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An apparatus includes an acoustic source for directing an 
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DYNAMICALLY RECONFIGURABLE The acoustic forces from the diffracted acoustic wave in 
ACOUSTIC DIFFRACTIVE DEVICE the workspace can cause a non - uniform distribution of the 

medium in accordance with a predetermined pattern . 
TECHNICAL FIELD The apparatus can include a receptacle for the medium 

arranged to position the medium in the workspace . The 
The disclosure relates to acoustic holography systems that workspace can be a plane . The apparatus can include an 

can include a variable acoustic diffractive device . actuator arranged to vary a relative position between the 
receptacle and the acoustic source thereby moving the 

BACKGROUND medium relative to the workspace , the actuator being in 
communication with the electronic controller which coordi 

Acoustic holography systems use acoustic waves to pro- nates varying the relative position between the receptacle 
duce acoustic fields in a workspace . These acoustic fields and the acoustic source with variations of the predetermined 
can create one or more energy extrema that can interact with pattern . 
a medium in the workspace . By controlling the acoustic The variable acoustic diffractive device can include an 
fields produced by the acoustic waves , an acoustic holog- electrorheological fluid and an array of electrodes arranged 
raphy system can assemble the medium into a desired to independently provide an electric field to a corresponding 
pattern to produce an acoustic hologram . portion of the electrorheological fluid in response to the 

Typically , acoustic holography systems use one or more signals from the electronic controller . 
arrays of acoustic transducers to produce a desired acoustic The variable acoustic diffractive device can include a 
hologram in the workspace . In some cases , an acoustic non - Newtonian fluid and an array of actuators arranged to 
holography system can use a combination of an acoustic independently provide a mechanical stress to a correspond 
transducer and a fixed acoustic diffractive device , such as an ing portion of the non - Newtonian fluid in response to the 
acoustic hologram plate , to produce a desired acoustic signals from the electronic controller . 
hologram . The hologram plate is manufactured to diffract 25 The variable acoustic diffractive device can include two 
incoming acoustic waves from the acoustic transducer to or more microfluidic channels and a pump arranged to move 
produce a series of diffracted waves . These diffracted waves a fluid into or out of a selected microfluidic channel in 
can interfere with one another to produce a particular response to the signals from the electronic controller . 
acoustic field in the workspace in order to assemble the The medium can include a precursor material curable 
workspace medium into the desired pattern . 30 upon exposure to a curing agent . The apparatus can include 

a curing device positioned to supply the curing agent to the 
SUMMARY workspace . The curing device can include a radiation source 

or a reagent source . 
Acoustic holography systems are typically used to create The apparatus can include an imaging device arranged to 

2D or relatively simple 3D acoustic holograms due to the 35 image the workspace while the non - uniform acoustic forces 
complexity of producing more advanced acoustic fields . For are provided in the medium located in the workspace . 
example , in systems that use one or more arrays of acoustic The electronic controller can be programmed to cause the 
transducers to produce a desired acoustic hologram , the variable acoustic diffractive device to diffract the acoustic 
number of transducers tends to increase with the complexity wave from the acoustic source so that the non - uniform 
of the hologram , making complex designs challenging due 40 acoustic forces trap an object in the medium located in the 
to practical constraints . Acoustic hologram plates can allow workspace . The electronic controller can be programmed to 
for more complex acoustic fields without the need for large cause the variable acoustic diffractive device to vary the 
transducer arrays . However , these plates are designed to non - uniform acoustic forces to move the trapped object in 
produce a particular field , and thus must be replaced to the medium located in the workspace . 
produce a new field . In either case , such conventional 45 In general , in an aspect , the present disclosure features a 
approaches are unable to identify and reduce deviations method for generating a non - uniform distribution of a 
from a desired acoustic field using , for example , a variable medium , the method including directing an acoustic wave to 
hologram plate and / or feedback principles . a variable acoustic diffractive device , diffracting the acoustic 

Various aspects of the present disclosure are summarized wave using the variable acoustic diffractive device to pro 
as follows . 50 vide a time - varying diffracted acoustic wave in a workspace , 

In general , in an aspect , the present disclosure features an and subjecting the medium to the time - varying diffracted 
apparatus including an acoustic source for directing an acoustic wave in the workspace to provide time - varying 
acoustic wave towards a workspace , a variable acoustic non - uniform acoustic forces to generate the non - uniform 
diffractive device positioned in a path of the acoustic wave distribution of the medium . 
between the acoustic source and the workspace , the variable 55 Implementations of the method can include one or a 
acoustic diffractive device including an array of elements combination of two or more of the following features and / or 
each having independently variable acoustic properties , and features of other aspects . 
an electronic controller in communication with the acoustic The acoustic forces from the diffracted acoustic wave in 
source and the variable acoustic diffractive device , the the workspace can cause the non - uniform distribution of the 
electronic controller programmed to supply signals to cause 60 medium in accordance with a predetermined pattern . 
the acoustic source to produce the acoustic wave and the The variable acoustic diffractive device can include an 
variable acoustic diffractive device to diffract the acoustic electrorheological fluid and an array of electrodes arranged 
wave from the acoustic source to provide non - uniform to independently provide an electric field to a corresponding 
acoustic forces in a medium located in the workspace . portion of the electrorheological fluid in response to signals 

Implementations of the apparatus can include one or a 65 from an electronic controller . 
combination of two or more of the following features and / or The variable acoustic diffractive device can include a 
features of other aspects . non - Newtonian fluid and an array of actuators arranged to 
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independently provide a mechanical stress to a correspond- diffractive elements with independently controllable acous 
ing portion of the non - Newtonian fluid in response to signals tic properties . By varying the acoustic properties of the 
from an electronic controller . diffractive elements , the system can dynamically control the 

