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Abstract

Access to an ultra-wide bore (105 mm) 21.1 T magnet makes possible numerous advances in NMR spectroscopy and MR imag-
ing, as well as novel applications. This magnet was developed, designed, manufactured and tested at the National High Magnetic
Field Laboratory and on July 21, 2004 it was energized to 21.1 T. Commercial and unique homebuilt probes, along with a standard
commercial NMR console have been installed and tested with many science applications to develop this spectrometer as a user facil-
ity. Solution NMR of membrane proteins with enhanced resolution, new pulse sequences for solid state NMR taking advantage of
narrowed proton linewidths, and enhanced spatial resolution and contrast leading to improved animal imaging have been docu-
mented. In addition, it is demonstrated that spectroscopy of single site 17O labeled macromolecules in a hydrated lipid bilayer envi-
ronment can be recorded in a remarkably short period of time. 17O spectra of aligned samples show the potential for using this data
for orientational restraints and for characterizing unique details of cation binding properties to ion channels. The success of this
NHMFL magnet illustrates the potential for using a similar magnet design as an outsert for high temperature superconducting insert
coils to achieve an NMR magnet with a field >25 T.
� 2005 Elsevier Inc. All rights reserved.
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1. Introduction

The struggle to achieve higher magnetic field
strengths for NMR has been primarily motivated by a
fundamental need for resolution and sensitivity, but
there are many other advantages associated with high
magnetic fields. In general, these advantages are not
applicable to all experiments or to all sample applica-
tions. However, these advantages often have a multipli-
cative effect, for instance an improvement in resonance
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linewidth, from a change in relaxation rates or improved
sample orientation, not only improves spectral resolu-
tion, but also improves sensitivity. Consequently, an
incremental improvement in field strength can often lead
to dramatic advantages for the spectroscopy or imaging
of specific molecular systems. Here, we illustrate a few
high field advantages through spectra obtained on the
105 mm room temperature bore 21.1 T magnet at the
National High Magnetic Field Laboratory (NHMFL).

In July, 2004 this project funded by the National Sci-
ence Foundation was brought to fruition when this
superconducting NMR magnet was energized to full
field. Here, we report on initial scientific findings from
this unique magnet.
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2. Ultra-wide bore 900 MHz NMR spectrometer

2.1. Superconducting magnet

The ultra-wide bore 900 MHz superconducting NMR
magnet was developed, designed, manufactured, and
tested by a team of engineers at the NHMFL and an
industrial partner, Intermagnetics General [1–7]. Bring-
ing the world�s largest NMR magnet to operation marks
a significant achievement in magnet technology and this
milestone was achieved without incurring any training
quenches in the final cryostat. This cryostat, shown in
Fig. 1, stands 4.9 m (16 feet) tall, weighs over
13,600 kg (30,000 lb), and has a stored energy of 38 MJ.

The magnet is a concentric assembly of 10 supercon-
ducting coils connected in series. Each of the coils is
wound with a monolithic superconductor, composed
of either niobium–tin (Nb3Sn) or niobium–titanium
(NbTi) filaments in a copper matrix. The coils are rein-
forced with stainless steel bands and are vacuum
impregnated with cryogenically tough epoxy for struc-
tural support. The magnet resides within a vessel of
the cryostat containing 2400 L liquid helium at atmo-
spheric pressure. This ‘‘magnet vessel’’ is conductively
cooled to a temperature of 1.7 K by use of a closed loop
heat exchanger. The pressure of the saturated helium in
Fig. 1. Ultra wide bore 900 MHz NMR magnet system at the
National High Magnetic Field Laboratory.
the heat exchanger is reduced to achieve the superfluid
conditions. The level of helium in the heat exchanger
is controlled by a Joule–Thompson (JT) valve that
draws liquid in from the 1100 L Helium-I reservoir. This
liquid, prior to going through the JT-valve, is precooled
to near the lambda point, Tk, by the vapor that is being
pumped off. The cryostat also contains a number of
thermal shields and multi-layer insulation to suppress
the radiative heat loads.

