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1 Introduction to the preliminary exam process

Welcome! You've survived your rst three semesters as a Ph.Btudent in the Department of
Chemical Engineering and Materials Science, congratulatis! Now, however, it's starting to
hit you that in just a few short months, you will be in the midst of the mysterious preliminary
exam process.

This guide has been prepared by members of this department@ouncil of Graduate
Students to help de-mystify this process and help you apprdptely prepare so that the
exam is not nearly as scary as it may appear at this point. Thed&ice presented in this
guide is by no means \o cial," nor is it the only way to approach the process. Itis, however,
the result of many years of graduate students taking, and psisig, this exam. Every person's
exam will be di erent, but by using this guide as a basis for yar preparation, you will be
well on your way to passing your exam and enjoying your summef freedom.

Before we dive into the exam process, we give a word of enc@gement. You are going
to pass. By saying this, we do not mean that you can blow o all ggparation and pass
with ying colors. We also do not want to say that if you appropiately prepare, you are
guaranteed to pass without running into any trouble. Howewe if you talk to older students
who have taken the exam, they will tell you that all but one or o people from each class
make it through the process without much trouble.

Remember, you've successfully completed a di cult degrea ieither Chemical Engineer-
ing or Materials Science and have been accepted into one oéttop graduate programs in
the world. Not only were you accepted, but the department haspent a signi cant amount
of e ort and money on making sure you will be successful in thiprogram. You're also nearly
done with classes, and you're still ticking. Remember, noldg in the department or on your
committee wants you to fail. When you're in that exam room, ya may doubt this advice.
However, nobody is out to get you. Yes, they want to test you. &s, they will push you
hard. Yes, they may not appear happy with your answers. Theyra, however, invested in
your success, and want you to succeed in this program and inwyduture career. And if you
try, you will succeed.

With that said, we now present some information and advice ohow to y through the
preliminary exam process with ying colors.



2 Timetable for preparing for your preliminary exam

The following time-line is a rough guide for when each step tife preliminary exam process
should take place. Again, these dates are just a suggesti@s, each person's process will be
di erent. Specics on each of these points will be discussead later parts of this document.

End of spring semester

{ Receive instruction document, \In Preparation for the Doser," from your DGS.
Read this document carefully, as it contains a lot of usefuand required, infor-
mation.

{ Discuss potential committee members with your advisor.
Winter break - January

{ Draw random committee member from Julie Prince.

{ Ask potential committee members if they will serve on your comittee. Ask
readers if they will be willing to read your dossier.

{ Begin thinking about, in conjunction with your advisor, dates for your exam.
{ Complete the Degree Program Form

{ Write an outline for your dossier. You've now completed the &rdest part of your
dossier, starting it!

{ Set a dossier time-line with your advisor so that there is pigy of time to make
corrections before it is due.

February

{ By February, you should have a pretty rm date in mind for your oral exam.

{ Write your dossier!
March
{ A good goal for your dossier is to have a rough copy ready forwoadvisors to

look at by early March.

{ Leave plenty of time (2-3 weeks) for your advisor to look at yor dossier and for
you to make corrections.

{ Have friends look through your dossier, particularly ones o aren't experts in
your area of research.



{ Be sure to leave 2-3 days for printing and binding the dossiso you aren't up
late the night before.

April
{ Take a break. You've worked hard for the past few months on yowossier, and

you deserve a break.

{ Begin your orals presentation. It doesn't need to be nishetby April 10, but it's
a good idea to get a start and discuss it with your advisor.

{ Begin studying for the exam. Everybody has di erent study hhits. Some people
will be most comfortable if they study an entire month beforehe exam, while
others will only need one week. You know yourself best, so placcordingly.
But remember, almost everybody will procrastinate studyig, so leave some extra
bu er time in your schedule.

May - June
{ Polish your orals presentation by practicing in front of you group, your friends,
and your mirror.

{ Be in contact with your committee members during the week poeding your exam
to make sure they remember and will be there on time.

{ Secure paperwork for the exam.

{ Pass your exam!
After your exam
{ Make a copy of your signed paperwork (always be safe).
{ Turn in your paperwork immediately!!!
{ Plan an awesome orals party.

