University of Delaware

Department of Kinesiology and Applied Physiology
KAAP 686: Mathematics for Biomechanics
Spring 2017 Course Syllabus

Instructor:  William C. Rose, Ph.D.  (Rust Arena 148; 831-1064; rosewc@udel.edu)




Office hours: Wed 2-4 and by appointment
Required Textbooks

None
Course Objectives

The objective of the course is to introduce students to the mathematical tools useful for understanding and conducting research in biomechanics and related fields and to teach students how to use those tools.

Students who have completed the course will be able to:
Explain uses of differentiation and integration in biomechanical or physiological analysis.

Compute derivatives of mathematical functions analytically.

Compute derivatives of sampled data by multiple methods using Excel, Labview, and Matlab.

Estimate mass, center of mass, moment of inertia, and radius of gyration for body segments and combinations of segments.

Explain uses of vectors and matrices in biomechanical or physiological analysis.

Add, subtract, and multiply vectors (including inner and cross products).

Add, subtract, multiply, and invert matrices.

Explain and demonstrate the use of rotation matrices to estimate joint angles.

Explain the meaning of sampling rate, resolution, clipping, decibels, Nyquist frequency, and other terms related to signal processing.

Explain the uses of frequency analysis in biomechanical or physiological analysis.

Compute and plot the power spectrum of a signal.

Explain the difference between analog and digital filtering.

Explain uses for and differences between low pass, high pass, band pass, and band reject (notch) filters.

Explain the difference between various types and orders of filters, including types such as Butterworth, Gaussian, zero-phase, etc.
Explain tradeoffs in filter selection, including cutoff sharpness, overshoot, ringing, delay, etc.
Filter signals using Labview or Matlab and plot the signals before and after filtering.

Explain and demonstrate, with Labview or Matlab, the steps in EMG signal processing.

Evaluation

Homework
60%

Class participation
40%

Topical Outline

Week
Topic

1
Differentiation and integration


2
Differentiation and integration

3
Vectors, lines, planes, reflections


4
Anthropometry

5
Vectors and Matrices

6
Matrices

7
Rotations and Joint Angles

8
Frequency Analysis

9
Frequency Analysis and Filtering

10
Filtering

11
Lab: Filtering

12
Lab: Filtering

13
EMG Analysis
Laboratory Activities

We will do experiments to analyze and describe the characteristics of analog electrical filtering circuits, if that aligns well with student learning needs.
