How fast does electricity flow?

Wl this question redlly needs some darification, as the term dectricity can be used in
vaious ways.

Let's assume we are talking of dectric current. Electric current is defined as the ordered
movement of dectrons. The unit of current isthe Ampere. One ampere of current flows
when one coulomb passes agiven point in adrcuit in one second. The coulomb isthe
unit of charge asis equivaent to 6.25 x 10 dectrons.

Okay, when we dose aswitch in acircuit say to turn alight bulb on, how fast do
dectrons actudly flow in the drcuit?

The smple answer

The dectrons indde the wires move very dowly, dmog as dowly as the minute hand on
aclock. The exact velodity of the dectrons will depend on how much current isflowing
and the type of conductor.

The complicated answer

If a copper wire is connected into a series drecuit with an duminum wire of the same
diameter, the charges in the copper will flow dower. This occurs because there is one
movable charge per each aom in the metds but copper is a denser materid than
duminum.

To work out how fast an dectric current isflowing in any conductor we do need to know
the charge carrier dendty on the materid carrying the current. In other words the number
of free electrons per cubic measure.

Since nothing visibly moves when dectrons flow, we cannot measure their peed by eye.
Instead we need to do it by making some assumptions and do a cdculation. Let's say we
have an dectric current through alight bulb as shown in figure 1.
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Fig. 1- How fast are the electrons?

Wewill usealight bulb of 100 wetts To amplify the maths alittle we will say the bulb
operates at 100 Valts. The current the bulb will draw will be 1 ampere for 100 wetts,
from P=ExI, therefore I=P/E.

Wewill use copper conductor with a diameter (D) of 0.2 cmor aradius (R) of 0.1 cm.
Copper has one mohile (free) dectron per @om. The number of mobile aoms per cubic
centimeter for copper is Q = 85 x 107% because there are that many atoms of copper in a
cubic centimeter of copper and each copper atom has one free dectron.

The charge '€ of asingle dectron = 1.6 x 10™° coulombs

Figure 2 shows the working out for caculating the velocity of the dectronswhich isthe

same asthe veocity of the eectric current through the bulb. 1t works out at 84
millimetres per hour! Now, who said dectricity was fagt?
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Vo=

\/ = velocity of charges (cm/sec)
| =the current in amperes
Q =the number of mobile electrons per cc
of conductor
e =the charge of a single electron in coulombs
R = the radius of the conductor
IT = numeric constant approx. 3.14159

1
85x 1072 x1.6x10"x0.12x3.14159

=

V=234 %102 emisec
=0.00234 cm/sec

= 8.42 centimetres per hour
= 84 millimetres per hour

Fig. 2 - Calculating the speed of electricty

This cdculaion is for DC. For AC the veocity of the eectrons would be the same
however the dectrons would move back and forth and not actudly go anywhere. This
means tha the dectrons in your household wiring are probably the same ones tha were
there when you house was built many years ago. Maybe its time to connect a battery for a
few days and flush them out!

Note: the above vadue for Q assumes that each copper aom donatesasingle movable
(free) dectron. Such isthe case a norma temperatures.

A find point. Blectronsin metas do not hold till. They wiggle around condantly even
when thereis zero dectric current. However, this movement is not redly acurrent flow,

itismore like avibration, or like a high+ gpeed wandering movement.

It is redly dbosurd to argue that dectrons travd a or anywhere near light veocdty. To
fully underdand this requires some underdaending of the Theory of Rdativity. Bascdly,
one pat of this theory explans tha as anything with mass (an dectron has mass) is



accelerated towards light velocity its mass increases (energy is converted to mass) and
this mass agpproaches infinite mass as its velodty approaches the speed of light. To
accderate dectrons or anything dse to anywhere near light velocity would require huge
amounts of energy, gpproaching infinity aswe gpproach light speed.



