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CHAPTER 2, PART A

2.1 Given
10 2 1
[Si]=|0 1 2|and [a]=|2
303 3

Evaluate (a) S;;, (b) S;Sjj, (©) S;iSji, (d) SycSyj (€)apan, () Spnaman, (8) Spmamay,

Ans. (a) S;; =S;; +S5, +S33=1+1+3=5.

(d) S;S; = SH +Sh+ Sk +57 +S5, +57; +55, + S5, +S5; =
1+0+44+0+1+4+9+0+9=28.

(©) $;iS;i=S;S; =28.

(d) SjSyj = SiSki + Sk Ska + S3Sk3

=S511S11 + 512521 + 513531 + 531513 + 522555 + 523535 + 53153 + 535593 + 533533
=(1)(1)+(0)(0)+(2)(3)+(0)(0)+(1)(1) +(2)(0) +(3)(2) +(0)(2) +(3)(3) = 23.
(e) aya, =al +a3 +a; =1+4+9=14.

®) Synama, =S, + Sypasa, +S3a3a, =

511818y + Spp@ @, + 5138183 + 5188 + Spy88) + 53883 + 531838 + S3p838, + 5338383
=()M®)+(0)(1)(2)+(2)(1)(B3)+(0)(2)(1)+(1)(2)(2)+(2)(2)(3)+(3)(3)(1)
+(0)(3)(2)+(3)(3)(3)=1+0+6+0+4+12+9+0+27=59.

(8) Snm@m@n = Spnama, =59.

2.2 Determine which of these equations have an identical meaning with g = Q;;aj .

(a) ap :mea;n > (b) ap :quaéh (C) an = ah an .

Ans. (a) and (c)

2.3 Given the following matrices
1 230
[a]=|0[[B;]=|0 5 1
2 0 2 1

Demonstrate the equivalence of the subscripted equations and corresponding matrix equations in
the following two problems.

(a) by =Bya; and [b]=[B][a], (b) s=B;aa; ands=[a]' [B][a]

Ans. (a)
b, = szaj =B,a +Bya, +Bya; =2, by = B3J-aj =B;,a, + Bya, +Byza; =2.
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2 3 0|1 2
[b]=[B][a]=|0 5 1|/ 0|=|2]|. Thus, b= Bjja; gives the same results as [b]=[B][a]
0 2 142 2

(b)

S= Bijaiaj =By +Bj,aa, + Bzaa5 ++B,,2,8 + Byya,a, + Bysa,as
+By 338, + By,83a, + Byzazas = (2)(H)(1) +(3)(1)(0)+(0) (1)(2) +(0)(0)(1)
+(5)(0)(0) + (1)(0)(2) + (0)(2)(1) + (2)(2)(0) + (1)(2)(2) =2+4=6.

2 3 o1 2
and s=[a] [B][a]=[t 0 2]j0 5 1| 0[=[1 0 2]|2|=2+4=6.
0 2 1]2 2

24 Write in indicial notation the matrix equation (a) [A] = [ B][C] , (b) [D] = [B]T [C] and (c)
[E]=[B]'[C](F].

Ans. (a) [A]=[B][C] = Aj =BinCni> (®)[D]=[B]' [C]=> Aj=BniCn;-
© [E]=[B]"[C][F]~ Ejj = BmiCmFi

. . 2, 2 A2 O’ 9 ¢
2.5 Write in indicial notation the equation (a) s=A" + Ay + Ay and (b) —-+—+—=0.
ox;  OX; OX3

az¢+az¢+az¢ 0 3¢

ol e oo

Ans. (a) s=AP+ A +AY =AA. (b)

2.6 Given that S;;=8,a;and S;=a;a|, where 8/=Q,;a,and a;=Q,;a,,and Q,Q,; =4,
Show that S;=S,,.

j -

Ans. S|; :Qmiaanjan :Qmianaman - SI’I :QmiQniaman :5mnaman :amam = Smm = Sii .

