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Related topics
Interference, Doppler effect, scattering of light by small parti-
cles (Mie scattering), high and low-pass filters, sampling
theorem, spectral power density, turbulence.

Principle and task
Small particles in a current pass through the LDA measuring
volume and scatter the light whose frequency is shifted by the
Doppler effect due to the particle movement. 
The frequency change of the scattered light is detected and
converted into a particle or flow velocity. 

Equipment
Optical base plate w. rubber ft. 08700.00 1
He/Ne Laser, 5 mW with holder 08701.00 1
Power supply f. laser head 5 mW 08702.93 1
COBRA-interface 2 12100.93 1
PC COBRA data cable RS 232, 2 m 12100.01 1
Software COBRA, electric values, 14293.61 1
Basic Softw. f. PHYWE Windows prog. 14099.61 1
Adjusting support 35335 mm 08711.00 2
Surface mirror 30330 mm 08711.01 2
Magnetic foot f. opt. base plt. 08710.00 8
Holder f. diaphr./beam splitter 08719.00 1
Lens, mounted, f = +100 mm 08021.01 1
Lens, mounted, f = +50 mm 08020.01 1
Lens, mounted, f = +20 mm 08018.01 1

Iris diaphragm 08045.00 1
Beam splitter 1/1, non polarizing 08741.00 1
Silicon photodetector w. amplifier 08735.00 1
Control unit for photodetector 08735.93 1
Adapter,BNC-socket/4 mm plug pair 07542.27 1
Screened cable, BNC, l = 750 mm 07542.11 1
Prism table w.holder f.opt.b.pl. 08725.00 1
Lensholder f. optical base plate 08723.00 3
Screen, white, 1503150 mm 09826.00 1
xy shifting device 08714.00 1
Pin hole 30 micron 08743.00 1
LDA accessory set 08740.00 1
Support rod -PASS-, square, l 630 mm 02027.55 2
Right angle clamp -PASS- 02040.55 2
Universal clamp 37715.00 2
Support base -PASS- 02005.55 1
Aspirator bottle, clear gl.1000 ml 34175.00 2
Silicone tubing i.d. 7 mm 39296.00 4
Pinchcock, width 10 mm 43631.10 3
Glass tubes,straight, 80 mm, 10 36701.65 1
Rubber stopper,d 32/26 mm, 1 hole 39258.01 2
Rubber stopper,d 22/17 mm, 1 hole 39255.01 2
Measuring tape, l = 2 m 09936.00 1

Problems
Measurement of the light-frequency change of individual light
beams which are reflected by moving particles.

Fig.1: Complete set-up of the experiment: LDA – Laser-Doppler-Anemometry.
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Set-up and procedure
– In the following, the pairs of numbers in brackets refer to the

co-ordinates on the optical base plate in accordance with
Fig. 2. These co-ordinates are only intended to help with
coarse adjustment. 

– Perform the experimental set-up according to Fig. 1 and
Fig. 2. The recommended set-up height (beam path height)
is 130 mm.

– Initial operation of COBRA:

If COBRA is connected to the serial interface COM 1, double
click on the  “LDA_COM1” program. If the serial interface
COM 2 is used, start the  “LDA_COM2” program. COBRA
must have been switched before the program is started. Set
the maximum scanning rate <Delta t/ms> as a function of the
computer speed. With a 486 (66 MHz) computer 2 s have
proven effective. The time can be shortened for faster com-
puters. The adjustment of the scanning time is performed by
shifting the grey scroll bar with the mouse. The adjustment of
<Delta t/ms> must be repeated after each new program start.

If the scanning time is too short, no measured values or val-
ues at irregular intervals will be recorded

– Preparing the liquid:

To begin with mix only a small quantity of distilled water
(approximately 10 ml) with a spatula-tip full of silver-coated
glass beads in a small vessel. Fill an aspiration bottle, whose
lower drain has already been connected to a piece of silicone
tubing sealed with a hose clamp, with a quantity of water
approximately equal to 500 ml in which approximately 2 to
3 ml of the previously prepared concentrated solution with
scattering particles is given. To kill bacteria, it is advisable to
add a few drops of formaldehyde (30%).

