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PA
G

E: 
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7
 EX

PER
IM

EN
T 

-1
 D

ETER
M

IN
A

TIO
N

 
OF 

O
PTICA

L 
FIB

ER
S 

O
B

JE
C

T
IV

E
S: 

To 

determ
ine 

th
e 

num
erical 

aperture 
of th

e 

PM
M

A
 

FIB
ER

 

cables 

included 

with 

this FO1. BASIC 
DEFINITIONS: 

N
um

erical 

aperture 

of 

any 

optical 

system
 

is a m
easure 

of how
 

m
uch 

light 

can 

be 

collected 
by 
the 

Ni 

for 
air 
is 1, 

hence 

N
A

 
=

 

sinom
ax; 

NA= 
ni.sin 
max; For 

a step-index 

FIB
ER

, 
as 
in 

the 

present 

case, 

the 

num
erical 

aperture 
is 

given 
by 

N= 
V(ncore?-ncladding2) 

For 

very 

sm
all 

differences 
in 

refractive 

indices 

th
e 

equation 

red
u

ces 
to 

NA 
=

 

ncore 

V(2A), W
here; A

 
is 

th
e 

fractional 

difference 
in 

refractive 

indices 

The 

fiber 

m
ay 

refer 
to 

the 

specifications 
of the 

PM
M

A
 

FIB
ER

 

given 
in 

appendix-1 

and 

reC
ord 

th
e 

m
anufacturer's 

NA, 

ncladding 

an
d

 

ncore 

ande. 

/ 

N
U

M
ERICA

L 

A
PER

TU
R

E 
OF 

optical 

system
. 

It is the 

product 
of the 

refractive 
index 
of the 
incident 

mediumn 

and 
the 

sine 
of th

e 

m
axim

um
 

ray 

angle. 
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FIG
U

R
E

-2: 
TH

E 

1. 

Connect 

one 

end 
of th

e 

Cable 
1 (1-m

eter 
FO 

cable) 
to 

FO
 LED 

driver 

section 
of FO1 

and 

th
e 

other 

end 
to 

th
e 

NA 

Jig, 
as 

show
n 

in 

figure 
-2. 

2. Sw
itch 

On 

th
e 

trainer. 

Light 

should 

appear 
at the 

en
d

 

3. Hold 

the 

white 

screen 

with 
the 

concentric 

circles 
(5, 
10, 

15, 
20 

and 

25m
m

 

diam
eter) 

vertically 
at a suitable 

distance 
to 

m
ake 

th
e 

red 

spot 

from
 

the 

em
itting 

FIBER coincide 

with 

the 
10 

mm 

circle. 

N
ote 

that 
the 

circum
ference 

of the 

spot 

(outerm
ost) 

m
ust 

coincide 

with 

the 

circle. 
A

 

dark 

room
 

will 

facilitate 

good 

contrast. 

Record 

"L" 

the 

distance 
of the 

screen 

from
 

the 

FIBER 

end 

and 

note 

the 

diam
eter) 

of the 

spot. 

NA 
=

 

sin.max=W
I 

(4+W
) 

Tabulate 
the 

reading 
and 

repeat 
th

e 
for 

15m
m

, 

20m
m

 

and 
25 

m
m

 

diam
eters 

too. 

SCH
EM

A
TIC 

OF 

TH
E 

N
U

M
ERICA

L 

A
PERTU

RE 

M
EA

SU
REM

EN
T 

SYSTEM
 

L
E

D
 

in 

the 

FIBER 

Optic 

of th
e 

FIB
ER

 
on 

the 

NA 

Jig. 

Turn 
the 
Set 

Pout 
knob 
clockw

ise 
to

 
set 
to 

m
axim

um
 

Po. 

The 

light 

intensity 

should 

in
crease. 

You 

m
ay 

m
easure 

th
e 

diam
eter 

of the 

circle 

accurately 

with 
a suitable 

scale. 4. 

Com
pute 

NA 

from
 

the 

form
ula; 
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 5. In 

case 

the 

FIBER 
is under 

filled, 

the 

intensity 

within 

the 

spot 

may 

not 
be 

evenly 

distributed. 
To 

ensure 

even 

distribution 
of light 
in 

the 

FIB
ER

, 

first 

rem
ove 

tw
ists 

on 

the 

FIB
ER

 

and 

then 

wind 
5 turns 
of th

e 

FIB
ER

 
on 
to 

the 

m
andrel 

as 

show
n 

in 

figure-3. 

Use 
an 

adhesive 

tape 
to 

hold 

the 

windings 
in 

position. 

N
ow

 

view 

the 

spot. The 

intensity 
will 
be 

m
ore 

evenly 

distributed 

within 

th
e 

core. TA
B

LE 
-1 e NA 

W
(mm) 

L
 

(m
m

) 

S. No 26.5 

0.447 

10 

10 

1 25.0 

0.423 

15 

16 2 26.5 

0.447 

20 

20 3 25.64 

0.432 

25 

26 4 

30 5 

DISCUSSION: 

The 

num
erical 

aperture 
as 

recorded 
in 
the 

m
anufacturer's 

data 

_heet 
is 

0.5 

typically 
the 

value 

m
easured 

here 
is 

0.437. 

The 

low
er 

reading 

recorded 
is 

mainly 

due 
to

 

the 

FIBER being 

under 

filled. 

The 

acceptance 

angle 
is 

given 
by 

2emax. 

The 

value 
of 52 

degrees 

recorded 
in 

this 
is 

close 
to

 

the 

range 
of 55-60 

degrees. 

The 

low
er 

reading 
is again 
due 

Pou 
lh 

MA 
TESTÉR 

(degrees) 

to 
the 

FlIBER 

being 

under 

filled. 
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