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What is PywWD?

* Graphical user interface for Wilson - Devinney (WD) 2015

— Generates dcin and lcin files
= Runs DC and LC programs
— Visualises the outputs

* Covers nearly all features of WD2015

— With the exception of subsets (will be included)
* Has Additional User Tools

— Drawing critical Roche potentials, solution history, project
management etc.

—



What is PyWD?

- Why?

* 2 Main Reasons:
— Currently, no GUI for WD2015

— WD is a great “dedicated study” code




What is PyWD?

- How?

* Written in Python 2.7

- Matplotlib
- Numpy

— Scipy
* Qt4 GUI Framework

— Cross-platform (Linux and Windows tested)

—



A Simple Example

- Modelling a System

e Main Window

PyWwD2015 - X

2 | Main | System | Surface | 3rd Body
=
- Input - Observation, spots, and general configuration
S
]
— | System MName :

Operation Mode Mode 5 - . .
v | KIC 7385478 Light / Velocity Curves
S - : ?
= Time Variable Phase - :
w | | Save Project Save as... Eclipse Timings
8 Input Unit Flux -
l_
E Load Project [J RV Corr.1 ] Use CGS Spots
§ ] RV Corr. 2




A Simple Example

- Modelling a System

* Loading Observations

Load Observations - X
Load or edit observations from files:

Add Filename Type Band
KIC7385478_Vr1_PHASE.txt Velocity Curve (#1) KEPLER

cdit KIC7385478_Vr2 _PHASE txt Velocity Curve (#2) KEPLER
KIC7385478_PHASED_INTENSITY.dat Light Curve KEPLER

Remove
Plot

—



A Simple Example

- Modelling a System

* Loading Observations

Curve Properties x

Load or edit a light curve

Band # |76 List Ksp(1 |= = Data Preview of file: Pick

fhome/varnanifDocuments/PyWD/mod5/KIC7

Ii}‘?320251622| le_?:'jl'lei Time/Phase Observation Weight |

" xz 0.00102125 0.821711  1.000
0.00301974 0.822117  1.000

0.462 0.344 0.00502172 0.822912  1.000

Y1 Y2 0.00700831 0.824311  1.000

0 0 0.00900415 0.827086  1.000

- - - £ 0.01105012 0.830251  1.000

0.05 0.45 055 0.95 0.01304003 0.834537  1.000
0.01497126 0.839371  1.000

T S 0.01698936 0.844083 1.000

o 0.000178 0.01901417 0.850066  1.000
0.02101108 0.856911  1.000

OPSF NOISE 0.02302340 0.863287  1.000

0 MNone - _.. nnnnnnnn S — ——

WLA AEXTINC XUNIT CALIB

0.592 0 1.0000 0

Accept Discard




A Simple Example

- Modelling a System

* Adding spots

Configure Spots - X
Configure spot parameters
Drift Rate for Star1 |1.0000 | [ Spot AMovement [ ] Aging Aging Profile Save Spots
?
Drift Rate for Star2 | 1.0000 || Spot B Movement || Use "VFA' | Triangular - Load Spots
Starl Add or Remove Spots Star 2
# A B LAT LON RADSP  TEMSP # A B LAT LON RADSP  TEMSP
TSTART TMAX1 TMAXZ TEND TSTART TMAX1 TMAX2 TEND
Add Spot Spotl (e () [0.89 5.24 0.94 0.98
Remove
52794 52794 52825 52825
Spot2 () (e [0.96 2.01 0.4 0.90
Remove

52794 | 52794 | 52825 52825

Add Spot




A Simple Example

- Modelling a System

* Eclipse timings

Load eclipse timings from a file

[ :IFTIME - Write eclipse timings:
KSD|1 = SIGMA |0

Data preview of file:
fhomefvarnanifDocuments/PyWD/mod3/0_C_)

