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אאWאא 

אאWאאאאאאאKKK 

WאאאWאא 

 JאאK  
 JאאאK 
 JאאאK 
 JאאאאK 
 JאאאאK 

אאאWאאא٩٠٪ 

אאאאW٧K 

אאW 

 J אK 

 J אא"Power Point"אאאאK 

אאW JאאאאK 
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אא 
Optical Fibers  

 

אאאאאא
 א  א אאFא א ٢ J١E K   א א

אFאnmEKאאאאF1012  Hz (  

 )(1016Hz אא   אא  א א  אא 
א  א א   א א א K  אF٢ J١E نجد أن 

  -:الترددات الضوئية تنقسم إلى

 JאאFVisible LightEF380 nm800 nmEK 
 JאאאFInfraredE(800 nm)K 
 JאאFUltravioletE.(380 nm) 

אF٢ J١Eאא 
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אאאאאKF٢ J١Eאא
אאאאאאאK 

 
F٢ J١Eאאא 

א 
אא 

[nm] 

א 

[ Hz]  

אא 380 7.9 × 1014 

 455 6.59 × 1014 

 490 6.12 × 1014 

 550 5.45 × 1014 

 580 5.17 × 1014 

 620 4.83 × 1014 

 750 4 × 1014 

אאא 800 3.75 × 1014 

  

Wאאא?א–א–א?
K 

٢ J١אאאAdvantages of Optical Fibers  

אאאאאאאא
אאאאאFא

אEאאאאא،אאא
W J 
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٢ J١ J١אא   Large Transmission Capacity  

אאא
אאאאFא Hz1014E

אאאא،
אאאאאאא

א 

٢ J١ J٢אאאא Immunity to interference  

،אאאFאאE
אא،אאא

אאאאאאאאK 

٢ J١ J٣אא Low Loss 

אאאאאאא
F0.2 dB/km EאאFλ = 1550 nmEא

אא،אאאא
אאאא

FאאRepeatersEF100 kmEא
אK 

٢ J١ J٤אא  Small Size and Weight    

אאאFאא125 μmE
אFאאאאאא

אאEאאא
אאאאאאאאאא

אאK 
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٢ J١ J٥אא  Greater Security    

אאאאאאא،
אאאאאאא

אאאאא،אא
אאאאאאא

FאאאאEKאאאאא
אאאאאאאK 

٢ J١ J٦אא  Flexibility     

אאא
אאאאWא،א،א،אK 

٢ J١ J٧א  Greater Safety   

،אאאא
אאא

אאKאאאאאא
אאK 

٢ J١ J٨אא  Longer Life Span      

אאא20 30אא
א1215אאאא

אאאK 

٢ J١ J٩אא  Ease of Expansion System Capability   

אאאאאא
אFאאאאאאאאא

אאWDM EאאאK 
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٢ J١ J١٠א  High Quality Transmission    

אאאאאאא
אאאאאאא

אאאאK 

אאFBEREאאאW 

אאאאאBER = 10 -6 

אאאא   BER ≤ 10 -9 

١ J٢ J١١אא  Low Installation and Operation Cost    

אאאאW 

 

אאא 

א 

א 

אאאאא 
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٢ J٢אאOptical Fiber Disadvantages 

אאאW 

١K אאאאK 

٢K אאאK 

٣K אאאK 

٤K אאאאאK 

אאאאא،א
אאK 

٢ J٣אא  Fiber Optic Applications    

אאאאאאאאא
א،אאאאאאאא

אאאאאא
אK 

אאאאW 

 JאאLong Distance TelecommunicationsK 

 JאאLocal Telephone Networks K 

 Jאאא CTVDK 

 JאאInternet and data communications K 

 Jאא Military CommunicationsK 
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٢ J٤ אאFundamentals of Optical Fiber 

אא،אאאאא
FCarrierKEאאאאW 

 J אאאאFWave TheoryEK 

 J אאאאFGeometric OpticsEK 

 J אאאFPhotonsEאאFQuantum 

TheoryEK 

אאאא،אא
אאאאאא

F،א،א،אKKKEK 

٢ J٤ J١אא  Light Ray Theory  

،אא
،אאאא

אאאאKאאא
אאאFnEKאא

FcnEאFnEאאאW 

)1.2(n / c = cn 

 

cאאאאFc = 3 × 108 m/sKE 

אF٢-٢EאאאK 
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F٢ J٢Eאאא 

א א 

א 1 

 1.33 

 1.5 

 3.5 

 4 

 1.59 

 

