
 

Greetings!  Springtime is nearly upon us, my ferrous friends.  The day grows slightly longer with each passing 

moment, and soon we shall arrive at the vernal equinox (March 21), at which point we can joyously say “We are 

now at the vernal equinox.”  New England may still be chilly, but it is a special chilliness that almost seems to say 

“Yes, you’re cold… but tomorrow you might be slightly less cold. Or, you may be colder.”  And best of all, of 

course, spring break is almost upon us!  It’s time to pour a steaming mug of cherry coke, grab a Red Sox cap, fire 

up a Dirty Dancing DVD, and snuggle up to this week’s WAD.  As you get to know WAD6, you’ll soon recognize 

that it’s rather tender and sensitive – nothing like the hyper social WAD5, the trendy and fashionable WAD4, or 

the psychotic WAD3.  WAD6 desperately needs your continual attention and support, as it has a mild case of 

asthma and sunburns quite easily.  Worse, it tends to get intimidated by all the Part Two project activities (it is 

really scared of noisy forging) and it finds 80s music “a bit over the top.”  Please be conscious of the vulnerable 

nature of WAD6.  Treat it kindly, show it a little bit of love, and it will return the favor. 

This is a transition week. On Monday, we’ll say a tearful goodbye to Part One. On Wednesday, we’ll start our 

new adventure: Part Two. 

# Due on Type of Activity Details 

1 M, 3/4, class Wrap-up Feedback + Clean-up + Reflections from project one 

2 M, 3/4, class Teaming survey Teaming survey 

3 T, 3/5, 7pm LLL Update your learning goals for the semester 

4 W, 3/6, class Reading Part Two Project Overview! 

5 W, 3/6, class History reading  

6 W, 3/6, class MatSci Reading Engineering Materials 2: chapters 1&2 

7 W, 3/6, end of class Team writing Project two proposal 

8 M, 3/11, 8am Exam “Exam” 5 



 

 

 

DUE DATE: Monday, March 4th, during class 

 

Oh yeah. Let’s get this transition week off to a good start!  

We have three activities that will allow us to accomplish this task: 
 

 Let’s clean up the lab. Your project bins should be clean and clear and under control. The leftover 

artifacts that you investigated should be either: thrown away, taken to your room as a token to remember 

Stuff to the end of your days, or recycled. Your tables should also be cleaned up.  

 Reflection. Let’s take some time to reflect on how the class is working for you as a learner. No need to 

write anything right now, just think about it for a bit. 

 Class feedback. We’ll have small discussion groups leading to a big class discussion. What’s working for 

you? What could be improved? 

 

 

DUE DATE:   Monday, March 4th, in class 

We’ll start Monday’s class with some teaming reflections. Please take 15 minutes to fill out this survey. The goal 

here is for you to reflect on your teaming experience: how did you do as a team, how did you do as an individual, 

how did your teammates do? How can we all improve in Part Two? 

 

 

DUE DATE:   Tuesday, March 5th, 7pm 

FORMAT:   Send an email to both Juliana@olin.edu and Robert.Martello@olin.edu.  

  Email subject: LastName_Goals2 (e.g.: Martello_Goals2) 

  Goals and assessment in the body of the email 

Do you remember the goal assignment from the start of the semester?  This is our chance to revisit, revise, 

revamp, and renew our devotion to these objectives! 

By 7pm Tuesday you need to reread your goals, assess how you are doing, and make any revisions that you think 

are appropriate.  Feel free to delete goals that no longer inspire you; add new goals that you forgot the first time, 

or reword something that is unclear, vague, or obsolete.  When you are finished, write a short (~3 sentence) 

assessment of how you are doing thus far: which goals are you achieving, which ones need more work, and what 

is your plan to achieve them?  Email the revised goals, as well as a brief assessment, to Rob and Juliana. 

