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COURSE SYLLABUS 
ENGM 2101 Applied Vector Calculus 

Fall 2020 
 
CALENDAR DESCRIPTION 
This course covers space curves, arclength, curvature, functions of several variables, partial 
derivatives, implicit functions, constrained and unconstrained extrema, multiple integrals, line, 
surface, and volume integrals, change of variables in multiple integrals, scalar and vector fields, 
gradient, divergence and curl, Stokes Theorem, the Divergence Theorem, and applications to heat 
flow, electrostatics and fluid flow. Programming skills are developed using software tools to solve 
practical problems. 

 
COURSE OVERVIEW 
Calculations you need to make as an engineer involve scalar functions that depend on more than 
one variable, vectors that depend on at least one variable, and derivatives and integrals of these 
quantities. This course teaches you about such multivariate calculus by extending the single 
variable calculus you learned in 1st year. The course is divided into 4 topics:   
 
(I) Vector Functions of a Single Variable. How to characterize vectors that depend on a single 
input value (e.g. input is time and vector is position), including with the Frenet-Serret framework, 
and how to use calculus operations on such vectors to solve for practical quantities related to 
motion in space, including velocity, acceleration and distance.  
 
(II) Scalar Functions of Multiple Variables and their Derivatives. How to visualize functions that 
depend on more than one input value (e.g. inputs are spatial coordinates and function is 
temperature), and how to find derivatives of such functions in different directions. This includes 
using chain rule and adapting that for implicit functions. We will consider different applications, 
including rates of change, gradients, approximation, extreme values, and least-cost paths. 
 
(III) Integration of Scalar Functions of Multiple Variables, here considering only 2D flat areas and 
3D volumes. How to perform partial integration to compute potential functions, and how to 
perform multiple integration to compute various practical quantities (e.g. when spatially-varying 
density is integrated to yield total mass or center of mass). We will also cover how to deal with 
complicated integrals by changing orders of integration, applying piece-wise integration, and using 
transformations.  
 
(IV) Calculus of Fields (a.k.a. Vector Calculus). How to characterize derivatives of vector fields 
(e.g. temperature gradients, velocity, force) using divergence and curl, and how to integrate scalar 
fields, including those derived from vector fields, over curves and surfaces to evaluate quantities 
such as work, circulation, and flux. We also highlight the simplifications arising for special fields, 
and relationships described by the big 3 theorems: Green’s, Stokes’ and Divergence. 
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COURSE OBJECTIVES 
• Develop students’ conceptual understanding of multivariate scalars and vectors. 
• Train students to efficiently perform fundamental calculations with these quantities. 
• Introduce engineering-related applications of this knowledge and skills. 

 
LEARNING OUTCOMES 
Demonstrate competence in the 4 Topics above, i.e.  
1. Characterizing curves and motion in space 
2. Visualizing multivariate functions, and evaluating partial derivatives and related quantities. 
3. Deriving potential functions, and performing multiple integration in 2D and 3D. 
4. Evaluating divergence and curl, performing line and surface integrals, and recognizing when 

simplifications or alternative formulae can be used. 
 
INSTRUCTORS 
Dr. Wendy Gentleman, wendy.gentleman@dal.ca 
Josh Latka, josh.latka@dal.ca 
 
COURSE STRUCTURE 
Due to COVID-19, this course will be delivered remotely using Brightspace to provide all course 
materials, help, and test administration. Delivery will include both asynchronous (i.e. access at 
your convenience) and synchronous (i.e. live) components. All live components will be recorded 
and made available for students who are unable to attend at that time and/or want to review later. 
The planned course delivery is detailed below. This plan may be modified if the instructor decides 
that, based on student feedback and instructor observation, a change would improve delivery.  
 
Lectures  
In-person lectures (originally scheduled for 50 minutes, 3 times per week) were designed to explain 
the theory and provide illustrative examples. These have been replaced by (i) Lecture material 
posted in a folder for that date, and (ii) live Lecture check-ins occurring on the next lecture date.  
 
(i) Lecture material includes Lecture Recordings (15-30 minutes), with slides made available in 
case of internet bandwidth issues. These videos cover the same content as an in-person lecture, but 
are shorter because no time is spent writing notes or asking/answering questions. Watching the 
videos will likely take longer than the video length, because of pausing to take notes and/or re-
watching to ensure you assimilated the information. Additional files may also be posted in that 
day’s folder. This supplemental material is part of the lecture and you are responsible for it.  
 
(ii) Lecture check-ins will be held during the originally scheduled class time (i.e. 8:35-9:25 am 
MWF), and will focus on the previous lecture's content to ensure you have had a chance to view 
the material. These sessions provide you an opportunity to meet with your instructors in order to 
clarify confusions and discuss other related interests. 
 
