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Data analysis

Question 1

A few facts about photometry of  asteroids:

•
Asteroids are small, irregularly shaped objects of our Solar System that orbit the Sun in approximately elliptical orbits.

· Their brightness observed at a given instant from Earth depend on the surface area illuminated by the Sun and the part of the asteroid which is visible to the observer. Both vary as the asteroid moves.
· The way the sunlight is reflected by the surface of the asteroid depends on its texture and on the angle between the Sun, the asteroid and the observer (phase angle), which varies as the Earth and the asteroid move along their orbits. In particular, asteroids with surfaces covered by fine dust (called regoliths) exhibit a sharp increase in brightness at phase angles φ close to zero (i.e., when they are close to the opposition).

•
Since the observed flux of any source decreases with the square  of distance, the observed magnitude of an asteroid also depends on its distance from the Sun and from the observer at the time of the observation. Their  apparent  magnitude m outside the atmosphere is then





M(t) = Mr(t)+5log(RD)

where mr is usually called reduced magnitude (meaning the magnitude the asteroid would have if its distances from the Sun and the Earth were reduced both to 1 AU) and depends only on the visible illuminated surface area and on phase angle effects. R and D are, respectivelly, the heliocentric and geocentric distances.

Consider now the following scenario. Light curves of a given asteroid were obtained at three different nights at different points of its orbit, and at each time a photometric standard was observed in the same frame of the asteroid. Table 1 shows the geometric configuration of the asteroid at each night (phase angle φ, in degrees, R and D in AUs), and the calibrated magnitude of the photometric standard star that was observed along with the asteroid. Consider the calibrated magnitude as the final apparent magnitude after all the effects are taken into account.

Tables 2, 3 and 4 contain, for each night, the time interval of each observation with respect to the first one (in hours) the air mass, the instrumental magnitude of the asteroid and the instrumental magnitude of the star.

Air mass is the dimensionless thickness of the atmosphere along the line of sight, and is equal to 1 when looking to zenith. 

1. Plot the star magnitude versus air mass for each set 

2. Calculate the extinction coefficient for each night (see Appendix A at the end of the text)
3. Were the observations affected by clouds in one night? Express your answer as: a) Night A, b) Night B, c) Night C, d) None of the nights.  

4. Plot the calibrated magnitude versus time for each set of observations of the asteroid (see Appendix B).

5. Determine the rotation period for each night. Consider that the light curve for this asteroid has two minima and two maxima, and that the semi-period is the average of the intervals between the two maxima and the two minima. 

6. Determine the amplitude (difference from maximum to minimum) of the light curve for each night 

7. Plot the calibrated reduced magnitude Mr versus phase angle φ (use the mean value of each light curve) 

8. Calculate the angular coefficient of the phase curve (the plot of the calibrated reduced magnitude versus the phase angle) considering only the points away from the opposition (See 3rd bullet of facts about photometry of  asteroids above) 

9. Is there any reason to assume a surface covered by fine dust (regolith)? Answer YES/NO.

Table 1

	Night
	D
	R
	φ
	Mstar

	A
	0.36
	1.35
	0.0
	8.2

	B
	1.15
	2.13
	8.6
	8.0

	C
	2.70
	1.89
	15.6
	8.1


       Table 2: Night A                   Table 3:  Night B                Table 4: Night C
	Δt

