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POWER QUALITY (UNIT-4) 
HARMONICS: Harmonics are sinusoidal voltages or currents having frequencies that are integer multiples of the frequency at 

which the supply system is designed to operate.  

When a waveform is identical from one cycle to the next, it can be represented as a sum of pure sine waves in which the 

frequency of each sinusoid is an integer multiple of the fundamental frequency of the distorted 

wave. This multiple is called a harmonic of the fundamental, hence the name of this subject 

matter. The sum of sinusoids is referred to as a Fourier series, named after the great 

mathematician who discovered the concept. 
A sinusoidal voltage or current function that is dependent on time t may be represented by the 

following expressions: 

Voltage function,   v(t) = Vsin (ωt)   …(1) 

Current function,   i(t)  = Isin(ωt ± Ø)  …(2) 

 

where, ω = 2×π×f; is known as the angular velocity of the periodic waveform and Ø is the 

difference in phase angle between the voltage and the current waveforms referred to as a common 

axis. The sign of phase angle Ø is positive if the current leads the voltage and negative if the 

current lags the voltage.  

 

Figure-1 contains voltage and current waveforms expressed by Eqs. (1) and (2) and which by 
definition are pure sinusoids. For the periodic nonsinusoidal waveform shown in Figure-2, the 

simplified Fourier expression states: 

v(t) = V0 + V1sin(ωt) + V2sin(2ωt) + V3sin(3ωt) + … + Vnsin(nωt) + Vn+1sin ((n+1).ωt) + … (3) 

The Fourier expression is an infinite series.  

In this equation,  V0 represents the constant or the DC component of the waveform. 

                             V1, V2, V3, …, Vn are the peak values of the successive terms of the 

expression. The terms are known as the harmonics of the periodic waveform. The fundamental (or 

first harmonic) frequency has a frequency of f, the second harmonic has a frequency of 2×f, the 

third harmonic has a frequency of 3×f, and the nth harmonic has a frequency of n×f. If the 

fundamental frequency is 60 Hz (as in the U.S.), the second harmonic frequency is 120 Hz, and 
the third harmonic frequency is 180 Hz. 

The significance of harmonic frequencies can be seen in Figure-3. The second harmonic 

undergoes two complete cycles during one cycle of the fundamental frequency, and the third 

harmonic traverses three complete cycles during one cycle of the fundamental frequency. V1, V2, 

and V3 are the peak values of the harmonic components that comprise the composite waveform, 

which also has a frequency of f. 

 

HARMONIC NUMBER (h): Harmonic number (h) refers to the individual frequency elements 

that comprise a composite waveform. For example, h = 5 refers to the fifth harmonic component 

with a frequency equal to five times the fundamental frequency. If the fundamental frequency is 

50 Hz, then the fifth harmonic frequency is 5×50, or 250 Hz. The harmonic number 6 is a 

component with a frequency of 300 Hz. The use of harmonic numbers allows us to simplify how 
we express harmonics. The second reason for using harmonic numbers is the simplification 

realized in performing mathematical operations involving harmonics. 

 

ODD AND EVEN ORDER HARMONICS: As their names imply, odd harmonics have odd 

numbers (e.g., 3, 5, 7, 9, 11), and even harmonics have even numbers (e.g., 2, 4, 6, 8, 10). 

Harmonic number 1 is assigned to the fundamental frequency component of the periodic wave. 

Harmonic number 0 represents the constant or DC component of the waveform. The DC 

component is the net difference between the positive and negative halves of one complete 

waveform cycle.  

Figure-4 shows a periodic waveform with net DC content. The DC component of a 

waveform has undesirable effects, particularly on transformers, due to the phenomenon of core 
saturation. Saturation of the core is caused by operating the core at magnetic field levels above 

the knee of the magnetization curve. Transformers are designed to operate below the knee portion 

of the curve. When DC voltages or currents are applied to the transformer winding, large DC 

magnetic fields are set up in the transformer core. The sum of the AC and the DC magnetic fields 

can shift the transformer operation into regions past the knee of the saturation curve. Operation in 

the saturation region places large excitation power requirements on the power system. The 

transformer losses are substantially increased, causing excessive temperature rise. Core vibration becomes more pronounced as a 

result of operation in the saturation region. We usually look at harmonics as integers, but some applications produce harmonic 

voltages and currents that are not integers. Electric arc furnaces are examples of loads that generate non-integer harmonics. Arc 

welders can also generate non integer harmonics. In both cases, once the arc stabilizes, the non-integer harmonics mostly 

disappear, leaving only the integer harmonics.  
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The majority of nonlinear loads produce harmonics that are odd multiples of the fundamental frequency. Certain conditions 

need to exist for production of even harmonics. 

