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INTRODUCTION

Imagine a technology that could slice up the time itsakeetailer to measure inventory, one that could
provide accurate information about a single item as itamdnom manufacturing through a store and then
on to post-sales support. Imagine one that could finallly &utomate checkout, freeing store personnel to
provide increased levels of customer support. Welcome iD,RFhew technology that promises these

benefits and more. It is latest addition to Automatentification technologies.

AUTOMATIC IDENTIFICATION

Automatic identification, or auto ID for short, istherm given to a host of technologies that are used to
help machines identify objects. This technology enatdaspanies to identify items, capture information
about them and get the data into a computer withouhamployees type it in. The aim of most auto-1D
systems is to increase efficiency, reduce data emysg and free up staff to perform more value-added
functions, such as providing customer service. Ther@ dost of technologies that fall under the auto-1D
umbrella. These include bar codes, smart cards, vaiogméion, some biometric technologies (like retinal
scans), optical character recognition, and radio frequieecyification (RFID). Let us take a look at the

most familiar of the above i.e. Barcodes

BARCODES

The series of thick and thin lines that we see on diglepurchased in stores is known as a barcode.
These series of lines contain some coded informatitinem (for example, name of product,

manufacturers name, retail price etc.). These co@escanned and decoded at the check out counter by an
electronic scanner.

Barcodes is quite an old technology that took a whiletichaan. The patent for barcodes was issued in
1952. It took twenty years before a standard for barcodesp@roved, but they still didn't catch on. Ten
years later, only 15000 suppliers were using bar codes. fhaged in 1984. By 1987 - only three years

later! - 75000 suppliers were using bar codes. That's akedfi@ growth curve.

So what changed in 19847 Who, or what, caused the change?

Wal-Mart! The biggest chain of supermarkets in the UnitedeSt



So when Wal-Mart said that it wanted to use bar cosleslzetter way to manage inventory, barcodes
became de rigueur. If you didn't use bar codes, you lostWaEls business. That's a death knell for most

of their suppliers.

The same thing is happening today. There's a new tegniol town that is going to be a big part of the
future. And how do we know this? Pin it on Wal-Mart ag#tirey're the big push behind this new
technology.

So what is this new technology? It is called RFID.

Invented in early 1950s and patented in 1973, but only now iega@ommercially and technologically

viable, RFID tags are essentially microchips, thietithe better.

WHAT ISRFID ?
Radio frequency identification, or RFID, is a type of audtic identification technology that uses radio
waves to identify people or objects. There are seweettiods of identification, but the most common is to

store a serial number that identifies a person or glged perhaps other information.

COMPARISION BETWEEN BARCODESAND RFID

The main points of distinction between barcodes and RF¢D

BARCODES RFID

They use line-of-sight technology. People have toDoesn’t require line-of-sight. RFID tags can be
orient the code towards the scanner toread it. | read if they are within the range of the reader.

With barcode technology, every can of Coke has With RFID, each individual can of Coke would
the same barcode number as every other can have a unique ID number making it possible to
making it impossible to identify which one passes store other information related to that particular

its expiry date first. can, such as expiry date, its retailing store , etc.

If the label is ripped, soiled or falls off then there| Since the RFID chip is embedded in the item it

is no way to scan the item. cannot be easily ripped or soiled.




HISTORY OF RFID

The concept of radio frequency identification goes badkaod War Il. Britain pioneered the use of radio
wave-based navigation and identification of friend or foekift for night operations by the Royal Air
Force (RAF). The military has continued to use more acke versions of this technology for many

applications.

More recently, commercial businesses have begun usirig fREhnology for manufacturing and supply
chain applications. Corporate giants like Marks & Sper@empaq Computer, are using this technology to
track their goods with a consistent track record for esgcRFID is also in use today for consumer
applications. In United States, EzPass in toll boditahil Speed Pass in gas stations or a Smart Card
issued by banks; use RFID technology. Delta Airwayssitntg RFID on flights, to track customer bags
and avoid baggage losses. Major manufacturers and retiige@Gillette, Prada, Proctor & Gamble, Tesco
(UK chain) and Wal-Mart (US chain) expect RFID tagaitbin managing the supply chain, from

manufacturing to shipping to stocking the store stselve

In India, Wipro Technologies, the global IT servicegsion of Wipro, has announced the launch of RFID-
enabled concept store at its campus. RFID tags wereisdsbduring the Mumbai Marathon to track

runners.