 J  Snell's Law   

אאאאאאא
אאאאאאKאF٢ J٢Eאא

אאאW 

 J אאFIncident RayE 

 J אאFReflected RayE 

 J אאFRefracted RayE 

 J Φ i  אא ) Incident Angle  (  

 J Φ rאאFRefracted AngleE 

 J Φ'i  אאFReflected AngleE  
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אאW 
)2.2( sin  n  =  sin n r2i1  

Fn1Eאא?אא?Fn2E
אא?אא?K 

אWאF٢}٢Eאאא
אאאFΦ'i  = Φi EK 

אWF2.2אEאאW 
)3.2(

n

n

sin

sin

1

2

r

i 



    

Fn1 > n2EFΦ r < Φi Eאא
אא 

 Jאאא"θc "  Critical Angle   

אאאאאאאאאא
F90ºEאאFn1 > n2E،
אאF٢ J٣EKאאאאא

אאאK 

Φ r 

Φ'i 
Φ i 

אא 

אא 

אא

אא
אא    n2  

  n1    א א

אF٢ J٢E،אאאא 
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אאאאאא،FΦcWE 

n1sin Φi =  n2 sin Φr   

n1 sin Φc =  n2 sin 90º  

n1sin Φc =  n2  

sin Φc =  n2/n1  

(2.4)sin
1

21








 

n

n
c  

א"1"אF1≤n2 / n1E 

Fn2EFn1EאאF(90º 

 Jאאאא  Total Internal Reflection   

،אאאא
אKאאאאאFΦi > ΦcEא
FאEא،אאאאK
אאאWאאאאFn1E

אאאFn2Eאאאא
F٢ J٤EK 

 
  

Φi =Φc  

n2 

n1 

Φr  =  90° 

אF٢ J٣Eאאא 
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 JאאW J 

אאאאא،אאא
אא א Wא אא אFCore E

אF (n1אFCladdingEאFn2E
אאאאFCoatingE

אKאאאאאאFΦcEאאאא
FאאE אא

K א א אאא א
?א א? K אF٢ J٥E  א  א א א

אאאK 

غشاءال

אF٢ J٥Eאאאא 

n2  

n1 
Φi Φi

Φi > Φ c 

אF٢ J٤Eאאאא 
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אאאאאF٢ J٦Eאאא
אאF(Φiא(B)אFAEא

אאאא،אאאאK 

  

אאאאאאאאFCoreE
אאאאFCladdingEא

F٢ J٧EK 

 

n2 

n1 

     Φi   Φi 

n2 

   Φi   Φi  

  Φi  Φi  A B 

אF٢ J٦Eאאאאאאא 

אF٢ J٧Eאאאא 

    i       i                                                                                     i       i
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 Jאא" θa"   Acceptance Angle   

אאFθaEאאאאאKא
אאאאאאאא

אאאאא
אF٢ J٨EK 

 

אאA) EאאאאFθaEא
אאאאFΦiEאאאFΦcE

א FאאאאKEא(B)אאא
אאFθaE אאאאא FΦcE

אאאא
אאאאK 

אאאא
F(θa  .א )(θa  אאא

אFAcceptance ConeE،אאא
אאK 

אF٢ J٨Eאאאאא 

A
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 Jאא "NA"   Numerical Aperture    

 אאFθaEאא
אאאF(n1אFn2EK

אאאאFNAEאא
אW 

(2.5)nnθsinnNA 2
2

2
1ao     

     (no)  אאאאאF
אאno = 1EW 

  (2.6)NAsinθ 1
a

  

אNA)EאאFΔEFn1EF(n2W 

(2.7)2ΔnNA 1  

 (Δ) אW 

(2.8)
2n

nn
Δ

2
1

2
2

2
1   

W 

 J θa  א                                   90º 

 J NA  אאא 

 J ΔאאFΔ << 1E 
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א אאא אא 
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אאאאאאא
אאא،אא

אאאK 

אאאאאאאאW 

١K אFn1EאFn2E 

٢K אאאאאאFΦi Eאא
אFΦcE 

٣K אאאFθ  E אאFθa E 

٢ J٥אאא  Fiber Modes   

אאאאאFBeamsEא
FRaysEאאKאאאאא
FPropagation ModesEא،Kאא

אאFMode IndexEאK 

אאאאאאאא
א،אאא

אאא،
אאאאאאW 

 JFTransverse Electric Modes ETE  - modes 

 JFTransverse Magnetic Modes ETM - modes 

 JF Hybrid ModesEאאאHE 

 JFHybrid ModesEאאאEH 

אWHE11,  EH12, TE01, TM02KKKKKK 



א  אא 

א אאא אא 
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٢ J٥ J١אא"V"Normalized Frequency 

