Sample MidTerm Questions:

GGE 3353 -2001

John E. Hughes Clarke

Given that there are no prior exams to use as a guide, I am providing a series of sample questions, similar to those that I will throw at you for the midterm. For a subset of these questions I am providing you with basic answers.

I expect to give you ~ 4-6 questions within a 50 minute period. No answer should be over 3 pages long (hand written, plenty of figures).  About half the answers will be very  much shorter. 

In all cases I encourage you to impress me with how much more than the basic knowledge you understand. If you provide these minimal answers correctly, you’ll get ~ 80%. If you stun me with your perceptive observations (clearly indicating that you have pursued these topics with a lust for deeper insight ..) I will assign up to another 25% (20 % of total) to your mark (interesting but irrelevant observations are not requested).

The questions will look similar in format to these. In these examples, I have covered the full range of material that I’ve presented, you obviously won’t get asked about everything.

Physical Oceanography

Descriptive Oceanography

You’ll be asked to describe a particular large-scale oceanographic phenomena. I’ll hint each year which one I want you to look at (Equatorial Undercurrent-2001).  You should be able to:

· State its location and extent

· The distribution of water masses and current in the area

· Using simple concepts like geostrophy or wind shear, explain the reason the phenomena exists

Baroclinic and Barotropic Flow

You make a series of CTD casts in the ocean along a transect. From these you estimate density as a function of depth. You see one particular pycnocline that dips gradually from start to finish of the transect. You are in the southern hemisphere, looking at the transect with start to the left, the pycnocline is sloping down (gets deeper) toward the end of the line to the right.

What can you say about the long term currents in the area?

The water above the sloping pycnocline is moving out of the page with respect to the water below the pycnocline. We can only talk about the velocity shear however. If the upper layer is in fact stationary, the lower layer is moving into the page.

Note the pycnocline slope ONLY tells us about that component of the total long term current that is orthogonal to the plane of view (would need a second transect at a large angle to this one, to define the two vector components and thus the total current vector).

What extra information would you need to better constrain these currents over the whole water column. 

We would need either:

The long term slope of the sea surface (to define the surface lateral pressure gradient, the barotropic component) and thus the long term surface current activity, from which we could extrapolate the currents down through the water column using the baroclinic component

 or

At one depth we would need a long term direct measure of the average current, from which we could extrapolate above and below based on the baroclinic field (the sloping pressure surfaces)..

Surface and Internal Waves

Explain the difference between a long and a short wave . Define their phase speeds.

Are either of these wave type dispersive (what is a dispersive wave?).

 Read the notes ….

What is a typical ocean wave period?

Give me a range in seconds… (4-16 seconds)..   

Why do waves approaching a beach tend to align the wave crests towards the orientation of the beach?

Explain about the phase speed being related to the depth etc… diagrams ….

You have a density interface in the ocean along which internal wave propagate. The wavelength of the internal waves is small w.r.t to the distance of the interface to either the surface or the bottom. Is this wave dispersive or not?  Compared to a surface wave of the same wavelength up on top, how much faster or slower would the wave propagate (it’s phase speed).

Explain how the density ratio modifies the gravity effect….

Why do internal waves have any signficance to use in acoustic marine survey?

……………

Equations you should know….

V. few, mainly that certain variables depend on certain others.

The hydrostatic equation 

Simply that

Vp f(T,S,P)

A = f(T,S,P, pH)

The phase speeds of long and short waves and internal waves.

Marine Geology and Geophysics

(includes implied knowledge from Geology 100X)

You should be able to explain (based on your dimly recalled Geology 100X):

What an Active, Passive and  Transform margin is.

Why there are mid ocean ridges, trenches and transform faults.

Continental drift, plate tectonics,  isostasy…..

And from our classes:

Why sealevel has fluctuated over geological time scales. What influence this has on arctic, temperate and tropical shelves.

The total and yearly variability in  incoming solar energy to the planet has  changed as the earth-sun orbital parameters have changed (expand…eccentricity, precession of the equinoxes, tilt). This has increased or decreased the volume of ice trapped in high latitude terrestrial icecaps (glaciers etc..). As this volume of ice is not floating in water (which would just displace an equivalent volume of water, and thus had no net effect on sealevel), it is effectively removed from the ocean basins. This removal (and addition on the waning of ice caps) changes the volume of water in the earth oceans. 

The scale of this change is equivalent to ~ 100m change in sealevel  globally.

For temperate and tropical shelves this has resulted in a sealevel change of about this magnitude. As the shelves ari ~ 50-150m deep, large areas of the shelves have thus been exposed or covered. 

For polar regions, this is complicated by the  fact that the land locked ice (which was up to km’s in thickness) has loaded the continental crust, causing (over a finite time period) isostatic sinking of the crust. The net sealevel change in these areas is the difference between global sealevel change and isostatic compensation.

You should be able to explain what a backscatter angular response curve is, and tell me why we care.

