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Kepler’s Second Law Kepler’s second law 
 

 
 

 
 

 

 
 



 

 
 

Kepler’s Third Law Kepler’s third law 
 

 
 

 

artificial satellites orbiting the earth, Kepler’s third law can be  
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The importance of Kepler’s third 

 
μ is the earth’s geocentric 
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Kepler’s second law. The areas 
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satellites have a larger coverage area than LEO satellites. A MEO satellite’s longer duration of 
 

 

’s distance gives it a longer time delay and 
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8. σ: angle to be determined 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

 

 
 

 

  
 

   
 

 
 

 

Considering figure 5 (b), it’s a spherical triangle. 
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“launched.” The rocket that is used to launch a satellite is called a “launch vehicle.”  
 

 
 

 
 

   
 

 
 

 
 

  
 

 
 

 
 

 
 

  

satellite itself, which is enclosed in a metal shield, called a “fairing.” The fairing protects 
 

 
 

 
 

 
 

  

satellite separates from the upper stage. The satellite is then sent into a “transfer orbit” 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 



 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 

geosynchronous orbit is supplied by the satellite’s apogee kick motor (AKM). This is 
 

 
 

 
 

 

tion’s antenna functions in both, the transmit and receive modes, but at different 
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the satellite’s transmit and receive antennas is referred to as the 
 

 
 
 

 



 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 

 

 

 
 



3.4.1 EQUIVALENT ISOTROPIC RADIATED POWER 
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Typical applications of the various types of LEO systems are shown in Table 2. Of 
course the Big LEOs can support the Little LEO applications, and the Broadband LEOs 
can support both the Big and Little LEO applications. 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 



 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 

— 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 
 

 



 

 
 

  
 

  

  

  
 

 

 

 

 

 

 
 

 
 

  
 

  
 

  
 

  
 

 
 

  
 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



OPTICAL FIBRE SYSTEM 
 

An optical fiber (or optical fibre) is a flexible, transparent fiber made of extruded glass (silica) 

or plastic, slightly thicker than a human hair. It can function as a waveguide, or “light pipe”, to 

transmit light between the two ends of the fiber.The field of applied science and engineering 

concerned with the design and application of optical fibers is known as fiber optics. 

Optical fibers are widely used in fiber-optic communications, where they permit transmission 

over longer distances and at higher bandwidths (data rates) than wire cables. Fibers are used 

instead of metal wires because signals travel along them with less loss and are also immune to 

electromagnetic interference. Fibers are also used for illumination, and are wrapped in bundles 

so that they may be used to carry images, thus allowing viewing in confined spaces. Specially 

designed fibers are used for a variety of other applications, including sensors and fiber lasers. 

Optical fibers typically include a transparent core surrounded by a transparent cladding material 

with a lower index of refraction. Light is kept in the core by total internal reflection. This 

causes the fiber to act as a waveguide. Fibers that support many propagation paths or 

transverse modes are called multi-mode fibers (MMF), while those that only support a single 

mode are called single-mode fibers (SMF). Multi-mode fibers generally have  a wider core 

diameter, and are used for short-distance communication links and for applications where high 

power must be transmitted. Single-mode fibers are used for most communication links longer 

than 1,000 meters (3,300 ft). 
 
 
 
 

 

 

 

 

 



 

 
 

 

 
 

3 Basic Elements of a Fiber Optic Communication System 
 
 

 
 

1. Compact Light Source 
2. Low loss Optical Fiber 
3. Photo Detector 

 

 
 

1. Compact Light Source 
 

 
 
 

 
 
 

 



 

 

 

 
 

 
 
 

 
 
 

 
 

2. Low Loss Optical Fiber 
 
 

 
 

 



 

 
 

Core 
Cladding 
Buffer 
Jacket 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 
 

2 Types of Optical Fibers 
 
 

 

 

 



 
 
 
 

3. Photo Detectors 
 
 

 
 
 
 

 

 
 
 

 
 

 

 

 

 
 

 
 

 
 
 

 



Snell’s Law 
 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 
 

 
 
 

 



 

 

 

 
 
 

 

 

 

 

 
 
 

 

 

 

 
 

 
 

  

 
 

 
 

  

 
 

 
 

 



 

  

 

 
 
 

 

 
 

 
 

 

 

 

 

 

 

 
 

 
 



 

 

 

 

 

 
 

 
 

 
 

 
 
 

 

 

 
 
 

 

 

 

 

 



 

 
 

 

 

 

 

 

 
 

 

 
 

 

  

  

 
 

 
 

 

 

 

 

 

 

 

     



 
 

Graded-Index Multimode Fiber 
 
 

 
 
 
 
 

 

 

 
 

 

 
 
 

 

 
 

 

 

 
 

 

     
 

 
  



 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 
 

 
 

 

 



 

 

 

 
 
 

 

 

 

 
 

 

 

 
 

 

 
 
 

 

 
 



ATTENUATION ON OPTICAL FIBER 
 

 
The signal on optical attenuates due to following mechanisms. 