אאאאאא
אאאV- F V-Number Eאאא

אW 

(2.9)NAa
λ

2π
V

 

(2.10)2Δna
λ

2π
1V        

 Jλאאאאא 

 J  aאK 

٢ J٦אאא  Optical Fiber Types   

אאאא
،אאאא،אא

אא،אאאK 

 אWאאאאאW J 

 JFStep-Index FibersEאאאK 

 JFGraded-Index FibersEא 

אK 

 WאאאאאאאW 

 JאFMultimode Fibers EK 

 JאFSingle  Mode FibersEאHE11K 
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 WאאאאW 

 JאאFGlass Optical FibersEאאK 

 JאאFPlastic Optical FibersEאK 

 JאאאאK 

אאאFאאEא
אK 

٢ J٦ J١אא  Step-Index Fiber   

אאאאא،אא
אאFn1Eאאאא

אFn2E،F٢ J٩Eא
אא(n(r))אאאFrKE 

- d   -a              0             a     d 

Cladding n2

n( r )   

 
Core 

n1  

r, μm 

אF٢ J٩Eאאא 
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א(d)אאFaEא
אא]μm[Kאא

אאF (n2Fn1Eאאאא
"אא"K 

אאMS) EאאאW 

(2.11)
2

V
M

2

S       

אאאF2.1EW 

(2.12)
1

1 n
ccn     

Fn1EאאK 

אאאא
F٢ J١٢EKאאאאאא

אF٢א J١٠E،א
אאFאKE 

 

אF٢ J١٠Eאאאאא 
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٢ J٦ J٢אאא  Graded Index Fiber   

אאאאאא
אאאאF

n=n1EאאאאFn=n2Eאאא،
WאFTriangularEאאFParabolicE

KאFn2KE 

אאאא
אאKFgEאאא

אאF،אאא،EKKKKאאF٢ J١١E 

F٢ J١١Eאאא 

g=1 

g = 2 

g =∞   

     d a   0   - a    - d 

   

n1 

   r 

n (r) 

Cladding n2 

Core 
n(r) 
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(g)،אא
א،א1.98 (א= (gאאא

אאFNear Parabolic ProfileE،W J 

  = 1     g  אK 

  = 2     g  אאK 

   g =∞ אאK 

אאFMgEאאאW 

(2.13)
g

2

2V   
2g

      Mg 






















         

אאאא(g)،אאF.(V 

 אאאאאא
F٢א J١٢Eאא،

אFאE،F٢ J١Eא
אאא(n)

FאאEא(n)FאKE 

אF٢ J١٢Eאאאאאאאא 
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אאאאאאאאא
אאאאאאאK 

٢ J٦ J٣אא  Single Mode Fiber   

אא،אאFSingle ModeEHE11
FאEאאא

אאFFundamental ModeEא،אאא
אאא(V)אאא

אאFCutoff V-NumberEF(Vc،א
(V≤ Vc)אKאאאאא

א2.10)WE J 

 אאאFaEK 

 אאאאאFΔEK 

 אאאאאFλEK 

F(VcאFEW 

 J אאאW J 

(2.14)405.2cV 

 J אאW J 

(2.15)
21405.2
gcV          

 אא"amax" 

 אאFamaxEאאאאא
א،אF١٠}٢EאאאFamaxEאW 



א  אא 

א אאא אא 
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(2.16)
Δ2nπ2

λV
a

1

C
max  

 אאאא
אאFamaxEאאאK 

FamaxEאאF(Vc 

 J אאאאF١٤}٢WE 

   

(2.17)
2Δn2π

λ2.405
a

1

max       

- אאאF١٥}٢WE 

(2.18)
2Δn2π

λ
g

2
12.405

a
1

max











  

 

 אא  "λc" Cutoff Wavelength  

אאFλcEאאאאאאא،א
F١٠}٢EאאאאW 

(2.19)Δ2
V

naπ2
λ

C

1
c             

FλcEאאF(Vc 

 J אאאאF١٤}٢EW 

(2.20)
2.405

λV
λ c 
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 J אאאאF١٥}٢EW 

   (2.21)

g

2
12.405

λV
λ c


   

