
Appendix A

Tables

Table A.1. Power emitted by the auroral bridge, total power emitted by the whole aurora, and contribution of the auroral
bridge to the total emitted power (in %) for case k24.
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Table A.2. Power emitted by the auroral bridge, total power emitted by the whole aurora, and contribution of the auroral
bridge to the total emitted power (in %) for case k57.
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Table A.3. Power emitted by the auroral bridge, total power emitted by the whole aurora, and contribution of the auroral
bridge to the total emitted power (in %) for case k61.





Appendix B

IDL routines

B.1 irene.script

; based on:

; /LPAP/HST/work2/grodent/juno/HST_PJ06_data_analysis/analyse_k0a.pro

; Modified by Irene Pardo Cantos

;----------------------------------------------------------------

; working directory

cd /home/LPAP/pardo/results/

idl

@/home/LPAP/pardo/add_lib ; @ ./add_lib

device,cursor_standard=33

; restore the content of the file.dat

; catalogue41_14634.dat contains the metadata

restore, ’/LPAP/HST/data/catalogue/catalogue41_14634.dat’

; Case study

;rootname = ’od8k57itq’

;rootname = ’od8k61lyq’

rootname = ’od8k24ioq’

;----------------------------------------------------

redu = ’/LPAP/HST/redu/jup_stis_14634/’ ; reduced data

proj = ’/LPAP/HST/redu/jup_stis_14634/proj/’ ; projections

ind = where(cat_ext.rootname eq rootname)

55



56 Appendix B. IDL routines

; Central Meridian Longitude (CML)

cml = cat_ext(ind).cml

; transforms in physical units

coef = bri_pow_conv_cr(cat_ext,rootname,2.5)

doy = date2doy(cat_ext(ind).date) ; day of the year

cimage = clean_image(cat_ext,rootname) ; 10 seconds frames

; coef(0): intensity in kR, coef(1): power in W

cimage_pow = cimage*coef(1)

incl = cat_ext(ind).pitch-cat_ext(ind).tele_data(10) ; inclination

; sub Earth latitude in degrees

latst = cat_ext(ind).latst

req = 71492. ; equatorial radius of Jupiter in km

rpol = 66854. ; polar radius of Jupier in km

alt = 400. ; altitude in km

alpha = incl/180.0*!PI ; inclination in radians

lamda0 = latst*!pi/180. ; sub Earth latitude in radians

; angle holded by a pixel (arcsec) *1024 = 25 arcsec (image)

pixangle = cat_ext(ind).tele_data(2)

d = cat_ext(ind).d ; HST-Jupiter distance in km

;virtual center of Jupiter

cx = cat_ext(ind).tele_data(7) ; x-coord

cy = cat_ext(ind).tele_data(8) ; y-coord

pixdist = d*pixangle/3600.0/180.0*!PI ; arcsec to degrees to radians

reqpix = req/pixdist ; conversion to pixels

rpolpix = rpol/pixdist

altpix = alt/pixdist

;----------------------------------------------------

; Projection

;------------

filen = proj + rootname + ’_nobkg_400_cps_map.idl’ ; map name

print,’restoring ’ + filen

restore,filen
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; in ’_ephem_data.idl’ there is more information than in the catalogue

file_ephem = redu + rootname + ’_ephem_data.idl’ ; ephem: ephemeride

restore,file_ephem

;----------------------------------------------------

cml_list = cml

; window: creates a graphics window. Size in pixels (xs,ys)

window, xs=1024, ys=1024

; loadct: loads one of the predefined IDL color tables

; 1: blue-white table, 3: red-white table, etc

loadct,3

; applies gamma correction to a color table.

; Values less than 1.0 yield lower contrast

gamma_ct,0.25

;----------------------------------------------------

j = 248 ; n image ;first image (j=0=t)

map = implan(*,*,j)

; shift the map, turns it, etc

mop = shift(map,(180.-cml_list[j])*10,0)

; map projection

bpglobe_mod,90,0,180,(mop*255>0),/grid,/horizon,londel=10,latdel=10

; 90: North pole.

; 0: inclination (over the pole).

; 180: 180degrees placed in the bottom of the image.

; Horizon: plot a borderline.

; londel=10,latdel=10: lon and lat grid every 10deg.

;----------------------------------------------------

; select points in the image to obtain their coordinates.

; Click on the right bottom to finish.

traceoval,longitude,latitude

; longitudeb = 360.-longitude ; to correct the negative sign in lon

longitudeb = -longitude

; position of the center of Jupiter
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cx0 = cx

cy0 = cy

;----------------------------------------------------

; the .RUN command compiles procedures, functions and/or

; main programs in memory

.run

nn = n_elements(longitudeb)

; fltarr creates a floating-point vector of dimension(nn)

x1 = fltarr(nn)

y1 = x1

for i=0,nn-1 do begin

pos_xy = planet2xy(reqpix+altpix,rpolpix+altpix,cx0,cy0,alpha,lamda0,$

latitude[i]*!dtor,(cml_list[j]-longitudeb[i])*!dtor)

x1[i] = pos_xy[0,0,0]

y1[i] = pos_xy[0,0,1]

endfor

end ; end run

imi = cimage_pow[*,*,j] ; image. pow: power in W

imi2 = imi

; overlap points on the image (from lat-lon to X-Y)

imi2(x1,y1) = max(imi)*1.5

; tvscl scales the intensity values of the image (imi) into the range

; of the Direct Graphics image display device and outputs the data

; to the image display at the specified location

tvscl,imi2

; Cut the image selecting the region of interest

;-------------------------------------------------------

; defroi: defines an irregular region of interest of an image

z = defroi(1024,1024)

; total: adds intensities of the selected region

;print, total(imi[z])

; rdpix: interactively displays the X position, Y position and pixel

;value at the cursor

rdpix, imi2
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;----------------------------------------------------

dummy = imi*0.

dummy[z] = 1.

zdummy = dummy[578:650,758:830] ; specify coordinates of the new region

; new image (ama) which is the zoom of the original image (imi)

ama = imi[578:650,758:830]

s = size(ama)

print, s

; rebin: resizes a vector or array to dimensions given by the parameters

amma = rebin(ama, s[1]*4.,s[2]*4.)

;amma = congrid(ama, s[1]*2,s[2]*2) ; can use congrid instead of rebin

azdummy = rebin(zdummy, s[1]*4.,s[2]*4.)

wz=where(azdummy eq 1.)

tvdg, amma ; changes the size of the window

;print, total(amma[wz])/16. ; total(amma) with pixel correction

intensity_imi = total(imi[z])

intensity_amma = total(amma[wz])/16.

