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Foreword

Exercises found at the end of each chapter are an important ingredient of the text as they
provide homework for student engagement, problems for examinations, and can be used
in class to illustrate other features of the subject matter. This solutions manual is
intended to aid the instructors in their own particular use of the exercises. Review of the
solutions should help determine which problems would best serve the goals of
homework, exams or be used in class.

The author is committed to continual improvement of engineering education and
welcomes feedback from users of the text and solutions manual. Please feel free to send
comments concerning suggested improvements or corrections to sadd@egr.uri.edu. Such
feedback will be shared with the text user community via the publisher’s web site.
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1-1.

(@) a; =a, +a,, +a, =1+4+1=06 (scalar)
Q@ = Ayy8yy + 85,8, T 8383 T8y 8y + 8585 T 838, T 858y T 8585 + 85585
=1+1+1+0+16+4+0+1+1= 25 (scalar)
1 1 11 1 1] [1 6 4
a;a;, =0 4 210 4 2|=|0 18 10| (matrix)
01 1j0 1 1| |0 5 3
'3
a;b; =ayb, +a;,b, +a;;b, =| 4| (vector)
2
a;bb; =ay;bb +a,bb, +a,bb, +a,b,b, +a,b,b, +a,b,b, +asbb, +agb,b, +a,b;b,
=1+0+2+0+0+0+0+0+4 =7 (scalar)
b,b, bb, bb, 1 0 2
bb; =|bb, b,b, b,b,|=/0 0 0| (matrix)
b,b, byb, byb, 2 0 4
b,b, =bb, +b,b, +bb, =1+0+4 =5 (scalar)

(b)a; =a, +a,, +a,, =1+2+2="5 (scalar)
88 = 838y + 84,8y, + 8383 + 85,8y T 885, + 855855 + 85,85 + 83583, + 83385
=1+4+0+0+4+1+0+16+4 =230 (scalar)
1 2 01 2 0| |1 6 2
a;a;, =0 2 10 2 1|=|0 8 4| (matrix)
0 4 2|0 4 2| |0 16 8
4
a;b; =a;b, +a;,b, +a;,;b, =| 3| (vector)
6
a;bb; =a,,bb, +a,,bb, +a,;bb; +a,b,b +a,b,b, +a,b,b; +agb;b, +a,bb, +a,b.b,
=4+4+0+0+2+1+0+4+2=17 (scalar)
bb, bb, bb, 4 2 2
bb; =|bb, b,b, bb,|=/2 1 1]|(matrix)
bb, byb, b;b, 2 11
b,b, =b,b, +b,b, +b,b, =4+1+1=6 (scalar)
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(c)a; =ay, +a, +a,; =1+0+4 =5 (scalar)
88 = 838y + 84,8y, + 8383 + 85,8,y T 885, + 855855 + 85,85 + 83583, + 83385
=1+1+1+1+0+4+0+1+16 =25 (scalar)
11 1)1 1 1| (2 2 7
qa;,=|1 0 21 0 2|=/1 3 9 |(matrix)
0 1 4/0 1 4| (1 4 18
2
a;b; =a;b, +a;,b, +a;,b, =| 1| (vector)
1
a;bb; =a,bb, +a,,bb, +a,;bb; +a,b,b +a,b,b, +a,b,b, +agb;b, +a,bb, +a,b;b,
=1+1+0+1+0+0+0+0+0=23(scalar)
bb, bb, bb, 110
bb; =|bb, b,b, bb,|=/1 1 0] (matrix)
bb, b, bb,| |0 0 O
b,b, =b,b, +b,b, +bb, =1+1+0 =2 (scalar)

1-2.
1 1
(a) a; =E(aij +aji)+5(aij _aji)

2 11 0 1 1
_1 18 3 +1 -1 0 1
2 2

1 3 2 -1 -1 0

clearlya;, and ag;, satisfy the appropriate conditions

1 1
(b) q; =E(aij +aji)+§(aij _aji)

2 20 0 2 0
1o 4 5]+l -2 0 -3
2 2

05 4 0 3 0

clearlya;, and ag;, satisfy the appropriate conditions
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(c) q; =%(aij +aji)+%(aij _aji)

