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Problem 1: Discrete-Time System Models

Please create discrete-time models (using k as your time index) for the following system processes.
For each model, state if the system is linear and time invariant.

(a) Fibonacci Sequence: 1, 1, 2, 3, 5, 8, 13, 21, ....

(b)

(c)

(d)
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Problem 2: Finding Discrete-Time System Solutions

Multiple discrete-time systems are provided below. For each system, find the complete solution to
the system. Also, plot the solution from k = 0 to k = 60.

(a) y(k + 1)− 2y(k)− 8 = u(k) with u(k) = 0 and y(0) = 2

(b) y(k + 2)− 4y(k + 1) + 3y(k) = u(k) with u(k) = 3k, y(0) = 2 and y(1) = 3.5

(c) y(k) + 0.6y(k − 1) + 0.09y(k − 2) = u(k) with u(k) = 4 cos(k/3), y(0) = 2 and y(1) = 5

Problem 3: Equivalent Discrete-Time System of Continuous-Time
Dynamic System

Structures exposed to lateral loads are inherently
continuous time systems. Often times, these con-
tinuous time dynamic structures are analyzed us-
ing equivalent discrete-time system models. One
such approach is to perform system identification
where sensors are used to measure the load and
the response; a discrete-time model is then for-
mulated using the input-output data sets.
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A dynamic structure (pitcured) with a mass of m = 17, 000kg, lateral stiffness of k = 2, 730kN/m,
and a damping ratio of ξ = 5%. Download from the class website the file HW3P3.mat which
contains a MAT file with three vectors: time (t, in s), El Centro earthquake (feq, in N), and the
response of the structure (Xeq, in m). [To load the MAT file, simply use the command load HW3P3
at the command prompt]. Three discrete-time models have been formulated - for each, plot the
response predicted by each overlayed with the known earthquake response. Include your Matlab
scripts with the assignment:

(a) Second-order: L(q) = (−4.16× 10−10q + 1.061× 10−9)/(q2 − 1.2738q + 0.2769)

(b) Third-order: L(q) = (−2.805× 10−10q2+9.630× 10−10q+2.284× 10−10)/(q3−1.0540q2+
0.0584)

(c) Fifth-order: L(q) = (−2.511× 10−10q4+9.871× 10−10q3+2.712× 10−10q2+7.04× 10−11q+
7.2× 10−12)/(q5 − 0.9983q4 + 0.0028)

Problem 4: Coexistence of Foxes and Rabbits

Fox and rabbit populations, when coexisting in the same geographic
region, exhibit an interesting set of population dynamics that are
based on their relationships as predator (foxes) and prey (rabbits).
Consider a population of rabbits and foxes during a day, k: R(k) and
F (k), respectively. Rabbits grow in population based on their daily
birthrate, br, which is a multiplier on the current rabbit population.
Foxes are assumed to die of old age with a daily death rate, df , which
is a multiplier on the current fox population.
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Let it be assumed that rabbits only die when captured as prey by a foxes. In that case, the daily
death rate of rabbits is considered as a function of the fox population: dr = δF (k). Similarly, it is
assumed that the daily birth rate of new foxes is a function of the rabbit population: bf = βR(k).

(a) Write a discrete-time dynamical system model that models the population of rabbits
and foxes on a daily basis.

(b) Classify the system (e.g., linear versus nonlinear, variant versus time invariant, order,
etc).

(c) Assuming the initial population of foxes and rabbits in Year 0 are each 100, simulate the
annual population of rabbits and foxes for 100 years when br = 0.001644, df = 0.0019178,
β = 4.11x10−5, and δ = 4.11x10−5. Plot the annual population of rabbits and foxes on
the same plot (only plot one point per year and clearly label your axes).

Problem 5: Bacteria in a Petri Dish

A graduate student retrieves bacteria for her activated
sludge study and puts them in a petri dish. The initial
number of bacteria is N [0] ∈ [1000, 25000] and they undergo
binary fission after each time interval ∆t. The bacteria are
kept in a controlled condition with plenty of resources to
grow. Because of the limited room of the Petri dish, the
dying rate of the bacteria is a function of the total number

of the bacteria, d[k] = 0.15× e
N [k]
10000 . Note: N [k] is the total

number of bacteria at instant t[k] = k∆t.

1. Write a discrete-time dynamical system model that models the total number of the bacteria.

2. Classify the system (e.g., linear versus nonlinear, variant versus time invariant, order, etc).

3. Plot the time histories of the total number (N [k], k = 0, 1, 2, ..., 100) when N [0] = 2000 and
N [0] = 22000 (only plot one point per time instant ∆t and clearly label your axes). Discuss
the influence of the initial N [0] on the time history of N [k], when N [0] ∈ [1000, 25000].
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