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1 Introduction 

1.1 Definitions and properties of phasor 

After discussing the DC voltage sources, now the AC sources are going to be used. In 

this lab, to simplify the circuits analysis, only sinusoidal AC sources will be applied to 

circuits. 

In an RLC circuit with sinusoidal AC input, the voltage (current) across an element is 

also a sinusoidal signal, take an example of voltage, the general formula can be 

expressed as: 

𝑉 = 𝐴𝑐𝑜𝑠(𝜔𝑡 + 𝜑)                                   Eq.1.1 

The voltage 𝑉 can also be changed into polar form or exponential form (𝑗 = √−1): 

𝑽 = 𝐴∠𝜑 = 𝐴𝑒𝑗𝜃                                      Eq.1.2 

For a complex number 𝑧: 

𝑧 = 𝑥 + 𝑗𝑦                                                Eq.1.3 

 

Fig.1.1 geometric figure of complex number 

The complex number 𝑧 can be considered as the real part and imaginary part. Therefore, 

the relationship between different forms can be summarized as follow: 

𝑧 = 𝑥 + 𝑗𝑦 = 𝑟(𝑐𝑜𝑠𝜑 + 𝑗𝑠𝑖𝑛𝜑) = 𝑟∠𝜑               Eq.1.4 

Where 𝑟 = √𝑥2 + 𝑦2 and 𝜑 = tan−1
𝑦

𝑥
. 

When analyzing the circuits, it’s important to unify the form. The impedance of the 

elements should also be complex numbers, so before calculating, it’s necessary to check 

if they are all in polar expressions or exponential form. 

For a RC circuit with non-sinusoidal input, the analysis usually involves solving a 

differential equation, therefore, in this lab, only sinusoidal inputs for steady state will 

be discussed.  

1.2 Impedance of RLC circuits 

The table below shows the impedance of each element in complex number form. 

Name Value Impedance 



Resistor (resistance) R 𝑅 

Capacitor (capacitance) C (𝑗𝜔𝐶)−1 

Inductor (inductance) L 𝑗𝜔𝐿 

Table.1.1 Impedance of R, C and L 

When the passive elements are connected in serial or parallel, the overall impedance 

can be obtained the same rules as in DC circuit analysis. Ohm’s law is still valid: 

𝑽 = 𝑰 ∙ 𝒁                                              Eq.1.5 

Therefore, the nodal analysis and mesh analysis still hold in the AC phasor domain. 

1.3 Transient response of RC circuit 

 

Fig.1.2 Basic RC circuit with sinusoidal signal input 

When reach a steady state, when suddenly change the source voltage, the response in 

the whole circuit is called transient response. In this lab, only transient response of RC 

circuit will be explored. 

The voltage and current involve of a capacitor is usually with differential equation. To 

simplify the question, this experiment will use square wave signal source. Which means 

that the voltage will change from positive to negative or from negative to positive in 

half period, but keeps the same in the half period. The constant value of the voltage will 

be easier to calculate. 

1.4 Op-amp Integrator and Differentiator 

When RC is combined with the op amp, one may build a practical integrator and 

differentiator. An integrator is an op amp circuit whose output is proportional to the 

integral of the input signal, and a differentiator is an op amp circuit whose output is 

proportional to the rate of change of the input signal. This lab will verify these 

properties. 

1.5 Apparatus 

1. DC voltage source 

2. Oscilloscope 

3. Signal generator 



4. Resistors (30Ω, 100Ω, 510Ω, 1kΩ, 2kΩ) 

5. Capacitor (0.1μF, 0.47μF) 

6. Op Amp μA741 or OP07 

7. Inductor 10mH 

8. Breadboard 

9. Wires 

1.6 Goals 

1. Understanding AC sinusoidal circuits. 

2. Verifying transient response of RC circuits 

3. Understanding examples of the op-amp integrator and differentiator 

4. Implementing the circuits in an experimental setting, taking measurements, and 

comparing with theoretical results. 

