Physics 103

General Astronomy

HW #2

Solution Set

There has been some concern that the questions in the book have little connections with what has been said in lecture and vice versa. For each of these questions I have indicated in red where in the book or lecture the information necessary for the question can be found.

Chapter 2 Review & Discussion: 7, 8, 12, 15 (these are short answer questions)

7. What is a blackbody? What are the characteristics of the radiation it emits?

For the first part see the first paragraph of page 52 of the textbook:

“A blackbody [is] an object that absorbs all radiation falling upon it. In a steady state, a blackbody must reemit the same amount of energy as it absorbs.” 

In answer to the second part see the next paragraph on page 52: 

“The blackbody curve shifts toward higher frequencies (shorter wavelengths) and greater intensities as an object’s temperature increases.”

Many of you had the first part but failed to answer the second part which is the part dealing with temperature. Slides 21-24 of Lecture 2A also give these blackbody laws.

8. If the Earth was completely blanketed with clouds and we couldn’t see the sky, could we learn about the realm beyond the clouds? What forms of radiation might penetrate the clouds and reach the ground?

See pages 50 and 51 of the text (in particular Fig 2.8 on page 52). Also, slide 9 of Lecture 2A reproduces this figure.

Yes, we could still learn about the heavens even if every day and night were cloudy. Radio and some microwaves make it through the clouds. 

Now, while no one exact sentence said this, we can figure this out from a couple lines of reasoning. First, look at Figure 2.8. In this figure, wavelengths shorter than visible are already blocked by the Earth’s atmosphere. That’s what it means to be opaque. If we were then to make the Earth’s atmosphere completely cloudy, there’s no reason to believe these wavelengths would suddenly find it easier to get through to the ground. What about the visible spectrum? Since we can’t see stars on cloudy nights we can conclude that visible light won’t get through on this new cloudy Earth. As for radio waves, how many of us have gotten radio or TV reception just fine on a cloudy day? The fact that we can learn about objects beyond the clouds using radio waves is crucial to understanding why we can map the surface of Venus using radar through its clouds. 

12. What is a continuous spectrum? What is an absorption spectrum?

A continuous spectrum shows radiation of all wavelengths. A blackbody spectrum is a fine example of a continuous spectrum.

An absorption spectrum shows a continuous spectrum where certain wavelengths have been removed because they have been absorbed by some intervening gas or object.

Pages 55-56 and slides 2,7, and 12 of Lecture 2B describe this.

15. Suppose a luminous cloud of gas is discovered emitting an emission spectrum. What can be learned about the cloud from this observation?

From page 63 and ESPECIALLY slide 17 of Lecture 2B we find that from the presence of spectral lines (in this case, emission lines) we can learn at least 2 main things:

1. The composition of an object is determined by matching its spectral lines with the laboratory spectra of known atoms and molecules. See slide 4 of Lecture 2B.

2. The (line-of-sight) velocity of an object is measured by determining the Doppler shift of its spectral lines. See slides 15-17 of Lecture 2B. 

Additional problems:

1A: 600 nm is in the red/yellow part of the visible spectrum.

1B: Since Arcturus redder than Rigel it is cooler than Rigel.

1C: Since Arcturus’ peak wavelength is 3 times longer than Rigel’s, Arcturus is 3 times cooler than Rigel.

1D: Since a blackbody’s flux, or brightness, is proportional to T4 , if Arcturus is 3 times cooler than Rigel, it is 34 = 81 times dimmer.

2A: The true wavelength for the H line of Hydrogen can be found on page 64 and 65 of the text which describes exactly how to do this problem.

The true wavelength is 656.3 nm. The question says we observe this line at 656.64 nm. Since this is longer than the true wavelength, this is a redshift.

2B: A redshift means the object is moving away from us.

2C: How fast: On slide 17 of Lecture 2B I give the following equation:
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where V is expressed as a fraction of the speed of light, such as 0.5 times the speed of light.  in this case is the observed or apparent wavelength minus the true wavelength and  is the true wavelength. On page 64 of the text this equation is written as: 
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The wave speed is the speed of the light wave which is simply the speed of light. If you are mathematically inclined you can see that these equations are identical.  We’ll solve this problem using both.

First equation (1):
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Remember this number is the speed as a fraction of the speed of light. To find the velocity in kilometers per second, multiply this number by the speed of light in kilometers per second, which is 3 x 105 km/s.

0.000518 * 3 x105 km/s = 155 km/s.

Using equation (2):
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1.0005181 = 1+
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0.0005181 * 3x105 km/s = velocity

155 km/s = velocity

Problem 3. The figure you are given shows a continuum spectrum with absorption lines due to the cold outer atmosphere. For a hot outer atmosphere you would instead see emission lines plus the original continuum spectrum. Picture the original continuum spectrum which instead of having a series of dips, instead has a series of peaks.
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