; show the solutions (total power of a region in W)

print, intensity_imi, intensity_amma

;----------------------------------------------------

; Save files

;------------

$pwd ; $ acts out of IDL

jj = strcompress((string(j)),/remove_all)

lon = longitude

lat = latitude

int_imi = intensity_imi

int_amma = intensity_amma

filename = rootname + ’_’ + jj + ’_CML’

; save files in IDL format

save, filename = filename+’.idl’, lon, lat, int_imi, int_amma, cml

restore, filename + ’.idl’
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; save files in a .txt file

output = ’/home/LPAP/pardo/results/’+filename+’.txt’

s = size(lon)

length = s[1]

openw,1,output

printf,1, ’intensity_imi =’, int_imi

printf,1, ’intensity_amma =’, int_amma

printf,1, ’ ’

printf,1,’Longitude ’,’ Latitude ’,’ CML ’

for ii=0,length-1 do begin

printf,1,format=’(f9.4,x,f8.4,x,f8.4)’,lon[ii],lat[ii],cml[j]

endfor

close,1

;----------------------------------------------------

; Put all the retrieved coordinates together

;--------------------------------------------------

newfilename = rootname + ’_all_CML’

; .TXT file

newoutput = ’/home/LPAP/pardo/results/’+newfilename+’.txt’

openw,1,newoutput

;printf,1,’Longitude ’,’ Latitude ’,’ CML ’

.run

for x=0,9 do begin

xx = strcompress((string(x)),/remove_all)

filen = rootname+’_00’+xx+’_CML.idl’

restore, filen

s = size(lon)

length = s[1]

for ii=0,length-1 do printf,1,format=’(f9.4,x,f8.4,x,f8.4)’,$

lon[ii],lat[ii],cml[x]

endfor ;x

for y=10,99 do begin

yy = strcompress((string(y)),/remove_all)

filen = rootname+’_0’+yy+’_CML.idl’

restore, filen
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s = size(lon)

length = s[1]

for ii=0,length-1 do printf,1,format=’(f9.4,x,f8.4,x,f8.4)’,$

lon[ii],lat[ii],cml[y]

endfor ;y

for z=100,248 do begin

zz = strcompress((string(z)),/remove_all)

filen = rootname+’_’+zz+’_CML.idl’

restore, filen

s = size(lon)

length = s[1]

for ii=0,length-1 do printf,1,format=’(f9.4,x,f8.4,x,f8.4)’,$

lon[ii],lat[ii],cml[z]

endfor ;z

end

close,1

;--------

; .IDL file

openr,2,newfilename+’.txt’

.run

lon_c = 0.

lat_c = 0.

cml_c = 0.

lines = file_lines(newfilename+’.txt’) ; number of lines of a file

; FLTARR: creates a floating-point vector or array of the specified

; dimensions (lines) (it’s like FINDGEN function)

lon = fltarr(lines)

lat = fltarr(lines)

cml = fltarr(lines)

ic=0

while ~ eof(2) do begin

readf,2,format=’(f9.4,x,f8.4,x,f8.4)’,lon_c,lat_c,cml_c

lon[ic]=lon_c

lat[ic]=lat_c
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cml[ic]=cml_c

ic+=1

print,format=’(f9.4,x,f8.4,x,f8.4)’,lon_c,lat_c,cml_c

endwhile

end

close,2

save,filename=’/home/LPAP/pardo/results/’+newfilename+’.idl’,lon,lat,cml

B.2 ionosph_to_msph_ipc

; Irene Pardo Cantos

; MAPPING FROM THE IONOSPHERE TO THE MAGNETOSPHERE

; USING THE MAPPING_FUNCTION (Vogt et al., 2011, 2015)

;------------------------------------------------------

.r /LPAP/HST/work/commun/idl_library/mapping_program_june_2019/$

mapping_function2019.pro

; Choose the case to study

;--------------------------

;rootname = ’od8k57itq’

;rootname = ’od8k61lyq’

rootname = ’od8k24ioq’

filename = ’/home/pardo/results/’ + rootname + ’_all_CML.idl’

restore, filename

lon = -lon

cd, ’/home/LPAP/pardo/’

set_dev ; call set_dev.pro

loadct,39 ; Color Table "Rainbow + White"

device,/color

; Plot the results to check locations

plot, lon, lat, psym=1, xtitle=’Longitude’, ytitle=’Latitude’,$

background=255, color=0, charsize=1.5
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nn = n_elements(lon)

nns = strcompress(string(nn-1),/remove_all)

; Create a vector to keep the results

rrr = fltarr(nn) ; Radial Distance (in Rj)

lot = fltarr(nn) ; Local Time LT (in hours 0-24)

;----------------------------------------

.run

for i = 0,nn-1 do begin

print,i,’ / ’,nns

; FUNCTION (choose one model)

; msph = mapping_function2019(’ion_to_mag’,cml[i],lat[i],lon[i],$

’jrm09’,’fieldline_tracing’)

; msph = mapping_function2019(’ion_to_mag’,cml[i],lat[i],lon[i],’jrm09’)

; msph = mapping_function2019(’ion_to_mag’,cml[i],lat[i],lon[i],$

’gam’,’fieldline_tracing’)

; msph = mapping_function2019(’ion_to_mag’,cml[i],lat[i],lon[i],’gam’)

msph = mapping_function2019(’ion_to_mag’,cml[i],lat[i],lon[i],$

’khurana_jrm09’,’fieldline_tracing’)

; OUTPUTS

rrr[i] = msph[0] ; Radial Distance (in Rj)

lot[i] = msph[1] ; Local Time LT (in hours 0-24)

endfor

end

; The program returns an array of flag values (-999, -998, -996, etc.)

; if the point cannot be mapped for some reason.

;------------------------------------

; SAVE RESULTS

;---------------

; Choose the model name

;newfilename = rootname + ’_RD_LT_JRM09_fieldline’

;newfilename = rootname + ’_RD_LT_JRM09_flux’

;newfilename = rootname + ’_RD_LT_GAM_fieldline’

;newfilename = rootname + ’_RD_LT_GAM_flux’

newfilename = rootname + ’_RD_LT_khurana_fieldline’

;---------------
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; .TXT FILE

newoutput = ’/home/LPAP/pardo/results/’+newfilename+’.txt’

openw,1,newoutput

.run

for x=0,nn-1 do begin

printf,1,format=’(f8.4,x,f8.4)’,rrr[x],lot[x]

endfor

end

close,1

;---------------

; .IDL FILE

openr,2,newoutput

.run

rrr_c = 0.

lot_c = 0.