Time Eclipse Type Weight
51832.5518 2 1.0
51837.3523 2 1.0
51877.5481 1 1.0
52591.4541 1 1.0
52606.4543 2 1.0
52634.4492 2 1.0
52963.4075 1 1.0
52964.4052 2 1.0
52976.4034 2 1.0
53001.4001 1 1.0
53020.5985 1 1.0
53020.5977 1 1.0
53624.5198 1 1.0
53625.5179 2 1.0
53649.5159 2 1.0

Load

Clear




A Simple Example

- Modelling a System

* System Parameters

PyWD2015 - X
E_ Main | System | Surface | 3rd Body
; Systemn Parameters - Eclipsing system's orbital and physical values
S
Y | Ephemeris Period dP/dt Phase 5hift Duration of Obs. Gaussian abs.
~ | 154954.534784 | [1.655473 0 0.0015983790 @ © 1 |-
S Semi-major axis Eccentricity Omega (w) dw/dt Inclination V Gamma 5
a8 |75 0 1.570796327 0 70.966 -16.2446 ;
v | Q(M2/M1) Metallicity T1 T2 Potl Pot2
O
2021 0 7000 4293 4.9582 2.2574164139
= | F1 F2 Eclipse semi-dur. V Unit Log(distance)
§ 1 1 0 1 1.83714 Conjunction




A Simple Example

- Modelling a System

e Surface Parameters

PyWD2015 - X

E_ Main | System | Surface | 3rd Body
=
- Surface Parameters - Parameters that control atmosphere, darkening, grid sizes and reflection
= .

At h Grids
g mosphere Starl Star 2 Starl Star 2
| IFAT1 |Stellar Atmosphere v | ALB [0.500 2| [0.699 2|  Fine 90 <! 1920 |%
ﬁ IFAT2 | Stellar Atmosphere - GR 0.320 /5 0270 % Coarse 90 '3 90 '3 -
H #
Lg’* Limb Darkening Set Eixed Star 1 Star 2 R_efLectlon Computation
— . : o XBOL || Decouple L2 from Tland T2
= LD1 |LinearCosine = - LTl LEET || Use detailed reflection computation
- : : _
2 | LD2[Linear Cosine v | [+ YBOL o 0 1 | 3| Number of reflections




A Simple Example

- Modelling a System

* Third Body Parameters

PyWD2015 - X
Main | System | Surface @ 3rd Body
[_| Enable third body parameters
a(3B) Period (3B) i(3B)
0| 0 0
e (3B) Omega (w, 3B) Conj. Time (3B)
0 0 0 E

About | Tools | DC2015 | LC2015 | Input

ﬂ



A Simple Example

- Modelling a System

PyWD2015 - X
E— LC2015 - Configure LC parameters and compute synthetic data lcin.active lcout.active
Z  Fract.Sd i
5 ract.>¢. 10 Noise | None e Synthetic Light/Velocity Curves
- Seed 138472375 Random Default
=t Spectral Line Profiles
8’ JD Start JD Stop JD Increment ?
- 50000 50010 0.001 Star Dimensions
Lé Phase Start Phase Stop Phase Incr. Fill...
Lo 0 1 0.001 Star Positions / Roche Lobes

Star#  Spectral Temp. Spec. T. Phs. Phase Morm.

Ahout

1 - 0 0.75 0.25 Conjunction 0-C

-




A Simple Example

- Modelling a System

* Synthetic Curves (MPAGE 1 and 2

Plot Synthetic Curves - o x
File Name Type Band L1 L2 L3 XI X2 Y1 Y2 Opacity Extinction Calibration Factor Zero Plot
KIC7385478 _Vr1_PHASE.txt Velocity Curve #1 - - - - - - - - - - - - - Pop
KIC7385478 _Vr2_PHASE.txt Velocity Curve #2 - - - - - - - - - - - - -
KIC7385478_PHASED_INTENSITY.dat Light Curve 0 0 0 1 Export
[Synthetic] Velocity Curve - - - - - - - - - - - - -
[Synthetic] Light Curve Select afilter 0 0 0 0 0 0 0 0 0 0 0 0 Phase =
[v Observation
[v Model
[ Alias with Phase
[ ] Enable Grid
ﬂ(") +QEM = pan/zoom
1.00 4
% 0.95 4
=
'S
E
£ 0.90 1
0.85

