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* 1 inch = 25.4 millimeters
* 1 foot = 0.3048 meters
* 1 Coulomb = 6.242x1018 electrons
* 1 Circular mil (CM) = (π/4) Square mils
* Permittivity of a vacuum = 8.84 x 10-12 F/m
* Permeability of vacuum = 1.2566370614×10-6 kg∙m/A2∙s2
* Relative Permeability of Iron = 100
* The uF unit on the schematics means micro Farad (µF)

Module 1 Equations

[1.1]		
[1.2]	      	
[1.3]	
[1.4]	
[1.5]	
[1.6]	
[1.7]	  
[1.8]	  
[1.9]	  
[1.10]      
[1.11]     Units: E (J), P (W), t (s)
[1.12]	  
 [1.13]	 
[1.14]	
[1.15]    
[1.16]	
[1.17]	 (works on nodes or branches)
[1.18]	
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Module 3.1 and 3.2 Equations

[3.1]	
[3.2]	
[3.3]	
[3.4]	
[3.5]	
[3.6]	
[3.7]	
[3.8]	
[3.9]	 







Module 3.3 to 3.5 Equations

 [3.10]	  
[3.11]	 ONLY with 2 capacitors
[3.12]	
[3.13]     
[3.14]   
[3.15]     
[3.16]   
[3.17]     
[3.18]   
[3.19]    
[3.20]    
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Capacitor in a DC steady state circuit

Inductor in a DC steady state circuit

Model Replace with open circuit Replace with Short circuit

Voltage | Voltage across open circuit terminals Forced to be 0 since it is a short circuit
Current | Forced to be O since it is an open circuit Current through the short circuit

Energy Calculate voltage and plug into E=% C- V2 Calculate current and plug intoE=% 1L+ I?
Charge Calculate voltage and plugintoQ=C:V Not Applicable
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Material, 20°C

Resistivity (p), Q-m

Temp. Coefficient (a), 1/°C

Silver 1.59x10-8 0.0038
Copper* 1.72x10-8 0.00393
Gold 2.44x10-8 0.0034
Aluminum 2.82x10-8 0.0039
Calcium 3.36x10-8 0.0041
Tungsten 5.60x10-8 0.0045
Zinc 5.90x10-8 0.0037
Nickel 6.99x10-8 0.006

Lithium 9.28x10-8 0.006

Iron 1.00x10-7 0.005

Platinum 1.06x10-7 0.00392
Tin 1.09x10-7 0.0045
Lead 2.20x10-7 0.0039
Titanium 4.20x10-7 0.0038
Nichrome 1.10x10-6 0.0004
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Rule: R3 and R4 are in Parallel if:

- R3 and R4 share two points

Rule: R1 and R2 are in Series if both are true:

- R1 and R2 share one point (or connection)

- Nothing else is connected to that point

Rtotal = R1 + R2

In the circuit above

R1 and R2 are in Series so:

In the circuit above

R3 and R4 are in Parallel so:

Rtotal = R3||R4 = (R3*R4)/(R3+R4)

1 Connection

2 Connections
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AWG Diameter (mm) | Copper Ampacity (Amps)
0000 (4/0) 11.684 195
000 (3/0) 10.405 165
00 (2/0) 9.266 145
0(1/0) 8.251 125
1 7.348 110
2 6.544 95
3 5.827 85
4 5.189 70
6 4.115 55
8 3.264 40
10 2.588 30
12 2.053 20
14 1.628 15
18 1.024 16
20 0.812 11
22 0.644 7
24 0.511 3.5
26 0.405 2.2
28 0.321 14
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Material &r
Vacuum 1

Air 1.0006
PTFE, FEP ("Teflon") 2
Polypropylene 2.2t02.2
ABS resin 24t03.2
Polystyrene 2.45t04.0
Waxed paper 2.5
Transformer oil 25to4
Hard Rubber 2.5t04.8
Wood (Oak) 3.3
Silicones 3.4t04.3
Bakelite 3.5t06.0
Quartz, fused 3

Wood (Maple) 4.4

Glass 49t07.5
Castor oil 5

Wood (Birch) 5.2

Mica, muscovite 5.0t0 8.7
Glass-bonded mica 6.3t09.3
Porcelain, Steatite 6.5
Alumina 8to 10
Distilled water 80
Barium-strontium-titanite | 7500
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Thevenin Form Norton Form

L L
= Rth=Rn = Rn=Rth
Vth = In * Rn In = Vth/Rth
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Mesh Matrix Method: [A]:[B]=C > [R]-[I]=V

Nodal Matrix Method: [A]-[B]=C -> [G]-[V]=I

You can ONLY have voltage sources

You can ONLY have current sources

Mesh Matrix solves for the current in the section of
each minor loop not touching any other minor loop.

Nodal Matrix solves for the voltages at every node
except the reference node (ground).

When solving for the B Matrix (11, 12, 13, etc.) assume
the currents are clockwise. (CW = Positive result)

When solving for the B Matrix (Va, Vs, Vc, etc.) these
voltages are referenced to ground.

The diagonal (+ values) of the A matrix (cells Ai1, A,
As3, etc.) is populated by adding all resistor values
together that are in the corresponding minor loop.

The diagonal (+ values) of the A matrix (A11, Ay, Ass,
etc.) is populated by adding the conductance value
of each resistor touching the corresponding node.

The off-diagonal (- values) of the A matrix include
the sum of all resistors (multiplied by -1) that are

touching the 2 loops that correspond to the cell.

The off-diagonal (— values) of the A matrix is the
sum of the conductance values of all resistors
(multiplied by -1) that touch the 2 nodes of the cell.

If going clockwise around a minor loop and run into
the — sign of a voltage source a positive value is put
in the corresponding row of the C Matrix.

If a current source goes into a node, a positive value
is put in the corresponding row of the C Matrix.
Into the Node = Positive, Out of the Node = Negative





