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I. Introduction 

India is the quick mounting electricity market in 
the world, with demand expected to amplify by 
around 500 per cent over the next four decades. 
The Indian power sector faces major challenges 
in trying to meet the continuously expanding 
demand-supply gap. The most important factor is 
that India's electricity sector has the highest 
transmission and distribution losses in the world. 
In recent years, around one-third of electricity 
generation has been lost during the transmission 
and distribution phase. Very less point of 
transmission and distribution losses, system 
reliability, redundancy of protection and 
communications are the essential factors for a 
power system. It is indeed alarming to know the 
level of losses in Indian electricity field. 
Conservation strategies like enhancing the 
electricity consumption efficiency, tariff based on 
principle of marginality for electricity 
consumption particularly for the agriculture 
sector could be undertaken without affecting the 
high growth that the country is currently 
experiencing and is expected to experience in 
future. Also in case of India, by reducing 
transmission and distribution losses, more 
electricity from the existing installed capacity 
could be brought into the grid. By adopting 
different energy conservation measures through 
efficient management, energy related pollution 
and emissions can be limited and more energy 
made available for economic productivity. 

Upgrading out-of-date transmission and 
distribution systems coupled with the need to 
reduce electricity losses and theft is driving the 
deployment of smart grid technologies in India. 
The real challenge in the power sector in India 

 

 

 

 

 lies in managing the up-grading of the 
transmission, distribution and metering 
efficiently. In response to these challenges, India 
will look to foreign technology suppliers for the 
following: Advanced metering to reduce AT&C 
(Aggregate Technical and Commercial) losses 
that are currently at high levels Automation to 
measure and control the flow of power to/from 
consumers on a near real-time  basis and improve 
the system reliability. Moving to a smart grid to 
manage loads, congestion, and supply shortages 
in an intelligent manner. Electrical power 
generated in power stations reaches the end-users 
through large and complex networks. The power 
system networks comprise transformers, 
overhead lines, cables and other equipment to 
facilitate the transfer of electricity to consumers. 
Hard fact about the supply of electric energy is 
that the units generated do not match with the 
units distributed to the consumers. Some 
percentage of the units is always lost in the 
network. This difference in the generated and 
distributed units is known as energy loss. 

II. Technical Losses 

Losses can be divided into two main categories - 
technical and commercial losses. The technical 
losses are due to energy dissipated in the 
conductors and equipments used for transmission, 
transformation, sub-transmission and distribution 
of power. Corona, leakage, dielectric losses, 
open-circuit losses, losses caused by continuous 
load of measuring elements, losses caused by 
continuous load of measuring elements are the 
main permanent technical losses. Main variable 
technical losses are joule losses in lines in each 
voltage level, impedance losses, losses caused by 
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contact resistance, joule losses in protection 
components. 

To minimize technical losses there are two 
directions. One is, with investments on 110 V, 
230 V, 6 kV, 22 kV lines. This includes PF 
correction (compensation), replacement of 
current lines to higher diameter lines; 
replacement of old damaged lines to new ones. 
The use of better materials in electrical 
equipment will definitely enhance power 
efficiency. Without investment methods include 
advisable distribution of reactive power, 
advisable load of lines, decrease peak power etc. 
Inadequate size of conductors causes large 
resistance and therefore high I2R losses in the 
lines. The conductor size of feeders should be 
adequate. The size of the conductors should be 
selected on the basis of (KVA X KM ) capacity 
of standard conductor for required voltage 
regulation. Often distribution transformers are not 
located at load centre on the secondary 
distribution system. This leads to higher line 
losses. In order to reduce the voltage drop in the 
line to the farthest area, the distribution 
transformer should be located at the load centre to 
keep voltage drop within permissible limits. 
Joints are a source of power loss. Therefore the 
number of joints should be kept to a minimum. 
Proper jointing techniques should be used to 
ensure firm connections. Connections to the 
transformer bushing-stem, drop out fuse, isolator, 
and LT switch etc. should be periodically 
inspected and proper pressure maintained to 
avoid sparking and heating of contacts. 
Replacement of deteriorated wires and services 
should also be made timely to avoid any cause of 
leaking and loss of power. 

III.  Commercial losses 

Unauthorized extensions of loads,  
Tampering the meter readings by mechanical 
jerks, placement of powerful magnets or 
disturbing the disc rotation with foreign matters 
and stopping the meters by remote control 
Sequence changing of terminal wiring 

Changing C.T. ratio and reducing the recording 
Improper testing and calibration of meters. 

IV. Remedial measures for preventing losses 

Regular and strict checking of energy meters and 
extension lines, High penalties may be imposed 
on thefts. Energy audits should be introduced on 
regular basis. Network losses can be reduced by 
designing the network system in such a way that 
to make power lines to large consumers as direct 
as possible and reducing the number of 
transformation steps. Transformers are account 
for half of the total network losses, so that they 
should be highly energy efficient. When storage 
near a load is charged off peak, the total resistive 
losses over the period of a day are reduced. The 
benefit is the total cost of the extra energy 
generated and the cost of extra generation and 
transmission capacity. For the promotion of the 
remedial activities Govt. should provide financial 
support to the utilities for installations of meters 
on at least all the distribution transformers in a 
phased manner. Govt. should also take initiative 
for incentive awards to utilities that are able to 
reduce T&D losses beyond a certain pre-fixed 
limit. The important point is the consumer 
awareness. Publicity campaigns should be carried 
out to make the consumer aware of the high 
penalties on the unauthorized use of electricity. 
Recently, the Govt. of India sought South 
Korea’s help to take forward its Rs 5,000 crore 
Restructured Accelerated Power Development 
and Reforms Programme (R-APDRP), which 
primarily aims at making the power distribution 
sector commercially viable through reduction of 
transmission and distribution loss. Korea has the 
most efficient technology in managing T&D loss. 
While India’s average T&D loss at present was 
29 per cent, Korea’s was only 3.99 per cent. In 
fact, International Copper Promotion Council 
(India) found that copper reduces T&D losses 
better than Aluminium, based on this the 
government decided to allow the use of copper in 
distribution transformers (DTs). 
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Do You Know…? 

In 1881 two electricians built the world’s 

first power station at Godalming in 

England. The station employed two 

waterwheels to produce an AC that was 

used to supply seven Siemens arc lamps at 

250V and thirty four incandescent lamps at 

40V. However, in 1882 Thomas Edison and 

his company, Edison Electric Light 

Company, developed the first steam powered 

electric power station on Pearl Street in 

New York city which consisted of several 

generators and initially powered around 

3000 lamps for 59 customers. The power 

used Direct current and operated at a single 

voltage. 

 

Given the socio-political scenario in India, it is 
time for India to introspect about strict measures 
to minimize the T&D losses caused by several 
factors and implement smart grid technologies as 
a model for power distribution and consumption. 
It should include smart meters, electric vehicles 
and other such systems that will enable reduce 
T&D losses and access of power to rural areas 
and reliability and quality of power to urban 
areas. There are many benefits of reduced T&D 
losses; energy efficient countries can gain a 
competitive advantage over less efficient 
countries, allowing them to increase their profits. 
Environmental benefits include many, such as 
reduced local pollution through burning less fuel, 
lower greenhouse gas emissions, less use of 
firewood and hence less destruction of forests. 
Even where country output is increased (e.g. 
through expanding manufacturing capacity) 
energy efficiency improvements can contribute 
significantly in most cases to reducing the 
negative impact of energy consumption per unit 
of output. Any increase in pollutant emissions 
will thus be minimized and also can meet 
demands and thereby customer satisfaction. 
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1. Introduction: 

In the present era, due to increased power 
demand, the shortfalls in power generation have 
been attempted to mitigate between supply and 
demand through developments of national grid 
connected systems where all the national power 
generation sources are connected to national grid 
and on the basis of the zonal requirement, the 
energy management is implemented. An ‘electric 
grid’ is an aggregate of multiple networks and 
multiple power generation systems with multiple 
operators employing varying levels of 
communication and coordination, most of which 
is manually controlled. To implement 
systematically the energy requirement for 
different zones, it necessarily requires a strategic 
program of distribution of energy. For quick, 
effective and efficient distribution of energy, a 
smart system which can take into account the 
requirements of the zones and the availability of 
energy from the different sources in the zones is 
required without human interference. Smart grids 
increase the connectivity, automation and 
coordination between the suppliers, consumers 
and networks that perform either long distance 
transmission or local distribution tasks. The 
concept of smart grid is that of a ‘digital upgrade’ 
of distribution and long distance transmission 
grids to both optimize current operations by 
reducing the losses, as well as open up new 
markets for alternative energy production. 

2.  Aims of the smart grids: 

• Provide a user centric approach and allow 
new services to enter into the market. 

• Establish innovation as an economical 
driver for the electricity networks 
renewal.  

 
 
 

 
 
 
 
 
 

• Maintain security of supply, ensure 
integration and interoperability. 

• Provide accessibility to a liberalized 
market and faster competition. 

• Enable distributed generation and 
utilization of renewable energy sources. 

• Ensure best use of central generation. 
• Consider appropriately the impact of 

environmental limitations. 
• Enable demand side participation. 
• Inform the political and regulatory 

aspects. 
• Consider the societal aspects. 

3. Key challenges for smart grids: 

The key challenges for smart grids are: 

• Strengthening the grid- ensuring that 
there is sufficient transmission capacity 
to interconnect energy resources, 
especially renewable resources. 

• Moving offshore-developing the most 
efficient connections for offshore wind 
farms and for other marine technologies. 

• Developing decentralized architectures- 
enabling smaller scale electricity supply 
systems to operate harmoniously with the 
total system. 

• Communications- delivering the 
communications infrastructure to allow 
potentially millions of parties to operate 
and trade in the single market. 

• Active demand side- enabling all 
consumers, with or without their own 
generation to play an active role in the 
operation of the system. 
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• Integrating intermittent generation- 
finding the best ways of integrating 
intermittent generation including 
residential micro-generation. 

