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UNIVERSITY OF OSLO 

Faculty of Mathematics and Natural Sciences 
 
Exam :  INF-GEO4310 – Imaging 
Date :   Tuesday 16. December 2008 
Time :  14.30 – 17.30 
Number of pages : 12 pages 
Added material : None 
Allowed aid : Pocket calculator and one A4 sheet with your own text 
 
Your candidate number: 
 
• Please make sure that the exam paper is complete before you begin answering it. For 

each task, read carefully through the complete text before starting to solve it. If you 
feel that some information is missing, you may make your own assumptions, as long 
as they are not contradictory to the “spirit” of the exercise. In such a case, you should 
make it clear what assumptions you have made. This also goes for the multiple-
choice questions. 

 
• Enter your answers to the multiple-choice questions on these sheets of paper. 
• The rest of the questions should be answered on separate sheets of paper.  
• We recommend that you make calculations on a separate sheet of paper, and then 

enter your result into the proper place on the exam paper.  
  
• 25 exercises are multiple-choice questions where five alternatives are given, and only 

one alternative is the correct one. Here you will get 4 points for a correct answer,  
-1 for an incorrect answer, and 0 if you do not answer. Choosing alternatives at 
random will on the average give you 0 points here! If you mark the right answer, and 
guard with some extra crosses, you will loose 1 point for each incorrect cross. 

 
• If you have placed a cross in one of the boxes, and afterwards find that you do not 

want a cross there, you may write “REMOVE” to the left of the box. 
 
• In the last 4 exercises you are to find the answers yourself. The maximum number of 

points to be obtained for a good answer is indicated for each exercise. These 
exercises have a total of 12 questions.  

 
• If you spend ca 2 minutes on each of the 25 multiple-choice questions and then 

about 10 minutes for each of the 11 last questions, you will have ca 20 minutes 
left to recheck your answers. 

 
• Answer the questions that you find easiest and least time consuming first! 

Remember to enter your candidate number! 
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 Multiple choice  – geometrical optics 
 
• Each exercise has five alternatives, and one alternative is correct. Here you will get 4 

points for a correct answer, -1 for an incorrect answer, and 0 if you do not answer. 
Answering at random will give you 0 points here! If you mark the right answer, and 
guard with some extra crosses, you will loose 1 point for each incorrect cross. 

• If you have placed a cross in one of the boxes, and afterwards find that you do not 
want a cross there, you may write “REMOVE” to the left of the box. 

 
1. For a given lens having focal length f and aperture diameter D, the geometrical 

resolution - given in mm at the object – will ... 
 Increase with the square of the distance to the object 
 he object Increase with the square root of the distance to t

ct  Increase linearly with the distance to the obje
 Be independent of the distance to the object 
 Not be described by any of the alternatives above. 

in in the 
? 

h, except when 

etail depends on the object distance 
 

ptical telescope having a 
 observing in IR at 1.5 μm, and a radio telescope having a 

? 

  1.22 · 10-2 

 using a lens of 6 cm aperture at a 
meters at a wavelength = 492 nm is 
 

  100 µm 

 0 µm 

 
2. Assume that we have a fixed ratio f/D between focal length f and aperture 

diameter D. which of the following statements about the smallest deta
IMAGE in the focal plane is correct, when we vary the focal length

 The size of the smallest detail is proportional to the focal length 
 The size of the smallest detail is independent of the focal length 
 The size of the smallest detail is independent of the focal lengt

the object distance is comparable to the focal length 
 The size of the smallest d

The size of the smallest detail is proportional to the product of the focal length 
and the object distance. 

 
3. What is the ratio between the angular resolution of an o

diamete of 1.5 mr 
diameter of 20 m observing at a frequency of 1.5 GHz

  1.22 · 10-4 
  10-2 

  10-4 
 4 10  

 
4. The smallest detail that you can image

distance of 5 
  0.5 mm

  50 µm 
 1

   5 µm 
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 Multiple choice  – remote sensing 

e wavelengths may be useful for satellite imaging through clouds? 
 

