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1.4.Optical waveband (visible light) 3 × 10
14

 ≤ ν ≤ 10
15

 Hz; 1 μm  ≥ λ ≥ 300 nm  
The visible part of the whole range of wavelengths is only a small part of the entire range of light 

(see Fig. 1.4). The color of visible light is related to its wavelength. Long-wavelength light is 

redder, and short-wavelength light is bluer. Longer than red is infrared, microwave and radio, 

and shorter than blue is ultraviolet, X-rays, and gamma rays. 

The energy of a photon is given by Eq. (1.2) ΔE = h ν or in terms of wavelength E=hc/λ 

where h is the Planck constant (J s = joule second) and ν is the frequency (Hz). The energy of a 

photon can be given in units of electron volts (eV), where 1 eV is the energy gained by an 

electron that is accelerated through a 1 volt potential change, 

1 eV = charge of electron × 1 volt 

1 eV= 1.602 176 × 10
−19

 (coulombs) × 1.0 (volt) 

1 eV = 1.602176 × 10
−19

 J 

Astrophysicists often use the energy units of electron volts when dealing with photons and 

fundamental particles. The frequency (Hz) and wavelengths (m) are related to the photon energy 

(eV) as follows: 

 
 

 

 
The optical astronomy in Fig. 1.1 shows that this corresponds to studying the Universe in 

the : 

1- Narrow wavelength interval 300–800 nm,   

2-  Black-body temperatures in the range 3000–10 000 K. 

3- The wavelength range to which our eyes are sensitive is roughly 400–700 nm, 

corresponding to the blue and red ends of the optical spectrum, respectively. 

For most types of observation, photographic plates have now been replaced by electronic 

detectors such as charge-coupled devices (CCD) which have quantum efficiencies of about 80% 

at the red end of the optical spectrum (500–1000) nm. 

1.4.1. Spectra: 
The emission spectrum is a graph of energy emitted by an object at each wavelength (Fig. 1.9). If you do 

this for multiple objects, then you have many spectra. Similarly, the amount of light absorbed would be 

an absorption spectrum. 

 
Fig. 1.9. A stellar spectrum. 
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1.4.2.Line emission 
Line emission is produced by gases. The spectrum consists of bright lines at particular 

frequencies characteristic of the emitting atoms or molecules. Atoms consist of a nucleus 

(positively charged), surrounded by a cloud of electrons (negatively charged) see Fig.1.10. 

 
Fig. 1.10: Emission lines occur at frequencies where energy is added to a spectrum, and 

absorption lines occur at frequencies. 

 

The energy emitted when an electron makes a transition from an energy level Eh to a lower 

energy level El is Eh - El and is emitted in the form of a photon of frequency (see Fig.1.11): 

 

ν = (Eh - El) /h…………(1.8) 

  

 
 

Fig.1.11: Energy levels in an atom. When electrons move up, they absorb light. When they move 

down, they emit light. 

1.4.3. The Doppler Effect 
When an object is approaching or moving away, the wavelength of the light it emits (or reflects) 

is changed. The shift of the wavelength, ∆λ, is directly related to the velocity,   of the object: 

   
   

 
       

 

 
 

  

  
          

Here λ0 is the wavelength emitted if the object is at rest and v is the component of the velocity 

along the ‘‘line of sight’’ or the ‘‘radial velocity.’’ Motion perpendicular to the line of sight does 

not contribute to the shift in wavelength. 

∆λ or z is negative, and the emitted wavelength appears shorter (‘‘z is blue-shifted”, then the 

redial velocity (v) is a negative (-)). For receding objects, ∆λ or z is positive, and the emitted 

wavelength appears longer (‘‘z is red-shifted”, then v is a positive(+)). 
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Note about Albedo 
The albedo of an object is the fraction of light that it reflects. The albedo of an object can be any 

value between 0 and 1, where 0 implies all the light is absorbed, and 1 implies all the light is 

reflected. Mirrors have high albedos, and coal has a very low albedo. 

 

1.5.Infrared waveband 3 × 10
12

 ≤ ν ≤ 3 × 10
14

 Hz; 100 ≥ λ ≥ 1 μm 
1.5.1.Observing in the infrared waveband 

The problem of dust extinction is a strong function of wavelength, the extinction 

coefficient α being roughly proportional to λ
−1

, where α is defined by I = I0e
−αr

 and r is the 

distance of the source. Thus, the effects of extinction become rapidly much less important in the 

infrared as compared with the optical waveband. 

Figure 1.12 shows the transmission of the atmosphere in the waveband interval 1 ≤ λ  ≤ 1000 

μm. The centers of the infrared windows in the wavelength range 1 ≤ λ ≤ 100 μm are at 

wavelengths of 1.2, 1.65, 2.2, 3.5, 5, 10, 20, and 35 μm and they are conventionally labeled the J, 

H, K, L, M, N, Q, and Z infrared wavebands, respectively.  

 
Fig.1.12: The transmission of the atmosphere as a function of wavelength in the infrared   

(1 ≤ λ ≤100 μm) and submillimetre (100 ≤ λ ≤1000 μm) wavebands. 

 

A problem to be overcome in infrared astronomy is that the telescope and the Earth’s 

atmosphere are strong thermal emitters of infrared radiation. For example, the radiation of a 

black-body at room temperature, say 300 K, peaks at a wavelength of about 10 μm.  

The major problem in the infrared is the Earth’s atmosphere. 

 (1) The atmosphere blocks the infrared radiation from the sources we are studying; 

 (2) The atmosphere emits its own infrared radiation, which can be much stronger than that 

received from the astronomical objects. 

Spectroscopy in the infrared is different than in the visible (optical): 

1- Longer wavelength means that objects must be physically larger to provide the same 

spectral resolution. 

2- The thermal emission from the material used to construct the devices. 

The infrared waveband is conveniently divided into near and thermal infrared wavelengths.  

In making observations in the thermal infrared waveband, the observer is almost always 

searching for very faint signals against an enormous thermal background. 

1.5.2.Space Infrared Telescope types  
1- Infrared Astronomy Satellite (IRAS) in four broad wavelength bands centred on 12, 25, 

60 and 100 μm. It revealed intense far-infrared emission from regions of star formation in 

our own Galaxy and nearby galaxies as well as a host of new detections of stars, galaxies, 

active galaxies and quasars.  

2- Infrared Processing and Analysis Center (IPAC). 

3- Infrared Space Observatory (ISO).  

4- Space Infrared Telescope Facility (SIRTF). 
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1.6.Millimetre and submillimetre waveband 30 GHz ≤ ν ≤ 3 THz; 10 ≥ λ ≥ 0.1 mm 
 

The millimetre and submillimetre wavebands are particularly rich astronomically. In addition to 

the extension of radio astronomical phenomena to shorter wavelengths, distinct features of these 

wavebands are the presence of a wealth of molecular lines in cool sources and the Cosmic 

Microwave Background Radiation (see Fig.1.12). 