{ Relax.



3 Early preparation: Beginning the process

We may wish that the process is as easy as writing a paper, shogup for an exam, and
being done. While yes, these are the major components of theam process, there are many
smaller things which must be taken care of up to ve months befe your exam. By carefully
preparing for each of these steps early, you'll be able to fo& on writing, studying, and
practicing when crunch time arrives.

3.1 The preliminary exam committee

The oral exam committee consists of your advisor(s) and fowther faculty members. At
least two of these others must be from within the CEMS departant, and one must be from
outside the department. Additionally, one of your committe members is drawn at random.
You choose this committee member by going to Julie Prince arttawing a professor's name
from a hat. She will email you when she is ready to begin this pcess.

Although many students have fears about drawing unfamiliaor intimidating faculty
members, the main thing to focus on is the level at which you we the background for
your dossier. While you would expect all of the explicitly chsen faculty members to have a
general understanding of your research plan, it's possibleat your random member's area
of research is completely di erent. Therefore, a more basexplanation of the terms and
concepts in your background material may be needed.

After you have chosen your committee members, you should ¢aat your committee
members and ask them if they are willing to serve on your comttge. This includes your
random member, as some faculty may refuse to serve on a contgetwhere the research is
drastically di erent from what they do. After the members hase agreed to serve, you should
ask them which dates they will be available during the perioevhen you plan to take your
oral exam. Use this information to narrow down the dates aviaible for your exam and begin
to think of which date you would prefer.

Three of the department faculty members will read and evaluiea the dossier. One of these
is your advisor(s) and one is the random. The other reader shid be chosen by yourself and
your advisor. All of the readers should be asked in advancetifey are willing to evaluate
your dossier. Also ask the non-readers if they would like a@p of your dossier in advance,
as even though they are not o cially reading it, many faculty will appreciate this courtesy.

This part of the process should be completed in mid to late Jaary.



3.2 Scheduling your oral exam

Some people would say that this is the most di cult part of the preliminary exam; getting
ve or more professors into one room at one time, particulaylas the date gets pushed into the
summer. If one professor is particularly di cult to scheduk because of travel or sabbatical,
make it very clear to the other professors that you have a seeeschedule limitation because
of this. They may be more exible if it's clear that you're already having trouble.

You should begin trying to set the date of the exam as soon aswocommittee has
been set. Do this by requesting each professor suggest thetbdates and times for them,
then compile this yourself to come up with a set of possible s and times. For example,
one professor teaches most of the day Tuesday and Thursdayshresearch meetings on
Wednesday, and picks up his kids from day-care at 3:00PM eyedlay. Combine ve people
like this, and the available dates drastically shrink. The arlier you start this process, the
better o you will be.

Even in the best of cases, it's not unusual for a month-long ped of possibilities to
suddenly narrow down to a particular time on a particular day Don't worry about trying
to schedule your orals at a strategic time to a ect the outcora of the exam. Chances are
that you won't have that much control over it.

The oral exam should be scheduled with the graduate schoollive advance. According
to grad school rules, the committee must have two weeks to kkgour dossier before your
oral exam. Most people want at least a month to prepare anyhqwo the peak of oral exam
taking tends to occur in mid-May.

Schedule a room as soon as you have the time slot approved blyddlyour committee
members. To reserve a conference room in Amundson, visit t&&EMS web page for rooms
126, 182, and 210 or to Julie Murphy for room 385. If these rosrare all occupied, you
can reserve a classroom or conference room by calling the \énsity Room Scheduling o ce
at extension 5-6030. If you're in a room without a built-in dgital projector (126, 182, 210,
385), be sure to reserve one early from the CEMS web page.

3.3 Paperwork

As soon as your committee is set, you will have to Il out and dumit the \Degree Program
Transmittal Form". This form is available from the graduate school web site. Please see the
DGS instructions for further information.



4  Writing the dossier

The dossier is both a research proposal and a written exam. Btgeople have never written
such a signi cant document, and this task may seem intimidamg. By this point in time,
however, you have spent signi cant time doing research andstussing your future plans with
your advisor. Once the writing process has begun, most peemo not nd it challenging to
Il up the pages.

