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Abstract

Fracture of soft solids like an elastomer, a gel or a biological tissue is encountered in many different
applications, e.g. cutting vegetables with the sharp edge of a knife at the mundane setting of a kitchen,
puncturing with a sharp object like a hypodermic syringe needle in numerous medical processes and
even in nature as the sucking tool of many insects, e.g. the “proboscis” of mosquitoes. In these different
situations the ease at which the cutting or the puncturing tool incises the solid depends upon the
geometry of the tool, its motion during cutting, incision or puncture and the coupled effect of these
factors. We have examined these effects in the context of puncturing a soft hydrogel by a hypodermic
syringe needle. Our experiments show that the needle does not puncture the gel continuously but
intermittently with fracture progressing via alternate appearance of two different cracks: one ahead of
the tool and the other radially away from it. In this talk | will discuss how asymmetry in geometry of the
puncturing tool and its vibration can be employed for tuning the appearance of these cracks thereby
minimizing the resistance to fracture. We will further extend these ideas in understanding the effect of
geometry on adhesion and debonding of two different materials. Particularly, we will discuss about
making soft surfaces decorated with hierarchical roughness patterns suitable for using as reusable

adhesives and rewritable pads.

About C.N.R Rao Lecture Series

This lecture series was made possible by a generous donation by Prof. C.N.R. Rao, Linus Pauling
Professor at INCASR, Bangalore. The objective is to give one faculty member of the IIT Kanpur, each
year, the honor of delivering a lecture to the institute's community, sharing the excitement of his/her
research with them. Prof. Rao was a Professor of Chemistry at IIT Kanpur from 1963-76. During this
period, he also served as the Dean of Research and Development. Prof. Rao also served as the
chairman of BoG at IIT Kanpur from 2003 to 2006.

Prof. Rao was born on June 30, 1934, in Bangalore. In 1958, he completed his Ph.D. from Purdue
University and became a research chemist at the University of California at Berkeley. During 1984-
89, he served as the Director of 11Sc Bangalore. He was the founder president of Jawaharlal Nehru
Center for Advanced Scientific Research (JNCASR), Bangalore. He received Bharat Ratna, the
highest civilian award in India in the year 2014. He is the recipient of most of the major scientific
awards and is a member of all major scientific organizations. He is a foreign member of the US
National Academy of Sciences, American Academy of Arts and Sciences and also a Fellow of the

Royal Society (London).
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