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ELEC1000 – Introduction to Electrical Engineering 

Laboratory Experiment 6 

Summing Amplifiers 
 
Work in Groups of two 

Equipment 
 
Adjustable Power Supply 
Two multimeters (measure current, voltage, resistance) 
Prototyping Board + Patch Wires 
Patch Leads 
Components:   
 Resistors:  Values in the range 1k ohm to 680 k ohm which satisfy the equations. 
 Others:  LM358 IC:   Dual Operational Amplifier. 
   
 

Aims of the experiment: 
 
In this experiment you will design and build an inverting summing amplifier, a non-inverting 
summing amplifier, and then a signed Digital to Analog Converter (DAC). You will be introduced 
to the concepts of addition (summing) and multiplication (gain) in one circuit. Output values will be 
plotted on a graph to demonstrate the relationship between input and output. 

Notes on LM358 Operational Amplifier 
 
A complete copy of the datasheet for the operational amplifier IC is available on the course website, 
there is no need to print it all out, you won’t understand a lot of the data yet. 
 
The chip contains 2 op-amps, which share the same power supply. The chip is available in several 
different packages. We will be using the 8-pin DIP (Dual-Inline-Package). Note the notch or dot at 
the pin 1 end of the package. 
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We can also draw the two op-amps separately with the individual pins numbered.  For some of 
these experiments we will use only one amplifier.  It is advisable to connect the inputs of the unused 
amplifier to 0V, to prevent interference from stray voltages, and to leave the unused output 
disconnected. 
 
The op-amps can operate with a single power supply, but we will normally use a dual power supply 
configuration, so that the output voltage can be positive or negative as required.  
 
We will use +/- 12 power supply. This is different to the +5 and -12 used in the previous 
experiment.   
 
Note that the pin called GND on the op-amp is actually connected to -12V in this configuration, not 
to the ground point in the circuit, which is 0V. 
 

  
 
 

Picture 1. Typical layout for part 1 
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Part 1. – Summing amplifier 
 
(a) Design a summing amplifier by selecting values of resistance for R1, R2, R3, and R4 in the 

following circuit, which implement the formula: 
 
 Vout = - (V1 + 2V2 + 4V3) / 12 
 

 
 
 
 Choose values in the range 1k ohm to 680k ohm which are available from the resistor store, and 

which satisfy the formula. (You may need to use two resistors in series to approximate some 
values): 

 
(b) Connect up your circuit, and measure the output for the following values of V1, V2 and V3. 
 
(c) R1 = ……………  R2 = …………….. R3 = …………… R4 = …………….. 
 
(d) Measure VOUT then record in table below and plot in the graph above. You should see a 

staircase. 
 
 

V3  

(volts) 
V2 

 (volts) 
V1 

 (volts) 
CODE = V3V2V1 

as a base 2 number 
12V=1, 0V =0 

Vout 

0 0 0 0002 = 0  
0 0 12 0012 = - 1  
0 12 0 0102 = - 2  
0 12 12 0112 = - 3  
12 0 0 1002 = - 4  
12 0 12 1012 = - 5  
12 12 0 1102 = - 6  
12 12 12 1112 = - 7  

 
This configuration of the summing amplifier works as a Digital to Analog converter – it converts a 
digital number in ON/OFF format to a voltage 
 
Keep this circuit; you’ll need it in part 2. 
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Part 2. – Non-inverting Summing amplifier 
 

(a) By adding an inverting amplifier with a gain of -1 built from the second amplifier in the 
package onto the output of the circuit of part 1, build a summing amplifier which 
implements the formula:  

(b) Choose values in the range 1k ohm to 680k ohm which are available from the resistor store, 
and which satisfy the formula. (You may need to use two resistors in series to approximate 
some values): 

 
 Vout = + (V1 + 2V2 + 4V3) / 12 
 

 
 

(c) Connect up your circuit, and measure the VOUT for the following values of V1, V2 and V3. 
(d) Record VOUT in the table and graph below. You should see a staircase. 
(e) R1 = ……………  R2 = …………….. R3 = …………… R4 = …………….. 
(f) R5 = ………………… R6 = …………………….. 

 
 
 

V3 

(volts) 
V2 

(volts) 
V1 

(volts) 
CODE 
V3V2V1 

as a base 2 
number 

12V=1, 0V =0 

Vout 

0 0 0 0002 = 0  
0 0 12 0012 = 1  
0 12 0 0102 = 2  
0 12 12 0112 = 3  
12 0 0 1002 = 4  
12 0 12 1012 = 5  
12 12 0 1102 = 6  
12 12 12 1112 = 7  
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Part 3.  Signed Digital to Analog Converter  
 
If you have time remaining, here is a more complicated converter using two summing amplifiers 
from the same LM358. 
 

(a) Design and construct a circuit which implements the following signed digital to analog 
converter.  Hint:  Write out the equation/s in full and look for a common approach. 

 
(b) Measure the actual output voltage Vout for each input voltage combination. Record it in the 

table below and the graph over the page. 
 

V4 

(volts) 
V3 

(volts) 
V2 

(volts) 
V1 

(volts) 
CODE V4V3V2V1 

as a base 2 
number 

12V=1, 0V =0 

Vout 

Desired 
(volts) 

Vout 

Measured 
(volts) 

12 0 0 0 10002 = -8 -8  
12 0 0 12 10012 = -7 -7  
12 0 12 0 10102 = -6 -6  
12 0 12 12 10112 = -5 -5  
12 12 0 0 11002 = -4 -4  
12 12 0 12 11012 = -3 -3  
12 12 12 0 11102 = -2 -2  
12 12 12 12 11112 = -1 -1  
0 0 0 0 00002 = 0 0  
0 0 0 12 00012 = 1 1  
0 0 12 0 00102 = 2 2  
0 0 12 12 00112 = 3 3  
0 12 0 0 01002 = 4 4  
0 12 0 12 01012 = 5 5  
0 12 12 0 01102 = 6 6  
0 12 12 12 01112 = 7 7  

 
The signed analog-digital converter implements the following function: 
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which can be broken down into two summing amplifiers, the first producing an intermediate 
value Vx, and the second producing Vout: 
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(c) Could we have used 5V instead of 12V? How would you change the function/s? Change the 

function/s then confirm circuit operation for codes 1000, 1111, 0111. 
 
V4 

(volts) 
V3 

(volts) 
V2 

(volts) 
V1 

(volts) 
CODE V4V3V2V1 

as a base 2 
number 

5V=1, 0V =0 

Vout 

Desired 
(volts) 

Vout 

Measured 
(volts) 

5 0 0 0 10002 = -8 -8  
5 5 5 5 11112 = -1 -1  
0 5 5 5 01112 = 7 7  

 
END OF EXPERIMENT 


