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This paper focuses on some of the practical considerations for electrical measurement. Though these are not 
measurement techniques but have a very significant effect on precision measurement. Some of these are leakage currents, 
thermal effects, contact resistance, transients, grounding, shielding, earthing, guarding and drift. The precision measurement 
depends on control of all these important but sometimes subtle factors. 

IPC Code: H03 

Precision measurement is a degree of consistency in 
independent measurement of a quantity under the 
same conditions. It is the coherence or closeness of 
one result to all of the measurement results. Precision 
measurement of an electrical quantity is very essential 
for development, maintenance and reliable operation 
of most of the electronic instruments such as 
calibrator, resistance divider, voltage and current 
measuring devices and other instruments. Very small 
errors in precision measurements, therefore, result in 
lots of wrong information. The reliability of the 
precision measurement depends not only on the 
measurement process such as the method adopted, 
skill of the personnel, environmental conditions but 
also measurement confirmation of measuring 
equipment which ensure the satisfactory performance 
of the instrument; in short on all factors which have 
an influence on measurements1. 
 This is particularly true when several instruments 
and number of different types of cables are used in 
precision measurements, as in a test system. There are 
other possible sources of errors in instruments and 
their interconnected cables. In a real world, wires do 
have unwanted resistance and reactances and there are 
unwanted signals present which affect the ability to 
make high quality measurement. There are leakage 
current, thermal effects, contact resistance, transients, 
grounding, shielding, earthing guarding and drift. In 
this paper these effects have been discussed to 
minimize them by preventing unwanted current and 
radiated signals from precision electrical 
measurement.  
 
Grounding 
 In reality, ground has a finite resistance, which 
results in potential drop along the ground when a 

current is flowing through it. This can cause errors in 
a measurement system. If care is not taken to control 
the flow of currents then ground loop error may 
occur. 
 In Fig.1 the loop I1 with E1, R1, and R3 is a voltage 
divider and r1, r2 are lumped equivalent resistance. 
The output voltage from the divider (V1) is affected by 
the current in the other loop I2 and it becomes: 
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 The addition of the ground resistance r1 has 
changed the divider output V1 in two ways. First, it 
has added resistance to the divider loop, which 
changes the division ratio. Secondly, current in r1 
from the second loop l2 can now affect the value of 
V1. The change in division ratio can be handled by 
ensuring that the value of r1 remains constant and by 

 
 

Fig. 1 — Grounding (ground loop error)
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changing the value of R1 or R3 to compensate for the 
addition of r1. The error caused by I2, which is called a 
ground loop error, is normally handled by changing 
the ground connections2 so that I2 does not flow 
through r1 as shown in Fig. 2. 
 A separate ground return has to be used for both 
loops involving a precision circuit so that the current 
flows only from that loop and not from other loop.  
 
Shielding 
 Electromagnetic radiation can adversely affect 
electronic equipment. It can come from many sources, 
such as power transmission lines, fluorescent lights, 
electric motors, communications equipment, cellular 
phones, high-speed digital logic in computers and 
transmitters. Electromagnetic radiation is composed 
of time varying electric and magnetic fields. These 
fields may occur in varied relative strengths. Higher 
voltage, lower current circuits may tend to radiate 
mostly E (electric) fields; while lower voltage, higher 
current circuits may tend to have the H (magnetic) 
fields dominance. Common sources of interfering 
signals, often called noise, which are predominantly E 
Field in nature are: fluorescent light, power lines 
circuit and high speed digital logic. The stray 
capacitance coupled between input impedance of the 
meter and output impedance of the source is also a 
cause of error in measurement when current flow in 
this path. The high frequency components of the 
signal circuit are another cause of large amount of 
interference and therefore errors, its range is between 
2-100 MHz. 
 The local shielding also usually produces the best 
results. The most complete shielding between a noise 

source and a sensitive circuit can be achieved if both 
source and circuit are separately shielded using a tight 
shield, and each shield is connected to its local ground 
as shown in Fig. 3  

