
Rad229: MRI Signals and Sequences (Autumn 2018) Homework 5

Rad 229 Homework 5
Due Mon, Nov 12, 11:59pm

(Email to bah@stanford.edu)

1 RF Spoiling (C2.2)

By now we have looked at the assumption that the transverse signal dies out at the end of TR a few
times. RF spoiling is a good approximation to this, in most situations, achieved by modulating the phase
(typically quadratically) in a gradient-spoiled sequence.

a. Use epg rf.m and epg grelax.m to form a loop to numerically calculate the signal immediately
after the RF pulse. You should write this as a function of TR, T1 and T2. At the end of the loop,
set the F and Z states to 0 to simulate perfect spoiling, and calculate the signal magnitude for α=60◦,
TR=5ms, T1=500ms, T2=100ms. (There is no RF phase modulation yet). What is the signal after 200
repetitions?

b. Now add in the loop that φ=k2(δ/2), the phase of the kth RF pulse. [Note that the same thing is
achieved by ∆φ = ∆φ + δ and φi+1 = φi + ∆φ in each loop.] Take out the part where you set
tranverse magnetization to 0, and set δ to 117◦. What is the signal after 200 repetitions (Same TR=5ms,
T1=500ms, T2=100ms as before).

c. Now loop over values of δ from 0 to 180◦in steps of 0.5◦and make a plot of the signal magnitude as a
function of δ. Superimpose the answer from (a) on this plot so that you can see that certain values of δ
approximate perfect T1 contrast. Optional - if you play with T1, T2, α and repeat this question, it will
help you to understand the choice(s) of δ that are used.

d. Use epg FZ2spins.m to convert your EPG states (after the 200th repetition) to magnetization. (See
the Matlab directory if you would like to use existing functions). After demodulating by the phase (φ)
of the last RF pulse, plot the magnitude and phase of mxy across a voxel. Also plot mz across a voxel.
On the same plots, add traces for the 201st, 202nd and 203rd repetitions for δ=117◦.

2 Improved Echo Trains (C3.1)

Here, your goal is to modify flip angles to improve the overall SNR and SAR performance of an FSE
sequence. Assume your refocusing pulses are 6ms apart (echo-spacing), and that you start with m0 mag-
netization. You should use epg cpmg.m (or a similar function) for this question.

a. Calculate and plot the spin-echo train echo amplitudes for a sequence with 90◦x, followed by refocusing
pulses of 150◦y, 120◦y, 120◦y, 120◦y, for T1=1500 and T2 = 50, 200 and 500ms (3 species) and 64
echoes.

b. Repeat part (a) but for T1=200, 500, 1500 and T2 = 50ms.

c. What is the sum of flip angle squared? For an echo train length of 64, what is the relative SNR compared
to 64 echoes of amplitude m0 for the same T2 values as in part a.

d. Try changing the flip angles to get the highest value that you can (reasonably!) of SNR /
∑

flip2 with
ETL of 64 for the T2=50 ms species. When you are happy you have a good flip angle sequence, plot
the flip angles and the echo train amplitudes for the 3 different T2 values. Compare your relative
SNR /

∑
flip2 to (c).
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3 Contrast and Flip Angle (C3.2)

Write a function that simulates an echo train sequence with 90x, a+[(90-a/2)]y, ay, ay, ... for 64 echoes,
spaced 6ms apart. Loop over T1=[100,3000ms] and T2=[40ms,1000ms] (and T2 < T1) to calculate a matrix
of signal values.

a. Plot 4 contour plots of signal vs T1 and T2 for the 6th, 16th, 32nd and 48th echoes using a=100◦.

b. Repeat part (a) for a = 60◦.

c. Discuss the contrast you get with different values of flip angle a

4 EPG Energy (C3.4)

Look back at extended phase graphs, specifically the transformation from EPG to mx,my,mz, given by
epg FZ2spins.m and epg spins2FZ.m

a. For a set of k spins in a voxel consider E=
∑

k |mk|2 as the energy in the system. Show that, with
appropriate normalization, the expression E=

∑
n

(
|F+

n |2 + |Zn|2
)

where n takes on negative and positive
values and Z−n = Z∗

n.

b. Given this, for T2=100ms and T1=100ms, and neglecting mzrecovery, plot the energy over time for
CPMG sequences with refocusing angles of 180◦and 90◦, and echo spacing of 10ms.

c. Show that for starting energy of 1.0 and for any flip angle train in (b), that on the nth echo, the energy
will be less than or equal to e−2nTE/T1 .
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