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Basic Electrical Measurement
And
Error Analysis
Equipment Needed
AC/DC Electronics Laboratory, Pasco EM-8656
Circuit Components, Resistor 1000Ω
Multi-Meter, Digital (DMM) WaveTech 15XL (2)
Note: a handout on how to read resistors may be included.
Introduction

There are three objectives to this lab:

1. An initial introduction to Digital Multi-meters (DMMs).  Note:  the Electrical Specification Sheet on the Model 15XL meter from the manufacturer is included on the last page of the lab.
a. This includes range usage in basic settings

b. Special attention to amp range usage—setting.

2. Converting a simple electrical circuit from some electrical symbols to a physical circuit

3. Electrical measurement uncertainties (also called measurement errors or accuracy limitations)
Electrical Symbols
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	Crossed insulated wires not electrically connected
	A darkened circle signifies electrical connection between wires


Schematic Diagram of Circuit
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Procedure
1. Set up the DMM to measure the battery EMF.  Plug the leads into the DMM.  They are color coded.  They will go into the ports labeled ‘VΩ’ and ‘COM’ respectively.

a. The DMM has multiple ranges.  To measure the battery we will set it to the scale 1000VDC.  This is denoted in the range labeled V with a [image: image6.png]


 symbol over it.  Observe the reading.
b. Turn the dial to 200 scale and observe how the reading has changed.
c. Turn the dial to 20 scale and observe how the reading has changed.  You can observe that the value is still less than the 2 scale.
d. Turn the dial to the 2 scale.  You should observe three decimal places at this point.  This will be the reading you will record.  Note:  The reading you observe is higher than the next scale down.  If you were to turn the dial down to the next setting, 200m, the meter would show an ‘out of range’ indication.  We now know the setting for reading the battery will be the 2 range.
Equation and Measurement 1:  Battery Voltage
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Refer to the DMM accuracy table to determine the accuracy.  (Last page of lab.)
2. Calculate the relative uncertainty of Measurement 1, round off to one significant figure and record it as a percent.
Equation 2:  percent relative error
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3. Switch the DMM to the highest ohm range (2000M)—denoted by the Ω symbol.  Using the same steps used in voltage find the proper range to take a reading of the resistor provided with the lab.
Record the nominal value of the resistor:  _______________

Equation and Measurement 3
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4. Calculate the relative uncertainty in this measurement.  Round it off to one significant figure and record it as a percent.

Equation 4
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5. Wire the circuit shown in the schematic diagram.  When setting ranges on the DMM, the switch button must be pressed to energize the circuit.
a. The ammeter (which measures electric current) should be connected in series with the battery and resistor.  (This is analogous to water flowing through a hose.)  Set the range of the ammeter starting with the highest scale.  In this case the 10Adc scale in the range marked A with the [image: image15.png]


 symbol over it.  To use this range the leads must be plugged into the ‘COM’ and the ‘10A’ terminals respectively.  If this range is determined too high then the range must be dropped.  To do this, move the lead in the ‘10A’ terminal to the ‘200m’ terminal.  All further range readings less than 200mAdc are taken in this configuration.  Then, change the range from the ‘10A’ range to the ‘200m’ range setting.
Note: there is a fast blow fuse inside the DMM that will not tolerate any current in excess of 200mAdc.  If current exceeds this value the fuse will blow immediately rendering the DMM unable to read any further values in the lower amp ranges.
b. The voltmeter (which measures EMF, or voltage) should be connected parallel with the resistor.  (This is analogous to using a meter stick to measure the distance a ball will fall.)  The same procedure should be used finding the proper range a used in measuring the battery voltage.
6. When proper ranges for Vdc and Adc have been established, press the switch button and take data readings.

Equation and Measurement 8A:
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Equation and Measurement 8B:
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7. Calculate the relative uncertainties in both of these measurements, round them off to one significant figure and record them as a percent.
Equation and Measurement 9A:
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Equation and Measurement 9B:
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8. Calculate the electric current (amperage) using the equation.  Note:  for this calculation use the nominal values of the resistor and battery.

Equation 10:  [image: image25.png]



This equation is known as Ohm’s law.
9. Calculate the percent difference between the measured and calculated values of the electric current (amperage).

Equation 11:  [image: image27.png]- _ Umeasured—Icalcul
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10. According the rules of propagation of uncertainty, the relative uncertainty in current, I, can be calculated as follows:
Equation 12:  [image: image29.png]



This calculated relative uncertainty is larger than the relative uncertainty calculated directly from the measurement of I in Equation 9A.  The above rule always adds the relative uncertainties and therefore sets an upper limit on the calculated relative uncertainty.

For example:  if the Voltage measurement with error happened to be at the high limit and the Resistance measurement with error happened to be at the low limit, the current measurement error would approach that shown in Equation 12 above.
Operator’s Manual

Model 15XL

Note:  This information has been excerpted from the manual.

Electrical Specifications

Accuracies at 23°C ± 5°C, < 75 % RH.

DC Volts

Accuracy, all Ranges

±(0.5% rdg +1 dgt)

Resolution, 200mV Range: 100μV

Input Impedance: 10MΩ

AC Volts (50-500Hz)

Accuracies apply to sine wave inputs only

Accuracy, 200mV, 2V, 20V ranges

±(1% Rdg + 4 dgt)

Accuracy, 200V range

±(1%Rdg + 4 dgt)

Accuracy, 750V range

±(1.5%Rdg + 4 dgt)

Input Impedance 10MΩ

DC Current
Accuracy, 200μA-200mA ranges

±(1% Rdg + 1 dgt)

Accuracy, 10A range

±(2%Rdg + 3 dgt)

OL Protection, fast blow ceramic fuse: 200mA input: 0.5A/250V

10A input: 10A/600V

AC Current (50-500Hz)

Accuracy, 200μA, 2mA, 20mA, 200mA rgs

±(1.5% Rdg + 4 dgt)

Accuracy, 10A range

±(2.5%Rdg + 4 dgt)

OL Protection, fast blow ceramic fuse: 200mA input: 0.5A/250V

10A input: 10A/600V

Resistance
Accuracy, 200Ω range

±(1% Rdg + 3 dgt)

Accuracy, 2k to 2MΩ ranges

±(1%Rdg + 1 dgt)

Accuracy, 20MΩ range

±(3%Rdg + 1 dgt)

Accuracy, 2000MΩ range

±(5%Rdg -10 dgt) +10dgt

OL Protection, all ranges: 500VDC or AC RMS

Open Circuit Voltage: 0.3VDC, 3.0VDC on 200Ω and 2000MΩ ranges
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