  0.4 nm 
  1.4 μm 

 

 green part 
of the spectrum. 

  
avelengths in 

. Which statement is NOT correct for a satellite in polar orbit? 
 We can image during both ascending and descending passages.. 
 The satellite will cover the whole surface of the earth within a certain period. 

ite is close to 90 degrees. 
 equator. 

 The coverage is best at the poles. 

 tic wave propagation in what way? 
 The acoustic amplitude changes when the sound speed changes  
 The acoustic waves refracts towards higher sound  speed 

 

 
5. Wh esich of th

  0.4 μm

  4 cm 
  4 nm 

 
 
6. Why does vegetation look green? 

 Because vegetation absorbs light corresponding to wavelengths in the green part
of the spectrum. 

 Because vegetation reflects light corresponding to wavelengths in the

Because chlorophyll reflects evenly and independent of wavelength.
 Because the eye is especially sensitive to light corresponding to w

the green part of the spectrum. 
e light.  Because green light has higher wavelengths than red and blu

 
 
7

 The inclination angle of the satell
 The coverage is best at the Earths

 
 
 

 Multiple choice - sonar 
 
 
.8 Change in the sound speed changes acous

 The acoustic effect is reduced such that the energy is lower   
 The acoustic waves refracts towards lower sound  speed 

The acoustic frequency changes when the sound speed changes 
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9. Scattering and reflection are basic mechanisms for sonar. What is correct for sidescan 
sonar imaging of the seafloor (see Figure) 

edance to impose acoustic reflection from the 

d and 
ach the receiver 

 The sound speed in the seafloor must be different from the sound speed in 
seawater for acoustic reflection to happen 

 The sound speed in the seafloor must be different from the sound speed in 

0. A mu
ulti

 

 

he seafloor in all directions, and calculates 
an image of the seafloor 

 The sonar estimates the range in each beam, and calculates a bathymetric map 

ulate an average reflection coefficient 

 
 
  
 
 
 
 
 
 

 
s
The seafloor must have high imp
eafloor.  

 The seafloor must be rough for the transmitted acoustic field to be scattere
re

 The seafloor must be plane such that the transmitted acoustic waves are 
reflected and reach the receiver  

seawater such that the acoustic waves are refracted and reach the receiver 
 

ltibeam echosounder (see Figure) transmits and receives acoustic waves in 
ple directions. What is the primary application: 

 
 
 
1

m

 
  

 
 
 
 

 

 The sonar detects fish in every beam and estimates the size of fish schools   
 The sonar collects the reflectivity of t

of the seafloor 
 The sonar looks in many directions to calc

of the seafloor 
 The sonar estimates the Doppler shift in many direction in order to calculate the 

vehicle speed relative to the seafloor 
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 Multiple choice  - ultrasound 
 
11. Given a linear N-element array with dimention (N•b) x h, where (N•b) is the 

the height of the array (elevation 
e improve the array’s 

 We can send a shorter pulse (increase the bandwidth of the pulse). 

ger N). 

 we increase 

th of the pulse). 
 
13.  in a blood vessel by means of a 

 the figure. The 
blood flow een the sound beam 
and the blood flow  the relative error in the 
measurement in rela

 
 

 We can increase the frequency of the emitted signal. 
 We can decrease the frequency of the emitted signal. 

low with larger velocity v. 
 We can decrease the angle θ. 

 

length of the array (lateral dimension) and h is 
e b x h. How can wdimension). Each element has siz

elevation resolution? 

 We can send a longer pulse (decrease the bandwidth of the pulse). 
 We can increase the number of elements (lar
 We can increase the frequency of the pulse. 
 We can reduce the height h. 