Uneven current draw between the positive and negative 

halves of one cycle of operation can generate even 

harmonics. The uneven operation may be due to the 

nature of the application or could indicate problems 
with the load circuitry. Transformer magnetizing 

currents contain appreciable levels of even harmonic 

components and so do arc furnaces during startup. 

Subharmonics have frequencies below the fundamental 

frequency and are rare in power systems. When 

subharmonics are present, the underlying cause is 

resonance between the harmonic currents or voltages with the power system capacitance and inductance. Subharmonics may be 

generated when a system is highly inductive (such as an arc furnace during startup) or if the power system also contains large 

capacitor banks for power factor correction or filtering. Such conditions produce slow oscillations that are relatively undamped, 

resulting in voltage sags and light flicker. 

 

CAUSES OF VOLTAGE AND CURRENTHARMONICS: A pure sinusoidal waveform with zero harmonic distortion is a 
hypothetical quantity and not a practical one. The voltage waveform, even at the point of generation, contains a small amount of 

distortion due to nonuniformity in the excitation magnetic field and discrete spatial distribution of coils around the generator stator 

slots. The distortion at the point of generation is usually very low, typically less than 1.0%. The generated voltage is transmitted 

many hundreds of miles, transformed to several levels, and ultimately distributed to the power user. The user equipment generates 

currents that are rich in harmonic frequency components, especially in large commercial or industrial installations. As harmonic 

currents travel to the power source, the current distortion results in additional voltage distortion due to impedance voltages 

associated with the various power distribution equipment, such as transmission and distribution lines, transformers, cables, buses, 

and so on. Not all voltage distortion, however, is due to the flow of distorted current through the power system impedance. For 

instance, static uninterruptible power source (UPS) systems can generate appreciable voltage distortion due to the nature of their 

operation. Normal AC voltage is converted to DC and then reconverted to AC in the inverter section of the UPS. Unless 

waveform shaping circuitry is provided, the voltage waveforms generated in UPS units tend to be distorted.  
As nonlinear loads are propagated into the power system, voltage distortions are introduced which become greater moving 

from the source to the load because of the circuit impedances. Current distortions for the most part are caused by loads. Even 

loads that are linear will generate nonlinear currents if the supply voltage waveform is significantly distorted. When several power 

users share a common power line, the voltage distortion produced by harmonic current injection of one user can affect the other 

users. This is why standards are being issued that will limit the amount of harmonic currents that individual power users can feed 

into the source (an issue that we will examine later in this chapter). The major causes of current distortion are nonlinear loads due 

to adjustable speed drives, fluorescent lighting, rectifier banks, computer and data-processing loads, arc furnaces, and so on. One 

can easily visualize an environment where a wide spectrum of harmonic frequencies are generated and transmitted to other loads 

or other power users, thereby producing undesirable results throughout the system. 

 

INDIVIDUAL AND TOTAL HARMONIC DISTORTION: Individual harmonic distortion (IHD) is the ratio between the root 
mean square (RMS) value of the individual harmonic and the RMS value of the fundamental IHDn = In/I1. 

For example, assume that the RMS value of the third harmonic current in a nonlinear load is 20 A, the RMS value of the fifth 

harmonic current is 15 A, and the RMS value of the fundamental is 60 A. Then, the individual third harmonic distortion is: 

IHD3 = 20/60 = 0.333, or 33.3% 

and the individual fifth harmonic distortion is: 

IHD5 = 15/60 = 0.25, or 25.0% 

Under this definition, the value of IHD1 is always 100%. This method of quantifying the harmonics is known as harmonic 

distortion based on the fundamental. This is the convention used by the Institute of Electrical and Electronic Engineers (IEEE) in 

the U.S. The European International Electrotechnical Commission (IEC) quantifies harmonics based on the total RMS value of the 

waveform. Using the same example shown above, the RMS value of the waveform is: 

Irms = (602 + 202 + 152)2 = 65 A 

Based on the IEC convention, 
IHD1 = 60/65 = 0.923, or 92.3% 

IHD3 = 20/65 = 0.308, or 30.8% 

IHD5 = 15/65 = 0.231, or 23.1% 

The examples illustrate that even though the magnitudes of the harmonic currents are the same, the distortion percentages are 

different because of a change in the definition. It should be pointed out that it really does not matter what convention is used as 

long as the same one is maintained throughout the harmonic analysis.  

