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V(W —o?)? + (26w, w)? W, ~w ;
electric crystal and a mass has a natural
2141 ) 2:5 kg 400 N/m frequency of 150 kHz and a damping ratio of
(damp-lng ratio) ¢ 020 1 0.15. Calculate the error in measurement of a
Fourier sinusoidal vibration at 60 kHz.
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1. (a) X ,
(b) O ,
_ _ 400 N/m _
2. w=n, w,-= ,/72-5 ke 12.65 rad/s
x,(t) = x(t) + D), a,,(t) z,,(t) =0
n=1,3,5,...
F 10 N
Zl(t) = 70 = m = 0.025 m
a)‘s"(t) = X, sin(nt—246,)
40 1
X, = nm 2.5 _ ’ 5.09 m
vV (12.652 —n?)? + [2(0.20)(12.65)n]? ny/n*—294n2 + 25600
6, = tan_12(0.20)(212.652))n — tan-t_5:06 n2
12.65° —n 160 — n
3. () o = In% = 0.780
§ 0.780
< = = = 0.123
Var?+ 6 Var?+0.780°
_ 2mrad _ _ 2mrad _
b) wy = 01l5s - 41.89 rad/s, Wi T 5508 31.42 rad/s
41.89 rad/s 31.42 rad/s
w, = ————— = 43.91 rad/s, W,y = —————— = 32.94 rad/s
b V1-0.302 V10302
< 1>

k=muw,; = (m+Am) v}

Am - w,} 4 kg)(32.94)?
m= "2 = ( g2)(3 ) )2 = 5.148 kg
W, — Wy 43.91° —32.94

k = (5.148 kg)(43.91 rad/s)? = 9,925 N/m

< 2>
k 9 k 9
m = — k=(m+Am) w,, = (—5 + 4Am) w,;
Wn1 Wn1
w2
k[l - njj = Am w,;
wnl
Am - w,] w5 (4 kg)(43.91 rad/s)*(32.94 rad/s )’

k = = = 9,926 N/m
wn% - wn% (43.91 rad/s )* — (32.94 rad/s )




4. (a)

kx, k(z, — xy) k (%:35_1) .
D R 2m 4—%
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2k — Fsinwt
(bc) maz, = —kz, — k(z, — x,) mz, +2kx, — kx, =0
2maxy = —k(zy— ;) — 2kxy — kay + Fysinwt

Omzy—kx,+ 4k, = F,sinwt

Ty _ 0
T T | Fpysinwt

m 0

@[5 o0

7 2% —k
{@J " Lk 4k

w f 60 kHz

> rE T T sowH, - Ot
Z 1
= = — — = 1.178
Y A (1—0.42)2+12(0.15)(0.4)]
error = “zﬁ x 100 = 17.8 %

6. mua(t) + calt) + ka(t) = f(t)

Laplace m (s> X(s) = sz(0)—z(0)] + c¢[X(s)—z(0)] + kX(s) = F(s)
(m52+cs+k) X(s) = F(s)
X(s) _ 1

F(s) ms?+cs+k

—(w,t
7. (@) z(t) = ?Welﬁ—@ [Cw, cos (wyt — ¢) + wysin(wst — ¢)]
. — _ _Cwn _ C
x(tp) =0 tan(w,t, — ¢) = oy - e
_ - ¢ _ _
wdtp—¢>—n7r—tanl - wgt, = nm tp—%
n =1, t, = wl
d
*C%%
(b) O.S. = z(t,) - z,, = w 1— < cos (w;— — ¢)| - w cos¢ = V1-¢
k 1,42 d k
oy oy ¢
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