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Faculty of Engineering and Applied Science 

 

 

 

MECH 228 Kinematics and Dynamics 

 

Course Outline – Winter 2016 

 

This is your course syllabus. Keep it for future reference. 

 

Instructor Information  

Michael J Rainbow, PhD 

McLaughlin Hall Rm 205 
Queen’s University 
michael.rainbow@queensu.ca 
 

Office Hours:  
 
Tues 3-5pm EST  

 

Teaching Assistant Information  

Teaching Assistants (TAs) contact information can be found on the class website.  

Calendar description  

This course will cover the kinematics and kinetics of particles. 
Topics include planar motion (rectilinear, curvilinear), 
choosing a coordinate system, conversions between systems, 

mailto:michael.rainbow@queensu.ca
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space curvilinear motion, free and constrained paths, relative 
motion between particles. Generalized Newton's Second Law, 
work and energy, impulse and momentum, conservation of 
energy and momentum, impact. 

Prerequisites: APSC 111, 171 

Indicators and Outcomes 

 
Graduate attribute indicators 
 
MECH 228 develops the Canadian Engineering Accreditation Board Graduate Attributes through 
six indicators: 
 

MECH-2-KB-160: Apply vector analysis, constraints, relative and absolute motion, rectilinear, 
and curvilinear coordinate systems to analyze the kinematics of a particle 
in a plane. [advanced] 

MECH-2-KB-161: Apply free body diagrams, force balances, centre of mass, principles of 
work and energy, and impulse and momentum to analyze the kinetics of 
particles in a plane.  [advanced] 

MECH-2-KB-162: Apply 3D kinematic analysis, 3D force balances, and angular momentum 
vectors, to determine the three dimensional dynamics of a particle or 
system of particles.  [intermediate] 

MECH-2-PA-164:  Verify, interrogate, and visualize analytical particle dynamics solutions 
using common script based computer languages [intermediate].  

MECH-2-PA-165:  Interrogate and visualize intractable particle dynamics problems using 
common script based computer languages. [introductory] 

APSC-2-TW-1:  Shows respect for diversity in individuals and roles in a team 
[intermediate]. 

 

Course Learning Outcomes (CLO) 

By the end of this course, learners should be able to:  

CLO 1: Write a mathematical expression that describes the rectilinear motion of a particle in 
2D and 3D. [MECH-2-KB-160], [MECH-2-KB-160]. 

CLO 2: Draw a free body diagram of a dynamical system. [MECH-2-KB-161], [MECH-2-KB-
162] 
 

CLO 3: Write the equations of motion for a particle or system of particles using Newton’s 
Laws of Motion. [MECH-2-KB-160], [MECH-2-KB-161], [MECH-2-KB-162] 

CLO 4: Write a mathematical expression that describes the curvilinear motion of a particle in 
2D and 3D. [MECH-2-KB-160], [MECH-2-KB-162] 
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CLO 5: Identify whether a dynamics problem is better solved with impulse-momentum or 
work-energy. [MECH-2-KB-162] 

CLO 6:  Write a computer program to visualize and evaluate the behavior of a dynamical 
system. [MECH-2-PA-165] 

CLO 7:  State assumptions and simplifications when modeling a physical system. Discuss 
and evaluate when the assumptions and simplifications are appropriate. [MECH-2-
PA-165],[ APSC-2-TW-1]. 

Prerequisite knowledge 

This course is designed for learners with knowledge of vectors, basic physics, and calculus APSC 
111, 171. No prior programming knowledge is required.  

Course length and pace 

This course represents a study period of one semester. The course material is divided into six 
modules that are distributed over 12 weeks. Learners can expect to invest on average 7-9 hours 
per week in this course. At the end of this document is a Timetable and more detail is found on 
the class website. 

Academic integrity 

Engineers have a duty to: 

 Act at all times with devotion to the high ideals of personal honour and professional 
integrity 

 Give proper credit for engineering work 
 

-Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 
http://peo.on.ca/index.php?ci_id=1815&la_id=1 

The quote above describes the standard of behaviour expected of professional engineers. As 
engineering students, you have made a decision to join us in the profession of engineering, a 
long-respected profession with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not 
prohibit you from collaborating, even closely, with fellow learners in any class. Indeed, we strongly 
encourage collaboration and teamwork, when conducted responsibly. We have however, set firm 
guidelines on the quality of submitted work and have taken a strong stand against plagiarism and 
other forms of academic dishonesty.  Briefly stated, we expect that submitted work bears the 
name of all those contributing to it, and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, 
action shall be taken, as required by the Faculty of Applied Science policy on academic integrity: 
http://engineering.queensu.ca/policy/Honesty.html 

