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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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		A mechanochemical model recapitulates distinct vertebrate gastrulation modes. Mattia Serra, Guillermo Serrano Nájera, Manli Chuai, Alex M. Plum, Sreejith Santhosh, Vamsi Spandan, Cornelis J. Weijer and L. Mahadevan, Biophysics. Volume 9, Issue 49, 6 Dec 2023.

  
		
			[PDF]
		
		


		
			AbstractDuring vertebrate gastrulation, an embryo transforms from a layer of epithelial cells into a multilayered gastrula. This process requires the coordinated movements of hundreds to tens of thousands of cells, depending on the organism. In the chick embryo, patterns of actomyosin cables spanning several cells drive coordinated tissue flows. Here, we derive a minimal theoretical framework that couples actomyosin activity to global tissue flows. Our model predicts the onset and development of gastrulation flows in normal and experimentally perturbed chick embryos, mimicking different gastrulation modes as an active stress instability. Varying initial conditions and a parameter associated with active cell ingression, our model recapitulates distinct vertebrate gastrulation morphologies, consistent with recently published experiments in the chick embryo. Altogether, our results show how changes in the patterning of critical cell behaviors associated with different force-generating mechanisms contribute to distinct vertebrate gastrulation modes via a self-organizing mechanochemical process. 
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		Learning to write with the fluid rope trick. Gaurav Chaudhary, Stephanie Christ, A. John Hart and L. Mahadevan, Soft Matter. 23 October 2023
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			AbstractThe rapid evolution of three-dimensional (3D) printing technology has enabled new manufacturing capabilities1,2 and allowed for the creation of complex patterns via the additive deposition of complex materials through a computer-controlled nozzle. However, the ultimate limits on print quality are imposed by the rheodynamics of the printed material that is a function of material rheology and the ability to design robust print paths for the nozzle. Defects in printing typically arise in non-uniformly extruded/deposited material and instabilities such as folding and coiling of fluid jets.3 A simple protocol to prevent these defects follows by forcing the nozzle trajectory to exactly mimic the target print pattern from a very small height offset. 
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		Statics and diffusive dynamics of surfaces driven by p-atic topological defects. Farzan Vafa and L. Mahadevan, Soft Matter. 09 August 2023 
		
			[PDF]
		
		


		
			AbstractIn biology, epithelial morphogenesis of thin sheet-like structures in plants and animals is responsible for the vast majority of functional structures that make up organs and organisms. These may be modeled effectively as two-dimensional surfaces whose geometry is driven by active processes that are intimately connected to the presence of orientational order in the tangent plane that modifies the embedding and in turn is modified by it. The nature of in-plane order is akin to that of polar molecules, liquid crystals, etc., or more generally to p-fold rotational order, denoted as ‘‘p-atics’’.1 There is a growing body of evidence suggesting that topological defects, singular disruptions of the rotational order, play a crucial role in guiding or controlling morphogenesis, as seen in experimental observations of cell extrusion and apoptosis,2 mound formation,3,4 layer formation,5 and body shaping using bulges, pits and tentacles.6 These observations suggest a natural question: how might one construct a theoretical framework that accounts for the dynamics of topological defects on non-uniform surfaces which themselves deform in response to the forces induced by the defects? 
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		Beak morphometry and morphogenesis across avian radiations. Salem Mosleh,  Gary P. T. Choi, Grace M. Musser, Helen F. James, Arhat Abzhanov and L. Mahadevan, Royal Society. 18 August 2023 
		
			[PDF]
		
		