 
 
12. Given an annular array with a given radius and curvature. How can

(expand the length of) the array’s focal zone? 
 We can increase the curvature of the array (i.e. make it more curved). 
 We can decrease the curvature of the array (i.e. make it flatter). 
 We can increase the frequency of the transmitted pulse. 
 We can send a longer pulse (decrease the bandwidth of the pulse). 
 We can send a shorter pulse (increase the bandwid

We shall estimate the velocity of a blood flow
Doppler measurement. The measurement setup is shown in

 is assumed to have a velocity v and the angle betw
 is given by θ.  How can we minimize

tion to the estimated velocity?  
 
 
 
 
 
 
 
 
 
 
 
 
 

 We can estimate velocity to a blood f

 We can increase the angle θ. 
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 Multiple choice – seismic 

 Travel time and density 
 

ave is generated by a point source in a homogeneous 
 velocity 2500 m/s. The wave amplitude a distance 1000 m away 

source relative to the amplitude 1 m away is (absorption is neglected): 

 0.001 
 Infinite 

 is also included the amplitude ratio will be (assume Q-faktor equal 
quency f = 25 Hz): 

 0.02500 

ectric device that measures: 
ty 

 Particle acceleration 
 Pressure 

ce 
 Dipping layers 

 
14. The acoustic impedance is defined as the product of: 

 Velocity and density 

Reflection coefficient and velocity 
 Velocity and depth 
 Wavcelength and velocity 

 
 
15. Assume that a seismic w

medium with
from the 

 1 000 

 2.5 
0  250

 
 
16. If absorption

to 50 and a fre
 50 

 Infinite 
0.00053  

 
 

0.00500 

 
17. A hydrophone is a piezo-el

 Particle veloci

Re sistivity 
 

 
Conductivity 

 
18. The concept of CDP is only true if: 

 Horizontally layered subsurfa

 3D acquisition 
 2D acquisition 
 Long streamer is being used 
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19. assume that each seismic trace is 

e. If the fold is increased from 10 
0 traces how much will the stacking process improve the signal-to-

 

Consider a NMO-corrected CMP-gather and 
contaminated by a Gaussian or ’white’ nois
traces to 10
noise ratio, i.e. a factor  of : 

 10 
10  

 90 
 0.1 
 90  

 

 Multiple choice  – medical imaging 

ging modality is based om emitted ionizing radiation from the 
ssue? 

 EPI 

is correct? 

 MRI is better if the patient is is to be examined several times 
 CT is limited to the axial plane, while can image in random planes 

at is capable of diagnosing a group of patients 
” or “sick” in relation to a given desease, and that spesificity = 

tio of healthy/sick in the group of 
9/1. What is the probability that the diagnosis “sick” is correct? 

 30% 
 50% 
 70% 
 90%

 
20. Wh h imaic

imaged ti
 fMRI 

 PET 
 CT 
 MRA 

 
 

21. Which of the following statements about CT versus MRI 
 CT will image soft tissue better that MRI  

 One can use the same contrast agents for CT and MRI 
 The radiation risk is about the same for CT and MRI 

 
 
22. Assume that you have a method th

ealthyas “h
sensitivity = 0.9 for this method. The ra
patients is 

 10% 
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 Multiple choice  – seismology 
 
23. Seismic tomography is a method for: 

 Predicting earthquakes 
 Imaging the Earth’s crust with sound waves 
 Imaging the Earth’s interior with waves from earthquakes 
 Measuring the temperature in the Earthæs core 
 Measuring the velocity of the tectonic plates 

 
 

24. P-waves have a lower velocity in the Earth’s core than in the Earth’s mantle. 
When a P-wave propagates downwards in the mantle and reaches the core-
mantle boundary, it will: 

 Be fully reflected 
 Be converted to an S-wave in the core 
 Get its ray path refracted towards the center of the Earth 
 Get its ray path refracted away from the center of the Earth 
 The P-waves never reach the core-mantle boundary 

 
 
25. The Earth’s eigenvibration with longest period is 0S2. It has a period of 54 

minutes and deforms the Earth as shown in the figure below. The Earth has a 
radius of 6371 km. This allows us to estimate the average seismic wave velocity 
in the Earth to be about: 

 3 km/s 
 6 km/s 
 12 km/s 
 118 km/s 
 370 km/s 
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Part II: Find the answers yourself.  
Indicate how you are thinking – don’t just write down an answer. 
 Give brief answers, but discuss and give reasons for your answer. 

