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CLAIMS 

 

1. A system for non-contact measurement of one or more mechanical 

properties of a material, the system comprising 

an ultrasonic module comprising an ultrasonic applicator configured to 5 

apply ultrasonic pressure on a target region of the material;  

a detection module comprising an electromagnetic wave emitter and an 

electromagnetic wave detector, said electromagnetic wave emitter being 

configured to emit an incident beam of THz waves towards the target region of 

the material, and said electromagnetic wave detector being configured to detect 10 

an emergent beam of THz waves reflected from the target region and/or 

transmitted through the target region; and 

a processing module configured to determine one or more measures 

corresponding to the one or more mechanical properties of the material, based 

on changes in the emergent beam of THz waves by performing elastic/rigidity 15 

analysis algorithms based on changes of optical refractive index and deformation 

according to the following equations:  

∆N =
𝑐(𝛿1−𝛿1

′)

2𝜋𝑓𝑑
=

𝑐∆𝛿𝑠

2𝜋𝑓𝑑
  

where ΔN represents changes in the optical refractive index measured by 

a THz time domain spectra, 𝛿1 and 𝛿1
′ are phases of emergent THz wave signals 20 

before and after the application of ultrasonic pressure, ∆𝛿𝑠 is the phase delay 

changes caused by stress, f is the frequency of the THz radiation, c is the speed 

of light in the vacuum and d is the original thickness of the hydrogel sample, and 

∆d =
𝑑∙𝜇∙𝜎

𝐸
          

where ∆d μ, σ, and E are the change in the thickness of the material under 25 

stress, Poisson’s ratio, interior tensile stress, and elastic modulus of the material, 

respectively. 

 

2. The system according to claim 1, wherein the electromagnetic wave 

emitter and the electromagnetic wave detector are positioned such that the 30 
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electromagnetic wave detector is capable of detecting the emergent beam of 

electromagnetic waves reflected from the target region. 

 

3. The system according to claim 1, wherein the electromagnetic wave 

emitter and the electromagnetic wave detector are positioned such that the 5 

electromagnetic wave detector is capable of detecting the emergent beam of 

electromagnetic waves transmitted through the target region. 

 

4. The system according to claim 3, wherein the electromagnetic wave 

emitter is positioned to emit an incident beam of electromagnetic waves that is 10 

substantially perpendicular to the surface of the material at the target region. 

 

5. The system according to any one of claims 1 to 4, wherein the 

ultrasonic applicator comprises an air-coupled ultrasonic transducer. 

 15 

6. The system according to any one of claims 1 to 4, wherein the 

ultrasonic applicator comprises an array of transducer elements configured to 

generate directed ultrasonic waves to a 3D spatial location at the target region. 

 

7. The system according to any one of claims 1 to 4, wherein the 20 

ultrasonic applicator comprises a pulsed laser device configured to emit pulses 

of electromagnetic waves for applying the ultrasonic pressure at the target region 

on the surface of the material. 

 

8. The system according to any one of claims 1 to 7, wherein the 25 

electromagnetic wave emitter is configured to emit an incident beam of 

electromagnetic waves having a frequency falling in a range from 0.1 THz to 10 

THz. 

 

9. The system according to any one of claims 1 to 8, wherein the 30 

processing module is configured to perform time-domain spectrum measurement 
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based on changes in the emergent beam of electromagnetic waves detected by 

the electromagnetic wave detector. 

 

10. The system according to any one of claims 1 to 9, wherein the one 

or more measures corresponding to the one or more mechanical properties of the 5 

material comprises a measure of elasticity, rigidity, viscoelasticity and/or 

rheology. 