The 900 MHz magnet was originally conceived as a
prototype for the outer coils of a standard bore
1.1 GHz (25 T) NMR magnet in which the field exceeds
the operational limits of conventional low temperature
superconductors (LTS) [8]. A 25 T magnet would re-
quire the innermost coils to be constructed of high tem-
perature superconductors (HTS). The HTS coil would
produce 5 T with the remaining LTS coils producing
20 T. The 900 MHz magnet is of the same scale as a
1.1 GHz magnet, but its innermost coil is constructed
of LTS, which adds an additional 1.1 T for a total cen-
tral field of 21.1 T and a large cold bore inner diameter
of 140 mm.

After reaching 21.1 T, an initial adjustment of the
superconducting shims was performed to achieve a mag-
net homogeneity of approximately ±2 ppm over a 4-cm
sphere [9]. An 18-channel room temperature (RT) shim
set, with an inner diameter of 89 mm, developed by Res-
onance Research Inc. (RRI), was installed to further im-
prove the uniformity to ±0.1 ppm in a cylinder 17 mm
in diameter and 35 mm in height and to ±5 ppb over a
1 cm DSV at the center of the field, which is sufficient
for imaging and solid-state NMR. A second standard
bore RT shim set provided by Bruker Biospin is being
used for high resolution solution NMR.

Measured within a few days of achieving the field, the
decay rate was 523 Hz/h. Over the subsequent 9 months,
the decay rate has decreased slightly to 498 Hz/h, a
change of 2 Hz/month. Because the stability required
for NMR applications is typically 5–10 Hz/h, it was nec-
essary to find some ways to compensate for the drift.
The drift was discovered during preliminary tests of
the magnet before it was inserted into the final cryostat.
Measurements of voltages across the various coil sec-
tions indicated that the decay is most likely due to a de-
fect near one of the persistent joints. Several methods
for compensating drift in NMR magnets have been pro-
posed [10,11], but were not practical to implement. A
new method of current injection was proposed and test-
ed [12] that required minimal modification to the magnet
to inject current through low loss leads into one of the
main superconducting coils. As constructed, this system
is capable of correcting for field drift over a continuous
period of >1000 h. Short term tests at 16.9 T indicated
that this compensation system would operate as de-
signed. However, we have chosen not to operate this sys-
tem routinely because it increases, however slightly,
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some risk for the magnet and cryostat, and a satisfactory
alternative is available. Instead, we have simply applied
a current ramp to the Z0 coil of the RRI shim set. This
allows drift compensation for about 5.3 days, as shown
in Fig. 2, before it is necessary to reset the current source
and the spectrometer frequency. To date, there has been
no evident problem with either bore heating or B0

homogeneity associated with the Z0 coil ramp, and the
maximum ramp period has not limited the duration of
NMR experiments. If any of these issues become signif-
icant, the current injection system can be employed.

It is worth noting that the magnet needs to be re-en-
ergized to 900 MHz when it drifts beyond the frequency
range of hardware in the console (such as the 1H pream-
plifier) or the 1H tuning range of the probes. Based on
the current drift rate, the magnet will be re-energized
once a year with the first boost in field planned for Au-
gust 2005.

2.2. NMR spectroscopy

All NMR experiments were performed on a 4-chan-
nel Bruker Avance 900 MHz console with solution, solid
state, and micro-imaging NMR capabilities. The NMR
console is equipped with 1H/19F solid state amplifiers
(100 W output for solution and 800 W for solid state
NMR), and one 1000 W and two 500 W amplifiers for
broadband irradiation. The console also has 60-A triple
axis gradient amplifiers for imaging and diffusion NMR
experiments.

For solution NMR experiments, a Bruker 5-mm in-
verse triple resonance 1H{13C, 15N} probe with a 2H
lock was used. With the standard bore RT shim set, a
1H sensitivity of 1946:1 was achieved for ethylbenzene
in CDCl3. The

1H lineshape and resolution for the stan-
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Fig. 2. Drift compensation at 900 MHz for a period of 24 h, achieved b
uncompensated drift (a) was previously measured to be 512 Hz/h. The residua
scale is shown in (c).) Even higher quality compensation could be achieved b
system. Correction through the Z0 coil in the RRI shim tube provides drift
dard test sample of CHCl3 in acetone were characterized
by 6.6/7.9 and 0.65 Hz, respectively. This probe includes
actively shielded X, Y, and Z gradient coils with variable
temperature control.

A Bruker Doddrell micro-imaging probe system was
used in imaging measurements. The system includes lin-
ear birdcage coils with inner diameters of 5, 10, and
30 mm and a 3-mm diameter solenoid.

