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APPENDIX L

Answers to �Chek Yourself�in Exerises1. The fore is towards the equilibrium point: left if the objet is on the right side and right ifit's on the left. The resulting motion will be an osillation.2. d2x∕dt2 = −(k∕m)x. Inwords,wemight read this equation as follows: �The position funtionx(t) has the property that when you take its seond derivative, you get the same funtion youstarted with, multiplied by −k∕m.� As a quik hek, the left side of this equation has unitsm∕s2 and the right side has N∕m∕kg m, or N∕kg. Sine a Newton is a kg m/s2, this beomesm/s2, so the units math on the two sides.3. One possible answer is y(x) = 3x2 + 2.4. dy∕dx = y5. y = ±ex3∕3+C .6. u1(x) = e−x2 , u2(x) = e2x27. dR∕dt = 5R − 10F8. f (x0 + Δx) ≈ f (x0) + f ′(x0)Δx. This formula should not ome as any great surprise. Sinef ′(x0) represents the slope (or �rise over run�), we multiply it by Δx (the �run�) to estimatehow muh the funtion has gone up from its original value of f (x0).9. 605.10. If you plug a1 = 5, r = 3, and n = 5 into your formula, you reprodue our original series.Your formula should therefore yield the answer 605. If it doesn't, �gure outwhatwentwrong!11. 1∕212. x = Ae−10t + Be−4t13. x = Ae(−2+√−36)t
+ Be(−2−√−36)t .14. 3415. B = i16. 11 + 2i e(1+2i)x + C17. y = 1∕218. A line has zero onavity. Beause )2y∕)x2 = 0 the equation predits )2y∕)t2 = 0: no ael-eration. Beause it started at rest and is not aelerating, the string will never move.19. positive20. y(50) = 13021. −∞22. down, 223. )f

)x ux + )f
)yuy = 1( 1

√1+ 2) + 2( 
√1 + 2) =

1 + 2
√1 + 224. a =

)f
)x (x0, y0) (We'll leave b and  for you to determine.)
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802 Appendix L Answers to �Chek Yourself� in Exerises25. V = −
2 +√24 GMd . (Even if your answer is orret it may take some simpli�ation to makeit look like ours. You an easily hek your answer by punhing it into a alulator. Oursomes out to −0.85GM∕d.)26. 56 miles27. M = ∫ W0 (kx)(Hdx) = (1∕2)kW2H. Sine kx has units of mass per distane squared,k must have units of mass per distane ubed, so this answer does have units of mass.28. M = (1∕4)qW2H229. m = 2kR5∕15. Sine � is mass over distane squared k must have units of mass over distaneto the �fth, so the units are orret.30. � = 5, � = tan−1(4∕3), z = 1031. r = √125, � = os−1(10∕√125), � = tan−1(4∕3)32. (2î + 3ĵ) ⋅ (4î + 24ĵ) = 8033. 19, 544∕15 ≈ 130334. You should have graphed the urve y = x2.35. For v = 2 you get the parabola y = (x − 4)2 on the plane z = 4.36. The key is the surfae area of the top. The water aumulated is the water that has passedthrough the top of the buket.37. (rate of rainfall) × (top area of buket). This might be writtenW = rA.38. 180 and 122,00039. Vetor v⃗2 = A⃗ − 2B⃗. Count yourself orret if you had something reasonably lose to that.40. 820, 000, 008 and 6, 80041. w = 3. We'll leave it to you to �nd the others. (Of ourse the real way to hek yourself isto see if AB = I!)42. x = 49∕8, y = −7∕443. Matrix B strethes any shape by a fator of 3 in the x-diretion and a fator of 5 in they-diretion.44. xf = �0 os(�0 + Δ�), yf = �0 sin(�0 + Δ�)45. C =

