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Principles of MRI

Assignment 8

Due Friday April 1st, 2016, Self Grading Due Monday April 4th, 2016

1. Nishimura 7.1

2. In a spin-echo pulse sequence the 180◦ pulse refocuses the magnetization produced by the 90◦ excita-
tion. Since the 180◦ is never perfect, it will will also excite magnetization. This produces additional
signals, as is shown on the left below:
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These signals, called “parasitic” FID’s, will produce image artifacts that depend on the acquisition
method. In each of the examples below, draw (i) where the parasitic FID ends up in k-space, and
(ii) the image artifact it produces. Assume that the ideal image is as shown above on the right, and
that signal only comes from the excited slice.

a) In this case the phase encode and the readout dephaser are before the 180.
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b) The same pulse sequence as in (1), with the addition that the 180 is inverted every other phase
encode step.
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c) The same pulse sequence as in (2), with the phase encode and readout dephaser after the 180.
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3. MRI Artifacts and Debugging

In this question you will be given several pairs of images. The images may exhibit artifacts which will
be indicated by arrows/circles. Answer the questions as best as you can. First describe the artifact
and then provide as much information as possible on the source/s of the artifact and why it appears
this way. There might be several possible right answers. A final answer without explanation will not
be credited.

a) Example: What is the source of the artifact in the left image and what is the difference in the
acquisition/processing of the two?

Solution:

The artifact in the image appears as the back of the brain aliasing over and wrapping to the
front. This is typical when the prescribed FOV in the phase encode is smaller than the FOV
of the object. In that case the sampling density does not meet the Nyquist rate. The phase
encode is obviously Anterior-Posterior.

The image on the right does not exhibit aliasing. One way to avoid aliasing is to increase the
number of phase encodes while keeping the resolution the same. The other way is to swap the
readout and phase-encode directions. It seems that the latter approach of swapping the readout
direction was used since the back of the skull as well as the nose are cropped. Choosing a larger
FOV in the phase encode would have shown the entire nose and skull.

Source of Artifact: aliasing in the phase-encode direction (A/P)

Difference: readout and phase encode directions swapped
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b) What is the source of the artifact in the left image and what is the difference in the acquisi-
tion/processing of the two?

Source of artifact:

Difference:

c) What is the source of the artifact in the right image and what is the difference in the acquisi-
tion/processing of the two?

Source of artifact:

Difference:

d) What is the source of the artifact in the two images and what is the difference in the acquisi-
tion/processing of the two?
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Source of artifact:

Difference:

e) What is the source of the artifact in the left image and what is the difference in the acquisi-
tion/processing of the two? (Ignore the contrast difference between the two)

Source of artifact:

Difference:
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4. Consider the EPI and spiral trajectories in fig. 8.12 in Nishimura.

a) Assume T ms readout gradients and that the gradients start 1ms from the peak of the RF
excitation. What is the echo-time for EPI and what is the echo time for the spiral trajectory?

b) What is the k-space weighting due to T ∗
2 decay in EPI and spiral for a gradient echo sequence.

(Assume decay happens only in the slow direction.)

c) How would your answer change if the sequence is a spin-echo. What’s the problem for spiral
spin-echo imaging?
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• 5. Bloch-Siegert B1 Mapping (From HW4) 1

Consider an MRI system with a main static magnetic field B0 giving rise to a resonance frequency
ω0 = −γB0. A transverse radio-frequency (RF) field, B1, is applied continuously to the system
at an off-resonance frequency wRF = w0 − ∆w. Consider a frame rotating at the RF frequency
wRF = w0 −∆w.

a) Write the expression for the effective applied magnetic field in the RF rotating frame.
(Hint: no sines, cosines or exponentials are necessary)

Beff = ẑ+ î + ĵ

1Based on the young investigator award paper: Sacolick L. et.al, MRM 2010;63(5):1315-22
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b) A Bloch-Siegert shift is defined as the increment in the effective magnetic field amplitude when
an RF pulse is applied at an off-resonance frequency. In other words, it is how much the
effective field vector lengthens when the off-resonance pulse is played. Now, consider the case
where B1 = B1x and the off-resonance is large, i.e., |∆w| >> γ|B1|.
What is the increment in the magnetic field amplitude, BBS, when the B1 field is on? What is
the approximate axis of precession? Can the RF field create excitation?
In your derivation, you can use the following trigonometric relationship and also assume that
d2 ≈ 0 as long as a >> b.

a

a b

d

a2+b2=(a+d)2

BBS = axis of precession: excitation? Yes/No
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c) Now, consider a spin with Mz(0) = 0 and transverse magnetization Mxy(0) = M0. A constant
off-resonance RF, B1, is applied at a frequency ωRF = ω0 −∆ω for a period of T seconds. How
much phase will the spin accrue with respect to the case where no RF is applied?

φBS =
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d) Note, that the relative phase accrual due to off resonance B1 at the RF rotating will be the
same relative phase accrual at the Larmor frequency rotating frame, ω0. So, we can go back
to the usual ω0 rotating frame. Regardless to what you got in parts (a)-(c), assume here that
Mxy(T ) = eiαB

2
1TM0.

The RF field B1 has a typical amplitude variation in space of±20% at 3T. In several applications,
it is very useful to map the B1(x, y) amplitude variation. Based on (a)-(c), draw a slice selective
imaging pulse sequence that provides information to map the magnitude of B1(x, y) . Explain
how would you calculate B1(x, y) from the resulting image. (You can assume that there is no
off-resonance and no other spurious sources of phase)

B1(x, y) =

Pulse sequence:
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