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Abstract

We can determine the *He polarization inside polarized 3He target cells by measuring the frequency
shift in the EPR spectrum of alkali atoms. This shift is mostly due to the effective magnetic field
associated with spin-exchange collisions with the polarized >He nuclei. Since we can only directly measure
the EPR frequency due to the total magnetic field felt by the alkali atoms, we change the sign of the
frequency shift by flipping the 3He spins using the NMR, technique of frequency sweep adiabatic fast
passage (AFP). If all else is equal, then the difference in EPR frequencies for the two directions of the
3He spins isolates the frequency shift due to the polarized He nuclei: v, — s = Avier = 2 X (AV) He.

What complicates this analysis is the fact that the oscillating NMR RF field used for AFP also causes
a small frequency shift (Av)ys, in this case, due to the AC Zeeman effect. If the magnitude of the NMR
RF field changes during AFP, then its corresponding frequency shift is different for the two directions of
the *He spins. Under this condition, the partially canceled frequency shift due to the NMR RF field also
contributes to & contaminates the EPR. frequency difference: Avgpr = 2 x (Av)ue + [(Av)]; — (Av)})].
This could potentially be a large systematic error in the determination of the *He polarization. We’ll
(1) describe the problem in more detail, (2) calculate the absolute size of the frequency shifts due to the
polarized *He nuclei & the NMR RF fields used for AFP and (3) present an the experimental study of
this effect. Finally, we’ll note that this effect can be completely eliminated by the measuring the EPR
frequencies only when the NMR RF field is turned off.
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1 Description of the “NMR RF Shift” Effect

The result of a typical EPR measurement at UVa is shown in Fig. (1). At the start of an EPR polarization
measurement, the total static magnetic field seen by the alkali atoms is B = By + Bye, which corresponds
to an EPR frequency of:

(Vo )ott = vo + (AV)ie (1)
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Figure 1: Typical EPR Measurement Sequence. The He spins are flipped using frequency sweep NMR-AFP.
The top plot shows the entire data set which includes four *He spin flips. The shift due to the NMR RF field
at 30.0 kHz can be seen at 75 sec < t < 175 sec, 250 sec < t < 325 sec, and finally 425 sec < ¢t < 500 sec.
Note that the sign of the RF shift is independent of the direction of the *He spins. The shift due to the
NMR RF field at 56.6 kHz is much smaller, but is visible at 0 sec < ¢t < 70 sec, see the bottom plot. Because
the NMR RF coil resonates at about 20 kHz, the amplitude of the RF field at 30.0 kHz is much larger than
the amplitude of the RF field at 56.6 kHz for the same function generator set amplitude Vot = 300 mV.
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Under our typical conditions, By = 13 G and, for the “well state” transition of 3°K, the EPR frequency is
around 9.7 MHz. After measuring this EPR frequency for several seconds, the NMR RF field is turned on
with a frequency of 56.6 kHz. This NMR RF field causes an additional shift in the EPR frequency:

(Vepr)on = o + (Av)ie + (Av); (2)

After again measuring the EPR frequency for several seconds, the NMR RF frequency is swept over a period
of 6 seconds from 56.6 kHz, through resonance at 42.2 kHz, to 30.0 kHz. The rate is chosen to be fast enough
to minimize the 3He relaxation at resonance, but slow enough for the >He spins to follow the effective field
in the rotating frame adiabatically. After the spins have been flipped, the total static magnetic field felt by
the alkali atoms is B = By — By which corresponds to an EPR, frequency of:

(Vipr)on = V0 — (AV)He + (Av)i (3)
and then we turn the NMR RF off to measure:
(Vien)off = Yo — (AV)ne (4)

To conclude the EPR measurement, we follow the same steps already mentioned, but in reverse order:
1. turn the NMR RF on at 30.0 kHz
2. measure the EPR frequency
3. sweep the NMR RF frequency from 30.0 kHz to 56.6 kHz
4. measure the EPR frequency
5. turn the NMR RF off
6. measure the EPR frequency

In addition to this measurement sequence, Fig. (1) also shows the results of an analogous measurement
sequence for which the NMR frequency sweep from 30.0 kHz to 56.6 kHz and then back to 30.0 kHz. Using
these measurements, there are two frequency differences that can be used to extract the *He polarization:

A(VEPR)OH = (Vgpﬁ)on - (V}%PR)OH =2X (AV)He + [(AV)L - (Ay)if) (5)
A(vepr)ot = (VETPR)OH - (VElPR)Off =2 x (Av)pe (6)

If there is no shift associated with the NMR RF field ((Av)]; = (Av)L; = 0) or if the size of frequency shift
associated with the NMR RF field stays the same after the *He spins are flipped ([(Ay)lf — (Au)if)] =0),
then the two frequency differences are identical. However, at least at UVa, this is not the case.

