE 151 =  and 

msTE 162 =  but resampled with the sampling interval 

0.97 times shorter than that in original. Fig. 3(c) shows 
the processed data according to the described method. The 
influence on the echo time TE and in this way also on the 
image is evident. In spite of differences between Fig. 2(a) 
and Fig. 3(a) or Fig. 2(b) and Fig. 3(b) the figures Fig. 
2(c) and Fig. 3(c) are almost equivalent. Changes of TE 
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cause offset of the phase of NMR data. The possible way 
for removing it is the double acquisition measurement and 
ratio of the both sets of data. The measured data were re-
sampled also with longer sampling interval as can be seen 
in Fig. 4: in the Fig. 4(a) and (b) the measured images 
with msTE 151 = , msTE 162 =  but again resampled in 

this case with the sampling interval 1.1 times longer than 
in the original measurement. The data processed by the 
described method are depicted in Fig. 4(c). The offset in 
phase caused by changes in the echo time was effectively 
removed by rational processing and the differences in 
three (c) images are suppressed to minimal values. For 
comparison the same row from the resulting matrices was 
selected and depicted. Row in the middle of the measured 
sample was selected for the verification as shown in Fig. 
5. Noise except the sample was influenced by resampling 
significantly. Changes within the measured sample are not 
important, the character of the inhomogeneity is the same 
in the all three results of the rational processing. The dif-
ference between simple measured magnetic field inho-
mogeneity and the double-acquisition measurement with 
rational processing really can be caused by inaccuracies in 
the used NMR scanner timing. 

The method must be tested in more experiments to ver-
ify it in the full response. The both measurements from 
the Fig. 2 were resampled and subsequently processed 
with the described method. The results indicate that the 
distortion due to periodicity of the exponential function of 
the imaginary variable can be removed in this way. More-
over some inaccuracies in signal timing due to hardware 
imperfection can be compensated by double-acquisition 
measurement with rational processing the results. The 
method can be applied for magnet of NMR scanner shim-
ming or for measurement of DC magnetic field or dimen-
sions convertible to it. 
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