Power To The People

Economic forces and fundamental supply and demand dynamics play important roles in electricity markets.  However, the effects of physical reality cannot be left out of the equation.  Building on the basic concepts of voltage, current, and impedance and the laws of physics developed by Faraday, Ampere, and Ohm, this article will address the topics of electrical power, electrical losses, transformers, and why the United States uses alternating current (AC) instead of direct current (DC) for the transmission network.

Electrical Power and the Loss of It

The terms power and energy are often used as if they were interchangeable.  In fact, while closely related, the two are different concepts.  Power is the rate at which work can be done or energy transferred. In electrical terms, power (P) is given by the product of voltage (V) and current (I).  That is,

P = I V.

In the case of a resistor, Ohm’s Law applies.  It states that voltage is the product of current and resistance (R), or:

V = I R.

By combining these two, the power dissipated by a resistor in the form of heat is:

Ploss = I V = I I R = I2 R.

The power lost to resistance, sometimes called ohmic or thermal losses, is proportional to the square of the current.  It will be important to remember the following result of the Ploss equation: losses can be reduced significantly by reducing the current.

Transformers, More Than Meets The Eye

A brief diversion to transformers should be taken now.  Transformers are relatively simple devices that are used to change voltages.  A typical transformer contains two sets of wire wrapped around a common core of magnetic material.  One set of wire is referred to as the primary and the other as the secondary.

The purpose of the transformer is to change the voltage impressed on the primary to a different level on the secondary.  If the secondary voltage is greater than the primary voltage, the transformer is called a step-up transformer.  If the secondary is a lower voltage than the primary, it is a step-down transformer.

Transformers are passive devices and this means that they do not produce power.  Therefore, Pin must equal Pout.  Combining the requirement for power balance with the formula for power:

Pin = Iin Vin = Iout Vout = Pout.

As seen in the equation, increasing the voltage (Vout > Vin) means decreasing the current (Iout < Iin).  Recalling from the previous section, decreasing the current means decreasing the losses.

Why We Are AC

For the same amount of power transferred, lower currents yield lower losses.  To get the lower currents for the same power, higher voltages are needed.  This is why transmission lines are at high voltages.  High voltages, however, have drawbacks.  Insulators must be better or thicker to safely manage higher voltages.  Some equipment would not work well with high voltages.  Finally, it is just plain unsafe to have 138,000 volts in the house.

What is the solution to having high voltage transmission and low voltage distribution and usage?  Transformers are the obvious answer.  A step-up transformer could boost the voltage for low loss transmission and a step-down transformer could bring the voltage down to safe levels for end users.

This is where AC is the superior choice to DC.  The previously described transformer is a passive device only for AC.  This is because the transformer is based on Faraday’s and Ampere’s Laws.  The current flowing in the primary coil produces a magnetic field by Ampere’s Law.  Since the current is alternating, it is always changing in time.  This changing current causes the induced magnetic field to vary also.  Because the changing magnetic field is coupled to the secondary coil by the core, the secondary coil experiences a changing magnetic field.  By Faraday’s Law, this induces a voltage.

The entire transformer action requires a changing current input.  With direct current, the input is steady in time; therefore no output voltage can be induced.  Transforming DC voltages takes complex circuits.  Those electronics are expansive and require maintenance.  The passive transformers for AC are much cheaper and more reliable, and that is why the United States (and the rest of the world) uses AC for power transmission.

Looking Forward

While the choice of an AC system is good from voltage transformation and loss reduction standpoints, there are complicating consequences, such as reactive power.  Furthermore, there are situations where DC transmission is worth the difficulty in transforming and conversion for interconnection with the AC system.  These topics will be addressed in a subsequent article.
