
Electric Current 
 

Experiment # 1 
 
 
In this experiment, you will investigate the role that current plays in electrical circuits.  You will 
accomplish this by assembling a simple circuit and measuring a few basic properties of current-carrying 
wires.  We will also take a brief look at electromagnets. 
 
In an electrically conducting material, such as the copper in some wires, some of the electrons are not 
tightly bound to the nucleus of the atoms.  Rather, they are free to move through the material nudging their 
way past the atoms to create a flow of charge.  This flow of charge is called electrical current.  How many 
electrons are free to move, rather than being bound to the nucleus, depends on the type of atoms that make 
up the conductor.  Copper has 1 free conduction electron per atom, the remaining 28 electrons being bound 
to the nucleus.  You can quickly calculate the conduction electron density, n, of copper.  You will need to 
know the molar mass of copper is 63.54 grams/mole, the density of copper is 8.9 grams/cm3 and  
Avogadro’s number, NA, is 6.02 x 1023 atoms/mole.  Solve for n and include the solution in your lab report 
(hint: you will first need to calculate the number of conduction electrons per gram of copper).  You should 
obtain n = 8.43 x 1022 electrons/cm3. 
 
Procedure 
 
You are provided with a 6 V battery charger (this acts like a 6 V battery, basically), a digital multimeter to 
measure current (this is an ammeter), a wooden square with two binding posts, a rheostat, a number of 
connecting wires and, at the front of the lab, a spool of thin “fuse” wire. Assemble the circuit as shown in 
diagram 1, making sure that you keep the battery switched to “off” while making any connections.  The 
digital multimeter should be set to read a maximum of 10 Amperes.  A rheostat is a variable resistor and is 
used to control the amount of current that flows in a circuit.  For the moment, set it to offer the maximum 
resistance (minimum current).  To do this, connect one of the leads to the center jack of the rheostat, and 
the other lead to one of the other two jacks.  Look at the back of the rheostat.  There is a large wire coil that 
connects the center jack to the rotating wire bridge.  Turn the bridge away from the jack your lead is 
connected to in order to maximize the wire path the current must follow.  This will provide the greatest 
resistance. 
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Switch the battery charger to “on”.  If the ammeter reads a negative value, then reverse the wires on the 
ammeter.  You can now increase and decrease the current flowing through the circuit by adjusting the 
rheostat setting.  At a high enough current setting, the fuse wire will start to glow red-hot.  Note this current 
then cool the wire by gently blowing on it.  What changes in the current did you observe while blowing on 
it?   
 
Now slowly increase the current until the fuse wire melts.  This will create an open circuit, so that no more 
current will flow.  The same principle is used in electrical fuses to prevent current overloads (if for 
whatever reason, too much current begins to flow through a wire, the fuse will break and stop the current 
before the wire heats up too much).  At what current, Icritical, did the fuse wire melt? 
 
A number of electromagnets, made by wrapping a soft iron bar with an enamel-coated wire, are available at 
the front of the lab. Replace the fuse wire with an electromagnet.  Switch the battery charger to “on” and 
test that the electromagnet is working by seeing if it attracts an iron nail.  Using the small compass 
contained in the multimeter stand, verify that one end of the compass acts as a north magnetic pole and that 
the other end acts as a south magnetic pole.  
 
Analysis 
 
You can think of current in a wire as a measure of the amount of charge that passes a cross-section of the 
wire each second, I=∆q/∆t. Since the electrons travel with a drift velocity v in a wire of cross-section A, 
then in a time, ∆t, electrons will travel a distance s=v∆t.  If the electron density is n, then the number of 
electrons that go through the cross-section A is nAs.  The total charge of these electrons is neAs, where e is 
the electronic charge 1.6 x 10-19 C.  The current is thus neAs/∆t = neAv∆t/∆t = neAv.   
 

I = neAv 
 
Use the value of n derived above to calculate the drift velocity of the electrons flowing through the fuse 
wire as it melted (the diameter of the wire is 0.202 mm). 
 
Discussion 
 
Why did the current in the wire change when you cooled it?  Is the relationship between current and wire 
temperature a direct relationship or an inverse one?  How about the relationship between resistance and 
temperature?   
 
Why does the wire break?  The wire always melts in the middle (unless there is a kink in the wire).  Discuss 
why the middle of the wire gets hotter than the ends. 
 
You measured the current in the thick connecting wires (red or black wires) that led to the fuse wire.  Is the 
current in the fuse wire the same as in these thicker wires?  Why is this so?  Using the current equation 
above, is the electron drift velocity the same in the thicker wires as in the fuse wire?  If not, why not? 
 
What are a few of the advantages that an electromagnet has over an ordinary permanent magnet (like a 
refrigerator magnet)?  When you held a metal bar (such as a nail) inside the electromagnet, you should have 
felt a buzzing sensation.  You will see why this is so in experiment # 6 but can you speculate as to the 
cause? 


