MA4002 Final Exam Answers, Spring 2013

1.(a) Velocity: v(t) = 15+ [3 (10 — 3y/s)ds = 15 + 10t — 2¢3/2

Distance s(T) = fOT v(t)dt = 15T + 5T? — %T5/2m and s(5) = 200 — 20v/5 ~[155.2786 m .

(b) Intercepts: x = 0,1. (i) The cross-sectional area: 7[x]? — 7[x?]%. V= 7Tf01 (22 — 2ty dx =

Z 7~ 0.418879. (ii) Using cylindrical shells: V = fol 21 [ — 2?| dx = & ~ 0.523598.

(c) Integrating by parts using v = (Inz)" and dv = dz yields the reduction formula

I, = [{(lnz)"dz =2 (Inz)"{ —n-L,_1 = . Next, Iy =e — 1~ 1.71828 implies

L=e—1lp=1, b =e—2[1 =e—2=0.71828, and I3 = e — 315 = 6 — 2e =~ 0.563436.

(d) fr = 32% cos(z®—y), fy = — cos(x®—y), frz = 62 cos(z®—y)—92? sin(x3—y), f,y = —sin(z3—y),

S —y).

(e) z, = 0.2n. Start with yo = 2. Ynt1 = Yn + 30.2[Van + 42 + \/Tny1 + Y5, 1]2], where

Uil = Yo + 0.2z, +y2. Now yi &~ 2.4;  y(0.2) ~ y; ~ 2.444131112.  y5 = 2.941072835,
y(0.4) ~ yo ~ 2.993432647.

(f) Rewrite as y'+—+

Jaoy = 322 sin(z

so the integrating factor: v = exp{[ 7 dz} = 2+1. So ([z +1]-y) =22 —1
and therefore [z +1]-y =22~z +Csoy=2 ;_ﬁrc By y(0) =3 we get C =3 and |y = x2;ffr3 !
(g) —3and 6- (—3) = —18.

(h) An integration by parts using u = f(x) and dv = dx with v = x — x; yields:

Jag F(@)dz = f(2) - (x —a1) [z, — [ (& —20) f'(2) dv = 0 = f(20) - (=h) = [5) (z — 1) f'(x) d. The

desired relation follows.

2.(a) The glass height is 1 — cos(%) = % and using cylindrical shell area 27z [(1) — (1 — cos(ZE

2mx[—3 + cos(ZE)], one gets V = fol 2rz[—3 + cos(ZE)| da = %jﬁﬁr ~ 0.760567 |.
(b) 2/(t) =1 —cost, y'(t)=sint; /22 +y?=+2—2cost=2|sin}|
Arc-length: = [ 2sin & dt = —4cos L[] = 4.

2
(c) p= ﬁ; Tp = g = i (zgii) . Center of mass: & = M/m = 1?a5;1+111132 ~ 1.843475. Mass:
m= [Jpdr = %tan_l(%ﬂg = I tan"'3 &~ 0.62452. Moment: M = [Sapdr = 2 In(2? + 4)|0 =
5 [In40 — In4] ~ 1.15129.

ac+1 Y= ;v—l—l
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3.(a) (i) Roots: 1,250 y = Cye”+ Coe®®. (ii) Roots: 3,3 so y = [C1z+ O v/,

(b) Look for a particular solution y, = a + bz? e”/2, which yields Yp =0 — ixQ e
General solution: y=05—122e/2 4+ [Cra + Cs]e®/2. (c) y=5—122e/? + [z — 4] /2

4.(a) Answer: f(5+h,1+k)~324+20h—40k+ 2 h? —15kh — 5k>

fo=5@—=v**2  fau=R@—-y)2 fy= by -2, foy=—Fy@—yH)
Foy = 1597 (x — y»)Y2 = 5 (x — y?)3/%, fo(5,1) =523 =120, f,,(5,1) =L 2=15
fy(5,1) = =5-1-2%3 = —40, fu,(5,1) = -2 .1.2=-15, f,,(5,1) =15-12.2 —5.23 = —10.

(b) n =5, (Inz, Iny) ~ (0, 3.2188758), (0.693147, 2.70805), (1.09861, 1.38629), (1.386294, 0),
5 5 5

] e

(1.6094379, 0.693147). Inzj, ~ 4.78749, Y (Inxg)® ~6.1995, > Iny, ~8.006367, »  Inzy-

k k=1 k=1 k=1
n - (4.51565) — (4.78749) - (8.006367)
In gy, ~ 4.51565. ~ [—1.95013]
Yk “ n-(6.1995) — (4.78749)2 ~[ 195013},
. —a - (4.7874
(8.006367) — o - (4.78749) 3.4685,  so k = ek ~[32.0895].
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[49 + 8t1, 4 +t1,t1]7.
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