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Answers to Problems

CHAPTER 2

2A1. (a)5 (b) 28 (c)23

2A2. (a)and(c)

2A5. @Tu=Tp=T3=0Tp=T5=0
Tp=-T3=1T5=-T3=2
(b)e1=3,c2=2,c3=0

2BS.
1 -101
[mnle, =5 |-10 1
000|,
1 0 0 1 0 0
= 1 1 _ 1 1
2B10. ®)IS1= |0 ~75 -v5| @M =|0-5 ¥
1 1| - 1 1
0-vz vz|, ° vz vz,
o1
2 2 )
1
BU. @Qe=| 3 2 0 ®sl= H
0 ’
0 01 i
L Je

2B19. Ty = %; Ty = —35; Ty =%

0
2B20. (a) [Ty] = [—5
0
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135 0 -1 -2 1
2B28. [T]=(357, MY=[1 o -1, @®I[t]=]|-2
579 2 1 0 1
2B31. Eigenvector of T ismn, Eigenvector of T is ry s
2B34. (a)n= T:-—I (b)a‘b = g; b;
001 1
2B35. (a) Rl =1100 (b)n = 773 (e1 + €3 + e3)
010
cos6 0 0 0 -sinf 0
2B36. (b)[R%)e;=| 0 cosd 0|, [RY) =|[sin0 0 0
0 1 1 0o 0 o0
(c)Ay1=cosf; ny=ae;" +fe;, Aiy=cosb; my= —fey + aey’

l3=1; n3=e3', a2+ﬂ2=1

(d) R; =2cos8 + 1; (e) t! =sinfe, (f)@ = arc cos(—1/2) = 120°

‘ 1
e3=y3(e1 + e, + €3)

2B4l. (a)l;=3; I, = -16; I3=—48

1 1
A=3 m=e, =4 m=yr(e+te), A3=-4 n3=yy(-e+e3

3
(®) [Tly, = [0
0

(=T~ e}
o O

ni
(¢) No, the first invariants are not equal

2C2. (an=e; (b)|Vp| =2 (c)%=\/'2_

2 2 2\TV?
X z X z
2C3. n= —2e1+-'%e2+—5e3 7+'L4+—4
a b c a b c

2C4. (a)q= —3k(e; + e3) (b) q= —3k(ey + 2ep)
2Cs. (a) E = —Vp = —a(cosfe; + sinfey) (b) D =—¢; a cosfe; — €, a sinfe,

(c) ]Dl2 = az(s%cosze + s%sin20); | D max for 6 = 0; 2£ 3—27! .....
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200 2
2C7. (a)[V] =000 (b)[(YWV]= |0
020

(0)divv=2 (d)curlv=2e; (e)dv=2ds(e;+ e3)
CHAPTER3
Do _ Do _
31. (@v=ke, a=0 (b) D =Ak (c) Dt - 0
32. (byv=2 kX%t e, a=2 kX%ez, (c)Use X1 = x1

33, (b) 2ktx% kxp 0 © 2kx%
e B V1i=—"—"—""5 W= Va3 = c)ay = —">,
Ykt P Ltk 7 U k2

a2—0, a3—0
( ) ()V'— €1 a=90
34. bV—‘ke], a=0 c 1+¢ ’

37. (b= ( lxj t) e

1 D6
3.15. (b)a= —Z(el + ey), Dr = 2k

3.19. (b)Ey=k/2
3.20. (a) Unit elongation: 5k, 2k.  Decrease in angle : k
321. (a)k/3

3.22. (a)%fixm‘4 (b)%x 1074

325, (—él’—) = 3x1076
max

331. E;1=a, Ep=c¢, Ep= b-—%(a +¢)

1 b —
334. Eyy=a, Ep=3(2b+2%-a), Ep= 73-6-
337. (b)3k

1 Dds1 _ 1 Dds; _ 1
3.38. D - (k+1), T, D - —5k+1)
348. k=1

3.52. vi=vi(xp,x3), va=v3=0
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IR

353. (a)p = (1” 25 O

*

1

2
354. p=pye’

CHAPTER 4
4.1. (a)Oney T, =4MPa (b) Ones, T;=5.83MPa
1 V5
42. (a)t= 3(5e1 + 6e; + Se3) MPa  (b)7,=3MPa T, = 3 MPa

44, t= 1—29(\/§e1 + € — \/§03)

46. Ti;=—643MPa, Tj;=18.6MPa

47. F=afey M=-Lg
4
49. F=4a ey, = ‘3— aeq

410 (a)t=0, t=axse,—axse;, t= —axze,+axse;
b)F =0, M=8mae;
4,22, Tll =1 MPa T33 =1 MPa

1 1
425. @Ti=7, T,=0, T3=-7, m=y5(e;+e) m=e; my=y5(e;—e)

