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PART I -KIRCHHOFF’S FIRST LAW
(Modified by JBB / Thacker from Lillian C. McDermott and the Physics Education Group, Physics by Inquiry Volume II, John Wiley and Sons, NY, 1996)
Objectives
· to understand how to use an ammeter to measure current
· to understand Kirchhoff’s First Rule
IN A PREVIOUS UNIT WE PROVIDED THIS IMPORTANT DEFINITION:
The amount of charge per unit time passing a cross-sectional area of a wire is called current. The symbol for current is I. Mathematically, 
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The unit of current is the Ampere (A). One Ampere is equal to one Coulomb per second: 1A = 1C/s.

Be sure that you understand it. To check the concept, if there is a current of two amperes flowing in a circuit, how much charge passes through a cross-section of the wire in two minutes?

ANSWER:

Equipment:

1 ammeter


8 alligator clips

1 bulb

1 socket

1 30cm nichrome wire

1 60cm nichrome wire

1 90cm nichrome wire

2 45cm nichrome wire

1 battery 

1 battery holder

1 switch

1.1 We have been using the brightness of a bulb as an indicator of the amount of current passing through the bulb. In this section we will begin a quantitative analysis of circuits. We will measure the magnitude of the current through parts of a circuit with an ammeter an electronic device that measures current and provides a digital answer. Later in this course, we will discuss how this device actually works but for the moment we will accept the results on faith. We will also learn more about the concept of resistance.  
Based on our observations, we will develop a model for current in which the current is not “used up”. Another way of expressing this is to say that current is conserved. We will examine the conservation of current quantitatively. 
In order to investigate the conservation of current, we will use linear resistors. The linear resistors we will use are either pieces of nichrome wire or commercial resistors.  Your instructors will decide which will be used.
To measure current we will use the ammeter. An ammeter, when connected in series in a circuit, measures the current through the circuit with very little change in the resistance of the circuit. We use the multimeter for this purpose as was discussed previously.  Make sure that you use the “A” scale and remember that “m” refers to milliamperes. 
We have found that it is impossible from our observations to tell the direction of current through the battery. We will follow the widely used convention of assuming that the flow (of positive charge) is from the positive terminal of the battery through the circuit to the negative terminal of the battery, and from the negative to the positive terminal within the battery.  Ammeters and other electrical instruments should be connected in a circuit in the same sense, with the terminal marked positive closer to the positive end of the battery.   Note that the meter will tell you if you have it connected in the wrong direction by displaying a negative sign before the reading.
Consider the following to understand what the previous paragraph stated.
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1. The battery (or voltage source) maintains a potential difference (voltage) across the ends of the wire.

2. This voltage establishes an electric field (E) inside the wire.

3. The electric field points in the direction of decreasing electric potential and drives (conventional) current (I) through the wire, from the positive terminal to the negative terminal.

4. The current is in the direction of decreasing potential (V), i.e. from the positive terminal at a higher potential toward the negative terminal. 

5. The current (positive charge motion) flows from the + terminal to the – terminal in the circuit itself.  It then flows through the battery from – to +.  Discuss what this means with your group and if you can’t follow it, ask your instructor to explain it.It might help to write this down in a way that is clear to you.
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a. Hook up the ammeter in series with the bulb in a single bulb circuit with the positive end of the ammeter closer to the positive terminal of the battery, as in each of the two diagrams below.  Record the reading of the current in each case. Are the current readings consistent with your previous observations? 
Explain.
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Next,  take the same readings, with the ammeter leads reversed (with the ammeter connected in the wrong sense).  How do the readings with the ammeter connected in the wrong sense, compare to the readings with the ammeter connected in the correct sense? 
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b. Set up a circuit with a 30cm length of nichrome wire in series with an ammeter, as shown in the picture below, and record the ammeter readings. You can do this by using a single 90 cm length but using the wire’s alligator clips to only clip off the required length.
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The symbol 
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 represents a resistor that, in this case, is made out of nichrome.  The resistance is small so the current will be high.  Discuss the possible use of a power supply with your instructor.  This may save some battery life.
c.  Repeat part b with 60cm and 90cm lengths of nichrome wire. Predict what you expect to observe. Repeat with a second battery in series with the first.
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Record your results in the table.  
	Length
	Current Measured
One Battery
	Current Measured
Two Batteries

	30 cm
	
	

	60 cm
	
	

	90 cm.
	
	


Note: you may be permitted to use a DC power supply to do this part of the experiment.  Or not!
d.  Compare the ammeter reading of the 30cm, 60cm, and 90cm lengths of nichrome wire. Does it seem reasonable?  Can you make a statement about how the resistance of a wire depends on its length?
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e.   How do the currents depend on the applied voltages?
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f.  Using the data above, develop an equation that relates the resistance (R), the Voltage V and the current I to each other.  This equation is Ohm’s Law.  Demonstrate the agreement that this equation has with the experimental values. Add any constants that are necessary for your model.
1.2 Set up the following circuit with a 30cm length of nichrome wire in each branch. Can you do this by “folding” the wire?
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a. Record the ammeter reading.
_________________Amperes

b. Disconnect the ammeter and reconnect it to the other side of the parallel network (next to the switch).  Record the ammeter reading.
_________________Amperes

c. Disconnect the ammeter and reconnect it to one of the branches containing a resistor.  Record the ammeter reading.
_________________Amperes

d. Disconnect the ammeter and reconnect it to the other branch containing a resistor.  Record the ammeter reading.
_________________Amperes

e. Repeat parts a through d with a 30cm length of nichrome wire in one branch and a 60cm of nichrome wire in another branch. Can you do this with a single length of wire? Sketch it.

