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| NTRODUCT! ON

HELEN KELLER, that great deaf and blind lady was once
asked, "If you had a choice of having your eyesight or your
hearing, which would you rather have ?" Her answer rocked
the world. For she considered hearing nore inportant for
one's happi ness and social wellbeing. Mdern day research has
science proven Helen Keller correct. Deeply rooted in our
ability to hear is our sense of security, Psychological and
social wellbeing. So it is of little wonder that nost people
with hearing loss put off doing any thing about it, they need
encouragenent and support from the famly and the concerned

pr of essi onal s.

Hearing Inpairnment has an devastating effect on the
speech and | anguage devel opnent of the child. The anmount and
the nature of deviation of the speech and |anguage is largely
dependent on the severity and age of onset of inpairnent. The
pr of essi onal help of right kind and tine has al ways shown a
constructive nature in the devel opnent of speech and | anguage
of the child towards normalcy. Hearing Inpaired students dea
with many different listening conditions in the educationa
envi ronnent . For the inpaired, proper selection of t he
anplification is extrenely inportant for |anguage and speech
devel opnent, because of the adverse effect of the hearing
| oss, it becones nost essential that the anplification
system selected nust provide the highest quality signals
possible, so that the child is provided with the best possi-

bl e acoustic signals.



Properly selected anplification will have an inportant
impact on |anguage and speech acqui sition because the
devel opnent of speech and |anguage relies heavily on the
auditory nodality. Properly selected anplification al so
enhances speech intelligibility for the child, which my be a
primary factor in educational progress. Consi dering the
cruci al role of audition in early |anguage acquisition
selection and fitting of hearing anplification systens are a
shar ed goal of parents, educators and audiologist. The
technol ogi cal advances in hearing aid performance,ear nould
nodi fication's and a gr owi ng know edge of speech
sci ences, child |anguage devel opnment nust be categorated into
the process of selection of anplification systens,to ensure
effective and appropriate anplification.The other inportant
factor in addition to quality of anplification,is the

duration of anplification a child is getting.

In a classroom setting, 3 options for anplification are
avai l able : personal owned hearing aid, school - owned
auditory training systens and school owned system that may be
used in conjunction with the personal hearing aid. From the
last 5 decades electronic anplification devices have been
used in schools for the deaf,group anplification being the

best for the classroom teaching.



AWPLI FI CATI ON SYSTEM FRQM
VACUM TUBES TO D @ TAL SYSTEM

Hearing instrument that enploy various fornms of digita
t echnol ogy have been on the market for leas than 5 years, yet

they are already having a significant inpact on the field.

The major era's in the history of hearing instrunents are

given below in a schematic illustration
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Those periods have occurred about every 25 to 30 years.
Each era overlaps with the precedi ng one, indicating that
there 1is initially a nerging of the technol ogies before the
new technol ogy reaches maturity and replaces its predecessor
During the period of overlap there were many high breed
nmodel s, nmeani ng that conponents from each technology were

used in a single device.



Advances in hearing aid design generally have lagged a
nunber of years behind the introduction of each nmajor new
technology and its application to the other areas. After a
| ong peri od of acoustic hearing trunpets and horns,
" ALEXANDER GRAHAM BELL' S" invention of telephone in 1876, |ed
20 years later to the first electronic hearing instrunent
i.e. the carbon transmtters. Although the triode vacuum tube
was invented in 1907 by Deforest and was quickly adapted for
radio and tel evision applications, Vacuum tube (electronics)
hearing instrunents were not seen until the early 1920's. The
present era began a few years after the invention of the

transistor in 1947 by scientists at Bell |aboratories.

Transi stor technol ogy made possible the devel opnent  of
ear |evel hearing instrunments and the application of
integrated circuit (1.C design in the md 1960's wultimtely

led to small, In The Canal Devices avail abl e today.

The offshoot of the technology of 1950's was induction
| oop system the principles of induction were nmade use of for
devel opnent of group anplification systens for schools for
the deaf. Such systens still have utnost inportance in the
present era of digital anplification systens. Many surveys
have shown that 45% of Indian School set-ups are fitted wth
i nduction loop systens, which is next to the hard wire group

cl assroom anplification.
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| NTRCDUCTION  TO
| NDUCTI ON LOCP AVPLI FI CATI ON

Now for many years the two nmethods of anplification for
the deaf and hard of hearing have been, the conventiona

hearing aid and the group anplifiers in the school

Both devices inspite of the linmations, still remain as
the avail able nethods of anplification. In nost prograns for
the deaf the group anplifier is the source of stinulation
used during the classroom teaching, however the hearing aid
becones the sole neans of providing anplification to each

child all the tine.

The induction loop anplification is one of the ol dest
systens next to hard wire group anplifications. The induction

| oop system consists of the follow ng.
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Wth tine and experience it was found that this system
was not the ultimate in group anplification. To overconme sone
of the problenms of ILA like spill-over, null points and to
have nore sensitive electromagnetic signals |ILA underwent few
nodi fications.