; Number of lines of a file

lines = file_lines(newoutput)

rrr = fltarr(lines)

lot = fltarr(lines)

ic=0

while ~ eof(2) do begin

readf,2,format=’(f8.4,x,f8.4)’,rrr_c,lot_c

rrr[ic]=rrr_c

lot[ic]=lot_c

ic+=1

print,format=’(f8.4,x,f8.4)’,rrr_c,lot_c

endwhile

end

close,2
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print, ’rrr : ’, rrr

print, ’lot : ’, lot

save, filename = ’/home/LPAP/pardo/results/’+newfilename+’.idl’, rrr, lot

;------------------------------------

; Check where there are errors (-99999)

;---------------------------------------

restore, ’/home/LPAP/pardo/results/’+newfilename+’.idl’

i_rrr_nan = where(rrr eq -99999.0, count, complement=rrr_nan_c,$

ncomplement=count_c)

print, ’Number of rrr = -99999.0 :’, count

print, ’Subscripts of rrr = -99999.0 :’, i_rrr_nan

print, ’Number of rrr /= -99999.0 :’, count_c

print, ’Subscripts of rrr /= -99999.0 :’, rrr_nan_c

i_lot_nan = where(lot eq 9999.00, countt, complement=lot_nan_c,$

ncomplement=count_cc)

print, ’Number of lot = 9999.00 :’, countt

print, ’Subscripts of lot = 9999.00 :’, i_lot_nan

print, ’Number of lot /= 9999.00 :’, count_cc

print, ’Subscripts of lot /= 9999.00 :’, lot_nan_c

;------------------------------------

; Put all the models together

;-----------------------------

name_model_1 = ’/home/pardo/results/’+ rootname + ’_RD_LT_JRM09_fieldline’

name_model_2 = ’/home/pardo/results/’+ rootname + ’_RD_LT_JRM09_flux’

name_model_3 = ’/home/pardo/results/’+ rootname + ’_RD_LT_GAM_fieldline’

name_model_4 = ’/home/pardo/results/’+ rootname + ’_RD_LT_GAM_flux’

name_model_5 = ’/home/pardo/results/’+ rootname + ’_RD_LT_khurana_fieldline’

restore, name_model_1+’.idl’

rrr_1 = rrr

lot_1 = lot

restore, name_model_2+’.idl’

rrr_2 = rrr

lot_2 = lot

restore, name_model_3+’.idl’

rrr_3 = rrr

lot_3 = lot
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restore, name_model_4+’.idl’

rrr_4 = rrr

lot_4 = lot

restore, name_model_5+’.idl’

rrr_5 = rrr

lot_5 = lot

nn = n_elements(rrr_1)

filename_models = rootname + ’_5MODELS’

:---------------

; .TXT file

output_models = ’/home/LPAP/pardo/results/’+filename_models+’.txt’

openw,3,output_models

.run

for i=0,nn-1 do begin

printf,3,format=’(f8.4,x,f8.4,x,f8.4,x,f8.4,x,f8.4,x,f8.4,x,f8.4,x,$

f8.4,x,f8.4,x,f8.4)’,rrr_1[i],lot_1[i],rrr_2[i],lot_2[i],rrr_3[i],$

lot_3[i],rrr_4[i],lot_4[i],rrr_5[i],lot_5[i]

endfor

end

close,3

:---------------

; .IDL FILE

openr,4,output_models

.run

rrr_1_c = 0.

lot_1_c = 0.

rrr_2_c = 0.

lot_2_c = 0.

rrr_3_c = 0.

lot_3_c = 0.

rrr_4_c = 0.
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lot_4_c = 0.

rrr_5_c = 0.

lot_5_c = 0.

lines = file_lines(output_models)

rrr_1 = fltarr(lines)

lot_1 = fltarr(lines)

rrr_2 = fltarr(lines)

lot_2 = fltarr(lines)

rrr_3 = fltarr(lines)

lot_3 = fltarr(lines)

rrr_4 = fltarr(lines)

lot_4 = fltarr(lines)

rrr_5 = fltarr(lines)

lot_5 = fltarr(lines)

ic=0

while ~ eof(4) do begin

readf,4,format=’(f8.4,x,f8.4,x,f8.4,x,f8.4,x,f8.4,x,f8.4,x,f8.4,x,$

f8.4,x,f8.4,x,f8.4)’,rrr_1_c,lot_1_c,rrr_2_c,lot_2_c,rrr_3_c,lot_3_c,$

rrr_4_c,lot_4_c,rrr_5_c,lot_5_c

rrr_1[ic]=rrr_1_c

lot_1[ic]=lot_1_c

rrr_2[ic]=rrr_2_c

lot_2[ic]=lot_2_c

rrr_3[ic]=rrr_3_c

lot_3[ic]=lot_3_c

rrr_4[ic]=rrr_4_c

lot_4[ic]=lot_4_c

rrr_5[ic]=rrr_5_c

lot_5[ic]=lot_5_c

ic+=1

endwhile

end

close,4

save, filename = ’/home/LPAP/pardo/results/’+filename_models+’.idl’,$

rrr_1, lot_1, rrr_2, lot_2, rrr_3, lot_3, rrr_4, lot_4, rrr_5, lot_5
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B.3 mean_stdev_flag_models_ipc

; Irene Pardo Cantos

; PROGRAM TO COMPARE THE 5 MAGNETIC FIELD MODELS USED TO CALCULATE THE

; LOCATION OF THE BRIDGE (radial distance & local time).

; IT CALCULATES THE MEAN POSITION, THE STANDARD DEVIATION OF EACH MODEL,

; AND THE FLAG THAT INDICATES HOW MANY MODELS WHERE USED TO MAKE

; CALCULATIONS (0-5).

;---------------------------------------------------------------

; Choose the case to study

;--------------------------

;rootname = ’od8k57itq’

;rootname = ’od8k61lyq’

rootname = ’od8k24ioq’

filename = ’/home/pardo/results/’ + rootname + ’_5MODELS.idl’

restore, filename

rrr = [[rrr_1],[rrr_2],[rrr_3],[rrr_4],[rrr_5]]

rrrt = transpose(rrr) ; matrix with rrr (radial distance) data

lot = [[lot_1],[lot_2],[lot_3],[lot_4],[lot_5]]

lott = transpose(lot) ; matrix with lot (local time) data

print, rrrt

print, lott

nn = n_elements(rrr_1)

; data

;------

.run

rrr_matrix = make_array(5,nn,/float, value=0)

lot_matrix = make_array(5,nn,/float, value=0)

for i=0,nn-1 do begin ;rows

rrr_array = [rrrt[0,i],rrrt[1,i],rrrt[2,i],rrrt[3,i],rrrt[4,i]]

rrr_matrix[*,i] = rrr_array

lot_array = [lott[0,i],lott[1,i],lott[2,i],lott[3,i],lott[4,i]]
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lot_matrix[*,i] = lot_array

endfor

end

;---------------------------------

; MEAN, STDDEV, FLAG

;--------------------

;;;; 5 MODELS ;;;;

newfilename10 = ’/home/pardo/results/’+rootname+’_mean_stdev_flag_all5’

openw,10,newfilename10+’.txt’

printf,10, ’mean_r’, ’stdev_r’, ’mean_lot’, ’stdv_lot’, ’flag’

printf,10,’ ’

.run

for i=0,nn-1 do begin ;rows

r = make_array(5,nn,/float, value=-9999)

lot = make_array(5,nn,/float, value=-9999)

mean_r = fltarr(nn)

mean_lot = fltarr(nn)

std_r = fltarr(nn)

std_lot = fltarr(nn)

cov = fltarr(nn)

flag = fltarr(nn)

;mean_lot_rad = fltarr(nn)

