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This basic slide which appears in Soares’ book should be changed. The Ohm’s law circle diagram should have Z in place of R. 
Remember: The series capacitive reactance Xc in the Z formula above and in Soares is so small at power frequencies it is practically zero for all 
conductors. Insulated conductors have a parallel capacitive reactance but not a series capacitance and while the capacitive reactance will subtract from 
the inductive reactance as shown in the formula, you should be careful in misusing this formula. The effective series impedance of a circuit, input verses 
output, varies depending upon the configuration of R, Xl, and Xc and frequency. In the three R,L,C circuits above, the uppermost one is the one that 
would model our phase, neutral, and equipment grounding conductors we will be studying.. Transformer and motor windings would look different.
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The basic circuit above is representative of a basic system comparable to the grounding systems we will be discussing. You can think of 
the source V1 representing the voltage from a typical transformer. The resistances R1, R2, and R5 the resistances or impedances of the 
transformer and phase conductor. R3 the impedance of the equipment grounding conductor and R6 and R7 the resistance of the grounding 
electrodes imbedded in the earth. The resistance R4 might represent some other higher resistance path such as the human body.
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These are the basic resistance reduction formulas we will use within this course. While we could use the formulas for impedances by just replacing R 
with Z, it would not be as easy because we would need to worry about angles between R and X of the impedance. Nevertheless, many times we would 
not be loosing that much accuracy in our power circuits by just treating R and Z the same. 
When using these reduction formulas keep in mind the notes highlighted above in green. If during your computations you get an answer that does not 
comply with those notes. you have made a mistake. If your cannot remember the basic formula for parallel resistors in the second bullet, memorize the 
last one. You will get the same answer. For example if we took the second circuit with a 1, 5, and 10 ohm resistors in parallel, we could reduce it in two 
steps by first combining two resistors, such as the 1 and 5 ohm and then combine that equivalent resistor with the 10  ohm. Doing so we would get for 
the 1 and 5 ohm combination: Req = 1 x 5/(1+5) = 5/6 = .833 ohms. Then combining that equivalent with the 10 ohm resistor we get: Req = .833 x 10 / 
(.833+10) = 8.33 / 10.833 = 0.769 ohms. 
It is very important you get used to using the first and last formulas above as they will allow you to visualize equivalent circuits more readily. You will 
also find that when some R values are very large or very small compared to other R values they can have a minimal effect on the Req for the series or 
parallel circuit. For instance in the upper series circuit the impact of the 1 ohm resistor is very negligible compared to that of the 10 ohm resistor. 
Conversely in the second diagram the 10 ohm resistor has very small impact on the Req reduction. 
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We will be using Thevenin’s Theorem next in circuit reduction and to do so we will need to compute open circuit voltages at different points 
of the system. The voltage divider rule comes in very handy for reducing a circuit according to Thevenin’s Theorem.
Notice that the voltage divider rule is simply applied by picking the resistor or impedance you would like to know the voltage across. That 
would become the resistance in the numerator. Then divide that resistance by the sum of all of the series resistors in the loop back to the 
source. If the resistor you want the voltage across consists of resistors in series or parallel, first reduce the series or parallel set to one 
equivalent resistor using the formulas in the previous slide, then apply the voltage divider rule. Just break the circuit up into smaller 
manageable portions.
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If we had the basic circuit above outlined in red and we wanted to know what voltage we would read across terminals A and B we could write some loop 
equations and solve them. That would require solving two simultaneous equations because there are two loops!  If we shorted the terminals A and B, we 
could compute the current that would flow between A and B. However, how we have three loops so to speak. Instead of using simultaneous equations, we 
can also simplify the circuit using Thevenin’s Theorem and our resistance and voltage divider rules and reduce the circuit down to the one shown in green. 
We now know that if we place a high-impedance voltmeter across terminals A and B we would measure 114V. If we shorted terminals A and B, we would 
see 114V/0.476 ohms = 239.5 amps flowing by just using Ohm’s Law.

If we were interested in the 
circuit performance between 
terminals A and C, we could 
reduce that to a Thevenin 
equivalent the same way.
The Ethev for terminals A 
and C could be found using 
the voltage divider rule. This 
would give us a new Ethev
of: 120V x 0.5/10.5 = 5.7 ≈ 6 
V.
We would use the same 
resistance formulas to find 
Rthev and it would not 
change in this case because 
it would just be the same 0.5 
and 10 ohm resistors in 
parallel. Thus, our equivalent 
circuit from terminals A to C 
would be that shown below. 


