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Lecture 9  
Overview

Topics:

 Physical and Mathematical representation of a light pulse train and average 

power and pulse’s peak power, energy, duty cycle

 Physical and Mathematical representation of Interference in the optical regime 

of the EM spectrum of two collinear (same frequency – homodyne 

interferometry) 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 between the two light beam sinusoids.

 To observe optical interference, the interfering light beams should be mutually 

coherent (phase stable).
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Light-based communications and information processing

To usher in the age of light-based communications and information processing, the light 
power can be temporally and/ or spatially varied, thus forming the basis of information 
transfer. 

A basic operating of information mapping occurs when:

- a laser power is temporally varied in a linear fashion to give 
a photodetected current that also varies in a linear fashion, 
thus tracking the temporal optical-power variation Pd(t) and thus forming the basis of 
linear signal processing via optical means. 

To achieve this result, the photodetector integration time T should be short enough (satisfy 
Nyquist rate) to sample the temporal optical power modulation but long enough to time 
integrate over many optical carrier cycles to meet the T >> τv  condition where τv is the period 
of the optical wave.
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On-Off Digital Light Modulation

Consider the simple case off on-off digital light 
modulation shown in Figure 4.14 with a laser on 
pulse width of tp seconds and a temporal 
modulation rate of 1/ TM Hz. 

In this digital modulation case, the photo-
detector integration time T < τp to enable 
adequate capture of the optical power 
modulation envelope. 

In the case of an analog signal modulation of 
the laser power, T << τp to satisfy adequate 
sampling speed for proper analog-signal 
recovery. 

In short, an engineer needs to choose a fast 
enough photodetector to capture the optical 
carrier modulation signal, but a slow enough 
detector to properly implement the Poynting 
vector magnitude time averaging operation to 
preserve the linear electrical to optical power 
mapping in the photodetector. 
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On-Off Digital Light Modulation

To consider temporal modulation of an optical field’s amplitude and instantaneous phase 
parameters, we can rewrite the plane wave optical field as

In this case, the photodetected current is given by

where 𝐸0 𝑧 = 𝐸0 exp −𝑗ϕ Ԧ𝑗. Thus when the laser power Pd(t) is temporally 
modulated, the detected current id(t) is also temporally modulated at the same rate. 
Note that direct irradiance (optical power) detection via the photodetector does not 
recover any phase modulation the optical field may have undergone, only the field 
amplitude modulation E0(t) via its square field representation is recovered. 

As will be seen later, to recover the optical phase modulation φ (t), an additional 
reference optical wave will have to fall on the photodetector to implement optical
interferometry.
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Duty Cycle, Pulse Energy and Peak Power
In many cases, lasers operate in a non-CW mode, such as a repetitive short-pulse mode 
such as used for eye surgery or parts machining. For such a temporally pulsed optical field 
Eo(t), such as shown in Figure 4.14, it is useful to consider the optical properties of the light
source, such as peak power per pulse, average power, and energy per pulse. Using Figure 
4.14 notation, we can write the following expressions:

It is common to have laser sources with very high peak powers (e.g., 100 W) using low 
(e.g., 1 W) average powers as one can adjust source duty cycles to optimize application 
impact.

Duty Cycle of Light Source =  tp/TM

Ep (Energy per Light Source Pulse) = Pav (Average Power of Source) x TM

Ppeak (Peak Power per Pulse) = Ep [Energy per Pulse]/ tp

Ep (Energy per Light Source Pulse) = Ppeak (Peak Power of Source) x tp

Ppeak (Peak Power of Source) = Ad x I= Ad x [Eo(t)
2/(2cm0)] ∞ Eo(t)

2

Pav (Average Power of Source) = Ep/TM
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Interference of Two Optical Beams

Two co-propagating (or collinear) optical beams at the same optical frequency, v, and provided from 
the same laser source and shown in Figure 4.15 can be written as the real
sinusoidal traveling waves in the z-direction with optical fields given as