2 21 0 0 1
_1 2 0 3 +1 0 0 1
2 2

1 3 8 -1 -1 0

clearlya;, and ag;, satisfy the appropriate conditions

1-3.
a;b; =-a;b; =-a;b; =>2a;b; =0=3a;b; =0
2 To 1 17
From Exercise1-2(a): aay :%tr 18 3|-1 0 1| |=0
1 -1 -10
2 2 00 2 of
From Exercise1-2(b): a,ay; :%tr 2 4 5|-2 0 -3 (=0
05 4/0 3 O
2 2 1o o 1T
From Exercise1-2(c): ay,ay =%tr 2 0 30 0 1| |=0
1 3 8)|-1 -10

1-4.
0118 +0,8, +0,,8, aQ
Sijaj =08,,8, +90,,8, + 0,8, =| 0,8, +0,,8, +0,,3, |[=| 8, |=8
05,8, + 95,8, +05,3, a,
0118y; + 01,8, +01385  Oyy@y, +01,8, +838  Oy83 0,8 +0,585
d;a; =

ij

d; 8y, Ay
=81 8y 8y =8
8y 8;p Ay
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1-5.
det(aij) = €jj A8y jAgy = €1p3818,5)855 + €3 81,Ax385; t €51,81385 A5,
F 832181385,85; T &13781185383, + €9138,87 85,
= 8189833 + 889385 + 81385183 — 138,585 — 81385383 — 81,8853
=8y (a22a33 - a23a32) —ap, (a21a33 - a23a31) + a3 (a21a32 - azzam)
8; 8, &
=18y 8y Ay
d3 83 Ay

1-6.

45° rotation about X, -axis= Q; = \/_/2 \/_/2
\/_/2 \/_/2
1 17 [1
From Exercise1-1(a): b/ =Q;b;, =| 0 \/_/2 \/_/2 0|=[2
0 —~2/2 V22| 2| |V2
1 0 0 J1 1 11 o 07 |12 o0
a;=Q,Q,a, =|0 ~2/2 J2/2|0 4 2|0 +2/2 J2/2| =|0 4 -1
—J212 V2120 1 1|0 —v2/2 J2/2| |0 -2 1
1 0 0 27 [2

From Exercise1-1(b): bf =Q;b; =| 0 V212 N212|1|=|2

0 —+2/2 J2/2|1 0
1 0 0 T1 2 o1 0 o1 [1 V2 -2
aj =Q,Q,a,,=|0 2/2 2/2|0 2 1|0 +2/2 +2/2| =0 45 -15
0 —/2/2 J2/2[l0 4 2|lo0 —2/2 212 0 15 -05
1 0 0o T1 1

From Exercise1-1(c): b/ =Q;b; =| 0 V212 N212)1)=| V212
0 —v2/2 V212]0| |-V2/2

1 0 0 1 1 11 o0 0o 1 J2 0
a, =Q,Q,8,, =0 ~2/2 W2/2|1 0 2(0 +2/2 V2/2| =| J2/2 35 25
0 —+2/2 J2/2[0 1 4|0 =2/2 212 ~J2/2 15 05
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1-7.

~ {cos(x{, x,) cos(x., xz)} _{ cos cos(90° — 9)} _ { cosO  sin e}

COS(X5,X;) COS(X;,X,) | |cos(90° +0) cos 0 —-sin® cos6
b= Qb = cos® sin® | b | | bcosO+b,sin6d
' _sin® cos@ | b, | |—b,sin0+b,coso
. cos® sin®|a, a,| cosd sind !
35 = QppQye8p =| _ . _qi
sin@ cosO|a, a,, |—sin® cosO

| &y, cos’0+(a, +a,)sin0cosO+a,sin’6 a,cos’ 0 —(a, —a,)sinOcos®—a,, sin’ O
a, cos’ 0—(a,, —a,,)sin0cos0—a,sin®0 a,sin’0—(a, +a,,)sin0cos0 +a,, cos* O

1-8.

a'8 =Q,Q;4a8,, = aQ,Q;, = ad;

1-9.

a-sgjsr + B 8' 8, + ylsslsrjk = QimanQkalq (a8mn pq + Bsmp nq + ysmq np)
= 0Q; QnQupQip + BQIMQ ;1 QunQin + ¥Qin QnQun Qi = 08,8,y + B8y 8 + v8;6

1-10.