The variable acoustic diffractive device can include two acoustic fields it produces in a workspace in order to 
or more microfluidic channels and a pump arranged to move 5 manipulate a medium in the workspace . Also disclosed are 
a fluid into or out of a selected microfluidic channel in acoustic holography systems having a sensor unit that can response to signals from an electronic controller . identify the distribution of the medium in the workspace . In general , in an aspect , the present disclosure features a The sensor unit can feed this information back to the system 3D printing system including an acoustic source for direct to enable the system to correct for deviations from the ing an acoustic wave towards a workspace , a medium 10 desired distribution in real time . located in the workspace , the medium including a precursor 
material curable upon exposure to a curing agent , a curing FIG . 1 illustrates an acoustic holography system 100 that 
device positioned to supply the curing agent to the work includes an acoustic assembly 102 for generating acoustic 
space , a variable acoustic diffractive device positioned in a waves 104 within a workspace 106. As the acoustic waves 
path of the acoustic wave between the acoustic source and 104 propagate within the workspace 106 , they produce 
the workspace , the variable acoustic diffractive device 15 acoustic fields that can interact with a medium in the 
including an array of elements each having independently workspace 106. By controlling the acoustic waves 104 , the 
variable acoustic properties , and an electronic controller in acoustic holography system 100 can produce acoustic fields 
communication with the acoustic source , the variable acous- that can assemble or otherwise manipulate the medium into 
tic diffractive device , and the curing device , the electronic desired positions within the workspace 106 in order to , for 
controller being programmed to supply signals to cause the 20 example , produce a desired two - dimensional or three - di 
acoustic source to produce the acoustic wave , supply signals mensional pattern . The term “ pattern ” as used herein 
to cause the variable acoustic diffractive device to diffract includes any two - dimensional or three - dimensional arrange 
the acoustic wave from the acoustic source to provide a ment , structure , or other formation and is not limited to 
non - uniform distribution of the medium in accordance with formations that are symmetric or that repeat in a predictable 
a predetermined pattern , and supply signals to cause the 
curing device to supply the curing agent to the workspace to For example , in some implementations , the acoustic cure at least a portion of the medium in the predetermined holography system 100 can generate acoustic waves 104 that pattern . produce an acoustic field having a predetermined acoustic Among other advantages , the present disclosure can pro 
vide for a variable acoustic diffractive device that can enable pressure and phase distribution in a certain plane 110 of the 
an acoustic holography system to dynamically control the 30 workspace 106. The acoustic pressure and phase distribution 

can create nodes that force the medium to assemble into a acoustic fields it produces . This can allow the system to 
create arbitrary 2D or 3D acoustic holograms without the desired two - dimensional acoustic hologram 108 in the plane 
need for large transducer arrays . Moreover , the variable 110 of the workspace 106. In some implementations , the 
acoustic diffractive device can enable the system to change acoustic holography system 100 can generate acoustic 
the acoustic field without the need to manufacture a new 35 waves 104 that produce predetermined acoustic pressure and 
acoustic hologram plate . The techniques described here can phase distributions across multiple planes 110 to assemble 
also enable an acoustic holography system to identify devia- the medium into a desired three - dimensional acoustic holo 
tions from a desired acoustic field and correct them in real gram 112 in the workspace 106. In some cases , the acoustic 
time . holography system 100 can be configured to vary the 

Other advantages will be apparent from the description 40 acoustic waves 104 to dynamically adjust the acoustic 
below and the claims . pressure and phase distributions in real time , for example , to 

reconfigure , move , rotate , or otherwise manipulate the 
BRIEF DESCRIPTION OF THE DRAWINGS medium or other objects within the workspace 106 . 

In general , the medium in the workspace 106 can be any 
FIG . 1 is a schematic diagram of an acoustic holography 45 gas , liquid , or semisolid medium , or a medium formed from system in accordance with one embodiment . a mixture of one or more gases , liquids , and / or solids . For FIGS . 2A , 2B , and 2C are schematic diagrams of a 

variable acoustic diffractive device in accordance with one example , in some implementations , the medium can include 
embodiment . a precursor material , such as plastic particles , polymer 
FIG . 3 is a schematic diagram of a variable acoustic particles , metal particles , glass particles , ceramic particles , 

diffractive device in accordance with another embodiment . 50 wood particles , composite particles , metamaterial particles , 
FIG . 4 is a schematic diagram of an acoustic holography or other solid or liquid particles , mixed with a liquid or gas . 

system in accordance with another embodiment . In some cases , the medium can include one or more objects , 
FIG . 5 is a flowchart of a process for generating an such as biological cells , suspended in a liquid or gas . In 

acoustic hologram in a medium in accordance with one some implementations , the medium can include a mixture of 
embodiment . 55 two or more gases , liquids , or solids having the same or 
FIG . 6 is a flowchart of a process for generating a similar densities to facilitate suspension and manipulation of 

three - dimensional shape in a workspace in accordance with the medium and its individual components . 
one embodiment . Acoustic holography system 100 includes a dispenser 114 

FIG . 7 is a schematic diagram of a computer system that for dispensing the medium into the workspace 106 in 
can be used with or form part of the foregoing embodiments . 60 response to signals from an electronic controller 116. The 

Like reference numbers and designations in the various electronic controller 116 can include one or more processors 
drawings indicate like elements . and non - transitory storage media coupled with electronic 

signaling hardware to produce the signals that control the 
DETAILED DESCRIPTION dispenser 114 and other components of the acoustic holog 

65 raphy system 100. The dispenser 114 may be configured to 
Acoustic holography systems are disclosed that include a control the size and shape of the medium and its individual 

variable acoustic diffractive device having one or more components to ensure consistent operation of the acoustic 
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holography system 100. The acoustic holography system the frequency of the incoming acoustic waves from the 
100 also includes a receptacle 118 to contain the medium acoustic source 122 , the acoustic properties of the medium 
within the workspace 106. In some cases , the receptacle 118 within the workspace 106 , and gravitational forces , among 
is coupled with an actuator 120 configured to vary the others . One or more acoustic properties , such as the acoustic 
position of the receptacle 118 along one or more dimensions 5 impedance , of each diffractive element 126 can be selected 
in response to signals from the electronic controller 116. In to apply the calculated phase and / or amplitude shift to the 
doing so , the electronic controller 116 varies the relative incoming acoustic waves in order to produce the desired position between the acoustic assembly 102 and the work acoustic pressure and phase distribution in the workspace 

106. The acoustic properties of each diffractive element 126 In order to generate the acoustic waves 104 within the 10 can be selected , for example , by selecting the thickness of workspace 106 , the acoustic assembly 102 includes an the diffractive element ( e.g. , the thickness along the z - axis in acoustic source 122. The acoustic source 122 can include 
one or more transducers , such as a piezoelectric transducer FIG . 1 ) and / or by selecting the material of the diffractive 
or another acoustic transducer . In some implementations , the element , among others . 
acoustic source 122 can include an array of individually 15 By including the acoustic diffractive device 124 in the 
addressable transducers or a phased array transducer . More acoustic assembly 102 , the acoustic holography system 100 
over , in some cases , the acoustic holography system 100 can can produce asymmetric acoustic pressure and phase distri 
include multiple acoustic sources 122 and / or acoustic butions in the workspace 106. Further , the acoustic holog 
assemblies 102 arranged at different positions around the raphy system 100 can achieve greater precision and can 
workspace 106 . 20 exert finer control over the distribution than in implemen 

