Explore 1. Students select their own stars. The table below gives a few examples:

	Object ID
	Color
	u
	g
	r
	i
	z

	568689642242303
	orange
	23.712
	20.426
	18.958
	17.283
	16.384

	568689642242317
	white
	24.442
	21.318
	19.814
	18.249
	17.45

	1970728867921990
	red
	18.993
	16.258
	14.929
	14.31
	13.992

	1970728867922000
	yellow
	21.181
	18.417
	17.004
	15.844
	15.212

	1970728867922010
	blue
	20.868
	18.234
	17.025
	16.534
	16.253

	1970728867922170
	white
	22.953
	20.987
	19.629
	18.174
	17.404

	1970730198303290
	yellow
	25.299
	23.019
	21.735
	19.11
	17.662

	1970862004568160
	blue-white
	19.556
	17.733
	16.962
	16.641
	16.438

	1970862004633640
	orange
	20.347
	17.853
	16.41
	15.028
	14.273

	1970862272872480
	red
	20.587
	18.079
	16.931
	16.479
	16.217

	1970862272872810
	red
	22.569
	20.412
	18.94
	18.012
	17.445

	1970862274183190
	blue
	16.039
	16.238
	16.725
	17.007
	17.288

	1970862542618690
	red
	17.758
	17.361
	17.366
	17.451
	17.601

	1970863052947590
	blue
	19.519
	19.23
	19.555
	19.788
	19.98

	2255047899545600
	yellow
	17.858
	16.528
	15.981
	15.773
	15.696


Explore 2. Students should discover that the color of a star is related to the difference between two magnitudes: u-g, g-r, r-i, or i-z. Generally, g-r gives the clearest color trend. Blue stars have low (often negative) g-r values, and orange and red stars have high g-r values. Yellow and white stars have mid-range values. The table below shows the magnitude differences for the 15 stars in the table above, sorted by increasing g-r:

	Object ID
	u-g
	g-r
	r-I
	I-z
	Color

	1970862274183190
	-0.199
	-0.487
	-0.282
	-0.281
	blue

	1970863052947590
	0.289
	-0.325
	-0.233
	-0.192
	blue

	1970862542618690
	0.397
	-0.005
	-0.085
	-0.15
	red

	2255047899545600
	1.33
	0.547
	0.208
	0.077
	yellow

	1970862004568160
	1.823
	0.771
	0.321
	0.203
	blue-white

	1970862272872480
	2.508
	1.148
	0.452
	0.262
	red

	1970728867922010
	2.634
	1.209
	0.491
	0.281
	blue

	1970730198303290
	2.28
	1.284
	2.625
	1.448
	yellow

	1970728867921990
	2.735
	1.329
	0.619
	0.318
	red

	1970728867922170
	1.966
	1.358
	1.455
	0.77
	white

	1970728867922000
	2.764
	1.413
	1.16
	0.632
	yellow

	1970862004633640
	2.494
	1.443
	1.382
	0.755
	orange

	568689642242303
	3.286
	1.468
	1.675
	0.899
	orange

	1970862272872810
	2.157
	1.472
	0.928
	0.567
	red

	568689642242317
	3.124
	1.504
	1.565
	0.799
	white


Practice 1. The formula for finding magnitude from radiant flux is:

m = -log2.51 (F/FVega)

Multiplying by –1 to remove the negative sign from the log gives:

log2.51(F/FVega) = -m,

and making an exponent of both sides with base 2.51 removes the log, giving:

F/FVega = 2.51-m.

Since the question asks only for radiant flux with respect to Vega, this equation is all students need to find the answer.

Antares (m = 1.2):  FAntares/FVega = 2.51-1.2 = 0.331.

Sun (m = -26): FSun/FVega = 2.5126 = 24,600,000.

Question 1. When students look at the amount of light given off at different wavelengths for red stars, they will most likely see that the stars give off most of their light in the z filter; that is, at longer wavelengths. They will probably conclude that stars give off more light at long wavelengths. 

However, they should also notice that blue stars give off more light (have the lowest magnitudes) in mid-range filters, such as g, r, or i, and should conclude that blue stars give off most of their light at these wavelengths. This observation should lead them into the next section, where they will learn that stars give off most of their light at a peak wavelength.

Question 2. The top star (peak wavelength 4000 Angstroms) would appear blue, and the bottom star (peak wavelength 6400 Angstroms) would appear red.

