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Overview	

1.  Fundamentals	of	Acous?cs	
2.  Transduc?on	and	Beamforming	
3.  Ultrasound	Imaging	and	Ar?facts	
4.  Advanced	Imaging	Methods	
5.  Ultrasound	Safety	and	QA	
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Transverse	and	Longitudinal	Waves	

Longitudinal	(Pressure)	

Energy	



Transverse	and	Longitudinal	Waves	
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Transverse	and	Longitudinal	Waves	

Transverse	(Shear)	

Energy	



Amplitude	(A0)	

Wave	Mechanics	

Velocity	(c)	

Wavelength	(𝜆)	

f = c
λ



Acous?c	Spectrum	
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108	107	106	105	104	103	102	101	Frequency	(Hz)	

20	

PV/DERM/OPHTH	ABD/OB/CARD	Therapy	

10	5	2	1	Frequency	(MHz)	

Medical	US	

f = c
λ



Ultrasound	Velocity	



Ultrasound	Velocity	
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Ultrasound	Velocity	
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Ultrasound	Velocity	
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F	

A	

p = F
A

Unit	 SI	Equivalent	(Pa)	

Pa	 =	1	N/m2	

bar	 1.00×105	

atm	 1.01×105	

psi	 6.89×103	

mmHg	 133.3	

cmH2O	 98.1	

Pressure	



Pressure	

fc	=	2.5	MHz	

B-Mode	
Doppler	



Energy	

Max	PE,	Min	KE	(Pressure)	
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Power	

Power = P = Energy
Time
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Intensity	

I = Power
Area

=
Energy

Time ⋅ Area

1	 2	

P1 = P2
I1 < I2
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Mode	

Pressure	
(MPa)	

Power	
(mW)	

ISPTA	
(mW/cm2)	

ISPPA	
(mW/cm2)	

B-Mode	 1.68	 18	 19	 174,000	

M-Mode	 1.68	 4	 73	 174,000	

Pulsed	Doppler	 2.48	 31	 1,140	 288,000	

Color	Flow	 2.59	 81	 234	 325,000	

Ultrasound	Safety	



Ultrasound	Contrast	
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Scagering	
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Z1 = ρ1c1

Reflec?on	and	Transmission	

Z2 = ρ2c2 Z1 = Z2



Z1 = Z2

Z1 = ρ1c1
Z2 = ρ2c2

Reflec?on	and	Transmission	



Z1 ≅ Z2

Z1 = ρ1c1
Z2 = ρ2c2

Reflec?on	and	Transmission	



Z1 ≠ Z2

Z1 = ρ1c1
Z2 = ρ2c2

Reflec?on	and	Transmission	
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Specular	
Reflec?on	

Diffuse	
Reflec?on	

Diffuse	
Scagering	

Echogenicity	
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Echogenicity	

Large	lobulated	hyperechoic	
hemangioma	with	a	hypoechoic	center	

1.  Impedance	mismatch	
2.  Number	of	sca=erers	
3.  Rela@ve	size	of	sca=erers	
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Agenua?on	



Agenua?on	

α =αs +αa

I (x) = I0e
−2αx

I0

x



Agenua?on	

αs αa

Therm
o-viscous	losses	

M
olecular	relaxa?on	

α =αs +αa

I (x) = I0e
−2αx

I0

x
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Agenua?on	
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Time-Gain	Compensa?on	(TGC)	

TGC 



Time-Gain	Compensa?on	(TGC)	
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Tissue	 𝛼0	[dB/(cm·MHzy)]	 y	

Water	 0.0022	 2	
Blood	 0.2	 1.21	
Fat	 0.48	 1	
Som	Tissue	 0.5	 1	
Liver	 0.5	 1.05	
Cardiac	 0.52	 1	
Brain	 0.6	 1.3	
Breast	 0.75	 1.5	
Bone	(Cor?cal)	 6.9	 0.9	
Bone	(Trabecular)	 9.9	 0.9	
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Refrac?on	

c1
c2

θi

θt

sinθi
sinθt

=
c1
c2

θr θi =θr



Refrac?on	

c1
c2

θi

θt

c2 > c1

c2 < c1

θt

sinθi
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=
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Summary	

Ultrasound	Basics	
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Ultrasound	Contrast		
	Scagering	
	Echogenicity	
	Reflec?on	and	Transmission	
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