To have a reasonable chance of making observations in the atmospheric windows at 850, 650, 

450 and 350 μm, it is essential to observe from a high, dry site. 

1.6.1.Millimetre and submillimetre all-sky images: are dominated by the 

1-Cosmic Microwave Background Radiation:  the temperature distribution 

T = T0[1 + (v/c) cos θ] ……..(1.10) 

where θ is the angle with respect to the direction of maximum intensity and v is the Earth’s 

velocity through the isotropic background radiation. 

The dust emission has a continuum spectrum with a strongly inverted spectrum, roughly  

Iν ∝ ν
3−4

, 

2-Line emission of interstellar molecules is observed from the plane of the Galaxy and in regions 

of star formation.  

3-The continuum radiation of radio sources observed in the metre and centimeter radio 

wavebands is also present at millimetre wavelengths. 
 

1.6.2.Millimeter and Submillimetre Telescopes  

1- The NRAO 12 m telescope (NRAO/AUI/NSF) on Kitt Peak, Arizona. 
2-  The Swedish–ESO Submillimetre Telescope (SEST) on La Silla, Chile. 

3- The 30 m telescope (IRAM) on  Spain. 

4- The Nobeyama 45 m telescope on Japan. 

 

Example 6: 

Suppose molecules at rest emit with a wavelength of 18 cm. You observe them at a wavelength 

of 18.001 cm. How fast is the object moving and in which direction, towards or away from you? 

 

Solve// This problem calls for the Doppler equation.  

λ0  or λrest is 18 cm,  λobs=18.001 ,and ∆λ= λobs- λo is  (18.001-18)=0.001cm. So:  

 
The molecules are traveling with a radial speed of 17 km/s. Since the wavelength is longer, the 

light has been red-shifted, or stretched out, and so the object is moving away from you. The 

object may also be moving across your field of view, but this motion will not contribute to the 

Doppler shift. 

 

Example 7: In its rest frame, the quasar SDSS 1030+0524 produces a hydrogen emission line of 

wavelength λrest = 121.6 nm. On Earth, this emission line is observed to have a wavelength of 

λobs = 885.2 nm. The redshift parameter for this quasar is thus:  

 

 
So, z is a red shift and this quasar  is away from us. 
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1.7.Radio waveband 3MHz ≤ ν ≤ 30 GHz; 100 m ≥  λ ≥  1 cm 
Radio waves of extraterrestrial origin were discovered by Jansky in the early 1930s. 

Radio emission processes(see Fig.1.1): 

1- Thermal emission: free–free or bremsstrahlung  emission of hot electrons in regions of 

ionized hydrogen 

2- Non-thermal emission: synchrotron radiation of ultra-relativistic electrons spiralling in 

magnetic fields. 

Two features of the radio observations: 

1- A number of the most massive galaxies known were found to be extremely powerful sources 

of radio waves. 

2- The radio emission did not generally originate from the galaxy itself but from huge radio 

lobes which extended far beyond the confines of the parent galaxy. 

The study of these radio sources led to further discoveries: 

1- The fact that supernova remnants are very powerful sources of synchrotron radio 

emission. 

2- The study of the extragalactic radio sources  

Extragalactic radio sources examples : 
i- quasi-stellar radio sources, or quasars, 

ii- BL-Lacertae or BL-Lac objects 

iii- Radio pulsars. 

iv- Neutron stars 

 

1.7.1.Neutral hydrogen and molecular line astronomy 
Neutral hydrogen should emit line radiation at a wavelength of about 21 cm because of the 

minute change in energy when the relative spins of the proton and electron in a hydrogen atom 

change (Fig.1.13). 

The 21-cm line is generally so narrow that it provides an excellent measure of the velocity fields 

inside galaxies. Molecules had been known to exist in the interstellar medium from observations 

of the absorption bands seen in the optical spectra of stars. 

The hydroxyl radical, OH, was first detected by radio techniques in molecular lines at four 

frequencies in the range 1.6–1.7 GHz. Small molecules such as carbon monoxide radiate in the 

millimetre and submillimetre wavebands 

1.7.2.Observing the radio sky 
Radio astronomical observations were made at metre wavelengths and the shortest centimetre 

wavelengths. The types of telescope observation are: 

1- Very Large Array (VLA) in New Mexico 

2- Australia Telescope National Facility (ATNF). 

3- Very long baseline interferometry (VLBI) at centimetre and millimetre wavelengths 

Note // At the low frequency end of this range, 1–10 MHz, observations of extraterrestrial 

sources become very difficult because of the reflection of radio waves by the plasma of the 

ionosphere. 
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1.8.Ultraviolet waveband 10
15

 ≤ ν ≤ 3 × 10
16

 Hz; 300 ≥ λ ≥ 10 nm 
Ultraviolet radiation astronomy is the observation of electromagnetic radiation at ultraviolet 

wavelengths between approximately 10 and 320 nanometres (nm); shorter wavelengths—higher 

energy photons—are studied by X-ray astronomy and gamma ray astronomy.  An ultraviolet 

light is not visible to the human eye. Light at these wavelengths is absorbed by the Earth's 

atmosphere, so observations at these wavelengths must be performed from the upper atmosphere 

or from space see Fig (1.14). 

 
 

 

 

1.8.1.Ultraviolet astronomy is study of the ultraviolet spectra of astronomical objects.  For 

example, interstellar gas at temperatures close to 1,000,000 kelvins is quite prominent in the 

ultraviolet. It has yielded much important information about chemical abundances and processes 

in the Sun and certain other stellar objects, such as white dwarfs. 

1.8.2.Ultraviolet radiation astronomy telescopes: 

1- International Ultraviolet Explorer (IUE). 

2- Orbiting Astronomical Observatory (OAO) in USA. 

3- European Space Agency [ESA] for study ultraviolet observations to be made of 

objects such as comets and quasars.  

4- Extreme Ultraviolet Explorer (EUVE) of NASA which observed in the 6–74 nm 

wavebands for study stellar evolution and the interstellar medium.  

5- Far Ultraviolet Spectroscopic Explorer (FUSE) for study molecular nitrogen in 

interstellar space.  

6- Galaxy Evolution Explorer (GALEX), studied how galaxies change over billions 

of years. 

7- Solar and Heliospheric Observatory (SOHO), has studied the Sun and its hot 

corona in ultraviolet light. 

