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Introduction. Optical cables nowadays are the main means of transmitting information both to 

large distances and communication within, for example, moving objects such as cars, trains, 

satellites, airplanes. Optical cables may have different designs, made completely dielectric from 

quartz or polymers, be covered with steel armor, have copper cores, etc. In presence of metal in 

the construction, the influence of external electromagnetic fields may cause interference or 

penetration of foreign currents to the cable, followed by insulation flashover, metal elements 

melting and damage to near-by optical fiber. In case of pure dielectric cables influenced, for 

example, by a strong electromagnetic field of the lightning, the change of polarization plane of 

the light waves transmitted through the fiber, is possible. If this is accompanied with wave or 

polarization multiplexing, the communication may be disrupted. Cables laid at a relatively high 

altitude are also subject to lightning-induced gamma radiation which can destroy optical fiber.  

The lightning impact on optical cable with metal in construction. When lightning strikes the 

ground close to cable laid in the ground and having metal elements in its construction, part of the 

lightning current penetrates into the cable and propagates along its elements (armor, metal 

sheath, copper cores). At the same time, an electric arc to the cable from stroke point is possible 

and a sudden water evaporation in the arc volume. The vapor pressure may reach hundreds of 

atmospheres and cause cable damage prior to current propagation along the cable is completed. 

This is so-called electro-hydraulic effect [1]. If the cable is not laid in the ground but is a part of 

a moving object, a strong external electromagnetic field impact may result in EMF and current 

interference in metal line, as well as the emergence of potential differences between line 

individual elements and insulation flashover. 

 V.A. Rakov et al. (University of Florida) have studied the mechanism of compact IC discharges 

responsible for radiation within the spectrum of up to 30 MHz [2].  These types of discharges 

happen in a thundercloud at a high altitude (10-15 km), where the field amplitude is too small for 

the breakdown to the ground. The lower part of the cloud usually bears a negative charge. When 

the intensity of the electric field reaches a critical value, it initiates discharge from the lower part 

of the cloud to the positively charged upper part of the clowd. Here, the coming discharge is 

partially absorbed and partially reflected in the opposite direction. This is so-called "jumping" 

wave. Next, the wave moves to the bottom of the cloud, where a new reflection occurs. The main 

wave has about several tens of microseconds lifetime which is much more than that of reflected 

waves going up and down. The wave takes the form of an impulse with multiple overlapped 

jumps of reflected waves. The electric field of IC discharges has inductive, static, and radiation 

components. At a distance of 200 km the electric field represents a radiation component, and the 

measured magnitude of the field has an amplitude of several volts per meter and a radiation 

spectrum of about 30 MHz.  

The influence of strong electromagnetic field of close lightning strikes on dielectric optical 

cables. When the light passes through the fiber, the influence of an external electromagnetic 

field results in change of polarization plane of light wave oscillations (Kerr and Faraday effects) 

[3]. Light waves polarized in various ways falling onto a flat surface have different Fresnel's 

equations for reflection and refraction values.  The change of light polarization plane in an optic 

fiber may also result in so-called double reflection and appearance of two orthogonal wave 



components between which the initial energy of a signal will be distributed. Each of the 

components will propagate independently resulting in dispersion increase and signal decay 

similar to polarizing mode dispersion. The polarization plane is rotated to the angle (Kerr effect) 

[4]: 

 φ = 2π∙К∙E2∙l                                             (1),                  

where K is the Kerr constant;  E is the transverse outer field value;  l is the length of the distance, 

passed by the field-affected light.  К=F(T)/λ=0.402∙10-13 m/V2 at λ=1.55 μm, n=1.5 and Т=293º   

     As seen, K has a small value, and for a noticeable Kerr effect to appear, the electric field 

should be large enough. Large field values are possible close to lightning stroke point.  With 

lightning stroke a distance a from the cable laid at depth h, the light polarization plane turning 

angle is [5] 

                                 φ= (3/16)∙K∙ (Iρ)2/(a2+h2)3/2                  (2) 

where a is the distance between the cable and the lightning strike point; h is the cable laying 

depth; I is the lightning current amplitude; ρ is the specific resistivity of soil. The polarization 

plane change (PPC) was calculated under following conditions: а = 2, 3, 5 and 10 m;  ρ = 100, 

200, 500, 1000 and 2000 Ωm;  I = 30, 50 and 100 кА; h = 1 m. The calculations showed that if a 

lightning stroke with an amplitude of up to 100 kA occurs at a distance of 5 to 10 m from the 

cable, the resulting polarization plane turning angle does not exceed 10°. If the lightning strike 

point is less than 5 m from the cable, and the lightning current amplitude is of several tens of kA 

and the specific resistivity of soil is more than 500 Ωm, the PPC may have several tens of 

degrees.  The lightning strokes to the ground at a distance of above 10 m from a pure dielectric 

optical cable does not practically affect signals transfer. However, cables in flying machines can 

be affected at a considerable distance from a lightning discharge as the field magnitude in air at 

lightning discharge are large. The electrical field can have a magnitude of several hundreds 

kV/m, and a magnetic field of up to 0.2 A/m. 