RFID BASICS

The objective of any RFID system is to carry data itebile transponders (tags) and to retrieve data by
machine-readable means which suit the needs of i@artapplication. Data within a tag may provide
identification for an item in manufacture, goods in trgreslocation, the identity of a vehicle, an animal or
an individual. A basic RFID system requires, in additmtagys, a means of reading or interrogating the
tags and some means of communicating the data te#ieomputer. The system may also include a

facility for programming data into the tags.

WIRELESS COMMUNICATION
Communication between tags and a reader is wirelégstwo methods employed in RFID are:

= Close proximity electromagnetic coupling or inductive coupli

= Propagation of electromagnetic waves
Data transmission is subject to influences of the madéhannels through which the data is passed. This
data is to be guarded against noise, interference andidisi&tructuring the data bits to accommodate
these needs is called as ‘encoding’. For efficient tlatesfer through air interference or space which
separates the two communicating components (transpomdléraasceiver) the data is modulated.
Modulation involves changing the primary features (likghtude, frequency or phase) of a sinusoidal
carrier wave in accordance with the data carryingtizam.
RFID systems allow non-contact data transfer. Siviceless communication is involved, non-line-of-sight

communication is an added advantage.

CARRIER FREQUENCIES

Three frequency ranges are generally distinguished for RB@2ms, low, intermediate (medium) and
high. The following table summarizes these three frequearges, along with the typical system
characteristics and examples of major areas of afiplica

Table 1. Frequency Bands and Applications

(Contd. on next page)



Frequency Band| Characteristics Typical Applications

Low Short to medium read rang&ccess control

100-500 kHz Inexpensive Animal identification
low reading speed Inventory control

Car immobilizer

Intermediate Short to medium read rang&ccess control
10-15 MHz potentially inexpensive  |Smart cards

medium reading speed

High Long read range Railroad car monitoring
850-950 MHz  [High reading speed Toll collection systems
2.4-5.8 GHz Line of sight required

Expensive

Three carrier frequencies, recognized as representafitles low, intermediate and high ranges, are 125
kHz, 13.56 MHz and 2.45 GHz. However, there are eigquecy bands in use around the world for
RFID applications. The reason for this is simple; coguAtmay assign a particular band for RFID
application, but this band may already be assigned fithanapplication in country B. So there are a few
frequencies available on global basis for the technoldgyvever, this is expected to change by the year

2010, as countries are required to achieve some unifobmityen.

DATA TRANSFER RATE AND BANDWIDTH

Data transfer rate is influenced primarily by the freguyeof the carrier wave, higher the frequency higher
is the rate of data transfer. This is intimately linkethe bandwidth or range available within the
frequency spectrum for the communication process. Taengi bandwidth needs to be at least twice the

bit rate required for the application in mind.

RANGE AND POWER LEVELS

The range that can be achieved in an RFID system is eigafgiarmined by:
* The power available at the reader / interrogator tercanicate with the tags
* The power available within the tag to respond

* The environmental condition and structures, especialygaer frequencies



* The manner and efficiency in which power is deployed

* The antenna design and angle subtended between the tagemthant

In a space free of any obstructions or absorption mechanike strength of the field reduces in inverse
proportion to the square of the distance. If the wavpagates through a region in which reflections can
arise from the ground and from obstacles, the sthamgluces considerably due to ‘multi-path
attenuation’. At higher frequencies, absorption duaésgnce of moisture can further influence the range.
Hence, it is important to determine the influence ofgheronment and the surrounding obstacles on the

range of communication.

The power within a tag is generally lesser than thdtimvihe reader, requiring sensitive detection
capabilities within the reader to handle the returnaigy Although it is possible to choose power levels to
suit different application needs, we cannot exercise camnfrkedom of choice. Like restrictions on carrier

frequencies, legislative constraints are imposed on plewels too.



