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Resistance Relationships I PreLab

Instructions: This PreLab activity MUST be completed before arriving for your scheduled lab activity. No time will be given during lab to complete this exercise. PreLabs must be turned in upon arrival in lab; late submissions will not be accepted. Each PreLab is part of the laboratory and will be scored accordingly. Please circle the letter of the best response for each question.
1. Consider the metaphor “electrical circuit as a system of pipes through which water is pumped.” In this system of pump and pipes, which of the following corresponds to voltage?

a. Water

b. Rate of water flow

c. Pipe

d. Pump

e. Water pressure

2. In the above metaphor, which of the following corresponds to current?

a. Water

b. Rate of water flow

c. Pipe

d. Pump

e. Water pressure

3. Which of the following sets of resistors are wired in series? Circle all correct responses.

	a.[image: image1.wmf]
	b.[image: image2.wmf]


4. Which of the following circuits is properly wired for measuring the indicated variable (A = ammeter, V = voltmeter)? Circle all correct responses.

	a. [image: image3.wmf]
	b.[image: image4.wmf]


Resistance Relationships Lab
Objectives: At the conclusion of this lab activity, the student should be able to clearly and accurately:
· state the value of a resistor by interpreting the colored bands.

· state the relationship between voltage, current, and resistance in a simple circuit.

· state which readily observed factors influence the total resistance of an object, including how changes in these factors affect the total resistance.

Task I.  Determine the relationship between voltage and current in a simple circuit.

a. Using a power supply, meters, wires, and a resistor, find the relationship between voltage (measured in volts, V) and current (I, measured in amperes, A) in a circuit containing a single resistor. 

Q1. What is the indicated resistance of the resistor element including the tolerance range? Use the provided guide as necessary. Be certain to include units (). Note that this is one of the parameters of your electrical circuit. 

b. Note: Do not power up the circuit built in this section of the lab until it has been inspected and approved by your lab instructor. Create a simple circuit consisting of a PASCO power supply, two wires, and one resistor. Insert the PASCO voltmeter and ammeter into the circuit in such a way that they can be used simultaneously to measure current and voltage. Make certain your meters are correctly configured and wired. Contact your lab instructor at this time to verify the correctness of you circuit.

Q2. What does the circuit you just created look like in schematic form? Make a drawing below being certain to include the power supply, resistor, and sensors of voltage and current.

c. Note: Do not exceed ten (10) volts during this portion of the lab activity; doing so will result in a blown power supply fuse or a burned out resistor. If your resistor becomes hot, immediately reduce the maximum voltage. Conduct an experiment to find the relationship between voltage and current in this circuit. Design your experiment, collect appropriate data, graph it, and by performing regression analysis, find the physical law (e.g., state voltage = f(current) as opposed to the mathematical equation y = f(x)) that describes the relationship in this particular case. Be certain that the law you provide represents a physical situation (e.g., when voltage = 0, current equals ?). Create your graph using the computer program Graphical Analysis; plot voltage on the y-axis and current on the x-axis. Perform regression analysis. Label the graph, Graph 1. Print a single landscape view (using “Page Setup”) showing your data table along with your graph. Print graph and table by using “Print Screen” rather than “Print Graph.” Include this printout as the first attachment in your lab report.

Q3. What are the magnitude and units of the slope of the graph you just generated? How does this number relate to the resistance parameter? State that physical relationship here. (Be certain to use a physical interpretation of data.)

Q4. What is the percent difference between the labeled resistance of the resistor and the experimentally-determined resistance? Show your calculation.

Q5. One the basis of your data, what is the most likely evidence-based hypothetical relationship between current, voltage, and resistance?

Q6. What is the relationship between the units of volts (V), amps (A), and ohms ()? State that relationship.

Task II.  Determine which factors affect total resistance.

a. While the resistance of most wires used in electrical circuitry (copper, aluminum, silver and even gold) has very low electrical resistance, some wire has a relatively high resistance (typically 10 to 20 ohms per meter). For example, heating elements in electrical appliances such as clothes and hair dryers, toasters, stovetops and ovens have fairly high resistances. In this part of the laboratory we will study the resistance of a heating element wire. This piece of wire has a large resistance compared to the resistance of standard electrical wire.

