
Notes from the Margin
Wavefunctions as Vectors 
Using Trial Solutions to Resolve Quantum Puzzles
By Keenan Lyon (Carleton University)

Quantum mechanics (QM) is weird. (Un)dead cats in boxes, transparent barriers 
and quantized energies are only some of the quirky aspects to look forward to 
in this spooky science spectacle. What’s possibly scarier for a mathematician is 
how few problems in QM are exactly solvable. We can, however, look to linear 
algebra and the math behind vectors to help approximate the ground state 
energy of a system, the lowest possible energy a system can attain. We actually 
get an upper bound on this energy in this blurb.

A particle is fully characterized by a wavefunction  , 
which describes the probability with which a particle 
is in some position at a given time. This is a quirk of 
QM - until you observe where something is, there is 
a probability it is in any one of the available states. 
This wavefunction has some nice features that may 
be familiar from statistics and linear algebra: 
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This first equation is a representation of a vector 
as a sum of orthonormal basis vectors  n, where 
c2n is the probability the particle is in place number 

n. The second equation, that the norm of the 
wavefunction is 1, is equivalent to saying the particle 
must be somewhere in space, as the sum of all 
probabilities equals 1. For example, if n = 2, then 
 = (1/

p
2) 1 + (1/

p
2) 2 , which means 

it is in place number 1 with probability 1/2, and 
otherwise it is in place number 2.

The governing equation in QM is called Schrodinger’s 
equation and in one form reads as 

H n = En n,

where H is the energy operator that describes 
the system. Furthermore, H acts on the basis 
vector  n and returns energy eigenvalues  
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Preamble
By Kseniya Garaschuk (University of Victoria)

Potato, Potahto, Tomato, Tomahto -  
Let’s Call the Whole Thing Off!
In mathematics, we come across all kinds of ambiguities. We have words and notations meaning the same 
things valency versus degree,  versus ,  versus , words that are much over-used regular, 
primitive, homogeneous  and finally just bad notation . We constantly re-define terms and 
struggle through interdisciplinary papers: over-arrow to denote a vector is now replaced by a bra-ket notation 
while your favourite sum over all the elements of a finite field no longer includes zero.

It gets worse when you add different languages and cultures into the mix. Even when it comes to something 
as simple as numbers: on North American blackboards, 7 is suddenly stripped of its horizontal bar and 9 loses 
its resemblance to a lowercase “g”, adding ambiguity to the former and removing it from the latter. Long 
division looks nothing like it did in my grade school (I grew up in Belarus) and for a non-English speaker the 
redundancy in “straight lines” makes you question whether there are any curvy ones.

In this issue, you will find articles on aspects of quantum mechanics equivalent to linear algebra and statistics, 
on physical intuition analogous to applied math, on using complicated transforms to break up complicated 
function spaces, on the Franglais nature of Canadian mathematics and many others. Enjoy all of that and the 
grasshoppers on the distractions page.  

As mathematicians, we become proficient at deciphering the seemingly endless sea of vague statements and 
ambiguous definitions. If you have ever discovered a nice elegant result behind the layers of confusing fog, 
submit your newly beautified version to this publication at student-editor@cms.math.ca.

Photo attributions: Ram Joshi for the cover page image, Jie Qi for the Schrodinger cat, SSC Liaison for the 
picture of Halifax, Kseniya Garaschuk for the poster session photos and 3DXM Consortium for the graphics 
of the surfaces.

1 The orthonormal property comes in with  m ·  n = 1 only if m=n, and 0 otherwise.
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My favourite math term is 
‘imaginary’, both because 
of how useful it is and 
because it makes non-
mathematicians contemplate 
my sanity (I thought all 
numbers are imaginary)!

labeled as En. This is just more linear algebra 
and it shows another quirk of QM: energy is 
discretized (i.e. you cannot have any value 
you want, only specific ones). Now we use the 
property that the  n form an orthogonal basis of 
wavefunctions:

with Eg the ground state energy.1 This equation is called 
the variational method. Note that the left hand side is the 
expectation value of the energy for the wavefunction   
(similar to expected values in statistics).

Why is this helpful? Notice that the choice of   is 
arbitrary, but for a given operator H it always gives 
an upper bound on the lowest energy state of the 
system. Therefore, although it is near impossible to 
find the exact ground state wavefunction, we can use 
any vector   (called a trial solution) as long as it is 
normalized! This method is incredibly useful in all 
the areas where QM is used, which are growing on 
a daily basis. The zero-point energy approximation 
is just the surface of a huge implementation of linear 
algebra in quantum mechanics problems. Sometimes 
it’s just as easy as using some vectors.
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A Different View on Fourier
By Michael Snarski (McGill Univeristy)

There are functions. Lots of them. And since humans are easily confused, 
we need to break down the gargantuan amount of information carried by a 
function space into smaller, neater pieces, so that we may hope to extract some 
understanding. This article illustrates such a process, the result of which is the 
Gelfand transform, a generalization of the well-known Fourier transform. 

