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Part A: Impedance 

Simple AC Circuit 

 

{Freqs} is a variable has a list: 0.5k, 1k, 1.5k. 

 

In three frequency cases, there are in-phase and the impedance is almost the same: 

𝑍 =
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
=  

4.99

1.562𝑚
=  𝟑. 𝟏𝟗𝟔𝒌𝛀 from 𝐠𝐫𝐚𝐩𝐡 

Z = R = (2.2 + 1)𝑘Ω = 𝟑. 𝟐𝒌𝛀 from 𝐭𝐡𝐞𝐨𝐫𝐲 (Too Close) 



III 
 

RC Circuit 

 

 

Because it’s a capacitive circuit, current in all cases leads the voltage by a phase shift 

 

 

 

 



IV 
 

Note: when a phase shift is positive, then voltage leads current (inductive), otherwise is the opposite. 

F=0.5KHZ 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: 𝑍 =
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
=  

4.999

1.1071m
=  𝟒. 𝟓𝟏𝟓𝒌𝛀 

Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(2.2474m − 2.4975m) × 360

2m
= −𝟒𝟓. 𝟎𝟏𝟖 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑍 = 𝑅1 + 𝑅2 +  
1

𝑗2𝜋𝑓𝑐
= 2.2𝑘 + 1𝑘 +  

1

𝑗2𝜋(0.5𝑘)(100𝑛)
= 3.2 −  𝑗 (3.183) 𝑘Ω 

|𝑍| =  √(𝑅2 + 𝑋2) =  √(3.22 +  3.1832) 𝑘Ω = 𝟒. 𝟓𝟏𝟑𝒌𝛀 

Phase Shift =  tan−1
𝑋𝑐

𝑅
=  tan−1

−3.183𝑘

3.2𝑘
= −𝟒𝟒. 𝟖𝟒𝟕 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

F=1KHZ 

𝑭𝒓𝒐𝒎 𝑮𝒓𝒂𝒑𝒉: 𝑍 =
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
=  

4.999

1.3834𝑚
=  𝟑. 𝟔𝟏𝟒𝒌𝛀 

Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(1.1774m − 1.2474m) × 360

1m
= −𝟐𝟓. 𝟐 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑍 = 𝑅1 + 𝑅2 +  
1

𝑗2𝜋𝑓𝑐
= 2.2𝑘 + 1𝑘 +  

1

𝑗2𝜋(1𝑘)(100𝑛)
= 3.2 −  𝑗 (1.5915) 𝑘Ω 

|𝑍| =  √(𝑅2 + 𝑋2) =  √(3.22 +  1.59152) 𝑘Ω = 𝟑. 𝟓𝟕𝟒𝒌𝛀 

Phase Shift =  tan−1
𝑋𝑐

𝑅
=  tan−1

−1.5915𝑘

3.2𝑘
= −𝟐𝟔. 𝟒𝟒𝟑 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

F=1.5KHZ 

𝑭𝒓𝒐𝒎 𝑮𝒓𝒂𝒑𝒉: 𝑍 =
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
=  

4.999

1.4443𝑚
=  𝟑. 𝟒𝟔𝟏𝒌𝛀 

Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(0.7973m − 0.8373m) × 360

0.6667m
= −𝟐𝟏. 𝟔 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑍 = 𝑅1 + 𝑅2 +  
1

𝑗2𝜋𝑓𝑐
= 2.2𝑘 + 1𝑘 +  

1

𝑗2𝜋(1.5𝑘)(100𝑛)
= 3.2 −  𝑗 (1.061)𝑘Ω 

|𝑍| =  √(𝑅2 + 𝑋2) =  √(3.22 +  1.0612) 𝑘Ω = 𝟑. 𝟑𝟕𝟏𝒌𝛀 

Phase Shift =  tan−1
𝑋𝑐

𝑅
=  tan−1

−1.061𝑘

3.2𝑘
= −𝟏𝟖. 𝟑𝟒𝟒 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

 

 



V 
 

RL Circuit 

 

 

Because it’s an inductive circuit, voltage in all cases leads the current by a phase shift 

 

 

 

 



VI 
 

 

F=0.5KHZ 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: 𝑍 =
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
=  

4.999

2.5853m
=  𝟏. 𝟗𝟑𝟒𝒌𝛀 

Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(2.7275m − 2.4975m) × 360

2m
= 𝟒𝟏. 𝟒 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑍 = 𝑅1 + 𝑅2 +  𝑗2𝜋𝑓𝑙 = 0.47𝑘 + 1𝑘 +  𝑗2𝜋(0.5𝑘)(400𝑚) = 1.47 +  𝑗 (1.257)𝑘Ω 

|𝑍| =  √(𝑅2 + 𝑋2) =  √(1.472 + 1.2572) 𝑘Ω = 𝟏. 𝟗𝟑𝟒𝒌𝛀 

Phase Shift =  tan−1
𝑋𝐿

𝑅
=  tan−1

1.257𝑘

1.47𝑘
= 𝟒𝟎. 𝟓𝟑𝟒 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

 