4.1 Preparing to write

The hardest part of writing your dossier is actually beginmig. Before diving into your rst
chapter, write a detailed outline of what you wish to cover, iad review this with your advisor.
Most people include a background section, a materials and theds section, and a future
work section. Presenting research results is a bonus, buti& not necessary to have a lot of
research already done.

Your dossier should be prepared using a typesetting progratimat you are most comfort-
able with. Most people use Microsoft Word, but a signi cant mmber of students, particularly
those who will be utilizing many references and/or equatia) choose another system known
as BTeX. Talk to members of your group as to what program they recomand. Your dossier
is a professional document, and thus should use proper refiecing and formatting styles.
Ask members of your group for suggestions about what sectsto include and how to format
the document. Senior students will have many good hints, su@s having larger margins on
the binding side, etc. Also, you should check the graduatehsml's thesis requirements and
use those as a guide.

4.2 What (and how much) to write

You should write your dossier to clearly explain what you plato do for your Ph.D. project,
and why it is relevant. Naturally, the style of the dossier wi vary from group to group, so
be sure to examine a few dossiers written by senior studentsyour group. If there are no
others in your group to lend guidance, talk to one of the senigtudents in the department.
Almost anyone will be willing to o er suggestions.

In an ideal world, the length of the dossier would not be as ingotant as how well written
it is. However, the lengths of dossiers vary widely, and predsors, being human, will notice
the thickness of the bundle of paper you give them. A reasonablength might be 70-100
pages, with a 10-12 point font and one and a half line spacinghis size conveys a sense of
weight, without being too long to read. If you need to go overhis limit, consider adding



less critical material as appendices. If you have not yet refaed this length, consider adding
more detail or additional topics.

4.3 Finishing the dossier

Most people start writing a dossier during mid to late Januay to allow plenty of time before
the April due date. Note that this includes a lot of time for research at the library, complete
changes, additions or cuts of entire sections, and possildge or more wild goose chases. It's
part of the learning process.

The dossier may go through many revisions and it's a good idéa ask advisors, senior
students, and classmates for help in editing, especiallyybu are not particularly uent in
English. You should try to have a rough draft complete at the bginning of March to allow
plenty of time for revisions. It is a very good idea to keep mtiple backup copies of your
dossier on hand, in case of computer failure.

When you have received your nal set of revisions from your atsor and have double
checked your spelling, grammar, gures, and references,mrout one copy of the dossier for
every person on your committee. Take these copies to a coppphsuch as a Kinko's or Alpha
Print and have them bound into an inexpensive plastic binde(spiral type recommended).
This process will cost about $5 per copy (more if you have thedo the copies for you) and
may take several hours to overnight. This part of the processone is su cient reason to try
and nish writing a few days early, so that you can beat the rus to the local shops. Make
sure that each copy has all of the pages and all of the gures.

When you're done, take the copies for CEMS professors to JilPrince and deliver the
others to the remaining professors on your committee. Oncaah of the three readers has
given their approval, and you have made any necessary coltiens, you can proceed to the
oral exam.

Your dossier readers are \required" to nish grading your desier at least one week prior
to your oral exam date. This is due to the fact that you are requed to turn in your written
exam paperwork to the graduate school one week prior to youxam. Most likely, at least
one of your readers will not be nished (or even have startedjrading on the due date. It
can be helpful to remind Julie Prince a few days before the d#lame, and she can gently
prompt the professors to nish on time.



5 Preparing for the oral exam

As we mentioned in the time-line, you should de nitely take amall break after nishing the
dossier; it will be well deserved. This is important, becaesfor the next month or so, you
will be multitasking, both preparing for your oral presentéion, and studying for the open
guestion and answer section.

The typical exam consists of a 30-35 minute research talk |lfmved by time for questions
concerning your talk from the committee members. After thisthe committee will ask you
to leave the room so that they can discuss what questions wile asked during the question
and answer session. When you return, the committee will tak80-60 minutes to ask you
general questions, after which they will ask you to leave theoom again. When you are
called back in, the committee will tell you the results of theexam.

