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Mandatory Assignment – 2013 

 

 INF-GEO4310 
 

Deadline for submission: 12-Nov-2013 

 
e-mail the answers in one pdf file to vikashp@ifi.uio.no 

 
Part I: Multiple choice questions 
 

 Multiple choice  – geometrical optics 
 

1. The ratio of the focal length of a single convex-planar lens to the focal length of 

a double lens consisting of two such convex-planar elements in planar contact is  

 The product of their focal lengths 

 The sum of their focal lengths 

 The difference between their focal lengths 

 The ratio of their focal lengths 

 Two 

 

2. What is the ratio of the angular resolution of  the Swedish  optical telescope in 

the Canary Islands having a diameter of 100 cm observing at 0.6 μm and the 

Australian Parkes radio telescope having a diameter of 64 meters observing at a 

frequency of 50 GHz? 

 6.4 x 10
-2

 

 1.22 x 10
-3

 

 6.4 x 10
-3

 

 1.22 x 10
-4

 

 6.4 x 10
-4

 

 

3. What is the angular magnification of a telescope where the objective and the 

eyepiece are placed at a distance equal to the sum of their focal lengths? 

 The product of their focal lengths 

 The sum of their focal lengths 

 The difference of their focal lengths 

 The ratio of their focal lengths 

 The product divided by the sum of their focal lengths 
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 Multiple choice  – remote sensing 
 

4. Which part of the electromagnetic spectrum can be useful for imaging during 

the night, without using an active sensor? 

 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. 

 

5. Given that a green-leafed plant needs light, the worst thing you can do for the 

health of a green-leafed plant is to illuminate it with only 

 Green light 

 Blue light 

 Red light 

 All cause equal damage 

 None of these 

 

6. Which statement below is NOT correct? 

 Geostationary orbits typically have a height of 36 000 km. 

 The coverage for geostationary orbits depends on latitude. 

 A polar orbit has an inclination angle close to 90 degrees relative to the equator. 

 A satellite in geostationary orbit rotates at the same speed as the earth. 

 Polar satellites typically use sun-synchronous orbits.  

 

 Multiple choice – radar 
 

7. The range resolution of a radar is determined by: 

 The size of the antenna. 

 The bandwidth of the signal. 

 The two-ways propagation delay between the transmitted and the received 

pulse. 

 The velocity of the illuminated object. 

  

8. The minimum cross-range resolution of a Synthetic Aperture Radar (stripmap 

mode) is determined by: 

 The size of the antenna. 

 The bandwidth of the transmitted pulse. 

 The two-ways propagation delay between the transmitted and the received 

pulse. 

 The velocity of the illuminated object. 
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9. The Doppler frequency shift depends on: 

 The size of the antenna. 

 The bandwidth of the transmitted pulse. 

 The two-ways propagation delay between the transmitted and the received 

pulse. 

 The velocity of the illuminated object. 

 

 Multiple choice – sonar 
 

10. Consider an active imaging sonar that uses an 

array of receivers (as shown). The sonar is 

narrowband, such that we can assume that 

only one wavelength is used. For this sonar, 

which of these statements is correct:  

 The field of view is determined by the 

signal bandwidth and the size of one 

element.  

 The range resolution is dependent of 

 the field of view 

 The angular (azimuth) resolution is dependent of the size of a single element 

 The field of view becomes larger if the size of a single element is smaller 

 The range resolution improves if the sound speed increases 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. Active sonar is based on a transmitted pulse being reflected by an object and 

thereafter received by the sonar receiver. Which of these statements is wrong:  

 The range resolution is given by the signal bandwidth and the sound speed 

 The echo from the object will be stronger if more power is transmitted 

 Hotter water gives higher sound speed 

 The reflectivity of the object is affected by the roughness of the object  

 The azimuth (angular) resolution is better for a larger object 
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12. Sidescan sonar is a particular type of sonar. What is correct for this type of 

sonar: 

 A sidescan sonar measures the distance to the seabed and a topographic map 

can be constructed from the data 

 A sidescan sonar is used for finding fish 

 A sidescan sonar constructs an image by estimating the time delay 

 A sidescan sonar has higher resolution for higher frequency 

 A sidescan sonar has longer range for higher frequency 

Multiple choice  - ultrasound 
 

13. Which of the following sound waves is ultrasonic and least useful in diagnostic 

imaging? 

 30 kHz 

 8 MHz 

 8 000 Hz 

 3 000 kHz 

 15 Hz 

 

14.  A pulse is emitted by a transducer and is traveling in soft tissue. The go-return 

time, or time of flight, of a sound pulse is 130 microseconds. What is the 

reflector depth? 

 10 cm 

 10 mm 

 10 m 

 130 mm 

 13 cm 

 

15.  If 3 MHz sound has 2 dB of attenuation in 1 cm of tissue, what is the amount of 

attenuation of 6 MHz sound in 0.5 cm of the same tissue? 

 5 dB 

 2 dB 

 10 dB 

 1.5 dB 

 4 dB 

 

16.   What is the most typical Doppler shift measured clinically?  

 3.5 MHz 

 3 500 000 Hz 

 2 kHz 

 1 000 kHz 

 20 000 Hz 
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Multiple choice – seismic 
 

17. Which of the following statements about seismic waves is not true? 

 P-waves travel faster than S-waves. 

 In S-wave the particle motion is perpendicular to the direction of wave motion. 

 P-waves travel faster through solids than in liquids. 

  Seismic waves are reflected at boundaries between rock layers with different 

acoustic impedance. 