WORKI NG OF
| NDUCTI ON LOOP SYSTEM

The basic principle involved is that of electromgnetic
i nduction. (Hal liday and Resnik 1962). Wen a conduct or
(awire) is carrying current, that current sets up a nagnetic
field around the wire. If another conductor is situated in
the wvicinity of the first then a current will be inducted
into this conductor whenever a change occurs in the strength

of the current through the first conductor.

Thus a loop induction system conprises of a mcrophone
that is connected to a loop drive anplifier, the mcrophone
may be fixed or free. The anplifier derives current (from the
m crophone) through a wire which is placed around the entire
classroom while the wire is placed at a convenient height.
Wen a teacher talks into the m crophone, current flows
through the loop in synchrony wwth the speech, this current
al so sets up a synchronous magnetic field in the "T" coil in
the child's Hearing aid which is able to sense the
fluctuations of magnetic signals that is directed to the
anplifier of the hearing aid and ultimtely to the ear of the

child. Thus use of electronmagnetic induction does permt a

good teacher child Iink.



ADVANTAGES OF
| NDUCTI ON LOOP SYSTEM

I mproved nobility of students in the classroomas they are
no longer tied to fixed system

Headphones, chords, control hooks could be elin nated.

Many of the potential sources of restoration and failure
can be elim nated.

This nmaintains a good signal - to noise ratio for the
li st ener.

This system can cover a larger group of population at a
given tine.

Easy to operate and maintain.

DI SADVANTAGES OF

| NDUCTI ON LOOP SYSTEMS

Unfortunately there are numerous di sadvantages to | oop

syst em

Null  point : Failure of the electromagnetic signal to the
saturated classroomareas fully, resulting in a significant
loss of hearing aid gain and different points with-in the
cl assroom

Spill over effect : The nmagnetic field can cross walls that
is fromone roomto another thus causing interference wth
anplified speech signals of the other class.

The strength of the magnetic field varies depending upon
the distance of the child from the | oop

7



CONSI DERATI ONS FCR
SELECTI NG GROUP AMPLI FI CATI ON

Two fundanmental criteria for successful use of classroom
anplification are that the instrunent operates adequately on
a daily bases and they permt high fidelity reception of
anplified speech in the poor acoustic condition that exist in
many schools. The school factor, equipnment and the |[|istener
factors are the three general areas of selection criteria

utilised for choosing a classroom anplification system

. The school factors.
. The equi pnent factors.
. The listener factors.

The School Factors

The following are the factors that should be considered
prior to selection of any anplification system for the

cl assroom

Identifying the acoustic environnental conditions of the
cl assroom

* ldentifying the educational needs of the school program

» Devel opment of equipnent nonitoring prograns.

* ldentifying the personnel involved in the selection of

auditory equi pnents.



Thus t he selection of any anplification system
necessitates a basic understanding of the needs and the goals
of the educational setting. This includes recognition of the
specific noise and reverberation conditions in the classroom
and utilisation of appropriate and practical sound reduction
techniques to mnimse anbient noise and reverberation
| evel s. Thus an audiol ogi st needs to do a thorough study of

the buil ding acousti cs.

The equi pnment factors

After the various school factors have been identified,
the type of system that will be nost beneficial to the
educat i onal progranme should be considered. The factors

i ncl ude: -

» Type of system required.

e Service record of manufacturer.
» Ease of the equi pnent operation.
* Flexibility of the equipnent.

* Budgetary considerations.

Per haps t he nost inportant deci sion made by the
purchaser is selecting a type of anplification equipnent. A
prevalent msconception is that the FMwreless system is
t he only or the best classroom system under al |

ci rcunst ances. In fact, the educator and an audi ol ogi st may



choose anong a variety of anplification systens, i ncl udi ng
hardw re arrangenent, room |loop system infra-red systens or
a F.M systens. Each of these systens have applications for
certain educat i onal settings with unique advantages and

[imtations pertaining to different types of set-ups.

After the type of systemis selected, the remaining
equi pnent factors should be considered, for narrowing the
choice to a particular mnufacturer and nodel. Ease of
operation, service requirements, including warranty and cost
factors are of obvious concern. Sone educational prograns
make the m stake of seeking anplification equipnent for a
particular group of children or a class wthout regard for

the future needs of different expansion in the school

programns.

The Listener factors

Anot her common m sconception of classroom anplification
system is that the selection and fitting of an individua
system does not require the sane basic care that is necessary
when fitting the same child with a personal hearing aid. It
cannot be enphasised too strongly that the list of factors

that nust be considered when selecting a personal hearing

10



aid also applies to the selection of classroom anplification
units. For selection of group anplification units the factors

i ncl ude

* Coupling requirement of the units to the child's persona

aid.
* Frequency gain and range considerations.