 

 

DUE DATE:  Wednesday, March 6th, class time

https://docs.google.com/forms/d/1okE6jC3LZR7VyP3JVB64mSgkhT41QeawrnZu6ucWgnk/viewform
mailto:Juliana@olin.edu
mailto:Robert.Martello@olin.edu


 

 

 

DUE DATE:  Locate sources on Wednesday and start reading them 

This week you should locate and start reading the historical materials of highest relevance to your project – book 

chapters, articles, and other materials that you will locate with help from Rob.   

By the end of this week you should be envisioning a more specific poster that has a thesis, evidence, and a 

conclusion.  You are allowed to cite book chapters as a source, but you must find other evidence sources as well.  

What might you use? 

 Revere’s words are an excellent source of evidence.  You can look at Rob's chapters for Revere quotations, 

and then use footnotes to point you to the Revere Family Papers.  Also use the Revere Family Papers finding aid 

to find additional info. 

 Revere’s numbers are as good or better than his words.  Again, you can start with numerical data from Rob's  

chapters (the tables might prove useful) and if needed, let the citations point you to the Revere Family Papers.  

In addition, the finding aid and some of the other sources listed below might help you. 

 You can look at some Revere-era or older metallurgical texts to see other perspectives related to state-of-the-

art technology and techniques (including some images).  See the sources listed below. 

 You can also look for other sources of information, including the black binder or even the Library of 

Congress.  It all depends on what you seek.  Dee Magnoni can help you find new sources if needed! 

The following sections describe four places that you might look for historical evidence.  Feel free to ask Rob and 

Juliana if you are not sure of the relevance of any of these. 

 
READING ONE: Rob’s Chapters (Required) 

Each team has a primary chapter from Rob’s book that closely pertains to your topic, as well as secondary 

chapters that might apply as well.  This week we will identify and prioritize chapters for each group.  Read at 

least the first relevant chapter this week (see starred recommendation ratings preceding each entry below): 

 

 **** Chapters one and three deal with Revere's silverworking before and after the Revolutionary War, 

respectively. 

 ** Chapter two is a study of Revere's actions during the Revolutionary War, which might be of interest to 

groups looking at how the war changed his operations. 

 * Chapter four looks at iron casting, probably not terribly useful at this time. 

 **** Chapter five has a LOT of material in it: bells, cannon, and forging.  This chapter touches on many 

important issues. 

 ** Chapter six narrates his exciting transition to copper rolling. 

 **** Chapters seven and eight describe Revere's operations at the end of his career when he adopted 

many proto-industrial techniques.  Sections of these chapters describe his labor, capital, environmental, 

and technological practices, and the technology sections has subsections describing all of his operations 

(bell casting, forging, etc.) at the end of his career.  Do not skip these chapters, but definitely skim them! 

 
READING TWO: The Black Binder (Optional but recommended) 

AC413 is proud to host the black binder, which moves about the room with a whimsy worthy of Mark Somerville.  

 

The black binder contains the following photocopied articles: 

1. “An Outline of the Life and Works of Paul Revere” (old fashioned overview of his career, has some silver 
drawings that might be of use, but probably won’t) 



 

 

2. “The Pride Which Pervades thro every Class”: The Customers of Paul Revere (very useful for 

the silver groups if they care about his customers) 

3. The Revere Furnace (helpful for a bell group, and maybe for bolts and spikes/forging folks too) 

4. The Bells of Paul Revere (helpful… you guessed it … for a bell group) 

5. “The Plant of the Revere Copper Co.” (helpful for anyone who cares about his property in 

Canton, the environment in which he worked) 
 

If you are interested, please refer to the end of this document to read “The Legend of the Black Binder” (optional). 

