RMS Voltage Tutorial

The RMS or effective value of a sinusoidal waveform gives the same heating effect of an equivalent DC supply

In our tutorial about the AC Waveform we looked briefly at the RMS Voltage value of a sinusoidal waveform and said that
this RMS value gives the same heating effect as an equivalent DC power and in this tutorial we will expand on this theory a
little more by looking at RMS voltages and currents in more detail.

The term “RMS” stands for “Root-Mean-Squared”. Most books define this as the “amount of AC power that produces the
same heating effect as an equivalent DC power”, or something similar along these lines, but an RMS value is more than just
that.

The RMS value is the square root of the mean (average) value of the squared function of the instantaneous values. The
symbols used for defining an RMS value are VRg or Irs.

The term RMS, ONLY refers to time-varying sinusoidal voltages, currents or complex waveforms where the magnitude of
the waveform changes over time and is not used in DC circuit analysis or calculations where the magnitude is always
constant.

When used to compare the equivalent RMS voltage value of an alternating sinusoidal waveform that supplies the same
electrical power to a given load as an equivalent DC circuit, the RMS value is called the “effective value” and is generally
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In other words, the effective value is an equivalent DC value which tells you how many volts or amps of DC that a time-
varying sinusoidal waveform is equal to in terms of its ability to produce the same power.

For example, the domestic mains supply in the United Kingdom is 240Vac. This value is assumed to indicate an effective
value of “240 Volts rms”. This means then that the sinusoidal rms voltage from the wall sockets of a UK home is capable of
producing the same average positive power as 240 volts of steady DC voltage as shown below.
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So how do we calculated the RMS Voltage of a sinusoidal waveform. The RMS voltage of a sinusoid or complex waveform
can be determined by two basic methods.

-« Graphical Method — which can be used to find the RMS value of any non-sinusoidal time-varying
waveform by drawing a number of mid-ordinates onto the waveform.

« Analytical Method - is a mathematical procedure for finding the effective or RMS value of any
periodic voltage or current using calculus.

RMS Voltage Graphical Method

Whilst the method of calculation is the same for both halves of an AC waveform, for this example we will consider only the
positive half cycle. The effective or rms value of a waveform can be found with a reasonable amount of accuracy by taking
equally spaced instantaneous values along the waveform.

The positive half of the waveform is divided up into any number of “n” equal portions or mid-ordinates and the more mid-
ordinates that are drawn along the waveform, the more accurate will be the final result.

The width of each mid-ordinate will therefore be n° degrees and the height of each mid-ordinate will be equal to the
instantaneous value of the waveform at that time along the x-axis of the waveform.

Graphical Method

PGR2023-00016 - Home Depot
Ex. 1041 - Page 2



Voltage Equally Spaced

4 Vs Mic-ordinates
Vs v
Vi 4
Vs
Vz
Vi
| |
-
180%n

Positive Half of Sinewave ( 180%)

Each mid-ordinate value of a waveform (the voltage waveform in this case) is multiplied by itself (squared) and added to the
next. This method gives us the “square” or Squared part of the RMS voltage expression.

Next this squared value is divided by the number of mid-ordinates used to give us the Mean part of the RMS voltage
expression, and in our simple example above the number of mid-ordinates used was twelve (12). Finally, the square root of
the previous result is found to give us the Root part of the RMS voltage.

Then we can define the term used to describe an rms voltage (Vi g) as being “the square root of the mean of the square of
the mid-ordinates of the voltage waveform” and this is given as:

_ {sumof mid-ordinate { m.foltages]]E
VF‘.M.-E = " J

number of mid-ordinates

and for our simple example above, the RMS voltage will be calculated as:

e 12

So let us assume that an alternating voltage has a peak voltage (Vpk) of 20 volts and by taking 10 mid-ordinate values is
found to vary over one half cycle as follows:

Voltage 6.2V 11.8V 16.2V 19.0V 20.0V 19.0V 162V 11.8V 62V 0V
Angle 18°  36° 54°  72° 90 108° 126° 144° 162° 180°

The RMS voltage is therefore calculated as:
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V.. = | 2900 J200 = 14.14Volts
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Then the RMS Voltage value using the graphical method is given as: 14.14 Volts.

RMS Voltage Analytical Method

The graphical method above is a very good way of finding the effective or RMS voltage, (or current) of an alternating
waveform that is not symmetrical or sinusoidal in nature. In other words the waveform shape resembles that of a complex
waveform.

However, when dealing with pure sinusoidal waveforms we can make life a little bit easier for ourselves by using an
analytical or mathematical way of finding the RMS value.

A periodic sinusoidal voltage is constant and can be defined as V(t) = Vhax “cos(wt) with a period of T. Then we can
calculate the root-mean-square (rms) value of a sinusoidal voltage (V) as:

T 7
Vs = / ! |’ Vmcos (ot) dt

(i ,\ITl

Integrating through with limits taken from 0 to 360° or “T”, the period gives:

| T
VF’IHE - V [t + l S'n( 2t )i|
\I 2T 2

0

Where: Vm is the peak or maximum value of the waveform. Dividing through further as ® = 27/T, the complex equation
above eventually reduces down too:

RMS Voltage Equation

= V,, x0.7071

F_|

Then the RMS voltage (VRr\g) of a sinusoidal waveform is determined by multiplying the peak voltage value by 0.7071,
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The RMS voltage, which can also be referred to as the effective value, depends on the magnitude of the waveform and is not
a function of either the waveforms frequency nor its phase angle.

