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Phase Velocity—Group Velocity 4s seaal) 4e s — Aa jal) de

There are two different fundamental sound velocities we must distinguish between them: the group

velocity and the phase velocity. .o 55 4 g doslas) ds pul) tlagiy Guad ¢ o (Ul (U e (U8 e dllin

%+ Phase Velocity. s !l 4s

The phase velocity of a wave is the speed at which a given phase of a wave travels through space. The
phase velocity of a wave is the rate at which the phase of the wave propagates in space. This is the velocity
at which the phase of any one frequency component of the wave will propagate. You could pick one
particular phase of the wave (for example the crest) and it would appear to travel at the phase velocity.
Phase velocity term generally comes into picture when there is a single wave, suppose in optical fiber
when there is only one mode (i.e. single mode) then your phase velocity is defined and same as group
velocity. Phase velocity corresponds to the propagation velocity of a given phase that is of a single
frequency (i.e. single mode) component of a periodic wave. A propagating medium is said to be dispersive
if the phase velocity is a function of frequency or wavelength, which is the case for example in all
attenuating media. This means that the different frequencies contained in the signal do not propagate at
constant velocities. 4> 31l jshll de ju sliadll yo da gall (o dima Al ja gy A5 Al Ao puad) 2 A gall jshall A pus
iSa; Aa gall aalg (53355 (G 5Sa () Ala ya gy 0T AN Ao puad) & 00 sliall) B da gal) Al ja 4y BT (d) Jarall
ple g8y skl de ju plhuan sediy . shall A8y & o gl gaum g (Aalll JUall Jranw 1) Ao gal) (o Adma Ads ja LSS
Al ()9 pudg i) Jadd aal g i g dUia ¢ 98 Ledie 4 gudal) LYY B 4] G 58T (Baa) g Ay ga LA ()60 Ladie B ) guall B
23923 5 (1 A gSa (5 95 Alma A pal JLEEN) A8y g ghall A8 puu (31 950 A gannal) A8 o (pudi g eyl ) ghall A juu iy a3
92139 agall Johll g 2o AU AN A shall de pa cuils 1) cuidia Ad) LAY Jaug oo JU Ay 99 A gal ()5 puag )
AL Gl oy 015 Y 8 LAY 8 5353 gal) ABLIAAN) cilan 1) o) A 138 9 Ada gal) Jailui gl aran A JUall Jas e Jla)

¢ Group Velocity. 4s seasl) ds
The group velocity is the speed of the overall shape of a modulated wave (called the envelope). The group
velocity of a wave is the rate that changes in amplitude (known as the envelope of the wave) will
propagate through space. (The existence of different modes each has a different velocity). Group velocity
actually corresponds physically to the velocity with which energy or information is transferred along the
direction of wave propagation. If the wave is travelling through a medium of absorptive, and this does
not always hold. In the case of an absorptive medium, the group velocity may vary from the phase
velocity. It is important to be aware of the speed of dispersion because it affects are likely to be accurate

measurements of the speed of sound. Hence similar to the average speed, the term has been defined so-
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called speed of the group, which gives a sort of average velocity of different modes. » “s 232l 4s s
S anly 4 g all) dacd) A il il Jia A A gall e lanl) Ao pud) | (ciliall o g) Arall 4y gall alad) JSA) Aoy
il Aoyl pa Llad Ao ganal) Ao (331 g1 | (Adlida Ao juu Lgia JSI Adlida Pl 392 g) slall) yo it Al (A gall
A B il daay Y 13 5 (galadag e JRIT A gal) il 1] Ay gal) JLEDH ol Jgha o Cilaglaall gf ABUN) Jii gy A
g o 50 Y cudal) A pun 913 Ao 0985 O agall (g skl A ju (8 s ganall A juu CAlIAT 0B (atiaal) Ja gl
sy Ae garal) de pur o pelhiaa Ciy ot ol 388 (Ao giad) do ) )2 ol ey (Cipall Ao pud 880 ciluld e
Adlide blalY Ao gial) de ) (e Lo gi (Jany

