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Ultrasound physics

Ultrasound physics describes how high-frequency sound waves are used to create
Images by interacting with tissues in the body. A transducer sends sound pulses
into the body, and these waves are reflected back as echoes at interfaces between
different tissues. The strength of these echoes (echogenicity) determines the
brightness of structures on the ultrasound image, with differences in tissue density
creating stronger echoes. The waves also undergo absorption, scattering, and

refraction, which reduces their intensity and contributes to image artifacts.
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How it Works

1. Sound Wave Generation:

The transducer uses piezoelectric crystals to convert electrical energy into high-

frequency sound waves (ultrasound).
2. Transmission:

These sound waves are directed into the patient's body as focused beams.
3. Interaction with Tissues:

As the sound travels, it encounters different tissues and interfaces, causing several

interactions:
« Reflection: Sound waves bounce back to the transducer from tissue boundaries.
« Absorption: Sound energy is converted into heat as it travels through tissue.

« Scattering: Sound waves are dispersed in various directions when they hit small

structures like red blood cells.

. Refraction: Sound waves change direction as they pass through different media.
4. Echo Detection:

The piezoelectric crystals in the transducer also act as receivers, converting the

returning echoes back into electrical signals.

5. Image Formation:
The ultrasound machine interprets the strength, frequency, and timing of these
returning echoes to create a real-time image, with stronger echoes appearing
brighter.
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Key Concepts

Frequency and Resolution:

Higher frequencies produce images with better resolution but penetrate less deeply
into the body. Lower frequencies provide deeper penetration but with lower

resolution.
Attenuation:

The reduction in the intensity of the sound beam as it travels through tissue is
known as attenuation, which occurs through reflection, scattering, absorption, and

other processes.
Echogenicity:

The reflectivity of a structure, which is determined by the difference in acoustic
Impedance between tissues. Higher impedance differences result in stronger

reflections and a brighter image.
Time-Gain Compensation (TGC):

The machine amplifies weaker echo signals from deeper structures to compensate

for attenuation and create a more uniform image.

Acrtifacts:
Processes like scattering, absorption, and reflection can create distortions or

artifacts in the ultrasound image, affecting its clarity and interpretation.



https://www.google.com/search?lr=&sca_esv=21d142fe9e0fef6b&cs=0&sxsrf=AE3TifN11IeOYvUSbX_dqYkiLRJ9tQ03Bg%3A1756913462072&q=acoustic+impedance&sa=X&ved=2ahUKEwiJhrjW9LyPAxXGi_0HHbfYAesQxccNegQIDhAB&mstk=AUtExfCZJ7KU3eP_Hp45grSE9t7ck5sILDfLo8bFqukVZ61EGwMLL9TfioWY4RvOQJl8PJxj7_wyTcoQxMYBLJoMSQURcrtxRenB41UtbryKawHiA9HWoQGqPGbjzep9OOjkgYTGx6ozo6NME7QK3LgdaQsav3IlWejAMphoihiP206MG_M23pRrFE5x8GEP9PBqorayk0LzFleSE6buLjir2m9_9RuRkuqS0chqVWO5ZdynjZyDC1YvElAnDcb1jQKFg0hNtq7jFw4-ISCiXm1-htpd&csui=3
https://www.google.com/search?lr=&sca_esv=21d142fe9e0fef6b&cs=0&sxsrf=AE3TifN11IeOYvUSbX_dqYkiLRJ9tQ03Bg%3A1756913462072&q=acoustic+impedance&sa=X&ved=2ahUKEwiJhrjW9LyPAxXGi_0HHbfYAesQxccNegQIDhAB&mstk=AUtExfCZJ7KU3eP_Hp45grSE9t7ck5sILDfLo8bFqukVZ61EGwMLL9TfioWY4RvOQJl8PJxj7_wyTcoQxMYBLJoMSQURcrtxRenB41UtbryKawHiA9HWoQGqPGbjzep9OOjkgYTGx6ozo6NME7QK3LgdaQsav3IlWejAMphoihiP206MG_M23pRrFE5x8GEP9PBqorayk0LzFleSE6buLjir2m9_9RuRkuqS0chqVWO5ZdynjZyDC1YvElAnDcb1jQKFg0hNtq7jFw4-ISCiXm1-htpd&csui=3

