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Intensity and Powers sill 5 5250

Acoustic Power is the amount of acoustic energy generated per unit time. Energy is measured in joules

(J) with joules being the amount of heat generated by the energy. The unit is the Watt (W) with 1W =
1J/s. The biological effects of ultrasound in terms of power are in the milliwatt range. Therefore the
power is the rate of energy transfer and is expressed in the units of watts. 43l )i & 45 gual) 48U
() blg o san gl A8l e AaTl 5 )l Aas J gl ey i () Jsally AN (ol %y Aia ) B g S0 5.0 gial) A guc
Al J85 Jara A ABal) & uillyy Jol g Alal) gUad B s dBUl) Cua (e A guall (368 cila gall daa ol gual) il BN | aa
Aol gl il gy Lgds il g

Intensity is the rate at which power passes through a specified area. It is the amount of power per unit
area and is expressed in the units of watts per square centimeter. Intensity is the rate at which ultrasound
energy is applied to a specific tissue location within the patient's body. It is the quantity that must be
considered with respect to producing biological effects and safety. The intensity of most diagnostic
ultrasound beams at the transducer surface is on the order of a few milliwatts per square centimeter. 5%
Sagiies J< o) gl Cilaa ga Lgde i) ally g dalose Baa g JS ABU) jlala & Badaa ddhaia e ABUAl) 4y el o3 Jirall A
G Al Al (A ol all aed 313 A (1 (ma @B ga o A puall (358 Cila gal) ABls Gk Jana (A BAN 2 e
& Aaaddil) A gal) (350 Cila gall dndl alina Sad LS Aadld) g Ao gl gl cl BN LG sl Lagd LS Y) (g WA
Loia et JS ) g e dauay AU} gaa grans

Intensity is the power density or concentration of power within an area expressed as W/m? or mW/cm?.
Intensity varies spatially within the beam and is greatest in the centre. In a pulsed beam it varies
temporally as well as spatially. 3230 QUAS | gl o Lgie i) &5 A8hta Ja)s dBUaY) 508 5 of 4BUaY 43US & 5o
ilSa g Uhga Lilig (piail) pLadl) (B S sall (B Sl (sSig pladl A1 it

Therefore the intensity is related to the pressure amplitude of the individual pulses and the pulse rate.
Since the pulse rate is fixed in most systems, the intensity is determined by the pulse amplitude. i1
SR e BaAN yaad Ay (dalail) alira A ol Ganil) Jaa o Larg ol Janag 433 il cliagll bidal) daey BaAd) g 5
o) da

Relative intensity of two pulses (I and I2) can be expressed in the units of decibels by: 82l & wadl) (Say
rddacd) g2 sl Cihas g3 (25 1) Ol Al
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‘ Relative Intensity = 10 log 1/1;

Note that when intensities are being considered, a factor of 10 appears in the equation rather than a
Sfactor of 20, which is used for relative amplitudes. This is because intensity is proportional to the square
of the pressure amplitude, which introduces a factor of 2 in the logarithmic relationship. 3 yis 4ij haY
o g i BN Y iy Aedl) Al addig oM g 20 Jalo (e Y Alslaal) & 10 Jale gy lie¥) B 5add)
Ay e oll) A8¥al) B 2 Jale A Laa daiial) da

The intensity of an ultrasound beam is not constant with respect to time and not uniform with respect to
spatial area, as shown in the following figure. This must be taken into consideration when describing
intensity. It must be determined if it is the peak intensity or the average intensity that is being considered.
A JS (B e g o LS cAslal) A Lowall iy B, g ol g ¢y 31 Apuailly Al ) 45 gl (3 58 il gl pladh 3040
Sl hagia g 5 A Bad A LRI Aty S 13) La daat g BN Cikag dis Lie) 810 Mg o)

Temporal Characteristics e il (ailail|

The figure 8.14 shows two sequential pulses. Two important time intervals are the pulse duration and the
pulse repetition period. IS 88 duasil) Saa Lab (liag liala) Ui dUia  (pfialile (il 8,14 JSA) sy

Al
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Figure 8.14: The Temporal and Spatial Characteristics of Ultrasound
Pulses That Affect Intensity Values.

