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Measurement Solutions 
Made Possible by Laser Vibrometry

We have assembled the most popular techniques and solutions for non-contact

laser vibration measurement technology. With a wide range of products, 

even experienced users can overlook the many options available. 

The following presentations illustrate the way in which the vibrometer can 

be used for different applications. Laser vibrometry has all the advantages 

of a non-contact measurement technique. The only condition is that the 

laser beam has unhindered access to the object. For this reason the following

explanations pay careful attention to the relationship between the object, 

its direction of vibration and the necessary beam path.

Laser vibrometers measure vibrational velocity without any contact and,

depending on the configuration, the vibrational displacement. It is possible

that this summary will provide the stimulus for new ideas. We wish you 

success and would be more than happy to support you with a more extensive, 

detailed consultation.  
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The Doppler Effect

Everybody has experienced the Doppler principle
behind LDVs when, for example, the acoustical
tone of a moving vehicle changes as it passes
you by on the highway. Because the propagation
of light can be viewed in a similar way, the 
same physical principles can be applied here as
in acoustics. The following description gives 
a graphical representation of this phenomenon
for a moving sound source.

Figure 1 shows the three cases of a sound source
(loudspeaker): at rest (A), moving to the right
(B), and moving to the left (C). The lines orig-
inating from the loudspeaker represent vibration
maxima at a specific observation time t. An
observer standing to the right of the loudspeaker
in case A will hear a frequency that corresponds
to the frequency emitted by the loudspeaker. In
case B, the loudspeaker is moving towards the
observer (v > 0). This would make the wave front
seem to be “compressed“. The vibration maxima
approach at shorter intervals than when the
loudspeaker is resting. This results in the frequen-
cy heard being higher than the frequency
emitted by the loudspeaker. Consequently, the
frequency heard by an observer where the sound
source is moving away (case C), is lower.

If a wave is reflected by a moving object and
detected by a measurement system (as is the

Principles of Vibrometry
Laser Doppler Vibrometers (LDVs) are particularly well suited for measuring vibrations where

alternative methods either reach their limits or simply cannot be applied. For example, LDVs can

measure vibrations up to the 30 MHz range with very linear phase response and high accuracy.

Measurements of the surface of liquid materials or vibrations of very small and light structures 

can also only be made using non-contact measurement techniques. Contacting transducers can 

fail when attempting to measure high amplitudes. The principle of laser Doppler interferometry 

is explained in the following.
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case with the LDV), the measured frequency shift
of the wave can be described as:

where v is the object's velocity and � is the wave-
length of the emitted wave. To be able to deter-
mine the velocity of an object, the (Doppler-)
frequency shift has to be measured at a known
wavelength. This is done in the LDV by using 
a laser interferometer.

Interferometry

The Laser-Doppler vibrometer works on the basis
of optical interference, requiring two coherent
light beams, with their respective light intensities
I1 and I2, to overlap. The resulting intensity is 
not just the sum of the single intensities, but is
modulated according to the formula 

with a so-called “interference” term. This inter-
ference term relates to the path length difference
between both beams. If this difference is an
integer multiple of the laser wavelength, the
overall intensity is four times a single intensity.
Correspondingly, the overall intensity is zero if
the two beams have a path length difference of
half of one wavelength. In case (a), the two
beams interfere constructively, and in case (b) 
it is referred to as destructive interference. 
Figure 2 shows how this physical law is exploited
technically in the LDV.



The beam of a helium neon laser is split by 
a beamsplitter (BS 1) into a reference beam and
a measurement beam. After passing through a
second beamsplitter (BS 2), the measurement
beam is focused onto the object under investi-
gation, which reflects it. This reflected beam is
now deflected downwards by BS 2 (see figure), is
then merged with the reference beam by the
third beam splitter (BS 3) and is then directed
onto the detector. As the path length of the
reference beam is constant over time (with the
exception of negligible thermal effects on the
interferometer) (r2 = const.), a movement of the
object under investigation (r1 = r(t)) generates 
a dark and bright (fringe) pattern typical of inter-
ferometry on the detector. One complete dark-
bright cycle on the detector corresponds to an
object displacement of exactly half of the wave-
length of the light used. In the case of the
helium neon laser used almost exclusively for
vibrometers, this corresponds to a displacement
of 316 nm! Changing the optical path length 
per unit of time manifests itself as the Doppler
frequency shift of the measurement beam. This
means that the modulation frequency of the
interferometer pattern determined is directly
proportional to the velocity of the object.

