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We apply pulsed nuclear magnetic resonance techniques to probe the magnetic properties of
glycerine, teflon, and aqueous copper samples. We measure the gyromagnetic ratio of hydrogen to
be γH = 41.29(33)MHz·T−1 and that of fluorine to be γF = 39.25(30)MHz·T−1. We measure the T2

(spin-lattice) relaxation time of Glycerine to be T1 = 41.16(47)ms and the T2 (spin-spin) relaxation
time to be T2 = 25.55(90)ms. We prepare copper solutions of varying concentrations from 10−1-
10−5mol/L and analyze the dependence of T1 and T2 times on ion concentration, fitting the former
with a power law with best fit power of n = −0.7920(14) and the latter with logarithmic scaling with
semi-log slope of m = −7.11(13). Both fits are of poor quality, suggesting that our data is not able
to well-characterize the dependence of relaxation time on ion concentration. Comparing our results
to established literature values for gyromagnetic ratios and relaxation times shows statistically
significant disagreement, and we discuss potential sources of systematic error in our experiments
that could explain such discreptancies.

I. INTRODUCTION

Nuclear Magnetic Resonance, or NMR is a spectro-
scopic technique for studying magnetic nuclei in a con-
stant magnetic field via their resonance response to an
oscillating radiofrequency field. The technique was ini-
tially pioneered in the late 1940s by Purcell [1] [2], Bloch
[3], and Hahn [4] for the experimental study of condensed
matter systems. It has since been extended to spec-
troscopy of soft matter systems, to non-invasively mea-
sure water content [5] , and perhaps most importantly in
magnetic resonance imaging [6].

In this paper, we employ pulsed NMR (first discovered
by Hahn [4], now the leading technique in the field), us-
ing the inversion recovery and spin echo methods to probe
the relaxation times of glycerine and copper samples. We
are in particular interested in asking how relaxation times
scale with ion concentration. Though we do not study
a biologically abundant ion (copper), an understanding
of this scaling could nevertheless be relevant in the ap-
plication of NMR to biological systems, where differing
concentrations of ions across tissue can be leveraged for
high-contrast medical imaging.

The rest of this paper is organized as follows. In Sec-
tion II we discuss the basic theory of NMR through re-
view quantum mechanics for spin-1/2 systems, and in-
troduce notions of the gyromagnetic ratio and T1 & T2
relaxation times. In III we introduce the experimental
apparatus and discuss how the relaxation time measure-
ments were conducted using the inversion recovery and
spin echo techniques. In Section IV we discuss the mea-
surement of the gyromagnetic ratio of Hydrogen and Flu-
orine nuclei. In Section V we discuss the measurement
of the T1 and T2 relaxation times for glycerine. In Sec-
tion VI we discuss the preparation and relaxation time
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measurements for solutions of variable copper ion concen-
tration and attempt to extract the dependence of T1/T2
times on ion concentration. In Section VII we conclude.

II. THEORY

A. Dynamics of a spin-1/2 system in a magnetic
field

To understand the physical mechanism for the reso-
nance response of nuclei, we begin with an analysis of a
spin-1/2 particle (here, a proton) in an external magnetic
field B = B0ẑ. This system has Hamiltonian:

H = −γ
ℏ
2
B0σz (1)

and corresponding eigenstates |±⟩ with energies E± =
±γ ℏ

2B0. The energy splitting between the two states is
then:

∆E =: ℏω0 = ℏγB0 (2)

where we have defined the Larmor/resonance frequency
ω0 = ∆E

ℏ , which is the frequency of precession in the xy-

plane for state 1√
2
(|+⟩+ |−⟩). The γ factor appearing in

the above discussion is the gyromagnetic ratio, which is a
nuclei-dependent quantity which can be measured as the
ratio of a nuclei resonant frequency with the strength of
the static B-field:

γ =
ω0

B0
. (3)

To drive transitions in between the |±⟩ states, we con-
sider the addition of a radiofrequency (RF) field that
rotates in time[7] with frequency ω:

B(t) = B0ẑ+B1(cos(ωt)x̂+ sin(ωt)ŷ) (4)
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This system can be solved exactly, and the probability of
spin flips from the ground state |−⟩ to the excited state
|+⟩ can be found to be [8]:

P−→+(t) =
B2

1γ
2

B2
1γ

2 + (ω − ω0)2
sin2

[(
γ2B2

1 + (ω − ω0)
2

4

)1/2

t

]
(5)

such spin flips are known as Rabi oscillations, and it can
be seen that at resonance:

ω = ω0 (6)

the probability for spin flips is maximized. Thus, we may
apply time-dependent radiofrequency fields to a sample
of magnetic nuclei in order to induce spin flips, in addi-
tion to the dynamics of precession as induced by a con-
stant magnetic field.