Each of the transducers within the acoustic source 122 can tations where only an acoustic source is used . Moreover , the 
be coupled with the electronic controller 116 and can be system can produce the desired acoustic pressure and phase 
configured to generate acoustic waves at one or more distribution using a single transducer instead of relying on 
amplitudes , phases , and / or frequencies in response to signals multiple transducers which may reduce system cost and 
from the electronic controller 116. In general , the acoustic 25 complexity . 
source 122 can be configured to operate at any frequency . In As shown in FIG . 1 , in some implementations , the acous 
some implementations , the acoustic source 122 can operate tic diffractive device 124 can be in contact with the acoustic 
at ultrasonic frequencies ( i.e. , frequencies above approxi- source 122 or otherwise in the near - field of the acoustic 
mately 20 kHz ) so that the acoustic waves it generates are source 122. In other implementations , the acoustic diffrac 
above the upper audible limit of human hearing . 30 tive device 124 can be positioned at a distance from the 

In some implementations , the acoustic source 122 can acoustic source 122 such that it is in the far field of the 
generate acoustic waves 104 that produce a desired acoustic acoustic source 122 . 
pressure and phase distribution within the workspace 106 In some implementations , the surface dimensions of the 
without the need for any intervening acoustic elements . For acoustic diffractive device 124 can be sized to match the 
example , the electronic controller 116 can calculate the 35 surface dimensions of the acoustic source 122. Although the 
transducer inputs that generate a set of acoustic waves that acoustic source 122 and the acoustic diffractive device 124 
can interfere to produce a desired acoustic pressure and are depicted as having a generally rectangular surface , other 
phase distribution in a particular plane 110 for a given arrangements , such as a circular surface , are equally com 
workspace 106 medium . In some cases , the electronic con- patible with the techniques described here . 
troller 116 can perform such a calculation across multiple 40 In general , the acoustic diffractive device 124 can be a 
planes 110 to determine a set of acoustic waves that produce transmissive diffractive device or a reflective diffractive 
a desired three - dimensional acoustic pressure and phase device . In some implementations , one or more transmissive 
distribution in the workspace 106. The electronic controller and / or reflective diffractive devices can be combined to 
116 can then control the amplitude , phase , and / or frequency create the acoustic diffractive device 124 . 
of the transducers within the acoustic source 122 to generate 45 In some implementations , the acoustic diffractive device 
the set of acoustic waves and produce the desired acoustic 124 can be a fixed acoustic diffractive device , such as a 
pressure and phase distribution . holographic plate , configured to produce a particular acous 

The acoustic assembly 102 includes an acoustic diffrac- tic pressure and phase distribution in the workspace 106 . 
tive device 124 positioned between the acoustic source 122 Such a device can be manufactured , for example , from a 
and the workspace 106. The acoustic diffractive device 124 50 plastic or another acoustically transmissive material using 
can include one or more diffractive elements 126 configured techniques such as 3D printing or injection molding , among 
to diffract incoming acoustic waves generated by the acous- others . The fixed acoustic diffractive device can be replace 
tic source 122. The acoustic properties of each of the able within the acoustic holography system 100 to enable the 
diffractive elements 126 can be selected to alter the phase system to produce different acoustic pressure and phase 
and / or amplitude of the incoming acoustic waves to produce 55 distributions as desired . In some implementations , the fixed 
diffracted acoustic waves in the workspace 106. These acoustic diffractive device 124 can be configured to produce 
diffracted acoustic waves can self - interfere to form the different acoustic pressure and phase distributions , for 
acoustic waves 104 that produce a desired acoustic pressure example , in response to different frequency waves from the 
and phase distribution in the workspace 106 . acoustic source 122 or by employing the principle of holo 

For example , in some implementations , the desired acous- 60 graphic redundancy . 
tic pressure and phase distribution in the workspace 106 can In some implementations , the acoustic diffractive device 
be converted into a series of phase and / or amplitude shifts 124 can be a variable acoustic diffractive device . The 
that can be applied by the acoustic diffractive device 124 . variable acoustic diffractive device can include one or more 
Such a calculation can be carried out by , for example , the independently controllable diffractive elements configured 
electronic controller 116 using an angular spectrum algo- 65 to adjust their acoustic properties in response to signals from 
rithm , a Gerchberg - Saxton algorithm , or any other inverse the electronic controller 116. This in turn enables the elec 
diffraction algorithm . The calculation can also account for tronic controller 116 to dynamically adjust the acoustic 
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pressure and phase distribution in the workspace 106 in real 202 is depicted as containing a specific number of sub 
time without the need to manufacture a new acoustic dif- chambers 210 , the fluid chamber 202 can generally be 
fractive device . divided into any number of sub - chambers 210. In some 
FIGS . 2A - C illustrate a variable acoustic diffractive cases , the electrodes 208 and / or the sub - chambers 210 can 

device 200 in accordance with one embodiment of the 5 be arranged to form a 3D array of independently controllable 
present disclosure . The variable acoustic diffractive device diffractive elements . 
200 includes a fluid chamber 202 divided into an array of In some implementations , the variable acoustic diffractive 
sub - chambers 210. Each sub - chamber 210 includes walls device 200 can include a non - Newtonian fluid combined 
that define the boundaries of an individually controllable with the ER fluid 206. In such a case , the electronic 
diffractive element 212. Moreover , each sub - chamber 210 10 controller 116 can cause the acoustic source 122 to transmit 
contains an electrorheological ( ER ) fluid 206 whose appar- acoustic waves at a high frequency to increase the viscosity 
ent viscosity changes in response to an electric field . The of the non - Newtonian fluid . This feature can be useful in 
fluid chamber 202 is positioned above an electrode array 204 order to lock - in or freeze the configuration of the fluids in 
such that each sub - chamber 210 of the fluid chamber 202 is the variable acoustic diffractive device 200 , for example , 
associated with one or more electrodes 208 of the electrode 15 after the device is configured to produce a desired acoustic 
array 204. Each electrode 208 can be individually address- pressure and phase distribution in the workspace 106. In 
able by the electronic controller 116 , for example , to allow doing so , the electronic controller 116 can reduce power 
the electronic controller 116 to apply a selected voltage to consumption ( e.g. , by cutting off voltage to the electrodes 
each individual electrode 208. The variable acoustic diffrac- 208 in the electrode array 204 ) and can avoid inaccuracies 
tive device 200 also includes a common ground electrode 20 in the desired acoustic pressure and phased distribution that 
214 positioned at a distance from the electrode array 204 . may be caused by variations in the electric field during 
By applying a voltage to one or more of the electrodes 208 operation . To change the configuration of the variable acous 

