
Simo Särkkä

Brief Recap of 
Chapter 7 of 
Brown et al. (2014)



Contents of Chapter 7 ”Signal Detection 
Concepts”

2/26/19

Laitoksen nimi

2

7.1 Faraday Induction
7.2 The MRI Signal and the Principle of Reciprocity
7.3 Signal from Precessing Magnetization
7.3.1 General Expression
7.3.2 Spatial Independence
7.3.3 Signal Demodulation
7.3.4 Dependent Channels and Independent Coils
7.4 Dependence on System Parameters
7.4.1 Homogeneous Limit
7.4.2 Relative Signal Strength
7.4.3 Radiofrequency Field Effects



Introduction

• We have already considered:
• Dynamics of magnetization of the measured sample
• Rf field used to “tip” the magnetization to cause precession

• Now we consider detection of the rotating field
• Based on electromotive force (emf) generated on a coil
• We often use the same coil for transmitting and receiving
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Faraday Induction

• The Faraday’s law of induction for electromotive force:

• The flux through the coil:

• For example, consider

• Assuming                  we then get
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Faraday Induction
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Problem
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The MRI Signal and the Principle of 
Reciprocity
• The effective current density caused by magnetization is

• The vector potential caused by it is

• This then gives the magnetic field

• Using the Stokes’ theorem we can then write
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The MRI Signal and the Principle of 
Reciprocity
• We now obtain

• Which can be seen to actually have the form

• Here Breceive is the magnetic field per unit current that would 
be produced by the coil at the point r

• Example of the principle of reciprocity
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Signal from Precessing Magnetization

• The emf induced in the coil is expressed as

• Thus the detected signal is proportional to

• This is nominally of the form

• Or
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Signal Demodulation

• Demodulation multiplies signal with

• Giving

• Then we low-pass filter away the high frequency:

• By multiplying with                     we get
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Signal Demodulation
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Problem
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Complex Signal

• Complex demodulated signal

• Alternative forms for the signal:

• where
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Dependence on System Parameters

• In homogeneous limit we have (ignoring amplification)

• As M0 is proportional to B0, this is proportional to B02
• The noise increases proportionally to B0 and hence signal-

to-noise ratio (SNR) is proportional to B0
• For this reason higher B0 fields are preferred
• The relative signal strength for a given species is

• A non-uniform profiles of Breceive and Btransmit also affect the 
measured image
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Dependence on System Parameters
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