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UNIVERSITY OF OSLO 
Faculty of Mathematics and Natural Sciences 

 
Exam :  INF-GEO4310 – Imaging 
Date :   Friday 16. December 2011 
Time :  14.30 – 18.30 (4 hours) 
Number of pages : 13 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.  
  
• 28 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 3 minutes on each of the 28 multiple-choice questions and then 

about 10 minutes for each of the 12 last questions, you will have ca 30 minutes 
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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 Multiple choice  – geometrical optics 
 
1. The Sun is about 150 000 000 km away. What is the smallest distance between 

two resolvable points on the Sun if we use a telescope having a diameter  
D = 1/2 m at a wavelength λ = 410 nm?  
  15 m 
  150 m 
  1.5 km  
 15 km  
 150 km 
 

2. When moving from one medium into a less dense one, 
the fraction R of the incident light intensity that is 
reflected at the interface is given by the figure to the 
right. The angle of incidence where R goes to 1, 
independent of polarization, is called 
 The Brewster angle 
 The Fresnel angle 
 The critical angle 
 The diffraction angle 
 The Fraunhofer angle 

 
3. What is the combined focal length of two thin lenses placed in contact? 
 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 
  
 

 Multiple choice  – remote sensing 
 

4. Which  part of the electromagnetic spectrum is sensitive to the roughness of the 
surface being imaged?  
 The infrared range of the spectrum 
 The visible range of the spectrum 
 The microwave range of the spectrum 
 The thermal range of the spectrum 
 The ultraviolet range of the spectrum 
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5. In the figure to the right, what is causing 

the local minima in the curve?  
 Diffuse reflection on the ground 
 Scattering in the atmosphere 
 Energy is transmitted through the target 
 Absorption in the atmosphere 
 Variations in solar irradiance 

 
 
6. Which statement is NOT correct?  
 Chlorophyll absorbs radiation in red and blue wavelengths 
 Water absorbs longer wavelengths more than shorter wavelengths 
 A geostationary orbit will as the earth rotates eventually cover the entire surface 

of the earth 
 A sun-synchronous orbit will cover a given area at a constant time of the day 
 The curvature and rotation of the earth can lead to geometrical errors 

 
 

 Multiple choice – radar 
 
7. What determines the minimum cross-range resolution of a Synthetic Aperture 

Radar (stripmap mode)? 
 The size of the antenna 
 The bandwidth of the transmitted pulse 
 The velocity of the target 
 The radiated power 
 None of the above 

  
8. What would be the range resolution of a radar radiating a Linear Frequency 

Modulated waveform of 100 μs with a power of 10 W at a frequency of 1 GHz? 
Assume an antenna length of 2 m and a distance to the target of 10 km. 
 15 000 m 
 1 500 m 
 150 m 
 15 m. 
 It is not possible to calculate it. 
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9. What would be the Doppler frequency of a fixed object measured by an air-
borne SAR flying at a constant speed of 150 m.s-1, when the antenna beam is 
orthogonal to the flight path? The radar operates at a center frequency of 10 
GHz. 
 -10 kHz 
 -5 Hz 
 0 Hz 
 +5 kHz 
 +10 Hz 

  
10. What typical effects can be seen in SAR images over mountainous regions?  
 Foreshortening, layover and shadowing effects 
 Foreshortening, layover but no shadowing 
 Foreshortening only 
 The image is blurred 
 The mountain looks flat. 

  

 Multiple choice – sonar 
 
11. The angular resolution in an active sonar imaging using an array of receivers is 

dependent on what:  
  
 The transmit signal frequency, 

pulse length and bandwidth 
 The wavelength and the 

frequency 
 The frequency, the sound speed 

and the receiver array length 
 The wavelength and the size of 

one receiver element 
 The pulse length and the 

transmit power 
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12. Active sonar imaging is based on a transmitted pulse being reflected by an 
object and thereafter received by the sonar receiver.  
Which of these statements is completely wrong:  
 The range resolution is given by the signal bandwidth and the sound speed 
 The reflection coefficient of the object is only dependent on the sound speed in 

the object relative to the sound speed in the water  
 Hotter water gives higher sound speed 
 The reflectivity of the object is affected by the roughness of the object  
 The transmit pulse length is independent of the signal bandwidth 

 
 

 
13. Phase coded pulses such as Linear FM (see figure) are used in advanced active 

sonar. What is the main reason to apply phase coding on the transmit pulse: 
 Phase coding gives a higher frequency and thereby higher resolution 
 Phase coding gives a higher bandwidth for a given pulse length, and thereby 

more signal energy for a given range resolution 
 Phase coding gives more phase variation in the received signal and thereby a 

better angular resolution 
 Phase coding gives less frequency change and thereby better transmitter 

hardware performance 
 Phase coding ensures that all phases are transmitted, such that at least one phase 

will be received at the receiver 
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 Multiple choice  - ultrasound 
 
