
Lab 1	 Resistance and Resistivity

Objective
After completing this experiment know how to connect an electric circuit, how to use a multimeter and how to measure resistance and resistivity.

Equipment
DC Power Supply								Various leads
Multimeter 									Two unknown resistors
Nichrome wire mounted on board
					
Introduction
Some electrical devices, like a battery, have a polarity that is one terminal is at a higher potential than the other.  The higher potential is marked "+", the other is marked "–".  This doesn't literally mean that this terminal's voltage is negative, it reminds us that whatever its voltage is, it is less than the voltage of the other terminal.  By convention we assume that the electric current flows from the higher potential (+) to the lower potential (–).
The magnitude of the resistance can be measured using several methods.  One common method is using a voltmeter and an ammeter to measure the voltage drop and the current across a resistor to calculate the resistance and another one is to measure the resistance directly using an ohmmeter.  These two methods require a current to pass through the unknown resistor.  In the case of the ohmmeter, it provides the current internally, usually through batteries.
A single instrument that allows you to measure current, voltage difference and resistance is called a multimeter.  Read the description of the multimeter attached to this lab.

Proper use of Meters
When we draw a diagram of an electric circuit, we use the following symbols to represent the different elements:
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battery or D.C. power supply:					voltmeter:	
ammeter :									resistors:A
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						Figure 1: Ammeter – Voltmeter Connection
A voltmeter is used to determine the potential difference between two points in a circuit.  It is always connected across or in parallel with the element to be measured.  If you can remove the voltmeter from the circuit without breaking the circuit, you have connected it correctly. 
On a DC voltmeter, the terminals are marked + or –. The positive terminal should be connected to the positive side of the power supply.  The negative terminal must be connected to the negative side of the power supply.

An ammeter is used to measure the current in a circuit and must always be connected in line or in series, the meter may be destroyed if connected in parallel.  If you can remove the ammeter from the circuit without interrupting the circuit, the ammeter is incorrectly connected. 
On a DC ammeter, the polarity is marked + or –.  The positive terminal should be connected to the positive side of the power supply, the negative terminal must be connected to the negative side of the power supply.

An ohmmeter is used to measure the resistance of a resistor.  To measure resistance using an ohmmeter, connect the probes of the meter across the circuit or element to be tested.  Do not apply voltage to the measuring terminal while using an ohmmeter.

Part A: Measuring resistance of carbon resistors 
Carbon resistors, like the ones you are going to use in this experiment, are color-coded to determine the value of the resistance.  The colors are in the form of circular bands around the cylindrical resistors, as shown in the figure 1.
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Figure1: Carbon Resistor
 				
	
	Digit
	Multiplier
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Green
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Since carbon resistors are made of only one material, carbon, they don’t have an intrinsic polarity.  When they are connected in a circuit, a potential difference develops across them, and it is only then that “+” and “” signs should be used to indicate this imposed polarity.


Part B - Resistivity
The resistance R of a wire depends on the material, and the geometrical characteristics (usually the length and the diameter of the wire).  In this experiment the relationship between the resistance and the length, for a fixed area and material will be investigated.
The resistivity of a wire is given by the expression:

									 


where ρ is the resistivity, a characteristic of the material, R is the resistance of the wire, A is the cross sectional area of the wire and is the length of the conductor.


Experimental Procedure
Part A:	Measuring Resistance
a.)	Using an Ohmmeter:
1. Using the ohmmeter, measure the resistance of two unknown resistors, using two different multipliers.  Record your scale readings and multipliers in your data sheet.
2. The resistance, in ohms, is the value you read from your scale times the multiplier.  For example if your scale reads 12 and the multiplier was set on x100, your resistance will be R = 12 x 100 = 1200 Ω.
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b)	Using voltmeter and ammeter						
3. Set up the circuit shown in figure, 
	but do not turn on the power yet, 
	ask your instructor to check the 
	wiring of your circuit.
4. Turn the power supply on and adjust the 
	voltage until you read 1.0 volts.  Observe 
the readings on both the voltmeter and the ammeter. Record your values in your data sheet.  Make sure you are reading the correct scale and multiplying factors.
5. 
To calculate the resistance use  
6. Repeat step 4 for the second resistor.

c)	Using the bands on the resistor
7. Observe the color bands on each of the two resistors.  Record the colors on your data sheet in the same order you see them in the resistors.





