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Refraction sy
The refracted wave obeys Snell's Law and describes reflection where ultrasound beam crosses an
interface between two tissues at an oblique angle. The angle of refraction is dependent on two things:
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In Figure 8.15: If the propagation velocity of ultrasound is higher in the first medium (vI>v2), the beam
that enters second medium refracted at a less oblique (more steep) angle towards the center (A). If the
velocity of ultrasound is higher in the second medium (vI< v2), refraction occurs away from the
originating beam (B). As the beam emerges from medium 2 and reenters medium 1, it resumes its original
direction of motion. (AUl kgl Jay o3l gladd) (b (oY) b gl) (B o] 405 gual) (398 il gal) JLAGH Ao s LS 1))
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This behavior of ultrasound transmitted obliquely across an interface is termed refraction. The presence
of medium 2 simply displaces the ultrasound beam laterally for a distance that depends upon the

difference in ultrasound velocity and density in the two media and upon the thickness of medium 2.

Suppose a small structure below medium 2 is visualized by reflected ultrasound. The position of the
structure would appear to the viewer as an extension of the original direction of the ultrasound through
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In this manner, the sound is not reflected directly back to the transducer, refraction adds spatial distortion

and the image being depicted may not be clear, or potentially altered, "confusing" the ultrasound system

since it assumes that sound travels in a straight line. These phenomena can allow for improved image

quality by the use of acoustic lenses that can focus the ultrasound beam and improve resolution. >
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+¢ Big surface: Ultrasound refraction only happens at big surface compared to its wavelength. 2~
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+* Velocity mismatch: The acoustic medium at both sides of the surface must have different sound
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¢ Dependence on angle: The refracted wave obeys Snell's Law. Laws of reflection and refraction
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Figure 8.15: Lateral displacement of an ultrasound beam as it traverses a
slab interposed in an otherwise homogeneous medium.

Reflection («lsx)

Ultrasound imaging is based on the "pulse-echo" principle in which performed by emitting a pulse from
a transducer and directed into tissue. When a sound wave is incident on an interface between two
tissues, part reflected from a boundary, and part transmitted (figure 8.16). According to the law of
reflection, the angle of reflection of a reflected wave is equal to its angle of incidence. :3<d) iz
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Medical ultrasound imaging relies utterly on the fact that biological tissues scatter or reflect incident
sound. Scattering refers to the interaction between sound waves and particles that are much smaller
than the sound's wavelength 4, while reflection refers to such interaction with particles or objects larger
than J. S3a)) & gpall pusad of fa Ao ol gl Al o) s, Ao JalS ISy 455 gual) (358 il gally akal) g gacall) 2aing
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Figure 8.16: Reflection of ultrasound beam can be categorized as
either specular or diffuse reflection.

Reflection can be categorized as either specular or diffuse. Specular reflectors are large, smooth
surfaces, such as bone (see figure 8.17), where the sound wave is reflected back in a singular direction.
The large smooth surface of the bone causes a uniform reflection because of the significant difference in
the acoustic impedance between it and the adjoining soft tissue. The greater the acoustic impedance
between the two tissue surfaces, the greater the reflection and the brighter the echo will appear on
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Figure 8.17: The tibia. (yellow arrows) is a good example of a
specular reflector.

Conversely, soft tissue is classified as a diffuse reflector, where adjoining cells create an uneven surface
causing the reflections to return in various directions in relation to the transmitted beam. This means that
the incident sound is spread out over a range of angles. As shown in figure 8.18, the different acoustic
impedances of the structures located within the muscle result in the various shades of grey seen on the
B-Mode image. However, because of the numerous surfaces, sound is able to get back to the transducer in
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The difference is that in the case of reflection, the angle at which the reflected beam of sound are directed
is the opposite angle to their incidence. By comparison, scattering randomises the direction of the sound
that emerges from the scattering process. gsall glad duagi oy AN 439l 11 (b ¢ ulsady) Alla 8 Ad) g (5,40
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Figure 8.18: The pectoris major muscle (PM) located between the
white arrows is an example of diffuse reflection.

Scattering <l

The scattering or reflections of acoustic waves arise from inhomogeneities in the medium's density and/or
compressibility. Sound is primarily scattered or reflected by a discontinuity in the medium's mechanical
properties, to a degree proportional to the discontinuity. (By contrast, continuous changes in a medium's

material properties cause the direction of propagation to change gradually). The elasticity and density

of a material are related to its sound speed, and thus sound is scattered or reflected most strongly by

%

significant discontinuities in the density and/or sound speed of the medium. <> s Slulsad) o) cids Lay
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The scattering or reflections of acoustic waves arise from inhomogeneities in the medium's density and/or
compressibility. Rayleigh scattering occurs at interfaces involving structures of small dimensions as
shown in figure 8.19 & 8.20. This is common with red blood cells (RBC), where the average diameter of
an RBC is 7um, and an ultrasound wavelength may be 300um (5 MHz). When the sound wave is greater
than the structure it comes in contact with, it creates uniform amplitude in all directions with little or no
reflection returning to the transducer. 3)/3kws)) A8US 3 (uilatl) axe (e 45 pual) il gal) bS] o) il Lady
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Figure 8.19: Rayleigh scattering occurs at interfaces involving
structures of small dimensions.
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Figure 8.20: the image of the left saphenous vein (SV), common femoral
vein (CFV), superficial femoral (SFA) and profunda femoris (PFA)
arteries, Rayleigh scattering is present within each of the blood vessels.

Scattering is dependent for four different factors:

» the dimension of the scatterer,, sixall 224)

» the number of scatterers present, ¢ gall ¢ Aliial) ase

» the extent to which the scatterer differs from surrounding material, and > the ultrasound
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In most diagnostic applications of ultrasound, use is made of ultrasound wave's reflected from interfaces

between different tissues in the patient. The reflected echoes return to the transducer and form the

ultrasound imaging. The amount reflected depends on the difference in acoustic impedance of the two
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Absorption

Absorption is the main form of attenuation. Absorption happens as sound travels through soft tissue, the
particles that transmit the waves vibrate and cause friction and a loss of sound energy occurs and heat
is produced. Sound intensity in the soft tissue decreases exponentially with depth (see figure 8.21).
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Absorption

Intensity ~ A2
(Energy)

Figure 8.21: The Reduction of Pulse Amplitude by Absorption of It's Energy
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