Total harmonic distortion (THD) is a term used to describe the net deviation of a nonlinear waveform from ideal sine 

waveform characteristics. Total harmonic distortion is the ratio between the RMS value of the harmonics and the RMS value of 

the fundamental.  

 

EFFECT OF HARMONICS ON POWER SYSTEM DEVICES: We are interested in the subject of harmonics because of the 
harmful effects they have on power system devices. What makes harmonics so insidious is that very often the effects of harmonics 
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are not known until failure occurs. Insight into how harmonics can interact within a power system and how they can affect power 

system components is important for preventing failures. In this section, we will look at the effect of harmonics on some common 

power system devices. 

 

TRANSFORMERS: Harmonics can affect transformers primarily in two ways. Voltage harmonics produce additional losses in 

the transformer core as the higher frequency harmonic voltages set up hysteresis loops, which superimpose on the fundamental 
loop. Each loop represents higher magnetization power requirements and higher core losses. A second and a more serious effect of 

harmonics is due to harmonic frequency currents in the transformer windings. The harmonic currents increase the net RMS 

current flowing in the transformer windings which results in additional I2R losses. Winding eddy current losses are also increased. 

Winding eddy currents are circulating currents induced in the conductors by the leakage magnetic flux. Eddy current 

concentrations are higher at the ends of the windings due to the crowding effect of the leakage magnetic field at the coil 

extremities. The winding eddy current losses increase as the square of the harmonic current and the square of the frequency of the 

current. Thus, the eddy loss (EC) is proportional to Ih2 h2, where Ih is the RMS value of the harmonic current of order h, and h is 

the harmonic frequency order or number.  

Eddy currents due to harmonics can significantly increase the transformer winding temperature. Transformers that are 

required to supply large nonlinear loads must be derated to handle the harmonics. This derating factor is based on the percentage 

of the harmonic currents in the load and the rated winding eddy current losses. 

 

AC MOTORS: Application of distorted voltage to a motor results in additional losses in the magnetic core of the motor. 
Hysteresis and eddy current losses in the core increase as higher frequency harmonic voltages are impressed on the motor 

windings. Hysteresis losses increase with frequency and eddy current losses increase as the square of the frequency. Also, 

harmonic currents produce additional I2R losses in the motor windings which must be accounted for. Another effect, and perhaps a 

more serious one, is torsional oscillations due to harmonics. Two of the more prominent harmonics found in a typical power 

system are the fifth and seventh harmonics. The fifth harmonic is a negative sequence harmonic, and the resulting magnetic field 

revolves in a direction opposite to that of the fundamental field at a speed five times the fundamental. The seventh harmonic is a 

positive sequence harmonic with a resulting magnetic field revolving in the same direction as the fundamental field at a speed 

seven times the fundamental. The net effect is a magnetic field that revolves at a relative speed of six times the speed of the rotor. 

This induces currents in the rotor bars at a frequency of six times the fundamental frequency. The resulting interaction between 

the magnetic fields and the rotor-induced currents produces torsional oscillations of the motor shaft. If the frequency of the 

oscillation coincides with the natural frequency of the motor rotating members, severe damage to the motor can result. Excessive 

vibration and noise in a motor operating in a harmonic environment should be investigated to prevent failures. Motors intended for 
operation in a severe harmonic environment must be specially designed for the application. Motor manufacturers provide motors 

for operation with ASD units. If the harmonic levels become excessive, filters may be applied at the motor terminals to keep the 

harmonic currents from the motor windings. Large motors supplied from ASDs are usually provided with harmonic filters to 

prevent motor damage due to harmonics. 

 

CAPACITOR BANKS: Capacitor banks are commonly found in commercial and industrial power systems to correct for low 

power factor conditions. Capacitor banks are designed to operate at a maximum voltage of 110% of their rated voltages and at 

135% of their rated kVARS. When large levels of voltage and current harmonics are present, the ratings are quite often exceeded, 

resulting in failures. Because the reactance of a capacitor bank is inversely proportional to frequency, harmonic currents can find 

their way into a capacitor bank. The capacitor bank acts as a sink, absorbing stray harmonic currents and causing overloads and 

subsequent failure of the bank. A more serious condition with potential for substantial damage occurs due to a phenomenon called 
harmonic resonance. Resonance conditions are created when the inductive and capacitive reactances become equal at one of the 

harmonic frequencies.  The two types of resonances are series and parallel. In general, series resonance produces voltage 

amplification and parallel resonance results in current multiplication. 

