Introduction

A gravitational lens is formed when the light from a very distant, bright source (such as a quasar) is "bent" around a massive object (such as a cluster of galaxies) between the source object and the observer. The process is known as gravitational lensing, and is one of the predictions of Albert Einstein's general theory of relativity.




This phenomenon was first mentioned in 1924 by the St. Petersburg physicist Orest Chwolson, and quantified by Albert Einstein in 1936. It is usually referred to in the literature as an Einstein ring, since Chwolson did not concern himself with the flux or radius of the ring image. More commonly, if the lens is slightly misaligned, the source will resemble partial arcs around the lens. The observer may see multiple images of the same source; the number and shape of these depends upon the relative positions of the source, lens, and observer, and the shape of the gravitational well of the lens object.



There are three classes of gravitational lensing:

1. Strong lensing: where there are easily visible distortions such as the formation of Einstein rings, arcs, and multiple images. 

2. Weak lensing: where the distortions of background sources are much smaller and can only be detected by analyzing large numbers of sources to find coherent distortions of only a few percent. The lensing shows up statistically as a preferred stretching of the background objects perpendicular to the direction to the center of the lens. 

3. Microlensing: where no distortion in shape can be seen but the amount of light received from a background object changes in time. The background source and the lens may be stars in the Milky Way in one typical case, and stars in a remote galaxy and an even more distant quasar in another case. 

Gravitational lenses have very important applications in Astrophysics. It can be used as gravitational telescopes, because they concentrate the light from objects seen behind them, making very faint objects appear brighter, larger and therefore more easily studied.
Observations of gravitational lensing can also be inverted to examine the lens itself. Direct measurements of the mass in any astronomical object are rare, and always welcome. While most other astronomical observations are sensitive only to emitted light, gravitational lensing is particularly useful if the lens is for some reason difficult to see.
In this experiment, you will simulating two cases of strong lensing with the optical lens.

Fig 1. Bending light around a massive object from a distant source. The orange arrows show the apparent position of the background source. The white arrows show the path of the light from the true position of the source








Fig 2 In the formation known as Einstein's Cross four images of the same distant quasar appears around a foreground galaxy due to strong gravitational lensing