 
Michael Snarski 

I like to personalize my 
math terms. When talking 
about function spaces, you 
can say “for all sufficiently 
cute functions.”

We can’t hope to understand all the functions, so we 
restrict ourselves to the vector space L1(R) over C 
– roughly, these are the (not necessarily continuous) 
functions for which 

Z

R
|f | is finite. The crucial shift of mind 

is not to think of f  as a pointwise function which varies 
as we move along R, but instead to consider the family 
of functions fy(x) = f(y + x). If we know all the 
translates fy at any point x0, we determine f completely. 

One neat way of chopping up the function space 
would be to find subspaces M which are invariant 
under the translation action x ! y + x . In other 
words, if f 2 M , we want fy 2 M  for all y 2 B 
as well. A first step is to look for functions f which 
can be simply related to their translates fy. A specific 
example of such functions are homomorphisms 
 : R ! S1 ⇢ C:

y(x) = (y + x) = (y)(x).

Assuming  is differentiable, the functions which 
satisfy (1) turn out to be the most important ones in 
mathematics1: (x) = ei⇠x for some ⇠ 2 R.

Now we will invoke magic. Define multiplication on 
L1(R) by convolution,

 
(f ⇤ g)(x) =

Z

R
f(y)g(x− y)y. ,

and consider the map 

(f) =

Z

R
f(x)(x)x. =

Z

R
f(x)ei⇠xx.

for any ⇠ 2 R. One should check (by change of 
variables) that (f ⇤ g) = (f)(g), so that 
 is a homomorphism from L1(R) to C. It is a 
remarkable fact that every homomorphism is given by 
(2) for some unique ⇠ 2 R. Furthermore, (1) implies 
the important relation ⇠(fy) = ei⇠y⇠(f), so 
that L1(R) “reacts” to translation in R by rotating 
⇠(f). In particular, if ⇠(f) = 0, then all the 
translates fy map to 0 (when rotated, the zero vector 
stays put), making the kernel of ⇠ a translation-
invariant subset. Some important but omitted fact-

Figure 1: Left: function f sampled at x1, x2, x3. Right: functions 
fx1, fx2, fx3 sampled at the origin. One should imagine the real 
line R moving “underneath” the function f.

The 2013 Canadian Undergraduate Mathematics 
Conference (CUMC) will be held from July 10-14 
in Montreal, Quebec. The event will be hosted by 
Université de Montréal. More information will be 
posted on the CUMC website (cumc.math.ca) and the 
Facebook page (CUMC 2013) in the coming months.

Le Congrès canadien des étudiants en mathématiques 
(CCÉM) aura lieu le 10-14 juillet à Montréal, Québec. 
L’événement serait organisé par l’Université de 
Montréal. Plus d’informations seront disponibles 
sur le site-web du CCÉM (ccem.math.ca) et la page 
Facebook (CCÉM 2013) dans les prochaines mois.

1 Quoth the Big Green Rudin, page one, line one.
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checking shows that it is indeed a subspace, and thus 
we have a decomposition of a function f into more 
tangible pieces.

This correspondence allows us to associate to each 
 2 (L1(R))⇤ a ⇠ 2 R. In fact, if we let  denote 
the set of all such , there is a natural topology on 
 under which it is homeomorphic to R [ {1}. 
Then to any f 2 L1(R) we can associate the map 
f̂ :  ! C via the duality pairing

f̂(⇠) = ⇠(f).

The map f ! f̂  is known as the Gelfand transform, 
and f̂  becomes a homomorphism from  to C. We 
can equivalently consider f̂  as a function of ⇠, in 
which case it is a real-valued function known as the 
Fourier transform of f.
I would like to know what can be said about this 
frequency/position duality and image processing in 
the language of ideals, and it would be nice to see an 
illustration of why the Fourier transform of a compactly 
supported function cannot be compactly supported.

For further reading, consult Rudin’s Functional Analysis 
Ch. 10, Rudin’s Fourier Analysis on Groups Ch. 1, Rudin’s 
Real and Complex Ch. 9, Katznelson’s Introduction to 
Harmonic Analysis, or Google.

Geodesics in a Space of Metrics:   
un petit voyage pour un étudiant perdu
By Benjamin Smith (McGill University)

The following simple result stems from some research on a type of 
heat flow problem in the space of metrics on a principal G-bundle. Although 
the research is rather long, cumbersome and currently incomplete, there are 
a few interesting tangental projects that arise.

I have come across this interesting, simply stated 
inequality that can be deduced using several common 
tools and really helps tie together various subjects 
spanning differential analysis, linear algebra, group 
theory and topology. This inequality provides a 
computably feasible means of determining analytical 
convergence inside a space of positive metrics that 
would otherwise be a disaster. By disaster I mean 
that the standard metric on such a space is given by 
the arc length (i.e., an integral) of the shortest path 
between points and the integral involved is beyond 
difficult to evaluate.