The ratio of the pulse duration to the pulse repetition period is the duty factor. The duty factor is the
fraction of time that an ultrasound pulse is actually being produced. If the ultrasound is produced as a

continuous wave, the duty factor will have a value of 1. Intensity and power are proportional to the duty
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factor. Duty factors are relatively small, less than 0.01, for most pulsed imaging applications. 54w ()
A gl (358 il sall (s U] Agh aly ) gl ha £ 5 b il Jale Ll gl el (b Auall 1S 8 5 ) Auagdl
Sl Jale a8 gl g Badd) a1 Aad Jhil) Jalad () gSad B paliana A a8 4 paaall (358 il gl ) 13 Lad
il g gualil) lialat alinal Lty 0,01 (o S cLipnsi 3 s Jaaedidll Jal g (985

With respect to time there are three possible power (intensity) values. One is the peak power, which is
associated with the time of maximum pressure. Another is the average power within a pulse. The lowest
value is the average power over the pulse repetition period for an extended time. This is related to the
duty factor. . <) biuial) < gy hafi i Al g 39,3 898 oA Larlaa) (Baddl) B gAll Alaing o EOG lUin B gl (3lat; Lah
Jalay 138 i g ALy gha 8l (audl) ) )5 8 58 (DA ABUal) Jaws gia (b dad o) Addandll (Ao ABUl) Jangla 9 AY) Gasadl g
Ll

Spatial Characteristics “lSall (ailail)

The energy or intensity is generally not distributed uniformly over the area of an ultrasound pulse. It can
be expressed either as the peak intensity, which is often in the center of the pulse, for as the average
intensity over a designated area. (352 <S> gall Lasi dalua o s g JSd 304N o) Bl &gl b Y cple JS
Al dhaia o 5add) b giay 9 il 38 (8 oS La LS Al g o8 g ) ABUS; Laf Lgie il (S A gaadl)

Temporal/Spatial Combinations 4lSall / Auia ) cilus jil)

There is some significance associated with each of the intensity expressions. However, they are not all
used to express the intensity with respect to potential biological effects. Thermal effects are most closely
related to the spatial-peak and temporal-average intensity (ISPTA). This expresses the maximum
intensity delivered to any tissue averaged over the duration of the exposure. Thermal effects (increase
in temperature) also depend on the duration of the exposure to the ultrasound. Mechanical eftects such
as cavitation are more closely related to the spatial-peak, pulse-average intensity (ISPPA). oo dlia
b Aldiaal) L gl gl ol 8l Sad o puill laas Lgaladind oy ¥ ) ey Badd) il pad (e JS Aag al) LiaaY)
Wbt aly (1) B (ha a8 2] (0 13 5, i 311 Adns gial) ABUISH g A0Sl B g A0 185 5 Uals ) Ay ) ) il
98 Cila gall (i il Baa o Ul (B1ad) A a 33l 5) 4 ) jad) ol i) aaiad | (i o) 33 DA Jaa gial) B s 51 )
ol Bk Jau e g Aall 8 g Al Ui g Ul ) iy sl (e ASlal) i 8 B 5 A gl

Interactions of Ultrasound with Tissue 4> pa 435 puall (358 Cila gall COle i

As an ultrasound pulse passes through matter, such as human tissue, it interacts in several different ways.

Some of these interactions are necessary to form an ultrasound image, whereas others absorb much of
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the ultrasound energy or produce artifacts and are generally undesirable in diagnostic examinations. The
ability to conduct and interpret the results of an ultrasound examination depends on a thorough
understanding of these ultrasound interactions. s &l dawd¥) Jia Balal) ye 4 gual) (568 Cila gall A jali Ladic
AY) Gard) 0 o b i gual) (58 i gally e 0650 Ay g e ST o3 any Al (5 Sny Jo U Lyl
Aaiddl) clagadll B ale ISy 4 Gl e pf sh g Lol LU gl o) A gal) (35b o gal) Bl (o Sl (yaiay
A geal) (358 iy sally IS 03g] Jall) pgil 1o A5 gel (5 68 il gally panl) gl ypuag 61 ) 1o 5 40801 i