;lot_rad = fltarr(nn)

; FLAG = 0 (no model maps the points)

;---------

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

printf,10, format=’(f9.4,x,f9.4,x,f9.4,x,f9.4,x,f11.4,$

x,f6.0)’, 0, 0, 0, 0, 0, 0

endif

for j=0,4 do begin ;columns

; FLAG = 4 (4 models map the points)

;---------
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if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[0:3,i])

mean_lot[i] = mean(lot[0:3,i])

std_r[i] = stddev(r[0:3,i])

std_lot[i] = stddev(lot[0:3,i])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[1,i],r[2,i],r[4,i]])

mean_lot[i] = mean([lot[0,i],lot[1,i],lot[2,i],lot[4,i]])

std_r[i] = stddev([r[0,i],r[1,i],r[2,i],r[4,i]])

std_lot[i] = stddev([lot[0,i],lot[1,i],lot[2,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[1,i],r[3,i],r[4,i]])

mean_lot[i] = mean([lot[0,i],lot[1,i],lot[3,i],lot[4,i]])

std_r[i] = stddev([r[0,i],r[1,i],r[3,i],r[4,i]])

std_lot[i] = stddev([lot[0,i],lot[1,i],lot[3,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] gt 0.) && $
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(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[2,i],r[3,i],r[4,i]])

mean_lot[i] = mean([lot[0,i],lot[2,i],lot[3,i],lot[4,i]])

std_r[i] = stddev([r[0,i],r[2,i],r[3,i],r[4,i]])

std_lot[i] = stddev([lot[0,i],lot[2,i],lot[3,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[1:4,i])

mean_lot[i] = mean(lot[1:4,i])

std_r[i] = stddev(r[1:4,i])

std_lot[i] = stddev(lot[1:4,i])

endif else begin

; FLAG = 3 (3 models map the points)

;---------

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[0:2,i])

mean_lot[i] = mean(lot[0:2,i])

std_r[i] = stddev(r[0:2,i])

std_lot[i] = stddev(lot[0:2,i])

endif else begin
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if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[1,i],r[3,i]])

mean_lot[i] = mean([lot[0,i],lot[1,i],lot[3,i]])

std_r[i] = stddev([r[0,i],r[1,i],r[3,i]])

std_lot[i] = stddev([lot[0,i],lot[1,i],lot[3,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[1,i],r[4,i]])

mean_lot[i] = mean([lot[0,i],lot[1,i],lot[4,i]])

std_r[i] = stddev([r[0,i],r[1,i],r[4,i]])

std_lot[i] = stddev([lot[0,i],lot[1,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[2,i],r[3,i]])

mean_lot[i] = mean([lot[0,i],lot[2,i],lot[3,i]])

std_r[i] = stddev([r[0,i],r[2,i],r[3,i]])

std_lot[i] = stddev([lot[0,i],lot[2,i],lot[3,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $
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(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[2,i],r[4,i]])

mean_lot[i] = mean([lot[0,i],lot[2,i],lot[4,i]])

std_r[i] = stddev([r[0,i],r[2,i],r[4,i]])

std_lot[i] = stddev([lot[0,i],lot[2,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[3,i],r[4,i]])

mean_lot[i] = mean([lot[0,i],lot[3,i],lot[4,i]])

std_r[i] = stddev([r[0,i],r[3,i],r[4,i]])

std_lot[i] = stddev([lot[0,i],lot[3,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[1:3,i])

mean_lot[i] = mean(lot[1:3,i])

std_r[i] = stddev(r[1:3,i])

std_lot[i] = stddev(lot[1:3,i])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] gt 0.) then begin
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r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[1,i],r[2,i],r[4,i]])

mean_lot[i] = mean([lot[1,i],lot[2,i],lot[4,i]])

std_r[i] = stddev([r[1,i],r[2,i],r[4,i]])

std_lot[i] = stddev([lot[1,i],lot[2,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[1,i],r[3,i],r[4,i]])

mean_lot[i] = mean([lot[1,i],lot[3,i],lot[4,i]])

std_r[i] = stddev([r[1,i],r[3,i],r[4,i]])

std_lot[i] = stddev([lot[1,i],lot[3,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[2:4,i])

mean_lot[i] = mean(lot[2:4,i])

std_r[i] = stddev(r[2:4,i])

std_lot[i] = stddev(lot[2:4,i])

endif else begin

; FLAG = 2 (2 models map the points)

;---------

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $
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(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[0:1,i])

mean_lot[i] = mean(lot[0:1,i])

std_r[i] = stddev(r[0:1,i])

std_lot[i] = stddev(lot[0:1,i])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[2,i]])

mean_lot[i] = mean([lot[0,i],lot[2,i]])

std_r[i] = stddev([r[0,i],r[2,i]])

std_lot[i] = stddev([lot[0,i],lot[2,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[3,i]])

mean_lot[i] = mean([lot[0,i],lot[3,i]])

std_r[i] = stddev([r[0,i],r[3,i]])

std_lot[i] = stddev([lot[0,i],lot[3,i]])

endif else begin

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] gt 0.) then begin
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r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[0,i],r[4,i]])

mean_lot[i] = mean([lot[0,i],lot[4,i]])

std_r[i] = stddev([r[0,i],r[4,i]])

std_lot[i] = stddev([lot[0,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[1:2,i])

mean_lot[i] = mean(lot[1:2,i])

std_r[i] = stddev(r[1:2,i])

std_lot[i] = stddev(lot[1:2,i])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[1,i],r[3,i]])

mean_lot[i] = mean([lot[1,i],lot[3,i]])

std_r[i] = stddev([r[1,i],r[3,i]])

std_lot[i] = stddev([lot[1,i],lot[3,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]
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lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[1,i],r[4,i]])

mean_lot[i] = mean([lot[1,i],lot[4,i]])

std_r[i] = stddev([r[1,i],r[4,i]])

std_lot[i] = stddev([lot[1,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[2:3,i])

mean_lot[i] = mean(lot[2:3,i])

std_r[i] = stddev(r[2:3,i])

std_lot[i] = stddev(lot[2:3,i])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean([r[2,i],r[4,i]])

mean_lot[i] = mean([lot[2,i],lot[4,i]])

std_r[i] = stddev([r[2,i],r[4,i]])

std_lot[i] = stddev([lot[2,i],lot[4,i]])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]
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mean_r[i] = mean(r[3:4,i])

mean_lot[i] = mean(lot[3:4,i])

std_r[i] = stddev(r[3:4,i])

std_lot[i] = stddev(lot[3:4,i])

endif else begin

; FLAG = 1 (only 1 model maps the points)

;---------

if (rrr_matrix[0,i] gt 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = r[0,i]

mean_lot[i] = lot[0,i]

std_r[i] = stddev(r[0,i])

std_lot[i] = stddev(lot[0,i])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] gt 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = r[1,i]

mean_lot[i] = lot[1,i]

std_r[i] = stddev(r[1,i])

std_lot[i] = stddev(lot[1,i])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] gt 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]
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lot[j,i] = lot_matrix[j,i]

mean_r[i] = r[2,i]

mean_lot[i] = lot[2,i]

std_r[i] = stddev(r[2,i])

std_lot[i] = stddev(lot[2,i])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] gt 0.) && $

