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J?pi? lbç¡¡ted within the same area not more than 50 meters, The transmitter Í!e.e-?;is ;- ""'• • "'"'""? m;,rophoos wh;ci, ''"" a,, w;oo a,d ,M,ert i< m• .,

'

i?
electrical signal. The output of the microphone is given first amplification by drivertransistor TI and it output is modulated by an oscilJator signal design using a comparatorIC. The modulated output is further amplified by a power transistor T2 and the signal istransmitted infonn of light by a laser torch. The receiver circuit on the other hand, aphototransistor T3 which received the light transmitted by the laser torch, and changes itback to electrical signal. The signal is demodulated by a demodulator build aroundtransistor T4 and T5. The demodulated signal is amplified by an audio amplifier IC LM386 and finally the output is taken by the speaker.
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The. field of Telecommunication has evolved from stage when signs, drum beats l!li4

·

.
'

.. '-_,.··?

... ·_·.¾
semaphones were used for

long. distance communication to a stag? when electrical; radio af1d
electro-optical signals arc being used. Optical sig,rnls produced by l:iscr sources 1111,I carricll
by ultru-1,urc gl:iss fibres arc recen! addition lo lhe field (Tl11agarnjan
viswanathan. Tclcco111111unicatio11switching system and networking,)

In order to communicate, it is necessary to transfer infonnation from one person to
another, speech or voice is the most convenient fo1m of human communicalion and
development of electronics and telephonic systc111. To achieve this objective leads lhe
dcvelopmcnl or laser-torch based voice Lransmillcr and receiver.

This is a two co1\1munication link over a limilcd distance of 50 111clcrs. for cxmnplc from
house to house, from one of/ice lo another oflicc, fi·om one baUalion lo the olher that is in the
military aspect especially during war e.I.e it is against this background that the objective of.
this project is not only worthwhile but gainfull venture in the future because it has become

indispensable communication facility in many ways especially in home due to the fact thati
'! most moderi1 homes and other related buildings now appear in complex structure.
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Jôí; J:\li!h band Wítliin communicàtion has lêâd tô
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;¡,;,?,i-- <. system for transmitting voice,. video and audio. OptieuLtomn:iflqli!f
,, •·:·eJ!ther guided as fiber optics wave guided or unguided as in free space. Optical s;st??tf;

.jhe must reliable means of providing optical communication. What really motivates me froin
:· ,.

·"'.?
1writing this project is the problems that constrain wilh must of our telecommunication provider'i

hr companies.

1.4 SCOPE AND LIMITATION

The
mai'.1 ?cope and limitation of lhis project is lo design and co11slrucl a laser lorch base

voice transmitter and receiver.

The limitation of this project is that it can only provide a unidirectional communication that is a

monochractic which is one of the characteristic of lhe laser and also canbe use trasmit an audio

signal, for a distance up to 50 meter provided the rays of light from the laser is pointing the

directio11 of the sensitive pholotransislor of the receiver.
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11itê(jntâijr theoretical background of the JlrQj? Châpte. -·?

Which is the analysis and calculatlons. Chapter four wiJl MDtllin f&it
?D and testing procedure while chapter five will be the conclusion and
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For effective communication (transmis_sion and reception of signal), the need for reliable.
Ífffcient method with low cost (affordability) arises, Fiber optics system offer high bandwidth
·ansmission. In Australia through the G.K.D design engineering website, in October, 1997.
•'ublished and article on laser transceiver and transmitter circuits.

ln 1994 Akínludc Oluwn'sdun design ami construct a two-way intercom system for tfomc.s(i¡;

ipplication, The completed intercbm consists of two units;

The house holder and lhe culler unils which can he scparntcd by a considerable distance.