 P-waves are an example of surface seismic waves. 

 

18. A P-wave incident normal to the interface between two elastic (or solid) 

materials will generate 

 One reflected P-wave and two transmitted S-waves. 

 One reflected and one transmitted P-wave. 

 No waves. 

 Two reflected S-waves and two transmitted P-waves. 

 Reflected P- and S-waves and also transmitted P- and S-waves. 

 

19. In a marine seismic acquisition shown in the Figure below, where the red stars 

denote the source locations and the black triangles denote the receivers, what 

kind of sorting domain is shown in the blue triangles 

 
 

 Common Shot gather 

 Common Receiver gather 

 Common Mid Point gather 

 Common Offset gather 

 Common Angle gather 
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20. Which one of the following is not true about NMO-stretch 

 It is the result of the non-linear nature of NMO correction 

  It has significant effect at far offset 

 It is a process where the dominant period of the signal changes 

 It can be removed from the data by muting 

 It is independent of depth 

 

21. Which one of the following is not true about post-stack migration 

 It makes dipping reflectors move up dip and become steeper 

 It collapses diffraction energy to a point 

 It is insensitive of the medium velocity 

 It is based on the exploding reflector model 

 It is composed of two major parts known as downward extrapolation and imaging 

 

Multiple choice  – seismology 
 

22. Which one of the following is not true about the seismic structure of the earth’s 

mantle 

 Seismic wave velocity in general increases with depth 

 Seismic wave velocity vary more strongly vertically than laterally 

 It is composed of mainly silicate minerals 

 It is the largest layer of the earth in volume 

 Only P-waves propagate through this layer 

 

23. In P-wave tomography high velocity regions indicate 

 Hot materials 

 Cold materials 

 Earthquake epicenters 

 Tsunami 

 None  

 

24. In order for the time reversal technique to be used for locating an earthquake 

epicenter without significant knowledge of the earth’s small scale structures 

 We need to use the long period signals 

 We should use the short period signals 

 P-waves can be used 

 Only S-waves can be used 

 We should use high frequency signals 

 

 

25. Comparing seismology with seismic 
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 Seismology has many sources 

 In seismic the imaging is based on mainly transmission 

 In seismology the sources are often artificially designed 

 Seismic has fewer receivers 

 In seismology earthquakes are the major source of information 

 

26. One of the following is not true about surface waves 

 They are the result of constructive summation of body waves 

 They propagate along the surface of the earth 

 They are the first to arrive and get recorded in the seismogram 

 They have large amplitude compared to body waves 

 There are two types of surface waves 
 

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.     A spectroscope (40 points).  
 

A transmission grating 

spectroscope consists of a 

collimator, a transmission 

grating, a telescope, and a 

scale to measure the 

deviation in light direction 

for various wavelengths 

and spectral orders. The 

figure to the right shows a 

similar setup, using a 

prism instead of a grating. 

 

The collimator tube has an entrance slit plate (F1) 

and a single convex lens (L1) that can be moved 

with a focus knob. Upon inspection, it turns out 

that the collimator lens has radii 5.0 and 2.5 cm. 

The refractive index of the lens is given as the 

highest BK7 curve in the graph to the right.  

 

a. For light at a wavelength of 500 nm entering the collimator slit, at what distance 

from the entrance slit should the centre of the lens be placed? Please explain. 

 

b. If the wavelength is shorter, in what direction should the lens be moved in order to 

collimate the light? Please explain your reasoning. 

 

c. The spectroscope is often used to study emission lines in the spectra of 

incandescant substances. If light from the collimator falls perpendicular onto a 
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transmission grating having 1000 slits per mm, at what angular deviation from the 

incoming light will a spectral line at λ = 500 nm emerge from the grating in the 

first order spectrum?   

 

d. Give an expression for the wavelength (in nm) where is light deviated by 45˚ in 

the second order spectrum by this 1000 slits per mm grating? Please explain! 

 

e. If we replace the 10000 slits/mm transmission grating with another grating, where 

the grating spacing d is unknown, will there be overlap between the first and 

second order visible spectra (wavelengths from 0.4 to 0.7 μm)? Please explain! 

 

f. Which band-pass filter (restricting the range of the visible spectrum) will ensure 

no overlap between the second and third order spectra? Please explain! 
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28.  Seismic (30 points).  

 
In a marine survey a seismic source is fired inside water. The P-wave generated by the 

source propagates down and hits the sea floor at an angle of   as shown in the Figure 

below.  Consider the sound speed of 1500 m/s for water and the P- and S-wave velocity 

of 2200 m/s and 2000 m/s for the sediment respectively. 

                                                                                                   

 

 

 

 

 

 

 

 

 

 

 

 

a. Sketch the ray path and the direction of the particle motions for all the wave 

paths if    is 0
0
, 10

0
, 44

0
 and

 
60

0
  

 

 

b. Consider that  receivers are placed at an offset of 500 m and 1000 m as 

shown in the Figure below. If the distance from the sea floor to the seismic 

source is 1 km, compute the NMO correction corresponding to each offset for 

the seismic event coming from the sea floor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝜃 

Sea floor 

Water 

Sediment 

Sea floor 

Water 

Sediment 

 1 km 
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29. Sonar (20 points) 

 
Assume a sidescan sonar mounted on a vehicle, that runs slightly above the seabed  

(right part of figure). The sidescan sonar creates an image (left part of figure).  

 

   
 

 

 

a) How is the image made?  

 

 

b) List all factors that characterize the sidescan sonar image and describe them 

(resolution, range etc) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Good Luck! 


