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Introduction

• This chapter considers how to design rf pulse sequences:
1. Single pulse which induces collective precession
2. Pair of rf pulses resulting in ‘echo’ which cancels out T2’ 

relaxation
3. Repeating various combinations of rf pulses
4. ‘Inversion recovery’ pulses for determining T1

• Sequence diagram is introduced
• Spectroscopy is also introduced
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Free Induction Decay (FID)

• We can apply single !/2 pulse to the sample
• Rotates longitudal magnetization to transverse plane
• Reveals the free induction decay (FID):

• In lab, we then see a FID signal of the form:
s(t) = s0 exp(-t/T2) sin("0t).

• In rotating coordinate system this is just a signal
s(t) = s0 exp(-t/T2).
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Free Induction Decay (FID)
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T2
* Decay

• Due to magnetic field inhomogeneities we actually see
s(t) = s0 exp(-t/T2

*).
• Which results from the magnetization

where

• The T2’ is a result of collective effect of dephasing:

• The phase accumulation at each position has the form
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Sequence of FID experiments
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Spin-echo sequence

• The spin-echo sequence uses two pulses:
1. !/2 pulse which flips the magnetization around x’ axis
2. ! pulse around y’ axis which refocuses the spins

• After the !/2 pulse the different phases evolve as:

• The ! pulse negates the phases and they become:
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Spin-echo sequence

• The phases then continue evolving as:

• At the echo time the phases again coincide and we get echo:
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Spin-echo sequence
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Problem
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More on spin-echo

• Spin-echo envelopes at each interval:

• Spin-echo eliminates the effect of T2’ relaxation
• It does not reduce the effect of T2
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Multiple Spin Echo Experiments
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The FID Signal from Repeated RF 
Pulse Structures
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The Spin Echo Signal from Repeated
RF Pulse Structures
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Multiple Spin Echo Sequence Diagram
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Inversion Recovery and T1 
Measurements
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Inversion Recovery and T1 
Measurements
• After ! pulse we have:

• The signal then evolves as:

• After !/2 pulse we have:

• This is zero when
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Repeated Inversion Recovery
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Problem
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Spectroscopy and Chemical Shift

• Local magnetic ‘shielding’ causes local changes in B0

• The frequency shift is thus

• The phases evolve according to

• The resulting demodulated signal from continuous species 
has the form of a Fourier integral:
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