* Potential over anplification and trauma and resi dua

hearing and auditory disconfort.
* Age of the listener.

« Physical and nental wellbeing of the child.

An effective anplification system for the classroom
cannot be fitted unless, both the professionals i.e, Educator
of the Deaf and the Audiol ogist follow the standards and | ook
into the unique features and problenms of the schools, which
makes a particular system nore suitable for that particular

school .

11



PRCBLEM

There have been many valid attenpts to take care of
"Spill over", "Null points" and "Production of nore effective
and sensitive el ectromagnetic signals". However the follow ng
are three specific problens which do not find place in the

books of solutions to the problens of |oop anplification.

Specific problem (a)

When using any type of loop system it is inportant to
remenber that the teacher's voice is being delivered to each
child in the room no matter where the child is, no mtter
what the child is doing. Wth older children this usually
presents no problens as the teacher al nost al ways wants
group communi cation. But with preschool children however the
training situations are quite different. The gr oup
comruni cation may conprise less than half the classroom tine,
the rest of the tinme is spent in free play or in small group

activities or work. Hence when the children are separated in

small  groups, the teacher may intend to talk to only one
group avoiding the other for separate instructions. I f,
however, the loop systemis in operation the magnetic field

permts the entire room wth nearly equal strength of
signals. The signal any child is receiving does not depend
upon the proximty to the teacher. Every child under the |oop
will receive the teachers voice as loudly as those to whom

the teacher intend to talk or instruct.

12



If for exanple, the teacher is communicating wth an
active loop in a free play activity and instructing a group
of children to make "crow sound”" and the other group in the
class to "pile up the blocks". The later group of children
here making of the crow sound to associate wth activity of
piling of blocks and vice versa. This situation 1is hardly
conduci ve to any neani ngful |anguage devel opnment and auditory
t rai ni ng.

Specific problem (b)

It is comonly experienced that the children are
deprived of advantages of group anplification which they get
in a classroom when they arrange a picnic or a group activi-
ty in a playground, unless and until a FFM system or an
infra-red systemis used. However, it is very difficult to
think of loop anplification in open air, because there is no
such |oop system developed in our country which is portable

enough to be carried along with the teacher.

Specific problem (c)

Once an induction loop system is install ed in a
cl assroom of a school or in a resource roomof a clinic, the
teachers are bound to wuse only that room for group
communi cation activity. In this way each room has to be
fitted with induction |oop system Many tinmes it is seen in
the schools that all the systens are not used at the sane
time. However when we have a portable unit of anplifier and
transducer which can be coupled with the loop system fixed in
a room earlier as and when required.

13



d)

f)

9)

h)

WHY PORTABLE
M N LOCOP SYSTEM

The limted / restricted range of the systemwll allow
the use of two systems sinmultaneously in one classroom
The portability of the systemwll allow the use of this
system even in open places. Thus the children wll be

getting the advantage of the group system
The [imted range of the system demands sitting
arrangenent near to it. This reduces the di stance
between the teacher and the students. Hence there are
better visual clues for the child.
The reduced size and portability of the system reduces the
mai nt enance cost.
Purchase of three to four such systens will not wunbal ance
the budget of the school.
In many rural schools when the loop systems go out of
order, the authorities find it difficult to find servicer
personnel. In a mni loop system it can be carried and be
rectified.
Any room of the school or the clinic can be wused as a
group therapy room by coupling mni loop system to the
already fitted loop wire in the room
The last and the nost inportant, children use their own
hearing aids and are thus practising with these all t he

time w thout changing over to any other headphones or

equi pment .

14
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ELECTRONI CS FCR YOU:

The use of the anplifier in electronic products is very

inportant. The main function of the anplifier is to increase

signal strength. In other words, the anplifier nakes the
out put  si gnal larger in anplitude than the input signal
Thi s I ncrease in anplitude is called the gain of the
anplifier.

Amplifiers are divided into two general classifications:

smal | - si gnal anplifiers and | ar ge- si gnal anplifiers.

Generally, the small -signal anplifiers are vol t age
anplifiers and operate <class A in common-em tter or
common- base connecti on. Large-signal anplifiers are identi-
fied as power anplifiers. These power anplifiers are biased
to operate at class B or <class A and are arranged in
ei t her a common-enm tter, common col | ector, or

common- base configuration

A change in voltage, current, or power in a circuit can
be neasured in decibels. A positive decibel value neans an
i ncrease, and a negative decibel value shows a decrease, in
the signal between the input and the output. The nost popul ar
anplifying conmponents in consuner products are transi stors
and integrated circuits. The transistor causes a change in

current between the input and the output. This change 1is

expressed as a beta val ue.
15



The transistor is designed to operate wthin certain
[imts. Having the anplifier operate outside these |limts
will result in distortion. To insure proper operation of the
transistor, a set of characteristic curves is used. There are
three different <classifications of anplifiers: the conmmon
emtter, the comon collector, and the comon base. The

common emtter is a linear anplifier, because it reproduces

the full input at the output. The signal is applied to the
base-em tter | eads, and the output is taken from the
collector-emtter |eads. Simple fornms of Chms Jlaw and

Krchhoff's law can be applied to solve anplifier biasing

probl ens.