5.1 The research presentation

The oral exam talk should last about 30-35 minutes and cover easonable amount of
material from your dossier. Your primary advisor is typicdly the chair of your committee,
and should set the rules for the exam before you begin your enxa\Well before the big day,
be sure to ask your advisor how he plans to run the exam, i.e. Iihe allow interruptions
for questions, or will they have to wait until the end. If interuptions are allowed, your
presentation will take much longer than you practiced, so kw for this. Again, styles of
presentation will vary from group to group, so these are onlgeneral guidelines.

You should plan on having a set amount of time per slide. Withhe exception of the
title slide, each slide should take between a minute and a mite and a half to cover. If the
slide is too short, consolidate it with another slide. If it akes longer, consider breaking the
slide into two parts or omitting some of that material.

You may end up making slides for your talk several times, butah't discard all of the old
slides. Bring them into the room with you for use as backups. H@nces are that someone
will ask you a question about something you decided to cut owtff your main talk, and these
backups can be invaluable tools for answering those quesi$o

Preparing your presentation can take a few weeks, and mostqume give two or three
practice talks, either to their advisor, their group, or a goup of classmates. It it particularly
important to present to your advisor at least once and to presnt to a group of non-experts
(classmates) at least once. Encourage people attending yquiactice talk to take notes and
give you critical feedback.



5.2 Question and answer session

After the professors have asked you for all the clari catiosthey want on your presentation,
they will begin to ask other questions, which can be extensis of your research proposal or
completely unrelated material. (And | do mean completely.)

Everybody has their own style of studying for exams, and onlyou know your own style.
Most people spend a solid month studying for this question dnanswer session, but many
students spend not much more than a week. An important thinga remember is that your
IQ drops by about 50% when you are standing in front of a chalklard and ve professors.
Be prepared to start answering di cult questions from the basic derivations, using facts that
you know you will not forget or get confused about under presee.

Also remember that the professors generally want you to passhey may give you hints,
which you should carefully consider. If you need a clari can on the question, don't be
afraid to ask, or suggest a reasonable assumption and see libues.

There are many ways to prepare, in addition to studying yourId textbooks and notes.
Review the sample questions located at the end of this docunbe Talk to older students who
have had members of your committee on their committees. Margrofessors typically ask
guestions from their area of expertise or from a class that yaook from them. But by no way
should you not study a certain subject because none of yournomittee members teach or
research in that subject. For example, one of the bio profess often asks control questions,
as that is his common ground between biology and chemical eémgering. Questions can
range from subjects covered as an undergrad to classes thatiytook in graduate school.

You and your classmates may wish to challenge each other tosaver di cult questions
in front of a board, as a con dence building exercise. Pracing at the chalk/marker board
is key. Some people focus on making the talk run smoothly, sbat the professors will be
impressed early on, making them less adversarial later. Qthstudents prepare lectures for
each other, acting as reviewers for each of the important spgets in their eld. Talk to
various students about their preparation to get more ideas.

Most of us ub a few questions in our orals. If you really messne up, calm down and
move on; it's more important to gather your wits for the next giestion.

6 The day of the exam

As your exam day approaches, you will inevitably become nems; this is completely normal.
It may help to recruit one of your classmates to be your \guideon the exam day, taking
care of small details such as setting up the projector, getty beverages, and calming you



down. You can always reciprocate when your friend's exam tencomes.
Below are some small, yet important, points to remember as ¢hbig day arrives:

Relax. Remember, all of those third-, fourth-, and fth-yea graduate students in the
department have gone through exactly the same things and sived. So will you.

Practice, practice, practice. You will be nervous on the dapf your exam, and will
likely be asked questions that you do not know. Do all that yowcan to at least be
comfortable with the things you do know.

Get a good night's sleep. No, your mother will not be there toemind you of this.
However, studying the night before your exam is probably pwiless. If you didn't learn
the material in the past six years, one more night isn't goingp help.

Dress up. Have a nice suit ready to go. If you don't have one,ithis a perfect excuse
to buy something simple, which could also be used later for epking at conferences or
interviews.

Wear comfortable shoes. You're going to be standing up for e hours, and a painful
foot can distract your thoughts.

