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_ According to some embodiments, NMR (nuclear magnetic 
‘cjoqesl?ndence Address‘ resonance) circuits include one or more variable capacitors 
LanalnD nc‘ each having tWo concentric cylindrical conductors. The 
313g; H epartlafnt D 102 inner conductor is connected to an upper external contact 
P l Alanseclk 942370 4' U s disposed closer to the NMR sample coil than the outer 
a 0 to’ ( ) conductor. The inner conductor and upper contact are gen 

. _ . erally exposed to higher voltages than the outer conductor, 
(73) Asslgnee' Vanan’ Inc' and the upper contact is shorter than the outer conductor. 

Ca acitance ad'ustment is erformed b movin the inner 21 A 1. N .1 10/965 481 P J P Y g 
( ) pp 0 ’ conductor longitudinally Within the outer conductor. Using 

(22) Filed: Oct 14, 2004 a relatively short contact for the higher-voltage capacitor 
node alloWs reducing the surface area most conducive to 

Publication Classi?cation arcing, and alloWs reducing lead lengths and stray capaci 
tances. Shorting the capacitor may be performed by moving 

(51) Int, C], the inner conductor to contact a capacitor base situated 
G01 V 3/00 (2006.01) opposite the upper external contact. 
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NMR SYSTEMS EMPLOYING INVERTED 
VARIABLE CAPACITORS 

FIELD OF THE INVENTION 

[0001] The invention in general relates to nuclear mag 
netic resonance (NMR) spectroscopy, and in particular to 
systems and methods using variable capacitors for adjusting 
the resonant frequencies of NMR measurement circuits. 

BACKGROUND OF THE INVENTION 

[0002] Nuclear magnetic resonance (NMR) spectrometers 
typically include a superconducting magnet for generating a 
static magnetic ?eld B0, and an NMR probe including one 
or more special-purpose radio-frequency (RF) coils for 
generating a time-varying magnetic ?eld B 1 perpendicular to 
the ?eld B0, and for detecting the response of a sample to the 
applied magnetic ?elds. Each RF coil and associated cir 
cuitry can resonate at the Larmor frequency of a nucleus of 
interest present in the sample. The RF coils are typically 
provided as part of an NMR probe, and are used to analyZe 
samples situated in sample tubes or How cells. The direction 
of the static magnetic ?eld B0 is commonly denoted as the 
Z-axis, While the plane perpendicular to the Z-axis is com 
monly termed the x-y or G-plane. 

[0003] The frequency of interest is determined by the 
nucleus of interest and the strength of the applied static 
magnetic ?eld B0. In order to maximize the accuracy of 
NMR measurements, the resonant frequency of the excita 
tion/detection circuitry is set to be equal to the frequency of 
interest. The resonant frequency of the excitation/detection 
circuitry is generally 

Where L and C are the effective inductance and capacitance, 
respectively, of the excitation/detection circuitry. 

[0004] Additionally, in order to maximize the transfer of 
RF energy into the RF coils, the impedance of each coil is 
matched to the impedance of the transmission line and 
associated components used to couple RF energy into the 
coil. If the coil is not impedance-matched, a sub-optimal 
fraction of the RF energy sent to the coil actually enters the 
coil. The rest of the energy is re?ected out, and does not 
contribute to the NMR measurements. 

[0005] Variable capacitors may be used to adjust the 
circuit resonant frequency and to ensure optimal impedance 
matching. Typical variable capacitors used in NMR appli 
cations are non-magnetic capacitors capable of operating at 
voltages on the order of several kV. Such variable capacitors 
are often placed in a space-constrained region Within the 
nuclear magnetic resonance probe, for example in a region 
immediately underneath the NMR sample coil. The tight 
spaces available Within typical NMR probes and the high 
voltages applied to such variable capacitors may lead to 
undesirable arcing from the capacitors to surrounding probe 
components held at loWer voltages. In addition, some NMR 
circuits may suffer from undesirable stray capacitance, 
Which may degrade the circuits’ performance. 