אאאאאאאא
אאFλcEאאאK 

 Jא(MFD) Mode Field Diameter     

אאאאא
،אאK

אאאאFMode Field 

DiameterEFMFDKE،אאא
אFGaussian DistributionEאF١٣-٢EWFωoE

אFMode Field RadiusEאאFSpot 

SizeEK 

ω0

 -6          -4          -2          0            2          4          6 

Eo /e          

 Eo 

E(r) 

Radius, μm 

MFD = 2 ω0

e = 2.71

אF٢ J١٣EאE(r)אאאא 
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אא،אאאא،
אאא،אK

אא،אF (10 μmאאF(12 μmK 

٢ J٦ J٤אא )POF(   Plastic Optical Fiber  

אאאאאאFPOFE
א،אאא

אאF650 nmEK 

אאאW 

 JK 

 JאאFא1000 μmEאאK 

 JאאFNAEFא0.5EK 

 JאאאאK 

אאW 

 JאFAttenuationEאאF200 dB/km EK 

 JאאFBandwidthEאFא5 MHz.kmEK 

 אאאאאאאFאאאE،
אאאK 

אאאאאאאאK 

٢ J١W J 

FEאאF1.48Eאא
(1.46)KאאאK 
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א אאא אא 
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FEאאא=  1.495   n1= 1.404n2K 

א 

FEאאאאאא،
אאאאאאאאאא

FΦcKEF(Φc  

                 Φi  >  Φc c=  sin-1 









1

2

n

n
= sin-1 







48.1

46.1
 = sin-1 ( 0.986 ) 

c = 80.57º.  

 

FEאא 

Φc =  sin-1  








1

2

n

n
  =  sin-1 







495.1

404.1
  =  sin-1 ( 0.938 )  =  69.68º.  

אאאאא
אאFaθE. 

٢ J٢W J 

א=  1.5  n1= 1.47n2KW 

FEאאאFΦcEאאאא 

FEאא 

FEאאFθaEאאא، 

FEאאFΔE n1n2 
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א אאא אא 
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אW 

                             Φc  =  sin-1  








1

2

n

n
 =   sin-1  








5.1

47.1
  =  78.5º.                              FE        

        FE          

NA  =  2

2

2

1 nn   =   22 47151 ..   =   0.3                                     

 FE 

θa   =  sin-1  ( NA )  =  sin-1  ( 0.3 )  =  17.4º.           

        FE                                

02.0
5.12

47.15.1

n2

nn
2

22

2
1

2
2

2
1 







                                             

٢ J٣W J 

אאא ( 850 nm) אא
1.48Δ = 1.5 %Kא  40µmW 

FEאאF- NumberVEK 

FEאאאK 

א 

FEאאא 

875

01502
10850

48110402

2
2

6

6

1

.V

.
.

.
V

anV



















 



א  אא 

א אאא אא 
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FE،אאאאאW 

2873
2

65745

2

2


.V

M S
 

٢ J٤W J 

אW 

Δ = 1.5 %,   n1 = 1.48,     = 850  nm                                                 

W 

FEאאאא 

FEאאאאאאאאא
אאF1.3 μmEFn1 = 1.5,  Δ = 1%KE

אאאK 

FEאאFλcEא 

n1 = 1.46،a = 4.5 μm ،Δ = 0.25 % 

א 

FEאאאא 

μm3.1
03.048.12

10845405.2

22

9

1

max 













n

V
a c

 

،א2 × amaxא،W 

= 2 x 1.3 = 2.6 m 

FEאאא،אא 

4.32405.2
2

1405.2 
g

Vc              (   g =  2   ) 



א  אא 

א אאא אא 
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μm3.3
02.05.12

103.14.3 6

max 








a 

FEא،אאאאא
אאאFλc EאW 

405.2

0025.0246.1m5.414.32

405.2

2na2 1
c





 

=  1.214 μm   =  1214 nm. 

٢ J٧אאאא  Practical Characteristics Of Optical Fiber   

אאאFא٢א J٣E،
אאאFCoatingEאא

אאאאFBufferE،
FTubeEאאאא

KאאאאאאK 

 

F٢ J٣Eאאאאא 

Group 
Number 

Core 
Diameter 

[μm] 

Cladding 
Diameter 

[μm] 

Coating 
Diameter 

[μm] 

Buffer or tube 
Diameter 

[μm] 

I 8 to 10 125 250 or 500 900 or 2000 -3000 

II  50 125 250 or 500  900 or 2000 -3000 

III 62.5 125 250 or 500 900 or 2000 -3000 

IV 85 125 250 or 500 900 or 2000 -3000 

V 100 140 250 or 500 900 or 2000 -3000 
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،אאאאאאאW 

I.   Core:  8 to 10 / 125   

Single – mode fiber with: 

NA:  smallest  (< 0.1 )      

Loss:  lowest   (  ≈ 0.2  dB / km ) at λ = 1550 nm 

BW:  highest,  tens GHz × km. 