Development was made by Martins Christopher in 2006 who construct a RS - 232 laser

transceiver as an optical free space communication system. Until the development of solid state

laser, laser based pr<>jccl used to be expensive. People always buy laser pointer to display with,'
•but could never /ind practical uses for one. The laser transceiver circuitry is one of such practical

!circuit that utilized laser pointer.
,¡

,,? ¡11 2()0$ Jatau Ke11dima improve another way to communicate with you neighbour. He design



."' " .) o ect is to improve our means of communication. Using Jas?r to
¡ff. •?lr.?' •

•
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,·')1<t?r of 4.4111w and expelltééÍ ?ge ,df:'

receive, using the circuit you can communicate
1?irêlessly insisted RF signals. The laser torch can transmit light up to a distance of50metets.
:.:
/f

:.2 TRANSDUCERS

A transducers is an electrical device llrnl convert one form of energy into mmthcr. for
,xamplc, a loudspeaker converl electrical energy from an electronic 'ampli/icr inlo mechanical
:nergy, moving the loudspeakers cone, which compress the air creating sound wave into humandectrical signal interpreted by the brain as sound. In order to achieve electrical communication,t is essential to have a means of converting the input info1111ation into electrical energy and also

,onver/ing the electrical energy into ils original form.

fhere are different types of audio transducers used as the input or output devices of
:orn111unication ne! work system. The lo/lowing arc the different types oftransduccrs.

J. Carbon granuc microphone

2. Crystal rnicropl1011e

.,,f 3. Moving coil microphone

'4. Conden?ermicrophone
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':4,?? mcorporates a stretched metal diâphragmfbat .,C!lle,pkitcrof:•.?. A hack metal disk places close to the diaphragmact as a back plane. Wilm
_

•'E
SOtllld field excited. The diaphragm. the capacitance between the two plates vañes''
according to the variation of the sound pressure, A stable OC voltage is applied to the
plate through a high resistance to keep electrical charges on the plate. The change in the
plate capacitance generate an AC output proportional to the sound pressure in figure 2.1
reptesent a condenser microphone.

2 pm??

?:r:??·?? ??;
--=:}-e

' /? £ ,,)? -0

Fig. 2.1 Condenser microphone

'
AP= acoustic pressure

C= '\!llliable çapacitor
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Modulation is a means by which a signal of some type entered into and carried by an

electronic signal carrier within the scope of modulation, The type of signal of information
that is introduced into and carried by the electrical or optical signal may varied
depending on the configuration of the carrier and the source of modulation. Different
types of modulation are used with various types of broadcast and communication media
today.

?/
.. ,

··--.
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'\

'i /
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0 1:.: -811

Another common example of modulation has to do with reception of radio
transmission. Modulation help to define the types of transmissions that are in used for
general broadcast purposes. Amplitude modulation describing a broadcast situations in
which the level of voltage is carried over the medium will vary noticeably overtime.

As technology has continued to advance and communications have become more

expensive and varied, other constructs of modulation have appeared. Wireless
communication and the use of internet have resulted in such important signaling tools as

mubiplexing and modem modulation. Along withy more common fonns of modullltion

T
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is:1rilll$fórlned by the amplitude of a modulating signal given as

Vm(t)= Vm Coswmt

And combination of the carrier and modulating signal yield

Y(t) =(Ve+ VmCoswmt) Coswct

Using trigonometry this is eicpanded and yield

Y(t) = VcCoswct + ½ VmCos(wc+wm) + ½ Vmcos (wc--wm)t

The depth of modulation, modulation index or modulation factor defined as the ratio of
the amplitude of the modulating signal to that of the carrier. m = (VmNc) is also
discussed within the text=

PcCarrier power=-¡¡

V bfu; 'J,rd'dl

_.,;.:Ii?

Total power Pt= Pc(l?)

Single sidebandpower= 111
• !!£

4
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2.3.1 4MPLfnIDEMODULATION
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In this case, the amplitude of the carrier wave is varied in proportion to the
instantaneous amplitude of the information signal or AF signal. Obviously the amplitude
(and hence the intensity) of the carrier wave is changed but not its :frequency. The greater
the amplification of the AF signals the greater the fluctuation in the amplitude of the
carrier wave. The process of amplitude modulation shown graphically in fig 2.2. The AF
signal has been assumed to be sinusoidal.fig 2.2 (a) is the carrier wave by which is

desired to transmit the AF signal as shown in fig 2.2 b . The resultant is called modulated
wave as shown in fig 2.2(c). The function of modulation is to mix these two waves in such

away that fig2.2 (a) is transmitted along with fig2.2 (b)
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? ....... iíp:... it 8b theteceiving acriaJs .'lbeñidueed Yeryweali.U?•·? in them. If these high-frequency currents are passed through headphones or "''

? they J)l'Oduce no effect on them because all such sound-producingdeviees
are imable to respond to such high frequencies due to Large inertia of their vibrating disc
etc.neither will such RF currents produce any effect on hmnan ear because their
frequencies are much beyond the audible frequencies (20 to 20000Hz approximately).
Hence, it is necessary to demodulate them first in order that the sound -producing
devices may be activated by audio- frequency current similar to that used fur modulating
1he canier wave at the broad casting station.

r;-!'--.
¡ (; ··?