RFID SYSTEM COMPONENTS

A basic RFID system consists of four components:
An antenna or coil
A transponder (RF tag) electronically programmed wittywe information
A transceiver (with decoder)

A RF transponder programmer

Tag
Antenna

Transponde
or Tag

' . Air inta‘f ace

Beader / Programmer

Reader Antenna

» Antennas

The antenna emits radio signals to activate the tagparehd and write data to it. Antennas are the
conduits between the tag and the transceiver, whidnatdhe system's data acquisition and
communication. Data transmission is carried out throughciinge coupling. Antennas are available in a
variety of shapes and sizes; they can be built intaa fdame to receive tag data from persons or things
passing through the door, or mounted on an interstateottt io monitor traffic passing by on a freeway.
The electromagnetic field produced by an antenna can bantdygresent when multiple tags are
expected continually. If constant interrogation is not ireglithe field can be activated by a sensor device.
Often the antenna is packaged with the transceiver amdleleto become a reader (a.k.a. interrogator),

which can be configured either as a handheld or a fixaghtraevice.

» Transponders/ Tags



A transponder (derived fromnansmitter andresponder) receives and transmits radio signals at a prestribe
frequency range. After receiving the signal, it broatice signal at a different frequency. Thus, the tag
responds to a transmitted or communicated request falatiadt carries through wireless mode of
communication.

The basic components of a transponder may be represensbawn below. Generally speaking they are
fabricated as low power integrated circuits suitablerfterfacing to external coils, or utilizing "coil-on-

chip” technology, for data transfer and power genergpassive mode).

Amalogue Circuibry
[ |: Drata Transfer
-~

/-’ﬁ"x\ Fower supply
Non-vehtile Memory
- el il EEPROM
/ Digial Cireuitry  [0—"> Flash
M ____,-" Cordrol loge
- I
SR Read Ondy Memory
e q
logie/mictoprocessar L™ ROM
Ramdom Access Memery
RAM

The transponder memory may comprise read-only (ROMlaramaccess (RAM) and non-volatile
programmable memory for data storage depending upon tharypsophistication of the device. The
ROM-based memory is used to accommodate security dathatrdnsponder operating system
instructions which, in conjunction with the processoprarcessing logic deals with the internal "house-
keeping" functions such as response delay timing, datacthoivol and power supply switching. The
RAM-based memory is used to facilitate temporary datage during transponder interrogation and
response. The non-volatile programmable memory mayarious forms, electrically erasable
programmable read only memory (EEPROM) being typlt#d.used to store the transponder data and
needs to be non-volatile to ensure that the dattasied when the device is in its quiescent or power-

saving "sleep"” state.
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Data buffers are further components of memory, usgehtporarily hold incoming data following
demodulation and outgoing data for modulation and interfétetiae transponder antenna. The interface
circuitry provides the facility to direct and accommodateinterrogation field energy for powering
purposes in passive transponders and triggering of thedraaear response. Where programming is
accommodated facilities must be provided to accept tteendadulated signal and perform the necessary

demodulation and data transfer processes.

Tags with different data storing capacities (from onelsi bit to kilobits) are available. The single bit
devices are essentially for surveillance purposes. wahdigher data storing capabilities (128 bit or 512
bits) are user programmable. Tags with data storageitapad around 64 kilobits may be regarded as
carriers for portable data files. Depending upon the typeesfiory a tag contains, the data may be read-
only, write once read many (WORM) or read/write. tRealy tags are invariably low capacity devices
programmed at source, usually with an identification numMORM devices are user programmable
devices. Read/write devices are also user-programmabéltwing the user to change data stored in a

tag.

The transponder antenna is the means by which the d®mnses the interrogating field and, where
appropriate, the programming field and also servélseasieans of transmitting the transponder response to

interrogation.

The tags are broadly classified as either activeassige, depending upon the manner in which the device
derives its power.

» Active tags are powered by an internal battery andypieally read/write devices. Since they are
externally powered, they are able to operate at longemdiss than passive tags (typically 300 ft
or more). Additionally, some active tags offer sensingnitoring, or alerting capabilities that are
not available in passive systems. They also offéebabise immunity and higher data
transmission rates. The downside to all of this funetlity is in the cost — the prices for the
individual active tags range from fifteen to fifty doBaor more. In addition, it is possible for the

tag’s battery to run out of energy, rendering the tageaseinless the battery can be replaced.
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» Passive or backscatter RFID systems use the energyeslipglan RF signal from the reader, or
interrogator, to energize the tag and allow it todsiés message back to the reader. The tag does
not transmit its message, however. Instead, it iglily absorbs or reflects the reader’'s RF
energy in a predetermined sequence. This creates mpzitteflected RF energy at the reader,
which can be deciphered into the unique ID of the passivétssive tags are much lighter than
active tags, less expensive, and offer a virtually utdichoperational lifetime. The trade-off is
that they have shorter read ranges than active tagequider a higher-powered reader. They are
also constrained in their capacity to store data amability to perform well in
electromagnetically noisy environments. Sensitivitg arientation performance may also be

constrained by the limitation on available power.

