Jefferson Lab E94010 Technical Note 15 December 1998

Effect of the lock-in time constant on the NMR signal shape

Sebastien Incerti Temple University, PA incerti@jlab.org

Abstract

We estimate the correction that has to be applied to the NMR signal height to take into account the effect of the lock-in time constant.

1 The Raw NMR Signal

The time evolution of the raw NMR signal can be ideally described with the parametrization : S_{raw}(t) = H_1 √ H^2_1 + α^2t^2 (1) where t stands for the time (in s), H_1 is the RF field rotating component (H_1=90.8 mG ) and α is the the sweep speed (α = 1.2 G.s�^1). We usually include a linear background in the expression to fit the experimental data. The numerical values used are the default values of E94010 given in [1].

2 The NMR Signal Given by the Lock-in Amplifier

The shaping due to the lock-in time constant can be described by the first order differential equation (as seen for the study of the water signal model, cf. [2]) : dS_{lock}�_{in}(t) dt = 1 t_c (S_{raw}(t) � S_{lock}�_{in}(t)) (2) where t_c is the lock-in time constant. With the initial condition at the time t_i when the sweep starts : dS_{lock}�_{in} dt (t = t_i) = 0 = 1 t_c (S_{raw}(t_i) � S_{lock}�_{in}(t_i)) (3)

The solution is : S_{lock}�_{in}(t) = e�^{(t}�^{ti)/tc} [ S_{raw}(t_i) + 1 t_c ∫ t t_i e^{(u}�^{ti)/tc} S_{raw}(u)du ] (4) Figure 2 shows you the evolution of the signal given by the lock-in when the time constant t_c goes from 10 ms to 100 ms. We clearly see that the height of the lock-in signal decreases when the time constant of the lock-in increases.

3 Height Correction

Using for example H_1=62 mG, the previous differential equation has been solved with Mathematica v3.0. The raw signal and the numerical solution of the differential equation have been represented on Figure 1 (dots). These two signals have then been fitted with Paw using the usual parametrization (cf. [1]) : signal(t) = h √ 1 +^{(t}�^{tres)2}_{w2} (5) with : width w (in G), resonance time t_{res}(in s) and peak height h (in Arbitrary Unit), as described in [1].

For a RF field value H_1=62 mG, the fits show us that the raw signal is larger than the signal given by the lock-in (ratio raw/lock-in = 1.01 ) and that the lock-in signal is also delayed by approximately t_c.

For different values of H_1, ranging from 10 mG to 100 mG, we have estimated as previoulsly described the following ratios :

ffl HEIGHT ratio : ratio of the raw NMR signal height to the lock-in NMR signal height ffl WIDTH ratio : ratio of the raw NMR signal width to the lock-in NMR signal width

These ratios are shown on Figure 3. They have been interpolated using Mathematica 3.0. Refer to Figure 4 and to Figure 5. The values of each ratio for values of H_1 ranging from 10 mG to 100 mG by steps of 0.5 mG are given in the numerical tables shown on Figures 6 and 7.

4 Conclusion

For an absolute calibration of the NMR setup, it is necessary to increase the height of the lock-in signals to account for the lock-in time constant effect. This correction is not necessary for the usual relative calibration using the water target, since the AFP conditions and settings (H_1, lock-in, ...) remain the same.

References

[1] S. Incerti “The NMR system of the Hall A polarized Helium 3 target”, E94-010 Technical Note 9 (November 1998)

[2] S. Incerti and E. Lakuriqi, “Model of the water signal shape from the Bloch equations”, E94-010 Technical Note 10 (November 1998)

Figure 1: Shape (calculated by Mathematica) and fit (calculated by Paw) of the raw signal (plain circles) and of the signal given by the lock-in (open circles). Height stands for the height given by the fit (called h), Res for t_{res} and Width for w. Vertical scale in arbitrary units. 4

Figure 2: Mathematica modelization of the signal given by the lock-in as a function of time (left axis, from -2 s to 2s) and as a function of the lock-in time constant (right axis, from 10 ms to 100 ms).

Figure 3: Mathematica modelization of the HEIGHT and WIDTH ratios, as a function of H_1 (mG).

Figure 4: Cubic interpolation of the HEIGHT ratio.

Figure 5: Cubic interpolation of the WIDTH ratio.

Figure 6: Numerical table of the interpolated values of the HEIGHT ratio.

Figure 7: Numerical table of the interpolated values of the WIDTH ratio.