Summarize your findings and briefly state your conclusions.
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Kirchhoff’s First Law is: 

The total current leaving of a node of a circuit is equal to the total current entering the node.
f. Show that this is consistent with your data in parts a through e? ( IMPORTANT!
PART II – KIRCHOFF’S SECOND LAW
Objectives

· to understand how to use a voltmeter to measure voltage

· to understand Kirchhoff’s Second Rule

Equipment:


1 voltmeter



8 wires with alligator clips


2 bulbs


2 sockets


1 battery or Power Supply

1 battery holder (if needed)
1.1 Potential difference is measured with a voltmeter in units of volts. The voltmeter is connected in parallel to the element whose voltage you wish to measure. If you wanted to measure the potential difference between the two ends of the battery, you would hook the voltmeter up as shown in the diagram below. We often call this the potential difference, or voltage, across the battery. 
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If you wanted to measure the potential difference between one point in a circuit and another, for example, points A and B, you would connect the voltmeter as shown in the diagram below.


[image: image13.png]



To measure the potential difference across a bulb, you would connect the voltmeter in parallel with the bulb.
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When using the multimeter, use the “V” Scale.  Start with the 20 volt scale as well.

a. Set up a circuit with two bulbs as in the diagram below.
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Measure the potential difference across the battery, each bulb, and the wires.

Then measure the potential difference between points A and B, B and C, and points C and D. 
	POINTS OF MEASUREMENT
	VOLTAGE (+ or -)

	A(B
	

	B(C
	

	C(D
	


Reminder:
The potential difference is the work per unit charge to move a charge from one point to another.      

b. How does the potential difference across a wire compare to the potential difference across a bulb? Is this related to the idea that the bulb presents an obstacle, or a resistance to the flow? Explain.
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c. Compare the potential difference across the battery to the potential differences across the other elements in the circuit in parts a and b above. (Watch the sign of your measurements.)
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d. Discuss the force(s) doing the work to push positive charges through the circuit in the battery, in the bulb, and in the wires.
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 Are all the forces electrical? (Trick question: look up how batteries work on the internet.)
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Are the forces acting doing positive, negative or very little work in each of the elements? 
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Does the potential energy increase, decrease or remain the same in different parts of the circuit? Explain.  
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Remind your instructor to discuss part d with the class.

e. If you add up all the potential differences across the elements around the circuit, counting them as positive when the potential energy is increasing and negative when the potential energy is decreasing, what is the sum in part a?
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Kirchhoff’s Second Law is that the sum of the potential differences around a closed loop is zero.  Another way to state Kirchhoff’s Second Law is as follows:  The voltage across the battery in a current loop is equal to the sum of the voltages across the other elements.


f. Is your data so far consistent with Kirchhoff’s Second Law? Explain.
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Can you apply Kirchoff’s first law to this diagram? Write the equation.  Ask if you are correct.
Equipment:


1 voltmeter



8 wires with alligator clips


1 bulb


1 socket


1 10cm nichrome wire


1 20cm nichrome wire


1 30cm nichrome wire


1 40cm nichrome wire


1 battery (or power supply)

1 battery holder (if needed)
2.1

a. Consider the circuit shown in the diagram below.
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Predict the potential difference across the bulb when 0cm of nichrome wire is included in the circuit.

________________ANS

As the length of nichrome wire that is included in the circuit is increased, will the potential difference across the bulb increase, decrease, or remain the same? Explain your reasoning.

[image: image26.png]



b. For lengths of 10cm, 20cm, 30cm of nichrome wire included in the circuit, record the potential difference across the battery, the bulb, and the wire. Use the same piece of wire.  Do you have to worry about the piece of wire that “hangs off”? Explain.
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	V-Battery
	V-Bulb
	V-wire

	10 cm
	
	
	

	20 cm
	
	
	

	30 cm
	
	
	


c. Does your data in part b support Kirchoff’s Second Rule? Explain.
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d. As you increase the length of nichrome wire, the potential difference across the bulb decreases. What happens to the current through the circuit? Through the bulb? 
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Why is there a decrease in potential difference in the bulb? 
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Does the resistance of the bulb change? Explain your conclusion.  There may be a class discussion of this topic.  Be prepared.
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e. If the resistance of an element (like the bulb in the above circuit) remains constant, but the current through the element increases or decreases, does the potential difference across the element change? Explain.
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Equipment:


1 voltmeter



8 wires with alligator clips


1 bulb


1 socket


3 batteries (or a power supply)

1 battery holder

3.1 Consider the following circuits.
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All batteries are assumed to produce 1.5 volts across their terminals.  This is not always the case.  Where it makes sense, you can use the power supply to replace the batteries in the circuit. Use 1.0 v, 2.0v, ……. if you go this way.
a. If the potential difference across each of the batteries is known, predict the potential difference across the bulb in each of the three cases.