		
			AbstractAdaptive avian radiations associated with the diversification of bird beaks into a multitude of forms enabling different functions are exemplified by Darwin’s finches and Hawaiian honeycreepers. To elucidate the nature of these radiations, we quantified beak shape and skull shape using a variety of geo- metric measures that allowed us to collapse the variability of beak shape into a minimal set of geometric parameters. Furthermore, we find that just two measures of beak shape—the ratio of the width to length and the normal- ized sharpening rate (increase in the transverse beak curvature near the tip relative to that at the base of the beak)—are strongly correlated with diet. Finally, by considering how transverse sections to the beak centreline evolve with distance from the tip, we show that a simple geometry-driven growth law termed ‘modified mean curvature flow’ captures the beak shapes of Darwin’s finches and Hawaiian honeycreepers. A surprising consequence of the simple growth law is that beak shapes that are not allowed based on the developmental programme of the beak are also not observed in nature, suggesting a link between evolutionary morphology and development in terms of growth-driven developmental constraints.
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		Contractility-Induced Phase Separation in Active Solids. Sifan Yin and L. Mahadevan, Volume 131, Iss. 14, 2 October 2023.
 
		
			[PDF]
		
		


		
			AbstractExperiments over many decades are suggestive that the combination of cellular contractility and active phase separation in cell-matrix composites can enable spatiotemporal patterning in multicellular tissues across scales. To characterize these phenomena, we provide a general theory that incorporates active cellular contractility into the classical Cahn-Hilliard-Larché model for phase separation in passive viscoelastic solids. Within this framework, we show how a homogeneous cell-matrix mixture can be destabilized by activity via either a pitchfork or Hopf bifurcation, resulting in stable phase separation and/or traveling waves. Numerical simulations of the full equations allow us to track the evolution of the resulting self-organized patterns in periodic and mechanically constrained domains, and in different geometries. Altogether, our study underscores the importance of integrating both cellular activity and mechanical phase separation in understanding patterning in soft, active biosolids in both in vivo and in vitro settings.
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		Evaporation-Driven Cellular Patterns in Confined Hyperelastic Hydrogels. Baudouin Saintyves, Romain Pic, L. Mahadevan and Irmgard Bischofberger, Volume. 131, Iss. 11, 15 September 2023. 
		
			[PDF]
		
		


		
			AbstractWhen a hyperelastic hydrogel confined between two parallel glass plates begins to dry from a lateral boundary, the volume lost by evaporation is accommodated by an inward displacement of the air-hydrogel interface that induces an elastic deformation of the hydrogel. Once a critical front displacement is reached, we observe intermittent fracture events initiated by a geometric instability resulting in localized bursts at the interface. These bursts relax the stresses and irreversibly form air cavities that lead to cellular networks. We show that the spatial extent of the strain field prior to a burst, influenced by the air-hydrogel interfacial tension and the confinement of the gel, determines the characteristic size of the cavities.
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You hear the musical saw. These mathematicians heard geometry.
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Fired from brushing his daughter’s hair, a scientist uses math to detangle the problem
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The physics of a singing saw
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Tear-free brushing? All you need is math
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Shape-Shifting Materials With Infinite Possibilities: Totimorphic Structural Materials Can Achieve Any Shape
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Physicists get under the skin of apple growth
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Constructing termite turrets without a blueprint
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Self-excited dancing droplets
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A Scientist Who Delights in the Mundane
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Life from chaos
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A better understanding of soft artificial muscles
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Shape-shifting of things to come
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Protein Clumping Best Blocked Using Specific Compounds at Distinct Disease Stages, Model Suggests
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How early-stage embryos maintain their size
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Cutting into shape
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Using math to help treat Alzheimer’s, Parkinson’s and other diseases
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Using origami memory to encode geometric information in floppy structures
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Shaking the swarm
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Simple curiosities compel scientist







The sublime in the mundane




[image: 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 […]






				
						https://softmath.seas.harvard.edu/wp-content/uploads/2023/11/bigstock-Different-Autumn-Leaves-Fallin-476177247.jpg
						900
						900
				
				
						Academic Web Pages
						
							/wp-content/uploads/2018/09/clear.png
						
				Academic Web Pages2023-11-20 20:04:582023-11-20 20:09:34The sublime in the mundane[image: A Scientist Who Delights in the Mundane]
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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Prof. L. Mahadevan

Pierce Hall 322

Harvard University

29 Oxford Street

Cambridge, MA 02138

lmahadev@g.harvard.edu

(617) 496-9599
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