2.7 Write &, = %+ Vj :v—' in long form.

]

Ans
| ov, oV ov, ov, ov,
I=l->a = HVj =V — V3 —.
ot oxj ot X 0%y 0X3
|=2—>a2=%+vj%=%+v1%+v2%+v3%
ot oxj ot X 0%, 0X3
oV ov ov. oV
i=3a;=—2+V, 3 _ s V) V) — oV —
ot ox; ot X 0%y 0X3
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2.8 Given that le = 2,UEU + ;i’Ekké‘"

ij » show that

2 2

Ans. (a)
TiEyj = QuEjj + AEy5))Eyy = 2uEEyj + AE 5y = 2uEy Eyj + AE Eyy = 2uE; Eyj + A(E)’
(b)
Ti Ty = QUE;; + Ay 5y )2uE;j + AE ;) = 44 B4y + 2UAE;Ey 5 + 2pAE 55 E;
2 2
+A7 (B )" 065 =447 By Byj + 2uAE; By + 2pAEG By + A7 (B ) 6
=44 EyEj +(Ey ) (4 +32%),

29 Given that a.i :lebj . and a;:T”’b] , where 4 :Qima;n and le :QimanTn’wn .

(a) Show that Qian'wnbr; = leQJnTn[me and (b) if Qiinm :§km , then Tk’n (b;] - anbj) =0.

Ans. (a) Since 8=Qjnay and T;;=QinQj Ty, therefore, a=Tj;b; —.

Qimam =QimQjnTmnbj (1), Now, a=Tbj — ap=Ty;bj =Ty,by, therefore, Eq. (1) becomes
QimTmnbh =QimQjnTmnbj - (2)

(b) To remove Q,, from Eq. (2), we make use of Q, Q, =0,,, by multiplying the above equation,
Eq.(2) withQ, . That is,

Qi QinTrnbr = QuQin Qi Trnbj = G Taby = 0, Qi TPy = Ty = Q. Tib;

— Ty, (b, — Qb)) =0.

1 0
2.10  Given [a]=|2|and [b]=| 2| Evaluate [d;], if d, = &ij3ib; and show that this result is
0 3

the same as d, =(axb)-e,.

Ans. dy =gijkaibj -

dy = &ij1aibj = 63318005 + £331a30, = ayby —a3h, =(2)(3) - (0)(2) =6
d, = gjjraibj = 310830 + &38105 = a3by —ayby = (0)(0) - (1)(3) =-3
dy = gjzab; = 5310, +&5138,b =aib, —a,by =(1)(2) - (2)(0) =2
Next, (axb)=(e; +2e,)x(2e, +3e;) =66, —3e, +2e;.

d, =(axb)-e,=6, d,=(axb)-e,=-3, d;=(axb)-e;=2.

211 (a) If &T;; =0, show that T; =T;;, and (b) show that &;&; =0

jiv
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Ans. (a) for k=1, T =06y T3 +&3 T3 =0 T3 = T3, > T3 =T;,.
for k=2, ;T =0 &3,T3 + 63,113 =0T =Tj3 > T3, =Tj5.

for k=3, &j3Tj =0 &3T, + 651375 =0T, =T > T =Ty

(b) Sj&ij =111k + Fanéani +I33¢33¢ =(1)(0)+(1)(0)+(1)(0)=0.

2.12 Verify the following equation: &;jm&qm = 51 — %S -
(Hint): there are 6 cases to be considered (i) i=j,(2) i=k,(3) i=1,4) j=k,(5) j=I,and (6)
k=I.

Ans. There are 4 free indices in the equation. Therefore, there are the following 6 cases to consider:
@AOi=j,Qi=k,3)i=1,4) j=k,(5) j=I,and (6) k=1. We consider each case below
where we use LS for left side, RS for right side and repeated indices with parenthesis are not sum:
(1) For i= j, LS:g(i)(i)mgklm = 0, RS = 5(i)k5(i)| _5(i)|5(i)k =0.