 

Fig.1.14: Ultraviolet waveband 

Fig.1.13: 21-cm line emission 

https://www.britannica.com/place/Sun
https://www.britannica.com/topic/white-dwarf-star
https://www.britannica.com/topic/European-Space-Agency
https://www.britannica.com/topic/comet-astronomy
https://www.britannica.com/topic/quasar
https://www.britannica.com/topic/Extreme-Ultraviolet-Explorer
https://www.britannica.com/topic/Far-Ultraviolet-Spectroscopic-Explorer
https://www.britannica.com/science/nitrogen
https://www.britannica.com/topic/Galaxy-Evolution-Explorer
https://www.britannica.com/topic/galaxy
https://www.britannica.com/topic/Solar-and-Heliospheric-Observatory
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1.9.X-ray waveband 3 × 10
16

 ≤ ν ≤ 3 × 10
19

 Hz;10 ≥ λ ≥ 0.01 nm; 0.1 ≤ E ≤ 100 keV 
X-radiation is a form of electromagnetic radiation. Most X-rays have a wavelength ranging from 

0.01 to 10 nanometers, corresponding to frequencies in the range (3×10
16

 Hz to 3×10
19

 Hz) and 

energies in the range 100 eV to 100 keV. The regions 10–0.1 nm and 0.1–0.01 nm are called soft 

and hard X-rays. X-ray wavelengths are shorter than those of UV rays and typically longer than 

those of gamma rays. 

As in the case of the far-ultraviolet waveband, the atmosphere is opaque to X-rays because of 

photoelectric absorption by the atoms which make up the molecular gases of the atmosphere and 

so X-ray astronomy is wholly carried out from above the atmosphere. 

X-ray astronomy is one of the youngest fields in observational astronomy. Since X-rays do not 

penetrate the Earth’s atmosphere. One problem in observing X-rays is that it is very hard to make 

a mirror that works for these short wavelengths, less than 1 nm. 

1.9.1. X-ray radiation sources: 
1- High mass binaries Cyg X-1 and Cyg X-3. 

2- Low mass X-ray binary Sco X-1. 

3- Supernova remnant the Crab Nebula 

4- black holes in binary systems 

5- Nearby radio galaxy M87. 

6- Radio galaxy Cygnus A 

7- Virgo Clusters of galaxies 

 

1.9.2.X-ray satellites: 
X-ray satellites are able to provide both continuous and spectral line observations. Originally, the 

spectral information came from detectors similar to those used by high energy physicists, called 

proportional counters, which register the energy of the photons as they hit. More recently, X-ray 

astronomers have been able to use solid state detectors that give good spectral resolution. 

1-High Energy Astronomy Observatory (HEAO) series was the Einstein Observatory 

2-Roentgen Satellite (ROSAT), launched in 1990 in the X-ray waveband 0.25–2 keV. 

3-Chandra was launched in 1999 with angular resolution θ ∼ 0.5 arcsec (Fig.1.15). 
 

 

Fig.1.15: Chandra test spectrum, showing the good spectral resolution. [NASA] 

 

 

1.10.γ -ray waveband ν ≥ 3 × 10
19

 Hz; λ ≤0.01 nm; E ≥100 keV 
Gamma radiation (very high energy)  electromagnetic radiation emitted as 

a consequence of radioactivity is called a gamma ray. Photons with energies greater than about 

100 keV are referred to as γ -rays. Except at the very highest energies, these studies have to be 

carried out from above the atmosphere. 

https://en.wiktionary.org/wiki/energy
https://en.wiktionary.org/wiki/electromagnetic_radiation
https://en.wiktionary.org/wiki/consequence
https://en.wiktionary.org/wiki/radioactivity
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Between 100 keV and 1 MeV, photoelectric absorption is the dominant absorption mechanism 

but at higher energies Compton scattering and then electron–positron pair production become the 

principal absorption processes. 

 

1.10.1.γ –ray satellite: 
1- OSO III satellite 

2- Compton Gamma-Ray Observatory 

3- SAS-2 satellite 

4- COS-B satellite 

5-  HEAO-C satellite 

6-  INTEGRAL γ -ray observatory of ESA. 

 

1.10.2.γ –ray radiation sources:  
1- The Crab Nebula( see Fig.1.16) 
2- supernova remnant  W44 

3-  Pulsar PSR J0101-6422 

4-  Andromeda Galaxy (M31) 
5- Active galaxies 

6- Central black holes  

7- Blazar  

8- Cigar galaxy M83 

 

 

 

Fig. 1.16: Spectrum of the Crab Nebula, from radio to gamma-rays. 

 

Note// 

 Electromagnetic radiation from space comes in all the wavelengths of the spectrum, from 

gamma rays to radio waves. However, the radiation that actually reaches us is greatly 

affected by the media through which it has passed. The atoms and molecules of the medium 

may absorb some wavelengths, scatter (reflect) other wavelengths, and let some pass 

through only slightly bent (refracted). 

 

 

 

 

https://en.wikipedia.org/wiki/Active_galactic_nucleus
https://en.wikipedia.org/wiki/Black_hole
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Example 8: Multi-Choose: 
1-From shortest to longest wavelength, which of the following correctly orders the different 

categories of electromagnetic radiation? 

A) gamma rays, X rays, ultraviolet, visible light, infrared, radio 

B) infrared, visible light, ultraviolet, X rays, gamma rays, radio 

C) radio, infrared, visible light, ultraviolet, X rays, gamma rays 

D) gamma rays, X rays, visible light, ultraviolet, infrared, radio 

Answer: A 

2- Which forms of light are lower in energy and frequency than the light that our eyes can see? 

A) infrared and radio 

B) ultraviolet and X rays 

C) visible light 

D) infrared and ultraviolet 

Answer: A 

3-Gamma rays have a very small 

A) energy. 

B) frequency. 

C) mass. 

D) wavelength. 

Answer: D 

4- Suppose a photon has a frequency of 300 million hertz (300 megahertz). What is its 

wavelength? 

A) 1 meter 

B) 1/300,000 meter 

C) 300 million meters 

D) A photon's wavelength cannot be determined from its frequency. 

Answer: A 

 Exampls: 
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1.11. Observing the universe without using electromagnetic radiation 
Cosmic rays and gravitational waves can provide a way to learn about the Universe in other 

ways than by observing electromagnetic radiation. 

1.11.1-Cosmic ray radiation 
Cosmic rays radiations are high-energy radiation, mainly originating outside the Solar 

System. Upon impact with the Earth's atmosphere, cosmic rays can produce showers of 

secondary particles that sometimes reach the surface. 

The first hints that there is more to the Universe than stars, gas, and dust came with the discovery 

of cosmic rays 

The energy spectra of the cosmic ray particles can be described by: 

 
with x ≈ 2.5–2.7. 

This relation is found to be applicable for protons, electrons, and nuclei with energies in the 

range 10
9
−10

14
 eV. 

The flux of cosmic ray particles can be related to the relativistic gas inferred to be present in the 

interstellar medium through two types of observation (see Fig.1.17). 

1- The synchrotron radiation of ultra-relativistic electrons 

2- The Galactic γ -ray emission at energies E ≥ 100 MeV 

 
Fig.1.17: Cosmic ray flux versus particle energy 

 

1.11.2-Sources of Cosmic Rays 
The sources of higher-energy cosmic rays have been identified with supernovae (E ≤ 10

16
 eV; 

notice the "knee" in Fig. 1.17 at between 10
15 

and 10
16

 eV). At such high energies, the speed of 

the particle is essentially e and the rest energy is negligible (for a proton, mc
2
 ≈ 937 MeV ~ 1 

GeV).  

