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Introduction Results
Backscattered cloaking attempts to mask vibrations in the direction of In this poster we demonstrate our best results for a 10 mass system and a 100 mass system with a mass changed at positions 5 and 50
measurement. This research only focuses on one dimensional respectively. We used the initial conditions x,(0) = 1, x,"(0) = x,(0) = x,’(0) = x5(0) = x5°(0) = ... = x,(0) = x,’(0) = 0 for the simulation. We used
backscattered cloaking. This problem can be described in terms of some techniques from[6] to solve both problems. For the 10 mass system, we generated a polynomial of the Fourier transform of X, . gefect
spring mass mechanics, circuits, acoustics, and atomic lattice and X, ...k ;While for the 100 mass system, we used Tikhonov regularization to approximate X;,,gefect aNd X1 0ak- The 10 mass system was
vibrations. just a toy problem that we solved to use as a benchmark for later comparisons. We picked a small alpha value when using Tikhonov
Mechanical version of the problem: regularization vs. other methods (e.g. L curve[7]) to improve runtime efficiency. In both cases we used fmincon to minimize the residual
If we have a system of n-masses all with equal mass attached together but it is possible to create a mesh of optimization parameters and select the ones with the smallest residual to improve runtime efficiency

via springs and dampers, is it possible to change one mass so that if we| |(with a slight accuracy tradeoff). The code was also fully parallelized to improve speed.
change the springs, dampers, and masses surrounding the defective

mass, we can make it appear as if the motion of the first mass is 10 Mass System Residual After Optimizing The Damper Attached To 100 Mass System Hesldual After Optimizing The Damper Attached To
unchanged? The Defect, The Damper To The Left Of The Defect, The Damper To The Defect, The Damper To The Left Of The Defect, And The Spring
n | The Right Of The Defect, And The Springs And Masses Immediately Constant To The Left Of The Defect, d=0.01
| 1o " o " 1o = | e To The Left And Right Of The Defect, d=0.1
Electric circuits version of the problem (using [1]): g 0.7 -
If we have a system of n-capacitors all with equal capacitance attached
together via inductors and resistors, is it possible to change one 0.8 1 - 0.6 F

capacitor so that if we change the resistors, inductors, and capacitors y

. . . . . . o i
surrounding the defective capacitor, we can make it appear as if the g 061 / o
voltage of the first capacitor is unchanged? @ / O
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Acoustics version of the problem (using [2]): . o e 0.27 Four?emansmrm resfdual - un,optimi,zed o

If we have a system of n-acoustic masses all with equal acoustic mass : ;\4’/; Q J—- 1 o - 1 , , | —
attached together via diaphragms and acoustic resistors, is it possible 0 . 5 3 4 . o . . . " 0.110 . . " - - . o o o

to change one acoustic mass so that if we change the diaphragms, Mass Mass

acoustic resistors, and acoustic masses surrounding the defective

acoustic mass, we can make it appear as if the pressure of the first We were able to cloak the defect quite well. It turns out that the damping constant in a mechanical system (and resistance in terms of an
acoustic mass is unchanged? electrical system) contributes to cloaking the system the most. The leftmost spring and damping constants contribute to cloaking the
Atomic lattice version of the problem (using [3]): system much more than the rightmost spring and damping constants.

If we have a system of n-atoms in a lattice all with equal mass attached As an explanation for why this is true, note that the dampers and resistors in the electrical and mechanical system dissipate energy. In the
together via interatomic forces approximated as springs and dampers, mechanical system, this slows motion, while in the electrical system, this reduces voltage oscillations. Since the masses are moving less
is it possible to change one atom’s mass so that if we change the (and the voltage is not changing as fast in the corresponding electrical system), the system is easier to cloak with larger dampers (or
springs, dampers, and atoms’ masses surrounding the defective atom, resistors).

we can make it appear as if the motion of the first atom is unchanged?

Methods

To cloak the system, we want to make the cloaked system appear Overall our results demonstrated that it is possible to [1] F. A. Firestone, “A New Analogy between Mechanical and Electrical Systems,”

identical to the system with no defect. In the case of the mechanical cloak a defect quite well in a large scale system. The Journal of the Acoustical Society of America, vol. 4, no. 1A, pp. 5-5, 1932.

version of the system, note the positions of the masses vary with Tikhonov regularization is the best method overall for [2] I. ). Busch-Vishniac, Electromechanical sensors and actuators. New York, NY:

time. Since we only care about the position of the first mass, we want cloaking the system. Springer, 1998.

to minimize the difference between the position of the first mass in We could extend these results by attempting to fully [3] S. Califano, Vibrational states. London, UK: Wiley, 1976.

the system with no defect and the cloaked system. This can be cloak the system so that the defect is invisible from both [4] E. C. Titchmarsh, “A Contribution to the Theory of Fourier Transforms,”

formulated mathematically as —— ﬁ?‘:'(arl.,,‘(g,gfe(_,t(t>—arl(_,loa,ﬁ:(tgé))?dt ends of the system. We could also attempt to Proceedings of the London Mathematical Society, vol. s2-23, no. 1, pp. 279-289,
¢ o™ e e ) dynamically cloak the system, by allowing the spring 1925.

constants, damping constants, and masses surrounding [5] Tichonov Andrej Nikolaevic, Arsenin Vasilij Jakovlevic, and F. John, Solutions

the defect to change over time. of ill-posed problems. V.H. Winston, 1977.

[6] N. J. A. Egarguin, T. Meklachi, D. Onofrei, and N. D. Harari-Arnold, “Vibration

Suppression and Defect Detection Schemes in 1D Linear Spring-Mass Systems,”

Journal of Vibration Engineering & Technologies, 2019.

Note the system is causal. By Plancherel’s theorem[4], we can then

O ptl m |Ze " ffcoo (ilnodefect(’ ‘) _"%lcloals: (w,qb))de

arginii —— —
¢ f _'x'(xl'n.ode fect (w))*dw

instead. Note that by using Tikhonov regularization[5], we can
approximate X, o gefect aNd X{joax SO that @1~ (A"A+al)7'ATB  Note A is
the coefficient matrix for the Fourier transformed system of ODEs that
can be created from the spring mass system, and B is the constant
matrix for that same system.
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