SUMMARY OF THE INVENTION 

[0006] According to one aspect, the present invention 
provides a nuclear magnetic resonance apparatus compris 
ing a nuclear magnetic resonance sample coil and a variable 
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capacitor electrically connected to the sample coil. The 
capacitor comprises an outer cylindrical conductor, an inner 
cylindrical conductor longitudinally movable in a space 
de?ned Within the outer cylindrical conductor, and an outer 
capacitor contact electrically connected to the inner cylin 
drical conductor. The outer capacitor contact is positioned 
closer to the sample coil than the outer cylindrical conductor. 

[0007] According to another aspect, a nuclear magnetic 
resonance probe comprises a nuclear magnetic resonance 
sample coil disposed Within a nuclear magnetic resonance 
probe, a generally-transverse base plate disposed beloW the 
sample coil in the nuclear magnetic resonance probe, and a 
set of generally-longitudinal variable capacitors mounted on 
the base plate and extending upWard from the base plate. 
Each variable capacitor comprises an outer cylindrical con 
ductor, an inner cylindrical conductor longitudinally mov 
able in a space de?ned Within the outer cylindrical conduc 
tor, and an outer capacitor contact electrically connected to 
the inner cylindrical conductor and situated along a top 
region of each variable capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The foregoing aspects and advantages of the 
present invention Will become better understood upon read 
ing the folloWing detailed description and upon reference to 
the draWings Where: 

[0009] FIG. 1 is a schematic diagram of an exemplary 
NMR spectrometer according to some embodiments of the 
present invention. 

[0010] FIG. 2-A is a schematic diagram of a part of a 
tunable NMR probe circuit according to some embodiments 
of the present invention. 

[0011] FIG. 2-B is a schematic diagram of a part of a 
tunable NMR probe circuit according to some embodiments 
of the present invention. 

[0012] FIG. 3-A shoWs a side vieW of an exemplary 
arrangement of three prior-art capacitors in a nuclear mag 
netic resonance probe. 

[0013] FIG. 3-B shoWs a side vieW of an exemplary 
arrangement of three variable capacitors in a nuclear mag 
netic resonance probe, according to some embodiments of 
the present invention. 

[0014] FIG. 3-C shoWs a side vieW of a variable capacitor 
connected across a sample coil, according to some embodi 
ments of the present invention. 

[0015] FIG. 4-A shoWs a side vieW of a variable capacitor 
according to some embodiments of the present invention. 

[0016] FIG. 4-B shoWs a side sectional vieW of the 
capacitor of FIG. 4-A. 

[0017] FIG. 4-C shoWs a central shaft design suitable for 
use in a capacitor such as the one illustrated in FIGS. 4-A-B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] In the folloWing description, a set of elements 
includes one or more elements. For example, a set of rails 
may include one or more rails. Any reference to an element 
is understood to encompass one or more elements. Each 
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recited element or structure can be formed by or be part of 
a monolithic structure, or be formed from multiple distinct 
structures. The statement that a coil is used to perform a 
nuclear magnetic measurement on a sample is understood to 
mean that the coil is used as transmitter, receiver, or both. 
Any recited electrical or mechanical connections can be 
direct connections or indirect connections through interme 
diary circuit elements or structures. Unless otherWise speci 
?ed, the terms “high-voltage” and “loW-voltage” are under 
stood to be relative terms: a recited high voltage is 
understood to be higher than a recited loW voltage. 

[0019] The folloWing description illustrates embodiments 
of the invention by Way of example and not necessarily by 
Way of limitation. 

[0020] FIG. 1 is a schematic diagram illustrating an 
exemplary nuclear magnetic resonance (N MR) spectrometer 
12 according to an embodiment of the present invention. 
Spectrometer 12 comprises a magnet 16, an NMR probe 20 
inserted in a cylindrical bore of magnet 16, and a control/ 
acquisition system 18 electrically connected to magnet 16 
and probe 20. Probe 20 includes one or more radio-fre 
quency (RF) coils 24 and associated electrical circuit com 
ponents. For simplicity, the folloWing discussion Will focus 
on a single coil 24, although it is understood that a system 
may include other similar coils. A sample container 22 is 
positioned Within probe 20, for holding an NMR sample of 
interest Within coil 24 While measurements are performed on 
the sample. Sample container 22 may be a sample tube or a 
How cell. A number of electrical circuit components such as 
capacitors, inductors, and other components are situated in 
a circuit region 26 of probe 20, and are connected to coil 24. 
Coil 24 and the various components connected to coil 24 
form one or more NMR measurement circuits. Circuit 

region 26 is situated adjacent to coil 24, immediately under 
neath coil 24. 

