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CLAIMS 

 

1.  A linear magnetic actuator for an acoustic source comprising: 

a rigid ferromagnetic housing having a first end and a second end; 

a cylindrical electrical coil mounted to an inside of the rigid ferromagnetic housing;  

a cylindrical magnet assembly positioned adjacent to the cylindrical electrical coil,  

the cylindrical magnet assembly comprising: 

a magnet shaft having a center longitudinal axis, and 

a cylindrical magnet having a center longitudinal axis that is aligned with the 

center longitudinal axis of the magnet shaft, the at least one cylindrical magnet 

having an outer diameter that is smaller than an inner diameter of the 

cylindrical electric coil; 

a linear shaft positioned within the cylindrical magnetic assembly and mounted to the 

first end of the rigid ferromagnetic housing and the second end of the rigid 

ferromagnetic housing, such that the linear shaft is stationary relative to the rigid 

ferromagnetic housing; and 

a linear bearing positioned between the cylindrical magnet assembly and the linear 

shaft to allow the cylindrical magnet assembly to translate along the linear shaft 

relative to the cylindrical electrical coil. 

 

2. The linear magnetic actuator of claim 1 wherein the magnet shaft length is shorter 

than the rigid ferromagnetic housing shaft. 

 

3.  The linear magnetic actuator of claim 1 wherein the cylindrical magnet assembly 

further comprises: 

at least one cylindrically shaped ferromagnet positioned adjacent to the at least 

one cylindrical magnet; and 

at least one standoff rigidly fixed to the at least one cylindrically shaped 

ferromagnet and protruding through either the first end or the second end of 

linear magnetic actuator. 
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4.  The linear magnetic actuator of claim 1 wherein the cylindrical magnet assembly 

comprises: 

a first cylindrical shaped ferromagnet positioned adjacent a first surface of the 

cylindrical magnet; 

a second cylindrical shaped ferromagnet positioned adjacent a second surface of the 

cylindrical magnet; 

a second cylindrical magnet having a first surface that is positioned adjacent the 

second cylindrical ferromagnet; and 

a third cylindrical shaped ferromagnet positioned adjacent a second surface of the 

second cylindrical magnet. 

 

5.  The linear magnetic actuator of claim 1 further comprising electrical leads coupled to 

the cylindrical electrical coil to apply an oscillating current to the cylindrical electrical 

coil. 

 

6.  The linear magnetic actuator of claim 1 wherein the rigid ferromagnetic housing has a 

cylindrical shape. 

 

7.  The linear magnetic actuator of claim 4 wherein the diameter of the rigid 

ferromagnetic housing is between 3 and 5 inches. 

 

8.  An underwater acoustic source, the acoustic source comprising: 

a first piston coupled to a second piston; and 

a plurality of linear magnetic actuators directly connected to each of the first piston 

and the second piston, each of the plurality of linear magnetic actuators comprising:  

a rigid ferromagnetic housing, having a first end and a second end,  

a cylindrical electrical coil mounted to an inside of the rigid ferromagnetic 

housing such that the cylindrical electrical coil is stationary relative to the 

rigid ferromagnetic housing, 

a cylindrical magnet assembly positioned adjacent to the cylindrical electrical 

coil, the magnet assembly comprising: 

a magnet shaft having a center longitudinal axis, and 

at least one cylindrical magnet having a center longitudinal axis that is 

aligned with the center longitudinal axis of the magnet shaft, the at 
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least one cylindrical magnet having an outer diameter that is smaller 

than an inner diameter of the cylindrical electric coil, 

a linear shaft positioned within the cylindrical magnetic assembly and 

mounted to the first end of the rigid ferromagnetic housing and the second end 

of the rigid ferromagnetic housing, such that the linear shaft is stationary, and  

 

linear bearings positioned between the cylindrical magnet assembly and the 

linear shaft to allow the cylindrical magnet assembly to translate along the 

linear shaft relative to the cylindrical electrical coil, and 

wherein each of the plurality of linear magnetic actuators is activated, the first piston 

and the second piston oscillate towards and away from each other, causing acoustic 

waves to be generated in water. 

 


