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From the Director

A few weeks ago, | interviewed Ingrid Daubechies, the first

woman ever tenured in the Princeton mathematics departme
While | am honored to have had that opportunity, | do find it
that today, in the twenty first century, the first woman tenured
there is still active. Shouldn’t tHest woman tenured there hay
been tenured a long, long time ago?

Then again, Harvard has yet to tenure a woman at its math
department, and Harvard is even older than Princeton.

The next issue will be the Girls’ Angle one-year anniversary
issue! To celebrate, we are going to commence with some
exciting, new regular columns. One of them, by Katy Bold, w
address applied mathematics. Another, by Anna Boatwright,
will personalize the process of doing mathematics. You'll get
see her problem solving attempts as she gives us an honest
| might add, very brave) glimpse into her procesgdaifg
mathematics, errors and all.

We also have an exciting line up of visitors for tffes@ssion.
We hope you've all had a wonderful summer, and to the

members, we hope to see you again when the next session [
on Thursday, September 11!

Ken Fan
Founder and Director
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An Interview with Ingrid
Daubechies, Part |

Ingrid Daubechies is the first female full professor of
mathematics at Princeton University. She received tenure
there in 1993 after working at Bell Labs. She was born and
raised in Belgium. For this interview, | actually traveled to
Princeton and met with her in her office at Fine Hall. The ful
transcript of the interview will be revealed in parts.

Ken: Thank you so much for agreeing to sit down with me for
this interview! | think that the nature of the mathematics
profession remains a bit elusive to our members so the
opportunity to speak with one of today’s premier
mathematicians is a very fortunate event for us. I'd like to start
by asking you about mathematics generally...what is it to you?

Prof. Daubechies: I've done work that is pure and work that{is
much more applied. I did this work on wavelets- it doesn’t
really matter what they are for this purpose- but the thing is
is something that is motivated by concrete applications in
signal analysis, in particular, for images and it's useful for | professor Daubechies works in Fine Hall, homé

those and it involves some special functions. of the mathematics department at Princeton
University in New Jersey.

it

Now, when people talk about those they always feel, | feel,

everybody feels, they have been constructed. Now, coming from a math background, you
probably know that many people feel in mathematics that mathematics is destawnd it is an
outside thing and they discover it and they get inside and so on. But about these things [the
special functions] people feel that they are constructed. But the feediaug téll you, from

working on them and figuring it out and so on is exactly the same whether you do pure math or
that. So, | try to find out why is that?

| think it's partly because most of mathematics was motivated by physics.nAhgsics, you

try to describe things that exist while when you do it for technology, it is, obvjdbalyyou try

to find ways, patterns, and so on, that help you construct things yourself. But the rnatlitpa
feels the same and even people think of it differently. So, in the math, where’s therpounda
[between the discovered and the constructed]? Where do you feel that you go over the
boundary? And if you start looking, you don’t find it. | believe there is no boundary. | believe
that all mathematics is something that we construct. | think that matkensasiomething that
does not exist “out there”.

| think that mathematics is, in a sense, a very human thing. | mean, it's our V&ahe.hame
we give to when we try to really precisely and articulately describewstescthat help us in
describing nature and studying nature and constructing things and so on. But tegtatieoh
of precise thinking and making things fit and trying to find patterns, and becausamvet loaild
it all, we have to build smaller building blocks that we then use in building bigger tmdgs a



that's why we build all these mathematical concepts and theories. Of ,abigsery nice when
the thing that you developed here can be used there. To me, that's mathematics.

So, I think there are lots of mathematical types of reasoning where geofievrite a single
formula if they try to really very precisely and unambiguously reasonwiasithrough. |
consider that a form of mathematics. Instead of saying mathematics abstract thing for
which you have to be a kind of weird mutant to be good at it, | say, it’s not true. | rsean it
something that we all share. It's a very human thing. | could conceive of uagraestlien

race that would do its matompletelydifferently and we would have great difficulties in
understanding them. | hope we would learn, but I'm not really sure we could, but you hope.

So, I don't believe in this universal thing. | feel it is a very human thing.

So it’s also something at which some people are
more gifted than others...just like you have
Olympic athletes and other people. But, | mean,
there’s nobody telling all these joggers on the
road that they shouldn’t run because they will
never be an Olympic gold medalist.

There are now all these Sudoku puzzles that are
so popular. | thought once, “oh, it’s fun...it'’s

not math.” Well, that’s ridiculous. It's not high
level math, but it is definitely math and it is
popular because people like doing that kind of
figuring out. It's actually much simpler than
everyday life because you have such precise
rules. | mean, you only have a few rules and
This is the graph of a wavelet named after Profiizehies. that's it. Within that, you have to figure it out.

Now, women and math...I think it is great to have venues where you are especigihst

Actually, I've been thinking...I’'m originally from Belgium and Belgiumasountry that is big
about cartoons. Now, everybody is about cartoons because people like manga and so on, but
Belgium was big on that way before, and they were very different from Aamecartoons,

although they had started from American cartoons. It started after thedS&@old War when
American cartoons were no longer arriving. So, for all the series that weragnihey started
writing sequels. So a whole industry started.

There are a couple of heroes in Belgium called Suske and WisiceWiske is the girl. But
mathematics, for a completely different reason is calistunde So | was thinking of

approaching the estate of that cartoonist to do something like wiskunde with thss tiiel

emblem. Partly because there is, in many countries in Europe now, a shortage otfapéetple
mathematics- and as a result, a shortage of math-trained high school teactteiis disastrous.

| mean, | can see what it does in this country. It didn’t happen before in Belgdim Burope,

but it is going to happen. And so, when there is a shortage, all of a sudden, you might not have
anymore this thing of, “it is for boys”...if there’s nobody. And maybe you can thenhiarttas
happened before, that in things that were no longer attractive to anybody, ige@s riche for

! Suske and Wiske are the creation of Willy Vandsst



women. This is a sad thing, but...definitely, | see it in every program whereayeunomen
that as soon as you have several women its fun together. Because they ai@smsile
surroundings where there are other bright women also interested in math.

Ken: Yes, that's one thing | love about Girls’ Angle. It's a very differeal fiem the co-ed
classed I've taught. We also believe that when the motivation is thereathiedefollows
naturally. So we spend a lot of time motivating an interest...getting the girested in some
math problem. And then, once they're hooked...just facilitate.

Prof. Daubechies: One thing | notice when | teach, | try to alwaye ithliaigs. | have classes

where | teach for non-math majors and where I try to relate to concrete egarhplt in a lot

of examples with my kids and with relational situations and so on and personal anecdotes. And |
find that | often relate much better with

women...| mean that style of teaching

relates much better to the women in the “| thlnk that mathematiCSSi- "

class than with the men because the men

consider it not serious. But the women a Vel'y human thing-”

feel, oh yeah, this does make sense.
Ken: Have you though about modes of teaching mathematics that might appeal gidse t

Prof. Daubechies: [pausing] | don’t know about that. I've read about it, but | don’t keally
about it. | think different groups have different feelings about it. | haven’t doneisnffi
experimentation with boys versus girls in the classroom. | could imagin&éénatrhight be
indeed different modes that might work better. What | do notice is that a cepmioftiyeing
informal helps me make a bridge to the girls while it sometimes hinders witloyise Not

always, but it sometimes does. With some males | have to do some kind of one-upmanship in
order for them to take me seriously, which, with girls, they just clam up. | mgmegpfe do

that with me, | clam up too. | mean, | don’t want to work with collaborators who shout. They
can be great mathematicians, but they can go shout somewhere else. al®s, alltkinds of
personalities, so none of these are hard and fast rules, I'm sure, but it'etefir@tcase that

with there being so few women that if on average, women like a less authotiatheand a
more collaborative touch and if they don’t get it that will discourage them even.rhdon’t

know if that is something that works...it could well be.

