
NUCL 497/597:  Engineering Mathematics Using 

Mathematica 

 
Instructor:  Allen L. Garner, PhD, PE Course Information 

Office: NUCL 112A/BRK 2046 Fall 2017 

Phone: 765-494-0618 TU/TH 1630-1745 

Email: algarner@purdue.edu  Stanley Coulter277 

Office Hours: TU/TH 1230-1330 http://www.mathable.io/  

 

https://mycourses.purdue.edu/   

 
Grader:  TBD  

Office: TBD  

Phone: N/A  

Email: TBD  

Office Hours:   N/A  

Course Description 
This course will provide undergraduate students with the necessary knolwedge of 

engineering mathematics for future studies in nuclear engineering.  

 

Prerequisites (if needed) 
MA266 or equivalent 

 

Course Goals 
1) Apply advanced mathematical techniques to problems in engineering and natural 

sciences. 

2) Develop physical intuition of key mathematical tools and techniques. 

3) Apply the symbolic manipulation code Mathematica to fundamental mathematical 

techniques. 

4) Develop basic mathematical models for physical situations. 

 

Learning Objectives 
At the conclusion of the course, students will be able to (1) write and apply basic 

series expansions for solving physical problems, (2) Write and solve basic ordinary 

differential equations, (3) Interpret the solutions of coupled differential equations, 

(4) Explain physically and apply various operators for vector calculus, (5) Write, 

solve, and interpret the solutions of partial differential equations, (6) Apply these 

techniques to relevant problems in nuclear science and engineering. 
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Course Requirements 
Homework (40%).  3 exams (45%).  Final exam (15%). 
 

Required Texts 
1) K. F. Riley, M. P. Hobson, and S. J. Bence, Mathematical Methods for Physics 

and Engineering 3rd Edition, Cambridge University Press, 2006. 

2) http://www.mathable.io/ - Registration is required prior to the course. 

 

Policies 
General Course Policies 

Lecture time will mainly be spent working on computer homeowrk assignment with 

some time for reviewing the Literacy Sheets that are the basis for the quizzes. 

 

Grading 

A major portion of the grade involves detailed explanations of the homework 

solution.  Exams based on Literacy Sheets provide the key "paper-and-pencil" 

knowledge necessary for advanced engineering courses. 

 

Missed or Late Work 

Homework will generally be due through Mathable by 2359 (11:59 PM).  Coordinate 

with Prof. Garner for any potential late assignments. 

 

Purdue Honors Pledge: “As a boilermaker pursuing academic excellence, I 

pledge to be honest and true in all that I do. Accountable together - we are 

Purdue.”  

https://www.purdue.edu/provost/teachinglearning/honor-pledge.html   

 

Academic Dishonesty 

Working together is encouraged, but everyone must turn in his/her own assignment.  

Copying and pasting for classmates will not be tolerated.   Please refer to Purdue's 

statement on academic integrity 

(http://www.purdue.edu/purdue/about/integrity_statement.html) 

 

Purdue prohibits "dishonesty in connection with any University activity. Cheating, 

plagiarism, or knowingly furnishing false information to the University are examples 

of dishonesty." [Part 5, Section III-B-2-a, University Regulations] Furthermore, the 

University Senate has stipulated that "the commitment of acts of cheating, lying, and 

deceit in any of their diverse forms (such as the use of substitutes for taking 

examinations, the use of illegal cribs, plagiarism, and copying during examinations) 

is dishonest and must not be tolerated. Moreover, knowingly to aid and abet, directly 

or indirectly, other parties in committing dishonest acts is in itself dishonest." 

[University Senate Document 72-18, December 15, 1972] 
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Academic integrity is one of the highest values that Purdue University holds. 

Individuals are encouraged to alert university officials to potential breeches of 

this value by either emailing integrity@purdue.edu or by calling 765-494-

8778.  While information may be submitted anonymously, the more 

information that is submitted provides the greatest opportunity for the 

university to investigate the concern. 

 

 

Use of Copyrighted Materials 

Among the materials that may be protected by copyright law are the lectures, notes, and 

other material presented in class or as part of the course. Always assume the materials 

presented by an instructor are protected by copyright unless the instructor has stated 

otherwise. Students enrolled in, and authorized visitors to, Purdue University courses 

are permitted to take notes, which they may use for individual/group study or for other 

non-commercial purposes reasonably arising from enrollment in the course or the 

University generally. 

