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Abstract 
The study of close binary systems gives an insight into some of the most interesting 
stellar phenomena, cataclysmic variables. V405 Aurigae is an Intermediate polar 
within this class, giving it one of the most interesting accretion structures of any CV. 
Our visual spectrum light curves from the Intermediate polar V405 Aurigae has 
observed a white-dwarf (WD) spin period similar to that which was observed 22 
years ago by Allen et al (1995), at 545.4717 seconds. Our measured period was 
found to be 0.016 ±0.00031 seconds slower than when measured 22 years ago, 
which fits with theoretical models of the magnetic equilibrium spin down of V405 
given by Piirola et al (2008). Some possible detection was made for an orbital 
period, but not with enough exactitude to provide it accurately enough for study. To 
assist in this study, a python based data reduction program, AstroRedux, was 
developed with intuitive functionality for many astronomical data analysis tasks. 
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1. Introduction 
The classification of stellar bodies is an important part of furthering our understanding of the 
nature and creation of all matter in the galaxy and by extension the nature of the universe. 
As such, analyzing the differences between some of the stranger systems in our galaxy, 
cataclysmic variables  (CVs), is an important part of this endeavour. As the name suggests 1

their observed characteristics vary greatly across sometimes very short spaces of time, with 
a luminosity that changes in intensity due to multiple different processes in the system. It is 
generally accepted that these variations come from the fact that CVs contain two stars 
orbiting one another, one “live” (still undergoing fusion in its core), and one dead (and 
incredibly dense). What results is a system in which the smaller dead star leeches matter 
from the surface layers of the live star, creating a wealth of brightness variations, from small 
perturbations from surface heating to full blown novae. This makes CVs the perfect 
candidate for further analysis, as their complex life creates a wealth of data to analyse 
unlike other, less active stars were otherwise it is very difficult. The largest difference is one 
of time. CV events can occur with timescales between thousands of years to only seconds. 
However, some of their most interesting features, such as spins around their axes or orbits 
around each other, occur on timescales that can be seen within a single observation night. 
 
The only way to analyse any extrasolar systems is through the observation of their emitted 
electromagnetic radiation (and more recently, gravitational waves) and most of these 
observations are done in the visual light spectrum, as most observers are limited to this 
range. The interesting information lies in two separate aspects of the received light, 
luminosity and wavelength.  Luminosity being the amount of photons collected from a 2

certain light source, and wavelength being their “energy level”, or in the case of visual light, 
colour. This process is known as spectroscopy . Using the first of these techniques, this 3

paper will attempt to understand the variations in light intensity in the system V405 Aurigae, 
and try to explain them using known characteristics of cataclysmic variable systems. 
 

1.1 Purpose 

V405 Aurigae is a so called intermediate polar cataclysmic variable star system and was 
first found by the ROSAT all-sky survey . Its luminosity varies over time because of various 4

different characteristics the system has, that are all combined into one light curve. The 
purpose of this study is to further examine this system by observing the brightness of V405 
Aurigae, and disseminating its properties. 

1 NASA, Cataclysmic variables, 2010, accessed 2018-01-10 from Link 
2 Encyclopedia Britannica, Astronomy | Definition & Facts - The Techniques Of Astronomy, 2017, 
accessed 2018-01-10 from Link; LIGO Lab | Caltech, What are Gravitational Waves?, 2017, accessed 
2018-01-10 from Link 
3 Encyclopedia Britannica, Spectroscopy, 2017, accessed 2018-01-10 from Link 
4 Nasa, ROSAT All-Sky Survey, NASA HEASARC, 2000, accessed 2018-01-10 from Link 
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1.2 Thesis 

What is the nature of the light variations of the intermediate polar V405 Aurigae? 