– Setting up the liquid reservoir:

Provide the support base with both support rods (l = 650 mm).
Attach the glass bottles to the support rods by clamping one
of the universal clamps on each of the bottle necks and then
using the right-angle clamps* to connect them to the rods (see
Fig. 1). In the same manner as already performed on the first
bottle, now also equip the lower drain hole of the second one
with a piece of silicone tubing, which is sealed with a hose
clamp to begin with. The pieces of silicone tubing have been
slipped onto glass tubes which have been inserted into rubber
stoppers. These, in turn, have been stuck into the lower open-
ings of the aspiration bottles. The upper opening of the aspi-
rations bottles are also to be sealed with a rubber stopper to
minimise the transfer of dust into the liquid. 

– Setting up the optical components:

First, adjust the mirrors M1 [1,8] and M2 [1,1.5] such that the
laser beam runs parallel to the 2nd y co-ordinate on the base
plate.

– Position the beam splitter BS [1,2.5] with its magnetic base
close to mirror M2. While doing so, ensure that the reflected
partial beam also runs parallel to the 2nd y co-ordinate on
the base plate. The metallized side of the beam splitter
faces in the direction of M1. The beams, one of which ema-
nates from the beam splitter and the other of which from the
mirror M2, must always maintain the same separation along
the travelling path! Check this with a measuring tape by
holding it in the beam path at different distances from M2
and BS. The separation should not be greater than 3 cm. 

Fig. 2: Experimental set-up for laser-Doppler-Anemometry.

Fig. 3: Schematic set-up for the reproduction of the interference region of the crossed laser beams.
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– Now place the lens L1 ( f = +100 mm) at position [2,2] such
that the two parallel beams strike the lens (symmetrically to
the centre of the lens).

– Adjusting the intersection point:

The two beams are made to cross by the lens L1 at a distance
of 10 cm (at position [4,2]) behind the lens. For fine adjustment
use the following arrangement: 
Fix the pinhole diaphragm (diameter: 30 µm) in an xy adjusting
device, which is, in turn, equipped with a stem and inserted
into a magnetic base. The screen Sc at position [11,2] serves
as an observation screen. Now, set up the pinhole diaphragm
at position [4,2] such that it is located in beam path height and
exactly in the region of the intersection point of the two beams.
Shift its position with the adjusting screws of the device in such
a manner that the a light spot (with diffraction phenomena),
which previously emanated from the non-adjustable beam
splitter BS, appears on the screen Sc to the right of the optical
axis. Now, alter the second beam, which emanates from mirror
M2 by finely adjusting mirror M2 such that this beam also pass-
es thought the pinhole diaphragm. A second light spot (with
diffraction phenomena) appears on screen Sc, which now is
located to the left of the optical axis. Interference stripes can
also be seen between the two light spots. 

– Qualitative examination of the interference region:

Whether an interference region exists at the intersection point
of the two beams, can be qualitatively tested by reproducing
this point with a second lens L2 ( f = +20 mm). At a distance of
2 cm from the intersection point, set up L2 at position [4.5,2]
(This cannot be seen in Fig. 1 or Fig. 2!). On a distant obser-
vation plane (wall at a distance of at least 4 m or screen Sc,
which has been turned on its axis perpendicular to the optical
axis to expand the light point which is to be observed, Fig. 3),
two lights spots appear. They can be made to coincide by

readjusting mirror M2. On closer examination of the illuminat-
ed area, one sees the interference fringes (example: at screen
Sc distance of 113 cm, the light spot has a diameter of 8 mm).
Now, remove the optical components L2 and the screen Sc.

– Determination of the interference half-angle w:

At a distance of approximately 2 to 3 meters, two light spots
can be observed, which have made to cross by lens L1 at the
focus, 10 cm behind the lens. Now, measure the distance l’
between lens L1 and the observation plane and the distance of
the two light spots D (see Fig.4). The distance of the intersec-
tion point to the observation plane l is determined by the dif-
ference l’– f = l.

