EXAMPLE PROBLEMS:
1. Bob is in the middle of the ocean and hungry. Fortunately for Bob, he also happens to be a dolphin endowed with the wonderful adaptation of echolocation. To locate the fish, Bob emits a high frequency click in the direction his head is pointing and listens for the echoes. After clicking for a while, Bob gets a reflection off of something that sounds suspiciously like a yummy fish. The target returns the click in 0.02 seconds. How far away is Bob's lunch?
2. Jane is a SONAR technician aboard the USS Pioneer, a Navy mine countermeasure ship in the Persian Gulf. Jane is reading data from the sound-proofed transducer/receiver array being towed behind the ship. The array transmits sound and listens for reflections that have characteristics of mines. A blip shows up in the data indicating a travel time of 0.5 seconds. How far away is the mine?

3. Bob is a down-on-his-luck fisherman. He hasn't gotten a bite in days! He decides to stop leaving things to chance and purchases a fish finder. He rigs the display up to his dash and attaches the acoustic transducer/receiver array to the bottom of his boat. Bob, confident in his ability to catch a fish, patiently drives around waiting for a ping that sounds like a fish. Finally, he gets a hit! The computer tells him that the travel time from the array to the fish and back again was 0.01 seconds. How deep should Bob send his lure to attract the fish?

4. Jane is a graduate student at the Scripps Institution of Oceanography studying sediment transport and the effects of dredging in San Diego Bay. To do her research, she must map out the bottom of the bay regularly to see how the topography has changed to quantify were matter is piling up on the bottom. Jane has been examining her side-scan SONAR data from two cruises a year apart. She noticed that right under the Coronado bridge the travel time of a ping changed from 0.01 seconds to 0.015 seconds. How much has the depth changed in this area over the course of the year?

5. The Acoustic Thermometry of Ocean Climate (ATOC) project uses travel times of sound in the ocean to measure the temperature of the North Pacific Ocean. Scientists are able to do this because sound travels faster in warmer waters. These large-scale measurements help climatologists understand how the ocean is responding to the effects of climate change. An acoustic transducer moored off the coast of Hawaii sends out a low frequency sound pulse in the SOFAR channel. A hydrophone deployed off the coast of San Diego is a distance of 4100 km from the source. For a particular run of the experiment, the travel time is recorded as 45 minutes. What is the sound speed? Sounds speed is related to temperature by an equation of state defined as v = 1450 + 4*T where T is the temperature in oC. What is average ocean temperature between Hawaii and San Diego?

6. Geophysicists study the structure and dynamics of the Earth. One common method is to use sound. Seismic events such as earthquakes produce acoustic signatures that can be used to get information about the Earth. But first, they have to figure out where the quake started! Earthquakes produce two types of waves called P- and S-waves. P stands for primary waves and are longitudinal waves that travel faster then other waves generated by an earthquake. In water, the acoustic signal from a P-waves travels at 1450 m/s. S stands for secondary and are transverse waves. S-waves travel about 60% slower than P-waves so their speed is 870 m/s. A seismometer moored off the coast of Japan measures a difference in travel time of 100 seconds. How far away was the earthquake?

7. Some marine biologists are interested in studying whales. Given that whales do not densely populate the ocean, they can be a challenge to locate and track. Since whales use echolocation to communicate and search for food, scientists can listen for whale sounds using passive hyrdophone arrays. The noises whales make are comprised of many frequencies, just like human voices. Sounds of different frequencies travel at slightly different speeds near the source of that sound. That means that by the time the sound is picked up by the hydrophone, the low frequency noises will be fairly far ahead of high frequency noises. A particular hydrophone off the coast of Alaska is used to track annual whale migrations. It picks up a whale call where the lowest frequency of the call travels at 1600 m/s and the highest travels at 1280 m/s. The time difference between the frequencies is 15 seconds. How far away is the whale from the tracking station?