• Enhanced intelligence of generation, 
demand and most notably in the grid. 

Preparing for electric vehicles- whereas 
smart grids must accommodate the needs of 
all consumers, electric vehicles are 
particularly emphasized due to their mobile 
and highly dispersed character and possible 
massive deployment in the coming years, 
what would yield a major 

• Challenge for the future electricity 
networks. 

In order for the smart grids vision to become a 
reality, a plan of actions is needed to allow the 
many facets of technical, regulatory, 
environmental and cultural issues to be addressed 
in an optimized manner. This will provide a 
coherent deployment of research and 
development results, integrated with existing 
infrastructure and technology, delivering early 
benefits, while maintaining the steady progress 
and evolution towards the main goals. 

4. Optimizing Grid Operation:  

In order to manage the ever increasing demands 
for energy trading and security of supply, the 
existing transmission and distribution networks 
require improved integration and coordination. 
To control electric power flows across state 
borders, advanced applications and tools should 
be deployed to manage the complex interaction of 
operational security and trading and to provide 
active prevention and remedy of disturbances. 

Key elements:  

• Wide Area Monitoring (WAM) and Wide 
Area Control (WAC) systems with 
regulation of static VAR compensators to 
maximize the use of available 
transmission capacity. 

• Coordinated operation of power flow 
control systems (FACTS, Phase Shifters 
etc.) with devices for automatic counter 
measures/ system defense.  

• Coordinated ancillary services, including 
integration of balancing markets and 
coordination of reserves throughout the 
grids. 

• Steady state and dynamic (transient) 
simulators with modeling of renewable 
energy sources and nonlinear devices. 

• Distributed state estimators for large 
synchronous areas with real – time power 
system security assessment and 
optimized dispatching with dynamic 
constraints. 

5. Optimizing Grid Infrastructure: 

New and efficient asset management solutions for 
the transmission and distribution grids are 
required, as well as coordinated and coherent grid 
infrastructure planning should be done. 

Key elements: 

• Expanding the grids with new 
infrastructure such as HVDC. 

• New overhead line configurations to 
increase capacity and reduce 
electromagnetic fields are required. 

• Enforcement of the existing high voltage 
lines by innovative network assets 
including superconductivity technology.  

• New asset management and grid planning 
methods for transmission and 
distribution. 

• Development of systems and components 
to maintain power quality at acceptable 
levels while encouraging the integration 
of new types of generators.  

6. Integrating large scale Intermittent 
Generation: 

Large scale form of generation, e.g., wind farms 
and solar generation, require networks to enable 
efficient collection of the power generated and 
enable system balancing, either by energy 
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storage, conventional generation or by demand 
side participation. Offshore wind energy needs 
marine power collection networks and 
reinforcement of the terrestrial networks.  

Key elements:  

• Technically viable and commercially 
affordable solutions for offshore 
networks for collection of wind power. 

• Grid collection for offshore networks 
should consider security and quality of 
supply, economy and environmental 
sustainability. 

• Transnational and cross border grid 
reinforcements should be considered. 

• Solutions should be developed to allow 
for efficient and secure system operation 
of future grids with significant 
intermittent generation.  

7. Active Distribution Networks: 

Transmission networks have always provided a 
balancing and management role in the electric 
power supply chain, whereas distribution 
networks have been designed to be passive in 
operation. The challenge is now to provide many 
of the services found in transmission grids, such 
as power flow and constraint management, 
contingency analysis and balancing in 
distribution networks.  Distribution networks 
needs to be able to respond or adapt in real time 
to the complex interactions of all the challenges 
and provide enhanced information to various 
actors to enable the real time trading of the 
various services being provided. 

Key elements: 

• An active network requires effective and 
coherent visibility of the various devices 
connected to it in order to allow timely 
decision making and information flow. 

• Centralized manual control needs to be 
replaced by a distributed control 
architecture which will be coordinated 
and integrated into existing control 
methodologies. 

• It is necessary to ensure compatibility of 
all functions and devices during the 
transition from the present to the future 
active distribution grids. 

8. New Market Places, Users and Energy 
Efficiency: 

Diminishing of the differences between 
transmission and distribution in areas such as 
ancillary services, grid connection and access, but 
also quality and security of supply is one of the 
important characteristics of the whole smart grids 
concept. This is not only necessary to operate the 
grid securely –adequate control and management 
solutions are also required to deploy a number of 
new and emerging concepts successfully and 
effectively such as virtual power plants and end 
user energy management concepts. 

In order to meet future customer needs, a range of 
new market participants will involve. Besides 
transparent and nondiscriminatory grid access 
and connection for all grid users (generation and 
demand) this deployment priority is also relying 
on necessary technologies in the so- called ‘last 
mile’ of the smart grids. 

9. Conclusion: 

The benefits of a smart, modernized electricity 
network include the ability to reduce power 
consumption at the demand side during peak 
hours; enabling grid connection of distributed 
generated power; incorporating grid energy 
storage for distributed generation load balancing; 
and eliminating failures such as widespread 
power grid cascading failures. The increased 
efficiency and reliability of smart grid is expected 
to save consumers money and reduce CO2 
emissions. Governments increasingly focus on 
energy security, investing in smart grid could be 
used to reduce dependence on nondomestic 
energy sources. It could also make the grid more 
resistant to military or terrorist attack, by physical 
or digital means. Smart grid is important as it will 
take us towards energy independence and 
environmentally sustainable economic growth.  
The whole power community is busy now in 
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Do You Know…??? 
 

 The first electric light was made in 1800 by 

Humphry Davy, an English scientist. He 

experimented with electricity and invented 

an electric battery. When he connected wires 

to his battery and a piece of carbon, the 

carbon glowed, producing light. This is called 

an electric arc.  

 

Much later, in 1860, the English physicist Sir 

Joseph Wilson Swan (1828-1914) was 

determined to devise a practical, long-lasting 

electric light. He found that a carbon paper 

filament worked well, but burned up quickly. 

In 1878, he demonstrated his new electric 

lamps in Newcastle, England.  

 

In 1877, the American Charles Francis 

Brush manufactured some carbon arcs to 

light a public square in Cleveland, Ohio, USA. 

These arcs were used on a few streets, in a 

few large office buildings, and even some 

stores. Electric lights were only used by a few 

people.  

 

The inventor Thomas Alva Edison 

experimented with thousands of different 

filaments to find just the right materials to 

glow well and be long-lasting. In 1879, Edison 

discovered that a carbon filament in an 

oxygen-free bulb glowed but did not burn up 

for 40 hours. Edison eventually produced a 

bulb that could glow for over 1500 hours.  

         

Lewis Howard Latimer (1848-1928) 

improved the bulb by inventing a carbon 

filament; Latimer was a member of Edison's 

research team, which was called "Edison's 

Pioneers." In 1882, Latimer developed and 

patented a method of manufacturing his 

carbon filaments.  

      

In 1910, William David Coolidge (1873-

1975) invented a tungsten filament which 

lasted even longer than the older filaments. 

The incandescent bulb revolutionized the 

world.  

 

understanding and developing smart power grid 
system which is no longer a theme of future. 
Growth of smart power grid in India will slowly 
but surely take us towards fulfilling the dreams of 
former President Dr. A.P.J. Abdul Kalam, 
‘Energy for all and energy forever’ and achieving 
the ultimate goal of making a ‘National Grid’ a 
reality.  
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The sun is the master and reliable source of 
energy. The Sun Power Solar Inverter is designed 

to convert solar electric (photovoltaic or PV) 
power into utility-grade electricity that can be 
used by the home or sold to the local power 
company. 

          Solar inverter consists of photovoltaic cells. 
The solar cell or photovoltaic cell is an electrical 
device that converts the energy of light directly 
into electricity by the photovoltaic effects. 
Photovoltaic effect is also known as Photo-
electric effect. Photoelectric effect is the emission 
of electrons from a metal surface when light of 
certain frequency or greater than the frequency 
known as threshold frequency falls on it. The 
emitted electrons are called Photoelectrons and 
the current thus produced is called Photoelectric 
current. Solar cell is a form of photovoltaic cell 
which when exposed to light can generate and 
support an electric current without being attached 
to an external voltage  

source. Photovoltaic cell comes from the Greek 
word ‘photo’ means light and ‘volta’ the unit of 
electro- voltaic  force , the volt ,which in turn 
comes from the last name of the Italian physicist 
Alessandro Volta inventor of the battery. The 
term “photo-voltaic” has been in use in English 
since 1849.The photovoltaic cells are made up of 
crystalline silicon or gallium arsenide 
semiconductor layers. These are arranged in 
panels.  

The operation of a photovoltaic cell or Solar cell 
requires 3 basic attributes: 

1. The absorption of light, generating either 
electron – hole pairs or excitons. 
 
 
 

 
 

 
 

 
2. The separation of various types of charge 

carriers. 
3. The separate extraction of those carriers 

to an external circuit.  

 

The semiconductor materials absorb the light 
energy of the sun and transfer it to photovoltaic 
cell. This energy excites the electrons and they 
move from one layer to another, thereby 
producing direct current (dc).The energy created 
is stored in a battery bank for later use or sent 
directly to an inverter, depending on the setup of 
the system. For regular consumer use, an 
alternating current is needed -120 volt AC 
powered home appliances require AC electricity 
for this an inverter is required. The inverter takes 
the direct current and passes it through a 
transformer by forcing the DC acts like AC –the 
inverter and runs the DC through two or more 
transistors that are rapidly turned on and off and 
feeding two different sides of the transformer. 
The modified sine wave rises up to the positive 
point and down to the negative point like stepped 
square wave. 
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Do You Know…? 

          The world's first power station was 
designed and built by Lord Armstrong at 
Cragside, England in 1868. Water from 
one of the lakes was used to power 
Siemens dynamos. The electricity supplied 
power to lights, heating, produced hot 
water, ran an elevator as well as labor-
saving devices and farm buildings.  

