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Expressions for derivatives of isotropic tensor functions with respect to the deformation 
tensor F are derived. Each derivative has the first representation in terms of eigenvectors; then, 
for computational conveniences, also a basis-free expression, in terms of eigenprojections, is 
reported. Further, in the same fashion, also the time derivatives are provided. In the paper, a 
short review of different approaches to the problem existing in literature is presented. In order 
to make the exposition self-contained, some backgrounds of tensor analysis are also given. 

1. INTRODUCTION

The mea.sure of the variation of deformation is a fundamental issue of contin
uum mechanics and is mainly related to finite deformations and to constitutive 
and evolution problems. The first aspect is concerned with a suitable choice of 
strain measures. The later two are more involved in the first variation of the 
deformation in space or in time-like variables. Hence, effective expressions for 
derivatives and rates of strain tensors with respect to deformation gradient F 
are strongly needed. 

In recent times severa! researchers have provided various expressions of deriv
atives for different strain tensors. However, most of them are lengthy, especially 
in the three-dimensional case, and do not preserve any physical meaning. 

Basically we find in literature two different approaches the first one is ba.sed 
on the invariants of the tensor argument, while the latter returns to its eigen
projectors or eigen-diads. 

In order to introduce the problem, let us consider, for example, the stretch 
tensor U (F) = JFTF = �-

By the chain rule we have the following derivative with respect to F: 

(1.1) 
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