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Abstract Key words 
     There is no adopt in the importance of the optical communications 

in scientific civil and military applications because of it’s simplicity 

in manufacturing and it's low cost. The method of optical 

communication depends upon bearing the light beam the translated 

informations by a method called the light modulation. This method 

depends upon changing some light properties as frequency, 

amplitude and pulse duration according to the translating 

informations. The changes in the first two properties are concerned 

optically with the analog modulation while the third one concern at 

most with digital modulation. All past methods are expensive with 

low efficiency and needs electrical or magnetic fields. In this 

technique the source of voice used a source of emitting light at the 

same time. This was done by using a reflecting microphone to reflect 

the incident laser beam to the receiver which was an photocell which 

connected to an audio amplifier. The emitting voice was clear 

without any type of noise with very high efficiency. 

Communication by 

reflection simple 

technique high 

quality. 
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 للاتصالات الصوتية لاستخذام تضميه الضوء المىعكسطريقة بسيطه 

 اكرم ووري محمذ, ياسر عباس علي, دعاء سليمان جابر

 لسى انعهىو انخطبٍمٍت, انجبيعت انخكنىنىجٍت, بغذاد, انعشاق

  الخلاصة

 .هبكبنٍفولهت ح خهبلا شك فً أهًٍت الاحصبلاث انبصشٌت فً انحٍبة انعبيت وانخطبٍمبث انعسكشٌت ورنك نسهىن     

شعبع ضىئً نهًعهىيبث انًشاد اسسبنهب بطشٌمت حذعى انخضًٍن  ضًٍنحمىو فكشة الاحصبلاث انبصشٌت عهى ح

أو صين اننبضت بحٍث حطببك  أو انطىسانضىئً. حٍث ٌخى حغٍٍش بعض خىاص انشعبع انضىئً كبنخشدد وانسعت 

ببنخضًٍن  ٍخٍن الأونٍخٍن )انخشدد وانسعت(انخغٍٍشاث فً صفبث انًعهىيبث انًنمىنت. ٌشحبظ انخغٍٍش فً انخبص

بٍنًب ٌشحبظ انخغٍٍش فً انثبنثت )صين اننبضت( فً انغبنب ببنخضًٍن انشلًً كم انطشق انسببمت يكهفت  انهىغبسحًً

يبدٌب ً يع كفبءة ححىٌهٍت واطئت نهًعهىيبث انًنمىنت. فً انخمنٍت سهن انحذٌث ٌخى اسخخذاو يصذس انصىث كًصذس 

حشدداث رنك انصىث. ونمذ حى رنك  انصىثيصذس بعث يًب ٌؤدي انى حضًٍن انضىء انًنبعث عن نهضىء انًن

ببسخخذاو سًبعت انشادٌى انحبيهت نًشآة يسخىٌت كعنصش عبكس نضىء انهٍضس انسبلظ عهٍهب انى وحذة الاسخمببل 

وهً عببسة عن خهٍت كهشوضىئٍت سبطج انى يضخى صىحً حٍث ٌعبد ححىٌم الاشبسة انضىئٍت انى اشبسة 

فً دساست نخبئج هزه انطشٌمت نخحمٍك كبفت انًسخخذيت  انخصبيٍىمت والاشكبل انًشفصىحٍت واضحت حًبو انىضىح. 

 لاحمب ً.ت يخطهببث الاحصبلاث وكًب يبٍن

 

Introduction  

     Communication modulation is the 

process by which some       

characteristic of a carrier wave is made 

 

 

to vary in accordance with an 

information -bearing signal wave (The 

modulating wave [1]. 
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Theory 
     There is a fine similarity in many 

aspects between light and voice waves.  

One of these similarities what known 

as Doppler effect.  

     If light or sonic wave with a 

frequency/ incident on a vibrating body 

(mechanical motion), the reflected 

wave will has a new frequency 

             change in wave 

frequency A f will be of a constant 

value if the vibrating body has a 

constant motion, and a variable value if 

the motion was variant. That change in 

frequency because of that collision 

called Doppler Effect. 

