in the preparation of this exam.

Formulas:
Stiff spring approx:
A=Ug—U, =(V3—V,)
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Newton’s Laws (2D):

> F=ma

dDM,=1,0if a,=0

Appendix B from Ginsberg, Wiley, 2001: (Corrected)

g +2{w,g + w:%atq

 Free vibration: F(#) = 0

g = exp(—{w,,1)[g(0)cos(wyt)

sin( wdt):'

+ 4(0) + {w,,q(0)
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moment of inertia of a thin
rod about its center of mass:
ly = (1/12)mL?
about its end:
leng = (1/3)mL2
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« Exponential excitation:

F(5) = exp(—B 1) k()
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+ Impulse excitation: F(t) = 8(2)

qg= %exp( —{w,, 2)sin(w (1)
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+ Step excitation: F(f) = h(f)
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« Ramp excitation: F(f) = th(?)

9= L () - 2¢

What
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+ sin(w4t)] }h(r)

« Transient sinusoidal excitation:

F(t) = sin(wd)h(t), w# w,,, if {#0

1
q= .
M{(0k, — 0?)" +4lw?, 0]
X {(wﬁat — w?) sin(wt) —2{w,, w cos(wt)

+ wexp(— {w,,t) [2{ @, cos (wyt)
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+ exp (—{w,,1)[2{cos(wyt)

-1 - 2{2)?(032-‘&11(%3)} }h(t)
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2.~ w? sin(codt)] }h(r)
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Problem #1 (20 pts)
The system pictured below consists of two identical bars of mass m and length L. The bars are

connected as shown with stiff springs, so that the left bar is inclined at an angle 3 while the right
bar is horizontal. This position is the static equilibrium position. Both springs have stiffnesses k.
The generalized coordinates are the position of the mass, denoted y, and the angular deflections
of the bars from static equilibrium, denoted 6, and 6,. The angles 6; and 6, are positive in the
directions shown.

F(t)

o b

A co-worker asserts that one of the equations of motion for this system is the following.

%mLé1 +kLcos B(L6, +Lg, cos B)— KLy cos B =%

Consider the physics of the problem and check the sign and units of each term. Does each term
produce the expected effect? Explain your reasoning.
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