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Learning Objectives from the beginning of the chapter in OpenStax College Physics
21.3. Kirchhoff’s Rules
• Analyze a complex circuit using Kirchhoff’s rules, using the conventions for determining the correct signs of various terms.

21.4. DC Voltmeters and Ammeters
• Explain why a voltmeter must be connected in parallel with the circuit.
• Draw a diagram showing an ammeter correctly connected in a circuit.
• Describe how a galvanometer can be used as either a voltmeter or an ammeter.
• Explain why measuring the voltage or current in a circuit can never be exact.

21.3 Kirchhoff’s Rules
Some circuits are too complicated to be simplified with series and parallel combinations.

For these circuits we will solve them by using Kirchhoff’s Rules for circuits.  The typical problems we will face will have three branches to the circuits.  There will be three unknown currents, one in each branch of the circuit.  Kirchhoff’s Rules will let you create three equations for the three unknowns.  You will then use algebra methods to solve this system of equations.

Rule 1 … The sum of the currents at any junction must be zero.  You will label the conventional current on each section of the circuit.  Currents will start at a junction and end at the next junction.   Each section of the circuit will have a labeled current.  You do not have to be correct in the direction of the current. We will call a current that enters the junction positive.  We will call a current that leaves a junction negative.

Rule 2 … The sum of the potential changes around any closed loop of the circuit must be zero.  We will pick any point on the loop as the starting point.  We will move in one direction around the loop until we get back to the starting point.  As we move around a loop, if we move from the negative pole of a battery to a positive pole that will be a positive change in potential.  If we move through a resistor in the direction of the labeled conventional current in the circuit that will be a negative change in potential (a potential drop).  If we move through a resistor in the opposite direction to the labeled current that will be a positive change in potential. 

What questions do you have on the example worked out in the textbook?

21.4 DC Voltmeters and Ammeters
Voltmeters measure potential difference (volts) between two points in a circuit.

Ammeters measure current (amps or milliamps, etc.) in a branch of a circuit.

Voltmeters have high resistance ( > 106 ohms for electronic voltmeters).  Voltmeters should only be placed in parallel with the circuit element for which you want to know the potential difference.

Ammeters have low resistance ( < 1 ohm typically).  Ammeters should only be placed in series with the circuit element for which you want to know the current.

An ideal meter will not disturb the behavior (I, V) of the circuit.

Q1.  Why would using a voltmeter in series disturb the behavior of a circuit?

Q2. Why would using an ammeter in parallel disturb the behavior of a circuit?

Analog Meters: Galvanometers
A galvanometer measures small currents.  

Electrical meters in use today are digital rather than analog.  But, you should know that to create a voltmeter a large resistance is placed in series with the galvanometer.  You should know that to create an ammeter a small resistance is placed in parallel with the galvanometer.

You should know that we cannot take perfect measurements of I and V for a circuit.  The voltmeter placed in parallel does change the resistance of the circuit slightly. The ammeter placed in series does change the resistance of the circuit slightly.  Digital meters have much less effect on circuits compared to analog meters that were in use in the 1900's.

ANSWERS   ……………………..

Q1. If the voltmeter is in series you have just added 106 ohms to the circuit.  The I value will be drastically lower.

Q2. If the ammeter is in parallel you have just added less than 1 ohm in parallel and probably have greatly reduced the net resistance of the circuit and increased I.  It is likely you will burn out the ammeter.
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