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Abstract 
 
It has been shown by some studies that biological effects appear when the microwave carrier is amplitude 
modulated at an extremely low frequency (ELF) while they do not appear when the carrier is not modulated 
(CW). On the other hand the amplitude of the microwave carrier of some radio-communication systems is 
modulated at low frequencies for synchronisation or multiple access purposes. This process introduces ELF 
components on the microwave radiated signal. 
 
We have measured, both in frequency and amplitude, the ELF components of the signals transmitted by "in 
service" emitters for several radio-communication systems: GSM, DECT, analog television and digital radio 
broadcasting (DAB-T). The measurement set is made of an antenna, a quadratic detector and a digital 
oscilloscope. The detector is acting as a demodulator which output is an image of the signal envelope. This 
envelope is sampled by the oscilloscope and the measured data are computer processed. Then the frequency 
distribution of the estimated power spectral density of the signal yields the frequencies of the ELFs and their 
amplitude. Finally the ratio between the amplitude of the ELF components and the mean power of the complete 
microwave signal is chosen as a comparison criterion between the different radio-communication systems. 
 
 
Introduction 
 
The biological effects of amplitude modulated microwave radiations are investigated since the works of Bawin 
[1] and Blackman [2]. They suggested that the exposure to low level microwave radiations could cause 
biological effects other than thermal effects provided they are amplitude modulated at a low frequency. The 
interest for this subject has been increased by the extensive use of modern mobile communication systems which 
radiate pulsed modulated microwave fields at extremely low frequencies. Results can be found in [3], [4] and 
[5]. 
 
ELF components are present in most digital mobile communication systems (GSM, DCS, DECT, TETRA, 
UMTS) and in digital broadcasting systems: radio (DAB-T) and television (DVB-T). They are due to the time 
domain multiple access techniques (TDMA) which offer the simultaneous connection of several users to a single 
base station. In TDMA techniques, a time frame is divided into timeslots and each timeslot is allocated to one 
user. The user's mobile unit does radiate during its timeslot and does not during the rest of the frame. The base 
station does radiate during a number of timeslots equal to the number of users in its area and does not radiate 
during the rest of the time. Moreover, some control signals define other time frames. So that the emissions are 
pulsed modulated at a frequency which is extremely low (from a few Hertz to about 200 Hz). 
 
This paper presents measurements of the intensity of the ELF components transmitted by the GSM-DCS, DECT, 
analog television broadcasting and digital radio broadcasting (DAB-T) systems. The ratio between the intensities 
of the ELF components and the mean microwave component yields a criterion to compare the different 
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components and the different systems. This introduces a new parameter for the quantification of people exposure 
to electromagnetic fields. 
 
The measurement bloc diagram is presented. Some comments about the power spectral density (PSD) estimation 
are given. Then the measurement results and the frequency distribution of the estimated PSD of the measured 
signals are presented. The results yield the frequencies of the ELF components and their amplitude. Finally the 
ratio between the amplitude of the ELF components and the mean power of the complete microwave signal is 
presented and used to compare the different systems. 
 
 
Measurements and calculations 
 
Measurement facility 
The signals under investigation are radiated by a GSM handset (DCS 1800 MHz), a GSM base station (DCS 
1800 MHz), a DECT handset (1900 MHz), an analog television broadcasting emitter (700 MHz) and a digital 
radio broadcasting emitter (DAB-T, 225 MHz). They are all true "in service" emitters. The measurement 
equipment is depicted in Figure 1. The signals are received by a wideband antenna. The desired frequency band 
is selected by an adjustable bandpass filter and amplified to provide sufficient power to the quadratic detector. 
The detector yields a voltage signal which is proportional to the input power. So that the detector output is an 
image of the signal modulating the amplitude of the carrier (envelope). The video bandwidth is limited by a pre-
sampling lowpass filter to satisfy Shannon's criterion. Output voltage is acquired with a digital oscilloscope. 
 

 
 
 
 
 
 
 

Figure 1. Measurement bloc diagram. 
 
