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Abstract. The presence of a data acquisition device in a modern physics laboratory
sets the ground for an advanced scientific investigation performed by the students, due
to the fact that the studied physical phenomena can be qualitatively and quantitatively
explored in an exhaustive manner. A physics experiment includes the acquisition,
processing, storing and interpreting of the experimental data taken with the help of
sensors associated with the studied physical quantities (temperature, pressure, force
etc.). The analog signals received by the sensors connected to a data acquisition
device are turned into digital signals. These are later on processed with the help of a
software application in order to monitor the variation in the physical quantities
correlated with the studied phenomena. In this paper we focus on the study on the
longitudinal acoustic Doppler Effect by performing the spectral analysis of the sound
picked up by a microphone, using the NIDAQ acquisition device and the graphical
programming environment LabView.
Key words: Doppler effect, Doppler shift, virtual experiment, data acquisition, signal
frequency.

1. INTRODUCTION

Recent studies in the didactics of Physics highlight the students’ attitude
towards the scientific content of this discipline and the computer-based strategies
that a teacher may employ in order to capture the attention and interest of his
students [1–3]. On quite a significant number of occasions they show a certain
reluctance in approaching scientifical matters and a considerable lack of interest. In
such circumstances, the teacher must raise the qualitative standards of the
experiment [4]. Regarded as a bidirectional communication interface teacherstudent, the experiment can bring substantial qualitative influences upon the actors
involved in the didactic process.
A successful physics experiment must necessarily gain the attention of the
students: it has to be dynamic, spectacular and efficient. Only this way the
students’ involvement, enthusiasm and creativity will become visibly enhanced.
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With minimal hardware (data acquisition device, computer) and software resources
(LabView) used in an intelligent and didactically relevant way this goal can be
achieved, as some authors have pointed out [5–9]. Based on these considerations,
we set out to design an experiment for the illustration of the acoustic Doppler
effect, which we extensively elaborate on in this paper.
2. THEORETICAL BACKGROUND

To begin with, we are going to highlight some theoretical aspects concerning
the acoustic Doppler effect [10]. In a given physical environment (atmospheric air),
we have an acoustic source S and a receiver R which travel one towards another at
the speed of v S and v R . The source S generates a sound with a frequency f 0 which
travels with the speed c (Fig. 1).

Fig. 1 – Source and receiver moving towards one another. The colored versions can be accessed at
http://www.infim.ro/rrp/.

The apparent frequency perceived by the receiver R is f  f 0

c  vR
, where
c  vS

f 0 is the frequency of the signal emitted by the acoustic source.
We will analyse two particular cases of the longitudinal Doppler effect:
a)

Stationary

case f  f 0

receiver,

moving

source

( vR  0 ).

In

this

c
, when the source moves towards the receiver, and
c  vS

c
, when the source moves away from the receiver
c  vS
( vS  vS ). If we know the values of f and f 0 , we can determine the
f  f0
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speed of the source based on the relation: vS  c

3

f  f0
, where + and –
f

designate the cases where the source approaches the receiver and moves
away from it.
b) Moving receiver, stationary source ( vS  0 ). The observer perceives a
frequency

f  f0

c  vR
, when the source approaches him, and
c

c  vR
, when the source moves away from him ( vR  vR ). If we
c
know the values of f and f 0 , we can determine the speed of the receiver
f  f0

based on the relation: v R  c

f  f0
, where + and – designate the cases
f

where the receiver approaches the source and moves away from it.
The present paper illustrates the experimental aspects of the two situations a)
and b) described above for the determination of the Doppler shift in case of
approach and recession, as well as of the speeds v S and v R in these cases.
As we can see in Fig. 2 and Fig. 3, the acoustic signal generated by an audio
source will be captured by a microphone with a parabolic reflector which is
connected to the sound card of a laptop. From here, the signal is amplified and
applied on an analog input of a data acquisition device NIDAQ6008, connected to
the laptop through a USB port. The data flow is processed with a software
application made in LabView, which offers information on the spectral content of
the signal detected by the microphone. This way one can observe the Doppler shift
of an analysed spectral component.