 
READING THREE: Paul Revere: Artisan, Businessman, and Patriot (Optional. Most useful for silver and 

forging groups) 

Olin has a copy of Paul Revere: Artisan, Businessman, and Patriot in the library’s reserve section, under our class 

name, and two copies in the ever-expanding bookshelf in AC413.  This book has two chapters on silver, one 

chapter on copper rolling, a chapter on his lineage, and a chapter on freemasonry.  The silver groups will possibly 

find this helpful, the bolt and spike groups might find the copper rolling chapter mildly useful, anyone interested 

in Revere’s family will appreciate that chapter, and others need not apply.  This book is notorious for having the 

weakest binding of any book ever produced in the history of the human race.  We challenge you to read it, or 

even to speak or breathe in its general vicinity, without cracking the spine. 

 
READING FOUR: Older texts (You choose which one; though Diderot encyclopedia is highly 

recommended) 

The library (reserve section for our course) contains the following four books: 

 

1. On Divers Arts, by Theophilus (published in 1122 AD) 

2. The Pirotechnica, by Vannoccio Biringuccio (around 1540 AD) 

3. De Re Metallica, by Georgius Agricola (1556 AD) 

4. A Diderot Pictoral Encyclopedia of Trades and Industry, by Denis Diderot (1751 AD) 

 

These primary sources offer snapshots of metalworking knowledge at different times and in different places.  

Anyone looking for images can do no better than the Diderot encyclopedia, which is also very close to Revere’s 

time period.  Diderot includes materials on silver, iron, bells, and cannon.  Although the other works are far 

earlier that Revere, there are many ways you might make use of the image or the technical and scientific 

explanations. 

 
OUTCOME OF ALL THIS READING: Evidence Gathering! 

Throughout all of these readings you should capture relevant information in the form of citations (remember the 

citations in Project One?  Just like those).  Quotes, images, and statistics (numerical information) are most useful 

here, but you should also paraphrase info that is helpful.  See Exam Question five below (it asks you to collect 

citations as a group) and get started early!  

 

 



 

 

 

DUE DATE:  Wednesday, March 6th, class time 

Engineering Materials 2, Chapter 1 (pages 3-14) & Chapter 2 (pages 15-31) 
 Tutorial: Please take a look at the “Casting and Recrystallization” tutorial here.  

 Chapter 1: Metals 

 Chapter 2: Metal structures 

This reading is our introduction to Part Two and should help you understand the projects that are available, what 

they might entail, and what sorts of questions would be interesting.  

In the tutorial you’ll find animations and explanations of casting, forging, rolling, extrusion, drawing and 

welding. These should help you understand why and when these processes are used.  

In chapter 1 we get a very nice introduction to metals and their alloys through some real-world examples. As you 

read this, consider the importance of alloying to engineering. Can you imagine if we were left using “pristine” 

metals exclusively? Also, consider the weight percentages (wt%) in the first three tables of the chapter. These are a 

nice example of how a small change in composition can lead to huge differences in properties and (therefore) 

applications that materials are good for. If there is one big idea in this chapter, it is that there structure-sensitive 

and structure-insensitive properties: 

 Structure-sensitive: yield and tensile strength, ductility, fracture toughness, hardness, creep and fatigue 

strength, corrosion resistance, thermal conductivity, electrical conductivity. 

 Structure-insensitive: density, modulus, Poisson’s ratio, thermal expansion and specific heat. 

The super-duper-secret goal of part two is for you to explore structure-sensitive properties. You will be 

altering the structure of metals by controlling their composition and their processing. The processing that is 

available to you is described in the tutorial. The effect of composition is what we’ll deal with next.  

In chapter 2 we start learning of ways to control the structure of metals. I was actually really impressed by Table 

2.1, which shows the size ranges of structural features going from the nuclear structure (scale ~10e-15 m) to the 

engineering structures (scale ~10e-3 – 10e3m). I’ll actually just copy the table here so we can talk about it in detail: 

Structural features Typical length scale [m] Notes 

Nuclear structure 10e-15 
Cannot really control 

Atomic structure 10e-10 

Crystal or glass structure 10e-9 

This is the money range! We can 

control these structural features to 

control properties! 

