
Rad229: MRI Signals and Sequences (Autumn 2018) Homework 1

Rad 229 Homework 1
Due Wed, October 3, 11:59pm
(Email to bah@stanford.edu)

1 Basic Selective Excitation (A1.1)

Consider an RF pulse that is defined as B1 = A sinc(t/T ) for |t| < 2T , and zero elsewhere, with T = 0.333
ms and A = 10 µT. Note: sinc(x) = sin(πx)/πx

a. Draw the RF pulse and its frequency profile plotted in terms of tip angle. (You may use Matlab, but
explain what you did)

b. To excite a 1 cm thick slice, 10 cm off center, what are the appropriate gradient strength and excita-
tion frequency offset (with respect to the center frequency of 63.8 MHz or 127 MHz at 1.5T or 3.0T
respectively)?

2 Minimum-Time Gradient Waveforms (A1.2)

Consider system parameters as follows and the desire for a 512×512 image over 20×20 cm FOV: 50 mT/m
maximum gradient amplitude (Gmax); 150 mT/m/ms maximum gradient slew rate (Smax); arbitrary sample
spacing with a minimum of 2us (500,000 samples/sec max; BWmax)

Figure 1: Triangle and trapezoidal waveforms with gradient, slew-
rate and time duration.

a. Consider a triangular gradient waveform. If S is the slope of the rise and fall, and G is the maximum
amplitude. Give an expression for the area in terms of G and S.

b. Consider a trapezoidal gradient waveform and give an expression for the area in terms of G, S and T,
where T is the plateau duration, G is the pleateau amplitude and S is the slope of the rise and fall.

c. How do the expressions for area relate to the k-space traversal (i.e. the encoding, with units of cm−1)
that the waveforms generate, for each waveform?

d. Derive an expression for the pulse duration T vs. k-space traversal in either regime, and plot T vs.
k-space traversal for k-space traversal up to 25cm−1.

e. Draw the gradient waveforms and sampling interval for one TR of a simple 2DFT sequence with pa-
rameters described above, using the shortest times possible but only sampling during the flat portion
of the gradient. Label amplitudes and durations of plateaus and ramps for the readout, dephaser and
peak phase-encoding gradients.
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f. If the RF pulse duration is 1ms, what is the minimum scan time for this image, with full k-space
sampling, considering pulse and sampling durations? You need not rewind any gradients here imagine
that the transverse magnetization just dies out before the next RF pulse.

3 Basic Image Reconstruction (A1.3)

Load the data rawkneedata.mat file in Matlab. FFT the data to show images using ft.m or similar.
[Note that there are some useful functions in the Matlab directory on GitHub that you may use, or use
your own if you prefer, but please make sure you understand and learn from Matlab code that you use].
Please submit a Matlab history of what you did (keep short!).

a. Show the resulting image from a basic resonstruction (you may use dispim.m )

b. Zero out every 2nd line of k-space data and reconstruct the image. You can try a=a(1:2:end,:);
to do this part.

c. Zero out the outer half of k-space lines in both positive ky and negative ky directions and reconstruct
the image.You can use something of the form a(1:x,:)=0; for this part.

Comment on the differences between the images!

4 Driven Equilibrium (A1.4)

Imagine a sequence that does a 90-TE/2-180-TE-180-TE/2-(-90)-TR-2TE. This is called ’Driven Equilib-
rium’ or ’Fast Recovery’. It is shown in Fig. 2 with all RF rotations about the myaxis

Figure 2: Driven Equilibrium sequence is a standard spin-echo sequence followed by a “tip-up”
pulse.

a. Assume your pulses are perfect. Derive the signal in the steady state at the echo time (TE shown) as
a function of TR, TE, T1 and T2.

b. Make a colormap of the signal as a function of T1 and T2 for 0 < T1 < 3000 ms and 0 < T2 < 1000
ms, and TR=400ms, TE=15ms. Essentially this is a simple matrix. You can use imagesc() and
colorbar() to display the color map.

c. How might you describe the contrast of this sequence? (If necessary you can plot the isocontours of the
colormap on a separate plot using the contour function. )
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5 Signal-to-Noise Measurement (A2.1)

Load the image data noisyknee.mat, which consists of multiple repeated 2D images acquired with a
single-channel coil. The file is of the form kx×ky×image number.

a. Reconstruct a single image with im=ft(dat(:,:,1)) . Measure the average magnitude signal in a
region in the bone, at least 60 pixels.

b. For a region of at least 60 pixels in the background, calculate the mean xr and standard deviation σr of
the (Rayleigh distributed) pixel magnitudes. Use these to estimate the gaussian σ (σg) and show they

equal. Recall that σg = xr/
√
π/2 = σr/

√
2− π/2.

c. Based on these calculations, what is the SNR?

d. Repeat the background noise and SNR calculation by calculating the statistics on the complex back-
ground signal.

e. Now reconstruct all images in the series, then divide out the phase of the first image (multiply by
exp(-i*angle(im(:,:,1))) or similar). Create an image that is the mean over the whole series,
and take the magnitude. Create an image that is the standard deviation of the magnitude images at
each time and calculate the SNR in the same bone region as (a). Show the mean, standard deviation
and an SNR image.

f. At a single pixel, say (150,150), extract the pixel values into a variable pixels . Form a histogram
of the pixel magnitudes across the series [h1,x]=hist(abs(pixels),30) , and another histogram
that is the real-part of the pixel values across the series, h2=hist(real(pixels),x) . Plot these
histograms together with bar(x,[h1’ h2’] . Estimate the SNR from the histogram!

g. Explain any differences in SNR, and any comments you have on this whole exercise.
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