Interaction between ultrasound and the medium, such as human tissue, is in several different ways which
can be described by attenuation, reflection, scattering, refraction and diffraction (all well-known optical
phenomena). Together with absorption, they cause attenuation of an ultrasound beam on its way through
the medium. The total attenuation in a medium is expressed in terms of the distance within the medium
at which the intensity of ultrasound is reduced to 50% of its initial level, called the halfvalue thicknesses.
S g alSa¥) g (i il Lgdaa g ()Say AdliAa (§ sk Bany oAy peial) daaad¥) Jia chana gl g A5 gual) (598 il gl e SO Ty
48 ok b A peall (398 il gall Pladi (i 65 e gl cpalaial) gy | (Adgrall Ay ) Ja1 shl) aaan) 3 gl LSV g
45 guall (398 Gl gall BAG Ash (dd o M) Jan gl JA1a Adlesal) Cun (pa Lo o (8 Alaa) G 6il) (e il aly o gl) e
Aall) Chial s pann A (A gY) L) giia (e %50 A

Energy is lost as the wave overcomes the natural resistance of the particles in the medium to
displacement, i.e. the viscosity of the medium. Thus, absorption increases with the viscosity of the
medium and contributes to the attenuation of the ultrasound beam. Absorption increases with the
frequency of the ultrasound )l (2 3352 sall ciliyjall dapdall daglial) lo da gal) i Laie dBUal) ()a8 o3
Afipall G5b cla gall plad (b 5 A adlay g Jaa gl da g3 3005 g pabualia¥) A Al Jacgl dag3l 6f cdal 33U
Adigeall (358 o gall ) SE g pabualial) 38y,

In soft tissue, attenuation by absorption is approximately 0.5 decibels (dB) per centimeter of tissue and
per megahertz. Attenuation limits the depth at which examination with ultrasound of a certain frequency
is possible; this distance is called the (Jsd) Jaud 0.5 (g pabaia¥) e gl cpa gl dly 3530 i) b
(a3 5 A gaal) (358 il gally (aad o) ja) saie (Say ) (Gard) (o Gt 5 2ag L 3 Laga IS0 g Al (e aiiea S
o Adlacal) o8

‘penetration depth’. In this connection, it should be noted that the reflected ultrasound echoes also have
to pass back out through the same tissue to be detected. Energy loss suffered by distant reflected echoes

must be compensated for in the processing of the signal by the ultrasound unit using echo gain techniques
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(depth gain compensation (DGC) or time gain compensation (TGC)) to construct an image with
homogeneous density over the varying depth of penetration. ¢} ) 3JLEY) Jaad cavall 13a g &) 5AY) e
JBUal) )88 (o ot i LgALEIS) Aty s i) Gl e (5 AT 5 e el ) Udal uag i) 45 gl (360 il gl 510
O 925) (s all GuuS CilLll aladiudy 435 guall (398 Cila gall aa g Ada) g3 5 LAY Apdlas die ) dusaial) plaal) oo il

AR Cgliia ges o dudlaia ABUS €3 5 gua o LATY (() B8l oS G sad 9l () (Bard) S

Attenuation

Attenuation generally indicates that the ultrasound wave constantly loses energy (decreasing intensity)
when transmitted through the medium. 1t is the result of absorption of ultrasound energy by conversion
to heat, as well as reflection, refraction and scattering that occurs between the boundaries of tissue with
different densities. The rate at which an ultrasound wave is absorbed generally depends on two factors:
Aol gy sl e Lglu) die (Badd) (el i paiedy A8l 555 45 geal) (558 cilasall o ) Uagas cot sl udi
A58 G udng M) il g JLaSiV g (ulSal) ISy Gula ) Lehisad ok oo Adigall (398 il gal) Al Lalalial
0dale e ale I A5 pual) (558 cila gall (aluatial Jana daday | ABNIA) ClBUSH ¢ Apudy)

1) The material through which it is passing. D& G sas Al dgall (

2) The frequency of the ultrasound. .4 gall (358 s gal) 235

This means the attenuation increases (and hence penetration of the beam reduced) by: 5315 a2 )2
b 08 (Rajad) 3 A8) s Al 5) o 3l
+¢ Increased distance from the transducer 48Ual) J saa (o 48Lusal) 3305
% Less homogenous medium to traverse due to increased acoustic impedance mismatch 8 b
4 gual) 48 glaall (Gl aoe Bl ) ey Jladl Lilas

% Higher frequency (shorter wavelength) transducers .(<2¥) 2 sal) J shall) (Mal) 23 3 )3 ABUal) Y gaa

Air forms a virtually impenetrable barrier to ultrasound, while fluid offers the least resistance. S

