
UCLA
UCLA Previously Published Works

Title
Pockels Cell Phase Modulator as voltage Sensor and How it Can be used to Measure High 
Voltage

Permalink
https://escholarship.org/uc/item/4646n0w1

Author
Wu, Yifeng

Publication Date
2022-03-13

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4646n0w1
https://escholarship.org
http://www.cdlib.org/


Pockels Cell Phase Modulator as
Voltage Sensor and How it Can be
Used to Measure High Voltage
YIFENG WU

A hypocritical approach involving both transverse and longitudinal phase to measure high
unknown voltage reversely using Pockels cell phase modulator for noncentrosymmetric uniaxial
crystals.

1. INTRODUCTION

From Principles of Photonics, we know very much that a Pockels cell phase modulator is achieved
by applying voltage on an uniaxial crystal. According to the Pockels Effect, in noncentrosymmetric
crystals, an incident light beam with polarization components in different directions would
observe changes of the principal indices when proper voltage is applied on this particular crystal.
This electro-optic effect helps to build practical modulators that alter the phases of different
polarization components of the incident light, which converts one state of polarization to another,
for example, linear to circular. Usually, the phase retardation in one direction determines the state
of polarization after this modulation.

This electro-optic feature introduces another quite interesting speculation: given a polarized
light that is known, by examining its phase retardation after passing a Pockels crystal on which
an unknown voltage is applied, it seems like that we are able to use the phase retardation to
calculate the unknown voltage. This essentially offers a new way to measure unknown voltage.

2. IMPLEMENTATION

In chapter 10 of Principles of Photonics, the longitudinal phase modulation is introduced and
according to Pockels effect in a uniaxial crystal [1],

Where φ is the phase retardation, ω is the frequency of the light, no is the ordinary refractive
index of the Pockels crystal, r13 is the Pockels constant, and V is voltage.

This gives the relationship between Vπ and phase retardation on which one can rely to calculate
the unknown voltage, if other coefficients are known. Kumada and Hidaka’s article demonstrates
another method that facilitates the measurement. By placing an analyzer whose direction is
perpendicular to that of the polarizer, one can calculate the voltage and the phase retardation by
simply measuring the light intensity[2]:

where Pout is the light intensity at the analyzer, Pin is the light intensity at the polarizer, θ is the
phase retardation, V is the voltage applied on the Pockels crystal, and Vπ is given as[1]:

Using this relationship, one can easily calculate an unknown voltage applied on the Pockels
crystal if Pout, Pin, and polarization phase difference were able to be measured.
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3. HIGH VOLTAGE MEASUREMENT

One can observe that the Pout, Pin relationship is a sinusoidal function. This means that there
will be more than one solution in the given relationship if the unknown voltage is large enough.
Therefore, to ascertain a definite voltage from the equation, one needs another set of equation(s)
to fix a point on the function by linear combination. Kumada and Hidaka’s article proposes
a way to do so by essentially adding another set of Pout, Pin relationship. In the article, a two-
wavelength dual laser system is introduced to expand the measurable voltage. By observing the
Pout, Pin relationship with incident light of another frequency, a new linear relationship can be
established so that a definite point on the sinusoidal function can be determined. They perform
the experiment by measuring AC, DC, lightning impulse, and steep-front square voltage and
confirm that this high voltage measuring system using a two-wavelength dual laser is feasible.

4. POSSIBILITIES OF COMBINING TRANSVERSE PHASE MODULATION

In chapter 10 of Principles of Photonics, another modulation is also introduced—transverse phase
modulation. This type of modulation stipulates its field perpendicular to the direction of optical
wave propagation. As a result, it will yield a different half-wave voltage Vπ from the case of
longitudinal phase modulation. Transverse phase modulation results a half-wave voltage of[1]:

Whereas longitudinal phase modulation results a half-wave voltage of[1]:

One can obtain two different half-wave voltages by performing different modes of phase
modulation[2].

With these two results, a definite voltage can also possibly be determined. This hypothetical
method can be applied when only one laser system is available.
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