Additional information on the University’s policies concerning academic dishonesty can be found 
on the Queen’s website. All learners are expected to familiarize themselves with these 
policies and to conduct themselves accordingly. 

http://peo.on.ca/index.php?ci_id=1815&la_id=1
http://engineering.queensu.ca/policy/Honesty.html
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 Senate Academic Integrity Policy Statement  

 Procedures for dealing with departures from academic integrity in the Faculty of 
Engineering and Applied Science 

 Queen's University Code of Conduct 

Expectations for interaction 

This course is designed to maximize interactions with your instructor(s), TA(s) and fellow 
classmates. To accomplish the desired level of interaction, the course was split into two sections. 
Sharing details of the readiness assessment tests and in class projects is strictly prohibited. 
During the first week of classes, you will be asked to sign a contract detailing the expectations of 
your interactions with fellow classmates within and across sections.  

As highlighted above, we expect you to behave with integrity at all times. If you have a 
confidential mater that you would like to discuss with an instructor, their email addresses and 
telephone numbers at the top of this document.  Expect email replies within 48 hours and in some 
cases within 24 hours.  Instructors and TAs will be providing feedback to learners on graded 
activities.  Expect feedback within 7 days of the due date. 

Course-specific policies 

In keeping with the Faculty of Engineering and Applied Science Faculty Regulation 5b, “A student 
who claims illness or compassionate grounds as a reason for missing any required component of 
the course other than the final exam is responsible for making alternative arrangements with the 
instructors concerned.” Note that unacceptable reasons include: malfunctioning computer, travel 
plans to go home for holidays, generally behind on schoolwork, etc. The instructor may request 
some substantiating documentation. If alternate arrangements are not agreed upon, then the 
normal late penalty will apply as described in the assignment. 

Individual needs and support 

Learners with diverse learning styles and needs are welcome at Queen’s. In particular, if you 
have a disability or health consideration that may require accommodations, please feel free to 
approach the instructor and/or Accessibility Services as soon as possible.  The Accessibility 
Services staff is available by appointment to develop individualized accommodation plans, 
provide referrals and assist with advocacy. The sooner you let us know your needs, the better we 
can assist you in achieving your learning goals at Queen’s. For further information, visit the 
Student Wellness Services website.  The class website is powered by the Brightspace by D2L 
Learning Environment that complies with common accessibility standards and every effort has 
been made to provide course materials that are accessible.  If you find any element of this course 
difficult to access, please discuss with your instructor how you can obtain an accommodation. 

Academic and student support 

Queen’s has a robust set of supports available to you including the Library, Student Academic 
Success Services (Learning Strategies and Writing Centre), and Career Services.  Learners are 
encouraged to visit the Faculty of Engineering and Applied Science Current Students web portal 
for information about various other policies such as academic advisors, registration, student 
exchanges, awards and scholarships, etc. 

http://www.queensu.ca/secretariat/policies/senate/academic-integrity-policy-statement
http://engineering.queensu.ca/policy/Honesty.html
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/registrar/resources/policies/university-code-conduct
http://engineering.queensu.ca/Calendar/CurrentYear/Faculty_Regulations.html#Reg5
http://queensu.ca/studentwellness/
http://www.desire2learn.com/products/accessibility/standards/
http://library.queensu.ca/
http://sass.queensu.ca/
http://sass.queensu.ca/
https://careers.sso.queensu.ca/home.htm
http://engineering.queensu.ca/Current-Students/
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Technical skills and support 

No specialized computer-related technical skills are required for this course.  If you require any 
technical assistance, please contact Technical Support. 

Evaluation 

Activity 

 
Due Date 

(before midnight 
EST, 

 unless otherwise 
specified) 

Weight 

Relative 
weighting for 

group and 
individual work 

Alignment 
with 

UDLEs1 

Alignment 
with 

CLOs 
Group Individual 

Readiness 
Assessment 

Tests 
Weeks 1-12 

12 @ 
2.5%/each = 

30% total 

15% 85% 
ALL 

UDLEs 
CLO 1-5,7 

Homework / 
Class Prep 

Weeks 1-12: 
Homework due 
Friday at 7pm, 
Class Prep due 
before first class 

each week. 

12 @ 
1%/each = 
12% total 

0 100% 

UDLEs 1-3 ALL CLOs 

In Class 
Activities 

In class as 
required. 

28 @ 
1%/each = 
28% total 

80% 20% 
ALL 

UDLEs 
ALL CLOs 

Final Exam 
(Proctored) 

During the exam 
period 

30%2 
85%* 15%* ALL 

UDLEs 
CLO 1-5,7 

Total 100%   

*The final exam will be taken individually and then immediately taken again with your 
group. The score on the group exam can only improve scores and will not lower individual 
scores. 

