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Abstract

Here, we present the Opto-Acoustic Parametric Amplifier (OAPA), a novel

device which couples optical and acoustic degrees of freedom...
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Chapter 1

Introduction

1.1 Introduction

1.1.1 Fourier Series

For a function f(z) you can write the Fourier Series:
[e.e]
f(l') _ chemx,
—0o0
where the coefficients c,are given by
I ,
Cp = —/ f(x)e™ dx
2 J_ .

1.1.2 Maxwell’s Equations
There are four of the buggers, and I like them in terms of total charge and current:

VE=2 VxE=-2
V.B=0 VXB:MOJ+/10€0%—]?

Where B is the magnetic field, E is the electric field and J is the total current density.
Also, g¢ is the permittivity of free space (electric constant) and i is the permeability
of free space (magnetic constant).

It’s good to know what these mean in words and integral forms, so:

o Gauss’ Law: Electric flux through any closed surface is proportional to the

enclosed electric charge:

@Z%EdA:Qenc
S €0




e Gauss’ Magnetic Law: Magnetic monopoles don’t exist:

j{BdA:()
S

e Faraday’s Law of Induction: The induced electromotive force in any closed

circuit is equal to the rate of change of the magnetic flux through the circuit:

dPp

T

o Ampere’s Law: The relation between integrated magnetic field and current

flowing:
% Bdl = ,UOIenc
S

That should be enough to get you started.

1.2 Thesis Overview



Chapter 2

The Nature of Dark Energy

2.1 Baryon Acoustic Oscillations

Some example text: One of the most important issues in cosmology today is
determining the properties of dark energy [1]. Over cosmological distances, dark
energy acts as a repulsive force [6] which causes an acceleration in the rate of expansion
of the universe, an observation first made using distant Type 1A supernovae |8, 7|.
By measuring the rate of expansion, we can learn about the nature of dark energy
which in turn can reveal a deeper understanding of the standard model of cosmology
and the origin of the universe.

The rate of expansion of the universe can be determined from a measurement of
its size at different epochs. A cosmological ‘standard ruler’ [2] is an object whose
size relative to the universe remains fixed with the expansion of the universe. One
such standard ruler is the typical length scale present in ‘baryon acoustic oscillations’
(BAO) [4]. These oscillations are the peaks and troughs in the spatial power distri-
bution of baryonic matter which correspond to over- and under-densities of matter at
specific length scales. The pressure resulting from over-densities present in the pri-
mordial plasma after the inflationary period created spherical acoustic waves which
radiate outward from these over-densities at around half the speed of light.

As the Universe expanded and cooled, the electrons and protons eventually com-
bined into neutral hydrogen atoms. At this point, referred to as recombination, the
Universe became essentially transparent to photons, removing the outward pressure
and effectively freezing the matter distribution. Over time, some of the dark matter
at the centre of the original over-density was attracted to the location of the sound
horizon [3]. Since the BAO are imprinted into the large-scale structure of the Universe
they remain unchanged in relation to the size of the Universe. The BAO signal was

first measured in the power spectrum of the cosmic microwave background (CMB)



(a) 2\ element spacing (b) % element spacing (¢) Product beam
Figure 2.1: An example of attenuation of grating lobes in the product beam of two
arrays. In a) and b), we have the radiation power patterns at 300M Hz for a 4 x 4

gridded array with spacing 2\ and 5\ /2, respectively. Sub-figure ¢) shows the product
beam, in which the grating lobe response is attenuated.

[5]. If one could measure the BAO signal at a different epoch this would constitute a

standard ruler, which would provide a measure of the expansion rate of the universe.



References

1]

2l

4]

FiLiPE B ABDALLA, CHRIS BLAKE, AND STEVE RAWLINGS. Forecasts for dark

energy measurements with future hi surveys. Monthly Notices of the Royal Astro-
nomaical Society, 401:743, Jan 2010.

CHRIS BLAKE AND KARL GLAZEBROOK. Probing dark energy using baryonic os-

cillations in the galaxy power spectrum as a cosmological ruler. The Astrophysical
Journal, 594:665, Sep 2003.