B. Thermodynamics of ensembles of spins

The magnetic field arising from an individual spin in
any sample of magnetic nuclei is impossible to measure
- instead, we are interested in the net magnetization as
obtained from the sum of the individual magnetizations
mi:

M =
∑
i

mi (7)

Therein, it is relevant to consider the fraction of the two
spin populations N+ (higher energy/anti-aligned) and
N− (lower energy/aligned) at thermal equilibrium, which
is given by the Boltzmann distribution:

N+

N−
= exp(− ∆E

kBT
) = exp(− ℏω0

kBT
) (8)

The deviation of the above ratio from one[9] allows for
the observation of the net magnetization:

Mz = µ(N− −N+). (9)

We will be interested in manipulating/observing this net
magnetization, and its timescales of relaxation.

C. T1 (Spin-Lattice) Relaxation

The T1, or spin-lattice relaxation time is the time con-
stant for the exponential relaxation of the magnetization
on the z-axis (aligned with the constant magnetic field).
It can be measured by inverting the equilibrium net mag-
netization via RF pulse (such that the magnetization is
antiparallel to the static field), and then measuring the
relaxation time back to the equilbrium magnetization. In
particular, the rate at which the system approaches equi-
librium is proportional to the distance from equilibrium
and inversely proportional to the T1 time, and so:

dMz

dt
=

M0 −Mz

T1
(10)

which can be solved to obtain the magnetization as a
function of time (assuming an inverted magnetization at
the initial time, Mz(t = 0) = −M0):

Mz(t) = M0(1− 2e−t/T1) (11)

D. T2 (Spin-Spin) Relaxation

In addition to the relaxation of the z-magnetization,
there is also a relaxation of magnetization in the xy
plane, characterized by the T2 time. If we rotate the
equilibrium magnetization into the xy-plane, the protons
all would exhibit Larmor precession in phase and so the
xy-magnetization would stay fixed in time. However, in
a physical ensemble of protons, the magnetic field felt
by individual protons varies due to interactions with the
dipole fields of their neighbors. Hence the initially in-
phase protons precess at different rates, with the proton
precession becoming increasingly out of phase in time,
with the xy-magnetization eventually dropping to zero.
The rate of the relaxation is proportional to the x/y mag-
netization at a given time and inversely proportional to
the T2 time, so:

dMx/y

dt
= −

Mx/y

t
(12)

which can be solved to obtain:

Mx/y(t) = M0e
−t/T2 (13)

III. APPARATUS + DATA COLLECTION

Our experimental setup consists of a static large mag-
net and associated controls, Helmholtz coils to induce
a time-dependent magnetic field and the associated RF
pulse controller, an induction coil, receiver and signal
mixer for obtaining and processing the output signal, and
an oscilloscope for display and readout of the output.
This is depicted in Fig. 1.
A more detailed diagram of the magnet and sample

location is given in Fig. 2. The static magnetic field
points in the ẑ direction. The Helmholtz coils produce a
time-varying RF field in the y-direction. In particular, we
are interested in two specific types of RF pulses - namely
a 90 degree pulse to rotate the magnetization from Mz →
My, or a 180 degree pulse to rotate the magnetization
from Mz → −Mz. The receiver coil then picks up the
magnetization Mx in the x̂ direction, converted into an
electrical signal sent to the receiver.

A. Procedure for Measuring T1

We can establish the resonance frequency ω0 of the nu-
clei in the sample as follows. We set an RF frequency ω
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FIG. 1. Diagram of the broad experimental setup.