Common-col l ector anplifiers are designed so that the
si gnal input is found on the base and <collector and the
output is taken for the collector emtter. Because output is

taken fromthe emtter, there is no phase shift between input

and output. This anplifier is sonetines called the emtter
follower. It is comonly used as an isolation anplifier, and
is often followed by a conmmon enmitter. The comopn base

anplifier is the third type of anplifier found in consumner

products. The input of this anplifier is between the base
and the emtter, the output is taken from the base and
col | ector. Thi s anplifier i's general ly used in

hi gh-frequency areas such as RF anplifiers.

16



Each anplifier has a set of inpedance characteristics.
To achi eve maxi mum power transfer from the signal source to

the anplifier, the inpedances of the generator and |oad nust

be matched. If these inpedances are not matched, the signal
will be distorted. Each of the three configurations of
anplifiers has specific input inpedance characteristics

inmportant to the service technicians.

Amplifiers can be biased to generate different degrees
of wave-format the output. Class-A anplifiers generate a
full 360 degree waveformat the output. Class B anplifiers
generate 180 degree of waveformat the output, and class C

anplifiers generate less than 180 degree waveform

Conparison of Class A B. and C Operation

Cl ass
of Advant ages Di sadvant ages Applications
Anplifier
A Lowest waveform | Lowest efficiency|Preanplifier |ow
di stortion used only for | power stages
smal | -si gnal app-
lication.
B Fairly good effi- Only hal f of |Power anplifiers,

ciency, since no wavef orm present |audi o out puts.
power used unless Used nostly wth
signal is present. pair of transis-
tors to reproduce
bot h hal ves.

C H ghest efficiency Sever al di stor- Used in trans-
because current tions. Only 30- mitters.

flows in bursts 50% of each wave-
during part of form anplified.
wavef or m
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AVPLI FI ER | MPEDANCE
CHARACTERI STI CS.

Amplifiers have an | npor t ant characteristic:
"1 npedance". | npedance is defined as the total resistance
offered to an AC signal. | nput inpedance is the [|oading
effect the anplifier wll present to a signal sour ce.
Figure .1. is an exanple of a signal connected to an

anplifier. Wen the input signal source is connected to the
anplifier, the signal source sees the anplifier as a |[oad,
not as an anplifier. The load seen by the signal source is

the input inpedance of the anplifier.

As was nentioned earlier, different anplifier designs

Wl | of fer different inpedances to the signal source.
Therefore, just as anplifiers of fer different input
i npedances, so also do signal sources. For exanple, a

m crophone mght have an inpedance of 100 Kk, whereas an
antenna mght offer an inpedance of only 50, hence the
resi stances of the signal source and the anplifier nust be
made equal. This process of nmeking the two inpedances equa

is called inpedance matching.

The inportance of having equal inpedances for the |oad
and the signal source is illustrated in the three parts of
Fi gure. In Figure 2a, Zg is identified as the inped-
anceoffered by the signal source, and Rl represents the

resi stance offered by the anplifier circuit. Also, note the

18
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signal source produces an output signal equal to 10 W The
two resistance are connected in series and therefore can be
added. This will result in a total resistance of 10 for the
circuit. The sinple Ohnis law cal culation shows that a total

current of 1 A is developed in this circuit. Power devel oped

in the Jload can now be calcul ated, using the equation

2
P=1 XR. Solving this equation, the load power is found

1
to be 5 W In figure 2b, note that the l|oad resistance has
decreased to 1.6 A The power for the |oad, 2.56 W has
decr eased. In figure 2c, note that the load resistance has
increased. This results in a decrease in current, as shown.

The power for the l|load has increased.

The only part of this exanple where the power is equally
di vi ded between the load and the signal source resistance 1is
t he poi nt where the signal source resistance and the
anplifier's resistance is equal. At this point, the nmaxi nmum

power is developed at the anplifier.

To accomodate the maxi num power devel oped between the
signal source and the |load, the proper input inpedance should
be wused. These proper inpedances can be obtained by wusing
one of the three types of anplifier designs. For exanpl e,
Figure 3 shows a common-base anplifier connected to the
antenna of an audi o. Because the antenna devel ops 50 and the
input inpedance of the commobn base matches that resistance,
this anplifier configuration is a good sel ection.