Question 3. Stars emit the greatest proportion of their light at their peak wavelength, but they emit light at other wavelengths too. They emit more light at wavelengths closer to their peak wavelength. A star whose peak wavelength is in the infrared range may also emit light some red light, and appear to us as red. A star whose peak wavelength is in the ultraviolet may emit some blue light and appear blue.  It is possible for a star to have a peak wavelength so far into the infrared that it is not visible in the SDSS filters.
Explore 3. The table below shows the stars listed in the Hint window:

	Object ID
	u-g
	g-r
	Visual Color

	568702257659962
	1.13
	-0.27
	Light Blue

	850263138369580
	1.23
	-0.09
	Blue

	568775274528853
	1.20
	-0.16
	Blue

	850263407525987
	0.93
	-0.03
	White

	1970728858353740
	1.21
	-0.09
	Light Blue

	1970729669361683
	0.39
	-0.04
	Light Blue

	1970729117679645
	1.13
	-0.16
	Blue



If a star has a relatively high u-g color (greater than 0.5) and a negative g-r color, it will appear blue. If a star has a very high u-g color (greater than 1.5) and a relatively low g-r color (less than about 0.75), it will appear yellow. If a star has u-g and g-r colors both close to zero, the star will appear white. 

Question 4. As the image shows, the green-wavelength range is a very narrow part of the spectrum. Stars emit light not only at their peak wavelengths, but also at nearby wavelengths. Even if a star’s peak wavelength is in the green part of the spectrum, the yellow and blue parts of the spectrum are wider, so more total yellow and blue light will be emitted than green light. Therefore, the star will appear to our eyes as yellow or blue.

Question 5. If you continued to heat the plate, its peak wavelength would move into the ultraviolet, and the plate would start to emit a lot of ultraviolet light. Ultraviolet light is invisible to the eye, but reacts with the skin to cause sunburn.

Explore 4. Students should explore the shape of the thermal radiation curve as the temperature changes. They should note an inverse relationship between the temperature and the peak wavelength of radiation. If they try to find a mathematical relationship, they should get an equation like peakT = 2.897 x 10 -3 m K, probably with a different constant factor.

Practice 2. The equation that relates temperature to peak wavelength is peakT = 2.897 x 10 -3 m K. For T = 300 K, peak = 9.66 x 10-6 m = 96,600 Angstroms – well into the infrared range. If the plate glows dull red, with peak = 6500 Angstroms = 6.5 x 10-7 m, then T = 4460 K.

Practice 3. peak = 5300 Angstroms = 5.3 x 10-7 m, so T = 5470 K. The Sun’s average temperature is 5470 K.

Practice 4. The peak wavelength of the spectrum is at about 4800 Angstroms = 

4.8 x 10-7 m. From the equation above, T = 6040 K. The star has an average temperature of 6040 K, a little hotter than the Sun.

Explore 5. The table below shows a few sample stars. Peak wavelengths and effective temperatures are rounded to two significant figures.

	Plate
	Fiber
	peak (Angstroms)
	Average Temperature (K)

	276/51909
	11
	4200
	6900

	
	227
	4400
	6600

	
	404
	4600
	6300

	359/51821
	216
	8200
	3500

	
	625
	3900
	7400

	387/51791
	62
	4700
	6200

	
	263
	4200
	6900

	405/51816
	31
	4200
	6900

	
	281
	4800
	6000

	
	453
	4400
	6600

	
	528
	7600
	3800

	415/51810
	20
	4300
	6800



The average temperature of these twelve stars is about 6200 K, slightly hotter than the sun’s temperature.

Question 6. The overall trend of the spectrum above looks like the thermal radiation curves from the last section, but the spectrum also has many peaks and valleys, some of which are large.

Question 7. Students may say the star is a thermal source because its general trend looks like a thermal radiation curve, or they may say that the star is not a thermal source because of its big peaks and valleys. Either response is all right as long as they justify their answer.

Question 8. The data would graph into two points in the first quadrant (since u-g and g-r are both positive for both curves). The point for the T = 4730 C curve would lie slightly above and greatly to the right of the point for the T = 5730 C curve.

Question 9. The graph would again make a straight line for both the g-r/r-i and r-i/i-z diagrams. However, the slope of both lines would be shallower, because thermal radiation curves of stars with normal temperatures do not change as much at longer wavelengths. The slope would be greatest for the u-g/g-r curve, intermediate for g-r/r-i, and least for r-i/i-z.

