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Learning Objectives

• Describe three different roles for gradients.

• Compare the spatial and temporal characteristics of the 

gradient fields to both B0 and B1.

• Be able to define the magnetic field at any point in space 

when a gradient is applied. 

• Explain how gradients are used to manipulate either spin 

frequency or phase.

• Compare the assumptions between the B0, B1, and 

gradient fields.
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Magnetic Field Gradients (Gx, Gy, Gz)



Gradient Hardware

Modern gradient systems operate at the engineering limits of power delivery and heat dissipation.
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Y-Gradient

Transceiver

Patient

Z-Gradient

X-Gradient

http://www.magnet.fsu.edu

High voltage, high current, and water cooled.



Gradient - Principles

• Primary function

– Encode spatial information 

• Slice selection 
• Phase encoding 
• Frequency encoding 

• Secondary functions

– Spin de-phasing to minimize artifacts (crushers & spoilers) 
– Spin re-phasing after slice selection 
– Spin pre-phasing before readout 
– Sensitize/de-sensitize images to motion
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Gradient – Characteristics

• Intermediate strength

– <80-100mT/m (<8-10 G/cm)


– <0.0150T (150G) @ edge of 30cm FOV

– Adds/Subtracts to the B0 field

– Parallel to B0; only adds to B0 in Z-direction


• Spatially varying

– Linear B-field gradients


• Temporally dynamic (kHz)

– Slewrate Max. <200T/m/s


– Risetime ~500µs


• Gradients are NOT:

– Fields perpendicular to B0

Gradients are “linear” over ~40-50cm on each axis.
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G(t)

t

Gmax

trise

<latexit sha1_base64="v0Srl6ZQ/8n/LIkIoG+JTmOcYQ0=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZCxBwDXjxGMAskQ+jp9CRNeha7a4Qw5Ce8eFDEq7/jzb+xM6Pg+qDg8V4VVfX8RAqNjvNmlVZW19Y3ypuVre2d3b3q/kFXx6livMNiGau+TzWXIuIdFCh5P1Gchr7kPX92sfR7t1xpEUfXOE+4F9JJJALBKBqpj6NMCc0Xo2rNtZ0c5H9SaxHI0R5VX4fjmKUhj5BJqvXAdRL0MqpQMMkXlWGqeULZjE74wNCIhlx7WX7vgpwYZUyCWJmKkOTq14mMhlrPQ990hhSn+qe3FP/yBikGTS8TUZIij1ixKEglwZgsnydjoThDOTeEMiXMrYRNqaIMTUQVE4Jj14uXf5PPELp1223YZ1eNWqtZpAFlOIJjOAUXzqEFl9CGDjCQcAcP8GjdWPfWk/VctJasj5lD+Abr5R0R4JCs</latexit>

trise,min = Gmax/Smax

<latexit sha1_base64="ArlKZ3kkwR4VGAD1nUoKyLnlRZQ=">AAACBXicdVDLSgMxFL1TX7W+qi51ESyCC6nTUrEboeBClxXtA9oyZNK0DU0yQ5IRy9CNG3/FjQtF3PoP7vwb046CzwOXezjnXpJ7/JAzbVz3zUnNzM7NL6QXM0vLK6tr2fWNug4iRWiNBDxQTR9rypmkNcMMp81QUSx8Thv+8GTiN66o0iyQl2YU0o7Afcl6jGBjJS+7bbxYMU33BZPj41MvFvh6fHCRdC+bK+TdKdD/JFdBMEXVy762uwGJBJWGcKx1q+CGphNjZRjhdJxpR5qGmAxxn7YslVhQ3YmnV4zRrlW6qBcoW9Kgqfp1I8ZC65Hw7aTAZqB/ehPxL68VmV65EzMZRoZKkjzUizgyAZpEgrpMUWL4yBJMFLN/RWSAFSbGBpexIbj5YnLyb/IZQr2YL5Tyh+elXKWcpAFp2IId2IMCHEEFzqAKNSBwA3fwAI/OrXPvPDnPyWjK+djZhG9wXt4BoXCZVQ==</latexit>