Fig. 2 – Experimental setup. The colored versions can be accessed
at http://www.infim.ro/rrp/.
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Fig. 3 – Experimental schema.

Before discussing the experimental results, we will briefly illustrate the
application we designed for the analysis of the experimental data.
3. LABVIEW APPLICATION

The Front Panel of the application contains two diagrams in which we can
observe the amplitudes of the signals acquired by the NIDAQ6008 and the acoustic
frequency spectrum recorded by it (Fig. 4).

Fig. 4 – Front Panel of LabView application. The colored versions can be accessed
at http://www.infim.ro/rrp/.

Two groups of indicators display the maximal and minimal values of the
signal’s amplitude and of the frequencies associated with these values. A numerical
indicator lists the values of the signal’s amplitude recorded in the experiment.
Studying the diagram of the application, one can observe that the dynamic
data flow is converted into a numeric data flow and graphically displayed on the
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Front Panel after being processed by the Power Spectrum element. The array of
numeric values can be saved to a text-based measurement file (.lvm), from where it
can be exported for analysis in MS Excel (Fig. 5).

Fig. 5 – Block diagram of LabView application. The colored versions can be accessed at
http://www.infim.ro/rrp/.

4. EXPERIMENTAL RESULTS

As we previously stated, the experimental part of this paper includes two
situations:
1. Moving source, stationary receiver;
2. Stationary source, moving receiver.
As an acoustic source we used a speaker connected to a minilaptop on which
we started a software application for generating audio signals (Fig. 6). We then
proceeded to select the frequency of 1 kHz. Based on the LabView application we
designed for the signal acquisition, we verified the amplitude and frequency of the
audio signal generated by the speaker (Fig. 7).

Fig. 6 – Acoustic source. The colored
versions can be accessed at
http://www.infim.ro/rrp/.

Fig. 7 – Frequency signal f = 1kHz. The
colored versions can be accessed at
http://www.infim.ro/rrp/.
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A. Moving source, stationary receiver. The audio source was placed in a car
which drove on the highway in a linear motion over a distance of 100m, at
the end of which we installed a receiver composed of a parabolic
microphone connected to the sound card of a laptop. From the output of the
sound card, the signal amplified through dedicated software (Audacity) was
applied on an analog input of the data acquisition device NIDAQ6008
(Fig. 8).

Fig. 8 – Experimental setup (speaker, parabolic mirophone, DAQ device).
The colored versions can be accessed at http://www.infim.ro/rrp/.

The acoustic signal was started while the car was moving towards the receiver
with a constant speed v S . For a better resolution of the measurements, the
recordings of the signal detected by the microphone were made when the car was
in its vicinity, after previously choosing two reference markers simetrically placed
relative to the receiver (10 m) (Fig. 9).

Fig. 9 – Source moving towards receiver with v S between the reference markers R1 and R2 on a
distance dR1R2 = 10 m. The colored versions can be accessed at http://www.infim.ro/rrp/.

The experimental results indicate a sonic frequency of 1050 Hz when the
vehicle approaches the receiver and a frequency of 950 Hz when the vehicle moves
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away from the receiver (Fig. 10, Fig. 11). Given the average air temperature of
29°C, the measured Doppler shift was 50 Hz when the source approached the
receiver and when it moved away from the receiver (Table 1).

Fig. 10 – Case A. Moving source, stationary receiver; Doppler shift measurement – source approach
(Labview – left, Ms Excel – right). The colored versions can be accessed at http://www.infim.ro/rrp/.

Fig. 11 – Case A. Moving source, stationary receiver; Doppler shift measurement – source recession
(Labview – left, Ms Excel – right). The colored versions can be accessed at http://www.infim.ro/rrp/.
Table 1
Frequency measurements
Moving source – stationary receiver, f = 1 khz,

Frequency type
Experimental values
Doppler shift

Frequency approaching
source
(Hz)
1050
50

vS , t = 29 °C
Frequency receding
source
(Hz)
950
50

The recording of the air’s temperature in order to establish a precise value of
the sound speed was performed with a thermistor NTC, which performed the role
of a sensor and was connected to the data acquisition device (Fig. 12).
During the time interval 15:00–15:20 of the experiment there weren’t any
notable changes of atmospheric pressure and temperature and the thermic variation
interval was situated between the values of 28.57 °C and 28.91°C, which made us
use the rounded value t = 29 °C.
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Fig. 12 – Experimental setup (left) and LabView temperature measurement (right). The colored
versions can be accessed at http://www.infim.ro/rrp/.

