
Rad229: MRI Signals and Sequences (Autumn 2018) Homework 3

Rad 229 Homework 3
Due Wed, October 17, 11:59pm
(Email to bah@stanford.edu)

1 EPG Simulation of Gradient-Echo Sequences (B2.1)

Consider the simple sequence in Fig. 1, where you can assume that the RF pulse is instantaneous, with
flip angle α, that the signal is acquired at time TE, and that there is a spoiler gradient with area 4.66
mT*ms/m (γ/(2π)GT = 2cycles/cm.)

Figure 1: Sequence with RF and gradient spoiler.

Please code this up starting at most with functions that return rotation matrices, or functions in the class
web directory (such as epg rf.m). Use the EPG state-matrix structure that was shown in class.

a. Make a loop that simulates RF rotation, relaxation, and the gradient spoiler on your EPG
state/coefficient matrix. Plot |mxy| at TE as a function of repetition (TR) number for 200 repeti-
tions, starting at equilibrium for TR=5ms, TE=2ms, T1=1000ms, T2=100ms. Include lines on the plot
for, α=5◦, 30◦and 60◦.

b. Plot the magnitude of of Fn for n=-4:4 just after the 200th RF pulse for each of the 3 flip angles
above. You should put all Fn on one plot, but do a separate plot for each flip angle.

c. Now modify the code in (a) so that the phase (φ) of the RF rotation varies with TR as φ(k) = (k2)(58.5◦).
What are the signals after 200 repetitions for the same three flip angles in (a)? (This is an RF-spoiled
sequence)

d. Make a plot of the steady-state signal vs flip angle for flip angles from 0 to 90◦, for the sequence in
(a,b) and for the variation in (c), for the parameters in (a) except T1=500 now. Where do the lines
intersect?

Compare your answers with Question B1.2.

2 Double Spoiler Gradients (B2.2)

Consider a sequence with 2 spoiler gradients per TR, and three echo times (TE1, TE2, TE3) before the
gradients, between the gradients and after the gradients (Fig. 2). Assume that the Fn and Zn states
reach a steady state and define this steady state before the first spoiler gradient (at time TE1) as having
coefficients Fn and Zn, where n can vary. Both spoiler gradients impart a full cycle of phase across a voxel.
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Figure 2: Sequence with 3 readout echo
times and 2 spoilers.

a. Draw a coherence pathway diagram starting at equilibrium for this sequence, showing the first 5 RF
pulses, labeling F and Z states.

b. Express the steady-state echo signal analytically as a function of Fn, Zn, TE1, TE2, TE3, TR, T1, and
T2 (as needed) for times TE1, TE2, and TE3. Think carefully and simplify any expressions if possible.

c. Using TR=10ms, TE1=2ms, TE2=5ms, TE3=8ms, T1=500ms, T2=100ms and α=15◦, calculate and
plot the value of |Mxy| at TE1, TE2, and TE3 for sequence repetitions 1 to 100.

3 Increasing Spoilers (B2.3)

Consider an alternating spoiler sequence that modifies the gradient spoiler area from 1 cycle to N cycles
per voxel over N sequence repetitions, then repeats the cycle. You may use any existing EPG functions to
build this up, but show your outer code loop(s).

a. Using TR=10ms, TE=2ms, T1=500ms, T2=100ms and α=20◦, plot |Mxy| at TE for sequence repeti-
tions 1 to 100 for N=1, 2, 3 and 4.

b. In the steady state, for N=2, plot the signal (magnitude and phase) and the overall magnetization
length, both as a function of position across the voxel.

c. For N=2, draw a coherence pathway diagram, starting from equilibrium labeling the states, up to the
start of the 6th RF pulse.

4 Gradient Nonlinearity (B3.2)

Consider an ideal gradient “A” of 20mT/m. The field can be expressed ∆B = (20mT/m)x, where x is
position in m. Now consider a gradient “B” expressed as ∆B = (20mT/m)x+(150mT/m3)x3. Use Matlab
(or similar) for this question!

a. Plot ∆B vs x for both gradients A and B. You may scale the y-axis to mT or kHz as you wish.

b. What RF center frequency and RF pulse bandwidth should be used to excite a 1cm-thick slice, centered
12cm to the right of center, for both gradients “A” and “B”?

c. If we did assume we have gradient “A” and try to excite the same slice width centered at 17.5cm, but
we actually get the performance of gradient “B,” explain what will happen?

d. Imagine a fully-excited object, with signal s(x) = (x + 25cm)/50cm for |x| < 25cm and 0 elsewhere.
If we assume gradient “A” for a readout gradient in x direction, with a FOV of 60cm, what will the
resulting image profile look like if we actually have the performance of gradient “B?”

B. Hargreaves 2 Autumn 2018