– Setting up the cell:

Pull the two O-rings each approximately 10 cm over the ends
of the two pieces of silicone tubing, which have already been
connected to the glass bottles with their other ends.
Subsequently, cautiously press these ends of the silicone tub-
ing with twisting movements onto the cell so that they extend
approximately 1 cm onto the cell (see Fig. 5). Now, slip the
O-rings onto the connection locations of the silicone tubing’s
ends and the cell. 
Caution: The cell is made of quartz and very fragile. Therefore,
handle it carefully! After connecting the cell to the two pieces
of silicone tubing, clean the finger prints and traces of grease
from the cell with a soft cloth! 
Clamp the cell to the prism table with the fixing ball. the laser
beam must strike the parallel cell walls perpendicularly! Now,
place the prism holder with cell in the laser beam at position
[4,2] such that the beams pass through the lateral surfaces of
the cell and that the intersection point of the two beams is
located in the middle of the cell (This can be best seen when
the cell is filled with liquid!).

Fig. 4: Schematic presentation of the set-up for the determination  of the overlap half-angle w.
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– In the following, a flow of liquid through the cell should
occur even when the hose clamps are just slightly opened.
To achieve this, the filled glass bottle must be attached to
the upper end of the support rod and the empty one, fixed
at the lower position. 

– Positioning the photo-detector:

Position an iris diaphragm B, whose aperture is reduced until
the two main beams are not able to pass through it, in a lens
holder behind the cell [5,2]. A lens L2 [7,2], with the focal
length f = +50 mm, focuses the scattered light which emerges
parallel from the cell onto the photo-detector D [8,2]. The sig-
nal from the photo-detector D is applied to a control unit. 
This signal on the output of the control unit is applied to the
input port IN3 on the COBRA interface (+ and GND).

– Presettings of the measuring program:

Press <Start> -button, now the setting parameters, such as
<IN1>, <IN3> (corresponds to  COBRA IN1 and IN3), the scan-
ning frequency and, with depressed <IN3> button, the voltage
regions can be set. Subsequently, switch off the  <Stop> but-
ton so that the <Start> button again becomes visible.
Make the following settings: input is <IN3>, the voltage region
U/V is <10>, the frequency range f/kHz is <20.945> and, to
begin with,  use the signal display <G(f)>. This display is the
spectrum of the time signal F(t) recorded by the photo-detec-
tor and which has been transformed by an FFT algorithm in
the frequency range. 

– Observation of the time function (oscilloscope function):

To achieve this, one observes the time signal F(t) of the photo-
detector (setting: <F(t)>). The measuring program continuous-

ly displays the actual measured values. As a result of the
recording and serial transmission of the data, the presentation
is delayed (waiting period: a few seconds). Fig 6 shows a typ-
ical time signal F(t).
Now, the fine adjustment of the photo-detector D can be per-
formed: Adjust it with its input opening positioned at the focus
of the 2nd lens L2 such that the time signal F(t) exhibits its great-
est voltage variations. Occasionally, so-called bursts, which
show an undulation with a high frequency, should be visible. 

– Determination of the flow velocity:

Shift the filled glass container to the upper position and the
empty one to the lower position (see Fig. 1). To begin with, one
hose clamp is kept tightly closed in order to subsequently be
able to achieve low-velocity flow through the cell by opening
it slightly. The flow can be observed due to the scattering of
light in the cell (flashing of the scattering particles on flowing
through the measured volume). In the process, the level of the
liquid sinks only very slowly; thus, several minutes are avail-
able for the measurement. 

– On observing the spectrum G ( f ) (Setting: <G(f)>), a measur-
ing signal peak must now emerge from the background.  As
a result of the automatic averaging (yellow curve; restart of
averaging with <RESET>, the number of averaging proce-
dures performed is continuously displayed), the signal
becomes free of noise and the peak becomes clearly visible
(see Fig. 7). The number of averaging procedures should be
restricted to approximately 20, since the level of the liquid
changes during the measurement and thus also the flow
velocity (see Fig. 8). In this particular case, the current peak
has moved to the left while the spectrum was being meas-
ured and has continuously widened the averaged spectrum. 

Fig. 5: Set-up diagram “glass cell”.
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– At low flow velocities it is possible that the signal peak
moves too far into the region of the direct current fraction on
the spectrum (f < 0 Hz) and thus can only be localised with
difficulties. 