A glia 81 Jilaad) 8 g Lal A gaal) (358 il gal) alal Liled 48) 5140 oSas Y 13ala ) 5l

Attenuation (absorption) rate is described in terms of attenuation coefficient of tissues. It is the relation
of attenuation to distance; therefore it is measure decibels per centimeter units, and depends on the
tissues traversed and the frequency of the ultrasound wave. So it is necessary specify the frequency when
an attenuation rate is given due to the attenuation in tissue increases with frequency. Through a thickness

of material, x, the attenuation is given by: Wl Aswid cpa gil) Jalaa cua (e (pabaiall) (pa gill Jira Cha g aly

Page 5 of 7



Intensity and Power 023;2024
Dr. Raed Mohammed Kadhim M.Ali

B lagal) 255 W g oy Al Ao o aling g ¢ gagiin Bas g IS Japewally Al oy iy cdilacally (b 5l) AN
flaw JYA o L2280 e AV (2 C il Bl queny (i o) Jana sllae) aie 3 )t (5 g pal) (e A A5 pual
Balallx ¢ sadacd g3 Cyab gl slac) Aty

‘ Attenuation (dB) = (o) (f) (x) ‘

where a is the attenuation coefficient (in decibels per centimeter at 1 MHz), and f is the ultrasound
frequency, in megahertz. ¢ Laall 4 guall (398 o gall 33 59 (Fip Laga 1 dis iagiies JS Japensally) b sl Jalaa oyl
¢ LR

Attenuation coefficient values in the table 8.2, it is clear that there is considerable variation in the rate of
attenuation from material to material. All materials mentioned, and water produce far less attenuation.
5osSial) 3 gall aan L5 AT ) Bala cha it g Jara (B 1S DA A () gl gl (hab 8.2 Jgaal (B (ot ) Jalaa o
SRS 8 U g il plall g

* The water is a very good conductor of ultrasound. So attenuation is low in fluidfilled structures as
the case in cysts and bladder. U2i3ia (b gl (5% AN A5 gal) (368 Cila gall 133 a S ga slall iy o
ASlal) g ulsY) B Jad) a LaS Ji guadly B glaal) JSLgd)

* Most of the soft tissues in the body contain the attenuation coefficient values of about 1 dB per cm
in MHz, with the exception of fat and muscle which have high attenuation rate. pbkaa (s 555 .
(Al Blanll g ¢ gal) s UL ¢ ALz A a IS Juwd 1 Alga A8 Cpp o Jalaa ad o anal) 8563 ) Aawd)
L4 (b g Jray pial

*  Muscle has a set of values that depend on the direction of ultrasound with respect to the muscle
fibers. Luland) Lt douilly L pual) (§ 58 Cils gl 0lad) o daded ) 4l (pa e pana lgpd] el o,

* Lung has a much higher proportion of tissue attenuation either air or soft. This is because the small
pockets of air in the alveoli are very effective in scattering ultrasound energy. Because of this, and
normal lung structure is very difficult to penetrate with ultrasound. ¢ U8 Ao daad Lgaal 430 .
b 13 Alad 400 5g) CDlay gall & 339 gall 3 pshall ologdl Gugsa Y Ally Foa N i £ sgd) &) gu 43 g gall Apuai¥)
Aigaal) (358 il gall aladiealy dgngadal) 4350 Ay (31580 12 Gaay cuaad) 13gd g A guall (558 il gal) A8 i8S

* Compared with the soft tissues of the body, attenuation rate is high in the bones.

Higher frequency waves are subject to greater attenuation than lower frequency ones. To compensate

for attenuation, returning signals can be amplified by the ultrasound system, known as gain. %53«

Page 6 of 7



Intensity and Power

023:2024 4
Dr. Raed Mohammed Kadhim M.Ali

Cila gall cpa aSh cpd g8 ) Alad) 23 53 3 Gl gall a et allBad) B 2 e (i) Jina 98 camad) 5 53 ) A aa
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sl

Table 8.2: Approximate values of the attenuation coefficient
for various materials of interest.

Body tissue Attenuation Coefficient
(dB/cm at IMHZz)

Water 0.002

Blood 0.18

Fat 0.66

Liver 0.5-0.94

kidney 1.0

Soft tissue (average) 0.9

Muscle 1.3-3.3

Air 12.0

Bone 20.0

Lung 40.0
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