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 الخلاصة

المسدتدفم هكتتاددي هتواتدرهدددير ه الطددراهالز ا ية د هبعد هإلد هتويدد  هالورقدد هتهدف هذد  
 وجددفهدددير ه توتددر أيهعلدد ه توتددرهدددير هال اددي هالامسدد  طلدداهاسدد ه.ههالمجموعدد هالامسدد  

،هوقددفهتدد هاتتاددي ههتوتددره ددفورهنددوآه جدد هادددره  ددرهالاددم ههأيه،ه طددياهالمجموعدد هالامسدد  
ول  هبرؤ  همبيارةهلهيهلأنهقربهيهمنه ج هسيطعهه،هوجوفهمعا هتلكهالتواترهبطراه  رهمبيارة

مت وعدي همدنهالتي  دي ههعدففا ههالأمرهالد يهأف هإلد هتطدو ره،هجفا هه  جعآهرؤ تهيهباتآهمبيارهصعب
الطددراهومددنهذدد  هه،هاليدديفرةهعلدد هاتتاددي هالعف ددفهمددنهالتواتددرهالموجددوفةهدددير ه ايم دديهالامسدد 

طر يدد هالعفسدد  هالصددلر  هالج ب دد ه،هطر يدد ه:هطر يدد هعبددورهتوتددره،ههالأسيسدد  هالمسددتدفم هلدد لك
ههههه.امدددنهال بدددي ه،هوطر يددد همط ي  ددد هفوبلدددرهوتسدددم هتددد لكهطر يددد هالسدددرع هالادددعيع  ه هاليطر ددد  

لتاد هعدنهتواتدره هالطر ي هالأتثدره جيندي ه د هاالسرع هالاعيع  مط ي   هفوبلره هطر ي وتعتبره
ه   .وكهتااآهالطر ي هالأتثره عيلهدير هالمجموع هالامس  

Abstract 

      This paper aims to clarify some of the physical methods used to 

detect extra-solar planets. An exo-planet or  extra-solar planets is a 

planet outside of our solar system that orbits a star. Most of these planets 

have been discovered indirectly, because their proximity to a bright star 

makes seeing them directly very difficult. This has led to the 

development of a variety of technologies that can detect many planets 

outside our solar system. There are principal techniques which are used: 

Transit photometry, Gravitational micro-lensing, Pulsar timing and 

Doppler spectroscopy. Doppler spectroscopy technique is the most 

successful so far in finding extra-solar planets. It is still the most 

effective method for detecting exo-planets from Earth.   

Introduction 
Extra-solar planets or exo-planets are planets orbiting stars other than 

the Sun. The first detection was confirmed in 1992, with the discovery of 

planets orbiting the pulsar PSR B1257 +12  (Wolszczan, et al., 1992).         
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The decades since, astrophysicists and astronomers across the globe 

have developed an array of methodologies to discover many more of 

these extra-solar worlds. As these discoveries continue to dominate the 

scientific headlines and push the limits of observational astronomy, it is 

important for the non-astro-centric fields of physics to understand the 

scientific backbone supporting these discoveries (Glaser, 2015).  

The first confirmation of an exo-planet orbiting a main-sequence star 

was made in 1995, when a giant planet was found in a four-day orbit 

around the nearby star 51 Pegasi. Since the first detection of planets 

outside the solar system, the number of discovered exo-planets has 

grown rapidly. To date, more than 1800 exo-planets have been 

confirmed (Uljan, 2015). The techniques that have been used to 

accomplish those discoveries and to study the properties of the exo-

planets are based on physical phenomena (Lunine, et al., 2009). 

The smallest exo-planets are a few times larger than the Earth, and 

many are several times larger than Jupiter. The fact that most of these 

planets are so much larger than Earth is thought to be because more 

massive planets are currently easier to detect than small ones                

(see ref. [8]   http://www.physics.org). 

