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Transverse magnetization — MRI Signal
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PSD: phase-sensitive detection or signal demodulation method
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Quadrature detection

Use another PSD : V(t) x 2 Sin (wot)
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If a gradient is applied:
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Let dM,, =M, (F)df = p(W)dW isochromatic bulk magnetization
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= Jm p(Fle 2e 7 dr (applya gradient AB = g -F)
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S(t)= Ae e t>0
Sw)= F {S(t)}
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Now, let’s consider how to spatially encode MR signals.
Suppose a 2-D object p(X, y)

S(X, ) 'l’J‘pr)Ekax+ky)dXdy

How do we get such S(k K ) ?
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Let’s apply a gradient gy

90 RF Gradient echo
w(x) = 79, X

Collect signals during T: |
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3) S(IZ)(—) p(f) Fourier pair

4) k- trajectory: the temporal order of S(IZ) that one allocated in k-space
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- No dispersion in Im, no broadening after FT

II. If we apply g« & g, simultaneously
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III. Spin Warp
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Repeat for say 128 excitations discrete increment
65‘ v fixed o,
S(k, .k, )= Hp(x, yp 703 9y gy
xy 4 continuous
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K-space:
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l gy: phase encoding
S g.: frequency encoding
- k - ky,max kx,max

X,max

Take 2D F T of Slk,.k,) to get p(x,y)!



(1) Discretization:

digital sampling of S (kx K, ) occurs in read-out break ky into ¥ g, (m % - gj ,

m=0,.....M.
So what we actually get is a discretized S, (mAkx , nAky)

‘ T— ¥NAQ, 6

¥gx m Dwell

This is equivalent to :
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a replicated array of ,O(X, y)
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convolution
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We can isolate the central one m 0,n 0 with a filter
H x,y rect( Ak, x) rect( Ak, y)

so that p(x,y)= p.(x,y)H(X,y)

Therefore, the close form expression for S(kX K, )can be worked out as follows:
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- _ k, — nAk
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m,n=-o0 X Aky

meaning: The sum of the weighted S(mAkX , nAky) with the weighting factor

k
being Sinc| < [Sinc| —- | that is shified by imAk,,nAk, |
Ak Ak !

y
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“ sinc interpolation”
Also used in EPI
rigridding of uniform
time-domoin data

sampling

Let’s go back to p,(X,y), a replica of p(X,y) the condition that the replica

don’t overlap:

L FOV,
Ak,
1
«— —=FOV, —p
Ak,
FOV, = ! = 27 < Nyquist criteria!
Ak, ygDwell
. 1
(1) Nyquist frequency
Dwell
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(2) Nyquist frequency 2 x highest frequency of a sampled function

FOV
2 X  ——
¥g ’
ygx FOV “bandwidth”
FOV 27 !
79, Dwell AK,

or FOV = (y g, Dwell)!

2 1

Therefore, given a fixed gy, Dwell mustbe <—— or <———
g, FOV bandwidth

) FOvV 27 27 1 1
Resolution = = = — _
m g, Dwell-m 9, T 2k, FOV,
Dwell 27 1

19, FOV  Sweep bandwidth

2 1
1, (Ax) pixel bandwidth
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