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Gradient  Coils

Chronik  B,  Rutt  BK:  Constrained  Length  Minimum   Inductance  Gradient  Coil  
Design.  Magnetic  Resonance  in  Medicine.   39  :270-­278,  1998  
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System  Electronics



Pulse  Sequence  Programs



Example  Pulse  Sequence  Code



Pulse  Program  Flow
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Pulse  Sequence  Diagrams
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Gradient  Pulses



Linear  Magnetic  Field  Gradients

Distance (x)

Bz

x

z

Bz(x,z)

One-Dimensional Two-Dimensional

Deviation from B0 typically very small (~0.1%)

Gradient direction



Field  Gradients  and  Magnetization  Phase
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Frequency  Encoding
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Frequency  Encoding  Bandwidth



Real  Gradient  Pulses
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Frequency  Encoding  Bandwidth  and  Noise

SNR is proportional to the square-root of the total digitizer acquisition time
(c.f. SNR proportional to the square root of the number of signal averages).

Spin  Echo

Digitizer  acquisition  window



Gradient  Moments



k-­space

k measures phase accumulated per unit distance over a 
time interval (radians/m) due to a time varying 
gradient (pulse, waveform, etc).

k is a vector => k-space can be multidimensional.

The components of k (kx, ky, etc.) have units of 
radians/m.



MR  Imaging  as  Diffraction
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Spatial  Frequencies  and  k-­space

k-space Real space

Coordinates in k-space equate to spatial frequency.



k-­space  Spatial  Frequency  Regions
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k-­space  Maneuvers
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Gradient pulses move the 
spin system in k-space. 



k-­space  Trajectories
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Spatial  Encoding

Spatial  Localization
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MR  Signal  as  a  Complex  Quantity

• Both the magnitude and phase of 
the MR signal are measured.

• Two signal channels are commonly 
referred to as “real” and 
“imaginary”.
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The  Fourier  Transform  (FT)

The Fourier Transform is an Integral Transform which, for 
MRI, relates a time varying waveform to the corresponding 
frequency spectrum.

FORWARD  TRANSFORM  (time  -­>  frequency)

REVERSE  TRANSFORM  (frequency  -­>  time)



Bandlimited  RF  Pulses

• Pulse waveform 
modulates Larmor 
carrier frequency.

• Affects frequency 
band centered on 
Larmor frequency.



Slice  Selection  with  Gradients
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The  Gradient  Echo

T2 decay

RF Pulse

Gradient
Dephasing

Gradient
Rephasing

Gradient
Echo

x’

y’

(-x,+ω)

(+x,-ω)

x’

y’

x’

y’

x’

y’

(-x,-ω)

(+x,+ω)

X Gradient



Construct  Full  Gradient  Echo  Sequence



Tomorrow  :  Pulse  Sequences