in the electrode array 204 , the electronic controller 116 can tic diffractive device 200 , the electronic controller 116 can 
create an electric field within a corresponding sub - chamber cause the acoustic source 122 to stop transmitting or to 
210 of the fluid chamber 202. This in turn changes the 25 transmit acoustic waves at a low frequency to return the 
viscosity of the ER fluid 206 within the sub - chamber 210 . non - Newtonian fluid to its normal viscosity state . 
For example , FIG . 2B illustrates the variable acoustic dif- In some implementations , a non - Newtonian fluid can be 
fractive device 200 having ER fluid 206 with a uniform used in place of the ER fluid 206. In this case , the electrode 
viscosity in the absence of an electric field in any of the array 204 can be used to form an array of individually 
sub - chambers 210 , and FIG . 2C illustrates the variable 30 addressable electrostatic actuators ( or can be replaced with 
acoustic diffractive device 200 having an increased viscosity another array of individually addressable actuators , such as 
ER fluid 214 in response to an electric field in some of the mechanical or hydraulic actuators , among others ) . Each 
sub - chambers 210 , with darker shading representing higher actuator can be arranged to independently provide a 
viscosity ER fluid 214. This change in viscosity can produce mechanical stress to a corresponding portion of the non 
a corresponding change in the acoustic properties of the ER 35 Newtonian fluid in response to the signals from the elec 
fluid 206 , such as the acoustic impedance of the fluid and / or tronic controller 116. By adjusting the mechanical stress 
the speed of sound in the fluid in the presence of boundaries . applied by one or more of the actuators , the electronic 
Thus , by adjusting the voltage applied to each of the controller 116 can dynamically change the acoustic proper 
electrodes 208 , the electronic controller 116 can dynami- ties of a corresponding diffractive element in the modified 
cally change the acoustic properties of the diffractive ele- 40 variable acoustic diffractive device . In this way , the elec 
ments 212 in the variable acoustic diffractive device 200. In tronic controller 116 can configure the device to apply a 
this way , the electronic controller 116 can configure the predetermined phase and / or amplitude shift to the incoming 
variable acoustic diffractive device 200 to apply a predeter- acoustic waves from the acoustic source 122 in order to 
mined phase and / or amplitude shift to the incoming acoustic produce a desired acoustic pressure and phase distribution in 
waves from the acoustic source 122 in order to produce a 45 the workspace 106 . 
desired acoustic pressure and phase distribution in the In some implementations , the ER fluid 206 ( or the fluid 
workspace 106. The resultant acoustic pressure and phase chamber 202 ) can be combined with or replaced by an 
distribution can assemble or otherwise manipulate the electroactive polymer that exhibits a change in size or shape 
medium into desired positions within the workspace 106 in in response to an electric field . By adjusting the voltage 
order to , for example , produce an acoustic hologram or 50 applied to each of the electrodes 208 , the electronic con 
reconfigure , move , rotate , or otherwise manipulate the troller 116 can cause the electroactive polymer to deform to 
medium within the workspace 106 . dynamically change the acoustic properties of the diffractive 

Various modifications to the variable acoustic diffractive elements in the modified variable acoustic diffractive device . 
device 200 are possible . For example , in some implemen- In this way , the electronic controller 116 can configure the 
tations , the variable acoustic diffractive device 200 may not 55 variable acoustic diffractive device to apply a predetermined 
include a common ground electrode 214 and may instead phase and / or amplitude shift to the incoming acoustic waves 
use the electrodes 208 in the electrode array 204 or another from the acoustic source 122 in order to produce a desired 
electrode array to define the electric field . Moreover , in some acoustic pressure and phase distribution in the workspace 
implementations , the fluid chamber 202 may not be divided 106 . 
into an array of sub - chambers 210. In some cases , one or 60 In some implementations , the fluid chamber 202 can be 
more walls of each sub - chamber can be electrically conduc- deformed to dynamically change the acoustic properties of 
tive to create one or more electrodes 208 used to produce the the variable acoustic diffractive device 200. For example , in 
electric field within the sub - chamber . Although the electrode some cases , some or all of the chamber 202 can be formed 
array 204 is depicted as containing a specific number of from an elastomer , such as an elastomeric dielectric , or 
electrodes 208 , the variable acoustic diffractive device 200 65 another flexible material . In some cases , the chamber 202 
can generally include any number of electrodes 208 in the can be a solid component ( that is , without an internal cavity 
electrode array 204. Similarly , although the fluid chamber for the ER fluid 206 ) . In some cases , the chamber 202 
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( which may or may not include the sub - chambers 210 ) can in some cases , the electronic controller 116 can divide the 
contain the fluid 206 , which may include or be replaced by 3D structure into one or more sections of arbitrary shape , 
a liquid or solid dielectric material . By adjusting the voltage and can cause the curing device 128 to cure the medium that 
applied to each of the electrodes 208 , the electronic con- forms each section . This process can be repeated until all of 
troller 116 can cause each electrode 208 to actuate a prede- 5 the sections of the 3D structure are cured . In some cases , 
termined distance towards the ground plane 214 or a corre- each section can be cured in a predetermined curing order 
sponding electrode of another electrode array on the determined by the electronic controller 116 in order to , for 
opposite side of the chamber 202 as the electrodes 208. In example , minimize mechanical stress in the resulting 3D 
this way , the electronic controller 116 can cause the fluid structure and / or enable curing of a 3D structure whose 
chamber 202 to selectively deform ( which can displace and 10 geometry does not allow all in one curing due to shadowing , 
pressurize the fluid 206 , if included within the chamber 202 ) 
to dynamically change the acoustic properties of the diffrac- To print more complex 3D structures , or to print arbitrary 
tive elements in the variable acoustic diffractive device . 3D structures with greater accuracy and precision , the acous 
FIG . 3 illustrates a variable acoustic diffractive device 300 tic holography system 100 can include a variable acoustic 

in accordance with another embodiment of the present 15 diffractive device in the acoustic assembly 102. In this case , 
disclosure . The variable acoustic diffractive device 300 the electronic controller 116 can break the 3D structure into 
includes a series of microfluidic channels 302 and at least a series of two - dimensional ( 2D ) images , and can configure 
one pump 304 arranged to move a fluid 308 into or out of a the variable acoustic diffractive device to produce an acous 
selected microfluidic channel 302 in response to signals tic pressure and phase distribution in a plane 110 of the 
from the electronic controller 116. In general , the variable 20 workspace 106 that corresponds to the first image in the 
acoustic diffractive device 300 can include any number of series of 2D images . The acoustic pressure and phase 
microfluidic channels 302. In some implementations , the distribution can assemble the precursor material into the 
variable acoustic diffractive device 300 can include multiple desired 2D image in the plane 110 , and the electronic 
layers of microfluidic channels stacked on top of one controller 116 can cause the curing device 128 to cure the 
another , as shown in FIG . 3. Moreover , the variable acoustic 25 assembled precursor material . The electronic controller 116 
diffractive device 300 includes one or more reservoirs 306 to can then adjust the acoustic properties of one or more 
hold a particular fluid 308 as it is moved into and out of a diffractive elements in the variable acoustic diffractive 
microfluidic channel 302. Although the variable acoustic device to produce a new acoustic pressure and phase distri 
diffractive device 300 can generally include any fluid 308 , in bution in an adjacent plane 110 in the workspace 106 that 
some implementations , the fluids 308 may be selected based 30 corresponds to a second image in the series of 2D images . 
on one or more of their acoustic properties , such as their In some cases , the electronic controller 116 can use the 
density or acoustic impedance . actuator 120 to move the workspace 106 in addition to or 