 

2 Experiment 1: RC sinusoidal circuits 

2.1 Introduction 

In a RC sinusoidal circuit, although all frequency of voltage across each element equals 

to input signal sinusoidal frequency, the phase is very different. In this experiment, this 

phenomenon will be explored. 

2.1.1 Theory 

As Fig.1.2 shows, a basic RC circuit consists of a capacitor and a resistor. The input 

signal is 𝑣𝑠(𝑡)and voltage across the resistor is 𝑣𝑅(𝑡). Define the voltage: 

𝑣𝑠(𝑡) = 𝑉𝑠cos(2𝜋𝑓𝑡 + 𝜑𝑠) 

𝑣𝑅(𝑡) = 𝑉𝑅cos(2𝜋𝑓𝑡 + 𝜑𝑅) 

𝑇 =
1

𝑓
                                                                  Eq.2.1 

Then use the impedance to find 𝑣𝑅(𝑡): 

𝑣𝑅(𝑡) =
𝑣𝑠𝑅
1

𝑗𝜔𝐶
+𝑅

                                                          Eq.2.2 

By solving Eq.2.2: 

𝜑𝑠 − 𝜑𝑅 = − tan−1
1

𝜔𝑅𝐶
                                          Eq.2.3 

2.1.2 Design 



 

Fig.2.1 Designed RC sinusoidal circuit 

The input signal 𝑣𝑠(𝑡) = 𝑉𝑠cos(2𝜋𝑓𝑡 + 𝜑𝑠) is a sinusoidal signal. Build the circuit 

with 𝑉𝑠 = 2𝑉, 𝐶 = 0.1𝜇𝐹, 𝑅 = 2𝑘𝛺 and set the initial frequency 𝑓 = 200𝐻𝑧. Vary the 

frequency from 200Hz to 1000Hz with a change of 200Hz every time. 

When recording the two signals in a period, denote the peak time of 𝑣𝑠(𝑡) as 𝑇𝑠 and the 

peak time of 𝑣𝑅(𝑡) as 𝑇𝑅. According to the definition, the phase difference 𝜑𝑠 − 𝜑𝑅 

can be calculated using the formula below: 

𝜑𝑠 − 𝜑𝑅 =
𝑇𝑠−𝑇𝑅

𝑇
× 360°                                       Eq.2.4 

Use the Capture software to simulate first and do experiments to find whether the error 

is acceptable. 

2.2 Procedure 

1. Build the circuit as shown in Fig.2.1 in Capture software with 𝑉𝑠 = 2𝑉, 𝐶 = 0.1𝜇𝐹, 

𝑅 = 2𝑘𝛺 and set the initial frequency 𝑓 = 200𝐻𝑧. 

 

Fig.2.2 Building RC circuit in Capture software 

2. Click simulation to record the peak time of 𝑉𝑠 and 𝑉𝑅. 

3. Build the circuit on the breadboard. Use the signal generator to generate the input 

signal and the oscilloscope to record the empirical results. 



 

Fig.2.3 Building RC circuit on breadboard                      Fig.2.4 Sample output of the simulation 

4. Vary the frequency from 200Hz to 1000Hz with a change of 200Hz every time. 

Repeat the previous steps. 

5. Use Eq.2.3 calculate each theoretical value corresponding to different frequency. 

Record the data in a table and calculate the difference between the theoretical value and 

empirical value. 

▲ When doing the experiment, try to use more convenient method. Oscilloscope has 

the “CURSOR” function. Cursor can be used to quickly measure the length of the 

waveform; for example, it can be used to measure the time constant 𝜏 ≜ 𝑅𝐶 in the RC 

circuit. 

