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Problem I: [20 pts.] Solving Differential Equations

Using Laplace Transforms and clearly showing your work, determine an equation for z(t) given
the following:

dzdﬁgt) + 8d9;§t) +41z(t) = (2t — 2)u(t)
#(0) = -1
z(0) =3

Note: not all numbers are necessarily nice. u(t) is the unit step function.
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Problem II: [20 pts.] Translational Systems

Given the system below,
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set up, but do not solve, a system of equations that could be used to find a transfer function
between the position of anything in the system and the force applied to M4. Your answer should
be presented in matrix form, and you must clearly indicate what your variables mean.
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Problem III: [20 pts.] Rotational Systems

Given the system below:

set up, but do not solve, a system of equations that could be used to find a transfer function
between the angular position of anything in the system and the torque applied to J,. Your answer
should be presented in matrix form, and you must clearly indicate what your variables mean.
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Problem IV: [20 pts.] Motorized Systems

Given the system below:
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(a) Draw the equivalent system as seen by the motor, and
(b) Determine the value of the transfer function G(s) = ©4(s)/E.(s). Assume that Ki, K,

and R, are known.
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Problem V: [20 pts.] Electrical Systems

Given the circuit below:

set up, but do not solve, a system of equations that could be used to find a transfer function
between the output current and the input voltage. Your answer should be presented in matrix
form, and you must clearly indicate what your variables mean.