For solid state magic angle spinning (MAS) NMR
experiments, a 3.2-mm Bruker HCN triple resonance
MAS NMR probe was used. The observed 13C linewidth
at half height for the NMR resonances of natural abun-
dance adamantane was 4.3 Hz with good lineshape,
indicating that the RRI�s 18-channel RT shims provide
sufficient field homogeneity for high resolution solid
state NMR experiments. In addition, static solid-state
17O and 15N NMR experiments were carried out using
a home-made 1H–X transmission line NMR probe with
interchangeable sample coils described in detail below.
Temperature of the sample chamber was controlled to
within ±0.1 K using a Bruker BVT-3000 temperature
control unit.
3. Research on the 900 MHz magnet

3.1. Solution NMR spectroscopy

Solution NMR studies of integral membrane proteins
are intrinsically challenging due to the need for a lipo-
philic phase for solubilizing these proteins into an aque-
ous solution. Detergent micelles containing integral
membrane proteins typically result in particles larger
than 50 kDa. Such preparations often give rise to broad
resonances due to slow correlation times for the overall
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y a constant field ramp in the Z0 coil of the RT shim tube. The
l drift (b) after compensation was reduced to 1.32 Hz/h. (The expanded
y providing an accurate value of the drift rate parameter to the control
compensation for a period of about 5.3 days.
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tumbling rate. While this appears to be the typical situ-
ation there are occasions when the linewidths appear to
be narrower than would be predicted by the global cor-
relation time of the complex (personal communication
with Prof. Lukas K. Tamm). In addition, detergent sol-
ubilized membrane proteins often display heterogeneous
linewidths, presumably due to local dynamics. Such lo-
cal dynamics may also interfere with TROSY�s ability
to narrow the resonance lines [13].

Here, the M2 protein of influenza A virus, which has
97 residues including a 19 residue transmembrane helix,
forms a homo-tetrameric proton channel that acidifies
the viral interior during endocytosis and thereby facili-
tates viral infection. This homo-tetrameric assembly is
activated at low pH and inhibited by influenza drugs,
amantidine and rimantidine. M2 protein is a potential
paradigm system for functional, dynamic and structural
studies of viral ion channels and other proton channels.
The three-dimensional structure of the transmembrane
domain has been solved using solid state NMR (PDB
#1NYJ) [14], but the structure and functional analysis
of the full-length M2 protein still remains elusive.
Fig. 3 shows the 15N–1H TROSY spectrum of 1 mM
M2 protein in detergent micelles at pH 4 obtained at
900 MHz. This sample is a cysteine linked dimer and,
based on cross-linking studies, appears to be a tetramer.
With higher resolution and better signal-to-noise
achieved on the 900 MHz spectrometer, more than
95% of the expected peaks in the M2 protein have been
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Fig. 3. 15N–1H TROSY spectra of 1 mM M2 protein in DPC micelles
at pH 4 obtained at 900 MHz. The protein is a covalent dimer of 97
amino acid residues and appears to be a tetramer under these
experimental conditions (see text). The spectrum was obtained with 32
scans and 256 increments in the indirect dimension with a recycle delay
of 1 s.
identified. Such results represent a major step toward
achieving resonance assignments, essential for structural
and functional studies of the protein.

Although solution NMR rarely requires a wide bore
magnet, high quality TROSY spectra obtained at
900 MHz clearly indicate that both the homogeneity
and stability of this ultra-wide bore 900 MHz magnet
are sufficient enough for high resolution solution
NMR spectroscopy. Many of the solution multi-dimen-
sional NMR experiments for protein structural charac-
terization have been demonstrated using a standard
ubiquitin sample.

3.2. Solid-state NMR spectroscopy

Biological 17O NMR is intrinsically challenging due
to low sensitivity and resolution resulting from the low
gyromagnetic ratio, low natural abundance (�0.038%),
and large quadrupolar interactions [15]. Since many car-
bonyl oxygens in proteins actively participate in a vari-
ety of biological functions, 17O NMR spectroscopy
would permit direct studies of these sites.

