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Abstract: Initiated by well logging NMR, portable NMR instruments are being developed for a variety 
of novel applications in materials testing, process analysis and control, which provides new opportunities 
for geophysical investigations. Small-diameter cylindrical sensors can probe short distances into the 
walls of slim-line logging holes, and single-sided sensors enable non-destructive testing of large objects. 
Both sensors are characterized by small sensitive volumes. Barrel-shaped magnets that accommodate 
the sample in their center have higher sensitivity due to a larger sensitive volume but can accommodate 
only samples like drill cores, which fi t in size to the diameter of the magnet bore. Both types of magnets 
can be scaled down to the size of a coffee mug to arrive at sub-compact NMR equipment. Portable NMR 
magnets are reviewed in the context of applications related to geophysics. 
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1 Introduction
The development of NMR methods, hardware, and 

applications has been in constant evolution since the first 
experiments on condensed matter in 1945. Currently, sub-
compact NMR machines, that is, mobile or portable NMR 
instruments smaller than desktop NMR machines are being 
developed following the trend in miniaturization encountered 
in many areas of technology, such as in cell-phone 
technology. In fact, apart from the magnet, the cell phone is 
an NMR console. To arrive at a small NMR device the most 
bulky component, the magnet, needs to be made small. A 
prominent example of a small NMR magnet is the NMR-
MOUSE (Nuclear Magnetic Resonance-Mobile Universal 
Surface Explorer) (Eidmann et al, 1996), a stray-fi eld NMR 
sensor similar to a well logging sensor but with a more 
inhomogeneous fi eld, which is suitable for many applications 
in non-destructive testing of large objects (Blümich et al, 
2008a). Different efforts are under way to arrive at small, 
sub-compact NMR machines with a variety of magnets 
(Blümich et al, 2008a; Demas and Prado, 2008) dedicated 
to specific purposes, such as the analysis of geophysical 
drill cores (Anferova et al, 2007), soil moisture, and the 
detection of particular analysis targeted by functionalized 
super-paramagnetic nano-particles in biological samples 
(Sillerud et al, 2006; Lee et al, 2008). Most systems are void 
of spectroscopic resolution, and fi nd application in relaxation 
analysis and imaging. With the progress in shimming the 
magnetic fi eld, the ratio of signal-bearing volume to magnet 

size increases, and NMR spectroscopy becomes feasible with 
small permanent magnets. 

Mobile NMR started with the development of NMR 
sensors for use in well logging (Brown et al, 2001; Coates 
et al, 1999; Dunn et al, 2002). Subsequently small and 
compact desktop spectrometers with permanent magnets were 
developed, which received little attention compared to the 
high-field spectrometers for chemical analysis and medical 
imagers but fi nd important use in different fi elds like polymer 
and food analysis. With the electronics and the magnet 
becoming smaller, the compact desktop instruments shrink to 
sub-compact instruments that can be carried along to the site 
of the object (Blümich et al, 2008a). 

In  the course  of  miniatur iz ing the magnet ,  the 
development of the NMR-MOUSE is a prominent milestone 
(Eidmann et al, 1996). Several variants of this unilateral NMR 
sensor with different magnetic field profiles and degrees of 
homogeneity have been developed (Blümich et al, 2008a; 
Demas and Prado, 2008). One is the NMR endoscope (Haken 
et al, 1998; Mauler, 2006; Zur, 2004). This is a device similar 
to a well logging sensor but with a diameter of 2 cm and less. 
In fact for analysis of arterial plaques, an endovascular NMR 
endoscope with an outer diameter of just 1.7 mm has been 
developed (Zur, 2004). Such devices can be scaled to fi t slim-
line boreholes for measurement of soil moisture and moisture 
transport in the bore-hole walls. Yet with decreasing diameter 
and size, the accessible depth shrinks. For example, the 
useful measurement depth for a 20 mm diameter endoscope 
is less than 5 mm. Access to larger depths requires larger 
sensors. For this purpose the Profile NMR-MOUSE (Perlo 
et al, 2005) has been scaled up to reach depth of 25 mm. The 
resultant device is a compact, unilateral NMR sensor with 
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measured at 30 MHz with the sub-compact magnet shown 
in Fig. 7(a) using a sample tube of 2 mm diameter. The fi eld 
homogeneity needs to be improved by further iterations of 
the shim magnet displacements. To this end, the precision 
with which the shim magnets can be displaced is currently 
being increased. Such magnets could be used for example for 
chemical analysis of oil and drilling fl uid down-hole inside a 
well logging tool. 

7 Summary
Mobile NMR requires small magnets to be carried along 

to the site of the investigation. Open stray-field magnets 
are traditionally used in well logging. Smaller versions lead 
to slim-line logging tools that can be employed in narrow 
bore holes to study wetting and drying processes in the 
unsaturated soils and rock formations of the vadose zone. By 
appropriately shaping the sensitive volume external to the 
sensor into fl at or curved slices, stray-fi eld NMR sensors can 
be used for materials analysis. For example, the Profi le NMR-
MOUSE exhibits a thin and flat sensitive volume suitable 
for high-resolution depth profi ling. Stray-fi eld NMR sensors 
pose no limitations on the object size. But closed magnets, 
such as Halbach magnets produce a homogeneous fi eld with 
a volume larger than that of a stray-fi eld sensor and at higher 
fi eld than a stray-fi eld sensor. Consequently, closed magnets 
are preferred for the construction of small, sub-compact 
NMR machines applicable to samples small enough to fit 
inside the opening of the magnet. Either magnet type, open or 
closed can be shimmed to arrive at a homogeneity suffi cient 
to measure 1H NMR spectra, for example, of oil down-hole in 
the well. 
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