 

1.3 Scientific Background 

1.3.1. Cataclysmic variables (CVs) 

A cataclysmic variable star (CV) is a binary system where one far less dense and slightly 
less massive star, often called the “donor” or “secondary” star (usually a red dwarf), orbits a 
more massive and comparatively very dense white-dwarf, often called the “primary”. If the 
outer layers of the secondary overfill their roche lobes , the regions in which a gravitational 5

body has the majority of gravitational effect, the secondary will proceed to lose its fluffy 
outer layers to the primary, hence it receives the name “donor”. This occurs because the 
white-dwarf is an incredibly dense remnant of a dead star similar to our sun where nuclear 
fusion has ceased, and now has a radius similar to that of the earth. It often has a higher 
total mass than the secondary even if its radius is a fraction of it. This allows the two stars 
to orbit very near to one another, on average roughly the distance between the earth and 
moon,  and the gravitational pull on the outer layers of the donor to be in the white-dwarfs 6

favour. It is also necessary that the secondary still be actively undergoing fusion so as to 
maintain enough radiation pressure to keep its radius sufficiently large.   7

The matter falling onto the primary then forms and accretion disc as friction causes it to 
spiral down onto the surface of the white-dwarf. This heates the material so it is ionized, 
and when enough material has accreted onto the surface it undergoes fusion, causing a 
momentary increase in brightness of the system. This process is a form of nova and 
happens on a timescale of weeks to years.  Another source of periodic luminosity is from 8

the orbit itself. If viewed side on from here on earth, when the stars eclipse one another the 
luminosity drops suddenly. Not only that, but the side of the donor star facing the primary is 
heated by the radiation from the much brighter white-dwarf, also affecting the lightcurve in 
the same period.  Due to the high-mass small orbit, this second variance often has periods 9

between 1.4 to 48 hours.  
 

5 Peter P. Eggleton, APPROXIMATIONS TO THE RADII OF ROCHE LOBES, Cambridge, 1983, 
accessed 2018-01-26 from Link  
6 NASA, Cataclysmic variables Link 
7 Coel Hellier (2001), Cataclysmic Variable Stars; How And Why They Vary, Springer-Praxis, 
Chichester, UK, p. 20 
8 Coel Hellier, Cataclysmic Variable Stars; How And Why They Vary, p. 55-59 
9 Coel Hellier, Cataclysmic Variable Stars; How And Why They Vary, p. 15-16 
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1.3.2. Intermediate Polars (IPs) 

However, V405 is an intermediate polar (IP) CV, which introduces new features to its light 
curve. A polar CV indicates that the white-dwarf has a significant magnetic field. This 
causes the ionized matter in the accretion disc to follow the magnetic field lines after 
spiraling in to a certain point, changing the structure of the disc nearer to the white-dwarf. 
The disc is not entirely eradicated (as in the case of polar AM HER stars), but is more 
complex. This process is then effected by the rotation of the white-dwarf, as the source of 
the magnetism, and causes the brightness in the system to vary with its rotation period. An 
attribute of all IPs is that the white-dwarf rotation period is shorter than the orbital period. 
The smallest and largest rotation periods as yet discovered are 33 to 4022 seconds, 
respectively.  The reason the rotational period can be observed is because IPs and Polars 10

don't have accretion discs in the way that obscure the light, and at the points where the 
field lines converge on the surface of the WD an increase in brightness is observed. This 
light is directional like a flashlight, and when the WD rotates to face us we see the increase 
in brightness because the magnetic and rotational poles are often not lined up. 

1.3.3. Observation Sources 

All of the lightcurve data used in this study is from observations by The Center for Backyard 
Astrophysics, or CBA. The CBA is “A global network of small telescopes dedicated to 
photometry of cataclysmic variables” . They operate in broadly the visual light spectrum, 11

with telescopes ranging from a few hundred centimetres to over a metre. Observation time 
on one object varies from a couple of hours to a full night, 8 hours, and are presented and 
stored in text format on the CBA website. The data varies in quality, with atmospheric 
turbulence, weather, and warm surroundings being the most major source of noise in the 
data.  

1.3.4. Analysis Tools 

The data contains one variable for a certain JD. JD (julian dates) “are simply a continuous 
count of days and fractions since noon Universal Time on January 1, 4713 BC (on the Julian 
calendar)” . Therefore when plotted onto a graph we get a light intensity over time, (a 12

lightcurve). The lightcurve is then normalised and macro trends are removed. Finally we 
generate a simple moving average (SMA) to make the data smoother and easier to 
understand. The data can then be analysed to find patterns hidden in the noise, such as 
periods or frequencies that are prevalent in the data but perhaps not apparent to a human 
eye. To solve this we use a power spectra which shows the prevalence of certain 
frequencies with peaks corresponding to strong matching periodicity in the data. The 
modern method of doing this is with a Lomb-Scargle periodogram.  13

 

