MA4002 Final Exam Answers, Spring 2006

1.(a) The race consists of two stages: t1 = 2, vi(t) = [J4dt = 4t for t € [0,2] and vy = v1(2) = 8.
Now s1 = f02 vi(t)dt = 2t2|3 = 8, hence sp = 100 — s; = 92 and ty = s9/ve = 92/8 = 11.5. Finally
t=1t; +ty =2+ 11.5 = 13.5 seconds.
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(b) The cross-sectional area: ﬁ V= 7T/O CESE =10 ™ 2.8274.

(c) Reduction formula: | I,, = —na" ' —n(n — 1)1, o.| Iy = /Wcos:cd:r =0; [h=-271-21.I) =
21, Ij=—-4-m—4.-3. I, = —4An3 4+ 241, Ig= —6-%5—06-5'14: —67° + 12073 — 720m.
(d) fo=[1+22%ye 2%y yfy=1 3 6%y, fox = [62y + 4x3y2]ex2y, fyy = ey, foy = [32% + 2x4y]ex2y.
(€) z, = 0.2n. Start withyo = 1.  ypy1 = yn—0.1(:Eny%—|—1‘n+1[y;§+1]2), where y | = Yn—0.22,12.
yr=1-020x1%) =1, 502~y =1-0100x12+0.2x1%) =0.98. 5 =0.98—0.2(0.2 x
0.982) = 0.941584, y(0.4) ~ yo = 0.98 — 0.1(0.2 x 0.98% + 0.4 x 0.9415842) = 0.92532878.

(f) Integrating factor: o = exp{ [ 2z dz} = e*". Then (¢*'y) = % and y = e [e*+C]. By y(0) =0
we have C = -l and y =e — e, (g) 62.

(h) By the Extreme-Value Theorem, 3 A, B € [a,b] : f(A) = I[nlbl}lf and f(B) = I[nai(f Further-

more, we have f(A) < f < f(B), where f = (b—a)~! fé) f(z) dx. Finally, by the Intermediate-Value
Theorem, 3 ¢ between A and B such that f(c) = f.

2.(a) Cylindrical shell area: 27wz[(x + 1) sin x]. V= 27T/ z(z+1)sinzdr =
0

ZE—.Z‘Q

= 2m(—x?cosx + 2cosz + 2xsinx + sinx — x cos x)‘;r =2n(n? + 7 — 4) ~ 56.619.
2

z? 2 16 +a* 4r2  a? ad 24 17
b)y(z) = = — =14 y? = . Arc-length: —/ . T2 =2~ o833,
(b) ¥'(x) 8 2 V1ity 5.2 rc-length: s , [$2+ S}dw 51 2= 6 833

4 2(4 —
(c) p= 2+ 4 ; while 2zp=1- P Center of mass: = M/m = (21 ; m)
In2

Mass: m:/ pda;—7~034657 Moment: M = /xpdx—2—§~04292
0

~ 1.2384.

3.(a) (i) y=01e®® +Ce®. (i) y=e3*(Cysinz + Cycosz).
(b) Particular solution: y, = (—2% — z)e**. General solution: y = (—2? — 2)e?® + C1e** + Cae’®.

(c) y=(—2%—z)e?® + 10e?* — 4e,

4.(a) Answer: f(z,y) ~14+y— sy*>+ (z — L)y.
fo = yeos(ey) — y(1+zy)sin(zy),  feu = —2¢Psin(ay) — (1 + 29)5 cos(ay),
fy = xcos(xy) — x(1 + zy) sin(zy), fyy = —22%sin(zy) — (1 + zy)z? cos(zy),
fay = —2:Ey sin(zy) + Cos(:cy) (1+ xy)a:y cos(a;y) (1 + zy) sin(zy).

(b) n =26, Zwk—O Zl’k—34 Zyk—?) Zxkyk—?)él
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(iii) From [ 1 —3 —4|—10 | obtain = = [~10+ 3t + 4ta, 11, 1]
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(b) A7l = 2 1
14 8
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5.(a) (i) z = [4, -2, 5]T. (ii) From [ obtain = [14 —2¢t, 8 — 2t, t]T.

W= O



