
CHEM-6154 Signals and Spectra |

Signals and Spectra
CHEM 6154 – Nuclear Magnetic Resonance

Marcel Utz

January 26, 2020



CHEM-6154 Signals and Spectra |

2 | Learning Goals for Today

In this lecture, we will:

É look at the shape of NMR signals, and

É examine how NMR signals are processed, analysed, and interpreted;

At the end, you will know:

É what a Fourier transform is;

É how transient signals are converted into spectra;

É how acquisition and processing parameters are chosen;

É how imperfections and artefacts affect NMR spectra.
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3 | Outline

Detection and Data Processing

Processing NMR Data
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6 | Free induction decay

Magnetisation precession
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7 | A real example

Raw Spectrometer Data
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Acquisition parameters

14.1 T magnet, 1H signal, π/2 pulse, 500 ms acquisition time, microfluidic chip with 2.5 µl cell
culture, 8192 complex data points.
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8 | The Fourier Transform

Definition

The Fourier transform F : f (t )−→ f̂ (ω) is defined by the integral transformation

f̂ (ω) =

∞
∫

−∞

e −iωt f (t )dt .
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9 | Fourier Transform of Oscillatory Functions
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10 | Decay Time and Resolution
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11 | Properties of the Fourier Transform

Linear: F [g (t ) +h (t )] = g (ω) +h (ω)

Complete: F −1[g (ω)] = g (t )

Conservative:
∫∞
−∞ f ∗(t ) f (t )d t =

∫∞
−∞ f ∗(ω) f (ω)d t
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12 | Fourier Tranformation of Digitized Data
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∆t = n δt
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13 | Fast Fourier Transform (FFT)

Digital FID data
É n individual complex data points

f1, f2, . . . , fn

É separated by equal intervals δt (time
resolution)

É total acquisition time∆t = n δt

Digital spectrum
É n individual complex data points

s1, s2, . . . , sn

É separated by equal intervals δω
(frequency resolution)

É total spectral window∆ω= n δω

Nyquist Theorem

The spectral window is given by the inverse of the time resolution.
The spectral resolution is given by inverse of the time window.

∆ω=
2π

δt
δω=

2π
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14 | Example
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15 | Convolutions

Definition
The convolution of two functions f and g is given by

[ f ⊗ g ](x ) =

∫ ∞

−∞
f (ξ)g (x −ξ)dξ

x

f HxL
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16 | Apodisation

Convolution Theorem
The Fourier transform converts a product of two functions into the convolution of their
Fourier transforms:

F [g (t )h (t )] = g (ω)⊗h (ω)
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17 | Recapitulation

Take-home messages from today:

É NMR signals are generated by the free precession of nuclear spins;

É complex signals are acquired through quadrature detection (demodulation);

É individual signals are exponentionally decaying harmonic oscillations;

É spectra are obtained by discrete Fourier transform;

É long-lived signals give rise to sharp peaks; rapid decay leads to broad signals;

É the spectral window is inversely proportional to the time resolution (Nyquist theorem);

É the spectral resolution is inversely proportional to the time window (Nyquist theorem)

É multiplication of the time domain data corresponds to convolution in the frequency
domain (Convolution theorem)..

É ..and this can be used for filtering.
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É the spectral resolution is inversely proportional to the time window (Nyquist theorem)

É multiplication of the time domain data corresponds to convolution in the frequency
domain (Convolution theorem)..

É ..and this can be used for filtering.
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