 

CABLES: Current flowing in a cable produces I2R losses. When the load current contains harmonic content, additional losses are 

introduced. To compound the problem, the effective resistance of the cable increases with frequency because of the phenomenon 

known as skin effect. Skin effect is due to unequal flux linkage across the cross section of the conductor which causes AC currents 

to flow only on the outer periphery of the conductor. This has the effect of increasing the resistance of the conductor for AC 

currents. The higher the frequency of the current, the greater the tendency of the current to crowd at the outer periphery of the 

conductor and the greater the effective resistance for that frequency. The capacity of a cable to carry nonlinear loads may be 

determined as follows. The skin effect factor is calculated first. The skin effect factor depends on the skin depth, which is an 
indicator of the penetration of the current in a conductor. Skin depth (δ) is inversely proportional to the square root of the 

frequency: 
f

S
 where S is a proportionality constant based on the physical characteristics of the cable and its magnetic 

permeability and f is the frequency of the current. 

 

PROTECTIVE DEVICES: Harmonic currents influence the operation of protective devices. Fuses and motor thermal overload 

devices are prone to nuisance operation when subjected to nonlinear currents. This factor should be given due consideration when 

sizing protective devices for use in a harmonic environment. Electromechanical relays are also affected by harmonics. Depending 

on the design, an electromechanical relay may operate faster or slower than the expected times for operation at the fundamental 

frequency alone. Such factors should be carefully considered prior to placing the relays in service. 
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HARMONIC CURRENT MITIGATION 

EQUIPMENT DESIGN: The importance of equipment design in minimizing harmonic current production has taken on greater 

importance, as reflected by technological improvements in fluorescent lamp ballasts, adjustable speed drives, battery chargers, and 

uninterruptible power source (UPS) units. Computers and similar data-processing devices contain switching mode power supplies 

that generate a substantial amount of harmonic currents, as seen earlier. Designing power supplies for electronic equipment adds 

considerably to the cost of the units and can also make the equipment heavier. The significant harmonic frequency currents 
generated in power conversion equipment can be stated as:  

n = kq ± 1 where n is the significant harmonic frequency, k is any positive integer (1, 2, 3, etc.), 

and q is the pulse number of the power conversion equipment which is the number of power pulses that are in one complete 

sequence of power conversion. For example, a three-phase full wave bridge rectifier has six power pulses and therefore has a 

pulse number of 6. With six-pulse-power conversion equipment, the following significant harmonics may be generated: 

For k =1, n = (1 6) ± 1 = 5th and 7th harmonics. 

For k =2, n = (2 6) ± 1 = 11th and 13th harmonics. 

With six-pulse-power conversion equipment, harmonics below the 5th harmonic are insignificant. Also, as the harmonic number 

increases, the individual harmonic distortions become lower due to increasing impedance presented to higher frequency 

components by the power system inductive reactance. So, typically, for six-pulse power conversion equipment, the 5th harmonic 

current would be the highest, the 7th would be lower than the 5th, the 11th would be lower than the 7th, and so on, as shown 

below:  I13 < I11< I7< I5    when using 12-pulse-power conversion equipment, harmonics below the 11th harmonic can be 

made insignificant. The total harmonic distortion is also considerably reduced. Twelve-pulse-power conversion equipment costs 

more than six-pulse-power equipment. Where harmonic currents are the primary concern, 24-pulse-power conversion equipment 

may be considered. 

 

HARMONIC CURRENT CANCELLATION: Transformer connections employing phase shift are sometimes used to effect 

cancellation of harmonic currents in a power system.  

 Triplen harmonic (3rd, 9th, 15th, etc.) currents are a set of currents that can be effectively trapped using a special transformer 

configuration called the zigzag connection. In power systems, triplen harmonics add in the neutral circuit, as these currents 

are in phase. Using a zigzag connection, the triplens can be effectively kept away from the source. 

 The transformer phase-shifting principle is also used to achieve cancellation of the 5th and the 7th harmonic currents. Using a 

Δ–Δand a Δ–Y transformer to supply harmonic producing loads in parallel the 5th and the 7th harmonics are canceled at the 

point of common connection. This is due to the 30° phase shift between the two transformer connections. As the result of this, 

the source does not see any significant amount of the 5th and 7th harmonics. 

