
MAE 2117— Engineering Computations 

Fall 2017 

Instructor:   Prof. Lorena A. Barba, Mechanical and Aerospace Engineering 

http://lorenabarba.com   |  @LorenaABarba  on Twitter |  Lab location: SEH 2100 

Office hours: Mon. 1–2 PM and Fri. 3–4 PM (SEH 2nd floor, open lab area). Also by appointment. Get in touch via the 
class Slack channel—you’ll join on the first day of classes. 

Syllabus 

Course schedule 

Class meets every Monday & Wednesday 11:10 AM–12:25 PM 

Location : SEH 1300 & 1400 . 

Course aim 

This course aims to create a foundation in computational thinking for engineers and to develop 
confidence in using coding to learn within diverse technical contexts. 

Learning objectives 

Students will ... 

1. recognize the value of “coding to learn” in data-based and technical subjects; 

2. apply numerical problem-solving with well-designed, correct computer programs; 

3. appreciate the approximations needed to numerically tackle problems modeled by differential 
equations, solve linear systems, analyze data; 

4. get acquainted with the scientific-computing tools offered by the Python ecosystem and the 
principles of open-source software development;  

5. gain experience documenting the fruits of their study. 
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Course philosophy 

The course philosophy is inspired by the ideas of Prof. Seymour Papert:  

The Power Principle: What comes first, "using" or "understanding"? The natural mode of learning 
is to first use, leading slowly to understanding. New ideas are a source of power to do something. 

Computational Thinking: Computers can help us think and learn. Programming is communicating 
with the computer, using a shared language, to think with it and work together to make 
discoveries and create knowledge. It is also a way of “thinking about thinking,” organizing our 
ideas to learn. 

Prerequisites 

This course is aimed at second-year engineering students. Formal pre-requisite:  MATH 1232 
(single variable calculus). 

The course will use the Python programming language, but previous knowledge of this 
language is not needed. You will learn as we go along, and we’ll provide help and many 
resources. No programming experience is assumed. 

Textbook 

There is no required textbook. The course materials prepared by the instructors are required 
reading.  Additional readings may be provided and assigned as coursework. 

Course content 

The course consists of stacked learning modules that are somewhat self-contained. Each 
module builds new concepts in technical computing, new coding skills and confidence in 
computational problem-solving.  

Module 1: Get data off the ground 

This course assumes no coding experience, so the first three lessons are focused on creating 
a foundation with Python programming constructs using essentially no mathematics. The 
fourth lesson introduces the basic data structure in scientific computing: arrays. The final 
lesson is a worked example of linear regression with real data. The lessons are:  

1. Interacting with Python— Background: What is Python? Idea of interpreted vs. compiled 
language. Why use Python? It is a general-purpose and high-productivity language. 
Getting started: interactive Python (IPython). Using Python as a calculator. New concepts: 
function, string, variables, assignment, type, special variables (True, False, None). 
Supported operations, logical operations. Reading error messages. 

2. Play with data in Jupyter—What is Jupyter? Working with Jupyter. Playing with Python 
strings: assignment, indexing, slicing. String methods: count, find, index, strip, 
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startswith, split. Play with Python lists: assignment, nested lists, indexing, slicing. 
String methods: append, index. List membership. Iteration with for-statements. 
Conditionals with if-statements. 

3. Strings and lists in action—A full example using what you learned in lessons 1 and 2: 
playing with a text file containing the MAE Bulletin (list of courses with their numbers, 
description, pre-requisites). Reading a data from a file. Cleaning and organizing text data. 

4. Play with NumPy arrays—Introducing two of the most important libraries for scientific 
computing with Python: NumPy and Matplotlib. Importing libraries. NumPy functions to 
create arrays: linspace, ones, zeros, empty, copy. Array operations. 

Multidimensional arrays. Performance advantage of arrays over lists. Drawing 2D line plots 
of array data. 

5. Linear regression with real data—A full worked example using real data of earth 
temperature over time. Step 1: reading data from a file. Step 2: plotting the data; making 
beautiful plots. Step 3: least-squares linear regression. Step 4: applying linear regression 
using NumPy. Split regression. 

PDF version to print: Engineering Computations Module 1: Get data off the ground. figshare. 
https://doi.org/10.6084/m9.figshare.5673454.v1 

Module 2: Take off with stats 

Hands-on data analysis with Python using a computational approach and real-life 
applications. 

1. Cheers! Stats with beers—Exploratory analysis using a data set of canned craft beers in 
the US. Introduces the pandas library and its data types: Data Frames and Series. Use 
pandas to read a data file, extract selected columns, and remove null values. Descriptive 
statistics: measures of central tendency and variability. Distribution plots: histograms with 
Matplotlib. Comparing with a normal distribution. 