[0021] To perform a measurement, a sample is inserted 
into a measurement space de?ned Within coil 24. Magnet 16 
applies a static magnetic ?eld B0 to the sample held Within 
sample container 22. Control/acquisition system 18 com 
prises electronic components con?gured to apply desired 
radio-frequency pulses to probe 20, and to acquire data 
indicative of the nuclear magnetic resonance properties of 
the samples Within probe 20. Coil 24 is used to apply 
radio-frequency magnetic ?elds B l to the sample, and/or to 
measure the response of the sample to the applied magnetic 
?elds. The RF magnetic ?elds are perpendicular to the static 
magnetic ?eld. The same coil may be used for both applying 
an RF magnetic ?eld and for measuring the sample response 
to the applied magnetic ?eld. Alternatively, one coil may be 
used for applying an RF magnetic ?eld, and another coil for 
measuring the response of the sample to the applied mag 
netic ?eld. A single coil may be used to perform measure 
ments at multiple frequencies, by tuning the resonant fre 
quency of the NMR measurement circuit that includes the 
coil. Tuning the circuit resonant frequency may be achieved 
by adjusting the capacitance values of one or more variable 
capacitors included in the circuit. 

[0022] FIG. 2-A shoWs a schematic diagram of a tunable 
NMR measurement circuit 30 according to some embodi 
ments of the present invention. Measurement circuit 30 
includes NMR sample coil 24 and a set of variable capaci 
tors 40a-c connected to sample coil 24. Measurement circuit 
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30 may also include other components such as capacitors 
and inductors. An input terminal 36 receives external exci 
tation pulses. A continuously-variable impedance-matching 
capacitor 40a is connected betWeen input terminal 36 and 
the input (proximal) side of sample coil 24. The capacitance 
of capacitor 40a may be adjusted in order to optimiZe the 
impedance matching of circuit 30. TWo continuously-vari 
able capacitors 40b-c are connected betWeen ground and the 
input and output sides of sample coil 24, respectively. 

[0023] Suitable inductance and capacitance values for the 
various components shoWn in FIG. 2-A may be chosen 
according to the desired NMR application. In an exemplary 
implementation, sample coil 24 has an inductance on the 
order of hundreds of mH, for example about 250 mH. 
Variable capacitors 40a-c may take on continuously-adjust 
able values on the order of pF to tens of pF, for example l-l5 
pF. The capacitance of capacitor 40a may be adjusted to 
provide impedance matching to 50 Q. In an exemplary 
implementation, capacitors 40a-c have voltage ratings of 
2500 V or higher. 

[0024] FIG. 2-B is a schematic diagram of a tunable NMR 
probe circuit 130 according to other embodiments of the 
present invention. Circuit 130 includes sample coil 24 and a 
variable capacitor 40 connected across sample coil 24. 
Circuit 130 may also include other components such as 
capacitors and inductors. Such components may be con 
nected to coil 24 as illustrated in FIG. 2-A, for example. 

[0025] FIG. 3-A shoWs a side vieW of an exemplary 
arrangement of three prior-art capacitors 40a'-c' in a nuclear 
magnetic resonance probe. The illustrated arrangement cor 
responds to the circuit diagram of FIG. 2-A. Capacitors such 
as the ones shoWn in FIG. 3-A may be obtained commer 
cially, for example from Voltronics Corporation, Denville, 
N.J. Sample coil 24 is illustrated schematically, as are the 
connections of capacitors 40b'-c' to ground. Capacitors 
40b'-c' are connected betWeen ground and the tWo sides of 
sample coil 24, respectively. Capacitor 40a‘ is connected 
betWeen sample coil 24 and input terminal 36. Electrically 
conductive lateral surfaces of capacitors 40a'-c' are hatched 
in FIG. 3-A. 

