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UNIVERSITY OF OSLO 
Faculty of Mathematics and Natural Sciences 

 
Exam:  INF-GEO4310 – Imaging 
Date:   Monday 14. December 2009 
Time:  09.00 – 12.00 
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.  
  
• 26 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 13 questions.  

 
• If you spend about 2 minutes on each of the 26 multiple-choice questions and 

then about 10 minutes for each of the 4 last questions, you will have spent about 
half the time of the exam. 

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

Remember to enter your candidate number! 

Bokmål English 
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Multiple Choice Questions 
 

• Each exercise has five alternatives, and only 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. 

 

Multiple choice  – geometrical optics 
 
1. What do we mean by “critical angle” at a boundary between two optical media? 
 The angle of incidence where equal parts of refraction and reflection occurs 
 The largest angle of incidence where all light is reflected 
 The smallest angle of incidence where no light is reflected 
 The smallest angle of incidence where all light is refracted 
 The angle of incidence where refracted light is tangent to the boundary 
 
 
2. What is the angular magnification if two thin lenses are separated by a distance 

equal to the sum of their focal lengths? 
 The product of their focal lengths 
 The sum of their focal lengths 
 The difference between their focal lengths 
 The ratio of their focal lengths 
 The product divided by the sum of their focal lengths 

 
 

3. The Moon is about 400 000 km away. What is the smallest distance between two 
resolvable points on the Moon if we use a lens having a diameter D = 0.2 m at  
λ = 410 nm?  

  10 m 
  100 m 
  1 km 
  10 km 
  100 km 
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Multiple choice  – remote sensing 
4. Why is water blue? 
 Because the atmosphere absorbs light corresponding to green and red wavelengths. 
 Because blue light has smaller wavelengths than red and green light.  
 Because the energy emitted from the sun is more concentrated in the blue 

wavelength regions. 
 Because water absorbs longer wavelengths more than shorter wavelengths. 
 Because water absorbs shorter wavelengths more than longer wavelengths.  
 
5. Which statement below is NOT correct? 
 Geostationary orbits typically have a rotation time of 90 min. 
 Communication satellites typically use geostationary orbits. 
 Geostationary orbits rotate at the same speed as the earth. 
 Polar orbits give varying coverage depending on latitude. 
 Polar orbits typically have a speed of 8 km/s.  
 
6. Which of the following effects do NOT result in geometrical errors/distortion in 

satellite images? 
 Earth curvature 
 Earth rotation 
 Atmospheric absorption 
 Sensor platform motion 
 Local topography 

 

Multiple choice – radar 
 
7. What determines the range resolution in radar? 
 The radiated power 
 The bandwidth of the transmitted pulse 
 The antenna size 
 The center frequency of the radar 
 The length of the synthetic aperture 

8. What is the name of the radar technique that makes it possible to make surface 
elevation models? 

 Interferometric SAR 
 ISAR 
 GPR 
 Elevated SAR 
 SAR 



Exam in INF-GEO4310, 14. December 2009                 Candidate number:  

4 

 
9.  What is moving in Inverse Synthetic Aperture (ISAR) imaging? 
 The radar 
 The target 
 The Earth 
 The radar relative to the Earth 
 The antenna height 

 

10. What parameter is independent of range distance in Synthetic Aperture 
Imaging? 

 Azimuth resolution 
 Signal-to-Noise ratio 
 The Doppler shift 
 Incidence angle 
 Two way travel time 

Multiple choice - sonar 
 
11. Seawater is a dissipative medium through viscosity and chemical processes. How 

does this affect underwater acoustic propagation? 
 It does not affect the acoustic signals  
 It causes frequency independent absorption of the acoustic signals 
 It causes frequency dependent absorption of the acoustic signals such that higher 

frequencies will reach longer 
 It causes frequency dependent absorption of the acoustic signals such that lower 

frequencies will reach longer 
 It causes refraction of the acoustic signals such that the travel path becomes non-

straight 

 
12. Traditional fish finding is done with single beam echo sounders (see figure). 

How does such a sonar estimate the size of the fish? 
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 The range to the fish is estimated from the measured travel time. The size of the 
fish is then inversely proportional to the range 

 The sonar makes a two-dimensional image of the fish and estimates the shape of 
the fish and thereby the size of the fish 

 The sonar cannot estimate the size of the fish   
 The sonar estimates the reflectivity (or the target strength) of the fish. Then the 

size of the fish is calculated from the reflectivity 
 The sonar sends pings continuously as the boat moves, and the size of the fish is 

calculated from the number of pings it is seen by the sonar 

Multiple choice - ultrasound 
 
13. Say you want to image a beating heart with ultrasound. In this application, 

frame rate is essential in order to capture the dynamics of the heart. What can 
you do to increase the frame rate? 

