Harold’s AC Circuits

Cheat Sheet
2 December 2024

Circuit Laws

Circuit Law Formula
n
5-
i=1
Kirchhoff’s Current
Law (KCL) Iiny + lin2 = louer + loutz + lowe3
The total current flowing into a node or junction must equal the total current
flowing out of the node or junction.
(conservation of charge)
Ry R, Ry
n
Z Vi — V, Vs Vs
= V. Vs SR
Kirchhoff’s Voltage =1 ’ v g s
&
Law (KVL) Vi=Vy+ Vs +Vy + Vs + Vg "
$
The sum of all voltages around a circuit loop is equal to zero.
(conservation of energy)
Watts Amps
, V =1IR (DC circuit)
Ohm'’s Law V = 1Zg, (AC circuit)
P_= ZI An across (V) times a through (1)
P=IR variable.
VZ
Power pP=—
Vfl?/ Watt (W Volt (V)
a =—
P = 3 ) Ampere (A)
E =QV
E=VIt Watt (W)
Electrical Ener oule =~ 7
gy P =I?Rt J 2 second (s)
E =Pt
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Components in Series/Parallel

Element Resistor Capacitor Inductor

Com [ P \ %
ponent \

Denoted by R Cc L
Units Q (Ohm) F (Farad) H (Henry)
%
Vv v
Equation R=-2R C = Vg L=—7=
! ¢ (@)
R, Gy L
—{—
R? = L2
Series
Ry Cs L,
Ry =R{+R,+R 1—1+1+1 L Li+L,+L
T 1 2 3 Cr C GG T 1 2 3

R1§ R R3§ G G G L1 3 L3 L33
Parallel
LI + ! + ! C C;+C,+C ! LI
R Ry R, R, romtte T L L L I
Impedance
Phasor Complex
Notation Notation
Resistance (R) Q (Ohm) Zp =R R 20° R + 0j
Inductance (L) mH (Henry) Z;, = jwL |Z,| £90° 0+ |Z.|j
1 1
C it C F(F d == —j— / — o _ .
apacitance (C) UF (Farad) €= 70t J |Zc| 90 0—|Zc|j
Impedance (2) Q (Ohm) Zog=Zp+Z,+Z |Zoq| 2 6° Zre + Zimj
Alternating _ o .
Voltage (V) V (Volts) V =1Z [Veg| 2 6 Ve + Vinj
Alternating _v o .
Current (1) A (Ampere) leq = Z_eq |qu| Y IRe + limj
NOTE: In circuits, j is used to denote v—1 instead of i, which is already used for current.
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Phasor Math

Circuit Law Formula

TI1-84 Calculator
Example: 80 £ — 30°

[MODE] RADIAN

(Rectangular)

Phasor 1Z| 2 6° = |Z|e% O
o Can [MODE] re”(6i)
(Polar) 80 £ — 30° = 80e 3%/ (2] [QUIT]
[8] [0] [2"] [] [-] [3] [0] [2"] [m]
[+1[2180] [2"] [i] [ENTER]
Example: 2 + 3i
Complex oo+ Zp [MODE] DEGREE
Re Im.

[MODE] a+bi
[2™] [QUIT]
[2]+[3][2™] [i] [ENTER]

|Z11 261 + 12,1 26,

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

|1Z,] 2 61 _

VA
1Z,| 2 6,

Division
Zy

2 (61 —63)

Z:ZRB +ern]—)|Z|Le

— 2 2
Rectangular — Polar 1Z] = 1/ZRe + Zim

0 =tan! (Zl—m>
ZRe

Example: 2 + 3i

[MODE] DEGREE
[MODE] re”(6i)
[2™] [QUIT]

[2] + [3] [2"] [] [ENTER]
[ANS] = 3.61e5631i

(2] + 3] [2™] [i] [ENTER]
[MATH][CPX][ »Polar] [ENTER]

Z=1Z140—>Zpe +Zpj

Polar — Rectangular Zre = |Z| cos(6)

Zim = |Z] sin(6)

Example: 80 £ — 30°

[MODE] RADIAN
[MODE] a+bi
[2"] [QUIT]
8] [0] [2"] [e*] [-] [3] [0] [2"] [m]
[+] [180] [2"] [i] [ENTER]
[ANS] = 69.28 - 40i

8] [0] [2™] [e*] [-] [3] [0] [2] [m]
[+] [180] [2™] [i] [ENTER]
[MATH][CPX][ »Rect] [ENTER]
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Resonance