(b)TJmax =7 n=e; and e
1 V2
4.26. Tilmax = 5(01-03), n=—-(er*e;)

428. Tip=2x1—-x+3

429. Ta3= (1 +pg/aye + flxy, x2)

431. Yes

CHAPTER 5

54. Ey =207 GPa(30x10%si), v =030, k = 172GPa(25x 10%psi)

56. v=027, A=91GPa(13.2x10%si), k = 141GPa(20.5%10%psi)

66 —23 0 455 —-159 0
58.  (a)[T]=|-23 32 0|x10%psi=|-159 221 O|MPa
0 089 0 064
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333 126 0 ,
5.10. (a)[E]= 126 -232 0 [x107° (b)AV=3.04x10"
0 -043
0 2X; 2X,+X,
514. (@[T =ku| 2X; 0 X1-2X; (b)Yes

2X1+X2 Xl—2X2 0

cr
517. —=2; 7.14; 224

cr
5.19. (a)Transverse wave in e3 direction. (b)c =c7 (c)a=-1 (d)B = %, n=123...
520. ()a=+1 (d)B= —ﬂﬂ =135...
521 (Qa=+1 @B=""n=123.

5.22. (a) Longitudinal wave in e; direction (b)c =c7 (c)a= -1 (d)f = #, n=123..

£ €
527. (a;=ar=a3=0, ex=¢; e3=0 (b)az=312’ E%=0.74, E—i=0.50
528. ;=30
534 ¢ wt[cos 22 & (1an2h) sin—], (byw = —L p =135
34, (@) ug(xy,t) = acos [cos . (an L)sm ] Byo=—= n=135.

539. (a) Tylmax = 11,300psi(78MPa) (b)Al = 3.62x 10 %inch (9.2% 10 %cm)
T, }max = 5650psi (39MPa).

540. 6=0.72cm

_P L, _P g
545. Pi=13 P=3 Pi= 5

548. d=58cm
5.49. d = 3.38inch (8.59cm)

M, M,
551 My=——"5—, My=——"—
! !
118204 1+ 2|2
12 ai ll ar
553, M, =M 2t%

(a+b+c)
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5.54

5.62.
5.63.

5.69

570. (a)lfa=—B
571. (@) Yes ()T =2ax;, Tp=0, Tp=-2ax,—3Bx3
CHAPTER 6
6.1. B=510x10'N
6.5. pqa=p,+p+ah

2
68 z=2C

%
6.10. p =p,e Po8C %P0  forp=1
6.11. (O)T,=-p+p, T,=0
6.12. (a)—4u (b)8u

in6d?[ () 1[x)°
_psgsinva |22 _1(%2

S CEC)

_ ar _ Vb~ Va
6.28. (a)v —-Alna +v, A= Inb/a)

_B,2_ 2 r _1dp =i3(a2—b2)

(byy =307 —a) +Alny, =y A= 4ntb/a)
2,2

630. a=-LL p__4

2(a* + b?)
6.31. A=—M—_3— B=0

6b
2 ;4 4
_(3p) b —x3) (62—01)xy 01+6;

6.37. 6 (ax) 2 + % +—
640. (b)Ty1=-p+2puk, Typ=-p—2pk T33=-p, remainingT;=

(B)Tylmax = 21.4ksi (147MPa), Tjlpax = 16.6ksi (114MPa)

d = 10.5cm
b = 10inch (25.4cm)
(@Yes (B)T11=0, Typ=-2ax, Tp=2a, Tp=2va

(c)On x;=a,t=—-2aae) onx;=b,t=-2ax;e;+2ae

k2
(©) a = k¥(x1e1 + x2€)) (d)and (e)p = __p_z_ @] +x3) + Do

0



(f) Bjne = 4 K 4
641. (b)Ty=-p+apkxy, Top=—p—dukx, Tp=—-4ukx,
Ty3=-p, Ti3=T3=0
(©a; =2k (3 +x103), ap=2Kk% (3 + x3xy)
6.46. Q = 0.0762 m>/sec

6.28. Q=0.113m>/sec
CHAPTER 7

77. (b)3Ap,e”, —34p (c)-3Ap

9 -
78. (b)ym=Ap, ()p= EPoA ¢ oe,

44p, 84p, 84 p,
7.11. , — b 0
(@) A+ (@a+p? ®) (1+1)?3 ©
13 Po 13p, 13p, A
d , -
()3(1+t)3 1+ 6 © 1+

7.12. (a) %poA e'ey, -—%poA ele; (b)9p,Ae e, (c) %poA e~'e,
714. F=8p (e +ep) M=8p (—e; + e))

1 V3
7.18. 283 (5 e — Tez) N

720. pvia
2 1/2
2
R G P4t 20
721, y, = 2+[(2) +gle

7.23. 612 rad/sec
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