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Contents of Chapter 10 ” Multi-Dimensional 
Fourier Imaging and Slice Excitation”

10.1 Imaging in More Dimensions
10.2 Slice Selection with Boxcar Excitations
10.3 2D Imaging and -Space
10.4 3D Volume Imaging
10.5 Chemical Shift Imaging
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Introduction

• The 1D Fourier encoding is here generalized to multiple 
dimensions

• The results are two- and three dimensional Fourier 
transforms

• Phase encoding by varying gradient amplitudes is 
introduced

• To avoid full 3D data collection, the sliced selection method 
is introduced
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Recap: Fourier Imaging in 1D
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The 3D Imaging Equation

• The signal from 3D excitation can be written as

• Or

• The time implicitly time dependent k-vector is given by

• The image itself can be recovered by
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2D Imaging and Phase Encoding
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Full 3D Imaging with Phase Encoding

• We could also traverse the whole ky,kz plane with phase 
encoding

• This is called 3D imaging
• Each x-line is sampled during application of gradient Gx:

• The y and z directions are ‘looped over’ by taking steps

• One rarely works this way, because T2 and T2* decays cause 
the signal to attenuate
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3D Imaging with Repeated rf-Pulses
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2D/3D Imaging with Repeated rf-Pulses
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Slice Selection
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Exciting a Slice

• We turn on a ‘slice selection’ gradient, which causes Larmor
frequencies to depend on position:

• We then apply a band-limited pulse which excites only a 
slice of thickness !z:

• The slice thickness TH = !z is then given as

• Band-limited boxcar pulse in time-domain is sinc(.)
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Slice Selection with Boxcar Excitations
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Gradient Rephasing After Slice
Selection
• The slice selection gradient causes spins to dephase at 

different sides of the slice
• This effect can be eliminated by applying a reverse gradient 

for half of the time after the slice selection:
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Arbitrary Slice Orientation
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Problem
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Examples 2D Gradient Echo Images
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2D Gradient Echo Imaging Sequence
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Applying Gradients at the Same Time
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K-space Trajectory
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Spin Echo Imaging Sequence
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Short-TR 3D Gradient Echo Imaging
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Multi-Slice 2D Imaging

20.3.2019
Laitoksen nimi

22



Chemical Shift Imaging
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Problem
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