Fig. 4 shows the 17O NMR spectra of aligned 17O-[D-
Leu10]-gramicidin A (gA) with and without the presence
Fig. 4. 17O NMR spectra of 17O-[D-Leu10]-gA uniformly aligned in
DMPC bilayers in the absence and the presence of KCl (2.4 M) with a
peptide:lipid ratio of 1:16. The 17O-[D-Leu10]-gA was prepared by
solid-phase peptide synthesis from corresponding Fmoc derivatives.
Fmoc-17O-D-Leu was synthesized from 17O-D-Leu, enriched at 57% by
acid-catalyzed exchange [32]. Each sample containing less than 3 lmol
17O labeled [D-Leu10]-gA was oriented between 30 lm thick glass slides
following the literature procedure [19]. All spectra were recorded using
the standard spin echo pulse sequence and phase-corrected over the
entire spectral width of 500 ppm. No 1H decoupling was employed in
the experiments and the 17O B1 field used was 42 kHz with a recycle
delay of 8 ms. About 2–4 h of signal averaging time was used to collect
each NMR spectrum. The 17O chemical shift of H2O was referenced as
0 ppm.
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Fig. 5. 15N–1H correlation spectra of a NAV crystal at 900 MHz with
(top) and without (bottom) 15N decoupling during the 1H chemical
shift evolution. The magic sandwich high order truncation (MSHOT)
homonuclear decoupling sequence [23] was used in the t1 dimension. A
short cross-polarization contact time of 120 ls was used to ensure that
the 15N magnetization was transferred from its closest 1H. The 1H B1

fields were 92 and 50 kHz during the MSHOT decoupling and cross-
polarization, respectively, while the 15N B1 field of 50 kHz was used for
cross-polarization and 15N decoupling in the t1 dimension. The
quadruture detection in the t1 dimension was achieved using the states
phase cycling. In the spectra, the scaling factor has been taken into
account in the 1H chemical shift dimension. The 1H chemical shift was
referenced to the water signal in NH4NO3 solution at 4.7 ppm.
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of K+. GA is a 15-residue polypeptide with an alternat-
ing sequence of D- and L-amino acids forming a right-
handed b-helical homodimeric channel structure with a
4.5 Å pore in hydrated DMPC lipid bilayers [16–18]. It
was previously shown through 15N anisotropic chemical
shifts [19] that the carbonyl oxygen of D-Leu10 is one of
three sites involved in cation binding. It is known that
the most deshielded chemical shift (CS) tensor compo-
nent, d11, is oriented close to the C@O bond and is
extremely sensitive to ion binding. For samples with
the bilayer normal uniformly aligned parallel to the
magnetic field, the Leu10 d11 tensor element is almost
parallel to B0 [19] and consequently the observed aniso-
tropic CS in Fig. 4 are close to d11 (480 ppm). While line-
widths appear quite broad, which results in large part
from fast quadrupolar relaxation, they are, in fact, rela-
tively narrow compared to the CS anisotropy and de-
spite the broad lines sensitivity is very high. In the
absence of the K+ cations, the position of the anisotrop-
ic 17O chemical shift resonance does not change at tem-
peratures below 27 �C (cf. Fig. 4) but shifts by about
10 ppm above the lipid�s phase transition temperature
as rapid global motion of gA is induced about the bilay-
er normal.

In the presence of 2.4 M KCl, at least 80% of the gA
channels are doubly occupied, i.e., one ion per monomer
[19,20]. Above the phase transition temperature, the 17O
NMR resonance shifts by as much as 40 ppm upon the
addition of K+. It has been hypothesized [21] that ions
bound to gA are delocalized over carbonyls 10, 12,
and 14 exposed at the channel entrance and exit. Appar-
ently, the time-averaged K+ position is more distant
from the Leu10 site as the temperature is lowered below
the phase transition and at 9 �C there is no longer any
evidence of an interaction between K+ and the carbonyl
oxygen. Possibly, the potential energy profile for ion
binding is influenced by the dramatic increase in the
bilayer thickness below the lipid phase transition.
Importantly, the principles of ion binding and conduc-
tance across the membrane learned here are similar to
those in ion selective channels such as the K+ channel,
KcsA. Thus, this 17O NMR approach for characterizing
ion binding carbonyl sites has considerable potential.