The variable acoustic diffractive device 300 can be con- instead of reconfiguring the variable acoustic diffractive 
figured to diffract incoming waves from the acoustic source device . In either case , the newly formed distribution can 
122 to produce a desired acoustic pressure and phase dis- 35 assemble the precursor material into the desired positions in 
tribution in the workspace 106. For example , the electronic the adjacent plane 110 , and the electronic controller 116 can 
controller 116 can obtain information regarding the acoustic cause the curing device 128 to cure the assembled precursor 
properties of each fluid 308 , and can move one or more of material to the previously cured layer . This process can be 
the fluids 308 into or out of a selected microfluidic channel repeated until the desired 3D structure is formed . 
302 to alter the phase and / or amplitude of the incoming 40 FIG . 4 shows an acoustic holography system 400 in 
acoustic waves . In this way , the electronic controller 116 can accordance with another embodiment of the present disclo 
produce a desired acoustic pressure and phase distribution in sure . The acoustic holography system 400 can include one or 
the workspace 106 in order to assemble or otherwise more of the features and functions of the acoustic hologra 
manipulate the medium or other objects in the workspace phy system 100. Thus , repetitive description of like elements 
106 . 45 is omitted for the sake of brevity . 

In some implementations , each pump 304 included in the In general , the acoustic holography system 400 includes 
variable acoustic diffractive device 300 can be a mechanical an electronic controller 116 configured to control an acoustic 
pump , such as a pressure pump , a syringe pump , a peristaltic assembly 102 to generate acoustic waves 104 that produce 
pump , or any other mechanical pump capable of manipu- a desired acoustic pressure and phase distribution in the 
lating small volumes . In cases where a dielectric fluid is 50 workspace 106. In some implementations , the desired dis 
used , each pump 304 can be an electrohydrodynamic pump , tribution can be produced directly by an acoustic source 122 
such as an electroosmotic pump . having an array of acoustic transducers ( e.g. , a phased array 

Referring back to FIG . 1 , in some implementations , the transducer ) without any intervening acoustic elements . In 
acoustic holography system 100 can be a three - dimensional other implementations , the distribution can be produced by 
( 3D ) printing system . In such a case , the electronic control- 55 a fixed or variable acoustic diffractive device configured to 
ler 116 can cause the dispenser 114 to dispense a medium diffract incoming waves from the acoustic source 122. The 
containing a precursor material into the workspace 106 , and acoustic pressure and phase distribution can manipulate the 
can configure the acoustic assembly 102 to generate acoustic medium in the workspace 106 to produce , for example , a 
waves 104 that produce a predetermined acoustic pressure desired two - dimensional or three - dimensional acoustic 
and phase distribution within the workspace 106 , as 60 hologram . 
described above . The acoustic pressure and phase distribu- Given the complexity of producing the desired acoustic 
tion can assemble the precursor material into the desired 3D pressure and phase distribution in the workspace 106 , as 
structure to be printed . The electronic controller 116 can well as the circular effect that a change in the workspace 106 
then send signals to a curing device 128 to cause the device can have on the intended distribution , it may be desirable to 
to emit a curing agent , such heat , ultraviolet ( UV ) light , or 65 allow for feedback within the acoustic holography system . 
a reagent , among others , in order to cure all of , or a selected Accordingly , the acoustic holography system 400 includes a 
section of , the assembled precursor material . For example , sensor unit 402 configured to monitor the distribution of the 
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medium within the workspace 106 in real time . The sensor also cause each section to be cured in a predetermined curing 
unit 402 can include one or more sensors , such as an image order calculated in order to , for example , minimize mechani 
sensor , an ultrasound sensor , a computed tomography sen- cal stress in the resulting 3D structure and / or enable curing 
sor , a micro - CT sensor , an optical tomography sensor , an of a 3D structure whose geometry does not allow all in one 
infra - red ( IR ) sensor , or a LIDAR sensor , among others . 5 curing due to shadowing , among others . 
Each sensor in the sensor unit 402 can provide information The acoustic holography systems described herein can 
regarding the distribution in the workspace 106 to the also be applied in various other contexts . For example , in 
electronic controller 116 in real time . some cases , the acoustic holography system can be applied 

The electronic controller 116 can use the information in the medical context for diagnostics , such as in elastog 
received from the sensor unit 402 to reduce deviations in the 10 raphy or other medical imaging , or for medical treatment , 
acoustic pressure and phase distribution within the work- such as by manipulating biological cells or other objects 
space 106. For example , the electronic controller 116 can within a person . In other cases , the acoustic holography 
compare the intended medium distribution 404 ( e.g. , as system can be applied to facilitate contactless power trans 
defined by the intended 2D or 3D hologram structure ) with fer , 2D or 3D imaging , 2D or 3D visualization , provide 
the actual medium distribution 406 ( e.g. , as defined by the 15 haptic feedback , or to move voids , deviations , defects , grain 
information received from the sensor unit 402 ) to determine boundaries , fibers , or other inhomogeneities within a 
the differences . The electronic controller 116 may then apply medium to a desired location , alignment , or pattern , or to 
one or more optimization algorithms to determine which remove them from the medium altogether . 
amplitude , phase , and / or frequency adjustments can be made FIG . 5 is a flowchart of a process 500 for generating an 
to reduce the differences and improve the distribution . In 20 acoustic hologram in a medium in accordance with one 
some cases , the electronic controller 116 can use one or embodiment . At least a portion of the process 500 can be 
more machine learning or pattern recognition algorithms to implemented using one or more processors operating within 
determine which adjustments are most appropriate to reduce the electronic controller 116. Operations of the process 500 
the differences . In some implementations , the electronic include directing an acoustic wave to a variable acoustic 
controller 116 can apply one or more thresholds to the 25 diffractive device ( 502 ) . In some implementations , the vari 
difference information to determine whether an adjustment able acoustic diffractive device includes an electrorheologi 
to the distribution should be made . cal fluid and an array of electrodes arranged to indepen 