Cijkl =008 + P08 +70;0; =0ad;d, +B(6ik8jl +6il6jk)
= 08,y8;; +B(8,;8; +8,;8;) =Cy

1-11.
A, 0 0
Ifa={0 A, O
0 0 A
l,=a; =M +A,+A,
Ao O A, O] A
I, = + + =MA, + XA+ AA,
0 A, |0 A4 [0 A,
A, 0 O
Mm,={0 %, O0|=AAA,
0 0 A
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1-12.

-1 1 0
@a=|1 -1 0[=1,=-1,1,=-2,11,=0
0 0 1

. Characteristic Eqnis —2> -2 +2A=0= A(X* +1-2)=0= A(AL+2)(A—-1) =0
Roots=> A, =-2, A, =0, A, =1

A, =—2 Case:
1 1 0]/ n® n® +nf’ =0
11 0[n?®|=0= n® =0 =n® =-n{ =+2/2, n® = +(~/2/2)(-1,1,0)
0 0 3|n{ n®? +n®% +n®* =1
A, =0 Case:
-1 1 0]n -n® +n® =0
1 -1 0|n,|[=0= n® =0 =n =n,=+/2/2= n® =+(/2/2)(110)
_0 0 1 n, n1(2)2+n§2)2+n§2)2=1
A, =1Case:
(-2 1 0]n -2n® +n{® =0
1 -2 0fln,|=0= n®-2n® =0 =n=n,=0, n =1=n® =%(0,01)
(0 0 0fn, n®” +n@’ +n®* =1
1 -1 0
The rotation matrix is given by QijZ\/E/ZJ. 1 0 |and
0 0 2/2
1 -1 0 -1 1 ot -1 o ] [-2

, 1
a=Q,Qu8,==1 1 0 |1 -10|1 1 o0 |-=

2
0 0 2/4J2]0 0 1[0 0 2/42
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1-12.

2 1 0
b)a,=| 1 -2 0|=1,=—4,11,=3,11,=0
0 0 0

. Characteristic Eqnis —2* —4)* -3A=0= A(M* +41+3)=0=A(A+3)(L+1) =0
Roots=> A, =-3, A, =-1,A;=0

A, =—-3 Case:
1 1 0f[n¥ n? +n{’ =0
11 0(nP|=0=> nd =0 = n® =-n{ =+/2/2, n® = £(~/2/2)(-1,1,0)
0 0 3| n® N0’ n®? 4 p®% 1
A, =—1Case:
-1 1 0]n -n? +n =0
1 -1 0|ln,|=0= n® =0 =n =n,=+/2/2 = n® =+(/2/2)110)
[0 0 Ijn n®’ +n@* +n@* =1
Ay =0 Case:
-2 1 0]n -2n® +nl® =0
1 -2 0fn,|=0=> n®-2n® =0 =n=n,=0, n{’ =1=n® =+(0,0,))
0 0 Ofn, n® +n®” +nP’ =1
1 -1 0
The rotation matrix is given by Qij:\/EIZl 1 0 |and
0 0 2/\2
1 -1 0 7J-2 1 0t -1 o7 [-3 00
2 =Q,Q,a, =21 1 0 |1 -20[1 1 0 |=0 -10

2
0 0 2/J/2] 0 0 0ll0 0 2/42 0 0 0
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1-12.

1 1 0
©a=|1 -1 0/=1,=-2,11,=0,1,=0
0 0 0

. Characteristic Eqnis —A*—2)* =0or A>(L+2)=0
Roots=> A, =-2, A, =%, =0

A, =—2 Case:

1 1 0] n¥? n® +nf’ =0

11 0|nP|=0= n® =0 = n® =-n® =+42/2, n® =+4/2/2(-1,1,0)
0 0 2{n{ n®* +n®* +n®* =1

A, =A; =0 Case:

