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SOUND TRAVELS SOFAR IN THE OCEAN

Underwater sound is used by many marine animals to sense their environment, communicate, and
find food.  Underwater sound is also used by marine scientists to measure ocean depth, track objects in
the water, and determine ocean temperature changes.  Transmission of sound in the ocean is affected by
water temperature, pressure, and salinity.  The normal variations in these properties with depth combine
to produce a minimum sound speed at a depth of about 1,000 meters.  At this depth, sound travels
relatively slowly compared to the speed of sound through water at greater and lesser depths.  The depth
zone centered around this level of minimum sound speed is called the Deep Sound Channel, and is also
known as the SOFAR (sound fixing and ranging) Channel.  Sound entering this layer tends to be
trapped and channeled along it, making this layer extremely efficient in transmitting sound for thousands
of kilometers through the ocean.

OBJECTIVES
After completing this activity, you should be able to:
• Describe the effect of temperature, pressure, and salinity on the speed of sound in seawater.
• Describe the long range transmission of sound in the Deep Sound Channel.

INVESTIGATIONS
1. On average, sound travels through seawater at about 1,500 meters per second, or more than four

times faster than through air.  The speed of sound is not constant throughout the ocean, but varies
with differences in water temperature, pressure, and salinity.  The speed of sound increases with
increasing temperature, pressure, or salinity.  The speed of sound decreases as temperature,
pressure, or salinity (increases) (decreases).

2. On the three graphs provided, plot the temperatures (°C), water pressures (atmospheres), and
sound speeds (m/s) respectively as reported in the table.  In each graph, draw solid lines through
plotted data points to produce temperature, pressure, and sound speed profiles.  In the upper most
1,000 m of the ocean, where vertical temperature changes can be relatively large, variations in
the speed of sound will be dominated by temperature effects, and to a much lesser extent by
salinity and pressure variations.  Because of the warmer water above 1,000 m, sound speeds
above 1,000 m are relatively (faster) (slower) than those at 1,000 m.

3. Below the uppermost 1,000 m of the ocean, there is typically little variation of temperature or
salinity with depth.  Pressure changes become the prime cause of sound speed variability.  Be-
cause of the higher pressures below 1,000 m, with little change in temperature and salinity, sound
speeds at depths below 1,000 m (increase) (decrease) with increasing depth.

4. Sound speeds tend to increase upward from the 1,000 m depth due to the warmer water above
this level and increase downward from the 1,000 m depth due to the increase of water pressure
below this level.  Consequently there is a layer of minimum sound speed, called the Deep Sound
Channel (DSC), whose center is found in most ocean basins at (0 m) (1,000 m) (4,000 m).

5. Sound waves originating from a source within the DSC, and moving in any direction other than
horizontally, will experience changes in their speeds.  They will also be bent, or refracted unless
they are moving vertically.  The result is that sound waves bend, or refract, away from regions of
faster sound speed and toward regions of (faster) (slower) sound speed.

Standards & Benchmarks
Science Standard  4,  Grades 6-8  Knows that animals and plants have a great variety of body plans and internal structures that serve specific functions for survival (e.g., digestive structures in vertebrates, invertebrates, unicellular organisms, and plants) Science Standard  12,  Grades K-2  Knows that vibrating objects produce soundScience Standard  12,  Grades 6-8  Knows that vibrations (e.g., sounds, earthquakes) move at different speeds in different materials, have different wavelengths, and set up wave-like disturbances that spread away from the sourceScience Standard  12,  Grades 9-12  Knows that waves (e.g., sound, seismic, water, light) have energy and can transfer energy when they interact with matterScience Standard  12,  Grades 9-12  Knows that apparent changes in wavelength can provide information about changes in motion because the observed wavelength of a wave depends upon the relative motion of the source and the observer; if either the source or observer is moving toward the other, the observed wavelength is shorter; if either is moving away, the wavelength is longerMath Standard  6,  Grades K-2   Understands that observations about objects or events can be organized and displayed in simple graphs Math Standard  6,  Grades 3-5   Organizes and displays data in simple bar graphs, pie charts, and line graphs Math Standard  6,  Grades 6-8   Organizes and displays data using tables, graphs (e.g., line, circle, bar), frequency distributions, and plots (e.g., stem-and-leaf, box-and-whiskers, scatter)  
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6. A downward moving sound wave approaching the lower boundary of the DSC at a low angle is
bent back upward because of the increasing sound speed caused by increasing pressure.  An
upward moving sound wave approaching the upper boundary of the DSC at a low angle is bent
back downward because of the increasing sound speed caused by increasing (temperature)
(pressure).

7. The DSC is extremely efficient in transmitting sound, sometimes for thousands of kilometers.
Thus, it may be used by people and marine animals to listen to the sounds of distant earthquakes,
whales, ships, and submarines.  Underwater mountains and the continents, however, may block
sound traveling in the DSC.  So, whales near the southern tip of South America might be able to
hear other whales in the North Atlantic near Nigeria and in the North Pacific near Hawaii.  But
the whales near Hawaii would probably not be able to hear the whales near (South America)
(Nigeria).

8. Scientists are attempting to employ the DSC to determine if the temperature of the ocean is
changing over time and, if so, whether or not it is in response to variations in global climate.
Data are collected by regularly putting a loud sound into the DSC and measuring the time re-
quired for the sound wave to reach various remote listening stations.  If the region of the ocean
through which the sound travels is warming, then over the next decade or so, the sound speed
should (increase) (decrease).

SOURCE

The Maury Project, American Meteorological Society
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