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Tuesday, December 10, 2019

10:10-10:30: Amogh Gupta ’21

The Gamma Function

This talk will provide an introduction to the gamma function, its history, examine some of its most
notable properties such as its relation to the factorial and the beta function along with other places that the
gamma function shows up.

10:30-10:50: Kelly Goodwin ’20

The Riemann Zeta Function and the Riemann Hypothesis

The Riemann zeta function is a function of a complex variable that is expressed by ζ(s) = 1
Γ(s)

∫∞
0

xs−1

ex−1dx,

where Γ(s) =
∫∞

0
xs−1e−xdx. When Re(s) > 1, ζ converges and can be written as the infinite series ζ(s) =∑∞

n=1
1
ns = 1

1s + 1
2s + 1

3s + 1
4s + ... for s ∈ C. The trivial zeros of this function are at the negative even

integers, but there are nontrivial zeros as well. In the mid-1800s, Bernhard Riemann conjectured that every
nontrivial zero of the Riemann zeta function is on the critical line σ = 1

2 + it, for t ∈ Z. This is known as
the Riemann hypothesis. Riemann was able to make an analytic continuation of ζ to the half plane where
Re(z) > 0, by using the Γ function. The function converges in this half plane except at s = 1, where there
is a simple pole, and at the zeros s = 1 + 2πin/ ln(2) for n a nonzero integer. This conjecture has not
been proven, but solutions up to the first 10,000,000,000,000 zeros have been shown to support the Riemann
hypothesis. If this hypothesis were true, it would provide significant information on the location of primes
since the relationship that ζ(s) =

∏
p

1
1−p−s , for Re(s) > 1, has already been shown by Euler.

10:50-11:10: Rishi Lohar ’21

The Casimir Effect: Calculation of Casimir Energy Density for Various
Geometries Using Zeta Function Regularization

If we consider a region of space that is completely devoid of matter and whose internal temperature
approaches 0 K (absolute zero), you may come to the conclusion that the energy density, E—the energy
per unit volume (or area or length)—would be identically zero. However, that is not what we observe.
According to Quantum Field Theory, even in regions that we would expect to have no energy classically, the
Uncertainty Principle

∆E∆t ≥ ~/2

guarantees that some energy is present as long as it is “returned” suitably quickly. These are the so-called
quantum vacuum fluctuations.

The presence of these underlying vacuum fluctuations can be observed through the Casimir Effect in the
simple case of two, neutrally charged, perfectly conducting parallel plates whose separation distance is much
smaller than their linear dimensions. A calculation of the energy densities exterior and interior to the plates
results in a pressure differential that pushes the plates together and has been observed experimentally. How-
ever, without the use of complex-valued functions, we obtain divergent expressions for the energy densities.
A remedy to these infinities is to use the spectral zeta function and the process of zeta function regularization
to take advantage of the analytic continuation of the Riemann zeta function to the whole complex plane.
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Thursday, December 12, 2019

10:00-10:20: Alexandra Newlon ’20

The Mathematics of a Pink Floyd Light Show

Many beautiful images arise from complicated mathematics; the logarithmic spiral, the mobius strip, the
Fibonacci spiral. While some appear in nature others have become commonly represented in art. Among
these is Julia Sets of Complex Variables. These self similar images can be found in many new wave psychedelic
art works, including the backdrop of a pink floyd laser show. In this talk I will introduce the mathematics
behind these images, which arise from iterative functions of complex variables, as well as the general procedure
to generate them.

10:20-10:40: Felix Sanchez ’20

On the Complex Variable Boundary Element Method and its Applications

The Complex Variable Boundary Element Method (CVBEM) is a numerical method to solve partial
differential equations. In this presentation we will derive the CVBEM by applying it to solve the two
dimensional Laplace’s Equation subject to boundary conditions (1). Specifically, we will reformulate the
definition of a holomorphic function in the complex plane. The reformulation will allow us to use Cauchy’s
integral formula and the Taylor-McLaurin expansion. From that we can reconstruct a solution to (1) using
numerical methods. Then we will use the CVBEM to solve a two-dimensional advection-diffusion process
(2).

∂2φ

∂x2
+
∂2φ

∂y2
= 0 in R,

subject to the boundary conditions

φ = f1(x, y) on C1,

∂φ

∂n
= f2(x, y) on C2.

(1)

λ

(
∂2φ

∂x2
+
∂2φ

∂y2

)
− u∂φ

∂x
− v ∂φ

∂y
− kφ = 0 in R,

subject to the boundary condition

f(x, y)
∂φ

∂n
+ g(x, y)φ = s(x, y) on C.

(2)

10:40-11:00: Ryan de Silva ’20

Joukowski Airfoil

In 1910, Russian Scientist Nikolai Joukowski published his work on the transform that is now named
after him, and is now used to understand the design of airfoils. The Joukowski transform is a conformal map
given by the following:

ξ = z +
1

z
.

With this transform a circle on the z-plane will be transformed into an airfoil shape in the ξ-plane. A
Joukowski airfoil has a familiar shape to the shape of an airfoil we see on aircraft and by changing the
coordinates of the center of the circle on the z-plane, the shape of the generated airfoil can be changed. This
transform is important not only in the creation of these airfoil shapes but also to look at the flow of fluid
around the airfoil. A known flow (potential flow) around a cylinder (circle in the z-plane), which is known,
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can be transformed into the flow around the airfoil (ξ-plane). This allows the study of the aerodynamics of
certain shapes of airfoils. (Figure 1)

Figure 1: Credit: Dario Isola (MATLAB)
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