19



| NTEGRATED Cl RCUI TS:

AND OP_ AMPLI FI ER

Integrated <circuits are classified as linear anplifier
or digital. The nost common |inear circuit is the
operational anplifier, or op anp. The op anp has severa
characteristics that make it ideal for consuner products.
These qualities are as foll ows:

1. High open-loop gain

2. High input inpedance
3. Low out put inpedance
4.

Rej ecti on of unwanted signals.

The f oundati on of the op anp is the differential
anplifier. This anplifier will provide an inverting input

and a non inverting input.

The op anp is built on a single silicon chip. This type
of construction is called nonolithic construction. The chip
is housed in one of many plastic packages, the nobst conmon
being the DIP style. Biasing of the op anp is established to
provide the proper gain for the anplifier. To ensure proper
anplification, the input termnals of the op anp nust be
bal anced. To develop this bal ance, an offset resistor is used
to connect the unused termnal to ground. Anplification is
affected by the frequency applied to the anplifier. The rate

at which the out put voltage changes is called the slew rate.

20



The gain of the op anp can be calculated as the ratio of the
feedback resistor to the input resistor. To control t he

amount of gain, the op anp uses negative feedback

In the cl osed-1oop operation, the gain of the op anp is
l[imted by the frequency. Generally, op anps are designed to
operate wthin the audio range. Op anps have a wide variety
of applications used in consumer products. Qp anps are nost
comonly found in anplifier circuits, but are also wused in
filtering networks. One of the nobst popular uses of the op

anp is as a voltage regul ator.

Integrated circuits are also assenbled by the nonolithic
process. An integrated circuit is the conbination of various
circuits into a single package. Sonetines it nmay becone
necessary to conmbine digital and linear functions into one
circuit. An exanple is the PLL system This systemis used
to reduce the nunber of conponents, along with providing the

necessary circuit application

CHARACTER STI CS COF
OP AWPLI FI ER

The most common of the integrated circuit (IC anplifier
is the operational amplifier, or OP amp. This «circuit wll

give good linear anmplification to input wave forms. The gain
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of this anplifier ranges froma low of 1 to several thousand.
This w de range of operation nmakes the OP anp an attractive
conponent for use in consunmer products. External feedback is
the means by which this wide range in gain is acconplished.
The OP anp wi thout feedback is described as being in an open
node |oop. The characteristics of the ideal OP anp are as

foll ows:

1. Open loop gain-The OP anp can deliver hi gh  anmount

of gain. Using feedback will control the gain of the
OP anp.
2. Hgh, input inpedance - OP anp will not load the input

si gnal source.

3. Low output inpedance - The OP anp can deliver an

anplified signal to low inpedance sources Ww thout
signal distortions.

4. Conmon node rejection - The OP anp has the ability to

reject noise and hum present in the signal.

These qualities describe the O°P anp as an ideal anplifier.

BASI C OP AMP OPERATI ON

The fundanmental operation of the OP anp can be illus-
trated by a circuit called the differential anplifier. The
schematic synbol for this anplifier is showm in fig. no
1. The differential anplifier is designed to respond to
the difference between two input signals. An anplifier that
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Figure M-1. Schematic diagram of
a differential amplifier

H

Y
I’I-!-

B = " Pasitive
I
“ J

Figure B-2. Schematic diagram
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has two input signals and gives an output by conparing the
di fference bet ween the two signals is a differentia
anplifier. W can see in fig. 1. that the differential
anplifier requires tw power supplies for operation, one
out put of the power supply being +ve, and the other output
being -ve. Fig. 2. shows the schematic diagram for this dual

| ow vol tage power supply.

Al though the differential anplifiers has two inputs, it
can be driven with only one input. Wth only one input wave-

form an output will be developed for Q and Q2.

In operation, an input signal appears at the base of
Q. This signal is going in the +ve direction, because this
si gnal is increasing, forward bi as on Q@ conduction
t hrough the transistor is also increasing. Wth an increase
in the conduction, the resistance of @ nust be decreasing
between the collector and emtter termnals. Therefore, nore
current wll develop through the transistor, and a Ilarge
voltage drop wll occur at the load resistor. Because the
resi stance across the collector emtter junction is decreas-
ing, the voltage drop is also decreasing. The voltage is said
to be going in -ve direction. This -ve going voltage causes
an inverted signal at the output. Fig. 3. shows an exanple of

the output devel oped at Ql.
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Figure ’-3 Waoccforms for 3y and Qs



The conduction through @ has an effect on the conduc-
tion through Q2. As @ 1is turned on by the +ve going input
signal, the current through the emtter resistor is also on
the rise. This increase in the current flow is causing an
i ncreased voltage drop across the emtter resistor Re.
Thus, the voltage at the emtters of @ and @ wll be going
in the +ve direction. This increase in the emtter voltage
has the sane effect as lowering the base voltage to the cut
off region. This results in Jless conduction through Q2.
A lower conduction neans less current through the load, and
therefore a greater voltage drop at the load. The collector

voltage of @ then is being made nore +ve. Fig. 3. shows this

action.