If the nonlinear loads supplied by the two transformers are identical, then maximum harmonic current cancellation takes 

place; otherwise, some 5th and 7th harmonic currents would still be present. Other phase-shifting methods may be used to cancel 

higher harmonics if they are found to be a problem. Some transformer manufacturers offer multiple phase-shifting connections in 
a single package which saves cost and space compared to using individual transformers. 
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HARMONIC FILTERS: Nonlinear loads produce harmonic currents that can travel to other locations in the power system and 

eventually back to the source. As we saw earlier, harmonic currents can produce a variety of effects that are harmful to the power 

system. Harmonic currents are a result of the characteristics of particular loads. As long as we choose to employ those loads, we 

must deal with the reality that harmonic currents will exist to a degree dependent upon the loads. One means of ensuring that 
harmonic currents produced by a nonlinear current source will not unduly interfere with the rest of the power system is to filter out 

the harmonics. Application of harmonic filters helps to accomplish this. Harmonic filters are broadly classified into passive and 

active filters. Passive filters, as the name implies, use passive components such as resistors, inductors, and capacitors. A 

combination of passive components is tuned to the harmonic frequency that is to be filtered. Here the values of the inductor and 

the capacitor are chosen to present a low impedance to the harmonic frequency that is to be filtered out. Due to the lower 

impedance of the filter in comparison to the impedance of the source, the harmonic frequency current will circulate between the 
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load and the filter. This keeps the harmonic current of the desired frequency away from the source and other loads in the power 

system. If other harmonic frequencies are to be filtered out, additional tuned filters are applied in parallel. Applications such as arc 

furnaces require multiple harmonic filters, as they generate large quantities of harmonic currents at several frequencies.  

 
Applying harmonic filters requires careful consideration. Series-tuned filters appear to be of low impedance to harmonic currents 

but they also form a parallel resonance circuit with the source impedance. In some instances, a situation can be created that is 

worse than the condition being corrected. It is imperative that computer simulations of the entire power system be performed prior 

to applying harmonic filters. As a first step in the computer simulation, the power system is modeled to indicate the locations of 

the harmonic sources, then hypothetical harmonic filters are placed in the model and the response of the power system to the filter 

is examined. If unacceptable results are obtained, the location and values of the filter parameters are changed until the results are 

satisfactory. When applying harmonic filters, the units are almost never tuned to the exact harmonic frequency. For example, the 

5th harmonic frequency may be designed for resonance at the 4.7th harmonic frequency. 

By not creating a resonance circuit at precisely the 5th 
harmonic frequency, we can minimize the possibility of the filter 

resonating with other loads or the source, thus forming a parallel 

resonance circuit at the 5th harmonic. The 4.7th harmonic filter 

would still be effective in filtering out the 5th harmonic currents. 

This is evident from the series-tuned frequency vs. impedance 

curve shown in fig.7.  

Sometimes, tuned filters are configured to provide power 

factor correction for a facility as well as harmonic current filtering. 

In such cases the filter would be designed to carry the resonant 

harmonic frequency current and also the normal frequency current 

at the fundamental frequency. In either case, a power system 
harmonic study is paramount to ensure that no ill effects would be 

produced by the application of the power factor correction/filter 

circuit.  

Active filters use active conditioning to compensate for harmonic currents in a power system. Fig.8, shows an active filter 

applied in a harmonic environment. The filter samples the distorted current and, using power electronic switching devices, draws a 

current from the source of such magnitude, frequency composition, and phase shift to cancel the harmonics in the load. The result 

is that the current drawn from the source is free of harmonics. An advantage of active filters over passive filters is that the active 

filters can respond to changing load and harmonic conditions, whereas passive filters are fixed in their harmonic response. As we 

saw earlier, application of passive filters requires careful analysis. Active filters have no serious ill effects associated with them. 

However, active filters are expensive and not suited for application in small facilities. 

 

 
ENERGY AND DEMAND METERING: Electric utility companies usually measure energy consumption in two quantities: the 

total cumulative energy consumed and the maximum power used for a given period. Thus, there are two charges in any given 

billing period especially for larger industrial customers: energy charges and demand charges. Residential customers are typically 

charged for the energy consumption only. The energy charge represents the costs of producing and supplying the total energy 

consumed over a billing period and is measured in kilowatt-hours. The second part of the bill, the demand charge, represents 

utility costs to maintain adequate electrical capacity at all times to meet each customer’s peak demand for energy use. The demand 

charge reflects the utility’s fixed cost in providing peak power requirements. The demand charge is usually determined by the 

highest 15- or 30-min peak demand of use in a billing period and is measured in kilowatts.  