 

Types of modulations 

1- Amplitude Modulation (AM) 

     In this system the intensity or 

amplitude of the carrier wave (light 

wave) varies in accordance with the 

modulating signal wave. 

     The modulating field (electric or 

magnetic) rotate the plane of 

polarization of the incident polarized 

wave by an amount depending upon 

the transmitting signal frequency 

changes. The output wave passed 

through another polarizer (which has a 

plane of polarization parallel to the 

plane of polarization of the first 

polarizer) which we call the analyzer. 

The analyzer will allow some part of 

the modulated wave to pass through, 

causing a low transmitting efficiency. 

2- Frequency Modulation (FM) 

     In frequency modulation (FM) the 

frequency of the earner wave is varied 

in such a way that change at any 

instance is proportional to another 

signal that varies with time. This 

means a change in receiving wave 

phase. This what happen really in 

Doppler effect, so it calls also phase 

modulation. 

 

3-  Code modulation  

     Pulse modulation involves 

modulating a carrier that is a train 

regularly recurrent pulses. The 

modulation might vary the amplitude 

(PAM or Pulse amplitude modulation), 

the duration (PDM or Pulse duration 

modulation) or presence of the pulses 

(PCM or Pulse code modulation [1]. 

 

Results and discussion 

     In order to avoid all known 

problems in acousto-optic (AO) and 

acoustic electro-optic (AEO) 

modulations the opt-mechanical 

technique was used. This technique 

depends upon making the vibrating 

body as a source of emitting light. This 

was done by adhesion a plane mirror 

on the face of the radio speaker. When 

the laser beam incident on that mirror 

it will be reflected to far photodiode 

(see Fig. 1), which connected to an 

amplifier and later to another speaker.  
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     When the radio work the mirror will 

vibrate by the same frequency as the 

microphone do, so the incident laser 

beam will suffer the same changes in 

frequency as the speaker done. This 

will be clear in receiving voice by the 

second speaker. 

     Fig. 2 shows another arrangement 

of experiment where the vibrating 

wave incident on another mirror used 

to change the direction of sending. 

There is no change notice in efficiency. 

     Fig. 3 shows the third type of our 

experiment when we spilt the laser 

beam by Fresnel biprism and sending 

them to two receivers. The receiving 

wave had a good efficiency. 

 

Fig. 1: Explaining graph of the experiment. 
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Fig. 2: Experimental setup using a flat mirror (2). 

Fig. 3: Experiment setup using Fresnel biprism. 
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The system efficiency calculations 

     The efficiency is defined as the 

ratio between the received and the 

emitted powers. This factor in 

communication is affected by many 

factors as fog, rain, snow, scattering, 

light interference ….etc [5]. All these 

factors are summed in one term called 

the attenuation (A). But the main 

reason that affect the transmitted beam 

intensity is depend upon the place of 

work, i.e., in cold countries the main 

reason that optical communication 

ranges have been limited to               

non-commercial telecommunications 

function is fog (10-100) dB/km 

attenuation.  

     In our country the scattering due to 

dust in our atmosphere [6].  In order to 

measure attenuation which limited the 

efficiency we have to use Lambert-

Beers law as follows: 

)Lexp(T e                                  (1) 

where: T The atmosphere 

transmittance’. 

e  The attenuation coefficient in km
-1
. 

L The transmitting range in km. 

e   is the total attenuation factor where 

 

smoke.intsnowrainfogscate           (2) 

 

     In our country since scattering 

factor due to dust is the most effected 

factor we shall take it in our count.  

The mathematical relation which used 

for our research is [7, 8]: 

0

r

I

I
T                                               (3) 

where  

rI Received intensity. 

0I  The emitting intensity. 

From Eqs. (1 and 2) we get: 

L

)I/Iln( 0r
e                                 (4) 

     In general the attenuation is 

represented as: 

tran

rec
10

I

I
log10)A(nAttenuatio        (5) 

     For visible and near infrared 

wavelengths another factor is used to 

represent the system efficiency. This 

factor is called visibility (V km). 