        The first public power station was the 
Edison Electric Light Station, built in 
London at 57, Holborn Viaduct, which 
started operation in January 1882. This 
was a project of Thomas Edison that was 
organized and managed by his partner, 
Edward Johnson. A Babcock and Wilcox 
boiler powered a 125-horsepower steam 
engine that drove a 27-ton generator. This 
supplied electricity to premises in the area 
that could be reached through the culverts 
of the viaduct without digging up the road. 

        In September 1882 in New York, the 
Pearl Street Station was established by 
Edison to provide electric lighting in the 
lower Manhattan Island area. The station 
ran until destroyed by fire in 1890. The 
station used reciprocating steam engines to 
turn direct-current generators. Because of 
the DC distribution, the service area was 
small, limited by voltage drop in the 
feeders.  

 

The inverter has the following standard features: 
• Sealed inverter section protecting power 
electronic components;  
 
• Liquid Crystal Display (LCD) providing easy-
to-read system status and daily cumulative energy 
production information; 
• Two LED indicator lights providing status and 
ground fault indication; 
• Wiring/disconnect box providing protection for 
all AC and DC connections and eliminating 
exposed “live” wiring if the inverter is removed. 
The wiring/disconnect box has been designed to 
be physically mated to the electronics section of 
the Sun Power Inverter at the factory, but remains 
in place as a non-serviceable item in the event 
that the inverter electronics section is ever 
required to be removed.  The main advantage of 
solar inverter is that sun light is present in 
abundance and it does not cause any 
environmental pollution. While many appliances 
will run as well (e.g. computers and TV’s will 
run, certain bread makers, microwaves, washer 
and dryers, etc. may have problems with the 
modified sine wave produced).Also ,items like 
motors will end up using more power when using 
a modified sine wave versus a true sine wave. 
The effectiveness of modified sine wave inverters 
(also known as quasi-sine wave inverters and 
modified square wave inverters) can vary 
between different inverters and can vary 
depending on load. In case of inverters, the old 
adage is true: you get what you pay for. 

         

  Reference: 

1. www.wikipedia.org 

2. mn-sunpower-solar-inverter-manual.com 

 

 

 

 

 

 



POWER 

   Third Edition 

Department of Electrical Engineering, GIMT, Guwahati-781017  16 

 

 

 

 

 

1. Introduction 

AC voltage controllers (ac line voltage 
controllers) are employed to vary the RMS value 
of the alternating voltage applied to a load circuit 
by introducing Thyristors between the load and a 
constant voltage ac source. The RMS value of 
alternating voltage applied to a load circuit is 
controlled by controlling the triggering angle of 
the Thyristors in the ac voltage controller circuits. 

 In brief, an ac voltage controller is a type 
of thyristor power converter which is used to 
convert a fixed voltage, fixed frequency ac input 
supply to obtain a variable voltage ac output. The 
RMS value of the ac output voltage and the ac 
power flow to the load is controlled by varying 

(adjusting) the trigger angle ‘α’ 

 

AC
Voltage

Controller

V0(RMS)

fS

Variable AC 
RMS O/P Voltage

AC
Input

Voltage
fs

Vs

fs

 

                                 Fig.1 

2. Type of ac voltage controllers 

Single phase ac controllers operate with single 
phase ac supply voltage of 230V RMS at 50Hz in 
our country. Three phase ac controllers operate 
with 3 phase ac supply of 400V RMS at 50Hz 
supply frequency.  

Each type of controller may be sub divided into: 
•  Unidirectional or half wave ac 

controller. 
• Bi-directional or full wave ac controller. 

 

 
 
 
 
 
 
 
In brief, different types of ac voltage controllers 
are:  

• Single phase half wave ac voltage 
controller (unidirectional controller). 

• Single phase full wave ac voltage 
controller (bidirectional controller). 

 
3.  Applications of ac voltage controllers 

• Lighting / Illumination control in ac 
power circuits. 

• Induction heating. 
• Industrial heating & Domestic heating. 
• Transformers tap changing (on load 

transformer tap changing). 
• Speed control of induction motors (single 

phase and poly phase ac induction motor 
control). 

• AC magnet controls. 
 

4. Ac voltage control techniques 

There are two different types of Thyristor 
control used in practice to control the ac power 
flow 

• Phase control 
• On-Off control 

 

In On-Off control technique, Thyristors are used 
as switches to connect the load circuit to the ac 
supply (source) for a few cycles of the input ac 
supply and then to disconnect it for few input 
cycles. The Thyristors thus act as a high speed 
contactor (or high speed ac switch). 

In phase control the Thyristors are used as 
switches to connect the load circuit to the input ac 
supply, for a part of every input cycle. That is the 
ac supply voltage is chopped using Thyristors 
during a part of each input cycle. 

Ac Voltage Controllers 
Lipika Haloi, 

 Semim Sultana, 
 Shalini Shuvadarshani,  

Sudipta Saikia 
        7 th Semester, EE 



POWER 

   Third Edition 

Department of Electrical Engineering, GIMT, Guwahati-781017  17 

 

The thyristor switch is turned on for a part of 
every half cycle, so that input supply voltage 
appears across the load and then turned off during 
the remaining part of input half cycle to 
disconnect the ac supply from the load. 

By controlling the phase angle or the trigger 

angle ‘α’ (delay angle), the output RMS voltage 
across the load can be controlled. 

The trigger delay angle ‘α’ is defined as the 

phase angle (the value of ωt) at which the 
thyristor turns on and the load current begins to 
flow. 

Phase control Thyristors which are relatively 
inexpensive, converter grade Thyristors which are 
slower than fast switching inverter grade 
Thyristors are normally used.  

For applications up to 400Hz, if Triacs are 
available to meet the voltage and current ratings 
of a particular application, Triacs are more 
commonly used. 

Due to ac line commutation or natural 
commutation, there is no need of extra 
commutation circuitry or components and the 
circuits for ac voltage controllers are very simple. 

Due to the nature of the output waveforms, the 
analysis, derivations of expressions for 
performance parameters are not simple, 
especially for the phase controlled ac voltage 
controllers with RL load. But however most of 
the practical loads are of the RL type and hence 
RL load should be considered in the analysis and 
design of ac voltage controller circuits. 

5. Principle of on-off control technique 
(integral cycle control) 

The basic principle of on-off control technique is 
explained with reference to a single phase full 
wave ac voltage controller circuit shown below. 

The thyristor switches 1T  and 2T  are turned on by 

applying appropriate gate trigger pulses to 
connect the input ac supply to the load for ‘n’ 
number of input cycles during the time interval 

ONt . The thyristor switches 1T  and 2T  are turned 

off by blocking the gate trigger pulses for ‘m’ 
number of input cycles during the time 

interval OFFt . The ac controller ON time ONt  

usually consists of an integral number of input 
cycles. 

 

LR R= = Load Resistance 

Fig.2: Single phase full wave AC voltage 
controller circuit 

Vs

Vo
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Fig.3: Waveforms 

n = Two input cycles. Thyristors are 

turned ON during ONt  for two input cycles. 

m = One input cycle. Thyristors are 

turned OFF during OFFt  for one input cycle. 

 Thyristors are turned ON precisely at the 
zero voltage crossings of the input supply. The 

thyristor 1T  is turned on at the beginning of each 
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positive half cycle by applying the gate trigger 

pulses to 1T  as shown, during the ON time ONt  . 

The load current flows in the positive direction, 
which is the downward direction as shown in the 

circuit diagram when 1T  conducts. The 

thyristor 2T  is turned on at the beginning of each 

negative half cycle, by applying gating signal to 

the gate of  2T , during ONt . The load current 

flows in the reverse direction, which is the 

upward direction when 2T  conducts. Thus we 

obtain a bi-directional load current flow 
(alternating load current flow) in a ac voltage 
controller circuit, by triggering the thyristors 
alternately. 

This type of control is used in applications which 
have high mechanical inertia and high thermal 
time constant (Industrial heating and speed 
control of ac motors). Due to zero voltage and 
zero current switching of Thyristors, the 
harmonics generated by switching actions are 
reduced.  

For a sine wave input supply voltage, 

sin 2 sins m Sv V t V tω ω= =  

SV =RMS value of input ac supply = 
2
mV

 = 

RMS phase supply voltage. 
If the input ac supply is connected to load for ‘n’ 
number of input cycles and disconnected for ‘m’ 
number of input cycles, then 

,ON OFFt n T t m T= × = ×  

f = input supply frequency. 

ONt  = controller on time = n T× . 

OFFt  = controller off time = m T× . 

OT  = Output time period = 

( ) ( )ON OFFt t nT mT+ = + . 

 
We can show that,  

Output RMS voltage  

( ) ( )
ON ON

SO RMS i RMS
O O

t t
V V V

T T
= =  

Where ( )i RMSV  is the RMS input supply voltage = 

SV . 

=== 0 === 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Do You Know…? 

An early form of circuit breaker was 

described by Thomas Edison in an 1879 

patent application, although his commercial 

power distribution system used fuses. Its 

purpose was to protect lighting circuit 

wiring from accidental short-circuits and 

overloads. A modern miniature circuit 

breaker similar to the ones now in use was 

patented by Brown, Boveri & Cie in 1924. 