Based on Figs. (1) & (2), we’ll make the following observations of the what we call “NMR RF Shift”
Effect:

1. the size of (Av).s has no measurable dependence on the sign and magnitude of the *He polarization
2. the size of (Av)s at 13 Gauss appears to in the kHz range for both 8*Rb and 3K

3. the sign of (Av)y¢ is positive for both the “well” state transition —(I +1/2) <> —(I —1/2) and the
“hat” state transition +(I +1/2) < +(I —1/2)

4. the size of (Av),¢ increases with the NMR RF amplitude and decreases with the NMR RF frequency

Originally, we thought that (Av).s # 0 was due to a direct coupling between the NMR RF coils and the
photodiode used for EPR. We tested this hypothesis by increasing the distance between the EPR photodiode
and the NMR RF coils. The fluorescence from the cell needed as an input to the EPR feedback circuit was
captured by an optical fiber instead of the photodiode directly. Because we used a very long optical fiber,
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Figure 2: EPR in the High Energy or “Hat” State for 3°K (top) and 8°Rb (bottom) at 13 Gauss. In the top
plot, we see that the shift depends on NMR frequency. This is because circuit used to drive the NMR RF
coils resonates at about 20 kHz. In the bottom plot, we see that the NMR RF shift in independent of the
size of the shift due to the polarized 3He gas.



the distance between the EPR photodiode and NMR RF coils was several meters. When we performed the
EPR measurement under these conditions, we still observed a frequency shift when the NMR RF was turned
on and off.

Our new hypothesis (which we believe is correct) is that the NMR RF field directly interacts with the
alkali atoms to produce a frequency shift via the AC Zeeman effect. Under our experimental conditions,
By > 10 Gauss, vp > 5 MHz, v,y = (40 & 20) kHz, Bys < 0.5 Gauss, and, using the results of Sec. (3), the
size of the shift is given by:

(), = TEF D —mlm = 1) [8” Brf} 2 (7)

rf 4VEPR 873

where FF' =T 41/2, I is the nuclear spin of the alkali atom, vgpy is the frequency of the |F,m) < |F,m — 1)
transition, Ov/9B is given by Eqn. (9), and By is the amplitude of the NMR RF Field in the lab frame.
Tab. (2) lists the quantitative size of the shift for 8*Rb and K under our conditions. Because, for incidental
historical reasons, the NMR RF coils resonate at 20 kHz (see Fig. (3)), the NMR RF field amplitude is higher
at 30.0 kHz than at 56.6 kHz for the same set control voltage, which implies (Av)]; # (Av)l;. Therefore,
in order to avoid all these difficulties, it is much better to use A(vgpr)oft than A(vgpr)on to calculate the
3He polarization. To do this, all you have to do is take data with the NMR RF field off before and after the
AFP frequency sweep.

2 Calculating the Shift Due to Polarized 3He

More details about the EPR polarimetry method can be found in [1, 2, 3, 4]. To convert from the frequency
shift (Av)ge to the effective field associated with the polarized *He , we make the following approximation:

ov\
Bhe = (Av)g, x (83) (8)
Up to fifth order in field, the derivative is:
vy (griy = gspp) x=, 2"
/= - M JorB) by, ——
0B A 2 ®)
n=0
= —_ 1
z (91kN — gspB) hiee (10)
1 = 2I+1 (11)
1+ 20 ([1] 5 1) _
by = glsf_BgmN =1F0(107%) (12)
gsKeB
by = 2(1—2m) (13)
> [P
bs = 20(1—4m+6m? —4m?) —6[I]* (1 — 2m) (15)
( 15[1]*
by = T70(1—>5m+10m* —10m® + 5m*) — 25[1]* (1 — 3m + 3m?) + 52 ] (16)
bs = 252(1—6m+15m* — 20m® + 15m* — 6m°)
2 2 3 45[1]4
—105[]% (1 — 4m + 6m* — 4m>) + 1 (1—2m) (17)

where [ is the nuclear spin, g; is the nuclear g-factor, uy is the nuclear magneton, h is the Planck constant,
[I] = 21 + 1, and vyss is the zero-field hyperfine splitting between F = I+1/2 and F = I —1/2, see Tab. (1).
For the special case of end transitions, F = I+1/2and m=I+1/2for I+1/2 > I—-1/2& m=—-1+1/2