As object movement away from the interfero-
meter generates the same interference pattern
(and frequency shift) as object movement
towards the interferometer, this setup cannot
determine the direction the object is moving in.
For this purpose, an acousto-optic modulator
(Bragg cell) is placed in the reference beam,
which shifts the light frequency by 40 MHz 
(by comparison, the frequency of the laser light
is 4.74 · 1014 Hz). This generates a modulation
frequency of the fringe pattern of 40 MHz when
the object is at rest. If the object then moves
towards the interferometer, this modulation
frequency is reduced and if it moves away from
the vibrometer, the detector receives a frequency
higher than 40 MHz. This means that it is now
possible not only to detect the amplitude of
movement but also to clearly define the direction
of movement.

Displacement or Velocity?

In principle the LDV can directly measure dis-
placement as well as velocity. In this case, the
Doppler frequency is not transformed into a
voltage proportional to velocity; instead the LDV
counts the bright-dark fringes on the detector.

Using suitable interpolation techniques, Polytec's
vibrometers attain a resolution of 2 nm, and with
digital demodulation techniques even down to
the pm range!  Displacement demodulation is
better suited for low frequency measurements
and velocity demodulation is better for higher
frequencies, because the maximum amplitudes
of harmonic vibrations can be expressed as
follows:

As its frequency increases, a certain vibration
generates higher velocities at lower displacement
amplitudes.

v = 2� · f · s
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Measuring “Out-of-Plane“ Single-Point Vibration
Single point vibrometers measure the vibrations
of an object in the direction of the laser beam.
If aligned at a right angle to the object surface,
then the term “Out-of-Plane“ vibrometer is also
used.

Proven solutions for all surfaces: OFV-505
and OFV-503

Fiber optic systems for locations that are 
difficult to access: OFV-511, OFV-518

For harsh industrial applications: CLV with
IP64 protection rating, IVS-200, IVS-300

Portable and digital: PDV-100

Differential vibrometers allow vibration
measurement between two points vibrating
relative to each other. Specialized fiber optic
probes allow the examination of locations 
that are difficult to access.

OFV-512 fiber optic vibrometer

Particularly for high amplitudes: 
HSV-2002 high-speed vibrometer

Measuring “Out-of-Plane“ Differential Vibration

Measurements of vibrations in the surface
plane, i.e. at right angles to the optical axis.

With the combination of LSV-065 (sensor)
and OFV-3310/-3320 (controller),
applications such as measuring the 
vibrations of v-belts or pistons are possible

Measuring In-Plane Vibration

For measuring torsional vibrations of
continuously rotating surfaces or angular
vibrations of fixed surfaces. Output
independent of the surface shape.

"RotVib" OFV-400 sensor head 
and OFV-4000 controller

Measuring Rotational Vibrations

Three independent laser beams intersecting 
at the focus point allow you to measure the
vibration characteristics in three dimensions.

Simultaneous measurements in all 
three axes with 3D-LV

Measuring 3D Vibration

Scanning vibrometers and video microscopy sys-
tems for automated surface vibration measure-
ment and visualization. Optimum productivity
achieved with fast, comprehensive & accurate
acquisition and data handling.

PSV-300 for all large and small surface
vibration measurements

MSV-300 for microscopic examinations – 
for example in the MEMS area

PMA-300 Planar Motion Analyzer for
measuring in-plane vibrations of micro-
structures (stroboscopic video microscopy)

Mapping Vibration over Surface

Acquisition of complete 3-dimensional
structural dynamics.

PSV-300-3D Scanning Vibrometer for auto-
matic measurement and visualization of 3D
vibration characteristics

MMA-300 Micro Motion Analyzer system
combining MSV-300 with PMA-300 for 3D
vibration characterization of microstructures 

Mapping 3D Vibration over Surface

>> Continuation of Page E1

Symbol explanation: = Direction of vibration = Object under investigation = Laser beam

Source: Polytec LM INFO Special, Issue 1/2003, Polytec GmbH. D-Waldbronn




