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Some useful expressions and values.
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Table 1: Linear attenuation coe�cients [1/cm]

keV Water Soft Tissue Bone Calc. Se
20 0.81 0.87 7.68 9.29 216
511 0.097
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Problem 1: X-ray mammography

1 a

Start from the definition of the visibility k and derive the expression of k given
below for a small object of dimension x with linear attenuation coe�cient µ2

inside a large object of thickness t and µ1. State any assumptions or simplifica-
tions you do as part of this derivation as well as the definition of the additional
parameters required.
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1b

Calculate the resulting surface dose to the patient in units of mGy, given the
following values:

• Breast tissue thickness: 2 cm.

• Dimension of calcification: 0.1 mm.

• Scattering ratio: 0.5.

• Detector: Amorphous Se, 0.1 mm thickness.

• Visibility k = 5.

• X-ray e↵ective energy 20 keV.

The soft tissue mass energy absorption coe�cent at 20 keV is 0.56cm2/g.

1c

Describe how a suitable X-ray spectrum can be generated for the above situa-
tion, including choice of anode material, acceleration voltage and possible filters.
Draw the approximate shape of the resulting spectrum.
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Problem 2: Nuclear Medicine Imaging

2a

The following simplified expression/model for the number of counts in a gamma
camera was discussed in the course:
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• Use a figure to illustrate the process described by this model, and de-
fine/explain each of the terms.

• Based on the model, discuss problems/challenges in order to reconstruct
quantitative SPECT images (images with activity instead of counts).

• Identify one additional e↵ect that needs to be corrected for in quantitative
SPECT imaging (not included in the model).

2b

Given a PET-ring with diameter 80 cm and filled with one ring of detectors
consisting of 9x9 LSO crystals, each with dimensions 4x4x25 mm.

• Calculate the geometric e�ciency of the PET-ring.

• Calculate the maximum spatial resolution.

• Estimate the coincidence detection probability for a point source. State
any assumptions made as part of your estimate.

• Estimate the coincidence detection probability for a points source posi-
tioned in the center of a water-filled cylinder with diameter of 20 cm.

The non-colinearity e↵ect is 2.2 mrad and the linear attenuation coe�cient of
LSO at 511 keV is 0.88 1/cm.
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Problem 3: Magnetic Resonance Imaging

3a

Explain the two physical interaction processes expressed by the following equa-
tions:

~N = ~µ⇥ ~B (3)

d ~J

dt
= ~N (4)

Use the above to derive the equation of motion for the magnetic moment in an
external field, and define the gyromagnetic ratio �.

3b

Given a 2D spin-echo MR-sequence with the following parameters: TE = 20
ms, TR = 1200 ms, field-of-view = 256x256 mm, image matrix 128x128, slice
thickness = 5 mm, number of slices = 10, rf-pulse bandwidth: 2 kHz. Answer
the following questions, and justify your answers:

• What is the total duration of the MR-scan?

• What is the spatial resolution?

• What is the amplitude of the slice-select gradient (in units of mT/m)?

• Estimate the maximum number of slices that can be included without
increase in scan-time.

The gyromagnetic ratio for protons is 42.58 MHz/T.

3c

Draw up the complete sequence diagram for the above MR-sequence. Include
one line for each of the following parameters:

• rf-pulses.

• Slice-select gradient.

• Frequency-encoding gradient.

• Phase-encoding gradient.

• Transverse magnetization, including the position of the spin-echo.

• Signal acquisition.
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Problem 4: Ultrasound Imaging

4a

• Describe the two main e↵ects that governs the choice of frequency in
normal pulse-echo imaging.

• Describe the main contrast mechanisms in pulse-echo imaging.

4b

In figure ?? below you see an ultrasound image before and after the signal-
processing applied as part of matlab-exercise 7 in the course.

• Describe and explain the origin of the noise as seen in the left image.

• Describe the physical mechanism of how it is possible to reduce this noise.

• Describe the post-processing procedure used in order to achieve this e↵ect.

Figure 1: Ultrasound Image before (left) and after (right) signal processing.
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