2. Seeing stats in a new light—Continuing with the data set of canned craft beers, this 
lesson focuses on visualizing statistics. For quantitative data: histograms and box plots; for 
categorical data: bar plots. Visualizing multiple data with scatter plots and bubble charts. 

3. Lead in lipstick—A full worked example using what you learned in lessons 1 and 2: using 
data from studies by the US Food and Drug Administration on the lead content in lipstick, 
we fact-check alarming news headlines. Based on Prof. Kristin Sainani's lecture, "Exploring 
real data: lead in lipstick," of her Stanford Online course "Statistics in Medicine.” 

4. Life expectancy and wealth—A deeper dive into pandas for data analysis, using data of 
life expectancy and gross-domestic product (income) per capita over time, for various 
countries across the world. Grouping data for analysis and dataframe manipulation. 

PDF version to print: Engineering Computations Module 2: Take off with stats. figshare. 
https://doi.org/10.6084/m9.figshare.5673499.v1 
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Module 3: Fly at change in systems  

After the two foundation course modules, equipping you with the coding patterns for 
numerical computing, this module is our launching pad to investigate change, motion, and 
dynamics, using computational thinking. 

1. Catch things in motion—Working with images and videos in Python using `imageio`. 
Interactive Matplotlib figures in the notebook, and capturing mouse clicks on images for 
digitizing an object's position. Computing velocity and acceleration from position 
captures: a falling ball, and projectile motion. Computing numerical derivatives using 
differences. Free-fall acceleration from real data. 

2. Step to the future—Computing velocity and position from accelerometer data: a roller-
coaster ride. Using the `subplot()` function go draw more than one plot in the same figure. 
Euler's method for initial-value problems, and Taylor expansion showing first-order 
accuracy. The second-order differential model for an object in free fall written as two first-
order differential equations, leading to a vector form. General design of a code to solve 
ordinary differential equations (ODEs). Application to free fall of a tennis ball and 
comparison with experimental data. Improved model accounting for air resistance. 

3. Get with the oscillations—Differential model of a spring-mass system without friction: 
state vector and system in vector form. Amplitude growth with Euler's method on 
oscillatory systems, and the fix: Euler-Cromer method (semi-implicit Euler). Numerically 
observed order of accuracy using a convergence plot: numerical error with different time 
increments, Δt. Modified Euler's method, and observed order of accuracy. 

4. Bird's-eye view of mechanical vibrations—General spring-mass systems with damping 
and a driving force, revealing a variety of behaviors. Presents a powerful new method to 
study dynamical systems based on visualizing direction fields and trajectories in the 
phase plane. 

PDF version to print: Engineering Computations Module 3: Fly at change in systems. 
figshare. https://doi.org/10.6084/m9.figshare.5673526 

Why Python? 

Python is free. Python is a complete programming solution, with excellent interactive options and 
visualization tools. Python is a good learning language: it has easy syntax, it is interpreted and it 
has dynamic typing. Python has a large community: people post and answer each other's 
questions about Python all the time. Python is exploding in popularity and is used for teaching 
programming at the top schools. Python is used in industry; it is the rising star of the new data-
science field; it can help you get a job. 

Course technology 

In class, we will deploy SEAS-owned laptops to each student. These laptops run the Windows OS 
and have been configured with the following required software for this course: 
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1. A full Python distribution, via the Anaconda package. It includes Jupyter, the course’s central 
technology for interactive computing. 

2. A Windows command-line interface: git bash. 

If you wish to use your own laptop computer, you may. But please be advised that we are not 
able to provide IT support for your personal software installation. (We will try to help, if we can.) 

Course communication & collaboration 

We will use several online resources to share materials, work together and be connected outside 
of class meetings. Each one of these resources has its strengths and we combine them all to 
provide you with the best course experience. 

Sometimes, a student may complain: “I prefer everything in one place!”  But think about how 
many apps and services you use in your daily life, and how each serves a purpose. The same 
applies to learning in a digital world. We use these tools because they provide something unique 
to the course experience. 

If you are confused at first: just ask!  

Slack — https://slack.com — A messaging app used in many tech companies and in the open-
source-software world. On the first class, you will get an invitation to join our Slack team 
(engineerscode.slack.com) via email. You will use the following three channels:  
#mae2117class channel is for in-class messaging (questions and logistics);  
#mae2117homework channel is for student-to-student homework collaboration; 
#mae2117announce channel is for announcements (students should not post here, just listen). 

Box — https://gwu.account.box.com/login — The GW Box file sharing system. You log in with your 
GW single-sign-on credentials, and have access to unlimited space for storing files. Collaboration 
in Box is enabled by sharing folders and files with others within GW (using their shortened GW 
email addresses, i.e., user@gwu.edu). 

Socrative —  For in-class student responses and quizzes, using your own internet-enabled 
mobile device, or the lab computer.  

