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PREFACE 

 

This term Project has been prepared as apart of the course EEE202 Electric Circuit II in order to reach 

the course outcomes. By completing this project we, the project group, have gained the following 

abilities. 

- The ability to define, formulate and solve a problem 

- Selection and application of appropriate analysis and modeling methods 

- Design of a given system under specified conditions 

- Use of techniques and tools required for analysis and solution of the problems 

- Design of experiments to examine the given subject 

- Effective teamwork 

- Effectiveness, writing and comprehensibility of the report 

- Acting in accordance with ethical principles 

Besides the modelling, analysis and developing experiments for systems, which are covered in lectures, 

we have also developed skills on system simulation. 
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Black Box Observation and Determination 

1. Experiment: 

Determining the Elements and Character of the Circuit Inside the Black Box 

2. Objective of the experiment: 

Determine whether the circuit inside the black box is a parallel RLC circuit and find the values of the 

components.  

3. Equipment and measuring instruments:  

The black box as the as the system to be tested, an ammeter, a voltmeter, a two channel oscilloscope, a 

1 Ohm resistor, 10K ohm resistor, connection wires, signal generator with step sine, square, and saw 

tooth signal ports. 

4. Preparation questions: 

Answer the preparation questions given below. 

Q1. How to connect the materials? 

Q2. How do you decide that the circuit inside the black box is a parallel RLC circuit?  

Q3. How does the impedance behavior of the black box relate to frequency? 

5. General description of the experiment: 

In this experiment, the signal generator, the black box, will be connected to each other through an 

ammeter and 1 Ohm resistor in series, and voltmeter connected parallel through A and B terminal. 

Ammeter and voltmeter to be connected to measure the RMS values of source current and source 

voltage.  The oscilloscope will be used to display the voltage and current signals. 

6. Theoretical relations: 

6.1 How to connect the materials? 

 The positive terminal of the signal generator should be connected to a 1𝝮 resistor, and the 

negative terminal should be connected to the unconnected terminal of the black box. The first channel 

of the oscilloscope should be connected to the terminals of the 1𝝮 resistor, while the second channel 

should be connected to the terminals of the black box. 1𝝮 resistor and ammeter should be connected in 

series to the black box so that the total current through the circuit can be measured. The voltmeter 
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should be connected in parallel to the black box so that the voltage on the black box can be seen. It was 

decided that we do not need to use a 10k 𝝮 resistor. 

6.2 How do you decide that the circuit inside the black box is a parallel RLC circuit?  

 In a parallel RLC circuit, if the frequency of the source is greater than the resonant frequency, the 

circuit behaves capacitive, and vice versa, the circuit behaves inductively. In the phase angle-frequency 

graph produced by the NI Multisim program below, it is observed that the phase angle-frequency graph 

of the black box behaves like a parallel RLC circuit. Because the black box behaves capacitive at 

frequencies greater than the resonant frequency and inductively at frequencies less than the resonant 

frequencies. 

 

 

 

 

 

 

 

 

 

 

 

       

  

 

 

 
Figure 1:  Parallel Resonance Z and f graphic 

 

Figure 2: Impedance graph of black box 
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6.3. What is the relationship between phase angle and frequency? 

 Previous question we determine the black box has parallel R, L, and C.  

 We don’t know exactly values of parallel R, L, and C components but we have oscilloscope and 

function generator if we adjust frequency we can find the relations between phase angle and frequency. 

 Let’s write the equations and explain the graphics obtained from NI Multisim; 

 For finding phase angle and frequency between them we can adjust function generator and made 

the amplitude 1 Volt and set the frequency 100 and increase it up to 10k Hz. After that, we have a values 

on the output and we obtain the graph of frequency (x-axis) and phase angle(degree)(y-axis). Green 

voltage between A and B terminal and orange is a 1 ohm resistor voltage shown on oscilloscope 

 Clearly we can see that at 1.59 KHz our black box is at resonance, below the 1.59 KHz our black 

box is inductive. Finally, above the 1.59 KHz up to 10 KHz our black box is capacitive. So we can 

comment that when we increase the frequency, our circuit becomes capacitive. Secondly, we see that 

our circuit is in resonance within a certain frequency range. Finally, when our frequency is above the 

resonance frequency, we obtain an inductive circuit. 

 

Figure 3: Phase angle-frequency graph of black box 
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 Let’s examine the graphic Figure 2, firstly set up to signal generator frequency to 100 Hz to show 
it’s inductive.  