2.3 Experiment data 

The difference between empirical values and the theoretical values can be calculated 

using the formula below: 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = |
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙𝑣𝑎𝑙𝑢𝑒−𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙𝑣𝑎𝑙𝑢𝑒

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙𝑣𝑎𝑙𝑢𝑒
| × 100%         Eq.2.5 

𝑓 (Hz) 200 400 600 800 1000 

𝑣𝑠 (V) 2 2 2 2 2 

𝑣𝑅 (V) 0.488 0.902 1.206 1.414 1.559 

𝑇𝑠 − 𝑇𝑅 (ms) 1.050 0.450 0.250 0.160 0.110 

𝑇 (ms) 5.000 2.500 1.667 1.250 1.000 

|𝜑𝑠 − 𝜑𝑅| 75.6 64.8 54 46.08 39.6 

Simulation 

|𝜑𝑠 − 𝜑𝑅| 

75.9 63.4 53 45.1 39.3 

Theoretical 

|𝜑𝑠 − 𝜑𝑅| 

75.892 63.313 52.984 44.848 38.520 

Empirical and 

theoretical 

data difference  

 

0.39% 

 

-2.35% 

 

-1.92% 

 

-2.75% 

 

-2.80% 



Table.2.1 Data of RC circuit 

2.4 Data analysis 

Not only the empirical value, the simulation values are also different from the 

theoretical value. Although tiny, we still want to understand the reason. 

2.4.1 Difference between the simulation and theory 

When doing simulation using the capture software, when choosing the peak time, the 

cursors are needed to click by hand. This means that if the time is not accurate, the 

value of 𝑇𝑠 − 𝑇𝑅 is not accurate and that will lead to the difference with the theoretical 

value. This error is inevitable: no matter how large to zoom the area, the error still exists. 

2.4.2 Difference between the experiment and theory 

From Table.2.1, it’s obvious that except the data of 𝑓 = 200𝐻𝑧, the other empirical 

𝜑𝑠 − 𝜑𝑅 data is slightly larger than the theoretical value.  

1) The largest reason is also the cursor of the oscilloscope, when using the cursor to 

determine the peak time, it needs to be adjusted by hand. This error is inevitable, and 

also quite large in the practical experiment.  

2) The instability of the signal generator will also cause difference. According to Eq.2.3, 

𝜑𝑠 − 𝜑𝑅 = − tan−1
1

𝜔𝑅𝐶
. The frequency of the source signal will cause influence on the 

results. In practical, the frequency is not always stable, when recorded the data, this will 

affect a lot. 

3) The resistance of the wires is not zero as the theoretical assumptions. Thus, when 

analyzing the circuit, R is slightly larger than the theoretical value, which leads to a 

difference between the theoretical values and the empirical values. 

3 Experiment 2: RL sinusoidal circuits 

3.1 Introduction 

In a RL sinusoidal circuit, although all frequency of voltage across each element equals 

to input signal sinusoidal frequency, the phase is very different. In this experiment, this 

phenomenon will be explored. 

3.1.1 Theory 

Instead of a capacitor, a basic RL circuit consists of an inductor and a resistor. The input 

signal is 𝑣𝑠(𝑡)and voltage across the resistor is 𝑣𝑅(𝑡). Define the voltage: 

𝑣𝑠(𝑡) = 𝑉𝑠cos(2𝜋𝑓𝑡 + 𝜑𝑠) 

𝑣𝑅(𝑡) = 𝑉𝑅cos(2𝜋𝑓𝑡 + 𝜑𝑅) 



𝑇 =
1

𝑓
                                                                  Eq.3.1 

Then use the impedance to find 𝑣𝑅(𝑡): 

𝑣𝑅(𝑡) =
𝑣𝑠𝑅

𝑗𝜔𝐿+𝑅
                                                          Eq.3.2 

By solving Eq.2.2: 

𝜑𝑠 − 𝜑𝑅 = tan−1
𝜔𝐿

𝑅
                                          Eq.3.3 

3.1.2 Design 

 

Fig.3.1 Designed RL sinusoidal circuit 

The input signal 𝑣𝑠(𝑡) = 𝑉𝑠cos(2𝜋𝑓𝑡 + 𝜑𝑠) is a sinusoidal signal. Build the circuit 

with 𝑉𝑠 = 2𝑉, 𝐿 = 10𝑚𝐻, 𝑅 = 100𝛺 and set the initial frequency 𝑓 = 200𝐻𝑧. Vary 

the frequency from 200Hz to 1000Hz with a change of 200Hz every time. 