See to your committee's comfort. Ask your advisor if it is apmpriate to bring bever-
ages (co ee, soda, water) and/or snacks for the committee mMmbers.

Be sure the room is in order at least 30 minutes before the exar@et up the projector
with laptop and make sure your presentation is displaying mperly. Make sure your
pointer has adequate batteries.

Relax.

If you think you know the answer to a question, answer it slowl This will take up
time, ensure that you don't mess up, and give yourself a break

When you're done answering a question, erase the whole boaldwly. You deserve
the break.

If you don't fully understand a question, don't just proceedblindly. Ask for the
guestion to be repeated di erently until you understand.

Watch your body language. Try not to say \ummm" too much, dont make annoying
noises with your pointer, and refrain from pacing.

10



A reservation is still a pass.

When you are done with your exam, you will have a form to turn ino the graduate
school. Do thisimmediately after your exam is nished. It's important.

7 Outcomes

When you are called back in after your exam, there are four psible outcomes:

Pass. This means you're done with the prelims and you're reado go on for a Ph.D.
Go throw a party. It's a department tradition.

Pass with reservation. This means that the committee wantsoy to do a few things
(e.g. write a few papers, take a class, TA for a class) as a cdmh for passing. You
have a few more minor hoops to jump through, but this is still gpass. Go throw a
party. It's a department tradition.

Recess. This is the downside of scheduling your orals suclatlone committee member
has to leave early. That member may decide that he still wantgu see you answer more
guestions, so the entire oral exam is paused, to be re-conedrat a later date. This is
one reason why it's bad to plan the party in advance... The send session may consist
of questions only, or the committee may ask that you re-deky your talk. Sometimes
orals are recessed because the student is clearly too dissed to function in the exam,
and this provides you with a chance to calm down, do some moreeparation, and try
again without any marks on your record.

Fail. This doesn't happen too often, and it's not necessayilthe end. Usually, if
a student fails his oral exam, he is o ered the chance to reidta the exam in three
months time. This second chance is apparently not a Grad Sablorule, but it is a
strong department tradition. If you pass the second time, foall intents and purposes,
it's as good as a pass on the rst time, just a lot more stresdfu In the unlikely
event that a student fails the second time (I have never seehis happen), he basically
converts his dossier into a master thesis, goes for an M.S.daleaves the department
for a job which pays three times as much as his grad student g&nd with far better
bene ts. That's the nice thing about being at this level of edcation. The consequences
of failure are not too bad in the grand scheme of things.
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8 Final thoughts

Simply being in this department says that you are as well preped for this as just about
any person on the planet. While the dossier and orals are sgayou can manage it, if you
prepare properly. Good luck and remember to take advantagé the department's resources
such as the CEMS-COGS.

12



A

Sample oral exam questions

Contained in this appendix are questions that have been aské¢o students during actual
preliminary exams. They are organized by the professor whaked them, so be sure to at
least practice the questions from your committee members.

Help the next generation of students by sending the questisryou were asked during
your exam to CEMS-COGS (cemscogs@cems.umn.edu) after yasg

Al

A.2

Prof. Barocas

Question: After working out in the gym, | like to sit in the steam room. Howv does
sitting in the steam room make me feel? Now | bring a fan into # steam room and
have it blow on me. How does this change how | feel? What is thelationship between
the speed of the fan and what | feel? Now imagine that instead going to the steam
room, | go into the sauna. How does this feel di erent to me? Agn, if | have a fan
blowing on me, how does the fan speed a ect how | feel?

Answer: Since steam is much hotter than your body, going into the stea room

will make you feel warmer. A fan blowing on you will create a termal boundary
layer (ignore momentum boundary layer). The faster the fanlbws, the thinner the

boundary layer is and the quicker the heat transfer is (you Wifeel warmer). This scales
asv'=, In the sauna, it is a dry heat. It will not feel as warm as in thesteam room (if
they are the same temperature) because you will be cooled hyeat evaporating from
your skin. The fan will have the same e ect in the sauna as in #tasteam room. You can
think of this problem as a horizontal at plate with a constart velocity, temperature

air stream owing over it at high speed.

Prof. Bates

Question: How would you change the design of the HPPD chamber to eject aone
mono-disperse particle size distribution?