Homework (HW) / Class Preparation (CP) 

Homework and Class Preparation will be assigned each week. In the flipped classroom format, 
students are expected to obtain course content prior to each lecture. Lecture time is spent 
applying knowledge and developing problem solving skills. 

 

                                                

1 As per “Guidelines for University Undergraduate Degree Level Expectations,” December 16, 2005. 

http://www.queensu.ca/ctl/resources/topicspecific/quqaps/expectations.html  
2 There is no requirement to pass the final exam to pass the course. 

http://engineering.queensu.ca/IT/help.html
http://www.queensu.ca/ctl/resources/topicspecific/quqaps/expectations.html
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Readiness Assessment Tests (RAT) 

The Readiness Assessment Tests are taken through Desire2Learn in class. The purpose of these 
short, weekly quizzes are to ensure that each student has gone through the reading and lecture 
material prior to class. These tests will be taken individually. Immediately following the RAT, 
students will defend and discuss their answers in groups and then the test will be re-taken as a 
group. The lowest score on the RAT will not count against the final mark. 

In Class Activities (ICA) 

Lecture time will be largely spent working in groups on in-class activities. These activities include 
solving problems collaboratively, performing simple experiments, and visualizing / analyzing 
mechanical systems using software. The in class activities will typically be due during class via 
upload to the course dropbox on D2L or spot-checked by the TAs. The lowest score of the ICA’s 
will not count against the final mark.  

Final Examination 

The date, time and location of the Final Examination will be announced through SOLUS. The 
Final Exam is open book.  **The final exam will be taken individually and then immediately 
taken again with your group. The score on the group exam can only improve scores and 
will not lower individual scores. 

Course materials 

Required textbook and WileyPlus 

This course will use the Meriam and Kraige textbook along with WileyPlus. Most 
homework assignments will be available only through the WileyPlus website 
(www.wileyplus.com). Links to the assignments will be posted on the course website. 

 Meriam, Kraige, Bolton: Engineering Mechanics: Dynamics, 8th Edition, Binder Ready Version 
+ WileyPlus Access: ISBN: 9781119205708 

If you have not already purchased the textbook, WileyPlus access code, or Matlab go to 
www.campusbookstore.com and follow the “Textbook Search Engine” link.  

Required software  

 This course will use Matlab, MuPad (a symbolic package associated with Matlab) and 
VPython ( http://vpython.org/ ) inside and outside of class. Please install Matlab (Mupad will 
be installed automatically with Matlab) and Vpython.  

Laptops and Smart Devices (Phones, Tablets, etc…) 

Students are expected to bring their laptops and smart devices to class. It is strongly encouraged 
for students to obtain a laptop if they do not already have one. 

http://www.wileyplus.com/
http://www.campusbookstore.com/
http://vpython.org/
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Other material 

There is a wealth of instructional material online related to Engineering Mechanics. There are also 
many Matlab, MuPad, and VPython tutorials and examples available through a quick Google 
search. I will post sites I have found particularly helpful, but students are encouraged to find, use, 
and post resources they find helpful.  

Timetable  

Tutorials: Tutorials will begin in week 2. During tutorials TA’s will solve two or three 

homework problems and answer questions. The same problems will be reviewed in both tutorials. 
Please report to your assigned tutorial as there is limited space in the classroom. 

Week Learning Outcomes 
(with alignment to CLOs shown in square brackets) 

Deliverable (with 
alignment to CLOs 
shown in square 

brackets) 

1 

Module 1: The Language of Dynamics: Vector Analysis, 
Calculus, Coordinate Systems & Intro to Mupad, Matlab, 
and Vpython 

After completing this module, learners will be able to: 

 Perform vector operations by hand an using VPython 
 Establish an arbitrary right handed coordinate system 
 Write a simple program to visualize coordinate systems 
 Perform analytical differentiation and integration on 

paper and in software  

HW / CP 1 [CLO 1-6] 

RAT 1 [CLO 1-7] 

ICA 1 [CLO 1-7] 

 

2 

Module 2: Newton's Laws & Rectilinear Particle Dynamics 
in Two & Three-Dimensions: Part 1 

After completing this module, learners will be able to: 

 Derive expressions for constant acceleration. 
 Derive expressions for non-constant acceleration 
 Draw a free body diagram for a particle  
 Write down the equations of motion for a 2D dynamical 

system 
 Determine force given position and velocity as a 

function of time. 
 