One of the major problems in protein structural char-
acterization using PISEMA data is the degenerate solu-
tions associated with the orientational restraints.
Generally, a peptide plane has four possible orientations
with respect to B0 that fulfill the same 15N chemical shift
and 15N–1H dipolar coupling. With better 1H resolution
at 900 MHz, it will be possible to introduce 1H aniso-
tropic chemical shift restraints into the structural deter-
mination to eliminate some of the degeneracies. Fig. 5
shows the anisotropic 1H–15N chemical shift correlation
spectrum of a static 15N-acetyl-valine crystal at
900 MHz recorded with and without 15N decoupling
during 1H chemical shift evolution. Two 15N resonances
were observed at this arbitrary orientation due to the
existence of two inequivalent molecules per unit cell in
the crystal [22]. After considering the scaling factor in
the 1H chemical shift dimension, resulting from 1H
homonuclear dipolar decoupling [23], the 1H linewidth
was 1.2 ppm, while it was 2.1 ppm from the same crystal
sample at 300 MHz. Without 15N decoupling, the corre-
sponding 1H–15N dipolar couplings split each of the res-
onances into doublets. Therefore, such experiments
allow us to obtain the 1H–15N dipolar couplings, as in
PISEMA experiments [24], and to acquire the additional
anisotropic 1H chemical shift restraints, without a need
to perform time-consuming three-dimensional experi-
ments [25,26].

3.3. MR microscopy

At high magnetic field strengths, a large number of
anatomical structures can be defined accurately in
magnetic resonance microscopy (MRM) [27–29]. The



Fig. 6. Gradient-recall echo images of an excised, perfusion-fixed
C57BL/6J mouse brain in a 10-mm linear birdcage recorded at 21.1 T.
A true 3D gradient-recall echo dataset was acquired at a resolution of
18 · 18 · 35 lm in 29 h using the following imaging parameters:
matrix = 1024 · 512 · 256; TE/TR = 12.5/100 ms; averages = 8;
FOV = 1.9 · 0.92 · 0.8 cm; bandwidth = 100 kHz; 50� tip angle = 25-
ls hard pulse. A series of 2D multi-slice gradient-recall echo images
(40 · 40 · 250-lm resolution) were acquired to sample T �

2 using the
following parameters: matrix = 230 · 200; TE = 4.5–24.5 ms; TR =
1.5 s; averages = 2; FOV = 9.2 · 8.0 mm; slice thickness = 250 lm;
number of slices = 17; 90� pulse = 2-ms three-lobe sinc pulse; and
imaging time per dataset = 10 min.
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growing potential for applications of MRM technology
in the arenas of morphology, gene expression, and nano-
technology has increased the need for comprehensive
microimaging of rodent neuroanatomy with accurate
segmentation of structures as well as quantitative analy-
sis of MR parameters. It is widely recognized that
numerous MR contrast mechanisms (T1, T2, and T �

2)
are dependent upon magnetic field strength, offering
opportunities for enhanced and emergent contrast
mechanisms at high fields. Additionally, high fields pro-
vide increased signal, which can be utilized to increase
spatial resolution or decrease acquisition times. Finally,
the bore size of the 900-MHz UWB system provides a
unique opportunity for MRM to be extended to sample
sizes beyond the capability of existing microimaging sys-
tems. These samples potentially include large in vivo ro-
dents (adult rats, guinea pigs, etc.) as well as sizeable
ex vivo specimens.

As shown in Fig. 6, the gradient-recall echo images of
an excised, perfusion-fixed C57BL/6J mouse brain ac-
quired with a 10-mm linear birdcage coil at 900 MHz
illustrate the great potential of MR microscopy at high
fields. The axial image of Fig. 6 (top) is a slice from a
three-dimensional data set with a resolution of
18 · 18 · 35 lm in 29 h. The spatial resolution permits
clear visualization of layering in both the cortex and cer-
ebellum as well as white matter fibers in the corpus
callosum, cerebellum and olfactory bulbs. The four
coronal images at the bottom of Fig. 6 were acquired
in 10 min using a multi-slice sequence with a resolution
of 40 · 40 · 250 lm. Clockwise from the upper left, the
images display increasing T �

2 weighting with echo times
increasing from 4.5 to 24.5 ms. To underscore the homo-
geneity of this system, the increase in tissue contrast
with increasing T �

2 weighting is not significantly dimin-
ished by either a significant loss in signal-to-noise ratio
or a drastic increase in undesirable susceptibility arti-
facts. Again, these coronal images display distinct struc-
tural features, particularly in the hippocampus where
individual cellular layers can be identified because of
the superior T �

2 contrast.