(a) (b)

FIG. 2. (a) Cartoon diagram of the sample vial. The static
magnetic �eld points in ẑ, while the Helmholtz coil generates
an RF �eld in ŷ . The x̂ is read out and output by the receiver
coil. (b) Picture of sample vial and detector block. Both
�gures were taken from [10].

and apply a 90 degree pulse to the sample at this fre-
quency. We can then vary the static �eld strength B0,
which changes the precession frequency of nuclei in the
sample. Recalling our analysis of the Rabi oscillation for-
mula, when the precession frequency! 0 = 
B 0 is close to
the RF frequncy ! , the spins are maximally rotated into
the xy-plane, causing a spike in the output and subse-
quent decay of thexy-magnetization. This is the free in-
duction decay (FID) signal as shown in Fig. 3. To obtain
a more precise resonance signal, the oscillating signal of
the precessing protons can be added to the RF frequency
through use of the signal mixer. This superimposed sig-
nal will exhibit beats with frequency f B = ! � ! 0, and
by tuning this beat frequency to zero we can establish
that the sample is on resonance.

FIG. 3. Free induction decay curve displayed on oscilloscope
(yellow). By rotating the equilibrium magnetization into the
xy-plane with a 90 � RF pulse on resonance (! = ! 0), we
see a spike in the x-magnetization (followed by decay due
to spin-spin interactions, as well as magnet �eld inhomogeni-
ties). Also displayed is the signal mixer output (blue) which is
the superposition of the output signal and the RF frequency.
Here, we have tuned the beat frequencyf B = ! � ! 0 to zero,
indicating that we are on resonance.

B. Procedure for Measuring T1

For a given sample, we use the inversion recovery
method for measuring theT1 time is as follows.

1. Tune the magnetic �eld/RF frequency to reso-
nance, as is discussed in the previous section.

2. Wait for the sample to relax to the equilibrium
magnetization. This is set by the repetition time.
Then, apply the following pulse sequence:

(a) At t = 0, apply a 180� RF pulse to invert the
equilibrium magnetization ẑ to � ẑ.

(b) Wait for delay time � .
(c) At time t = � , apply a 90� RF pulse to rotate

the magnetization vector into the xy plane.
The signal is then read out by the readout
coil.

3. Measure the output FID signal amplitude � V
on the scope (which is proportional to the z-
magnetization at time t) as the di�erence between
the baseline and FID peak.

4. Repeat steps 2-3 for multiple delay times� , and
extract T1 through �tting the amplitude data to:

M z (t) = M 0(1 � 2e� t=T 1 ) (14)

C. Procedure for Measuring T2

The extraction of T2 is more subtle than that of T1.
Namely, there are two e�ects we want to isolate when we
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study the dephasing of the magnetization in thexy-plane.
The magnetic �eld inhomogeneities that cause the local
variations in precession frequency can arise both from (a)
the neighbouring spins, as well as (b) from magnetic �eld
inhomogenieties in the sample (the decay of the magneti-
zation as shown in the FID curve of Fig. 3 is due to both
of these e�ects combined - this decay time is sometimes
known as the T �

2 time). The former corresponds to the
property of the sample we wish to measure, and the lat-
ter is a setup-speci�c e�ect to compensate. To this end,
we use the spin echo method:

1. Tune the magnetic �eld/RF frequency to reso-
nance, as is discussed in the previous section.

2. Wait for the sample to relax to the equilibrium
magnetization. This is set by the repetition time.
Then, apply the following pulse sequence:

(a) At t = 0, apply a 80� RF pulse to invert the
equilibrium magnetization ẑ into the xy-plane.

(b) Wait for delay time � .

(c) At time t = � , apply a 180� RF pulse to 
ip
the magnetizations.

(d) Wait for delay time �

(e) A spin echo signal is then produced, and out-
put by the readout coil.

3. Measure the output spin echo amplitude � V on
the scope (which is proportional to the x=y-
magnetization at time 2� ) as the di�erence between
the baseline and spin echo peak.

4. Repeat steps 2-3 for multiple delay times� , and
extract T2 through �tting the amplitude data to:

M z (t) = M 0e� 2 �
T 2 (15)

The spin echo signal is shown in Fig. 4. This proce-
dure allows us to compensate for inhomogeneities in the
magnetic �eld due to the inversion step. If nuclei precess
more quickly/slowly due to such inhomogeneities, in the
180� pulse inversion step they are 
ipped, and another
delay time later the precessing nuclei again catch up and
superimpose, forming the spin echo peak. The amplitude
of the spin echo peak is thus only dependent on the de-
cay of the xy-magnetization due to spin-spin interactions
(which are irreversible), and thus tracking its decay as a
function of (twice the) delay time yields a measure ofT2.

