146
RMS Values using an Oscilloscope
Apparatus:
Tecstar CRO, Unilab AFO, 2 x 6.5V mounted light bulbs, “2 x DMMs set on 20V DC, Rheostat (11 ohm), Lockable PSU set on 6V.
[image: image1.bmp]Block Diagram: 

DC Circuit with a rheostat used as a potential divider:

[image: image2.bmp]
Set up:

Using the two light bulbs set up the following circuits: (Ask your teacher for help if necessary).
Circuit 1: Connect the rheostat and voltmeter to the output of the 6V DC supply so that on of the light bulbs can receive potential differences between 0 and about 6V. The rheostat should be connected as a potential divider. The Digital Multimeter (DMM) should be set at 20V DC.

Circuit 2: Connect the other light bulb to the LOW output of the Unilab Signal Generator (The LOW output is the left-hand yellow and the middle green terminals). Also connect the oscilloscope to this output. 

The Signal Generator will act as an AC Power Supply. It should be set at 50Hz SINUSOIDAL.

The Digital Multimeter (DMM) should be set at 20V AC.

The oscilloscope should have VOLTS/DIV set at ‘1’; TIME/DIV set at ‘2ms’; VOLT VAR. set at ‘CAL’; TIME VAR. set at ‘CAL’

Procedure:

1.
Place both the bulbs next to each other. They should never be electrically connected together.
2.
Adjust the potential divider so that the DC light bulb receives 2.0V. 
This is called the ‘DC lamp potential difference, Vdc’ in the table below. 
The bulb should glow dimly.
3.
Adjust the output of the AC supply, using the RED ‘amplitude’ dial so that the AC light bulb glows 

with the same brightness as the DC bulb.

4.
Measure the top to bottom height of the waveform displayed on the oscilloscope. This should be about 5.5 to 7.0 divisions. (A division is the height of one of the squares). 
This is called ‘AC lamp Peak-to-Peak Divisions’ in the table below. Note what it is in your case. 
5.
Multiply this by the VOLTS/DIV Oscilloscope setting (should be “1” initially) and so obtain the “Peak-to-peak potential difference, Vpp”

6.
Halve the “Peak-to-peak potential difference, Vpp” to obtain the “Peak potential difference, V0” voltage, of the AC waveform. 

7. 
Place all of your measurements in a table like that shown in the example below.

	DC lamp potential difference 

Vdc / V
	AC lamp

Peak-to-Peak Divisions
	VOLTS/DIV

Oscilloscope setting
	Peak-to-peak potential difference

Vpp / V
	Peak potential difference

Vo / V

	2.00
	6.4
	1
	6.4
	3.2


8.
Decrease the DC voltage supplied so that the DC bulb is just glowing. Note the new voltage level and repeat stages 3 to 7 above.
9.
Repeat all the above for FIVE further voltage levels between the minimum of stage 8 and the maximum possible bulb brightnesses.

Analysis:

10.
Plot a graph of ‘Peak potential difference, Vo / V’ against ‘DC lamp potential difference Vdc / V’.

11.
You should obtain a straight line graph. Measure the gradient of this graph. If all has gone well this should be between 1.3 and 1.6

Evaluation:

12.
The RMS (Root Mean Square) value of an alternating voltage, Vrms, is that steady DC voltage, Vdc that produces the same power in the same resistive device (light bulb). According to theory, with sinusoidal variation, these are related to the peak voltage by the equation:


 Vrms  = Vdc  = Vo / √2      and so: Vo / Vrms  =  √2


To what extent have your results supported the theory above?

13.
The power output of the two light bulbs have been compared by comparing their brightnesses. Suggest ways of improving the reliability of this process.
Further Investigations:

1. Change the setting of the AC Supply so that it outputs a saw-tooth shaped waveform rather than 
sinusoidal. Find out how Vrms  (Vdc ) relates to  Vo in this case.

2. An AC voltmeter is designed to show RMS values. Connect your spare multimeter, set on 20V AC, across 

the AC light bulb. 
(a) To what extent do the two meters give the same reading when the bulbs have the same brightness?
(b) Over what frequency range does the AC voltmeter give a reliable reading? 
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