Structure of solutions or compounds 10e-9 

Structures of grain and phase boundaries 10e-8 

Shapes of grains and phases 10e-7 to 10e-3 

Aggregates of grains 10e-5 to 10e-2 

Engineering structures 10e-3 to 10e3 Can control through design 

http://textbooks.elsevier.com/manualsprotectedtextbooks/9780750663809/Static/casting/casting1a.htm


 

 

So in this project we care deeply about things that are bold and orange. The crystal and glass structures mention 

here should sound familiar: this is where all the f.c.c, b.c.c, etc. come in for crystal structures and the idea of a 

“disorganized” structure comes in to give us amorphous materials.  

Some pure metals have different structures at different temperatures: iron is the most widely cited example (fig 

2.1). This is called polymorphism. The unfortunate thing about polymorphism for pure metals is that is that you 

typically have to have your metals at high temperatures for them to change crystal structure. This is not very 

useful from a practical standpoint. Not very useful at all.  

One very cool trick that metallurgists use to get around this problem is turning metals into alloys. As we saw in 

chapter 1, by adding just a small percentage of another element, we can make alloys that have vastly different 

properties from the starting metal. This is so cool!  And so useful!  

I wrote a bunch of stuff about alloys and solubility limits and then realized that a picture would probably be 

helpful. So here you go: 

 

It turns out that metal crystals, amorphous metals, solid solutions and chemical compounds are phases. A phase 

is a region of a material that has uniform chemical and physical properties. A pure metal or a solid solution is a 

single phase! 



 

 

Typically, a single-phase metal is polycrystalline, which means that it is made up of millions of grains (or 

crystals) that meet at grain boundaries. The grain boundaries are shaped so as to minimize the energy of the 

system. They do this by forming into flat planes that meet at 120 . 

Grain boundaries are some very important properties: 

1. They have low bond density. 

2. They have a more open structure, leading to faster diffusion in the boundary plane.  

3. Because there is extra space, impurity atoms can dissolve in the boundary.  

a. This can lead to very high impurity concentrations at the grain boundary. 

b. High impurity concentrations can have a very damaging effect on fracture toughness (i.e.: the 

metal will fail *way before* you would expect it to. Oh noes! 

Now, if we are in the “beyond solubility limit” branch of the diagram above, we get a material with two-phases 

(typically denoted as   and ), which is going to have interphase boundaries: 

 

The interphase boundary energy (    for the   and   phases) and the grain boundary energy (   ) are going to 

determine the resulting shape of the grains. This is all going to be driven by the desire to minimize the energy of 

the system. This means that if the interphase boundary energy is isotropic, we are going to get spherical crystals. 

And if it is anisotropic, we will get plate-like crystals that grow preferentially in the low-energy planes. 

And this is all connected to your project two because: you will be working with alloys and examining their 

microstructures. When we examine microstructures, we polish samples and chemically etch them. When we etch 

them, we are basically attacking either specific phases or grain boundaries so that we can take a close look at the 

microstructure (check out the “exam”). 



 

 

 

DUE DATE:   Wednesday, March 6th, end of class 

FORMAT:   Send a group email to both Juliana@olin.edu and Robert.Martello@olin.edu.  

  Email subject: TeamName_Proposal (e.g.: ZizzleTwizzle_Proposal) 

 One per team 

 MS Word Document, filename: TeamName_Proposal.docx 

 cc your teammates so everyone has a copy  

 

The proposal gives you the opportunity to lay out a project plan and receive feedback from Juliana and Rob.   

We are *so* glad you have already read the Part Two Project Overview! This will make the proposal-writing task 

much easier!  Hooray.  We leave the content of the proposal to your esteemed discretion, and humbly ask that 

you include answers to the following questions: 

A. What are your team name, mascot or motto, and membership roster? 

B. What metal and fabrication process are you studying? 

C. What main question(s) are you trying to answer?  What are some smaller questions that might help you 

along the way?  These questions should integrate history and materials science. 

D. To the best of your knowledge, what will your experimental project approach be? We understand that 

you just started this project and don’t expect tons of details.   

