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Optical Measurement System(OMS)

* Electromagnetic spectrum (UV, IR, Visible...)

« UV 0.01-0.4 micrometer

» Visible radiation 0.4 -0.7

. IR 0.7-100 “

We will talk about 0.3

« Types of OMS: fixed and variable source including the :
- the source

- Transmission medium

- detector






Variable source, fixed transmission medium
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sSources:

* Principles:

All sources of OMS emit radiation over a continuous band of wavelengths
rather a single wave length.

Intensity of source: (4)is specified by spectral exitance function 5S¢

Energy per second emitted from 1 cm”2 source between

Aand ALis s(A1)A4

Radiance: _
R = js(ﬁ,)d/“t Wwcm ?sr
0

s(A) power emitted per unit wavelength
s( A AA: power emitted between Aand 4 +AA4

ﬁ( Ad A: power emitted over all wavelength
0



Lambertianemitterandsolid angle:
thesourceS(A) is thesame when viewed in all directions

uniform )
Example LED : }rad 1lat flux
AS-area

Radiant Intensity: AsS(1) =1,(6 =0) [Ws r‘l,um]




Corresponding radiant Intensity:

| 0= S(A)As cosf = IR cosé
* Acos@— projectareaof emitting surface.




(c)

Figure 15.3 also explains the meaning of solid angle and its importance in
radiant power calculations. 4B and XY are two elements of the surface of a sphere;
both elements have area A4 and are at distance » from the source. The solid
angle subtended by each element at the source is:

surface area AA _
Ad)= =— steradians

distance’ y

The power incident on 4B 1is:

- A4 |
AW = [[Aw = —=—W pm [15.4]
¥

and the power incident on XY 1s:

I, cos 8 AA
R Wum! [15.5]
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Hot body sources

Any body at a temperature above 0 K emits radiation. The ideal emitter is termed a
black body: from Planck’s Law the spectral exitance of radiation emitted by a black

body at temperature 7 K is:

WE (A, T)= S [15.6]

where

A = wavelength in um
C,=37413'W pm* cm™
C,=14388 um K



C dA

LG

AT

=agl* Waem™

where 0= 5.67 x 107> W cm™ K* (Stefan—Boltzmann constant).

actualradiationat A, T
blackbodyradiationat A, T

W ALT)

*Emissivity=

* Emissivityof real bodyé‘( ﬁ«,T) —
w BB (4,T)



Transmission Medium

[flight s passed through any medium - gas liquid or solid § then f:ertain wavelengths
present in the radiation cause the molecules to be excited into higher energy stateg
These wavelengths are thus absorbed by the molecules; each type of molecule 18
characterised by a unique absorption spectrum which is defined by:
10)- Power absorbcjd by mc?dium at A ! W) 1510
Power entering medivm at A ()
Transmission Spectrum:
T(1)= powerleavingmediumat A _ W, (4)
powerenteringmediumatA W, (1)
where: O isoutput

| is Input



Optical fibres

Optical fibres are widely used as transmission media in optical measurement systems.”
A typical fibre (Figure 13.9(a)) consists of two concentric dielectric cylinders. The
inner cylinder, called the core, has a refractive index ,; the outer cylinder, called
the cladding, has a refractive index n, which 1s less than ,.

Figure 15.9(b) shows a ray ncident on the boundary between two media of
refractive indices n, and n, (n, > n,). Part of the ray 1s reflected back mto the first
medium; the remainder 18 refracted as it enters the second medium. From Snell’s Law
we have:

n, sin 6, =n, sin 6, [15.14]
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Index profile Fibre cross-section and ray paths Typical dimensions

E 125 um
L _____________________ (cladding)

] —————= 812 pm

(core)

125—-400 pm
(cladding)
50-200 pm
(core)

125 um
(cladding)

50 pm
(core)

Multimode graded-index fibre



diameter. This type of fibre can sustain only one mode of propagation and requires
a coherent laser source. The multimode step-index fibre has a much larger core
typically 50 um in diameter. Many modes can be propagated in multimode fibres
because of the larger core diameter it is also much easier to launch optical power intc
the fibre and also to connect fibres together. Another advantage is that light can be
launched into multimode fibres using LED sources, whereas single-mode fibres mus
be excited with more complex laser diode sources.

Multimode graded-index fibres have a core with a non-uniform refractive
index: n decreases parabolically from n, at the core centre to n, at the core/cladding
boundary. These fibres are characterised by curved ray paths, which offer somx
advantages, but are more expensive than the step-index type.

A light beam is attenuated as it propagates along a fibre; this attenuation increase:
with the length of the fibre. The main attenuation mechanisms are Rayleigh scattering

absorption by ions present in the fibre core, and radiation. The overall attenuatior
loss o dB km™" of a fibre of length L km is defined by:

1
a = l—O—logw[W’M } — log,,T [15.21




where I, and I, ar the input and output poveers and [ s the transmission
fctor, Figure 15.11 shows typical varations in with wave ength 4 for fibres made
entirly ofsilica glass and polymer plasic. For the slca olass fbre at A= 900 i,
0= 15 Bk so that = 071 for L= 1 km, For the plastic fbre a = 900 nm,
0= 600 0B k" so that T'= 0.87 for L = | mefre.

Glass fibees must be used in telecommunication systems where long ransmision
distances are involved, but plastc fbres can be used in measurement systems where

transmission links are much shorter,




