
 Physics 4B

Experiment 5: DC Circuits
Introduction:  This experiment will investigate various aspects of dc circuits.   The experimental objectives of this three part activity are:


Part 1:To measure the resistance of a test lead.


Part 2:
To learn how to use the “Proto-board” and then measure series 
and parallel combinations of resistors.


Part 3:
To determine your "lethal voltage" for both dry and wet skin from 
in-circuit current and voltage measurements.

Be sure to read "The Fatal Current"  handout before beginning. 
Theory:
1. Derive the expression for the equivalent resistance for resistors connected in series.

2. Derive an expression for the voltage across one resistor of a series combination of resistors in terms of the source voltage and the values of the resistors connected in series.

3. Derive the expression for the equivalent resistance for resistors connected in parallel.

4. Derive an expression for the current through a resistor in terms of the current input into a parallel combination of resistors and  the values of the resistors.
Part 1:

Measure the average resistance of a test lead to 2 significant figures. Describe the method used to make this measurement and record your results below. Note how the resistance value changes as you increase test leads.

Number of test leads used

_______________

Total resistance of test leads 
_______________

Test lead resistance


_______________

Part 2
In this part, you will learn how a “PROTO-BOARD” is “bused”, and how it’s used to build simple circuits which include an ammeter and a voltmeter. 

1. Using an ohmmeter, determine how the bus lines are connected on the PROTO-BOARD. Then use red or blue ink and a ruler on the diagram below to indicate the connections. 


2. Series Resistor Combinations: 
a. Measure the resistance of  the three resistors provided.

b. Build a series circuit on the Proto-board with the three resistors and meaure the equivalent resistance using an ohmmeter.  

c. Connect a power supply to the series circuit.  Before turning on the power supply, calculate the maximum current the circuit can carry given that the resistors have a power limitation of ¼ W.  Enter the maximum current and the corresponding maximum voltage in the data table.  Now set the power supply to a potential difference less than the maximum and connect the circuit.  Using a voltmeter measure the terminal voltage across the power supply and the potential difference across each of the resistors.

3. Parallel Resistor Combinations:
a. Select two of the resistors and build a parallel combination on the proto-board.  Measure the equivalent resistance.
b. Connect the power supply to the parallel circuit. Before turning on the power supply, calculate the maximum source voltage the circuit can be subjected to given the ¼ W power limitation on the resistors.  Now set the source voltage to a value less than the maximum and connect the circuit.  Using three ammeters in the circuit, measure the current leaving the power supply and the currents through each of the resistors.
  Part 2 data:

1. Series:
Maximum Current = _______;
Maximum Voltage = _______.

Resistance values:  R1 = _______;  R2 = _______;  R3 = _______


Series equivalent resistance: R = _______

VT  = _______;   V1 = _______;   V2 = _______;   V3 = _______
2. Parallel: 
Maximum Voltage = _______.

Resistance values:  R1 = _______;
R2 = _______;


Parallel equivalent resistance: R = _______


Is = _______;

I1 = _______;
I2 = _______

Part 2 Analysis:

1. Series:

a. Calculate the series equivalent resistance and compare it to the measured value.
b. Verify Kirchoff’s voltage rule by comparing the sum of the voltage drops across each of the resistor with the measured terminal voltage VT.
c. Verify the voltage divider expression for one of the resistors.

2. Parallel:

a. Calculate the parallel equivalent resistance and compare it to the measured value.
b. Verify Kirchoff’s current rule by comparing the sum of the currents through the resistors with the measured current Is.
c. Verify the current divider expression by calculating the current through one of the resistors and comparing it with the measured value.
Part 3
In this part, you will determine your lethal voltage. You can measure your body's resistance by taking a voltage and current reading and using the definition of resistance.  
1. After viewing the experimental set-up, sketch the circuit diagram and include it in your report.

2. Turn on the power supply, and set the voltage to 3 V.

3. Place the back of your two index fingers (between the first and second knuckles) onto the two metal strips (one on each), push down and read the microammeter and voltmeter.  Record both the voltage and current readings.

4. Repeat #3 after wetting your fingers (be consistent).

5. Be sure to dry off the two metal strips and turn off the power supply when you are finished.

Note:  3 V may not work for everyone, since body resistance depends on so many factors.  If the current reading is to low or pegs the meter, adjust the voltage accordingly.

Part 3 Data:


Voltage, Dry Skin:  ____________________ 



Current, Dry Skin:  ___________________ 



Voltage, Wet Skin:  ____________________ 



Current, Wet Skin:  ___________________ 

Part 3 Analysis:

Calculate your lethal voltage for wet and dry skin.
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