14. Which clinical application is well suited for medical ultrasound:  
 Visualizing the dynamics of blood flow 
 Visualizing bone damages 
 Studying the activity in the brain 
 Studying lung damage caused by smoking 
 Diagnozing head injuries 

 
15.  Sonar and echo sounders operate on frequencies below about 3-400 kHz. Why 

does sonar use so much lower frequency than medical ultrasound?  
 Because sonar requires better resolution than medical ultrasound 
 Because ultrasound transducers are so small that they are hard to mount under a 

ship 
 Because water has less attenuation than human tissue 
 Because it gives longer range 
 Because sonar requires larger frame rate due to the large range 

 
 
Multiple choice – seismic 
 
16. For a constant-velocity earth model, a point scatterer in depth produces a 

hyperbolic traveltime in the time domain.  
For such a model, what kind of subsurface structure would produce a point in 
the time domain ?  
  Hyperbolic 
  Elliptic 
  Semi-circle 
  Parabolic 
  Linear 
 

 
17. In order to remove linear coherent noise, which one of the following techniques 

is used 
 FK filtering 
 NMO stretch 
 Editing 
 Amplitude recovery 
 Low pass filtering 
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18. Consider a zero-offset seismic acquisition in a constant velocity medium with a 
velocity of 2000 m/s.  
The airgun array used as a seismic source generates a seismic wave with a 
frequency band between 5 Hz and 125 Hz and a centre frequency of 20 Hz.   
What is the horizontal resolution associated with reflections from a flat reflector 
at a depth of 1000 m. 
 89.4 m 
 447.2 m 
 316.2 m 
 200 m 
 223.6 m 

 
 
 
19. For a horizontally layered earth 

model, the traveltime curve 
measured in a CMP gather from a 
certain given layer is given by 
curve (a) in the figure.  
 
The two curves denoted (b) and (c) 
are based on which velocity 
models, respectively: 
 NMO and stacking 
 NMO and RMS 
 Stacking and NMO 
 RMS and stacking 
 Average and NMO 
 
 
 

20. A reflection event is characterized by a zero-offset traveltime of 1.0 s and a 
normal moveout (NMO) of 0.008 s measured at an offset of 200 m.  
How large is the required NMO velocity ? 
 1578 m/s 
 789 m/s 
 200 m/s 
 25000 m/s 
 2000 m/s 
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Multiple choice  – medical imaging 
 
21. 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  

 
 
22. 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 million NOK, while an 

MRI machine is less expensive and costs around 800 000--1200 000 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 T_1 and T_2 relaxation processes are important physical features in CT 

imaging 
 

 
23. Which one of the following statements is correct? 
 In medical ultrasound, the image is reconstructed from back-scattered pressure 

waves. 
 In X-ray imaging, the image is reconstructed form a pair of gamma photons 

moving in opposite directions. 
 In Magnetic Resonance Imaging (MRI), the image is reconstructed from back-

scattered gamma radiation.  
 In functional Magnetic Resonance Imaging (fMRI), the function of the MRI 

system is tested and calibrated by use of a well-characterized phantom. 
 In angiography, an image of the lung bronchus structure is produced. 
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Multiple choice  – seismology 
 
24. Which one of the following provides evidence for the liquid nature of the Earth's 

outer core ? 
 P waves do not propagate through Earth's outer core. 
 S waves do not propagate through Earth's outer core. 
 S waves are reflected by Earth's core. 
 P waves are reflected by Earth's core. 
 Neither S nor P waves are refracted by Earth's core. 

 
 
25. One of the following is not true about Earthquakes 
 They are the result of sudden release of accumulated tectonic stresses 
 At the convergent boundary they occur down to 700km depth 
 Inside a plate the distribution of Earthquake locations is not random 
 They are efficient sources of vibrations for imaging the Earth 
 Mostly they occur along coastlines 

 
 
26. The fact that deviation of P-waves arrival time compared to the theoretical ones 

calculated in the mean Earth model is small tells us 
 Laterally the Earth is highly heterogeneous 
 Vertically the Earth is homogeneous 
 The Earth is more heterogeneous compared to the moon 
 The Earth is more homogeneous vertically than laterally 
 The Earth is more heterogeneous vertically than laterally 

 
27. For a noise free experiment with a good source and receiver coverage, a P-wave 

tomography that is able to resolve small-scale heterogeneities could be obtained 
by 
  Increasing the model misfit 
  Reducing the number of sources 
  Selecting a small damping 
  Selecting the largest possible damping 
 Allowing P-waves to convert to S-waves 

 
28. Which one of the following is correct about normal mode tomography? 
 It is based on the S-wave arrival time 
 Provides a bias in the regions where we have a poor seismic stations coverage 
 It uses all the waves recorded in the seismogram 
 It is based on surface waves  
 It is not affected by P-wave propagation 
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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. 
 