Wth the input on the base of @ an inverted signa
(180 degrees phase shifted signal) and in non inverted signa
are available at the differential anplifier output. In addi-
tion, this amplifier circuit is very selective in the signals
it wll amplify. Unwanted signals fromthe filtering circuit
in the power supply, or a line hum devel oped in the <circuit,
are rejected. This ability to reject unwanted signals is one
of the nost inportant characteristic of +the differentia

anplifier and is also an one of the unique qualities of the

general OP anps.
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The gain of the differential anplifier can be found
fromthe fornmula for basic gain of an anplifier. The fornula
is Av (diff) = signal output / signal input . The fig. 4.
shows the general circuit diagram of the OP anp. Not i ce
that the differential anplifier is the first block in the OGP
anp circuit. The differential anplifier is placed first
because it devel ops high input inpedance, and good gain. Also
notice that there are two inputs to the differential anplifi-
er, the inverting input and the non inverting input. The next
block in th OP anp circuit is a high gain anplifier. This
high gain anplifier develops additional gain to the input

si gnal .

The final block in the OP anp is a signal ended anpli-
fier. Generally, a common collector anmplifier is placed in
this section. Because of the low output inpedance of the
common collector anplifier, the OP anp can be a good i nped-
ance match to input of any anplifier. Notice that the output
to the load is only one terminal. This is why this circuit is
described as single ended. A single ended output wll devel op
only one output phase in the signal as it relates to ground.
This is the reason there are two termnals at the input of
the OP anp. The OP anp can develop either an inverted or a
non inverted signal depending on the termnal connection at
the input. The fig. 5. shows the standard schematic-synbol

for the OP amp. Ore terminal is marked +ve, and t h e other is
marked -ve. Whe the input signal is connected tothe+ve
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terminal, the signal is not inverted. \Wen the input signal
is connected to the -ve termnal the signal is inverted
between the input and output. This schematic synbol is the

standard synbol used in linear circuit application.

P AW CONSTRUCTI ON

Several different transistors and resistors can be wused to
built an OP anp. See the fig. 4. for an exanple of building
this circuit with discrete conponents. Constructing the cir

cuit in this fashion is time consumng, and the circuit
itself is relatively large in size. One way to reduce both
the size and the cost of the OGP anp is to use Integrated
Circuits. The process of placing the three different
anplifier ~circuits of the OP anp into one package is called
integration. These circuits are placed on a thin Ilayer of
silicon, and then housed in a plastic package. The inte-
grated circuit chip is made by the nonolithic process. In the
nmonolithic process the transistor, the resistor, diodes, and
other circuit conponents are placed on a single thin |layer of
silicon material. The placenent on the wafer is done photo-
gr aphi cal | y. Integrated <circuits are not only snaller and
cheaper t han discretely big circuits, they are nore
efficient. The technology of 1.C has lead to the [|owering

cost of the electronic products.
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Once the small silicon chip is manufactured, it nust be
placed into a housing. The integrated circuit come in a wde
vari ety of packaging styles. Sone of these packages |ook |ike
transistor housing. The fig. 6. shows exanples of the TO
style of packing I.C chips. Another type of packing used
with [1.Cis shown in fig. 7. This style is called the dual
in-line package, or dip. The packages in fig. 7A has 16 pins
connected externally. These 16 pins are connected to the
internal circuit on the silicon wafer. Generally, a DIP wll
have 24, 16, or 14 pins connected to the external shell. The
fig. 7B, shows the mni DIP. This package style has only 8

pins connected to the external shell.

An individual working with I.C should wunderstand the
pi n nunbering systemon the |.C use on the OP anp. In th DIP
series of packaging, the nunmbering of the pins is always the
same. There is a notch at the top of the chip. To the left of
this notch is a circle. This circle is in line with pin 1.
The pins are nunbered counter clockw se around the chip. The
fig. 7. shows the nunbering system |If a pin identification
is not <clear, an |I.C manual should be consulted. In the
present project, the |I.C used for developing portable mni

| oop anplification systemis IC LM 741C and LM 709.
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| NTRODUCTI ONTO
PORTABLE M NI LOOP SYSTEM

Portable mni loop system is an indigenious equipnent,
constructed, aimng to break the four walls of t he
conventional loop induction anplification system The size
and the antenna of this systemprovides it with nobility and

portabi 1li ty.

The wooden box of the systemis 15 X 12 X 3 inches.

The total weight inclusive of the m crophone, antenna and

power supply is only 1.2 Kg. Its not only the weight and
size, but also the ease of the operation which wll bring
popul arity to this econom cal system anong t he

pr of essi onal s.

