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Answers to Problems 

CHAPTER 2 
2A1. 
2A2. (a)and(c) 
2A5. 

(a) 5 (b) 28 (c)23 

(a)Tll = T22 = T33 = 0, T12 = T21= 0 
TB = -T32 = 1, T31 = -Ti3 = 2 

(b) ~1 = 3, ~2 = 2, ~3 = 0 

2B5. 

ei 

2B10. (b) [SI = I 0 -n 1” -n lo1 (c) [TI = 

1 0 0  
1 1  

1 1  
0 - 7 7  in 
Onn 

2B20. (a) [Gj’] = -5 1 5 

L o  5 l J  
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(b) 7'ii = ci'= 2; det[7'ij] = det[Cj'] = -25 

2B31. 

a 2B34. (a) n = - (b)a.b = ai bi 

Eigenvector of T is n, Eigenvector of T is rl s1 

la1 

1 2B35. (a)[RIei = (b)n = k n  (el + e2 + e3) 

case o o 0 -sine 0 
2B.36. (b) [RSl,; = [ y ]  , [&]e( = 8 :] 

(c)A1= cos6 n1 = ael' +pe2', 1 2  = cose; n2 = -pel' + ae2' 
2 2  4 =  1; n3= e3', a + p  = 1 

(d) Rii = 2cosO + 1; (e) tA = shoe;, ( f )  8 = arc cos( -1/2) = 1200 

1 
e; = =(el + e2 + e3) 

(a) Zl = 3; I2 = -16; Z3 = -48 

A 1  = 3; n1 = e l ,  

2B41. 

1 1 
A2 = 4; n2 = JZ (e2 + eg), 5 = -4; n3 = JZ (-e2 + 9) 

"i 

(c) No, the first invariants are not equal 

2C2. (a )n=e3 (b) IVp( = 2  ( c ) - = G  dP 
dr 

- 1/2 

2C4. 

2C5. 

(a) q = -3k(el + e2) 
(a) E = -Vp = -a(cosOel + sinOe2) 

(b) q = -3k(el+ 29)  
(b) D =--Ela cosOel - c2a sinOe2 
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2C7. (a) [Vv] = 1 !] (b) [(VV)~] = I] 
(c) div v = 2 (d) curlv = 2el (e) dv = %(el + e3) 

CHAPTER 3 
De De 
Dt Dt 3.1. (a)v = kel, a = 0 (b) - =Ak (c)- = 0 

3.2. (b)v = 2 kX: t ea a = 2 kX:e2, (c)Use XI = x1 

2kx: 
v3 = 0 (c)al= a2 = 0, a3 = 0 k x2 

v2 = ~ 

1 + k t  (1 +k t)2' 

3.4. (b)v = kel, a = 0 (c)v = (l:t)el, - a = O  

3.7. (b)v = (&) el 

1 De 
4 Dt 3.15. (b)a = --(e1 + e2), - = 2k 

3.19. (b) Ei1 = k/2 

3.20. (a) Unit elongation: 5k, 2k. 
3.21. (a)k/3 

Decrease in angle : k 

58 32 3.22. ( a ) g x  (b1-x 3 6  

3.25. (y) = 3X10-6 
m a  

1 
2 

3.31. Ell = a, E22 = c, E12 = b--(a + c) 

1 b - c  
3 3.34. Ell = a, E22 = -(a + 2c - a), E12 = 

3.37. (b)3k 

3.48. k = 1 

3.52. V I  = v~(x;?, ~ 3 ) ,  ~2 = v3 = 0 
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2 
3.54. p = po e-t 

CHAPTER 4 
4.1. (a) On e2, T, = 4 MPa (b) On ej, T, = 5.83 MPa 

4.2. (a) t = -(5el+ 6e2 + 5 5 )  MPa 

4.4. t = - - ( G e l  + e2 - G e 3 )  

4.6. Ti1 = -6.43 MPa, Ti3 = 18.6 MPa 

4.7. F = 4 8  e2, M = --e3 

4.9. F = 4 a el, M = -- ael 

4.10 

1 6 
3 3 
100 
4 

(b)T, = 3 MPa T, = - MPa 

4a 
3 
4 
3 

(a)t = 0, t = ax3e2-ax2e3, t = -ax3e2+ax2e3 

(b)F=O, M = 8 n a e l  

4.22. Tll = 1 MPa T33 = 1 MPa 

4.25. (a) TI = z, T2 = 0, T3 = -t, n1 = E ( e l  + ez), n2 = e3, n3 = =(el - e2) 

(b)T,],,= t, n = el and e2 

1 1 

1 4z 4.26. T,],, = $a1 - 4, n = ~ ( e l + e 3 )  

4.28. Ti2 = 2 ~1 - ~2 + 3 

4.29. T33 = (1 + p g/a)r3 + f(xl, x2)  

4.31. Yes 
CHAPTER 5 

5.4. E y  = 207 GPa(30x 106psi), v = 0.30, k = 172GPa(25 X 106psi) 

5.6. v = 0.27, A. = 91GPa(13.2x 106psi), k = 141GPa(20.5x 106psi) 