DANIEL J EISENSTEIN, HEE-JONG SEO, AND MARTIN WHITE. On the robust-
ness of the acoustic scale in the low-redshift clustering of matter. The Astrophysical
Journal, 664:660, Aug 2007.

DANIEL J EISENSTEIN, IDIT ZEHAVI, DAVID W HoGG, ROMAN Scocci-
MARRO, MICHAEL R BLANTON, ROBERT C NICHOL, RYAN SCRANTON, HEE-
JONG SEO, MAX TEGMARK, ZHENG ZHENG, SCOTT F ANDERSON, JIM
ANNIS, NETA BAHCALL, JON BRINKMANN, SCOTT BURLES, FRANCISCO J
CASTANDER, ANDREW CONNOLLY, ISTVAN CSABAI, MAMORU Do1, MASA-
TAKA FUKUGITA, JOSHUA A FRIEMAN, KARL GLAZEBROOK, JAMES E GUNN,
JOHN S HENDRY, GREGORY HENNESSY, ZELJKO IVEZIC, STEPHEN KENT,
GILLIAN R KNAPP, HUAN LIN, YEONG-SHANG LOH, ROBERT H LUPTON,
BRUCE MARGON, TIMOTHY A MCKAY, AVERY MEIKSIN, JEFFERY A MUNN,
ADRIAN POPE, MICHAEL W RICHMOND, DAVID SCHLEGEL, DONALD P
SCHNEIDER, KAZUHIRO SHIMASAKU, CHRISTOPHER STOUGHTON, MICHAEL A
STRAUSS, MARK SUBBARAO, ALEXANDER S SZALAY, ISTVAN SzZAPUDI, DOU-
GLAS L TUCKER, BRIAN YANNY, AND DONALD G YORK. Detection of the
baryon acoustic peak in the large-scale correlation function of sdss luminous red
galaxies. The Astrophysical Journal, 633:560, Nov 2005.

G Hinsuaw, M. R NorLtA, C. L BENNETT, R BEAN, O DORE, M. R GREA-
SON, M HALPERN, R. S HiLL, N JAROSIK, A KoGuT, E KoMATSU, M LIMON,



(6]

17l

18]

N ODEGARD, S. S MEYER, L. PAGE, H. V PEIris, D. N SPERGEL, G. S
TUCKER, L VERDE, J. L, WEILAND, E WOLLACK, AND E. L, WRIGHT. Three-
year wilkinson microwave anisotropy probe (wmap) observations: Temperature

analysis. The Astrophysical Journal Supplement Series, 170:288, Jun 2007.

P. J PEEBLES AND BHARAT RATRA. The cosmological constant and dark energy.
Reviews of Modern Physics, 75:559, Apr 2003.

S PERLMUTTER, G GOLDHABER, H. J MARVIN, R. A MULLER, C. R PEN-
NYPACKER, W. J CoucH, AND B. J BOYLE. The program to measure qo using
supernovae at cosmological distances. Bulletin of the American Astronomical So-
ciety, 22:1332, Sep 1990.

ADAM G RIESS, ALEXEI V FILIPPENKO, PETER CHALLIS, ALEJANDRO CLOC-
CHIATTI, ALAN DIERCKS, PETER M GARNAVICH, RON L GILLILAND, CRAIG J
HocAN, SAURABH JHA, ROBERT P KIRSHNER, B LEIBUNDGUT, M. M
PuiLLiPS, DAVID REISS, BRIAN P SCHMIDT, ROBERT A SCHOMMER, R. CHRIS
SMITH, J SPYROMILIO, CHRISTOPHER STUBBS, NICHOLAS B SUNTZEFF, AND
JOHN TONRY. Observational evidence from supernovae for an accelerating uni-
verse and a cosmological constant. The Astronomical Journal, 116:1009, Sep
1998.



Appendix A

Appendix Name

Colourless green ideas sleep furiously.