 
Fig.2 — Grounding (separate ground loop) 

 
 

Fig. 3 — Sensitive circuit shielding 

 Some source of unwanted signals radiate a 
predominantly magnetic field is called magnetic pick-
up. Examples of these are motors, power 
transformers, circuits and instruments displays. 
Whenever a sensitive circuit is near a transformer or a 
circuit with high peak current, there is the possibility 
or coupling with magnetic fields which can cause a 
measurement or source error. There are two basic 
approaches to reducing magnetic pickup: reduce the 
magnetic pick-up loop, and reduce the magnetic field 
intensity. 
 This effect can be minimized by using twisted pairs 
rather than separate test leads where possible to 
reduce magnetic pickup and minimize series 
impedance. Another way to interconnect instruments 
is to use coaxial cable (coax). It provides rejection of 
unwanted pickup from both magnetic and electric 
fields because the center conductor is completely 
enclosed by the outside shield designed proper with 
magnetic shielding2, it is possible to attenuate 
magnetic interference either at the source or at the 
point of interference. The field strength is much 
higher at the source. Saturation of magnetic material 
must be considered. The best material for magnetic 
shielding is an alloy of nickel and iron known as  
Mu-Metal. 
 
Guarding 
 One of the biggest measurement problems in 
interconnecting two or more instruments is to keep 
extraneous signals out of the interconnecting cables. 
Ground loops are a common cause of such errors. If 
the voltage to be measured is elevated (floating) with 
respect to the ground or some other reference point by 
another voltage as shown in Fig. 4, the signal being 
measured is called the normal mode signal. The signal 
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Fig. 4 — Equipment without guarded circuit  
 

Fig. 5 — Equipment with guard circuit 

 

 
 

Fig. 6 — Interconnection of guarded, shielded 4 wire resistance 

that is floating on is called the common mode signal. 
In fact, the situation thought of as generating a normal 
mode signal floating on common mode signal, caused 
by the voltage drop in rLo due to the ground current. In 
either case if the source output Lo and meter input Lo 
terminals are connected to ground, a current flows 
through the Lo lead, causing an error in the 
measurement. Floating the meter Lo above ground 
may reduce the current flow but not entirely eliminate 
it, because some current can still flow through the 
impedance between Lo and ground (Z1). This problem 
can be solved using guarding3.  
 An instrument guard can be a Faraday or electric 
field shield that encloses the analog circuitry of a 
meter or source and is electrically isolated from the 
instrument case and ground. In addition to being an 
electric field shield, it also provides a path to ground 
for common-mode generated currents so they don’t 
cause an error in the measurement as shown in  
Fig. 5. The ground loop current now flows through 
the lead to the guard and then through Z2 to ground 
instead of through the signal Lo lead. The guarded 
measurement instruments can be used to reduce 
common mode errors, as well as provide electric field 
shielding. It should be connected to Lo at the source 
terminals.  
 
Interconnecting guarded instruments in resistance 
measurement 
 Method of interconnecting a guarded resistance 
calibrator to an ohmmeter depend on whether a two-
wire or four-wire connection is being made. Low 
accuracy meters normally have two input terminals 
for resistance and no guard. This type of meter is 
connected to a calibrator using a two-wire connection. 
It is not normally required to use the guard because of 
the low accuracy involved. The guard can be 
connected to the Lo out at the calibrator and the 
connection made with coaxial cable. Precision 
ohmmeter has four input terminals for resistance 

measurement plus a guard. Two of the terminals are 
connected to an internal current source and the other 
two to a voltage measuring circuit. Connecting this 
type of meter to a calibrator requires a four-wire 
connection. This can be done as shown in Fig. 6 by 
using two twinax cables, one for the current and other 
for the voltage. 
 The guard is connected to both shields at both ends, 
but the Lo-to-guard-to-ground connection is only 
made at the calibrator. If the ohmmeter also has an 
ohms guard, it should be connected to a shield around 
the current Hi lead. 
 