10 Coel Hellier, Cataclysmic Variable Stars; How And Why They Vary, p. 127-150 
11 Center for Backyard Astrophysics, About the CBA, accessed 2018-01-11 from Link 
12 US Navy Astronomical Applications Department, Julian Date, 2016, accessed 2018-01-11 from 
Link 
13 Jacob T VanderPlas, Understanding the Lomb-Scargle Periodogram, 2017, accessed 2018-01-12 
from Link 
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Finally, to confirm this periodicity we fold the data along the period in question. What results 
is a smaller yet more dense scatter plot, where a single period of the one searched for 
should be clearly visible. To complement it the cycle is doubled, (to 2 cycles) and a sinusoid 
is fit to the data and displayed. 
 

1.4 Method 

1.4.1. Telescope Observations 

The method of gathering data from raw telescope observations differs from observer to 
observer. Most commonly one begins by gathering 4 types of images using a sensitive 
camera attached directly to the telescope. The most important image is of course the 
object, which is a image containing a few pixels representing the object for study. There is 
however often a lot of noise in these images generated by the camera itself, and to remove 
them we take flat frames, bias frames, and dark frames. Flat fields (flats) are taken through 
the telescope around sunset, ensuring an even light level across the sky. Bias frames are 
short exposures taken with the telescope blocked, and dark frames are the same yet the 
exposure is the same length as the object frame exposure time. All three of these frames 
are then divided or subtracted from the object frames to remove as much noise as possible. 

1.4.2. Isolating The Object 

The object frames are then run through a program to isolate the the light intensity of the 
object and that of a calibration star, by measuring the photon counts in each pixel. The 
luminosity of the calibration star is then taken away from the luminosity of the object, so as 
to remove perturbations caused by the atmosphere. This technique only works in the case 
of CVs as their light intensity varies, unlike other stars, and this variation is the data we wish 
to analyse, not their absolute brightness. This method is the standard one used by the CBA. 

1.4.3. Data Reduction and Analysis 

What we are then left with is a luminosity over time for V405 Aur. Using the aforementioned 
tools such as a simple moving average (SMA), lomb scargle periodograms, and folding, we 
analyse the data to find periodicity.  
 
The SMA works by averaging all the points within a certain range (20 points either side of 
the data + itself) by inverse distance weight.   14

The weight is calculated using the function: 

eight w =  1
(d + 1) p  

Where d is the distance in days and p is the power. Then once the weights have been 
normalised to sum to one, they are averaged by their respective weights. 
 

14 Environmental Research Systems Institute. How Inverse Distance Weighted (IDW) interpolation 
works, 2007, accessed 2018-01-13 
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To make sure any periodicity found in the periodogram is constant between the 
observations, a requirement for these kinds of stellar phenomena, the datasets are 
combined and a periodogram generated for all of them simultaneously. To get an exact 
period for precise folding a gaussian curve is fit to the data around a certain peak in the 
combined periodogram, providing an exact period for the fold. Folding was done by taking 
every point modulus the searched for period, and doubling the dataset to view 2 cycles side 
by side. 
 
Another useful tool is to fit a sinusoid (shown in Blue). They are either standalone or sums of 
various sinusoids, adjustable to best fit the graph. A simple sinus curve shows basic 
periodicity, but in the event that multiple summed sine curves are used it would show a 
more complex mix of signals. 

1.4.4. Monte Carlo  

Monte Carlo analysis is a method by which periods can be confirmed as significant in a 
dataset that contains noise, thereby confirming its significance. This is done by 
redistributing every point in a lightcurve randomly within 1 standard deviation, and rerunning 
the period analysis. If after multiple iterations the signal is still present then it is most likely 
not due to aliasing but is in fact a true signal or harmonic. 

1.4.5. AstroRedux 

This process is done using a custom made python script specifically for this project, 
AstroRedux, the full code of which can be found in appendix 2. It functions by reading in .txt 
files containing data, and then displaying it in a viewable manner with functionality for 
different forms of data analysis and reduction, such as simple moving average, 
normalisations, detrending, macro removal, sinusoid fitting, and folding. A few default 
values were used throughout: SMA: p = 200, fidelity = 41 points. 

 
AstroRedux with an unbinned fold of the first season   
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2. Results (incl. analysis och conclusions) 

In the next three sections our data is presented, its findings analysed and conclusions 
made. The graphs use an SMA (red line) to show smooth movements in the data and 
sinusoids (blue line) to help the viewer clearly see periodicities where applicable. 

