FIGURE 12-26 (a) Ultrasound Abdominal |
pulse passes through the abdomen, wall —
reflecting from surfaces in its path. (a)
(b) Reflected pulses plotted as a
function of time when received by
transducer. The vertical dashed lines
point out which reflected pulse goes
with which surface. (¢) Dot display
for the same echoes: brightness of
each dot is related to signal strength.

(K)PHYSICS APPLIED

344

Ulrrasound medical imaging

CHAPTER 12 Sound

Vertebra

.
B choesf-;um

f

Transducer |

Strength of
reflected pulse

(b)

®----—-——-F--=--===-=

:
I
é

(<)

* Ultrasound Medical Imaging

The diagnostic use of ultrasound in medicine, in the form of images (sometimes
called sonograms) is an important and interesting application of physical
principles. A pulse-echo technigque is used, much like sonar, except that the
frequencies used are in the range of 1 to 10MHz (1 MHz = 10°Hz). A high-
frequency sound pulse is directed into the body, and its reflections from bound-
aries or interfaces between organs and other structures and lesions in the body
are then detected. Tumors and other abnormal growths, or pockets of fluid, can
be distinguished; the action of heart valves and the development of a fetus can
be examined; and information about various organs of the body. such as the
brain, heart, liver, and kidneys, can be obtained. Although ultrasound does not
replace X-rays, for certain kinds of diagnosis it is more helpful. Some kinds of
tissue or fluid are not detected in X-ray photographs, but ultrasound waves are
reflected from their boundaries, “Real-time™ ultrasound images are like a movie
of a section of the interior of the body.

The pulse-echo technique for medical imaging works as follows. A brief
pulse of ultrasound is emitted by a transducer that transforms an electrical
pulse into a sound-wave pulse. Part of the pulse is reflected as echoes at each
interface in the body, and most of the pulse (usually) continues on, Fig. 12-26a.
The detection of reflected pulses by the same transducer can then be displayed
on the screen of a display terminal or monitor. The time elapsed from when
the pulse is emitted to when each reflection (echo) is received is proportional
to the distance to the reflecting surface. For example, if the distance from
transducer to the vertebra is 25 cm, the pulse travels a round-trip distance of
2 %X 25em = 0.50m. The speed ol sound in human tissue is about 1540 m/s
(close to that of sea water), so the time taken is
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The strength of a reflected pulse depends mainly on the difference in
density of the two materials on either side of the interface and can be displayed
as a pulse or a8 a dot (Figs. 12-26b and ¢). Each echo dot (Fig, 12-26¢) can be
represented as a point whose position is given by the time delay and whose
brightness depends on the strength of the echo. A two-dimensional image can
then be formed out of these dots from a series of scans. The transducer is