Hugo Stotz, an engineer who had sold his 

company to BBC, was credited as the 

inventor on DRP (Deutsches Reichspatent) 

458392. Stotz's invention was the 

forerunner of the modern thermal-magnetic 

breaker commonly used in household load 

centers to this day. Interconnection of 

multiple generator sources into an 

electrical grid required development of 

circuit breakers with increasing voltage 

ratings and increased ability to safely 

interrupt the increasing short circuit 

currents produced by networks. Simple air-

break manual switches produced hazardous 

arcs when interrupting high currents; these 

gave way to oil-enclosed contacts, and 

various forms using directed flow of 

pressurized air, or of pressurized oil, to cool 

and interrupt the arc. By 1935, the specially 

constructed circuit breakers used at the 

Boulder Dam project use eight series breaks 

and pressurized oil flow to interrupt faults 

of up to 2,500 MVA, in three cycles of the AC 

power frequency. 
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1. Introduction 
 

Speech is the most desirable medium of 
communication between human beings. There are 
several ways of characterizing the 
communications potential of speech. One highly 
quantitative approach is in terms of information 
theory. According to information theory, speech 
can be represented in terms of its message 
content, or information. An alternative way of 
characterizing speech is in terms of the signal 
carrying the message information that is the 
acoustic waveform. Speech processing is one of 
the largest growing research areas in signal 
processing. Speech synthesis is a fundamental 
and crucial part in speech processing. The 
primary objective of   speech reconstruction is a 
part of a synthesis application. Speech 
reconstruction is based on the separation of 
glottal source and vocal tract. Again using the 
concept of source-filter model, the original 
speech signal is reconstructed. Glottal source and 
vocal tract filter separation is a crucial component 
of most of the applications in speech processing. 
Like almost all natural phenomena, speech is the 
result of many non-linearly interacting processes, 
therefore any linear analysis has the potential risk 
of underestimating, or even missing, a great 
amount of information content. Time-frequency 
representation is essential in signal processing 
and has the potential of diverse applications. 
Examples include short time Fourier transform 
(STFT), wavelet transform, etc. Most of the data-
analysis methods assume that the data is linear 
and stationary. Techniques like wavelet analysis 
work  
for non-stationary linear data. All these 
techniques face one or more of these problems - 
windowing effect, low time resolution, low 

 

 

 

 

 

 

 frequency resolution etc. Speech is usually both 
non-linear and non–stationary. Here a novel 
technique for speech signal reconstruction is 
described using Empirical Mode Decomposition. 

The empirical mode decomposition (EMD) is 
designed to reduce non-stationary, multi 
component signals to a series of amplitude and 
frequency modulation (AM and FM) 
contributions. The net result is to create a bank of 
sub signals, termed intrinsic mode functions 
(IMF) whose sum produces the original signal. 
The last IMF or residual is of the lowest order. 
The residual information provide us the 
information of source.  

EMD based approach is used for speech synthesis 
applications. EMD is applied for extracting the 
glottal source information of speech signals. 
After getting the source information, vocal tract 
filter response is determined and the original 
speech signal is reconstructed. The experimental 
result derived establishes the effectiveness of the 
proposed method. 

2. Theoretical Considerations  

A. Empirical Mode Decomposition (EMD)-EMD 
is an adaptive tool to analyse non-linear or non-
stationary signals which segregates the 
constituent parts of the signal based on the local 
behaviour of the signal. No pre-processing is 
required since it is able to analyse non-zero mean 
signals, and is suitable to analyse the riding 
waves which may have no zero-crossings 
between two consecutive extrema. Using EMD, 
signals can be decomposed into number of 

Reconstruction Of speech Signal using 
Emperical Mode Decomposition 

Nisha Goswami                                                                                                                
Assist Prof, EE 
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frequency modes called intrinsic mode function 
(IMF). 

B. Intrinsic Mode Function (IMF)- An IMF 
represents a simple frequency mode similar to the 
simple harmonic function. Mode frequency has 
amplitude and frequency as function of time 
unlike simple harmonic component.  An IMF 
must satisfy two conditions. The first is that the 
number of extrema (sum of maxima and minima) 
and the number of zero crossing must be equal or 
differ by one. The second is the mean of the cubic 
splines must be equal to zero at all points. The 
computational steps of the algorithm may be 
summarized as below.  

For speech signal  

• Identification of all the extrema (maxima 
and minima) of the series . 

• Generation of the upper and lower 
envelope via cubic spline interpolation 
among all the maxima and minima 
respectively. 

• Point by point averaging of the two 
envelopes to compute a local mean series 

. 

• Subtraction of  from the data to 

obtain a IMF 
candidate . 

• Check the properties of : 

� If h is not a IMF, replace  with 

 and repeat the procedure from 

step 1. 
� If h is a IMF, evaluate the residue 

 . 

� Repeat the procedure from step 1 to step 
5 by sifting the residual signal. 
 

3. System Block Diagram and Experimental 
Details 

The complete system model is shown in Figure 1. 
Any speech signal is first presented to the EMD 
block to get the residual, which represents the 
glottal source information. Now if frequency 

domain division of the speech signal by the 
glottal source is performed, then the vocal tract 
filter response can be obtained. The last step is 
the filtering of the residual signal by the 
estimated vocal tract filter, vocal tract filter which 
represents the signal processing equivalent of the 
biological system to get the original speech 
signal. Thus, the EMD process provides the 
glottal source information and combines it 
together with the vocal tract filter. 

 

                   Fig 1: System Model 

Speech production model can be represented as 
source filter model. The speech sound wave and 
the vocal tract are modelled as a signal and a 
filter, respectively.  

In the present technique of speech signal 
reconstruction initially EMD is applied to a 
known speech signal. EMD method is applicable 
for both non linear and non stationary signals. In 
general cases data is assumed to be linear and 
digital processing techniques are applied like 
short time Fourier transform etc. Since speech 
signals are non linear, EMD is applied to the 
speech signal to decompose it no of IMFs and 
finally provide us the lowest frequency 
component i.e. the residual signal. The residual 
signals provide us the source information. After 
finding the source information vocal tract filter 
response is determined as follows-  

Suppose  is the source information and 

be the known speech signal. Let be the 

filter response. These can be related as   

                    …            (1) 
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 Representing equation (1) in frequency domain, 
we get 

                  …          (2)                      

Therefore, 

                       …         (3) 

Equation (3) represents the vocal tract filter 
response. Now, the speech signal can be 

reconstructed with the help of source and vocal 
tract filter responses which appears similar to the 
original speech signal in both time and frequency 

domain which is explained in the next Section  

4. Results: 

 Different speech signals from a male and a 
female speaker are used. The EMD algorithm is 
applied to the speech signals separately. To begin 
with, EMD is applied to the first speech signal.  
The speech signal along with their 13  IMFs and 
residual content  are shown in Figure 3, where 
figure 3(i) represents IMF1, figure 3(ii) 
represents IMF2, figure 3(iii) represents IMF3, 
figure 3(iv) IMF4, figure 3(v) represents IMF5, 
figure 3(vi) IMF6,  figure 3(vii) represents IMF7, 
figure 3(viii) represents IMF8, figure 3(ix) 
represents IMF9, and figures 3(x) through 3(xiii) 
represents IMF10, IMF11, IMF12, IMF13 
respectively. Figure 3(xiv) represents the residual 
signal for the first speech sample. 

After getting the residual signal y(t), vocal tract 
filter response is determined using the following 
equation. 

                                                    

(4) 

where  is the original speech signal , is 

source information and is the filter response 

in the frequency domain.                        

Now, speech signal is reconstructed with the help 
of source and vocal tract filter response, which is 
found to be similar to the original speech signal 

after converting it to time domain using Inverse 
Fourier Transform. 

(ω) =  (ω) ω) 

Thus,  is reconstructed from the residual and 

vocal tract filter which is same as the original 
speech sample as shown in Figure 4 (original) 
and Figure 5 (reconstructed). 
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Fig 3: IMF 1 to IMF 13  and the residual signal 
for male speaker 
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                    Fig 4: Speech signal sample 
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Fig 5: Reconstructed speech sample 

          The experiment is repeated for ten male 
and female speakers’ voice and almost similar 
result is obtained.                                                                                                                                   

5. Conclusion and Future Direction 

Here, we have proposed an EMD based glottal 
source information extraction method. EMD is a 
novel technique for non stationary and nonlinear 
signal processing. From experimental results it 
can be seen that the Empirical Mode 
Decomposition is a satisfactory method for 
decomposing speech signal into IMFs and obtain 

the source information from the EMD residual. 
Speech production model can be represented as 
source filter model. Applying EMD on two 
different speech signals, source information have 
been found. Applying the concept of source filter 
model the vocal tract filter responses are 
determined and finally original speech signal is 
reconstructed. The proposed approach next can 
be used for voice conversion application with the 
help of one person's source information and vocal 
tract filter of another person. 
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1. Introduction 

Horn antennas are very good radiators of 
microwave power. They are used as primary feed 
for reflectors antennas like paraboloid and 
Cassegrain antennas. These are many techniques 
such as flanges [1] corrugation, dielectric loading 
etc to modify radiation patterns. Slotted 
waveguides[2] are also good radiators. We know 
horns are flared waveguides. Therefore slots 
made on the horns can change the radiation 
patterns as in the case of slotted waveguides. The 
natural radiation pattern of a horn is symmetric.  

2. Experimental setup 

For the present study H-plane sectoral horns are 
used. Measurements are made in the X-bands. 
Free space wavelength in 3 cms. The 
experimental setup consists of a Gunn Oscillator, 
power supply and an antenuator. Transmitting 
antenna is a pyramidal horn. The detector mount 
connected to the test horn carries a crystal 
detector which is connected to a sensitive meter 
through a BNC Cable. The receiving is mounted 
on a rotating stand, capable of rotation in a 
horizontal plane. The structure of test horn is 
shown in figure1.The E-plane radiation patterns 
of H-plane sectoral horn are measured at a mean 
frequency of 10GHz for different width. The 
Voltage Standing Wave Radio (VSWR) for 
different horns are also measured. 

 

 

 

 

 

Table1 shows the beam tilt and the variation of 
VSWR in different cases. Another method of 
beam tilting is achieved when horn elements of 
different materials are used on either side of the 
horn. 

3. Results 

In the case of slotted horn the radiation pattern is 
found to be tilted from the axis of the horn. The 
beam tilt varies width of the slots. For a width of 
λ/2 the beam is turned through 25° from the axis. 
When the test width ‘W’ is decreased, the tilting 
is also increasing and reaching a maximum. For 
‘W’ equal tp λ/3 and λ/4,  the tiltes are35° and 
38° respectively. No further remarkable tilt is 
observed for smaller values of slot width.Figure2 
shows the radiation patterns of different types of 
horns. 

