Astronomy A3/A4

X-Ray Astrophysics I (10 lectures)

Aims

To introduce students to the physical processes responsible for the production of X-rays, as a basis for applications in X-ray Astrophysics II.

To introduce students to the concept of a reaction cross-section, and to explain how to calculate X-ray emission rates and spectra from specified source conditions

Objectives

At the end of this course students should be able to

· Understand the difference between optically thick and thin sources

· Distinguish between thermal and power law spectra

· Calculate the classical non-relativistic Thomson cross-section for scattering radiation by free electrons

· Define the classical electron radius

· Calculate the emission rate for thermal bremsstrahlung from homogeneous and inhomogeneous plasmas

· Define the source emission measure function

· Calculate the bremsstrahlung emission rate from plasma with a non-thermal power law electron energy distribution

· Indentify the conditions under which the Klein-Nishina formula for Compton scattering reduces to the Thomson cross-section, and know that it is satisfied in most astrophysical processes

· Calculate the final photon energy in a head-on Inverse Compton collision

· Calculate the luminosity and energy spectrum of an Inverse Compton X-ray source

· State the characteristic synchrotron frequency for radiation emitted by a relativistic electron in a magnetic field

· Understand the analogy between synchrotron radiation and Inverse Compton scattering

· Obtain expressions for the luminosity and energy spectrum of a synchrotron radiation source