F=1KHZ 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: 𝑍 =
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
=  

4.999

1.7249m
=  𝟐. 𝟖𝟗𝟖𝒌𝛀 

Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(1.4174m − 1.2474m) × 360

1m
= 𝟔𝟏. 𝟐 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑍 = 𝑅1 + 𝑅2 +  𝑗2𝜋𝑓𝑙 = 0.47𝑘 + 1𝑘 +  𝑗2𝜋(1𝑘)(400𝑚) = 1.47 +  𝑗 (2.514)𝑘Ω 

|𝑍| =  √(𝑅2 + 𝑋2) =  √(1.472 + 2.5142) 𝑘Ω = 𝟐. 𝟗𝟏𝟐𝒌𝛀  

Phase Shift =  tan−1
𝑋𝐿

𝑅
=  tan−1

2.514𝑘

1.47𝑘
= 𝟓𝟗. 𝟔𝟖𝟒 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

 

F=1.5KHZ 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: 𝑍 =
𝑉𝑚𝑎𝑥

𝐼𝑚𝑎𝑥
=  

4.999

1.2684m
=  𝟑. 𝟗𝟑𝟗𝒌𝛀 

Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(0.9574m − 0.8374m) × 360

0.6667m
= 𝟔𝟒. 𝟖 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑍 = 𝑅1 + 𝑅2 +  𝑗2𝜋𝑓𝑙 = 0.47𝑘 + 1𝑘 +  𝑗2𝜋(1.5𝑘)(400𝑚) = 1.47 +  𝑗 (3.77)𝑘Ω 

|𝑍| =  √(𝑅2 + 𝑋2) =  √(1.472 + 3.772) 𝑘Ω = 𝟒. 𝟎𝟒𝟔𝒌𝛀   

Phase Shift =  tan−1
𝑋𝐿

𝑅
=  tan−1

3.77𝑘

1.47𝑘
= 𝟔𝟖. 𝟔𝟗𝟖 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

 



VII 
 

Capacitive and inductive behavior 

 

F=1KHZ 

 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(1.0369m − 1.2469m) × 360

1m
= −𝟕𝟓. 𝟔 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑋 =  𝑗2𝜋𝑓𝐿 +
1

𝑗2𝜋𝑓𝑐
= 𝑗2𝜋(1𝑘)(10𝑚) −

𝑗

2𝜋(1𝑘)(100𝑛)
 

= 𝑗(62.832 − 1591.5) = −𝑗 1528.7 

𝑅 = 330Ω 

Phase Shift =  tan−1
X

𝑅
=  tan−1

−1528.7

330
= −𝟕𝟕. 𝟖𝟐 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

Where current leads the voltage by 77.82 degrees, so it’s a capacitive circuit. 



VIII 
 

F = Fo (Resonance Frequency) 

 

𝑓0 =  
1

2𝜋√𝐿𝐶
=

1

2𝜋√(10𝑚)(100𝑛)
≅ 5033𝐻𝑍 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(0.2469m − 0.2469m) × 360

0.1987m
= 𝟎 𝐝𝐞𝐠𝐫𝐞𝐞 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑋 =  𝑗2𝜋𝑓𝐿 +
1

𝑗2𝜋𝑓𝑐
= 𝑗2𝜋(5.033𝑘)(10𝑚) −

𝑗

2𝜋(5.033𝑘)(100𝑛)
 

= 𝑗(316.232 − 316.232) = 0 

Phase Shift =  tan−1
X

𝑅
=  tan−1

0

330
= 𝟎 𝐝𝐞𝐠𝐫𝐞𝐞 

The current and voltage signals are in phase. 

F = 2Fo 

 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(140.6u − 124.6u) × 360

99.344u
= 𝟓𝟕. 𝟗𝟖 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑋 =  𝑗2𝜋𝑓𝐿 +
1

𝑗2𝜋𝑓𝑐
= 𝑗2𝜋(10.066𝑘)(10𝑚) −

𝑗

2𝜋(10.066𝑘)(100𝑛)
 

= 𝑗(632.465 − 158.111) = 𝑗 474.354 

Phase Shift =  tan−1
X

𝑅
=  tan−1

474.354

330
= 𝟓𝟓. 𝟏𝟕 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

Where voltage leads the current by 55.17 degrees, so it’s an inductive circuit. 



IX 
 

Double the value of the capacitor  

 

When we add a capacitor with value 100nF in a parallel with the old one, the total capacitance = 200nF. 

