


Chapter 3
Transducers 2D and 3D

Q1: What is the origin of the word ‘Piezoelectric’?
A)	Greek
B)	Latin
C)	French
D)	Spanish

Answer: A
The word piezoelectric derives from the Greek words “piezo” meaning to press and “electron” meaning amber (a gemstone).

Q2: What is meant by piezoelectric effect?
A)	Phenomenon whereby some materials are able to generate an electric current when deformed by mechanical pressure or stress. 
B)	The same materials, when submitted to an alternating electrical current, change shape and can be made to vibrate, deform, and generate sound wave pulses.
C)	All of the above
D)	None of the above 

Answer: C
The piezoelectric effect is the phenomenon whereby some materials (quartz, ceramics, lithium sulfate, and others) can generate an electric current when deformed by mechanical pressure or stress. The same materials, when submitted to an alternating electrical current, change shape, and can vibrate, deform, and generate sound wave pulses, which is opposite to the first principle.

Q3: What is the basis of an ultrasound transducer’s construction and function?
A)	The piezoelectric effect
B)	Ultrasound waves
C)	Electrical stimulation
D)	Hardened sap

Answer: A 
Pezoelectric effect forms the foundation for transducer construction and function. Applying this principle to clinical echocardiography gives an understanding of how an ultrasound (US) transducer generates US waves through electrical stimulation, and how mechanical stimulation produces an electrical current from the returning US echoes.



Q4: What type of transducer is used in clinical echocardiography today?
A)	Linear array
B)	Convex array
C)	Annular array
D)	Phased array

Answer: D
Almost all imaging transducers used in echocardiography are transducer arrays that contain many elements in a specific configuration. Transesophageal echocardiography (TEE) transducers are phased array, comprising 64 to 256 piezoelectric elements.

Q5: What is the term used to describe array transducers?
A)	Focusing
B)	Steering
C)	Phasing
D)	Matching

Answer: C
A transducer assembly comprises an element, or a set of piezoelectric elements, with damping and matching material in a case. The term phasing applies to array transducers (phased array) and implies both focusing and steering of the US be.

Q6: How many piezoelectric elements are found in 2D trans-oesophageal (TEE) transducers?
A)	32-64
B)	64-128
C)	128-256
D)	64-256

Answer: D
2D transesophageal echocardiography (TEE) transducers are phased array, comprising 64 to 256 piezoelectric elements.

Q7 As transducer frequency increases, which of the following is correct:
A)	Tissue penetration increases and axial resolution increases
B)	Tissue penetration decreases and axial resolution increases
C)	Tissue penetration decreases and axial resolution decreases
D)	Tissue penetration increases and axial resolution decreases

Answer: B. 
Good axial resolution depends on a shorter wavelength and spatial pulse length, which comes from using high frequency transducers. As transducer frequency increases, the penetration decreases but the axial resolution increases. Note that spatial resolution is the minimum reflector separation required to discriminate between two objects, so the smaller the resolution the better the imaging.

Q8 From a practical point of view, what is the best way to increase the temporal resolution? 
A)	Increase the depth of field
B)	Decrease the depth of field
C)	Decrease the width of the image sector
D)	B and C
Answer: D. 
Temporal resolution is the ability to detect an object that is moving over time and is quantified by frame rate in TEE.  Increased temporal resolution can be accomplished by narrowing the image sector width and decreasing the depth of field.   

Q9 Which element is true regarding ultrasound resolution?
A)	Lateral resolution is proportional to the diameter (d) or aperture of the element
B)	Elevational resolution is unrelated to side lobe formation
C)	Axial resolution improves by decreasing both the wavelength (or increasing the frequency) and the number of cycles per pulse
D)	Contrast resolution improves by reducing the number of bits per pixel with lower number of gray shades.

Answer B 
Lateral resolution is inversely related to the diameter of the element. Lateral resolution represents the ability to discriminate between two objects lying perpendicular to the US beam direction (scan line). It is determined by the beam width: if the spatial separation between two objects is greater than the beam width, two distinct echoes appear when the beam scans across them.  Reducing the beam diameter through focusing improves the lateral resolution. At the focal zone, probe frequency or wavelength (λ), the focal length (L) and the diameter (d) or aperture of the element, determine the lateral resolution. 

Elevational resolution is the ability to separate reflectors that are in different 2D planes.  The sound beam has a thickness of 3 to 10 mm, depending on the depth and the specific transducer. Structures may be present in the beam thickness or side lobes and may represent artifacts on the display. Echoes arising from near the edge of the beam appear as if they are in the main beam.

Axial resolution improves by decreasing both the wavelength (or increasing the frequency) and the number of cycles per pulse. The latter is determined by the damping material in the transducer and, currently, the user cannot change this.

Contrast resolution refers to the ability to discriminate subtle echo-strength (or intensity) differences between two adjacent reflectors. Depending on the respective difference in amplitude signal of separate echoes, the US system assigns a different shade of gray as a different number of bits per pixel. Weak echoes have darker shades of gray, while strong reflectors are at the white end of the scale. Contrast resolution improves by increasing the number of bits per pixel or by having a greater number of gray shades available.

Q10 Which for of 3D imaging provides the best spatial resolution
A)	3D Zoom
B)	3D color Doppler
C)	3D full volume
D)	3D live

Answer: D

3D image generation implies a balance between temporal resolution, spatial resolution and 3D volume. The spatial resolution depends on the line density. Increased spatial resolution or 3D volume will be at the expense of reducing temporal resolution. 3D Zoom has an intermediate 3D volume, temporal resolution and spatial resolution.
3D color flow imaging has an intermediate 3D volume but because of the superimposed color Doppler the poorest spatial and temporal resolution. 3D full volume has the largest 3D volume, low temporal resolution and intermediate spatial resolution. 3D live-mode has the lowest sector size, 20-30 HZ temporal resolution and high spatial resolution. 
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