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Introduction 

Nuclear Magnetic Resonance (NMR) 

investigates the nuclear spins and their 

interactions in a magnetic field. The spins are 

pulsed in an orthogonal direction to the primary 

magnetic field and then precess around the 

axis. This precession is detected as a digital 

output and is known as Free Induction Decay 

(FID). The FID is a signal that occurs in the time 

dimension and can be seen as a series of 

wavelengths usually at one frequency and 

decreasing in amplitude over time. The FID 

signal is complex having both real and 

imaginary components. The image to the right 

shows one of those components at a constant 

frequency and with a quickly-decaying 

amplitude. For the nth component the FID 

generally follows the format: 
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where an is the amplitude, ωn – ωref is the 

relative Larmor frequency (the difference of the 

Larmor frequency and the oscillation of the 

reference frame), and λn is the damping rate of 

the component. The wavelength is fixed and 

frequency also which tells us that there will be 

one peak on the frequency spectrum.  

Free Induction Decay Demonstration 

The demonstration will show a four component 

system that has varying amplitudes, 

frequencies, and damping rates. The full NMR 

signal is just the sum of each of these individual 

components.  

The amplitudes of each signal are complex and 

can more accurately be written as ni

n ea
  and 

are influenced by the pulse sequence. The total 

number of identical nuclei experiencing the 

same environment will sum and thereby 

increase the amplitude. The frequencies and 

damping rates are only affected by what 

Figure 1: Free Induction Decay in time (s) 

Figure 2: Fourier transformed FID in frequency (Hz) 



happens to the system during the signal 

detection.  

 

Figure 3: Basic NMR pulse sequence and acquisition 

 

Fourier Transform 

Mathematically, a Fourier transform is:  
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Which will be represented in a simplified 

manner (Lorentzian): 
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The Fourier transform is applied to a complex 

function in the time domain and results in 

another complex function in the frequency 

domain. A high damping rate in the initial NMR 

signal gives a broad peak and slow damping rate 

gives a sharp peak because of the Lorentzian 

function. Typically the real part is plotted as the 

NMR spectrum. 

 

Figure 4: Lorentzian with 2λ = full-width half-max 

 

Figure 5: High damping rate 

 

Figure 6: Low damping rate 

There is also a phase shift term from the 

receiver where we define ie to be the phase 

shift2. 

For the four-signal demonstration setup, the 

amplitudes were all fixed to 0.25 and then 

another factor was added to the frequency. 

Each frequency was set to a different value and 

the damping rates were set to two different 

values. Initially the phase shift is zero but the 

manipulate functions in Mathematica allow all 

of these to be altered. 



 

Figure 7: Four-component NMR signal
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It is important to note that the frequency plot 

of the NMR signal is with respect to the 

oscillation frequency of the reference frame. On 

a 400 MHz device, the ωref would be 400 MHz. 

 

References: 

1. Levitt, M. Spin Dynamics. John Wiley & 

Sons, 2nd Ed. 2008. 

2. Hornak, J. The Basics of NMR. Online 

textbook, 1997. 

3. http://chem.ch.huji.ac.il/nmr/techniqu

es/2d/2d.html 