[image: image34.png]



b. Predict the relative current through (brightness of) each of the bulbs.


c. Set up the circuits, use a voltmeter to verify part a and test your prediction in part b by observing the brightness of the bulbs. How did you do?
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d. If the resistance of an element (like the bulb in the above circuit) remains constant, but the potential difference across the element increases, does the current through the element increase, decrease, or remain the same? Explain. 
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Equipment:


1 voltmeter



8 wires with alligator clips


1 20cm nichrome wire


1 30cm nichrome wire


1 40cm nichrome wire


1 battery or power supply

1 battery holder if needed
4.1 Consider the following circuit. 
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a. Is the current through the 30cm length of nichrome wire greater than, less than, or equal to the current through the 20cm length of nichrome wire?  Is the resistance of the 30cm length of nichrome wire greater than, less than or equal to the resistance of the 20cm length of nichrome wire. Predict the relative potential difference across each of the wires. Explain.

[image: image38.png]



b. Set up the circuit and use a voltmeter to test your predictions. 
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c. If the 30cm length of nichrome wire were replaced by a 40cm length of nichrome wire, would the current through the 40cm length of nichrome wire be greater than, less than or equal to the current through the 20cm length of nichrome wire? 
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How do the resistances of the two wires compare? 
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Measure the potential difference across the battery and predict the potential differences across each of the wires.
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d. Measure the potential differences across each of the wires and test your predictions. 
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e. For two elements in a circuit that have the same current passing through them, but different resistances, how are their potential differences related? Explain.
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Equipment:


1 voltmeter



8 wires with alligator clips


3 30cm nichrome wire


1 battery or power supply

1 battery holder if needed
5.1 Consider the following circuit of a 30cm length of nichrome wire in series with a parallel network of two 30cm lengths of nichrome wire. (Can you do this with the 90 cm wire  - don’t cut it!!!)??
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a. Predict the potential difference across the parallel network of two 30cm lengths of nichrome wire compared to the single 30cm length of nichrome wire. 
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If you were to place the leads of the voltmeter at points C and D, how would the reading of the potential difference compare approximately to the reading of the potential difference measured with the voltmeter connected at points A and C? Explain. 

[image: image47.png]



If you were to place the leads of the voltmeter at points B and E, how would the potential difference compare to the voltmeter reading at points C and D? points A and C? 
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b. Set up the circuit and test your predictions. How would you measure the potential differences across the parallel network? How do the potential differences across the wires in parallel compare to the potential difference across the single 30cm wire? To each other?  
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c. Does Kirchhoff’s Second Law hold in this case? Explain.
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d. What does “around a closed loop” mean in Kirchhoff’s Second Law? Explain.

A Class discussion would be helpful here.
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Equipment:


1 voltmeter



8 alligator clips


1 bulb


1 socket


3 batteries – (not the power supply!)

3 battery holders

6.1 Set up the following circuits.
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a.  Compare the brightness of the bulb in each circuit to the brightness of a bulb in a circuit with one battery. 
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b. How do the currents through each of the bulbs compare? 
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How do the currents through each of the batteries compare to the current through the battery in a single battery circuit? Explain your reasoning.
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c. Why do children’s toys often require a number of batteries in parallel? Explain. 

[image: image56.png]



Equipment:


1 voltmeter



8 alligator clips


2 bulbs


2 sockets


3 batteries 


3 battery holders

6.2 Consider the following circuit.
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a. Will the bulbs light? Explain your reasoning.
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b. Set up the circuit and test your prediction. 
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c. Predict what would happen if a third battery were added.  Explain your reasoning. 
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d. Set up the circuit and test your prediction.
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e. Does Kirchhoff’s Second Law apply in these cases? Explain.
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Discuss your understanding with the class.


SUMMARY
You should understand how to use an ammeter to measure current. You should understand Kirchhoff’s First Law.
You should understand how to use a voltmeter to measure voltage. You should understand Kirchhoff’s Second Rule.

THIS IS VERY IMPORTANT!!








It is very important that you make the predictions in these exercises BEFORE you make any measurements.  The learning takes place when you think about what is happening and make the predictions.  After you make the prediction, if you are correct, you probably understand the concept but if you are not correct, you can think about why you were wrong and, after you determine the reason, you will grasp the concept on the second try.








� EMBED PBrush ���








PAGE  
2
KIRCHOFF’S LAWS                        Page -     -                               STUDIO PHYSICS


_1347200209

_1347200213

_1347200215

_1347200217

_1347207579.unknown

_1347200218

_1347200216

_1347200214

_1347200211

_1347200212

_1347200210

_1347200207

_1347200208

_1347200206

_1347200205