Homework 
Each lecture's folder will also contain a Homework file that includes Lecture Take Homes and 
Practice Problems along with their answers. These enable you to assess whether you sufficiently 
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understood the lecture and can apply what you learned. Having difficulty will identify areas for 
which you need to invest further study and/or get help. Practice problems will not be graded, but 
knowing how to solve them is essential for understanding future lectures, and success on the tests.  
 
Discussion Boards  
Each lecture folder contains a link to an associated Discussion Board, where you can post your 
questions about the lecture and practice problems at any time. You may post anonymously if you 
feel shy about sharing your name with your question. Boards will be regularly monitored, and 
replies will be posted by instructors. Students are encouraged to regularly check these boards, and 
contribute answers and useful links when they know them.  
 
Question and Answer Help Sessions 
In-person tutorials (originally scheduled for 1hr 50 minutes, once per week) were intended to 
provide students help with the practice problems. These have been replaced live weekly Question 
and Answer help sessions, which will be held during the originally scheduled tutorial (i.e. 12:35-
2:25 F). These Q&As will not simply demonstrate the solutions, as you already have access to 
such passive learning via the worked-out examples in the lecture and other calculus resources. 
Instead Q&As will be active learning scenarios. You will share what you did, and where you got 
stuck. The instructor will help you recognize your mistakes and guide you to the correct solution. 
 
Additional Course Resources 
There is no required textbook for this course, but you are strongly encouraged to look at alternative 
explanations, worked-out examples and practice problems. Your 1st year Calculus textbook covers 
most of the topics in this course. If you are looking for other helpful texts, websites and videos, 
there is a Discussion Board dedicated to useful course resources. Some links are already provided, 
and you are encouraged to post additional useful references to help your classmates. 
 
Class Community 
In-person courses enable students to interact with one another and the professor before and after 
class. These interactions add to the enjoyment of the course, as well as enhance the opportunity 
for learning. Participating in the Discussion Boards, Lecture Check-ins and Q&As are ways to 
strengthen your connections to your classmates and instructors. There is also a team component to 
your tests as described below. To further foster a sense of community within our remote class, (i) 
The first 10 minutes of Lecture check-in and Q&A sessions will be dedicated to non-math 
discussion and sharing, and (ii) Each week there will be a new Discussion Board on a non-math 
topic. You are encouraged to suggest ideas for these non-math virtual conversations. 
 
ASSESSMENT 
In this class, there are no graded assignments, and no final or supplemental exam. 
 
Assessment will be made from 5 tests, each worth 20% of your final grade with the dates listed 
below. Test questions will not simply be slight variations of the practice problems as learning is 
not assessed by regurgitation. You will need to demonstrate that you can apply the knowledge 
and skills in a new context.  
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Tests will have both individual and team components. Your individual performance is the grade 
you receive on your test submission. After the test submission deadline, you will be randomly 
assigned to a team of students. Teams are charged with enabling members to better understand 
the concepts and calculations related to each test question. Students who need assistance benefit 
by getting help from team members who were successful in their learning and are in a unique 
position to mentor them. Students who met the learning outcomes benefit by deepening their 
understanding through learning to communicate it to others. Members will perform self and peer 
assessments aimed at identifying strengths and guiding further independent study. Your test 
grade will be 90% individual + 10% assessments. After the test, a sample of students will have a 
subsequent oral interview, and their entire team will be awarded bonus points on the test when 
that individual demonstrates success in post-test learning. 
 
Conversion of numeric grades to final letter grades follows the Dalhousie Common Grade Scale: 
 A+ (90-100) B+ (77-79) C+ (65-69) D (50-54) 
 A   (85-89) B  (73-76) C  (60-64) F (<50) 
 A-  (80-84) B- (70-72) C- (55-59) 
 
COURSE POLICIES 
You will need to view each lecture's Homework before you can view the next lecture. You also 
need to have viewed all Homeworks before you can start the corresponding test. Students who 
failed to attempt all Homeworks by the start of the test will not be given extensions on the test.  
 
Each individual test submission must include a signed certification of academic integrity. Failure 
to include this page with your test will result in a grade of zero on the test.  
 
If there is any question about students potentially cheating, their grades will be recorded as 
incomplete (INC) and the matter will be resolved by the university administration. 
 
Students may be selected for an oral interview to discuss their individual test performance. This 
interview may impact their grade for the test. 
 
Students who miss a test for an approved reason (e.g. because they are sick), will be given a make 
up test with a format and at a time of the instructor's choosing. If the approved reason is resolved 
in time, the student will be included in a team. If not, the student will have their own individual 
post-test interview the grade for which will replace the team grade. If the student misses more than 
one test for approved reasons, they will write a challenging comprehensive exam, which will 
include an oral interview component, and with that one exam grade replacing all the missed tests. 
If the reason for missing a test is not approved, the student will receive a grade of zero on that test. 
 
