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UNIVERSITY OF OSLO 

Faculty of Mathematics and Natural Sciences 
 
Exam :  INF-GEO3310/4310 – Imaging 
Date :   Tuesday 18. December 2007 
Time :  14.30 – 17.30 
Number of pages : 11 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.  
  
• 30 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 5 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 3 minutes on each of the 30 multiple-choice questions and then 

about 5 minutes for each of the 12 last questions, you will have ca half an hour 
left to recheck your answers. 

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

Remember to enter your candidate number! 

Bokmål English 
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Facts 
You may need (but not necessarily) the following information 
 
Rayleighs formula: sin(θ) = 1.22λ/D 
The speed of light is ca 3·108 m/s.   
The speed of sound in air is ca 330 m/s. 
 

Part I: Multiple choice questions 
 
• 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. ”Depth of field” (DOF) is the distance in front of and beyond the object that we 
have focused on, that appears to be sharply imaged.            
But what is the hyperfocal distance of a lens? 

 The focus distance that gives a DOF equal to the focal length of the lens 
 The focus distance that gives a DOF equal to twice the focal length of the lens 
 The focus distance that gives the largest possible DOF for a given f-number 
 The focus distance that gives the smallest possible DOF for a given f-number 
 The focus distance that is equal to the product of lens diameter and focal length 

 
2. A spherical mirror gives an optical aberration that is described by a darkening 

of the corners of the image. What is this aberration called? 
 Spherical aberration 
 Coma 
 Astigmatism 
 Curvature of field 
 Vignetting 

 
3. What is the ratio of the angular resolutions of a large radio telescope having a 

diameter of 305 m (Arecibo, Puerto Rico) observing at a frequency of 1.5 GHz, 
and a large optical telescope having a diameter of 10.4 m (Gran Telescopio 
Canarias) observing at 682 nm? 

  1.22 · 10-4 
  10-2 
  1.22 · 102 
  104 
  106 
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4. Visible light has wavelengths from 0.4 (violet) to 0.7 µm (red).        

What colour corresponds to the highest frequency? 
 Blue 
 Green 
 Violet 
 Red 
 Yellow 

 
 

5. What kind of instrument is illustrated below? 

 
 ”Along-track” scanner 
 ”Across-track” scanner 
 ”Pushbroom” scanner 
 Laser scanner 
 None of the alternatives above 

 
 
6. What kind of interaction between radiation and object is illustrated below? 

 Reflection 
 Absorption 
 Transmission 
 Scattering 
 Mirroring 

 



Exam in INF-GEO3310/4310, 18. December 2007,                Candidate no.  

4 

7. To improve the range resolution in sonar, one has to: 
 Increase the frequency of the transmitted signal 
 Increase the number of transducers 
 Transmit more power   
 Increase the pulse length of the transmitted signal  
 Decrease the pulse length of the transmitted signal 

 
8. Sound travels over large distances under water.            

The sound is influenced by the marine environment in what way? 
 Sound refracts towards the sea surface 
 Sound refracts towards the sea floor due to gravity 
 Sound propagates in straight lines and can therefore travel large distances 
 Sound is trapped in sound channels and can therefore travel large distances 
 Sound refracts towards higher sound velocity and propagates therefore faster 

 
9. To increase the range of a sonar, one has to 

 Increase the frequency of the transmitted signal 
 Increase the speed of the vessel 
 Lower the sonar deeper into the water 
 Decrease the frequency 
 Ask everybody in the vessel to be completely silent 

 
10. Medical ultrasound employs the use of: 

 Sound waves with wavelength greater than 0.8 mm 
 Sound waves of frequency less than 20 kHz 
 Light waves of wavelength less than 2 µm 
 Shear waves 
 Sound waves of frequency greater than 2 MHz 

 
11. To improve the resolution in an image for a given ultrasound probe, one has to 

 Increase the frequency of the transmitted signal 
 Use more time during imaging and stabilize/keep the equipment more steady 
 Ask the patient to drink some water 
 Decrease the frequency 
 Increase transmitted power 