Q7. What physical factors related to this piece of wire do you think are responsible for the amount of its total resistance? Consider a random length of wire composed of some unknown material. List below two or three physical factors that you believe contribute to the total resistance of this particular piece of wire. 

Q8. How will changes in these factors affect the total resistance of this piece of wire? Make a prediction such as, “When variable X increases, the total resistance of the wire increases/decreases.” Do this for each of the factors identified previously; align your responses with those above (e.g., line 1 above corresponds to line 1 below, etc.)

Q9. Explain very briefly why you believe each of the relationships stated above works the way you suggest (e.g., Why should total resistance go up/down if X goes up/down?) Again, align your responses with those above.

a. Note: Avoid doing anything with temperature dependence at this time; this will be done in Part III of the lab. Design and conduct an experiment to find the relationship between one of the most easily controlled independent variables and the total resistance of a wire (the dependent variable). Design your experiment, collect appropriate data, graph it, and by performing regression analysis, find the physical law. Print a single landscape view showing your data table along with your graph. Label the graph, Graph 2. Include this graph as the second attachment in your lab report. 

Q10. What is the physical form of the relationship you found between the dependent and independent variables? Write this relationship in a way that excludes units (e.g., R proportional to variable, R inversely proportional to variable, etc.).

Q11. What is the physical meaning of the constant in the above equation? 

b. Design and conduct a second experiment to find the relationship between another of the easily controlled independent variables and the total resistance of a wire. Design your experiment, collect appropriate data, graph it, and by performing regression analysis, find the physical law. Print a single landscape view showing your data table along with your graph. Label the graph, Graph 3. Include this graph as the third attachment in your lab report. State the physical form of the relationship you found here. Writing it this time in a way that includes constants (e.g., R proportional to variable, R inversely proportional to variable, etc.).

Q12. What is the physical form of the relationship you found between the second set of dependent and independent variables? Write this relationship in a way that excludes constants (e.g., R proportional to variable, R inversely proportional to variable, etc.).

Q13. How can you combine the results of the two relationships stated in Q10 and Q12? Combine these results and include a constant of proportionality to result in an equality. 

Q14. The above proportionality constant is known as the resistivity, and it is represented by the variable . Using corresponding values of resistance, length, and cross-sectional area (“1/32 x .004 square inches”), find the resistivity of the wire. Show your work.

Q15. The wire you have been using is called Nichrome.™ It has a resistivity of about 1x10-6 ohm-meter according to the CRC Handbook. How does this compare with your finding? What is the percent difference between what you have found and the supplied value?

Q16. Using  in place of your previous value for resistivity, what is the hypothetical form of the relationship between your variables and the resistance of a wire? (Be mindful that you don’t confuse units of a variable with the variable itself, e.g., 
[image: image5.wmf]).

Q17. Compare your empirical formula given in Q13 with our predictions recorded in Q8. How accurate were each of your predictions for length and cross-sectional area?

Task III.  Determine the effect of temperature on resistance.

a. In this part of the lab you will determine qualitatively the effect of temperature on resistance of a light bulb circuit. Set up the same series circuit as you did in Part I of the lab, this time replacing the resistor with a light bulb. Measure the voltage and current as before, making a graph. Begin with a low voltage, being careful not to burn out the light bulb. Increase the voltage slowly, measuring current until you get the light bulb to glow. Note the voltage at which the light bulb just begins to faintly glow. Make a graph of your data, and print this out as before labeling the print out Graph 4. Attach this graph to your lab report.

b. From Part I of this lab activity you found the relationship between V, I, and R. This is known to physicists as Ohm’s Law, V = IR. Note that a graph of V (voltage in volts on the y-axis) versus I (current in amps on the x-axis) gives a linear relationship where the slope of the line is R, the resistance. The steeper the slope, the greater the resistance. Note on your printed graph where the light bulb just began to glow. Indicate which part of the graph (left/right) is associated with lower temperatures, and which with higher temperatures.

Q18. How does the resistance of the light bulb change as the temperature rises? How can you tell? (Hint: Use the tangent tool in Graphical Analysis to find precise values easily.)

Q19. What is the resistance of the light bulb at the two most extreme points on your graph, once long before it began to glow and once after it reached its highest temperature?
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