Ken: How did you get interested in mathematics?

To be continued...

In 2000, Prof. Daubechies was awarded the National Academy of Sciences
Award in Mathematics. At the time of this writing, she is the only woman to
have been granted this honor. She was cited, “for fundamental discovefies
on wavelets and wavelet expansions and for her role in making wavelet
methods a practical basic tool of applied mathematics.”




Mystery Woman Revealed!

Raphael painteBhilosophyabout 500 years ago. Over 25 feet by 16 feet, he took 2 years to
paint it on a wall in the Vatican. Also known as 8whool of Athenst depicts various scholars.
The two central figures are famous philosophers: Plato and Aristotle.

All the figures depicted in the painting are men, except for the highlightee figure lone
woman in this painting represents the mathematician Hypatia.

Hypatia lived about 1,600 years ago in Alexandria. She wrote works on mathensatwgray
and philosophy. She made an extensive study of how cones and planes interseatonitiese
sectionsplay an important role in planetary motion. If you'd like to see some conic sections,
take a flashlight and shine it on a wall from various angles and observe the bounbarltof t

patch.

For more information on Hypatia, check ¢litpatia of Alexandridby Maria Dzielska or
Hypatia of Alexandria, Mathematician and Martyy Michael Deakin.



Points, Lines and Circles

Take a plane. A sheet of paper is a handy model.
There are many, many lines in this plane.

Let's mark a point in the plane and ask, what are the lines that pass through thidfpmnt?
draw a bunch of lines through the point, you'll see that they fan out like radial lines. You ca
imagine every line that passes through the point by taking one such line aimg ib&bund

the point like a propeller.

Let's mark another point in the plane. What are the lines that pass thothgioints? Now,
there is only one line that passes through both. In other words, two gefiimesa unique line.

Let’'s mark athird point in the plane. What lines pass throaditihree point® Now there’s
trouble. There was only one single line that passed through the first two pointsttsadtpeint
would have to be on that line for there to even exist a line passing through all three point

So, in general, there will be no line. Given three points, you cannot expect there todle a si
line that passes through all three.

In other words, there’s nothing much that is special about finding a line that paesegs tfvo
points, but it is something special for a line to pass through three or more points. eldrah s
points sit on a single line, they are caltadlinear.

The next time you look up at the stars, pick three stars at random. Chancesthsy thvdl not
line up. If they look like they do, hold up a ruler and you'll probably discover that they didn’t
really line up. And if they still do, it's an amazing coincidence and is possible onlydeeczal
stars do not actually model points. By the time the starlight has reached st bge

dispersed a little and the star appears as a tiny smudge with a littleHigkokess.

In mathematics, if you should ever notice three points of interest in some geometri
configuration and you observe that the three points are collinear, it is worth pointirigg out
might even be a theorem.

By the way, what happens if we play this same game in space instead of in?a plank about
that for a moment. Do two points still define a line in space?

Here’s a problem: Suppose you have ten points in a plane. Can you show that therehsfa line t
divides the plane in half so that there are five points on one side and five on the other?

Now let’s go back to the plane, and start over, only this time, let’s think aboetsdinstead of
lines.

Again, there are many, many circles in a plane. Imagine the surfageood when it is raining.
Each drop will create ripples of expanding concentric circles.



So, just as we did with lines, let’'s mark a point in the plane and ask, “What circtethmagh
this point?”

There are still many! Every other point in the plane can serve as the cemi@radé that passes
through the marked point and each of these circles is unique.

So let’'s mark a second point. What are all the circles that pass through both markstd point
There arestill many such circles. These circles form a family of circles whosersesit lie on
the perpendicular bisector of the line segment joining the two marked points.

Perhaps you can imagine all of these circles by imagining that you aezsguene of them
between the two marked points as if the points were fixed posts. As you push it through, the
circle shrinks. Once through, however, the circle now gets caught on the poststand sta
expanding again.

Now, let’'s mark a third point. Except for points on the gray vertical line defindukebiyrst two
points, you would be able to find a circle that passes through the three points. If ymeimag
passing through the family of circles described in the previous paragraphobatmeh are
depicted in the drawing, you might see that each point in the plane off of the grailllvee w
touched exactly once by some circle in the family. What this means istgateral, there is a
unique circle through three points. The only time there is no such circle is if th@omeeare
collinear.

In other words, three non-collinear points define a circle. So, while two points défieeit
takes three to define a circle.

If you arbitrarily select four or more points in a plane, it is very unlikely thatitisit on a
common circle. If four or more points happen to sit on a common circle, that’s a special
situation and one should take note!

For example, the four vertices of a rectangle all sit on a common circleianthdeed, quite
special for four points to be the vertices of a rectangle because a recsamglery particular

type of polygon.

Let’s finish with a question: What happens if you play this game in space usimgspistead
of circles?



Polynomial Primer

Some of you may be starting a school year where you will encquoligromials. Polynomials
are very important. Here’s why:

There are four concepts that are used a whole lot in many places both in and outside of
mathematics: number, addition, multiplication and variable. If you doubt the impodfance
these concepts, see if you can go for one week without using them. It's not so easy to do!

If you're convinced of the importance of these four basic concepts, then youlbues to agree
that polynomials are important too! Why? Because polynoraralgexactly everything and
anything you can get by combining numbers, addition, multiplication and vatiables

Here are some examples:

5 1 1 atb+c
1 S(F-32 Zh(b + ~Bh arvre
9( ) > (b +b) 3 3
mc b? — 4ac 4 R mf +n? %gt2+vt+h

Notice that division by aumberis the same thing as multiplication by its reciprocal, which is
. o : : : +b+

just multiplication by some other number, so it's ok to have thlngséle anda—bc. In
fact, when it comes to polynomials, we don'’t really want to include division in the aw@finit
because we want to avoid expressions that involve dividingvayiable such as in the

1
expression-.
X

1. . . o :
Of course,— is an important expression too; it’s just not a polynomial. It's an example of a
X

rational expression. Rational expressions are ratios of polynomials. In fact, you coutd rewr
this primer by changing its title to “Rational Expression Primer” alkthgaaboutfive basic
concepts: the four already listed together with division.

Also, note that even though subtraction is not discussed, you can have subtraction because
subtraction is the same as multiplication by negative one followed by addition. gfoplexwe
can see thd¥ — 4acis made using only numbers, addition, multiplication and variables if we
write it asb? + (-4)ac. After all, -4 is just another number.

We also didn’t use anything beyond the four basic concepts by including exponents. The
exponents just stand for lots of multiplication. However, the exponent has to be a nonnegative
integer. Raising something to the zero power is okay because that is just wdsrafywriting

one. But a polynomiadannothave variables with non-integral exponents nor can it have

variables with negative exponents. (SE, iIsnota polynomial.)

If you have two polynomials, you can get a third by adding them together oplyinflithem
together. And why not? Doing so continues to use only the four concepts.



Now I’'m going to introduce some terminology associated with polynomials. Bttlfd like to
comment on such “terminology” passages, which are common in math books. Without feeling
the motivation for the new words, it can be harder to retain them all. If you encsuchea
passage and feel frustrated about not being able to remember everysitiagsoeed that most
everybody feels the same way. What | do when | encounter such passages skimjus

through without worrying about memorizing everything. I'll get them latbem see the need

for them and if | never get to them later, | guess | don't really need thdthbudyh, it can be

fun, sometimes, to try to guess at why the various terms were invented. Yok cantas!