-1 1 Offn, -n,+n,=0

1 -1 0|ln,[=0= , *, 2, =n=n,n’=1-2n2= n=(kky1-2k?)
0 0 on, n~+n,” +n" =1

for arbitrary k, and thus directions are not uniquely determined. For convenience we may choose
k=+2/2and0togetn® =+/2/2(1,1,0) and n® = £(0,0,1)

1 -1 0
The rotation matrix is given by Qij:ﬁ/21 1 0 |and
0 0 2/42
1 -1 0 -1 1 0ot -1 o] [-2

, 1
aij=Qinjpapq=§1 1 0 |1 -1012 1 o 0
0 0 2/V/2]|0 0 o0 0 2/42 0

o O O
o O O

1-13*. 5 (A TS I TR R R TR A Sk |
| —— Value 1 | : ] ] i i i

|' —— Value 2 | : ] :
| —= Value 3

Absolute Principal Values

1 1t 12 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
X
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1-14.

(@) u=xe, +XX,e, +2%XX,X;€;
Viu=Uy, +Uy, +Ugg =14 X +2XX,

€; €, €;

Vxu=010x, 010X, 0l0X; |=2XXe, —2X,Xze, + X,e;
X, X Xy 2% Xy Xg

V?u=0e,+0e, +0e, =0
1 0 0

Vu=| X, X 0 |, tr(Vu)=1+Xx, +2xX,

2X, X3 2X X3 2XX,

(b) u=x’e, +2X X,e, + Xoe,

Veu=U, +U,, +Uy, = 2% +2X, +3X;

€ € €;
Vxu=0/0x, 0l0x, 0l0x%;|=0e,—0e,+2x,e,
X 2xX, X

V?u=2e,+0e, +6x,e, =0

2x, 0 0
Vu=|2x, 2% 0 |, tr(Vu)=4x, +3x’
0 0 3%

(C) u=Xe, +2x,%,e, +4x’e,
Viu=U;, +U,, +U;; =0+2X;+0
e, e, e
Vxu=|010x, 0l0X, 0l0X;|=-2X,e, —8Xe,—2X,e,
2 2
X;  2X,X3  4X]

V?u=2e,+0e,+8e, =0

0 2x, O
Vu=| 0 2x; 2X, |, tr(Vu)=3x,
8, 0 0
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1
q = _Esljka‘jk
1 1 8ii 8im 8in 1
Emdi = 2 Ijkglmnajk E 8ji 6jm 8jn ajk 2 (Sjmskn _Bjnskm)ajk
8ki 8km 8kn

1 1
=—=(@,,—a,)=—-=(@,, +a,,) =-a
2( mn nm) 2( mn mn) mn

1-16.

(a)

V(W) = (W) = dW  +0,W = VoY + ¢V

Vi (oy) = (OW) i = (OW 4 +0,W) | = OW i O, W i + 04 W 1+ W =W+ OV o +20
= (V2O)y +§(V?y) +2Vo-Vy

V- (¢u) = ((I)uk),k = ¢uk,k +(I),kuk =Vo-u+o(V-u)

(b)
V x (du) = g5, (0U, ) ; =& (dU ; + 0 U, ) =€ ;U +dey U, =Voxu+d(V xu)
V(uxv)=(euUV )i =5 UV UV ) = Vgl +Ug Vi =v-(Vxu)—u-(Vxv)

VxVo=g;(9,); =&y, = 0becauseof symmetryandantisymmetryin jk
V.-Vo= (¢,k),k = ¢,kk =V ¢

(©)

V-(Vxu)= (U, ;)i =&yl ;i =0, because of symmetryand antisymmetry in ij
Vx(Vxu)=¢,,; (Sijkuk,j),n =Eim&ijk Ui jn = (8,0
=V(V-u)-Vu

ux(Vxu) =gy U; (€mlnm) = i€l jUpm = (8;n0 Ujlnm = Ul —U

jonm im“jn |n Jm) j

6mk8nj )uk,jn = un,nm - um,nn

mj ~ nk

u

m-i,m

=%V(u~u)—u~Vu

Copyright © 2009, Elsevier Inc. All rights reserved.



1-17.