Smax

<latexit sha1_base64="Yp2aMVZ1GAZPaYCZEri1RvtF+I4=">AAAB7nicdVDLSsNAFL3xWeur6tLNYBFchaRU7LLgxmVF+4A2lMl00g6dmYSZiVhCP8KNC0Xc+j3u/BuniYLPAxcO59zLvfeECWfaeN6bs7S8srq2Xtoob25t7+xW9vY7Ok4VoW0S81j1QqwpZ5K2DTOc9hJFsQg57YbT84XfvaFKs1hem1lCA4HHkkWMYGOl7tUwE/h2PqxUfdfLgf4n1SaCHK1h5XUwikkqqDSEY637vpeYIMPKMMLpvDxINU0wmeIx7VsqsaA6yPJz5+jYKiMUxcqWNChXv05kWGg9E6HtFNhM9E9vIf7l9VMTNYKMySQ1VJJiUZRyZGK0+B2NmKLE8JklmChmb0VkghUmxiZUtiF4bq14+Tf5DKFTc/26e3pZrzYbRRpQgkM4ghPw4QyacAEtaAOBKdzBAzw6iXPvPDnPReuS8zFzAN/gvLwDEciQFA==</latexit>



Gradient – Hardware

• Typically Maxwell pair coil

• Linear B-field variation along z-

• Highly uniform in the xy-plane

• Currents are equal-and-opposite

Magnetic Resonance Imaging, E.M. Haacke, Chp. 27
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Z-Gradient
• Typically “saddle coils”; Golay Coil Pairs

• Linear B-field variation along x- or y-

• Highly uniform in yz- or xz-plane

• Innermost turns produce gradient field
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Spins and X-Gradients

Gradients give rise to isochromats (planes of common frequency).
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Z

X

Which coordinate 
frame is used to 

display the spins? 



Spins and Y-Gradients

Gradients add/subtract to B0 along a specific direction.
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Spins and X- & Y-Gradients

Simultaneous gradients create an arbitrary isochromat plane.
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Mathematics of Gradient Fields



Gradients and B-Fields

• Gradients are a special kind of inhomogeneous B-
field whose z-component varies linearly along a 
specific direction called the gradient direction.
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BG,z(x) = Gxx

x-gradient 
amplitude

B-field 
from a  

gradient

Points 
along the 
z-direction

Varies 
with the 

x-direction

x-position 
relative to 
isocenter

} } } } }



Gradients and B-Fields

Each gradient coil can be activated independently and simultaneously.
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x-gradient

BG,z(y) = Gyy

BG,z(z) = Gzz

y-gradient

z-gradient

Gx(t)

t

BG,z(x) x

BG,z(x) = Gxx

Pulse Sequence Timing Diagram Magnetic Field Spatial Diagram

iso



Gradients and B-Fields

The magnetic field at a position depends on the magnitude of the applied gradient.
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Each gradient coil 
can be activated 

independently and 
simultaneously

~BG,z(~r, t) = (Gx(t) · x+Gy(t) · y +Gz(t) · z) k̂0

=
⇣
~G(t) · ~r

⌘
k̂0

<latexit sha1_base64="eV2wj92fcUhVjn++MHh9QGZX3go="></latexit>

Gradients contribute to 
the net B-field, but only 

along the z-direction

~B(~r, t) = (B0 +BG,z) k̂
0

=
⇣
B0 + ~G(t) · ~r

⌘
k̂0

<latexit sha1_base64="cMkpxSSpjDBhrWhECyGABmKAXb8="></latexit>



Comparison of B-fields Assumptions

• B0-field is:

• Perfectly uniform over space.


• “B0 homogeneity”


• Perfectly stable with time.

• B1-field is:


• Perfectly uniform over space.

• “B1 homogeneity”


• Temporally modulated exactly as specified.

• Gradient fields are:


• Perfectly linear over space.

• “Gradient linearity”


• Temporally modulated exactly as specified.