 

Notes taken in class are, however, generally considered to be “derivative works” of the 

instructor’s presentations and materials, and they are thus subject to the instructor’s 

copyright in such presentations and materials. No individual is permitted to sell or 

otherwise barter notes, either to other students or to any commercial concern, for a 

course without the express written permission of the course instructor. To obtain 

permission to sell or barter notes, the individual wishing to sell or barter the notes must 

be registered in the course or must be an approved visitor to the class. Course instructors 

may choose to grant or not grant such permission at their own discretion, and may 

require a review of the notes prior to their being sold or bartered. If they do grant such 

permission, they may revoke it at any time, if they so choose. 

 

 

Plagiarism 

Plagiarism is defined in “Academic Integrity:  A Guide for Students” 

(http://www.purdue.edu/studentsuccess/orientation/bgr/classroom/05-

Wednesday%20Morning-Academic%20Integrity.pptm) as follows: 

“Plagiarism is a special kind of academic dishonesty in which one person steals 

another person's ideas or words and falsely presents them as the plagiarist's own 

product. This is most likely to occur in the following ways: 

• using the exact language of someone else without the use of quotation marks 

and without giving proper credit to the author  

• presenting the sequence of ideas or arranging the material of someone else 

even though such is expressed in one's own words, without giving appropriate 

acknowledgment  

• submitting a document written by someone else but representing it as one's 

own” 

Any document that includes plagiarized materials will receive a grade of zero. 
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Attendance 

Student attendance at the labs and lectures is critical for learning the material.  Most 

learning will occur in the lab due to interactions among the students and with the 

instructor and this cannot be replaced by not attending class. 

Students are expected to be present for every meeting of the classes in which they are 

enrolled. Only the instructor can excuse a student from a course requirement or 

responsibility. When conflicts or absences can be anticipated, such as for many 

University sponsored activities and religious observations, the student should inform 

the instructor of the situation as far in advance as possible…For unanticipated or 

emergency absences when advance notification to an instructor is not possible, the 

student should contact the instructor as soon as possible by email, or by contacting 

the main office that offers the course. When the student is unable to make direct 

contact with the instructor and is unable to leave word with the instructor’s 

department because of circumstances beyond the student’s control, and in cases of 

bereavement, the student or the student’s representative should contact the Office of 

the Dean of Students, 

The link to the complete policy and implications can be found at 

http://www.purdue.edu/studentregulations/regulations_procedures/classes.html. 

 

Grief Absence Policy for Students 

Purdue University recognizes that a time of bereavement is very difficult for a student. 

The University therefore provides the following rights to students facing the loss of a 

family member through the Grief Absence Policy for Students (GAPS). GAPS Policy: 

Students will be excused for funeral leave and given the opportunity to earn equivalent 

credit and to demonstrate evidence of meeting the learning outcomes for misses 

assignments or assessments in the event of the death of a member of the student’s family. 

 

Violent Behavior Policy 

Below is Purdue's policy prohibiting violent behavior. See the following website for 

additional information:  

http://www.purdue.edu/policies/pages/facilities_lands/i_2_3.shtml  

Purdue University is committed to providing a safe and secure campus environment for 

members of the university community. Purdue strives to create an educational 

environment for students and a work environment for employees that promote 

educational and career goals. Violent Behavior impedes such goals. Therefore, Violent 

Behavior is prohibited in or on any University Facility or while participating in any 

university activity. 

 

Emergencies 

In the event of a major campus emergency, course requirements, deadlines and 

grading percentages are subject to changes that may be necessitated by a revised 

semester calendar or other circumstances beyond the instructor’s control. Relevant 

changes to this course will be posted onto the course website or can be obtained by 

contacting the instructors or TAs via email or phone.  You are expected to read your 

@purdue.edu email on a frequent basis. 
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Students with Disabilities 

Purdue University is required to respond to the needs of the students with disabilities 

as outlined in both the Rehabilitation Act of 1973 and the Americans with Disabilities 

Act of 1990 through the provision of auxiliary aids and services that allow a student 

with a disability to fully access and participate in the programs, services, and activities 

at Purdue University. 

 

If you have a disability that requires special academic accommodation, please make 

an appointment to speak with me within the first three (3) weeks of the semester to 

discuss any adjustments.  It is important that we talk about this at the beginning of 

the semester.  It is the student's responsibility to notify the Disability Resource Center 

(http://www.purdue.edu/drc) of an impairment/condition that may require 

accommodations and/or classroom modifications.   