 Increase the maximum depth over which the image is unambiguous 
 Increase the number of lines in the image 
 Increase the emitted frequency  
 Increase the number of parallel receive beams 
 Increase the size of the aperture in the azimuth dimension 

 
14. Imaging of a fetus may require an unambiguous depth of 30 cm. The image is 

made with a curved array with a radius of 40 mm and 128 elements and 
operates at frequency 5 MHz. Assume that the speed of sound is c=1540 m/s. 
What is the maximum pulse repetition (PRF) frequency (rounded off)? 

 1925 
 6494 
 2567 
 3247 
 1283 

Multiple choice – medical imaging 
15. For which one of the following imaging methods is it common to inject a non-

radioactive, iodine-based, high-density (Z=53) contrast agent into the 
bloodstream? 

 Doppler ultrasound 
 Magnetic resonance spectroscopy (MRS) 
 Positron emission tomography (PET) 
 Single photon emission computed tomography (SPECT) 
 X-ray angiography 
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16. Which one of the following statements regarding Computed tomography 
(CT) and Magnetic resonance imaging (MRI) is correct? 

 A CT machine for use in the clinic costs around 5-15 millions NOK, while an MRI 
machine is less expensive and costs around 0.8-1.2 millions NOK 

 CT is appropriate for simultaneous surgery and imaging 
 Gradient coils may be used in MRI in order to select a certain region where to 

excite the protons 
 MRI is the most common imaging modality in diagnostic screening for breast 

cancer 
 The T1 and T2 relaxation processes are important physical features in CT imaging 

 

17. Which one of the following imaging modalities is especially well suited for 
imaging the tissue metabolic activity, in terms of regional glucose uptake? 

 Computed tomography (CT) 
 Positron emission tomography (PET) 
 Projected X-ray transmission imaging 
 Single photon emission computed tomography (SPECT) 
 Ultrasound 

Multiple choice – seismic 
 
18. For the Solid-liquid interface shown below, which statement is not true about 

the four wave types. 

             
 Ray 4 is P-wave. 
 Ray 3 is S-wave. 
 Ray 1 is S-wave. 
 Ray 3 is P-wave. 
 Ray 2 is S-wave. 
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19. An array of air-guns is made of different chamber sizes and fires 
simultaneously. Which one of the following is the advantage of this 
configuration? 

 The different chamber sizes will produce different bubble responses, and these will 
tend to superimpose constructively. 

 The total amount of energy being directed into the ground for one ‘shot’ will 
increase. 

 The directivity of the source will be reduced. 
 The source signal in the time domain will be extended and have a large bubble 

effect. 
 The spectrum of the source will contain many notches due to the oscillatory nature 

of the signature. 

 
20. Which one of the following is not true about NMO stretch? 
 It is caused by the non-linear nature of the NMO-correction. 
 The effect gets larger for larger offset. 
 We can remove the effect using predictive deconvolution 
 For shallow depth the effect is large. 
 None 
 

21. A simple two-layer horizontally stratified Earth model has P-wave velocity Vp1 = 
1500 m/s and Vp2 = 3000 m/s and density 1 = 1000 kg/m3 and 2 = 2500 kg/m3. 
The transmission coefficient for the wave incident from medium one to two and 
described in terms of  pressure amplitude is: 

 0.3 
 -1.7 
 0.7 
 1.7 
 0.8 

 
 

22. Which one of the following is not the advantage of migration 
 Diffractions are collapsed to points 
 Dipping reflections move up dip and become steeper 
 Triplication associated with synforms are unwrapped 
 It removes multiples 
 Repositioning of wrongly located reflectors 
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Multiple choice – seismology 
 
23. The arrival time of the P and S waves recorded at a single station can help us to 

determine 
 The exact location of the earthquake epicenter 
 The earthquake magnitude 
 The distance to the earthquake epicenter 
 Intensity of the earthquake 
 None 

 
24. Among the different phases of seismic waves propagating inside the earth, 

which of the following allows us to investigate the velocity structure of the outer 
core. 