After identifying one or more adjustments to the distri- dently provide an electric field to a corresponding portion of 
bution , the electronic controller 116 can configure the acous- the electrorheological fluid in response to signals from an 
tic assembly 102 to apply the adjustments . In some imple- 30 electronic controller . In other implementations , the variable 
mentations , the electronic controller 116 can apply the acoustic diffractive device includes a non - Newtonian fluid 
adjustments by altering the amplitude , phase , and / or fre- and an array of actuators arranged to independently provide 
quency of one or more transducers within the acoustic a mechanical stress to a corresponding portion of the non 
source 122. The electronic controller 116 can also apply the Newtonian fluid in response to signals from an electronic 
adjustments by dynamically altering the acoustic properties 35 controller . In other cases , the variable acoustic diffractive 
of one or more diffractive elements in the variable diffractive device includes two or more microfluidic channels and a 
device . In this way , the acoustic holography system 400 can pump arranged to move a fluid into or out of a selected 
identify and correct deviations in an intended acoustic microfluidic channel in response to signals from an elec 
pressure and phase distribution in real time through adjust- tronic controller . 
ments to the acoustic assembly 102 . Operations of the process 500 also include diffracting the 

For instance , in some implementations , the acoustic acoustic wave using the variable acoustic diffractive device 
holography system 400 can be a 3D printing system . Rather to provide a time - varying diffracted acoustic wave in a 
than printing a 3D structure using a series of 2D layers as workspace ( 504 ) . The workspace can be a plane or multiple 
described above , the acoustic holography system 400 can planes . The acoustic forces from the diffracted acoustic 
produce a complex 3D acoustic pressure and phase distri- 45 wave in the workspace can cause a non - uniform distribution 
bution within the workspace 106. The acoustic holography of the medium in accordance with a predetermined pattern . 
system 400 can then use the feedback provided by the sensor The process 500 further includes subjecting the medium 
unit 402 to reduce any deviations in the distribution until a to the time - varying diffracted acoustic wave in the work 
precursor material included in the medium is arranged in the space to provide time - varying non - uniform acoustic forces 
3D structure with a desired level of accuracy . The acoustic 50 to generate the acoustic hologram in the medium ( 506 ) . In 
holography system 400 can then cause a curing device 128 some implementations , the medium can be a precursor 
to cure all of , or a selected section of , the precursor material material curable upon exposure to a curing agent , such as a 
to produce the 3D structure . In doing so , the acoustic radiation source or a reagent source , and an electronic 
holography system 400 may print the 3D structure with controller can cause a curing device to supply the curing 
greater speed and / or accuracy than the layer - by - layer 55 agent to the workspace . In some cases , the electronic con 
approach . troller can be programmed to cause the variable acoustic 

In some cases , the electronic controller 116 can divide the diffractive device to vary the non - uniform acoustic forces to 
3D structure into one or more sections of arbitrary shape , move adjust the medium . In some cases , an imaging device 
and can cause the curing device 128 to cure the medium that can image the workspace while the non - uniform acoustic 
forms each section until all of the sections of the 3D 60 forces are provided to the medium located in the workspace . 
structure are cured . For example , the electronic controller FIG . 6 is a flowchart of a process 600 for generating a 
116 may use the feedback provided the sensor unit 402 to three - dimensional shape in a workspace accordance with 
determine that the medium is arranged within a desired level one embodiment . At least a portion of the process 600 can 
of accuracy for a particular section of the 3D structure . The be implemented using one or more processors operating 
controller can then cause the curing device 128 to cure the 65 within the electronic controller 116. Operations of the pro 
precursor material in the medium that corresponds to the cess 600 include directing acoustic waves toward a work 
section of the 3D structure . The electronic controller 116 can space to arrange a precursor material in a three - dimensional 
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shape in the workspace ( 602 ) . In some implementations , the execution environment for computer programs , e.g. , code 
acoustic waves are provided by an array of transducers . In that constitutes processor firmware , a protocol stack , a 
other implementations , the acoustic waves are provided by database management system , an operating system , or a 
at least one transducer in combination with an acoustic combination of one or more of them . Data processing 
diffractive device , which may be a variable acoustic diffrac- 5 apparatus can be incorporated into or in communication with 
tive device . In some cases , the variable acoustic diffractive the electronic controllers , such as the electronic controller 
device can include an electrorheological fluid and an array 116 described above . 
of electrodes arranged to independently provide an electric A computer program , which may also be referred to or 
field to a corresponding portion of the electrorheological described as a program , software , a software application , an 
fluid in response to signals from an electronic controller . In 10 app , a module , a software module , a script , or code , can be 
other cases , the variable acoustic diffractive device can written in any form of programming language , including 
include a non - Newtonian fluid and an array of actuators compiled or interpreted languages , or declarative or proce 
arranged to independently provide a mechanical stress to a dural languages ; and it can be deployed in any form , 
corresponding portion of the non - Newtonian fluid in including as a stand - alone program or as a module , compo 
response to signals from an electronic controller . In still 15 nent , subroutine , or other unit suitable for use in a computing 
other cases , the variable acoustic diffractive device can environment . A program may , but need not , correspond to a 
include two or more microfluidic channels and a pump file in a file system . A program can be stored in a portion of 
arranged to move a fluid into or out of a selected microflu- a file that holds other programs or data , e.g. , one or more 
idic channel in response to signals from an electronic scripts stored in a markup language document , in a single 
controller . 20 file dedicated to the program in question , or in multiple 

Operations of the process 600 also include determining a coordinated files , e.g. , files that store one or more modules , 
distribution of the precursor material in the workspace using sub - programs , or portions of code . A computer program can 
one or more sensors ( 604 ) . In some implementations , the be deployed to be executed on one computer or on multiple 
sensors can include at least one of an ultrasound sensor , a computers that are located at one site or distributed across 
computed tomography sensor , a micro - CT sensor , an optical 25 multiple sites and interconnected by a data communication 
tomography sensor , an infra - red ( IR ) sensor , or a LIDAR network . 

