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We use experiments, theory and computation to study motion and matter at the human scale.  Areas of interest include the patterns of shape and flow of inanimate matter in systems ranging from the supramolecular to the planetary, and the dynamics of sentient matter that can self-organize, perceive and act in systems ranging from the sub-cellular to the super-organismal. Via answers to specific questions,  we aim to get at general principles, if there be such, and get a qualitative understanding using quantitative methods – Soft Math !
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		Optimal intercellular competition in senescence and cancer. Thomas C. T. Michaels and L. Mahadevan, Royal Society. Volume 479, Issu 2276, 30 August 2023. 
		
			[PDF]
		
		


		
			AbstractEffective multicellularity requires both cooperation and competition between constituent cells. Cooperation involves sacrificing individual fitness in favour of that of the community, but excessive cooperation makes the community susceptible to senescence and ageing. Competition eliminates unfit senescent cells via natural selection and thus slows down ageing, but excessive competition makes the community susceptible to cheaters, as exemplified by cancer and cancer-like phenomena. These observations suggest that an optimal level of intercellular competition in a multicellular organism maximizes organismal vitality by delaying the inevitability of ageing. We quantify this idea using a statistical mechanical framework that leads to a generalized replicator dynamical system for the population of cells that changes their vitality and cooperation due to somatic mutations that make them susceptible to ageing and/or cancer. By accounting for the cost of cooperation and strength of competition in a minimal setting, we show that our model predicts an optimal value of competition that maximizes vitality and delays the inevitability of senescence or cancer. The results have implications for the design of strategies aimed at delaying ageing in biological, technical and social systems that exhibit similar processes.


		
		
	


			







	
	
		
				
	 

	
	
		How to grow a flat leaf. Salem al-Mosleh and L. Mahadevan, Physical review letters. Volume 131, Issu 9, 31 August 2023. 
		
			[PDF]
		
		


		
			AbstractGrowing a flat lamina such as a leaf is almost impossible without some feedback to stabilize long wavelength modes that are easy to trigger since they are energetically cheap. Here we combine the physics of thin elastic plates with feedback control theory to explore how a leaf can remain flat while growing. We investigate both in-plane (metric) and out-of-plane (curvature) growth variation and account for both local and nonlocal feedback laws. We show that a linearized feedback theory that accounts for both spatially nonlocal and temporally delayed effects suffices to suppress long wavelength fluctuations effectively and explains recently observed statistical features of growth in tobacco leaves. Our work provides a framework for understanding the regulation of the shape of leaves and other leaflike laminar objects.

		
		
	


			







	
	
		
				
	 

	
	
		Ethics inside the black box: integrating science and technology studies into engineering and public policy curricula. Christopher Lawrence, Sheila Jasanoff, Sam Weiss Evans, Keith Raffel and L. Mahadevan, Science and Engineering Ethics. Volume 29, Article number: 23 , 22 June 2023. 
		
			[PDF]
		
		


		
			AbstractThere is growing need for hybrid curricula that integrate constructivist methods from Science and Technology Studies (STS) into both engineering and policy courses at the undergraduate and graduate levels. However, institutional and disciplinary barriers have made implementing such curricula difficult at many institutions. While several programs have recently been launched that mix technical training with consideration of “societal” or “ethical issues,” these programs often lack a constructivist element, leaving newly-minted practitioners entering practical fields ill-equipped to unpack the politics of knowledge and technology or engage with skeptical publics. This paper presents a novel format for designing interdisciplinary coursework that combines conceptual content from STS with training in engineering and policy. Courses following this format would ideally be team taught by instructors with advanced training in diverse fields, and hence co-learning between instructors and disciplines is a key element of the format. Several instruments for facilitating both student and instructor collaborative learning are introduced. The format is also designed for versatility: in addition to being adaptable to both technical and policy training environments, topics are modularized around a conceptual core so that issues ranging from biotech to nuclear security can be incorporated to fit programmatic needs and resources.

		
		
	


			







	
	
		
				
	 

	
	
		Geometric mechanics of ordered and disordered kirigami. G. Chaudhary, L. Niu, Q. Han, M. Lewicka and L. Mahadevan, Proceedings of the Royal Society (A). Volume 479, Issue 2274, 07 June 2023. 
		
