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Harold’s AC Circuits 
Cheat Sheet 

2 December 2024 

 
Circuit Laws 
 

Circuit Law Formula 

Kirchhoff’s Current 
Law (KCL) 

∑𝐼𝑖

𝑛

𝑖=1

= 0 

 
𝐼𝑖𝑛1 + 𝐼𝑖𝑛2 = 𝐼𝑜𝑢𝑡1 + 𝐼𝑜𝑢𝑡2 + 𝐼𝑜𝑢𝑡3 

 
The total current flowing into a node or junction must equal the total current 

flowing out of the node or junction. 
(conservation of charge) 

Kirchhoff’s Voltage 
Law (KVL) 

∑𝑉𝑖

𝑛

𝑖=1

= 0 

 
𝑉1 = 𝑉2 + 𝑉3 + 𝑉4 + 𝑉5 + 𝑉6 

 
The sum of all voltages around a circuit loop is equal to zero. 

(conservation of energy) 

Ohm’s Law 
𝑉 = 𝐼𝑅  (𝐷𝐶 𝑐𝑖𝑟𝑐𝑢𝑖𝑡) 
𝑉 = 𝐼𝑍𝐸𝑞  (𝐴𝐶 𝑐𝑖𝑟𝑐𝑢𝑖𝑡) 

 

Power 

𝑃 = 𝑉𝐼 
𝑃 = 𝐼2𝑅 

𝑃 =
𝑉2

𝑅
 

𝑃 =
𝑊

𝑡
 

An across (V) times a through (I) 
variable. 

 

𝑊𝑎𝑡𝑡 (𝑊) =
𝑉𝑜𝑙𝑡 (𝑉)

𝐴𝑚𝑝𝑒𝑟𝑒 (𝐴)
 

Electrical Energy 

𝐸 = 𝑄𝑉 
𝐸 = 𝑉𝐼𝑡 
𝑃 = 𝐼2𝑅𝑡 
𝐸 = 𝑃𝑡 

𝐽𝑜𝑢𝑙𝑒 (𝐽) =
𝑊𝑎𝑡𝑡 (𝑊)

𝑠𝑒𝑐𝑜𝑛𝑑 (𝑠)
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Components in Series/Parallel 
 

Element Resistor Capacitor Inductor 

Component 

   

Symbol 
   

Denoted by 𝑅 𝐶 𝐿 
Units Ω (Ohm) F (Farad) H (Henry) 

Equation 𝑅 =
𝑉𝑅
𝐼

 𝐶 =
𝑄

𝑉𝐶
 𝐿 =

𝑉𝐿

(
𝑑𝑖
𝑑𝑡
)

 

Series 

   

𝑅𝑇 = 𝑅1 + 𝑅2 + 𝑅3 
1

𝐶𝑇
=
1

𝐶1
+
1

𝐶2
+
1

𝐶3
 𝐿𝑇 = 𝐿1 + 𝐿2 + 𝐿3 

Parallel 
   

1

𝑅𝑇
=
1

𝑅1
+
1

𝑅2
+
1

𝑅3
 𝐶𝑇 = 𝐶1 + 𝐶2 + 𝐶3 

1

𝐿𝑇
=
1

𝐿1
+
1

𝐿2
+
1

𝐿3
 

 
Impedance 
 

Component Units Impedance (Z) 
Phasor 

Notation 
Complex 
Notation 

Resistance (R) Ω (Ohm) 𝑍𝑅 = 𝑅 𝑅 ∠ 0° 𝑅 + 0𝑗 
Inductance (L) mH (Henry) 𝑍𝐿 = 𝑗𝜔𝐿 |𝑍𝐿| ∠ 90° 0 + |𝑍𝐿|𝑗 

Capacitance (C) µF (Farad) 𝑍𝐶 =
1

𝑗𝜔𝐶
= −𝑗

1

𝜔𝐶
 |𝑍𝐶| ∠ − 90° 0 − |𝑍𝐶|𝑗 

Impedance (Z) Ω (Ohm) 𝑍𝑒𝑞 = 𝑍𝑅 + 𝑍𝐿 + 𝑍𝐶  |𝑍𝑒𝑞| ∠ 𝜃° ZRe + ZImj 

Alternating 
Voltage (V) 

V (Volts) 𝑉 = 𝐼𝑍𝑒𝑞  |𝑉𝑒𝑞| ∠ 𝜃° VRe + VImj 

Alternating 
Current (I) 

A (Ampere) 𝐼𝑒𝑞 =
𝑉

𝑍𝑒𝑞
 |𝐼𝑒𝑞| ∠ 𝜃° IRe + IImj 

NOTE: In circuits, 𝑗 is used to denote √−1 instead of 𝑖, which is already used for current. 
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Phasor Math 
 

Circuit Law Formula TI-84 Calculator 

Phasor 
(Polar) 

|𝑍| ∠ 𝜃° = |𝑍|𝑒𝜃𝑗 
80 ∠ − 30° = 80𝑒−30𝑗 

𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 80 ∠ − 30° 
 

[MODE] RADIAN 
[MODE] 𝑟𝑒^(𝜃𝑖) 

[2nd] [QUIT] 
[8] [0] [2nd] [ex] [-] [3] [0] [2nd] [π] 

[÷] [180] [2nd] [i] [ENTER] 

Complex 
(Rectangular) 

𝑍𝑅𝑒 + 𝑍𝐼𝑚𝑗 

𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 2 + 3𝑖 
 

[MODE] DEGREE 
[MODE] a+bi 
[2nd] [QUIT] 

[2]+[3][2nd] [i] [ENTER] 

