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6.1 Alternating Current & Power 

Specification link-up 3.1.3: 
Current electricity: alternating 
currents 
 
What is an alternating current? 
 
What do we mean by the rms 
value of an alternating current? 
 
How can we calculate the 
power supplied by an 
alternating current? 
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Frequency & Scales… 

If the current constantly changes 
direction it is called alternating current, 
or ac. Mains electricity is an alternating 
supply. The UK mains supply is about 
230V.  
 
It has a frequency of 50 cycles per second 
or 50 Hertz, which means that it changes 
direction 50 times a second.  
 
The diagram shows an oscilloscope 
screen displaying the signal from an 
special ac source. The peak voltage is 
300V and a frequency of 1Hz  

yscale = 100V/cm 

xscale = 0.25s/cm 

Key Calculation…. 
 

 Mains frequency is 50 Hz 
 

 One cycle lasts 1/50 sec 
 
Hence we can say that    
 
 0.02s =  time period T 

 
 1/T = f = 1/ 0.02s = 50s-1 

 
 50s-1 = 50Hz 
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1 AC Problems - GCSE 

1) An a.c. source is connected to an oscilloscope. 
The waveform of the alternating potential 
difference from the source is displayed on the 
oscilloscope screen as below. 
 
a) The Y-gain setting of the oscilloscope is 0.5 

V/cm. Determine the amplitude of the 
alternating potential difference. 
 

The time-base setting of the oscilloscope is 0.02 
seconds per cm. 
 

b. Show that the time for one cycle of the 
waveform is 0.06 s. 
 

c. Calculate the frequency of the alternating 
potential difference. 

a) 0.5V/cm x 2cm = 1V 
 

b) 1 cycle is 3 cm so ;3 x 
0.02 s/cm = 0.06s 
 

c) 1/T = f so 1/0.06s = 
16.67s-1 or 17 Hz  
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2 AC Problems... GCSE 

2) An a.c. source is connected to an oscilloscope. The 
waveform of the alternating potential difference from 
the source is displayed on the oscilloscope screen as 
below. 
 
a) The Y-gain setting of the oscilloscope is 2.0 V/cm. 

Determine the amplitude of the alternating 
potential difference. 
 

The time-base setting of the oscilloscope is 0.010 
seconds per cm. 
 

b) Determine the frequency of the alternating 
potential difference. 
 

c) The a.c. supply is disconnected and a horizontal 
flat trace across the middle of the screen is seen. 
Sketch the trace that you would expect to see if 
the a.c. supply was replaced by a battery of p.d. 
3.0 V. 

a) 2V/cm x 2.5cm = 5V 
 

b) 1 cycle is 2 cm so ;  
      2 x 0.01 s/cm = 0.02s    
1/T = f so 1/0.02s = 50s-1 or 

50 Hz  
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What is Alternating Current 

 Direct currents work by electrons moving one way 
from negative to positive. Whilst doing this they 
transfer energy or power 
 

 Alternating currents work by moving electrons 
backwards and forwards. Whilst doing this they 
also transfer energy or power (but in a different 
way) 
 

 If we think about it a direct current is a steady 
current with I the same all the time. 
 

 If we think about an alternating current it changes 
all the time so we cannot do the same simple 
calculations. 
 

 However, if we could convert the AC current to a 
DC current we could! 

e 

e 

AC Constantly 
Changing current 

Steady DC Equivalent 
Current 

Convert it… 
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What do we mean by the root mean square value of an alternating current? 

The picture shows the curve produced from 
a 230V 50Hz UK mains supply. 
 
The supply goes from ±325V to provide the 
230V we actually use.  
 
The 230V is called the “RMS Voltage”. 
 
If we compare the energy delivered in a cycle 
the blue parts from AC Voltage are equal to 
the green shaded part from Vrms. 
 
We can think of this as the same power or 
same “heating effect”. 
 
It takes a higher AC Voltage to deliver the 
same power as the current is changing all 
the time. 
 
You can see how this formulae works by 
scaling down the AC voltage (or AC current) 

VV

VV orms

325707.0230

2

1





AA

II orms

5707.05.3

2

1





NB: you are given 
these formulae 

20ms 40ms 
Time 

Voltage (V) V0 = 325 
Vrms = 230 Peak 

Peak to 
 Peak 
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What happens if you square the current! 

AA

II orms

5707.05.3

2

1





• The top graph shows 
current I and the rms 
current. 
 

• The bottom graph the 
square of current or I2 

 

• This allows us to summate 
the function. If we try and 
add up the current flow 
overall you would get zero 
form the top graph! 
 

• The bottom graph shows 
them combined 
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So how can we calculate the power supplied by an alternating current? 