Consider the radius of the "orbit" of cosmic-ray particles about the magnetic field lines in the 

region of space in which they find themselves. From the Lorentz force equation: 

 
if we neglect any contribution from electric fields, the force on a charged particle in a magnetic 

field is given by: 

 
for the special case when the velocity of the particle is perpendicular to the magnetic field. Since 

the Lorentz force is always perpendicular to the direction of motion, the force is centripetal and 

results in a circular path of the particle around the magnetic field. This implies that 

……..…(1.11) 

https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Solar_System
https://en.wikipedia.org/wiki/Solar_System
https://en.wikipedia.org/wiki/Earth%27s_atmosphere
https://en.wikipedia.org/wiki/Air_shower_(physics)
https://en.wikipedia.org/wiki/Air_shower_(physics)
https://en.wikipedia.org/wiki/Earth%27s_surface
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where γ is the Lorentz factor. Solving for r, the Larmor radius (or the gyroradius) of the orbit is 

given by 

……….(1.12) 

Taking v ~ c, we find: 

……………(1.13) 

Example 9: If the Larmor radius of the "orbit" significantly exceeds the size scale for the 

magnetic field, the particle cannot be considered to be bound to the associated system. In 

interstellar space, magnetic field strengths of 10
-10

 T are typical. For a proton with an energy of 

10
15

 eV, the Larmor radius is  

r == 3 x 10
16

 m == 1 pc.  

This radius is characteristic of the size of a supernova remnant, suggesting that for energies 

much larger than 10
15

 eV, cosmic-ray particles are not likely to be bound to a supernova 

remnant. 

The example above indicates that cosmic-ray particles with energies below about 10
15

 eV are 

possibly associated with supernova remnants, but once their energies exceed that limit, they 

escape from the remnant. 

 

1.11.3-Gravitational Radiation 
Gravitational astronomy is as young as neutrino astronomy. The first attempts to measure 

gravitational waves were made in the 1960’s. Gravitational radiation is emitted by accelerating 

masses, just as electromagnetic radiation is emitted by electric charges in accelerated motion. 

Detection of gravitational waves is very difficult, and they have yet to be directly observed. 

Types of gravitational wave antenna: 

i- Weber cylinder. 

ii- Spatial strain. 

 

 

 Useful information’s 
 

1)) What are the three basic types of spectra? 

Laboratory studies show that spectra come in three basic types*** (see Figure 1.18 and 1.19): 

1. The spectrum of a traditional, or incandescent, light bulb (which contains a heated wire 

filament) is a rainbow of color. Because the rainbow spans a broad range of wavelengths without 

interruption, we call it a continuous spectrum. 

2. A thin or low-density cloud of gas emits light only at specific wavelengths that depend on its 

composition and temperature. The spectrum, therefore, consists of bright emission lines against 

a black background and is called an emission line spectrum. 

3. If the cloud of gas lies between us and a light bulb (and the cloud is cooler than the light bulb 

or other light source), we still see most of the continuous spectrum of the light bulb. However, 

the cloud absorbs light of specific wavelengths, so the spectrum shows dark absorption lines 

over the background rainbow, making it what we call an absorption line spectrum. 
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Fig.1.19 

Fig.1.18 
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2))The resolution of a telescope: 
The angular resolution diffraction limit of a telescope (AR or ∆θ )is given by: 

AR or ∆θ=1.22 λ / d ( in unit rad)  ……….( 1.14a) or: 

AR or ∆θ=250000 λ / d ( in unit arcsec)  ……….( 1.14b) 

Where λ  is the wavelength in (m) and (d) is the width of the aperture of a telescope or is the 

diameter of the aperture in (m). 

 

Example 10:If one considers a 150 mm telescope observing in green light of 5.5 x 10
7
 m 

wavelength, one gets a size for the Airy disc of 4.4 x 10
6
 rad which is 0.9 arcsec: 

∆θ=1.22 λ / d  = 1.22x 5.5 x 10
7
 / 0.15 ( rad ) = 4.4 x 10

6
 rad = 4.4 x 10

6
 x 57.3 x 60 arcmin 

= 4.4 x 10
6
 x 57.3 x 3600 arcsec = 0.9 arcsec (//) 

 

3))Angular diameter of an object: 
 The angular diameter of an object   depends on two things: the object's actual size, and 

the distance of the object from us. The formula for angular diameter (θ) in (arcsec), is given 

by: 

          
  

 
                         

where D is the distance in a unit (m) and dA is an actual diameter in the unit (m). 

Note // 1 radian = 57.2958
0
= 3437.75 arcmin =206265 arcsec. Where, 1

0
=60 

/
=3600 

//
.. 
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Chapter 2: The Radiation Properties of Stars  
 

2.1 Continuous Radiation from Stars 
2.1.1. Brightness of starlight 
The ratio of two stellar brightnesses, B1 and B2, can be related to their magnitudes, m1 and m2, 

by the equation 

………..(2.1) 

since (2·512)
5
 equals 100. This is known as Pogson’s equation. The negative sign before the 

bracketed exponent reflects the fact that magnitude values increase as the brightness falls. By 

taking logarithms of equation (2.1), we obtain: 

……(2.2) 

Hence, Pogson’s equation is normally written in one of the three following ways: 

 

………(2.3) 

Note// The constant 2.512 = 10
2/5 

has a common logarithm of 0.4; it was introduced by 

Pogson (1856) to calibrate the magnitude scale. 

More generally, Pogson’s equation in the style of equation (2.3) can be presented in a simplified 

form as: 

 
where m is the magnitude of the star, B its apparent brightness, and k some constant. 

We define absolute magnitude as the apparent magnitude of a star at a distance of 10 pc. Again, 

an increase of one magnitude corresponds to a decrease in brightness of 2.5. The relationship 

between apparent magnitude, m, absolute magnitude, M, and distance, D, in parsecs, is given by: 

         (
 

    
)                                 

 

Note//The absolute magnitude, M, of a celestial object, is the magnitude the object would 

have at a distance of 10 parsecs. Using the previous equation with the inverse square law, 

we can define a distance modulus, μ0, by: 

…….(2.5) 

where π or (p)is the trigonometric (annual) parallax in seconds of arc. Stellar astronomers usually 

measure distances in parsecs, but the distances to galaxies are often specified in Megaparsecs 

(Mpc). The distance modulus is therefore alternatively defined by: 

………….(2.6) 

As light travels through the space between the stars it is absorbed and scattered by interstellar 

dust. The absorption, or extinction, of light by interstellar dust diminishes the light intensity and 
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increases the apparent magnitude by an amount A, and the distance modulus has to be corrected 

for this to yield the true distance modulus: 

…….(2.7) 
 

2.1.2. Planck’s law and photons: 
The important function Bv(T), whose existence was recognized in 1860 by G. Kirchhoff and 

which was first explicitly calculated in 1900 by M, Planck, is called the Kirchhoff-Planck 

function. Planck recognized that he could find a function that would agree with measurements of 

the intensity of cavity radiation only by extending the laws of classical mechanics and 

thermodynamics to include the well-known requirements of quantum mechanics, 

whose founder he thus became. He derived the Planck radiation formula, which we give in terms 

of both frequency v and of wavelength A: 

 

 ……..(2.8) 

…...............(2.9) 

since by definition, ν = c/λ and hence dν = c(dλ/λ
2
). 

where k = 1.38 x10
-23

 J K
-1

 is the Boltzmann constant, with the two important limiting cases 

Equation (2.8) gives the Planck function in terms of frequency. How do we find it as a function 

of wavelength? 
 