Explore 6.

	Object ID
	Ultraviolet (u)
	Green (g)
	Red (r)
	Near infrared (i)
	Infrared (z)

	1970729672507509
	22.384
	19.701
	18.276
	17.159
	16.571

	2255048166408350
	22.003
	19.495
	18.113
	17.274
	16.818

	1970862253998178
	21.635
	19.663
	18.855
	18.543
	18.341

	1970862800109655
	19.276
	18.419
	18.224
	18.097
	18.109

	2255047092863113
	20.714
	19.03
	18.359
	18.113
	17.941

	2255029916926068
	22.397
	19.775
	18.543
	18.029
	17.728

	2255030454517938
	23.297
	20.273
	18.934
	18.156
	17.716

	568774739427593
	22.364
	19.868
	18.427
	17.73
	17.375

	1970862268285318
	22.496
	20.42
	19.043
	18.196
	17.718

	2255047369556043
	21.205
	19.106
	18.175
	17.803
	17.579

	2255047094698155
	21.462
	19.416
	18.576
	18.224
	17.997

	2255047395246316
	20.207
	19.136
	18.698
	18.482
	18.353

	2255030725247124
	22.798
	20.098
	18.909
	18.387
	18.037

	2255030998401119
	20.02
	18.683
	18.274
	18.141
	18.057

	2255030460809362
	20.539
	18.965
	18.382
	18.177
	18.072

	1970729654157453
	22.25
	20.006
	18.907
	18.466
	18.159

	2255047928906000
	22.138
	19.777
	18.641
	18.147
	17.869


Explore 7.  

	Object ID
	u-g
	g-r
	r-i
	i-z

	1970729672507509
	2.683
	1.425
	1.117
	0.588

	2255048166408350
	2.508
	1.382
	0.839
	0.456

	1970862253998178
	1.972
	0.808
	0.312
	0.202

	1970862800109655
	0.857
	0.195
	0.127
	-0.012

	2255047092863113
	1.684
	0.671
	0.246
	0.172

	2255029916926068
	2.622
	1.232
	0.514
	0.301

	2255030454517938
	3.024
	1.339
	0.778
	0.44

	568774739427593
	2.496
	1.441
	0.697
	0.355

	1970862268285318
	2.076
	1.377
	0.847
	0.478

	2255047369556043
	2.099
	0.931
	0.372
	0.224

	2255047094698155
	2.046
	0.84
	0.352
	0.227

	2255047395246316
	1.071
	0.438
	0.216
	0.129

	2255030725247124
	2.7
	1.189
	0.522
	0.35

	2255030998401119
	1.337
	0.409
	0.133
	0.084

	2255030460809362
	1.574
	0.583
	0.205
	0.105

	1970729654157453
	2.244
	1.099
	0.441
	0.307

	2255047928906000
	2.361
	1.136
	0.494
	0.278


Explore 8.
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Question 10. The left bottom end of the line corresponds to hotter stars and the right top end of the line corresponds to cooler stars. Hotter stars emit a greater proportion of their light at shorter wavelengths, so they will have a lower value of g-r.

Explore 9.
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Question 11. The linear trend begins to break down at the third point from the left, around u-g  = 1.3. This means that only the very hottest stars can be thought of as thermal sources.

Question 12. If g-r is steady for varying values of u-g, that means the star emits a roughly constant amount of red light regardless of its u-g value. When stars exhaust their supply of hydrogen fuel, they expand and cool, becoming “red giants.” Red giants occur at a variety of temperatures, hence at a variety of u-g values. When stars become red giants, they emit a greater proportion of red light. On the color-color diagram, they leave the main trend and move to the “red giant branch” – the flat line at the top of the graph.

Question 13. SDSS looks mainly above and below the plane of the Milky Way. But in a few places, SDSS looks only about 30° from the Milky Way’s plane – close enough to see a larger proportion of Population I stars. The Milky Way’s plane is the broad red strip in the Navigation tool, so the best places to look for Population I stars are at the edges of Stripes 10 and 82, or in Stripe 43 (as close to the plane as the SDSS will map).
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		2255030725247120		2.7		1.189		0.522		0.35

		2255030998401110		1.337		0.409		0.133		0.084

		2255030460809360		1.574		0.583		0.205		0.105

		1970729654157450		2.244		1.099		0.441		0.307

		2255047928906000		2.361		1.136		0.494		0.278
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