When recording the two signals in a period, denote the peak time of 𝑣𝑠(𝑡) as 𝑇𝑠 and the 

peak time of 𝑣𝑅(𝑡) as 𝑇𝑅. According to the definition, the phase difference 𝜑𝑠 − 𝜑𝑅 

can be calculated using the formula below: 

𝜑𝑠 − 𝜑𝑅 =
𝑇𝑠−𝑇𝑅

𝑇
× 360°                                       Eq.3.4 

Use the Capture software to simulate first and do experiments to find whether the error 

is acceptable. 

3.2 Procedure 

1. Build the circuit as shown in Fig.3.1 in Capture software with 𝑉𝑠 = 2𝑉, 𝐿 = 10𝑚𝐻, 

𝑅 = 100𝛺 and set the initial frequency 𝑓 = 200𝐻𝑧. 

 



Fig.3.2 Building RL circuit in Capture software 

2. Click simulation to record the peak time of 𝑉𝑠 and 𝑉𝑅. 

3. Build the circuit on the breadboard. Use the signal generator to generate the input 

signal and the oscilloscope to record the empirical results. 

 

Fig.3.3 Building RL circuit on breadboard                 Fig.3.4 Sample output of the simulation 

4. Vary the frequency from 200Hz to 1000Hz with a change of 200Hz every time. 

Repeat the previous steps. 

5. Use Eq.3.3 calculate each theoretical value corresponding to different frequency. 

Record the data in a table and calculate the difference between the theoretical value and 

empirical value. 

▲ When doing the experiment, try to use more convenient method. Oscilloscope has 

the “CURSOR” function. Cursor can be used to quickly measure the length of the 

waveform. 

3.3 Experiment data 

The difference of empirical values and theoretical values can be calculated using the 

formula below: 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = |
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙𝑣𝑎𝑙𝑢𝑒−𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙𝑣𝑎𝑙𝑢𝑒

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙𝑣𝑎𝑙𝑢𝑒
| × 100%         Eq.3.5 

𝑓 (Hz) 200 400 600 800 1000 

𝑣𝑠 (V) 2 2 2 2 2 

𝑣𝑅 (V) 1.984 1.940 1.875 1.800 1.724 

𝑇𝑠 − 𝑇𝑅 (ms) -0.1 -0.1 -0.1 -0.1 -0.09 

𝑇 (ms) 5.000 2.500 1.667 1.250 1.000 

|𝜑𝑠 − 𝜑𝑅| 7.2 14.4 21.6 28.8 32.4 

Simulation 

|𝜑𝑠 − 𝜑𝑅| 

7.2 14.3 21.2 26.7 31.9 

Theoretical 

|𝜑𝑠 − 𝜑𝑅| 

7.163 14.108 20.656 26.687 32.142 



Empirical and 

theoretical 

data difference 

 

0.52% 

 

2.07% 

 

4.57% 

 

7.92% 

 

0.80% 

Table.3.1 Data of RL circuit 

3.4 Data analysis 

Not only the empirical value, the simulation values are also different from the 

theoretical value. Although tiny, we still want to understand the reason. 

3.4.1 Difference between the simulation and theory 

When doing simulation using the capture software, when choosing the peak time, the 

cursors are needed to click by hand. This means that if the time is not accurate, the 

value of 𝑇𝑠 − 𝑇𝑅 is not accurate and that will lead to the difference with the theoretical 

value. This error is inevitable: no matter how large to zoom the area, the error still exists. 