Addition 

|𝑍1| ∠ 𝜃1
°  +  |𝑍2| ∠ 𝜃2

°  
 

1. Convert from polar to rectangular form 
2. Add real to real and imaginary to imaginary 
3. Convert back from rectangular to polar form 

Division 
|𝑍1| ∠ 𝜃1

°

|𝑍2| ∠ 𝜃2
°
= |
𝑍1
𝑍2
| ∠ (𝜃1

° − 𝜃2
°)  

Rectangular → Polar 

𝑍 = 𝑍𝑅𝑒 + 𝑍𝐼𝑚𝑗 → |𝑍| ∠ 𝜃 
 

|𝑍| = √𝑍𝑅𝑒
2 + 𝑍𝐼𝑚

2  

 

𝜃 = tan−1 ( 
𝑍𝐼𝑚
𝑍𝑅𝑒

) 

𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 2 + 3𝑖 
 

[MODE] DEGREE 
[MODE] 𝑟𝑒^(𝜃𝑖) 

[2nd] [QUIT] 
[2] + [3] [2nd] [i] [ENTER] 

[ANS] = 3.61e56.31i 
 

[2] + [3] [2nd] [i] [ENTER] 
[MATH][CPX][ ▶Polar] [ENTER] 

Polar → Rectangular 

𝑍 = |𝑍| ∠ 𝜃 → 𝑍𝑅𝑒 + 𝑍𝐼𝑚𝑗 
 

𝑍𝑅𝑒 = |𝑍| cos(𝜃) 
𝑍𝐼𝑚 = |𝑍| 𝑠𝑖𝑛(𝜃) 

𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 80 ∠ − 30° 
 

[MODE] RADIAN 
[MODE] a+bi 
[2nd] [QUIT] 

8] [0] [2nd] [ex] [-] [3] [0] [2nd] [π] 
[÷] [180] [2nd] [i] [ENTER]  

[ANS] = 69.28 – 40i 
 

8] [0] [2nd] [ex] [-] [3] [0] [2nd] [π] 
[÷] [180] [2nd] [i] [ENTER] 

[MATH][CPX][ ▶Rect] [ENTER] 
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Resonance 
 

Term Formula TI-84 Calculator 

Frequency (Hz) 
𝜔 = 2𝜋𝑓 

𝜔°

𝑠𝑒𝑐
= 𝜔 (

𝜋

180°
) 
𝑟𝑎𝑑

𝑠𝑒𝑐
 

[MODE] DEGREE 
[MODE] RADIAN 

Resonance 
Frequency 

𝑍𝐿 + 𝑍𝐶 = 0 
 

𝜔0 =
1

√𝐿𝐶

𝑟𝑎𝑑

𝑠
 

 

𝑓0 =
1

2𝜋√𝐿𝐶
𝐻𝑧 
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AC Circuit Example #1: Series RLC 
 

 
 

𝑉 = 𝑍𝑒𝑞𝐼 

𝑉 = (𝑍𝑅 + 𝑍𝐿 + 𝑍𝐶)𝐼 

𝑉 = (𝑅 + 𝑗𝜔𝐿 +
1

𝑗𝜔𝐶
) 𝐼 = (𝑅 + 𝑗𝜔𝐿 − 𝑗

1

𝜔𝐶
) 𝐼 

 
 
AC Circuit Example #2: Parallel RLC 
 

 
 

𝑉 = 𝑍𝑒𝑞𝐼 

𝑉 = (
1

1
𝑍𝑅
+
1
𝑍𝐿
+
1
𝑍𝐶

) 𝐼 = (
1

1
𝑅 +

1
𝑗𝜔𝐿 + 𝑗𝜔𝐶

) 𝐼 
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AC Circuit Example #3: Series (RL) and Parallel (RC) 

 
1. Determine the impedance from series and parallel components using complex notation. 

𝑍𝑒𝑞 = (𝑍𝑅1 + ZL) + (
1

1
𝑍𝑅2

+
1
𝑍𝐶

) 

𝑍𝑒𝑞 = (𝑅1 + 𝑗𝜔𝐿) +

(

 
 1

1
𝑅2
+

1
1
𝑗𝜔𝐶⁄ )

 
 

 

2. Substitute values. 

𝑍𝑒𝑞 = (4 + (0.25)(10
−3)𝜔𝑗) + (

1

1
2 − (0.1)(10

−6)𝜔𝑗
) 

𝑍𝑒𝑞 = (4 + 2.5 • 10
−4𝜔𝑗) + (

1

0.5 − 10−7𝜔𝑗
) 

𝑍𝑒𝑞 = (4 + 2.5 • 10
−4𝜔𝑗) + (

0.5

0.25 + 10−14𝜔2
+

10−7𝜔

0.25 + 10−14𝜔2
𝑗) 

𝑍𝑒𝑞 = (4 +
0.5

0.25 + 10−14𝜔2
) + (2.5 • 10−4𝜔 +

10−7𝜔

0.25 + 10−14𝜔2
) 𝑗 

 
3. Convert from complex to polar notation. 

𝑍𝑒𝑞 = 𝑍𝑅𝑒 + 𝑍𝐼𝑚𝑗 

𝑍𝑅𝑒 = (4 +
0.5

0.25 + 10−14𝜔2
) 

𝑍𝐼𝑚 = (2.5 • 10
−4𝜔 +

10−7𝜔

0.25 + 10−14𝜔2
) 

|𝑍𝑒𝑞| = √𝑍𝑅𝑒
2 + 𝑍𝐼𝑚

2  

𝜃 = tan−1 ( 
𝑍𝐼𝑚
𝑍𝑅𝑒

) 

𝑍𝑒𝑞 = |𝑍𝑒𝑞| ∠ 𝜃 
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