When a polynomial expression is written without parentheses, explicit or impliadhehe

- : : : +b+c
polynomial is said to be in @xpanded form Notice that even thougﬁT does not have
explicit parentheses, there is an implied set of parentheses around the numeratquanded
form of this polynomial i%a+éb+éc. When you write a polynomial in expanded form, its

terms are the pieces separated by addition and subtraction. For instance, thaf térmdac
areb” and 4c. Like terms are terms that can be combined into a single term. For example,
7xy* and xyare like terms because they can be combined into the single teym P@ople
use the word “term” in the context of polynomials a little bit loosely. For pl@mccasionally
people would say that the termsb3f- 4ac areb? and -4c. Doing so suggests that they are
thinking ofb? — 4ac asb® + (-4)ac. Also, sometimes, people will refer to a term only by its
variable factor. For instance, in the polynomiel 2 5¢ + x + 2, people will sometimes speak
of “the X? term” when they are referring to the*or -5¢) in that polynomial. Theoefficient

of a term is the product of all of its numeric factors. When computing the coeffamgnt
negative sign or minus signust befactored in. Indeed, when people ask for the coefficient,
they are often mainly interested in whether the coefficient is positinegative...especially,
this is true of théeading coefficient which will be explained in a moment. For instance, the
coefficient of 2a® is 32 and the coefficient of thé term in 2¢ — 5¢ + x + 2 is -5 (not 5!).

An expanded form isimplified if its like terms have all been combined. For example, the
polynomials &% + 5x —x* andx? + 5x are equal, but only the latter is simplified. In the former,
the terms & and » are like terms that can be combined into the single ¥&rm

A polynomial that can be expressed as a single term is catheshamial. In the table of
polynomial examples, there are four monomials. dégreeof a monomial is théotal number

of its variable factors. For example, the degreexdfz3s 4 and the degree of& is 3 (only the
variable factors count toward the degree). Notice how one counts the total number of variabl
factors andhot the total number of distinct variables. Thatisastwo variable factors that both
happen to be, so its degree is 2. To find tdegreeof a polynomial, expand it and take the
maximum degree of its monomial terms. Téading coefficientis the coefficient of the
monomial of highest degree, if there is a unique monomial with highest degree. (Fpltegxam
the polynomiab? — 4ac has no leading coefficient because both of its terms have degree 2.)

A simplified polynomial with two terms isl@inomial and one with three terms igranomial .
When you study polynomials, you are studying the interplay of addition and maliiptic For

more on polynomials, see Eli's Summer Fun problem set on page 16 which is about the
polynomials  +Y)", wheren is a nonnegative integer.



Constructing Square Roots

In the last issue, we briefly discussed square roots.

Here, we are going to indicate, or suggest, how you can construct the{&gﬂyou have a
segment of lengtk using a compass and straightedge (i.e. an unmarked ruler).

The idea is to make a circle whose diameter has length IThen the chord indicated in blue

will have Iength2\/§ (note that the chord extends all the way from a point on the circle to
another point on the circle, passing over the drawn diameter).

Can you prove this?

Even if you can’t prove it now, it’s fun to try the construction. For exampkes il inches, then
the blue chord should lexactly4 inches long too. Try it and see!

Notice that part of the construction involves drawing a line segment perpendicatether.
Do you know how to do this with a compass and straightedge? If you don’t, can you figure out a
way to do it?

Can you think of another way to constru& with a compass and straightedge?



Square Roots - True or False?

Assume that/x =g and./y :g.

1. -5is asquare root of 25 T
2. The principal square root of 2.5 is 0.5. F
3. 3<.10<4 T
4. 123 = J123 T
5. If a=b, thena® =b” T
6. If a®=Db? thena=h. F
7. The value of 9is 16. T
8. Jxy=2 T
0. f _8 :
y 9
10. If a>0, then/a <a. F
11. The only solution to/a =aisa=0. F
17
12. yx+y=— F
Y 6
13. (V2 +1)(W2-1)=1 T
14. i:ﬂ T
J7.07
15. /1800= 36/ 2 T
16 1 1J2+1 E
CV2-1

These are the answers for the true/false set fhenast issue.



In volume 1, number 4, we invited members and silless of the Bulletin to submit solutions
to a number of Summer Fun problem sets. In thadase, we gave solutions to the first
problem from each problem set, albeit with delibagaplanted errors. Did you find them?

In this issue, solutions to all of the problems@mavided. These solutions will sometimes be
rather terse and, in some cases, are more of ghlaimta solution. We prefer not to give
completely detailed solutions before we know thastrof the members have spent time thinking
about the problems. The reason is tt@hg mathematics is very important if you want to learn
mathematics really well. If you haven't tried s these problems yourself, the value gained
by reading other people’s solutions will not beimzed.

Solutions that are especially curt will be indichiered Please do not get frustrated if you read
a solution and have difficulty understanding itydu run into difficulties, we are here to help!
Just ask!

So, if you haven’t thought about the problems, wgewou to do so before reading the solutions.
Even if you cannot solve a problem, you will benh&bm trying and it will become much easier
to read other people’s solutions.

With mathematics, don’t be passive! Get active!

Move that pencil and move your mind! Your mind npast end up somewhere no one has been
before.

Also, the solutions presented a@ definitive. Try to improve them or find differesblutions.

There were eight errors in total in the solutiamsf the last issue. How many did you find?
Those errors are corrected in this issue.



Parity: Are you Even or Odd?

by Ken Fan

In this problem set, when | say “number”, | mearirdgager, that is, a counting number, the
negative of a counting number, or zero.

1. We've encountered parity many times at the.clilsst knowing whether a number is even or
odd can often be powerful information! Recall thatumber is even if and only if it is divisible
by 2. Otherwise, it is odd.

a. Write down the first 10 (positive) even numbers #mafirst 10 (positive) odd numbers.
b. Is zero even or odd?
c. Which prime numbers are even? Which prime numéerodd?

2. When you have a concept that pertains to nusniigs often a good idea to see how that
concept relates to basic number operations, suaddison and multiplication. Lé andM be
two numbers.

a. Complete this table:

Table of Parities
N M N+M N-—M N x M N° N®
even even even
even odd
odd even
odd odd

b. Isit possible for Rl =2M + 1?
c. Can you show that” + N is always even?

3. How does parity relate to the Fibonacci number® the triangular numbers?

4. Here’s another classic problem that involvastypaOne hundred lockers are lined up in a
row. They are numbered one through one hundrecandll closed. One hundred people pass
by this row of lockers. As the first person padsgsshe opens any closed locker and closes any
open locker. As the second person passes bydpheays attention to the even numbered
lockers, again opening closed lockers and clospendockers. The third person does the same,
only paying attention to those lockers whose nundarmultiple of three. In general, the Nth
person goes to the lockers numbered by a multighg closing open lockers and opening closed
lockers. After all 100 people have passed byadbkdrs, which lockers end up open?



Solutions
(Ken Fan)

la. The first 10 positive even numbers are 2, 8, @0, 12, 14, 16, 18 and 20. The first 10
positive odd numbers are 1, 3,5, 7, 9, 11, 131T5nd 19.

1b. Zero is even.

1c. The only even prime number is 2. (We're takimg prime numbers to all be positive.) To
see why, notice that if is even, them is a multiple of 2. That means we can wnte 2m
wheremis an integer. But i > 1, this would exhibih as a composite number. The only way
n could be prime is im =1, that is, iln = 2. We can see that 2 is prime because itsfantgrs
are 1 and 2. If the only even prime number ifh@ntall the other prime numbers are odd.