2.1 Raw Data 

2.1.1 Light curve examples (4 of 21) with 200 power SMA (Red Line)  

 
Mike Potter, 730 points between  

28/11/2016 00:50 and 28/11/2016 08:08 
(Fig 1) 

 
Mike Potter, 352 points between  

11/12/2016 01:11 and 11/12/2016 04:44 
(Fig 2) 

 
Michigan State Campus Observatory, 69 points between 

20/12/2016 02:15 and 20/12/2016 05:48 
(Fig 3) 

 
Matt A. Wood, 458 points  

between 08/04/2017 20:27 and 08/04/2017 21:31 
(Fig 4) 

 
See appendix 1 for all light curves 
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2.1.2 Power Spectra 

 
Power Spectra (overlayed) of all light curves from 6 to 3000 cycles/day (-Michigan State Observatory) 

(Fig 5) 

 
Power Spectra (overlayed) of all light curves from 90 to 420 cycles/day (-Michigan State Observatory) 

(Fig 6) 
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Power spectra of combined 2016 light curves (06/11/2016 to 11/12/2016, -Michigan State Observatory)  

from 0 to 350 cycles/day (Fig 7) 

 
Power spectra of combined 2016 light curves (06/11/2016 to 11/12/2016, -Michigan State Observatory)  

Zoomed peak at 158.597924458 cycles/day (Fig 8) 
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Power spectra of combined 2016 light curves (06/11/2016 to 11/12/2016, -Michigan State Observatory)  

Zoomed peak at 316.798905755 cycles/day (Fig 9) 

2.1.3 Folded Light Curves with SMA (Red Line) and Fitted Sinusoid (Blue Line)  

 
Combined light curves folded to 158.597924458 cycles/day and binned to 750 points (-Michigan State Observatory), 2 

cycles (Fig 10) 
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Combined light curves folded to 316.79 cycles/day and binned to 750 points (-Michigan State Observatory), 2 cycles 

(Fig 11) 

 
Combined light curves folded to 158.395 cycles/day and binned to 750 points (-Michigan State Observatory), 2 cycles 

(Fig 12) 
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2.2 Analysis 

2.2.1 Data Quality 

Figures 1 to 4 illustrate the normalised light curves of some individual observations. From 
these an overview of the data can be made. The observations from the Michigan State 
Campus Observatory (Fig 3) are of poor quality, with too few data points and large holes in 
the data. For these reasons they have been removed from combined datasets.  
Figures 5 and 6 show the Lomb-Scargle power spectra for the remaining observations, with 
peaks denoting significant periodicity warranting a closer look. In the broad view (Fig 5) 
there are some peaks around 2500-3000 cycles/day. These correspond to periodicity 
around 30 seconds, which is the exposure time of most observers, and they can therefore 
be safely ignored.  

2.2.2 Orbital Period 

When V405 was first identified as an IP in a paper by Haberl F. et al (1994) the orbital period 
of the system was found to be ~4.15 hours , and in the longer light curves this period (Fig 15

1), or it's dip (Fig 2) is somewhat visible around said period. This period was not picked up 
by the periodogram as it is long compared to the overall observing time for most 
astronomers (2 to 8 hours). Another factor is that the orbital period might not present as a 
sinusoid (instead a dip, because it might be an eclipse), which the lomb scargle 
periodogram is searching for and therefore does not pick it up. 

2.2.3 White-Dwarf Spin Period 

The two most prevalent periodogram peaks are the ones at ~159 and ~316 cycles/day, and 
can be seen consistently between the datasets. This is backed up by the combined dataset 
periodogram (Figs 7 to 9), wherein it can be seen that the ~316 periodicity is far more 
prominent. Monte Carlo  analysis of the peaks in the 2016 combined dataset gives exact 16

values for the periodicity, 158.59792 +/- 0.00295 and 316.79890 +/- 0.00057 cycles/day. 
Due to the fact that the ~316 period is almost exactly double the ~158 period (the difference 
being due to the inaccuracy of the ~158 period by the Monte Carlo program, fig 6, it is far 
less prominent) one of these periods is just a harmonic of the other. Harmonics are often 
picked up as the same signal, just at different frequencies that are some fraction or multiple 
of the true signal. The white-dwarf spin period of V405 Aur has been previously measured at 
545.4555 ±0.0008 s seconds , which equates to 158.39972 cycles a day, making ~158 17

cycles/day the true signal detected by the Lomb Scargle periodogram, rather than the other 
more significant harmonic at ~317. The ~158 cycle/day WD spin period has a double 

