Balancing Risks
in Research and

September 30, ]



This talk is a risk itself:

I'm getting too personal,
sound whimsical,
bragging, bitter or naiv.
But this is the topic and I
consider this part as an
experiment in taking
risks.






Outline

Having been in the position to balance
risks of teaching from the junior
faculty position perspective for a long
time, I might have something to say.
The talk is divided into to parts:

e Part I: Risks in Research

e Part II: Risks in Teaching



Part I
Research



Part I: Research

e Advisor
® [.etter writers
® T'opic

® Independence?



The Advisor
























What is the Moral of the
story!?









My Advisors

® Juergen Moser
Undergraduate advisor

e Oscar Lanford Graduate = i
advisor

e Barry Simon, my postdoc
advisor - o

Three Lions!
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Letter
Writers



This is a crucial thing

® several letters needed

® NO control what is
written

® one bad letter can be
devastating



Dear Search Committee Chair,

| am writing this letter for Mr. Still Student who has applied
for a position in your department. | should start by saying that
| cannot recommend him too highly. In fact, there is no other
student with whom | can adequately compare him,and | am
sure that the amount of mathematics he knows will surprise
you.

His dissertation is the sort of work you don't expect to see
these days. It definitely demonstrates his complete
capabilities.

In closing, let me say that you will be fortunate if you can get
him to work for you.

Sincerely,

A. D.Advisor (Prof.)
-- from MAA Focus Newsletter



Letter writers

A Primer of
Mathematical

Writing

Being & Disquisition on Having Your
Ideas Recorded, Typoser, Pabhlished,
Read, and Apprecianed

Steven G, Krantz

e can Mubcmatical Sockry

You have asked for my opinion on the
tenure, and promotion to Associate
Professor, of Dr. Aloysius K. Foofnar.
Dr. Foofnar is now six years from the
Ph.D., and in that time has produced
nothing but some rotten teaching
evaluations and a letter to the editor
of the Two-Year College

Math Journal. Based on that track
record, my opinion is that he is
worthy of neither tenure nor of
promotion.



My own experience

o Grants
® Postdocs
® Green card



Research
T'opic



Wish List

® Needs to be fresh
e But not too fresh
® Not too crowded

® Not too ambitious



Risks?

e Follow your dreams®
e Try hard problems®
e Work independently®

® Be ambitious?



MIT Seminar
Dangerous Ideas

http://www.ai.mit.edu/lab/dangerous-ideas/

Dangerous Ideas


http://www.ai.mit.edu/lab/dangerous-ideas/

Five Questions:

Why do | need to fear your work!?
Why should | enjoy your work !
What can | tell your mother from it?

What's your coolest discovery ?
What is the most recent discovery?



Fear®



IT HAS BEEN SAID THAT THE FIRST
WORLD WAR WAS THE CHEMISTS'

WAR BECAUSE MUSTARD GAS AND

CHLORINE WERE EMPLOYED FOR THE
FIRST TIME, AND THAT THE SECOND

WORLD WAR WAS THE PHYSICISTS®

WAR, BECAUSE THE ATOM BOMB WAS

DETONATED. SIMILARLY, IT HAS BEEN
ARGUED THAT THE THIRD WORLD WAR

wouLD BE THE MATHEMATICIANS'

WAR, BECAUSE MATHEMATICS WILL

HAVE CONTROL OVER THE NEXT GREAT
WEAPON OF WAR - INFORMATION.






Crgp‘coana]g SIS

IT STARTED A
LONG TIME AGO:

Hl AL KINDI (801-873) st

known recorded explanation of cryptanalysis

il ALTBASH (HEBREW)
CEsSAR (ROMAN)

UNTIL TODAY: THE
NSA IS THE
LARGEST Hl AL KINDI
EMPLOYER OF
MATHEMATICIANS
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]zxample 9./ immerms

aciuty THLEGRAM RECEIVED.