Isotope
614
"Li

23Na
39K
4OK
41K

85Rb
87Rb

ISBCS

1
3/2

3/2
3/2
4
3/2

5/2
3/2

7/2

upper F

3/2

4

End
Transition

$3/2 « s1/2
52 < sl

52 « sl
$2 < sl
$9/2 « s7/2

s2 + sl

83« s2
s2 «— sl

s4 < s3

gr

+0.822 056
+2.170 960
+1.478 347
+0.260 973
—0.324 5
+0.143 247

+0.541 208
+1.834 133

+0.736 857

Untfs
MHz

228.205 26
803.504 09

1771.626 13
461.719 72
-1 142.92
254.013 87

3 035.732 00
6 834.682 60

9 192.631 77

Table 1: Hyperfine Structure Data for Alkali Atoms. F = I + 1/2 for the upper manifold and s = +.

for —1+1/2 < —I —1/2 and the coefficients for the expansion of the derivative of the EPR frequency are:
1+ 91N (21)

b = — B =1-0(107?) (18)
gsKB

by = F4I (19)

by = 6I(21—1) (20)

by = T8I (4I°—6I+1) (21)

by = 10I(2I —1) (4% —10I +1) (22)

bs = F12I (16I* — 80I° 4 801% — 201 + 1) (23)

where £ refers to the edge state m = + (I + %) involved in the transition. Once we have By, we can find
the He-3 polarization from the effective field due to the He-3 using:

2 Pre
BHe = % (Iﬁ?o -1 =+ ngo) [He]gHe.uN ;I

where 1o is the magnetic permeability of free space, kg is the empirical shift constant, kg, is a geometric
factor, [He| is the He-3 number density, gge = —4.254995446 is the He-3 g-factor, uy is the nuclear magneton,
Pye = 2(S;) is the He-3 polarization. The values for ko are given by [4, 5]:

(24)

Rb:rky = 6.39+0.00924 - (T — 200 °C) (25)
K:ky = 5.9940.0086- (T — 200 °C) (26)
Na : Ko 4.84 + 0.00914 - (T — 200 °C) (27)

The geometric factor kgeo is the ratio of the classical magnetic field produced by the He-3 for the cell
geometry averaged over the alkali sampling volume (ASV) to the classical magnetic field produced by a
uniformly polarized spherical He-3 sample with the same density and polarization:

A [y 2+ BedV . 2
Kgeo = Vasv AASY» ‘ Bsphere = ﬂ[I—Ie]gHe,uN
z - Bsphcrc 3

2 (28)
where Z is the direction of the holding field. The classical field B, can be calculated using the method of

magnetic scalar potentials (See section 5.9 of Blue Jackson [6]):

M, = [He] TP (7) (29)

Be = o (ﬁc - MC> H,.=-Vdy



where ]36(77) is the possibly position dependent He polarization vector. For a uniformly polarized region
bounded by a surface S, the magnetic scalar potential is given by:

1 [ i M)
[ = — —— 2 gA 30
wl) = 3= [ e (30)

where 7/ is the normal unit vector pointing out of S at a position 7’ on the surface S. For a region far from
the polarized He-3, the magnetic scalar potential is given by:

VJ\ZICXF

Par(r) = 473

(31)

where V' is the total volume of the region containing the polarized He-3. The value of x4, for a few different
geometries are given here:

1. Kgeo = 1 for a uniformly polarized sphere

2. Kgeo = 3/2 for an infinitely long cylinder polarized along its axis

3. Kgeo = 3/4 for an infinitely long cylinder polarized perpendicular to its axis

In quantitative terms, the effective field felt by the alkali metal due to the polarized He-3 vapor is:

2 Py,
By, = % (ko — 1 4 Kgeo) [He]gHe,UfNTH (32)
17s Ko — 1+ Rgeo [SHG] PHC
= (—14. 11
( 5 milligauss) { 5 ] (1 amg ) | 100% (33)