Visibility is defined as the distance 

which the transmittance dropped to a 

value   ( )V(T ). The world 

meteorological organization suggest 

the value 0.05 for   [7, 9]. From        

Eq. (4) we have: 

 
V

3

V

05.0ln

L

05.0ln
e              (6) 

     For visible and near-IR, the 

visibility is given by the semi-

empirical formula [7, 10] 

 

q

scatt
550V

13













                          (7) 

where 

scatt  The attenuation coefficient for 

scattering. 

550 The standard wavelength for 

human ordinary visibility (550 nm for 

yellow).  

q   is particle size distribution  factor. 

The later studies gave that factor ( q ) 

the following values: 


























km5.0Vif3.1

km1Vkm5.0if5.0V

km6Vkm1if34.0V16.0

km50Vkm6if3.1

km50Vif6.1

q                                     (8) 
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     For our country since the scattering 

is the measure affected factor in optical 

communications Eq. (5) became as: 

e.scatt
10 4343.0
L

A
                    (9) 

From Eqs. (7 and 8) we have: 
q

e 550

3
V
















                            (10) 

In general the transmittance efficiency 

is given as: 

100
I

I
Effeciency

tran

rec                   (11) 

Table 1 explains measurements in 

different weathers. 

Table 1 shows one that the efficiency 

of the two wavelengths (650 nm and 

532 nm) are nearly equal although 

there great difference in their output 

powers mW100P650  , ),mW1000P( 532   

the main reason is that the scattering 

for shorter wavelength is larger than 

that for longer wavelengths. 

     While due to wide band of red and 

near-IR the effect of light interference 

during Sundays is greater than that 

their effects in nm532  while in 

night communications this effect 

reduced for .nm650 The left 

column in table 1 explained that fact. 

     He-Ne laser has very short range 

because its low emitting power which 

push us to use another laser light 

sources. Two diode lasers were used 

(A, i=650 nm, P=100 mw, and A, 

2=532 nm, P=1 watt). 

First we checked their efficiency by our 

system for different distances. These 

results are represented in Table 1. Then 

we turn to send our voice through our 

new system which consisted of a 

translator and receiver units. 

     The translator units consists of an 

amplifier (Teli TB-288A type, China) 

connected to a speaker, mono-internal 

speaker which holding a plane mirror 

(our reflector), and diode laser. While 

the receiver unit consists of an 

amplifier (Teli TB-188A type, China) 

with a loud speaker, photo diode, 

satellite dish which coated by a Nickel 

layer to focus the reflected light on the 

photodiode. 

The receiving voice has high range and 

too clear. 

 

Table 1: The system efficiency for different distances. 

Distance 

 
m 

Efficiency at sunny day 
Efficiency at clouded and 

rain day 
Efficiency at clear night 

גּ
 
=650 nm ּג

 
=532 nm ּג

 
=650 nm ּג

 
=
532 nm ּג

 
=650 nm ּג

 
=532 nm 

0 80 80 100 100 100 1.00  

30 76 78 100 
100 

 
99 99 

60 74 76 99 99 98 98 

90 72 74 98 98 97 97 

120 70 72 96 96 96 94 

150 68 70 90 94 95 92 

180 65 67 88 90 92 90 
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Conclusion 

1- Our experiment give an ability of 

building a new type of 

telecommunication. This can be done 

by using a cordless microphone with 

the hand speaker emitting infromations 

to the speaker-phone includes the plane 

mirror reflect the laser beam to an 

optical fiber for (earth linking) or 

through the space to the receiver. The 

receiver will receive information by a 

cordless phone and emit his 

information’s by the same way by a 

system of the same design. 

2- Another possible application as we 

expect is more important this is 

sending an ultrasonic wave through a 

fiber optics to open the closed artery of 

the hearts. This will need another study 

above our lab. ability. 
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