The point: I was originally under the impression that I 
had given a precise value for a definite integral which 
is, even with Maple, impossible to evaluate symbolically. 
The hope was to dish this problem out to an unsuspecting 

calculus student who would undoubtedly attempt to 
find a solution using Wolfram Alpha. It turned out, for 
not so subtle reasons, to be a strict inequality generically 
with equality in only the least generic scenario, but the 
problem still remains interesting and worthwhile.

A fun looking inequality: Let 1, . . . ,n > 0 
be real numbers and set

0
i :=

i  cosh(1)

sinh(1)
.

Then we have the following
Z 1

0

vuut
nX

i=1

✓
cosh(t) + 0

i sinh(t)

sinh(t) + 0
i cosh(t)

◆2

t 

vuut
nX

i=1

(lni)2

with equality if and only if i = j for all i,j.

Figure 2: Decomposition of L1(R) and of f̂ . The space  
L1(R)  is made up of the ker⇠ and functions for which 
ker⇠(f) 6= 0 for all ⇠. The quantity ⇠(f) measures how 
much of f has “frequency” ⇠.

Figure 4: The element 
f 2 L1(R) becomes a linear 
functional on [L1(R)]⇤, that is, 
an element of [L1(R)]⇤⇤. This 
map, x̂(') = '(x), is the 
Gelfand transform. The set of 
all homomorphisms  forms 
a copy of R in [L1(R)]⇤, 
which is the domain of f̂  
after identification of each  
with some ⇠ 2 R.

Figure 3: Homomorphisms from R to S1 (left) are in one-to-
one correspondence with those from L1(R) to C (right). 
If (f) = 0, i.e. f 2 ker, then fy 2 ker for all y 2 R.
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Brief solution: One can easily verify the equality here in 
the case i = j for all i,j by substitution. Otherwise, 
this definite integral on the left can be realized as the arc 
length of the unique minimal geodesic between two 
particular points inside of a Lie group. These points 
are the identity In and D = diag(1, . . . ,n). 
In particular, this is the group Hn

+ of positive diagonal 
n⇥ n Hermitian matrices. 

The standard metric here is simple enough so to 
evaluate as

 
ds2 =

nX

i=1

1

2
i

d2
i

at the element D. Computing Christoffel symbols 
and solving the Euler-Lagrange (a.k.a. geodesic) 
equations gives a precise solution and the arc length 
of this curve is the definite integral appearing in the 
statement of the problem. The parameterization for 
such a geodesic can be read off from the integrand as 
having ith coordinate equal to the denominator of the 
ith squared term in the integrand. 

The right-hand side of our inequality is the precise 
evaluation of another definite integral representing 
the arc length of a, possibly different, path from the 
identity to D in Hn

+. Indeed, if

(t) := exp(t ln(D)) = diagi(e
t lni),

then (0) = In and (1) = D. The arc length 
here is simply

Z 1

0

vuut
nX

i=1

✓
lni · et lni

et lni

◆2

dt =

vuut
nX

i=1

(lni)2

and hence, since this isn’t necessarily the shortest 
path, we have the desired inequality.

Pictorially, we are seeing two paths between the 
identity and D inside the group of positive diagonal 
hermitian matrices (each are shortest with respect to 
a different1 metric). Using only the standard metric, 

one path is the shortest (being the unique minimal 
geodesic), so the other path is necessarily at least as 
long. The definite integral involved for the arc length 
of the second path can be evaluated quite easily and 
is exactly the Euclidean norm of ln(D).

This group, along with the paths can be visualized in 
the 2⇥ 2 case and appear as follows:

Here the straight line represents2 the geodesic in the 
standard metric and the curved line is the alternate 
path coming from the linear approximation.

It is thus clear from the fact that the inequality merely 
states that any path between e and D has length at 
least the length of the shortest path.3

Conclusion: One reason that one might care about 
such an inequality, apart from its shear beauty, is that 
this gives a feasible (linear) means of determining 
analytical convergence within the space of positive 
metrics. Convergence of this type appears in the heat 
flow problems associated with Kobayashi-Hitchen-
type correspondence theorems and was most likely 
also used in Perelman’s recent proof of the Poincaré 
Conjecture.

References
[1]   S. Donaldson, Boundary value problems for Yang-Mills 

fields, J. Geom. Phys. 8 (1992) 89-122.

[2]   S. Jarvis, Construction of Euclidean Monopoles, Proc. London 
Math. Soc. (3) 77 (1998) 193-214.

[3]   A. W. Knapp, Lie Groups beyond an introduction, volume 
140 of Progress in Mathematics. Birkhäuser Boston Inc. 
Boston MA, 2nd edition, 2002.

1 This difference in metrics is why one might initially assume equality.
2  We say represents because this diagram only enforces the theory and in fact the minimal geodesic will not actually be a straight 

line since we are in a curved space.
3 The general statement of this inequality appears in both [1] and [2].