There is a specific test grading scheme, and that scheme will not be altered for one student. If a 
student wants to appeal a test mark, they must provide a clear explanation of the rational for the 
appeal, referring to specific question numbers and point values. It is student's responsibility to 
demonstrate that their answer is a valid solution. Any grade changes made as a result of this appeal 
process are final.  
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COURSE SCHEDULE 
Week Lecture 

Dates 
Topics and sub-topics covered in lecture 

1 Sep 9 Course Introduction 
Topic I: Vector Functions of a Single Variable 
Topic Introduction 
Space Curves 

Sep 11 Differentiation of vector functions 
2 Sep 14 Integration of vector functions 

Projectiles 
Distance (Arclength) 

Sep 16 Frenet Serret 
Normal and Tangential Acceleration   

Sep 18 Curvature & Torsion 
Frenet-Serret Summary 

3 Sep 21 Test 1: Individual 
Sep 23 Test 1: Team 
Sep 25 Topic II: Scalar Functions of Several Variables and their 

Derivatives 
Topic Intro 
Visualizing incl. level curves for f(x,y) 

4 Sep 28 Partial derivatives 
Sep 30 Chain Rule 

Implicit differentiation 
Oct 2 Gradient + Directional Derivative part 1 

5 Oct 5 Gradient part 2 
Linear approximations 

Oct 7 Test 2: Individual 
Oct 9 Test 2: Team 

6 Oct 12 Thanksgiving (No Class) 
Oct 14 Finding and Classifying Extrema part 1 
Oct 16 Classifying Extrema part 2 

Extrema subject to constraints 
7 Oct 19 Topic III: Multiple Integration of Scalar Functions of Several 

Variables 
Topic introduction 
Potential functions 
Double integrals on rectangular regions 

Oct 21 Double integrals on general regions 
Oct 23 Transformations in double integrals part 1 

8 Oct 26 Test 3: Individual 
Oct 28 Test 3: Team 
Oct 30 Transformations in double integrals part 2 

Triple integrals over rectangular prisms 
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9 Nov 2 Triple integrals over general volumes 
Transformations in triple integrals part 1 

Nov 4 Transformations in triple integrals part 2 
IV: Vector Calculus  
Topic introduction 

Nov 6 Divergence + Curl 
Special Fields 

X Nov 9 - 
Nov 13 

Study Break (no class) 

10 Nov  16 Fields and Curves 
Line integrals intro 

Nov 18 Test 4: Individual 
Nov 20 Test 4: Team 

11 Nov 23 Line integrals in vector fields 
Nov 25 Line integrals and special fields 

Examples 
Nov 27 Greens Theorems (2D) 

12 Nov 30 Surfaces revisited 
Surface integral introduction 
Surface integrals for flux 

Dec 2 Stokes theorem 
Dec 4 Divergence Theorem 

Integration Summary  
13 Dec 7 Test 5: Individual  

Dec 8 Test 5: Team 
 
 
UNIVERSITY POLICIES, STATEMENTS, GUIDELINES AND RESOURCES FOR SUPPORT 
This course is governed by the academic rules and regulations set forth in the University Calendar and the 
Senate. For details see https://academiccalendar.dal.ca/Catalog/ViewCatalog.aspx?pageid=viewcatalog 
 
ACADEMIC INTEGRITY 
At Dalhousie University, we are guided in all of our work by the values of academic integrity: honesty, 
trust, fairness, responsibility and respect (The Center for Academic Integrity, Duke University, 1999). As 
a student, you are required to demonstrate these values in all of the work you do. The University provides 
policies and procedures that every member of the university community is required to follow to ensure 
academic integrity. For details visit https://www.dal.ca/dept/university_secretariat/academic-
integrity.html 
 
ACCESSIBILITY  
The Advising and Access Centre and the Student Success Centre (Agricultural Campus) serve as 
Dalhousies centres for expertise on student accessibility and accommodation. Our work is governed by 
Dalhousies Student Accommodation Policy to best support the needs of Dalhousie students. Our team 
work with students who request accommodation as a result of: disability, religious obligation, an 
experienced barrier related to any other characteristic protected under Canadian Human Rights 
legislation. For details visit https://www.dal.ca/campus_life/academic-support/accessibility.html 
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STUDENT CODE OF CONDUCT  
Everyone at Dalhousie is expected to treat others with dignity and respect. The Code of Student Conduct 
allows Dalhousie to take disciplinary action if students don't follow this community expectation. When 
appropriate, violations of the code can be resolved in a reasonable and informal manner. If an informal 
resolution can't be reached, or would be inappropriate, procedures exist for formal dispute resolution. For 
details visit https://www.dal.ca/campus_life/safety-respect/student-rights-and-responsibilities/student-life-
policies/code-of-student-conduct.html 
 