3 Calculating the Shift Due to the NMR RF Field: The AC Zee-
man Effect

To calculate the shift due to the AC Zeeman effect, we’ll follow and in some cases generalize the basic
arguments found in problem 2.7 of [7]. Since we are only interested in a given Zeeman transition within the
EPR spectrum, we’ll focus only on the states involved in the transition. This results in a two state system
(lm) & |m — 1)) with a Hamiltonian written as:

Ho = hwoF. (34)

where F, is the z-component of the total atomic angular momentum, % is the Planck constant divided by 27,
and wy is the EPR frequency for the transition for a magnetic field By. If another much smaller magnetic
field B; < By is turned on, then we can write the additional Zeeman interaction as:

Hl = —U- él = _gMBﬁ . él (35)

where g is the effective or Landé g-factor, up is the Bohr magneton, and F is the total atomic angular
momentum. In general, g depends on the total magnetic field in the z-direction, the hyperfine manifold F’,
and the magnetic substate m. Its form can be obtained by considering the case when B is in the z-direction
(the same direction as EO). In this case, the total Hamiltonian can be written in two ways:

H=Ho+H =hF, = hwoF, — gupF.B (36)
Taylor expanding w = w(By + B;) about By gives:

Qo _ 0w

w(By + B1) = w(By) + (Bo + B1 — BO)@B wo +B187B

(37)



Putting this together gives the form of the effective g-factor:

h\ Ow
hoF, — hwoF, = — F.B = =)=
w wo gupF.B1  — g (w) 3B (38)
where the derivative is evaluated at By.
We’ll now consider the case of an oscillating RF field in the z-direction:
H = hwoF, — gupFy Brs cos(west) (39)

where By is the amplitude of the RF field in the lab frame and wy¢ is the angular frequency of the RF field.
In general, the non-zero matrix elements of F, and F, = (Fy + F_)/2 are:

VFE(F +1)—m(m—1)

(m|F,lm)=m (m—1F,m—-1)=m—-1 {(m—1|F,|m)=(m|F,|m—1) =

(40)
Using these formulas, we can rewrite the Hamiltonian using the Pauli spin matrices:
H = hwom + hwoo, /2 + hQypso, cos(west) /2 (41)
where m = m — 1/2 is the mean m associated with the transition and ¢ is given by:
0
O = a—gBﬁ VF(F +1) —m(m—1) (42)

Since hwpm is an overall constant energy offset, we can safely drop it from the Hamiltonian. For convenience,
we'll relabel two eigenstates of Hy as |a) = |m) and |b) = |m — 1). The eigenstates of the full Hamiltonian
H are denoted as |1) & |2) and can be expanded as:

|1) = a1 exp(—iwot/2) |a) + by exp(+iwpt/2) |b) |2) = ag exp(—iwot/2) |a) + bg exp(+iwot/2) |b) (43)
where orthonormality enforces:
|CL1|2 + |b1|2 = |CL2|2 + |b2|2 =1 CLTCLQ + bTbQ =0 (44)

Because we've chose to expand |1) & |2) in this way, they automatically satisfy the Schrodinger equations
with a1 = bs = 1 & as = by = 0 when there is no RF field 2, = 0. Our goal now is to obtain a solution
correct to the lowest order for the case when 0 < Q.+ < wy.
Applying Schrodinger equation to |1), we get a pair of coupled equations:
ih(a1 — iwpay/2) exp(—iwot/2) = +(hwoay/2) exp(—iwot/2) + (Asb1/2) exp(Fiwot/2) cos(wrst)(45)
ih(by + iwoby /2) exp(+iwot/2) = —(hwobi/2) exp(+iwot/2) + (hear /2) exp(—iwot/2) cos(west)(46)

After rearranging a few things we get:

a1 = —(iQ%e1/2) exp(+iwot) cos(wret) (47)
by = —(iQ%¢ay/2)exp(—iwgt) cos(west) (48)

Since €2 is small, it’s not unreasonable to assume that [a;| ~ 1. In other words, we'll make the ansatz that
ay = exp(—iwt). Using this form of a; allows us to directly integrate by to give:

blz/bldt

—(iQrf/2)/ exp(—i(w1 + wo)t) cos(weet) dt (49)

= —(iQrf/éL)/ [exp(—i(w1 + wo — wee)t) + exp(—i(w1 + wo + wys)t)] dt (50)

