Assn 16

1. From {z” + 16z = 0 we obtain
T = cosSx/Et—i—cQsinSw/at
so that the period of motion is 27 /8+/2 = /2 7/8 seconds.

3. From %:c” + 72z =0, 2(0) = —1/4, and 2'(0) = 0 we obtain z = —%cos 4/6t.

5. From gz” + 40z = 0, z(0) = 1/2, and «/(0) = 0 we obtain = = 5 cos 8t.

(a) z(m/12) = —1/4, z(7/8) = —1/2, z(n[6) = —1/4, z(7 /4) = 1/2, 2(97/32) = /2/4.
(b) z' = —4sin8t so that z'(37/16) = 4 ft /s directed downward.
(c) If z=1Lcos8& =0thent=(2n+1)7/16 forn=0,1,2,....

7. From 202" + 20z = 0, z(0) = 0, and z'(0) = —10 we obtain z = —10sint and 2’ = —10cost.
(a) The 20 kg mass has the larger amplitude.
(b) 20 kg: z'(7/4) = —5v2 m/s, 2'(7/2) =0 m/s; 50 kg: o/(w/4) =0 m/s, 2/(x/2) = 10 m/s
(c) If —5sin2t = —10sint then sint(cost —1) = 0 so that t = nw forn =0, 1, 2, .. ., placing both
masses at the equilibrium position. The 50 kg mass is moving upward; the 20 kg mass is

moving upward when n is even and downward when n is odd.

9. From %z + 2 =0, 2(0) = 1/2, and /(0) = 3/2 we obtain
V13

T = %cos 2t + gsin 2t = e sin(2t + 0.588).
11. From 22" 4 200z = 0, z(0) = —2/3, and 2/(0) = 5 we obtain
(a) == —%cos10f + §sin10t = #sin(10t — 0.927).
(b) The amplitude is 5/6 ft and the period is 27/10 = 7/5
(c) 3m=mk/5 and k = 15 cycles.
(d) If z = 0 and the weight is moving downward for the second time, then 10t — 0.927 = 2w or
t=0.721 s.
(e) If2' = % cos(10t — 0.927) = 0 then 10f — 0.927 = /2 + nw or t = (2n + 1)m/20 + 0.0927 for
n=0,1,2 ....
(F) =(3) = —0.597 ft
(g) 2/(3)=-5.814ft/s
(h) z"(3) = 59.702 ft/s?
(i) fx=20thent= 1—%(0.927’ +nm) forn =0, 1, 2, .... The velocity at these times is
r' = +8.33 ft/s.
(j) Ifz =5/12 thent = {(m/6+0.927+2n7) and t = (57 /6+0.927 +2n7) forn=10,1,2, .. ..
(k) If 2 =5/12 and 2’ < 0 then t = &(57/6 4+ 0.927+ 2n7) for n =0, 1,2, ... .
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13.

15.

17.

19.

21.

23.

25.

27.

29.

From k; = 40 and ky = 120 we compute the effective spring constant k = 4(40)(120)/160 = 120.
Now, m = 20/32 so k/m = 120(32)/20 = 192 and 2" + 192z = 0. Using z(0) = 0 and 2'(0) = 2 we
obtain z(t) = Jg sin 8+/3¢.

For large values of ¢t the differential equation is approximated by z” = 0. The solution of this
equation is the linear function » = ¢1t + 2. Thus, for large time, the restoring force will have
decayed to the point where the spring is incapable of returning the mass, and the spring will simply

keep on stretching.

(a) above (b) heading upward
(a) below (b) heading upward
From gz’ + ' + 2z = 0, z(0) = —1, and 2/(0) = 8 we obtain = = 4te=¥ — ¢4 and

z' = 8¢ — 16te=¥. If + = 0 then t = 1/4 second. If ' = 0 then t = 1/2 second and the

extreme displacement is r = e~ 2 feet.
(a) From z” + 102’ + 16z = 0, z(0) = 1, and 2/(0) = 0 we obtain = = e~ — 1e=%,

(b) From 2" 4+ 2’ 4+ 162 =0, 2(0) = 1, and 2'(0) = —12 then = = _%3—2: + %e_at.

(a) From 0.12" +0.42" + 22 = 0, 2(0) = —1, and 2/(0) = 0 we obtain x = e~ [— cos 4t — %sinﬁlt}.

(b) == ‘/73.9—2‘ sin(4t 4 4.25)

(c) If x =0 then 4t +4.25 = 27, 3w, 47, ... so that the first time heading upward is
t = 1.294 seconds.

From 1—%:::” +32'+5x = 0 we find that the roots of the auxiliary equation arem = —%5‘3’ j:%~,| (432 — 25,

(a) If 432 — 25 > 0 then 3 > 5/2.
(b) If 43% — 25 = 0 then § = 5/2.
(c) If43? —25 < 0then0 < 3 <5/2.

If %x" + %:r’ + 62 = 10 cos 3t, z(0) = 2, and 2’(0) = 0 then

A 47 AT
Tp = e t/2 cpcos —1t +cosin——+t
2 2
10

and xp = 5 (cos 3t + sin 3t) so that the equation of motion is

4 AT 64 VAT 10
r=eY? = cos t— sin t | + —(cos 3t + sin 3t).
3 2 3WVAT 2 3
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31.

33.

35.

37.

From z” + 8z’ + 16z = 8sin4t, z(0) = 0, and 2'(0) = 0 we obtain =, = cje™# + cote™ and

Tp = —% cos 4t so that the equation of motion is
1 4, a1
T ==e te” " — —cosdf.
4 + 4

From 22" 4 32z = 68 * cos4t, 2(0) = 0, and '(0) = 0 we obtain z, = c; cos4t + cpsin4¢ and
Ty = e~ cosdt — 2e~ sin 4t so that

1 9 1
T = —5 cos 4t + z sin 4f + 5.9_2; cosdt — 2e % sin 4¢.

(a) By Hooke’s law the external force is F'(t) = kh(t) so that mz” + Bz’ + kx = kh(t).

(b) From $2” 422/ 44z = 20cost, 2(0) = 0, and 2'(0) = 0 we obtain z, = e~%(¢; cos 2t + c2 sin 2t)
and zp = % cost + %sint so that

r=¢ % (_Ecc-s% ~ Zein Qt) + ECDSH 2 sint
B 13 13 13 13

From 2" + 4z = —5sin 2t + 3cos2t, 2(0) = —1, and z'(0) = 1 we obtain z, = ¢ cos 2t + ¢ sin 2t,
Tp = f}t sin 2t + -i—t cos 2t, and

1 3 5
*r = —cos2t — —sin 2t 4+ —tsin 2t + —t cos 2t.
3 + 4 + 4
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