
INTRODUCTION TO SPACE 2020

Emission Mechanisms part 2

Individual exercises

13.03.2020

Individual assignments for the practice session on 13.03.2020. To be submitted before 20.03.2020 at 10.15.
Please justify all your answers and include all the calculations when necessary.

1 Absorption Spectrum

From the group exercise Emission lines in a planetary Nebula you have a qualitative idea of which is
the hottest and coolest star in the centre of the planetary Nebulae 1, 2, and 3. A friend of yours tells you
that there are 3 dying stars A, B, and C associated to those Nebulae, but cannot remember which star is
associated with which Nebula. You can find the surface Temperature of the star in Table1 and assume the
dying stars emit radiation as a perfect black body.

a) Based on the presence, or absence, of high ionisation lines in the planetary Nebulae 1,2, and 3, associate
each nebula 1,2, and 3 with the correspondent dying star A,B, and C. Briefly justify your association.
1p
Comment. As far as you detected correctly the emission lines, you can related the hottest star with
the nebula presenting the strongest ionisation potential lines.

b) Plot the absorption spectrum that presents the black body emission minus the lines absorbed by the
planetary Nebulae. Explain if the lines in the spectra are emission or absorption lines. 2p
Comment. As a guide in Fig.1. you can see the plot of the Black body spectra after the emission
from the nebula is taken (as absorption lines). It was paramount that you plot the Black body spectra
using the same units both in the y and x axis.

c) Consider the lines [OIII] and Hα for the 3 Nebulae. Are the lines shifted when plotted with the different
black body emission coming from the stars A,B, and C? Justify your answer. 2pComment. No, the
lines are only shifted due to the expansion of the Universe, or proper motion of the gas emitting the
lines (Dopler effect). The Black Body emission never shift the position of the lines.

Hints. You can revise the wavelength associated to the emission lines in the Table 1 of the group exercises.
Figure 1 in the group exercises may also be handy for understanding the absorption spectra.

2 Compton Scattering

When a high-energy photon hits an electron, both move into different directions. In order to recoil the
electron, the incident photon (Ei) should have at least an energy larger or equal than the electron’s rest
mass energy (mec

2). After the collision the scattered photon moves with energy (Ef ) as

Ef =
Ei

1 + Ei

mec2
(1 − cosθ)

(1)

where θ is the photon scattering angle.
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Figure 1: Absorption spectra

a) Given the relation in equation 1) for the initial and final photon energies, calculate the relation between
the initial(λi) and final (λi) photon wavelengths. Show all the steps you take. 2p
Comments. We know that E = hν = h cλ , then we replace on Eq1, and get:

hc

λf
=
hc

λi

1

1 + hc
λi

1
mec2

(1 − cosθ)
. (2)

And from them it is just a matter of algebra to find the answer.

b) If Ei = mec
2, calculate the final photon energies at θ = 0o, θ = 90o and θ = 180o. At which angle the

photon losses more energy? 1p
Comments. If Ei = mec

2, then eq1 becomes:

Ef =
mec

2

1 + (1 − cosθ)
. (3)

Now you just need to evaluate the 3 given cases.

c) Calculate the final wavelength λf for an incident photon of an energy of 1MeV scattered at 90 degrees.
2p
Comments. Use eq2 and you will find the final wavelenght.

3 Identifying Synchrotron and Inverse Compton scattering

The files 3C274.csv, 3C279.csv, and 4C39 25.csv contain the Spectral Energy Distribution (SED) of 3
energetic Active galactic Nuclei (AGN). Identify which region of the SEDs is attributed to Synchrotron
emission and which one corresponds to Inverse Compton scattering.

a) Which is the range of energies (frequencies) for the Synchrotron region in each one of the AGN? Justify
your answer. 1p
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Figure 2: 3C279 SED plotted in Excel (up) and in python (bottom).

Comments. The information provided was given using real data. Therefore, it was important to
detect when the SED included stellar emission and scattering of data that could make difficult the
estimation of the Synchrotron region.

b) Which is the range of energies (frequencies) for the Inverse Compton scattering region in each one of
the AGN? Justify your answer. 1p
Comment. It is important to realise when a source does not present the Compton emission. This
can be due to several factors, one of them being the technical difficulties that arise to get several
observations at high frequencies.

c) Calculate or estimate the Particle’s “Lorentz factor” γ (revise lecture slides) for each one of the AGN.
Justify your answer 3p

Comment. We have that νafter ∼ νbefore×γ2, therefore we can approximate γ ∼
√

νafter

νbefore
. Additional

comment, please pay attention to plot scattered data.In Fig. 2 you will find the scatter of 3C279 using
python and Excel. Notice that the quality never shall be affected by the software you decide to use for
making your plots.
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Table 1: Temperature of the dying stars.

Star Temperature
(K)

A 5000
B 10000
C 4200

Figure 3: Compton scattering.
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