Residuals

—0.001

—0.002




A Simple Example

- Modelling a System

* Spectral Line Profiles (MPAGE 3

Spectral Line Profiles - o x
[+ Star1 [+ Star2
Bin Width 0.000010 - Cont.Scale | 1.00000 |2 Add Bin Width 0.000010 - Cont.Scale 1.00000 |2 Add
Subgrid 1 2| Cont. Slope | 0.00000 |2 Remove Subgrid 1 2| Cont.Slope | 0.00000 |2 = Remove
Wavelength Equivalent Width Rectangle Line Depth KKS Wavelength Equivalent Width Rectangle Line Depth KKS
0.656279 0.00001 0.5 0 0.656279 0.00001 0.5 ]
Plot Export Phase |0.2500 -
A €d> P$Q =¥
1.00 +
0.99 A
0.98
« 0.97 4
=
(M
0.96
0.95 A
0.94
0.93 - . . r . .
0.6560 0.6562 0.6564 0.6566 0.6568

Micron




A Simple Example

- Modelling a System

 Component Dimensions (MPAGE 4)

Component Dimensions - o x

Calculate Component Radii

1 W€D Q=M B
031
w0304
Pole v 2
2
£ 0.29
- ®
Point 4§ 0.8 /\
g —_—
Side [+ £ 0274
0'26_ T T T __‘_‘-‘I-‘\-_——I/-’-—._._._\
Back [+ 0.0 02 0.4 0.6 0.8 1.0
Phase
2 WEP PQE=V B

., 0.26

Pole (v 2

T o

1]
o (.25

Point [+ g
5 024

[

. — w
Side (v 0234

Back

<

0.0

0.2



A Simple Example

- Modelling a System

e Star Positions (MPAGE 5)

Star Positions - [= I 4
Single Plot | Animation
Phase
= — i Inner Critical: MN/A Plot
0.2500 | _| [_| Critical Roche Potentials

Outer Critical: NJA

AeD> Q=W

0.4 4
T 11 L S
0.2 IS i s i R ety
# %
£ %
§ A
i 4
> 004 1 +
% o
' ¥ ¥
e . i
,’P.,., """ fa .'.'«3‘ I'-, p, oty
—0.2 1 e M e
FEEPT Rt
_04 -
T T T T T

T
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0




A Simple Example

- Modelling a System

* Roche Potentials

Star Positions = o X

Single Plot | Animation

Phase

: = Inner Critical: 2.2574164139023347 Plot
0.2500 | _| [# Critical Roche Potentials
- Outer Critical: 2.123756692773876

AeD> Q=¥

0.6

0.4 4

0.2 7

= 0.0+

_0.2 -

—0.4

T T T T T T T T T
—0.50 —0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50
X




A Simple Example

- Modelling a System

e Star Positions (MPAGE 5)

Star Positions - o x
Single Plot | Animation
Render 1.00 - - 0.008
0.75 A
0.50 A
[ single |0.25 |2 0.25 1
> 0.00 A1
—0.25 A
AxisMin |-15 |2
—0.50 A
AxisMax |15 |2 —0.751
—1.00 A
Resolution |128dpi v -1.5 —i.O —6.5 0.10 0.r5 110 1.5
X
Save Frame > a p O




A Simple Example

- Modelling a System

* Conjunction (MPAGE 6

Compute Conjunction Times - B x

Cycle Step 1 - Export Compute

[+ Compute UTC
[+ Substract dt (Convert HID to JD)

Hour Minute Second
Right Ascension| 19 Zls0 258 =
Declination 42 52 22 -
HID Min Type Date (D/M/Y) - Time (H:M:S)