(rrr_matrix[4,i] eq 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = r[3,i]

mean_lot[i] = lot[3,i]

std_r[i] = stddev(r[3,i])

std_lot[i] = stddev(lot[3,i])

endif else begin

if (rrr_matrix[0,i] eq 0.) && (rrr_matrix[1,i] eq 0.) && $

(rrr_matrix[2,i] eq 0.) && (rrr_matrix[3,i] eq 0.) && $

(rrr_matrix[4,i] gt 0.) then begin

r[j,i] = rrr_matrix[j,i]

lot[j,i] = lot_matrix[j,i]

mean_r[i] = r[4,i]

mean_lot[i] = lot[4,i]

;print,’£££’,i,mean_r(i)

std_r[i] = stddev(r[4,i])

std_lot[i] = stddev(lot[4,i])

endif else begin

; FLAG = 5 (all the models (5) map the points)

;---------

if (rrr_matrix[j,i] ne 0.) then begin

r[j,i] = rrr_matrix[j,i]
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lot[j,i] = lot_matrix[j,i]

mean_r[i] = mean(r[*,i])

mean_lot[i] = mean(lot[*,i])

std_r[i] = stddev(r[*,i])

std_lot[i] = stddev(lot[*,i])

endif

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endelse

endfor

if (mean_r[i] gt 0.) then begin

flag[i] = total(r[*,i])/mean_r[i]

printf,10, format=’(f9.4,x,f9.4,x,f9.4,x,f9.4,x,f11.4,x,f6.0)’,$

mean_r[i], std_r[i], mean_lot[i], std_lot[i], cov[i], flag[i]
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endif

endfor

end

close,10

B.4 plot_data_mgnp_ipc

; Irene Pardo Cantos

; PROGRAM TO PLOT DATA AND OPLOT MAGNETOPAUSE

;----------------------------------------------

; Joy’s parameters assume that all distances are given in Rj/120.

Pd=0.044 ;nPa ; Joy expanded magnetopause(90 Rj)

Pd=0.37 ;nPa ; Joy compressed magnetopause(60 Rj)

Pd_4=Pd^(-0.25)

A=-0.134+0.488*Pd_4

B=-0.581-0.225*Pd_4

C=-0.186-0.016*Pd_4

D=-0.014+0.096*Pd

E=-0.814-0.811*Pd

F=-0.05+0.168*Pd

x=(findgen(400)-200.0)/120.

alpha=D+F*x

beta=sqrt(alpha*alpha-4.*E*(A+B*x+C*x*x))

gamma=2.*E

y1=(-alpha+beta)/gamma*120.

y2=(-alpha-beta)/gamma*120.

; PLOT MAGNETOPAUSE

;-------------------

cd, ’/home/LPAP/pardo/’

set_dev ; call set_dev.pro
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loadct,39 ; Color Table "Rainbow + White"

device,/color

aa = findgen(360)*!dtor ; ANGLE

rr = replicate(100,360) ; RADIUS

x_rect = rr*cos(aa) ; Rectangular (cartesian) coordinates

y_rect = rr*sin(aa)

window, 1, xs=1024, ys=1024

plot,y1,-x*120.,xrange=[-130,130],yrange=[-130,130], xtitle=’12LT’,$

ytitle=’6LT’, xstyle=8, ystyle=8,linestyle=2,/isotropic,$

background=255,color=0, xmargin=[10,10], ymargin=[6,6],$

charsize=1.5, thick=3

oplot,y2,-x*120.,linestyle=2,color=0, thick=3

axis, xaxis=1, xtitle=’0LT’, color=0, xrange=[-130,130], charsize=1.5

axis, yaxis=1, ytitle=’18LT’, color=0, yrange=[-130,130], charsize=1.5

; READ DATA

;-----------

;rootname = ’od8k57itq’

;rootname = ’od8k61lyq’

rootname = ’od8k24ioq’

filename = ’/home/pardo/results/’ + rootname + ’_mean_stdev_flag_all5.txt’

openr,20,filename

.run

mean_r = 0.

mean_lot = 0.

std_r = 0.

std_lot = 0.

cov = 0.

flag = 0.

lines = file_lines(filename)

mean_rr = fltarr(lines-2)

mean_lot_rad = fltarr(lines-2)

lot_rad = fltarr(lines-2)

std_rr = fltarr(lines-2)

std_lott = fltarr(lines-2)

std_lot_rad = fltarr(lines-2)
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std_lot_radd = fltarr(lines-2)

covar = fltarr(lines-2)

flagg = fltarr(lines-2)

i=0

skip_lun,20,2,/lines

while ~ eof(20) do begin

readf,20, format=’(f9.4,x,f9.4,x,f9.4,x,f9.4,x,f11.4,x,f6.0)’,$

mean_r, std_r, mean_lot, std_lot, cov, flag

mean_rr[i] = mean_r

mean_lot_rad[i] = mean_lot/24.*360.*!dtor

lot_rad[i] = mean_lot_rad[i] + !pi/2.

std_rr[i] = std_r

std_lott[i] = std_lot

;std_lot_rad[i] = std_lot/24.*360.*!dtor

;std_lot_radd[i] = std_lot_rad[i] + !pi/2.

covar[i] = cov

flagg[i] = flag

i+=1

endwhile

end

close,20

; PLOT DATA

;-----------

s = size(flagg)

length = s[1]

.run

mean_rr_1 = fltarr(length)

lot_rad_1 = fltarr(length)

mean_rr_2 = fltarr(length)

lot_rad_2 = fltarr(length)
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mean_rr_3 = fltarr(length)

lot_rad_3 = fltarr(length)

mean_rr_4 = fltarr(length)

lot_rad_4 = fltarr(length)

mean_rr_5 = fltarr(length)

lot_rad_5 = fltarr(length)

for i=0,length-1 do begin

if (flagg[i] eq 1.) then begin

mean_rr_1[i] = mean_rr[i]

lot_rad_1[i] = lot_rad[i]

endif else begin

if (flagg[i] eq 2.) then begin

mean_rr_2[i] = mean_rr[i]

lot_rad_2[i] = lot_rad[i]

endif else begin

if (flagg[i] eq 3.) then begin

mean_rr_3[i] = mean_rr[i]

lot_rad_3[i] = lot_rad[i]

endif else begin

if (flagg[i] eq 4.) then begin

mean_rr_4[i] = mean_rr[i]

lot_rad_4[i] = lot_rad[i]

endif else begin

if (flagg[i] eq 5.) then begin

mean_rr_5[i] = mean_rr[i]

lot_rad_5[i] = lot_rad[i]

endif

endelse

endelse

endelse

endelse

endfor

end

close,20
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;-----------------------------

