
Rad229: MRI Signals and Sequences (Spring 2021) Homework 1

Rad 229 Homework 1
Due Thursday, April 15th, 11:59pm

(Email to jvela021@stanford.edu with Rad229 HW#1 in the subject line)

1 Larmor Frequency (A1.7 1-point)

a. We know that ω0 = γB0 and ω1 = γB1. Compare the number of cycles of precession to those of nutation
for 1H exposed to a 3T B0 field and an 25µT RF field.

b. In the lab frame (at isocenter), how many cycles of precession occur during the duration of a typical
Cartesian readout gradient? How many cycles occur while acquiring a single k-space point, again in
the lab frame? How many more cycles occur at the edge of the field-of-view? State your (reasonable)
assumptions.

2 Image Contrast (A1.8 1-point)

For spin-echo imaging explain the following:

a. Use a short TE and an intermediate TR for T1-weighted imaging. Why is a short TE important? Why is
an intermediate TR needed? What are the approximate time scales for short and intermediate? Explain
your answer.

b. Use an intermediate TE and long TR for T2-weighted imaging. Why is an intermediate TE important?
Why is a long TR needed? What are the approximate time scales for intermediate and long? Explain
your answer.

3 Selective Excitation (A1.9) 2-points

For this problem you can use the Rad229 Slice Select Demo.m function from GitHub.

a. Make a plot of peak B1 for the shortest duration RF pulses for flip angles from 5 to 180 degrees. All
pulses should be within the default hardware limits. What do you observe about the shape of the curve
and the hardware limits encountered.

b. Design a TBW=10 RF pulse to refocus 13C for a 10mm slice within hardware limits. If you were to
build an MRI system for 13C imaging would you prefer an increase in Gmax or B1max? Why?

4 Fourier Encoding (A1.9) 4-points

For this problem you can use the Rad229 Fourier Encoding.m function from GitHub.

a. Set acq.n kx = 3 and acq.n ky = 0. How many phase cycles do you see along the frequency-encode
direction?

b. Set acq.n kx = 2 and acq.n ky = 5. How many phase cycles do you see along the phase- and frequency-
encode directions?
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c. If you set acq.n kx = kx,max and acq.n ky = ky,max does this satisfy Nyquist sampling? Explain.

d. Open Rad229 Fourier Encoding Demo.m to find some starting code and some outlined steps. Com-
plete the code to demonstrate the image produced from MRI encoding of an object.

e. Review Rad229 Freq Encode Demo. Use the code to design two gradient waveforms:

· Using the default parameters.

· Doubling the readout bandwidth and number of pixels.

f. Plot and compare the gradient and kx(t) waveforms. Which gradient waveform is stronger? Longer in
duration? Which one traverses k-space most rapidly?

5 Basic Bloch Simulator (B1.1) 4-points

Your task here is to write a function that simulates a selective excitation, given a complex RF waveform
(in µT), and corresponding Gz waveform (in mT/m), both 1D arrays. You should use functions such as
zrot.m and throt.m from the class. The function should also accept a time-step between sample points
(ms), a single number for off-resonance frequency (Hz), and a vector of positions in z (mm) at which to
calculate the profile. The function syntax should be:

function [mx,my,mz] = blochsim(rf,g,dT,df,zlocs)

Although you can likely find all kinds of examples of Bloch simulators, please try to write your own
here, and fully understand any functions you use!

a. Write the function in less than 20 lines of Matlab code, and submit. You can test the function with
sampleRFgrad.mat, which is the simple 3kHz sinc RF and 2.3mT/m gradient used in lecture B1 no
need to hand in anything!

b. Download the files rfgrad1.mat and rfgrad2.mat. Note they contain most of the information you
need to simulate. Simulate the profiles at 0Hz and 200Hz off-resonance and submit plots of mx, my and
mxy vs position using plotc(). Also plot the RF waveforms. Comment on the results!

c. (OPTIONAL!) Make up some interesting RF pulse of your own, and repeat (b). Explain your pulse and
the result!.

6 Bloch Simulation of Gradient-Spoiled Seqeunce (B1.2) 4-points

Consider the simple sequence in Fig. 2, 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). The slice thickness is 5 mm.

a. First approximate the spoiler gradient as a “perfect spoiler” that eliminates transverse magnetization
components. What is the (steady-state) signal at TE for TR=5ms, TE=2ms, T1 = 1000ms, T2 = 100ms,
α = 5◦? You may write your own Matlab code for this excercise, and/or use a combination of existing
functions such as relax.m, abprop.m, xrot.m, or zrot.m. Please note that this is a simulation of a
single spin!

b. Now make a loop that includes position across a voxel in z, from 0 to 1cm, with 200 points (i.e. spaced
every 0.05mm). Include the rotation due to the gradient in your simulation. Plot the signal at TE as a
function of position, for α=5◦, 30◦, and 60◦.
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Figure 1: Sequence with RF and gradient spoiler.

c. Include on your plot a horizontal line showing the complex-averaged signal level across all positions, for
each of the 3 flip angles.

d. Make a plot of the averaged signal vs flip angle (as in c) for flip angles from 0◦to 90◦, and on the same
plot, show the signal vs flip angle for the case (a). At what flip angle do the lines intersect?

7 EPG Simulation of Gradient-Echo Sequences (B2.1) 4-points

Consider the simple sequence in Fig. 2, 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 2: 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◦. Compare the steady-state signals with B1.2(c).

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 kth 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)
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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=500ms now. Where do the lines
intersect?

Compare your answers with Question B1.2.

8 EPG Short Answers (B2.4) 2-points

For each of these questions, explain your answer using intuition.

a. If you double all gradients. What is the effect on the F and Z states and on the observed signal?

b. If the sign of all gradients is flipped, explain how are the F and Z states and the observed signal affected?

c. If you start sequence with inverted magnetization and neglect T1 recovery, what is the effect on the F
and Z states and on the signal?

d. What would a gradient of area 100 cycles/voxel do to the F and Z states and why might this be useful
if it could be played in a short time (a few ms)?

e. If magnetization is entirely transverse and is periodic across the voxel with a period of 1/N (ie repeats
every 1/N voxels), which F and Z states can be non-zero?
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