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 We present a numerical study of the nonlinear effects on the value of the

radiation force and the location of its maximum in water.

 The radiation force is induced by a typical HMI [1] AM focused ultrasonic

transducer (Gain = 18, carrier frequency of 1 MHz and modulation frequency of

25 kHz)

 This study shows that both the value and the location of the force peak are

affected by the nonlinear propagation of the ultrasonic waves.

 The AM modulation of the signal affects the location of the radiation force

produced, as some of the periods of the fundamental signal have low amplitude.
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The radiation force in a viscous heat-conducting medium [3]:

In linear case (small-amplitude ultrasound) we obtain:

Numerical modeling was performed using the KZK equation for axis-

symmetric beams [4]:
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Difraction Absorption Nonlinearity

0' ztt  Retarded time



 Sound diffusivity

Linear focusing gain G 18

f-number 2.06

Fundamental Frecuency f0 1 MHz

Carrier Frecuency fm 25 kHz

Focal length d 144 mm

Radius of sound source 35 mm

Source pressure amplitud p0 1-300 kPa

Excitation pulse:
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Fig. 3  AM excitation signal and its radiation force  

estimation (dark line)

Fig. 2 Simulated transducer and studied area.

Fig1 Transversal representation of the acoustic field generated by a focused transducer.

The linear approximation for the radiation force underestimates the real value.

The location of the on-axis maximum radiation force  changes with exciting power.

Fig. 4 Radiation force amplitude at different initial pressures.

Fig. 5 Non linear on-axis focal shifts for pressure (8 mm), intensity 

(2.5 mm) and radiation force (9mm). 

In AM signals, only the central periods are distorted during propagation:

Fig. 6  Distortion of the waveform profile for p0=1,80,150 and 300 kPa.

Axial displacement of the radiation force maximum location during AM signal

application.

Fig. 7 On-axis location (left) and amplitude (right) of the radiation force  maximum in each

period at different initial pressures (p0= 1,80,150 300 kPa). 
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Fig. 8 2D simulated map of the acoustic radiation force shown every 5 µs at

different initial pressures (p0= 1,80,150 300 kPa. The red * marks the location of the

axial maximum at each instant.

• Radiation force is affected by the nonlinear propagation, both in value and

location.

• Regarding the nonlinear wave propagation, the force is no longer proportional

to the intensity:

 linear estimation differs by an order of magnitude when shock waves

appear.

• As Intensity and Pressure, Radiation force is affected by the nonlinear shift (9

mm):

 Exceed geometric focal 5,5 mm

 Backward motion of 2 mm

• This spatial shift, becomes dynamic in AM focused beams.

• The nonlinear focal shift and the modulation of the exciting pulse can be used

to affect the amplitude and the location of the radiation force.
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The nonlinear focal shift, i.e. the displacement of the pressure and intensity

maxima position of focused acoustic beams under increasing driving voltages, has

been studied numerically and experimentally in water [2]

Table 1. Parameters used in the simulation
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