The Student Committee is accepting applications to fund regional conferences and other student events across 
Canada. The next application deadline is March 15th. Visit http://studc.math.ca for more information.

Le comité étudiant accepte les demandes de financement des conférences régionales et d’autres événements 
pour les étudiants de partout au Canada. La prochaine date limite pour déposer une demande est le 15 mars. 
Visitez le http://studc.math.ca pour plus d’informations.

 
Benjamin Smith

I like fat cats, sick raps 
hard math and egg 
salad sandwiches. Je peux 
faire le nettoyage comme 
un patron et parfois ma 
couleur préférée est jaune.
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Equality of LS-Category and Topological Complexity
By Marzieh Bayeh (University of Regina)

In the study of topological spaces, there exist two important invariants: 
the Lusternik-Schnirelmann category (LS-cat) and the topological complexity (TC). 

LS-cat was first introduced by L. Lusternik and L. 
Schnirelmann in 1934 in order to provide a lower 
bound on the number of critical points of a smooth 
function over a manifold [3]. It found further 
applications in algebraic geometry after being 
reformulated by R. H. Fox in 1941 [6]. On the other 
hand, TC was introduced by M. Farber in 2003 [4], 
while developing a topological approach to the 
motion planning problem in robotics. Here, we 
consider the equality between these two complexities 
and the topological spaces for which LS-cat and TC 
coincide.

Definition 1 The Lusternik-Schnirelmann category 
or LS-category of a space X is the least integer n such 
that there exists an open covering U1, . . . , Un+1 of 
X with each Ui contractible to a point in the space X. 
If no such integer exists, we write cat(X) = 1.

Definition 2 Let X be a path-connected topological 
space and let PX be the space of all continuous 
paths from [0, 1] to X. The Topological 
complexity of X, denoted TC(X), is the minimal 
number k for which there exists an open cover 
X ⇥X = U1 [ U2 [ . . . [ Uk+1 such that 
⇡ : PX ! X ⇥X admits a continuous section 
sj : Uj ! PX over each Uj ⇢ X ⇥X.

Later ([2], [3]), LS-cat and TC were shown to be 
special cases of the so-called Sectional Category. 
Now, let us consider some examples and inequalities 
involving LS-cat and TC.

Example 1 Figure 1 illustrates that Sn can be covered 
with two open subspaces that are contractible to a 
point. Therefore cat(Sn) = 1.

Figure 1: cat(Sn) = 1

Example 2 To find TC(Sn), first consider n = 1. 
Here, in Figure 2 we have:

U1 = {(A,B) 2 S1 ⇥ S1|B 6= −A}, s1 = 
the shortest path from A to B;

U2 = {(A,A)}, s2 = clockwise equator. 
Therefore,  TC(S1) = 1.

 
Marzieh Bayeh

Topology is similar to love, 
it’s sweet and amazing 
when you hear about, 
very exciting when you 
see, but it has too many 
difficulties when you fall 
in; of course in this case 
it’s sweeter, more amazing 
and much more exciting.

The CMS Student Committee 
is looking for proactive 
mathematics students 
interested in joining the 

Committee. Joining Studc is 
an excellent opportunity to learn 

the organization of mathematics in 
Canada and participate in Committee’s 

numerous projects. If you are interested, or know 
someone who may be, please visit our web-site http://
studc.math.ca for more information on Studc projects 
and to apply. If you have any questions, please contact 
us at chair-studc@cms.math.ca.

The nomination period for these positions will be open 
until April 30th. We appreciate early applications.

Le comité étudiant de la SMC est à la recherche 
d’étudiants en mathématiques, dynamiques et 
intéressés à joindre le comité. Être membre du 
Studc est une excellente opportunité de contribuer 
à la communauté mathématique du Canada et 
de participer aux nombreux projets du comité. Si 
vous êtes intéressés, ou connaissez quelqu’un qui 
pourrait l’être, veuillez consulter notre site web  
http://studc.math.ca afin d’obtenir plus d’infor mations 
sur les projets du Studc et savoir comment appliquer. 
Si vous avez des questions, veuillez nous écrire à  
chair-studc@cms.math.ca.

La période des candidatures pour les postes sur le 
comité sera ouverte jusqu’au 30 avril. Veuillez appliquer 
le plus tôt possible.
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Figure 2: TC(S1)

Figure 3: TC(S2)

The AARMS-CMS Student Poster Session at 
the 2012 CMS Winter Meeting was the most 
successful yet, with 23 participants from across the 
country. Behrang Forghani (University of Ottawa) 
won the AARMS Award, Asad Haris (McGill 
University) won the CMS Award, and Eric Naslund 
(University of British Columbia) won the Student 
Committee Award.