2a.
Table of Parities
N M N+ M N—M N x M N? N’
even even even even ever eve eve
even odd odd odd even even eve
odd even odd odd even odd odd
odd odd even even odd odd odd

2b. No, it is not possible because an even nundrenever equal an odd number.

2c. If N is even, thelN? is even also, and 9¢* + N would be the sum of two even numbers,
which is even. On the other handNifs odd, therN? would also be odd ars + N would be
the sum of two odd numbers, which would again enev

3. LetF, be the Fibonacci sequence with=F, =1 andF,.1=F,+F,..foralln> 1. Then
the first few terms are: 1, 1, 2, 3, 5, 8, etc.e Pharities of the first few terms are: odd, odarev
odd, odd, etcBecause each Fibonacci number (starting with tind tme) is the sum of the
previous two, once we see the same parity pattetwa consecutive Fibonacci numbers, the
pattern must begin to repe&8o, the pattern must repeat odd, odd, even oxkoeer.

Thenth triangular number is the sum of the number flotan. This means that you can get the
(n + 1)st triangular number from timth triangular number by addimg+ 1, andh + 1 changes
parity withn (it has the opposite parity oj. When you add an even number the parity does not
change and when you add an odd number, it switcheghe parity of the triangular numbers

will alternately stay the same and switch, startiridy 1, which is odd. So the pattern is: odd,
odd, even, even, odd, odd, even, even, odd, o@a, @ven, etc.

4. The lockers that end up open are those numbergd1 16, 25, 36, 49, 64, 81 and 100.



Pascal's Triangle and Binomial Coefficients

by Elisenda Grigsby

Suppose that andy are variables. We can manipulate the symbolsonithaving to know
what numbers they represent. For example, we ca@ X +y”, and it means “add andy”. If

X represents 2, andrepresents 3, thex* y” represents “5”. The point is that the expresswon
+ Y’ itself doesn’t depend on what numbe&randy actually represent, and we can think about
what we can say about these expressions in gemetlabut worrying about some particular
choice of numbers for andy.

As an example, let’s consider the following questioetx andy be numbers. What can we say
about the expressior ¢ y)", whenn=0, 1, 2, 3, ...?

So, k+ y)0 = 1; (the result of multiplying a number by its@lfimes is usually defined to be 1)
K+y)l=x+y;
K+y)2 = X +Y)(X+Y);
K+y)° = X+Y)(X+Y)(X+Y);
etc....

1. Show that{+Yy)?> =x* + 2y +y* and & +y)> =% + 3y + Xy +y°. What is  +y)*?

(Hint: Use the distributive property of numbersHy)(z) = xz + yz, for all numbers, y, andz
Also, remember that multiplying two numbers doesigpend on the order in which we multiply
them. So, ik andy are two numbers, thety = yx.)

2. Consider the collection of numbers, arrangéa iows, shown at right.
Can you see a pattern? Can you fill in the newf’raCan you state
precisely how each row is obtained from the rowvahit? (Assume that
the top row is given.)

3. This collection of numbers is callBdscal’s triangleafter the French mathematician Blaise
Pascal. Do you see a relationship between the obWwascal’s triangle and the expressions you
were writing down in Problem 1? Can you explainyliis relationship exists?

4. Why is Pascal's triangle symmetric across #@r&oal line through the center of the triangle?
In other words, notice that the numbers on a rothéaright of the vertical line are the same as
the numbers to the left. Can you explain why thithe case?

5. (Bonus challenge!) It's standard to call the tow of Pascal’s triangle row zero and the
leftmost number in each row the zero-eth numbestéad of the first). Can you show that the
kth entry in thenth row of Pascal's triangle is the number of défek-element subsets that can
be formed from a set withelements? As an example, suppose we want tooseenany
different 3-element subsets we can form from th§se?, 3, 4}. We see that there are exactly
four:{l, 2, 3}, {1, 2, 4}, {1, 3, 4} and {2, 3, 4}. And if we look at the third number in row four,
it is indeed four! (Remember to start your countrirzero!)



Solutions

1. (Eli Grigsby) Just multiply!

x+y)?® = (X+Y) (X+y2
(x+y)? = (X+y)(x+y) = (C+ 22y +y)(x+y)
= X(X+Yy) +y(x +y) = ( +2xy+y2)x+>§>;2+2><y+y2)y
= X HxXy+yx+ = X+ 2+ VX XY+ XY+ Y
= X+ XY+ = X+ Y+ XN +Y
(x+y)*

X +y)3¥(x+y)

(x3+§3%y+3xy2 Vj}(xj(gy) 2
X+ +3><%/2+x + y+3x2y2+ +y
X+ 4Cy + 6 + &y +y

2. There are many patterns! One pattern, which can be taken as the defining pattern, is that
each entry is obtained by taking the sum of thedwinies above it.

3. The coefficients of the terms (see page 9 for exgilan of some language associated with
polynomials) are given by the rows in Pascal'swgia. One way to see this is to check that the
coefficients in the expansion of £ y)" * ! can be expressed as the sum of the appropriate two
coefficients in the expansion of € y)" in the same manner as the numbers in Pascabgleia
are the sum of the two numbers just above it. Kesgk of the coefficients in the expansion of
(x +y)" as you multiply byX +y) to obtain the expansion of ¢ y)" " *.

4. If you are convinced that each row of Pascaksgle gives the coefficients in the expansion
of (x +y)", then the symmetry can be seen by observingthay)' = (y + X)". Think about this
carefully!

5. The key to this problem is to pay very close attento what happens to the terms in each
factor when you multiply everything out. Think, faimoment about expanding£y)*. If we
carefully multiply out using the

distributive law over and over taking

care not to disturb the order of the

terms (that is, do not commute any

of the variables!), we’ll see that each

term in the expansion is the product

of three variables, one from each factor in thgioal product. Also, if you pick one term from
each factor in the original product and then miytthem together, you will obtain one of the
terms in the expansion. We can address this i metail at the club or in a future issue of the
Bulletin if you wish. The connection to subsetsoisissociate the factors in the original product
(x +y)" with then members of a set and when you expand, interpoststhg, say, as including
that object in a subset and choosyres not including it. So, in the above expanskynwould
correspond to a subset with the first object, lmitthe second or third. Each term in the
expanded form that simplifies 1" would represent a different subsekafbjects. So the
coefficient ofxy” " in the expansion ok y)" turns out to bexactlythe number of subsets of
sizek that you can make from a set witlobjects.

This is an example of using algebra to count tHings
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Slope Problem Set |

by Lauren McGough

For this problem set, we're going to be dealingtanlith lines. If you think about a straight line
on a coordinate plane where the horizontal and¢higcal directions are defined, it has a certain
steepness associated with it. Maybe it is comiyl@i@rallel to the horizontal, in this direction: —
—. Or maybe it is parallel to the vertical, instidirection: | . Or maybe it makes some angle
with the horizontal, like this: /, or this: \. &aof these lines has a different “steepness”
associated with it. There is a number we use tasome this property of steepness: it's called
slope The slope of a line is just the ratio of the amdatetline goes up for every unit it goes
over. We can measure slope just by taking twotpain a line, and calculating the change in the
vertical direction divided by the change in theibhontal direction. First, let's make sense of this
definition!

1. The first question here is: draw some lines, @lculate their slopes using a few sets of
different points. Is the slope always the same atenwhat points you use? Why or why not?
(We hope it is, because otherwise, the definitibtihe “slope of a line” doesn’t make sense— the
line could have a different slope at every point!)