3.4.2 Difference between the experiment and theory 

From Table.2.1, it’s obvious that except the data of 𝑓 = 200𝐻𝑧, the other empirical 

𝜑𝑠 − 𝜑𝑅 data is slightly larger than the theoretical value.  

1) The largest reason is also the cursor of the oscilloscope, when using the cursor to 

determine the peak time, it needs to be adjusted by hand. This error is inevitable, and 

also quite large in the practical experiment.  

2) The instability of the signal generator will also cause difference. According to Eq.2.3, 

𝜑𝑠 − 𝜑𝑅 = − tan−1
1

𝜔𝑅𝐶
. The frequency of the source signal will cause influence on the 

results. In practical, the frequency is not always stable, when recorded the data, this will 

affect a lot. 

3) The resistance of the wires is not zero as the theoretical assumptions. Thus, when 

analyzing the circuit, R is slightly larger than the theoretical value, which leads to a 

difference between the theoretical values and the empirical values. 

 

4 Experiment 3: Transient Response of RC circuits 

4.1 Introduction 

In this experiment, the input signal will be changed into square wave signal. When the 

signal has falling edge of pulse, the capacitor voltage value will drop to zero from the 

initial steady value in an exponential rate; and when the signal has rising edge of pulse, 

the capacitor voltage value will rise to initial steady value from zero in an exponential 

rate. This experiment will verify this special phenomenon. 



4.1.1 Theory 

As explained in 1.3 introduction part, to simplify the calculation, this experiment will 

use the square wave as the signal source. If the input signal 𝑣𝑠(𝑡) is shown as Fig.3.1: 

  

Fig.4.1 Input signal 𝑣𝑠(𝑡)                                  Fig.4.2 Output signal 𝑣𝑐(𝑡) 

According to Ohm’s law, for 𝑡 ≥ 𝑇0, the voltage 𝑣𝑐(𝑡) across the capacitor satisfies the 

following conditions: 

𝑣𝑐(𝑡) + 𝑅𝐶
𝑑𝑣𝑐(𝑡)

𝑑𝑡
= 0                                   Eq.4.1 

For 𝑡 < 𝑇0: 

𝑣𝑐(𝑡) = 𝑉0                                         Eq.4.2 

Solve Eq.4.1, we obtain that when 𝑡 ≥ 𝑇0: 

𝑣𝑐(𝑡) = 𝑉0𝑒
−

1

𝑅𝐶
(𝑡−𝑡0)                                   Eq.4.3 

As Fig.4.2 shows, for 𝑡 ≥ 𝑇0, the transient response of the capacitor voltage where the 

voltage value drops to zero in an exponential rate. 

 

Fig.4.3 Input signal 𝑣𝑠(𝑡)                                             Fig.4.4 Output signal 𝑣𝑐(𝑡) 

Analogously, if the input signal 𝑣𝑠(𝑡) is given as shown in Fig.1.5, then the voltage 

across the capacitor is: 

𝑣𝑐(𝑡) = 0   (𝑡 < 𝑇0) 

𝑣𝑐(𝑡) = 𝑉0(1 − 𝑒−
1

𝑅𝐶
(𝑡−𝑡0)) (𝑡 ≥ 𝑇0)                 Eq.4.4 

As Fig.4.4 shows, for 𝑡 ≥ 𝑇0, the transient response of the capacitor voltage where the 



voltage value climbs to 𝑉0 in an exponential rate. 

The constant 𝜏 ≜ 𝑅𝐶 plays the role controlling the dropping and climbing rate of the 

transient response.  