 

Counseling & Psychological Services (CAPS) 

Purdue University is committed to advancing the mental health and well-being of its 

students. If you or someone you know is feeling overwhelmed, depressed, and/or in need 

of support, services are available. For help, such individuals should contact Counseling 

and Psychological Services (CAPS) at (765)494-6995 and 

http://www.purdue.edu/caps/ during and after hours, on weekends and holidays, or 

through its counselors physically located in the Purdue University Student Health Center 

(PUSH) during business hours. 

 

Nondiscrimination  

Purdue University is committed to maintaining a community which recognizes and 

values the inherent worth and dignity of every person; fosters tolerance, sensitivity, 

understanding, and mutual respect among its members; and encourages each individual 

to strive to reach his or her own potential. In pursuit of its goal of academic excellence, 

the University seeks to develop and nurture diversity. The University believes that 

diversity among its many members strengthens the institution, stimulates creativity, 

promotes the exchange of ideas, and enriches campus life. 

 

Purdue University prohibits discrimination against any member of the University 

community on the basis of race, religion, color, sex, age, national origin or ancestry, 

genetic information, marital status, parental status, sexual orientation, gender identity 

and expression, disability, or status as a veteran. The University will conduct its 

programs, services and activities consistent with applicable federal, state and local laws, 

regulations and orders and in conformance with the procedures and limitations as set 

forth in Executive Memorandum No. D-1, which provides specific contractual rights and 

remedies. Any student who believes they have been discriminated against may visit 

www.purdue.edu/report-hate to submit a complaint to the Office of Institutional Equity. 

Information may be reported anonymously. 

 

  



 

NUCL497/597:  Engineering Mathematics Using Mathematica 

6 

Typical topics to discuss – See schedule for more details 
1) Growth  

a. Exponential growth 

b. Logistic growth 

c. Euler’s method 

d. Predator-Prey Model 

e. Parametric Plotting 

2) Integration  

a. Fundamental Formula 

b. Transforming Integrals 

c. Gauss-Green Formula 

d. Advanced Integration Tools 

3) Approximation  

a. Splines 

b. Expansions and Applications 

c. Taylor’s Series 

d. Power Series 

e. Convergence 

4) Vector Calculus  

a. Vectors 

b. Perpendicularity 

c. Gradient 

d. Vector fields and trajectories 

e. Flow measurements 

f. Sources, sinks, swirls, and singularities 

g. Transforming 2D and 3D integrals 

5) Differential Equations  

a. Exponential differential equation 

b. Forced oscillator differential equation 

c. Modern differential equation issues 

d. First order differential equations 

e. Systems and flows 

f. Eigenvectors and Eigenvalues for linear systems 

6) Partial Differential Equations  

a. Heat and Wave Equation 

b. Diffusion Equation 

c. Separation of variables 

7) Special functions 

8) Probability 

9) Linear algebra 
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Purdue University 
School of Nuclear Engineering 

NUCL 497/597 – Engineering Mathematics Using Mathematica 

Fall 2017 Mathematica Assignments + Exams 
 

 Date Topic Assignments/Exams 

1 22AUG #1: Introduction/Growth/Natural Logarithms & Exponents/Tools  

2 29AUG #2: Differential Equations/More Differential Equations/Modern Diff Eqs/ Heat and Wave  HW #1 due at 2359 on 29AUG 

3 05SEP #2: Differential Equations/More Differential Equations/Modern Diff Eqs/ Heat and Wave HW #2 due at 2359 on 07SEP 

4 12SEP 
#3: Parametric Plotting/Integrals/Fundamental Formula/Measurements/ Transforming 
Integrals 

HW #3 due at 2359 on 14SEP 

5 19SEP #4: 2D Integrals/More Tools/Expansions HW #4 due at 2359 on 21SEP 

6 26SEP #5 Using Expansions/Taylor’s Formula/Barriers to Convergence Exam #1 (HW#1-#3) in class on 26SEP 

7 03OCT 
#5: Using Expansions/Taylor’s Formula/Barriers to Convergence 
05OCT:  Special Function Lecture #1 

HW #5 due at 2359 on 03OCT 

8 10OCT 
11 and 13 OCT:  Special Function Lectures #2 and #3 
#6: Vectors Pointing the Way/Perpendicularity/The Gradient (Fall Break 09/10 OCT) 

