Name

MBSE Core Competency Exam

Wednesday, June 3, 2026
9:00 am — noon

Instructions:

* You have three hours in which to complete the exam.
* Answer all four questions — they all carry the same weight, and they all require
approximately the same effort and overall length of answer. Note that the questions are

arranged so that each appears on a separate page.

* Be sure to read each question carefully, and please ask for clarification if you don’t understand
the meaning.

» Please start your answer to each question on a new page. Additional sheets of paper are
provided. Be sure to number all pages, and write your name at the top of each page.

» Include all the details of your thought process, along with any sketches, graphs, equations,
and/or derivations needed to support your arguments. Be sure to label all sketches and graphs

clearly, define all variables that you use, and clearly state all relevant assumptions.

*  Your answers must contain only your own work. You may not consult any outside sources
(written, spoken, or electronic) during the exam.

* The use of calculators is not allowed in this exam. (They aren’t needed!)

*  You will find some potentially useful information at the end of this document.

Good luck!
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Question 1

Symmetry

Explain why symmetry is an important concept in Materials Science and Engineering. Your
answer should include several examples, and it should address the usefulness (applications) of
symmetry in

(a) the description of crystal structure,
(b) the elucidation of crystal structure, and

(c) the efficient description and characterization of anisotropic materials properties.
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Question 2

Hardness

What are the features of (i) a mechanically hard metal and (ii) a magnetically hard metal? What
are the microstructural characteristics that will make a metal (1) mechanically hard, or (ii)
magnetically hard? How / why do these mechanisms confer hardness?

Is it possible for a metal to simultaneously be (a) mechanically hard and magnetically hard, (b)
mechanically soft and magnetically soft, or (c) mechanically hard and magnetically soft?
Explain your answer carefully. For each of the cases (a)-(c), where would such metals be used?
How would you process the metal to achieve such combinations of properties?
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Question 3

Kinetics and thermodynamics

A newly developed single-atom platinum catalyst can potentially be used to make ammonia
combustion practical for industrial heat generation. This offers a carbon-free alternative for high
temperature applications such as steel refining, cement production, and chemical processing. The
platinum mediated reactions can be operated stably from 200 °C to 1100 °C while
simultaneously producing low levels of NOx.

(a) Discuss the catalyst role in facilitating the oxidation of ammonia. Include in your discussion
the steps required for the process to occur, and how you could use this information to
determine the rate of reaction for the process. In addition, how does the catalyst allow the
combustion to occur at 200 °C?

(b) The single-atom platinum catalysts are supported on 10% zirconia (ZrOz)-alumina (AL2O3).
Discuss the required properties of the catalyst support and why zirconia is added to alumina
for this application.

(c) How would you estimate the amount of energy elicited per gram of ammonia combusted with
10% excess air at 200 °C? How would you change your calculations if the reaction is
conducted at 1100 °C?

(d) If this reaction is used in steel recycling, how would you determine the energy required to
bring a low carbon steel from room temperature up to the final process temperature of 1600
°C?
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Question 4

X-ray diffraction

Why are 6—0 diffractometers more versatile than 626 diffractometers? Given the versatility
of 6—6 diffractometers, why do we still need 626 diffractometers?

You are planning to use x-ray diffraction to determine the average crystallite size in a fine
powder. Describe the steps that you would take to measure that quantity accurately, given the
possible presence of microstrain in the crystallites. State all your assumptions clearly.
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(Partial) Fe-C Phase Diagram
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