58729.01322 1 2/9/2019 - 12:15:24.71

58730.66870 1 4/9/2019 - 3:59:20.97
58732.32417 1 5/9/2019 - 19:43:16.55
58733.97%64 1 7/9/2019 - 11:27:12.29
58735.63512 1 9/9/2019 - 3:11:9.06
58737.29059 1 10/9/2019 - 18:55:5.13
58729.84096 2 3/9/2019 - 8:7:22.82
58731.49643 2 4/9/2019 - 23:51:18.31
58733.15191 2 6/9/2019 - 15:35:14.83
58734.80738 2 8/9/2019 - 7:19:10.65
58/736.46285 2
58738.11833 2

9/9/2019 - 23:3:6.64
11/9/2019 - 14:47:3.65




A Simple Example

- Modelling a System

* O-C(MPAGE6)

Compute Export

A€D> Q=¥ B

[+ Linear Residuals [ | Residuals with dP/dt

HID Lin. Res. with dP/dt Y

52434.81440 -0.00613 -0.00613 0.002
5244175760 -0.00614 -0.00614 .
5245376580 -0.00782 -0.00782 0.000 4 . .
52454.70540 -0.00649 -0.00649 . R
52454.71070 -0.00119 -0.00119 .
52456.77020 -0.00589 -0.00589 —0.002 ~
52463.71270 -0.00660 -0.00660 .
52476.66000 -0.00745 -0.00745
52478.72530 -0.00635 -0.00635 —0.004 1
52488.67380 -0.00353 -0.00353
52795.49340 0.00120 0.00120 00061 & .
52798.49490 0.00023 0.00023 < .

[ ]

[ ]

o

Day
L]

52802.43500 -0.00041 -0.00041
53549.48960 0.00220 0.00220 ~0.008 -
53551.36630 0.00236 0.00236
53846.92040 0.00085 0.00085 ¢
53924.41980 -0.00100 -0.00100 ~0.010 -
53931.36420 0.00019 0.00019
54273.45620 -0.00170 -0.00170
54274.39540 -0.00077 -0.00077 , , , , , , , ,
54597.53460 -0.00237 -0.00237 52500 53000 53500 54000 54500 55000 55500 56000
54641.44580 -0.00229 -0.00229 HID

CARAT 2Q20N__ N NNICE N NANICE

—0.012 ~




A Simple Example

- Modelling a System

* DCTab

PywD2015 - X

=
2| DC2015 - Configure DC parameters and do diferential corrections on inputs
e
o
O
- Derivative Type | Symmetrical ~ Designated Extinction |0
u
S Band # 0 < 2
U &
[
3
A

Differential Correction Solution History

=
o
Ew|
=<




A Simple Example

- Modelling a System

 Differential Corrections

Run Differential Corrections - o x
External Iterations 1 = Update Inputs dcin.active Add Subset
RunDC
Internal Iterations 1 = Export Results dcout.active
Base Set
‘-% . e (] cprdt Ow (] duwrdt (¥ Phift A 1.000d - 5 = KIC7385478_PHASED_INTENSITY.dat | Phase -
= Ja e i [ qM2My [ logld) ) VY Vector Reduction: 1000 | = | [_JEnableGrid (¥ UseLC [+ AutoUpdate Plot Pop Export
é amn ¥ T2 [Jat g2 AL ] A2
ol 0dn JF2 ~Mu L2 x =2 ¥ Q1 02 a € > .}. Q = |~
[Ja@e  [JP@EB)  []i(3B) ] e(3B) [JTo3B) [ wEe) (L3 [ Des. Ex. a
o - o - o - o - ear
[Jsilat. [|Silon. [ JS1Rad. [_|S1Temp. [JS1Tstart [_|S1Tmaxl [ ] S1Tmax2 [_| 51Tend : : : :
[Jszlat.  [|S2lon [ JS2Rad. [_|S2Temp. [ ) S2Tstart [_|S2Tmaxl [ ] S2Tmax2 [_| 52 Tend 1.00 4
Results | Statistical Curve Information
% 0.95 +
Parameter  Input Adjustment Output Standard Error Component r(Rfa) Std. Err. =
Phase Shift 0.001595 -0.1482038891e-05 0.000017572876... ~ Starl E
i 70.957 -0.003191095064 0.004733573685 Pole 0.210984 0.000133 2 0.90 1
T2 4294.0 0.375296996 115442726 Point 0.212964 0.000139
Potl 4.947206 -0.002031453806 0.0030032168 Side 0.212201 0.000137
v 1: KEPLER Back 0.212768 0.000138 0.851
1 10.736554 0.000268009111 [ EEEEEOMI 0.003141460896 | v Star2
Pole 0.236170 0.000000 ]
) 0.001
Point 0.345864 0.000000
Side 0.245678 0.000000
Back 0.278105 0.000000
Fillout  NJ/A
-0.001 4 . ° ”
L] L]
‘ [}
Mean Residual for Input Values Mean Residual Predicted  Determinant -0.002 . . : . . .
0.7079372693832893E-01 0.7058425803322160E-01 0.453907E-04 0.0 0.2 0.4 0.6 0.8 1.0

