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Node Voltage Analysis

Knowns: Source values, Resistor values
Unknowns: Node voltages
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Select a reference node

Label nodes with known voltages

Label remaining nodes

Label element voltages & currents, following passive
sign convention

Write KCL Equations at each unknown node voltage
Write Element Current Equations

Substitute Element Currents into KCL equations
Solve!
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Labeling elements: What if we flip the current

directions?
V IRl 4kQ
"S> A a
Vi ' y lra
12v @V5 4kQ§VR2
Vs )
' b
KCL:
Irpi=Igz T, - =Q
-2 Y‘P-g
Elemint ) Substituting element
quations: equations into KCL:
I VY WV Vs=Vi (V1 -0
M7k T 4k 4k ( 4kQ) )
VR2 _ V; =0

1
R2 = 3k0 " Tk
Notice that if we rearrange the equations a

I, will be equal in magnitude but negative,

Ve 4kQ lp1 Vi

[
| AL a
I le \/ 'RZ
| 'zv Vs 4kQ g Ve
I
| v'
b
[
I
| KCL:
| Tgi+ Ig2=0 _—
| Substituting element
| Element equations into KCL:
| Equations: 0= (Vl = 0) Vi — Vys
[ . = Vr1 _ Vi — Vs 4k 4kQ
| T4k 4kQ
| Ve, Vi—0

lr2 = 720 = ka0
bit, they should give the same solution for V..
however, the “real” direction of the current is the same
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Voltage Divider

R1

R2

VR1

— VT VW

VR2

,.||||]-

Current Divider

Note, the resistors MUST be in SERIES to
use this equation

Ry
Ve = V.
hy *R1+ Ry
Ro
V.=V =
Ry SRl + R9

Note, the resistors MUST be in PARALLEL to
use this equation

Also note that the resistor in the numerator is
opposite of the one you'd expect. Intuitively,
path of least resistance™.
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Superposition
Def of linear: T(ax + by) = aT(x) + bT(y)

The passive components we use have linear |-V relations, so we can solve for the
effect of each source individually and add the responses to get the same result.

When to use? When you have multiple sources and considering all at the
same time is confusing

Note: you can solve any circuit in this class without superposition with just normal
nodal analysis.
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Series?

Two ways to tell if components are in series:

1. same EXACT current. Not same value of current, but same exact current
through elements by KCL. If the current can split off then they aren’t series!

2. If two and only two elements are connected to a single node (no other
elements are connected to that node), the elements are in series.

... —J\’~’~'—»—1A R 1A 3A ...
- AAAIA A AATA L ... 2A

. %;L
. Current does not go
Series Same VALUE of current, entirely through
but not same current => second resistor.
NOT series NOT series

Parallel?

Parallel: they share the same NODES on either side. Not just the same voltage,
but same NODES
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For Reference: Example Circuits
Voltage Summer

Vin

Voltage Divider

)

L <+ L
R, _ R, R Vour
Vie = Vs (52 ) Vou = Vi (25 ) + 2 (7 o = |
Non-inverting Amplifier Transresistance Amplifier

Inverting Amplifier

Vout = fin(—R) + VRer

)

R R,
+ top ) _ VREF (R top
bottom

Rpotiom

Vout = Vin (1

Vout = Vin (—%) + VrEF (% + 1)
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(a) Determine the voltage at O for the following configuration.
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