[0026] Capacitors 40a'-c' are mounted through apertures 
de?ned in a horizontal base plate 60. Capacitors 40a'-c' are 
structurally identical; the folloWing description focuses on 
capacitor 400' for simplicity. Capacitor 400' includes a loWer 
capacitor contact (electrode) 54' and an upper capacitor 
contact (electrode) 50'. Contacts 50', 54' are separated by an 
insulative region 52'. A capacitance-adjustment member 58' 
can be rotated to adjust the capacitance of capacitor 400'. 
Adjustment member 58' protrudes underneath base plate 60. 
LoWer contact 54' may be connected to a longitudinally 
movable internal cylindrical rotor, While upper contact 50' 
may include a ?xed external cylindrical stator. The longi 
tudinal motion of the internal cylindrical rotor is controlled 
by the rotation of adjustment member 58'. Upper capacitor 
contact 50' is situated along a top end region of capacitor 
400', closer to sample coil 24 than loWer capacitor contact 
54'. LoWer capacitor contact 54' is situated closer to base 
plate 60 than upper capacitor contact 50'. Upper capacitor 
contact 50' has a longer longitudinal extent than loWer 
capacitor contact 54'. Generally, upper capacitor contact 50' 
is subjected to higher voltages than loWer capacitor contact 
54'. 
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[0027] FIG. 3-B shows a side vieW of an exemplary 
arrangement of three variable capacitors 40a-c in a nuclear 
magnetic resonance probe, according to some embodiments 
of the present invention. The illustrated arrangement corre 
sponds to the circuit diagram of FIG. 2-A. Capacitor 400 
includes an upper capacitor contact 50 and a loWer capacitor 
contact 54. Contacts 50, 54 are separated by an insulative 
region 52. Another insulative region 56 separates loWer 
capacitor contact 54 from base plate 60 and/or a shorting 
external contact 76 described beloW. A capacitance-adjust 
ment member 58 can be rotated to adjust the capacitance of 
capacitor 400. Adjustment member 58 protrudes underneath 
base plate 60. As described in detail beloW, upper contact 50 
is connected to a longitudinally-movable internal cylindrical 
rotor, While loWer contact 54 includes a ?xed external 
cylindrical stator. Upper capacitor contact 50 is situated 
along a top end region of capacitor 400', closer to sample 
coil 24 than loWer capacitor contact 54'. LoWer capacitor 
contact 54 is situated closer to base plate 60 than upper 
capacitor contact 50. Upper capacitor contact 50 has a 
shorter longitudinal extent than loWer capacitor contact 54. 
Generally, upper capacitor contact 50 is subjected to higher 
voltages than loWer capacitor contact 54. 

[0028] FIG. 3-C shoWs a side vieW of a variable capacitor 
40 connected across a sample coil, according to some 
embodiments of the present invention. The illustrated 
arrangement corresponds to the circuit diagram of FIG. 2-B. 
Capacitor 40 may be structurally identical to the capacitors 
4011-0 described above With reference to FIG. 3-B. For 
capacitor 40, the minimum lead length used to connect 
capacitor 40 to sample coil 24 depends approximately on the 
longitudinal extents (lengths) of insulative region 52 and 
upper contact 50. The corresponding lead length for a 
comparable capacitor in the con?guration of FIG. 3-A 
depends on the longitudinal extents of insulative region 52' 
and upper contact 50'. In an exemplary implementation, the 
length of upper contact 50' (FIG. 3-A) is about 0.8", While 
the length of upper contact 50 (FIG. 3-C) is about 0.25". In 
such an implementation, the total lead length for the capaci 
tor of FIG. 3-C is shorter by more than 0.5" than the lead 
length for a corresponding con?guration using a capacitor 
such as the ones shoWn in FIG. 3-A. 

[0029] FIG. 4-A shoWs a side vieW of variable capacitor 
40, according to some embodiments of the present inven 
tion. FIG. 4-B shoWs a side sectional vieW of the capacitor 
of FIG. 4-A. Capacitor 4 includes tWo ?eld-reduction bands 
74a-b situated at the interfaces betWeen contacts 50, 54 and 
region 52, respectively. Bands 7411-!) may be formed by a 
material such as a room-temperature vulcaniZing (RTV) 
silicone coating. Bands 7411-!) serve to reduce arcing by 
reducing the electrical ?eld intensity generated by geometri 
cal irregularities at the longitudinal ends of contacts 50, 54. 
A capacitor base 72 may rest on an NMR probe base plate, 
as shoWn in FIG. 3-B. Capacitor base 72 is in a bottom 
region of capacitor 40, longitudinally opposite upper contact 
50. 