x_1 = mean_rr_1*cos(lot_rad_1)

x_2 = mean_rr_2*cos(lot_rad_2)

x_3 = mean_rr_3*cos(lot_rad_3)

x_4 = mean_rr_4*cos(lot_rad_4)

x_5 = mean_rr_5*cos(lot_rad_5)

y_1 = mean_rr_1*sin(lot_rad_1)

y_2 = mean_rr_2*sin(lot_rad_2)

y_3 = mean_rr_3*sin(lot_rad_3)

y_4 = mean_rr_4*sin(lot_rad_4)

y_5 = mean_rr_5*sin(lot_rad_5)

oplot, x_1, y_1, psym=1, color=250 ; FLAG=1 ; red

oplot, x_2, y_2, psym=1, color=70 ; FLAG=2 ; blue

oplot, x_3, y_3, psym=1, color=140 ; FLAG=3 ; green

oplot, x_4, y_4, psym=1, color=90 ; FLAG=4 ; cyan

oplot, x_5, y_5, psym=1, color=205 ; FLAG=5 ; orange

; PLOT CIRCLES (distances Rj)

;--------------

oplot,x_rect/100.,y_rect/100.,thick=3, color=0 ; Jupiter at the centre

oplot,0.2*x_rect,0.2*y_rect, color=0

oplot,0.4*x_rect,0.4*y_rect, color=0

oplot,0.6*x_rect,0.6*y_rect, color=0

oplot,0.8*x_rect,0.8*y_rect, color=0

oplot,1.2*x_rect,1.2*y_rect, color=0

oplot,x_rect,y_rect, color=0

B.5 plot_error_bars_ipc

; Irene Pardo Cantos

; PROGRAM TO SELECT THE BEST POINTS TO PLOT ERROR BARS ON

; PLOT THESE POINTS AND THEIR ERROR BARS

; These points are where:

; - mean(RD) is maximum

; - mean(RD) is minimum

; - mean(LT) is maximum

; - mean(LT) is minimum

; - stdev(RD) is maximum

; - stdev(RD) is minimum
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; - stdev(LT) is maximum

; - stdev(LT) is minimum

; - diff_RD is maximum; diff_RD = mean(RD) - stdev(RD)

; - diff_RD is minimum

; - diff_LT is maximum; diff_LT = mean(LT) - stdev(LT)

; - diff_LT is minimum

;---------------------------------------------------------

; PLOT CIRCLES

;--------------

cd, ’/home/LPAP/pardo/’

set_dev ; call set_dev.pro

loadct,39 ; Color Table "Rainbow + White"

device,/color

aa = findgen(360)*!dtor ; ANGLE

rr = replicate(100,360) ; RADIUS

window, 1, xs=1024, ys=1024

plot, rr, aa, xrange=[-130,130],yrange=[-130,130], xtitle=’12LT’,$

ytitle=’6LT’, xstyle=8, ystyle=8, xmargin=[13,13], ymargin=[8,4],$

background=255,color=0,/polar,/isotropic,xcharsize=1.5,ycharsize=1.5

axis, xaxis=1, xtitle=’0LT’, color=0, xrange=[-130,130], xcharsize=1.5

axis, yaxis=1, ytitle=’18LT’, color=0, yrange=[-130,130], ycharsize=1.5

oplot, rr/100, aa, /polar, thick=3, color=0 ; Jupiter at the centre

oplot, 0.2*rr, aa, /polar, color=0

oplot, 0.4*rr, aa, /polar, color=0

oplot, 0.6*rr, aa, /polar, color=0

oplot, 0.8*rr, aa, /polar, color=0

oplot, 1.2*rr, aa, /polar, color=0

; PLOT MAGNETOPAUSE

;-------------------

Pd = 0.044 ;nPa ;Joy,2002 expanded magnetopause (90 Rj)

Pd = 0.37 ;nPa ;Joy,2002 compressed magnetopause (60 Rj)

Pd_4 = Pd^(-0.25)

A = -0.134 + 0.488*Pd_4

B = -0.581 - 0.225*Pd_4

C = -0.186 - 0.016*Pd_4

D = -0.014 + 0.096*Pd

E = -0.814 - 0.811*Pd



B.5. plot_error_bars_ipc 87

F = -0.05 + 0.168*Pd

x = (findgen(400)-200.0)/120.

alpha = D+F*x

beta = sqrt(alpha*alpha-4.*E*(A+B*x+C*x*x))

gamma = 2.*E

y1 = (-alpha+beta)/gamma*120.

y2 = (-alpha-beta)/gamma*120.

oplot,y1,-x*120.,linestyle=2,color=0, thick=3

oplot,y2,-x*120.,linestyle=2,color=0, thick=3

; READ DATA

;-----------

;rootname = ’od8k57itq’

;rootname = ’od8k61lyq’

rootname = ’od8k24ioq’

filename = ’/home/pardo/results/’ + rootname + ’_mean_stdev_flag_all5.txt’

lines = file_lines(filename)

openr,1,filename

.run

mean_r = 0.

mean_lot = 0.

std_r = 0.

std_lot = 0.

cov = 0.

flag = 0.

mean_rr = fltarr(lines-2)

mean_lot_rad = fltarr(lines-2)

lot_rad = fltarr(lines-2)

std_rr = fltarr(lines-2)

std_lott = fltarr(lines-2)

std_lot_rad = fltarr(lines-2)

std_lot_radd = fltarr(lines-2)

covar = fltarr(lines-2)

flagg = fltarr(lines-2)
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i=0

skip_lun,1,2,/lines

while ~ eof(1) do begin

readf,1, format=’(f9.4,x,f9.4,x,f9.4,x,f9.4,x,f11.4,x,f6.0)’,$

mean_r, std_r, mean_lot, std_lot, cov, flag

mean_rr[i] = mean_r

mean_lot_rad[i] = mean_lot/24.*360.*!dtor ; in radians

lot_rad[i] = mean_lot_rad[i] + !pi/2.

std_rr[i] = std_r

std_lott[i] = std_lot

std_lot_rad[i] = std_lot/24.*360.*!dtor ; in radians

std_lot_radd[i] = std_lot_rad[i] + !pi/2.

covar[i] = cov

flagg[i] = flag

i+=1

endwhile

end

close,1

; WHERE THERE ARE ZEROS

;----------------------

w_positives = where(mean_rr ne 0., complement=w_zeros)

mean_rad = mean_rr[w_positives] ; keep only mean values greater than 0.

std_rad = std_rr[w_positives]

