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Abstract  
 

Generation of crack is accompanied by generation of electric charges and mechanical vibra-
tions. Electric charges on the crack walls are sources of electric voltage on electrodes (EME sig-
nal) and mechanical vibrations generate AE signal. The electric charges located on the cracks 
walls constitute an electric dipole or quadrupole system. Experimentally we have observed two 
different type of EME signals like damped harmonic motion with: (i) exponentially time depend-
ent transient value and (ii) constant average value. We suppose that first one is generated by di-
pole structure and second one is generated by quadrupole one. We found that voltage on measur-
ing capacitor is directly proportional to the electric charge distribution. The recorded electric sig-
nal is superposition of crack-wall “self”-vibration given by crack geometry and vibration due to 
an ultrasonic wave given by sample dimensions. The EME signal precedes the AE response and 
time delay corresponds to the distance between AE sensor and crack position due to the differ-
ence of propagation velocities of sound and electromagnetic field in the sample. The relationship 
between the signal amplitudes of EME and AE suggests the existence of the correlation between 
AE and EME in the signal amplitude.  The EME signals with the larger amplitude correspond 
with the AE signals of larger amplitude. Dispersion is related to crack orientation with respect to 
EME electrodes. AC component of EME signal is inversely proportional to the distance between 
EME sensor plates d. Thin samples are more suitable for this experiment. 

 
Introduction 

 
When cracks are created in solids their occurrence is accompanied by the generation of pho-

nons and by the generation of electric charges at the faces of the cracks. The measurable quantity 
describing phonons generation is called acoustic emission (AE). The crack faces are electrically 
charged due to the loss of chemical bonds. Electric charges at the faces of the newly created 
cracks constitute an electric dipole or quarupole system. They are sources of electromagnetic 
field and measurable quantity of this phenomenon is called electromagnetic emission (EME). 
Phenomena, which occur due to the vibration of charged crack walls, are generation of electric 
and magnetic quasi-stationary fields and an electromagnetic radiation. EME signal can be de-
tected by capacitive antenna placed on the sample surfaces of low electrical conductivity. In this 
case the electric field vs. time is detected. A coil can detect the magnetic field of good electrical 
conductors. EME signal has dc and ac components. The latter is in frequency band from 100 kHz 
to 10 MHz and it corresponds to crack-wall vibration. The second source of EME signal is acti-
vated with some delay (about 10 µs) due to the mechanical vibration of the whole sample with 
frequencies given by sample boundary conditions.  

The origin of EME from fractured materials is still not well understood. Several mechanisms 
were suggested [1-7] based on the separation of electric charges at crack formation, dislocation 
movement or piezoelectric effect. It was observed that charges moved simultaneously with the 
crack tip motion and then EME was excited by a dipole, consisting of the charges in the two 
crack tips and of the length equal to entire length of the crack. Acceleration of the crack tips 
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during propagation increased the length of the dipole moment and consequently gave rise to EME 
signals. 
 
Experimental 

 
A standard experimental set-up was used, which allowed loading the samples up to 100 kN, to 

record the total deformation and the time evolution of the load. Analysis was performed on sam-
ples of Czech granite of size 8 × 4 × 1 cm3, Inada granite of 1 x 1 x 3 cm3 and composites with 
carbon fibers. Electrodes were provided with conducting sheets placed symmetrically, thus mak-
ing up a plate capacitor, whose dielectric is the material under test. The measurement set-up dia-
gram was described in [3]. To eliminate electromagnetic interference arising from the ambience, 
the sample and preamplifier were electromagnetically shielded. Simultaneously, the AE and EME 
signals were detected. During the sample loading, the total sample deformation and loading force 
were recorded. Schematic sample assembly is shown in Fig. 1. 

    
   (a)    (b)           (c) 

Fig. 1 Sample assembly: (a) setup for uniaxial loading, (b) arrangement of an AE sensor, elec-
trodes for EME detection, and strain gages and (c) setup with 4 each of AE and EME sensors.  

 
Fig. 2 A set of simultaneous measurement of EME and AE signals recorded in the compression 
test conducted on Inada granite. 
 

The measurement method for the detection of EME and AE signals from small cracks utilizes 
wideband ultra-low noise amplifiers, analog filters and the application of noise-suppression 
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methods. The set-up allows us to detect signals in the range of 1 to 100 nV with background 
noise suppression. Electromagnetic noise from high-power radio transmitters was difficult to 
shield [1, 3].  The background noise of EME channel is larger than that of AE channel, since the 
electrodes for EME detection form a high-impedance circuit with more than 10-time higher 
equivalent noise resistance than that of corresponding AE sensor. This background noise presents 
difficulty of discriminating the small-amplitude EME signals expected. In Fig. 2, three strong AE 
signals are clearly recognized.  When the onset of AE signal indicated by an arrow on the EME 
waveform matches the EME signal onset, it can be concluded that this EME signal is associated 
with AE.  In this manner, even small-amplitude EME signals, such as the signal generated near 
100 µs in Fig. 2, are detectable. 

We have observed that the EME signal is generated several µs before AE generation, as seen 
in Figs. 3 and 4. This delay in AE is expected as EME signal propagates with the velocity of elec-
tromagnetic waves while AE signal propagates with the velocity of mechanical waves. Origin of 
EME signal corresponds to the time of crack creation. This effect was used to improve crack lo-
calization [3]. 

