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Emission mechanisms part 2

Group exercises

13.03.2020

Group assignments for the practice session on 13.03.2019. To be submitted before 20.03.2019 at 10.15. Please
justify all your answers and include all the calculations when necessary.

1 Emission lines in a planetary Nebula

Planetary nebulae are hot shells of gas that were originally ejected by a dying star. As explained during the
lectures, the electromagnetic emission produced by a planetary nebula should be an emission spectrum, with
spikes of emission at specific wavelengths corresponding to the elements in the gas. As a visual reference
see Fig.1. The files Nebula1.csv, Nebula2.csv, and Nebula3.csv present 3 approximations of real planetary
Nebulae spectra. The first column of each file is the wavelength in Ångstroms (1 Ångstrom = 10−10 m = 0.1
nm), and the second column is the flux (in ergs cm−2 s−1 Ångstrom−1).

a) Plot the spectrum around each of the wavelengths listed in data table 1 (Generate a plot or subplot
within a range close to the wavelength of each asked emission line), and look for that particular emission
line in the plot. Note its absence or presence and fill in the given table. Remember from the slides that
due to the movement of the Earth and each nebula, the wavelengths may be Doppler-shifted slightly
from their nominal values. If you are not sure whether the line is really there, write “?” in the table.
Justify your answers with appropriated graphics 5p.
Hint. To make easier the task feel free to visit this website, that contains a set of reference spectra
labelled with the wavelengths of emission lines typically seen in planetary nebulae and identifying each
emission line which its correspondent wavelength. Use those references for the regions where you are
looking for your emission lines in order to identify other features that can guide you to find or discard
the presence of the asked lines.
Comment. The key point of this exercise was to assure the presence of the emission lines in the
different spectra. [Ar V] and [Cl IV] were the most challenging lines to detect, as they were shifted
and weak.

b) Examine the emission lines that you detected for each Nebula, note which has the highest ionisation
potential, meaning which element requires the most energy to reach its observed ionisation state. The
higher the maximum ionisation potential, the hotter the central star must be. Based on this information
briefly explain which Nebula should have the hottest and which one the coolest star 3p.
Comment. If you are interested, you can check in the web the actual emission spectra and estimated
temperature for the Nebulae M 1-57, NGC 6210, and IC 3568.

2 Synchrotron cooling timescale

A pulsar (born in a supernova a thousand year ago) emits so-called synchrotron photons with energy of 20

keV with power Psync = 4
3σT cUBγ

2β2 where UB = B2

8π is the magnetic energy density in the source, and
σT = 6.652 × 10−25 cm−2 is so-called Thomson cross section. The magnetic field strength is around 0.1mG
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https://web.williams.edu/Astronomy/research/PN/nebulae/legend.php


Table 1: Table with some emission lines that you have been asked to hunt. The first column gives the
wavelength of the emission line, and the second identifies the element and the ionisation stage for the given
line. The third column lists the ionisation potential of the preceding ionisation stage.

Wavelength Emission Line
Ionisation Potential

of next lowest
ionisation state

Nebula 1 Nebula 2 Nebula 3

(Angstroms) (eV) Present (Y) Absent (N)
6087 [Ca V] 67.1
7005 [Ar V] 59.8
5007 [O III] 34.9
6101 [K IV] 45.7
8046 [Cl IV] 39.6
6563 Hα 13.6

(milli-gauss, i.e. we are using cgs units: cm, gram, second).
Because the electrons are accelerated by the pulsar almost to the speed of light (99.999... %c), instead of
their speed we use their “Lorentz factor” (see useful information below) γ = 4 × 107.

a) How long is the lifetime of the radiating electrons? 5p

Comment. The electron’s energy is:

Eelectron = γmec
2. (1)

Electron loses energy at the same rate it radiates photons, so its energy loss rate is

∆E =
4

3
σT cUBγ

2β2 (2)

The energy loss timescale is then

τ =
Eelectron

∆E
(3)

b) What can we deduce about the electron energies and the age of the radiating object? 2 p
Comment. The pulsar is a thousand years old, but the electrons will lose their energy in less than
a hundred years. Because we still see emission from those electrons at this energy, it means that the
electrons cannot be as old as the pulsar. If the electrons are younger than the pulsar (or the supernova
that created the pulsar), then there must be a source of high-energy electrons in the system or a
mechanism that keeps producing the Synchrotron emission.

Additional information:

• You can estimate timescales related to some process or quantity X, you can do that by simply comparing
the quantity and its rate of change: τ = X/Ẋ

• A relativistic electron moves almost at the speed of light, i.e., the speed β ≈ 1 (where β = v/c) is the
speed compared to the speed of light, c.

• The electrons and its energy is γ times larger than the electron rest energy: E = γmec
2, where

γ = 1/
√

1 − β2 is called the lorentz factor.

• The radiated energy is directly taken from the electron’s energy.
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Figure 1: Sketch of a planetary Nebula. The spectrum at the left is generated by the cloud of gas (emission
spectrum), the one in the middle is the black body emission by the central dying star, and the spectrum at
the right side is the combination of the star emission with the cloud gas(absorption spectrum).
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