Let's find the average value and the RMS value of the generic sinusoidal voltage VMcos(ωt).

We'll use the mathematical definitions of the average and RMS value to do this.

Here's our definition for average value and our definition for the RMS value.

Let's begin with average value first.

Putting in the specifics of our sinusoid is a good start.

Next, I'd like to find an expression for the period T, so I'm making use of the fact that

ω is 2 π f and the frequency is the reciprocal of period.

I'm now putting in my specifics for the period.

I'll refer to an integral table that says if we integrate cosine we have sine divided by

the scale factor in front of x.

Our scale factor is ω and we evaluate that between 2 π / ω and zero.

I see some cancellation happening here.

Then, I'll use my limits of integration and I see some cancellation happening here.

Sin(2π) is the same as sin(0), which is 0.

We conclude that the average value is 0.

Thinking about the picture here, we see that the sinusoid spends exactly half its time above and half its time below the axis, so its average is right in the middle at zero.

Let's try the same process for the RMS voltage.

In order to not have to carry the radical sign around, I will write an expression for the square of the RMS voltage.

I'm pulling the VM squared out front and refer to an integral table to find the integral of cosine squared.

If I'm going too quickly, feel free to pause and backtrack.

Essentially, I'm applying the result from the integral table and I'm looking for cancellations.

Cos(2π) is 1. Sin(2π) is 0, and since sin(0) is 0 it cancels that term.

Therefore, the only piece we're left with is π/ω.

We have some additional cancellations happening here.

We see that the square of the RMS voltage is the magnitude squared divided by 2.

Taking the square root, we find that the RMS voltage is the magnitude VM

divided by the square root of two.

This is a result that you're going to use a great deal when dealing with sinusoidal values,

that is the magnitude divided by the square root of two.

Remember, this applies only to a sinusoid with a 0 DC offset.

