Name: 

Score: ____________ / 100

Partner: 


Laboratory # 6 - Superposition and Source Transformation
EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

1. Investigate the behavior of a non-inverting amplifier with multiple inputs.

2. Apply the method of superposition in the testing and analysis of a circuit.

3. Apply the method of source transformation in the analysis of a circuit.
Important Concepts:

1. Equivalence - Equivalence refers to a case when a group of circuit elements connected together between two nodes or terminals (a and b) can be replaced by another group of elements that have the same voltage and current relationships  as the original group, when measured at terminals a and b. Common examples:

a. A group of resistors in series or parallel can be replaced by a single equivalent resistor.

b. A group of voltage sources connected in series can be replaced by a single voltage source.

c. A group of current sources connected in parallel can be replaced by a single current source.

d. A voltage source and resistor in series can be replaced by an equivalent current source and parallel resistor.

e. A current source and resistor in parallel can be replaced by an equivalent voltage source and series resistor.

2. Linearity - Voltages and currents in a circuit are either independent or dependent. Constant or fixed voltage or current sources are independent. Resistor voltages and currents are dependent on the circuit configuration and the values of voltage and current sources. In a linear circuit, dependent voltages and currents change in direct proportion to changes in values of the independent sources. Many circuit analysis methods are based on the concept of linearity.

3. Superposition – In a linear circuit, each independent source contributes its share to each dependent voltage and current. Each dependent voltage and current is the result of the combined contributions of all the independent sources.

Special Resources 

The PowerPoint file “Lab 5 Photos .ppt” is available in the class folder.

Background

Non-Inverting Amplifier Configuration

Figure 1 shows a simple non-inverting amplifier configuration using an ideal OP-AMP. It is called “non-inverting” because the output voltage has the same polarity or sign as the input voltage.

By KVL:
VR1 = Vin  

By Ohm’s law:
I = Vin/R1     and    VR2 = I x R2 = Vin/R1 x R2 = R2/R1 x Vin

By KVL:
Vout = Vin + VR2
Substituting:
Vout = Vin + (R2/R1 x Vin)    or   Vout = (1 + R2/R1) x (Vin)

An important characteristic of the non-inverting amplifier is that it requires no current from the Vin signal source. In this lab you will work with a non-inverting amplifier that has multiple inputs supplied through a resistor network; you will be able to analyze the network independent of the amplifier circuit to determine the Value of Vin and then use the amplifier gain (Vout/Vin) equation to determine Vout.

The Method of Superposition

The method of superposition is based on the concept of linearity. In a linear circuit with multiple voltage or current sources, you can determine any voltage or current in the circuit using the following method:

1. Pick one source to be active and set the values of all the other sources to zero. A zero value voltage source can be removed from the circuit and replaced by a wire. A zero value current source can be removed from the circuit, leaving an open circuit.
2. Calculate the voltage or current of interest using only the one active source. The resulting value will be that source’s contribution.

3. Repeat steps 1 and 2 until you have determined each source’s contribution to the voltage or current of interest. The final answer will be the sum of the individual source contributions.

The Method of Source Transformation

The method of source transformation is based on the concept of equivalence. This method is used to transform voltage and current sources in order to simplify the analysis of a circuit. The transform calculations are shown in Figure 2. 

Figure 2: Source Transformations

Activity #1 – Building and Testing a Non-Inverting Summing Amplifier
The circuit shown in Figure 3 is a non-inverting summing amplifier. Its output is a weighted summation of the three inputs. Vout = (A)(Va) + (B)(Vb) + (C)(Vc)  where A, B, and C are constants determined by resistors R1 through R5.

1. Gather the parts needed to build the amplifier circuit shown in Figure 3. Using the Digital MultiMeter (DMM) on your bench, measure and record the values for each resistor in Table 1.