?--?.fil.U.?-'

.nl:f,¡,¡ j' : ?

I?-·
II-.,-

This process of recovering AF signal from the modulated carrier wave is known as

demodulation or detection.

The demodulation of an AM wave involves two operation.

I. Rectification of modulated wave

IL F.limilllltiooof the RF component of the modulated wave
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..??Jlllkiug·thmp fJi!llél•(lt•?•?'-a,-0,,?==-,16 amplifier may be required to deliver a substanti'alllmlllltot ? ..6
·(?

éll$bpletoa?erorto
J)l'OdQceaJarge peak to peak voltage serving. ForexàmpJ,e

·

the drive to a CRT. In such a case, small signal equivalent circuit can not be used for
design and analysis and it is customary to establish the operating principles of power
amplifiers. The USUal term for large signal amplifiers is by using transistors
characteristics. An Úllportant aspect of power amplifier design is electrical efficiency not
because we are considering the waste of electrical power.

2.5.t OPERATIONAL AMPLIFIER

It is a very high-gain, high-in directly-coupled negative-feed back amplifier which can
amplify signals having frequency ranging from OHz to a little beyond 1MHz, They are
made with different internal configuration in linear ICs. An OP-AMP is so named

i ), n because it is originally designed to performed mathematical operations like summation,

I ftrH!t. ¿¡. •.• J?-1'1

noik.:!irnitJ

subtraction, multiplication, differentiation and integration e.t.c in analog computers.
Present day's usage is much wider in the scope but popular name OP-AMP continue.

fe.

Typically, uses of OP-AMP are: scale changing analog computers operations_ In

ÍDiltJwnwtlltivn, control systems. and great variety of phaso-shift and oscillator cin:ui1s.

u
?



. -u.;1,
"Al¡ -?

tn, ,,¡
-:-11,r;,¡?

, .. :\,
•J •I

J,..1¡,?

, "<): r, >1 i'ín!,

. ;: ',,g¡i.?Mc ,CO· - •• - -·\'
"'?%:

. ,,:-õ'J:?:
.

·. .

-

_· --
-

.

-
..

. - ..
-

.. -
._,, ,.

:-
-?-??is•a?lllllplifier,itissodesisneitthatCll:ternal_?;·

·¡

? ?) e.t.c can be ClOlll1eçt to its terminals to change its exteanâf :-? Hence. it is relatively easy to lllilor this amplifier to fit a particular
application and it is. in fact due to this versatility that OP-AMPs have become so popularin industties. An OPAMP IC may contain two dozen of transistors and one or two
capaclton¡_ Example of OP-AMP symbol

l. µ.A709

2. LM 108-LM208
u?; i'

f'i , I .-

3 lM 741

2.5.2 OP-AMP SYMBOL
!tr.; ·JJ! ,:_,

&fli"'=:•i-t1J -.

i;l,;;r, ,.,,¡,.fl!

:lllJt;d.i .. ¡,_!, ,,;,tt

¡,
,
1/f;¡:;iq!Íí

- /

Standard triangular symbol for an OP-AMP is show in fig 2.3 through the one shown in
fiq.2.3 (a) is also used in fig2.3 (b) the common ground line has been omitted. It does not
show other necessary connections such as de power lllld feedback.

The OP-AMP's input can be a single ended or double ended (or differential input)
depending on whether input voltage is applied to one input tenninal only or bolh.

? llRIJ'lmff'I output can also be either single-ended or double ended.
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It is also de coupled. In practice op lllllps do not, of course have ideal properties, butcommon types nevertheless have impressive specifications. For the 741, typical values
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A.ar= 200 000
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2. LM 741 NatiObal
semiconductors

An extra letter is SOmefunes added to indicate a temperature SJ)eCÜicatione.g
µA 741 A-Military specification forl!Uaranteed operation

between-55.cand+I25.,c
µA 741C- Commercialspecification for temperature range O e to 70c
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1,ow ,,; The input stage of an OP-AMP is usually a differential amplifier of the type describe. In