[0030] LoWer capacitor contact 54 forms an outer cylin 
drical conductor (capacitor plate) of capacitor 40. The other 
capacitor plate is formed by an inner cylindrical conductor 
64, Which is electrically connected to upper capacitor con 
tact 50. Cylindrical conductors 54, 64 are disposed concen 
trically Within capacitor 40. Contacts 56, 54 may be formed 
by corresponding metalliZation regions de?ned on a dielec 
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tric or insulative substrate forming part of the capacitor side 
Wall. In some embodiments, the insulative substrate may be 
a high-voltage polytetra?uoroethylene (PTFE, or Te?on®) 
dielectric. Insulative region 52 is de?ned by a bare region of 
the insulative substrate. 

[0031] An internal threaded shaft 68 is rigidly coupled to 
adjustment member 58, Which protrudes doWnWard through 
base 72. Threaded shaft 68 extends upWard from base 72, in 
the center of the cylindrical space de?ned in the interior of 
outer conductor 54. As illustrated, threaded shaft 68 includes 
a conductive section 6811 longitudinally concatenated to an 
insulative section 68b. Conductive section 6811 may be made 
of a metal, While insulative section 68b may be made of a 
ceramic material. Insulative section 68b breaks any electri 
cal contact betWeen inner conductor 64 and capacitor base 
72. Threaded shaft 68 may also be formed from a single 
monolithic piece of insulative material, such as a ceramic. 
Also, threaded shaft 68 and adjustment member 58, or part 
of threaded shaft 68 and adjustment member 58 may be 
formed from a single monolithic rigid piece. Threaded shaft 
68 is also coupled to a longitudinally-movable internal 
cylindrical conductor (rotor) 64, for example through a 
matching internal thread of internal conductor 64. A set of 
rigid, ?xed longitudinal rails 66 ?t through matching lon 
gitudinal grooves or channels de?ned in internal conductor 
64. In some embodiments, capacitor 40 may include tWo or 
more rails 66 spaced apart aZimuthally. Rails 66 prevent the 
rotation of internal conductor 64 as adjustment member 58 
and shaft 68 are rotated. Rotating shaft 68 thus causes 
internal conductor 64 to move longitudinally. Rails 66 also 
transport current from upper contact 50 to internal conductor 
64. 

[0032] When internal conductor 64 is at its highest posi 
tion, the capacitance of capacitor 40 takes on its minimal 
value. When inner conductor 64 is longitudinally aligned 
With (at the same height as) outer conductor 54, the capaci 
tance of capacitor 40 takes on its maximal value. The 
capacitance of capacitor 40 may be adjusted betWeen its 
minimal and maximal values by longitudinally moving inner 
conductor 64. 

[0033] Shorting capacitor 40 may be achieved by connect 
ing inner conductor 64 to a conductor situated in the loWer 
part of capacitor 40. Such a conductor may be a transverse 
conductor connected to a shorting external contact 76 and/or 
capacitor base 72. A transverse conductor may be provided 
as part of base 72, or may be attached to base 72. For 
example, the transverse conductor may be a base plate 72 
formed from a conductive material. Shorting capacitor 40 
may be achieved by loWering inner conductor 64 until inner 
conductor 64 touches the transverse conductor, and connect 
ing the transverse conductor and outer conductor 54 to the 
same potential (e.g. ground). The transverse conductor may 
be connected to a desired potential using shorting external 
contact 76. 

[0034] FIG. 4-C shoWs another central shaft 168 suitable 
for use in a capacitor such as the one illustrated in FIGS. 
4-A-B. Shaft 168 includes tWo conductive sections 168a,c 
longitudinally separated by an insulative section 16819. Sec 
tion 1680 is connected to the capacitor base, While section 
16811 is connected to the inner conductor. Insulative section 
16819 electrically insulates sections 16811, c from each other. 

[0035] The exemplary embodiments described above 
alloW a reduced circuit stray capacitance, reduced arcing 
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potential, a reduced lead length When a capacitor is posi 
tioned across the NMR sample coil, and convenient shorting 
of the capacitors if desired. Stray capacitance is of particular 
concerns for NMR systems using relatively high magnetic 
?eld strengths and higher frequencies (>600 MHZ). The 
effect of stray capacitance is exacerbated at high frequen 
cies. At higher frequencies, shorter pulse Widths are required 
due to larger chemical shifts. One Way to reduce pulse 
Widths at high frequencies is to increase pulse poWer. At the 
same time, increasing pulse poWer may increase the inci 
dence of arcing. Reducing the stray capacitance alloWs the 
NMR probe to be tuned to higher frequencies, and reduces 
the potential for arcing to other probe components. 