Direct evidence of exoplanets is very difficult to obtain (see ref. [9] 

http://lasp.colorado.edu). This is because they shine not by their own 

light, but by light reflected by the star which they orbit. As a 

consequence, they are much dimmer than their parent star (in the case of 

Jupiter, for instance, by a factor of 100 billion), and any attempts to 

detect them by their own light are doomed to failure. Therefore, indirect 

methods must be used to find extra-solar planets. All of these methods 

rely on the fact that a planet exerts a small influence on its parent star as 

it travels around its orbit. By observing changes in the parent star, the 

existence of the planet can be deduced. Since the changes become larger 

as the planet becomes more massive, it is always easier to detect Jovian 

planets than to detect terrestrial ones (see ref. [13]  

http://www.astro.wisc.edu ). 

Methods  

1. Transit photometry 
 

http://lasp.colorado.edu/
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The transit method for detection of extr-asolar planets is based on the 

detection of stellar brightness variations, which result from the transit of 

a planet across a star’s disk. This method is also known as the 

photometric or occultation method (Hans-Jörg, 1998). When a planet 

passes in front of a star, the planet will block a tiny amount of light. 

Telescopes can detect this slight dimming and can work out the radius of 

the planet by how much light is blocked and the orbit by how frequently 

the planet passes in front of the star. One drawback is that a star needs to 

have the right orbit so it passes in front of the star . With this method we 

measure the brightness drop of a star, which results from the transit of 

one of its planets across its disk (figure1) (Uljan, 2015).  This method 

can determine the radius of a planet, semi-major axis of the planetary 

orbit and inclination of the orbital plane of the planet. When combined 

with radial velocity data, a transit can also provide a good estimate of the 

planet’s mass. The orbital period of a planet discovered using transit 

photometry can be found by measuring the time delay between one 

eclipse and the next. The principal problem with the transit photometry 

technique is that it only works for those extra-solar systems which are 

viewed edge on. Since this configuration is rather unlikely, only a few 

planets have been discovered using this technique (see ref. [13]  

http://www.astro.wisc.edu).  

 
 

Figure (1): Left: The principles of the transit photometry approach 

(see ref. [13]  http://www.astro.wisc.edu). Right: light curve showing           

a transit of star HD209458b  by its planet (Uljan, 2015). 

          

http://www.astro.wisc.edu/
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2. Gravitational micro-lensing 

Gravitational lensing is based on the physical phenomenon that light 

trajectories are bent in gravitational field. Light from the source star ’S’ 

is bent by the lens star ’L’, so that the observer ’O’ sees the image ’I’ 

instead of the true source (figure 2). The micro-lensing technique has 

many advantages. It is more sensitive than other techniques to detect 

small-mass planets. It is most sensitive to planets in our Galaxy with 

orbit sizes of a few astronomical units (like those of Mars or Jupiter) 

(Uljan, 2015).  

 

Figure (2):  Basic geometry of micro-lensing (Uljan, 2015). 

It relies on an effect predicted by Einstein’s General Theory of 

Relativity: that light rays can be bent by a sufficiently-

strong gravitational field. When a planet is orbiting the lensing star, its 

own gravitational field can contribute to the bending of light rays, and it 

behaves like a defect in the lens. This defect will produce a narrow spike 

in the brightness of the lensed star, which can be used to infer the 

presence of the planet (see ref. [13]  http://www.astro.wisc.edu).   

If the source star is positioned not just close to the intermediary star 

when seen from Earth, but precisely behind it, this effect is multiplied 

(Fig. 3). Light rays from the source star pass on all sides of the 

intermediary, or "lensing" star, creating what is known as an "Einstein 

ring" .Even the most powerful Earth-bound telescope cannot resolve the 

separate images of the source star and the lensing star between them, 

seeing instead a single giant disk of light, known as the "Einstein disk," 
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where a star had previously been. If a planet is positioned close enough 

to the lensing star so that it crosses one of the two light streams 

emanating from the source star, the planet's own gravity bends the light 

stream and temporarily produces a third image of the source star. When 

measured from Earth, this effect appears as a temporary spike of 

brightness Furthermore, the precise characteristics of the micro-lensing 

light-curve, its intensity and length, tell scientists a great deal about the 

planet itself. Its total mass, its orbit, and its period can all be deduced 

with a high degree of accuracy (see ref. [11]  http://www.planetary.org).     