– At excessively high flow velocities turbulence may occur in
the cell so that the result could be falsified by too great dif-
ferences in the particle velocity. In addition, it is possible
that a signal peak with higher frequency is mirrored at the
highest frequency location of the measured spectrum due to
a property of the FFT algorithm and thus is still visible. This
case can be recognised by a shift of the signal peak to high-
er frequencies instead of lower ones when the current
velocity slows (due to the unavoidable sinking of the liquid
level). 

– By means of the cursor functions of the graphic (<||>), the
mean frequency of the signal peak can be directly deter-
mined (display of the frequency below the signal display). 

– The velocity measurement (i.e., the determination of the
mean frequency of the signal peak in the spectrum) is now
performed by different flow velocities. To do this, the extent
of the hose clamp’s loosening is varied: only very small
changes in the degree of loosening (opening) are necessary!
Take into consideration that after a change in the tightness
of the hose clamp, one must wait approximately 2 min until
the new diameter has established itself and the disturbanc-
es in the liquid flow have diminished.

Note
– The scattering bodies (glass beads coated with silver) sedi-

ment out after a few hours. Therefore, they should be
returned to solution by shaking the liquid at regular intervals
(every half hour)!

– The general background illumination should be kept as low
as possible so that the signal peak in the spectrum is more
easily seen.

– A hard copy is printed by the connected printer when
<Hardcopy> is depressed. Before making a hard copy, it is
advisable to change the colours of the diagram in order to
conserve the ribbon or the toner cartridge of the printer.
Diagram colours can be changed by depressing the Colour
Selection button at the top right above the diagram. The fol-
lowing colour combinations are recommended
Scope: instead of black – white
Data:  instead of yellow – black

– Exiting the program: Double click on the upper left-hand
corner of the screen with the left mouse button. 

– The graphic set-up used has a pixel resolution of 6403480.
If a monitor with a higher resolution is used, the program
uses only a corresponding image section in the upper left-
hand corner of the screen. Changing the graphic setting to
VGA 6403480 provides a full-screen display.

Theory and Evaluation

Doppler effect
Two cases of the Doppler effect are used to discuss the LDA
principle (see Fig. 9).
(a) In the first case, a stationary light source and a moving
receiver are present, where the velocity of the receiver is given
by the vector U

R
. The light frequency at the receiver fR is given

in the following manner as a function of the transmission fre-
quency fs at the light source:

fR = fs [1 – ] (1)

where c is the speed of light in air. 

U
R

· l
R

c

Fig. 6: Appearance of the program desktop. Display of the
time signal F(t) of the photo-detectors voltage.

Fig. 7: Measurement of the signal spectrum with a signal
peak at 2750 Hz for 25 averagings.
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(b) In the second case a moving light source is used and the
receiver is stationary. Thus, the received light frequency is
given as follows:

fR =
fs (2)

[1 – ]
In LDA a laser is used as a stationary light source and small,
flowing particles scatter the light, which is then received by a
photodiode D.

The application of the two upper equations (1–2) provide the
frequency of the light at the photocell after the laser light has
been scattered by the moving particles and received by the
stationery receiver (see Fig 10):

fR = fs [1 – ] / [1 – ] (3)

Additional general information on the Doppler effect is pre-
vented in the “Michelson Interferometer – Doppler Effect”
experiment in this manual. 

Twin beam anemometer
In the practical application, only a small Doppler shift of the
light frequency due to the movement of the particles results,
as follows from Equation (3), compared with the light’s fre-
quency. Thus, a direct measurement of the frequency (e.g.
with the aid of a Fabry-Perot interferometer) can only be per-
formed with insufficient accuracy.
There are different methods of avoiding a direct optical fre-
quency measurement:
Due to the quadratic characteristic line of the photo-detector,
it is possible to mix two light frequencies. Thus, the beat fre-
quency of the two signals can be detected. For example, in the
self-beating method, the frequency-shifted signal is mixed with
itself (as measuring frequency, one obtains twice the difference

frequency). Additional methods are the homodyne (one light
source) and the heterodyne (two light sources) mixing.
In the arrangement presented here, the twin-beam configura-
tion (two crossed beams from the same light source) is used
(see Fig.4).
In this arrangement, a laser beam is split into two partial
beams having equal intensities, which are then focused in the
measuring control volume (mcv) and made to intersect within
this volume. Particles in the flow which passes through this
overlap volume scatter the light of both partial beams. The
Doppler shift of the scattered light is different for the two par-
tial beams (different l

R
vectors, but the same k

R
vectors). This

difference, generally known as the beat frequency, is meas-
ured in the scattered light. This frequency difference is desig-
nated as the Doppler frequency and is substantially lower-fre-
quency and has a more narrow band width as the source fre-
quency of the light. Thus, an exact detection and measure-
ment of this frequency with electronic means is possible. Now
it will be shown that the Doppler frequency is proportional to
the particle velocity. 