; SELECT THE POINTS OF INTEREST

;------------------------------

max_r = max(mean_rad)

min_r = min(mean_rad)

pos_max_r = where(mean_rr eq max_r)

pos_min_r = where(mean_rr eq min_r)
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print, ’max_r = ’, max_r, ’ at i = ’, pos_max_r

print, ’min_r = ’, min_r, ’ at i = ’, pos_min_r

diff_r = mean_rad - std_rad

diff_rr = mean_rr - std_rr

max_diff_r = max(diff_r)

min_diff_r = min(diff_r)

pos_max_diff_r = where(diff_rr eq max_diff_r)

pos_min_diff_r = where(diff_rr eq min_diff_r)

print, ’max_diff_r = ’, max_diff_r, ’ at i = ’, pos_max_diff_r

print, ’min_diff_r = ’, min_diff_r, ’ at i = ’, pos_min_diff_r

;------------

mean_time = lot_rad[w_positives]

std_time = std_lott[w_positives]

max_lot = max(mean_time)

min_lot = min(mean_time)

pos_max_lot = where(lot_rad eq max_lot)

pos_min_lot = where(lot_rad eq min_lot)

print, ’max_lot = ’, max_lot, ’ at i = ’, pos_max_lot

print, ’min_lot = ’, min_lot, ’ at i = ’, pos_min_lot

diff_lot = mean_time - std_time

diff_lott = lot_rad - std_lott

max_diff_lot = max(diff_lot)

min_diff_lot = min(diff_lot)

pos_max_diff_lot = where(diff_lott eq max_diff_lot)

pos_min_diff_lot = where(diff_lott eq min_diff_lot)

print, ’max_diff_lot = ’, max_diff_lot, ’ at i = ’, pos_max_diff_lot

print, ’min_diff_lot = ’, min_diff_lot, ’ at i = ’, pos_min_diff_lot

;------------

std_rad = std_rr[w_positives]

std_time = std_lott[w_positives]

max_std_r = max(std_rad)

min_std_r = min(std_rad)

max_std_lt = max(std_time)

min_std_lt = min(std_time)
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pos_max_std_r = where(std_rr eq max_std_r)

pos_min_std_r = where(std_rr eq min_std_r)

pos_max_std_lt = where(std_lott eq max_std_lt)

pos_min_std_lt = where(std_lott eq min_std_lt)

print, ’max_std_r = ’, max_std_r, ’ at i = ’, pos_max_std_r

print, ’min_std_r = ’, min_std_r, ’ at i = ’, pos_min_std_r

print, ’max_std_lt = ’, max_std_lt, ’ at i = ’, pos_max_std_lt

print, ’min_std_lt = ’, min_std_lt, ’ at i = ’, pos_min_std_lt

; PLOT SELECTED DATA + ERROR BARS

;--------------------------------

r1 = mean_rr[pos_max_r] + std_rr[pos_max_r]

r2 = mean_rr[pos_max_r] - std_rr[pos_max_r]

lt0 = lot_rad[pos_max_r]

lt1 = lot_rad[pos_max_r] + std_lot_rad[pos_max_r]

lt2 = lot_rad[pos_max_r] - std_lot_rad[pos_max_r]

oplot, [r1,r2], [lot_rad[pos_max_r],lot_rad[pos_max_r]], /polar,$

color=250, thick=3 ; red

oplot, [mean_rr[pos_max_r],mean_rr[pos_max_r],mean_rr[pos_max_r]],$

[lt1,lt0,lt2], /polar, color=250, thick=3 ; red

;--------

r1 = mean_rr[pos_min_r] + std_rr[pos_min_r]

r2 = mean_rr[pos_min_r] - std_rr[pos_min_r]

lt0 = lot_rad[pos_min_r]

lt1 = lot_rad[pos_min_r] + std_lot_rad[pos_min_r]

lt2 = lot_rad[pos_min_r] - std_lot_rad[pos_min_r]

oplot, [r1,r2], [lot_rad[pos_min_r],lot_rad[pos_min_r]], /polar,$

color=250, thick=3 ; red

oplot, [mean_rr[pos_min_r],mean_rr[pos_min_r],mean_rr[pos_min_r]],$

[lt1,lt0,lt2], /polar, color=250, thick=3 ; red

;--------

r1 = mean_rr[pos_max_lot] + std_rr[pos_max_lot]

r2 = mean_rr[pos_max_lot] - std_rr[pos_max_lot]

lt0 = lot_rad[pos_max_lot]

lt1 = lot_rad[pos_max_lot] + std_lot_rad[pos_max_lot]

lt2 = lot_rad[pos_max_lot] - std_lot_rad[pos_max_lot]
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lt11 = lot_rad[pos_max_lot] + std_lot_rad[pos_max_lot] - 0.1

lt22 = lot_rad[pos_max_lot] - std_lot_rad[pos_max_lot] + 0.1

r_arr = [mean_rr[pos_max_lot],mean_rr[pos_max_lot],mean_rr[pos_max_lot],$

mean_rr[pos_max_lot],mean_rr[pos_max_lot]]

lt_arr = [lt1,lt11,lt0,lt22,lt2]

oplot, [r1,r2], [lot_rad[pos_max_lot],lot_rad[pos_max_lot]], /polar,$

color=140, thick=3 ; green

oplot, r_arr, lt_arr, /polar, color=140, thick=3 ; green

;--------

r1 = mean_rr[pos_min_lot] + std_rr[pos_min_lot]

r2 = mean_rr[pos_min_lot] - std_rr[pos_min_lot]

lt0 = lot_rad[pos_min_lot]

lt1 = lot_rad[pos_min_lot] + std_lot_rad[pos_min_lot]

lt2 = lot_rad[pos_min_lot] - std_lot_rad[pos_min_lot]

oplot, [r1,r2], [lot_rad[pos_min_lot],lot_rad[pos_min_lot]], /polar,$

color=140, thick=3 ; green

oplot, [mean_rr[pos_min_lot],mean_rr[pos_min_lot],mean_rr[pos_min_lot]],$

[lt1,lt0,lt2], /polar, color=140, thick=3 ; green

;--------

r1 = mean_rr[pos_max_diff_r] + std_rr[pos_max_diff_r]

r2 = mean_rr[pos_max_diff_r] - std_rr[pos_max_diff_r]

lt0 = lot_rad[pos_max_diff_r]

lt1 = lot_rad[pos_max_diff_r] + std_lot_rad[pos_max_diff_r]

lt2 = lot_rad[pos_max_diff_r] - std_lot_rad[pos_max_diff_r]

oplot, [r1,r2], [lot_rad[pos_max_diff_r],lot_rad[pos_max_diff_r]],/polar,$

color=205, thick=3 ; orange

oplot, [mean_rr[pos_max_diff_r],mean_rr[pos_max_diff_r],$

mean_rr[pos_max_diff_r]],[lt1,lt0,lt2],/polar,color=205,thick=3

;--------

r1 = mean_rr[pos_min_diff_r] + std_rr[pos_min_diff_r]

r2 = mean_rr[pos_min_diff_r] - std_rr[pos_min_diff_r]

lt0 = lot_rad[pos_min_diff_r]

lt1 = lot_rad[pos_min_diff_r] + std_lot_rad[pos_min_diff_r]

lt2 = lot_rad[pos_min_diff_r] - std_lot_rad[pos_min_diff_r]
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oplot, [r1,r2], [lot_rad[pos_min_diff_r],lot_rad[pos_min_diff_r]],$

