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Shadow, Light, and Truth
BY  RichaRd cadena

Big run, big drop
Another important look at voltage drop

How mucH of a story can voltage drop tell? after 

writing about it in the last issue of Protocol, I thought 2,000 words 

would pretty much cover it. and then someone posed a question 

about how much voltage drop we would expect to get from a 

1,000' run of 4/0 cable. (for those of you who don’t reside in 

north america, 4/0—pronounced “four-ought”—is an american 

wire gauge size that is commonly used for feeder cable. It’s about 

107 mm2.) around the same time, I heard a story about a very 

high profile show where the followspot ballasts kept overheating, 

presumably because of voltage drop. clearly, there is more of the 

story to be told.

the key to answering the 1,000' question is to know the current 

and resistance of the circuit. we can find the resistance of the cable 

using a wire gauge chart that shows the resistance for a certain 

length and gauge of that wire. the american wire gage (awg) can 

be easily found online. (Having trouble? try http://bit.lyvlmvvK.) 

In the first row of the chart, it says that 4/0 cable has a resistance of 

0.049 ohms per 1,000'. How many feet of cable are in a circuit when 

we run 1,000' from the supply to the load? (Hint: when in doubt, 

draw a picture!)

Figure 1 – A typical circuit showing the supply, conductors, and load. It 
shows how the length of copper traveled by the current is double the 
length of the run because of the outgoing and return current.

the answer is 2,000'. If we look at the circuit diagram in Figure 1, 

we’ll see that there is a run of cable out to the load and then another 

run back, so the entire circuit is actually 2,000', not 1,000'. so the 

resistance of the copper is double that of 1,000' of 4/0 copper wire, 

or a total of 0.098 ohms.

according to ohm’s law (v = I x r); the voltage drop not only 

depends on the resistance of the wire, but also on the amount of 

current running through it. so let’s look at the worst case scenario 

with our 4/0 feeder cable. according to table 400.5(B) of the NEC, 

4/0 cable has an ampacity of 405 amperes in free air. But when two 

or more current-carrying conductors are in contact with each other, 

we should derate them because of mutual heating. after all, it’s the 

amount of heat a conductor can handle before the insulation or 

jacket begins to deteriorate. when two current-carrying conductors 

are in contact with each other, the heat produced by each one limits 

the ampacity of the other.

In a four-wire plus ground system, there are typically four 

normally current-carrying conductors. If we use the adjustment 

factors for more than three current-carrying conductors in contact 

with each other in accordance with table 310.15(B)(3)(a) of the 

NEC, then we will derate 4/0 cable to 324 amperes, which, by the 

way, is more than the 316 amperes allowed in table 400.5(B) for 

three current-carrying conductors in contact with one another.

many production electricians will tell you that 4/0 cable is good 

for 400 a, but the way we use in our industry, it’s a good idea to 

limit it to about 300 a. If we have 300 a flowing through a 1,000' 

run of 4/0 cable, then, according to ohm’s law, the voltage drop is 

29.4 volts. In a 120 v system, that amounts to 24.5%! that is way 

beyond what I would consider the red zone. at 208 v, it’s 14%, and 

at 240 v, it’s 12.3%. any way you slice it, it’s a lot of voltage drop. 

and that’s one of the reasons we don’t often see 1,000' runs of 4/0, at 

least not on a 120/208 v circuit.

a better way to transmit power 1,000' would be to use a 480 v 

system, run it to a transformer closer to the load, and drop it down 

to 120/208 v. that serves the dual purpose of lowering the current 

from 300 a to 75 a (300 a x 120 v = 36 kva, and 36,000 va ÷ 480 v 

= 75 a), and it allows us to run a delta system (three-wire plus 

ground, with no neutral), saving labor and materials. that’s often 

          The key to answering the 1,000' question is to 
know the current and resistance of the circuit.“
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how it’s done in motion picture production.

If you don’t have that option, then your feeder runs will be more 

limited in length. Table 1 is a chart that shows various lengths of 

4/0 cable runs for a 4-wire plus ground 120/208 v system and the 

associated voltage drop at various currents. notice that at 300 a, 

only a 100' run yields a voltage drop of 2.5%, which is close to 

the maximum allowable voltage drop. at that level of current, 

maximum length of run that doesn’t exceed 3% voltage drop is 

only about 125'.

notice that if we distribute power at 480 v (Table 2 below), 

longer runs look a lot better. now we can run about 475' of 4/0 with 

300 amperes of current without exceeding 3% voltage drop.