_.tor 1-8-88
state Dephe

- =,

- \'1
v — b —

| _ From 2nd from London ¥ 5747, Telegram
04 29/ L

“We intend to begin on the first of February
unrestricted submarine warfare. We shall endeavoe g.
in spite of this to keep the United States of

e mdTRO0,

america neutral. In the event of this not succeed- L 7
Bt e Mg g, bttt A i g
ing, we make Mexico & proposal of alliance on the '“"'f"'"”"""*'\?.“‘}*-\~f"~".,-, el ',.!*'L.fﬁlin.t%é"."“"-0.;:'\&'1"
GERMAN LEGATICK R et T
following basie: make war together, make peace KEXICO CITY SRR :S
together, generous financial support and an under- 130 008e AMOL 8601 1B -89 FATRE S SoRT ke 110, &,
: 18147 18222 21560 10247 11518 © 20677 13605 3494 © 14936 B
etending on our part that Mexico is to reconquer 9892 1 59C5- 11311, 1C362 10371 03027 21290 5183 - 39095 ‘3
Z3571 17504  112A9 18278 18101, 0317 0228 17094 4473 N
the lost territory in Texas, New Mexico, an ta2e4 22200 19452 21580 7893 556013918 8986 | 12137
arizona. The settlement in detail is left to you. 1333 4725 4458 5905 17160 f3851 4458 17149 14471 | 4708
13850 12224 €629 14001 7382 15857 67803 . 14218 - 36477
You will inform the President of the above most . SE7C 1783 ATROZ SE70 BB4 16102 15837 22801 17458
Ject 1TIeR 7446 =3e3e iszzz 7100 143317 18021 23845 -
gecretly as soon as the outbreak of war with the 31t 2I6NZ 22096 21604 4707 . 0497 Z24ei 20855 4377
United States of America is certain and add the SR IAun RERONLS000, MM R0 palang ANVSE: ook
e CBITH 195097 sg2n2’ 1 SR 6 22295
suggestion that he should, on his own initiative, 1043y 14816 4178 {6998 7 P

210G 212727 - 0346
wabde Japen to immediate sdherence and at the same s sy TIer

time mediate between Japan and ourselves. Please o144 2831 17920
call the President's attention to the fact that el s leneck
the ruthless employment of our submarines now o &
offers the prospect of compelling England in a gf;pqgc{h

ITAT T

few months to make pe&ce.” Slgned, 417 - mi ANk,

&

Sent from Germany to Washington to Mexico January 16,
1917



Enjoy?






Tell Mom?®



May 18, 2010

OMNIVIS:
3D Space and Camera Path Reconstruction
for Omnidirectional Vision

OMNIVIS

JARVAY M*O;
Oliver Knill Jeff Jose L.
oIeaE Parker Ramirez
Research Master in IT
Advisor
BExhibit

http://math.harvard.edu/” knill/3dscang/papers/index.html



http://math.harvard.edu/~knill/3dscan2/papers/index.html




Google Street View Video - Harvard
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Structure from Motion
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Florida, Original



Florida Scene, Gaussian Smoothing



Florida Scene, Curvature



Florida Scene, Gradient



Florida Scene, Tracking




Florida, different
Smoothing




Coolest
Discovery
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Most recent
problem



Spectra,

A = cos(nm a + m B)

nm












Curlicues



Theta function

f(a)= e " °
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More about risks:

e Unfortunately, most
failures in research are
not documented, except if
it 1s connected with
SUCCESS.



Stanford Grad
School of Business

“If you want to learn the secrets of success, it
seems perfectly reasonable to study successtul
people and organizations. But the research of
Jerker Denrell, an associate professor of
organizational behavior, suggests that studying
successes without also looking at failures tends
to create a misleading — 1f not entirely wrong
— picture of what 1t takes to succeed.”



Example: Cantor

Risky research Area:

Transfinite numbers
Foundation of mathematics
Cardinality

Fractals

Under Attack by traditional
mathemematics: VVeierstrass,
Kronecker

Cantor had several nervous breakdowns
and died 1918 in 2 mental instituation in
Halle an der Saale in Germany



Apropos:

The Black Theorem

whoever finds it, becomes mad.




Most logicians
however remained
sane



Other risks: Germaine

1776 —1831

Risk as a women to go
into Math.

Her parents forbid her to do math
Was as a pseudonym M. Le Blanc
at the Ecole Polytechnique since
women were not allowed to
attend.

Mathematicians like Lagrange, Gauss
supported her.



Part 11
Teaching
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II) In Teaching

e Technolog8y

o Copy right

® [Lecture

® Presentations

® Dogmas



Technology

® Benefits and risks of
technology in the
classroom



General teacher mistakes

Lack of preparation. Even routine calculus
problems need to be rehearsed.

Improvisation. Rely on improvisation skills
for lectures.

Difficulty. Assign too difficult problems as
homework.

Polititical correctness Use politically incor-
rect problems or jokes.

Lecture too long. The flow of lectures at
the college is interrupted. Students come too
late to the next class. Everybody has to wait.