Pay particular attention to the direction of each B-field.
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~BG,z(~r, t) =
⇣
~G(t) · ~r

⌘
k̂0

<latexit sha1_base64="C0hPQu0C7o98XHGr9jwBX+uoEdE="></latexit>

~B = B0k̂

<latexit sha1_base64="F3F3soWYjRnUMC5T1sjKFT6xIBw=">AAAB+3icdVDLSsNAFL2pr1pftS7dDBbBVUhLRTdCqRuXFewD2hAm00k7dDIJM5NiCfkVNy4UceuPuPNvnDYKPg9cOJxzL/fe48ecKe04b1ZhZXVtfaO4Wdra3tndK+9XuipKJKEdEvFI9n2sKGeCdjTTnPZjSXHoc9rzp5cLvzejUrFI3Oh5TN0QjwULGMHaSF65MpxRkrayi5bnDCdYp9PMK1drtrME+p9UmwiWaHvl1+EoIklIhSYcKzWoObF2Uyw1I5xmpWGiaIzJFI/pwFCBQ6rcdHl7ho6NMkJBJE0JjZbq14kUh0rNQ990hlhP1E9vIf7lDRIdnLspE3GiqSD5oiDhSEdoEQQaMUmJ5nNDMJHM3IrIBEtMtImrZEJw7Hr+8m/yGUK3btca9ul1o9rs52lAEQ7hCE6gBmfQhCtoQwcI3MIdPMCjlVn31pP1nLcWrI+ZA/gG6+UdUCKUwQ==</latexit>

~B1(t) = Be
1(t)

h
cos(!RF t)̂i

0 � sin(!RF t)ĵ
0
i

<latexit sha1_base64="CG2TEsRZKTrFrPGw2mHlpXONtts="></latexit>



Frequency from a Gradient

The ability to spatially manipulate the B-field enables spatial encoding with frequency and phase.
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Larmor equation arises 
from free precession and 
the equation of motion.

The Larmor frequency 
is now space and 
time dependent.

~! = �� ~B

<latexit sha1_base64="sYSl6v3Mi1KaQr9aRhZcSjKKBqA=">AAACBHicdVA9SwNBEJ3z2/gVtUyzGAQbw0UUbYSgjaWCiYFcCHObSVzcvTt294RwpLDxr9hYKGLrj7Dz37i5KPj5YODx3gwz88JECmN9/82bmJyanpmdmy8sLC4trxRX1xomTjWnOo9lrJshGpIioroVVlIz0YQqlHQRXh2P/Itr0kbE0bkdJNRW2I9ET3C0TuoUS8E18SyIFfVxeLgd9FEpzLWjYadYrlb8HOx/Uq4xyHHaKb4G3ZiniiLLJRrTqvqJbWeoreCShoUgNZQgv8I+tRyNUJFpZ/kTQ7bplC7rxdpVZFmufp3IUBkzUKHrVGgvzU9vJP7ltVLbO2hnIkpSSxEfL+qlktmYjRJhXaGJWzlwBLkW7lbGL1Ejty63ggvBr+yMX/5NPkNo7FSqu5W9s91yrTlOA+agBBuwBVXYhxqcwCnUgcMN3MEDPHq33r335D2PWye8j5l1+Abv5R2P6ZjR</latexit>

Gradients contribute and 
additional B-field that is 
space and time dependent.

~!(~r, t) = �� ~G(t) · ~r

<latexit sha1_base64="VAsxuU9t9es6zNJVxvyotjo1zOs="></latexit>



Frequency from a Gradient

Active control of the magnetic field gradients spatially manipulates the B-field and local Larmor frequency.
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Gx(t)

t

Pulse Sequence Timing Diagram

BG,z(x)

x

Magnetic Field Spatial Diagram

iso

Frequency Spatial Diagram

ω(x)

x

Imaging 
Voxel

What happens when the gradient is turned off?



Phase from a Gradient

The application of a gradient for a finite period of time “labels” the spins with a spatially dependent amount of phase.
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�G(~r, t) = ��

Z t

0

~G(⌧) · ~r(⌧)d⌧ Phase from a gradient.