• The power varies according to the square of the current…. 

P =  I V  =  I2R =V2/R 

• In an AC circuit the Power supplied would vary according to the 

formulae we know but scaled by a sine term sin(2ft).  

• At peak current Io the maximum power is supplied  = Io
2 R   

• At zero current zero power is supplied 

• If we think about the idea of a the “mean power”  

• I2
rmsR =   ½ Io

2 R    or the direct value which gives the same 

heating effect as AC version.  

Extension 
Maths…. 

Key Point to remember:  I2
rmsR =   ½ Io

2 R   
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Extra Maths, thinking about charge flowed… 
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Extension 

You cannot simply integrate the function as “Q” as 
at times it is negative, you have to chunk it up! 
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Where does root 2 come from for rms? 

 If you sample the current (or potential difference) at tiny 
intervals of time.  
 

 Square each value, add up the squares (which are all 
positive) and divide by the number of samples to find the 
average square or mean square.  
 

 Then take the square root of that.  
 

 This is the 'root mean square' (rms) average value. 
 

 For example: suppose there are 8 time intervals as shown 
in the diagram 

 
Sum of squares = 396  
Average of squares = 396/8 = almost 50  
Square root = 7 
 

 With more intervals… 
rms average turns out to be 0.707 x peak value  

Values  7  10  7  0  -7  -10  -7  0  

Squares 49 100 49 0 49 100 49 0  

VV

VV orms

325707.0230

2

1
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Example…. 

VV 325
2

1
81.229 

V0 AC Peak..... 

Vrms Direct RMS 
Eqiv..... 

The rms value is 0.707 times the peak value, and the peak value is 1.41 
times the value the voltmeter shows.  
 
The peak value for 230 V mains is 325 V.  
 

707.0
2

1
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For AC clearly for most of the time it is less than the peak voltage, so 

this is not a good measure of its real effect.  

 

Instead we use the root mean square voltage (VRMS) which is 0.7 of 

the peak voltage (Vpeak):  

 

VRMS = 1/Sqrt(2) × Vpeak   and   Vpeak = sqrt(2) × VRMS 

 

These equations also apply to current.  

 

The RMS value is the effective value of a varying voltage or current. It 

is the equivalent steady DC (constant) value which gives the same 

effect.  

 

For example a lamp connected to a 6V RMS AC supply will light with the 

same brightness when connected to a steady 6V DC supply. However, 

the lamp will be dimmer if connected to a 6V peak AC supply because 

the RMS value of this is only 4.2V (it is equivalent to a steady 4.2V DC).  

 

You may find it helps to think of the RMS value as a sort of average, but 

please remember that it is NOT really the average! In fact the average 

voltage (or current) of an AC signal is zero because the positive and 

negative parts exactly cancel out!  

RMS Values Summary.... 

0
2

1
VVrms 

Further 
Reading 
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What do AC meters show, is it the RMS or peak voltage? 

 

AC voltmeters and ammeters show the RMS value of the voltage or current. DC meters also 

show the RMS value when connected to varying DC providing the DC is varying quickly, if the 

frequency is less than about 10Hz you will see the meter reading fluctuating instead.  

 

What does '6V AC' really mean, is it the RMS or peak voltage? 

 

If the peak value is meant it should be clearly stated, otherwise assume it is the RMS value. 

In everyday use AC voltages (and currents) are always given as RMS values because this 

allows a sensible comparison to be made with steady DC voltages (and currents), such as 

from a battery.  

For example a '6V AC supply' means 6V RMS, the peak voltage is 8.6V. The UK mains 

supply is 230V AC, this means 230V RMS so the peak voltage of the mains is about 320V!  

 

So what does root mean square (RMS) really mean? 

 

First square all the values, then find the average (mean) of these square values over a 

complete cycle, and find the square root of this average. That is the RMS value. Confused? 

Ignore the maths (it looks more complicated than it really is), just accept that RMS values for 

voltage and current are a much more useful quantity than peak values.  

More on Measurement... Further 
Reading 
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Summary Questions… 
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The rms is less than 
peak AC current 

I2
rmsR =   ½ Io

2 R 

Prms=0.5Po   

Summary Questions… 
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Peak  
power 

Summary Questions… 
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Summary Questions… 
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6.2 Using an Oscilloscope 

Specification link-up 3.1.3: 
Current electricity: 
Oscilloscopes 
 
How do we use an 
oscilloscope as a dc 
voltmeter? 
 
How do we use it as an ac 
voltmeter? 
 
How do we use an 
oscilloscope to measure 
frequency? 
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Inside a scope... 
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The Cathode Ray Oscilloscope (CRO) 
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Practical Exploration… 

Try out these tests and write down your findings…. 
 