Too late. Come too late to class. After clean-
ing the black board, collecting homework.

No interaction. Have no interaction or ac-

tivities during class. Students turn off.

Wrong lecture. Cover an other topic than
the other sections. The students can not do
the homework and later do not know the ma-
terial for the course wide exam.

Examples: a teacher takes a random 3x3 ma-
trix and goes onto the task to find the eigen-
values of thi . Row reduction leads to
mess, the c eristic polynomial has no ap-
parent root.

Example: In a multivariable calculus course,
an arc length computation which does not
work like for a Lissajou curve
(cos(5t), sin(7t)).

Example: Find the polytop with 12 edges
with fixed surface area and maximal volume
using Lagrange extremization.

Example: show slides with sexist joke. Also
politically statements can be trick
There a udents of almost

entation in the classroom.

Example: the teacher discusses with stu-
dents after class in the class room, while stu-
dents of the next class have to wait. The next
class gets delayed.

Example: At Harvard, classes start 7 min-
utes after the hour.

Example: Tuesday-Thursday calculus classes
at Harvard are 90 minutes. This is a long time
to keep the attention span.

Example: Basic definitions which are neces-

7 for the homework are not introducec

Outfit. Improper dressing can be a distrac-
tion. While in educational environments, al-
most everything goes, there are limits, like
avoiding coming barefoot. Rule of thumb:
have at least a shirt on ...

Untested technology. The use of technol-

ogy unfamiliar to the teacher can eat away
precious classroom time.

Misuse of technology. Each technology has
its own advantages. It is often difficult to
transfer one to an other.

Exceptions. Focus too early on exceptions.

Uninspiring. Showing lack of preparation
and enthusiasm. Why should people at all
come to class?

Ignore student questions. A teacher
brushes over a student question. Better: pos-
sibly repeat the question and answer carefully.
If the question is not clear, restate it. If the
answer is not known, refer to the next hour,
or give it as a challenge to the class.

Mumble. Instead of useing loud and clear
voice and speaking to the class, the teacher
mumbles to the blackboard.

Giving away solutions. Providing full solu-
tions to problems instead of hints to problems.
the solution. Instead, one can give hints, still
leaving the task of solving the problem to the
student.

Example: For male teach check trousers
after the bathroom. The range of acceptable
clothing or hairstyle certainly also depends on
the personality of the teacher and students are
quite tolerant. But clothing

become a distraction or an emba:

Example: it is annoying to watch somebody
fiddling with the computer, the overhead pro-
jector or trying to fix a line of Mathematica
code in front of the class.

Examples: 1) make slides by scanning a

ritten paper and show it with the over-
head projector. 2) take a PDF version of a
t and pull it into a power point presenta-
tion 3) use the overhead projector to sketch a
figure.

Example: ”the infimum of a set is not al-
ways smaller then the supremum of a set”.
State exceptional examples too early: like ex-
amples, where f., # f,». For nonmathemati-
cia h counter examples may be amusing
but have also a pathological touch.

Example: A teacher copies his notes word by
word onto the blackboard. : a teacher
copies problems from the book directly onto
the b

Example: Student: ”Could y

plain the last step again”.

sorry, we do not have time for that.

should have payed more attention to what I
just d”.

Example: A long computation is performed
on the blackboard. The class sees only the
back of the teacher. Worse, the teachers body
covers the written part.

Example: Compute fozw sin(x) dz. Hint 1:
Use sin?(z) — 1 = cos?(z) Hint 2: use this only
for one sin? and leave the other sin?. Hint 3:
use then a trigonometric identity.

istakes by Course-head



Lack of guidance. Syllabus, homework
problems, homework solutions, practice prob-
lems, quizzes are not available ahead of time.

Too much guidance. Too much advise like

detailed prescribed lecture scripts can kill the

innovation of the individual teacher. Some feel

just becoming a narrator of a script. Shar-

ing advise, tricks and experience is good but
hing is also a creative act.

Distributing the responsibility. Organi-

zation tasks can be shared with the section
leaders but ultimately, the course head has the
responsibility.

Use of CAs. CAs have about 15 hours per
week. Some volunteer to do more and are
happy to share more responsibility.

Change the syllabus. In service cours
calculus, there are some things which h:

be taught and which other department
quire to have included. While there is some
variation of the syllabus possible, it should be
fixed before the semester starts. The syllabus
should have flexibility in the time frame like
one or two hours to ”catch up”.