Go to: http://www.socrative.com/ & join ROOM: gwseas 

Cloud resources 

In class, you will have access to the SEAS-provided laptops. Outside of class, you will be able to 
work in one of the following cloud resources. 

GW Jupyter Hub —http://jupyter.lai.gwu.edu/ — Python on the cloud, via GW Library services—
deployed especially for this course! You can create, save, upload and edit Jupyter notebooks on 
this server, making them available to you from any computer or internet-enabled device, via 
browser. Use your GW credentials to log in.. 
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Microsoft Azure Notebooks — https://notebooks.azure.com —To share Jupyter notebooks that 
you can run on the Azure cloud, from any device. You can log in with your GW single-sign-on, 
thanks to the GW Office365 Pro subscription. 

How to work with the course materials 

This course orbits around sets of Jupyter Notebooks, created as learning objects, documents, 
discussion springboards, artifacts for you to engage with the material. Each course module 
consists of four or five lessons, and each lesson is one Jupyter notebook, containing detailed 
notes and step-by-step code instructions.  

This is how you must work with the notebooks:  

Read along, like a textbook, and take handwritten notes as you do. Follow all the 
mathematical derivations, and look up things that you are confused with. You can execute the 
embedded code, play with it, change things and see what happens. But it’s important that 
you write your own version of the codes, either in a clean notebook or as a Python script. 

Student work expectations 

This is a 3-credit course, and you are expected to work 3 hours outside of class, for every hour 
we meet in class. That’s between 8 and 9 hours of personal work every week! Be sure to plan 
this into your weekly schedule. 

Assessment policies 

Please note that we may make some changes, of which you will be informed as soon as possible. 
The plan is to assess the course based on quizzes (10%), student assignments (30%) and two 
exams (30% each).  

Attendance to class meetings is required and any absence needs to be excused by the 

instructor ahead of time. 

GOOHF cards 

Each student gets four “get-out-of-homework-free” cards, or GOOHF cards. You can use one card 
(by “claiming” it before the deadline) to get a one-day extension on any homework deadline. 
Once you run out of GOOHF cards, penalty for late assignments is one letter grade per day 
(equivalent to around 10 points off on a 100-point scale). We reserve the right to limit the number 
of GOOHF cards allowed for any given homework, to stay on calendar. 

Academic honor code & plagiarism 

You must, of course, be familiar with GW’s code of academic integrity. Find it at: https://
studentconduct.gwu.edu/code-academic-integrity 
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Among the examples of academic misconduct, plagiarism is a particular source of confusion for 
students. The simple rule is that you have to write your assignments yourself. You should never 
copy text verbatim from other sources, unless it is a quote which is properly marked as such and 
properly attributed. In your work, you must always include references to any sources you used. 

Please bear in mind the following extra guidance for your written assignments: 

‣ You can of course discuss your work with your classmates. This course encourages 
collaboration. But your assignments should be your own original writing and code. 

‣ Do not copy any text from a source. Always write your original text. Cite all your sources!! 

‣ Just to be clear: even one sentence copied verbatim from a source is considered 
plagiarism. 

‣ Google is your friend. And your worst enemy. Handle with care. 

You also must complete all the coding assignments individually, although collaboration is allowed 
and encouraged as you progress. Just don’t copy other people’s code. 

Code of conduct 

This course by design reflects the ethics of open-source software communities. This means that 
we value everyone’s participation, we strive for transparency and inclusion, and we promote 
collaboration. We want every student to have a rewarding, fruitful learning experience. To 
achieve this, everyone is expected to show courtesy and respect towards each other. The 
following Code of Conduct (CoC)  is agreed upon by those taking this course: 1

‣ All communication should be appropriate for a professional audience including people of 
many different backgrounds. 

‣ We will not tolerate harassment in the course, in person or online. Harassment refers to 
offensive verbal or written comments in reference to gender, sexual orientation, disability, 
physical appearance, body size, race, or religion; sexual images in public spaces; deliberate 
intimidation, stalking, following, harassing photography or recording, sustained disruption of 
class meetings, inappropriate physical contact, and unwelcome sexual attention. 

‣ Be kind to others. Do not insult or put down other participants. 

‣ Behave professionally. Avoid jokes that could be interpreted as sexist, racist, or exclusionary. 
Remember that humor is a social act  

  Adapted from the Software Carpentry CoC, itself evolved from those of PyCon and the Ada Initiative.1
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Observation of the course for research 

NOTICE: This course is being observed as part of a qualitative study of open educational 
practice at GW.  

At times throughout the semester, a GW researcher may reach out to you to collect data. These 
interviews or focus groups typically involve a limited amount of time, on a one-time basis, or can 
run for a few sessions. An announcement will be made to the class offering this opportunity to 
take part in this study. Your participation in such activities is completely voluntary, and you can 
choose to opt-out at any time.  

If you have any questions about the research you can reach out to Tara Lifland at 
taralifland@gmail.com.  
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