
RMS Experiments 

We recently had an enquiry from a teacher regarding a higher physics RMS experiment which was 

suggested on SPUTNIK. 

 

The SQA Higher Physics course specification contains the following: 

Electricity  
Monitoring and measuring AC  
 
Knowledge that AC is a current which changes direction and instantaneous value with time.  
Use of appropriate relationships to solve problems involving root mean square (rms) and peak 
values.  

𝑉𝑟𝑚𝑠 =  
𝑉𝑝𝑒𝑎𝑘

√2
  

 

There is no mention of the wave form. However as √2 is used in the denominator and AC is the 
heading, a sinusoidal wave is perhaps implied (although other waveforms could also result in a factor 

of √2 𝑠𝑒𝑒 𝑙𝑎𝑡𝑒𝑟). 

 

Experiment 

A simple light detector was constructed consisting of a BPW34 Si photodiode in parallel with a 43 Ω 
resistor (See figure 2).  A digital multimeter is connected across this parallel combination. The 
photodiode is inserted into a short length of 15 mm plastic pipe, lined with matt black card. 

A DPDT (double pole double throw) switch box was also constructed but this is not strictly needed it, 
just makes life easier! 

With the DPDT switch set to the DC position adjust the DC output voltage until a convenient value is 
noted on the voltmeter attached to the light sensor. This will be in the order of a few millivolts. Note 
this value along with the value on the voltmeter attached to the DC supply. Now switch the DPDT 
switch to the AC power supply and adjust its output voltage until the reading on the voltmeter 
attached to the light sensor is as close as possible to the value previously recorded. Note down the 
peak voltage from the CRO (or better still the peak – peak voltage, then half it). Repeat this 
procedure for other values and voltages. Plot the DC value voltage on the x-axis against the AC peak 
voltage on the y-axis the gradient of the graph will be the Vpeak/VDC ratio. 

 

For best results choose both your DC and AC power supplies carefully. Some power supplies with 
both DC and AC outputs may have a great looking sinusoidal AC output but only a full wave rectified, 
unsmoothed DC (See fig 1). Conversely the DC may be flat and smooth but the AC only vaguely 
resembles a Sine wave! We used two different power supplies to get the results for the Sine wave 
rms value. It is also good practice to measure the output voltages and not simply rely on the dial 
setting! 



 

Fig 1. Unsmoothed (full wave rectified) DC 

 

Fig 2. Circuit diagram of set up. 

 

 

 

 



 

Results 

Sine wave 

 

Fig 3. Sin wave result showing a gradient of 1.41 

 

Extra 

As an extra, repeat the whole process but replace the sinusoidal AC power supply with a bipolar 
triangular power signal generator or with a bipolar square wave power signal generator if you have 
one. 

Triangular Wave 

 

Fig 4. Triangular wave result showing a gradient of 1.70 



Square Wave 

 

Fig 5. CRO screen showing square wave 

Keep a careful eye on the shape of the waveform on the CRO as the waveform may distort at higher 
outputs. 

 

 

Fig 6. showing waveform distortion. 



 

Fig 7. Square wave results showing a gradient of 1.13 

 

 

 

 

 

Pulse Wave 

It is also possible to find the RMS value of a pulsed DC waveform. We had one signal generator at 
SSERC that was able to provide a TTL waveform with a fixed 50% duty cycle and a fixed, no load, 
voltage of 5 V. 

We took two readings and found that to get the equivalent brightness produced by a 4.8 V, 50% duty 
cycle, pulsed wave we measured that we needed an average DC voltage of 3.39 V. 

This gave a value of 4.8 / 3.39 = 1.42 i.e for a 50% duty cycle pulsed wave i.e. 𝑉𝑟𝑚𝑠 =  
𝑉𝑝𝑒𝑎𝑘

√2
 . 

 



 

Fig 8. Pulsed (TTL) waveform. Fixed 5 V 50% duty cycle. 

 

 

Experimental results comparison with theoretical values 

 

Waveform Experimental result Theoretical value 

Sinusoidal 1.41 1.414 

Triangular 1.70 1.732 

Square 1.13 1.000 

Pulsed 50% duty cycle 1.42 1.414 

 


