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• 4,500+ discovered by 2021

• Most found using the ‘transit 
method’

• Most have been found using 
very expensive telescopes or 
spacecraft

• You can hunt for exoplanets in 
the comfort of your own home 
at almost no cost!

• Can get very accurate data

Exoplanets



• System used: AstroImageJ

• Available for free from the 
University of Louisville, Kentucky

• https://www.astro.louisville.edu/s
oftware/astroimagej/

• Used to make light curves for stars

• Data from light curve can then be 
used to find exoplanets and 
determine many of the 
characteristics of the system.

Hunting Exoplanets

https://www.astro.louisville.edu/software/astroimagej/


WASP-14

WASP-14

CONSTELLATION: Bootes (The Herdsman)
VIS. MAG: 9.75
RA: 14h33m6.4s 
DEC: +21o53’41”
SPECTRAL CLASS: F5V
COLOUR: yellow-white
TEMP: ≈ 7,000K
RADIUS: 1.31 RʘꙨꙨ
MASS: 1.21 Mʘ
LUMINOSITY: 2.61 Lʘ
ALBEDO: 0.0
DENSITY: ≈ 0.5ʘ
DIST: 560ly



• WASP-14 chosen as it has a 
known exoplanet (WASP-14b)

• 77 publications about WASP-14b
• Referred to as a ‘gas giant’ or a 

‘hot Jupiter’
• Known values can be used to 

test hunting method and math

WASP-14b

Artistic impression of WASP-14b from the planet’s small Wikipedia page



METHODOLOGY
• 146 x 60sec images of WASP-14 system 

obtained from University of Louisville 
and loaded into AstroImageJ

• BIAS FRAMES: compensate for
interference by the computer in the
creation of the images.

• DARK FRAMES: compensate for thermal
interference by the CCD chip in the
creation of the images.

• FLAT FRAMES: compensate for any 
imperfections in the light path, and any 
pixel-to-pixel sensitivity in the CCD 
capture process.

• Identify WASP-14 in the images by 
comparing to CDS Portal or SIMBAD

‘Hunting’ WASP-14b

One of the images of WASP-14 supplied by University of Louisville



‘Hunting’ WASP-14b

Images of the WASP-14 system: CDS Portal (left) and AstroImageJ (Right).



METHODOLOGY
• ‘Data Processing’ function in 

AstroImageJ used to create light 
curve for WASP-14 and four 
comparison stars

• Fainter comparison stars used so 
as to not crowd the light curve

‘Hunting’ WASP-14b



‘Hunting’ WASP-14b



Light Curves of Planetary Transits



Transit Duration (tT)
t4 = t3 + (t2 – t1)
= 0.858 + (0.759 – 0.745)
= 0.858 + 0.14
= JD0.872

TOTAL DURATION (tT) (t4 – t1):
0.872 – 0.745 = 0.127days

FULL DURATION (tF) (t3 – t2):
0.858 – 0.759 = 0.099days

KNOWN VALUE (tT):
0.1275 days

DIFFERENCE: 0.0005 days
(43.2sec)



Planetary Radius (Rp)
CHANGE IN FLUX (Δf) =
0.06 - -0.04 = 0.10mag.

PLANETARY RADIUS:

Rp
2 = Δf x R*

2

≈ 91,111,810m
≈ 1.30 RJ

KNOWN VALUE: 1.281RJ 

DIFFERENCE: 0.019RJ
≈1300km



Planetary Radius (Rp)



P = (Gπ/32) x (M*/R*
3) x [(tT

2 – tF
2)3/2/Δf3/4]

(Gπ/32) = 288.73                                                                         M* = the mass of the star in Mʘ

R* = the radius of the star in Rʘ tT = the duration of the total transit in days 
tF = the duration of the full transit in days                              Δf = the change in the relative flux in mag 

P ≈ 2.47 days                       

KNOWN VALUE: 2.243752 days (based on more reliable Radial Velocity method)

DIFFERENCE:  0.226248 days (≈ 5.4 hours)

NOTE: method has margin of error of up to 20%. A mid-point 10% error = 2.223 days

Orbital Period (P)



a = [(P x 2 x R*)/tT]/2π 
P = the planet’s orbital period in years                                       R* = the star’s radius in metres 

tT = the total duration of the transit in years

a = 5,643,366,531m ≈ 0.037AU       (10x closer than Mercury is to the Sun (0.387AU))

KNOWN VALUE: 0.037AU 

DIFFERENCE:  0.00

Orbital Semi-major Axis (a)