𝐸01 = 𝐸01 Ԧ𝑗, with E01 the scalar amplitude of vector field strength in the Ԧ𝑗 unit vector (or y-direction) of 

space for the optical wave 1, and 𝐸02 = 𝐸02 Ԧ𝑗, with E02 the scalar amplitude of vector field strength in 
the Ԧ𝑗 unit vector (or y-direction) of space for the optical wave 2. φ12 (in radians) is the relative optical 
phase between the two interfering waves and indicates that the two beams are phase-locked or 
temporally phase stable (or coherent) with respect to each other. Using the analysis conducted earlier 
for the optical irradiance provided by the optical detector, the irradiance provided by optical detection 
of the two optical beams can be written as

I1=(1/2cm0)(E01
2)

I2=(1/2cm0)(E02
2)
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Interference of Two Optical Beams

Hence, we must compute the key relation relating the two real fields in the optical interference term, 
namely:

Here, one has used the trigonometric identity: 2 cos(A) cos(B) = cos(A + B) + cos(A - B) with A = 2πvt
+ f12 and B = 2p vt. Here the photodetector implemented long-time averaging over T seconds of the 
very fast (at 2v) optical frequency sinusoid corresponding to the first integral in the interferometric 
term analyzed earlier, which leads to a zero value leaving only the cosine of the phase difference 
between the two interfering optical fields to be left in the fields’ product term. 

Hence, the irradiance provided by optical detection of the two optical beams can be further written 
as
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Interference of Two Optical Beams

The presence of the cosine in the detected irradiance implies that a changing relative optical phase 
between the interfering fields will produce an oscillatory sinusoidal behavior of the detected optical
irradiance as the cosine value varies between a +1 and -1 value.

I

Note that the photodetector-generated irradiance cannot be of negative value and this is consistent with 
the fact that an optical beam does not carry negative power. In contrast, the RF signal generated from an 
RF antenna can have negative values, namely, oscillations with both positive and negative voltages about 
a ground or zero volts level.
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Photodetector Current in terms of Intensity

The current generated by the point photodetector is coded with the phase-difference φ12

between the two optical fields, and we can write the total current to be

Thus, by monitoring the photodetector current amplitude variation, we can determine 
φ12. Hence, if one optical beam undergoes a physical perturbation that induces an optical 
phase-shift, interference with a second unperturbed reference beam can capture the 
relative phase between the two beams, thus forming the foundations of optical sensing
technology using optical-interference phenomenon. 
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Modulation Depth

A good measure of the optical-interference quality is called modulation depth, fringe 
contrast, or fringe visibility given by

Given the definition for irradiance-modulation depth, we note that modulation depth can 
vary from one to zero with MF = 1 indicating the best interference possible. Specifically, 
there are specific optical-field amplitude and irradiance conditions that must be satisfied 
for the interfering beams to produce the best interference fringe visibility. 

Thus, when designing an optical sensor under certain environmental conditions, the 
engineer can select interfering beam properties to get the best interference result
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What happens when φ12 is a random fluctuation?

What happens to the detected interference irradiance when the optical-phase difference φ12

between the two interfering beams is a random fluctuation with time at the spatial point of 
photodetection. In other words, φ12 = φ12(t) is a random variable in time or a random process and the 
photodetected irradiance interference term will be given as

The cosine of the randomly fluctuating phase oscillates randomly between +1 and -1 with a long T time-
averaged value of zero; hence, the interference term in the photodetected irradiance disappears and the 
two beam-interfering total irradiance can be written as

The resulting total irradiance is simply the sum of the irradiances of the two optical beams. This case can 
occur when using two separate lasers of the same frequency to form the interfering beams as the two
lasers produce beams with random relative-phase values. Hence, the total power detected by the 
detector is simply the sum of the powers of the two separate laser beams as no interference occurs 
between these two beams

04/10/2019 N. A. Riza Lectures 12



Problem
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Solution
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Problem

Solution
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Problem

Solution
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Problem
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Solution
(a)13

(b)
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