The frequency of the scattered light for each of the two partial
beams is given by the following: 

fR1 = fs 

(1 – )
(4)

(1 – )

fR2 = fs 

(1 – )
(5)

(1 – )
The difference is given by:

fD = fR1 – fR2 = fs (6)U
R
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Fig. 8: Measurement of the signal spectrum with a signal
peak 9525 Hz for 38 averagings. The real measure-
ment has a signal peak at 9052 Hz.

Fig. 9: Two cases for the discussion of the Doppler effect.
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Using the relationships in Fig.11 and the correlation c = fs·l
(l:wave length of the laser light), the Doppler frequency can be
expressed as follows:

fD = = (7)

= 

where U⊥ is the velocity component of the particle perpendic-
ular to the angle-bisection of the beam overlap region.
Equation (7) shows that the particle velocity can be measured
by determining the Doppler frequency if a particle passes
through the measuring volume (mcv). The beam overlap angle
2w and the laser wavelength l can also be determined with a
high degree of accuracy.
The measuring principle of LDA can also be illustrated by the
use of Moiré fringes (or also the grid model, Fig. 12). In this
model the two laser beams intersect and form parallel interfer-
ence fringes in the mcv. The moving particle then scatters
alternatingly the constructive and destructive interference
fringes in the measuring control volume (mcv), where the fre-
quency of the intensity changes is directly proportional to the
velocity components of the particle perpendicular to the grid.
The separation of the fringes is designated as Dx and is given
by Equation (8). The frequency of the intensity changes is thus
given by fD = U⊥ /Dx (see Equation (7)).

Dx = (8)

Due to the experimental design, the interference fringes can
only be considered qualitatively in this experiment.

Evaluation
In the course of the experiment, the overlap half-angle w is
determined. In doing so, the distance from the lens L1 to the
observation plane l’ and separation of the two light spots on
the observation plane D are measured (see Fig.4). Thus, the
angle w is obtained as follows:

tan w = R w = arctan ( ) (9)

with l = l’– f (f :focal length of lens L1).
In an sample measurement, the following distances were
determined:

D = 61.3 cm l’ = 247.3 cm
with f = 10 cm R l = 237.3 cm

This results in an overlap half-angle w = 7.36°.

Sample measurement:
In the measurement of flow velocities, the following frequen-
cies (mean frequencies of the signal peaks) were measured for
various flow velocities:

1. fD = 2750 Hz
2. fD = 9052 Hz

The measurements are shown in Fig. 7 and 8. These can then
be converted into flow velocities according to Equation (7),
where the angle w is given by Equation (9).

The following flow velocities perpendicular to the light’s inci-
dence U⊥ resulted from the measured frequencies fD:

1. U⊥ = 0.68 cm/s
2. U⊥ = 2.23 cm/s

In Fig. 7 still another measurement is shown, in which the
number of averagings selected was too large. The frequency
of the signal peaks is markedly shifted toward lower frequen-
cies. A comparison of the initial and final frequencies of this
measurement showed the following change in the flow veloc-
ity as a result of falling water level in the liquid reservoir:

Initial frequency: f1 = 9525 Hz
Final frequency: f2 = 9052 Hz

From these frequencies the following change results accord-
ing to Equation (7):
DU = 0.12 cm/s.

D
2· l

D
2· l

l
2·sin w

U⊥ · 2·sin w
l

U
R

· n
R

· 2 ·sin w
l

U
R

· ( l
R

2 – l
R

1)
l

Fig. 10: Scattered light of one moving particle.

Fig.11: Differences in the unit vectors.

Fig. 12: Fringe model of LDA.
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