To estimate the uncertainty in our � V measurements
(both for FID and spin echo peaks), we observed the
voltage range over which the peak height and the base-
line vary (on the order of � 0:8V, due to the ampli�-
cation of electrical noise) through multiple measurement
cycles. We then took the maximum/minimum as the ap-
proximate bounds of a 95% con�dence interval for the
voltage measurement, and divided the range by 4 to ap-
proximate one � . We then added the uncertainty from

FIG. 4. Spin echo signal displayed on oscilloscope (yellow).
At t = 0 a 90� pulse is applied, causing a FID signal. At time
t = � , we apply a 180� pulse (as seen as the blip in between
the peaks), inverting the precessing spins in the xy-plane. At
time t = 2 � , we then observe the spin echo peak from the
variable-frequency precessing spins reconstituting.

the peak and baseline, as well as the uncertainty arising
from instrumental resolution (0:04V, half of the small-
est digital step of the scope) in quadrature to obtain
the uncertainty in the amplitude. This statistical uncer-
tainty is what is depicted in the error bars of the plots in
the following sections. Uncertainties in delay times were
taken to be half of the smallest digit of the programmer
(�t = :05s=0:5s=5s) depending on the relaxation times
being probed. Relative uncertainties in the delay times
are small, and we neglect them in the proceeding plots
as they are always so small as to be hidden behind data
markers.

IV. MEASUREMENTS OF GYROMAGNETIC
RATIOS

To measure the gyromagnetic ratio of the nuclei in our
samples, we �rst set the RF frequency to 15.4MHz for a
single pulse (we neglect the associated instrumental un-
certainty, as the RF frequency is precise to 10Hz). We
then tune the static �eld strength to resonance, as is
discussed in section III. We then use a DC gaussometer
to measure the magnetic �eld strength. We �rst cali-
brate the gaussometer to a reference magnetic �eld of
999 Gauss, then measure the �eld strength at the lo-
cation of the sample. We �nd a calibration o�set of
+220(2) Gauss, and for Glycerine measure a static �eld
strength of 3509(30) Gauss. The uncertainty in the mag-
netic �eld reading is estimated by approximating the 95%
con�dence interval ( � 2� ) as the maximum/minimum of
temporal 
uctuations of the Gaussometer reading, and
dividing by four. We can then subtract o� the calibra-
tion o�set to obtain the value of B0 at resonance, and
take the ratio with the frequency to obtain the gyromag-
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Nuclei Measured (MHz � T � 1) Literature(MHz � T � 1) t'
Hydrogen 41.29(33) 42.577478518(18) 3.9
Fluorine 39.25(30) 40.069244(61) 2.5

TABLE I. Comparison of gyromagnetic ratios of hydrogen
(glycerine sample) and 
uorine (te
on sample) compared with
literature values [11] from IAEA and CODATA.

FIG. 5. FID amplitude vs. delay time for Glycerine. Rep-
etition time was set as 1 second. Error bars are statistical.
Positive FID amplitudes were measured for � < 24ms, though
the magnetization of the sample is negative.

netic ratio. Performing this for hydrogen (glycerine) and

uorine (te
on) nuclei, we obtain the results in Table I.

For both hydrogen and 
uorine, we obtain gyromag-
netic ratios that are of the correct order of magnitude,
but show statistical disagreement/tension with accepted
literature values. Since both the hydrogen and 
uorine
nuclei display similar o�sets, this suggests that there is a
systematic error in the magnetic �eld or frequency mea-
surements. The most likely explanation is that there was
an error in calibration of the DC gaussometer. A fu-
ture measurement could improve the calibration proce-
dure by measuring against several known magnetic �eld
strengths, and help to resolve the statistical disagreement
we observe.

V. RELAXATION TIMES OF GLYCERINE

All proceeding T1, T2 data was collected at a RF fre-
quency of 15.4MHz, with a measured �eld strength of
B0 � 0:37T and at room temperature of T � 293K.

Following the procedure in Section III, we measure the
FID peak amplitude as a function of the delay time be-
tween the 180 and 90 degree pulses. For the 100% Glyc-
erine sample, we �nd the amplitude vs. time curve given
in Fig. 5.