Figure2: The radiation pattern of different types 
of hornsH1: Metal hornA 

In all cases, tilt is invariably from the side of 
slots, i.e towards the side of flat element.Beam 
tilting at fixed angle can be obtained if we use 
horn element of different materials.Perspex and 
brass are used on either side of the horn.Beam is 
found to be tilted towards the side of the 
material.A beam tilt of 15° is produced in this 
manner.  

Table 1: Beam tilt and Variation of VSWR at 
different cases. 

       Horns     Beam Tilt      VSWR 
         H1          -      1.085 
         H2          -      1.142 
         H3        15°      1.130 
         H4        25°      1.118 
         H5        35°      1.205 
         H6        38°      1.215 

Effect of Slotted Horn on Radiation Pattern 
Bijit Sarma        

1st Semester, EE 
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H1: Symmetric metal horn 

H2: Symmetric dielectric horn 

H3: Dielectric horn with brass on one side and 
Perspex on the other 

H4: Slotted horn with spacing λ/2 

H5: Slotted horn with spacing λ/3 

H6: Slotted horn with spacing λ/4 H2: Dielectric 
horn  

H3: Perspex on one side and brass on the other 
side 

H4: Slotted horn with spacing λ/2 

H5: Slotted horn with spacing λ/3 

H6: Slotted horn with spacing λ/4 

 

4. Conclusion 

                   A new method method of beam tilting 
using slotted horn is presented.By changing the 
slot widths and hence changing the number of 
slots the tilt can be conveniently changed.These 
type of horns are particularly useful when used as 
primary feed for reflector type antennas.Thus the 
primary feed need not necessarily be at the apex 
of reflectorantennas.This seems to be a simple but 
very effective method of beam tilting. 
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1. Introduction  

In recent years availability of power in India has 
increased and improved but demand has 
consistently outstripped supply and substantial 
energy and peak shortages prevailed in 2009-10. 
In order to meet the deficit between demand and 
supply, 25000 MW to 35000 MW of power is 
being produced by diesel generation system. In 
the past, the selection of an energy resource for 
electricity generation was dominated by finding 
the least expensive power generating plant. 
Although such an approach is essential, there is 
growing concern about other aspects of power 
generation such as social, environmental and 
technological benefits and consequences of the 
energy source selection. 

2. Solar thermal power generation 
technologies  

Solar Thermal Power systems use concentrated 
solar radiation as a high temperature energy 
source to produce electricity using thermal route. 
Since the average operating temperature of 
stationary non-concentrating collectors is low 

(max up to 120
0
C) as compared to the desirable 

input temperatures of heat engines (above 300
0
C), 

the concentrating collectors are used for such 
applications. These technologies are appropriate 
for applications where direct solar radiation is 
high. In the basic process of conversion of solar 
into heat energy, an incident solar irradiance is 
collected and concentrated by concentrating solar 
collectors or mirrors, and generated heat is used 
to heat the thermic fluids such as heat transfer 
oils, air or water/steam, depending on the plant 
design. This acts as heat carrier and as storage 
media. The hot thermic fluid is used to generate 

steam or hot gases, which are then used to operate 
a heat engine. In these systems, the efficiency of 
the collector reduces marginally with increasing 
operating temperature, whereas the efficiency of 
the heat engine increases with the increase in its 
operating temperature  

a. Scenario of Electricity Generation 

From the scenario of world electricity generation, 
it is clear that thermal generation plays huge role 
in production as compared to other, that is, 
renewable sources. Other sources include solar, 
wind, geothermal, combustible renewable and 
waste and heat. 

 

Fig1: World electricity generation by fuel 
(TWh) 

In order to improve power generation capacity 
economically and environmentally, new 
renewable power plants have to be implemented 
reducing the dependence on coal, gas and oil. In 
2007, the usage of gas and coal is increased as 
compared to the use in 1973. On the other hand 
use of oil decreased by a sizable amount during 
the above mentioned period. Oil usage is reduced 
from 24.5% in 1973 to 5.6% in 2007. [2] 



POWER 

   Third Edition 

Department of Electrical Engineering, GIMT, Guwahati-781017  26 

 

 

Fig 2: Fuel shares of electricity generation[4] 

 

Fig3: Power generation of India 

 

Fig4: Power supply positions energy 

The most useful way of harnessing solar energy is 
by directly converting it into electricity by means 
of solar photo-voltaic cells. The photo-voltaic 
effect is defined as the generation of an 
electromotive force as a result of the absorption 
of ionising radiation. [3]. 

3. The Energy Scenario 

The comparison of India with other regions of the 
world with regard to Total Primary Energy 

Supply which has been normalized with respect 
to GDP and population for the year 2008 is 
shown in the table 1. It can be seen that per capita 
consumption of energy in India is one of the 
lowest in the world. India consumed 540 kgoe in 
2008 compared to 1803 kgoe by the world, 4560 
kgoe by OECD countries, 1600 kgoe by China.  

Table 1: World scenario 

 

The electricity consumption per capita 
for India is just 566 KWh and is far below most 
other countries or regions in the world. Even 
though 85% of villages are considered electrified, 
around 57% of the rural households and 12% of 
urban  

Fig5: Global Investment in new PV production 
facilities. [2] 

 

households, i.e. 84 million households in the 
country, do not have access to electricity. 
Electricity consumption in India is expected to 
rise to around 2280 BkWh by 2021-22 and 
around 4500 BkWh by 2031-32 [5]. 
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Fig6: Annual Global CO2 savings in millions of tonnes 

From Fig5 it will be predicted that in the near 
future solar is the prime source for power 
extraction. Along with power production it also 
improves the environment by reducing CO gas 
emission which is forecasted in Fig 6. In 
environmental terms, it would have reduced 
annual CO2 emission by 353 million tonnes. This 
reduction is equivalent to the emissions from 150 
coal fired power plants. 

  4.Solar energy scenario in India 
The installed capacity and respected estimated 
generation of different existing renewable sources 
in the year 2013 are tabulated in Fig A. As 
discussed earlier, it is observed that the use of 
solar power is not notable as compared to wind 
and biomass. 

5.Solar thermal power generation program of 
India  

Different programs have been installed and 
operated in India taking solar power as major 
source. Some of them are listed below. 

• In India the first Solar Thermal Power 
Plant of 50kW capacity has been installed 
by MNES following the parabolic trough 
collector technology (line focussing) at 
Gwalpahari, Gurgaon, which was 
commissioned in 1989 and operated till 
1990, after which the plant was shut 
down due to lack of spares. The plant is 
being revived with development of 
components such as mirrors, tracking 
system etc.  

• A Solar Thermal Power Plant of 140MW 
at Mathania in Rajasthan has been 

proposed and sanctioned by the 
Government in Rajasthan. The project 
configuration of 140MW Integrated Solar 
Combined Cycle Power Plant involves a 
35MW solar power generating system 
and a 105MW conventional power 
component and the GEF has approved a 
grant of US$ 40 million for the project. 
The Government of Germany has agreed 
to provide a soft loan of DM 116.8 
million and a commercial loan of DM 
133.2 million for the project.  

• In addition a commercial power plant 
based on Solar Chimney technology was 
also studied in North-Western part of 
Rajasthan. The project was to be 

implemented in five stages. In the 1
st 

stage the power output shall be 1.75MW, 
which shall be enhanced to 35MW, 
70MW, 126.3MW and 200MW in 
subsequent stages. The height of the solar 
chimney, which would initially be 300m, 
shall be increased gradually to 1000m. 
Cost of electricity through this plant is 
expected to be Rs. 2.25 / kWh. However, 
due to security and other reasons the 
project was dropped.  

• BHEL limited, an Indian company in 
power equipments manufacturing, had 
built a solar dish based power plant in 
1990’s as a part of research and 
development program of then the 
Ministry of Non-conventional Energy 
Sources. The project was partly funded 
by the US Government. Six dishes were 
used in this plant.  

6. Growth of Solar Power in India 

Solar energy plays an important role in 
developing economic growth of India. Recently, 
Ex-Prime Minister Manmohan Singh 
acknowledge that  solar energy will transform 
rural India as it is used in an increasing trends  
and also launched a National Solar Mission in 
2010. In 2009, the solar power generation is 12 



POWER 

   Third Edition 

Department of Electrical Engineering, GIMT, Guwahati-781017  28 

 

MW and within two years it is increased to 190 
MW in 2011. By March 2013, it is expected to 
grow fivefold to 1,000 MW, but the country has a 
long way to go to reach its goal of increasing 
solar-power generation to 20 gigawatts by 2020. 
Across India, there are still thousands of villages 
with plenty of sun but not enough power. 

 

Fig7: Renewable share in power in India 

Among the various renewable energy resources, 
India possesses a very large solar energy 
potential; most parts of the country are blessed 
with good amounts of sunshine. There are about 
300 clear sunny days in a year in most parts of 
country. The average solar radiation incident over 
India varies from 4 kWh/day to 7 kWh/day. The 
solar radiation received over the Indian land area 
is estimated to be about 5,000 trillion kWh/year. 
In June, 2008, a National Action Plan on Climate 
Change was announced, which included eight 
major national missions with the one on solar 
energy being the centre piece. This mission 
envisages a major step up in the utilization of 
solar energy for power generation and other 
purposes. The Jawaharlal Nehru National Solar 
Mission (JNNSM) was launched by the Prime 
Minister of India in January 2010, with a target of 
20,000 MW grid solar power (based on solar 
thermal power generating systems and solar 
photovoltaic (SPV) technologies), 2000 MW of 
Off grid capacity including 20 million solar 
lighting systems and 20 million sq.m. solar 
thermal collector area by 2022. The Mission will 
be implemented in three phases. The first phase 
will be of three years (up to March, 2013), the 
second up to March 2017 and the third phase will 
continue until March, 2022. 