	Air mass
	mast
	mstar
	
	Δt
	Air mass
	mast
	mstar
	
	Δt
	Air mass
	mast
	mstar

	0.00
	1.28
	7.44
	8.67
	
	0.00
	1.28
	13.24
	8.38
	
	0.00
	1.28
	11.64
	8.58

	0.44
	1.18
	7.38
	8.62
	
	0.44
	1.18
	13.21
	8.36
	
	0.44
	1.18
	11.53
	8.54

	0.89
	1.11
	7.34
	8.59
	
	0.89
	1.11
	13.13
	8.34
	
	0.89
	1.11
	11.56
	8.60

	1.33
	1.06
	7.28
	8.58
	
	1.33
	1.06
	13.11
	8.33
	
	1.33
	1.06
	11.49
	8.52

	1.77
	1.02
	7.32
	8.58
	
	1.77
	1.02
	13.11
	8.32
	
	1.77
	1.02
	11.58
	8.48

	2.21
	1.00
	7.33
	8.56
	
	2.21
	1.00
	13.15
	8.32
	
	2.21
	1.00
	11.79
	8.63

	2.66
	1.00
	7.33
	8.56
	
	2.66
	1.00
	13.17
	8.32
	
	2.66
	1.00
	11.67
	8.53

	3.10
	1.01
	7.30
	8.56
	
	3.10
	1.01
	13.17
	8.32
	
	3.10
	1.01
	11.53
	8.46

	3.54
	1.03
	7.27
	8.58
	
	3.54
	1.03
	13.13
	8.33
	
	3.54
	1.03
	11.47
	8.48

	3.99
	1.07
	7.27
	8.58
	
	3.99
	1.07
	13.15
	8.34
	
	3.99
	1.07
	11.63
	8.67

	4.43
	1.13
	7.31
	8.61
	
	4.43
	1.13
	13.14
	8.34
	
	4.43
	1.13
	11.51
	8.51

	4.87
	1.21
	7.37
	8.63
	
	4.87
	1.21
	13.14
	8.37
	
	4.87
	1.21
	11.65
	8.55

	5.31
	1.32
	7.42
	8.67
	
	5.31
	1.32
	13.21
	8.38
	
	5.31
	1.32
	11.77
	8.61

	5.76
	1.48
	7.49
	8.73
	
	5.76
	1.48
	13.30
	8.43
	
	5.76
	1.48
	11.88
	8.75

	6.20
	1.71
	7.59
	8.81
	
	6.20
	1.71
	13.34
	8.47
	
	6.20
	1.71
	11.86
	8.78

	6.64
	2.06
	7.69
	8.92
	
	6.64
	2.06
	13.39
	8.54
	
	6.64
	2.06
	12.03
	9.03

	7.09
	2.62
	7.87
	9.14
	
	7.09
	2.62
	13.44
	8.65
	
	7.09
	2.62
	12.14
	9.19

	7.53
	3.67
	8.21
	9.49
	
	7.53
	3.67
	13.67
	8.87
	
	7.53
	3.67
	12.63
	9.65


Задача 2 – Цефеидите са много ярки променливи звезди, чиито средни абсолютни звездни величини са функция на техните периоди на пулсация. Това позволява на астрономите лесно да определят истинските им светимости.

В таблицата по-долу са дадени данни за няколко цефеиди. Р0 е периодът им на пулсация в дни, а <MV> е средната им абсолютна звездна величина. 
	Цефеида
	P0 (дни)
	<MV>

	SU Cas
	1.95
	-1.99

	V1726 Cyg
	4.24
	-3.04

	SZ Tau
	4.48
	-3.09

	CV Mon
	5.38
	-3.37

	QZ Nor
	5.46
	-3.32

	α UMi
	5.75
	-3.42

	V367 Sct
	6.30
	-3.58

	U Sgr
	6.75
	-3.64

	DL Cas
	8.00
	-3.80

	S Nor
	9.75
	-3.95

	ζ Gem
	10.14
	-4.10

	X Cyg
	16.41
	-4.69

	WZ Sgr
	21.83
	-5.06

	SW Vel
	23.44
	-5.09

	SV Vul
	44.98
	-6.04


1) Начертайте диаграма показваща <MV> като функция от десетичния логаритъм на периода на пулсация за всички цефеиди, представени в таблицата.
2) Приближете права линия, описваща зависимостта между <MV> и log10(P0). Използвайте метода на най-малките квадрати. Този метод позволява да се определи абсолютната звездна величина на всяка цефеида от нейния период на пулсации.
3)Фигури 1 и 2 показват кривите на блясъка на две цефеиди. Използвайте наличните данни, за да определите разстоянията до тези две цефеиди. Оценете грешката на това разстояние (не е нужно да използвате точни формули за определяне на грешката). 
4) Сравнявайки разликата между разстоянията до двете звезди с типичните размери на една галактика, то отговорете дали е възможно те да принадлежат на една и съща галактика. Моля, запишете своя отговор като: “YES” или “NO”. 
 Фигура 1
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Фигура 2
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Appendix A: extinction coefficients

The magnitude outside the atmosphere is given by:

M = m - A.X + B

where A is the extinction coefficient and B is the zero point coefficient for the night, X is the airmass of the observation and m is the instrumental magnitude (that is, the magnitude obtained directly from the image)

Appendix B: calibrated differential magnitude

If the standard star is the same frame as the object, the calibrated magnitude of the object can be obtained by:
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Appendix C: least squares estimation of angular coefficients

Given straight lines described by
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the least squares estimator of β is given by 
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Цефеида 2





Цефеида 1
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