Pulse Sequence Timing Diagram

t0

<latexit sha1_base64="ORs2hsByXgtMb/hSeHFHHKNItJc=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZCRI8BLzlGNAskQ+jp9CRNeha6a4Qw5BO8eFDEq1/kzb+xM6Pg+qDg8V4VVfX8RAqNjvNmlVZW19Y3ypuVre2d3b3q/kFXx6livMNiGau+TzWXIuIdFCh5P1Gchr7kPX92ufR7t1xpEUc3OE+4F9JJJALBKBrpGkfOqFpzbScH+Z/UmgRytEfV1+E4ZmnII2SSaj1wnQS9jCoUTPJFZZhqnlA2oxM+MDSiIddelp+6ICdGGZMgVqYiJLn6dSKjodbz0DedIcWp/uktxb+8QYrBhZeJKEmRR6xYFKSSYEyWf5OxUJyhnBtCmRLmVsKmVFGGJp2KCcGx68XLv8lnCN267Tbss6tGrdkq0oAyHMExnIIL59CEFrShAwwmcAcP8GhJ6956sp6L1pL1MXMI32C9vAOQiY4P</latexit>

t1

<latexit sha1_base64="rAE5aQk+oMnpp863DFI5IaejWG4=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZCRI8BLzlGNAskQ+jp9CRNeha6a4Qw5BO8eFDEq1/kzb+xM6Pg+qDg8V4VVfX8RAqNjvNmlVZW19Y3ypuVre2d3b3q/kFXx6livMNiGau+TzWXIuIdFCh5P1Gchr7kPX92ufR7t1xpEUc3OE+4F9JJJALBKBrpGkfuqFpzbScH+Z/UmgRytEfV1+E4ZmnII2SSaj1wnQS9jCoUTPJFZZhqnlA2oxM+MDSiIddelp+6ICdGGZMgVqYiJLn6dSKjodbz0DedIcWp/uktxb+8QYrBhZeJKEmRR6xYFKSSYEyWf5OxUJyhnBtCmRLmVsKmVFGGJp2KCcGx68XLv8lnCN267Tbss6tGrdkq0oAyHMExnIIL59CEFrShAwwmcAcP8GhJ6956sp6L1pL1MXMI32C9vAOSDY4Q</latexit>

Gx(t)

<latexit sha1_base64="d1PzZAEO1pwuyQRV/YSMiMrAz+g=">AAAB7XicdVDLSsNAFL2pr1pfVZduBotQNyEpFV0WXNhlBfuANpTJdNKOnWTCzEQsof/gxoUibv0fd/6N00TB54ELh3Pu5d57/JgzpR3nzSosLa+srhXXSxubW9s75d29jhKJJLRNBBey52NFOYtoWzPNaS+WFIc+p11/er7wuzdUKiaiKz2LqRficcQCRrA2UudieFvVx8NyxbWdDOh/UmkgyNAall8HI0GSkEaacKxU33Vi7aVYakY4nZcGiaIxJlM8pn1DIxxS5aXZtXN0ZJQRCoQ0FWmUqV8nUhwqNQt90xliPVE/vYX4l9dPdHDmpSyKE00jki8KEo60QIvX0YhJSjSfGYKJZOZWRCZYYqJNQCUTgmPX8pd/k88QOjXbrdsnl/VKo5mnAUU4gEOoggun0IAmtKANBK7hDh7g0RLWvfVkPeetBetjZh++wXp5B1apjw0=</latexit>

t

<latexit sha1_base64="1LiTpVl/YsZlHKf+adbzZWuVJpI=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw0yI6DHgJccEzALJEHo6PUmbnoXuGiEM+QIvHhTx6id582/szCi4Pih4vFdFVT0/kUKj47xZK6tr6xubpa3y9s7u3n7l4LCr41Qx3mGxjFXfp5pLEfEOCpS8nyhOQ1/ynj+7Wvq9W660iKNrnCfcC+kkEoFgFI3UxlGl6tpODvI/qTYI5GiNKq/DcczSkEfIJNV64DoJehlVKJjki/Iw1TyhbEYnfGBoREOuvSw/dEFOjTImQaxMRUhy9etERkOt56FvOkOKU/3TW4p/eYMUg0svE1GSIo9YsShIJcGYLL8mY6E4Qzk3hDIlzK2ETamiDE02ZROCY9eKl3+TzxC6Ndut2+fterXRLNKAEhzDCZyBCxfQgCa0oAMMONzBAzxaN9a99WQ9F60r1sfMEXyD9fIObK2NbA==</latexit>

• Longer times confer more phase. 
• Stronger gradients impart phase 

more quickly.