— — wee )t —i oo )t
= (it SR Z0)]) | exp(n o+ o)) 61)
—i(w1 + wo — wys) —i(w1 + wo + wrs)
_ exp(—i(wi + wo — wre)t) n exp(—i(w1 + wo + wre)t) (52)
4 w1 + wo — Wre w1 + wo + Wre



Using this solution for b; and the ansatz for a;, we can now apply the equation for a;:

a1 = —(1Q:b1/2) exp(+iwot) cos(wyst) (53)
0%, exp(—i(wy + wo — wes)t)  exp(—i(wi + wo + wes)t)
—jwy exp(—iwit) = —i—== exp(+iwpt) cos(wyst + &5
vexp(—iwnt) 8 P(++iwot) cos( f){ w1 + W — Wre wi+wo+wee )
02 jwest —iwpst
wp = rt cos(wyst) [ OXp(Fiter!) exXp( ~irel) ] (55)
8 witwo —wrs w1+ wo A+ wes
02, exp(+iwyst) exp(—iwest) ]
= 2 Texp(+iwest) + exp(—iwpst + 56
12 foxp(aee) + exp( )] | L) O] (56)
02 {1 + exp(+2iwst) 14 exp(—%wrft)} (57)
16 | wi Fwo — wee w1 + wo + Wre
(58)
Our first approximation will be to drop the rapidly oscillating terms to get:
Q2f w1 + wo
_ 59
1 8 {(wl +wp)? — wk (59)
Our second approximation is that w; < wp, which allows us to solve for wy:
Q5T w [, w 2wiwp + w? -1
= B2 |l———7||1+—| |1+ ———— 60
1 8 |wi—wZ] | +w0 + Wi — w2 (60)
02T 1T 2 2
L 4 T P = (61)
8 |wi—wz] | wo \Wj — Wge
02T 1T 02, (2 23\17°1
_ Sorf . wo 5 1 + rf (‘2")0 + ;‘}er) (62)
8 LWo — Wrsl L 8((")O - wrf)

For self-consistency, this approximation necessarily implies that Qs < wy which is roughly equivalent to
our earlier assertion that By < By. Our third and final approximation is that the frequency of the RF field
is far from resonance, wys < wg, which finally gives:

-1
sz { wo ] [1+ Q%(“%‘*“*’Ef)} - sz

2 2 2 2 ~
8 Wy — Wrr 8(w0 - wrf)Q Bwo

w1 = (63)

We can follow this same calculation for |2) where as plays the same role as by, by plays the same role as
a1, and we must flip the sign of wy:

0y — Qe [exp(i(w2 — wo — wes)t) N exp(—i(ws — wp + wee )t) (64)
4 Wg — Wo — Wre Wz — wo + wre
by = exp(—iwat) (65)
0%
~ ozt 66
w2 8w0 ( )
Putting this altogether gives:
1) = exp(—i(wo/2+ w1)t)|a) + by exp(+iwot/2)|b) (67)
12) = azexp(—iwt/2)|a) + exp(+i(wo/2 — w2)t) [b) (68)
Oy .
by = +— exp(—i(wy + wp)t) cos(weet) (69)
4(4)0
Qr .
as = ——2 exp(—i(wa — wp)t) cos(weet) (70)
40.)0
02,
= — = r 1
w1 wo 8w0 (7 )



By isotope I m Vo Ov/OB | (Av)ys (AV)ne
Gauss +[I]/2 MHz kHz/G | kHz/G? kHz/amg

. 43 601 458 52.4 —7.08
Rb 5/2 -3 6.13 476 55.4 +7.36

13
5 12 859 622 45.0 —9.01
K820 5 961 788 | 642 4114
o5 +3 1055 451 28.9 —6.97
Rb 5/2 -3 10.93 484 32.1 +7.48

23
5 42 1454 569 22.3 —8.24
K 3/2 -2 17.91 863 41.6 +12.5

Table 2: EPR Frequency Shifts for the End Transitions Due to the NMR RF Field & Polarized >He. We've
assumed that Bys < By and vy < 9. The —(+) sign for m refers to the “well” (“hat”) state. For the
shift due to the polarized 3He, we’ve assumed a spherical sample at a temperature of 200 °C and 100%
polarization. The sign of the polarization is taken to be the same as the sign of the alkali m state.

