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1. Introduction
At present in all developed countries, researches 

are actively conducted on creation of high power 
destructive electromagnetic disturbances that can 
put out of action control systems of various objects 
[1]. The possibility to use nuclear weapon as a 
source of high power electromagnetic pulse for 
this purpose must not be ruled out. An electromag-
netic pulse during high-altitude nuclear explosion 
(HEMP) can cover an area of more than million 
square kilometers. Therefore, all strategically im-
portant and ecologically dangerous systems must 
be resistant to external electromagnetic effects 
of this kind [2]. The corresponding standards of 
IEC, military standards of USA and NATO were 
developed with the purpose of unification of re-
quirements for assessment of stability levels of 
systems and their components.

The most reliable result of assessment of real 
level of stability of technical devices to the effects 
of high power electromagnetic disturbances can be 
obtained only by carrying out the corresponding 
tests. The Ukraine adopted the conception of the 
State target program of reformation and devel-
opment of defense industry complex up to 2020 
that was approved by the order of CMU No.19-p 
from 20.01.2016. Introduction of the standards 
[3-6] into operation is considered among the first 
and foremost tasks. These standards include the 
requirements on stability against effects of HEMP. 
Naturally, to carry out such tests it is necessary 
to have testing equipment and corresponding 
metrological support. The standards require the 
following HEMP parameters: maximal value of 
electric field strength E=50 kV m-1, the time it 
takes for electric field to increase to its maximal 
value Tm=2 10-9 sec, the time of half-decrease 

Th=23 10-9 sec. Because HEMP is a plane TEM 
wave the magnetic field intensity is determined 
according to a wave impedance of air, and the 
signal form coincides with the E-field form. To 
make an error of measurement results no more than 
5%, temporal characteristics of instruments for 
measurement of HEMP parameters should satisfy 
such requirements: rise time of transient response 
is less 0.5 10-9 sec, the decrease time constant at 
the level of 0.1 of maximal value is more than  
10-6 sec. Creation of such transducers is associated 
with certain difficulties. Therefore, analysis of pos-
sible variants of realization of primary transducers 
of electric and magnetic fields of nanosecond range 
is a topical problem.

2. Analysis of the latest investigations 
and publications
The above-mentioned standards do not give 

recommendations about particular engineering 
solutions for designs of primary transducers of 
electric and magnetic fields of nanosecond range. 
This enable considering any possible variants of 
realization. C. Baum, D.V. Giri, A.A. Sokolov, 
K.Yu. Sakharov, Yu.S. Nemchen and many others 
made a significant contribution to the development 
of such specialized instrumentation.

Among the latest developments the strip line 
transducers developed by FATRM ARSIOPM 
(Moscow, Russia) [7] are worthy noting. The ex-
terior view of such transducer is shown in Fig.1.

The rise time of transient response of SPE-
FB-ЕК is less 0.2 10-9 sec which completely satis-
fies the above-mentioned requirements. However, 
essential disadvantage of such transducer is the 
impossibility to use it for investigation of special 
structure of electric field in the working volume 
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of the simulator. In reference [8], a transducer 
developed on the basis of DAST crystal was 
presented. Transmission band of the transducer is  
10 GHz, sensitivity – from 1 kV/m. However, such 
transducer has nonlinear amplitude-frequency 
characteristic, which requires additional processing 
of signal.

In our institute, alternative variants of meas-
uring transducers were developed. They will be 
described below.

3. Capacitive transducers of pulsed 
electric field
The capacitive transducer INEP-3К of differ-

ential type with cable line of information transfer 
with additional ferrite delay line was created. The 
measuring head of INEP-3К is presented in Fig. 2. 
Constructively, it consists of two disk capacitors 
made of double-sided foiled fiber-glass laminate. 
The capacitors are placed on two sides of the cen-
tral disk at the distance of 0.02 m from it.

Fig.2. The external view of measuring head  
of INEP-3К transducer

The ferrite delay line consists of two pieces of 
РК-75-2-11 cable 6 m in length each. The cables 
are placed into tinned copper braiding and wound 
at 0.17 m intervals on ferrite rings by 5 turns on a 
ring. The differential circuit significantly decreases 
influence of disturbances from the magnetic com-
ponent of HEMP. The ferrite delay line affords 
effective separation in time of wanted signal from 
disturbance signal induced on the cable line braid-
ing. Practically, in the process of measurement 
of pulses of nanosecond duration, influence of 
galvanic coupling with earth is not manifested. 
Therefore, INEP-3К is suitable for measuring 
spatial structure of the field in the test volume. The 
rise time of the transient characteristic of INEP-3К 
is less than 0.5 10-9 sec. Decay time constant at the 
level of 0.1 of maximal value is more than 2 10-6 

sec. Therefore, the transducer of differential type 
INEP-3К fully satisfies the requirements and can 
be used for measuring HEMP parameters in the 
process of testing.