The next poster session will be held at the 2013 CMS 
Summer Meeting in Halifax between June 4th and 
June 7th. More information about participating will 
be posted on our website (studc.math.ca) and our 
Facebook page (CMS Studc) in the coming months.

La session de présentations par affiches étudiant 
d’AARMS-CMS a eu lieu à la Réunion d’hiver de 
2012 de la SMC et a été la plus réussie à ce jour 
avec 23 participants parvenant de partout au pays. 
Behrang Forghani (Université d’Ottawa) a gagné 
le prix AARMS, Asad Haris (Université de McGill) 
a gagné le prix CMS, et Eric Naslund (Université 
de la Colombie-Britannique) a gagné le prix du 
comité étudiant.

La prochaine session aura lieu à la réunion d’été de 
2013 de la SMC à Halifax entre le 4 juin et le 7 juin. 
Plus d’informations seront disponibles au site web 
du comité étudiant (studc.math.ca) et sur notre page 
Facebook (CMS Studc) dans les prochaines mois.

Now consider n = 2. In Figure 3, we have: 

U1 = {(A,B) 2 S2 ⇥ S2|B 6= −A}, s1 = 
the shortest path from  A to B; 

U2 = {(A,B)| B = −A and A 6= O,−O}, s2 =  
and U2 = {(A,B)| B = −A and A 6= O,−O}, s2 =  clockwise equator;

U3 = {(O,O) , (O,O)}, s3 = any path.

Therefore, TC(S2) = 2.

In general [4], the topological complexity of Sn 
depends on n:

TC(Sn) =

(
1, if n is odd,

2, if n is even.

Proposition 1 [4] For any path-connected topological 
space X

cat(X)  TC(X)  cat(X ⇥X)  2cat(X).

Certain spaces do attain some equality in 
Proposition 1. For example, if X = S2n+1,
then cat(X) = TC(X) = 1 and 
cat(X ⇥X) = 2cat(X) = 2.

In general, little is still known about the relation 
between LS-cat and TC. Here are some of the cases 
where the two measures coincide.

Theorem 1 [1, 2, 5, 7]

1. cat(S2n+1) = TC(S2n+1);

2. cat(RPn) = n = TC(RPn) , n = 1, 3, 7;

3. Let X be a connected Lie group, then 
cat(X) = TC(X);

4. Let X be a connected, CW complex that is also an 
H-space, then cat(X) = TC(X).

References
[1]  Calcines, J. and Vandembroucq, L., Topological complexity 

and the homotopy cofibre of the diagonal map, ArXiv 
e-prints(1106.4943), 2011.

[2]  Lupton, G. and Scherer, J., Topological Complexity of 
H-Spaces, ArXiv e-prints(1106.3399), 2011.

[3]  Cornea, O., Lupton, G., Oprea, J. and Tanré, D., Lusternik-
Schnirelmann category, Mathematical Surveys and 
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[4]  Farber, M., Topological complexity of motion planning, 
Discrete Computational Geometry, 29: 211-221, 2003.

[5]  Farber, M., Instabilities of robot motion, Topology 
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[6]  Fox, R.H., On the Lusternik-Schnirelmann category, Annals 
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[7]  Farber, M., Tabachnikov, S. and Yuzvinsky, S., Topological 
robotics: motion planning in projective spaces, International 
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The Korteweg and de Vries (KdV) equation, 
, has applications in several 

other physical settings, such as internal solitons in the 
ocean and non-linear acoustics of bubbly liquids. The 
restriction in the application of the KdV equation as 
a practical model is that it is strictly one-dimensional 
(one spatial dimension plus time). However, in 
1970, Kadomtsev and Petviashvili [2] derived a two-
dimensional generalization of the KdV equation 
(called the KP model: ) 
under the assumption that the waves are almost 
one-dimensional locally. Their derivation was based 
on purely physical intuition, and, as I am a strong 
believer that math is a great tool to explain physics, 
I was intrigued by the possibility of deriving it 
mathematically. 

The classic wave equation in R2 (two spatial 
dimensions plus time)

@2u

@t2
 c2

✓
@2u

@x2
+

@2u

@y2

◆
= 0,

   
u = u(x, y, t) (1)

has the following oscillatory solution:

u(x, y, t) = ei(kxx+kyy!t). (2)

For Equation (2) to be a solution of Equation (1), it 
needs to satisfy a relation that is called the dispersion 
relation:

!2 = c2(k2x + k2y). (3)

So far this is nothing new; the creativity process 
starts now. We generalize the dispersion relation for 
sufficiently small kx

2 + ky
2 as follows:

!2 = A2(k2x + k2y)
2 B2(k2x + k2y)

2, (4)

where  A > 0 and B > 0. 