 
12. Assume a speed-of-sound equal to 1 500 m/s. Which of the following statements 

are correct? 
 Ultrasound with frequency less than 3 MHz has wavelength less than 3 mm 
 Ultrasound with wavelength 1 cm has frequency 1.5 MHz 
 Ultrasound with frequency 8 MHz has wavelength longer than 2 mm 
 Ultrasound with wavelength 0.005 m has frequency 3 MHz 
 Ultrasound with frequency 7 MHz has wavelength less than 2 mm 
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13. Assume a speed-of-sound of 1 800 m/s and a linear aperture of length 9 mm 
which is excited with ultrasound of frequency 3.6 MHz. Which one of the 
following statements is correct? 

 The smallest detail to be resolved at range 10 m is greater than 1 m  
 The wavelength is less than 0.4 mm 
 The nearfield/farfield limit is less than 35 cm 
 The smallest detail to be resolved at range 1 m is grater than 7 cm  
 The nearfield/farfield limit is grater than 18 cm 

 
 
14. In marine seismic acquisition an array of airguns is employed.         

Why is the use of a single airgun not feasible? 
 The output signal will be too short (in time) 
 Seismic energy will be completely absorbed by water waves  
 Frequency band will be too large 
 The output signal becomes oscillatory and the directivity is poor 
 The output energy will be too large 

 
 
15. A P-wave incident at an oblique angle at the interface between two elastic 

materials will generate: 
 One reflected and two transmitted waves 
 One reflected and one transmitted waves 
 No waves 
 Two reflected and two transmitted waves 
 Only shear (S)-waves 

 
 

16. The zero-offset reflection coeffisient can take the following values:  
 Positive numbers less than or equal to 1 
 Positive or negative numbers with magnitudes less than or equal to 1 
 Only negative numbers 
 Always zero 
 Only positive numbers 

 
 
17. If the centre frequency of the seismic pulse is 30 Hz and the velocity is 3000 m/s, 

the dominant wavelength is:  
 10 m 
 30 m 
 100 m 
 3 000 m 
 Infinite 
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18. The dominant wavelength of a seismic pulse generally:  
 Increases with depth 
 Decreases with depth 
 Is depth independent 
 Varies with temperature 
 Does not vary with depth 

 
 
19. If the dominant wavelength of a seismic pulse is 80 m, the corresponding 

vertical resolution limit (e.g. ability to resolve a thin layer) is: 
 80 m 
 40 m 
 20 m 
 Undefined (need velocity information) 
 160 m 

 
 
20. Lateral resolution is characterized by the (first) Fresnel zone. In case of a zero-

offset acquisition and a single horizontal reflector, this Fresnel zone will be 
circular. If the depth down to the reflector is 2.3 km and the dominant 
wavelength of the seismic wave is 95 m, the radius of the Fresnel zone is: 

 95 m 
 2 300 m 
 330.5 m 
 127.5 m 
 Infinite 

 
 

21. Compared to the Earth, the Moon is 
 More heterogeneous 
 As heterogeneous 
 Less heterogeneous 
 Completely homogeneous 
 We know nothing about the Moon’s heterogenity 

 
 
22. In seismology, frequencies are usually expressed in 

 megaHz 
 kiloHz 
 milliHz 
 seconds 
 hours 
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23. Damping an inversion means 
 Reducing the amplitude of all the anomalies in the model 
 Removing the mean in the data 
 Taking the wave attenuation into account 
 Taking the errors in the data into account 
 Increasing the resolution 

 
24. Imaging in seismology is based on geometrical optics 

  For all types of tomographies 
 In P-wave tomographies 
 In normal-mode tomographies 
 For none ot the methods used in seismology 
 Only for tomographies using reflected waves 

 
25. Subduction zones are imaged by P-wave tomography as 

  Fast regions 
 Slow regions 
 Attenuating regions 
 Diffracting objects 
 Subduction zones are not curved 