7. Barriers for Solar Power 

Solar thermal power plants need detailed 
feasibility study and technology identification 
along with proper solar radiation resource 
assessment are the prime factors which decides 
the feasibilility of the plant. The current status of 
international technology and its availability and 
financial and commercial feasibility in the 
context of India is not clear. The delays in 
finalizing technology for Mathania plant have 
created a negative impression about the 
technology. 

8. Feasibility of hybrid system in north east 
region 

The normal incident solar radiation output on 
north east is in the range between 5-7 
KW/hour/day. This intensity of solar radiation is 
enough for the production of solar power by 
using photovoltaic array. But the combined effect 
solar and wind power will not be able to play a 
vital rule in case of north east region.  A practical 
approach has been taken to analyze the feasibility 
of this system in Guwahati.  

 

 

Fig8: Solar and Wind power output in Guwahati. 

In the month of April 2010, the field study was 
performed and the findings are- 
(i) Maximum solar power at irradiance is 13.13 

W (for 1 hour) with open circuit voltage 
22.12 volt. 
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Do You Know…? 

      The dynamo was the first electrical 

generator capable of delivering power for 

industry. The dynamo uses electromagnetic 

induction to convert mechanical rotation into 

direct current through the use of a commutator. 

An early dynamo was built by Hippolyte Pixii in 

1832.  

       The Woolrich Electrical Generator of 1844, 

now in Thinktank, Birmingham Science 

Museum, is the earliest electrical generator 

used in an industrial process. It was used by the 

firm of Elkingtons for commercial 

electroplating. 

      The modern dynamo, fit for use in industrial 

applications, was invented independently by Sir 

Charles Wheatstone, Werner von Siemens and 

Samuel Alfred Varley. Varley took out a patent 

on 24 December 1866, while Siemens and 

Wheatstone both announced their discoveries 

on 17 January 1867, the latter delivering a 

paper on his discovery to the Royal Society. 

 

(ii)  Maximum wind power generation is 28.33 
W (for 1 hour) with average wind speed 3 
m/sec. 

 
Fig9: Practical hybrid model developed for 
analysis 

This study will conclude that although it is 
possible to obtain solar output in northeast region 
but due to insufficient wind speed in Guwahati, 
wind power is not a viable option. But utilizing 
hybrid model in hilly areas of Northeast and in 
riversides like Brahmaputra Barak where wind 
speed is maximum, power production is possible, 
and if any organization is keen in adopting such 
power generation scheme then our model will 
prove to be a very efficient means of power 
generation.    

4.1. Conclusion  

Potential use of solar plants should be 
increased for further economic development of 
the country especially in a country like India.  
Three major factors, resource assessment, 
technological appropriateness and economic 
feasibility are the basic requirements of project 
evaluation. In India, the solar radiation is 
available sufficiently over the country. Extraction 
of solar power should be increased in all respect 
which will reduce the dependence on non 
renewable sources. In long term, it will also 
reduce amount of CO2 emission to the 
environment.  Efficient use of hybrid systems in 
remote places will improve the economic stability 
of the nation. The solar tower power and point 

focusing dish type plants are being popular 
worldwide. In the pulp and paper industry, the 
moderate temperature is required for processing 
and solar energy can effectively generate this 
amount of heat. From this investigation, it is clear 
that efficient use of solar power in industrial 
activities will help in making India a ‘Solar 
Power Nation’. 

References 

[1] The Energy and Resources Institute, TERI, 
www.teriin.org/ 
[2] Solar generation, EPIA, 2006. 
[3] Veeneeth Atryesh Vasudeva, Indias Solar Energy Future, 
CSIS, 2014 
[4] Key World Energy Statistics, IEA, 2010. 
[5] P. Garg, Energy Scenario and Vision 2020 in India, 
Journal of Sustainable Energy & Environment (2012) [6] 
Rangan Banerjee, Grid Connected Solar Power in India: 
Status and Prospects, CEIC Seminar, CMU March 27th via 
video-conference.  

 

 



POWER 

   Third Edition 

Department of Electrical Engineering, GIMT, Guwahati-781017  30 

 

  

 
 
 
 
 
 
 

 
1. Introduction :  

 
EHV Transformers are most expensive and 
strategically important equipment at power 
generating stations and EHV Substations and 
reliability is of paramount importance from 
considerations of continuity of supply and 
profitable operation of a system. Failure of a 
power transformer means sizeable expenditure 
towards its repairs and revenue loss to the utility. 
As such, power supply undertakings or utilities 
have to assess actual condition of transformer 
periodically with a view to minimize unforeseen 
outages and risk of failures. No authentic 
statistics are available about failure of 
transformers in the country as on date; 
nonetheless, rate of failure is expected to be high. 
Failure pattern of EHV Transformers can be 
broadly classified in to two categories; firstly, 
those transformers which fail during their early  
life that is say within one or two years of their 
commissioning and second category is of those 
transformers which fail after 10 to 15 years of 
their service life. While failure of first category 
could be attributed to manufacturing defects and 
poor quality control, failure of second category 
could be due to poor maintenance and non-
implementation of Condition Monitoring 
Techniques. Failure after 10 to 15 years may also 
occur due to environmental conditions such as 
overvoltages, overfluxing, short-circuit, 
harmonics and maloperation of protective gear. 
Failure of the second category could be avoided 
by employing timely maintenance and by 
adopting condition monitoring techniques which 
have been discussed here. 

2. Condition Monitoring Techniques: 

These are fundamentally fault detection 
techniques and some of the prominent techniques 
as applied to large power transformers are the 
following; 

1. Oil Analysis. 
2. Winding temperature and resistance 

measurement. 
3. Capacitance and Tangent Delta 

measurements 
4. Partial Discharge Measurements 

Dissolved Gas Analysis is a well established 
diagnostic tool for condition monitoring of 
transformers and such an analysis helps in 
diagnosing faults without dismantling the 
transformers. DGA helps in detecting faults in 
incipient stage and can forewarn us about 
internal condition of transformer and helps in 
finding appropriate cure like blood examination 
of a human being.  
 
3. Insulating Oil:  
Basic requirement for insulating oil are; 

a. It must be free from all extraneous 
matter and moisture. 

b. It must be sufficiently stable against 
chemical decomposition. 

Insulation structure of a Transformer consists of 
Paraffin / Naphthenic based materials such as 
paper and press-board that disintegrates under 
thermal and electrical stresses and generates 
gases which get collected in Buchholz relay 
when their quantity is more. However, when a 
fault is localized in a small area and gas 
generation is minimum, gases dissolve in 
insulating oil. As the composition and quantity of 

Condition Monitoring Techniques for 
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generated gases is dependent upon type and 
severity of fault, regular monitoring of these 
dissolved gases reveals useful information about 
healthiness of transformer and prior information 
about fault. 
 
4. Gases-In Oil-Analysis:  

 Significant gases generated by decomposition of 
insulating oil or oil impregnated materials are: 

a. Hydrogen   (H2) 
b. Methane   (CH4) 
c. Ethane   (C2H6) 
d. Ethylene (C2H4) 
e. Acetylene (C2H2) 
f.  Propane  (C3H8) 
g. Propylene (C3H6) 

 
     Out of these, propane and propylene are 
insignificant and are ignored. 

5. Gas Chromotography: 

       Gas Chromatography is a technique for 
effecting separation of various constituents of 
dissolved gases in insulating oil. Gas sample to 
be analyzed is made to flow with the help of an 
inert carrier gas through a column packed with 
specific material where all gases present in the 
oil sample get absorbed in the column and then 
each gas comes out of the column depending on 
their retention time.           

6. Stages  of  DGA  Analysis :  
 
Following are four steps adopted for dissolved 
gas analysis: 

• Collection of representative oil samples from 
the transformer. 

•  Extraction of gases dissolved in oil. 
• Separation, identification and quantitative 

determination of gases by Gas 
Chromatography. 

• Interpretation of results. 
 
8.  Various Methods For Interpretation Of 
Dga Results.  

    Three of the most commonly used methods for 
DGA analysis are: 
 

• Dorenberg  Ratio  Method. 
• Rogers  Ratio  Method. 
• Key Gas Method. 

 
A.    Dorenberg Ratio Method: This method uses 
the ratio analysis of significant gases which are; 
Methane/ Hydrogen, Acetylene/ Ethylene, 
Acetylene/ Methane and Ethane/ Acetylene and a 
table below gives corresponding nature of faults. 
 
      RATIO           GASES  NATURE OF 

FAULT 
 Methane/ 
Hydrogen 

    CH4/ H2   Hot  Spots 

  Acetylene/ 
Ethylene 

     
C2H2/C2H4 

   Electrical 
Discharges 

 Acetylene/ 
Methane 

    C2H2/CH4   Electrical 
Discharges. 

  Ethane/ 
Acetylene 

    C2H6/ 
C2H2 

Thermal 
Decomposition. 

 
 B. Roger's Ratio Method: This method also uses 
ratios of significant gases but it is more 
comprehensive scheme since Rogers used only 
three ratios that is; Methane/Hydrogen, 
Acetylene/ Ethylene and Ethylene/ Ethane. 

 C. Key Gas Method: This method uses the 
percentages of various Key Gases to determine 
the root cause of increased concentration of a 
particular gas. For example, Key Gas for excess 
heating is Ethylene, Key Gas in case of arcing is 
Acetylene and in case of corona or partial 
discharge, the Key Gas is Hydrogen. Presence 
and quantity of gas are dependent on so many 
variables and therefore it is safe to use this 
method as indicator. Table below shows nature 
of faults when concentration of these gases is 
abnormally high. 

SL. 
NO. 

       KEY GAS        
 

 NATURE OF FAULT 

  1      Acetylene   Arcing in oil. 
  2      Hydrogen   Corona, Partial 
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Engineering is not only study 

of 45 subjects but it is moral 

studies of intellectual life. 