ACCOMMODATION POLICY FOR STUDENTS  
Students may request accommodation as a result of barriers related to disability, religious obligation, or 
any characteristic protected under Canadian Human Rights legislation. The full text of Dalhousie’s 
Student Accommodation Policy can be accessed here: 
http://www.dal.ca/dept/university_secretariat/policies/academic/student-accommodation-policy-wef- sep-
-1--2014.html  
Students who require accommodation for classroom participation or the writing of tests and exams should 
make their request to the Advising and Access Services Centre (AASC) prior to or at the outset of the 
regular academic year. More information and the Request for Accommodation form are available at 
www.dal.ca/access.  
 
DIVERSITY AND INCLUSION CULTURE OF RESPECT  
Every person at Dalhousie has a right to be respected and safe. We believe inclusiveness is fundamental 
to education. We stand for equality. Dalhousie is strengthened in our diversity. We are a respectful and 
inclusive community. We are committed to being a place where everyone feels welcome and supported. 
For details visit https://www.dal.ca/cultureofrespect.html 
.  
RECOGNITION OF MIKMAQ TERRITORY 
Dalhousie University acknowledges that the University is located on Traditional Mikmaq Territory.  
The Elders in Residence program provides students with access to First Nations elders for guidance, 
counsel and support. Visit the office in the McCain Building (room 3037) contact the programs at 
elders@dal.ca or 902-494-6803.  
 
UNIVERSITY POLICIES AND PROGRAMS 
• Important Dates in the Academic Year (including add/drop dates) can be found at 
https://www.dal.ca/academics/important_dates.html 
• University Grading Practices: Statement of Principles and Procedures. For details visit 
https://www.dal.ca/dept/university_secretariat/policies/academic/grading-practices-policy.html 
• Scent-Free Program. For details visit https://www.dal.ca/dept/safety/programs-services/occupational-
safety/scent-free.html 
• Faculty Information: Student Self-Declaration of Absence. For details visit 
https://www.dal.ca/campus_life/safety-respect/student-rights-and-responsibilities/academic-
policies/student-absence/student-absence---for-faculty.html 
.  
LEARNING AND SUPPORT RESOURCES  
• General Academic Support Advising 
Halifax: Visit https://www.dal.ca/campus_life/academic-support/advising.html 
Truro: Visit https://www.dal.ca/about-dal/agricultural-campus/ssc/academic-support.html.  
• Fair Dealing Guidelines. For details visit https://libraries.dal.ca/services/copyright-
office/guidelines/fair-dealing-guidelines.html.  
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• Black Students. For details visit https://www.dal.ca/campus_life/communities/black-student-
advising.html  
• International Students. For details visit https://www.dal.ca/campus_life/international-centre.html  
• Indigenous Students. For details visit https://www.dal.ca/campus_life/communities/indigenous.html.  
• The Melda Murray Student Centre. For details visit 
https://www.dal.ca/faculty/engineering/mmsc.html 
• Library. For details visit https://libraries.dal.ca  
• Copyright Office. For details visit https://libraries.dal.ca/services/copyright-office.html.  
• E-Learning website https://www.dal.ca/dept/elearning.html.  
• Writing Centre. https://www.dal.ca/campus_life/academic-support/writing-and-study-skills.html.  
• Faculty or Departmental Advising Support: Studying for Success Program For details visit 
https://www.dal.ca/campus_life/academic-support/study-skills-and-tutoring.html 
• Student Finance page: Visit https://www.dal.ca/admissions/money_matters.html.  
 
STUDENT HEALTH AND WELLNESS RESOURCES  
• Student Health and Wellness. Visit https://www.dal.ca/campus_life/health-and-wellness/services-
support.html. 
• Student Services @ Sexton. Visit https://www.dal.ca/campus_life/academic-support/student-services-
sexton.html. 
• Online Resources for Students. For details visit https://www.dal.ca/campus_life/health-and-
wellness/online-resources.html.  
 
SAFETY 
• Biosafety. Visit https://www.dal.ca/dept/safety/programs-services/biosafety.html. 
• Research Laboratory Safety Policy Manual. Visit https://www.dal.ca/dept/safety/documents-policies-
procedures.html 
• Laboratory Chemical Safety Manual. Visit https://www.dal.ca/dept/safety/programs-
services/chemical-safety.html. 
• Radiation Safety Manual. Visit https://www.dal.ca/dept/safety/programs-services/radiation-
safety.html 
 
 