Power spectral density estimation of the measured signals 
The measured signals are digitalised random sequences of finite length. Their sampling rate and duration must be 
chosen adequately. As the purpose is the knowledge of the ELF components, a rather low sampling rate is 
sufficient. It is 10 ksample/s for the GSM and DECT signals and 2.5 ksample/s for the broadcasting signals. The 
spectral resolution is depending on the length of the sequences (a long sequence yields a fine spectral resolution) 
and the window shaping them. The digital oscilloscope offers a maximum acquisition length of 8000 samples. 
The window shaping the sequence determines the resolution and the dynamic of the estimation. The Welch 
estimator is known to offer a good compromise between spectral resolution and dynamic. It has been chosen. 
 
GSM handset 
Figure 2a depicts the measured envelope of the signal radiated by a DCS-1800 handset during a conversation. 
The 0.35 V bursts are observed during the timeslots allocated to the handset. Each timeslot is 0.577 ms long and 
each frame is 4.615 ms long (8 timeslots). The resulting periodical signal is clearly observed. Its frequency is 
216.7 Hz. One multi-frame is made of 26 frames. One of these is never used. This is clearly observed on 
Figure 2a and results in a 8.33 Hz periodical signal. 
 
Figure 2b depicts the frequency distribution of the PSD computed with the Welch estimator. The 216.7 Hz 
component and its harmonics are clearly dominant as compared to the 8.33 Hz component. The 0 Hz component 
corresponding to the mean power of the radiated signal can not be seen on the graph but it has a PSD of –
34 dBW/Hz. A fine analysis of the numerical data yields the results of Table 1. The power of the radiated signal 
is essentially concentrated in the 216.7 Hz component and its harmonics. The power of the 8.33 Hz component is 
lower by about 2 magnitude orders. 
 

Digital 
Oscilloscope 
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(a)                                                                                      (b) 
 

Figure 2. GSM (DCS-1800) signal radiated by handset: (a) time dependent envelope, (b) estimated PSD 
frequency distribution. 

 
Frequency [Hz] 0 8.33 16.66 216.17 433.33 650 
Power density [mW/Hz] 0.388 0.01 0.005 0.695 0.564 0.422 

 
Table 1. ELF component amplitudes of GSM (DCS-1800) signal radiated by handset. 

 
GSM base station 
The signal radiated by an "in service" DCS-1800 base station has been analysed. The base station is managing 
several communications simultaneously and uses several channels (carrier frequencies). Since the base station 
occupation is varying in the time, the measured envelope is different for each acquired sequence. Figure 3a 
depicts one typical observation. All the 0.577 ms long timeslots are used but with different levels. The frames 
and multi-frames are not visible. As the simultaneous communications are not correlated, the resulting global 
signal must tend to a continuous envelope for a very large number of communications. It seems to be verified on 
Figure 3a, in comparison with Figure 2a. So that the mean value of the signal seems to be more important than 
the ELF components in the case of a base station. 
 
Figure 3b depicts the PSD frequency distribution of one acquisition. The spectrum is dominated by the 216.7 Hz 
component and its harmonics. The 8.3 Hz component is not visible. A fine analysis of the numerical data 
obtained for several acquisitions yields the mean results of Table 2. As predicted, the power of the signal is 
essentially concentrated in the 0 Hz component (rather constant envelope). 
 

      
 
 

(a)                                                                                      (b) 
 

Figure 3. GSM (DCS-1800) signal radiated by base station: (a) time dependent envelope, (b) estimated PSD 
frequency distribution. 
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Frequency [Hz] 0 216.17 433.33 650 
Power density [mW/Hz] 2.58 0.023 0.011 0.011 

 
Table 2. ELF component amplitudes of GSM (DCS-1800) signal radiated by base station (mean over several 

acquisitions). 
 
DECT handset 
The radiated signal of a digital cordless phone for in-house use has been investigated. It works with the DECT 
standard at 1900 MHz. The measured envelope is depicted in Figure 4a. The timeslot structure is clearly 
observed. The burst duration is 0.417 ms. One frame is made of 24 timeslots and its duration is 10 ms, so that the 
frequency of the periodical signal is 100 Hz. There is no multi-frame structure. 
 
The estimated PSD frequency distribution is depicted in Figure 4b. It is exclusively made of the 100 Hz 
component and its harmonics. The spectral density of the 0 Hz component is at –44 dBW/Hz. Table 3 yields 
precise results. The power of the signal is essentially contained in the 100 Hz component and its harmonics. 
 

     
 
 

(a)                                                                                      (b) 
 

Figure 4. DECT signal radiated by handset: (a) time dependent envelope, estimated PSD frequency distribution. 
 

