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Rules for circuit analysis: Kirchoff’s Voltage Law (KVL)

Sum of Voltages across the elements in a loop equal zero

. \fb\z. - \Io\ v \]&\»"\'b\s "\’e\z"’o
< ~ % Vel
\Io\\ \,5 ﬂ w \'e'\" \fols PR TAT
— - — T Ne\y

— \‘ A
M \]c\« = \IS



Rules for circuit analysis: Kirchoff’s Current Law (KCL)

The current flowing into any junction must equal the current flowing out
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Rules for circuit analysis: KCL within the element

The current flowing into any junction must equal the current flowing out
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Circuit Analysis Algorithm : step 1

Pick a reference node and label it as O potential. All voltages measured relative to this node.
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Circuit Analysis Algorithm : step 2

Label all remaining nodes as potentials U;
[U1 UN-1]
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Circuit Analysis Algorithm : step 3

Label all branch currents with I,
Arbitrarily pick directions of I,
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Circuit Analysis Algorithm : step 4

Add signs + and — element voltages to each element following the passive sign convention




Circuit Analysis Algorithm : step 5
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Circuit Analysis Algorithm : step 6

Use KCL to fill as many rows of A as possible (linear independence) # Nodes
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Circuit Analysis Algorithm : step 7

Use current-voltage relationships for each element to fill the rest of the A matrix




Electrical Circuit Analysis Algorithm (tool)

SPICE (Simulation Program with
Integrated Circuit Emphasis): started
as a student project at Berkeley!

Now the basis for open-source
electronic circuit simulation, to
design and model device
characteristics and check circuit
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ectrical Circuit Analysis Algorithm (tool

X% B2.Spice A/D R14 - [mixed_shift_bus.cpr] - o IEN|
ﬁ File Edit View Parts Simulate Windows Help & x
Dsd@ & «® oy » DN S fulcicle U g

wes Ceiling yivy Interval yive
KL ealels a i | e [ m(| k| v OFE I € P ot + || = = A+ Emlayout~ Zoom~
E Transient Setup | % ||| mixed_shift_bus | Log Window
] Start Time 0 v A | B c 1 o1 E__| E__| a | B N
< [
o Stop Time 50| v |d
2 || Linearize Step fpl=la |1 5
£ A (UK Fiib Fiop (ks
5 . = p (XSpice)) Warker)
S Step Ceiling 1 p d || 5 out {Marker) j
o {::‘: < out_prime (Marker) |
ol = —| Soed e IS
5| [V Net IC Setup | ? K ¥ |
> Net Voltage IC P 2 A3 (Inverter (XSpice)) 1
|| ¥ Device IC [v] Net Nodeset ? OUTO (digital prabe)
§ [[] Linearize Results — e I T S
all — . = A4 (Digital Source (XSpice))
o Apply Fourier Fourier Setup j
S |— v
< | Single Test ' Sweep | Monte Carlo 3 >
s Run W
® mixed_shift_bus_Transient_0_Graph
g Simulation Result Storage
< | @AlAvailable O Only Preset I mixed_shift_bus_Transient_0_Graph [
8 || Output Results Options 4.000 2 —3 . -
8 v(ivout) 2.000 - I I
S Graph | Preset Graph Plots.. 0.0
a4
3 [ Table Preset Table Plots..
T clock
Output Location clock inv
= = - =
Replace Existing ? ot
outd
0.0 5.000u 10.000u 15.000u 20.000u 25.000u 30.000u 35.000u  40.000u 45.000u 50.00
= All Tests ME
X-Cursor Y-Cursor V-Calioer H-Cal (dX) H-Cal (1/dX) Horz-D Vert-D
31.137u 5.168




Node Voltage Analysis — Voltage Divider _.,.oke. Ctrevid
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\/ Step 1 — Pick a node and label it as ground




Node Voltage Analysis — Voltage Divider

Step 2 — Label all remaining nodes as some potential Ui.
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Node Voltage Analysis — Voltage Divider

Step 3 — Label the current through every non-wire element in the circuit with I,. -\/
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Node Voltage Analysis — Voltage Divider
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Step 4 — Add +/- labels on each non-wire element, following the pagve sign convention.
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Passive sign convention: the current enters at the positive terminal and exits are the negative terminal.



Node Voltage Analysis — Voltage Divider
AX = b

Step 5 — Set up the relationship #\ consists of the unknown currents and potentials.

'S.c\cm.)fig\[ the ovnkmowns.

(O X ;Ei = 1\
— :L
1_"53 g N Y
\f \15 'Q\ _ A% 3
0\3_ T, U2 - \ Q\)\
—RL \’e,\z ¢
o
©

Passive sign convention: the current enters at the positive terminal and exits are the negative terminal.



Node Voltage Analysis — Voltage Divider

Step 6 — Use KCL to fill in as many linearly independent rows in A and b
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KuL: tne current flowing into a junction must equal the current flowing out of that junction.



Node Voltage Analysis — Voltage Divider
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Node Voltage Analysis — Voltage Divider

Step 8 — Solve the system of equations to determine values of unknown variables. -—g
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