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A PRACTICAL APPROACH TO EM! PROBLEMS 
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Abstract 

Mysteries associated with electromagnetic interference disappear when cor
rect procedures are used to solve noise problems. Many problems are caused by 
faults in the troubled equipment itself that make it sensitive to ever-present ambient 
noises. The first step in a practical approach toward a noise problem must include 
an inspection of the affected system. When extraneous noise is at fault the source 
is usually found in the immediate area. 

Introduction 

A large research laboratory with a wide variety of experiments in progress 
affords opportunities for a person to become familiar with electromagnetic inter
ference (EMI) problems. Some equipment is designed to detect low-level signals. 
Other equipment is capable of generating strong noise. Instrumentation systems 
used in research programs have a tendency to grow or be modified as the experi
ment progresses, and potential noise sources may be overlooked. Noise problems 
arise. The discussion that follows is intended to pass on some of the practical 
experience gained while helpine to solve such noise problems. 

It should be noted that this discussion does not apply to radio receiver inter
ference, which should be considered separately. 

Ambient Noise 

In order to deal successfully with electrical noise problems one must realize 
that there is no practical way to suppress all noise at the source. 

There are, for example, authorized transmitters operating on channels through
out the radio spectrum. The field strength of a broad~ast station a few miles away 
may be several tenths of a volt per meter. A radar a few miles away may create 
peak signals measurable in volts per meter. These do not constitute noise to people 
who use them, but they certainly are noise to electronic equipment designed for some 
other purpose. 

Other noises from many sources are conducted and radiated by power lines. 
There is the very strong 60-hertz fundamental frequency, accompanied by many 
harmonics. Spikes and bursts of noise on the power line may be generated by every
thing from corona discharges to a multitude of switching devices. 

. This is no. att~m:pt. to name all noise ~ource~, but e.ven a partial listing should 
Include automobIle IgnItion systems as serious nOIse radIators: A person making 
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radio field-intensity measurements must often pause in his work because the 
ignition noise from a passing truck is much stronger than the signal he is trying to 
measure. 

Some noise sources, we hope, will be quieted in the future; others are here to 
stay. But an attempt to quiet all possible noise sources will generally result in lost 
time and frustration. If an instrumentation system is too sensitive to normal noises 
it must be considered faulty, and the only practical cure is to improve the shielding 
of the sensitive system. 

Inspect Troubled System 

A noise complaint is often accompanied by the information that something is 
generating a strong noise. However, most electrical noise problems experienced 
over a period of several years have been due to faults in the troubled system. These 
faults usually consist of errors in shielding, improper grounding, and defective or 
malfunctioning components. The first step toward the solution of a noise problem 
should include a thorough inspection of the affected system. Observance of this rule 
has, in most cases, done away with extensive searches which accomplish nothing but 
add to the mysteries associated with EMI. 

Keep It Simple 

The EMI tlexpere r should not allow himself to become lost in a maze of circuitry, 
no matter how complex the instrumentation system. Most noise problems are sur
prisingly similar. It is usually sufficient to consider each system component as a 
Ifblack box. H A large number of troubles can be cured without going beyond that 
point. 

Ground Loops 

Ground loops occur whenever there is more than one path in which ground cur
rents can flow. Troublesome loops are especially likely to occur in systems in 
which components are separated by a distance. A typical example was a case in 
which one group of equipment was grounded to a water pipe, and, on the other side 
of the room, another group of equipment was grounded to the ground wire of a power 
outlet. When a signal cable was connected between the two groups its shield com
pleted a loop that encompassed the entire building. Of course, strong currents from 
power lines and other sources can be induced into a loop of that size, and the voltages 
created along the signal cable shield show up as noise on the signal. Noise due to 
this type of ground problem is usually similar in appearance to the noise found on 
power lines, and may cause an experimenter to complain that something is generating 
strong spikes on the power lines. 

Smaller ground loops within a system may also cause trouble. One such case 
occurred when equipment was set up on two separate tables with an interconnecting 
ground wire which ran around the wall of the room. Cables between the two sets of 
equipment ran overhead, forming a loop with the ground wire. An electronic counter, 
used to display the information, gave many spurious counts every 12 seconds. The 
trouble was cured simply by running the cables around the same path as the ground 
wire. Later it was found that the interference came from a radar with its antenna 
rotating once each 12 seconds. Its signal measured 1.6 volts/meter at the laboratory. 
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Other ground loops may not be so obvious as in the above examples. A 
block diagram, sketched on the site, can help to point them out. It should trace the 
signal path from source to readout and show the interconnecting ground leads (includ
ing cable shields) and all system grounds. If a block diagram is already available it 
can serve as a guide, but it should not be relied upon to show all grounds and inter
connections as they have actually been installed. 