 
 
 
 

1. Intrinsic loss in the fiber material. 
2. Scattering due to micro irregularities inside the fiber. 
3. Micro-bending losses due to micro-deformation of the fiber. 
4. Bending or radiation losses on the fiber. 

 
 

The first two losses are intrinsically present in any fiber and the last two depend on the environment in 

which the fiber is laid. 

Material Loss 
 
 

(a) Due to impurities: The material loss is due to the impurities present in glass used for making fibers. 

Inspite of best purification efforts, there are always impurities like Fe, Ni, Co, Al which are present in the 

fiber material. The Fig. shows attenuation due to various molecules inside glass as a function of 

wavelength. It can be noted from the figure that the material loss due to impurities reduces 

substantially beyond about 1200nm wavelength. 

 
 
 
 
 

 
(b) Due to OH molecule: In addition, the OH molecule diffuses in the material and causes absorption of 
light. The OH molecule has main absorption peak somewhere in the deep infra-red wavelength region. 
However, it shows substantial loss in the range of 1000 to 2000nm. 

 
 

(b)  Due to infra-red absorption : Glass intrinsically is a good infra-red absorber. As we increase the 
wavelength the infra-red loss increases rapidly. 



SCATTERING LOSS 
 

 
The scattering loss is due to the non-uniformity of the refractive index inside the core of the fiber. The 

refractive index of an optical fiber has fluctuation of the order of over spatial scales much smaller 

than the optical wavelength. These fluctuations act as scattering centres for the light passing through 

the fiber. The process is, Rayleigh Scattering . A very tiny fraction of light gets scattered and therefore 

contributes to the loss. 

 
 
 

The Rayleigh scattering is a very strong function of the wavelength. The scattering loss varies as     . This 

loss therefore rapidly reduces as the wavelength increases. For each doubling of the wavelength, the 

scattering loss reduces by a factor of 16. It is then clear that the scattering loss at 1550nm is about factor 

of 16 lower than that at 800nm. 

 
 

The following Fig. shows the infrared, scattering and the total loss as a function of wavelength. 



 

 
 

It is interesting to see that in the presence of various losses, there is a natural  window in the optical 

spectrum where the loss is as low as 0.2-0.3dB/Km. This window is from 1200nm to 1600nm. 

 
 
 

There is a local attenuation peak around 1400nm which is due to OH absorption. The low-loss window 
therefore is divided into sub-windows, one around 1300nm and other around 1550nm. In fact these 
are the windows which are the II and III generation windows of optical communication. 



MICRO-BENDING LOSSES 
 

 
While commissioning  the optical fiber is subjected to micro-bending as shown in Fig. 

 
 

 

 
 
 
 
 

The analysis of micro-bends is a rather complex task. However, just for basic understanding of how the 

loss takes place due to micro-bending, we use following arguments. 

 
 

In a fiber without micro-bends the light is guided by total  internal reflection (ITR) at the core-cladding 

boundary. The rays which are guided inside the fiber has incident angle greater than the critical angle at 

the core-cladding interface. In the presence of micro-bends however, the direction of the local normal 

to the core-cladding interface deviates and therefore the rays may not have angle of incidence greater 

than the critical angle and consequently will be leaked out. 

 
 

A part of the propagating optical energy therefore leaks out due to micro-bends. 



Depending upon the roughness of the surface through which the fiber passes, the micro-bending loss 

varies. 

 
 

Typically the micro-bends increase the fiber loss by 0.1-0.2 dB/Km. 
 
 
 

RADIATION OR BENDING LOSS 
 

 
While laying the fiber the fiber may undergo a slow bend. In micro-bend the bending is on micron scale, 

whereas in a slow bend the bending is on cm scale. A typical example of a slow bend is a formation of 

optical fiber loop. 

 
 

The loss mechanism due to bending loss can be well understood using modal propagation model. 
 
 
 

As we have seen, the light inside a fiber propagates in the form of modes. The modal fields decay inside 

the cladding away from the core cladding interface. Theoretically the field in the cladding is finite no 

matter how far away we are from the core-cladding interface. Now look at the amplitude and phase 

distribution for the fibers which are straight and which are bent over an circular arc as shown in Fig. 