 

  

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(266.847u − 246.846u) × 360

198.689u
= 𝟑𝟔. 𝟐𝟒 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑋 =  𝑗2𝜋𝑓𝐿 +
1

𝑗2𝜋𝑓𝑐
= 𝑗2𝜋(5.033𝑘)(10𝑚) −

𝑗

2𝜋(5.033𝑘)(200𝑛)
 

= 𝑗(316.233 − 158.111) = 𝑗 158.122 

𝑅 = 330Ω 

Phase Shift =  tan−1
X

𝑅
=  tan−1

158.122

330
= 𝟐𝟓. 𝟔 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

Where voltage leads the current by 25.6 degrees, so it’s an inductive circuit. 



X 
 

Double the value of the inductor 

 

 

 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(276.129u − 246.127u) × 360

198.689u
= 𝟓𝟒. 𝟑𝟔 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑭𝒓𝒐𝒎 𝑻𝒉𝒆𝒐𝒓𝒚: 𝑋 =  𝑗2𝜋𝑓𝐿 +
1

𝑗2𝜋𝑓𝑐
= 𝑗2𝜋(5.033𝑘)(20𝑚) −

𝑗

2𝜋(5.033𝑘)(100𝑛)
 

= 𝑗(632.466 − 316.233) = 𝑗 316.233 

𝑅 = 330Ω 

Phase Shift =  tan−1
X

𝑅
=  tan−1

316.233

330
= 𝟒𝟑. 𝟕𝟖 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

Where voltage leads the current by 43.78 degrees, so it’s an inductive circuit. 

 



XI 
 

Sinusoidal steady state power 

𝑉𝑅𝑀𝑆 =  
𝑉𝑃𝑒𝑎𝑘

√2
 → 𝑉𝑃𝑒𝑎𝑘 =  √2  × 1 = 1.4142𝑣 

 

  

𝑉𝑠 = 564.112𝑚, 𝐼𝑠 = 4.1396𝑚𝐴, 𝑉220Ω = 910.716𝑚𝑣 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(845.629u − 845.629u) × 360

198.689u
= 𝟎 𝐝𝐞𝐠𝐫𝐞𝐞 

𝑹 =  
𝑉220Ω

𝐼𝑠
=

910.716𝑚𝑣

4.1396𝑚𝐴
=  𝟐𝟐𝟎𝛀 

  

𝑉𝑐 = 564.112𝑚𝑣, 𝐼𝑐 = 3.5322𝑚𝐴 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(545.611u − 665.618u) × 360

198.689u
= −𝟐𝟏𝟕. 𝟒𝟒 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑋 =
𝑉𝑐

𝐼𝑐
=

564.112𝑚𝑣

3.5322𝑚𝐴
 =

1

2𝜋𝑓𝑐
+ 10(3.5322𝑚𝐴) → 𝑐 =  𝟒𝟗𝟗𝒏𝑭 



XII 
 

  

𝑉𝐿 = 564.112𝑚𝑣, 𝐼𝐿 = 636.301𝑢𝐴 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(785.626u − 665.618u) × 360

198.689u
= 𝟐𝟏𝟕. 𝟒𝟒 𝐝𝐞𝐠𝐫𝐞𝐞𝐬 

𝑋 =
𝑉𝑐

𝐼𝑐
=

564.112𝑚𝑣

636.301𝑢𝐴
 = 2𝜋𝑓𝑙 → 𝑙 =  𝟕𝟎𝒎𝑯 

  

𝑉𝐿 = 564.112𝑚𝑣, 𝐼𝐿 = 2.5641𝑚𝐴 

𝐅𝐫𝐨𝐦 𝐆𝐫𝐚𝐩𝐡: Phase Shift =
𝑇∆𝑝𝑝 × 360

𝑃𝑒𝑟𝑖𝑜𝑑
=

(665.618u − 665.618u) × 360

198.689u
= 𝟎 𝐝𝐞𝐠𝐫𝐞𝐞 

𝑹 =  
𝑉220Ω

𝐼𝑠
=

564.112𝑚𝑣

2.5641𝑚𝐴
=  𝟐𝟐𝟎𝛀 

 

 V I Practical Value 𝐏𝐡𝐚𝐬𝐞 𝐒𝐡𝐢𝐟𝐭 

S 564.112𝑚𝑣 4.1396𝑚𝐴 - 0 

C 564.112𝑚𝑣 3.5322𝑚𝐴 499nF -217.44 

L 564.112𝑚𝑣 636.301𝑢𝐴 70mH 217.44 

R 564.112𝑚𝑣 2.5641𝑚𝐴 220Ω 0 

𝑹𝟐𝟐𝟎𝛀 910.716𝑚𝑣 

 