Part B: Resistivity
The wooden board that you have, shown in the figure below, has mounted upon it five metal posts, labeled ‘A” through “E”.  There is one continuous piece of Nichrome wire strung across them, such that the length of the wire between any two consecutive posts is 50 cm. 
1. Turn the dial to the “Ohm’s (Ω)” section of the multimeter, and chose the appropriate multiplier.  Refer to the manual for the multimeter in Appendix A.
2. Touch the probes of the Ohmmeter to segment A-B, and record its resistance as RAB, in your data sheet.  Keep an appropriate number of significant figures.
3. Repeat the procedure for the following sets of points, in order to measure the resistance between them:
· Points “A” and  “C”, record this as RAC in your data sheet.
· Points “A” and “D”, record this as RAD in your data sheet.
· Points “A” and “E”, record this as RDE in your data sheet.
	Make sure that you are reading the correct scale and scale multiplying factor
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Calculations
Using the bands on the resistor
1. Using the table for the color codes, calculate the magnitude of the resistance of each of the resistors.
2. Using the value for the tolerances, calculate the value for R for each resistor.
Example: If your data table is:

	1st band
	2nd band
	3rd band
	4th band

	red
	blue
	yellow
	gold



Using the table on page 14:

	1st digit
	2nd digit
	multiplier
	tolerance

	2
	6
	10000
	5 %


Therefore:
				R = (26 x 10000) Ω = 260000 Ω
and:
				R = ± 5% of 260000 Ω = ± 0.05(260000 Ω) = ± 13000 Ω

Part B:	Resistivity
1. Using the value given on the wooden board for the diameter of the nichrome wire, calculate the cross-sectional area

							
2. 
Draw a graph showing resistance R on the vertical axis and lengthon the horizontal axis
3. Draw and measure the slope of the straight line that best represents your data.
4. Record the coordinates of the two points on your line that you are using to calculate the slope.  Record the slope on your graph and calculations sheet.

		 
5. Multiply your measured slope by the area calculated in step 1, this will be ρexp.
6. Calculate the percent difference between your answer in the previous step and the accepted value ρref = 100 x 10-8 Ω· m.
7.




Questions
Part A
1. Compare the values of the resistors measured using the three methods.  Which of these methods is more accurate?

Part B
1. What are the units of the slope of your graph?
2. What are the units of (area) x (slope)?
3. What physical quantity do the units of tour answer to question 2 represent?
4. Why do we chose Nichrome wire instead of copper wire for this experiment?
5. We assumed that the resistance of the posts and meter probes was zero.  Do you think that was a reasonable assumption? If so, why?.  If not, why not?
6. Which segment of Nichrome wire, of all the possible segments you tested, would cause the largest current flow if a power supply were connected to the board?



Data Tables

Measuring Resistance:
a)	Using the ohmmeter

	
	R (Ω)

	Resistor 1
	677.1

	Resistor 2
	965




b)	Using voltmeter and ammeter

	
	V (V)
	I (A)
	R (Ω)

	Resistor 1
	20
	0.027
	740.74

	Resistor 2
	20
	0.018
	1111.11



c)	Using the bands on the resistor 

	
	Color of Band

	
	1st band
	2nd band
	3rd band
	4th band:

	Resistor 1
	blue
	red
	brown
	red

	Resistor 2
	brown
	black
	red
	gold



Using the table on page 16:

	
	Color of Band

	
	1st digit
	2nd digit
	Multiplier
	Tolerance

	Resistor 1
	
	
	
	

	Resistor 2
	
	
	
	



	
	R ()
	R ()

	Resistor 1
	
	

	Resistor 2
	
	




Part B: Resistivity:

							d = 0.039cm
	Segment
	R (Ω)
	Length (cm)

	A – B
	4.4
	50

	A – C
	8.7
	100

	A – D
	13.1
	150

	A – E
	17.5
	200
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