Examples: The homework assignment is
only fixed a day before class. Because a lec-
ture has to be tailored to make the homework
useful, the section leaders can not prepared
early enough.

Examples: Individual lecture-plans make of-
ten only sense for the teacher who prepares
the lecture. They often do not mention things
which are obvious. The most useless ”lecture
plan” is a list of the section titles which are
covered in the book. Better: point out pos-

5, student questions, common mis-
conceptions.

Examples: A section leader is assigned to
or a midterm and does not show up.
use midterms can not be repeated eas-

1edule, holidays, conflicts, lecture hall

even the final exam. CAs have to take their
own midterms and exams, usually just at the
time of the ulus midterms or ns. There
also seems to be a Harvard policy that un-
dergraduates are not allowed to grade exams.
This makes sense because some CAs will have
to grade the exams of their own friends.

Examples: Some section falls behind and all
other sections adapt to the p

section.

is spent with valuable discussion time and not
everything can be covered. In such a

has to ask the students to read the rest in the
book. It i r to anticipate that the hour
does not suffice for all the material, reduce the
complexity of the examples or students to
preread.

Mathematical teacher mistak

Ambiguous notation. Use ambiguous nota-
tion.

Uncommon notation. Use uncommon no-
tation.

Example: let v and w be vectors in space.
Define the parametrized surface r(u, v) = uv+
vw. Even so the difference between vectors
and real number: done by taking bold face
letter, such features can get lost on the black-
board.

Example: let «, 3,7 be points in the plane

and let P, @, R denote the line segments con-
necting them.

Unusual twists. Unusual orientation of co-
ordinate system.

Incorrect definitions. Give incorrect defini-
tions of mathematical concepts.

Overkill in rigor. Adapt the rigor to the
class.

Too difficult problems Give too difficult
problems without a hint.

Incorrect theorems State incorrect theo-
rems.

Example: use a left handed orientation
€1,€3,€E2.

Example: like a vector is an object with
length and orientation.

Example: a € — ¢ definition of continuity
ok for mathematicians and physisics, but not
appreciated by biochem majors for example.

Example: Calculate foﬁ/z log(sin(x)) dx
There is an easy solution to this problem, but
it is not easy to find. 99 percent of all students

7 frustrated when assigned this

Example: all extrema of f(x,y) under the
constraint g(x,y) = c are obtained at points,
where Vf = AVyg. (This is incorrectly stated
as a theorem in many text books.)

Course assistant mistakes

Not coming to class. It is not only to see
what material is covered, the CA should also
get a feel, what how students cope.

Not grading in time. Bringing homework
back too late is the biggest turn off.

Do not come to lectures.

Do not speak up. If something is not clear.

Copy homework from someone else.

Example: Real life example: A course assis-
tant worked for the second year. Feeling he
knows the material enough, fails to come to
lectures. He fired.

do it. The teaching fellows spend an afternoon
grading the papers.

General student mistakes

It is possible to learn mathematics by read-

ing the book. However, the brain does not
keep the information as reliably. Having seen
and heard the material makes it stick better.
In a time, whe raction (phone, Internet,
friends etc.) is tempting, it needs stamina to
make up the learning time away from class.

Most of the time, if something is not clear to
one student, it is not clear to the entire class

Mathematics is doing. The process
gling with a homework problem is important
too.



The most effective use of class room time is
to have already partly absorbed the material
before hand.

Come unprepared to class.

Sometimes, this happens unconsciously. A

Cheat during exams. student uses a calculator in an exam, where

none are allowed.

Mathematical student mistakes

f(?”/4si112(1r) cos(z) dr =
1/V2 2

u® du, where

Example:

Improper use of substitution. fsinSﬂ/ L2 G =
i u? du =,

u = sin(x), du = cos(x) dz.

Example: [7 1/z dz so that

Improper handling of indefinite integrals. -
; Jo 1/ dx = 0.

Matrix algebra issues: (A+B)2 = A2+ 2AB + B2

Wrong linearity of determinant: det(2A4) = 2det(A).

Too linear Inappropriate linearity:

Too commutative Inappropriate commuta-
tivity of composition:

A sin. A student ”sin” as a joke.

Inappropriate cancellations.

Unclear brackets. Example: 32

Example:

Unit confusion. 0.01$ — 1c.

Division by zero. Example:

SO T = :I:\/z.