………(2.10) 

We can see this if we take low frequencies to mean that hν ˂˂ kT (or equivalently hν/kT˂˂1). In 

that case, we can take advantage of the fact that for x ˂˂1, e
x
 ≈ 1 + x. The Planck function then 

becomes:  

 

……….(2.11) 

 

In the Rayleigh-Jeans radiation law, the quantity h characteristic of quantum mechanics has 

vanished. For light quanta (hv) whose energy is much smaller than the thermal energy kT, 

quantum mechanics (quite generally) is transformed into classical mechanics (Bohr's 

Correspondence Principle). The quantity which occurs in the exponent of the A.-representation 

(2.9) is summarized in the radiation constant c2: 

……..(2.12) 

The maximum in the Kirchhoff-Planck function Bv(T) or Bλ (T) is given by Wien's displacement 

rule: 

………………(2.13) 
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The intensity of the total radiation of the black body is obtained by integrating (2.9) over 

frequencies,  The total radiation flux, i.e. the radiation emitted by a black 

unit surface into the cavity, is F
+
 = πB(T). If one carries out the integration over Bv(T), the result 

is the Stefan-Boltzmann Radiation Law found experimentally in 1879 by J. Stefan and derived 

theoretically in 1884 by L. Boltzmann using a calculation of the entropy of cavity radiation: 

 

                            .......(2.14) 

….….(2.15) 

 

2.1.3. Stellar colors: 
We have seen that the color of a star can tell us about the star’s temperature. However, we now 

need a way of quantifying a color, rather than just saying something is red, green, or blue. For 

example, if we compare two blue stars, how do we decide which one is bluer? 
We define two standard wavelength ranges, centered at λ1 and λ2 and take the ratio of the 

observed brightnesses, b(λ1)/b(λ2). We then convert that brightness ratio into a magnitude 

difference(using equation (2.2 or 2.3)), giving: 

 

……..(2.16) 

We define the quantity m2 - m1 as the color, measured in magnitudes, corresponding to 

the wavelength pair, λ 1, λ 2. For definiteness, let’s assume that λ 2 > λ 1. As we increase the 

temperature, b(λ 1)/b(λ 2) increases. This means that the quantity m2 - m1 decreases, since the 

magnitude scale run backward. If we know that an object is radiating exactly like a blackbody, 

we need only take the ratio of brightnesses at any two wavelengths to determine the temperature. 

The wavelength ranges of the various filters are shown in Table 2.1. The most commonly 

discussed filters are U (for ultraviolet) B (for blue) and V (for visible, meaning the center of the 

visible part of the spectrum). R (for red), and I (for Infrared). 

The apparent and absolute magnitudes depend on what wavelength or color is being 

observed, for they are actually measured over a small portion of the electromagnetic spectrum. 

Filter characteristics of astronomical photometric systems are given in Table 2.1. Quantities 

measured in a given wavelength region are usually denoted by a subscript that specifies the 

region.  

An example is the UBV, or ultraviolet-blue-visual, system using filters centered at 365, 440 and 

550 nm. 

 

 

Table 2.1. Filter systems. 

Filter Peak wavelength (nm) 

 

The full width at half maximum  

 

U 350 70 

B 435 100 

V 555 80 

R 680  150 

I 800 150 
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For the Sun we have: 

 
2.1.4. The stellar radiation (output): 
The luminosity of a star is the power emitted by the surface of the star at all wavelengths. 

Luminosity is measured in Watts or Joules/sec. Assuming that the star emits like a blackbody, 

we can obtain L as the product of the surface area (4π R
2
) times the power emitted per unit area 

(using the Stefan-Boltzmann law) 

If a star is considered simply as a spherical source radiating as a black body, its total energy 

output can be determined from Stefan’s law by equation (Ebtot= σ T 
4
 Wm

−2
), according to its 

surface temperature and its surface area. This total output is referred to like the stellar 

luminosity, L, and may be expressed as: 

L = 4π R
2
σ T 

4
 (in unit Watt)………(2.17) 

where R  is the radius of the star. 

A typical value of stellar luminosity may be of the order of 10
27

 W, that of the Sun absolute 

luminosity, being   Lʘ =3·85 × 10
26

 W or Lʘ=3.85x10
33

 erg/s.  

The power received per unit area at the Earth depends on the stellar luminosity and the 

inverse square of the stellar distance. If the latter is known, the flux provided by the source may 

be readily calculated and expressed in terms of watts per square meter (W m
−2

). More usually, 

the flux density from a point source such as a star is defined as the power received per square 

meter per unit bandwidth within the spectrum, i.e.Wm
−2

 Hz
−1

, with the bandpass expressed in 

terms of a frequency interval, or W m
−2

∆λ 
−1

, with the selected spectral interval expressed in 

terms of wavelength (m). If an extended source is considered, then this pair of expressions would 

be rewritten as W m
−2

 Hz
−1

 sr
−1

 and W m
−2 

∆λ 
−1

sr
−1

, respectively. 

2.1.5. Total radiant flux integrated 
The total radiant flux integrated over all wavelengths defines the apparent bolometric magnitude, 

mbol, and the absolute bolometric magnitude, Mbol. The  bolometric correction required to obtain 

this total output from the visual one is: 

…………..(2.18) 

but a definition with the reversed sign, or BC = Mbol - Mv is also used. For the  

Sun we have 

……..(2.19) 

Once the bolometric magnitude of a celestial object is known, we can infer the absolute 

luminosity from: 

……(2.20) 

……(2.21)                            

 
The absolute luminosity, L, of a star can be used to specify its effective temperature, Teff, using 

the Stefan-Boltzmann law 
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…………..(2.22) 

 
and for any other star: 

 

……(2.23) 

 

Radio astronomers measure the flux density, S(v), at a frequency, v, where 

……(2.24) 

 

Here f(v) is the energy flux at a frequency, v, and v is the bandwidth of the filter used. The 

conventional unit for radio flux density is the flux unit, f.u., or  Jansky, Jy, given by: 

 

 
 

 

Example 21. Two stars are recorded as having a magnitude difference of 5. What is the ratio of their 

brightnesses?   