 

Phase Fronts in a Straight Fiber 
 
 

 

Cladding 
 

 

Core 
 
 
 
 
 
 

 

Field Amplitude 
Phase fronts 

 
 
 
 
 
 
 
 

 

It can be noted that for the straight the phase fronts are parallel and each point on the phase front 

travels with the same phase velocity. 



Phase Fronts for a Bent Fiber 
 

 
 
 
 
 

However, as soon the fiber is bent (no matter how gently) the phase fronts are no more parallel. The 

phase fronts move like a fan pivoted to the center of curvature of the bent fiber (see Fig.). Every point 

on the phase front  consequently does not move with same velocity. The velocity increases as we move 

radially outwards the velocity of the phase front increases. Very quickly we reach to a distance 

from the fiber where the velocity tries to become greater than the velocity of light in the cladding 

medium. 

 
 

Since the velocity of energy can not be greater than velocity of light, the energy associated with the 

modal field beyond gets detached from the mode and radiates away. This is called the bending or 

the radiation loss. 

 

 
Following important things can be noted about the bending loss. 

 
 
 

1. The radiation loss is present in every bent fiber no matter how gentle the bend is. 

2. Radiation loss depends upon how much is the energy beyond . 

3. For a given modal field distribution if reduces, the radiation loss increases. The reduces 

as the radius of curvature of the bent fiber reduces, that is the fiber is sharply bent. 

4. The number of modes therefore reduces in a multimode fiber in presence of bends. 

Phase Fronts 



 



 

 
 

INTRODUCTION 
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To understand the principle, let’s consider an unbiased pn+ junction (Figure1 shows the p 
 

 
 
 

 
• Direct recombination 

• Indirect recombination 
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hν = Eg 

hc/λ = Eg 

λ = hc/ Eg 

Where h is Plank’s constant, c is the speed of the light and Eg 
 

 

 

 
 

 

 
 

 
 

 

• By increasing the doping concentration of the substrate, so that additional free minority charge 
 

 



• By increasing the diffusion length L = √ Dτ, where D is the diffusion coefficient and τ is the 
 

 
 

 
 

 

ηext = Pout(optical) / IV 

For indirect bandgap semiconductors ηext is generally less than 1%, where as for a direct band 

ηint = rate of radiation recombination/ Total recombination 

 

 
 

 
• Devices, medical applications, clothing, toys 

• Remote Controls (TVs, VCRs) 

• Lighting 

• Indicat  

• Optoisolators and optocouplers 

• Swimming pool lighting 

 

 

 
 

A very important metric of an LED is the external quantum efficiency ηext. It qu 



 

 
• LEDs can emit light of an intended color without the use of color filters that traditional lighting 

 

 
• When used in applications where dimming is required, LEDs do not change their color tint 

 

 
• LEDs, being solid state components, are difficult to damage with external shock.Fluorescent 

 

• LEDs can 
 

– 

• LEDs mostly fail by dimming over ti 

• LEDs light up very quickly. A typical red indicator LED will achieve full brightness in 
 

 

• LEDs can be very small and are easily populated onto printed circuit boards. 

• LEDs do not contain mercury, unlike compact fluorescent lamps. 
 

 

• LEDs must be supplied with the co  
 

 

• LEDs produce more light per watt than incandescent bulbs; 

 

• The solid package of the 

 

• LEDs are ideal for use in applications that are subject to frequent on 

• LEDs are currently more exp 

• LED performance largely depends on the ambient temperature o 



• LEDs do not approximate a "point source" of light, so they cannot be used in applications 
 

 

Laser diodes:- 
 

 



 

 
 

 



 

 
 

•Light Emitting Diode 

•Light  is  mostly  monochromatic  (narrow  energy  spread  comparable  to  the  distribution 
 

 
•Light is from spontaneous emission (random events in time and thus phase). 

•Light diverges significantly 

 
 

 

•Light is essentially single wavelength (highly monochromatic) 

•Light is from “stimulated emission” (timed to be in phase with other photons 

•Light has significantly lower divergence (Semiconductor versions have more than gas lasers 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

• 

– 
• Stimulated emission can occur when we have a “population inversion”, i.e. when we have 

more “excited carriers” 
(electrons) than “ground state” carriers (holes). 

• energy, a second photon will be “stimulated” by 
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Sometimes the two are combined to give a “digitally graded” device where only two 

compositions are used but the well thicknesses are varied to implement an effective “index 

grade” 
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Energy-Band diagram for a pin photodiode: 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 

 



 

 

Avalanche Photodiode (APD): 
 

 



 

 

 

Responsivity of APD: 
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