Influenced by the longitudinal magnetic field of lightning, i.e., when light propagates along 

power lines of the magnetic field, the polarization plane rotates by the angle of  ψ (Faraday 

effect). For wavelength of λ = 1.55 µm                                              

ψ = 1.66∙10-5∙L ∙H degrees                                                                                (3), 

  Usually,  ψ  ≪  φ  .  The electric and magnetic fields may have a very large magnitude amount 

near the ground if affected by a high-altitude nuclear explosion. 

Modern optical communication networks widely apply WDM (Wave Dimension Multiplexing), 

when the same fiber in one transparency window transmits a large packet of waves (up to several 

tens) at once, the wavelengths of which are shifted relative to each other by a few nanometers. 

Since the PPC depends on the wavelength, with a close lightning stroke all waves will turn by 

different angles, and with waves decomposed into orthogonal components, the axes components 

will form with different factors depending on the waves turning angle. When exposed to 

lightning, the sum signal at the end of the line can be significantly distorted. Distortions will 

occur in in all transferred channels at the same time. If to consider that temporal multiplex is 

applied simultaneously at each wave, the total number of distorted channel may be very high 

(tens of thousands). 

Gamma radiation impact. Studies by Moor, Dwyer, etc. [6, 7] showed that lightning generates 

X-ray and gamma radiation at leader stage of the discharge. The energy of the radiation quanta 



on the Earth's surface can reach several MeV. Interestingly, that the most intensive flashes occur 

when leader is directed from the ground to the cloud. This phenomenon is more typical for 

mountains or discharges from towers, high constructions or trigger lightnings. Radiation 

attenuation in the atmosphere is very large, and despite the initial intensity of the radiation being 

high, the amount of radiation photons reaching ground is small. The gamma radiation influence 

on optical fiber causes atomic displacement, grid defects and formation of so-called color centers 

which entail extra fading and other troubles. The low content of hydroxyl groups (water peak-

free cables) reduces the radiation fiber resistivity. Polymer fibers are particularly sensitive to 

radiation due to polymer chains destruction. With optical cables laid in mountains or in flying 

objects, this must be taken into consideration. Since quanta absorption in the atmosphere is very 

large, the quanta flow born at an altitude of 6-8 km has much greater energy and density. The 

quanta density at ground surface is several units per square millimeter of gamma radiation with 

the energy of 1-10 MeV. The thickness of the layer, passing through which the quanta density 

decreases twice depends on the  photons energy, the density of the absorbing material and its 

atomic weight. Up to an altitude of 4-5 km the air density can be considered constant and, 

therefore, the thickness of the half absorption layer does not vary, although the pressure 

decreases slightly. The gamma-quanta amount at H altitude after lightning stroke and the 

radiation flash is 

Nwhs = Nw0s ∙2
H/150                                                    (4),       

where Nwhs is the amount of quanta with energy w which pass through the S-section at H 

altitude; 

Nw0s is the amount of quanta with energy w which pass through the S-section at sea level;  

The amount of quanta with high energy which fly through the section S = 1 mm2 at H altitude 

may reach hundreds of thousands. Table 2 shows data on radiation level which a single-mode 

fiber with the core diameter of 10 µm can obtain at different altitude above sea level. 

Table 2. Energy and exposure rate which a single-mode fiber with the core diameter of 10 µm 

can obtain at different altitude above sea level  

H, meters 

 

Total gamma energy 

-quanta, MeV 

Irradiation dose, 

radian  

Exposure rate,  

radian/seconds 

 1050 12 10-2 65.5 

1500 143 0.136 780 

2100 2703 2.230 14900~1,5∙104 

2550 18428 15 105 

3000 292570 238 1.6∙106 

3600 2307700 1890~2∙103 1.25∙107 

 

As can be seen from the Table, the dose and exposure rate start to increase dramatically after an 

altitude of 2,000 meters. The radiation dose has a magnitude of about tens of radians for a single-

mode fiber at an altitude of 2,500 meters and hundreds of radians at an altitude of 3,000 m. The 

exposure rate increase is especially acute and can reach 104 radians/sec at an altitude of 2,000 m 

and 107 radians/sec at an altitude of 3,000-3,500 m. The exposure rate of 107 radians/sec is very 

dangerous for optical fiber. Thus, optical cables of airplanes or those located on the ground at 

this altitude, are in a difficult situation when exposed to lightning-induced gamma radiation. If 

the cable is laid in a solid ground at a depth of 30 cm, the radiation decreases approximately by 

10 times, and at the depth of 60 cm the radiation is almost 100 times less than on the surface. 



The role of steel armor and polyethylene coatings in the absorbing radiation is too small. 

Therefore, optical cables in the mountains should be laid at some depth underground. In the 

mountains at an altitude of more than 2,000 meters, signal attenuation in the optical cable during 

storm may increase up to tens of dB/km with a long and unpredictable relaxation time. The pure 

quartz multi-mode fiber is more resistant to radiation than polymer fiber which is the most 

sensitive to gamma radiation. 
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