2. Now that we've hopefully found that the defioiit of slope makes sense, let’'s see why this
guantity actually measures the “steepness” mentitedore:
a. What does a line of slope 1 look like?
b. How about a line of slope 0? What does this ok
c. What is the slope of a vertical line?
d. What does a line with negative slope look like?
e. Draw lines with slopes of 0.5, 1, 5, 0, -0.5, 4da5. What does it look like when one
line has a more positive slope than another line® Hbout a line with a more negative
slope than another line? What do lines with sldpaesare less than 1 and greater than -1
look like?

3. Let’s assume that we’re working with a speaifiordinate plane. For now, let's specify
points on this coordinate plane aslf), wherea is the (signed)horizontal distance of the point
from a specific vertical line, andlis the (signed) vertical distance of the pointrfra specific
horizontal line (these specific lines are called axe3. How many lines of a specific slope s,
where s is any real number, is it possible to dvawhis coordinate plane? Do you notice
anything special about all lines of a specific sfop

4. Try drawing pairs of lines that make right asglith each other, and measuring their slopes.
Lines that make right angles like this are callpdrpendicular.” Do you notice anything special
about the relationship between the slopes of linasare perpendicular?

"What we mean by “signed” here is tlais negative when the point is left of the specifictical line and is
negative when the point is below the specific hamtal line.



Solutions

1. (Lauren McGough) Let’s try the line graphedight. Some

pairs of points on this line are:

(3, 4)and(8, 9)
(0, D)and(-3, -2)
(-2, -1)and(-1, 0)

Calculating the slope of the line using each o$éhgairs by
calculating the ratio of the vertical change tohioeizontal

change, we find:

4 5
first pali ————1
(first pair) 3%
-2 1 -

second pajr
( pajr —— =

Problem 1 is actually quite deep. Sge
page 15 of the last issu&ditor

(third pain 0- 12))

3:
3
¢y _1_,
1o 1

We got the same ratio, 1, each time!

2a. A line with slope 1 goes up as you move from

left to right.
horizontal.

It makes a 45° angle with the

2b. All lines with slope 0 are horizontal.

2c. The slope of a vertical line is undefined
because you cannot divide by zero.

2d. A line with negative slope goes down as you
move from left to right.

2e. Please see the box at right.

3. There are infinitely many lines of a given
slope and all such lines are parallel to each other

4. The product of the slopes of lines that are
perpendicular to each other is equal to -1.

2e. This is just a sample. Your solution may
differ substantially. What is really crucial istno
where you place your line, but that the examplg
you draw are parallel to the lines with
corresponding slope in the graph above. As thg
slope increases, the line rotates in the
counterclockwise direction. The lines of slope
fand -1 make a 45° angle with the horizontal.
Lines with slope in between 1 and -1 make a
shallower angle with the horizontal.
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Slope Problem Set Il

by Lauren McGough
Let's continue using the same set up of Slope BrolSet I.

1. Sometimes, people like to express all of thatpmn a line using an equation that relaes
andb for all points &, b) on the line. Consider a line of slope 5 thatsggibeough the
intersection of the two axes on the plane— thahisugh the “origin”. Can you think of a
relationship that all of the pointa,(b) satisfy— that is, can you write an equation usinigand
the slope of the line such thatifandb satisfy the equation, thea, ) is a point on the line and
vice versa?

2. Can you generalize the equation you found ablem 1? So, say that we have a line of slope
m that also passes through the origin. Can youevaritequation involving, b andm such that
if a andb satisfy the equation, thea, ) is a point on the line and vice versa?

3. What does an equation for a horizontal lineggl0) look like, using the generalization you
found in problem 2? What happens in the case eftcal line?

4. So far, we've been using a coordinate systanrélies on
distances of points from specific horizontal andieal axes.
However, we've talked about other coordinate systbgafore! Do
you remember the coordinate system where points g@cified by
(r, ), wherer is the point’s distance from a special point chtlee
“origin”, and is the angle the line connecting the point todhgin
makes with the horizontal ray pointing from thegarito the right?
Consider all of the lines that go through the ariigi this type of
coordinate system. Say that you have a speaifecthat goes
through the origin in mind. How could you use guoation that
uses r and/or in order to tell me exactly what line you havemmd?

5. So far, we’'ve been dealing with straight lingkjch go off to infinity in the same direction
forever. The “slope” of such a straight line deBrhow
“quickly” it rises or falls, in a sense. What abdéuoit a curve?
Curves rise and fall, too, though they don’t neagbsalways
rise or fall at the same rate as you move alonglaw would
you express the steepness, or slope, of a cuarp@nt?
Would your definition result in the same slopelbpaints of
the curve? How could you calculate the slope afraecat a
point using your definition?



Solutions

1. (Ken Fan) The problem asks for an equationdbatribes the coordinates of a point on a line
that passes through the origin and has a slope ®h& origin has coordinates (0, 0). df §) is
any other point on the line, then we can use the@seoints to compute the slope, and this slope
must be equal to 5:
b-
a_

O‘O
I
ol

This simplifies to:
E =5
a
Notice thata cannot equal zero in this equation because yonatatvide by zero. If we
multiply both sides by we get the equatidm= 5a. In this last equation, & = 0, therb = 0,
and this would correspond to the point (0, 0) whighknow is on the line. So we conclude that
the equatiorb = 5a describes the relationship between the coordiridtpsints on the line with

slope 5 that passes through the origin.
2. All points g, b) on a line through the origin and with slapesatisfy the equatiob = ma

3. The pointsq, b) on a horizontal line satisfy an equation of therfb = c, wherec is a
constant. (In other words, tgecoordinate of all points on the line are equadme constant.)
Similarly, the pointsd, b) on a vertical line satisfy an equation of thevia = ¢, wherec is
again a constant.

4. In order to specify a line that you know gde®tigh the origin,
one piece of information you can provide is thelanigat the line
makes with the horizontal, as measured in the evalockwise
direction. But this is exactly what the coordinatgpecifies in polar
coordinates! One technical point of concern is$ thae restrict the
coordinate to nonnegative values, we have to make sure that w
fully specify a line and not just a ray. So we saecify a line
through the origin using polar coordinates with ®guations: =c
or =c+ 180° where is a constant angle satisfying 0 < 180°.

5. One idea is to draw the line that just toudhescurve at the point of interest. This line can
also be described as the line which best lookstlikecurve near the point. If you draw a curve
and magnify the region around a point, unless tiseaekink at that point, the curve will look
straighter and straighter as you magnify. At s@oiat, you wouldn’t even be able to
distinguish what you see from an actual straigtg.liYou could then define the slope of the
curve at a point to be the slope of this straigi@ bf best fit. This line of best fit is also kmo

as thetangentto the curve at the given pointhere are various techniques for computing this
slope. As an interesting challenge, try to figou the slopes at various points along the graph
of y = by picking a point on it, such as the poiata?), and figuring out the slope of the line
that intersects the graph only in that single pofrtontact.
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Origami Math

by Ken Fan

Origami artists start with square pieces of paperfald them into works of art. There is quite a
bit of mathematics related to origami. Christin@‘icle (see the prior issue of this Bulletin)
gave an example and this problem set introducee sthers.

1. Take an origami square.
a. If you fold the square in half along a crease palrtd a side, what is the resulting shape?
b. If you fold the square in half along a diagonalaivis the resulting shape?
c. If you fold an origami square in half repeatediptal ofn times, how many layers of
paper will there be?