1. Set trace to AC. Mains Power Pack at 6V – work out the 

frequency & amplitude of a trace. Then alter the scale and 
tack another reading . Then alter the power pack to 9V and 
repeat. Check you can do the divs x Vdiv-1 calcs. Also 1/T = 
frequency 
 

2. Use a 6V cell on DC and take a reading for P.D. only. Then 
change the scale again and repeat. 
 

3. Now try 3 1.5V cells try then one at a time, then see what 
they add up to in series and parallel.  
 

4. Use a tuning fork and microphone on AC and try and work 
out the frequency of the note from the display.  
 

5. Try singing a pure note and matching to a tuning fork, see 
how in tune you are! (try amplifying the fork by holding the 
base on a table) 
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The Deflection tube…a basic CRO 
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The CRO +  electronic bits…. 
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The traces we get with time base off 

d.c input upper 

plate positive 

d.c input lower plate 

positive 

no input – spot 

adjusted left 
no input 

a.c input d.c input upper plate 

more positive 
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The traces we get with time base on 

high frequency a.c. input  low frequency a.c input 

no input d.c input – upper plate positive d.c input – lower plate positive 

a.c input with a diode 
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The basic workings of TV... 

3 guns rather than 1 

The shadow mask is one of two major technologies 
used to manufacture cathode ray tube (CRT) 
televisions and computer displays that produce color 
images (the other is aperture grille). Tiny holes in a 
metal plate separate the coloured phosphors in the 
layer behind the front glass of the screen. The holes 
are placed in a manner ensuring that electrons from 
each of the tube's three cathode guns reach only the 
appropriately-coloured phosphors on the display. All 
three beams pass through the same holes in the 
mask, but the angle of approach is different for each 
gun. The spacing of the holes, the spacing of the 
phosphors, and the placement of the guns is 
arranged so that for example the blue gun only has 
an unobstructed path to blue phosphors. The red, 
green, and blue phosphors for each pixel are 
generally arranged in a triangular shape (sometimes 
called a "triad"). All early color televisions and the 
majority of CRT computer monitors, past and 
present, use shadow mask technology. This principle 
was first proposed by Werner Flechsig in a German 
patent in 1938. 

Further 
Reading 

http://en.wikipedia.org/wiki/Cathode_ray_tube
http://en.wikipedia.org/wiki/Television
http://en.wikipedia.org/wiki/Computer_display
http://en.wikipedia.org/wiki/Color
http://en.wikipedia.org/wiki/Aperture_grille
http://en.wikipedia.org/wiki/Phosphor
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Red
http://en.wikipedia.org/wiki/Green
http://en.wikipedia.org/wiki/Blue
http://en.wikipedia.org/wiki/Pixel
http://en.wikipedia.org/wiki/Triangle
http://en.wikipedia.org/wiki/Triad_(computers)
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Lissajous curves 

Prior to modern computer graphics, Lissajous curves were typically generated using 
an oscilloscope (as illustrated). Two phase-shifted sinusoid inputs are applied to the 
oscilloscope in X-Y mode and the phase relationship between the signals is presented 
as a Lissajous figure. Lissajous curves can also be traced mechanically by means of a 
harmonograph. 
In oscilloscope we suppose x is CH1 and y is CH2, A is amplitude of CH1 and B is 
amplitude of CH2, a is frequency of CH1 and b is frequency of CH2, so a/b is a ratio of 
frequency of two channels, finally, δ is the phase shift of CH1. 
 
 
When the input to an LTI system is sinusoidal, the output will be sinusoidal with the 
same frequency, but it may have a different amplitude and some phase shift. Using 
an oscilloscope which has the ability to plot one signal against another signal (as 
opposed to one signal against time) produces an ellipse which is a Lissajous figure 
with of the case a = b in which the eccentricity of the ellipse is a function of the 
phase shift. The figure below summarizes how the Lissajous figure changes over 
different phase shifts. The phase shifts are all negative so that delay semantics can be 
used with a causal LTI system. The arrows show the direction of rotation of the 
Lissajous figure. 

Further 
Reading 

http://en.wikipedia.org/wiki/Oscilloscope
http://en.wikipedia.org/wiki/Harmonograph
http://en.wikipedia.org/wiki/LTI_system
http://en.wikipedia.org/wiki/Oscilloscope
http://en.wikipedia.org/wiki/Eccentricity_(mathematics)
http://en.wikipedia.org/wiki/Propagation_delay
http://en.wikipedia.org/wiki/Semantics
http://en.wikipedia.org/wiki/Causal_system
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Further 
Reading 
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Reading 
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