Before becoming too involved in a ground problem, one should remember and 
apply a most practical method of locating the trouble. It consists of physically chang
ing ground leads and connections and observing changes in the noise leveL The cure 
will often become apparent, making an extended study of the system unnecessary. 

Shielding Faults 

Shielding faults can usually be found through a careful visual inspection. Among 
the more obvious faults are loose cover plates, or coats of paint which prevent two 
sections of an enclosure from making good electrical contact. 

The fault most commonly found occurs when a cable is allowed to enter a 
shielded compartment without having its shield bonded to the compartment at the 
point of entrance. It is easy to assume that a small hole through a shield will not 
cause much trouble--and, usually, it doesn't. The trouble arises when a cable is 
run from across the room, passed directly through the hole, and connected to a cir
cuit inside. The cable shield acts' as a receiving antenna and, of course, conducts the 
received noise into the enclosure. 

An interesting problem occurred when the output cable from a sensitive calori
meter was connected to an amplifier which, in turn, drove a chart recorder to show 
temperature variations. Noise covered up the signal, and the recorde r made wide 
excursions whenever a person moved about the equipment, thereby indicating that 
the noise must be due to a radiation field. ,It was discovered that the output cable 
was inserted through a hole in the calorimeter shield, and the cable shield was 
grounded inside. A radio receiver was used to determine what type of noise was 
causing the trouble. At low frequencies the signals were very weak, but they became 
progressively stronger at higher frequencies through the FM and TV broadcast bands. 
The rf currents were strong enough to cause spurious temperature changes in the 
calorimeter. A feed-through connector for the output cable corrected the trouble. 

Examples similar to the above occur occasionally when a person needs an extra 
connection to a chassis and obtains it by running a cable in under one corner of a 
shield cover plate. 

Defective Components 

Defective or malfunctioning components in a system may not always fall under 
the heading of EMI. However, the effects can be similar, and they have often given 
rise to EMI complaints. Cable shields may break, connections may be loose, and 
amplifiers may be noisy. 

For example, there was a complaint that a ve.,:y strong CW signal at about 1 
MHz was holding up an experiment. The complaint was correct. The signal was 
strong enough to block a portable receiver. Each component of the system was turned 
off separately, and the noise stopped when one amplifier was turned off. It was 
oscillating because of coupling between the input and output leads. . 
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Extraneous Noise 

There are, of course, cases in which an external noise is stronger than one 
should tolerate, and an attempt should be made to quiet the source rather than to 
take extreme measures in shielding the troubled system. The characteristics of the 
interfering noise usually point out the course to follow. If it appears to be a general 
mixture of noises, then perhaps rn.ore attention should be given to the system shield- ". 
ing. If it appears to be a specific noise, then it will probably be more practical to 
quiet the noise at the source. 

The source of a noise is not always apparent, and a search must be made to 
locate it. Here, again, one should take care to prevent the search from expanding 
into a lengthy project in which an endless number of noises are found--excepting the 
one that causes the trouble. It can be stated from personal experience that time can 
be wasted looking far and wide for an offending noise source before it is finally dis
covered within a few feet of the affected system. Usually the source of a trouble
some noise has been found in the same room with the affected system or in an 
adjacent room, and hardly ever has it been found outside the building. 

Noise attenuates rapidly with distance as one leaves the near field of the source. 
Noise at 100 feet may be from 50 to 100 dB lower in strength than at 3 feet from the 
source. If the offending source is very distant it is likely to be strong enough to have 
already gained notoriety, and iinding it should not be difficult. 

Troublesome noises most often encountered have been in the form of spikes 
which may be generated by motors and the wide range of switching devices. One 
should not overlook building fixtures such as therrn.ostat-controlled heaters and 
fluorescent lamps. Each of these can sorn.etimes be surprisingly noisy. Here, 
again, the direct approach is best-simply turn off every suspected device and see if 
the noise stops. 

In a recent problem noise spikes interfered with a syst~m in which a signal, 
highly amplified, was displayed on an oscilloscope. Even though it appeared that no 
other equipment was operating nearby it was decided to follow rules brought about 
by experience and search the imrn.ediate area first. In the next room was a print
reproducing machine with its variable-speed motor quietly running at low speed. 
The motor was turned off and the noise stopped. Power line filters in the motor 
circuit cured the trouble. 

Conclusions 

The time required to locate the cause of a noise problem has been considerably 
reduced by following the approach described in this discussion. Problems, which in 
the past might have resulted in lengthy searches and the use of noise -tracking equip
ment, are now often solved in a rn.atter of minutes with no speCial equipment. No 
one formula covers all cases, but many of the mysteries associated with EMI have 
faded. 
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