CURRENT OF ELECTRICITY

Tutorial Discussion

15.
Electric Charge per flash of lightning (Q) = 30C



Energy converted (W) = 2.4 x 1010 J

Therefore potential difference (V) = W/Q since potential difference is by definition the energy converted per unit charge.

V = 2.4 x 1010 / 30

   = 8 x 108 V

Mr Lim’s Tip: Do not simply apply formulae blindly. Each time you apply a formula, think about what you are doing by going back to the definition. It will enforce your understanding.
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The average total current by lightning is 1800 A or by definition 1800 Cs-1. This current is carried by n thunderstorms. If these thunderstorms are viewed as resistant electrical components, then they are equivalent to n identical resistors connected in parallel. 

From here, there are several ways to solve the problem. Here is one:

The average current in each resistor (thunderstorm) = I / n = 1800 / n A

So the average power delivered by 1 thunderstorm 
= I V 



















= 1800/n x 8 x 108


















= 1.44/n x 1012 W

The energy converted by one flash of lightning which happens once every 3 minutes for each thuderstorm is 2.4 x 1010 J. So the average power is 2.4 x 1010 J / (3 x 60 s) = 1.33 x 108 W.

Equating the two expressions derived for average power of 1 thunderstorm:

1.44/n x 1012 = 1.33 x 108
n = 10800

16. Another approach is to consider total energy converted by all thunderstorms.

17. Since resistance is the reciprocal of the gradient, we get the gradients of the graph at key points of the I-V graph.

When V = 0, gradient of the I-V graph is 0, thus resistance is infinitely large. Thus the R-axis of the R-V graph is an asymptote. When V is approximately 0.7 V, the current is infinitely large. Thus R at a certain value of V near 0.7 V is 0.

So the R-V graph would look something like this:

How the arrangement protects the ammeter?













When the current coming into the arrangement is small, resistance of the diode is near infinity. Thus almost all of the current will pass through the 25( galvanometer, and the existence of the diode will not affect the measurement of current too greatly.

When the current is large, resistance of the diode will decrease. Thus part of the current will be diverted to the path with the diode. Note that this doesn’t mean that the current in the galvanometer will decrease. It just means that the fraction of the total current that passes through the galvanometer decreases. So current in both components will continue to increase (at different rates) as the total current increase. But when the potential difference across the components reaches 0.7 V, the diode will assume full conductivity and none of the current will pass through the galvanometer.

2 diodes are required because galvanometer measures current in both directions, therefore a diode is needed to divert large currents coming from each of the 2 directions. But at any one time, at least one galvanometer has infinite resistance, thus only the other is serving its purpose.
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