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Purpose:  This lab’s objective was to apply the concepts of electric field and electric potential to a circuit using Ohm’s Law in series and parallel DC circuits.  The measurement of voltage difference and current was performed by a voltmeter and a amp-meter.

Equipment:  

1. Fixed resistors (125 Ω and 250 Ω,  5% tolerance), mounted on a special socket board

2. DC amp-meter (0-1A)

3. DC voltmeter (0-15V)

4. 1 Switch, SPST (single-pole, single throw)

5. Two power leads, red and black, with #14 (large) fork terminals

6. 6 connecting leads with #10 (small) fork terminals

Procedure:  

1. The circuit board was setup according to the LAB sheet in a series path.  The amp-meter was measured in series and the current was documented on the LAB sheet; the voltmeter was placed on both ends of the circuit and the voltage drop was measured for the complete circuit and documented on the LAB sheet. 

2. The series path was maintained and the leads were reconfigured to measure the voltage drop across R1, the current in the series circuit does not change, both the voltage and current were documented on the LAB sheet.

3. The series path was maintained and the leads were reconfigured to measure the voltage drop across R2, the current in the series circuit does not change, both the voltage and current were documented on the LAB sheet.

4. The circuit board was reconfigured according to the LAB sheet for a parallel path.  The amp-meter was measured in series with the entire circuit and the current was documented on the LAB sheet; the voltmeter was placed on both ends of the circuit and the voltage drop was measured for the complete circuit and documented on the LAB sheet.

5. The parallel path was maintained and the leads were reconfigured to measure the voltage drop across R1 and the current in series with R1 only, both the voltage and current were documented on the LAB sheet.

6. The parallel path was maintained and the leads were reconfigured to measure the voltage drop across R2 and the current in series with R2 only, both the voltage and current were documented on the LAB sheet.

Data:  See packet.
Calculations:  

1. Compute the series circuit resistance

a. Complete circuit path 
R = V/I



R=12V/30mA

R= 400 Ω  (125 Ω and 250 Ω,  5% tolerance)

b. Resistor R1 circuit 
R = V/I

R= 3.75V/30mA

R= 125 Ω

c. Resistor R2 circuit 
R= V/I

R= 8.25V/30mA

R= 275 Ω

2. Compute the parallel circuit resistance

a. Complete circuit path
R=V/I

R=12 V/130mA

R= 92.3 Ω  

b. Resistor R1 circuit 
R = V/I

R= 12 V/90mA

R= 133 Ω

c. Resistor R2 circuit 
R=V/I

R= 12 V/40mA

R= 300 Ω

3. See LAB sheet.

Analysis:
% error = ( | Xexp – Xth| x 100%)/Xth


R1 Series = ( | 125 Ω –125 Ω | x 100 %) / 125 Ω = 0 % error



R2 Series = ( | 275 Ω –250 Ω | x 100 %) / 250 Ω = 10 % error



R1 Parallel = ( | 133 Ω –125 Ω | x 100 %) / 125 Ω = 6.4 % error



R2 Parallel = ( | 300 Ω –250 Ω | x 100 %) / 250 Ω = 20 % error

Questions:

1. Why should the amp-meter and the voltmeter be read simultaneously to determine the resistance of a circuit component?

Resistance is a product of both the voltage and the amperage.  If either change during the process then the calculation would not be correct.

2. Show the schematic diagrams for two different ways of connecting the amp-meter and voltmeter in the circuit shown in Fig 5.3 to make simultaneous readings.  Discuss the error involved in making each measurement with non-ideal meters.  Be specific and use either a symbolic analysis with equations or a numerical analysis with typical values.

See figure 5.3 for schematic diagram.  The errors that can be attributed to this type of configuration could be caused by connecting the meters with the wrong polarity or by not zeroing the meter before use.  

3. The conductance of G is equal to the reciprocal of resistance, i.e. G=1/R.  Using this definition, rewrite Ohm’s Law, the formula for the equivalent resistance of series resistors, and the formula for the equivalent resistance of parallel resistors in terms of conductance.  The SI unit for conductance is the siemen (s).

I=V/R would be I=VG or I/V=G

4. If a lamp has a resistance of 25 Ω, what must the resistance of a second lamp, which is connected in parallel to the first, be for the total resistance to be 18.75 Ω?

1/18.75 Ω = 1/25 Ω + 1/n

n=75 Ω ; however the 25 Ω lamp will burn out unless it is rated for higher current.

5. A radio with a resistance of 40 Ω and a clock with a resistance of 20 Ω are connected in series on a 120V line.

a. What is the equivalent resistance?  40 Ω + 20 Ω = 60 Ω

b. What is the current?  It = V/R; It = 120V/60 Ω;  It = 2.0 amps  

c. What is the total voltage drop across the radio and the clock?   120V What is the voltage drop across each component?                               radio = 2 * 40 = 80V ; clock = 2 * 20 = 40V  

d. What is the power supplied to the circuit?  2 * 120  = 240 watts                              How much power is dissipated by each component?                         radio =  2 * 80 = 160 watts ; clock = 2 * 40 = 80 watts

e. Suppose the radio and clock were connected in parallel.  What is the equivalent resistance?   1/Rt = 1/40 Ω + 1/20 Ω = 13.33 Ω 
f. In the case that they are connected in parallel, what is the current in the radio,  I = 120V/40 Ω = 3.0 amps;  the current in the clock, I = 120V/20 Ω = 6.0 amps;  the current through the source? 9.0 amps 

g. What is the power supplied to the circuit? 9 * 120 = 1 kilo watt        How much power is dissipated by each component?                       radio = 3 * 120 = 360 watts ; clock = 6 * 120 = 720 watts 
Conclusion:

The results of applying the concepts of electrical fields were completed within reason.  The analysis shows that the measurements were outside the components 5% tolerance range.  The voltmeter that was used on this experiment had to be zeroed which meant that it had been improperly used in prior classes.  The errors in taking measurements mainly can be attributed to the scales on the DC amp-meter and DC voltmeter.  Other possible errors can be attributed to the calibration of the instruments.  Digital instruments can reduce the errors during the reading process however; they would still need to be calibrated. 
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