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FIGURE 12-25 (a) The (double) sonic boom has already been heard by person A on the left. It is just being heard by
person B in the center. And it will shortly be heard by person C on the right. (b) Special photo of supersonic aircraft
showing shock waves produced in the air. (Several closely spaced shock waves are produced by different parts of

the aircraft.)

When an aircraft approaches the speed of sound, it encounters a barrier of
sound waves in front of it (see Fig. 12-23c). To exceed the speed of sound, the
aircraft needs extra thrust to pass through this “sound barrier.” This is called
“breaking the sound barrier.” Once a supersonic speed is attained, this barrier no
longer impedes the motion. It is sometimes erroneously thought that a sonic boom
is produced only at the moment an aircraft is breaking through the sound barrier.
Actually, a shock wave follows the aircraft at all times it is traveling at supersonic
speeds. A series of observers on the ground will each hear a loud “boom™ as the
shock wave passes, Fig. 12-25. The shock wave consists of a cone whose apex is at
the aircraft. The angle of this cone, 6 (see Fig. 12-23d), is given by
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where v, is the velocity of the object (the aircraft) and vy, is the velocity of
sound in the medium. (The proof is left as Problem 63.)

Applications: Sonar, Ultrasound, and
Medical Imaging

* Sonar
The reflection of sound is used in many applications to determine distance. The {j}] PHYSICS APPLIED
sonar’ or pulse-echo technique is used to locate underwater objects. A trans- Sonar: depth finding, Earth
mitter sends out a sound pulse through the water, and a detector receives its soundings

reflection, or echo. a short time later. This time interval is carefully measured,
and from it the distance to the reflecting object can be determined since the
speed of sound in water is known. The depth of the sea and the location of reefs,
sunken ships, submarines, or schools of fish can be determined in this way. The
interior structure of the Earth is studied in a similar way by detecting reflections
of waves traveling through the Earth whose source was a deliberate explosion
(called “soundings™). An analysis of waves reflected from various structures and
boundaries within the Earth reveals characteristic patterns that are also useful
in the exploration for oil and minerals,

Sonar generally makes use of ultrasonic frequencies: that is, waves whose
frequencies are above 20 kHz, beyond the range of human detection. For sonar,
the frequencies are typically in the range 20 kHz to 100 kHz. One reason for
using ultrasound waves, other than the fact that they are inaudible, is that for
shorter wavelengths there is less diffraction (Section 11-15) so the beam
spreads less and smaller objects can be detected.

"Sonar stands for “sound navigation ranging.”
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