 
 
29.     An episcope (40 points).  

 
An episcope (also called ballopticon) is a device which projects 
images of opaque, reflecting materials by illuminating the object 
from above, and letting a system of mirrors / prisms and lenses 
focus an image of the material onto a viewing screen. 
 
Episcopes were typically used to project images of book pages, 
drawings etc. They have been replaced by digital still / video 
cameras, where the image from the camera is displayed on a screen 
using a separate digital projector.  
 
An example, illustrating an old episcope to be placed over 
postcards to be projected onto a screen, is shown to the right. 
  
The optical arrangement of another episcope containing a light bulb (B), a collimator lens (C), a picture to 
be projected (P), and a sliding two-element projection lens (L)  is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
The focal length of a single “thin lens” is given by the radii of curvature of the two lens 
surfaces, R1 and R2, and the index of refraction, n, of the lens material relative to the 
surrounding medium.  
 
 
 
 
 

a. Assume that we have two thin lenses. The lens surface radii are 10 cm and 30 cm 
for the first lens, and 30 cm and 10 cm for the second lens (from left to right).  
The lenses are bi-convex and concave-convex, respectively, so sign rules may be 
important here. 
What are the focal lengths of the two “thin lenses”, if both have refraction 
index n = 1.5 ? 
 

B 

L 

C 

P 

http://upload.wikimedia.org/wikipedia/commons/c/cf/Episkop_BW_1.JPG�
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b. If we use a combination of two thin lenses separated by a distance d, (where d is 
smaller than the focal length of the first lens) the combined focal length of the two 
lenses is given by: 
 

 
 
 

 
If the two lenses are in contact, how can you find the combined focal length 
without

 
 using the equation above? Explain and show your computation. 

 
 

c. From the sketch of the episcope, you see that the lens system may be moved so 
that the distance LP may be varied. Assuming that the size of the episcope box is 
approximately equal to the focal length of the two lenses in contact, it is possible 
to project a real image 10 times the size of the object (P) onto a screen. What is 
then the distance LP compared to the combined focal length f of the lens system? 

 
 

d. It is not possible to project a sharp image 10 times the size of P onto a screen  
at a distance from the lens system that is 10 times the focal length.  
But is it possible to keep the image size (magnification = 10) and have an image 
distance equal to 10 times the focal length of the two lenses when they were in 
contact, by altering the distance between the two lenses? Please explain! 
 

 
 

 
30. Sonar (20 points) 

 
 
Assume a sonar transmitter/receiver vertically mounted on a ship, and a fish of a given 
size at a given range from the sonar (see figure). Assume that the fish is in the field of 
view for the sonar. List all the factors that determine the maximum range the fish can be 
detected at, and how they affect the achievable range 
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31. Seismic (30 points).  
 

Consider an earth model with two horizontal layers. The physical parameters of 
the two layers are given in Table 1. 
 

Layer number P-wave velocity [m/s] Density [kg/m3] 
1.  4500 2100 
2.   2400 

 
a. Consider a plane P-wave propagating vertically downward and being 

reflected from the interface between the two layers. The phase of the reflected 
wave is changed by 1800 and its amplitude is 5% of the incident amplitude. 
Determine the seismic velocity of the second layer 

 
 

b. Assume now a P-wave with an angle of incidence of 200 being reflected from 
the interface between the two layers. 
The reflected wave is recorded at an offset of 300 m.  
Compute the traveltime of this wave. 

 
 

c. Calculate the critical angle associated with the reflection defined by the 
interface between the two layers. 
Give an argument for your answer. 
 

 
 
 

 



Exam in INF-GEO4310, 16. December 2011                 Candidate number:  

13 

32. Medical ultrasound imaging( 20 points) 
 
You want to image two point scatterers that are very close to each other as shown in the 
image to the left. The system uses an aperture D, a center frequency fc, a pulse amplitude 
A, and a pulse duration τ. As it is the system will create the image to the right where the 
two points are not resolved. 
 
Determine and justify with formulas where relevant whether the measures mentioned 
below will increase the likelihood that we will see two points in the ultrasound image. 
 

 
 
 

1. Double the aperture to '2 * D' 
2. Double the center frequency to '2 * fc ' 
3. Decrease the pulse length by a factor of two, i.e. use a pulse of length τ/2. 
4. Double the amplitude to '2 * A' 

 
 
 
 
 
 

Good Luck! 
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