4.1.2 Design 

In this experiment, the input signal is a square wave. Build the circuit with peak to peak 

voltage 1𝑉, 𝐶 = 0.1𝜇𝐹, 𝑅 = 510𝛺, and set the frequency 𝑓 = 1𝑘𝐻𝑧. Next change the 

resistance of the resistor to 𝑅 = 2𝑘𝛺 while keeping the capacitance of the capacitor  

𝐶 = 0.1𝜇𝐹 . Finally keep the resistance of the resistor 𝑅 = 2𝑘𝛺  and change the 

capacitance of the capacitor  𝐶 = 0.47𝜇𝐹.  

When doing simulation in the Capture software and doing experiments using signal 

generator, record 𝑣𝑅(𝑡) in the three steps respectively. Find if the graphs provide proof 

to the theory. 

4.2 Procedure 

1. Build a basic RC circuit in Capture software using a square wave with peak to peak 

voltage 1𝑉, 𝐶 = 0.1𝜇𝐹, 𝑅 = 510𝛺, and set the frequency 𝑓 = 1𝑘𝐻𝑧. 

 

Fig.4.5 Building RC circuit in Capture software 

2. Click to complete the simulation and record the results. 

3. Build the circuit on the breadboard. Use the signal generator to generate a square 

wave as the input source with peak-to-peak and use the oscilloscope to show the voltage 

signal across the resistor R and the input signal. 

 

Fig.4.7 Sample circuit on the breadboard                     Fig.4.8 Sample result of the oscilloscope output 

4. Change the resistance of the resistor to 𝑅 = 2𝑘𝛺 while keeping the capacitance of 



the capacitor  𝐶 = 0.1𝜇𝐹. Repeat the previous steps. Record the results. 

5. Keep the resistance of the resistor 𝑅 = 2𝑘𝛺  and change the capacitance of the 

capacitor  𝐶 = 0.47𝜇𝐹. Repeat the previous steps. Record the results. 

4.3 Experiment data 

After finishing the three steps, the graphs are recorded as follow: 

 

Fig.4.9 𝐶 = 0.1𝜇𝐹, 𝑅 = 510𝛺 

 

Fig.4.10 𝐶 = 0.1𝜇𝐹, 𝑅 = 2𝑘𝛺 

 

Fig.4.11 𝐶 = 4.7𝜇𝐹, 𝑅 = 2𝑘𝛺 

4.4 Data analysis 

For Fig.4.9, the constant: 𝜏 ≜ 𝑅𝐶 = 5.1 × 10−5 

For Fig.4.10, the constant: 𝜏 ≜ 𝑅𝐶 = 2 × 10−4 

For Fig.4.11, the constant: 𝜏 ≜ 𝑅𝐶 = 9.4 × 10−3 

As 4.1.1 has stated, the constant 𝜏 can control the dropping and climbing rate of the 



transient response. From the graphs shown above, it’s obvious to find that when  𝜏 

becomes larger, the dropping and climbing rate become smaller. This phenomenon fits 

the theory well, thus it can be considered that the property of transient response in RC 

circuit has been proved. 

5 Experiment 4: Op-amp Integrator 

5.1 Introduction 

When applying am op-amp to the RC circuits, it can still work. An integrator is an op 

amp circuit whose output is proportional to the integral of the input signal. This 

experiment will verify this conclusion. 

5.1.1 Theory 

 

Fig.5.1 Basic integrator circuit 

At node a: 

𝑖𝑅 = 𝑖𝐶                                           Eq.5.1 

For the resistor and the capacitor: 

𝑖𝑅 =
𝑣𝑖

𝑅
            𝑖𝐶 = −𝐶

𝑑𝑣0

𝑑𝑡
                          Eq.5.2 

Solve the equations: 

𝑣0 = −
1

𝑅𝐶
∫ 𝑣𝑖(𝜏)
𝑡

0
𝑑𝜏                             Eq.5.3 

 

5.1.2 Design 

 



Fig.5.2 Designed op-amp integrator 

As Fig.5.2 shows, the input part 𝑣𝑖 is connected to a square wave signal with frequency 

𝑓 = 100𝐻𝑧 and peak to peak voltage 4𝑉.  