[0036] In the embodiments described With reference to 
FIGS. 4-A-B, the higher-voltage, upper capacitor contact is 
shorter and has a loWer external surface area than the 
loWer-voltage, loWer capacitor contact. The reduced external 
surface area reduces the potential for arcing. The higher 
voltage inner cylinder is situated in an inner position, and is 
less susceptible to arcing than the outer capacitor cylinder. 
lnternaliZing the high-potential end of the capacitor also 
alloWs reducing the stray capacitance of the capacitor to the 
environment. 

[0037] Placing a variable capacitor across the leads of the 
NMR sample coil may alloW increasing the frequency range 
the capacitor is able to tune over by factor of three or four. 
At the same time, adding a variable capacitor across the 
sample coil leads requires additional lead length, Which may 
negatively affect circuit performance. If both capacitor cyl 
inders are electrically connected upWard, toWard the sample 
coil, the exemplary designs described above alloW reduced 
lead lengths for the variable capacitor connections. The lead 
length to the loWer conductor depends on the relatively short 
length of the upper conductor, rather than the longer outer 
conductor. 

[0038] The exemplary capacitor design shoWn in FIGS. 
4-A-B also alloWs convenient shorting of the capacitor as 
described above. The high-potential inner cylinder of the 
capacitor is normally connected to the top side of the 
capacitor, but the inner cylinder can be brought all the Way 
doWn to the capacitor base to establish a connection to the 
same potential as the outer cylinder. 

[0039] The above embodiments may be altered in many 
Ways Without departing from the scope of the invention. For 
example, various knoWn mechanisms other than a helical 
thread/rail mechanism may be used to move tWo capacitor 
conductors longitudinally relative to each other. Accord 
ingly, the scope of the invention should be determined by the 
folloWing claims and their legal equivalents. 

What is claimed is: 
1. A nuclear magnetic resonance apparatus comprising: 

a nuclear magnetic resonance sample coil; and 

a variable capacitor electrically connected to the sample 
coil, comprising: 

an outer cylindrical conductor, 

an inner cylindrical conductor longitudinally movable 
in a space de?ned Within the outer cylindrical con 
ductor, and 

Apr. 20, 2006 

an upper capacitor contact electrically connected to the 
inner cylindrical conductor; Wherein the upper 
capacitor contact is positioned closer to the sample 
coil than the outer cylindrical conductor. 

2. The apparatus of claim 1, Wherein the variable capaci 
tor comprises a longitudinal shaft disposed at least partially 
Within the inner cylindrical conductor and coupled to the 
inner cylindrical conductor, the longitudinal shaft extending 
through the outer cylindrical conductor along an entire 
longitudinal extent of the outer cylindrical conductor. 

3. The apparatus of claim 2, Wherein: 

the longitudinal shaft is further coupled to a base of the 
variable capacitor, the base being situated longitudi 
nally opposite the upper capacitor contact; and 

the longitudinal shaft comprises at least one electrically 
insulative portion situated to electrically insulate the 
inner cylindrical conductor from the base. 

4. The apparatus of claim 3, Wherein the longitudinal shaft 
is formed from an insulative material. 

5. The apparatus of claim 3, Wherein the longitudinal shaft 
further comprises a conductive portion coupled to the insu 
lative portion. 

6. The apparatus of claim 1, Wherein: 

the inner cylindrical conductor has an inner helical thread; 

the variable capacitor further comprises a longitudinal 
rotatable shaft disposed at least partially Within the 
inner cylindrical conductor; 

the rotatable shaft has an outer helical thread coupled to 
the inner helical thread of the inner cylindrical conduc 
tor; and 

the variable capacitor further comprises a set of longitu 
dinal rails coupled to the inner cylindrical conductor, 
the set of longitudinal rails constraining a rotation of 
the inner cylindrical conductor, Wherein rotating the 
rotatable shaft causes a longitudinal motion of the inner 
cylindrical conductor. 

