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How did I get interested in Astronomy

2Pillars of Creation in Eagle Nebula
(source: APOD, Jan. 7, 2015)



Education: What is required for a PhD?
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Ø Undergraduate
Ø Math,	physics	and	astronomy	
Ø Mostly	course-work
Ø (Paid)	summer	 research	options
Ø 4	years

Ø Graduate	school
Ø Masters

Ø Course-work	+	original	 thesis
Ø 2	years

Ø PhD
Ø Course-work	+	original	 thesis
Ø 4	years



Education: What is after a PhD?
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Ø Research	Fellow/Post-Doc
Ø 1	– 3	positions	of	2	– 5	years
Ø Research	intensive
Ø Teaching/supervising	

optional/recommended

Ø Lecturer,	Professor
Ø Permanent(ish)	 position
Ø Research	intensive
Ø Teaching	intensive
Ø Administration	 intensive



Link to amateur clubs
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Ø University	astronomy	departments	often	collaborate	with	the	local	amateur	astronomy	clubs
Ø Academics	speak	at	amateur	meetings
Ø Amateurs	bring	 telescopes	to	university	events	and	staff	them



Presenting our work

6

Ø Form	an	idea
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Ø Form	an	idea

Ø Perform	the	research

Ø Write	the	results

Ø Submit	 the	paper	to	a	peer-reviewed	journal
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Ø Perform	the	research

Ø Write	the	results

Ø Submit	 the	paper	to	a	peer-reviewed	journal

Ø Paper	is	reviewed	by	an	anonymous	 referee
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Ø Form	an	idea

Ø Perform	the	research

Ø Write	the	results

Ø Submit	 the	paper	to	a	peer-reviewed	journal

Ø Paper	is	reviewed	by	an	anonymous	 referee

Ø Revise	paper	based	upon	referee’s	recommendations/requests



Presenting our work
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Ø Form	an	idea

Ø Perform	the	research

Ø Write	the	results

Ø Submit	 the	paper	to	a	peer-reviewed	journal

Ø Paper	is	reviewed	by	an	anonymous	 referee

Ø Revise	paper	based	upon	referee’s	recommendations/requests

Ø Paper	is	published!



Observational vs Theoretical Astronomy
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HL Tauri and surroundings (credit: NASA/HST) HL Tau: Dust disc (credit: ALMA)

Ø HL	Tau
Ø 450	ly (120pc)	 from	Earth	in	Taurus	Molecular	Cloud
Ø Young	 (	<	100	000	yr)	system

Observational vs Theoretical Astronomy



Observational vs Theoretical Astronomy 
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L76 G. Dipierro et al.

Figure 3. Rendered images of dust surface density for a disc containing three embedded protoplanets of mass 0.2, 0.27 and 0.55 MJ initially located at the
same distance as the gaps detected in HL Tau. Each panel shows the simulation with gas plus grains of a particular size (as indicated).

Figure 4. Comparison between the ALMA image of HL Tau (left) with simulated observations of our disc model (right) at band 6 (continuum emission at
233 GHz). Note that the colour bars are different. The white colour in the filled ellipse in the lower left corner indicates the size of the half-power contour of
the synthesized beam: (left) 0.035 arcsec × 0.022 arcsec, P.A. 11◦; (right) 0.032 arcsec × 0.027 arcsec, P.A. 12◦.

the grain size (e.g. Fouchet et al. 2007; Ayliffe et al. 2012), or
more specifically on the Stokes number. The density distribution
of µm-sized particles (top left and centre) are similar to the gas
distribution due to the stronger coupling. The micron-sized grains
(top left) capture the spiral density wave launched by the proto-
planets. Millimetre-sized particles (bottom left) are most affected
by the density waves induced by the protoplanets, exhibiting the
largest migration towards the gap edges. Interestingly, the dust den-
sity distributions of 10 mm and cm-sized particles (bottom centre
and right) show axisymmetric waves launched by the planets prop-
agating across the whole disc. The gaps carved by protoplanets
in cm grains (St ≈ 10) show the formation of horseshoe regions.
As expected, the formation of the horseshoe region in planetary
gaps depends on the dust–gas coupling, since poorly coupled large

particles tend to have frequent close encounters with the planet.
We stress that the important parameter is the Stokes number rather
than the actual grain size, so equivalent dynamics can be produced
in different grains by changing the gas density or with different
assumptions about the grain composition (see equation 3).

An intriguing possibility is to infer the disc viscosity from the
morphology of the gaps. Since our results show that the planets
are not massive enough to open gaps in the gas or, equivalently,
the viscosity is high enough to effectively smooth the density profile,
we can only evaluate a lower limit for αSS below which planets are
able to carve gaps in the disc model adopted here. Using the criterion
in Crida, Morbidelli & Masset (2006) we infer αSS ! 0.0002.

Fig. 4 compares the ALMA simulated observation of our disc
model at band 6 (right) with the publicly released image of HL Tau
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Credit: Giovanni Dipierro, Daniel Price, Guillaume Laibe, Kieran Hirsh, Alice Cerioli and Giuseppe Lodato. 
On planet formation in HL Tau. MNRAS 453, L73–L77 (2015)

ALMA observations                                                       Numerical simulation



Observational vs Theoretical Astronomy
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Visualization by Frank Summers (Space Telescope Science Institute). Simulation by Chris Mihos (Case Western Reserve 
University) and Lars Hernquist (Harvard University).
Posted on YouTube and Astronomy Picture of the Day (apod.nasa.gov)



Observational Astronomy
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Observational Astronomy
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Observational Astronomy: Exo-planets
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Credit: Wang et al. PLANET HUNTERS. V. A CONFIRMED JUPITER-SIZE PLANET IN THE HABITABLE ZONE AND 42 PLANET 
CANDIDATES FROM THE KEPLER ARCHIVE DATA. The Astrophysical Journal, 776:10 (18pp), 2013 October 10.

The Astrophysical Journal, 776:10 (18pp), 2013 October 10 Wang et al.

Figure 4. Phase-folded light curves for planet candidates discovered by the Planet Hunters project. Stellar and orbital information can be found in Tables 1 and 4.
Black diamonds are data points from odd numbered transits and red pluses are data points from even numbered transits.
(A color version of this figure is available in the online journal.)

space. This false-positive probability is then compared in a
Bayesian manner to the probability of finding a planet of the
size measured, known as the planet prior. The ratio of the planet
prior to the sum of false-positive probability and the planet
prior yields a confidence level for whether a particular source
is a bone fide planet. A specific example is PH2 b, presented in
Section 6.4.

The parameter space we consider is a two dimensional plane
with axes of projected spatial distance between our target source
and any false-positive source, which we refer to as separation,
and the difference in brightness between our target and a false-
positive source, which we refer to as ∆KP . We primarily
consider background and foreground systems that are either
EBs or background transiting planet host stars. False-positive
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Theoretical Astronomy 

Credit: Wurster, Price & Bate. 
Can non-ideal magnetohydrodynamics solve the magnetic braking catastrophe? MNRAS 457, 1037–1061 (2016).



Theoretical Astronomy: AGN Feedback
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Credit: Wurster & Thacker. A comparative study of AGN feedback algorithms. MNRAS 431, 2513–2534 (2013).
Credit: Wurster & Thacker. Accretion disc particle accretion in major merger simulations. MNRAS 431, 539–553 (2013).



Theoretical Astronomy: Star cluster formation
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Thank you!

James Wurster
http://www.astro.ex.ac.uk/people/wurster/