2. Because an origami square starts out as a sqaareon’t have to do anything to make an
origami square! However, an origami equilateraingle is a little bit harder.

1. Start with the square, 2. Fold indicated corners 3. Fold the lower left 4. Flip over. 5. Finished equilateral
white side up. Make two to the creases made in stegorner over a crease that triangle.

pinches along the 1 along creases that pass passes through the upper

horizontal and vertical through the top right left and lower right

center lines positioned corner. corners.

roughly as shown.

The diagram to the right is identical to the diagria step 3 with a few
more lines added. Notice the right triangle dramvred. Lets be the length
of the side of the original square.

a. What is the hypotenuse of this red right triangle?

b. What is the length of the shorter leg of this ngghtrtriangle?

c. What are the angles of this red right triangle {©u recognize the
red right triangle as half of a special triangle?)

d. Can youprovethat this folding sequence produces an exact
equilateral triangle?

3. Can you extend the folding sequence for thelaigual triangle to make a three dimensional

regular tetrahedron? A tetrahedron is a 3D objttt four triangular faces, six edges, and four
vertices. See if you can make an origami regafmahedron that holds its shape.
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Solutions
(Ken Fan)

la. A rectangle with proportions 2:1 (or 1:2). Ab.isosceles right triangle. 1c. There will be
2" layers.

2a. The hypotenuse has lengtlthe side length of the origami square. 2b.
By construction, the shorter leg has length hal. o2c. If you reflect the
triangle over the longer of its two legs, you weifid up with an equilateral
triangle. This means that the triangle has arg08s60° and 90°.

2d. Anglesa measure half the 30° angle in the red right tieughy?). So
the apex anglb of the triangle being folded measures exactly-(20 - 15)°
= 60°. Because the triangle being folded is symmaehe triangle is an
isosceles triangle with apex angle 60°. The ounthgsosceles triangle is
the equilateral one. You can use the side-andketsieorem to conclude
this. If you don’'t know what the side-angle-siledrem is, ask us!

Another way to see that an isosceles triangle antlapex angle of 60° is equilateral is as
follows. The total sum of the measures of all asgh a triangle is 180°. If the apex angle is
60°, then the sum of the two other angles musi8@-60)° or 120°. In an isosceles triangle,
these two other angles have equal measures. Hamgihat they both measure half of 120°,
which is 60°. Thus, all three angles measure B8%a the triangle is equilateral. (If you're
unsatisfied that we didn’t actually show that thartgle hasidesof equal length, ask us about it
at the club!)

3. Here’s a folding sequence for an origami tettdabie:

1. Start with the square, white side| 2. Fold the upper left and lower right3. Fold the lower left corner over a
up. Make two pinches along the | corners to the creases made in stepdrease that passes through the

horizontal and vertical center lines | along creases that pass through theintersections of the creases made in
positioned roughly as shown. upper right corner. Unfold. step 2 with the left and lower sides

Continued on next page.|.
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4. Refold the upper left and lower
right corners over the creases you
made in step 2.

5. Make a small pinch at the
midpoint of the lower left edge.

6. Fold the upper right corner to the
pinch you just made and unfold.

7. Fold the other corners of the
major triangle to the midpoints of
the opposite sides using the crease
formed in step 6 as guides.

8. Fold the indicated corners of the
topmost layer over an angle bisect
2sThese flaps will eventually be used
to lock the tetrahedron.

9. Reverse the orientation of the
plindicated creases. These creases
short segments in the top layer onl

are

10. Make creases along the media
of the triangle by folding corner to
corner. Try to make the crease sh
only in the top layer.

nd1. Fold the indicated corners of th
triangle up over the creases made

argteps 6 and 7 so that they meet
above the plane. Simultaneously,
reform the creases made in steps ¢
and 10 so the left part of the top
layer becomes flush with its right
part. Slip the flap folded in step 8 i

e12. Now lift the remaining side into
rposition. Use the flap you folded in
step 8 to lock the tetrahedron by
sliding it in between the layers on

) the inside of the upper right side
(hidden details are shown in the
diagram).

n

between the layers as indicated.

Finished Tetrahedr

on
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Getting a Balanced Diet

by Lauren Williams

An “average” human being consumes about 1940
calories per day. All food is comprised of
carbohydrates, fat, and/or protein. One gram of
protein or carbohydrates provides 4 calories,

and one gram of fat provides 9 calories. Suppose
a person decides to get the 1940 calories by eating
50 grams of protein, 300 grams of carbohydrates
and 60 grams of fat. Let’s see how this person
could do that with different kinds of foods!

oYou can see this painting by Spanish painter Lugdévidez at

1. A pat of butter contains 4 grams of fat (and n he Museum of Fine Arts in Boston.

significant protein or carbohydrates). A large

pear contains 30 grams of carbohydrates (and no

significant amount of protein or fat). A can ohtucanned in water contains 40 grams of protein
(and no significant quantity of fat or carbohydgjteln order to consume 50 grams of protein,
300 grams of carbohydrates, and 60 grams of fatewhting only butter, pears, and canned
tuna, how much of each quantity of food shouldgbeson eat?

2. A large cantaloupe contains 65 grams of carbatgs (and no significant protein or
carbohydrates). A whole egg contains 5 gramsatiepr and 5 grams of fat. A chicken pot pie
contains 25 grams of fat, 40 grams of carbohydrated 15 grams of protein. In order to
consume 50 grams of protein, 300 grams of carbaitgdy and 60 grams of fat, while eating
only cantaloupe, eggs, and chicken pot pie, howmafi@ach quantity of food should the person
eat?

3. One cup of mushrooms contains 2 grams of cgdrates and 2 grams of protein. One whole
avocado contains 20 grams of fat, 10 grams of ¢eudrates, and 3 grams of protein. One cup
of carrots contains 10 grams of carbohydrates agwérh of protein. In order to consume 50
grams of protein, 300 grams of carbohydrates, &gréms of fat, while eating only

mushrooms, avocados, and carrots, how much ofeaattity of food should the person eat?

4. A cookie contains 3 grams of protein, 35 grafmsarbohydrates, and 10 grams of fat. A
donut contains 6 grams of protein, 41 grams ofaaybrates, and 10 grams of fat. A croissant
contains 4 grams of protein, 40 grams of carbohggdend 20 grams of fat. In order to consume
50 grams of protein, 300 grams of carbohydrates 6énhgrams of fat, while eating only cookies,
donuts, and croissants, how much of each quarttityoal should the person eat? What is wrong
with your answer? Explain.

Different people have different caloric requirensentsing the same tools that you developed to

solve the problems in this problem set, you couwldsalt a nutritionist and design meals for
yourself that are best suited to your own needs!
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Solutions

1. (Lauren Williams) The recommended daily amoungrotein in a 1940 calorie diet is 50
grams. If we only plan to eat butters, pears amhed tuna, how can we get 50 grams of protein
in a day? We’'re told that butter and pears daoritain protein, but tuna contains 40 grams of
protein per can. How many cans of tuna should eveseme to get 50 grams of protein? One
can is too little and two cans are too much. Weroake an educated guess and arrive at 1.25
cans of tuna. Alternatively, we could Tetepresent the number of cans of tuna that we dhoul
eat; in that case we will consumeT4grams of protein, which must be equal to 50. fBgv0T

=50 we gell = 1.25.

Similarly, let's see how we can get 300 grams obchydrates. The only food among butter,
pears, and tuna which contains carbohydrates ispé&ach pear contains 30 grams of
carbohydrates. We can again “guess” that the rightber of pears to eat is 10. Alternatively,
we can leP represent the number of pears we should eatairctise we will consume BO
grams of carbohydrates from the pears. Solvirig3300 we geP = 10.

