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UNIVERSIDADE da MADEIRA

Continuum Mechanics

Series of exercises 1 - Indicial notation
Note: Exercises marked with »4 will be solved in classes.

1. "X Given

[Sij] =

w O =
S = O

Evaluate

Sii7 SijSij7 Sijjka SmnSnm

Sz‘z‘ = 5, SijSij = 28, Sijjk = 28, SmnSnm = 23.

2. Write the full form of the expression
Ej - AzmAjm

T = AinAin = AnAn + ApAis + A13Ass
Ty = AinAgym = A11As + Ao Ao + A3 Ass

Tss = AszpnAsy, = Ag1Asy + AgpAsg + AsgAsg

3. ' Determine which of the following equations have the same meaning as a; = (Q;;a]
ap = lea;n

/
ap = quaq
Ay = a',ann

[Solution:] a; = Qunal,, — (ves), ap = Qupal,  (10), am = @, Q. (yes)

4. Consider the equation
a; + bj =0

What can one say about the quantities a1, as, as e by, by, b3?

blzb2zb3=—a1=—a2:—a3.

5. Given
ay By Bi2 Bis Cy1 Cia Ci
a=la]=|a |, [B} = [Bij] = | Ba1 By DB |, [C] = [Cij] = | Oy Cyp Oy
as Bsy B3y Bsg U1 Csy O

Write the following expressions in indicial notation:

1/4



Series 1 version 20,/10/2019

OREN:
(b) b _ Ba
(c)ﬁzﬁa
(1) D= BC

a) (Dy; = Bj;); b) (bi = Byja;); ¢) (Dij = BimCry); d) (Dij = BinCim)
6. Write the complete form of the equation a; = U;,, VirCr-

a; = Uy (Virer + Viaca + Vises) + Usa (Varer + Vagca + Vages) + Uiz (Ve + Vaaca + Vages)

That is, our equation actually represents a system of three equations, each of which has the sum
of nine terms.

7. Given
Tij = 2uE;j + A0y
Find I
W= §TijEij
p =TT

A

p= 4M2EijEij + (Ekk)2 (4#)\ + 3)\2)

8. "X Given
1 01 2
a=|2|.b= S=112 3
0 4 01
Find R
T, with T;j = Eijkak
C, with C;, = 5iijjk
d, with dk = 5ijkaibj
0 -2
T= 0 1
-1 0
C =
6
d=| -3
2
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9. »« Given
aq b1 d1
a — Qo y b = bg y d= dg
as bg d3
where
dk = 5ijkaibj-
Prove that

d=axb
10. »X Prove that conditions
gijklir =0 and T = Tj;
are equivalent.

11. »I¢ Show that
i€k =0

12. Write all contractions of Ej; Fy,, such that the result is a quantity with two indices.

EijFim = Gjm  Eijlyi = Hjg EijFjm = Qim  EijFyy = R Eyjlem = Ko EijFi = B

13. *X Prove that
EijmEkim = 0ik0j1 — 0310k (1)

14. X By contraction of the formula:
€ijmEklm = 5z‘k5jl - 5u5jk
show that
EilmEjlm = 25ij

and determine €;;1.€;;p-

Eijk€ijk = 204 = 6
15. Write the formula
ax(bxc)=(a-c)b—(a-b)c (2)

in indicial notation and prove the result directly.

Elk:ngijkalbicj = a;c;b, — a;b;c,

16. Prove that if
then
Tijaiaj = 0

17. Prove that if
Tz‘j = —sz‘ € Sij = Sju

then
1;;5i; =0
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18. »It Represent a matrix 5;; as the sum of a symmetric matrix with an antisymmetric matrix.

E':Sij‘;Sji’ R, =

2

19. »X Given a function f (x1, 29, x3), write the differential of this function in indicial notation.

of

o,

df da;

20. Prove the formula
det [A”] = 5ijkAi1Aj2Ak;3
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