Both energy and demand charges are measured using the so-called watthour and demand meters. A demand meter is usually 

integrated to a watthour meter with a timing device to register the peak power use and returns the demand pointer to zero at the 

end of each timing interval (typically 15 or 30 min). 
Harmonic currents from nonlinear loads can impact the accuracy of watthour and demand meters adversely. Traditional 

watthour meters are based on the induction motor principle. The rotor element or the rotating disk inside the meter revolves at a 

speed proportional to the power flow. This disk in turn drives a series of gears that move dials on a register. Conventional 

magnetic disk watthour meters tend to have a negative error at harmonic frequencies. That is, they register low for power at 

harmonic frequencies if they are properly calibrated for fundamental frequency. This error increases with increasing frequency. In 

general, nonlinear loads tend to inject harmonic power back onto the supply system and linear loads absorb harmonic power due 

to the distortion in the voltage. This is depicted in fig. 9(a) by showing the directions on the currents. 
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Thus for the nonlinear load in Fig.9, the meter 

would read 

Pmeasured = P1 – a3P3 – a5P5 – a7P7 -  . . . (4) 

where a3, a5, and a7 are multiplying factors (1.0) 

that represent the inaccuracy of the meter at 
harmonic frequency. The measured power is a little 

greater than that actually used in the load because 

the meter does not subtract off quite all the harmonic powers. However, these powers simply go to feed the line and transformer 

losses, and some would argue that they should not be subtracted at all. That is, the customer injecting the harmonic currents 

should pay something additional for the increased losses in the power delivery system. In the case of the linear load, the measured 

power is:  Pmeasured = P1 + a3P3  + a5P5  +  a7P7  +  . . . (5) 

The linear load absorbs the additional energy, but the meter does not register as much energy as is actually consumed. The 

question is, Does the customer really want the extra energy? If the load consists of motors, the answer is no, because the extra 

energy results in losses induced in the motors from harmonic distortion. If the load is resistive, the energy is likely to be efficiently 

consumed. 

Fortunately, in most practical cases where the voltage distortion is within electricity supply recommended limits, the error is 

very small (much less than 1 percent). The latest electronic meters in use today are based on time-division and digital sampling. 
These electronic meters are much more accurate than the conventional watthour meter based on induction motor principle. 

Although these electronic watthour meters are able to measure harmonic components, they could be set to measure only the 

fundamental power. The user should be careful to ascertain that the meters are measuring the desired quantity. 

 

IMPACT ON TELECOMMUNICATIONS: Harmonic currents flowing on the utility distribution system or within an end-user 

facility can create interference in communication circuits sharing a common path. Voltages induced in parallel conductors by the 

common harmonic currents often fall within the 

bandwidth of normal voice communications. 

Harmonics between 540 (ninth harmonic) and 

1200 Hz are particularly disruptive. The induced 

voltage per ampere of current increases with 
frequency. Triplen harmonics (3d, 9th, 15th) are 

especially troublesome in four-wire systems 

because they are in phase in all conductors of a 

three-phase circuit and, therefore, add directly in 

the neutral circuit, which has the greatest 

exposure with the communications circuit. 

Harmonic currents on the power system are 

coupled into communication circuits by either 

induction or direct conduction. Fig.10 illustrates 

coupling from the neutral of an overhead 

distribution line by induction. This was a severe 
problem in the days of open wire telephone 

circuits. Now, with the prevalent use of shielded, twisted-pair conductors for telephone circuits, this mode of coupling is less 

significant. The direct inductive coupling is equal in both conductors, resulting in zero net voltage in the loop formed by the 

conductors.  

Inductive coupling can still be a problem if high 

currents are induced in the shield surrounding the 

telephone conductors.  Current flowing in the shield 

causes an IR drop (Fig.11), which results in a potential 

difference in the ground references at the ends of the 

telephone cable. Shield currents can also be caused by 

direct conduction.  

As illustrated in fig.12, the shield is in parallel 
with the power system ground path. If local ground 

conditions are such that a relatively large amount of 

current flows in the shield, high shield IR drop will 

again cause a potential difference in the ground 

references at the ends of the telephone cable. 

 

 


