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Application of Eq. (6.24) leads to 

p,(f) = 0.5(0.119 - 0.107i)[e-,"02-0.",,), U(f) 

+ e - (1.502 - 1l .9 12i){, - O.OI) li(r - 0.01)] 

p ,(f) = 0.5(0.119 + 0.107i)[e- « 502+'·"")' U(f) 

+ e-(L50Z+Q.\l 12i )( f-o.o l) U(l - 0.01)1 

p,(f) = 0.5(0.0774 - 0.0925i)[e -"'H'.",, ), U(f) 

+ e - (3·49- 16.91 1li)(f - O.Ol) u(t - 0.01)] 

p,(f) = 0.5(0.0774 + 0.0925i)[e- " ' "'''''''' U(f) 

+ e - [3.49+- L6.9 I Ki) ( I - O.OI) U(l - 0.01)] 

Noting that x, = Y3 and x , = y, leads to 

x , = (0.119 - O.I07i)p , + (0.119 + 0.107i)p , 

+ (0.0074 - 0.0925i)P3 + (0.0774 + 0.0925i)p, 

x, = (0.107 - O.l1Si)p , + (0.107 + O.l1Si)p, 

+ ( - 0.0946 + 0.0797i)P3 + ( - 0.0946 - 0.0797i)p, 

Use of complex a lgebra and Euler 's identity leads to 

X,(f) = e- "O" {[0.0256 cos (9.912f) - 0.0253 sin (9.912f)] U(f) 

+ (0.0260 cos (9.912f - 0.099) 

- 0.0257 sin (9.912f - 0.099)] U(f - O.OI)} 

+ e- 3"'(0.0145 cos (16.91 Sf) - 0.0143 sin (16.9ISf» ) U(f) 

+ (0.0151 cos (16.9ISf - 0.169) 

- 0.014Ssin (16.91Sf - 0.169)] U(f - O.Ol)} 

X,(f) = e- ' 50" {[O.0254 cos (9.912t) - 0.0252 sin (9.912t)] U(f) 

+ [0.0257 cos (9.912f - 0.099) 

- 0.0259 sin (9.912f - 0.099)] U(f - 0.01)) 

+ e- 3"'{[O.0153 cos (l6.91Sf) - 0.0150 sin (16.9ISf)] U(f) 

+ [0.015S cos (16.9ISf - 0.169) 

- 0.0155 sin (16.91Sf - 0.169)] u(t - O.OI)} 

Supplementary Problems 

6.17 Determine the steady-state amplitude of the 60-kg block of Fig. 6-7 if F(f) = 250 sin 40f. 

Fig. 6·7 

Ans. 1.04 X 10-' m 
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6.18 Determine the steady-state amplitude of the lOO-kg block of Fig. 6-8 if w = 80 rad/s. 

Ans. 1.27 X 10- 3 m 

I x 10' ~ 
m 

500 N-s 
m 

300 sin WI N 

Fig. 6·8 

6.19 For what values of w is the steady-state amplitude of the lOO·kg block of Fig. 6·8 less than I mm? 

Ans. w > 81.0 radls 

6.20 Determine the steady·state amplitude of the 6O·kg block of Fig. 6·9. 

100 sin 401 N 

Fig. 6·9 

Ans. 1.08 X 10-3 m 

6.21 For what value of k is the steady· state amplitude of angular oscillation of the bar of Fig. 6-10 
identically zero? 

Ans. I X 10' N/m 

3 x 10' ~ 
m 

I-- 20 em - -I-- 20 em 

Fig. 6·10 

S lender bar of mass 20 kg 

6.22 Use the Laplace transform method to solve Problem 6.17. 

Ans. 1.04 X 10-' m 
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6_29 Three 20-kg machines are equally spaced along the span of a 2-m simply supported beam of elastic 
modulus 200 X 10' N/ m' and cross-sectional moment of inertia 1.35 X 10-6 m'. The machine near 
the left support has a rotating unbalance of magnitude 0.5 kg-m and operates at 100 rad/s. 
Detennine the steady-state amplitude of the machine at the midspan. 

Ans. 0.0028 m 

6_30 Repeat Problem 6.29 as if the system had proportional damping with the damping ratio for the 
lowest mode eq ual to 0.04. Assume the damping matrix is proportional to the stiffness matrix. 

Ans. 0.0028 m 

6.31 Use modal analysis to determine the steady-state am plitude of the 60-kg block of the system of Fig. 
6-12. 

2000 N-s 
m 

1000 N-s 
m 

Fig. 6-12 

3 x to, li 
m 

3000 N-s 
m 

200 sin 50, N 

Ans. 1.68 X 10- ' m 

6.32 Use modal analysis to determine x,(r) for the system of Fig. 6-13 if the leftmost block is subj ected 
to an impulse of magnitude 1 N-s at r = 0 and the rightmost block is subjected to an impulse of 
magnitude 1.5 N-s at r = 0. 1 s. 

Ans. 

Fig. 6·13 

e-O,""",{[ -2.56 x 10-' cos (6.6471) + 1.02 X 10-' sin (6.471)] U(I) 

+ [-4.11 X 10-' cos (6.6471 - 0.665) . 

+ 1.64 X 10-' sin (6.6471 - 0.665)] U(I - O.l)} 

+ e-o·""{[2.96 X 10-' cos (18.8931) 

- 1.79 X 10-' sin (18.8931 )] U(I) 

+ [3.91 X 10-' sin (18.8931 - 1.89) 

+ 3.91 X 10-' sin (18.8931 - 1.89)] U(I - O.I)} 