_

?i·.·
Jiq.2.4 for a de coupled amplifier requiring an output which can swing positively and!Jmc-,,,.,

[' ?)' with .respect to ground. It is evident that the circuit requires negative and

n?r '"tl???k..clllpplies. V+ and V-, referenced to some intermediate voltage level which will

-"IJ.l.l¡ h a,ouod. These voltage will have specified maximum and for the µA741C they..
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Op amps with bipolar input stages of the basic fonn of fiq2.6 are biased for linear
opc:mtion by having the quiescent base voltage at ground voltage and the common emitter
point negative .By operating at extremely low quiescent current values, the base bias
cumus will be low but they do have to be taken into consideration. Input bias current lb
mr an OP amp is define as the average of the two input currents with the inputs grounded,
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in one direction. A beaut or l
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.•o
a? a collimated beam

L;:,ser light is highly
monochrolllatic, being

ba!c:ícaHy of one: , his is in contrast to most lights Which a1·r:
e·

,, n:,:n., ·:c,n of many diffef'r,•
. ,:_, mys of light in a laser beao1 2,,

c,.mstructively at al! times. As th?u ·"

mtense beams of light.

r q.;;,i.?-,. fight which is monod1rGff"

::.:rtnt and usually coi);,

.

?-,'1 the light can ea,it;-

. , J1tr special feature is

, :, ;mall, allowing high

:-.an the time it takes to luno

!'-2 Laser dio(k
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All rays of light in a laser beam are in phase, which means lhey all interfereconstructively at all times. As there is no destructive interference, this lead to veryintense beams oflight

Laser light which is monochromatic and in phase is called coherent light. Thus, laser light
is coherent and usually collimated. Semiconductor diode lasers do not emit collimated
light but the light can easily be collimated using lens.

Another special feature is the time taken to turn the beam off or on. And can be made

wry small. allowing high precision pulse light to be generated. This time is much smaller

'- the time it 1akes to tum an ordinary bulb on or off.
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A laser diode like many oth .

,

·.

·

er 8ellli conductors de ·
· ?--?

.

"": \
·:

.

vice IS ""lllCU by dropping a·•-,lfiill layer on the surface of a crysta} Wafer. The crystal is doped to produce an n-type? ... and a ? region, one above the other resulting in p-n junction or diode. As inâf!lir modes, when this structure is forward biased, holes from the P-region are utjectediro lhe n-region, where electrons are the dominant carriers. Similarly, electrons from the
N!p'IIIS are utjected into p-regions, where holes are the majority carrier. When an.,._. and hole are present in the same region, they may recombine by spontaneous

- .... that is the electron may re-occupy the energy state of the hole, emitting a proton-, .

.

equal the diffi ces between the electron and the holes state involved.
-·. -? to eren

..

.. •.· h l resent the injection current of the diode and,? electron and o es rep;

• • . diode lasing threshold similar properties to lead..IIIUIUll emusion give the laser

.

"tiste laser oscillation but it is a source ofemission is necessary to 1ID
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Phaae1111hefiratJlhoton.
1blt stimulated Cini .

sston
caUSes o .. :_ •

......, m an optiin 1he iJvection . cal wave (of the sameregion, and the gain i

11 the .
.

ncreases as the number of electrons andacross Junction increases Th. e S¡,onfaneous and .,.;_ui . •?..,.. ated CDUSSion\IBStly more efficient indirect band .

gap senu conductors than in indirect
aani.-Ooduetors, thus silicon is not a common material for laser diode.

As in other ¡,._,.,, th .
.

.-•-,, e gam region 1s surrounded with an optical cavity to
:.• lur::r. In the simplest form of laser diode, an optical waveguide is made on that

_;,¿;.llllface,such that the light is confined to a relatively narrow line. The two ends of---"
·

llbl are cleared to form perfectly smooth, parallel edges. Photons emitted into a

6ie wave guide will travel along the wave guide and will be reflected several

111,._ md and face before they are emitted. As a light wave passes through the

(ltllllplitk,d by stimulated emission, but light is also lost due to absorption and

"-,.
ti'----• finally if there is more amplification than

111 l'llflfflioo from the end ""'""
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wa:veJeoath of light,-----? OJllieal
lllOdes; and the laser is known as!,- lllllilti? laacr - adequate in cases where one needs a4? but DDt a stnall dif&act¡on limited beam; for example in

? B small focused beam is needed, the wave guide must be made

Jl!!lllliml? This way, only a single lateral mode is supported and

.aillJ a àiffraction limited beam. Such single spatial mode devices are used

-=· laa::r pointers and fibred optics. Note that these lasers may still

tllllf'Ílffllm!II modes and thus can luz.e at multiple wavelengths

I ? is B function of the band-gapof the semiconductor and mode of

lfJ · JI¡ p:ac:m1. the roaxÍIDUDl gain will occur for photons with energy

Ae _.¡-pr cocrg}' and modes nearest the gain peak will laze most

.... js ? stn,Dgly enough, additional side modes may also Jaz.e.