�G(x, t) = ��Gx · x · t

<latexit sha1_base64="vY5nav0DWRMMNjdIB0YoSzYAfDk=">AAACEHicdVBNSwMxEJ31s9avqkcvwSIqaNktil6Egod6rGJV6JYlm6ZtaLK7JLNiKf0JXvwrXjwo4tWjN/+Naavg54NhHu/NkMwLEykMuu6bMzY+MTk1nZnJzs7NLyzmlpbPTZxqxqsslrG+DKnhUkS8igIlv0w0pyqU/CLsHA38iyuujYijM+wmvK5oKxJNwShaKcht+ElbBOXN623cOtzxW1QpSsrBNfFZI0by2THI5b2COwT5n+RLBIaoBLlXvxGzVPEImaTG1Dw3wXqPahRM8n7WTw1PKOvQFq9ZGlHFTb03PKhP1q3SIM1Y24qQDNWvGz2qjOmq0E4qim3z0xuIf3m1FJsH9Z6IkhR5xEYPNVNJMCaDdEhDaM5Qdi2hTAv7V8LaVFOGNsOsDcEtFEcn/yafIZwXC95uYe9kN186HaUBGViFNdgED/ahBMdQgSowuIE7eIBH59a5d56c59HomPOxswLf4Ly8A6iAm9o=</latexit>

Phase from a 1-D rectangular 
gradient waveform.



Phase from a Gradient

Active control of the magnetic field gradients spatially manipulates the B-field and local Larmor frequency.
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BG,z(x)

x

Magnetic Field Spatial Diagram

iso

ω(x)

x

Gx(t)

t

Pulse Sequence Timing Diagram

t1

<latexit sha1_base64="rAE5aQk+oMnpp863DFI5IaejWG4=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZCRI8BLzlGNAskQ+jp9CRNeha6a4Qw5BO8eFDEq1/kzb+xM6Pg+qDg8V4VVfX8RAqNjvNmlVZW19Y3ypuVre2d3b3q/kFXx6livMNiGau+TzWXIuIdFCh5P1Gchr7kPX92ufR7t1xpEUc3OE+4F9JJJALBKBrpGkfuqFpzbScH+Z/UmgRytEfV1+E4ZmnII2SSaj1wnQS9jCoUTPJFZZhqnlA2oxM+MDSiIddelp+6ICdGGZMgVqYiJLn6dSKjodbz0DedIcWp/uktxb+8QYrBhZeJKEmRR6xYFKSSYEyWf5OxUJyhnBtCmRLmVsKmVFGGJp2KCcGx68XLv8lnCN267Tbss6tGrdkq0oAyHMExnIIL59CEFrShAwwmcAcP8GhJ6956sp6L1pL1MXMI32C9vAOSDY4Q</latexit>

Gx(t)

t
t2

<latexit sha1_base64="/pPTorYY1WLbr36zHAc/dezJ06I=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZCRI8BLzlGNAskQ+jp9CRNeha6a4Qw5BO8eFDEq1/kzb+xM6Pg+qDg8V4VVfX8RAqNjvNmlVZW19Y3ypuVre2d3b3q/kFXx6livMNiGau+TzWXIuIdFCh5P1Gchr7kPX92ufR7t1xpEUc3OE+4F9JJJALBKBrpGkf1UbXm2k4O8j+pNQnkaI+qr8NxzNKQR8gk1XrgOgl6GVUomOSLyjDVPKFsRid8YGhEQ669LD91QU6MMiZBrExFSHL160RGQ63noW86Q4pT/dNbin95gxSDCy8TUZIij1ixKEglwZgs/yZjoThDOTeEMiXMrYRNqaIMTToVE4Jj14uXf5PPELp1223YZ1eNWrNVpAFlOIJjOAUXzqEJLWhDBxhM4A4e4NGS1r31ZD0XrSXrY+YQvsF6eQeTkY4R</latexit>