Five consecutive experimental measurements were performed during the 20
minutes dedicated to the data acquisition process (Table 2).
Table 2
Frequency measurements
Moving source – stationary receiver, f = 1 khz,
Time of the
15:00
recording
Freq. appr. source
1050
(Hz)
Freq. reced.
949
source (Hz)

v S , t = 29°C

15:05

15:10

15:15

15:20

Average values
(Hz)

Approx. values
(Hz)

1050

1050

1049

1049

1049.6

1050

949

950

950

950

949.6

950

As we stated previously, knowing the Doppler shift enables us to calculate
the speed of the source, which we proceeded on doing with the help of a LabView
application that we designed (Fig. 13). By averaging the values obtained when the
source approached and moved away from the receiver, we obtained a speed source
of v S = 59.72 km/h.

Fig. 13 – Case A. Moving source, stationary receiver; Speed determination based on Doppler shift
(source approach – left, source recession – right). The colored versions can be accessed
at http://www.infim.ro/rrp/.
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B. Stationary source, moving receiver. In this case, the parabolic
microphone was placed in the car and the source was put sideways from the
road. The acoustic signal was started as the car moved towards the source at
a constant speed v S . Just like in case A (moving source – stationary
receiver), the recordings of the signal detected by the microphone were
performed when the car drove near the two reference markers
symmetrically placed relative to the source.
During the experiment, which was performed in the time interval 15:30–
15:50, the temperature was situated around the average value of 29 °C. The
experimental values which were obtained are present in Table 3. These results are
identical to the ones reported in the previously studied case A.
Table 3
Frequency measurements
Stationary source (1000 Hz), moving receiver ( v R ), t = 29 °C
Frequency type
Experimental values
Doppler Shift

Frequency approaching
receiver (Hz)
1050
50

Frequency receding
receiver (Hz)
950
50

We calculated the value of the speed v R = 59.58 km/h (Fig. 14).

Fig. 14 – Case B. Stationary source, moving receiver; Speed determination based on Doppler shift
(receiver approach – left, receiver recession – right). The colored versions can be accessed
at http://www.infim.ro/rrp/.

Additional determinations. Changing the frequency of the acoustic source
to 2000 Hz and 3000 Hz, we performed additional experiments in order to
determine the Doppler shift and the speed of the source and the receiver (Table 4
and Table 5).
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Table 4
Determination of frequency and speed – Moving source, stationary receiver
Experimental values
Frequency
Frequency
receding
approaching
source
source (Hz)
(Hz)

Initial
experimental
conditions: v S
t = 29°C
Source frequency=
2000 Hz
Source frequency=
3000 Hz

Doppler Shift
Frequency
Frequency
receding
approaching
source
source (Hz)
(Hz)

Calculated
v S (km/h)

2100

1909

100

91

56.77

3151

2864

151

136

56.84

Table 5
Determination of frequency and speed – Stationary source, moving receiver
Initial
experimental
conditions:

vR

Experimental values

Doppler Shift
Frequency
approaching
receiver (Hz)

Frequency
receding
receiver
(Hz)

Calculat

Frequency
approaching
receiver (Hz)

Frequency
receding
receiver
(Hz)

2096

1905

96

95

56.89

3143

2857

143

143

56.79

t = 29°C
Source
frequency
= 2000 Hz
Source
frequency
= 3000 Hz

ed v R
(km/h)

Maintaining the frequency of the source constant, we determined the Doppler
shift for different speeds. This time, the air temperature was situated around the
value of 26°C (Table 6 and Table 7).
Table 6
Frequency measurements – Moving source (1000 Hz), stationary receiver, t = 26°C
Calculated
speed
Frequency
type
Experimental
values
Doppler shift

57.63 km/h

66.53 km/h

75.95 km/h

Freq. app.
source (Hz)