(2) For i=k, LS=¢gjigiy +&iyjaiyz + €0y jzéins> RS =iy = dindj

0 if j=I

LS=RS =40 if j=I=i.
1ifj=1#i

(3) For i=I, LS=¢j)iméiym> RS =3« — %iyiyOik
0 if j=k

LS=RS =1 0 if j=k =i
1 ifj=k#i

(4) For j=K, LS=&i(jmé(jm: RS =di(jdj —djyj)
0 if izl

LS=RS =10 if i=I=j
Sl ifi=l#

(S) For j=1, LS=&jmekm> RS =6udjyj) =iy
0 if i=k

LS=RS =10 if i=K = |
1ifi=k=j

(6) For k =1 , LS:gijmg(k)(k)m :O, RS = 6‘I(k)é‘J(k) _5i(k)5j(k) =0

2.13  Use the identity &j,&4m = O j1 — 9jjk as a short cut to obtain the following results:
(@) €imejim =26 and (b) & &k =6.

ANs. (a) &im&jim = 9 jOn = 60y =30 — G =26,

(b) &ijsijk = Giidj; — 60

j .

ji=(3)3)-5;=9-3=6.

2.14 Use the ldentlty 8ijm‘9klm = 5”(5“ — 5”5“( to show that ax (b X C) = (a. . C)b — (a. . b)C .
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Ans. ax(bxc)=apen x (&jb;c&) = &ijanbjcy ey X €))

= &ijk8mD;Cy (&nmi€n) = Eijk €nmi8mPjCk€n = € jkiEnmiBmbDjCken

= (5jn§km _5jm5kn)ambjcken = 6jn§kmambjcken _5jm5knambjcken
= ab,ce, —a;bjce, =(a-c)b—(a-byc.

2.15 (a) Show that if le :_Tji . Tijaiaj =0 and (b) if TIJ ==1ji» and SIJ = SJI , then TIJSIJ =0

Ans. Since Tj;a;a; =T;;@;; (switching the original dummy index i to j and the original index
j toi), therefore Tja;a; =T
(b) TSy =T;Sji
therefore, T;S;; =T

(switching the original dummy index i to j and the original index j toi),

R =-R;

2.16 Let T” Z(Sij +Sj|)/2 and RIJ :(Sij —SJ,)/Z , show that le :Tji’ ij ji»

and SI] =Tij +Rij .

Ans. Ty =(Si+S5)/2> Tji=(S;i+8)/2=Ty.

R =(s-j —sji)/z—mji =(sji —sij)/2=—(sij —Sji)/2=—Rij.

T +Rij=(Sij + sji)/2+(sij —sji)/z =S;.

2.17  Let f(X,X;,X;) be a function of X;,X,,and X; and V;(X;,X,,X;) be three functions of
X;,X;,and X5 . Express the total differential df and dv; in indicial notation.

Ans. df = idxl Jridx2 +idx3 = ﬁdxi .
X, 0%y 0X3 OX;
dv; = %dxl + %dxz +%dX3 = ﬁdxm .
X 0%, OX3 X

2.18  Let ‘Aij ‘ denote that determinant of the matrix [AJ— ] . Show that ‘A‘-J-‘ = &ij A A2 A

Ans. i AT ARAG = € kAT AR AG T €2k P A As T &3k A1 A2 A
=13 1A A3 + E130 A A Aoy + 6031 Ao Ay A + 8313 A0 1 A Ass + &30 A5 1 A Ay + 6301 Ay Agy A
= A1 AR A = A AR A + Ay A Ay — Ay A Ay + Ay A Avs — Ay A Ay

Al Ar As
=M Any Ag
A A Ag
Copyright 2010, Elsevier Inc
2-5

Full file at https://buklibry.com/download/solutions-manual-for-introduction-to-continuum-mechanics-4th-edition-by-michael-lai/



	01~solutions_chptr_2.pdf