RFID tags come in a wide variety of physical forms pgsasizes and protective housings. Animal tracking
tags, inserted beneath the skin, can be as small asibl@athin diameter and 10 mm in length. Tags can
be screw-shaped to identify trees or wooden items ealitetard shaped for use in access applications. The
anti-theft hard plastic tags attached to merchandiseiiassare also RFID tags, as are heavy-duty 120 by
100 by 50 mm rectangular transponders used to track inter-mmdaireers, or heavy machinery, trucks,

and railroad cars for maintenance and tracking apjaicat

» Transceiver

A transceiver (short faransmitter-receiver) is a device that transmits as well as receives tiyiic

analog signals. When a transmitter is packaged with aldeend an antenna, it becomes a
reader/interrogator. Each reader/interrogator diffens filoe other, depending upon the type of tag it
supports and its functions. However, the overall fumcigato provide the means of communication with
the tags and facilitating data transfer. Functionfopgred by the reader may include quite sophisticated
signal conditioning, parity error checking and cori@ttiOnce the signal from a transponder has been
correctly received and decoded, algorithms may be appliectde whether the signal is a repeat
transmission, in which case the transponder is instracteghse transmission. This is known as the
‘Command Response Protocol’ and is used to circumverritblem of reading multiple tags in a short

space of time. Using interrogators in this way is sometireferred to as ‘Hands Down Polling’. An
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alternative, more secure, but slower tag polling technigjoalied ‘Hands Up Polling’ which involves the
interrogator looking for tags with specific identities, amerrogating them in turn. This is contention
management, and a variety of techniques have been devebopgaldve the process of batch reading. A
further approach may use multiple readers, multiplexedoinéointerrogator, but the cost of the system

increases in such case.

» RF Transponder Programmers

Transponder programmers are the means, by which ddgévsred to write once, read many (WORM)

and read/write tags. Programming is generally carriedffline; for example, at the beginning of a batch
production run. For some systems re-programming may bied¢aut on-line, particularly if it is being

used as an interactive portable data file within a proolu@nvironment. It may be required to record the
data during each process. Removing the transpondes ahtl of each process to read the previous process
data, and to program the new data, would naturally incprasess time and would detract substantially
from the intended flexibility of the application. By coming the functions of a reader/interrogator and a
programmer, data may be appended or altered in th@taaear as required, without compromising the

production line.

The range over which the programming can be achievgdrierally less than the read range and in some
systems near contact positioning is required. Progrenmare also generally designed to handle a single
tag at a time. However, developments are now satistyia need for selective programming of a number

of tags present within the range of the programmer.
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RFID SYSTEM CATEGORIES

RFID systems may be roughly grouped into four categories:
» EAS (Electronic Article Surveillance) systems
» Portable Data Capture systems
* Networked systems

» Positioning systems

Electronic Article Surveillance systems are typigaihe bit systems. They are primarily used to sdmse t
presence or absence of an item. This technology idyanged in retail stores where each item is tagged
and large antenna readers are placed at each exit of théostietect unauthorized removal of the item

(theft).

Portable data capture systems are characterized bgehaf portable data terminals with integral RFID
readers. They are used in applications where a high ddgragability in data from tagged items (which
requires sourcing) may be exhibited. The hand-held readdedifmdata terminals capture data which is
then either transmitted directly to a host informatimnagement system via a radio frequency data

communication (RFDC) link or held for delivery by linelage to the host on a batch processing basis.

Networked systems’ applications can generally be cheniaed by fixed position readers deployed within
a given site and connected directly to a networked irdtiom management system. The transponders are

positioned on moving or moveable items, or people, depgnution the application.

Positioning systems use transponders to facilitatevaattn location and navigation support for guided
vehicles. Readers are positioned on the vehicles aketllio an on-board computer and RFDC link to the
host information management system. The transpondeesrdredded in the floor of the operating
environment and programmed with appropriate identificagiod location data. The reader antenna is

usually located beneath the vehicle to allow closer prityito the embedded transponders.
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APPLICATIONS

The applications of RFID are limited only by people’s gimation. Data within a tag may provide
identification for an item in manufacture, goods in trgreslocation, and the identity of a vehicle, an

animal or individual. So, RFID tags can be used forreetyaof operations.