Expanding the positive root in Equation (4) and 
assuming that kx is small while ky/ kx<<1, we obtain:

! = Akx  B2

2A
k3x +

A

2
k2yk

1
x + . . . (5)

Multiplying Equation (5) by kx, we get:

!kx = Ak2x  B2

2A
k4x +

A

2
k2y + . . . (6)

Equation (6) suggests that u(x,y,t) satisfies the 
following linear equation:

✓
ut +Aux +

B2

2A
uxxx

◆
+

A

2
uyy = 0. (7)

We now introduce the following change of variables: 

told =
4

r
2A

B2
tnew

 
,
   

xold =
4

r
B2

2A
xnew +A

4

r
2A

B2
tnew

   

yold =

8
>>>><

>>>>:

i

r
A

6
ynew, case 1,

r
A

6
ynew, case 2.

Equation (7) becomes

(ut + 6uux + uxxx)x ⌥ 3uyy = 0 (8)

where the sign change corresponds to the two 
distinct change of variables for yold . The two cases 
of Equation (8) are known as the linear Kadomtsev-
Petviashvili equations.

 
Dr. Ion Bica

I just got my public library 
card, on which it says: I am 
happy and I know it! The 
Math translation: Epsilon is 
happy and delta knows it!.

Intuitive Grounds in Deriving the  
Kadomtsev-Petviashvili Equations
By Dr. Ion Bica (MacEwan University)

In 1895, Korteweg and de Vries derived an equation to describe one-
dimensional, small-amplitude, long surface gravity waves propagating in 
shallow water of uniform depth [1].
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We would like to cause a variation in the amplitude 
in both space and time to the sinusoidal oscillations 
of u(x,y,t ). This is accomplished by adding in the 
KdV model the variation in x of the nonlinear term,  
(6uux)x. This addition turns the linear equations (8) into

(ut + uxxx)x ⌥ 3uyy = 0 (9)

These, of course, are the Kadomtsev-Petviashvili 
equations. 

The mathematical derivation of the KP model comes 
from the fact that linear waves ei(λx+vy!t), 
v <<  ,  small, are solutions of the linear KP 
model subject to a certain dispersion relation. We 
perturb these linear waves into new solutions 
by introducing non-linearity. In my PhD thesis, I 
examined the emergence of a new class of solutions, 
called harmonic breathers, for the KP model. The 
beauty of  harmonic breathers is that they are singular 
and yet we can handle them by isolating their tails 
and constructing different profile types of solutions. 
Figures 1 and 2 provide illustrations of two types of 
solutions to the KP model, called soliton walls. 

I adhere to the philosophy that everything, no matter 
how complicated it may look to the naked eye, has an 
utter simplicity at its essence. I feel that the KP model, 
not as popular as the KdV equation, has amazing 
classes of solutions yet to be discovered, and I am 
happy to bring its intuitive mathematical derivation 
to the reader.
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[1]  D. J. Korteweg, G. de Vries, On the change of form of long 
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of long solitary waves, Phil. Mag. (5), 39, p.422-443.

[2]  B. B. Kadomtsev, I. V. Petviashvili, On the stability of 
solitary waves in weakly dispersive media, Soviet Physics 
– Doklady, Fluid Mechanics, 1970, Vol. 15, No. 6, p.539-541.

[3]  G. B. Whitham, Linear and Nonlinear Waves, A Wiley-
Interscience Publication, John Wiley & Sons, 1974, p.467.

[4]  J. M. Ablowitz, A. P. Clarkson, Solitons, Non-Linear 
Evolution Equations and Inverse Scattering, London 
Mathematical Society Lecture Notes, Cambridge University 
Press, 1991.

Figure 2: The two solitons collide but pass each other.

The 2013 CMS Summer Meeting will be held from 
June 4-7 in Halifax, Nova Scotia. It will be hosted 
by Dalhousie University and St. Mary’s University. 
Studc is planning a number of exciting student 
events to be held during the meeting, including a 
poster session, students talks and and a social. Check 
the meeting website (http://cms.math.ca/Events/
summer13/.e) for the most up-to-date information.

La Réunion d’été 2013 de la SMC aura lieu du 7-10 
décembre à Halifax, Nouvelle-Écosse. Elle sera organisée 
par l’université Dalhousie et l’université St. Mary’s. 
Le comité étudiant prépare déjà plusieurs activités 
excitantes destinées aux étudiants qui prendront part 
à la réunion. Il y aura une session de présentations par 
affiches, des exposés donnés par des étudiants ainsi 
qu’une activité sociale. Consultez le site web de la 
réunion (http://cms.math.ca/Events/summer13/.f) pour 
les plus récentes informations.

CMS 
Summer 
Meeting

La Réunion 
d’été de la 
SMC

Photo : Flickr.com | © SSC Liaison

Figure 1: The two solitons merge into a bigger one.
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The Student Committee is inviting undergraduate 
math students to apply for Canadian Undergraduate 
Mathematics Conference (CUMC) Award for 
Excellence. This award is valued at $500 and is 
given to an outstanding student for the purpose 
of participating in CUMC. All application will be 
judged on university and mathematical community 
involvement, academic excellence and research 
potential. The application deadline is March 
31st. For application information, please go to  
http://studc.math.ca.

