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2.1 Summing the forces shown on each of the free-body .

diagrams, we have

My#, + B1#1 + K171 + Kao(z1 — 33) = fa(?)
Mg.‘i’:g + .Bz.’...:'g - Kg(.’.ﬁ — 322) = 0 ,

Collecting terms gives

M3, + Bz + (K1 + K2)zy — Kﬂz = fa(?)
—Kozy + MyZy + Bazy + Kz = 0

2.2 Summing the forces shown on each of the free-body
diagrams, we have

M]_é] -+ B(il - ..".72) + K1271 = 0
Mz, + B(dy — 1) + Kaza = fu(t)

Collecting terms gives

Ml.‘i":] + B.‘i‘:; ~+ K]_'.’B]_ o B.‘i?g = 0
—Bzy + M3z + Bzo + Kaza = fu(t)
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2.16 (a) From the free-body diagrams,

Mli?] + B:Bl -+ 31{3:1 . K:rz Mlg

—I{:L']_ + Mgig + I{.T,g =

Mg + fa(2)

(b) With z; and z; replaced by the constant displacements z;, and

T4y and with fc(t) = 0,
M1g

3.’1‘-‘10 — T2y = K and
from which
T, = (M1 + Mg)—g— and

2K

(C) Substituting Ty = T, + and Tg = T2y -!- Z3
differential equations, using the above expressions
and canceling common terms, we obtain

MIEI + BZ'-H + 3Kz1 e Kz'2 =
—KZ]_ +M2§2 +KZQ

2.22 When drawing the free-body dia-
grams, note that the upward force of the
cable on M; is the same as the upward
force of the cable on M; because of the
pulley. Summing the forces shown on each
of the diagrams and collecting terms, we
get

M E, + (K1 + Kj)z1 — K222 =
— K121 + M2Z2 + Bia + (K2 + K3)za =

into the original
for z;, and z3,
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3.
13 fj;}: M — 3, (%, =) By(x, -v)
-B; l; -— —"'kz(?"z "Xl) ki(:’h, *x,)j?’%[xj(f)"){:l]

We sum the forces shown on each of the free-body diagrams, where v, = ;.

Mo, + (B1 + Ba)vi + (K + Kj)z1 — Bt — Kazg = 0
—Bovy — Kyzy + Bazg + (K2 + Kg)Eg = K3$3(t)

Solving these equations for ©; and 3, we have

s o= (A)

. 1 .
P = H[—(Kl + K3)z1 — (B + B2)vy + Kzx + Baig) (B)
1
.‘.':‘:2 = E[I{le -+ Bzvl - (-K"Z + KS:]:G? + I{3$3(t]] (C)
2

Substituting (C) into (B), in order to eliminate the derivative on the right side, and simplifying
the result, we obtain

1
f;l — HE_K]:I:I L B‘lvl - K3$2 + K3$3(t)] (D}

The state-variable equations are (A), (C), and (D). The output is given by y = Ba(z2 — v1).
Inserting (C) into this expression and simplifying the result give the output equation

y = Kz — (Kg + f(;;);r:g + I{gi’a(t)

3.28 We define

q=[$q‘], u=2g,yt), and y=[z:]

Note that n = 2, m = 1, and p = 2. In this problem, care must be taken to distinguish g,
‘which is the second state variable, from the state vector q. From (21) and (22), we have

0o 1 B/M,

q = (K1+I{g) _ B |a+| K; B {u
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