To lowest order, the energy levels are:

o1
(1H|1) = (1|ih%~+h(wo/2+w1) (72)
L 0]2
2IHI2) = (2] zﬁ% ~ —Nh(wo/2 — ws) (73)
and finally the frequency is:
_(UHL - Q2IH[2) o Q% _ 0w Bre ) _ N
w= W =wp+ w1 wz—w0+4w0—w0 1+ 9B 2w (F(F+1)—m(m—1))| (74)

The AC Zeeman frequency shift due to an RF field for the transition |F,m) < |F,m — 1) when Bys < By
and vps < 1y is, to lowest order, given by:

(Av), = (75)

E(F+1) —m(m 1) [ov 2
4V() 0B rt

where Bys is the magnitude of the RF field in the lab frame, vy is the frequency of the transition when
Bys = 0, and the derivative for F' = I 4+ 1/2 is given by (up to fifth order in field) Eqn. (9). For the
special case of end transitions, F = I +1/2and m =1+1/2for I+1/2 -1 —-1/2& m = —1+1/2 for
—I+1/2 < —I —1/2 and the frequency shift is:

(A0) = [SBB} (76)

10
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Figure 3: Current in NMR RF coils for a set amplitude of Vit = 300 mV. The NMR RF coils resonate at
about 20 kHz.

4 An Experimental Study of the NMR RF Shift Effect

To study the NMR RF Shift effect, we took data for:
1. fields of 13 Gauss and 23 Gauss
2. NMR RF frequencies of 25.0 kHz, 30.0 kHz, 35.0 kHz, and 56.6 kHz

3. NMR RF set amplitude from 25 mV up to 600 mV or whatever value the NMR RF amplifier would
overload

4. 39K in the “well” state

At typical sequence is depicted in Fig. (4). For each data set, we would measure the EPR frequency, the
current in the Helmholtz coils, and the current in the NMR RF coils. For all of the measurements, the
current in the Helmholtz coils was very stable and the 3He polarization had reached equilibrium. Therefore
any change in the EPR frequency was mostly due to the NMR RF field.

After collecting this data, we plot the shift vs. NMR RF set amplitude, see Fig. (5). The expected
quadratic behavior is readily seen. We don’t expect the NMR, RF frequency to play a direct role in the shift.
Therefore we measured the current in the NMR RF coils vs. NMR RF frequency for a fixed set amplitude
Viet, see Fig. (3). To make all the data comparable, we convert the shift into the amplitude of the RF field
causing it using Eqn. (76). Since the same set amplitude doesn’t correspond to the same current in the
NMR RF coils for different NMR RF frequencies, we plot the data vs. the current in the RF coils instead.
When we do this, if our calculation is correct, then all the data should lie on a line. To better than 5%, this
is true and we get a slope of 182 mG/A.
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Figure 4: Shift in the EPR Frequency for an NMR RF Field at 25 kHz. The top plot shows the magnitude of
the holding field as measured from the current in the Helmholtz coils. Over the course of the measurement, it
was stable to a few milligauss. The middle plot shows the current in NMR RF coils. During the measurement,
the RF field was turned off and on at linearly increasing amplitudes. The bottom plot shows the locked EPR
frequency as the NMR, RF field is varied. The measurement was done at the end of a spin-up, so we assume
that the 3He polarization was at equilibrium. The field due to the polarized *He is about 40 milligauss,
which corresponds to a frequency shift of about 30 kHz. The magnitude of the NMR RF field is increased
linearly, whereas the shift is increasing in a quadratic manner. At around ¢ = 700 sec, there was a glitch in
the RF amplitude. In addition, the NMR RF amplifier overloaded at around ¢ = 1175 sec. Both of these
features can be seen in both the bottom two plots.
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Figure 5: Measurement of (Av)ys under different conditions. We measured the NMR RF shift at two
different fields, four different NMR RF frequencies, and several NMR RF field amplitudes. The top plot
shows the shift plotted against set amplitude. Except for the 25.0 kHz, 13 Gauss data set, there was a linear
relationship between the current in the NMR RF coils and the set amplitude. For the 25.0 kHz, 13 gauss
data set, a glitch occurred during the measurement, see Fig. (4). For the bottom plot, we've inserted the
measured shift into Eqn. (76) and solved for the amplitude of the NMR RF field in the lab frame. Once this
value for By is plotted against the measured current I+ in the NMR RF coils, the data cluster along a line.
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