The amplitude of the FID curve is unsigned, and
therefore cannot discriminate between magnetization in
the � ẑ directions. However, since theẑ-magnetization

FIG. 6. FID amplitude vs. delay time for Glycerine and as-
sociated �t for extracting T1 . Repetition time was set as 1
second. Error bars are statistical. The best �t parameters
were T1 = 41 :16(47)ms and M 0 = 10 :703(91)V, with a re-
duced chi-squared of � 2

red = 0 :24.

is a monotonically increasing function of time towards
the equilibrium value, we can infer that the magnetiza-
tion immediately after the inversion/180 � pulse is neg-
ative, and that it remains negative until the amplitude
reaches zero. Hence, we may interpret the amplitudes for
� < 24ms in Fig. 5 as corresponding to negative magne-
tization, and therefore 
ip its sign. We perform this data
processing step for all proceedingT1 extractions. With
this step, we reproduce the expected form of the decay
curve, which can be �t by the model given in Eq. (14).
This is shown in Fig. 6.

The model appears to �t the data well, though the
reduced-chi squared suggests that the uncertainties may
have been slightly overestimated. The least squares �t
yields a T1 value of T1 = 41:16(47)ms. A compari-
son with the measured value for glycerol [12] ofT1 =
21:1(46)ms taken at similar experimental parameters of
B0 = 0 :35T and ! 0 = 14:71MHz leads to a t0 = 4 :3,
indicating statistically signi�cant disagreement.

Now following the spin echo procedure in Section III,
we measure the spin echo amplitude as a function of the
delay time between the 90 and 180 degree pulses, and we
�nd the amplitude vs. time curve given in Fig. 7.

Again the model appears to �t the data well, with
the reduced-chi square again suggesting that uncertain-
ties may have been overestimated.

the reduced-chi squared suggests that the uncertain-
ties may have been slightly overestimated. The least
squares �t yields a T2 value of T2 = 25:55(90)ms. A
comparison with the measured value for glycerol in [12]
of T2 = 13:95(36)ms leads to at0 = 12:0, indicating sta-
tistically signi�cant disagreement.

In both cases, we suspect (particularly given the good-
ness of �t of the T1=T2 decay model functions to the data)
that the statistical discreptancy may arise due to a di�er-
ence in sample purity. The samples of glycerine prepared
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FIG. 7. Spin echo amplitude vs. delay time for Glycerine and
associated �t for extracting T2 . Repetition time was set as
1 second. Error bars are statistical. The best �t parameters
were T2 = 25 :55(90)ms and M 0 = 7 :67(12)V, with a reduced
chi-squared of � 2

red = 0 :48.

in the lab may not have been prepared with the same
concentration as those used in [12]. In addition, given
the hydrophilicity of glycerol, it may be possible that the
purity of the samples may have degraded in time. In
a future experiment, we would prepare a fresh glycerine
sample and hold the purity �xed to that used in the liter-
ature experiment in order to perform a more meaningful
comparison.

VI. RELAXATION TIMES OF AQUEOUS
COPPER SOLUTIONS

A. Sample Preparation

To prepare solutions with varying concentrations of
copper, we dissolved solid copper sulfate (CuSO4) into
deionized water, ensuring the solution was well-mixed via
a magnetic stirrer. To prepare a 0:1 mol/L solution, we
weigh out the solid according to:

m = cV � (16)

where c = 0 :1mol/L is the concentration, V = 100mL is
the target volume, and � = 159:6g/mol is the molar mass
of CuSO4.

Following this procedure, we weighed out 1:600(5)g of
CuSO4 and dissolved it in 100:020(5)g of water, produc-
ing a c = 0 :10023(32) mol/L concentration solution. To
produce subsequent concentrations (in dilution factors of
10) we combine 1 part of the previous concentration with
9 parts deionized water. Iterating this procedure, we ob-
tained 5 samples with concentrations listed in Table II.
Note that since one mol of CuSO4 contains one mol of
Cu2+ , their molar concentrations are equivalent.

Target (mol/L) Prepared (mol/L)
10� 1 1:0023(32) � 10� 1

10� 2 1:0037(49) � 10� 2

10� 3 1:0027(69) � 10� 3

10� 4 1:0018(84) � 10� 4

10� 5 9:977(99) � 10� 4

TABLE II. Concentrations of prepared aqueous Cu 2+ solu-
tions. Uncertainties arise from adding the relative uncertainty
arising from instrumental precision in quadrature.

FIG. 8. T1 relaxation time vs. Copper ion concentration,
plotted alongside power law best �t and literature values from
[13]. Error bars are from uncertainties in T1 �tting parameters
for individual concentration curves, and are hidden behind
data markers. The best �t parameters were n = � 0:7920(14)
and T (0)

1 = 2 :319(21)ms, with a reduced chi-squared of� 2
red =

8926.