 

  

 Secondly , set up to signal generator frequency to 1.59 kHz to show it’s at resonance. 

 

 

 Finally, when we set up the frequency 10 kHz we can clearly see that it’s capacitive because phase 
angle between A and B is lagging. 

  

 
 

 
Figure 4 Figure 5 

  

 Figure 6 Figure 7 

  

 

 

Figure 8 Figure 9 
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 To sum up, we reach our goal and determine the frequency and phase angle. 

 Now let’s write the theoretical part: 

 

 

 

 

 

 

 

 

 

- I + IR + IL + IC  = 0   I = IR + IC  + IL  

I = 
𝑽

𝑹
+  

𝑽

𝒋𝑿𝑳
+  

𝑽

−𝒋𝑿𝑪
  I = 𝑽 [

𝟏

𝑹
 + 𝒋 (

𝟏

𝑿𝑪
−  

𝟏

𝑿𝑳
)] 

Let’s use admittance for easy calculation.  I = VY, therefore: 

Y = 
𝟏

𝑹
 + 𝒋(

𝟏

𝑿𝒄
 −  

𝟏

𝑿𝑳
)  

𝟏

𝑿𝑪
 =  

𝟏

𝑿𝑳
  Xc = XL 

𝝎𝑳 =   
𝟏

𝝎𝑪
   𝝎𝟐 =  

𝟏

𝑳𝑪
                 

𝝎𝑷 =  
𝟏

√𝑳𝑪
 , for 

𝑳

𝑪
 ≥ 𝟏𝟎𝟎𝑹𝒄𝒐𝒊𝒍           

𝒇𝒑 =  
𝟏

𝟐𝝅√𝑳𝑪
 

                       

 

 

  

 

Figure 10: Black box representation, Parallel 

RLC 
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𝑸𝒑 =  
𝑹𝑬𝑨𝑪𝑻𝑰𝑽𝑬 𝑷𝑶𝑾𝑬𝑹

𝑨𝑪𝑻𝑰𝑽𝑬 𝑷𝑶𝑾𝑬𝑹
  =    

𝑽𝟐/𝑿𝑳

𝑽𝟐/𝑹
 

𝑰𝑹 =  
𝑽

𝑹
= 𝑰  ,  𝑰𝑳 =  

𝑽

𝑿𝑳<−𝟗𝟎°
=  

𝑽

(
𝑹

𝑸𝑷
)<𝟗𝟎°

= 𝑸𝑷𝑰 < 𝟗𝟎°  ,  

 𝑰𝑪 =  
𝑽

𝑿𝒄
=  

𝑽

(
𝑹

𝑸𝑷
)<𝟗𝟎°

= 𝑸𝑷𝑰 < 𝟗𝟎° 

 

HALF POWER FREQUENCIES 

𝝎𝟏 =  
−𝟏

𝟐𝑹𝑪
+  √(

𝟏

𝟐𝑹𝑪
)

𝟐

+  
𝟏

𝑳𝑪
    (

𝒓𝒂𝒅

𝒔
) 

𝝎𝟐 =  
𝟏

𝟐𝑹𝑪
+  √(

𝟏

𝟐𝑹𝑪
)

𝟐

+  
𝟏

𝑳𝑪
    (

𝒓𝒂𝒅

𝒔
) 

𝑩𝑨𝑵𝑫 𝑾𝑰𝑫𝑻𝑯 =  𝝎𝟏 −  𝝎𝟐 =  
𝟏

𝑹𝑪
     (

𝒓𝒂𝒅

𝒔
) 

𝑩𝑨𝑵𝑫 𝑾𝑰𝑫𝑻𝑯 =  
𝝎𝑷

𝑸𝑷
     (

𝒓𝒂𝒅

𝒔
)  

 

 

Figure 11 
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7. Connection diagram 

 The connection shown in the figure () is a parallel RLC circuit. In this circuit we used a signal generator 

for the source. The resistor, inductor and capacitor in the figure are the loads inside the black box and are 

connected in parallel to each other.  We use the 1-ohm resistor connected in series(R1) to the black box to 

measure the total current circulating in the whole circuit, so we connected an ammeter in series to the 

resistor (U1). We also connected a parallel voltmeter to these loads to measure the total voltage of the loads 