Term Formula TI-84 Calculator |
w = 2nf
. [MODE] DEGREE
Frequency (Hz) © _w (_’T ) rad [MODE] RADIAN
sec 180°/ sec
Im
ZL + ZC = O 4
I.A
1 rad =
Resonance Wy = ——— ""‘\__ I IR
Frequency VLC S 0 —:%—- Re
1 <’ R
= HZ .
o 2nvVLC 1Y Current cancellation
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AC Circuit Example #1: Series RLC

Impedance: Z

| |Z] = VR2+ X2

V=2,
V= (ZR +ZL +Zc)1

1 1
V=(R jwL ,—)I=<R ] L—'—)I
+jw +]a)C +jw ]wC

AC Circuit Example #2: Parallel RLC

At resonance,
T the LC circuit can be ignored.

-
; I Im
= !
vir | l L lIC : ICI'
V i i <%\‘ I = IR
| - | 0 f—t——>» Re
I -T- H ]
R i L O H <1I\ R
i | \
: Lo Y Current cancellation
i N !
b e . :;“'\T"':
circulating current
V= Zgl
V= _r I ! I
“\7T 1 1) " \1 1 .
Zn + 7, + Z_C R + ]w_L + jwC
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AC Circuit Example #3: Series (RL) and Parallel (RC)

40 i 0.25H

M\ L)
20 +
12V CD 0.1F == v
£=0 B

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

1
1 1
_+_
Zry  Zc

)

Zeq = (R; +jwlL) + T 1
RTT
JjwC

Zoq = (44 (0.25)(103)wj) +

Zeq = (Zpr1 +71) +

2. Substitute values.

2= (0.1)(10°%)wj

1
— o 10=24/i
Zeg = (4+25107*wj) + (O.S — 10‘7a)j)
0.5 1077w )

025+ 10 “w? | 025+ 10 w2’
Z,, = (4 + 0-5 ) +(25¢107%w + 10w '
eq = 0.25 + 10- 14?2 ' “T 025 +10 %02 )!

3. Convert from complex to polar notation.
Zeq =Zge ¥ ZimJ

Doy = (4 + 0-5 )
Re = 0.25 + 10142

1077w
Zm = (2.5 107w +

Zog = (442510 *wj) + (

0.25 4+ 1071 w?

IZqu = 1’21%6 + lem

6 =tan ! (Zl—m>
Zpe

Zog =|Zeq| 26
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e Electrical Technology (2020 Oct). Resistance, Capacitance & Inductance in Series-Parallel —
Equation & Formulas. https://www.electricaltechnology.org/2020/10/resistance-inductance-
capacitance-series-parallel-formulas.html

e LibreTexts Physics (2024). 9.6: Electrical Energy and Power.
https://phys.libretexts.org/Bookshelves/University Physics/University Physics (OpenStax)/Univ
ersity Physics 1l -

Thermodynamics Electricity and Magnetism (OpenStax)/09%3A Current and Resistance/9.
06%3A Electrical Energy and Power

e Tech Web (2024). Resonant Circuits: Resonant Frequency and Q Factor.
https://techweb.rohm.com/product/power-device/si/18332/

Copyright © 2024 by Harold Toomey, WyzAnt Tutor 7


https://www.electricaltechnology.org/2020/10/resistance-inductance-capacitance-series-parallel-formulas.html
https://www.electricaltechnology.org/2020/10/resistance-inductance-capacitance-series-parallel-formulas.html
https://phys.libretexts.org/Bookshelves/University_Physics/University_Physics_(OpenStax)/University_Physics_II_-_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/09%3A_Current_and_Resistance/9.06%3A_Electrical_Energy_and_Power
https://phys.libretexts.org/Bookshelves/University_Physics/University_Physics_(OpenStax)/University_Physics_II_-_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/09%3A_Current_and_Resistance/9.06%3A_Electrical_Energy_and_Power
https://phys.libretexts.org/Bookshelves/University_Physics/University_Physics_(OpenStax)/University_Physics_II_-_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/09%3A_Current_and_Resistance/9.06%3A_Electrical_Energy_and_Power
https://phys.libretexts.org/Bookshelves/University_Physics/University_Physics_(OpenStax)/University_Physics_II_-_Thermodynamics_Electricity_and_Magnetism_(OpenStax)/09%3A_Current_and_Resistance/9.06%3A_Electrical_Energy_and_Power
https://techweb.rohm.com/product/power-device/si/18332/