Le comité étudiant invite les étudiants en 
mathématiques de premier cycle à déposer une 
demande pour la Bourse pour l’excellence 
du Congrès canadien des étudiants en 
mathématiques (CCÉM). La bourse d’une valeur 
de 500$ est remise à un étudiant exceptionnel afin 
de lui permettre de participer au CCÉM. Toutes les 
demandes seront juger par rapport à l’implication 
universitaire et dans la communauté mathématique, 
l’excellence académique et les aptitudes à la recherche. 
La date limite pour soumettre une demande est le 
31 mars. Pour plus d’informations sur la demande, 
veuillez consulter le http://studc.math.ca.

Considering that most math textbooks are written 
in English, the lingua franca of the modern scientific 
world, studying math in French, or any other non-
English language, is the true test of bilinguism. 
The difficulty does not lie in knowing both 
languages. After all, most people, in Quebec at least, 
learn English from a very young 
age and have no problem reading 
it. The true challenge comes from 
the discrepancies between the 
two languages.

If the only issue was in knowing 
a word in both languages, then 
casually switching between 
“courbure moyenne” and “mean 
curvature” would not raise any 
complaints. The real problem 
arises when the natural translation does not work. 
For example, in English, “positive” means greater 
than zero, and “nonnegative” means zero and 
greater. In French, “positif” is used for the latter, and 
“strictement positif” is used for the former. Even 
after constantly working with these terms in both 
languages, it always takes a few seconds to figure out 
which definition is used.

Despite potential confusions, there are definitely many 
upsides to living in a bilingual world. Understanding 
mathematics in two different languages can make 
one think about a problem in different ways. Indeed, 
the way things are worded can pull towards one 
type of intuition or another. It also gives some insight 

into the history of mathematics. 
Concepts that use the same word 
in two languages were probably 
simply translated from one to 
the other. When the words are 
different, or when the same 
word is used in different ways, 
it is a hint that the underlying 
concept might have been found 
and developed in parallel in two 
different languages. Being able to 
catch a glimpse into the history of 

math just by knowing another language is great!

All in all, doing math in more than one language is 
not that much of a hassle. It requires paying closer 
attention, but in the end, being able to be perfectly 
understood in a bigger part of the world is a great 
reward for the minor difficulties it brings.

Bon Mathematics, Bad Mathématiques
By Jean Lagacé (Université de Montréal)

Most of us are used to math being one of the clearest ways of communicating. 
Normally, words, definitions and expressions only have one meaning, and 
that meaning is quite clear. That is, as long as you only have one language to 
combine with mathematics.

 
Jean Lagacé

After all this, math is 
still the most beautiful 
language I know.

Understanding 
mathematics in two
different languages 
can make one think 
about a problem in 

different ways.
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Michel et les sauterelles: y a-t-il un algorithme 
pour protéger votre jardin contre les insectes?
par Jane Wodlinger (University of Victoria)

Michel est le gardien d’un jardin magique où l’on 
cultive une très rare plante. Cette plante fournit 
l’ingrédient principal d’un élixir secret qui donne aux 
étudiants diplômés la force de continuer à travailler 
même si leurs efforts académiques n’ont rien produit 
depuis des mois.

Malheureusement, le jardin magique est menacé par 
trois sauterelles qui dévorent les plantes. (On ne sait 
pas l’effet de ce régime alimentaire sur leur niveau 
d’enthousiasme pour la recherche.) Michel est chargé 
de protéger le jardin contre ces insectes voraces. Elles 
sont plutôt insaisissables, mais Michel sait que leurs 
mouvements sont limités par les contraintes suivantes.

  Elles ont appris à ne jamais toucher le sol entre 
les plantes, où Michel a fait des pulvérisations 
d’insecticides. Au lieu de marcher sur le sol, elles 
sautent d’une plante à l’autre. Les plantes sont 
espacées à intervalles d’un mètre, dans un seul rang 
de longueur infinie.

  Chaque sauterelle peut se déplacer dans une 
direction seulement.

  La longueur du saut est constante pour chacune des 
trois sauterelles (mais variable d’un individu à l’autre).

Michel, par contre, a le don de téléportation, grâce aux 
pouvoirs magiques du jardin. Chaque fois que sa proie 
se déplace, Michel peut se téléporter une fois pour se 
rendre instantanément à n’importe-quel endroit dans 
le jardin. Pour attraper une sauterelle, il suffit que 
Michel se rende à la plante sur laquelle elle est perchée. 

Le premier jour de sa campagne contre les sauterelles, 
Michel voit une sauterelle en train de manger la feuille 
d’une de ses précieuses plantes. Avant qu’il ne puisse 
l’attraper, elle lui fait une grimace moqueuse et fait un 
bond vers la gauche. Michel ne voit pas où elle retombe. 
Il se met à téléporter pour retrouver la sauterelle.