Finally, let's see how we can get 60 grams of fette only food among butter, pears and tuna
which contains fat is butter, which contains 4 gsaoshfat. So we can “guess” that the right
number of pats of butter is 15. Alternatively, ean letB represent the number of pats of butter
we should eat; in that case we will consurBegdams of fat. SolvingBl= 60 we geB = 15.

Therefore we should eat one and one-quarter catumaf ten pears and fifteen pats of butter.
Does this menu sound appealing to you?

2. LetC be the number of cantaloupé&sthe number of eggs amithe number of chicken pot
pies needed to consume 50 grams of protein, 308gyoh carbohydrates and 60 grams of fat.
Using the information given, we see th&650P = 50, 6% + 40P = 300 and & + 6QP = 60.

At this point, there are many ways to solve thegegons fotC, E andP. One way is to note
that & occurs in the first and third equations. Thet&@ys & = 50 - 5 and the third says
that &= = 60 - 6°. This means 50 - $0= 60 - 6@°. Solving forP, we findP = 1. But this
meansE = 0 and 6& + 40 = 300, which tells us th&t= 4. So the answer is that we would
consume 4 cantaloupes and 1 chicken pot pie.

3. Using similar methods as used in the previous swlutve find that we must consurﬁeg

4
cups of mushrooms, 3 avocados zﬂﬁdé cups of carrots.

4. Usingsimilar methods as used in the previous solutianfimd that we must consume -2
cookies, 10 donuts, and -1 croissafnhe problem with this solution is that it gives aége
numbers for the number of cookies and croissantsagperson cannot eat a negative quantity of
anything! What does this mean? It means thatiihpossible to achieve the goal of 50 grams of
protein, 300 grams of carbohydrates and 60 granfet ofsing cookies, donuts and croissants.

All of these food items have too many carbohydrateapared to protein (more than six times as
many grams of carbohydrates as protein).
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Discovering Square Roots
Via the Pythagorean Theorem

by Anda Degeratu

In this problem set we are going to look at squacts using

Triangle inequality:

For an arbitrary triangle with sides ¢
lengtha, b andc, we have

a+tb>c
b+c>a
c+a>b

triangles, which we construct using only the foliogvthree
tools: a ruler which is marked 1, 2, 3 and 4, atrangle, and

a compass.
Df

For example, if we construct a triangle with a tighgle
with short sides of length 1, the Pythagorean thmatells us

the length of the long side: it i€2.

Now, using the segment of Ieng{@ as a leg we can

...but if the triangle has a right angl
between the sides of lengitandb,
more can be said:

a<candb<c

and we also have the powerful
Pythagorean theorem:

a+b*=c

construct another right triangle with the other dédength 1.
In this new triangle, the long side has lengf:.

()

The triangle inequality in this new triangle gives

J3<1+4/2.

Moreover, since this is a right triangle, we alemﬁ <3
(which you already knew since 2 < 3 implie@ < \/§).

1. Findtwo ways to construct a segment of Ieng/tﬁ. (For
both ways, you should use only the three toolsrgteeyou.

Square roots:

Recall that therincipal square root
of a positive numbeat is the positive
numberx that satisfies? =a. We

denote it byv/a.

Example: the principal square root
1.69 is 1.3 because £.31.69.

Note that the compass can be used to constructesggrof a
certain length, once you have constructed them at@e
else on your sheet of paper.)

2. Inferring (as much as possible) from the above
constructions, try to rearrange the following nunsha
increasing order:

3,v2,1,46,1+42, V2 +/3,43,1+/4, 2.

3. Using the three given tools, devise a way ofstacting a

Df

segment of length/147.

4. With the same tools, can you devise a way n§tacting a rectangle with areA477?
Would it be possible to construct a square witafe47 ?
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Solutions
(Ken Fan)

1. Method 1: Make a right triangle with legs ofdgim 1 and 2. The hypotenuse will have length

V5.

Method 2: Make a right triangle with legs of lengf and+/3. (Use the method in the
statement of the problem to make these lengthke hiypotenuse will have Iengty‘t_s.

2. The numbers 32, 1,5, 1 ++/2, V2 + /3, V3, 1 +/4 and 2 in ascending order are:

1,v2,43,2,4/5,1+2,3=1+/4,J2 + 3

3. A very systematic way of solving this problemasextend the idea shown in the illustration at
the top of the problem set and create a spirabbt triangles. You can use this spiral to get the
square root of for all positive integers. Can you think of a more efficient way?

4. Once you have a line segment of lenglld7, you can make a rectangle that is 1/247. It
is also possible to construct a square whose ar¢Bd7. See page 11.
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Special Announcements

The third session of Girls’ Angle begins on Septemnitil!

Calendar

Session 3: (all dates in 2008)

September 11 Start of third session!

18

25 Sarit Smolikov, Harvard Medical School
October 2 Leia Stirling, Boston Children’s Hospital

16 Jane Kostick, Carpenter

23
30
November 6
13
20

Catherine Havasi, Brandeis

December 4  Amanda Cather, Waltham Community Orgaaims

11

This calendar includes Girls’ Angle Support Netwarkmbers who have been scheduled as of

this writing..
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Summertime!
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Girls’ Angle: A Math Club for Girls

Gain confidence in math! Discover how interesting and excitg math can be! Make new friends!

What is Girls’ Angle? Girls’ Angle is a math club for girls and a supportive community for €8 gind
women engaged in the study, use and creation of mathematics. Our primaoy isissifoster and
nurture girls’ interest and ability in mathematics and empower them to btodbtkle any field, no
matter the level of mathematical sophistication required. We affemprehensive approach to math
education and use a four component strategy to achieve our mission: Gitks’dgrgors, the Girls’
Angle Support Network, the Girls’ Angle Bulletin and Community Outreach.

Who are the Girls’ Angle mentors? Our mentors possess a deep understanding of mathematics and
enjoy explaining math to others. The mentors get to know each member as iglniah@ind design
custom tailored projects and activities designed to help the mempeie at mathematics and develop
her thinking abilities. Because we believe learning follows nayundien there is motivation, our
mentors work hard to motivate. In order for members to see math as a liviniyecsabject, at least one
mentor is present at every meet who has proven and published original theorems

What is the Girls’ Angle Support Network? The Support Network consists of professional women
who use math in their work and are eager to show the members how and for what they useaoia
member of the Support Network serves as a role model for the membersheFodpety demonstrate that
many women today use math to make interesting and important contributionstg. sdtiey write
articles for the Bulletin, take part in interviews and visit thubd .c

What is the Girls’ Angle Bulletin? The Girls’ Angle Bulletin is a bimonthly (6 issues per year)
electronic publication that features interviews, articles andrnrdtion of mathematical interest as well as
a comic strip that involves mathematics.

What is Community Outreach? Girls’ Angle accepts commissions to solve math problems from
members of the community. Our members solve them. We believe that when dagrsiafiorts are
actually used in real life, the motivation to learn math increases.

Who can join? Ultimately, we hope to open membership to all women. Currently, we are openilgrima
to girls in grades 5-10. We aim to overcome math anxiety and build solid foundatioves welcomeall
girls regardless of perceived mathematical ability. There is naragrtest.