			[PDF]
		
		


		
			AbstractThe presence of incomplete cuts in a thin planar sheet can dramatically alter its mechanical and geometrical response to loading, as the cuts allow the sheet to deform strongly in the third dimension, most beautifully demonstrated in kirigami art-forms. We use numerical experiments to characterize the geometric mechanics of kirigamized sheets as a function of the number, size and orientation of cuts. We show that the geometry of mechanically loaded sheets can be approximated as a composition of simple developable units: flats, cylinders, cones and compressed Elasticae. This geometric construction yields scaling laws for the mechanical response of the sheet in both the weak and strongly deformed limit. In the ultimately stretched limit, this further leads to a theorem on the nature and form of geodesics in an arbitrary kirigami pattern, consistent with observations and simulations. Finally, we show that by varying the shape and size of the geodesic in a kirigamized sheet, we can control the deployment trajectory of the sheet, and thence its functional properties as an exemplar of a tunable structure that can serve as a robotic gripper, a soft light window or the basis for a physically unclonable device. Overall our study of disordered kirigami sets the stage for controlling the shape and shielding the stresses in thin sheets using cuts.

		
		
	


			







	
	
		
				
	 

	
	
		Image cognition using contour curvature statistics. Andrew Marantan, Irina Tolkova and L. Mahadevan, Proceedings of the Royal Society (A). Volume 479, Issue 2274, 1471-2946, 07 June 2023. 
		
			[PDF]
		
		


		
			AbstractDrawing on elementary invariance principles, we propose that a statistical geometric object, the probability distribution of the normalized contour curvatures (NCC) in the intensity field of a planar image has the potential to categorize objects. We show that NCC is sufficient for discriminating between cognitive categories such as animacy, size and type, and demonstrate the robustness of this metric to variation in illumination and viewpoint, consistent with psychological experiments. A generative model for producing artificial images with the observed NCC distributions highlights the key features that our metric captures, and those that it does not. More broadly, our study points to the need for statistical geometric approaches to cognition that build in both the statistics and the natural invariances of the visual world.


		
		
	


			







	
	
		
				
	 

	
	
		An additive framework for kirigami design. Levi H. Dudte, Gary P. T. Choi, Kaitlyn P. Becker and L. Mahadevan, Nature Computational Science. Volume 3, pages 443–454, 25 May 2023. 
		
			[PDF]
		
		


		
			AbstractWe present an additive approach for the inverse design of kirigami-based mechanical metamaterials by focusing on the empty (negative) spaces instead of the solid tiles. By considering each negative space as a four-bar linkage, we identify a simple recursive relationship between adjacent linkages, yielding an efficient method for creating kirigami patterns. This allows us to solve the kirigami design problem using elementary linear algebra, with compatibility, reconfigurability and rigid-deployability encoded into an iterative procedure involving simple matrix multiplications. The resulting linear design strategy circumvents the solution of a non-convex global optimization problem and allows us to control the degrees of freedom in the deployment angle field, linkage offsets and boundary conditions. We demonstrate this by creating a large variety of rigid-deployable, compact, reconfigurable kirigami patterns. We then realize our kirigami designs physically using two simple but effective fabrication strategies with very different materials. Altogether, our additive approaches present routes for efficient mechanical metamaterial design and fabrication based on ori/kirigami art forms.
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You hear the musical saw. These mathematicians heard geometry.






Fired from brushing his daughter’s hair, a scientist uses math to detangle the problem






The physics of a singing saw






Tear-free brushing? All you need is math






Shape-Shifting Materials With Infinite Possibilities: Totimorphic Structural Materials Can Achieve Any Shape






Physicists get under the skin of apple growth






Constructing termite turrets without a blueprint






Self-excited dancing droplets






A Scientist Who Delights in the Mundane






Life from chaos






A better understanding of soft artificial muscles






Shape-shifting of things to come






Protein Clumping Best Blocked Using Specific Compounds at Distinct Disease Stages, Model Suggests






How early-stage embryos maintain their size






Cutting into shape






Using math to help treat Alzheimer’s, Parkinson’s and other diseases






Using origami memory to encode geometric information in floppy structures






Shaking the swarm






Simple curiosities compel scientist







The sublime in the mundane





The sublime in the mundane
“Vulgar and inactive minds confound familiarity with knowledge …. The scientist, who is not content with superficial views, harasses himself with fruitless curiosity; and still, as he inquires more, perceives only that he knows less. …” so wrote the English man of letters, Samuel Johnson nearly three centuries ago. Like the scientist, the minds of […]
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Watching Paint Dry by L. Mahadevan, The Harvard Undergraduate Research Journal
Somewhat reversing the trend towards reductionism, over the last few decades there has been a growing appreciation of the richness and variety of phenomena that arise from relatively few and fairly simple causes in the natural world. There is mystery and magic in the mundane. And what is more—it can be experienced, every day, everywhere by everyone. It is also a gentle reminder that science can be an engaging and enriching cultural, and ultimately human activity, not always a means to an end.
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