Solve: 

By putting (m1 − m2) = 5 in equation (2.3), the ratio of the   

 

 
The brightness of a first magnitude star is, therefore, 100 times greater than that of a sixth 

magnitude star. This is a very useful figure to remember. 

 

Example 2.2. How much brighter is a star of the first magnitude than a star of the fifth 

magnitude? 

Solve: From equation(2.1) 

 

 
or: 
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Example 2.3: The absolute magnitude of a star is M =−2 and the apparent magnitude m = 8. 

What is the distance of the star? 

Solve: 

We can solve the distanced (D) from eq.(2.4): 

         (
 

    
)                       

                    =             =1000 pc= 1 Kpc. 

 

Example 2.4: Which has the hotter core, a 10Mʘ star or a 1Mʘ star? Why? 

Solve: 

The 10 Mʘ star has a hotter core. Because there is more mass, the gravitational pressure on the 

core is higher. This means that the temperature must be higher, which means that hydrogen fuses 

to helium faster, which means more energy is produced. This increased energy production also 

contributes to the increase in temperature inside the Sun. 
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2.2 The Colour temperature(Tc) and Planck’s function of astronomical objects 
The colour temperature ( Tc )can be determined even if the angular diameter of the source is 

unknown (see Fig. 2.1). We only have to know the relative energy distribution in some 

wavelength range [λ1, λ2]; the absolute value of the flux is not needed. The observed flux density 

as a function of wavelength is compared with Planck’s function at different temperatures. The 

temperature giving the best fit is the colour temperature in the interval [λ1, λ2]. The colour 

temperature is usually different for different wavelength intervals, since the shape of the 

observed energy distribution may be quite different from the blackbody spectrum. 

 
Fig. 2.1. Determination of the colour temperature. 

 

 

……(2.25) 

The temperature T solved from this equation is a colour temperature. The observed flux densities 

correspond to certain magnitudes mλ1 and mλ2 . The definition of magnitudes gives 

……(2.26) 

where the constant term is a consequence of the different zero points of the magnitude scales. If 

the temperature is not too high, we can use the Wien approximation in the optical part of the 

spectrum: 

……(2.27) 

 

 
where a and b are constants. This shows that there is a simple relationship between the difference 

of two magnitudes and the colour temperature. 
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2.3 Stellar radiation Hydrostatic Equilibrium  

 

 

 

 

      ……(2.28) 
For a spherical star, 

……(2.29) 
so that 

……(2.30) 
Equation (2.28) or (2.29) expresses the hydrostatic equilibrium condition 

The pressure P in the hydrostatic equilibrium equation is the total pressure, which generally 

includes the gas pressure Pg exerted by electrons, ions, etc., and the radiation pressure Pr, that 

is: 

……(2.31) 

2.4 Radiation of Stellar Energy Sources 
The fact that the nuclear reactions are the main energy source of the stars was not known by the 

astrophysicists of the beginning of the twentieth century. In fact, the thermal and gravitational 

energy can, in principle, maintain the energy loss by the Sun for a non-negligible period of time. 

In the following, we will consider each of these energy sources in a typical star. 
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2.4.1 Thermal Radiation Stellar Energy 
The total thermal energy of a star (erg) is given by Et ≈U M, where U is the average thermal 

energy per gram (erg/g) of the stellar matter, and M is again the stellar mass. For a perfect gas, 

, so that 
 

……..(2.32) 

 

………(2.33) 

 

……………(2.34) 

Using the mass conservation equation, we have 

…….(2.35) 

 
Integrating by parts and using (2.30) we get 

……………………(2.36) 

 

2.4.2 Gravitational potential energy radiation of a sphere  
During the gravitational contraction process, the stellar gravitational potential energy is 

lost, and partially converted into thermal energy. For a star of mass M, the gravitational potential 

energy is: 

………..(2.37) 

 

or, using the mass conservation equation, 

……..(2.38) 

Comparing eq. (2.36) and (2.38) we see that 
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………..(2.39) 

 

Using  eq.(2.33) above, this equation can be written as 

……..(2.40) 

 
From virial theorem and eq. (2.39) we see that: 

….(2.41) 

 

which is a simple form of the virial theorem, as applied to an ideal, monatomic ionized gas. 

According to this result, in the gravitational contraction process, half the gravitational potential 

energy is converted into thermal energy, and the remaining half is emitted as radiation. In fact, 

the total energy is 

 

…….(2.42) 

 

From energy conservation we have for a star with luminosity L: 

…..(2.43) 

And: 

…..(2.44) 

 
 

2.4.3 Nuclear Stellar Energy 

 

…..(2.45) 
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….(2.46) 

 
 

 

…….(2.47) 

 

Example 2.5: Central pressure of the Sun Use the equation of hydrostatic equilibrium to 

estimate the central pressure of the Sun by considering the whole Sun as one shell. 
Solve: From equation (2.30): 

 
 

First step: We neglect the negative sign in the above equation  and second step: 

 

2.45 
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Example 2.6 Proton rest energy Compute the rest energy of a proton and express the result in 

MeV. 

Solve: 

 We have ∆E=∆mc
2 

 

 
 
 

Example 2.7 Calculate the binding energy (BE or E(Z,A)) of the deuteron, an isotope of 

hydrogen containing one proton and one neutron, given the following data: 

Solve: 

From equation (2.46): 

 
We can rewrite this equation in the following and multiply it into a factor c

2
 we get:  

 

Mnucleusc2
 + BE= Zmpc2

 + Nmnc2
 

Where BE=E(Z,A) 

 or in the form:  
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2.5 Infrared Mechanisms Radiation of Planetary Nebulae 

2.5.1. The Structure of the Infrared Spectrum 

 

 

 

2.3 

2.3 



  Dr. Mohammed Naji                      Radiation Astronomy 1                  Lecture No .7                                                               
 

                                       

2 
 

 
 

2.5.2 Infrared Emission Lines of Nebulae 

 

 
 

2.5.3 IRAS: Infrared Spectra of Planetary Nebulae 
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2.5.4 Parameters of Dust Particles of Planetary Nebulae 

 

 
 

2.48 

2.51 

2.50 

2.49 

2.53 

2.52 

2.49 

2.54 

(2.49) we obtain 
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Figure 2.4 Planetary Nebula. 

 

2.55 

2.56 

2.58 

2.57 

(2.57) 

(2.54 ) we obtain 
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2.6 Radiation mechanisms of Cepheid Variables, Variable stars 

2.6.1 Cepheid Variables Mechanisms 
If we monitor the brightnesses of certain stars, we find that many oscillate with time. These are 

known as variable stars. The periods of variability range from seconds to years. 

We distinguish different types of variable stars by such things as their period and the magnitude 

range. Different types of variables appear in different parts of the HR diagram, as shown in 

Fig.2.5. 