The followng are the different sub units of Portable

mni | oop system

a) Mcrophone with external wire (dynamc),
b) The wooden box (circuit),

c) The antenna.

a) MCROPHONE: The mcrophone used with the wunit is a
dynam ¢ m crophone, highly sensitive and bring a wi de range
of frequency response.
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b) THE WOODEN BOX: The wooden box is the brain and heart of
the system It is loaded with two inportant circuits i.e. a
pre-anplified and a power anplifier. The circuit 1is IC
based. The pre-anplifier has LM 709 IC, and power anplifier
with 1C LM741-C, are highly chips circuit for speech sounds
anplification. The other inportant input is power supply-

unit.

The system runs on 15V D.C current, two 9 volt

batteries are used as power supply for this unit.

c) THE ANTENNA: Copper wire of guage 20 and of Ilength 25
meters is used as an ant enna. When not in use. this antenna

wire can be rolled in the wooden box. The total weight s

230 gms.

This equi pment is one of its own kind which can be used
by professional in any class room or even can be installed
in a therapy park. Wth such an equi pnrent a fixed room for

group therapy is not required and the benefit of group

anplification wll be enjoyed by the hearing inpaired
chil dren in open places l|ike parks too. The integrated
schools will find this unit very economcal and effective as

it can be shifted to any class room as and when required.
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SETTI NG UP OF
THE UNIT FOR USE:

This D.C driven wunit can be installed at desired
pl ace. Before switching on the unit for use, the operator of
the systemneed to roll out the antenna wire form the box.
this antenna wire should be spread carefully on the ground.

The total area covered is around 15X12 feet.

Followng this, the ends of the antenna need to be
pl ugged into the output socket of the power anplifier. Once
the antenna is arranged and m crophone taken out from the

box, the systemis ready to be switched on to nake in use.

Follow ng the use of the system the antenna wire can
be <carefully rolled back in the box after plugging it off
from the output of the power anplifier. The m crophone is
al so placed back into the wooden box. Thus, it beconmes a
conmpact unit which can be stretched at any place and tine to

bring in use.
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THEARQUT OF THE UNIT:

The total circuit of the system consists of a pre-
anplifier and power anplifier. The pre-anplification stage
whi ch nmakes use of LM 709 IC. operational anplifier. This
pre-anplifier is a tw stage anplification system The
first stage of this anplifier gives a gain of 50 dB and the
second stage of pre-anplifier provides with maxi num of 40 dB
gain. Acoustic input to this is given through a dynamc
m crophone connected between the inverting termnals of the
IC. and the ground. The overall output of the pre-anplifier
can be adjusted by the help of potentioneter or preset
connected in the feedback network. The overall gain of the
pre-araplifier can be adjusted by changing the setting of the
value of preset or the potentioneter connected in feedback

net wor k.

The output of the pre-anplifier is then fed to power
anplifier. The input stage of which consists of IC LM 741C
(operational anplifier). The output of this is fed to class
B pushpull output stage for further power anplification. The
final stage of this power anplifier consists of power
transistors to boost the power to a higher values at a very
| ow voltage. The power supply to this unit is dual %15 volts

at the pre-anplifier unit which drives the total system

The out put of the power anplifier is then given to the
antenna which radiates the induction through the tota

| ength of the | oop.
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FI ELD REPCRT:

AIM This report ainms to project the efficacy of the

SUBJECTS:

METHODOL OGY:

portable mni loop system (T-position of the
hearing aid) in conparison with the body-Ievel

hearing aid at Mposition

Group of 10 subjects was taken.

GROUP-1 consisted of five hearing inpaired
subjects with age range between 8 to 13 years.
These subjects had severe to profound hearing
loss and were using a body-level hearing aid at

M position.

Hearing aid used were Arphi, El kon, Novax-

strong cl ass.

Al  the subjects had equal nunber of hours of
exposure to group therapy sessions and were
attending in addition to speech therapy at

Al'l SH, special school too.

GROUP-11 consisted of five normal hearing adult

subj ect s.

For field trial, the hearing aid was set at
T-positicn and mni portable loop system was
i ntroduced for therapy.
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Al the five subjects of group-I were conpared for the
followng skills between M position and T-position (wth new

portable mni |oop system.

The skills taken up were:
1. Auditory skills
2. Speech conprehension skills

3. Group communication skills

1. AUDI TORY SKILLS: A group auditory training programe was
introduced in which the child was expected to point out to
the picture of

* Drum

* Kanj eera

* Table tap, whenever child heard them

Al the five subjects were tested individually.

2. SPEECH COVPREHENSI ON SKI LLS: Child was expected to point
to the picture which was called out by the therapist. The

following ten cards were taken:-

Cat, Dog, Goat, Elephant, Table, Car, Canel, Ball, Bat

and Mango.

