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Unit 23:  ERROR PROPAGATION, DIRECT CURRENT CIRCUITS1

Estimated classroom time: Two 100 minute sessions

I have a strong resistance to understanding the relationship 
between voltage and current.

! ! Anonymous Introductory Physics Student

OBJECTIVES

1. To learn to the principles of error propagation when doing 
calculations.

2. To understand and apply Ohm’s law to a resistor and understand 
the I vs V characteristics of a non-Ohmic device.

3. To find a mathematical description of the flow of electric current 
through different elements in direct current circuits (Kirchhoff's 
laws).

4. To gain experience with basic electronic equipment and the 
process of constructing useful circuits while reviewing the 
application of Kirchhoff's laws.
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1 Portions of this unit are based on research by Lillian C. McDermott & Peter S. Shaffer published in AJP 60, 994-1012 
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Battery Test 1

Assume	
  that	
  a	
  single	
  cell	
  gives	
  a	
  reading	
  of	
  1.4	
  V.

Cells	
  A	
  and	
  B	
  are	
  the	
  same.

What	
  would	
  be	
  the	
  expected	
  value	
  VAB?
A)	
  0.7	
  V

B)1.4	
  V

C)2.8	
  V

D)	
  Not	
  sure
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Figure 23-2:  Voltmeters connected to measure the potential difference 
across (a) a single battery, (b) a single battery and two batteries connected 
in series, and (c) a single battery and two batteries connected in parallel.

✍Activity 23-2: Combinations of Batteries
(a) Predict the voltage for each combination of batteries in Fig 23-2. Write 

you prediction beside the meter symbols.
(b) Measure the voltages you predicted and write them below the predicted 

values on the figure.

Using a Multimeter
A digital multimeter (DMM) is a device that can be used to measure 
either current, voltage or resistance depending on how it is set up. 
We have already used one to measure voltage. The following activity 
will give you some practice in using it as an ohmmeter. You will 
need:
! ! • A digital multimeter
! ! • A D-cell alkaline battery w/ holder 
! ! • A SPST switch
! ! • 4 alligator clip wires
! ! • 1 resistor, 10 Ω
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Figure 23-6:  Diagram of a typical digital multimeter that can be used to 
measure resistances, currents, and voltages
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Figure 23-2:  Voltmeters connected to measure the potential difference 
across (a) a single battery, (b) a single battery and two batteries connected 
in series, and (c) a single battery and two batteries connected in parallel.

✍Activity 23-2: Combinations of Batteries
(a) Predict the voltage for each combination of batteries in Fig 23-2. Write 

you prediction beside the meter symbols.
(b) Measure the voltages you predicted and write them below the predicted 

values on the figure.

Using a Multimeter
A digital multimeter (DMM) is a device that can be used to measure 
either current, voltage or resistance depending on how it is set up. 
We have already used one to measure voltage. The following activity 
will give you some practice in using it as an ohmmeter. You will 
need:
! ! • A digital multimeter
! ! • A D-cell alkaline battery w/ holder 
! ! • A SPST switch
! ! • 4 alligator clip wires
! ! • 1 resistor, 10 Ω
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Figure 23-6:  Diagram of a typical digital multimeter that can be used to 
measure resistances, currents, and voltages
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Battery Test 2

Assume	
  that	
  a	
  single	
  cell	
  gives	
  a	
  reading	
  of	
  1.4	
  V.

Cells	
  A	
  and	
  B	
  are	
  the	
  same.

What	
  would	
  be	
  the	
  expected	
  values	
  V1,	
  V2?
A)	
  0.7	
  V,	
  1.4	
  V

B)0.7	
  V,	
  0.7	
  V	
  

C) 	
  2.8	
  V,	
  2.8	
  V

D)2.8	
  V,	
  1.4	
  V
E) 1.4	
  V,	
  1.4	
  V
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Figure 23-2:  Voltmeters connected to measure the potential difference 
across (a) a single battery, (b) a single battery and two batteries connected 
in series, and (c) a single battery and two batteries connected in parallel.

✍Activity 23-2: Combinations of Batteries
(a) Predict the voltage for each combination of batteries in Fig 23-2. Write 

you prediction beside the meter symbols.
(b) Measure the voltages you predicted and write them below the predicted 

values on the figure.

Using a Multimeter
A digital multimeter (DMM) is a device that can be used to measure 
either current, voltage or resistance depending on how it is set up. 
We have already used one to measure voltage. The following activity 
will give you some practice in using it as an ohmmeter. You will 
need:
! ! • A digital multimeter
! ! • A D-cell alkaline battery w/ holder 
! ! • A SPST switch
! ! • 4 alligator clip wires
! ! • 1 resistor, 10 Ω
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Figure 23-6:  Diagram of a typical digital multimeter that can be used to 
measure resistances, currents, and voltages
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across (a) a single battery, (b) a single battery and two batteries connected 
in series, and (c) a single battery and two batteries connected in parallel.
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you prediction beside the meter symbols.
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will give you some practice in using it as an ohmmeter. You will 
need:
! ! • A digital multimeter
! ! • A D-cell alkaline battery w/ holder 
! ! • A SPST switch
! ! • 4 alligator clip wires
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Multimeter Mnemonic

3	
  common	
  measurements	
  with	
  a	
  mul3meter	
  are
 Voltage	
  (Poten3al	
  Difference)
 Current
 Resistance

One calculates the uncertainty as 0.7% of the reading plus one digit in 
rightmost digit of the reading. For example

2.47 V would have an error of 

! ±0.7% ⨉ 2.47 V = ! ±0.02 V  added to 
! ±0.01 V
resulting in a total error of ! ±0.03 V. 
(We do not add these two contributions in quadrature.)

Current Measurements

Current measurements need to have the meter inserted in series with the 
circuit elements. Digital multimeters are apt to have a significant resistance 
compared to the other circuit elements, and the amount of resistance 
depends on the scale setting. For higher currents such as around 1 A the 
resistance could be a few ohms, but for milliampere ranges internal 
resistances could be as high as a kΩ. (Sometimes this is specified as 
“voltage burden” because there’s an unwanted voltage across the meter 
while it’s being used.) The result is that the meter causes the current being 
measured to be smaller than it would be without the meter.

The error on current measurements depends on the scale. For most scales it 
is listed as ±(1%+1digit) for the 33XR Meterman DMM

!

Resistance Measurements

Resistance measurements combine both voltage and current measurement. 
A meter has to provide a voltage and measure the current for that voltage 
and then presents the ratio of voltage to current as the resistance value. 
Because the meter has to provide an exact voltage across the component 
being measured it’s important to ensure that no other sources of voltage are 
connected which would interfere with the measurement. Similarly, the 
current from the meter must flow only through the component being 
measured. Therefore, the component must be disconnected from any other 
circuit element while the resistance is being measured. If the component is 
being tested in circuit, at least one end must be disconnected while 
measuring its resistance. While you’re measuring the resistance of 
something you must make sure that it is not connected to anything else. 
Even having your fingers touching the leads can cause an erroneous 
measurement due to the body’s resistance in parallel.  

Because both voltage and current are involved in measuring resistance, it is 
normal that the uncertainty is somewhat more than that for voltage or 
current. Most scales have a listed error  of ±(1%+4 digits) for the 33XR 
Meterman DMM.!

AC/DC

Both current and voltage functions of a multimeter have alternating current 
and direct current scales. Most of our measurements should use the direct 
current setting. If you get reading of almost zero when you expect a larger 
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