Question: Given a random material, with no knowledge of what it is, how wuld you
determine a material's modulus apriori, without using expemental techniques?

Question: Given a spherical nanoparticle, and since you stated that aome size, the
nanoparticle would not be able to support a dislocation, whavould that size be and
please drive it quantitatively.

13



A3

A4

A5

A.6

Prof. Bischof (ME)

Question: Derive unsteady state energy equations for a 2-D space. Sothe PDE by
separation of variables. Which parts are homogeneous vs.nAbomogeneous. Describe
the nature of the time to approach 90% or steady state values.

Prof. Cussler

Question: Derive the species continuity equation for ow in a tube. Mak arguments
about convective and di usive transport terms depending othe ow conditions.

Prof. Davidson (ME)

Question: What is the contribution of your work to the literature?

Question: How does a thermocouple work?

Prof. Derby

Question: Assume that A is a square, symmetric matrix. Additionally, for any
nonzero vector,x, xYAx = > 0. Prove that the eigenvalues oA are positive.

Answer: This problem is solved on page 228 of Davis and Thomsamear Algebra
and Linear Operators in Engineering2000. You can decompose the arbitrary vectors
n

asx = ; iX;. Choose the vector; to be the eigenvectors ofA, as they are a
complete, orthogonal basis set. Then

XX ,

= i XPA X
i=1 j=1
XX ,

= i Xi j iX]
i=1 j=1
X

And since the norm is always positive, so must be.

Question: Derive temperature and material equations for and adiabatiCSTR. Draw
the graph for steady states on Conversion vs. residence tirgeaphs. Describe the re-
gion of stable vs. unstable steady states. For a single iratitemperature and residence

14



A7

A.8

A9

time, there are three stead states { draw the phase plot of atictor vs. repeller stead
states, and describe the eigenvectors.

Prof. Flickinger

Question: Draw a peptide bond. What properties does the peptide bond ha?
(planar, very stable, etc.) What kind of enzyme breaks this é&nd? (protease) Draw
the mechanism of bond cleave with a serine protease. How caive product formation

of peptides from amino acids or amino acid analogs using peaises? (some answers:
Use a non-aqueous medium, precipitate or drive o desired @duct in some way) Name
a commercial enzymatic process that uses precipitation asv@eans of driving product
formation under agueous conditions. (Aspartame productig

Prof. Francis

Question: Draw the Fe-C phase diagram. Indicate all phases and tripleomts.
Relative temperatures are good to know, too.

Question:  Which is the stronger/tougher powder metallurgy allow: onewhere the
elements were separate and then mixed and fully sintered, one where the alloying
elements were mixed, then ground into the powder and then fylsintered?

Question: Draw the NaCl crystal structure and know something about théonding.

Question: Draw an H vs. T plot labeling the di erent phases of a metal andvhat
the head capacity is.

Question: What are the rst and second laws of thermodynamics and wherdoes
each term come from?

Question: Relate surface energy in terms of sauntering particles tager.

Prof. Frisbie

Question: Draw speci ¢ volume temperature diagrams for a polymeric narial, for a
semi-crystalline material, and for a crystalline materia{also indicate the slope changes,
what does it correspond to, etc.).

Question: What are the band diagrams for a conductor, semiconductornd insulator.

Question: How do you make p-type, n-type semiconductors?
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A.10 Prof. Gerberich

Question: Derive an equation for the image force on a dislocation. In wdin material
are image forces more important, silicon or copper?

Question: Draw the iron-carbon phase diagram. What is the di erence heeen the
eutectic and eutectoid points?

Question: Creep types, equations, what are the di erences between tie explain
the variables in the equations.

Question: Derive the energy of a screw dislocation. What is the core egg of the

dislocation?

A.11 Prof. Kaznessis

Question: Design an experiment to measure the partial molar excess batpy of two
liquids.

Answer: Solved using the Gibbs-Duhem equation.

A.12 Prof. Kortshagen

Question: During nanoparticle formation in a plasma system, particle must reach
some critical size in order to survive. Explain this.