15 Haberl F. et al, Discovery of the new intermediate polar RX J0558.0+5353, Max Planck Institute for 
Extraterrestrial Physics, 1994, p. 1 
16 Helena Uthas, OBSERVATIONAL STUDIES OF HIGHLY EVOLVED CATACLYSMIC VARIABLES, 
PHD Thesis, University of Southampton, 2011, p. 57 
17 Alasdair Allan et al, The spin period of the intermediate polar RX J0558+5, University of St 
Andrews, 1995, p. 1 
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peaked nature, due to the emission from the poles of the WD being out of phase, each 
appearing once per rotation due to the viewing inclination and high inclination of the dipole 
from the spin axis.  Due to the fact that the ~316 spin period is more prominent in the 18

periodogram, and the Monte Carlo analysis gives it a smaller error (+/- 0.000036271 c/d vs 
+/- 0.0029500 c/d), and with the knowledge that they are harmonics, a more accurate ~158 
period can be made by halving the ~316 period. The absolute best folds were then fine 
tuned to 316.79 c/d and 316.79 / 2 = 158.395 c/d (Fig 11 and 12), and compared to the 
original Monte Carlo approximation (fig 10). Doing this shows that the fine tuned folding 
periods are far better fits than the original  Monte Carlo approximation. This fine tuned value 
corresponds to a true WD spin period of 545.4717 ±0.00031 seconds. 
 
There is however a small difference in our findings than others, as with ours the WD in V405 
aur is spinning 0.016 ±0.00031 seconds slower than when it was recorded by Allan et al in 
1995, 22 years ago, a result that is well outside our 5σ error. 

2.3 Conclusion 

The visual light curves from V405 Aur confirms the aforementioned 9.1 minute double 
peaked spin period of the white-dwarf, though it may have spun down slightly. The 4.15 
hour orbital period is perhaps present in some of the data as dips, or sinusoids that were 
not detected.  
 

3. Discussion 
The conclusions made from the results in the previous section provide 2 interesting points 
for further discussion. What follows are the possible implications of the orbital and spin 
period findings. 

3.1. Orbital Period 

The orbital period, although interesting, is hard to draw any conclusions about as the 
datasets are perhaps too short to conclusively make estimates regarding its nature. The 
most secure way of finding periodic signals in the data is using a periodogram. When it is 
unable to find the 4.15 hour orbit in any individual dataset (Fig 6), let alone the combined 
one (Fig 7), it becomes difficult to analyse as the only other method is to simply look at the 
light curves. Further studies should seek to observe V405 under stable conditions for 
extended periods of time (>8 hours), a difficult feat for amateur astronomers bound by the 
cycle of the sun. It is also possible that the orbital period is not clearly visible in the data due 
to a highly inclined viewing angle, which would eliminate eclipsing and diminish red dwarf 
surface heating luminosity variations . 19

18 P. A Evans, Why does the intermediate polar V405 Aurigae show a double-peaked spin pulse?, p. 4 
19 Coel Hellier, Cataclysmic Variable Stars; How And Why They Vary, p. 27-28 
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3.2. White-Dwarf Spin Period 

The data presented here can say much more for the white-dwarf spin period, with raw 
datasets where the period is clearly visible even without a periodogram (Fig 4). With proper 
application of Monte Carlo analysis, an accurate measurement of this period is made, 
thanks to the prominence of the ~316 harmonic.  This makes the 0.016 second disparity 
between our observations and those by Allan et al (1995) worth discussing. An increase in 
spin period implies that the WD in V405 is not yet at spin equilibrium with the orbital period. 
Because V405 is a magnetic CV, the nature of the accreting matter has an effect on the WD 
spin period. According to Norton et al (2004), “The spin rate of a magnetic WD accreting via 
a disk reaches an equilibrium when the rate at which angular momentum is accreted by the 
WD is balanced by the braking effect of the magnetic torque on the disk” . The accreated 20

angular momentum is dependant on the orbital period of the system, and the magnetic 
torque is dependant on the WD spin period. For most IPs, equilibrium is reached within the 
range pspin/porb < 0.1.  For V405 pspin/porb = 0.03651, which is well within this range. However 21