Wavelength and Speed of Propagation Wi de yu g 2 gall J skl

The speed of sound is the distance that a point on a wave (such as a compression or a rarefaction)

travelled during a unit of time by a sound wave propagating through an elastic medium. » <32 4s s
Lsahuy pe piT AL ga A ga Ao gy Aia Baa g DA (ARIAY g Jaliiady) Jia) A ga Ao Adali Lgadali A} AdLucal)

The speed of sound (c) in a medium depends on the density and compressibility of the medium. For
example, in pure water, it is 1492 m/s (20 °C). Note that the speed of sound in air depends only on the
temperature. i A slad) B QU Juw Jo Bl Abid g Jav gl ABUS e Jauigl) B (7) Cigeall de o ddind
Sulsadl da o o agh adiad o) ggd) B < gual) Ao pu o BaY (A gia An 3 20) S/a 1492

As known from basic physics the characteristic variables describing the propagation of a monochromatic
wave in time and space are frequency ( f') or period (7) velocity (v) and wavelength (1) are related to each
other following: bl (A Cistl) dgalaf da g LA Chuall (A1) 6 jpaall @l ptiall b dpbad) £l 3ll) (o g 2 98 LaS
rob LS () Lpuany ddai o (o4 g cda gal) Jghag Ay gall e pad) gf 238l o4 Sl
v
A= 7 = vT

Usually measured waves in the electromagnetic spectrum, such as radio waves and light waves, is in
millimeters, or nm, instead of centimeters or meters. This is because it has much shorter wavelengths
than the sound waves. “isal Sl sally a3 1) Cilaga Jia o bilina g g8l Ciskl) & cils sal) (uld 20 La Bile
Aot peal) il gall (oo S el A gall Ll gl Y ey, el i il aieall (e Yy ¢ e il i ¢ artlally

As it does in water, ultrasound propagates in biological soft tissues as longitudinal waves, the average
speed of ultrasound propagation of soft tissue are approximately 1540 m/s (fatty tissue, 1470 m/s; muscle,
1570 m/s). The construction of ultrasound images depends very much on the measurement of distances,
which depends on this almost constant propagation speed. The speed in bone (3600 m/s) and in cartilage

Page 2 of 3



Phase Velocity-Group Velocity 2023-2024
Dr. Raed Mohammed Kadhim M.Ali

is much higher and can create misleading effects in images. sl (36d Cila gal) 205 cplal) LB Jlad) sa LaS
1540 55 5.5 1) oSl gl (358 ol gl LA Ay Bk il s i S A sl 5530 ) 3
Gkl o S g8y Afigall (398 Glagaly Jgal) sl iy (S/p 1570 «Duaadl «&y/a 1470 Aiaal dawdyl) &/a
O GSarg G ed ciy jLai) Ay (& 3600) plaadl B de ) Ly i 450N LEEN) de i o daiay o4l g ccililucal)
ogall (b Allaa ol il glas

The wavelengths of ultrasound are closely related to ultrasound frequency, both influence the resolution
of the images. Better resolution is associated with a higher ultrasound frequency, the shorter wavelength
but absorption of the sound energy by tissue also increases with frequency. The resolution can
determine the degree of image clarity. That meant the resolution is the ability of the ultrasound machine
to distinguish two structures (reflectors or scatters) that are close together as separate. “=> <) J) shY) ki i
Ao 2955 ) BB Jadiyy jgeal) Ay o g LaadlSy Aiguall (58 o gall 33 i g Uali ) A gl (598 il gall
g )l (a2l pe Udayl 2183 A el B daal) aliatia) ¢S] 9 B (2 gall Jghall g (A guall (358 il gall
(BAliiall o) clusSlall) iy Gy Juaall) Ao 405 gaall (568 il gall Slg 308 4 ABAl) O A Mda g B geall £ gy A2
Alaiiall g pand) gy (e Ay 1)

The kinetic energy of the sound waves is converted to heat (thermal energy) in the medium when sound
waves are absorbed. The applications of ultrasound to bring heat or agitation into the body
(thermotherapy) were the first use of ultrasound in medicine. 5. > ) 45 sal) Cla gall 48 o) 4315 J a7
) A3 Y 9l 81 ad) qulad 45 gual) (360 il gall el IS A gual) Gl gall (alialial dis Jagl) A (A ) s Ai)
bl B A gual) (398 il gall aladia) J gl (sl uad) g olall)
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