A.13 Prof. Kumar

Question: Buckingham pi theorem

Question: The Graetz problem

A.14 Prof. Leighton

Question: Derive and explain Bragg's Law.

A.15 Prof. Lodge

Question: Given a composition pro le, how would it evolve over time? Wht are the
relevant dimensionless numbers and what do they mean phyalig?
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Question: Mathematics of dierential light scattering. Draw a sinusadal concen-
tration pro le over some length L. Imagine that time moves foward. What does the
concentration pro le look like a short time later? What abou at very long times?
Write out a set of PDEs and the initial and boundary conditiors would you need to
solve the problem.

A.16 Prof. Macosko

Question: Draw poly(methyl methacrylate) on the board (this was bargl mentioned
in my presentation).

Answer: Repeat unit: GsO,Hs.

CH;
j
[ CH, C ]n
j
O=C O CHsj;

Question: Write an equation for the shear modulus of a polymer in termsfanolecular
variables. Describe all of the variables.

Answer: G = RT=M,. G is the shear modulusR is the gas constant,T is the
temperature, andMy is the average molecular weight between entanglements.

Question: What is Einstein's Law of viscosity for a suspension of sphes? De ne
intrinsic viscosity.

A.17 Prof. McCormick

Question: You have a two-step reaction system that can be viewed as a gia ele-
mentary step. Under what conditions could you have a negagvapparent activation
energy? The rst element step is absorption oA+ ! A , and is in equilibrium
(assume QSS) the second step was ! B where this is the RLS. (The desorption
of B from the surface is fast.)

Answer: Write out the individual reaction rate terms. Assume QSS onpgeciesA .
Solve for the concentration of intermediatéd in terms of other known or measurable
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variables such as [0]. Eventually you solve to get a rate expression: [Rate of dip-
pearance of A] =kt [A] where thek;, term is composed oK éql, k,, and [ 0]. Then
depending on the relative size of G of Kgq and on the activation energy ok, you can
have a negative apparent activation energy fdt,. if the reaction is viewed as a single
elementary step reaction.

A.18 Prof. Norris

Question: How would a liquid drop interact with a rough surface?

Answer: Derive Young's equation for surface tension. Describe howe liquid would
wet surfaces of di erent roughness.

A.19 Prof. Shores

Question: What is the Debye temperature
Question: Draw a binary phase diagram and the activity at a certain temprature.

Question: XRD, hypothetical crystal that gives only one re ection.

A.20 Prof. Smyrl

Question:  Given three metals and two temperatures, draw the temperata and
concentration pro les. What variable needs to be plotted tomake the concentration
pro le continuous?

A.21 Prof. Srienc

Question: How do you describe the stability of a linear set of equatiorat di erent
steady states?

Answer: Calculate the Jacobian of the system and evaluate and varissteady states.
Comment about what the eigenvalues of the system indicate abt stability at each
steady state.

Question: What is a feedback controller (describe and draw)? What mustou know
about the reactor to design the controller? What type of equéns do you use? Which
analysis technique can you use to solve this system. How istbutput related to the
input?
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Answer: Draw a feedback controller system on the board (reactor as ¢éolok, measure
output stream, feedback to control on input stream). You mushave a model (equa-
tions) to design the controller. These are dierential equigons (in time). Laplace
transforms are used for this analysis

Z,

F(s) = exp( st)f (x)dx:
0

In the Laplace domain, the ratio of the output to the input is the transformation
function.

Question: Who was Leo Szilard? What did he invent? What else did he invEh

A.22 Prof. Tsapatsis

Question: You have a point source entering a tube coated with a catalysiVhen the
species A reaches the wall of the reactor, it instantaneoysleacts to B. What are the
dimensionless numbers that describe this system? Prediaimbers in radial and axial
directions. What are the boundary conditions required to dwe this problem?

Question: Draw a CSTR. Write the mass balance for an isothermal, rst-oder reac-
tion. Can you have multiple steady states in this system? (No s it possible to have
multiple steady states in an isothermal CSTR? (Yes). Give aaxample of kinetics that
would lead to multiple steady states.

A.23 Prof. Wentzcovitch

Question: Draw a two component S-L phase diagram with eutectic point.