Figure 3: Non-Inverting Summing Amplifier

	Resistor
	Nominal Value (K ohms)
	Measured Value (K ohms)

	R1
	2.00
	

	R2
	1.00
	

	R3
	75.0
	

	R4
	5.60
	

	R5
	47.0
	


Table 1: Resistor Values

2. Build the circuit on the Proto-Board. For assistance, see Photos #1 and #2 in the PowerPoint file “Lab 5 Photos .ppt” in the class folder. Place Power-Point in the “slide show” mode by pressing function key F5 to make the photos clearly visible; move between slides using the “PageUp” and “PageDown” keys. You should be able to see the resistor color markings in Photo #2, but you might want to verify the color code yourself.

3. You will now verify that your circuit is functioning properly:

a. Set points Va, Vb, and Vc to 0 volts by connecting them to ground. Turn on the Proto-Board power and measure Vout. Vout should be approximately 0 volts; if it is not, fix your circuit and retest. Record your measured value; be sure to show appropriate units.
b. Remove the ground connections from points Va, Vb, and Vc.

c. After the ground connections have been removed, connect point Va to the +5V supply on the Proto-Board. Measure Vout; its value should be approximately 7.5 volts. Measure the voltages at points Vb and Vc; they should both be approximately 5 volts. If any of the voltages are not correct, fix your circuit and retest. Record your measured value; be sure to show appropriate units.

4. Measure and record your Proto-Board voltage sources. These voltage sources will be used in calculations and for testing of your amplifier circuit; make accurate measurements.
	Nominal Voltage (volts)
	Measured Voltage (volts)

	+5.00
	

	+15.0
	

	-15.0
	


Table 2: Proto-Board Voltage Values

5. Using the method of superposition, your measured Proto-Board voltages, and your measured resistor values, calculate the voltage values expected at points Vin and Vout for each of the conditions in Table 3.
6. Test your by connecting points Va, Vb, and Vc to the Proto-Board voltage sources as shown in Table 3, and record your measurements for Vin and Vout.

	Condition
	Va connection
	Vb connection
	Vc connection
	Vin (volts)
	Vout (volts)

	
	
	
	
	calculated
	measured
	calculated
	measured

	1
	+15V
	ground
	ground
	
	
	
	

	2
	ground
	+5V
	ground
	
	
	
	

	3
	ground
	ground
	-15V
	
	
	
	

	4
	+15V
	+5V
	-15V
	
	
	
	


Table 3: Calculated and Measured Values for Summing Amplifier Circuit

7. Discuss how your measured values for Vin and Vout compare to your calculated values. For your measured values, do the Vin and Vout values for condition 4 equal the sum of the values for conditions 1, 2, and 3?
Discussion:

Activity #2 – Analysis Using Source Transformation

An equivalent circuit for the summing section of the non-inverting summing amplifier is shown in Figure 4.

Figure 4: Summing Network

Figure 5 shows the summing network after each of the voltage source and series resistor pairs have been converted to equivalent current sources and parallel resistors using the method of source transformation.



Figure 5: Summing Network after Source Transformation

Figure 6 shows the summing network after the parallel current sources and resistors in Figure 5 have been combined.
Figure 6: Parallel Equivalent Circuit for Summing Network
Figure 7 shows transformation of the Figure 6 circuit back to a voltage source and series resistor.


Figure 7: Series Equivalent Circuit for Summing Network

1. Using your measured values for Va, Vb, Vc, R3, R4, and R5, calculate values for the variables listed in Table 4. Record your values with appropriate units.
	Variable
	Reference
	Value

	R3
	Figure 5
	

	R4
	Figure 5
	

	R5
	Figure 5
	

	Ia
	Figure 5
	

	Ib
	Figure 5
	

	Ic
	Figure 5
	

	Ip
	Figure 6
	

	Rp
	Figure 6
	

	Vs
	Figure 7
	

	Rs
	Figure 7
	


Table 4: Source Transformation Calculation Results

2. How well does your Vs value in Table 4 compare to your calculated and measured Vin values for condition 4 of Table 3?


Discussion:

3. You calculated values for Vin using both superposition and source transformation. Did you prefer one method to the other? If so, why?


Discussion:
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Figure 1: Non-Inverting Amplifier Configuration
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