 
 
 

26.     Geometrical optics (20 points).  
 
Assume that you have a thin convex-concave lens with radii R and 2R. At a 
distance D to the right of this lens there is a concave spherical mirror having 
a radius R. To the left of the thin lens, at a distance A, there is an object P. 
This object is to be images at a distance R/2 to the left of the concave mirror, 
as shown in the figure below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) What is the simplest way of achieving this, and what is then the distance A? 
Explain how you arrive at your answer using the “object-image relations” 
for a spherical mirror and a thin lens and the ”Lensmaker’s Equation”, and 
how you utilize the sigh rules for image formation. You may assume that the 
refractive index of the lens is 1,5. 

 
 
 
b) What is the magnification of this lens-mirror-system if we place them at a 

distance from each other that is equal to the sum of the two focal lengths? 
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27.         Sonar (40 points) 
 
Assume a sonar transmitter (green) and a receiver array (blue and green). 
The receiver is a linear array with length L = 120 cm, where each element in 
the array have size d = 3.75 cm. The sonar system transmits pulses at center 
frequency f = 100 kHz. The sound speed is assumed to be 1500 m/s.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) The sonar transmits a pulse each ¼-second. What is the maximum range of 

the system?  
 
 
 

b) In which distance r is a pixel in the far field of the receiver array? 
 
 

 
c) What must be done to the recorded data in each receiver element for the 

sonar to image the red pixel in the imaging scene? Draw figure if needed. 
 
 
 
d) What is the angular resolution (given as an equation)? What is the angular 

resolution for this system (given in degrees)? What is the angular resolution 
of an equivalent system with center frequency of 200 kHz? Is this system 
better? 

 
 
 
 
 

10 



Eksamen i INF-GEO3310, 16. desember 2008                        Kandidatnr:  

 
28. Seismic (20 points).  
 
 
Consider a horizontally 3-layered earth model as shown in the figure and assume 
that 2D marine seismic data are acquired at the surface employing a streamer with 
120  hydrophone groups (group interval Δg=25 m). Distance between shot and first 
hydrophone group is 100 m.   
 
 
 
 

                              

Layer 1 (water):  
V= 1500m/s 

Layer 2 
V = 2000m/s 

Layer 3 
V = 2200m/s 

2000 m 

500 m 

300 m 

 
 
 
 

a) Compute the zero-offset reflection coefficient at the seafloor if the density of 
layer 2 is set to 2.2 g/cm3. Compute also the maximum normal moveout (i.e. 
the difference between maximum traveltime recorded and a zero-offset case) 
for the reflection events from the seafloor. 

 
b) Determine the maximum incidence angle for reflections at the interface 

between layers 2 and 3. 
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29. Medical ultrasound imaging (30 points).  
 

 
A 128-element linear array is used for real-time imaging of a fetus in the mother's 
womb. An uterus (with abdomen) in the final stages of pregnancy can be up to 50 
cm thick. Assume that four non-overlapping elements are used to form a group and 
are fired sequentially to create an image of the fetus. 
 
 

a) How many scan lines can you get in each image? 
 
 
b) What is the frame rate if one assumes a speed of sound of 1500 m/s and that 

one need to receive an echo from depth 50 cm, sent from one group of 
elements before the next group sends out its pulse? 
 
 

c) What can be done to increase the frame rate?  
Please suggest at least two possibilities, and describe briefly what effect the 
choice one makes will have on the image and image quality. 
 

 
 
 
 
 
 

 
Good Luck! 

 
Fritz, Anne, Roy, Sverre, Andreas, Leiv, Valerie 
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