 
26. The rays are curved in the Earth because 

  The Earth is spherical 
 The Earth has a core 
 The wave velocity is changing with frequency 
 The wave velocity is changing with depth 
 No, the rays are not curved 

 
27. A time-difference of 100 s between the P and the S waves at a station tells us 

that the earthquake is 
  12 km away 
 80 km away 
 800 km away 
 8 000 km away 
 There is insufficient information to determine the distance 
 

28. Which imaging modality is based on emitted gamma radiation? 
 fMRI 
 EPI 
 PET 
 CT 
 MRA 
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29. Which of the following statements about CT versus MRI is correct? 
 CT images soft tissues better than MRI  
 MRI is better suited than CT to identify tumors 
 CT is limited to the axial plane, while MRI allows flexible orientations 
 The same contrast agents are used in CT and MRI 
 The radiation risk is approximately the same in CT and MRI 

 
30. Which argument is correct when choosing radioactive isotopes for SPECT? 

 The half-life of the isotope should be as long as possible 
 Radiative decay should be absorbed in the body in order to image the absorption  
 Beta radiation can be used for imaging, as it gives minimal scattering 
 Gamma radiation above 100 MeV is best suited, as it is not absorbed 
 Alpha radiation is best suited for SPECT 

 
 
 
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. 
 

 
31.     Geometric optics (10 points).  

 
A lens having N = f/D = 16 is focused on an object at a distance of s meters.          
Assuming that we use monochromatic light at the wavelength λ = 512.3 nm,                
what is the size y’ of the IMAGE of the smallest resolvable detail y on the 
object, given in µm, if we assume that the distance s to the object is much larger 
than the focal length f of the lens?             
Refer to the figure below when answering.  

 
 

 
 
 
 
 
 

y’ s 

y Dθ 

s’

f
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32.     Remote  sensing (10 points).  
 

a) What is a geostationary orbit? 
 
 

b) What is the typical height for a geostationary satellite? 
 
 

c) What does it mean that a satellite has a sun-synchronous orbit? 
 

               
 
 
 
 
 
33.     Medical ultrasound imaging (30 points).  

 
 Consider a linear array of 100 flat, rectangular, 3.0 MHz transducers, each 
 0.5 mm wide. Assume for simplicity that they are packed tightly together so 
 that the array is 5 cm long. The transducer array is tested in a medium 
 having a speed of sound of 1500 m/s. 

 
a) If 30 consecutive transducers on the transducer array 

are electronically grouped (A in drawing) on each 
transmit and receive, what depths (or ranges) are 
considered to be in the far field? 

 
b) A B-mode image is created by successively grouping 30 

transducers on the array, sliding one transducer at a 
time down the length of the array (from A to B and so 
on). Suppose the depth of penetration is 20 cm, and that 
there are no overlapping pulses in this range. What is 
the maximum frame rate for this linear array image? 

 
c) Assume that neighboring beams should be spaced less 

than half a beamwidth apart for a good image. Discuss 
whether the system outlined above will give acceptable image quality. 
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34.     Sonar (20 points).  
 
Assume a sonar source and two receivers (Rx 1 and Rx2) forming a plane as 
illustrated below. The receivers are displaced L apart. The source transmits 
a pulse with wavelength λ. The transmitted signal is reflected by an object.            
 The reflected signal propagates to the receiver array with velocity c.  
 Rx 2 observes the reflected signal δt delayed compared to Rx 1. 

 
 

 

 
 
a) Assume that the reflector is in the far field. What is the direction of arrival 

of the reflected signal expressed by the terms given in the exercise? 
 
b) Assume that the smallest time difference possible to detect is equivalent to 

1/8 period (time accuracy). What is then the angular accuracy of the system? 
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35.     Seismic (20 points).  
 
 The figure below shows how the zero-offset section and the geological model 
 is linked together: 
 
 
         

         
 
 

a) Explain briefly why the zero-offset section gives a distorted image of the true 
geological model for all these cases. 

 
b) Explain briefly the purpose of migration. 

 
 
 
 
 
 
 
 
 
 
 
 

Good Luck! 
 

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