 

11. A method of non-contact measurement of one or more mechanical 

properties of a material, the method comprising, 10 

emitting an incident beam of THz waves from an electromagnetic wave 

emitter towards a target region of the material; 

applying or varying an ultrasonic pressure on the target region of the 

material;  

detecting an emergent beam of THz waves reflected from the target region 15 

and/or transmitted through the target region with an electromagnetic wave 

detector; and 

determining one or more measures corresponding to the one or more 

mechanical properties with a processing module, based on changes in the 

emergent beam of electromagnetic waves by performing elastic/rigidity analysis 20 

algorithms based on changes of optical refractive index and deformation 

according to the following equations:  

∆N =
𝑐(𝛿1−𝛿1

′)

2𝜋𝑓𝑑
=

𝑐∆𝛿𝑠

2𝜋𝑓𝑑
  

where ΔN represents changes in the optical refractive index measured by 

a THz time domain spectra, 𝛿1 and 𝛿1
′ are phases of emergent THz wave signals 25 

before and after the application of ultrasonic pressure, ∆𝛿𝑠 is the phase delay 

changes caused by stress, f is the frequency of the THz radiation, c is the speed 

of light in the vacuum and d is the original thickness of the hydrogel sample, and 

∆d =
𝑑∙𝜇∙𝜎

𝐸
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where ∆d μ, σ, and E are the change in the thickness of the material under 

stress, Poisson’s ratio, interior tensile stress, and elastic modulus of the material, 

respectively. 

 

12. The method according to claim 11, wherein the changes in the 5 

emergent beam of THz waves are determined with respect to a reference 

emergent beam detected at a different time point. 

 

13. The method according to claim 11 or 12, wherein the ultrasonic 

pressure applied at the target region on the surface of the material is substantially 10 

constant without amplitude modulations. 

 

14. The method according to claim 11 or 12, wherein the method 

comprises, 

(i) emitting the incident beam of THz waves and detecting the emergent 15 

beam of THz waves at a first time point; 

(ii) varying the ultrasonic pressure on the target region of the material; 

(iii) emitting the incident beam of electromagnetic waves and detecting the 

emergent beam of THz waves at a second time point; 

(iv) repeating steps (i) to (iii) one or more times; and 20 

(v) determining the one or more measures corresponding to the one or 

more mechanical properties based on differences in emergent beams at at least 

two different time points. 

 

15. The method according to any one of claims 11 to 14, wherein the 25 

ultrasonic pressure is applied using an air-coupled ultrasonic transducer over air. 

 

16. The method according to any one of claims 11 to 14, wherein the 

ultrasonic pressure is applied using a pulsed laser device over air, by applying 

pulses of electromagnetic waves having a pulse duration in the order of 30 

nanoseconds, picoseconds, or femtoseconds, and optionally wherein the pulses 
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of electromagnetic waves are diffused to cover the target region on the surface 

of the material. 

 

17. The method according to any one of claims 11 to 16, wherein the 

incident beam of THz waves emitted by the electromagnetic wave emitter has a 5 

frequency falling in a range from 0.1 THz to 10 THz. 

 

 

18. The method according to any one of claims 11 to 17, wherein the 

material comprises a hydrogel or a soft tissue in an eye of a mammalian subject. 10 

 

19. A computer readable storage medium having stored thereon 

instructions for instructing a processing unit of a system to execute a method of 

non-contact measurement of one or more mechanical properties of a material, 

the method comprising, 15 

emitting an incident beam of electromagnetic waves from an 

electromagnetic wave emitter towards a target region of the material; 

applying or varying an ultrasonic pressure on the target region of the 

material;  

detecting an emergent beam of electromagnetic waves reflected from the 20 

target region and/or transmitted through the target region with an electromagnetic 

wave detector; and 

determining one or more measures corresponding to the one or more 

mechanical properties with a processing module, based on changes in the 

emergent beam of electromagnetic waves by performing elastic/rigidity analysis 25 

algorithms based on changes of optical refractive index and deformation 

according to the following equations:  

∆N =
𝑐(𝛿1−𝛿1

′)

2𝜋𝑓𝑑
=

𝑐∆𝛿𝑠

2𝜋𝑓𝑑
  

where ΔN represents changes in the optical refractive index measured by 

a THz time domain spectra, 𝛿1 and 𝛿1
′ are phases of emergent THz wave signals 30 

before and after the application of ultrasonic pressure, ∆𝛿𝑠 is the phase delay 
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changes caused by stress, f is the frequency of the THz radiation, c is the speed 

of light in the vacuum and d is the original thickness of the hydrogel sample, and 

∆d =
𝑑∙𝜇∙𝜎

𝐸
          

where ∆d μ, σ, and E are the change in the thickness of the material under 

stress, Poisson’s ratio, interior tensile stress, and elastic modulus of the material, 5 

respectively. 