~Prakhar Srivastav 

Discharge. 
  3      Ethylene    Thermal decomposition 

of oil 

  4     Carbon Mono 
Oxide 

Thermal ageing of 
Oil.(Overheated 
cellulose) 
 

 
7. Permissible Concentration Of Dissolved 

Gases In Oil Of A Healthy Transformer. 
   
Gas In 
Ppm. 

Less Than 4 
Years In 
Service 

4-10 Years 
In Service 

More 
Than 10 
Years In 
Service 

    H2 100/150 200/300 300/400 
   CH4 50/70 100/150 200/300 
   C2H2 20/30 30/50 50/100 
    
C2H4 

100/150 150/200 200/300 

    
C2H6 

30/50 100/150 150/200 

    CO 200/300 300/400 500/600 
    CO2 2500/3000 3000/4000 7000/100

00 

 
If C2H2 is detected even within permissible 
limits, greater attention is required. 
 
8.   Future Analysis: 
Degradation of paper insulation due to ageing 
(overheating) is characterized by production of 
FURANS and related compounds which can be 
extracted from the oil and their concentration 
analyzed using High Performance Liquid 
Chromatography (HPLC). Concentration of 
furans gives an indication of paper condition or 
degree of polymerization and the rate of change 
of Furan concentration indicates rate of ageing of 
paper. The technology of Furan testing and 
interpretation is still in development stage 
although, some utilities have introduced Furan 
Analysis as routine test for large transformers in 
service. 

 
9. Conclusion:  
  
An attempt has been made in this paper to review 
modern chemical and electrical methods for 
condition monitoring of large power 
transformers. Among the chemical methods, 
DGA is the most widely used method for 
detection of incipient faults. Next widely used 
method for analyzing cellulose ageing is FURAN 
analysis by HPLC technique. Protection against 
failure and minimizing Downtime are the 
foremost priorities of power utilities and 
therefore Condition Monitoring of large power 
transformers has assumed prime importance of 
late. 
 
 
 
 

~ ~ ~ x ~ ~ ~ 
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Speed Control of DC Shunt Motor 
using PID Controller  

 
 

1. Introduction 

Accurate control is critical to every process that 
leads to various types of controllers which are 
being widely used in process industries. Tuning 
methods for these controllers are very important 
for process industries. The aim of this paper is to 
design a PID controller for speed control of a DC 
motor. Because of their high reliabilities, 
flexibilities, and low costs, DC motors are 
widely used in industrial applications where 
speed and position control of motor are required. 
All control systems suffer from problems related 
to undesirable overshoot, longer settling times 
and vibrations and stability while going from one 
state to another state. Conventional PID 
controllers generally work well with fuzzy logic 
control. But here only the PID control action is 
explained. PID controller action is basically a 
closed loop control mechanism where the input 
to the controller is the error i.e the difference 
between the desired speed and the actual speed 
of the motor. The output of the controller is the 
controlling action based on the magnitude of the 
error which controls the input voltage to the 
motor and thus the speed. This operation can be 
automated with the help of programs or it can be 
manually operated. The parameters P,I and D 
indicating proportional, integral and derivative of 
the controller are adjusted to get the optimum 
performance of the control system. 
 
 
 
 
 

 
 
 
 

 
 
 
 

2. Modeling of DC Motor in MATLAB 
 

 
 
 
 
 
 
 
 
 
 
 

By applying Newton’s law and Kirchoff’s law to 
the motor system the following two equations 
can be obtained-  
 

 
 

 
 

By using the above two equations the simulink 
model can be constructed step by step and the 
final dc motor model will look like as shown 
below: 

 

 

                                       

 
 
 
 

Diganta Kalita 
 Bikash Dutta 
D.K. Hazarika 

 

Fig.1 Model of a separately excited 
DC motor 

 

 
Fig.2 Simulink model of DC motor 
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3. Analysis of DC Motor  Model: 

The main design requirements are as follows: 
Settling time should be less than 2 seconds,         
Overshoot of the system should be less than 5%; 
Steady state error should be less than 1%. By 
running the MATLAB program we get the 
response as shown below: 
 
  
 

 
 
 
 
 
 
 
 
 
 

 
From the graph the values obtained are 
Rise time = 1.14, Settling time = 2.07, Steady 
state value = 0.099 
From the above plot it is observed that if a 
voltage of 1 volt is applied to the motor the 
values obtained from the response is not within 
the desired design parameters. As such we have 
to use the controllers for better responses. 

5. PID Controller Design 
The combination of proportional, integral and 
derivative control action is called PID control 
action. 
 
 

 
 
 

Fig.5 DC motor with PID controller 

 
 

 

The variable () represents the tracking error, the 
difference between the desired input value () 
and the actual output (). This error signal () 
will be sent to the PID controller, and the 
controller computes both the derivative and the 
integral of this error signal. The control signal 
( ) to the plant is equal to the proportional gain 
( ) times the magnitude of the error plus the 
integral gain ( ) times the integral of the error 
plus the derivative gain ( ) times the derivative 
of the error.  
This control signal () is sent to the plant, and 
the new output () is obtained. The new output 
( ) is then fed back and compared to the 
reference to find the new error signal (). The 
controller takes this new error signal and 
computes its derivative and its integral again. 
The effects of each of controller parameters , 

, and  on a closed-loop system are 
summarized in the table below- 

Closed 
Loop 

Response 

Rise 
Time 

Overshoot 
Settling 
Time 

Steady 
State 
error 

Kp Decrease Increase 
Small 

Change 
Decrease 

Ki Decrease Increase Increase Eliminate 

Kd 
Small 

Change 
Decrease Decrease 

No 
Change 

 
For designing of the PID controller for speed 
control of the DC motor, the subsystem model of 
the DC motor already developed earlier has been 
extracted and a PID controller block has been 
added with step input as shown below: 

 
 
 
 

 

 

Fig.4 Open loop response of the motor 
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Fig.6 Simulink model of DC motor with PID 
controller 

 Engineering is a great                    

profession. There is a satisfaction of watching 

a figment of the imagination emerge through 

the aid of science to a plan on paper. Then it 

moves to realization in stone or metal or 

energy. Then it brings homes to men or women. 

Then it elevates the standard of living and 

adds to comforts of life. This is the engineer’s 

high privilege.   

(Herbert Hoover) 

Now for different values of the parameter Kp, Ki 
and Kd of the controller the output response is 
verified. At some certain values of Kp, Ki and 
Kd the output of the control system satisfied the 
required design criteria. For Ki=200, Kd=10, Kp= 
100, The response obtained is as shown- 
 

 

             Fig 7: The response 
 
Overshoot = 0, Steady state error= 0, Settling 
time=0.266 sec, Rise time=0.109 sec. These 
values satisfied the design criteria.The values of 
the parameters Kp, Ki and Kd can be introduce 
or adjusted either by writing program or directly 
changing the parameters in the PID controller 
block. 

 
 

  
Settling 

time(sec) 
Rise 

time(sec) 

Steady 
state 
value 

without 
any 

controller 
2.07 1.14 0.099 

With PID 
controller 

0.266 0.109 1 

                   Table: Final Output 

6. Conclusion  
The use of controllers for DC motors helps us to 
control the speed of the dc motor efficiently over 
a wide range of speed. The use of PID controller 
leads to a very efficient way of controlling the 
speed than without using any controllers by 
conventional method as seen from the responses 
obtained from the MATLAB representations. It 
helps the machine run in a ideal way. Thus, the 
speed of the dc motor can be increase or decrease 
using the PID controller very easily. 
 

 
=== 0 === 
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In today's fast paced world of increasing and 
innovative new technology, fuzzy logic is a 
practical mathematical addition to classic 
Boolean algebra. We can see its progressive 
applications in many fields of engineering and 
technology. We live in a world in which almost 
everything is a matter of degree but in bivalent 
logic, every proposition is either true or false. 
The theory of fuzzy logic is based on the notion 
of relative graded membership, as inspired by the 
processes of human perception and cognition. 
Lotfi A. Zadeh published his first famous 
research paper on fuzzy sets in 1965. Fuzzy logic 
can deal with information arising from 
computational perception and cognition, that is, 
uncertain, imprecise, vague, partially true, or 
without sharp boundaries. It allows for the 
inclusion of vague human assessments in 
computing problems. Also, it provides an 
effective means for conflict resolution of 
multiple criteria and better assessment of 
options. New computing methods based on fuzzy 
logic can be used in the development of 
intelligent systems for decision making, 
identification, pattern recognition, optimization, 
and control. Fuzzy logic is a logical system 
which is a form of multivalued logic. It is related 
with the theory of fuzzy sets, a theory which 
relates to classes of objects with unsharp 
boundaries in which membership is a matter of 
degree.  

Compared to traditional binary sets (where 
variables may take on true or false values, fuzzy 
logic variables may have a truth value that ranges 
in degree between 0 and 1. The main application 
of fuzzy logic in engineering is in the area of 
control systems. This main purpose of a control 
system is that it  

 

 

 

 

needs to know the desired response (input) and it 
needs to process this input and attempt to achieve 
it. Fuzzy logic controllers have been most widely 
being used in power system problems. Since 
power system dynamic characteristics are 
complex and variable, conventional methods 
cannot provide desired results. Therefore 
conventional controllers can be replaced with 
intelligent controllers to get good and fast 
dynamic response in load frequency control 
problems. If the system robustness and reliability 
are more important, fuzzy logic controllers can 
be more useful in solving a wide range of control 
problems since conventional controllers are 
slower and also less efficient in nonlinear system 
applications. 