Freq. reced.
source
(Hz)

Freq. app.
source
(Hz)

Freq. reced.
Source
(Hz)

Freq. app.
source
(Hz)

Freq. reced.
source
(Hz)

1051

954

1059

947

1068

940

51

46

59

53

68

60
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Table 7
Frequency measurements – Stationary source (1000 Hz), moving receiver, t = 26°C
Calculated
speed

57.19 km/h

Frequency
Freq. app.
type
receiver (Hz)
Experiment
al values
Doppler
shift

66.72 km/h

Freq.
reced.
receiver
(Hz)

76.26 km/h

Freq. app.
Freq. reced.
Freq. app.
Freq. reced.
receiver (Hz) receiver (Hz) receiver (Hz) receiver (Hz)

1051

954

1059

947

1068

940

51

46

59

53

68

60

At the end, the dependency characteristics were drawn: detected frequency –
source frequency (at constant speed) (Table 8, Figs. 15, 16) and detected frequency
– source speed (at constant frequency) (Table 9, Figs. 17, 18).
Table 8
Frequency measurements (t = 29°C)

Stationary source;
Moving receiver

Source frequency
(Hz)
1000
2000
3000
1000
2000

Approach
frequency (Hz)
1050
2100
3151
1050
2096

Receding
frequency (Hz)
950
1909
2864
950
1905

Approach freq. –
receding freq. (Hz)
100
191
287
100
191

v R = 59.58km/h

3000

3143

2857

286

Moving source

v S = 59.72 km/h;
Stationary receiver

Fig. 15 – Moving source, stationary receiver. The colored versions can be accessed
at http://www.infim.ro/rrp/.
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Fig. 16 – Stationary source, moving receiver. The colored versions can be accessed
at http://www.infim.ro/rrp/.
Table 9
Frequency measurements (f = 1000 Hz, t = 26 °C)

Moving source;
Stationary receiver

Stationary source;
Moving receiver

Speed
(km/h)
57.63
66.53
75.95
57.19
66.72
76.26

Approach
frequency (Hz)
1051
1059
1068
1048
1056
1064

Receding
frequency (Hz)
954
947
940
952
944
936

Approach freq. –
receding freq. (Hz)
97
112
128
96
112
128

Fig. 17 – Moving source – stationary receiver. The colored versions can be accessed
at http://www.infim.ro/rrp/.
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Fig. 18 – Stationary source – moving receiver. The colored versions can be accessed
at http://www.infim.ro/rrp/.

Analysing Figs. 15 and 16 one can notice an increase in the offset
f approach  f recession as the frequency of the sound source increases, while its speed
remains constant. From Figs. 17 and 18 one can observe an increase in the offset
f approach  f recession as the speed of the source increases, while its frequency remains
constant.
Furthermore, we designed additional experiments for low speeds in order to
determine the Doppler shift and speed source, when: a) a person is running and b) a
person is going on a bicycle. We inserted below an extract from the experimental
measurements for the standard frequency of 2000 Hz.
Table 10
Frequency measurements, moving source – stationary receiver
f = 2000Hz, t = 30°C

Frequency type
Experimental values
Doppler Shift
Calculated speed
(km/h)

Person running
Approching
Receding
frequency (Hz)
frequency(Hz)
2020
1980
20
20
11.91

Person on bicycle
Approching
Receding frequency
frequency (Hz)
(Hz)
2025
1975
25
25
14.91

The LabView application we designed also enables us to go beyond the usual
experimental situations which can be studied in class. Thus, we can simulate what
happens when the speed of the source is close to the speed of sound (sonic boom)
and when the frequency of the acoustic source reaches very high values (ultrasound
spectrum).
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5. CONCLUSIONS

The didactic efficiency of an experimental approach such as the one
illustrated in this paper is guaranteed. The students have shown an authentic desire
for research and investigation and have managed to develop a qualitative
understanding of the phenomenon. The experiment enhaced their ability to
communicate scientifically relevant content, their teamwork spirit, their practical
and digital abilities. These observations confirm other researchers’ findings [3, 4]
regarding the importance of having a combined didactic approach: complementing
the real experiment with the virtual one.
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