(XMM1). We connected part A of the oscilloscope to the 1-ohm resistor and got the signal there. We 

connected part B to our loads connected in parallel and got the signal of the loads. 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Measurements 

 

 

 

 

 

 

 

 

 

 

 

 

Voltage (V) Current (A) Time & Phase 

Difference 

Leading 

Variable 
  

1 VOLT 

  

0.087 A 

Frequency=10kHz 

 

            ≈87.1° 

  

I is leading V 

  

  

2 VOLT 

  

  

0.174 A 

  

Frequency=10kHz 

same result 

 (87.1°) 

  

  

I is leading V 

  

  

2 VOLT 

  

  

0.028 A 

  

Frequency = 1.59 

kHz → resonance → 

no phase difference 

  

There is no phase 

angle difference 

between I and V 

 

Figure 12: Connection Wire Diagram 
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 In the table above, there are measurements of a parallel RLC circuit under different conditions. When 

the voltage across the shunt resistor changes, the measured current value across this resistor also changes; in 

the circuit, this provides a direct measurement of the main current using the equation V = I·R, since the 

resistance value is 1 Ω. Thus, the only factor that affects the change in the phase difference is the change in 

frequency. The measured results show that resonance occurs at 1.59 kHz. Other than frequency, no other 

factor alters the phase difference. Note: The values are approximate. 

φ(rad) =ω.Δt=2π.f.Δt=2π.T.Δt  

Δφ=T.Δt ×360∘   

T₂–T₁ = 124.194 µs; φ = (124.194/100)·360 = 447.1°; φ_mod = 447.1° – 360° = 87.1°  

 T₂–T₁ = 1.597 ms; φ = (1.597/2)·360 = 287.5°; φ_mod = 287.5° – 360° = –72.5° 

9. Calculations  

 After proving that the inside of the black box is parallel RLC, we proceeded to find the values of the 

components. Although the value of the components was determined by us, the values were pretended to be 

unknown, and we tried to determine the value of the components. We already knew the resonant frequency 

from phase angle-frequency graph. Then we found the value of the resistance in the parallel RLC circuit from 

the peak of the impedance graph which is 100𝝮.  To calculate the L and C values, we needed to find the 

quality factor.  In parallel RLC circuits, the quality factor is found by dividing the resonant frequency by the 

bandwidth.  We obtained the bandwidth by dividing the peak value of the impedance graph by the root 2 and 

then calculating the difference between the obtained values. After finding the quality factor, L and C values 

are found. 

Qp  = 
𝑓

𝐵𝑊
       L= 

𝑅

𝑄𝑝  𝑤
      C = 

1

𝐿  𝑤^2
   w is 1590 x 2π = 9990,265 rad/s 

 

 

 

 

  

1 VOLT 

  

0.042 A 

Frequency = 500 

Hz  

           ≈-72.5° 

  

V is leading I 

  

  

2 VOLT 

  

  

0.085 A 

  

Frequency = 500Hz 

-72.5° 

  

  

V is leading I 

Table 1: 
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2581,1 – 981,54 = 1599,56 Hz (Bandwidth) 

Qp = 1590/1599,56 = 0.9940  

 L = 
𝑅

𝑄𝑝 𝑤
 = 100/(0.9940 x 1599,56 x 2π) = 0,01H which is equal to 10mH 

C = 
1

𝐿  𝑤^2
 = 1/(0,01 x (1599,56 x 2π)2) = 10 x 10-7 = 10-6 C which is equal to 1uF 

 

 

 

 
Figure 13: First value (Peak value divided by root 2) 

 

 
Figure 14: Second value (Peak value divided by root 2 again) 
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We find the RLC unknown values using this equation and graphic information, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10. Resultant graphs:  

 

 

 

 

 

 

Figure 15: Black box values 

 

Figure 16 
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11. Conclusion 

 In this experiment, AC analysis information is used to characterize a circuit whose content is unknown 

and cannot be changed. The company's need for a parallel RLC circuit has been fulfilled and the company can 

now use this circuit for various tasks including signal processing, electrical filters, and communication systems 

according to natural response of the circuit.  Overdamped circuits are essential for smooth voltage transitions 

without oscillations, making them useful in power supply circuits. Underdamped circuits, which exhibit 

oscillations, are widely applied in resonant circuits, radio frequency (RF) communication, and tuning 

applications. Critically damped circuits strike a balance between speed and stability, often used in control 

systems and transient response optimization.[3] 
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