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Consider a single-degree-of-freedom vibration system consisting of an object of mass m, a spring with
stiffness &, and a damper with damping coefficient ¢ as shown in Figure 1 where ¢? < 4mk. Let
x(t) denote the position of the object at time ¢, where the origin is taken to be the equilibrium position
of the object and the spring. Answer the following questions,

(1) Derive the equation of motion for the object.

{2) Let the displacement and velocity at t = 0 be 0 and g, respectively. Find the free vibration of

the system.
(3) As shown in Figure 2, when an external force P cosw,t is applied to the object, determine the

amplitude of the forced vibration where w, = /k/m.
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The cantilever beam AB (bending rigidity £, length L) is subjected to a distributed load that increases linearly from a value of 0
at the free end A to a value of wp at the fixed end B, as shown in the figure. Determine the magnitude of the deflection angle at

the free end A.
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As shown in the figure, the stepped bar ABC (modulus of elasticity £) having two different cross-sectional areas S and S: is

subjected to loads P and Q acting at the points B and C, respectively. Determine the elastic strain energy stored in the stepped bar
ABC.
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Alr with a density of puir [kg/m?| flows through a horizontally placed Venturi tube with an inlet diameter of D {m] and a throat diameter of d

[m] as shown in the figure. Now. the height difference in a U-tube manometer filled with water of density piacer [kg/m']is h [m]. Assuming that
friction and compressibility can be ignored, the magnitude of the gravitational acceleralion is g[m/s?], find the flow rate @ [m*/s] of the air flowing

through the tube.
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Fluid with density g [kg/m’] and viscosity 4 [Pa+ s] flows in a horizontally placed smooth circular pipe with an inner diameter of o/ [m]. The Reynolds

number based on the inner diameter and mean flow velocity is Re=1000.
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(1) Draw the trajectory of a fluid particle flowing at the center of the circular pipe.

(2) What is the flow regime inside this circular pipe?

(3) After defining necessary variables. find the velocity distribution in the cross section of circular pipe.

{4) Find the pipe friction factor.
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Figure

A piston-cylinder system contains an ideal monoatomic gas with gas constant of R [J/kg-K)] and specific heat ratio of x [-], as
shown in the figure. Initially, the volume of the gas is Vi [m?], the pressure is ;1 [Pal, and the temperature is 7 [K]. The state
of the gas at this condition is 1. The following two processes are given to this gas. The piston moves smoothly inside the cylinder.
Solve the following questions. Answer the questions using the symbols defined in the problem.

(I) The gas was compressed isothermally until its volume was halved from state 1. Let the resulling state be 2,

(1) Find the mass of this gas.

(2) Find the pressure of the gas at state 2.

(3) Find the density of the gas at state 2.

(4} Find the work required to compress the gas from state 1 to 2.

(5} Find the transferred heat of the gas during the compression process from state 1 to 2.
(6) Find the entropy change of the gas during the compression process from state 1 to 2.

(IT) The gas was compressed in a reversible adiabatic process until its pressure was 5 times larger than that in state 2. Let the
resulting state be 3.

(7} Find the temperature of the gas at state 3.

(8} Find the volume of the gas at state 3.

(9) Find the work required to compress the gas from state 2 to 3.

(10) Find the entropy change of the gas during the compression process from state 2 to 3.
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For the block diagram shown on the right, determine the transfer 1 = ] -
function G(s) from R{s)to Y(s). Also, find the unit-step s+2 L
response of the transfer function G(s).
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Examine the stability, controilability, and observability of the system represented by the following state equations.

Also, express the system in transfer function form and in diagonal canonical form.

w0 =3 L@+l yor =1 1
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