Le deuxième jour de sa campagne, Michel voit une 
autre sauterelle. Elle arrache une grosse bouchée de 
sa plante hôte et se fond dans l’air. Michel ne voit 
pas dans quelle direction elle est partie. Il se met à la 
poursuite de la sauterelle.

Le troisième jour, Michelle est bien décidé à attraper 
la troisième sauterelle, mais celle-ci est la plus difficile 
à trouver car elle est invisible. Michel l’entend sauter, 
mais il ne sait ni son point de départ ni la direction de 
son trajet.

Dans chaque cas, Michel peut-il attraper la sauterelle 
en question avec un nombre fini de téléportations?

While some mathematical concepts are best 
learned on an individual basis, there is a certain 
merit to doing math in a casual group setting. At 
McMaster University, I organize a small group of 
undergraduates who meet weekly to work on what 
we call ‘recreational’ math problems. I see this as a 
fantastic way to develop mathematical reasoning 
skills: a group setting provides an environment where 
it is necessary to understand different perspectives 
and learn from the way others approach a problem. 
This is a way to develop the type of logical intuition 
which is a cornerstone of good mathematical thinking. 
In addition - and perhaps more importantly - doing 
‘recreational’ problems in this setting can be fun!

Our problems range from subtle and surprising 
proofs to short, fun problems whose elementary 
solutions require a bit of insight. Here is one such 
problem [1]:

Is it possible to construct an 11-sided polygon 
such that I can draw a line that intersects all 
edges and no vertices?

References
[1]  Fomin, D., Genkin, S., & Itenberg, I. Mathematical 

circles: (Russian experience. Providence, R.I: American 
Mathematical Society, 1996.

Mathematics as a Group Recreation
By Greg Chen (McMaster University)

 
Jane Wodlinger

En maths, on utilise souvent 
un seul mot pour désigner 
deux choses différentes. 
Quand je découvre le lien 
entre les concepts qui justifie 
l’usage du mot commun, 
c’est toujours une révélation. 
Un exemple simple est le 
mot « tangente »: tan(✓) vs 
la tangente à une courbe.

Greg Chen

My favourite math phrase is 
‘sufficiently large.’ Although 
it may sound like the kind 
of phrase to use while ‘hand 
waving’ a proof, it has a 
precise definition which is 
useful in many contexts.

The Distractions Page
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Solution: Mathematics as a Group Recreation
Greg Chen (McMaster University)

Draw the line first, and note that adjacent vertices must lie on opposite sides of the line. 
We may colour vertices on one side of the line black, and the other side white. Since the 
number of vertices is odd, there must be adjacent vertices of the same colour; therefore, it 
is impossible to construct such a polygon.

Visit us at  
http://studc.math.ca

Notes from the Margin is a semi-annual publication produced 
by the Canadian Mathematical Society Student Committee 
(Studc). The Margin strives to publish mathematical 
content of interest to students, including research articles, 
profiles, opinions, editorials, letters, announcements, 
etc.  We invite submissions in both English and French. 
For further information, please visit http://cms.math.ca/
Students/Newsletter/; otherwise, you can contact the Editor at  
student-editor@cms.math.ca. 

Notes from the Margin est une publication semi-annuelle produite par 
le comité étudiant de la Société mathématique du Canada (Studc). 
La revue tend à publier un contenu mathématique intéressant pour 
les étudiants tels que des articles de recherche, des profiles, des 
opinions, des éditoriaux, des lettres, des annonces, etc. Nous vous 
invitons à faire vos soumissions en anglais et en français. Pour de plus 
amples informations, veuillez visiter http://cms.math.ca/Students/
Newsletter/; ou encore, vous pouvez contacter le rédacteur en chef à  
student-editor@cms.math.ca.

Studc in the Community 
Studc dans la communauté

Here are some of the initiatives the Studc supported 
financially or organized in the past year:

Voici quelques initiatives que Studc a soutenu 
financièrement ou a organisé l’année passé:

• Math Learning Seminar Series, University of Guelph, Guelph, ON.

• Ottawa Mathematics Conference, University of Ottawa, Ottawa, ON.

• Ottawa-Carleton Discrete Math Days, Carleton University, Ottawa, ON.

• PIMS Young Researchers Conference, University of Calgary, Calgary, AB.

• BC Combinatorics Day, University of Victoria, Victoria, BC.

•  Seminaires universitaires en mathématiques à Montréal, Montréal, PQ.

• The AARMS-CMS Student Poster Session and the Student 
Social at the 2012 CMS Winter Meeting, Montreal, QC.

• The 19th edition of the Canadian Undergraduate Mathematics 
Conference (CUMC)/Congrès canadien des étudiants 
en mathématiques (CCÉM) held at University of British 
Columbia - Okanagan Campus in Kelowna, BC.

• CUMC Award for Excellence - congratulations 
to Irena Papst of McMaster University.
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