The processes and logic flows described in this specifi 
The process 600 further includes adjusting the acoustic cation can be performed by one or more programmable 

waves to reduce deviations in the distribution of the precur- computers executing one or more computer programs to 
sor material from the three - dimensional shape in the work- 30 perform functions by operating on input data and generating 
space ( 606 ) . In some implementations , the electronic con output . The processes and logic flows can also be performed 
troller can cause a curing device to cure the precursor by special purpose logic circuitry , e.g. , an FPGA or an ASIC , 
material in the workspace in response to determining that the or by a combination of special purpose logic circuitry and 
deviations in the distribution of the precursor material from one or more programmed computers . 
the three - dimensional shape are less than a predetermined 35 Computers suitable for the execution of a computer 
threshold . In some cases , curing device can be a radiation program can be based on general or special purpose micro 
source or a reagent source . processors or both , or any other kind of central processing 
Embodiments of the subject matter and the functional unit . Generally , a central processing unit will receive 

operations described in this specification can be imple- instructions and data from a read - only memory or a random 
mented in digital electronic circuitry , in tangibly - embodied 40 access memory or both . The essential elements of a com 
computer software or firmware , in computer hardware , puter are a central processing unit for performing or execut 
including the structures disclosed in this specification and ing instructions and one or more memory devices for storing 
their structural equivalents , or in combinations of one or instructions and data . The central processing unit and the 
more of them . Embodiments of the subject matter described memory can be supplemented by , or incorporated in , special 
in this specification can be implemented as one or more 45 purpose logic circuitry . Generally , a computer will also 
computer programs , i.e. , one or more modules of computer include , or be operatively coupled to receive data from or 
program instructions encoded on a tangible non - transitory transfer data to , or both , one or more mass storage devices 
storage medium for execution by , or to control the operation for storing data , e.g. , magnetic , magneto - optical disks , or 
of , data processing apparatus . The computer storage medium optical disks . However , a computer need not have such 
can be a machine - readable storage device , a machine - read- 50 devices . Moreover , a computer can be embedded in another 
able storage substrate , a random or serial access memory device , e.g. , a mobile telephone , a personal digital assistant 
device , or a combination of one or more of them . Alterna- ( PDA ) , a mobile audio or video player , a game console , a 
tively , or in addition , the program instructions can be Global Positioning System ( GPS ) receiver , or a portable 
encoded on an artificially - generated propagated signal , e.g. , storage device , e.g. , a universal serial bus ( USB ) flash drive , 
a machine - generated electrical , optical , or electromagnetic 55 to name just a few . 
signal that is generated to encode information for transmis- Computer - readable media suitable for storing computer 
sion to suitable receiver apparatus for execution by a data program instructions and data include all forms of non 
processing apparatus . volatile memory , media and memory devices , including by 

The term “ data processing apparatus ” refers to data pro- way of example semiconductor memory devices , e.g. , 
cessing hardware and encompasses all kinds of apparatus , 60 EPROM , EEPROM , and flash memory devices ; magnetic 
devices , and machines for processing data , including by way disks , e.g. , internal hard disks or removable disks ; magneto 
of example a programmable processor , a computer , or mul- optical disks ; and CD - ROM and DVD - ROM disks . 
tiple processors or computers . The apparatus can also be , or To provide for interaction with a user , embodiments of the 
further include , special purpose logic circuitry , e.g. , an subject matter described in this specification can be imple 
FPGA ( field programmable gate array ) or an ASIC ( appli- 65 mented on a computer having a display device , e.g. , a CRT 
cation - specific integrated circuit ) . The apparatus can option- ( cathode ray tube ) or LCD ( liquid crystal display ) monitor , 
ally include , in addition to hardware , code that creates an for displaying information to the user and a keyboard and a 
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pointing device , e.g. , a mouse or a trackball , by which the storage device 730 is a computer - readable medium . In 
user can provide input to the computer . Other kinds of various different implementations , the storage device 730 
devices can be used to provide for interaction with a user as may be a floppy disk device , a hard disk device , an optical 
well ; for example , feedback provided to the user can be any disk device , or a tape device . 
form of sensory feedback , e.g. , visual feedback , auditory 5 The input / output device 740 provides input / output opera 
feedback , or tactile feedback ; and input from the user can be tions for the system 700. In one implementation , the input / 
received in any form , including acoustic , speech , or tactile output device 740 includes a keyboard and / or pointing 
input . In addition , a computer can interact with a user by device . In another implementation , the input / output device 
sending documents to and receiving documents from a 740 includes a display unit for displaying graphical user 
device that is used by the user ; for example , by sending web 10 interfaces . 
pages to a web browser on a user's device in response to While this specification contains many specific imple 
requests received from the web browser . Also , a computer mentation details , these should not be construed as limita 
can interact with a user by sending text messages or other tions on the scope of the present disclosure or on the scope 
forms of message to a personal device , e.g. , a smartphone , of what may be claimed , but rather as descriptions of 
running a messaging application , and receiving responsive 15 features that may be specific to particular embodiments of 
messages from the user in return . particular aspects of the present disclosure . Certain features 

Embodiments of the subject matter described in this that are described in this specification in the context of 
specification can be implemented in a computing system that separate embodiments can also be implemented in combi 
includes a back - end component , e.g. , as a data server , or that nation in a single embodiment . Conversely , various features 
includes a middleware component , e.g. , an application 20 that are described in the context of a single embodiment can 
server , or that includes a front - end component , e.g. , a client also be implemented in multiple embodiments separately or 
computer having a graphical user interface , a web browser , in any suitable subcombination . Moreover , although features 
or an app through which a user can interact with an imple- may be described above as acting in certain combinations 
mentation of the subject matter described in this specifica- and even initially be claimed as such , one or more features 
tion , or any combination of one or more such back - end , 25 from a claimed combination can in some cases be excised 
middleware , or front - end components . The components of from the combination , and the claimed combination may be 
the system can be interconnected by any form or medium of directed to a subcombination or variation of a subcombina 
digital data communication , e.g. , a communication network . tion . 
Examples of communication networks include a local area Similarly , while operations are depicted in the drawings in 
network ( LAN ) and a wide area network ( WAN ) , e.g. , the 30 a particular order , this should not be understood as requiring 
Internet . that such operations be performed in the particular order 
The computing system can include clients and servers . A shown or in sequential order , or that all illustrated operations 

client and server are generally remote from each other and be performed , to achieve desirable results . In certain cir 
typically interact through a communication network . The cumstances , multitasking and parallel processing may be 
relationship of client and server arises by virtue of computer 35 advantageous . Moreover , the separation of various system 
programs running on the respective computers and having a modules and components in the embodiments described 
client - server relationship to each other . In some embodi- above should not be understood as requiring such separation 
ments , a server transmits data , e.g. , an HTML page , to a user in all embodiments , and it should be understood that the 
device , e.g. , for purposes of displaying data to and receiving described program components and systems can generally 
user input from a user interacting with the device , which acts 40 be integrated together in a single software product or pack 
as a client . Data generated at the user device , e.g. , a result aged into multiple software products . 
of the user interaction , can be received at the server from the A number of embodiments have been described . Other 
device . embodiments are in the following claims . 
An example of one such type of computer is shown in What is claimed is : 

FIG . 7 , which shows a schematic diagram of a generic 45 1. An apparatus , comprising : 
computer system 700. The system 700 can be used for the an acoustic source for directing an acoustic wave towards 
operations described in association with any of the com a workspace ; 
puter - implemented methods described previously , according a variable acoustic diffractive device positioned in a path 
to one implementation . The system 700 includes a processor of the acoustic wave between the acoustic source and 
710 , a memory 720 , a storage device 730 , and an input / 50 the workspace , the variable acoustic diffractive device 
output device 740. Each of the components 710 , 720 , 730 , comprising an array of elements , each element having 
and 740 are interconnected using a system bus 750. The independently variable acoustic properties ; and 
processor 710 is capable of processing instructions for an electronic controller in communication with the acous 
execution within the system 700. In one implementation , the tic source and the variable acoustic diffractive device , 
processor 710 is a single - threaded processor . In another 55 the electronic controller programmed to supply signals 
implementation , the processor 710 is a multi - threaded pro- to cause the acoustic source to produce the acoustic 
cessor . The processor 710 is capable of processing instruc- wave and the variable acoustic diffractive device to 
tions stored in the memory 720 or on the storage device 730 diffract the acoustic wave from the acoustic source to 
to display graphical information for a user interface on the provide non - uniform acoustic forces in a medium 
input / output device 740 . located in the workspace . 

