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Lecture 11 
Overview

Topics:

 Physical and Mathematical representation of Interference in the 

optical regime of the EM spectrum of two collinear (but 

different frequency – heterodyne 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 at the difference frequency and having the 

relative phase shift between the two light beam sinusoids.

10/10/2019 N. A. Riza Lectures 2



Homodyne Interferometry 
vs. Heterodyne Interferometry

Homodyne interferometry produces time-stationary electrical signals from the photodetector, such as a 
stationary gray-scale fringe pattern image produced by a 2D CCD detector imager where the detector-
integration time is considered very long compared to the light-wave time period. Recall that the 
photodetector implements a multiplication operation of the two incident real optical fields producing 
electrical currents from the sum and difference frequencies of the light waves. When the light-wave 
frequencies are the same, the difference frequency component of the photodetector current is time 
stationary or a DC-current value. 

In heterodyne interferometry, this difference frequency component of the photodetection current has a 
time-oscillatory behavior at the frequency difference between the two light waves. To capture this 
frequency-difference time-oscillatory behavior, the photodetection integration time has to be short 
enough to sample this difference frequency signal; hence, an adequately fast-speed photodetector must 
be used to produce the difference frequency–produced RF signal. Hence, the fundamental feature of 
heterodyne interferometry is the heterodyne photodetection operation of the detector that produces 
the optical interference-coded signal on an RF carrier or AC signal versus a time-stationary DC signal as in 
homodyne interferometry.

Homodyne Interferometry 
Optically interfering beams of the same 
optical frequency

Heterodyne Interferometry 
Optically interfering beams of different 
optical frequency
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As higher speed detectors are more complex and expensive devices, 
what is the benefit of going to heterodyne interferometry?

Given the interference signal is produced on a nonzero RF carrier, the 1/frequency of 1/f 
noise in the electrical detection circuits is lower for higher-RF values. Thus, to produce 
very high SNR interference-based systems, we resort to heterodyne interferometry for 
highly sensitive interference readings using such powerful electrical signal processors as 
RF phase meters, RF amplifiers, and RF filters, such as used in sophisticated aerospace 
radar systems. 

Given that heterodyne interferometers also use temporally faster response 
photodetectors, they can capture temporally fast interference-coded effects such as the 
minute sub-micron scale vibrations of a micromachine part under observation for part-
quality verifications in a nondestructive testing (NDT) operation using light waves.
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Heterodyne Interferometry—
RF Generation via Photo-Detection
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Mathematical Representation  of
Heterodyne Interferometry

Without loss of generality, the two co-propagating (or collinear) mutually coherent optical 
beams at the different optical frequencies v1 and v2 can be written as the real sinusoidal 
traveling waves in the z-direction with optical fields given as

φ12 in radians is the relative optical phase of 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

Complementary Slide

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

I2=(1/2cm0)(E02
2)
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Mathematical Representation  of
Heterodyne Interferometry

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

Here we have used the trigonometric identity: 
2cos(A) cos(B) = cos(A + B) + cos(A - B) 
with A = 2πv2t + φ12 and B = 2πv1t . 

Here the photodetector implemented long-time 
averaging over T seconds of the very fast (at v2 + v1) 
optical frequency sinusoid corresponding to the first 
integral in the interferometric term analyzed earlier 
leads to a zero value leaving only the cosine of the 
optical frequencies difference v2 - v1 = fRF and phase 
difference φ12 between the two interfering optical 
fields to be left in the fields product term. 

At this stage, one must make an assumption on the 
temporal response of the photodetector with 
respect to the optical frequencies’ difference,
namely, the detection integration time is much 
shorter that the period of the generated RF or 
specifically, T << 1/fRF. 

Complementary Slide
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Heterodyne Interferometry
Photodetector Generated Current id(t)

Under these fast photodetector response conditions, the photodetector acts as a delta function d(t) time 
sampler of the RF beat signal and the photodetected interference term can be written as

Hence, the irradiance provided by optical detection of the two optical beams with an optical 
frequencies difference of fRF can be further written as

Complementary Slide
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The presence of the time-modulated cosine in the detected irradiance  implies that the 
useful interference information in the photodetected signal is on an RF carrier. Hence, we can 
use RF electronics such as DC blocks (eliminates the DC level in the signal), AC filters (reduces 
out-of-band RF frequency noise in the signal), RF amplifiers (increases the signal strength of 
the interference term), and RF phase meters (measures the relative RF phase between the 
photodetected RF signal and a stable RF phase reference). 

In short, by monitoring the photodetector current RF phase-shift variation, we can determine 
φ12. Hence, if one optical beam undergoes a rapid physical perturbation that induces a fast 
optical phase shift, interference with a second unperturbed RF frequency shifted reference 
optical beam can capture via heterodyne detection the relative optical phase between the 
two beams, thus forming the foundations of RF carrier-based fast temporal response highly 
phase sensitive optical sensing technology.

Usefulness of Heterodyne Interferometry
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