E. Similarly, what historical evidence will you gather?  Please tell us: 

a. The PRIMARY sources that look interesting to you from the lists in section 5 of this WAD. 

b. The SECONDARY sources that you believe you will use (for Rob’s book please tell us which 

chapters, but look for other sources too) 

c. The Paul Revere context that is most relevant for your project: i.e., which themes or life 

experiences will inform this study? 

d. The larger context that you believe is most relevant for your project: which themes or trends in 

American history will inform this study? 

F. How will you use your time throughout the next four weeks?  This is an essential question and we would 

like a somewhat detailed answer.  You are welcome to answer this question graphically rather than 

verbally: for example, through a timeline or chart that displays major milestones and measures your 

progress. 

G. How will your team “divide and conquer” the many tasks needed for ultimate victory?  Who does what? 

a. How does this enable each of you to accomplish your goals? 

 

mailto:Juliana@olin.edu
mailto:Robert.Martello@olin.edu


 

 

 

DUE DATE:   Monday, March 11th, 8am 

FORMAT:   Email attachments to Juliana@olin.edu and Robert.Martello@olin.edu.  

  Each student must complete questions 1-4 alone and send your own email. 

  Subject: LastName_Exam5 

  Filename: LastName_Exam5.docx 

  Please complete question 5 as a team: 

 One per team 

 MS Word Document, filename: TeamName_Proposal_v2.docx 

 cc your teammates so everyone has a copy  

Ok. This is going to be extremely cool. We are very excited about this exam and we hope you find it fun.  

So it turns out that we’re not the only people in the world making connections between materials science and 

history of technology. Check out the MachuPicchu.pdf under Public > +Courses > Stuff of History. As you’ll see, 

this is a legit paper, published in a legit journal by some legit scholars at Yale. 

The purpose of this exercise is for you to learn from how Gordon and Knopf studied ancient artifacts and used 

materials science to come to conclusions about the technologies of the Incas. This paper often goes into too much 

detail. Please do not get bogged down by the details! Read the following questions first, then selectively read 

through the paper and answer to the best of your abilities. We will discuss the paper in class next Monday. 

Here are some useful words and concepts that might help you make sense of the paper.  

 Cupellation 

 Silver-Copper phase diagram:  

 In the diagram above, the single-phase regions are colored, while the two-phase regions are not. We’ll 

get into all the details of how to read phase diagrams next week. The eutectoid that the authors of the 

paper are so excited about is the composition of the point marked B. 

 

 

mailto:Juliana@olin.edu
mailto:Robert.Martello@olin.edu
http://www.langantiques.com/university/index.php/Cupellation


 

 

1. WRITING AND COMMUNICATION. You just finished your Part One paper. Good Job!  

This means you’ve thought long and hard about communication. As you read through this paper, 

consider whether or not this paper communicates effectively.  Write a brief answer to each of the 

following questions: 

A. Which aspects of this paper’s writing style (organization, clarity, connection of arguments and 

evidence…) are effective?  

B. Which aspects could have been more effective?  

A few sentences are all we need!  We’ll discuss your answers in class on Monday.  

 

2. CRYSTAL STRUCTURES. Here we are concerned with the crystal structures of Silver and Copper.  

A. Please find the crystal structure and lattice parameter for each of these metals.  

B. Based on their crystal structures and lattice parameters, what type of solid solution would you 

expect? Why? 

C. What type of interphase grain boundaries would you expect? Why? 

 

3. SILVER ARTIFACTS. This article considers multiple Incan artifacts. Please choose an artifact for this 

question: Metal Bar or Head Band. 

A. What is the composition of this artifact? 

B. Copper and silver are the main elements in this system. The authors speak of the α-phase and the 

β-phase. What is the main component of each of these phases? How do you know? 

C. Copper and silver are the two main components, but arsenic, tin and lead are also present. Are 

they distributed uniformly throughout the microstructure (the α-phase and the β-phase)? Why or 

why not? Can you find any evidence (outside of this paper) that would explain this distribution? 

