Fundamentals of Differential Equations
by Nagle, Saff, and Snider (7th edition)

Section 4.9 (p. 238)- Free Mechanical Vibrations

1. my'"+by)+cy=0
3y'+48y =0 = ' +16y=0 =
y = acos 4t + bsin4t
(0)=-3 = a= -3
y = — dasindt + 4bcos4t

y(0)=2=4b = b=1

y= —3cosdt+ gsindt = (/1 + 1 sin (4t + @)

where ¢ is quadrant containing the point (3, — 3) which is 4.
Therefore ¢ = —tan™1(1) = — /4

Ans: y = @ sin(4t — %)

<

3. There are 4 parts.
Part 1=b6=0
y" 4+ 16y = 0 where y(0) = 1and ¢/(0) =0
y=acos4dt + bsindt
y0)=1 = a=1

Yy = — 4dasin 4t + 5bcos4t and ¢y (0) =0 = b =0
y = cos4t
Part 2-b =6

Y +6y +16y=0 = m= —3+i\/7
y=e 3 (a cos /Tt +bsin\/7 t) where y(0) = 1and y/(0) =0
y(0)=1=a
y = —36_3t(acos VTt +bsin/7 t) +
e‘3t(— V7asin /Tt ++/Tbcos ﬁt)

J(0)= —3a+V7b= —3+70 = b:%

—3t 3
y=e (cosﬁt—k\/fszn\/?t)
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\/1-|——Sin(\/?t—l—gb)Wheregb:tan_l l
7 3
Part 3-b =8
' +8/ +16y=0 = m=
(m+4)*=0 = m= —4isa root of mult. 2

y=ae 4 bte ¥

y0)=1 = a=1

y = — dae ™ + be 4 — 4bte 4
y(0)=0=—4a+b =b=4
y=e M 4 dte ¥ = (1 + 4t)e ¥

Part 4- b = 10

Y + 10y + 16y = 0

m?>+10m+16=0 = m= —8or —2
y = ae O + be?

y(0)=1 =a+b

Yy = — 8ae B — 2be~?!
y(0)=0= —8a—2b
2= 2a+ 2b
=2= —6ad = a= —1/3
1 1
s 4b=1 = b=14-=-
3+1 A +3 3
Y= _56—8t+§e—2t
sy'+2y + 16y =0 where y(0) = —3and ¢/(0) = —2

y' + 16y +128=0 = m?+16m= —128 =
(m+8)7= —128+64= —64 = m= —8=+8;
y = e S (acos8 + bsin8t)

3 3

y(0) = —5 T e= 7

Y = — 8 ¥ (acos8 + bsin8t) + e ( — 8asin8t + 8bcosst)
3

J(0)= —2 = —8a+8h= —8(—1> +8b

—2=6+8 = b= —1
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Yy = e_8t(— 1005815 — sz’n8t> =4/ 16 +1 e ¥ (sin 8t + ¢)

where ¢ is in quadrant 3 and ¢ = 7 + tan~1(3/4)

Damping factor is y/25/16 ¢ % = 5/4e ™™,

Quasiperiod is /4 and quasefreq. is 4/r.