 
Fig. 2.5: HR diagram, showing the locations of various types of variable stars. 
 

2.6.2  Period–luminosity relation of Cepheid Variables 
An important feature of Cepheids is that they provide us with a method of measuring distances. 

The method involves a period–luminosity relation (Fig. 2.6). This relation was discovered by 

Henrietta Leavitt, who was studying Cepheids in the Large and Small Magellanic Clouds, two 

small galaxies near the Milky Way. If we know the exact relationship between period and 

absolute magnitude, then, when we observe a Cepheid, we can measure its period and convert 

that into an absolute magnitude. We can always measure the apparent magnitude. The difference 

m – M is the distance modulus, and gives us the distance. This technique is important because 

Cepheids are bright enough to be seen in other galaxies, providing us with distances to those 

galaxies.  

If we plot a histogram indicating how many Cepheids have various periods (Fig. 2.7), we find an 

interesting result. The distribution has two peaks in it. This suggests that there are actually 

two different types of Cepheids. The group with the shorter periods are typical of those studied 

in the Magellanic Clouds, and are called classical Cepheids. The group with longer periods are 

called type II Cepheids or W Virginis stars (named after their prototype). Type II Cepheids are 

found in globular clusters in our galaxy. In general, a type II Cepheid is 1.5 mag fainter than a 

classical Cepheid of the same period. Also, the period–luminosity relation is slightly different for 

the two types.  
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The original calibration of the Cepheid distance scale was carried out for type II Cepheids, since 

we can study them in our galaxy. However, when we look at a distant galaxy, we can more easily 

study the brighter classical Cepheids. Therefore, the Cepheids studied in other galaxies were 1.5 

mag brighter than assumed.  

 
Fig 10 Fig.2.6 Period–luminosity relation for Cepheids. Fig.2.7 Distribution of periods for Cepheids. Note that there are two 
distinct groupings. Fig.2.6 Period–luminosity relation for Cepheids. Fig.2.7 Distribution of periods for Cepheids. Note that 
there are two distinct groupiig 10.7 

 

 

 
 
 

 
 
 

Fig. 2.8. The period–luminosity relation for cepheids. 
 
 
 
 
 
 
 

Fig.2.6 Period–luminosity relation for Cepheids.                  Fig.2.7 Distribution of periods for Cepheids. 

Note that there are two distinct groupings. 
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Example 2.8 Cepheid distance scale: 
 By how much does the calculated distance to a galaxy change when we realize that we are 

looking at classical, rather than type II, Cepheids? 

Solve: 

We have already seen that the Cepheids originally studied are 1.5 mag brighter than assumed. 

This increases the distance modulus, m — M, by 1.5 mag.  

By equation (2.4), 

         (
 

    
)      (  )         

   
      (   ) 

  

or in other form   (  )    
(     )

  
 

this increases the distance by a factor of 10
(1.5/5)

 =2. Thus, these galaxies are twice as far away as 

originally thought. The difference between the two types of Cepheids was realized in the 1950s, 

and people talked about the size of the universe doubling. 
 

 Example 2.9  
 The observed period of a cepheid is 20 days and its mean apparent magnitude m = 20. From   

Fig. 2.8, its absolute magnitude is M ≈−5. According to (2.4), the distance of the cepheid is 

 

 
 

 

 

 

 

 

 

 

 

 

 

D(pc) 
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2.7 Radiation processes of substellar (White Dwarfs) 

2.7.1 Electron Degeneracy Pressure of White Dwarfs 
The gas pressure is not high enough to support the star against gravitational collapse. This 

collapse would continue forever if not for an additional source of pressure when a high enough 

density is reached. This pressure arises from Electron degeneracy. 

We will find that the average excitation energy of the electrons in the atom is much greater than 

kT. 

 E = 2{E0 +E1 +E2 +E3 +E4 +. . .} >> NkT 

 

We now estimate the electron degeneracy pressure by combining two key ideas of quantum  

mechanics:  

1. The Pauli exclusion principle, which allows at most one electron in each quantum  state. 

2. Heisenberg's uncertainty principle. 

If we can determine the momentum with an uncertainty ∆p, and the position with an uncertainty 

∆x, the uncertainty principle tells us that: 

 
For a given ∆x, the uncertainty in the momentum is 

 
When the density becomes very high, we are trying to force the electrons close together. This 

means that we are trying to confine them to a small ∆x. Therefore, the uncertainty principle tells 

us that the uncertainty in the momentum is large. 

Fig. 2.10 shows a container with density n and particles moving with speed vx in the x-direction. 

The number of particles hitting a wall per second per unit surface area is n vx. The momentum 

per second per unit surface area delivered to the wall is then n vx px, where px is the x-

component of the momentum. 

 
 

 

Fig. 2.9: Energy levels in a degenerate gas.The energies of the 

levels are indicated on the right. In each level an upward 

arrow represents an electron with its spin in one sense, and a 

downward arrow represents an electron with its spin in the 

opposite sense.The dashed line indicates the average thermal 

energy per particle.The total energy is the sum of the energies 

of the individual electrons. 

Fig.2.10: Pressure in a degenerate 

gas. We consider the force on the 

section of area A of the right-hand wall 

of the box, due to the x-component of 

the motions of the particles. 
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The White dwarf degeneracy pressure P is given by: 

………………..(2.59) 

Where  mp =1.67 x10
-24

 g), (me =9.11 x 10
-28 

g ) a proton and electron masses, Z, A atomic and 

mass number, and (ρ) is a density of a white dwarf in unit (g/cm
3
). P is a White dwarf 

degeneracy pressure in unit (dyn/cm
2
). 

2.7.2 Radiation Energy Transport White Dwarfs 
First, we must ask how energy is transported outward from the interior of a white dwarf.  

In an ordinary star, photons travel much farther than atoms do before suffering a collision that 

robs them of energy  . As a result, photons are normally more efficient carriers of energy to the 

stellar surface. In a white dwarf, however,  the degenerate electrons can travel long distances 

before losing energy in a collision with a nucleus, since the vast majority of the lower-energy 

electron states are already occupied. Thus, in a white dwarf, energy is carried by electron 

conduction rather than by radiation.  

This is so efficient that the interior of a white dwarf is nearly isothermal, with the 

temperature dropping significantly only in the nondegenerate surface layers. Figure 2.11 shows  

that a white dwarf consists of a nearly constant-temperature interior surrounded by a thin a 

nondegenerate envelope that transfers heat less efficiently, causing the energy to leak out slowly. 

 
Figure 2.11: Temperature and degree of degeneracy in the interior of a white dwarf model. The 

horizontal dotted line marks the boundary between degeneracy and nondegeneracy. 

 

To estimate the degenerate interior temperature of a white dwarf (Tc) for the nondegenerate 

envelope, we can use the following equation: 

……..(2.60) 
Where Z ,X  are arbitrary values and Mwd , Lwd  are mass and luminosity of white dwarfs in solar 

units. 