In what ways can a girl participate? There are 3 waysnembership, subscription andpremium
subscription. Membershipis granted per session and includes access to the club and extends the
member’s premium subscription to the Girls’ Angle Bulletin to one year fnenstart of the current or
upcoming session. You can also pay per session. If you pay per session, you will geiisnliscr
the Bulletin, but the premium subscription will start when total paymreatsh the premium subscription
rate. Subscriptionsare one-year subscriptions to the Girls’ Angle Bullefnemium subscriptionsare
subscriptions to the Girls’ Angle Bulletin that allow the subscribersk and receive answers to math
questions through email. We currently operate in 12 meet sessions, datginlelcome to join at any
time. The program is individually focused so the concept of “catching upheitroup” doesn’t apply.

Where is Girls’ Angle located? Girls’ Angle is located about 10 minutes walk from Central Square on
Magazine Street in Cambridge, Massachusetts. For security reasomaeambers and their
parents/guardian will be given the exact location of the club and its piuonieer.

When are the club hours?Girls’ Angle meets Thursdays from 3:45 to 5:45. For calendar detailsepleas
visit our website atvww.girlsangle.orgr send us email.
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Can you describe what the activities at the club will be likeGirls’ Angle activities are tailored to
each girl's specific needs. We assess where each girl is matradipatncl then design and fashion
strategies that will help her develop her mathematical abilitieeryBudy learns math differently and
what works best for one individual may not work for another. At Girls’ Angle,re@ery sensitive to
individual differences. If you would like to understand this process in maaé, gg¢ase email us!

Are donations to Girls’ Angle tax deductible? Yes. Currently, Science Club for Girls, a 501(c)(3)
corporation, is holding our treasury. Please make donations GuitbAngle c/o Science Club for
Girls and send checks to Ken Fan, P.O. Box 410038, Cambridge, MA 02141-0038.

Who is the Girls’ Angle director? Ken Fan is the director and founder of Girls’ Angle. He has a Ph.D.
in mathematics from MIT and was an assistant professor of matheatatlasvard, a member at the
Institute for Advanced Study and a National Science Foundation postdoctoral felladdition, he has
designed and taught math enrichment classes at Boston's Museum of Scienoekaddmthe
mathematics educational publishing industry. Ken has volunteered foc&¢#ub for Girls and worked
with girls to build large modular origami projects that were disgglaat Boston Children’s Museum.
These experiences and the enthusiasm of the girls of Science Clubdddra®e motivated him to create
Girls’ Angle.

Who advises the director to ensure that Girls’ Angle realizegs goal of helping girls develop their
mathematical interests and abilities? Girls’ Angle has a stellar Board of Advisors. They are:

Connie Chow, executive director of Science Club for Girls

Yaim Cooper, graduate student in mathematics, UC Berkeley

Julia Elisenda Grigsby, NSF postdoctoral fellow, Columbia University

Grace Lyo, Moore Instructor, MIT

Lauren McGough, MIT ‘12

Beth O’Sullivan, co-founder of Science Club for Girls.

Elissa Ozanne, Senior Research Scientist, Harvard Medical School.

Kathy Paur, Ph.D., Harvard

Katrin Wehrheim, assistant professor of mathematics, MIT

Lauren Williams, Benjamin Pierce assistant professor of matiesniiarvard

At Girls” Angle, mentors will be selected for their depth of understanding of mathematics as well as
their desire to help others learn math. But does it really mattethat girls be instructed by people
with such a high level understanding of mathematics2Ve believe YES, absolutely! One goal of
Girls’ Angle is to empower girls to be able to tacate/field regardless of the level of mathematics
required, including fields that involve original research. Over the destithe mathematical universe
has grown enormously. Without guidance from people who understand a lot of math, thihask is
student will acquire a very shallow and limited view of mathematicshenghitportance of various topics
will be improperly appreciated. Also, people who have proven original theamashesstand what it is
like to work on questions for which there is no known answer and for which tlgitermot even be an
answer. Much of school mathematics (all the way through collegalvesvaround math questions with
known answers, and most teachers have structured their teaching, whetheustnscnot, with the
knowledge of the answer in mind. At Girls’ Angle, girls will learn tetgies and techniques that apply
even when no answer is known.

Also, math should not be perceived as the stuff that is done in math klaksad, math lives and thrives

today and can be found all around us. Girls’ Angle mentors can show girls how méhaatreo their
daily lives and how this math can lead to abstract structures of enormenesi and beauty.
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Girls’ Angle: A Math Club for Girls

Membership Application

Applicant’s Name: (last) (first)

Applying For: Membership (Access to club, premium subscription)
Subscription to Girls’ Angle Bulletin
Premium Subscription (interact with mentors through email)

Parents/Guardians:

Address: Zip Code:

Home Phone: Cell Phone: Email:

Emergency contact name and number

Pick Up Info: For safety reasons, only the following people will be allowed to pick up yoghtter.
They will have to sign her out. Names:

Medical Information: Are there any medical issues or conditions, such as allergies, thatiieuld to
know about?

Photography ReleaseOccasionally, photos and videos are taken to document and publicize our program
in all media forms. We will not print or use your daughter's name in any way.eJave permission to
use your daughter’s image for these purposes?  Yes No

Eligibility: For now, girls who are roughly in grades 5-10 are welcome. Although we will watkdar
include every girl no matter her needs and to communicate with you anytissuesy arise, Girls’
Angle has the discretion to dismiss any girl whose actions are digaptolub activities.

Permission: | give my daughter permission to participate in Girls’ Angle. | haael trand understand
everything on this registration form and the attached information sheets

Date:
(Parent/Guardian Signature)
Membership-Applicant Signature:
Enclosed is a check for (indicate one) (prorate as necessary)
$216 for a 12 session membership $100 for a one year premium subscription
$20 for a one year subscription | am making a tax free charitable donation.

| will pay on a per session basis at $20/session. (Note: You still must tretuform.)

Please make check payable®xls’ Angle c/o Science Club for Girls Mail to: Ken Fan, P.O. Box
410038, Cambridge, MA 02141-0038. Please notify us of your application by sending email to
girlsangle@gmail.comPaying on a per session basis comes with a one year subscription to the, Bullet
but not the math question email service. Also, please sign and return the Li&biMsr.
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Girls’ Angle: A Math Club for Girls
Liability Waiver

[, the undersigned parent or guardian of the valhg minor(s)

do hereby consent to my child(ren)’s participatioirls’ Angle and do forever and irrevocably r&te Girls’
Angle and its directors, officers, employees, ageaund volunteers (collectively the “Releaseesdirfrany and
all liability, and waive any and all claims, fonumy, loss or damage, including attorney’s feesgny way
connected with or arising out of my child(ren)’ stg@pation in Girls’ Angle, whether or not causeg my
child(ren)’s negligence or by any act or omissiéGols’ Angle or any of the Releasees. | forevelease,
acquit, discharge and covenant to hold harmlesRéweasees from any and all causes of action antslon
account of, or in any way growing out of, direabhlyindirectly, my minor child(ren)’s participation Girls’
Angle, including all foreseeable and unforeseepblsonal injuries or property damage, further ideig all
claims or rights of action for damages which my onichild(ren) may acquire, either before or afteron she
has reached his or her majority, resulting froncamnected with his or her participation in Girls\@le. | agree
to indemnify and to hold harmless the Releasees &lbclaims (in other words, to reimburse the Reées and
to be responsible) for liability, injury, loss, dage or expense, including attorneys’ fees (inclgdhe cost of
defending any claim my child might make, or thaghtibe made on my child(ren)’s behalf, that isasésl or
waived by this paragraph), in any way connectetl witarising out of my child(ren)’s participatiam the
Program.

Signature of applicant/parent: Date:

Print name of applicant/parent:

Print name(s) of child(ren) in program:

A Math Club for Girls
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