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Problem 1: Laplace Transforms

Perform the (single-sided) Laplace Transform of the following functions:

(a) f(t) = α+ βt

(b) f(t) = αsin2(t) + βcos2(t)

(c) f(t) = tcos(αt)

(d) f(t) =
∫ t
0 cos(t− τ)sinτdτ

Problem 2: Inverse Laplace Transforms

Perform the inverse Laplace Transform of the following functions to find f(t):

(a) F (s) = 4
s4+4

(b) F (s) = s+1
s

(c) F (s) = s2−1
(s2+1)2

(d) F (s) = 3s+2
s2+4s+20

Problem 3: Dynamic Pendulum

A pendulum of evenly distributed mass, m̄, and length, L, os-
cillates with angle, θ, under a dynamic torque, T (t). A figure
of the pendulum is shown. To analyze this dynamical system, a
complete analysis will be made in the continuous-time domain.
A primary aim you have is to create an analog circuit that can
serve as an analog computer. In otherwords, you will design a
circuit that will take as input a voltage signal equivalent to the
torque, VT , and generate an output voltage signal equivalent to
pendulum angle, Vθ.
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(a) Write a differential equation that represents the dynamical system

(b) Modify the model under the assumption of small angles

(c) Draw a block diagram that encapsulates the dynamics of the system

(d) Create an operational amplifier circuit that models the systems using a voltage signal
equivalent to the torque, VT , and a voltage signal equivalent to pendulum angle, Vθ

Problem 4: Newton’s Second Law

Assume you have an ideal mass, m, upon which a force, f(t), acts. Under such a condition, Sir
Isaac Newton stated in his Second Law that f(t) = mẍ(t). Here, x(t) is the position of the mass
in some absolute coordinate system.

(a) Find the response of the system, x(t), under a step input, f(t) = 1(t) through integration
of the equation of motion

(b) Find the response of the system, x(t), under an impulsive input, f(t) = δ(t) through
integration of the equation of motion

(c) Find the response of the system, x(t), under a step input by convolution.

Problem 5: Electrical System Dynamics

A DC transmission line, as shown to the right,
can be modeled as an RL series circuit with in-
ductance (L = 1H) and resistance (R = 2ω). The
grid is used to store power in a storage element;
for our purposes, we can assume the storage ele-
ment acts like a capacitor (C = 1F ). If the DC
voltage is denoted as u(t), create a model that de-
scribes the voltage stored in the capacitor, yc(t).

u(t) yc(t)

L R

C

(a) Begin by writing the differential equation for the system in continuous-time assuming a
zero input

(b) Solve the system using Laplace Transform techniques and assuming the following initial
conditions: yc(0) = 1V and ẏc(0) = 0V/s.

(c) Solve the system using Laplace Transform techniques, assuming the same initial condi-
tions as above, but under an applied step function of 2V at t = 1 (i.e., u(t) = 2∗1(t−1))
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Problem 6: Structural Dynamics

The dynamic structure (pictured) with a mass
of m = 17, 000kg, lateral stiffness of k =
2, 730kN/m, and a damping ratio of ξ = 5% will
again be used in this example. Assume the struc-
ture is linear. Using Laplace Transform meth-
ods, analyze the structure for the following load-
ing scenarios [provide both an analytical solution
and plot the response of the structure, x(t) for
t ∈ (0, 30)] :

Mass (m)

Lateral 

Stiffness, k

H

W

f(t) x(t)

(a) x(0) = 0.01 m and ẋ(0) = 0 m/s

(b) f(t) = 200sin(10t) with x(0) = 0.01 m and ẋ(0) = 0 m/s

(c) f(t) = te−2t with x(0) = 0.0 m and ẋ(0) = 0.0 m/s
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