Frequency [Hz] 0 100 200 300 400 
Power density [mW/Hz] 0.041 0.068 0.067 0.065 0.063 

 
Table 3. ELF component amplitudes of DECT signal radiated by handset. 

 
Analog television emitter 
The measured envelope of a classical PAL television signal is depicted in Figure 5a. As we are interested with 
the ELF, the pre-sampling lowpass filter cuts at 1 kHz so that the typical 64 µs pulse is not visible. A burst is 
observed every 20 ms which corresponds to the period chosen to refresh the half of an image on the television 
apparatus. This yields a periodical signal at 50 Hz. 
 
The estimated PSD frequency distribution is depicted in Figure 5b. As expected the 50 Hz component and its 
harmonics are observed. Table 4 yields precise results. The power of the signal is essentially contained in the 
0 Hz component: the lowpass filtered envelope is rather constant. 
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(a)                                                                                      (b) 
 

Figure 5. Analog television signal: (a) time dependent envelope, (b) estimated PSD frequency distribution. 
 

Frequency [Hz] 0 50 100 150 200 250 
Power density [mW/Hz] 0.683 2 10-3 2 10-4 6 10-5 1 10-4 6 10-4 

 
Table 4. ELF component amplitudes of analog television signal. 

 
Digital radio emitter (DAB-T) 
The radiated signal of a "in service" DAB-T emitter has been investigated. The measured envelope is depicted in 
Figure 6a. It is essentially constant but it exhibits a cut-off of the power every 96 ms. This must introduce a 
10.417 Hz component. 
 
This observation is confirmed by the estimated PSD frequency distribution depicted in Figure 6b. The spectrum 
is exclusively made of the 10.417 Hz component and its harmonics. Table 5 yields precise results. 
 

     
 
 

(a)                                                                                      (b) 
 

Figure 6. DAB-T signal: (a) time dependent envelope, (b) estimated PSD frequency distribution. 
 

Frequency [Hz] 0 10.42 20.83 31.25 41.67 52.08 
Power density [mW/Hz] 61.58 0.010 0.011 0.009 0.009 0.010 

 
Table 5. ELF component amplitudes of DAB-T signal. 
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Final results 
 
The PSD frequency distribution of 5 different signals have been analysed. The different systems can be 
compared by their ELF contents by defining a relative criterion: the ratio between the power content in an ELF 
component and the mean power of the signal. Using this criterion yields the final results of Table 6. It is 
emphasised that the ELF components higher than 50 Hz are important for the GSM and DECT handsets while 
they are very low for the other emitters. The 8.3 Hz component of the GSM handset is low. 
 

ELF comp. GSM 
handset 

GSM 
base station 

DECT 
handset 

Analog TV 
emitter 

Digital radio 
emitter (DAB-T) 

5-15 Hz 2.6%    0.016% 
15-25 Hz 1.3%    0.018% 
25-35 Hz     0.015% 
35-45 Hz     0.015% 
45-55 Hz    0.29% 0.016% 
75-125 Hz   166% 0.029%  
125-175 Hz    0.009%  
175-225 Hz 179% 0.89% 163% 0.015%  
225-275 Hz    0.088%  
275-350 Hz   159%   
350-500 Hz 145% 0.43% 154%   
500-700 Hz 109% 0.43%    

 
Table 6. Ratio between measured ELF components power content and mean signal power. 

 
 
Summary 
 
Several results concerning the biological effects of microwave fields show that a pulsed modulated microwave 
carrier at an extremely low frequency (ELF) could produce other effects than the continuous wave. With these 
results in mind, the power spectral density frequency distribution of the signal radiated by 5 different emitters 
has been analysed to get quantitative data about their ELF content. The true "in service" emitters are: GSM 
handset, GSM base station, DECT handset, analog television and digital radio (DAB-T). The envelope of the 
radiated signal has been measured by a quadratic detector and sequences have been acquired with a digital 
oscilloscope. The power spectral density frequency distributions of the envelopes have been computed by the 
Welch estimator. The power content of the ELF components has been compared to the mean power of the signal. 
This ratio yields a new criterion for the comparison of the different systems about their ELF content. It has been 
emphasised that the ELF components higher than 50 Hz are important for the GSM and DECT handsets while 
they are very low for the other emitters and that the 8.3 Hz component of the GSM handset is low. 
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