 Designing of a fuzzy controller can be broken 
down into three main processes. The first of 
these is the fuzzification, this uses defined 
membership functions to process the inputs and 
to fuzzify them. These fuzzified inputs are then 
used in the second part, the rule-based inference 
system. This system uses previously defined 
linguistic rules to generate a fuzzy response. The 
fuzzy response is then defuzzified in the final 
process defuzzification. This process will 
provide a real number as an output. Designing a 
fuzzy controller can be done with several 
different computer based tools, the tool we will 
be using is the Fuzzy Logic Toolbox in 
MATLAB with Simulink. This toolbox provides 
a GUI (Graphical User Interface) for defining 
membership functions and inference rules and 
can be integrated with SIMULINK.  

                 Fuzzy logic is extremely useful for 
many people involved in research and 
development including engineers (electrical, 
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Do You Know…? 

 
� Electricity travels at the speed of light, 

more than 186,000 miles per second!  

� A spark of static electricity can measure 

up to 3,000 volts.  

� Lightning is a discharge of electricity in 

the atmosphere. Lightning bolts can 

travel at around 130,000 miles per hour 

and reach nearly 54,000 °F in 

temperature.  

� Electric eels can produce strong electric 

shocks of around 500 volts for both self-

defense and hunting. 

� Have you ever wondered why birds 

sitting on a power line don’t get 

electrocuted? If a bird sits on just one 

power line it is safe. However, if the bird 

touches another line with a wing or a 

foot, it creates a circuit, causing the 

electricity to flow through the bird’s 

body. This results in electrocution.  

� Did you know that electricity plays a role 

in the way your heart beats? Electricity 

causes muscle cells in the heart to 

contract. Electrocardiogram (ECG) 

machines, used by medical professionals, 

measure the electricity going through the 

heart. As the heart beats in a healthy 

person, the ECG machine displays a line 

moving across the screen with regular 

spikes.  

� Benjamin Franklin carried out extensive 

electricity research in the 18th century, 

inventing the lightning rod amongst his 

many discoveries. In the event of a 

lightning strike, the lighting rod conducts 

the strike through a grounded wire, 

protecting the building. 

 

mechanical, civil, chemical, aerospace, 
agricultural, biomedical, computer, 
environmental, geological, industrial, and 
mechatronics), mathematicians, computer 
software developers and researchers, natural 
scientists (biology, chemistry, earth science, and 
physics), medical researchers, social scientists 
(economics, management, political science, and 
psychology), public policy analysts, business 
analysts, and jurists. 

Indeed, the applications of fuzzy logic, once 
thought to be an obscure mathematical curiosity, 
can be found in many engineering and scientific 
works. Fuzzy logic has been used in numerous 
applications such as facial pattern recognition, 
air conditioners, washing machines, vacuum 
cleaners, antiskid braking systems, transmission 
systems, control of subway systems and 
unmanned helicopters, knowledge-based systems 
for multi objective optimization of power 
systems, weather forecasting systems, models for 
new product pricing or project risk assessment, 
medical diagnosis and treatment plans, and stock 
trading. Fuzzy logic has been successfully used 
in numerous fields such as control systems 
engineering, image processing, power 
engineering, industrial automation, robotics, 
consumer electronics, and optimization. This 
branch of mathematics has instilled new life into 
scientific fields that have been dormant for a 
long time. 
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1. Introduction: 

A nanowire is a nanostructure, with the diameter 
of the order of a nanometer (10−9 meters). It can 
also be defined as the ratio of the length to width 
being greater than 1000. Alternatively, 
nanowires can be defined as structures that have 
a thickness or diameter constrained to tens of 
nanometers or less and an unconstrained length. 
At these scales, quantum mechanical effects are 
important — which coined the term "quantum 
wires". Many different types of nanowires exist, 
including superconducting , metallic e.g., Ni, Pt, 
Au, semiconducting e.g., Si, InP, GaN, etc, and 
insulating e.g., SiO2, TiO2. Molecular nanowires 
are composed of repeating molecular units either 
organic e.g. DNA or inorganic e.g. Mo6S9-xIx. 
They are often referred to as one-dimensional (1-
D) materials. Nanowires have many interesting 
properties that are not seen in bulk or 3-D (three-
dimensional) materials. This is because electrons 
in nanowires are quantum confined laterally and 
thus occupy energy levels that are different from 
the traditional continuum of energy levels or 
bands found in bulk materials. 

2. Production or synthesis of nanowire: 
There are two basic approaches to synthesizing 
nanowires: top-down and bottom-up. A top-
down approach reduces a large piece of material 
to small pieces, by various means such as 
lithography or electrophoresis. A bottom-up 
approach synthesizes the nanowire  by 
combining constituent atoms. Most synthesis 
techniques use a bottom-up approach. Nanowire 
production uses several common laboratory 
techniques, including suspension, 
electrochemical deposition, vapor deposition, 
and VLS growth. Ion track technology enables 
growing homogeneous and segmented nanowires 
down to 8 nm diameter. A common technique for 
creating a nanowire is Vapor-Liquid-Solid (VLS)  
 
 

 
 
 

synthesis. This process can produce crystalline 
nanowires of some semiconductor materials. It 
uses a source material from either laser ablated 
particles or a feed gas such as silane. Solution-
phase synthesis refers to techniques that grow 
nanowires in solution. They can produce 
nanowires of many types of materials. Solution-
phase synthesis has the advantage that it can 
produce very large quantities, compared to other 
methods. In one technique, the polyol synthesis, 
ethylene glycol is both solvent and reducing 
agent. This technique is particularly versatile at 
producing nanowires of lead, platinum, and 
silver. Nanowires can be also grown without the 
help of catalysts in the gas phase. The simplest 
methods to obtain metal oxide nanowires use 
ordinary heating of the metals at temperatures 
lower the melting point, in oxidative atmosphere 
(oxygen or air). 

3. Physics behind Nanowires: 
Several physical reasons predict that the 
conductivity of a nanowire will be much less 
than that of the corresponding bulk material. 
First, there is scattering from the wire 
boundaries, whose effect will be very significant 
whenever the wire width is below the free 
electron mean free path of the bulk material. In 
copper, for example, the mean free path is 40 
nm. Copper nanowires less than 40 nm wide will 
shorten the mean free path to the wire width. 
Nanowires also show other peculiar electrical 
properties due to their size. Unlike single wall 
carbon nanotubes, whose motion of electrons can 
fall under the regime of ballistic transport 
(meaning the electrons can travel freely from one 
electrode to the other), nanowire conductivity is 
strongly influenced by edge effects. The edge 
effects come from atoms that lay at the nanowire 
surface and are not fully bonded to neighboring 
atoms like the atoms within the bulk of the 
nanowire. The unbonded atoms are often a 
source of defects within the nanowire, and may 
cause the nanowire to conduct electricity more 
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poorly than the bulk material. As a nanowire 
shrinks in size, the surface atoms become more 
numerous compared to the atoms within the 
nanowire, and edge effects become more 
important.Furthermore, the conductivity can 
undergo a quantization in energy: i.e. the energy 
of the electrons going through a nanowire can 
assume only discrete values, which are multiples 
of the Von Klitzing constant G = 2e2/h (where e 
is the charge of the electron and h is the Planck 
constant).The conductivity is hence described as 
the sum of the transport by separate channels of 
different quantized energy levels. The thinner the 
wire is, the smaller the number of channels 
available to the transport of electrons.This 
quantization has been demonstrated by 
measuring the conductivity of a nanowire 
suspended between two electrodes while pulling 
it: as its diameter reduces, its conductivity 
decreases in a stepwise fashion and the plateaus 
correspond to multiples of G. The quantization of 
conductivity is more pronounced in 
semiconductors like Si or Ga, As than in metals, 
due to their lower electron density and lower 
effective mass. It can be observed in 25 nm wide 
silicon fins, and results in increased threshold 
voltage. In practical terms, this means that a 
MOSFET with such nanoscale silicon fins, when 
used in digital applications, will need a higher 
gate (control) voltage to switch the transistor on. 

4. Applications and scope: 
The properties of nanowires have caused 
researchers and companies to consider using this 
material in several fields.  
a. Nanowires Applications in Energy: 
� Researchers at MIT have developed a solar 

cell using graphene coated with zinc oxide 
nanowires. They believe that this method 
will allow the production of low cost flexible 
solar cells at high enough efficiency to be 
competive. 

� Sensors powered by electricity generated by 
piezoelectric zinc oxide nanowires. This 
could allow small, self contained, sensors 
powered by mechanical energy such as tides 
or wind. 

� Researchers at the Nies Bohr Institute have 
determined that sunlight can be concentrated 
in nanowires due to a resonance effect. This 
effect can result in more efficient solar cells, 
allowing more of the energy from the sun to 
be converted to electricity. 

� Using light absorbing nanowires embedded 
in a flexible polymer film is another method 
being developed to produce low cost flexible 
solar panels. 

� Recently the silicon nanowires on a stainless 
steel substrate has demonstrated that 
batteries using these anodes could have up to 
10 times the power density of conventional 
lithium ion batteries. Using silicon 
nanowires, instead of bulk silicon fixes a 
problem of the silicon cracking, that has 
been seen on electrodes using bulk silicon.  

b. Nanowire Applications in the Environment: 
� Silver chloride nanowires can be used as a 

photocatalysis to decompose organic 
molecules in polluted water.  

� Using an electrified filter composed of silver 
nanowires, carbon nanotubes and cotton to 
kill bacteria in water.Using nanowire mats to 
absorb oil spill. 

c. Nanowire Applications in Electronics 
� Using electrodes made from nanowires that 

would enable flat panel displays to be 
flexible as well as thinner than current flat 
panel displays. 

� Using nanowires to build transistors without 
p-n junctions. 

� Using nanowires made of an alloy of iron 
and nickel to create dense memory devices. 
By applying a current magnetized sections 
along the length of the wire. As the 
magnetized sections move along the wire, 
the data is read by a stationary sensor. This 
method is called race track memory. 

� Using silver nanowires embedded in a 
polymer to make conductive layers that can 
flex, without damaging the conductor. 

� Sensors using zinc oxide nano-wire detection 
elements capable of detecting a range of 
chemical vapors.  
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