Draw a family of curves for common materials (mud sand gravel). Label the axes saying what they are.  Explain what typical backscatter strength value mean (-10 to –50 dB is 10-1 to 10-5).  Explain the effect on bottom echoes for the monostatic case (i.e. the sound goes our from you and comes back to you).  

Explain that ultimately the signal to noise ratio is limited by that fraction of the energy we put out, that makes it back to us. As this varies with material type and grazing angle, our sonar performance will be different depending on material and angle. 

You should be able to define:


The reflection and transmission coefficent for smooth surfaces (i.e. know these equations).


Give me examples for the following materials.



SeaWater (1500m/s, 1028Kg/m3) over mud (1600m/s, 1400 Kg/m3)



Frshwater (1460m/s 1005Kg/m3) over Saltwater (as above)



Air (300m/s, 0.001Kg/ms) over fresh water (as above)



Seawater (as above) over gravel (1860m/s, 2000Kg/m3)

What do these numbers mean?

That fraction of the total incident energy that is either reflected back or transmitted through the interface.

Look in the notes. The main thing to demonstrate is that you know what impedance is and that it is the impedance contrasts that controls the amount of energy reflected and transmitted. 

You should know what the critical angle is.

Draw it, and define it in terms of the velocity ratios.

You should be able to qualitatively describe the physical properties of the sediment that control backscatter.

Mention the terms:


Surface roughness



Point out that it must be described both in amplitude and wavelength  (i.e. a spectra) and that it is sensitive to the wavelength of the sound used.


Surface impedance contrast 

(density and velocities) Point out that this controls what percentage of energy passes through the interface. No contrast, no echo whatever the other terms.


Attenuation in the sediments


This decides how  far into the sediment, the energy can penetrate (and scatter back)


Impedance contrasts in the volume of the sediment.

If it makes it into the sediment (surface imped. contrast) and isn’t totally attenuated. These inhomogeneities (burrows, buried shells or pebbles) allow backscattering.


The critical angle.


Can any energy get through the interface to produce volume scattering?… Define in terms of surface volume ratio. 

Transducers

 Draw examples of  and explain the following plots:

Cartesian plot of linear Pressure

Cartesian Plot of linear Intensity

Cartesian Plot Logarthmic Intensity

Polar Plot of Logarithimc Intensity

 Explain (draw ?) a  circular, line, barrel and spherical array.

Cartoons, that show a typical element distribution, pointing out the critical dimensions:

Diameter, length, radius etc… basically convince me that you know what these are.

Draw a typical 3D beam pattern emanating from unsteered :


Circular plane arrays


Line arrays.

You don’t have to be an artist!, just clear. Indicate where the sidelobes are, what shape are they (symmetrical around the array, or oriented in a certain direction). Point out where the nulls are, where the boresite is etc..

Propagation and Refraction 

Given a water column profile you should be  able to use Snells Law to tell me about angles at different levels.

Typical trick question is to give you a horribly complicated profile with a start angle and velocity and ask you what the angle is at the end. Of course as the snells ratio (V/sin) is  a constant, you only actually care about the sound speed at the base of the layer.

If you don’t have a a sing-around velocimeter, what else could you use to measure sound speed in-situ? 

T,S,P and then one of the empirical relationships…

What is a sing around?

Explain that you can do it indirectly from conductivity, temperature ands pressure. Draw a sing around velocimeter explaining that you have a tiny MegaHz transducers, and one or two reflecting plates and you measure the travel time over a short path (reflecting off the plates) from the transducer, back to itself. Knowing the distance and the travel time you have Vp.

Explain what contributes to Absorption of acoustic signals.

Absorption has three components, the fresh water elastic properties, and chemical relaxation due to two specific chemicals, MgSO4 and Boric Acid. Boric Acid only affects the lower frequencies (< 10 kHz?) whereas the MgSO4 extends up to the survey frequencies at 100kHz +. 

All these effects are influenced by Temperature and Pressure . Given that BA and MgSO4 content are nearly linearly related to the Salinity, you can use this and lastly the pH slightly alters the chem. Relaxation effect.


Thus :  = f(T,S,P,pH)

Scattering is due to small particulates in the water. For normal oceanic waters this is not significant.

If you want to look at a target that is 5000m away, which frequency would be best 400 kHz, 100 kHz, 10 kHz. If attenuation weren’t an issue, why would using the other frequencies be better?

The lower one cos. absorption is less at lower frequencies. You should have a reasonable idea that 100 kHz ,won’t get you past a 1km).  If you could get away with the higher frequencies  you would gain two advantages:

· greater bandwidth available (typically 10% of center freq).

· Can make a given beamwidth with a smaller physical array.

Short of actually putting a projector and hydrophone in the ocean a fixed distance apart, what do you need to measure to calculate an attenuation coefficient. How would you use the attenuation coefficient in the Sonar Equation..

As above  = f(T,S,P,pH) and you would us the term “2R” as the attenuation coefficient is normally measured in dB/km and you travel 2R to go to the target and back.
Explain Spherical Spreading 

1/r2 to there where it is reradiated spherically and comes back as 1/r2 again. Thus 1/r4 in total which is expressd as 40 logR in the sonar equation.

