
MER 445 SOFT TISSUE MECHANICS SUMMATION CONVENTION PROBLEMS 

PROBLEM:  Show that the numerical values of the following expressions in indicial notation are as given:  
(a) 3ij ijδ δ = , (b) 0ij ijkeδ = , (c)  and (d) 6ijk ijke e = 0ijk jke σ = .  The ranges on all indices are 1, 2, 3.  Use the 
summation convention and the definition of the Kronecker delta 
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where ijk, jki and kij are positive and ikj, kji and jik are negative permutations of indices. 
 
 
SOLUTION 
 
(a) The indices i and j are repeated; sum on i first, then on j. 
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(b) The indices i and j are repeated; sum on i first, then on j. 
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(c) The indices i, j and k are repeated; sum on i first, then on j and finally on k. 
 

1 1 2 2 3 3

11

ijk ijk jk jk jk jk jk jk

k

e e e e e e e e

e

= + +

=
0

11ke
0

12 12 13 13 21 21 22k k k k k k ke e e e e e e+ + + +
0

22ke
0

23 23 31 31 32 32 33k k k k k k ke e e e e e e+ + + +
0

33ke
0

121e=
0

121e
0

122e+
0

122e
0

123 123 131e e e+ +
0

131e
0

132 132 133e e e+ +
0

133e
0

211e+
0

211e
0

212e+
0

212e
0

213 213

231 231 232

e e

e e e

+

+ +
0

232e
0

233e+
0

233e
0

311e+
0

311e
0

312 312 313e e e+ +
0

313e
0

321 321 322e e e+ +
0

322e
0

323e+
0

323e

( )( ) ( )( ) ( )( ) ( )( ) ( )( ) ( )( )

0

1 1 1 1 1 1 1 1 1 1 1 1
6

= + − − + − − + + + − −

=
 

1 



MER 445 SOFT TISSUE MECHANICS SUMMATION CONVENTION PROBLEMS 

(d) The indices j and k are repeated; sum on j first and then on k. 
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Since jkσ  is symmetric such that jk kjσ σ=  
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When i = 1 
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When i = 2 
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When i = 3 
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Therefore, 0ijk jke σ = . 

2 