Wavelength:  1310 or 1550 nm 

Cable length:     2 km   

 

II.  Core:  50 / 125   

Multimode fiber with: 

NA:  smaller  (≈ 0.2 )  

Loss : lower  (≈ 3 to 4 dB / km )   

BW: higher (few GHz × km) 

Wavelength : 850 or 1310 nm 

Cable length:   ( ~ 0.2 to 0.3 km) 

 

III.  Core:  62.5 / 125   

Multimode fiber with:            

NA : medium  ( ≈  0. 3 )  

 Loss : low  ( ≈  4 dB / km )            

  BW: medium ( hundred MHz × km ) 

Wavelength: 850 or 1310 nm 

Cable length:  ≈  1.5 km 



א  אא 

א אאא אא 
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IV.  Core:  85 / 125         { European Fiber Size }  

Multimode fiber with:  

NA:  large   (   ≈    0.3 )  

Loss : high   ( ≈  5 dB / km )   

BW:  low  (  tens  MHz ×  km ) 

Wavelength:   850 or 1310 nm  

Cable  length :    (  ≈  1.5  km )  

  

V.  Core:  100 / 140  

Multimode fiber with:  

NA: largest   ( ≈  0.4 )  

Loss: higher (  ≈  5 dB / km )  

BW: lowest  ( ≈  MHz × km )  

Wave length:  850 or 1310 nm  

  Cable length:   ( 1. 5 or 1. 8 km )  
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،אאאW 

F٢ J٤Eא 

Specifications 

אא 

value 

א 

Explanation 

א  

Core diameter 

Cladding diameter 

Coating diameter 

Mode-field diameter 

Attenuation: 

                at  λ  = 850 nm 

                at  λ  = 1310 nm 

Fiber-optic bandwidth: 

At    λ  = 850 nm 

At    λ  = 1310 nm 

Chromatic dispersion 

Cutoff wavelength 

Fiber manufactures 

62.5 μm 

125 μm 

250 μm 

----- 

 

3.5 dB / km 

1 dB/ km 

 

160 MHZ × km 

500 MHZ × km 

0.1 nS / nm × km 

------------------- 

company  name 

Multi mode fiber 

Doesn’t included Coating 

Plastic-colored coating 

This value is used only for 
single mode fibers 

 

Maximum loss 

 

 

 

 

 

For single mode fibers only 
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אא 

١WאאאW 

 JאFn = 1.5E 

 JאFn = 1.33E 

 JאFn = 1.54E 

 JאFn = 4E 

٢WFEאאאאאFn = 1.5E
2 kmK 

FEאאאאFn = 3E
20m 

٣Wאאאאאאאאא
(1μs) K 

٤Wאא) , Φ2 , Φ1    θa  , Φc ( אאאא
אאFΔ = 0.01, n2 = 1.48   ، ( λ = 1310K 

 

 ٥WאאW 

θa   = 30º                 n2 = 1.47;       λ = 1300 nm;        62.5 يساوي قطر اللب μm  

  Φ2   
n1 = 1.5 

  Φ1  

  θa 50 μm     
air  n0 = 1   
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FEאאאא 

FEאאFV-numberE 

FEאאאא 

٦WאאאאאF٥EאאאFg =2E
אאF(100Kאאא 

Δ = 1 %,   λ = 1550 nm,  n1 = 1.5K 

٧WאאאאאW 

א  62 μmn2 = 1.47;   λ = 1310 nm;  n1 = 1.5; 

WFEאאFNAEK 

FEאאאאאK 

٨WאאאאאW 

א  22.66 μmΔ = 0.1 %;   λ = 1300 nm;  n1 = 1.5;  K 

gאאK 

٩Wאאא٧א
אאאאF = 1 gKE 

١٠WאאFλcEאאאFg  

= 2 EאאF(8 μm،F(n1 = 1.5  ،(Δ = 0.1 % )  .  

١١WאאאאW 

n1 = 1.48;    n2 = 1.46;     a = 25 μm 

١٣Wאא 
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 J؟אאא 

 Jאאא؟ 

 J؟אא 

 Jאאאא؟ 

 Jאאאא؟ 