B. T1 Relaxation Times

Following the procedure in Section III, we measure the
FID peak amplitude as a function of the delay time be-
tween the 180 and 90 degree pulses. Doing this for the
each of the copper concentrations we have created and
�tting Eq. (14), we obtain the T1 time as a function of
concentration. As is suggested by the literature [13], we
perform a �t to the power-law function:

T1 = T (0)
1 cn (17)

where c is the concentration (normalized to be dimen-
sionless), and the two free parameters of the �t aren
(the power at which the T1 scales) andT (0)

1 (the T1 time
at unit concentration). The data and �t is depicted in
Fig. 8.

We generally observe statistically signi�cant disagree-
ment with the literature values of T1, though the order
of magnitude and the scaling of the relaxation time ap-
pears to show qualitative agreement. We also observe an
extremely high value of the reduced-chi squared. Such a
high value implies the obtained best-�t power-law scal-
ing with n = � 0:7920(14) is not particularly meaning-
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FIG. 9. FID amplitude vs. delay time for c = 10 � 1mol/L
Cu2+ concentration solution and associated �t for extracting
T1 . Repetition time was set as 1 second. Error bars are
statistical. The best �t parameters were T1 = 11 :410(86)ms
and M 0 = 11 :015(63)V, with a reduced chi-squared of � 2

red =
0:43.

ful (though more datapoints would also be helpful for .
The value of � 2

red suggests that the uncertainty in the T1
points may be underestimated.

However, studying the individual concentration curves
across Fig. 9-12, the � 2

red values which range from
0:42� 3:67 seem to suggest that theT1 decay model �ts
the data reasonably well at each concentration. We do
note that the c = 10 � 2 � 10� 4 curves indicate a slight
systematic deviation from the best �t T1 decay curve. In
particular, in the c = 10 � 3=10� 4 curves we see a discon-
tinuity in the signed amplitude values at the midpoint
of the curves. This occured due to the amplitude not
decaying to zero completely at any value of the delay
time, and instead saturating at a �nite value before in-
creasing. This seems to suggest that thêz-magnetization
never decays to zero for these concentrations, suggest-
ing a systematic e�ect that causes the magnetization to
not decay to zero. We suspect that this may arise due
to the samples not having su�cient time to fully relax
back to the equilibrium magnetization between pulse cy-
cles. SinceT1 is on the order of multiple seconds, the
maximum repetition time of 10 seconds in the pulse pro-
grammer may have been insu�cient for the nuclei to fully
relax. This may lead to some residual magnetization that
can be observed as a systematic o�set in the FID peak
amplitude.

C. T2 Relaxation Times

Following the procedure in Section III, we measure the
spin echo amplitude as a function of the delay time be-
tween the 90 and 180 degree pulses. Doing this for the
each of the copper concentrations we have created and
�tting Eq. (15), we obtain the T2 time as a function of

FIG. 10. FID amplitude vs. delay time for c = 10 � 2mol/L
Cu2+ concentration solution and associated �t for extracting
T1 . Repetition time was set as 5 seconds. Error bars are
statistical. The best �t parameters were T1 = 88 :72(71)ms
and M 0 = 10 :799(88)V, with a reduced chi-squared of � 2

red =
1:10.

FIG. 11. FID amplitude vs. delay time for c = 10 � 3mol/L
Cu2+ concentration solution and associated �t for extracting
T1 . Repetition time was set as 10 seconds. Error bars are
statistical. The best �t parameters were T1 = 1680(16)ms and
M 0 = 10 :39(12)V, with a reduced chi-squared of � 2

red = 1 :42.

concentration. Though we attempted a power-law �t as
suggested by the literature, the data was better described
by the logarithmic �t:

T2 = m ln(c) + T (0)
2 (18)

where c is the concentration (normalized to be dimen-
sionless), and the two free parameters of the �t arem
(the (logarithmic) power at which the T2 time scales)
and T (0)

2 (the T2 time at unit concentration). In particu-
lar, � 2

red = 59:62 was observed for a power law �t, versus
� 2

red = 25:6 for the logarithmic �t. The data and �t is
depicted in Fig. 13.

We generally observe statistically signi�cant disagree-
ment with the literature values of T2. In particular, we
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