The memory 720 stores information within the system 2. The apparatus of claim 1 , wherein the acoustic forces 
700. In one implementation , the memory 720 is a computer- from the diffracted acoustic wave in the workspace cause a 
readable medium . In one implementation , the memory 720 non - uniform distribution of the medium in accordance with 
is a volatile memory unit . In another implementation , the a predetermined pattern . 
memory 720 is a non - volatile memory unit . 3. The apparatus of claim 1 , wherein the variable acoustic 

The storage device 730 is capable of providing mass diffractive device comprises an electrorheological fluid and 
storage for the system 700. In one implementation , the an array of electrodes arranged to independently provide an 
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electric field to a corresponding portion of the electrorheo- 17. The apparatus of claim 15 , wherein the variable 
logical fluid in response to the signals from the electronic acoustic diffractive device comprises an electrorheological 
controller . fluid and an array of electrodes arranged to independently 

4. The apparatus of claim 1 , wherein the variable acoustic provide an electric field to a corresponding portion of the diffractive device comprises a non - Newtonian fluid and an 5 electrorheological fluid in response to signals from an elec array of actuators arranged to independently provide a tronic controller . mechanical stress to a corresponding portion of the non 
Newtonian fluid in response to the signals from the elec 18. The apparatus of claim 15 , wherein the variable 
tronic controller . acoustic diffractive device comprises a non - Newtonian fluid 

5. The apparatus of claim 1 , wherein the variable acoustic and an array of actuators arranged to independently provide 
diffractive device comprises two or more microfluidic chan a mechanical stress to a corresponding portion of the non 
nels and a pump arranged to move a fluid into or out of a Newtonian fluid in response to signals from an electronic 

controller . selected microfluidic channel in response to the signals from 
the electronic controller . 19. The apparatus of claim 15 , wherein the variable 

6. The apparatus of claim 1 , wherein the workspace is a acoustic diffractive device comprises two or more microflu 
plane . idic channels and a pump arranged to move a fluid into or out 

of a selected microfluidic channel in response to signals 7. The apparatus of claim 1 , further comprising an imag from an electronic controller . ing device arranged to image the workspace while the 20. A 3D printing system , comprising : non - uniform acoustic forces are provided in the medium 
located in the workspace . an acoustic source for directing an acoustic wave towards 

8. The apparatus of claim 1 , further comprising a recep a workspace ; 
tacle for the medium arranged to position the medium in the a medium located in the workspace , the medium com 
workspace . prising a precursor material curable upon exposure to a 

curing agent ; 9. The apparatus of claim 8 , further comprising an actua a curing device positioned to supply the curing agent to tor arranged to vary a relative position between the recep- 25 the workspace ; tacle and the acoustic source thereby moving the medium a variable acoustic diffractive device positioned in a path relative to the workspace , the actuator being in communi of the acoustic wave between the acoustic source and cation with the electronic controller which coordinates vary 
ing the relative position between the receptacle and the the workspace , the variable acoustic diffractive device 
acoustic source with variations of the predetermined pattern . 30 comprising an array of elements , each element having 

independently variable acoustic properties ; and 10. The apparatus of claim 1 , wherein the electronic an electronic controller in communication with the acous controller is programmed to cause the variable acoustic 
diffractive device to diffract the acoustic wave from the tic source , the variable acoustic diffractive device , and 
acoustic source so that the non - uniform acoustic forces trap the curing device , the electronic controller being pro 
an object in the medium located in the workspace . grammed to : 

11. The apparatus of claim 10 , wherein the electronic supply first signals to the acoustic source to cause the 
acoustic source to produce the acoustic wave ; controller is programmed to cause the variable acoustic 

diffractive device to vary the non - uniform acoustic forces to supply second signals to the variable acoustic diffrac 
tive device to cause the variable acoustic diffractive move the trapped object in the medium located in the device to diffract the acoustic wave from the acoustic workspace . 

12. The apparatus of claim 1 , wherein the medium is a source to provide a non - uniform distribution of the 
medium in accordance with a predetermined pattern ; precursor material curable upon exposure to a curing agent . and 13. The apparatus of claim 12 , further comprising a curing 

device positioned to supply the curing agent to the work supply third signals to the curing device to cause the 
curing device to supply the curing agent to the space . 

14. The apparatus of claim 12 , wherein the curing device workspace to cure at least a portion of the medium in 
the predetermined pattern . comprises a radiation source or a reagent source . 

15. A method for generating a non - uniform distribution of 21. A method for generating a non - uniform distribution of 
a medium , comprising : a medium , comprising : 

directing an acoustic wave to a variable acoustic diffrac directing an acoustic wave to a variable acoustic diffrac 
tive device ; tive device , the variable acoustic diffractive device 

comprising an array of elements , each element having diffracting the acoustic wave using the variable acoustic 
independently variable acoustic properties ; diffractive device to provide a time - varying diffracted 

acoustic wave in a workspace ; and diffracting the acoustic wave using the variable acoustic 
diffractive device to provide a time - varying diffracted subjecting the medium to the time - varying diffracted 
acoustic wave in a workspace ; and acoustic wave in the workspace to provide time - vary 

subjecting the medium to the time - varying diffracted ing non - uniform acoustic forces to generate the non 
uniform distribution of the medium , acoustic wave in the workspace to provide time - vary wherein the variable acoustic diffractive device comprises ing non - uniform acoustic forces to generate the non 

uniform distribution of the medium . an electrorheological fluid and an array of electrodes 
16. The apparatus of claim 15 , wherein the acoustic forces arranged to independently provide an electric field to a 

from the diffracted acoustic wave in the workspace cause the corresponding portion of the electrorheological fluid in 
non - uniform distribution of the medium in accordance with response to signals from an electronic controller . 
a predetermined pattern . 
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