Describe all the main component of the Sonar Equations.

SN = SL +DI – 2TL +BS + 10logA

SN is….

SL is …

DL is …

TL is 40log R – 2aR

BS is ….

A is 

What is a Directivity Index.

The ratio of intensities measures from two sources which have the same power output. One of the sources is an equivalent spherical source (power equally distributed over the surface of a sphere and the other is the one of interest, whe e the same power radiates but according to the beam pattern and thus there is more intensity along the beam boresite (the direction of interest as that is where it is pointing).  The DI is the ratio of those intensities usually expressed as log (10log (Ib/Is)).

Range Resolution

Explain the difference between continuous wave and chirp pulses.

Whilst both a pulse that have a finite time duration. Within the CW pulse the frequency of the signal is not altered throughout the pulse. In contrast for  a Chirp, the frequency of the “carrier” is swept through a range (e.g. stating at a low frequency, as time progresses through the pulse, the frequency is raised.).

A drawing would greatly clarify things……….
What limits the total energy output by a transducer?

The peal to peak intensity of the carrier, which is ultimately limited by the cavitation limit (bonus what is that). And the length of the pulse. The longer the pulse at a given power level, the more energy. 

Explain what a convolution and a matched filter are (equation and./or iterative drawings).

Write down equations and draw three functions: An input x(t), a filter (i.e. the pulse h(t)) and the output y(t). Explain the process through iterative shifting and summation.

Angular Resolution

Given a flat transducer array. You should tell me what dimensions you need to know to be able to model the output beam pattern.

Total length and width or equivalently diameter.

Number of elements.

Wavelength of sound used.

Element spacing

Shading applied to each element

Diameter of each element (or equivalently the beam pattern for a single element).

I have a line array of a given length, designed to give me a certain beam width. . Later Idecide to use a lower frequency however, but keep the array dimensions the same. What happens to my beam width. 


It gets broader

If it is a continuous line array without shading, what happens to the sidelobe levels and I alter frequency..

They don’t change. They will move in angle but I didn’t ask that!

What is a Quadrature Trace. How can you measure it.

It is the orthogonal signal to the “real” signal.. It is used to describe the instantaneous phase of any sample measured at a transducer. It can be measured by sampling the pressure time series exactly half a wave period later. (Bonus you can also derive it later using a hilbert transform…. But you’d have had to do background reading to know this)

What is Shading? 

This is a process by which, when you sum the phasor outputs of each element in a transducer array, you choose to weight the contribution of  each element differently. Most commonly shading involves weighting the outermost elements the least.

What detrimental affects result from Shading

Two detriments:

If you are shading a transmit, because you don’t put in the full voltage to each array (the one shaded least will be at close to the cavitation limit) the source level will necessarily be less.

Whilst the sidelobe are reduced, the width of the main lobe will have grown.

Why is sidelobe suppression important.

Explain ….

Single Beam and Sidescan Operations

Explain the propagation of sound  from a point source. (i.e. how does the sound move through the water and how does it interact with the seabed).

Describe a spherically radiating waterfront. (bonus explain how this is slightly altered by refraction) . Describe the intersection of the spherical from with the seabed. If the seabed is a flat plane, the sphere will impinge in it at the surface normal (the distance of closest approach).  

The instantaneously ensonified area can be estimated by considering the pulse as a volume between two spheres separated in radius by the distance equivalent of the pulse (T/2 * 1500). The area is that part of the seafloor that lies between these two hemispheres. The area is an annulus, the width of which is controlled by the projected length of the pulse on the seafloor. 

The annulus propagates out radially from the point of first arrival. For this flat surface, the grazing angle can be estimated, knowing the current slant range and the minimum slant range.

IF the seafloor is rough, the ensonified are will be much more complex as any facets of that rough surface that lie within the two hemispheres will contribute. The grazing angle for a single time interval will NOT be a constant.

Explain in drawings why the rise time and echo duration might vary from one sediment to another (assume surface scattering phenomena only).

Draw a crossection equivalent to a radial line from the point of first arrival outward. Show the relationship between slant rang,e minimum range and grazing angle. Explain how to calculate the area. Draw an angular response curve for two or more sediments and then explain thow this alter the rise time and duration. 

Explain the flat seafloor assumption in sidescan registration and the scale of likely errors associated with it.

Drawings would be easiest

I see a wreck in my sidescan image. The wreck appears to lie on an otherwise boring (homogenous) seabed. I want to estimate how high the wreck is. What assumption must I use and what measurement must I make.

Again use drawing and simple Pythagorean equations.

What is layover in a sidescan image? Can I fix it in post processing.

A drawing and clear statement  (no you can’t, but explain why you can’t).

Horizontal and Vertical Positioning

Explain the difference between USBL and LBL.

…. Read Keith Vickery’s paper …

What instrumentation might you add to a transponder to improve the confidence of it’s range estimate (and explain why) ….

Pressure – temperature, heading roll pitch…. But why?

Explain how the M2 tide is formed…

Explain what heave is (no jokes please!).

