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This talk explores 1D and 2D metamaterials featuring a periodic arrangement of highly tunable infinite-
dimensional resonators, such as cantilevers with tip masses and spider-web membranes. These 
resonator-embedded metamaterials exhibit distinctive dispersion characteristics, including the 
emergence of single and multiple band gaps. The sensitivity of these band gaps to key design 
parameters is examined. By harnessing tailored geometric and material nonlinearities, the resonators 
significantly enhance band gap behavior. Using a perturbation approach, we compute nonlinear wave 
frequencies and waveforms both near and away from internal resonances, showcasing remarkable 
nonlinear tunability -an essential attribute for advanced applications. 
To validate our theoretical predictions, we experimentally test various 3D-printed metamaterial 
samples using 3D laser scanning vibrometry. The results reveal fascinating wave propagation 
properties and confirm the enhanced performance driven by nonlinear effects. 
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