Phase




A Simple Example

- Modelling a System

* Solution History

Solution History - o x
Plot Export Clear [ Auto
Parameter Iteration 1 Iteration 2 Iteration 3 Iteration 4

Phase Shift 0.001590928586 +/- 0.001590928586 0.001591022766 +/- 0.001591022766 0.001594040631 +/- 0.001594040631 0.001594772141+/-C
i 70.97180979 +/-70.97180979 70.966206 +/- 70.966206 70.96066665 +/- 70.96066665 70.95668379 +/-70.9
T2 0.4292549647 +/- 0.4292549647 0.4292688894 +/- 0.4292688894 0.4293376108 +/- 0.4293376108 0.4293911162 +/- 0.4
Potl 4.95802064 +/- 495802064 4.953581514 +/- 4953581514 4.950141718 +/- 4.950141718 4.947205509 +/- 4.94
L1 10.73238574 +/- 10.73238574 10.73515739 +/- 10.73515739 10.73583925 +/- 10.73583925 10.73655365 +/- 10.7:

4.960

4.955

4.950

4.945 A

Parameter Value

4.940 -

4.935

2 4 6 8 10
Iteration Number




A Simple Example

- Additional User Tools

 Radius to Potential Conversion

PyWD2015 - X
'g_ Radius to Q Conversion | Temperature Estimation | JD - UT Conversion
=
L1 .
E‘ Q = M2/M1 Fract. Radius Q Potential
= 0.21000000 0.21327
. 4.938550853624833
=
= F d Calculate ?
1.0000 1.00000
E
=
l_
=
o
L
<



A Simple Example

- Additional User Tools

* Temperature Estimation

PywD2015 - %
'g_ Radius to Q Conversion | Temperature Estimation | JD - UT Conversion
<
E B -V (mag) 0.600 | * 0.100 V-K = | (mag) 0.600 | * 0.100
=
- Calculate Temperature (K) Calculate Temperature (K)
!
{JE“" Gray (2005) 5910 * 1339 Tokunaga (2000) 7339 T 245 ?
(]
ﬂ Flower (1996) 5895 * 1361
o
- Drilling and Landolt (2000) 5876 + 431
E Popper (1980) 5947 t 360

ﬁ



A Simple Example

- Additional User Tools

e JD - UT Conversion

PywD2015 - X

'g_ Radius to Q Conversion | Temperature Estimation | JD - UT Conversion
=
) 1D Day Month Year
o
] 2458737.187500 10 9 2019
—
W Hour Minute Second
8‘ Convert 16 30 0 -
o

DIMIY - HIMJS (UT)
= C rt
3 10/9/2019 - 16:30:0.00 e
5 D
2 2458737.1875

ﬂ



* Code Refactoring

— Upgrading from Qt4 to Qt5
— Major code rewrites
— Still Python 2.7 (3> ?7)

* Release & Beyond

— GitHub for releases, bug tracking and manuals

— 777

ﬂ



Thanks to:

* Dr. Robert E. Wilson
e Dr. Walter van Hamme

 Dr. Dirk Terrell

— Dear listeners, for your patience

ﬂ
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