( 1∕√2 1∕√2
−1∕√2 1∕√2 )46. M = C−1M′C =

( 3∕2 1∕21∕2 3∕2 )47. (3, 2)48. î + 9ĵ49. the x-omponent50. The depth inreases as you walk. The farther you go, the faster it inreases.51. The �rst leaf moves in a line at onstant speed. The seond leaf begins with a veloity ofv⃗ = î + 3ĵ (speed of √10) and gradually turns to the right. It keeps moving in both the x-and y-diretions forever, but its diretion gets loser and loser to horizontal. The third leaf'slong-term behavior (in the next part) is quite different.52. It will roll to the left, gaining speed as it approahes A and then losing speed as it ontinuesto the left. It will ome to a stop when it reahes the same height it started at. Then it willbegin rolling bak to the right. Over time it will osillate between these two points (withdifferent x-values but the same V (x)-value) forever.53. positive x, no y-movement54. neither55. �̂x = 6∕√45, �̂y = 3∕√4556. −1∕257. 2�∕19 Earth years58. By eye, it's roughly 2 os(3x) + 0.3 os(20x)
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Appendix L Answers to �Chek Yourself� in Exerises 80359. 4�∕560. 2i∕(3�)61. �∕500, 2�∕500, 3�∕500…62. d2x∕dt2 + 6(dx∕dt) + 9x = 063. A(x)64. A sin(kx) + B os(kx), A sin(kx + �), Aeikx + B sin(kx), Aeikx + Be−ikx65. du∕dt = dx∕dt + 166. du∕dt = u267. xu′′(x) − u′(x) = 068. –2 –1 1 2 3 4 5
x

169. z = ex sin y.70. �∕15.71. One of your equations should be rewriteable as X′′(x) = PX(x).72. Your solutions in Parts 5, 6, and 7 should have been exponential, linear, and sinusoidal,respetively. Sine an exponential or linear funtion annot reah two zeros, you shouldhave onluded that P must be negative. We will now replae P with −k2, whih allows forall possible negative values.73. X(x) = A sin (n�x∕w)74. z(x, y, t) = ∞∑n=1 ∞∑m=1 sin (kx) sin (py) [Cnm sin (v√p2 + k2 t) + Dnm os(v√p2 + k2 t)]where k = n�∕w and p = m�∕h.75. R′′(�)R(�) +
1
�

R′(�)R(�) =
−Z ′′(z)Z(z) . Both sides of your equationmust now equal a onstant. Beausethe boundary onditions on R(�) are homogeneous, we onsider the ODE for R(�) �rst todetermine the sign of the separation onstant.76. V (�, z) = ∑∞n=1 AnJ0 (�0,n�∕a) (e(�0,n∕a)z − e−(�0,n∕a)z)77. ∞∑n=1 b′n(t) sin(n�L x) =

∞∑n=1−�bn(t)n2�2L2 sin (n�L x)78. () [u]∕)t) = −�p2 [u]79. R(�) = CJ0(k�) + DY0(k�)80. k = �0,n∕a, where �0,n is the nth zero of J0.81. z = J0 (�0,na �

)[A sin(�0,na vt) + B os(�0,na vt)]82. f (�) = ∑∞n=1 BnJ0 ( �0,na �
)83. dy∕dx = 1 + 22x + 33x2 + 44x3 + 55x4 +…84. 22 = 1 + 185. n+2 = n2 + n − �

(n + 1)(n+ 2)n86. r = −3, r = −487. R(r) = Aj0 (√2mE
ℏ

r) + By0 (√2mE
ℏ

r)88. os x + x sin x89. D2 − x2 − 190. T = 1 − (2∕�)x
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804 Appendix L Answers to �Chek Yourself� in Exerises91. T = (2∕�)�92. ln z = ln |z| + i(� + 2�n), where n is any integer.93. z = 5 + i, Δz = i, f (z + Δz) = (5+ i)2 = 24 + 10i, Δf = −1 + 10i, so Δf ∕Δz = 10 + i.94. 2i95. The line segment from z = 0 to z = 2 maps to a line segment from f = 0 to f = 4, also onthe positive real axis.1000. Q(t) = Ae−100,000 t + Be−1000 t1001. Q(t) = Ae(−500,000+500,000√−1)t
+ Be(−500,000−500,000√−1)t1002. D1003. dPdx = −
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