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1. Reconstruct an image from raw (k-space) data. Place the BIRN phantom in the single 
channel head coil and insert into the scanner.  Collect a localizer scan.  Prescribe a single 
slice 2D gradient echo scan, using a field of view that is larger than the phantom.  Set 
the Control Variable (CV): rhexecctrl=11 (it’s a bitmask) to make the scanner save raw 
(K-space) data.  Scan.  Obtain the raw data file (the most recently written file with the 
name P?????.7 in /usr/g/mrraw).  The data file consists of a header, followed by raw data 
in the time order in which it was collected.  Complex data is stored in 16 bit signed 
integers, with the real part followed by the imaginary part for each data point. 

a. Construct an image of the k-space data.  Why is the k-space data peaked at the 
center?  Is it possible for the data not to have it’s largest value at the center?  Why or 
why not? (2 points) 

b. FT the data in the frequency encode direction and display the result as an image.  
Label the corners of this image with absolute units.  What does each row of the resultant 
image represent?  What does each column represent? (2 points) 

c. FT the result of part b in the phase encode direction to reconstruct the final image.  
Display both magnitude and phase images.  What information is contained in the phase 
image? (2 points) 

 
2. Calculate a B1 map from 2D gradient echo image data.  Using the same phantom, 

collect 2D gradient echo images at nominal flip angles of {30°,60°,90°,120°,150°}.  
Control the flip angle using the CV a_rf1, which is linearly related to the flip angle. The 
true flip angles will be linearly related to the nominal flip angles.  Run auto-prescan with 
the flip angle set to 90°, which should obtain the maximum signal.  This is to avoid 
over-ranging of the data. Use the minimum TE and a TR of 2s, and low resolution in the 
phase encode direction.  If the TR is long compared to the T1 of the phantom, then the 
signal at each location will be proportional to sin(α), where α is the local flip angle.  
From the images: 

a. Calculate a map of the true flip angles in the nominal 90° image.  You may assume that 
the slice profile is a perfect rectangle, and neglect T1 relaxation for this calculation. (8 
points) 

 
3. Understanding Prescan.  With the BIRN phantom in the scanner, prescribe a single 

slice 2D gradient echo image, run auto-prescan and scan, saving data as in 1a.  
a. Enter manual prescan mode.  In CFL (Center Frequency Low), change the center 

frequency by 400Hz and describe what you see on the display? (1 point)  Scan, and 
reconstruct the image.  Describe what happens to the magnitude, phase, position, and 
shape of the phantom. (2 points). 

b. Change the frequency back to the original value, enter TG (Transmit Gain), and increase 
the TG by 30 units.  Describe what you see on the display (1 point). Scan, and 
reconstruct the image.  Describe what happens to the magnitude, phase, position, and 
shape of the phantom. (2 points) 


