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Lecture 10 
Overview

Topics:

 Physical (visual) representation of temporal and spatial coherence of a traveling wave – coherence 

time and the spatially coherent zone REQUIRED for Optical Interference

 Physical and Mathematical representation of Interference in the optical regime of the EM spectrum 

of two non-collinear (same frequency – homodyne interferometry) plane wave light beams with 

the optical detector implementing optical interference by producing an electrical current that is 

proportional to the irradiance of the two beams plus the vital interference term that is a product of 

the amplitudes of the 2 E-fields multiplied by the cosine of the relative phase shift connected to 

the relative angle between the two light beam plane wavefronts.

 Physical and Mathematical representation of optical spatial frequency

 The Fiber-Bragg Grating (FBG) device –its Bragg diffraction physical principle and equation of in-

fiber Bragg diffraction; FBG device response when light of two different wavelengths is input to the 

device designed for Bragg reflection from one of these wavelengths.
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Interference Requires Coherence of Adding Waves
To produce a stable photodetected
current in time, the relative phase 
between the two interfering optical 
fields must be also fixed and stable, like 
two synchronized clocks. 

One way to insure this condition within 
certain engineering limits is to produce 
the two interfering light beams from 
the same optical source, thus 
maintaining a high degree of a criterion 
called temporal coherence and using an 
optical detection area that is small 
enough to preserve an interfering wave 
front’s relative phase-stable localized 
delta-function spatial sampling 
operation, thus maintaining a criterion 
called spatial coherence. 

One way to visualize light-wave 
coherence properties is to think of 
marching soldiers viewed through a 
window.
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Travelling Wave Representation -2 Interfering Collinear Beams (Rays)

Take the simple case of both beams traveling along the z-axis and coming from the same laser. With 
respect to the laser position marking the z = 0 origin, one beam travels a distance z1 in freespace
while the other beam travels a longer distance z2 in freespace before falling on the point detector. In 
this case, the optical fields incident on the photodetector is written as
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Interference with Relative Phase – Collinear Rays (Beams)

Using the two-beam interference caused photodetected irradiance expression with the optical-field 
relative-phase term φ12 = k(z2 - z1) = k∆z, we can write the photodetected irradiance for a two-
collinear beam interference as

Clearly if the relative optical-path length ∆z changes for the interfering collinear beams, the 
irradiance-coded current produced by the point photodetector (or single-pixel detector) will oscillate 
between a maximum and minimum value showing the classic sinusoidal wave behavior in time as 
the relative path-length changes in time, for example, like that caused by motion of a mirror that 
interacts with one of the interfering beams. 

This is the basis of Fourier Transform (FT) Spectrometry Instrument – that can determine the 
incident light source wavelength content (optical spectrum) by taking a FT of the time varying photo-
detected photo-current.
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Interference of Non-collinear Rays
Classic Young’s Double-Slit 2-Beam Interferometer

Assume maximum x-value << L, the distance of the detector from the aperture, thus 
meeting the small α angle or paraxial approximation condition that leads to several 
geometrical approximations such as sin α ~ α radians, AQ segment ~ L, tan α ~ α radians. 

This allows the computation of ∆z to be ∆z = d sin α ~ d α ~ d tan α = dx/AQ ~ dx/L. 
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Interference of Noncollinear Rays
Classic Young’s Double-Slit 2-Beam Interferometer

Because of symmetry, the optical fields at S1 and S2 will have equal strengths and hence, the expected 
photodetected irradiance at the x-position on the photodetector will be given by

So as x varies along the photodetector, the interference generated along the detector x-axis also 
follows a sinusoidal variation at a spatial frequency fx = d/(λL) ~ (sin β )/ λ as sin β ~ β ~ d/L where 
β is the angle at point P between Ray 1 and Ray 2.

Hence, interference in space has now introduced the existence of a spatial frequency or sinusoidal 
variation in space by the (via geometry) simple fact that varying angles between two interfering rays 
also corresponds to the changing relative path lengths light travels and hence, gives rise to changing 
relative k∆z values within the cosine argument of the two beam interference term.
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Interference of Two Angled Plane Waves Creates a Spatial Frequency

For the A-point location and interference for Ray 1 and 
Ray 2, we can write via geometry that ∆z = x sinβ. 
Assume that the light source is a single-frequency light 
wave and Beam 1 and Beam 2 have optical field 
strengths of E01 and E02,  respectively. 

Then the expected photo-detected irradiance at the x-
position on the photodetector without loss of generality 
at the A-point will be given by

we see that interference between two relative tilt plane 
wave fronts (Beam 1 and Beam 2) from a single-frequency 
coherent source produces on the spatial domain of the 
time-integrating detector like a CCD chip, a spatial-
frequency pattern (or sinusoidal fringe pattern) at a spatial 
frequency fx = sin b /λ in units of cycles per distance (e.g., 
cycles/ mm with 1 cycle = 1 complete interference fringe).

Dz=AB=AO sinb= x sin b

Spatial Grating

10/10/2019 N. A. Riza Lectures 8



Bragg Diffraction Condition – Positive Interference

FBG
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Bragg Diffraction in an Optical Fiber

Figure 5.37 shows the fiber Bragg grating (FBG) device that has an in-fiber grating that forms a sinusoidal 
refractive index variation in the core of the fiber along the optical axis of the Single Mode Fiber (SMF). 
The Grating is formed in glass using UV light interference of two angled beams with angle changed to 
record different grating spatial periods. For classic Bragg diffraction in a material of index nf, we can write

where ΛG is the grating period in the SMF, m is the 
diffraction order number, and λf is the light 
wavelength in the SMF core. For in-line geometry 
diffraction (also called blazed condition), make 
the Bragg angle θB = 90° and the diffraction 
order m = 1, giving the condition for FBG design 
to be

Here λ is the wavelength of light that was input into 
the SMF that would suffer Bragg diffraction and 
would be reflected back from where it came. FBGs 
can be written in the SMF to reflect user specific 
wavelengths (see Fig.5.37).
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