A famous example: a = b implies

so that a? + a®> = a® + ab or 2a®

The manipulation a® — 2ab = a® + ab — 2ab
gives 2a® — 2ab = a® — ab. ,

2(a® —ab) = 1(a? —ab) and canceling (c

from both sides gives 1 = 2.

Square root errors

Signs in inequalities. Example: —a < —3 implies a < 3.

d
dx

Example:

Misconception about constants.

Integration by parts. Forget one integral.

Example: [ zcos(z) dz = xsin(z) — sin(z).

Example: Given the point (—1,—1). Find
the polar coordinates. We have r \/§ and
0 = arctan(—1/ — 1) = arctan(l) = 7 /4.

Polar coordinates. The inversion formula
for polar coordinates is not complete.

Example: This is a common trap for SAT
exams: because 0 < 02,1 < 12,2 < 22,3 < 32
one concludes = < z2.

An SAT pitfall. True facts for integers are
extrapolated to all real numbers.

Sloppiness about signs. Especially in con-

E le: [dz/(1—2)=log|l —=x 0.
nection with the chain rule. — ] ez ) o€ | | +C
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Mathematics in Movies

This is a collection of movie clips in which Mathematics appears. I'm collecting DVDs and VHS tapes of such movies. Date: March
This is a working document to be extended over time. I started this page during spring break 2006. See also the Soan e
page "Begin of lectures in college teaching" and "End of lectures in college teaching” and "Examples of good talks". by

To see the movies larger, to see it on the iphone or include it in a presentation, chose the quicktime ipod version, Oliver

which are files with .m4v extension. (Media RSS link).

In July [IMDbD link]

Theoretical and applied computation of
a free fall problem (Thanks to Andrew
Ranicki for the suggestion)

2000

Play the flash version (.swf). or watch
the quicktime file (.m4v)

Knill

Department of

The Knack ... and How
to Get It [IMDb link]

The angle of incidence is equal to
the angle or reflection (Thanks to
Andrew Ranicki for the suggestion)

1965

Play the flash version (.swf).
watch the quicktime file (.
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Level of Teaching

next shides recycled from
a talk of mine 1n

ICTCM Feb 15-18, 2006



Choice

The paradox of choice amplifies traditional dilemmas
a curriculum has, also without technology. This
happens on many levels, here are four:

I PEDAGOGICAL LEVEL
I PRESENTATION LEVEL
1 OBJECTIVE LEVEL

IV TOOL LEVEL



Pedagogical Level

applied 0 abstract




increasing level of difficulty

Presentation level

Discovery or inquiry based

Discussion or debate

Workshop or lab

Interactive lecture

Blackboard lecture

Powerpoint presentation



wDjective Level

Artistic
Entertaining

Social
Collaborative



Tool Level

Computer algebra systems Games

*Personal response systems Demonstrations
| Online tests *Emaﬂ support

1deo podcasts Instant messaging

Videos - Chat bots

. Teacher Wikis *Course Blogs

*Interactive online tools Projects

‘Powerpoint lectures 0Group work




An example by a
local logician

® Gerald Sacks:

® 1n the middle of each class, a previously
selected student would have to get up and
tell a joke. The joke had to be short,
funny, and 1noffensive



An episode told about
teacher of mine:

in 1982 90 years



Demonstrations



ciectronic, Circuit Educational & lesting vevices
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Multimedia

Here is a particularly risky part of a
presentation.



Apropos integrals:

From 2006-2008, the
first

search entry for
“Calculus™ on
google videos was



Calculus:

(1 .
ax = nax" |
£ » % Jr(u)nu

CGI[SOI‘GJ



so, in 2006, | had a
business idea:

Bikini Calculus for
the other gender:



VVhat is better
than calculus
bikini. It is calculus
bikini!
Here is part of
the legendary test shot 2006



WITHOUT B|I<|n| Calculus

Censored



Lecture

Profs Online: From FYI to TMI

In an effort to reach students in an informal setting, some professors get
personal

Published: Wednesday, February 25, 2009

nue o EEA

Oliver Knill Homepage

COURTESY JULIA B. HORNIG
Bookmark Oliver R. Knill's blog for all of your daily nipple flux and rollerblading video needs




Last Word

® Take risks. Ifif
things fail one can get
a 1ot out of it.



Famous Last word

® Be aware that the
previous statement
could be a famous
la,st word.



sources and Credit:

e Theoni Pappas: Mathematical
Scandals

e Krantz, A primer on mathematical
writing

e Peter Wolf Breakhroughs in
Mathematics

® Jose Ramirez, Work on Computer
vision



The End



