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VI. Primer on Lorentzian and Gaussian (Bruker) Multipliers [MathCAD import]
by cg fry: revised 28-Oct-98

This discussion should illustrate the very different effects of Gaussian and Lorentzian (or
Exponential) multipliers on resulting MMR spectra. Lorentzian multipliers are used to decrease noise
in spectra, but at the price of lower resolution. Gaussian multipliers, on the other hand, are anly used
to enhance the apparent resolution of a spectrum, and should be used with caution, as noise spikes
can be transfarmed into what appear to be peaks under Gaussian multiplication.

This document was made using MathCAD, Al calculations are shown, with resulting plots, A
"liva" MathCAD document allows & student to interactively change parameters (LB and GB here) to
see the effect of the changes directly. Experimentation is often the best teacher, so give it a try.

First, we set-up the time domain paints:

npts 1= 1024 i:=0.npts i iz the counter index
AD =20 s b= A0 DW =t s =L
! fpts Dar
DW =002 5 aW =312 Hz

Mow we can calculate a Lorentzian - or exponential - weighting function:

LB =3 lorents, = exp (— t-LE: :'?)

i0.5 ]

Matched filter conditions use LB =1/ (xT;) .

A different description is: LB equals the full-width at half-maximum of the peak without weighting
functions. Exponential multipliers improve 2/, but increase the linewidths (by LB Hertz).

Good values for matched filters are LB =0.2 on the WP's
LB =04 onthe Akf's

LB =1-3 far 13C data

Keep in mind that LB on PCHNMEAWindows is the constant entered in the box directly in line with
Lorentzian button. GB used later is the constant entered in the box in line with the Gaussian button.
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Mow generate a simulated FID of & poorly resolved overlapping pair of doublets:

- fi# is the frequency of the peaks in Hz

fla:=20 Hz fla:=205
flb =323 fiv =333
wl =3 Hz wl = 33 - wiit s the full width at half-max of the peaks

fid = (exp(.z-n-ti-ﬂa-j ) + exp(.z-n-ti-ﬂh-j ))-exp[- (ti-wl-:"{) ]
J = soni-1)

fif2, = (exp(.z-n-ti-fza-j ) + exp(-z-n-ti-fzh-j ))-exp[- (ti-WE-:"{) ]

ﬂdli + ﬂtﬂi
ﬂdi .:T

Calculate the Fourier variable, w, which just the frequency in Hz, and take the Fourier transform:

i
VoS spe = Rel offi fid
W pe :=Re( cfR(fid))
The FID appears as The spectrum is

2
T L F T | —
ﬂju sicin.s — -
I I
0 10 0 0 25
4 (5] v, (Hz)
Add some noise using the random number function, md:
rndi 1y - 0.5
nfid, :=fid, + md(1)-05 fispe = offt nfid)
1 | | |
1= -
i, g TERL;
-1 | ] |
0 10 0 0 25
, v (HzZ)
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Mow we apply the Lorentzian weighting function:

Lfid, ‘=nfid lorentz, Lape = cfft{ Lfid)

0.5 -
L6,

Lsp-:i

. | |

Y (5] ¥ (Hz)

YWe see that the noise is decreased significantly, but at the expense of loss of resolution

Mow look at @ Gaussian function. This function is useful for adificially enhancing the apparent
resolution of a spectrum, which may be useful in the simulated spectrum shown above, The peaks
at 23 and 3.3 Hz are barely resalvable (not at all after Larentzian multiplication!).

A Gaussian multiply warks by increasing the portion of the FID where the best resolution is
occuring in the FID. This is the furthest time partion of the FID where there is still signal
noisy FID shown at the bottam of page 2, this time is ~ 4 5. Increasing the long-time component

increases the apparent resolution, because the further out in the FID we can see signal, the better
the resolution. The follow graphs illustrate why this is so;

o inthe

Take two cos signals separated by 10 Hz: k:=1.400 th, :=%
sl + 3
s1,, = cos(2-7tl - 10) 52, = cos (271l -20] 5, = — . g

10 Hz difference
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Clearly, wery large difference are apparent by 1110 =0.1 = into the FID. Mow, however,
let's look at two cos signals separated by 0.1 Hz:

511-; = cus(ﬁ-ﬂ-tkk-lﬂjl sZk = cu:us(z-n-tkk.m_l) s, = 511-: + 5214

2
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N1 Hz differanrea
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In this case, almost no difference can be seen at 0.1 5. The key paint is that smaller
frequency separations can only be discemed further out in the FID. Resolution is therefore
determined by having signal as far out in time as possible: the Gaussian multiplication
therefore scales down the beginning of the FID and scales up the later times. Our main
chare in properly using the function is to make sure to scale up signal instead of noise, but

also not reduce the beginning of the FID, where the best S/ is, too much,

2 T

Moisy FID without any multiply rfid g
1

function (from page ).

For (aussian multiplication, choose a matched filter for LB, but ahvays make it negative
LE = -0.3 for the case introduced on page 2 shown again here for clarity.

(t;]j-LB-??
2.0E-AQ

gauss, = exp -ti-LB-:'I+

=-03 B =02

b

The function gawss is used in PCHMRE4YWindows and DISMME. The Gaussian function is a
multiplication of twa terms involving LB and GE:

(thz-I_B-n
2.0B-AQ

and g0B, = exp

gL.'EIi = exp (— ti-LB- :'I)

iz the same expression as above,

gauss, = gLBi- gGEi

so that now:
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eLE.
10

gl'_“'-r]E!i

Zaes

&
exp (— T[-LB-GB-TQ)

15 n

The dotted line is the first term, exponentially increasing because LB is negative. This term
provides the enhancement of the later part of the FID. The dashed line is the second term, using
hoth the LB and GB constants. This term is the Gaussian, t2, dependent term, and sets the
maximum of the function along with the drop-off at large t. The combined terms are show as the
solid line, which can vary considerably, depending on the choice of LB and GB.

Experirnenting with the function by changing LE and GB shows that GB sets the maximum of

the Gaussian function as the fraction of AG, and LB controls the width of the function.
lLe ifwe set GB = 5, the maximum will occur exactly halfway along the acquisition.

A good initial guess for GB is to find the first spot along the FID where signal is not apparent to
the eye. Inthe FID above, this happens at ~4 s, or 420 = 0.2 fraction of the acquisition; GB =02

Mowe weatch the effect of the Gaussian function on the spectrurm derived above:;

Ofid, =nfid - gauss, LB=-3 GE=02
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Az usual, the Fourier tranformed spectra are more revealing: Cspe i= offtf GAd)

1z a0 22 24 26

Clearly, the Gaussian multiplication has improved the apparent resolution, but at the cost of S0,
COne should be very careful to not allow noise spikes to become apparent peaks when using Gaussian
multipliers. Adjust the number dividing the rd function on page 2 to see the effects of mare noise.
Motice also that making LB too large gives negative "ears" on the peaks, whereas GB too large scales
up just the noise and not the signal by pushing the maximum of the function out too far,

As afinal look, let's make a spectrurm using poor values, First, use an LB that's too large
negative, making negative "ears" on the peaks:

LE=-08 OB =02 (tJE.LB.H

gaussl, = exp e
! 2.0B-A0

-t LE-7+ Gfidl, = nfid- gaussL,

Gepcl = offif GfidL)
Mow make another spectrurm with too large a GB, which will enhance not signal but noise;

LB =-03 OB =04 @?LB.H

gauss’, = exp e
! 2.GE-A0

-t LB+ Gfid, = nfid, - gaussd,

Gepo’ = offt] GfidT
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