4. Transducers of pulsed magnetic field
Two variants of magnetic field strength meter 

(INMP) of induction type were developed: in the 
mode of self-integration and in the mode of long 
line.

The equivalent circuit of INMP-С meter in the 
mode of self-integration is presented in Fig.3

Fig. 3. Basic electric circuit of INMP-С meter

In Fig. 3 the following notations are used: ed – is 
the emf (voltage) at the input of inductive transduc-
er; Ld – is the inductance of inductive transducer; 
Rd – is the ohmic resistance of the winding; Cd – is 
the total stray capacitance; Ru – is the integrating 
resistance; Ud(t) – is the voltage at the output of 
the inductive transducer.

The relation between voltage at the input and 
output of the transducer is presented by the equa-
tion:

Fig.1. Exterior view of SPEFB-ЕК transducer
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After integration of this equation, the voltage 
parameters at the transducer output are unambigu-
ously determined by the rather awkward expression 
by the values of constants entering in the equation. 
In the case of HEMP the formulae for calculation 
of rise time of transient characteristic, the constant 
of integration of the meter and sensitivity of the 
transducer are the following:
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Where: TriseTime – rise time of transient charac-
teristic; T – the constant of integration of self-inte-
grating inductive transducer; RI – sum of intrinsic 
and integrating resistance; Kn – transformation 
coefficient; μ0 – the constant of magnetic perme-
ability; μr – relative permeability of core material 
(if it is used); S – area of turns; w – the number of 
turns; φ – an angle between the direction of mag-
netic field strength vector and the normal to the 
loop. The other notations are the same as in Fig. 3. 
The results of calculation of transient characteristic 
are presented in Fig. 4.

Calibration of the transducers was carried out 
on REMP Standard, described in [9].

 
Fig. 4. The results of calculation of transient 

characteristic of the meter (vertical scale – relative 
units; horizontal scale – 1 ns/division)

The calibration signal (1) in Fig. 5 has rise time 
of 0.5 10-9 sec, the signal of the meter (2) has rise 
time of 0.7 10-9 sec. The meter parameters were 
selected for 2.2×RICd = 0.7 ns (Fig. 4).

 

Fig. 5. The oscillogram of calibration of INMP-С

Let us consider the design of INMP-L transduc-
er with using the properties of long line. The meter 
consists of series-connected inductive transducers 
as shown in Fig. 6. The output signal increases 
proportionally with the number of connected me-
ters when the system has the property of long line. 
This takes place when the wavelength of measured 
field is comparable with the electrical length of 
conductor of the coil (Ld).

To obtain the minimal rise time of transient 
characteristic TH it is necessary that Rd = (π/2)ρ.

Fig. 6. Basic electric circuit of the meter 
(Rd – damping resistance)

If aperiodic transient characteristic is required, 
the condition Rd ≤ ρ must be satisfied.

In Fig. 7 the calibration signal (1) has rise time 
of 0,5 10-9 sec, the signal of the meter (2) also has 
rise of time of 0,5 10-9 sec. The load resistance Rd 
is (π/2)ρ.

 
Fig. 7. The oscillogram of INMP-L calibration

(1 – calibration signal, 2 – output signal of the meter)
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Two identical meters can be counter-connected to 
increase the sensitivity and interference protection. 
In doing so it is necessary to take into consideration 
that if the inductive transducer is loaded on low 
ohmic resistance, then the compensation field arises 
that nearly equals the measured field. As a result the 
sensitivity of differential transducer does not increase 
but significantly decreases comparing to the sensitiv-
ity of each transducer. The solution of this problem 
can be obtained by two ways: to use the conductor 
of small cross-section to increase the intrinsic resist-
ance and, as a consequence, to decrease the current 
value in the coil, or to separate the transducers each 
from the other at the distance at which the mutual 
inductance will become negligible.

5. Conclusions
Reliable highly-stable passive transducer of dif-

ferential type INEP-3К has been developed. It has 
metrological characteristics that completely satisfy 
the requirements of the standards. Therefore, IN-
EP-3К can be used for measuring the parameters 
of HEMP in the process of testing.

Two variants of the magnetic field strength 
meter (INMP-C & INMP-L) of induction type 
were developed: in the mode of self-integration 
and in the mode of long line. It was shown that 
the first variant of INMP-C  affords the required 
metrological parameters.

The developed transducers will be used in op-
eration of the test plant creating electromagnetic 
field with parameters of HEMP.
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