2.8 The Radiation mechanisms of High –Mass Stars 

2.8.1. Radiation mechanisms of Neutron stars 
In this section, we look at what happens to the core that is left behind in the supernova explosion. 

The core is compressed so that normal gas pressure cannot support it. We have already seen that 

if the mass is more than 1.44 Mʘ electron degeneracy pressure cannot support it. The collapse of 

the core continues beyond even the high densities associated with a white dwarf. As the density 

increases, electrons and protons are forced together to make neutrons. The resulting object is 

called a neutron star. 
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2.8.1.1. Neutron degeneracy pressure: 
Neutrons have spin properties similar to those of electrons. They therefore also obey the Pauli 

exclusion principle. We can estimate the neutron degeneracy pressure as: 

….(2.61) 

Since the star is all neutrons, ρ= nnmn, (where mn=1.67x10
-24

 g  is a mass of neutron),  so 

 

…..(2.62) 

 Note// The actual radius (Rns) of a 1.44 Mʘ neutron star lies roughly between 10 and 15 

km; we will adopt a value of 10 km for the radius. (Rʘ=7x10
8
cm and Mʘ=2x10

33
g For Sun). 

 

2.8.1.2 Rotation of neutron stars: 
In the process of the collapse of a core to become a neutron star, any original rotation of the core 

will be amplified. The angular momentum is given by: 

J = I ω …………..(2.63) 

where I is the rotational inertia and ω is the angular speed. If we put in the rotational inertia for a 

uniform sphere, we find 

…….(2.64) 

Q// How fast a neutron star can rotate? 
let’s assume that the angular momentum of a neutron star is equal to that of the Sun. Using 

equation (2.64), we have: 

………………..(2.65) 

 

2.8.1.3. Magnetic fields of neutron stars: 
 We might also expect a neutron star to have a strong magnetic field. This is a consequence of 

Faraday’s law, which can be written as: 

………..(2.66) 

In this expression, ΦB is the magnetic flux through a surface. 

The flux of a magnetic field through a surface S is defined as the surface integral: 

……..(2.67) 

where B is the magnetic field vector. In approximate terms, if we ignore the geometry of the 

magnetic field, this means that the product of the magnetic field strength and the area of the star's 

surface remains constant. Thus: 

…..(2.68) 

The magnetic field of the neutron star ( Bns) in-unit Tesla (T) compared to a typical White dwarf  

the magnetic field (Bwd) would be: 

……….(2.69) 

 

Note// For a small surface element, the flux is the dot product of the magnetic field and a 

vector whose magnitude is the surface area and whose direction is perpendicular to the 

surface. 
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2.8.2. Radiation mechanisms of Pulsars: 
2.8.2.1. X-ray emission of  Pulsars.  
X-ray pulsars always belong to binary systems and may be either HMXBs or LMXBs. The pulse 

periods of X-ray pulsars in high-mass systems are significantly longer than those of radio 

pulsars, from a few seconds to tens of minutes. In contrast to radio pulsars, the period of the 

pulsed emission of these pulsars decreases with time. 

 

2.8.2.2. Orbital motion of Pulsars: 
The period and radius of an orbit are 
 

 

Solving for the radius gives: 

……..(2.70) 

The energy of the orbit is  

 
 

The emission mechanism of Pulsars may be related to the strong magnetic field that we think 

many neutron stars must have (Fig. 2.12). 

 

 
 

 

2.8.2.3. Pulsar radiation energy loss 
The energy of a rotating sphere is given by: 

..................(2.71) 

The rate of change of the energy is found by differentiating both sides with respect to time: 

…….(2.72) 

We can relate the fractional change in energy, using equation We can relate the fractional change 

in energy, by using equation (2.72) 

Fig. 2.12: Role of a magnetic field in 

a pulsar emission mechanism. 
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…………….(2.73) 

 

We can relate the change in frequency to the change in the period:  

…….(2.74) 

The fractional rate of energy change then becomes 

…….(2.75) 

 

 
Figure 2.13 Artist’s conception of the double pulsar. Two neutron stars orbit each other, and both 

are pulsars. As seen from Earth, their orbits are edge-on, and they cross in front of each other. The 

resulting eclipses allow astronomers to study the magnetic fields and gas that surround them. 

 

2.8.3. Radiation mechanisms of Supernovae:  
The supernovae are stars with the largest brightness variations. In a few days their 

brightness may rise more than 20 magnitudes, i. e. the luminosity may increase by a factor of a 

hundred million. After the maximum, there is a slow decline lasting several years. 

The supernovae are exploding stars. In the explosion, a gas shell expanding with a 

velocity of around 10,000 km/s is ejected. The expanding gas shell remains visible for thousands 

of years. A few tens of such supernova remnants have been discovered in the Milky Way. The 

remnant of the actual star may be a neutron star or a black hole. 

The supernovae are classified as type I and type II based on whether their spectra show evidence 

of hydrogen. A Type II supernova is the end of a star’s life and happens to isolated massive stars. 

A Type I supernova occurs in a binary system, and is not a part of the star’s evolution, but is 

caused by the interaction of the pair of stars. Type I supernovae are further divided into types Ia 

(silicon is present), Ib (no silicon, but helium present), and Ic (no silicon, little helium). 
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Figure 2.14:  Before and after photos of the location of Supernova 1987A. 

 

 
Figure 2.15 This image from the Chandra X-Ray Observatory shows X-ray emission from hot gas in a young 

supernova remnant— the remnant from the supernova observed by Tycho Brahe in 1572. The most energetic 

X rays (blue) come from 20-million-degree gas just behind the expanding shock front. Less energetic X rays 

(green and red) come from the 10-million-degree debris ejected by the exploded star. 
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 Example 2.10: Estimate the interior temperature of a 1 Mʘ white dwarf with Lwd = 0.03 Lʘ. 

Arbitrarily assuming values of X = 0, Z = 0.1 for the nondegenerate envelope (so μ= 1.4) 

Solve: using equation (2.60), we can estimate Tc 

 
Example 2.11: Calculate the blackbody luminosity of a 1.4 Mʘ a neutron star with a surface 

temperature of T = 10
6
 K. 

Solve:  
For Mns=1.44, then the radius of a neutron star Rns=10 Km= 10000m  

Stefan-Boltzmann constant  σ  

From the Stefan-Boltzmann law: 

 
Example 2.12: Assuming that the neutron star is a uniform sphere with R = 10 km and  M= 1.4 

Mʘ , its moment of inertia (I=2/5 MR
2
) is approximately: 

 
 where Mʘ =2x10

30
Kg 

Example 2.13: The brightness of a Cepheid varies 2 mag. If the effective temperature is 6000 K
0
 

at the maximum and 5000 K
0
 at the minimum, how much does the radius change. 

Solve: 
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