A number of factors influence the suitability of RF@W a given application. The application needs must
be carefully determined and examined with respect totttileudes that RFID. Further considerations have
to be made in respect of application environment, frorel@ctromagnetic standpoint, standards, and

legislation concerning use of frequencies and power levels

» Security And Access Control

RFID can be used for electronic toll collection thusidwng the slowing down of vehicles at the toll plaza.
This system is called EZPASS. Drivers usually have yodeposit to obtain a transponder, about the size
of a deck of cards. This device is kept on the inside thewandshield. Some basic information such as
the car’s identification number is stored inside thagponder. The reader at the toll plaza reads the
information stored on the transponder as the car pds®egh. If the account is in good standing, a toll is
deducted from the driver’s prepaid account. The systenbegmogrammed to alert the driver if the

balance is low or to identify a vehicle without ansponder thus not allowing it to pass through.

» Animal Identification
Valuable breeding stock, laboratory animals involvekemgthy and expensive research projects, meat and
dairy animals, wildlife, and even prized companion aniralllgresent unique identification problems that

can be solved by innovative applications of RFID technplog

» Carrier Identification
The automotive industry uses RFID systems to trackckeshthrough assembly, where tags must perform
even after repeated subjection to temperatures of 150 tG,3fMinting, etc. A primary objective for use of

the technology in this environment is verificationvehicle identity prior to execution of given assembly
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tasks. Although manufacturers sequentially track vehiblesigh assembly, undetected removal of a

single vehicle from the line could be costly.

» Currency Authentication

The European Central Bank is moving forward with plaresitbed RFID tags as thin as a human hair into
the fibers of Euro bank notes by 2005. The tags would &@iovency to record information about each
transaction in which it is passed. Governments and lagv@rhent agencies hail the technology as a
means of preventing money-laundering, black-market trinoeacand even bribery demands for

unmarked bills.

» Automatic Payment Systems

A wide range of merchants and retailers are lookingvys to implement radio frequency (RF) wireless
payment systems. Tests are going on to develop an REtEnsyalled Near Field Communication (NFC),
which will enable RFID communication between PCs, handbeinputers, and other electronic devices.
The vision is that consumers will log on to their paed@nline portal by swiping their smart cart—
embedded with a RFID tag which will be read by a RFID nepligyged into the USB port on the
computer. Next, consumers would shop online, say, for §dket local event. The consumer would pay
for the tickets online, download them to their PC dresh transmit them with NFC technology to an RFID
tag in their mobile phone. Then, at the event, conssimeuld wave their cell phone near a reader in the

turnstile, and be automatically admitted.

» Applicationsin Health Care

In the wake of SARS in the Far-east RFID was used tatanaevery single person’s movements in the
hospital. Under this system, all patients, visitors, staff entering the hospital are issued a card embedded
with an RFID chip. The card is read by sensors instailéide ceiling, which record exactly when a person
enters and leaves the department. Officials sayhleaethnology enabled health care workers to keep tabs
on everyone who enters the hospital, so that if mays later diagnosed with SARS, a record of all other

individuals with whom that person has been in contacbeammediately determined.
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Other applications of RFID are
* Waste management
* Time and attendance
» Postal tracking
» Airline baggage reconciliation

* Vehicle anti-theft system

SOME COMPANIES USING RFID
Wal-Mart, Gillette, UK based supermarket chain Tescogter & Gamble, tire manufacturer Michelin,
European central bank, Alexandra Hospital in Singapore, Mafisencer, clothing maker Benetton and

many other reputed companies are using RFID technologysatitsfactory results.
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ISSUES CONCERNING RFID

» Legalization
While corporate giants tout the merits of RFID teclogy) civil liberties advocates point out that the
ability to track people, products, vehicles, and evereogy would create a world where law enforcement
officials and nosy retailers could read the contentslwindbag, perhaps without a person's knowledge,
simply by installing RFID readers nearby. Such a feaptsinfounded. In order to protect privacy of
consumers a council must be formed to frame the ratasshge of RFID. The nature of the rules should be
as follows:
1) Only the package of the items can be tagged instead iéthétself. So once the package is
removed and the item is put to use, the tag cannot betesece the buyer.
2) Other than that, the system should be such that tags @uteamnot be re-read. Thus, when an
item is bought, the tag should be automatically deactivate
3) Also, companies which use RFID tags should declare thislthlettering on the product package.

