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The total solution is the sum of the particular solution | FAj=®t} Iz 1
and the homogeneous solution. Note that for large | (3) % 7]|%9] Z7} AZ YA koS ’

values of time, the homogeneous solution approaches
zero and the total solution approaches the particular
solution.  Thus the particular solution is called the
< > response and the homogeneous

solution is called the < > response.

© =z3de = F o2’
a4 o()& YA 29 & AR AR
Z2ovehiy o ek o AV
z,(t)9 HEF7+ 50 Hzebd " '

( 0. 02 04

time (s)

de 1AFE A z37Hx
= #ETFHE Usid o553 2k
t) = fisinwt + f, coswt

o] mEukA 2] A x}af(homogeneous solution)

8
~ 0
~
+
S
BN
8

EEE
| sinw,t + B) cosw,t

2
FEAEF W LEAES 0,3 ARG ©, vEegae
=

3.[2+3%4]

undamped

vibration of an
The
The system

Consider the forced
1-DOF (without

harmonic sine force is F(t) =

system damping).
y sinwt.
has a mass 0.700 kg connected to a spring of

stiffness 28.0 kN/m (= 28,000 N/m).
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(a) The mass is driven by a 63.0 N harmonic force at
45 Hz (907 rad/s). Determine the amplitude X and
phase 6 of the response xp(t) = Xsin(wt—0).
(b) If the response mp(t) is

x,(t) = (7.65 mm) sin(207¢)
and the mass is initially at rest (z,=0, v,=0), determine

the amplitude A4 and phase ¢ of the total response
z(t) = Asinlw,t+¢) + z,(t).
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(¢) k, = 3,000 N/m, k,
¢y = 300 kg/s, m = 40.0 kgo]aL,
o, viete] 2% Wel y(t) = YV sinwt 9
= o 2ok

O(t) = (0.05 rad) sin(20t-1.14)
a7 9k A2 B nHRo] Ay o A= 2

N2I7}?

= 2,500 N/m, ¢; = 250 kg/s,
AY ae= 0.04 m 9]
o, % O(t)
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(b) steady-state, transient
(c) LYz A Wimo] F7] 7, = 0.20 s
1 1 1
T, = vV = + — = (50 Hz) + = 45 Hz E=+ 55 Hz
" h=h*g (0-20s)
2. x2,(t) = Ay t sinwt + By t coswt
afp = A, (sinwt + wt coswt ) + Bj (coswt — wt sinwt)
x“p = A, Quw coswt - w’t sinwt) + B, (2w sinwt - w’t coswt)

[ 4y Qw coswt — w’t sinwt) + B, (2w sinwt - w’t coswt) ]

+ w? [A, t sinwt + B, t coswt] = f, sinwt + f, coswt
= 2&)A0:f2, _2(,()Bozf1
_Ja _
7 gy BTy
= (t)=—2tsint—£tcost
Tp 2w ¢ 2w @
3. m = 0.700 kg, ¢ = 0, = 28,000 N/m
B [ 28, OOON/m
w, = \/m = \/ 0.700 kg = 200 rad/s
(a) F, = 63.0 N, w = 907 rad/s = 282.7 rad/s
w, < w olBE®. § = r rad
k630N )
fo= — = 0700 kg 90.0 m/s
2
X 2f° - = 900 mQ/S —— =2.25X10° m = 2.25 mm
| w? —w?| | 200% — 282.7% | rad®/s
(b) z,(t) = X sinwt = (7.65 mm) sin(207 ¢) X =7.60 mm, w = 207 rad/s
z(t) = A sin(w,t+¢) + X sinwt, z(t) = w, A coslw, t+¢) + wX coswt

z(0) = A sing =0 = sing =

w _ 207 _
w—nX = " 200 (7.65 mm) = -2.40 mm

sing = 0 ©]3 cos¢ < 0 = ¢ = 7 (rad)
A cosgp = A cosmt = -A =-240 mm = A = 2.40 mm

2(0) = w, 4 cos¢p + wX =0 = A cos¢
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(b) =M, = 1,0, I, = m (3a)® = 9mad’, y(t) = Ysinwt

~a ka® - 2a 2¢,a0) - a le, @O —y)l - 2a [k, (2a0 —y)] = 9ma® O
= 9ma> O + 401(12(;) + c2a2@ + klaz@ + 4k2a2@ =coay + 2kyay

= 9ma O + (dey+ey)a® + (ky+4k)ad = we, Yeoswt + 2k, Vsinwt

(¢c) k; = 3,000 N/m, ¢; = 250 kg/s, a = 0.04 m
o) = X sinlwt - 0) X = 0.05 rad, w = 20 rad/s
F (t) = ka® + ¢ (2a) © = kia X sinlfwt = 0) + 2¢ja w X cos(wt — 6)

Fp = \/k‘er(?Clw)Q aX = /(3,000 N/m)*+[2 (250 kg/s) (20rad/s)]* (0.04 m) (0.05 rad)
= (10,440 N/m) (0.04 m) (0.05 rad) = 20.9 N