According to the formula in Eq.5.3, substitute the specific number: 

𝑣0 = −100∫ 𝑣𝑖(𝜏)
𝑡

0
𝑑𝜏                                 Eq.5.4 

Then according to calculus, in a period of 𝑣𝑖(𝜏) = 2𝑉: 

𝑣0 = −200(𝑡 − 𝑡0)                                               Eq.5.5 

where 𝑡0 is the initial calculate time. In a period of 𝑣𝑖(𝜏) = −2𝑉: 

𝑣0 = 200(𝑡 − 𝑡0)                                                  Eq.5.6 

Therefore, the output part should be like sawtooth shape. By doing simulation using 

Capture software and record the value of experiments using oscilloscope, if the shape 

is well satisfied with the theoretical one, it can be considered that the integrator works 

well. Because of the saturate voltage, 12𝑉 ≤ 𝑣0 ≤ 12𝑉. 

5.2 Procedure 

1. Build the circuit as Fig.5.2 shows in the Capture software. Connect the input port of 

μA471 with a square wave, with frequency 𝑓 = 100𝐻𝑧 and peak to peak voltage 4𝑉. 

2. Click to do the simulation and record the results. 

 

Fig.5.3 Integrator circuit in Capture software         Fig.5.4 Simulation of the circuit 

3. Build the circuit on the breadboard. Use the signal generator to generate a square 

wave and use the oscilloscope to record the output voltage signal. 



 

Fig.5.5 Circuit on the breadboard            Fig.5.6 Output voltage signal recorded on the oscilloscope 

5.3 Conclusions 

As the empirical graph fits the theoretical formula and the simulation graph well, the 

integrator circuit can be considered working well. 

6 Experiment 5: Op-amp Differentiator 

6.1 Introduction 

When applying am op-amp to the RC circuits, it can still work. A differentiator is an 

op amp circuit whose output is proportional to the rate of change of the input signal. 

This experiment will verify this property. 

6.1.1 Theory 

 

Fig.6.1 Basic differentiator circuit 

Applying KCL at node a: 

𝑖𝑅 = 𝑖𝐶                                            Eq.6.1 

For the resistor and the capacitor: 

𝑖𝑅 = −
𝑣0

𝑅
                  𝑖𝐶 = 𝐶

𝑑𝑣𝑖

𝑑𝑡
                      Eq.6.2 

Solve Eq.6.1 and Eq.6.2: 

𝑣0 = −𝑅𝐶
𝑑𝑣𝑖

𝑑𝑡
                                      Eq.6.3 

6.1.2 Design 



 

Fig.6.2 Designed differentiator circuit 

As Fig.6.2 shows, the input part 𝑣𝑖  is connected to a square wave signal. By doing 

simulation using Capture software and record the value of experiments using 

oscilloscope, if the shape is well satisfied with the simulation one, it can be considered 

that the differentiator works well.  

6.2 Procedure 

1. Build the designed circuit as shown in Fig.6.2 in Capture software. Connect the input 

port of μA471 with a square wave, with frequency 𝑓 = 100𝐻𝑧  and peak to peak 

voltage 4𝑉. 

 

     Fig.6.3 Circuit build in Capture software                              Fig.6.4 Simulation graph 

2. Click simulation to simulate. Record the graph. 

3. Build the circuit on the breadboard and use the signal generator to generate a square 

wave signal with frequency 𝑓 = 100𝐻𝑧 and peak to peak voltage 4𝑉. 

4. Use the oscilloscope to show the graph and record the graph. Compare it to the 

simulation one. 



 

Fig.6.5 Graph recorded on the oscilloscope 

6.3 Conclusions 

Because the empirical graph fits the simulation graph well, the integrator circuit can be 

considered working well. Because of the saturate voltage, 12𝑉 ≤ 𝑣0 ≤ 12𝑉. The peak 

value and the wave shape is the same as the simulation. 
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