This will make the consumers aware of the possihifitigeing tagged.

» Standardization

Just as standardization enabled the tremendous growth desjwead use of barcode, cooperation among
RFID manufacturers will be necessary for promotifiddR Most countries have assigned the 125 kHz or
134 kHz area of the radio spectrum for low-frequency systants13.56 MHz is used for high-frequency
systems. But UHF RFID systems have only been arouwd #ire mid-1990s and countries have not agreed
on a single area of the UHF spectrum for RFID. Europs 868 MHz for UHF and the U.S. uses 915

MHz. Until recently, Japan did not allow any use of th¢F spectrum for RFID, but it is looking to open

up the 960MHz area for RFID. Many other devices use thie §fi¢ctrum, so it will take years for all
governments to agree on a single UHF band for RFID. Gaovenmt’s also regulate the power of the readers
to limit interference with other devices. Some grogpsh as the Global Commerce Initiative, are trying to

encourage governments to agree on frequencies and output.

» Unemployment
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RFID technology is a laborsaving technology. So i@slyi that some workers will be laid off. That's
because fewer workers will be needed to scan RFID tagsmpared to bar codes. But the transition from
bar codes to RFID could take a decade or more, sontikely that RFID will lead to wide-scale
unemployment of workers. The technology will likely ceeaew jobs, such as research and development

in RFID, manufacturing and programming of tags and readers et

» Cogt

RFID readers typically cost $1,000 or more. Companies wuoeed thousands of readers to cover all their
factories, warehouses and stores. RFID tags areatoexpensive — 30 cents or more — which makes
them impractical for identifying millions of items theost only a few dollars. More research is being
conducted in order to make this technology cost-effectipplication of the technology in tagging cartons,
pallets, etc will become viable only when the tagegsidrop down to 1 cent or less. It is expected that tag
prices will drop to 5 cents by 2007, increasing tag sales billidh. The aim is to go far beyond a mere
equivalent of barcode and to create a chain where itemtseceead more reliably and individual items can

be identified at a lower cost.

FUTURE OF RFID

Currently, RFID technology is still too expensive toused by all retailers. Over the next few years,
industry experts expect to see a broad range of RFID pilotseven several fully integrated systems,
launched. A handful of corporations have already signedrmhare moving ahead with plans to embed
products with RFID tags.

RFID, its application, standardization, and innovationcarestantly changing. Its adoption is still relatively
new and hence there are many features of the teghntblat are not well understood by the common
people. Developments in RFID technology continue to yarlgdr memory capacities, wider reading
ranges, and faster processing. It may take a longftintee technology to replace barcode because it is
difficult to make the integrated circuit in an RF tag est-@ffective as a bar code label. However, RFID
will continue to grow in its established niches whexednde or other optical technologies aren't effective.
If some standards commonality is achieved, whereby REiIpment from different manufacturers can be

used interchangeably, the market, very likely, will gexyponentially.
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CONCLUSION

Exciting times await those of us committed to the purdstdvancements in RFID. Its impact is lauded
regularly in mainstream media with the use of RFID dlatebecome even more ubiquitous. The growing
interest in telematics and mobile commerce will biRig)D even closer to the consumers. The key

attributes of RFID can be summarized below:

* New generation, lower cost transponders offering meé#d capabilities

» Read/write electronic storage technology

* Wide range of products satisfying a range of data storagjdata transfer needs

* Low to reasonably high (64Kbits) data storage capability

* Wide range of data transfer rates, depending on deviceaaridr frequency used. Generally
speaking, the higher the carrier frequency the higheddteetransfer rates achievable

* Close proximity (inductive systems) to tens of meteadiéting systems), without the need for
line-of-sight interrogation, depending upon type of transpanaed interrogation hardware

* Robust constructions available, allowing use in readgrelosh conditions

As we continue to explore this new technology in order¢ate a better future, let us remember what
Ralph Waldo Emerson quoted, “Nothing great was ever achigitledut enthusiasm”. We have a great

many developments to look forward to; history continogsach us that.
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