 

Figure (3): Micro-lensing can reveal exo-planets (see ref. [11] 

http://www.planetary.org). 

3. Pulsar Timing 

Pulsar Timing is the method that was used in 1992 by Aleksander 

Wolszczan and Dale Frail to detect the first confirmed exo-planets (see 

ref. [12]  https://lco.global/spacebook/). A pulsar is a rapidly spinning 

neutron star with a strong magnetic field. When a planet is introduced, 

the mutual gravitational pull between it and the pulsar means that they 

both orbit about their common center of mass (Fig. 4). For two equal-

mass objects, the center of mass lies exactly halfway between them; in 

other situations, the center of mass lies closer to the more-massive 

object. In the case of a pulsar and a planet, the center of mass will lie 

very close to the pulsar, since it is much heavier than the planet. 

Therefore, during one orbit the pulsar will move a much lesser distance 

than the planet. When the pulsar is moving away from the Earth, the 

time between each pulse becomes slightly longer; conversely, when the 

http://www.planetary.org/
http://www.planetary.org/
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pulsar is moving toward the Earth, the time between pulses becomes 

slightly shorter (see ref. [13] http://www.astro.wisc.edu). 

 

Figure (4) : Shows a  star and planet orbiting around their common 

center of mass (see ref. [13]  http://www.astro.wisc.edu). 

4. Doppler spectroscopy 

    The Doppler technique is a good method for discovering exo-planets. 

It uses the Doppler effect to analyze the motion and properties of the star 

and planet. The Doppler effect refers to the apparent shift in the 

wavelength (and frequency) of a wave when there is relative motion 

between the source of the wave and an observer. The  observation  of  a 

Doppler shift of the spectral lines of a star indicates a change in the 

velocity of the  star  with respect to the observer. When the star moves  

toward  us, the light emitted has a shorter wavelength, so we say its 

spectrum is blue shifted. When it is moving away from us, the light has a 

longer wavelength, so we say its spectrum is red shifted (see ref. [9] 

http://lasp.colorado.edu). 

 

http://www.astro.wisc.edu/
http://lasp.colorado.edu/
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Figure (5) : Shows Doppler shifting (see ref. [13] 

http://www.astro.wisc.edu). 

The radial velocities can be calculated with the aid of the techniques 

of spectrography and  the Doppler effect (Unsoeld et al, 2005): 

      
  

  
 
    
  

 

Where: 

   : The radial velocity                

    : The speed of light 

  : The wavelength shift of light     

  : The wavelength of light 

The sign radial velocity is defined:      blue shift and       red shift. 

A graph of measured radial velocity versus time will give a 

characteristic curve (sine curve in the case of a circular orbit) and the 

amplitude of the curve will allow the minimum mass of the planet to be 

calculated using the binary mass function. The planet’s mass is given by 

(see ref. [10]  https:// lasp.colorado.edu): 
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Figure (6) shows an example of one of the lowest amplitude exo-

planets, detected with HARPS. The orbital period for this planet is 58.43 

days. The data was comprised of 185 observations spanning 7.5 years 

(Debra, et al., 2014). 

 

 

Figure (6) :  Shows one of  the  lowest amplitude  exoplanets   

(Debra, et al., 2014). 

Conclusion  
Extra-solar  planets or exo-planets  are  planets orbiting stars other 

than the Sun. Extra-solar planets are incredibly difficult to obtain as the 

distance of these planets are very much farther from the earth. Hence the 

indirect techniques were used. All of these methods rely on the fact that a 

planet exerts a small influence on its parent star as it travels around its 

orbit. The first confirmation of an exo-planet orbiting a main-sequence 

star was made in 1995,  by Meyor & Queloz, when a giant planet was 

found in a four-day orbit around the nearby star 51 Pegasi. The discovery 

was with Doppler spectroscopy method ( radial velocities methods). 
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Beginning with the detection of a planet around the star 51 Pegasi, the 

Doppler spectroscopy technique has been the most successful so far in 

finding extra-solar planets, it is best suited to look for very massive 

planets orbiting close to their parent star.   
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