Orbital Inclination (i)



(tF/tT)2 = [(1-Rp/R*)2-(a/R* x cos(i))2] / [(1+Rp/R*)2-(a/R* x cos(i))2]

tF = the duration of the full transit in days                                              tT = the duration of the total transit in days

Rp = the radius of the planet in metres                                                   R* = the radius of the star in metres
a = semi-major axis in metres

i = 85.3o 

KNOWN VALUE: 85.3o

DIFFERENCE:  0.00

Orbital Inclination (i)



Orbital Inclination (i)



a = [(P2 x G x (M*+Mp))/4π2]1/3 (Newton’s Version of Kepler’s Third Law of Planetary Motion)

a = the semi-major axis in metres                                     P = the orbital period in seconds
G = the gravitational constant                                            M* = the mass of the star in kg 
Mp = the mass of the planet in kg

Mp = 1.5x1028 kg = 7.7MJ

KNOWN VALUE: 7.7MJ

DIFFERENCE:  0.00

Planetary Mass (Mp)



ρ = M / (4/3)πr3 or ρ = Mass/Volume

ρ = 4700kg/m3

KNOWN VALUE: 4600kg/m3

NOTES:
• The change in relative flux suggested that the planet was large, and possibly ‘Jupiter-like’
• Planet’s radius showed it to be about 1.3x the radius of Jupiter
• However, Jupiter has an average density of 1330kg/m3 while Saturn, another gas-giant, has a density of 

only 700kg/m3

• WASP-14b possesses a density closer to that of the Earth (5520kg/m3)
• Suggests that, rather than being a ‘hot Jupiter’, WASP-14b is more akin to a hot ‘Super Earth’.

Planetary Density (ρ)



v = 2πa/P

a = the semi-major axis in metres                                     P = the orbital period in seconds

v ≈ 174km/s

This 6x faster than the orbital velocity of the Earth (≈30km/s)

Orbital Velocity (v)



First work out stellar luminosity:

L = 4πR*
2σT*

4

R* = the radius of the star in metres                                                     σ = the Stefan-Boltzmann constant 
T* = the temperature of the star in Kelvin

L* = 1.042438972x1027W

Planetary Temperature (T)



Then find planetary temperature:

T4 = L* x (1-A) / 16 x π x a2 x σ

L* = the stellar luminosity in Watts                                                A = the planet’s albedo,
a = the size of the semi-major axis in metres                               σ = the Stefan-Boltzmann constant

T = 1884K (Earth = 288K)

KNOWN VALUE: 1866.12K

DIFFERENCE: 17.88K

Planetary Temperature (T)



gp = G x Mp/Rp
2

G = gravitational constant                                                        Mp = the mass of the planet in kg
Rp = the radius of the planet in metres

gp ≈ 124.9m/s2 = 4.8x the surface gravity of Jupiter (25.9m/s2) and 12.75x the gravity of Earth (9.8m/s2)

KNOWN VALUE: 4.09gJ

DIFFERENCE: 0.71gJ

Planetary Gravity (gp)



WASP-14b

• TRANSIT DURATION: tT = 0.127 days
• PLANETARY RADIUS: R ≈ 1.30 RJ

• ORBITAL PERIOD: P ≈ 2.47 days
• ORBITAL SEMI-MAJOR AXIS: a ≈ 0.037AU
• ORBITAL INCLINATION: i = 85.3o

• PLANETARY MASS: M = 7.7MJ

• PLANETARY DENSITY: ρ = 4700kg/m3

• ORBITAL VELOCITY: v ≈ 174km/s
• PLANETARY TEMPERATURE: T = 1884K
• PLANETARY GRAVITY: gp ≈ 124.9m/s2

CONCLUSION: WASP-14b is one big, hot, dense, ‘super Earth’



What’s Next?

• Construct spreadsheet/program to do the calculations



What’s Next?

• Gather data on more exoplanets and errors for calculation of orbital period compared to 
radial velocity method

• Derive a variable/multiplier to refine the accuracy of calculations of orbital period (e.g. is 
there a correlation between Δf and the error? Or distance to star and the error?)

• P = (Gπ/32) x (M*/R*
3) x [(tT

2 – tF
2)3/2/Δf3/4] x ‘X Factor’

• Get camera/computer set up for my telescope

• GO HUNTING!



Thank You
BE VEWY, VEWY QWIET

I’M HUNTING EXOPWANETS!