Question: Cv-T curves, Einstein model, Debye model.

A.24 Other good questions

Question: You have a CSTR (draw it on the board) with no reaction. Imagie that
the typical input is pure solvent. Att = 0, you have a pulse input that dumpsn moles
of protein into the tank. Plot the outlet concentration of the tank versus time. By
writing the concentration balance inside of the reactor, feme at what time the outlet
concentration will be 1% of the concentration at = 0. Now, imagine that you have
a PFR under the same conditions (pulse input). Plot the outlieconcentration versus
time. How have a recycle stream around the PFR. Plot the outteconcentration versus

19



time for a moderate recycle ratio. In the limit of a small PFR ad a high recycle ratio,
how will the plot change? Which transport phenomena are at wk in each of these
systems, and which dimensionless parameter relates them?

Answer: For the CSTR, the outlet concentration will be an exponentibdecay from
a maximum of C;o = n=V at t = 0. After writing the mass balance you can see that
the time for 99% decay iq = In(0:01). In the PFR, the concentration pro le will
be a spike att = . With the recycle stream, there will be repeated spikes dt= n
with their heights decreasing by the inverse of the recyclatio. In the limit, it will
look like an exponential decay. Diusion governs the CSTR wle convection governs
the PFR. The Peclet number governs this balance.

Question: Stokes Oscillating Plate. You have a semi-in nite uid bourded below
with a plate the oscillates in its own plane with frequencyl . Write the governing

equations for the uid ow in dimensional form on the board. Non-dimensionalize
the problem using appropriate scales. What are the boundargonditions? Which

analytical techniques would you use to solve this problem giseudo-steady state? Do
not solve it. Using the scalings you have chosen, how doessthbhoundary layer" height

scale? What is the time scale that it takes for the waves to ppagate into the uid?

Answer: The properly simpli ed governing equation is

@u @u

@t @y
the velocity scales byug, time by 1=!, vertical distance by . You can determine
that by choosing = ( =! )12, the problem will become parameterless. To solve the

problem you can use separation of variables, assuming that= f (y)exp(it). The
thickness for 99% decay goes as ( =! )*? and the wave velocity isc (! ).

Question: Imagine that you have a black-box system with a single streagpming in
at 4 bar and 20C. Two streams are leaving, the rst at 1 bar and -20C, the second
at 1 bar and 60C. How can you determine if this black box is thermodynamichl
possible?

Answer: Write a rst law balance for the system. Then write a second la balance.
Describe how you would calculate all of the variables. For ¢hsystem to be possible,
you must haveSge, 0.

Question: You are modeling a polymer or polymer solution Im (or coatig) using
continuum models. Estimate the thickness of this Im wherehie continuum assumption
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will be invalidated.

Answer: Once the Im thickness gets to be on the order of a couple of pwhers, this
assumption will not be good. We can (under)estimate this lgth by calculating the
characteristic size of a polymer molecule by calculating ¢hradius of gyration.

,  nk?
Re= &
. 2
1000 (0:4nmp 1000 inm? oo
6 10
Ry 10 nm

Here, b is the statistical segment length (characteristic size of polymer repeat unit)
and n is the number of repeat units.

Question: You have the recipe for a 1 pound meatloaf and the directionsit for a 1
hour cooking time. However, you want to make a 2 pound meatlband you don't have
your trusty meat thermometer with you. How long do you need taook this meatloaf?

Question: You have two glasses lled with equal volumes of apple and gra juice,
respectively. Take 1 teaspoon of the apple juice and placeiiit the grape juice. Stir
until well mixed. Now take a teaspoon of the apple-grape jugcmixture and place it
back into the apple juice. Stir well. Which cup contains mordiquid? Is there more
apple juice in the grape juice or more grape juice in the appjaice? What if instead
of apple and grape juice, the uids were water and ethanol?

Question: Two identical tanks are lled with the same amount of uid (near the top)
and are to be drained from the bottom. However, one tank has age attached to the
bottom instead of a simple hole. The outlets of both tanks ha/the same diameter.
Assuming that initially the uid is at rest, which tank will e mpty rst? What will the
velocities be at the bottom of the tank? What about at the botom of the pipe?
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