   

Fig. 3. EME and AE signals vs. time for   Fig. 4. EME and AE signals vs. time for  
Czech granite sample No. 4.     a composite with carbon fibers. 

 

 
Fig. 5 Relationship between EME (VEMEp) and AE (VAEp) signal amplitude for Inada granite. 
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Generation of AE starts at a level of dilatant strain of the sample, where the dilatant strain de-
viates from the linear trend, and increases until the sample failure takes place. Generation of 
EME events starts after AE generation and increases with rising applied stress.  It is also ob-
served that the generation of active EME events is peculiar to the stressing stage, at which the 
volume of sample changes from the contraction due to compression to the dilatancy developed in 
a direction vertical to the sample axis stressed.  This result suggests that the EME signals were 
emitted from the micro-crack created in the material.  In comparison with AE, the number of 
EME events discriminated is lower, because of a lower signal-to-noise ratio of EME channel.  

The EME signals detected in the loading tests, without exception, were accompanied with the 
generation of AE signals.  Thus, the relationship between the signal amplitudes of EME and AE 
was analyzed.  The result, which is summarized in Fig. 5, strongly suggests the existence of the 
correlation between AE and EME in the signal amplitude.  That is, the EME signals with the 
larger amplitude correspond with the AE signals of larger amplitude. Dispersion is related to 
crack orientation with respect to EME electrodes, which follows from Eq. (2), where α is the 
angle between electric field  and electric charge velocity . 

 
Fig. 6. Electric voltage vs. time for Czech granite   Fig. 7. Electric voltage vs. time for a 
sample No. 4.        composite with carbon fibers. 
 

   
Fig. 8. EME voltage vs. time.    Fig. 9. Electric quadrupole. 

 
Discussion 

 
Experimentally, we have observed two different type of EME signals like damped harmonic 

motion with: (i) exponentially time dependent transient value generated by dipole structure (Figs. 
6 and 7) and (ii) constant average value (Fig. 8) generated by quadrupole one (Fig. 9).  
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(i) Dipole Source of EME: Electrical EME signal with exponential-transient value is observed in 
brittle materials. It is given by superposition of the dc transient component and ac high frequency 
voltage 

� 

V (t) = V0e
− t /τ −

ge−γ .t

ω0
2 + ω 2

sin(ωt + ϕ) (1) 

where V0 is integration constant, τ = RC,  is cut-off angular frequency and  

� 

g =
2q0v0 cosα

Cd
 (2) 

, ν0 is velocity amplitude, d is parallel plate capacitor thickness and α is the angle be-
tween electric field  and electric charge velocity . 

We will give a list of parameters corresponding to our model in Fig. 4, where UM = 0.12 mV, 
R = 1 MΩ, C = 18 pF, q0 = 1.28·10-14 C, v0 = 102 ms-1, α = 0, d = 10-2 m, γ = 5·104 s-1, ω =  
6.28·106 s-1, ϕ = π.  The angular frequency ω0  is much less than ω  and in this case AC component 
decreases with increasing frequency. 
(ii) Quadrupole Source of EME: Signal with a constant average value has two parts. In the first 
one, a crack is created and EME signal increases with time (Fig. 8). This period is about 10 µs 
and corresponds to electrical quadrupole creation (Fig. 9). In the second period, signal time 
dependence is described by 

� 

V (t) = Va .exp(−t /τ 2) un sin(ωnt + ϕn )
n
∑  (3) 

where τ2 corresponds to electric voltage damping, un, ωn and ϕn is amplitude, frequency and 
phase of ac voltage.  

From Eq. (2), it follows that ac component of EME signal is proportional to crack-face elec-
tric charge q0 , crack-wall velocity amplitude and crack-area orientation with respect to EME sen-
sor area. EME signal will be not detected for dipole source, when the crack area is perpendicular 
to EME sensor plates. AC component of EME signal is inversely proportional to the distance 
between EME sensor plates d. Thin samples are more suitable for this experiment. The last is 
dependence on capacity. EME sensor will have high sensitivity for low total capacity C, which is 
the sensor capacity including preamplifier input capacity and montage capacity (coaxial cable). 
 
Conclusion 
 
1. In comparison with AE, the number of EME events discriminated is lower, because of a 

lower signal-to-noise ratio of EME channel. 
2. The relationship between the signal amplitudes of EME and AE suggests the existence of the 

correlation between AE and EME.  The EME signals with the larger amplitude are associated 
with the AE signals of larger amplitude. Dispersion is related to crack orientation with respect 
to EME electrodes.  

3. AC component of EME signal is inversely proportional to the distance between EME sensor 
plates d. Thin samples are more suitable for this experiment. 

4. Measured voltage has two components, dc and ac, given by crack-wall vibration and me-
chanical parameters of measured sample. High-frequency component is of the order of 0.5 to 
5 MHz and gives information on crack length. 

5. The crack walls vibrate like membrane and for the crack with approximately square cross sec-
tion, an EME signal is given by the superposition of two harmonics. In this time dependence 
of the EME signal, beat-like modulation appears. 

6. Theoretical analysis shows that the time dependence of voltage on capacitive antenna de-
scribed by [1, 2] can give information on mechanical damping,  the sample electrical conduc-
tivity, crack-wall vibration angular frequency and the angle between electric-field intensity 
and electric-charge velocity. 
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