Cylindrical coordinates: &' =r, £ =0, £* =z
(ds)? = (dr)? + (rd®)? + (dz)> = h, =1, h,=r, h, =1

e, =cosfe, +sinbe,, e, =—sinbe, +cosbe,, e, = e,
6ér_é %__A aé,_ﬁé(,_aéz_aéz_aéz_o
00 ’’ 00 "or or or 00 oz
V=éri+éali+ézg

or r 00 0z
Vl‘zéri+e70lﬂ+Azﬂ

r r 0o 0z

B R Xa I
ror r 00 0z

2 2
Vv f =——(rij+%g+g
ror\ or r° oo 0z

Vo= [1 X, _%jé, +(a“r - a“zjé,, +1(§(rue) 9 je

u
r oo oz 0z or r 00
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1-18.

Spherical coordinates: &' =R, &2 =¢, £° =0
Xl = };l sin aZ COS§3 ’ X2 — &1 sin aZ sin aS , XS — &l cOS éz
Scale factors :

2_8xk8xk= . 2 i 2 24 _ _
(h,) __85,1 —a&l (sin¢pcosB)” + (sinpsin®)” +cos”" op=1=h, =1
“ ox" 2 3
(h,)* Eﬁi = h, =R
(h,)* _8?; Pl 2sin” ¢ = h, = Rsin¢

Unit vectors:

e, =C0s0sin de, +sin Osin de, + Cos de,
e, = Cos0cos e, +sin BCOSs de, —sin de;
e, =—sin0Oe, +cos e,

oe, . Oe, . Oe,

=0, =e,, = sin e
oR TR R
oe, 6‘e¢ . Oe,
— = —é,, —2 =cos¢e,
oR "0 00
oe, _0, oe, _0. e, :—cosd)éq)
oR o 00
Using (1.9.12) - (1.9.16) =
~. 0 ~10 . 1 0
V=t —+e,——+e———
R °*Rop  *Rsing o0
Vf:éRﬂ+é¢lﬂ+6z 1 a
R Ra¢ Rsm¢ae
1 0 0
— sin sin Ru
Rsm¢8R( Be) 2sin ¢a¢( du,)+ n¢ae( o)
0
2 S —
RZaR( Ug) + ( nou,) + RS ¢69()
A i(RZsm—}%a( Y CUARE AR I
R*sin¢ R oR no o 26" R? smq) 00 ‘sing 00
2
=i2ﬂ(R2ﬂj+ 1 o4 <I>) _1 &t
R° OR OR 2sind 0 b~ RZsin*¢ 00
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1-18. Continued

1 0 . 0 A 1 0 0 . -
V xu :(stind)[@_d)(Rsm o) — £(Ru¢)]jeR + (m[%(u@ - a_R(RSIn ¢ue)]Je¢

190 0 -
+ Eﬁ[(Ruq))_a_d)(uR)Jee

i au, ) 1. .
= l i(sinq)ue)——d’ ép + l Ny 10 Ru,) |e
| Rsing| 06 00 Rsing 66 R OR ’

1( 0 Oug | |-
+ E{E(Ruq))—@—d)j}ea
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2-1.

(@ u=Axy,v=Bxz*, w=C(x*+y?)

Ay %(AXJF Bz?) Cx
& :%(ui’j +uj’i)= 0 Bxz + Cy
0
0 %(AX—BZz)
1 1
O E(ui,j_uj,i): _E(AX_BZZ) 0
Cx —Bxz+Cy
(b) u=Ax?,v=Bxy, w=Cxyz
- L 1
2Ax =By =Cyz
: i
eij ZE(UU +iji) = Bx ECXZ
Cxy
- 1 1
0 —-=By —-=Cyz
2 y 2 y
1 1 1
o; E(ui’j -Uu;;) EBy 0 _ECXZ
1Cyz 1sz 0
L2 2 ]

(€) u=Ayz®,v=Bxy?, w=C(x* +z?)
0 %(Az3+By2) %(BAy22+2Cx)

1
€ij =E(ui,j +uj,i) =

1
ij :E(ui,j _uj,i):

2Bxy

—Cx

Bxz —Cy
0

0

2Cz

0
1
- (A2 ~By")

—~ %(SAyz2 - 2Cx)

%(Azs—ByZ)

%(3Ayz2 — 2CX)

0 0

0

0
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