_. • _,_ n,iblc lallCfS operate at single wavelength, but that

_..,,,.. • .,?in current or temperature. Due to
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}IIJ ? and lateral div?. This is easily -Observable wi1h a red
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¡"jj11•.àtor is a light-sensitive transistor and Slllll. •1ar to rdinary b" Jar.
•

.

an o 1po Junction

(Bfl) except that it has no connection to the base tenninal. Its operation is

l:!1111 the photodiode that exit at the CB junction. Instead of the base current, the input

·?-- is provided in the form of light as shown in the schematic symbol of

.'l1lr: device is usually packed in a TO-type can with lens on top although it is

. encapsulated in clear plastic. When there is no incideot light on the CB

tllcre is small thennlllly-generated
collector-to-emitter leakage current. Ice
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?

e

Fig 2.8 phototraJISÍstor
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11 6r: 1rwnrrñuti. and the receiver. ln order to eehieve:tfmaim;.61,

1.allalgÍIIIDCUOSideration.
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.

f the.
\.. :tlffliuu of vmous COIDponents used in the COllS1nK:tion °
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Ill"?

:.!;¡;'-:
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::::in>,

-- diagram circuits consist of two modules transmitter and receiver

1611- - - figure 3.1

11 I áKuit fig 3 .1 (a) comprises of condenser microphone, transistor,

t°R IIC54I-The next stage is followed by an OP - amp stage buih around

·'

I) 1lie pía of the OP- amp can controlled with the help of I-mega-ohms

ftL TIie audio m:quencY signal output from ICl is coupled to the base of

(12) ,rbich is in turll modulateS
the taser beam· Whi1:h is the carrier

-
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.. ,?-!Ili•·-?- ......... ?.=,.· a IDllldm.-.i Current of 1,2 IUA. Tbettfo..,..,,.......
-,

1.-_._,,..,. The value
ofthiarcsilltQJIJ_.,.•?I.

R1 =!st
1,,.

- 9

-1.2xiõ=i = 7 .Skn

i 73 W can not be found in the market 8.2 kn is choosen fur 1hís designed

i??-1Ciduce 1be current less than maximum value.

191',n uaplifier using • transistor

is pre-amplified by Tl BC 548 the transistor needs a base current of about

---?ia. active region by considering the diagram below in fig 3.

?;

i\!1

¡!

''I
¡'i
:l:¡

'II

I
,i

,,

J:

v ..

R2 I--

?
'1

rll 3.3 pre arnp!lftet
clt'Cult ::

21

:::

iJ¡

!:
1:

j
:'i.·

.d
-? i

./,;?
./··'

.' ·;,,:.-it?±.?-?
?-??,/



?

????·• ----·
r,.

7( -

•,,,
I

-•,·•

"'"'"I?"???-::?;?
!IA

i1

9===?
5><10--3 "'1.8Mn

I J_-

IF

,·:1w uollector resistor we Used the relation?;
'

,.

R3 = Vu-1'.a_
le Where Vcc"' 9V

VCE=.!x v. "'45V2 cc •

I
is at the middle of the load line that is were we come about 4.5V

T

:it>4

?:·

?t!fltlUil€d that, the collector current as O.SmA from datasbeet book. The value of the

i

can oc:

R3

,.iearrom

-?-

le

9-4.S
==--

ossx10-•

?ao

=8.18kn

oreauauo

IJlr ffllistor in market is 8.21ál so it is used for the design
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•???tbeÚlva:ting(%itttdial dft.ider ftotn resistor R.5 IIQd R¡¡

,r?m
0,ilf¡

foi(;,¡/

1J:t.11i<r, ,M?1??
+

¡11

:¡
Fig 3.4 op-amp circuit

ofdae resistor RSand R6 were chosen to be J5k.Q to initially drop the supply

½ Vee at the positive input of the op-amp and each value is evaluated as

V = R,
1sx10•

re, ¡;;:; X Vee ,. (Ís+lS),éíõi
X 9

= 4.5 v
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_ ,llasically laser is an oscillator providing energy at light freq

. .

tak .

