
Problem Set 2 Solutions

Problem 1: A

A hot blackbody will emit more photons per unit time per unit surface area than a cold
blackbody.

It does not, however, necessarily need to have a higher luminosity, L = 4πR2σT 4,
because while luminosity is dependent on temperature, it is also dependent on the size
of the blackbody. Thus, without knowing both the size and the temperature, no true
luminosity comparison can be made.

Problem 2: D

An ideal blackbody is defined to emit and absorb radiation of all wavelengths, and it also
emits based on temperature. This dependence on temperature can be seen in the equation
for flux (the intensity of an object’s electromagnetic radiation):

F = σT 4

Problem 3: B

Let star A be the star of magnitude 18 (with flux FA), and star B be the new star (flux
FB = 10FA). Now recall the definition of magnitude:

m = −2.5 log (F ) + constant

Then define:

• mA = −2.5 log (FA) + C

• mB = −2.5 log (FB)+C = −2.5 log (10FA)+C = −2.5 log (10)+(−2.5 log (FA)+C) =
−2.5 +mA

So given that mA = 18, we find the minimum magnitude of the new star is given by
mB = −2.5 + 18 = 15.5.
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Problem 4: C

Recall the equation for the energy of a given level in a hydrogen atom,

En = − R
n2 ,

where R = 13.6 eV. Since R is a constant, it follows that En is proportional to 1
n2 .

Problem 5: B

The dark lines in a spectrum are wavelengths of photons that were absorbed by a medium
and re-emitted after some time; in a continuum source, nothing is permanently absorbed.

Problem 6: E

By Wein’s displacement law, a blackbody peak shifts linearly with increasing temperature
to higher frequency—or in other words, frequency is proportional to temperature. However,
since wavelength λ is inversely proportional to frequency, λ ∝ 1

T . So since Alice’s peak
wavelength is less than Bob’s, she will always have a higher temperature than him.

It also follows by the relation for flux (or intensity):

F = σT 4,

that Alice will also always have a higher intensity than Bob, since we found above her
temperature is always greater. Thus, choice E is correct.

Problem 7: D

Let’s look at the qualities required for an emission line and absorption line spectrum,
respectively:

Emission: A hot, transparent gas will produce an emission line spectrum.

Absorption: A (relatively) cool transparent gas in front of a source of a continuous
spectrum will produce an absorption line spectrum.

From this we see that whether we see an emission or absorption depends on temperature,
as well as the transparency of a gas. The transparency of a gas is related to both the density
and thickness of a gas, so we find that whether we see an emission spectrum or absorption
spectrum depends on the thickness, temperature, and density of the gas the radiation
passes through.
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Problem 8: B

To determine which telescope can collect more photons per second, consider what is re-
quired to collect photons: the incoming light must strike the telescope mirror, each “hit”
being analogous to a collected photon. Then it follows that a larger area of a mirror would
allow for more collected photons. Thus, since Keck 1 has a larger mirror, it has a greater
light-gathering power.

Problem 9: B

The magnification factor M is equal to the telescope focal length, F , divided by the eyepiece
focal length, f = 10 mm. Then from the table above, we find:

• MHale = 16.9m
10mm = 1690

• MKeck = 17.5m
10mm = 1750

Since MKeck > MHale, Keck 1 will give a greater magnification.

Problem 10: B

Synchrotron radiation is produced by electrons in a magnetic field that are moving at
speeds close to the speed of light (relativistic speeds).

Problem 11: G

From lecture 4, we know that the analysis of spectra can provide you with information
on chemical abundances, physical conditions, and velocities. Specifically, the measurable
physical conditions are temperature, pressure, gravity, ionizing flux, and magnetic fields.

Thus, choices A, C, and D are all correct; however, although we can measure the
ionizing flux of an object with spectroscopic observations, luminosity requires flux and
surface area of the object, which we do not have. Thus, the answer is G.

Problem 12 (4 points)

(a)

Recall the relation, luminosity = surface area × flux; then assuming the Sun has a
spherical shape, and since flux is given by F = σT 4 for the Stefan-Boltzmann constant
σ = 5.6704× 10−5 erg/cm2 s K4 and effective temperature T , we find:
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L = 4πR2σT 4

Rearranging this to solve for temperature gives:

T = ( L
4πR2σ

)
1
4

So plugging in the given values for solar luminosity and radius gives a final effective
temperature T = 5818 K.

(b)

Again, let’s recall that luminosity = surface area×flux; then assuming spherical surface
area of 4πR2, where R is now the distance from Earth’s surface to the center of the Sun
(because we want to measure the flux at our surface, but we can still assume flux extends
radially), we now have:

F = L
4πR2

Plugging in the given solar luminosity value, as well as the distance from the Earth to
the Sun (1 AU) gives a final flux value F ' 1.4× 106 erg/cm2 s.

(c)

For this problem, the given power output (1 GW = 1× 1016 erg/s) will be analogous to
luminosity (they both have the same units!); thus, since L = F (A) for surface area A, and
since we have from part (b) that flux F = 1.36× 106 erg/cm2 s, we can solve for A to find:

A = L
F = 1× 1016 erg/s

1.36× 106 erg/cm2 s
' 7× 109 cm2

However, the question also gives that the solar panels only have 10% efficiency; thus,
to obtain the true required solar panel area, let’s divide the surface area A found above by
the efficiency, or 0.1; we then find that the area is equal to 7× 1010 cm2, or 7 km2.

Problem 13 (3 points)

Keck on Mauna Kea: Let’s first consider the small angle formula1,

θ′′ = 206265 dx ,

1Assume tan θ = d
x
, where we can take θ to be small, such that tan θ ' θ. Then since the angle θ used

above is in units of radians, substitute 1 radian = 3600× 180
π
' 206265′′. Thus, θ′′ = 206265 d

x
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where θ′′ is the seeing in units of arcseconds (given to be 0.5′′), x is the distance
between two objects (the subject and the observer), and d is the diameter of the
subject being observed (in this case, 3 mm). Then solving this equation for the
distance x gives:

x = 206265 d
θ′′ = 2062653mm

0.5 = 1238 m,

so we can read such a book with the Keck telescope on Mauna Kea at a distance of
1238 m, or ∼ 1 km.

Keck analogue in space: For the next part of this question, we are not given the seeing
as we were above. So let’s find it! Recall the equation for angular resolution:

θ = 1.22 λ
D ,

where θ is the angular resolution (the seeing), λ is the wavelength (since we can only
see in the optical wavelength range, assume λ ' 500 nm), and D is the diameter of
the appropriate telescope (Keck’s diameter is known to be 10 m). Thus, we have:

θ = 1.22× 500 nm
10m = 6.1× 10−8 radians⇒ θ′′ = 0.01258′′

Now that we have the seeing, we can solve the problem in the same way we did above
for Keck on Mauna Kea:

x = 206265 d
θ′′ = 206265 3mm

0.01258 = 49 189 m,

so we can read this book with a Keck analogue in space at a distance of 49189 m, or
∼ 50 km.
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