In my travels around our little corner of the world, I like to 

quiz production electricians about the best way to resolve a 
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Table 1
Voltage Drop for 4/0 Cable for 120/208 V or 120/240 V Systems

Length Voltage Drop at 
100 A

Voltage Drop at 
150 A

Voltage Drop at 
200 A

Voltage Drop at 
250 A

Voltage Drop at 
300 A

Feet Volts % Volts % Volts % Volts % Volts %

50 0.49 0.4% 0.735 0.6% 0.98 0.8% 1.225 1.0% 1.47 1.2%

100 0.98 0.8% 1.47 1.2% 1.96 1.6% 2.45 2.0% 2.94 2.5%

150 1.47 1.2% 2.205 1.8% 2.94 2.5% 3.675 3.1% 4.41 3.7%

200 1.96 1.6% 2.94 2.5% 3.92 3.3% 4.9 4.1% 5.88 4.9%

250 2.45 2.0% 3.675 3.1% 4.9 4.1% 6.125 5.1% 7.35 6.1%

300 2.94 2.5% 4.41 3.7% 5.88 4.9% 7.35 6.1% 8.82 7.4%

350 3.43 2.9% 5.145 4.3% 6.86 5.7% 8.575 7.1% 10.29 8.6%

400 3.92 3.3% 5.88 4.9% 7.84 6.5% 9.8 8.2% 11.76 9.8%

450 4.41 3.7% 6.615 5.5% 8.82 7.4% 11.025 9.2% 13.23 11.0%

500 4.9 4.1% 7.35 6.1% 9.8 8.2% 12.25 10.2% 14.7 12.3%

Table 2
Voltage Drop for 4/0 Cable for 480 V Systems

Length Voltage Drop at 
100 A

Voltage Drop at 
150 A

Voltage Drop at 
200 A

Voltage Drop at 
250 A

Voltage Drop at 
300 A

Feet Volts % Volts % Volts % Volts % Volts %

50 0.49 0.1% 0.735 0.2% 0.98 0.2% 1.225 0.3% 1.47 0.3%

100 0.98 0.2% 1.47 0.3% 1.96 0.4% 2.45 0.5% 2.94 0.6%

150 1.47 0.3% 2.205 0.5% 2.94 0.6% 3.675 0.8% 4.41 0.9%

200 1.96 0.4% 2.94 0.6% 3.92 0.8% 4.9 1.0% 5.88 1.2%

250 2.45 0.5% 3.675 0.8% 4.9 1.0% 6.125 1.3% 7.35 1.5%

300 2.94 0.6% 4.41 0.9% 5.88 1.2% 7.35 1.5% 8.82 1.8%

350 3.43 0.7% 5.145 1.1% 6.86 1.4% 8.575 1.8% 10.29 2.1%

400 3.92 0.8% 5.88 1.2% 7.84 1.6% 9.8 2.0% 11.76 2.5%

450 4.41 0.9% 6.615 1.4% 8.82 1.8% 11.025 2.3% 13.23 2.8%

500 4.9 1.0% 7.35 1.5% 9.8 2.0% 12.25 2.6% 14.7 3.1%

Table 1

Table 2
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voltage drop problem. In every group, there is usually at least one 

person who says that if voltage drop is excessive, then you can 

just raise the voltage at the source. that’s usually the wrong thing 

to do! In a passive system, like an incandescent lighting system, 

raising the voltage will cause the current to rise, contrary to what 

we might think.

In an active circuit, like an amplifier or switch-mode power 

supply, raising the voltage at the supply would drop the current, 

because the power drawn by the load remains constant. But in a 

passive circuit with resistive loads, like many of the lights we use in 

live event production, raising the voltage at the supply increases the 

current because the resistance is either constant or it only changes 

slightly. and if the voltage drop is excessive, raising the current will 

only make matters worse.

one of the most important things to know about voltage drop is 

that it doesn’t appear until the load is connected. you can literally 

have a mile of cable, but if there is no connected load, then there is 

no current. therefore, there is no voltage drop, because v = I x r, 

and if I = 0, then v = 0. so the proper way to measure voltage drop 

is to measure the voltage at the supply, and then measure it at the 

load when the current is at full. that’s not always easy to do, since 

we don’t always have access to the conductors at the load, but it’s the 

only way to verify the applied voltage to the load. In fact, we strive to 

prevent conductors from being exposed for safety reasons. However, 

in this case, we need to be able to meter the voltage as close to the 

load as possible. a triple tap or three-fer comes in handy for this 

purpose. the alternative to this would be to calculate the voltage 

drop ahead of time to make sure it’s well below the threshold of 

excessive voltage drop.

one of the most common mistakes that even experienced 

electricians make is to measure the voltage at the end of a long run 

of cable with no connected load. with no current flowing, there will 

be no voltage drop. that’s apparently what happened recently at an 

event that you likely watched on television recently. the electricians 

responsible for running the power to the followspot positions either 

didn’t do their math correctly or didn’t understand the relationship 

between the length of the runs of the cable, the resistance of the 

copper, the current draw, and the voltage drop. as a result, the 

applied voltage was lower than it should have been, and since it 

was an active circuit, the current was increased to keep the power 

constant. It’s no surprise that the ballasts overheated, and the crew 

who was responsible for keeping the money lit had to scramble to 

replace them one-by-one. as soon as one cooled off enough, it had 

to be pressed back into service. this could have been avoided by 

doing a quick calculation, even if it was only a rough one.

voltage drop is a simple concept, but it’s easy to overlook if 

you don’t think about it or if you don’t fully understand how it 

works. production electricians who know what to look for and 

how to find it are never caught short of voltage. and they live 

happily ever after.n
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           . . . the voltage drop not only depends on the 
resistance of the wire, but also on the amount of 
current running through it.“

“
           . . . the proper way to measure voltage drop is to 
measure the voltage at the supply, and then measure it 
at the load when the current is at full.“
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