Gx(t)

t
t3

<latexit sha1_base64="RPVKagMbfhzrtyXL8bf5qjmVLHY=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadmNET0GvOQY0cRAsoTZyWwyZPbBTK8QlnyCFw+KePWLvPk3TnYVfBY0FFXddHf5iRQaHefNKi0tr6yuldcrG5tb2zvV3b2ujlPFeIfFMlY9n2ouRcQ7KFDyXqI4DX3Jb/zpxcK/ueVKizi6xlnCvZCOIxEIRtFIVzg8GVZrru3kIP+TWpNAjvaw+joYxSwNeYRMUq37rpOgl1GFgkk+rwxSzRPKpnTM+4ZGNOTay/JT5+TIKCMSxMpUhCRXv05kNNR6FvqmM6Q40T+9hfiX108xOPcyESUp8ogVi4JUEozJ4m8yEoozlDNDKFPC3ErYhCrK0KRTMSE4dr14+Tf5DKFbt92GfXrZqDVbRRpQhgM4hGNw4Qya0II2dIDBGO7gAR4tad1bT9Zz0VqyPmb24Rusl3eVFY4S</latexit>

t = t1

<latexit sha1_base64="cWcqm3qHAnQdkijSBGPnRpVSPG0=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBoPgadkNEb0IAS85RjAPSJYwO5lNhszOLjO9Qgj5Bi8eFPHqB3nzb5xsFHwWNBRV3XR3hakUBj3vzSmsrK6tbxQ3S1vbO7t75f2DtkkyzXiLJTLR3ZAaLoXiLRQoeTfVnMah5J1wcrXwO7dcG5GoG5ymPIjpSIlIMIpWauElDvxBueK7Xg7yP6nUCeRoDsqv/WHCspgrZJIa0/O9FIMZ1SiY5PNSPzM8pWxCR7xnqaIxN8EsP3ZOTqwyJFGibSkkufp1YkZjY6ZxaDtjimPz01uIf3m9DKOLYCZUmiFXbLkoyiTBhCw+J0OhOUM5tYQyLeythI2ppgxtPiUbgudWly//Jp8htKuuX3PPrmuVemOZBhThCI7hFHw4hzo0oAktYCDgDh7g0VHOvfPkPC9bC87HzCF8g/PyDuq5jtU=</latexit>

ω(x)

x

t = t2

<latexit sha1_base64="J8StNE/FafhEUSY6M+4NOoAbuyI=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0hLRS9CwUuPFUxbaEPZbLft0s0m7E6EUvobvHhQxKs/yJv/xm2i4OeDgcd7M8zMCxMpDHrem1NYWV1b3yhulra2d3b3yvsHbROnmnGfxTLW3ZAaLoXiPgqUvJtoTqNQ8k44vVr6nVuujYjVDc4SHkR0rMRIMIpW8vESB7VBuVJ1vQzkf1JpEMjQGpRf+8OYpRFXyCQ1plf1EgzmVKNgki9K/dTwhLIpHfOepYpG3ATz7NgFObHKkIxibUshydSvE3MaGTOLQtsZUZyYn95S/MvrpTi6COZCJSlyxfJFo1QSjMnyczIUmjOUM0so08LeStiEasrQ5lOyIXhuLX/5N/kMoV1zq3X37LpeaTTzNKAIR3AMp1CFc2hAE1rgAwMBd/AAj45y7p0n5zlvLTgfM4fwDc7LO+w9jtY=</latexit>

ω(x)

x

t = t3

<latexit sha1_base64="mUH6OwUKNJFfc5yVV8Qnmn523WE=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LBbBU0lrRS9CwUuPFUwttKFstpt26WYTdidCKf0NXjwo4tUf5M1/4zZR8PPBwOO9GWbmBYkUBl33zSksLa+srhXXSxubW9s75d29jolTzbjHYhnrbkANl0JxDwVK3k00p1Eg+U0wuVz4N7dcGxGra5wm3I/oSIlQMIpW8vACByeDcqVWdTOQ/0mlSSBDe1B+7Q9jlkZcIZPUmF7NTdCfUY2CST4v9VPDE8omdMR7lioacePPsmPn5MgqQxLG2pZCkqlfJ2Y0MmYaBbYzojg2P72F+JfXSzE892dCJSlyxfJFYSoJxmTxORkKzRnKqSWUaWFvJWxMNWVo8ynZENxqPX/5N/kMoVOv1hrV06tGpdnK04AiHMAhHEMNzqAJLWiDBwwE3MEDPDrKuXeenOe8teB8zOzDNzgv7+3Bjtc=</latexit>



How are gradients used 
for spatial localization?
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