From the graphical example above, the peak voltage (Vpk) of the waveform was given as 20 Volts. By using the analytical
method just defined we can calculate the RMS voltage as being:

Vrms = Vpk *0.7071 =20x 0.7071 = 14.14V

Note that this value of 14.14 volts is the same value as for the previous graphical method. Then we can use either the
graphical method of mid-ordinates, or the analytical method of calculation to find the RMS voltage or current values of a
sinusoidal waveform.

Note that multiplying the peak or maximum value by the constant 0.7071, ONLY applies to sinusoidal waveforms. For
non-sinusoidal waveforms the graphical method must be used.

But as well as using the peak or maximum value of the sinusoid, we can also use the peak-to-peak (Vp_p) value or the
average (Vayg) value to find the sinusoids equivalent root mean squared value as shown:

Sinusoidal RMS Values
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RMS Voltage Summary

Then to summarize. When dealing with alternating voltages (or currents) we are faced with the problem of how do we
represent a voltage or signal magnitude. One easy way is to use the peak values for the waveform. Another common method
is to use the effective value which is also known by its more common expression of Root Mean Square or simply the RMS
value.

The root mean squared, RMS value of a sinusoid is not the same as the average of all the instantaneous values. The ratio of
the RMS value of voltage to the maximum value of voltage is the same as the ratio of the RMS value of current to the
maximum value of current.

Most multi-meters, either voltmeters or ammeters, measure RMS value assuming a pure sinusoidal waveform. For finding
the RMS value of non-sinusoidal waveform a “True RMS Multimeter” is required.

The RMS value of a sinusoidal waveform gives the same heating effect as a DC current of the same value. That is if a direct
current, | passes through a resistance of R ohms, the DC power consumed by the resistor as heat will therefore be 'R
watts.
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Then if an alternating current, 1 = [ ... *sin0 flows through the same resistance, the AC power converted into heat will be:

2
" s ™R watts.
Then when dealing with alternating voltages and currents, they should be treated as RMS values unless otherwise stated.
Therefore an alternating current of 10 amperes will have the same heating effect as a direct current of 10 amperes and a
maximum value of 14.14 amperes.

Having now determined the RMS value of an alternating voltage (or current) waveform, in the next tutorial we will look at
calculating the Average value, V oy of an alternating voltage and finally compare the two.
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e Naseer
Why we take square on values?

Posted on January 11th 2024 | 2:28 pm
Reply
o Chrispin Issac M'banga

Much appreciated with this information

Posted on December 09th 2023 | 7:19 am
Reply
e DanP

But how do you measure true RMS with a circuit? Something that reads true RMS of any waveform (without running
a heater and measuring its temperature like a bolometer), gives me a DC value to run a meter or AD converter? How
does a “true RMS” DVM do it?

Posted on August 17th 2023 | 5:14 pm
Reply,
o Wayne Storr

Average value AC voltmeters use a full-wave rectifier to convert the sinusoidal AC value being measured into
DC which is then increased by a factor of 1.111 to change the average reading into the RMS value for the
sinusoidal waveform. True RMS meters measure the voltage or current of non-sinusoidal waveforms calculating
the heating effect of the current as a function of the waveforms peak value.

Posted on August 18th 2023 | 6:56 am
Reply,
s DanP

True RMS to DC converters do not use heaters. They either use a log — antilog circuit, or they do true
sampling (limiting the bandwidth) and calculation. Look at ADI LTC1968 for example of latter, AD536
the former. Looks like the limitation in the analog version is high crest factor signals, probably due to
squarer dynamic range, but they even add compensation for that. This is not an easy thing to do, and a
very interesting EE problem to solve practically.

Posted on August 18th 2023 | 1:40 pm
Reply.
o Fredy frdnand

I nahitaji kujifunza

Posted on August 10th 2023 | 9:00 am
Reply.
e Mathias Kumuno

I don’t really understand how to work out the rms

Posted on May 30th 2023 | 12:00 pm
Reply,
e Dr. Syed Hasan Bokhari

The tutorial is helpful.

Posted on March 16th 2023 | 6:24 am PGR2023-00016 - Home Depot
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Agbandem Joel
Like to join

Posted on October 16th 2022 | 9:04 pm
Reply.
kimseonghyun

nice guy

Posted on October 04th 2022 | 12:42 pm
Reply
Onyedikachi Ozoani

-

Very nice. I love this website &

Posted on August 23rd 2022 | 11:58 am

Reply
Abdulfattah

Thank you for your explanation it’s clear. Nw 1 have understand. Thank you and may God bless you

Posted on May 26th 2022 | 9:59 pm
Reply
Ameer Yaseen

plz i need solution

V(t)=4sin(8nt)+cos(12nT) if this voltage across on R=1 ohm ,the average power is

Posted on January 14th 2022 | 5:52 pm
Reply,
Gachogo

Goo

Posted on December 10th 2021 | 11:47 am

Reply.
Valentine

Awesome

Posted on September 16th 2021 | 4:18 pm

Reply,
Tequila lan

fully explained and understood

Posted on June 30th 2021 | 5:59 am
Reply
Taiwo abraham

It makes sense

Posted on June 29th 2021 | 8:02 pm
Reply,
Oluwarphemmy

Fully explained
Thanks for that
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Posted on June 01st 2021 | 8:56 pm
Reply
Debasish Biswal

Define the r. m. s value of a. c. Find the r. m.s value and frequency of a. ¢ whose instaneous valu is given

Posted on May 18th 2021 | 10:23 am
Reply,
Prince Fortune Mkandawire

good tutorial 1 have really understood

Posted on May 18th 2021 | 8:50 am
Reply
Abbraham

Learn and also share

Posted on May 17th 2021 | 10:39 am
Reply,
Nirmal

A sine wave has a maximum value of 10v. How to find the r.m.s value?

Posted on April 19th 2021 | 5:39 am
Reply
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