
The following two problems are based on “Image Formation in Diagnostic Ultrasound” by J.Nelson Wright, 1997.

Problem 3:

a) Compute the path length∆ associated with a pointx on the aperture and a rangeR. You should be able to simplify
the expression by using the relation

√
1 + y ≈ 1 + y/2.

b) The maximum error will always be associated with the ends of the aperture. Substitutex = a/2 in the expression
found in a) and compute the crossover range between near field and far field. Have you seen this expression before?

c) In ultrasound imaging, we often use an aperture operating at a center frequency of 3.5MHz. Leta = 22mm and the
speed of sound,c = 1540m/s. When imaging with this aperture, at what range do we not have to compensate for
near field effects?



Problem 4:

a) Compute the differential path length∆ between an aperture pointx and the center, as the point target moves along
the circular arc. Use the same simplification as i a) and thatsin θ ≈ θ for θ << 1.
By expanding the expression in terms ofx/R andθ and ignoring quadratic term on the basis of far field operation,
you should be able to establish a linear relation betweenδ andx.

b) Destructive interference occurs when the magnitude of any differential path length error exceedsλ/4. Calculate the
angular extent for whichλ/4 ≤ ∆ ≤ λ/4.

c) Substitutex = ±a/2 into the relation found in b) (since the maximum error always will be associated with the ends
of the aperture). What do we call this relation?