3.4. 1H–X broadband transmission line probe at high fields

The well known transmission line probe [30,31] con-
sists of a single sample coil, a low RF loss transmission
line, and a matching network mounted outside the mag-
net. This probe has an efficient low frequency detection
channel. However, in a physically long, high field mag-
net, this approach leads to unacceptable loss in the high
frequency 1H channel. For example, in the 900 UWB
magnet, the distance from the field center to the magnet
flange is >1.5 m and spans almost five wavelengths. An
additional disadvantage of the conventional design for
high frequency 1H operation is the B1 inhomogeneity
associated with its unbalanced RF coil, and its undesir-
able effect on cross-polarization efficiency. To make it
more useful in the 900 UWB, our homebuilt transmis-
sion line probe design has been modified as follows: high
frequency loss has been reduced by locating tuning and
matching capacitors within the bore of the magnet—1/
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4k to 1/2k below the coil. Correction of B1 homogeneity
was made by having a portion of probe�s RF shield serve
as a sleeve balun to electrically balance the sample coil at
the 1H frequency. With these two modifications, the ori-
ginal transmission line design can be efficiently used in
long bore, high field magnets such as the NHMFL
900 UWB.

Fig. 7 shows a schematic diagram of the probe. Be-
cause of their low RF loss, 75 X air coaxial cables were
used throughout. The lengths of three coaxial cables
from point �b� to points �a,� �c,� and �d� are critical for
proper functioning of the probe: to transfer maximum
power to the sample coil and to create the maximum
B1 field. [31] The optimal lengths of the cables depend
on the impedance of the RF coil and the operating fre-
quency. The probe shield, which is a grounded 1/4k
away from point �a,� acts as ‘‘sleeve balun’’ and electri-
cally balances the sample coil at the 1H frequency. The
coaxial cable from �a� to �b� is used to create a voltage
node at �b,� while the cable length between �b� and �c� aids
in 1H tuning. For proper isolation between two chan-
nels, a cable is added from point �b� to �d.� The latter
cable is nearly a 1/4k long, thus producing high imped-
ance at point �b� and reducing the transfer of power at
the 1H frequency to the X observe port. At the lower
X frequency, the low ac resistance of the large diameter
(0.37500�) center conductor in the transmission line
between points �d� and �a� ensures that most of the power
in the X observe port dissipates in the sample coil and
Fig. 7. Diagram of 900 MHz compact transmission line probe.
not in the matching network. Capacitor C5 serves to
balance the sample coil at the observe frequency, reduc-
ing the voltage across the circuit and allowing for higher
power experiments.

This modified, double-tuned compact transmission
line probe for a high field magnet provides an efficient
low frequency observe channel while preserving the per-
formance and homogeneity of the 1H channel. For
example, at the 1H frequency (900 MHz), 170 kHz B1

fields were achieved with 250 W of input power using
a 4.1-mm ID solenoid sample coil (5.5 mm long, 4.5-
turns), with the RF homogeneity A810�/A90� �80% over
the 5-mm long sample of 100% neutral parafinic oil.
At the 17O observe frequency (122 MHz) 150 kHz B1

fields were achieved at 700 W using a sample of 5.5 mg
of 40% labeled 17O Gly in H2O solution. While for
15N detection (92 MHz) the power required to generate
100 kHz B1 field was 675 W. Channel isolation was
�50 dB from 1H to the broadband port, and at least
25 dB in the opposite direction depending on the ob-
served nucleus. The spectra obtained using this trans-
mission line probe are presented in Figs. 4 and 5 of
this manuscript.
4. Summary

High performance NMR capabilities in solution, sol-
ids, and imaging have been demonstrated in the ultra
wide bore 900 MHz NMR magnet. The NMR measure-
ments clearly indicate that this newly available ultra
wide bore magnet is of high quality in terms of field
homogeneity and stability and is capable of performing
a wide variety of scientific applications, ranging from
materials research to macromolecular biological struc-
ture determination and non-invasive MR imaging. This
900 MHz Ultra Wide Bore NMR User Facility will be
open for users in August 2005. Applications for the
900 MHz spectrometer time are currently being accept-
ed. Interested scientists are encouraged to review sample
spectra and other relevant information at http://
nmr.magnet.fsu.edu/. The application forms and a
description of the application process can be found at
http://nmr.magnet.fsu.edu/facilities/900_105mm_TLH-
ss.htm.
Note added in proof

The UWB 900 was successfully re-energized from
894 MHz to 900 MHz on September 8, 2005.
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