 PPP 
 PcP 
 SKKS 
 ScS 
 SSSS 

 
25. In P-wave tomography, subducting plates are imaged as 
 Slower velocity regions in P-wave velocity  
 Higher velocity regions in P-wave velocity  
 Slower velocity regions in S-wave velocity 
 Higher velocity regions in S-wave velocity but not in P-wave velocity 
 Slower velocity regions in P and S-wave velocities 

 

26. Which is the advantage of P-wave tomography over Normal mode tomography 
 It allow us to keep much more information from the seismograms. 
 It uses the frequency content and the amplitude of the seismograms. 
 It keeps all types of waves.  
 It avoids the risk of having a bias in the tomographic image as the result of non-

uniform distribution of earthquakes. 
 It has a better resolution of small features. 
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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 give reasons for your answer. 
 
27.     Geometrical optics (35 points).  

 
We can use a number of optical prisms to alter the 
direction of a light beam.  An isosceles right angle 
prism (two sides are equal in length) will change 
the direction by 90°, as shown in the sketch to the 
right. 
 
 

a) Below we give you two figures from the curriculum text showing the reflection 
coefficient of p-polarized light (polarized in the plane of the sketch) at the 
transition from air to glass (left) and glass to air (right).  
  
  
  
  
  
 

  
  
  
  
  
 
Mark which part of the figures that describe the situation at points α, β, and γ in the 
first sketch. What do we call the phenomenon that occurs at the point β? 
 
b) We substitute the prism above by a right angle Brewster prism, where one angle 

is given by θB = arctg(n2/n1), where n2 is the refractive index of glass, and n1 the 
refractive index of air. We place the prism in the light path from P, as shown in 
the figure to the right, so that the incidence angle is θi = θB ≈ 56°.  
Now the refraction angle θr is given by θi + θr = π/2.  
Draw and explain the path of the light 
beam through the prism. 

 
 
 
 
 
 
 
 
c) How much light is reflected back to P in exercise b, compared to the isosceles 

prism in exercise a, if n1 = 1 and n2 = 1.5? 
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d) We put a thin plano-convex lens as a collimator between P and the prism.  
If the radius of curvature of the spherical lens surface is R3 and the refractive 
index of the lens material is n3 = 1.5, at what distance from P should we place the 
lens? 
Does it make any difference whether the planar or curved surface faces P?  

 
 

28. Sonar (25 points) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Assume a sonar transmitter (element in the center – green) and a receiver array (all 
elements – blue and green). For each transmitted pulse, the received signals are logged 
on all receiver elements.  
 

a) Write an algorithm in pseudo-code for two-dimensional imaging for this sonar. 
Explain each of the steps in the code. 

 
b) The angular resolution of the receiver array is given by the wavelength divided 

by the total length of the receiver. What is the effect of increasing the number of 
receivers while maintaining the total length of the receiver array?  

 
c) What happens to the beamwidth and the field of view if the frequency of the 

system is doubled?  
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29. Seismic (25 points).  
A marine seismic survey revealed a horizontally 2-layered earth. The survey was made 
using a streamer with 100 hydrophone groups (group interval Δg = 50 m). The distance 
between shot and first hydrophone group is 100 m and the normal moveouts observed 
for each reflector at the far most hydrophone groups are listed in the table below. 
 
vertical two-way time (s)                        ΔtNMO(ms) 

 
4.00        5.5 
6.00        6.6 
 

a) Describe the physical meanings of all the terms for the normal moveout velocity 
equation given below. 

                                     
b) Calculate the normal moveout velocities for each layer. 
c) Calculate the interval velocities for each layer. 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A two layered earth structure revealed by the seismic survey. 

 
 
 

Layer 1 

Layer 2 
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30. Medical ultrasound imaging (25 points).  
 

An ultrasound probe is used for B-mode imaging. It requires 256 lines per image to 
scan the desired sector and runs at a pulse repetition frequency of 3840 frames per 
second.  

 
a) What is the frame rate? 

 
b) Assume that the one-way attenuation is α=0.5 dB/cm/MHz and increases linearly 

with frequency. What is the maximum frequency that can be used if the system is 
sensitive to maximum 80 dB loss? Assume that c=1540 m/s. 

 
c) The same frame rate can be achieved in a medium with twice the attenuation when 

half the frequency is used. Assume that this is the case, and that the number of 
required beams is the same due to sampling criteria. How must the imaging system 
be modified and how will the properties change for this case (aperture, number of 
elements, resolution,…)? 

 
 
 
 

 
Good luck! 
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