HW / CP 2 [CLO 1-3] 

RAT 2 [CLO 1-3] 

ICA 2 [CLO 1-3, 6,7] 

3 

Module 2: Newton's Laws & Rectinlinear Particle Dynamics 
in Two & Three-Dimensions: Part 2 

After completing this module, learners will be able to: 

 Derive expressions for work and energy 
 Write down the equations of motion when force varies 

as a function of position or velocity 

HW / CP 3 [CLO 1-3] 

RAT 3 [CLO 1-3] 

ICA 3 [CLO 1-3, 6,7] 
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Week Learning Outcomes 
(with alignment to CLOs shown in square brackets) 

Deliverable (with 
alignment to CLOs 
shown in square 

brackets) 

 Determine position and velocity given force. 

4  

Module 2: Newton's Laws & Rectinlinear Particle Dynamics 
in Two & Three-Dimensions: Part 3 

After completing this module, learners will be able to: 

 Write constraint equations 

 Solve dynamics problems where the particle is 
constrained 
 

HW / CP 4 [CLO 1-3] 

RAT 4 [CLO 1-3] 

ICA 4 [CLO 1-3, 6,7] 

5 

Module 3: Curvilinear Particle Dynamics in Two & Three-
Dimensions: Part 1 

After completing this module, learners will be able to: 

 Differentiate a vector 

 Derive expressions for angular speed and angular 
velocity 

 Write the equations of motion using path variables 

HW / CP 5 [CLO 2-4] 

RAT 5 [CLO 2-4] 

ICA 5 [CLO 2-4, 6,7] 

6  

Module 3: Curvilinear Particle Dynamics in Two & Three-
Dimensions: Part 2 

After completing this module, learners will be able to: 

 Perform dynamics calculations using cylindrical, polar, 
and spherical coordinates 

 Convert from spherical, cylindrical, and polar 
coordinates to rectilinear coordinates 

HW / CP 6 [CLO 2-4] 

RAT 6 [CLO 2-4] 

ICA 6 [CLO 2-4, 6,7] 

7 

Module 3: Curvilinear Particle Dynamics in Two & Three-
Dimensions: Part 3 

After completing this module, learners will be able to: 

 Determine the best choice of coordinate system and 
approach for solving 2D and 3D particle dynamics 
problems. 

HW / CP 7 [CLO 2-4] 

RAT 7 [CLO 2-4] 

ICA 7 [CLO 2-4, 6,7] 

8 

Module 4: Dynamics of Systems of Particles: Part 1 

After completing this module, learners will be able to: 

 Derive and explain Generalized Newton’s Second Law 

 Use conservation of momentum to solve dynamics 
problems 

HW / CP 8 [CLO 1-3] 

RAT 8 [CLO 1-3] 

ICA 8 [CLO 1-3, 6-7] 
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Week Learning Outcomes 
(with alignment to CLOs shown in square brackets) 

Deliverable (with 
alignment to CLOs 
shown in square 

brackets) 

9 

 

Module 4: Dynamics of Systems of Particles: Part 2 

After completing this module, learners will be able to: 

 Define and apply angular momentum to solve dynamics 
problems 

 Determine the centre of mass of a system of particles and 
describe the motion of the center of mass 

 

HW / CP 9 [CLO 1-
5,7] 

RAT 9 [CLO 1-5,7] 

ICA 9 [ALL CLOs] 

10 

Module 4: Dynamics of Systems of Particles: Part 3 

After completing this module, learners will be able to: 

 Appropriately choose between conservation of linear and 
angular momentum and energy to solve dynamics 
problems involving systems of particles. 

 

HW / CP 10 [CLO 1-
5,7] 

RAT 10 [CLO 1-5,7] 

ICA 10 [ALL CLOs] 

11 

Module 5: Relative Motion 

After completing this module, learners will be able to: 

 Write equations of motion from a moving inertial 
reference frame 

 Identify Inertial and Non-Inertial Reference Frames. 

HW / CP 11 [CLO 1-
5,7] 

RAT 11 [CLO 1-5,7] 

ICA 11 [ALL CLOs] 

12 

Module 6: Putting it all together: Applying generalized 
approach to solving particle dynamics problems - Final 
Review 

After completing this module, learners will be able to: 

 Identify problems that can be solved by assuming objects 
are particles 

 Write the equations of motion for systems of particles 
 Determine the most convenient approach for solving a 

particle dynamics problem. 
 State and justify all assumptions.  

HW / CP 12 [CLO 1-
5,7] 

RAT 12 [CLO 1-5,7] 

ICA 12 [ALL CLOs] 

 

General feedback 

Your input is essential for maintaining and improving the quality of this course material for future 
offerings, e.g., course content, typos, assignments, readings, course design. Email your 
comments to any instructor.  Your input will also be solicited in course evaluation surveys.  
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Important information 

Your instructors are your first point of contact.  Their contact information can be found at the 
top of this document. If you have questions about this course during the semester, contact your 
instructors.  Please use email as the primary means of content, and be sure to allow 24 hours 
for a response.  