Guard circuit in high voltage resistance divider 
 The guard circuit is used to reduce the leakage by 
corona along the whole length of the HV resistive 
divider. The guard circuit takes the form of a 
resistance chain connected in parallel with the main 
divider having ten times its resistance4. The high 
voltage end of the guard circuit is connected to 
conducting ring at the top of the perspex cylinder, 
which surrounds the divider, and the lower end is 
earthed. Each resistance of the guard is positioned 
exactly out side a corresponding resistor of the main 
divider as shown in Fig. 7 
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Fig. 8 — Earthing and shielding of a high voltage laboratory: (1) 
Faraday cage, (2) Reinforced plane earth conductor on the floor, 
(3) Test object, (4) High voltage divider, (5) Measuring cabin, (6) 
Power supply to measuring cabin via isolating transformer  

 
Fig. 7 — High voltage resistive divider with guard circuit 

 
Earthing 
 In a measuring set-up earthing of the laboratory is 
of paramount importance for human safety as well as 
for measurement accuracy. The rapid voltage during 
partial discharge and current variation can occur as a 
result of breakdown processes5. In consequence, 
transient currents appear in the earth connections and 
these can cause potential differences. Elements at 
earth potential during steady operation can 
temporarily acquire a high potential. Through in 
general personal risk is not a consequence, damage to 
equipment and disturbance of measurements can take 
place. The high voltage laboratory should be earthed 
on all the sides with MS/copper measuring 25 mm ×  
3 mm laid in the ducts on the floor of the laboratory 
and the same passing over the four walls of the 
laboratory connected to earth pits of copper strips of 
approx. 25 mm wide and 5 mm thick driven to a depth 
of 12 m. It should be connected with the water line. 
Potential difference between neutral and earth in the 
power line should not be more then 1 V. The earth 
resistance should be less then 0.5 Ω (Fig. 8). 
 
Drift 
 Measuring instruments are amenable to drift and 
consequent changes in long-term stability due to a 
number of factors like environmental conditions, uses, 
ageing and storage conditions. Any laboratory 
therefore, can save considerable time, effort and 
money by appropriately analyzing the drift and 
stability of the instruments that is used for its 
operation without sacrificing the specified 
measurement capability of the instruments. A study 
has been made from the analysis of the data for 

various types of reference standards, which are 
passive and active in nature and instruments6 with 
single parameter as well as complex measuring 
instruments involving multiple parameters. This study 
can be gainfully utilized to determining the effective 
calibration periodicity of the instruments in terms of 
time, effort and confidence. 
 
Thermal Effects 
 Thermal gradients across dissimilar metals, in 
contact with each other, generate thermal voltage is 
called the thermal effect. It is symbolized by eth 
Measuring Instruments show the error by at least the 
magnitude of eth , which add or subtracts from the true 
measured value. 
 Gold flashed spade lugs cinched tightly under gold-
flashed or copper 5 way binding posts is used to 
reduce thermal effect. Tellurium copper banana plugs 
in tellurium copper receptacles also make low thermal 
e.m.f. connections. Coin silver, tellurium copper, or 
gold-flashed contacts are adequate for mechanical 
switches. Typically, these all have thermal e.m.f.’s of 
less than a microvolt. Thermal effect is avoided by 
connecting brass-to-brass, copper-to-copper and 
silver-to-silver connectors7. If it is not possible, 
arrange the apparent thermals so that they oppose 
each other. A copper to brass thermal has opposite 
polarity as compared to brass-to-copper thermals. 
When the thermal temperatures are same, these two 
thermals may just cancel each other. The effect of 
thermals can be reduced by changing the polarity of 
the sources. Thermal voltage are not effected by 
change of direction of current, it aids in one polarity 
and opposes in other polarity, therefore, the net effect 
of thermals can be reduced to zero by taking the 
average.  
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Leakage Current 
 The leakage currents are defined as currents, which 
by pass the components under measurement. Errors 
due to leakage currents may arise wherever the 
resistance due to leakage current is anywhere near the 
resistance of the device under measurement8. 
 Guarding can reduce these errors. Occasionally, 
large value resistors and voltage source have got the 
‘guard’ terminals. It is this terminal which collects the 
leakage current. Some time leakage current flows on 
the out side of an insulator whose surface has been 
physically contaminated with a conductive substance. 
The contaminant can be either organic or inorganic in 
nature. Surface leakage is indicated whenever the 
output of a high resistance voltage divider is erratic or 
non-linear with the input. An organic cleaner or an 
inorganic cleaner may remove the contaminant. 
 