/polar, color=205, thick=3 ; orange

oplot, [mean_rr[pos_min_diff_r],mean_rr[pos_min_diff_r],$

mean_rr[pos_min_diff_r]], [lt1,lt0,lt2],/polar,color=205,thick=3

;--------

r1 = mean_rr[pos_max_diff_lot] + std_rr[pos_max_diff_lot]

r2 = mean_rr[pos_max_diff_lot] - std_rr[pos_max_diff_lot]

lt0 = lot_rad[pos_max_diff_lot]

lt1 = lot_rad[pos_max_diff_lot] + std_lot_rad[pos_max_diff_lot]

lt2 = lot_rad[pos_max_diff_lot] - std_lot_rad[pos_max_diff_lot]

oplot, [r1,r2], [lot_rad[pos_max_diff_lot],lot_rad[pos_max_diff_lot]],$

/polar, color=70, thick=3 ; blue

oplot, [mean_rr[pos_max_diff_lot],mean_rr[pos_max_diff_lot],$

mean_rr[pos_max_diff_lot]], [lt1,lt0,lt2],/polar,color=70,thick=3

;--------

r1 = mean_rr[pos_min_diff_lot] + std_rr[pos_min_diff_lot]

r2 = mean_rr[pos_min_diff_lot] - std_rr[pos_min_diff_lot]

lt0 = lot_rad[pos_min_diff_lot]

lt1 = lot_rad[pos_min_diff_lot] + std_lot_rad[pos_min_diff_lot]

lt2 = lot_rad[pos_min_diff_lot] - std_lot_rad[pos_min_diff_lot]

lt11 = lot_rad[pos_min_diff_lot] + std_lot_rad[pos_min_diff_lot] - 0.1

lt22 = lot_rad[pos_min_diff_lot] - std_lot_rad[pos_min_diff_lot] + 0.1

r_arr = [mean_rr[pos_min_diff_lot],mean_rr[pos_min_diff_lot],$

mean_rr[pos_min_diff_lot],mean_rr[pos_min_diff_lot],$

mean_rr[pos_min_diff_lot]]

lt_arr = [lt1,lt11,lt0,lt22,lt2]

oplot, [r1,r2], [lot_rad[pos_min_diff_lot],lot_rad[pos_min_diff_lot]],$

/polar, color=70, thick=3 ; blue

oplot, r_arr, lt_arr, /polar, color=70, thick=3 ; blue

;--------

r1 = mean_rr[pos_max_std_r] + std_rr[pos_max_std_r]

r2 = mean_rr[pos_max_std_r] - std_rr[pos_max_std_r]

lt0 = lot_rad[pos_max_std_r]

lt1 = lot_rad[pos_max_std_r] + std_lot_rad[pos_max_std_r]
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lt2 = lot_rad[pos_max_std_r] - std_lot_rad[pos_max_std_r]

oplot, [r1,r2], [lot_rad[pos_max_std_r],lot_rad[pos_max_std_r]], /polar,$

color=95, thick=3 ; cyan

oplot, [mean_rr[pos_max_std_r],mean_rr[pos_max_std_r],$

mean_rr[pos_max_std_r]], [lt1,lt0,lt2], /polar, color=95, thick=3

;--------

r1 = mean_rr[pos_min_std_r] + std_rr[pos_min_std_r]

r2 = mean_rr[pos_min_std_r] - std_rr[pos_min_std_r]

lt0 = lot_rad[pos_min_std_r]

lt1 = lot_rad[pos_min_std_r] + std_lot_rad[pos_min_std_r]

lt2 = lot_rad[pos_min_std_r] - std_lot_rad[pos_min_std_r]

oplot, [r1,r2], [lot_rad[pos_min_std_r],lot_rad[pos_min_std_r]], /polar,$

color=95, thick=3 ; cyan

oplot, [mean_rr[pos_min_std_r],mean_rr[pos_min_std_r],$

mean_rr[pos_min_std_r]], [lt1,lt0,lt2], /polar, color=95, thick=3

;--------

r1 = mean_rr[pos_max_std_lt] + std_rr[pos_max_std_lt]

r2 = mean_rr[pos_max_std_lt] - std_rr[pos_max_std_lt]

lt0 = lot_rad[pos_max_std_lt]

lt1 = lot_rad[pos_max_std_lt] + std_lot_rad[pos_max_std_lt]

lt2 = lot_rad[pos_max_std_lt] - std_lot_rad[pos_max_std_lt]

lt11 = lot_rad[pos_max_std_lt] + std_lot_rad[pos_max_std_lt] - 0.1

lt22 = lot_rad[pos_max_std_lt] - std_lot_rad[pos_max_std_lt] + 0.1

r_arr = [mean_rr[pos_max_std_lt],mean_rr[pos_max_std_lt],$

mean_rr[pos_max_std_lt],mean_rr[pos_max_std_lt],$

mean_rr[pos_max_std_lt]]

lt_arr = [lt1,lt11,lt0,lt22,lt2]

oplot, [r1,r2], [lot_rad[pos_max_std_lt],lot_rad[pos_max_std_lt]],$

/polar, color=0, thick=3 ; black

oplot, r_arr, lt_arr, /polar, color=20, thick=3 ; black

;--------

r1 = mean_rr[pos_min_std_lt] + std_rr[pos_min_std_lt]

r2 = mean_rr[pos_min_std_lt] - std_rr[pos_min_std_lt]

lt0 = lot_rad[pos_min_std_lt]
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lt1 = lot_rad[pos_min_std_lt] + std_lot_rad[pos_min_std_lt]

lt2 = lot_rad[pos_min_std_lt] - std_lot_rad[pos_min_std_lt]

oplot, [r1,r2], [lot_rad[pos_min_std_lt],lot_rad[pos_min_std_lt]],$

/polar, color=0, thick=3 ; black

oplot, [mean_rr[pos_min_std_lt],mean_rr[pos_min_std_lt],$

mean_rr[pos_min_std_lt]], [lt1,lt0,lt2], /polar, color=0, thick=3

B.6 Lomb_Periodogram_ipc

This last script was developed in RStudio.

library(sp)

# Read data

data = read.table(file.choose()) # Choose the file

# Define data

cml = data[,1] # Central Meridian Longitude (CML)

power = data[,2] # Power/Intensity (in W)

Pj = 9.92496 # Period of rotation in hours

time = cml*Pj*3600/360 - cml[1]*Pj*3600/360 # Time in seconds

plot(time, power, type="l", xlab="Time (s)", ylab="Emitted power (W)",

cex.lab=1.3, col=2)

datos <- data.frame(time,power)

# Lomb-Scargle analysis

library(lomb)

lomb <- lsp(datos,xlab=’Period (s)’,ylab=’Lomb Normalized Periodogram’,

cex.lab=1.3,main=’ ’,times=NULL,type="period",from=40,

to=1000,ofac=20,alpha=0.01,plot=TRUE)

summary(lomb) # To obtain all the parameters
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