 

9 17OCT #6: Vectors Pointing the Way/Perpendicularity/The Gradient Special Function Homework Due 17OCT 

10 24OCT #7: Vector Fields/Flow Measurements/Sources, Sinks, Swirls 
HW #6 due at 2359 on 25OCT 
Exam #2 (HW#4,#5, Functions) in class on 24OCT 

11 31OCT #7: Vector Fields/Flow Measurements/Sources, Sinks, Swirls HW #7 due at 2359 on 02NOV 

12 07NOV 
#8: Simulations/Tools for Data Analysis/Normal and Exponential Distributions/Central 
Limit Theorem/Binomial and Poisson Counting (No Class 07 or 09NOV) 

 

12 14NOV 
#8: Simulations/Tools for Data Analysis/Normal and Exponential Distributions/Central 
Limit Theorem/Binomial and Poisson Counting  

HW #8 due at 2359 on 14NOV 

13 14NOV #9: Eigenvalues and Eigenvectors/Similarity Transformation   

14 21NOV Thanksgiving! (No Class on 22NOV* and 23NOV)  

15 28NOV Review for Exam #3/Final/Exam #3  
HW #9 due at 2359 on 28NOV 
Exam #3 (HW#6-#9) in class on 30NOV 

16 05DEC Take Home Portion of Final: Matrices & Geometry Take Home Portion of Final due at Final 
 

Schedule subject to change! 
Final Exam:  Take Home Partial of the Final + Comprehensive Exam from HW #1-#9.  Date TBD. 
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Homework #1 
Growth (1):  2abfgh, 3b, 4a, 7 
Natural Logs and Exponentials (2):  2abde, 3ab, 4bd, 6 
Tools (5):  1be, 2, 3, 5 

Homework #2 

Differential Equations of Calculus (6):  2a, 3, 6b 
More Differential Equations (8):  2, 3, 4, 5cd, 6a 
Modern Differential Equation Issues (37):  1ace, 5, 7ab, 8ac 
Heat and Wave (42):  2ab, 3 

Homework #3 

Parametric Equations (9):  1, 2, 4abc, 6a 
Integrals (10):  1, 2bcd, 4, 6a 
Fundamental Formula (11):  1, 4, 6, 7 
Measurements (12):  1c, 2f 
Transforming Integrals (13):  1bd, 2, 3b 

Homework #4 
2D Integrals (14):  1, 2bce, 3, 5ai 
More tools (15):  1bc, 2aii, 2aiii, 3b, 4aii, 5, 6 
Expansions (18):  1 ci, cii, 1e, 2a, di, diii, eii, 3b, 4ab 

Homework #5 
Using Expansions (19):  1a, 2a, c, d, 3biii, 5a, 6, 9ae, 10d 
Taylor Series (20):  2, 3c, 4a 
Barriers (21):  1, 2a, 3, 6ai, 7, 9c 

Homework #6 
Vectors Point the Way (23):  1a, bi, c, d; 2ac, 3a; 4abc, diii, div, dv; 6a 
Perpendicularity (24):  1cd, 2c, 6ai,ii,iii; 9a, bi 
The Gradient (25):  1bc, 2b, 3b, ci, iii, 4a, bi, f, g 

Homework #7 
Vector Fields (26):  1, 2a, 3, 4ai, iii, b, d; 5ab, 8, 11d 
Flow Measurements (27):  1, 2, 3a, 6abcf 
Sources, Sinks, & Swirls (28): 1ai, bi, c; 2, 3efg, 4, 5de   

Homework #8 

Simulations (54):  1a 
Tools for Data Analysis (55): 1ab, 5a, 8ai, ii 
Normal and Exponential (58):  7a, 8c, 9aii 
Central Limit Theorem (61):  3, 6, 8 
Binomial and Poisson Counting (62):  2cf, 3, 4 

Homework #9 
Eigenvalues/Eigenvectors (40): 1ai,ii,iii; 2, 3abc, 4, 5, 8ai, ii; 9, 10, 12 
 

Take Home 
Portion of Final 

2D Matrices (44): 1ai-vii, 2, 5bc,6abc 
Aligners/Stretchers/Hangers (45): 1abcd, 3bcde, 4abd, 7 
SVD Analysis (46): 1, 3, 4gh, 5, 9 
3D Matrices (47): 1, 2ad, 6cd 
Spectral Theorem (52): 1, 2, 9 
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