;.. uenç1es 1t es 1t

SI ? 4iifflly from the atom. One of the most important quality of the laser is that its

*•cobcrent.Coherent means that the signals wave generated are in phase with one
.v
-- TIM., signal is extremely stable. Being it stable it has a modulation capability and
_t:?·:·

àlWlll.r is detectable; it is capable of tal<lng or carry intelligent information from the

which is coupled to the base of the tranSistor 8D139 which in turns modulate

. . f the s1·gna1 pronoootion make it very
beam. This well-aimed directivity O ?

. well as stable, the coherent signal is

'•ifflímnittt,r. It is very high frequency as

¡; f 101sHz which allows the beam to carry

\tillibk light spectrum is in order O
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DEMoouu.·-'---+
TION

·{fi!IHis a light sensitive transistor
(phototransistor) similar to an ordinary bipolar

BIT except that it as no base connection to the base terminal. Its

is based on the photodiode and has application of demodulation. The photo-

instead of the base current. The input to the phototransistor is provided in the

fl'?

. '"·•-ii.-?? ..

'"'7.

is DO incident light on the CB junction there is small thermally generated

;11,J emitter leakage current IEo which is called dark current and is in nA range

Ud. Jc = JUl. The photo u-ansistor circuit diagram is shown in fig 3.6
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¡# .Fig 3.6 Phototransisiõr dictator circuit
i

mmi? of the cell which is
approximately 1mn

)fni11g it characteristics from the datasheet Im = l.6mA maximum current we
II tbe value of Ra by the relation

_ Vee __ 9_ = 5.62 Ml But in the absent of thatRa -

Ima,:
-

l.6x10-3

.

also the voltage drop across the phototransistor can he• ·IIICII for the destgn

·

't uationby the equivalent crrcw eq

V =_!!!!....XV.:cRD
Ro+Rd

FintStageilf • Preamplifier
base current of about

the tr11J15istors
need a

7
...... u,;..t by T4 BC549

. belowinfig3.7
.. ....,.....-

...... diagr8111
.

-?""'Íltactive regíDll byL
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Fig 3.7 Pre-amplifier circuit

11 that delivers this current is cal ule ated as follows

,w.1

9

0.019X10-3 =466.32kn

_L_
Ru

= 2.2K{l

· ···

I 11lntr the collector resistance the relation is used

0.1µ

Where Vce='¡Vcc
== 4.sv

·,
.

. where we come about Vee to be 4.5v
.

•f 11111 middle of the load line that JS
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'
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-jja llSed for the design with +S%
toletance.,/

¡ • .rae Preamplifier Second Stage.,,,.-

111DPlified fiom T4 BCS49,the collector current is feed to the base of the TS

·•1;¡¡11biw bas already gotten from datasheet book that le= 0.0lmA
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H1m!inoo with the designed
Specification. 1n order to evaluate the overall design111,o_.,_.,out;.1wo._,._..,..,_

'{fâst channel is the transmitter with microphone as input source and laser torch-

procedure was also used to construct the second channel of the wireless

m11lion (that is the receiver) where the photo transistor act as the input to the

iUUlput as loudspeaker.

uy Comtruction

? of the transmitter and the receiver were first constructed temporarily on

?,
fo confirm the workability of the circuit and to have chance for making

ltill ia order to unprove the 0¡,eranng
of the circuits suit the design goal.
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Fig 4.1 breadboard

IJO\'e shown the practical breadboard used for the temporary building of the

...mify its ability to work within the range of accuracy.

1¦r¦t Comtraetion

the circuit on the breadboard, the components are then build permanently on

The components were assembled on the board and then later soldering to the

a 8'Jldering iron and lead. Fig 4.2 below shows typically the nature of the

fiJr building project permanently
after testing.
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54.00 ?
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1JI: output frequency response when voice strike the microphone.

"lif_l.5 represent the output wave form ,from the receiver connect at the outpm of

l. in the loudspeaker terminal.The pictorial view of the tran>miter and rec-eiver
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