as mentioned in the paper by Norton, Wynn & Somerscales, a pspin/porb near 0.01 indicates a 
weak magnetic field generated by the WD. According to Piirola et al, V405 has a very strong 
magnetic field (possibly a polar progenitor), and is close to its spin equilibrium . This 22

implies that, to be evolving towards the equilibrium range for a true polar with a pspin/porb ≥ 
0.1, the WD in V405 would have to spin down, a satisfying explanation for our measured 
spin down since 1995. The author of this paper does not make any claims regarding the 
strength of the magnetic field in V405, however I would recommend further analysis of the 
spin period of the WD in V405 Aurigae. Analysis of the orbital period would also be useful, 
as an important component of the pspin/porb is th porb for which this paper uses the values 
found by Haberl F. et al (1994), 22 years ago. For a true analysis, the evolution of both 
periods should be taken into account, and a model made for the evolution of the system. 
For example, a decreased orbital period (reasonable considering momentum lost to 
accretion) would require an increased spin period to retain the same equilibrium ratio. 
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20 A. J. Norton, G. A. Wynn & R. V. Somerscales, THE SPIN PERIODS AND MAGNETIC MOMENTS 
OF WHITE DWARFS IN MAGNETIC CATACLYSMIC VARIABLES, The Open University, 2004, p. 4 
21 Norton, THE SPIN PERIODS AND MAGNETIC MOMENTS OF WHITE DWARFS IN MAGNETIC 
CATACLYSMIC VARIABLES, p. 4 
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6. Appendix 

6.1. Raw Light Curves 

 
Mike Potter, 286 points between  

06/11/2016 05:04 and 06/11/2016 08:08 

 
Mike Potter, 337 points between  

07/11/2016 05:01 and 07/11/2016 08:15 

 
Mike Potter, 353 points between  

08/11/2016 05:36 and 08/11/2016 08:51 

 
Mike Potter, 350 points between  

16/11/2016 04:46 and 16/11/2016 08:50 

 
Mike Potter, 337 points between  

 
Mike Potter, 324 points between  
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19/11/2016 04:37 and 19/11/2016 08:19  23/11/2016 04:37 and 23/11/2016 07:42 

 
Mike Potter, 484 points between  

27/11/2016 03:24 and 27/11/2016 07:53 

 
Mike Potter, 730 points between  

28/11/2016 00:50 and 28/11/2016 08:08 

 
Arto Oksanen, 534 points  

between 09/12/2016 20:39 and 10/12/2016 06:05 
 

 
Mike Potter, 781 points between  

09/12/2016 23:38 and 10/12/2016 07:24 

 
Mike Potter, 352 points between  

11/12/2016 01:11 and 11/12/2016 04:44 

 
Michigan State Campus Observatory, 69 points between 

20/12/2016 02:15 and 20/12/2016 05:48 
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Michigan State Campus Observatory, 91 points  

between 21/12/2016 00:30 and 21/12/2016 08:15 
 

 
Observatorio Astronomico del CIECEM, 223 points  
between 30/01/2017 18:58 and 30/01/2017 21:08 

 
Observatorio Astronomico del CIECEM, 263 points  
between 28/03/2017 19:49 and 28/03/2017 22:16 

 
Observatorio Astronomico del CIECEM, 224 points  
between 03/04/2017 19:59 and 03/04/2017 21:49 

 
Matt A. Wood, 458 points  

between 08/04/2017 20:27 and 08/04/2017 21:31 

 
Observatorio Astronomico del CIECEM, 362 points  
between 24/09/2017 01:27 and 24/09/2017 05:08 
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Observatorio Astronomico del CIECEM, 239 points  
between 25/09/2017 02:55 and 25/09/2017 05:10 

 
Observatorio Astronomico del CIECEM, 351 points  
between 03/10/2017 01:57 and 03/10/2017 05:14 

 

 
Lew and Donna Cook, 489 points  

between 03/10/2017 07:39 and 03/10/2017 10:24 

6.2. AstroRedux 

As the size of AstroRedux hinders the performance of reading this document, the source 
code can be found in full here: 
https://drive.google.com/file/d/1sfBP8CRZUnssuhlYniGnbx6Tx6rVUUFP/view?usp=sharing 
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