3. COVMUNI CATION SKILLS: \While testing, two children were

expected to exchange bl ock, on dearmd with each ot her.
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RESULTS:

GROUP- 1 | :

GROUP I, No significant difference has been found

5

out in the performance |evel of chil dren
between the Mposition of the hearing aid and
t he T-position wused in conj unction W th

portable mni |oop system

normal hearing adult subjects were tested in
order to account for the fidelity of the system
in a tw roomsituation. Al the 5 subjects
were wearing mld class body level hearing aid

with the volune setting at 1.5

10 spondees and a PB word list was used to check the

speech reception and discrimnation of each subject.

RESULTS Qut

DI SCUSSI ON:

of 5 subjects, 4 subjects got 100% scores on
both the tasks and one subject got a score of

98%

the field study using portable mni loop syBtem
gives a clear indication that its efficacy is
not different from that of hearing aid when
used at mcrophone setting to that of T-

position with mni |oop system

The use of the systemw th nornal hearing subjects

reveal ed that

the induction generated by the mini loop is of

high fidelity.
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The battery consunption and drain by the system has not

been studied in the field trial.

The frequent rolling and unrolling of antenna wire from

box may subject it to break down.

The induction generated by the systemis limted to the
area covered by the antenna on the ground. The best
reception by the hearing aid is within the area of the
antenna (25 feet). However, the induction at the outer

circunference of the antenna is limted to only 3 feet.

The single mcrophone used in the system mght not
provide sane strength of the signal as the subjects nove

away from it.

Hence, care should be taken to over cone this problem

by using an additional m crophone.

The total cost of the system is around Rs.550/- which
makes it highly econom cal. However, the durability of the

systemis still a test of tine.

SUGCESTION:  Wth further nodifications this wunit can be
propagated into the professional field of
speech and heari ng.

35

t he



REFERENCES:

A. Jackson —1981.

"Auditory training units groups.aids and I|nduction |oop:
in way and nmeans, 3 Hearing | npaired.

Sonerset Education Authority - pp 84 - 56.

A. Robert, Glnore.MS.

"I nduction Loop assistive listening system - Back to the
future”

Hearing Instrument Vol : 40, No: 3, pg: 14.

Downs and Ross.
"Audi tory Disorder in School Children".
Chap: 16, pp 273 - 284.

E. J. Bunker.
"The Loop : A Boon to the Hearing |npaired".
Hearing Instrunments : 33(1).( 1982 ) pg: 10 - 11.

Freeman A Barry. Stephen Sinclair, Donald.E. R ggs.A E.
"C assroom Anplification: Considerations for selection.”
Hearing Instrunment Vol: 32, No:6 ( 1981 ) pg: 16.

H F. Bess, and Sinclair.J.S.

"Amplification Systenms Used in Education,in J.Katz.ed

Hand book of Cdinical Audiology Ed 3. WIlians and W/ ki ns,
Bal ti nore. ( 1985 )

Kal avar Anasuya.
"Basic Electronic"
geo - environ academ c, Jodhpur.

Kumar Sat yender.

"Use of Loop Induction System in Public Places for the
Hearing Ald User".

I ndi an Journal of Disability and Rehabilitation - July - Dec
91.

K. A Sakthi dhran.

"An Intercomw th Handset"
El ectronic for you - Jan 1991-

36



Mal vi no Al bert Paul .

"El ectronic principles"

second edit ion, Mal vi no.

Sar at oga, Cal i forni a. Cha No: 18, pg No: 456.

Mal ki n, Ol sen, O sen. WO
"I nduction Loop Anplification System classroom Perfornance".

ASHA -12 (1970) pg: 239 - 244,

P. A Bellef lever, and S. B. Menam n.
"Probl ens of |nduction Loop Anplification."
Volta Rew, 67 ( 1965 ) pg: 559 - 563.

Pol | ack M cal .
"Amplification for the hearing inpaired.”
3rd, Ed, Chp: 1 pp : 2.

R Douglas., Milclorm Jr.
"Fundanmental s of Electronic”
Maconb Conmunity Col | ege, Massachusetts - 1983.

Rubi n Mart ha.
Hearing Aids, Current Devel opnents and Concepts,

Chp: 2nd. pp53.

Sameth A Carol .
"Hearing Instrunents : from vacuum tube to digital mcro-

chips. "
Hearing Instrunents Vol : 40, No: 10 pg: 6.

Ski nner W Mar gar et .
"Hearing A d Eval uation
New Jersey 1985. Chp: 7,pp: 207.

V. S @ adsston.
“"Variables Affecting Hearing Ad Tel ephone Induction Coil

performance". Hearing Instrunment, 36 (9) pg: 18 - 19 (1985).

Van. Val kenbur gh, Nevili e.
"Basic El ectronic"
New York - U. S.

37



William , R. Hodgson.

Hearing Aid Assessment and use in Audiological
Habilitation,"
3rd Edition.

Installation and Operation of Loop |nduction systemin real

life.

Situation: Audeoible,pp:61 - 70, 1967.

38