5.8. (a)[T] = -2.3 3.2 0 X103psi = -15.9 22.1 0 MPa 
6.6 -2.3 0 45.5 -15.9 [ 0 0 8.d [ 0 0 61.:] 
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-3 3 5.10. (a)[E] = X10-5 (b)AV= 3.04X10 cm 
0 -0.43 

x, - 2x2 (b)Yes 

n n  
1 

1 
J 

0 2x3  2Xl +X2 
5.14. (a)[T] = k p  2x3  0 

2Xl+X;! X1-2x2 0 L I  
5.17. -- cL - 2; 7.14; 22.4 

CT 

5.19. (a)Transverse wave in e3 direction. (b) c = CT (c)a = -1 (d)@ = -, n = 1,2,3 ... 

nn 
2, 

5.20. (c)a = +1  (d)P = -n = 1,3,5 ... 

nn 
1, 

5.21 (c) a = +1 

(a) Longitudinal wave in e3 direction (b)c = CL (c) a = - 1 (d) /? = -, n = 1,2,3 ... 

(a)al  = a2 = a3 = 0, -52 = ~1 ~3 = 0 (b)a3 = 31.2' - = 0.74, 

(d)P = - n  = 1,2,3 ... 

n x  
1 

E 2  E3 
= 0.50 ' E 1  1 

5.22. 

5.27. 

5.28. a1 = 3$ 

n x c L  
2l , n = 1,3,5 ... 5.34. (a) ul(xl, t) = a cos o t 

5.39. (a) Tnlrnax = 11,30Opsi(78MPa) (b)N = 3.62x10-2inch (9.2X 10-2cm) 

Tslrnax = 565Opsi (39MPa). 

5.40. S = 0.72cm 
P P 7P 5.45. P --, P2=- P 3 = -  

I -  12 3, 12 
5.48. d = 5.8cm 
5.49. d = 3.38inch (8.59cm) 
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5.54. (b)TJmZ = 21.4ksi (147MPa), TslmZ = 16.6ksi (114MPa) 

5.62. d = 10.5cm 
5.63. b = lOinch (25.4cm) 

5.69. (a) Yes (b) T11 = 0, T12 = -2ax1,  T22 = 2a, T33 = 2 v a  

(c)On x1 = a ,  t = -2aae2,  on x1 = b, t =  -2axlel  + 2 a e 2  

5.70. (a) If a = -p 
2 5.71. (a) Yes (b)Tl1 = 2ax1,  T22 = 0, T12 = -2ax2 - 3Bx2 

CHAPTER 6 

6.1. B = 5 .1OXlO’h  
6.5. PA =po + p(g + a)h 

o2 2 
a 6.8. z = - 

pgsin 0d2 [ (%) - -- 1 (xz) 1 
P d 2 2  6.23. ~1 = 

r vb - va A = ~ 

a ln(b/a) 6.28. ( a) v = Aln- + vu, 

B r ldP A =  p(a2 - b2) 
4 ln(b/a) ( b) v = -(r2 - a2) +Ah-, /3 = 4 a 

B = - A  /3 a2 b2 
2(a2 + b2)’ 

6.30. A = 

B=O 
6b 6.31. A = - 

6.40. (b)T11 = -p + 2 p  k, T22 = -p - 2p  k, T33 = -p, remaining cj = 0 

2 pk2  2 2 
(c) a = k (xlel + x2e2) (d) and (e)p = -- (XI + x2) + po 2 
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(0 a inc  = 4 k2p 

(b) Ti1 = -p + 4 p  kxl, 6.41. T22 = -p - 4p kxl, T12 = -4p k ~ 2  

T33 = -p, Ti3 = TB = 0 
2 3  2 2 3  2 (c)al = 2 k  (XI +xlx2), a2 = 2 k  (x2 +xlx2) 

6.46. Q = 0.0762 m3/sec 

6.28. Q = 0.113m3/sec 
CHAPTER 7 

7.7. (b)3Apoe-', -3Ap (c)-3Ap 

9 
2 7.8. (b) m = Ap, (c) p = -poA e'-'oel 

(b) - (c) 0 4 A P O  U P 0  7.11. (a)- -- 
(1 + t)2' (1 + t)3 (1 + t)3 

13p0 13p0 A 
(e) - -- 13 Po 

(d) 3 (1 +t)3' (1 +t)4 (1 +t)4 

7.12. (a) 9 e-'el, -$.A e-'el (b) 9p0A e-'el (c ) =poA 9 e-'el 

7.14. F = 8 p  (e1 + e2) M = 8 p  (-el + e2) 

7.18. 283 - el - Be2 N (i 2 )  
7.20. p v:A 

2 1/2 

7.21. y2 = -5 2 + [k) +%I 
L J 

7.23. 612 rad/sec 