D. The authors of this paper are very interested in the processing used in making the artifacts (types 

of processing should be familiar to you from this week’s tutorial). Do the authors find evidence of 

processing in the artifact? If so, what type(s) of evidence? What experimental technique(s) did 

they use to collect the evidence? 

E. The authors are also interested in surface properties, as they affect the appearance of the artifacts. 

How do they investigate surface finish? What evidence do they use for this part of the study?  

 

4. REPRODUCTION ALLOYS. Much like you are about to do in Part Two, the authors of this paper tried 

to learn about Incan metallurgy by reproducing their work in the lab. Let’s take a moment to learn from 

their efforts.  

A. What were the authors' goals? How did they approach the investigation? What sorts of evidence 

did they collect? How did they relate this evidence back to the Incas? 

B. There are several types of techniques that we, as materials scientists, have access to: we can apply 

mechanical processes, thermal processes and chemical processes to control the structure of 

materials. Please identify one or two processes of each type that were used in this part of the 

study and why they were used.  

C. The authors are also very interested in properties. What properties did they measure? How did 

they measure them? Why? 

D. At this point, you know what metal or alloy system you’ll be studying for Part Two. Please 

identify two experimental techniques or approaches that were used in this paper that you think 

will be relevant to your new project. Describe the techniques and possible ways to use them. 

 



 

 

5. PROPOSAL V2.  OK, you caught us.  This question is not connected to the MachuPicchu article at all, 

but it will help you with your Part Two Project.  

A. As a team, write a first draft of your project’s three story thesis.  The thesis should integrate 

history and materials science, and should guide your answers to questions B, C, and D below. 

B. As a team, please discuss your answers to 4D above and modify the experimental project 

approach of your proposal. We expect to see more details and more concrete connections 

between laboratory procedures and your project goals.  

C. We also want you to get an early start on evidence collection for your poster. Please collect at 

least EIGHT history citations from your readings this week. Use this to refine the historical 

evidence section of your proposal. You should now have a much better understanding of what 

sources you will use and a sense of how you will use them. Everyone must participate in the 

history reading and analysis. Everyone. 

D. We anticipate we’ll give you quick feedback on your proposal during Thursday’s class. Please 

incorporate this feedback into your proposal v2. By the end of this activity, you should have a 

plan for Part Two that is sure to succeed! 

 

  



 

 

Ages ago, when the Mesopotamians dominated the world,1 the dread queen Roliana cast her shadow over proud 

Uruk.  The blood and strength of Gilgamesh flowed through her veins, but she lacked the nobility of her mighty 

forbear.  Indeed, Roliana's cruelty was only exceeded by her ambition.  She was, indeed, bad to the bone. 

Roliana's legions knew no defeat, and it was said that divine providence turned their enemies’ spears to lacquer, 

while making their own weapons sharper than the Aztecs' obsidian.  It was even whispered that Roliana 

singlehandedly caused elaborate health care reforms to become law, bailed out a number of troubled financial 

institutions, and ate over nine pounds of Twix, all in the same day.  All agreed that neither stress nor strain had 

the slightest impact upon her.  With each victory her power and avarice grew, and soon even her most trusted 

advisors dared to wonder: what would happen to them, and indeed, to the world, when Roliana reigned 

supreme? 

On one cloudless March day, as Roliana led her legions to yet another triumph, the grand vizier Jub gambled his 

life on a risky venture.  Summoning his magical arts and his courage, he stealthily entered Roliana's tent in search 

of a charm or portent that might bring an end to the rising darkness.  Moments passed, time seemed to freeze, 

and Jub dared not breathe.  With trembling fingers he pushed aside a pile of Twix wrappers and his eyes settled 

upon the object of his search.  The black binder. 

(To be continued… but only if enough people express sufficient interest.)  

 

                                                           
1 Except for Japan of course. 


