Answers to exam on Medical Imaging (8A820)

Location: TU Eindhoven – Biomedical Engineering

Lecturers: dr.ir. W.H. Backes & dr. M.E. Kooi

Date of exam: Monday, April 28 2008, time 2-5 PM

------------------------------------------ Part 1 – Questions ------------------------------

Question 1. Ultrasound
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a. The time difference (t should be chosen so that the ultrasound beam from an earlier excited transducer element has traveled a distance x(sin( when the other element on distance x is stimulated. By this means, a planar wave front with an angle (  with the transducer surface is generated, and then the angle between the direction of propagation and the normal is also ( (see figure). Thus (t = x(sin( /c. Calculation of (t using the given parameters: (t = 0.002(sin(60o)/1540 = 1.1 (s.
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Question 2. Radiography 
a. Maximum radiation time equals heath capacity/power 

= 5e6 J/(120e3 V ( 200e-3 A)  = 208 s

b. Number of all photons/s = 
[image: image3.wmf]0

2

000

0

1

()

2

E

ncEEdEcE

=-=

ò



[image: image4.wmf]00

3

0000

00

00

1111

()/

63

EE

dn

EEdEcEEEdEcEnE

ndEn

<>==-==

òò


c. Unsharpness f = F ( OID/(FID-OID) = 0.4 ( 28/(60-28) = 0.35 mm.

d. Solve 
[image: image5.wmf]1

()(0)

10

T

GkG

=

 ( 
[image: image6.wmf]1ln10

2

T

k

ps

=»

 0.68 mm-1 = 6.8 lp/cm.

Question 3. CT

a. Thickness material along y-direction: 
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Transmission: 
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b. Corner points in (x,y) frame: A = (-w/2, 0), B = (+w/2, 0), and C = (0, +w(sin60() = (0, 
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Corner points in (R,() frame: A = (w/2, (), B = (w/2, 0), C = (
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Sinogram tracks:
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c.  Sinogram see below. The grey-shaded region represents non-zero projection values
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Question 4. Nuclear Medicine

a. Per disintegration one positron is formed, which gives rise to two photons.

P( = (0.25(400e6  s-1) ( (2(511e3 eV( 1.602e-19 J/eV) / (4(((43.52 cm2) = 6.9e-10 W/cm2.

b. Ptube= 120e3 V ( 250e-3 A = 30 kW

Tube output =  ( ( Ptube= (1.1e-9 ( 120e3 ( 74) ( 30e3 = 293 W.

Fluence rate at distance: PX = 293 W / (4(((113.52 cm2) = 1.8 mW/cm2. 


Ratio at distance: P(/PX = 6.9e-10/1.8e-3 = 3.8e-7, thus negligible effect.

c. P(/PX ~ correction factor =  attenuation ( detection efficiency 

= (2-2/2-6) ( (10/100) = 1.6 (thus no essential change).

Question 5. MRI

a. A T2w MRI sequence as there are differences in T2 but not T1

b. 
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c.
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d. Scan time = 2*200*10/(5*5)=20000/25=800 s.
------------------------------------------ Part 2 – Statements ---------------------------------

1. True. Linear attenuation coefficients and spatial variations thereof are largest in the low keV range, for which the photo-electric effect dominates. 

2. True. Contrast C = C0 / (1+S/P). The anti-scatter grid reduces S/P, thus the relative amount of scatter decreases and C increases. 

3. True. For a 360( rotation: number of projections is Nviews = ((Ndetectors. However, for the parallel beam geometry opposite projection are identical and a 180( scan is sufficient. Thus Nviews = ((/2) (Ndetectors ( 1200.

4. Not true. For fan beam geometry a rotation over 180 degrees + fan-angle is sufficient.

5. Not true. Gamma-photon refers to transition from nucleus particle ((- decay, (+ decay or EC). X-ray photon refers to transition of orbital electron.

6. Not true. During RF excitation, some of the spins are excited from the spin-up to spin-down state, leading to a decrease in Mz.
7. Not true. Log compression is performed to adequately visualize an image with large difference in signal intensity (due to reflection and scattering). Without log-compression only the reflections can be observed.
8. Not true. This should be half the spatial pulse length.
9. Not true. The mass attenuation coefficient ((/() is less dependent on the physical state of the material.
10. True. The FOV becomes larger while the spatial resolution remains the same.
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