7. The apparatus of claim 1, Wherein the variable capaci 
tor is mounted on a top side of a base plate situated beloW 
the sample coil in a nuclear magnetic resonance probe, the 
upper capacitor contact being situated along a top region of 
the variable capacitor. 

8. The apparatus of claim 1, Wherein the inner cylindrical 
conductor forms a high-voltage node of a nuclear magnetic 
resonance circuit comprising the sample coil, and Wherein 
the outer cylindrical conductor forms a loW-voltage node of 
the nuclear magnetic resonance circuit. 

9. The apparatus of claim 1, Wherein: 

the variable capacitor further comprises an end contact 
situated on a longitudinal side of the variable capacitor 
opposite the upper capacitor contact; and 

the inner cylindrical conductor is longitudinally movable 
to contact the end contact. 

10. The apparatus of claim 9, Wherein the end contact and 
the outer cylindrical conductor are electrically coupled, 
Whereby contacting the inner cylindrical conductor and the 
end contact shorts the variable capacitor. 

11. A nuclear magnetic resonance probe comprising: 

a nuclear magnetic resonance sample coil disposed Within 
a nuclear magnetic resonance probe; 
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a generally-transverse base plate disposed below the 
sample coil in the nuclear magnetic resonance probe; 

a set of generally-longitudinal variable capacitors 
mounted on the base plate and extending upWard from 
the base plate, each variable capacitor comprising 

an outer cylindrical conductor, 

an inner cylindrical conductor longitudinally movable 
in a space de?ned Within the outer cylindrical con 
ductor, and 

an upper capacitor contact electrically connected to the 
inner cylindrical conductor and situated along a top 
region of said each variable capacitor. 

12. A nuclear magnetic resonance method comprising: 

adjusting a capacitance of a variable capacitor by per 
forming a relative longitudinal motion of a capacitor 
inner cylindrical conductor disposed in a space de?ned 
Within a capacitor outer cylindrical conductor, the inner 
cylindrical conductor being electrically connected to an 
upper capacitor contact, the upper capacitor contact 
being positioned closer to a sample coil than the outer 
cylindrical conductor; and 

employing a nuclear magnetic resonance circuit including 
the sample coil and the variable capacitor to perform a 
nuclear magnetic resonance measurement on a sample 
inserted into the sample coil. 

13. The method of claim 12, Wherein the variable capaci 
tor comprises a longitudinal shaft disposed at least partially 
Within the inner cylindrical conductor and coupled to the 
inner cylindrical conductor, the longitudinal shaft extending 
through the outer cylindrical conductor along an entire 
longitudinal extent of the outer cylindrical conductor. 

14. The method of claim 13, Wherein: 

the longitudinal shaft is further coupled to a base of the 
variable capacitor the base being situated longitudi 
nally opposite the upper capacitor contact; and 
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the longitudinal shaft comprises at least one electrically 
insulative portion situated to electrically insulate the 
inner cylindrical conductor from the base. 

15. The method of claim 14, Wherein the longitudinal 
shaft comprises a longitudinal section formed from an 
insulative material. 

16. The method of claim 12, further comprising rotating 
a rotatable shaft to perform the relative longitudinal motion 
of the inner cylindrical conductor, the rotatable shaft being 
coupled to the inner cylindrical conductor through a helical 
thread, a rotation of the inner cylindrical conductor being 
constrained by a set of longitudinal rails coupled to the inner 
cylindrical conductor. 

17. The method of claim 12, Wherein the variable capaci 
tor is mounted on a top side of a base plate situated beloW 
the sample coil in a nuclear magnetic resonance probe, the 
upper capacitor contact being situated along a top region of 
the variable capacitor. 

18. The method of claim 12, Wherein the inner cylindrical 
conductor forms at least part of a high-voltage node of a 
nuclear magnetic resonance circuit comprising the sample 
coil, and Wherein the outer cylindrical conductor forms at 
least part of a loW-voltage node of the nuclear magnetic 
resonance circuit. 

19. The method of claim 12, further comprising longitu 
dinally moving the inner cylindrical conductor to contact an 
end contact situated on a longitudinal side of the variable 

capacitor opposite the upper capacitor contact. 
20. The method of claim 19, further comprising shorting 

the variable capacitor by electrically coupling the end con 
tact and the outer cylindrical conductor. 


