Electrical Current / Water Current Analogy *

Electrical Current
Water Current

Picture current flowing in a circuit from a battery to a couple of circuit elements and back to the battery.
Picture water flowing in a circle, as in a car from the water pump, through the radiator, though the engine & back to the pump.

wire
water pipe

current (coulombs/second)
flow of water (m³/second)

electrons ‡
water molecules

voltage (difference)
pressure (difference)

resistance
resistance to flow (a partial blockage)

battery
pump

A wire is always full of electrons. So when electrons enter one end of a wire, other electrons immediately flow out the other end of the wire.
Our pipe is always full of water. So when more water enters one end of the pipe, water immediately flows out of the other end.

When a circuit divides into 2 wires, Itot = I1 + I2
When a pipe divides into 2 pipes, the current divides into the 2 pipes. I.e. current tot = current 1 + current 2.

If there is only one path for electrons to flow, everywhere in the path I is the same, I.e. Itot = I1 = I2
If a pipe never divides, the current in each part of the pipe is the same.     I.e. current tot = current 1 = current 2.

When there are 2 resistors in series, Rtot = (R1 + R2) > R1 or R2 
When there are 2 blockages in one pipe, the water flow is less than if there was only one blockage.

When there are 2 resistors in parallel, Rtot = [(R1  R2 ) / (R1 + R2 )] < R1 or R2 
When there are partial blockages in two pipes, the water flow is more than if there was only one partially blocked pipe through which the water could flow.

Electrons don’t get used up, they keep cycling again and again.
Water molecules don’t get used up, they keep cycling again and again.

The battery raises the voltage, which then drops back to zero at the battery. Therefore if there is one unbranched circuit with resistors R1 & R2, Vtot = V1 + V2.
The water pump increases the water pressure, which then drops back to zero just as the returns to the pump.

If the circuit divides into two parallel branches, the voltage drop in each branch is equal, i.e. V1 = V2.
If the water path divides into two branches, which later reconnect, the pressure drop in each branch is equal.

You can measure the rate of flow of water at a point in the pipe.
You can measure the current at a point in a wire. Shorthand: “current through”.

You cannot measure the pressure difference at a point in the pipe. You must measure the difference between the pressures at two points in the pipe.
You cannot measure the voltage difference at a point in the pipe. You must measure the difference between the voltages at two points in the wire. Shorthand: “voltage across”.

* Since you cannot see the flow of electrical current, you probably have little, if any, intuition about how it behaves. Assuming that you have some intuition about how water flows in pipes, this analogy might help. Be forewarned, all analogies break down if pushed too far and so does this one.

‡ A failure of the analogy: Since electrons are negatively charged, they flow in the opposite direction from the electrical current, but water molecules flow in the same direction as the water current.