Self-Heating and Mutual-Heating 
 Self Heating and Mutual Heating occurs whenever 
there is power dissipation in the resistors or the heat 
transfer from the adjacent heat sources which always 
heat up the resistors, thereby changing its value and 
the associated voltage drop. The affect of self/mutual 
heating can be tested by increasing the current in the 
resistor by a factor of √2 the power dissipation 
increase by a factor of 2. The value of resistance 
changes rapidly due to this factor1. This effect is 
avoided by keeping the temperature constant and 
allows time for the set-up to reach the thermal 
equilibrium before taking the data. 
 
Contact Resistance  
 Contact resistance occurs when two conductors 
come into physical contact. Contact resistance act as a 
pure resistance. The magnitude of contact resistance 
is typically from a few tenths of a milliohm in coin 
silver mechanical switch up to about 1 Ω for a 
mechanical relay9. Banana plug connections can range 
from a few milliohms to a few tenths of an ohm. 
Contact resistance is further divided into lead wire 
errors and switch contact error. 
 
Lead wire errors 
 Errors due to lead wires occur whenever the 
resistance due to lead wires is not properly accounted 
for. Most good, low value resistors have got four 
terminals in order to avoid the lead wire errors. Two 
thick terminals are used to inject the current through 
the resistors and the two thin terminals are used as 
sense terminals or the potential terminals. Many 
voltage sources, which can supply currents, also have 

this four terminal concept to avoid the lead wire 
errors. Two terminals are the current terminals and 
other two are the sense terminals. 
 
Switch contact error 
 Dielectric films on relay and mechanical switch 
contacts can cause this error. It is also called dry 
contact resistance. The term dry refers to a contact 
that has negligible current flowing through it. The 
wiping action of the mechanical switch is intended to 
remove this film. 
 
Loading Effect 
 The loading effect occurs when the source 
resistance is any where near the input resistance of the 
voltmeter measuring the source1. These errors can be 
minimized using a voltmeter of very high resistance 
about 1010 -1012 Ω. 
 
Transient noise current (Spikes) 
 It is often present at the input terminals of some 
DMMs. This current is usually caused by switching 
the circuits in the DMM to rearrange its measurement 
configuration for functions such as auto zeroing 
measurement of resistance by ratio techniques, and 
reversing polarity to measure negative voltages. An 
addition source of transient noise current is 
capacitively-coupled strobing voltages associated 
with readouts, notably with plasma display tubes10. 
 Figure 9 shows how the spikes of this transient 
noise current can get into the sense circuits of DMM 
calibrator and upset their feedback paths, causing 
errors in their outputs. Almost all DMMs have some 
transient noise current effects if the peak amplitude of 
the transient noise current waves-form is more than a 
volt or two and the wave is differentiated over a 
substantial portion of its repetition rate and the 
repetitions rate is 10 or fewer repetitions per second, 
there is a good chance that the DMM’s transient noise 

 
 

Fig. 9 — Transient noise current (Spikes)
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current may upset the calibrator. This kind of problem 
may most likely disturb the circuits it is intended to 
test during its normal operation. 
 
Conclusions 
 From the above study, the following conclusion 
may be drawn for precision measurements: all the 
parameters leakage currents, thermal effects, contact 
resistance, transients, grounding, shielding, earthing, 
guarding and drift should be taken care of. In the 
absence of control of all these important but some 
time subtle factors, the measurement cannot be relied 
upon. 
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