Introducing Electronics

Chapter 6 & 7
Kirchoff’s Law
Theorems of Norton / Thevenin
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Why Kirchoff’'s Law

R1=5kQ R1=1kﬂ

Vbaﬁew = 12 V —__—
Vin=9V __

R, =4 kQ R, = 1 kQ

« Ohm’s law can not deal with complex
electrical circuits.

« Kirchoff's current and voltage laws can help us
analyzing complex circuits consisting of resistors,
capacitors and inductors.

* Is Kirchoff’s law difficult? Logic thinking & Basic calculation
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Kirchoff’s Current Law - KCL

« KCL - The sum of currents entering a node is equal to the sum of
currents leaving a node.
 Current cannot accumulate in a node: what goes in must come out.

Examples - Canals, Marbles in tubes, etc.
Lint + Ling + . + Linn = Tout1r + Lout2 + ... + Loutm

Z Iinmming - Z Iautgoing = 0. (6+1)
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Example - Applying KCL to a Circuit

How to find all the currents and voltages in the circuit below using KCL?

Ri=1KkQ

Vbaﬁery =12V  __

Rz =1KkQ
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Example - Applying KCL to a Circuit

Four nodes; reference node d; b & ¢ are special nodes for analysis

Vbaﬁery = 12 V ____
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Example - Applying KCL to a Circuit

Mark the currents with direction.
Choosing the wrong direction is not a big issue.

Viatery =12V

Ry =1kQ
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Example - Applying KCL to a Circuit

KCL, node b

lry = lpo + |rs

Ohm’s Law
Vbaﬁer:.r= 12V —_ r r
Va—Vs 12—V
Ip, = . 1000
e Vh—0
Ip, = - 1000
Ip = Yo Ve b—Ve
3 — T Hs — “GOOD

— 3 13y 1 77 _
Ip, —1p, —Ipy =0 — 555 — 5oo Vb T Goog Ye = O

13V, - V_ =72 (1)
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Example - Applying KCL to a Circuit

KCL, node ¢

lrs = lrs + |rs

Ohm’s Law
Viatery = 12V T _ Ve—Ve VBV,
Ip, = T — G000

12— V. _ 12—V,
Ip, = T, = = 5000

Ve—Vi _ V=0
Iﬂs — EHE — 4II:]DD

_ 3 1 r r
Ip,+1Ip, —Ip. =0 — w55 — oo Ve + 12DDDI’E =0

2V, + 11V, =72 (2)
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Example - Applying KCL to a Circuit

Vbaﬁery= 12V ____
13V, -V =72 (1)
v =) Ye=61277V N Allcurrents
2V, + 11V, =72 (2) Ve=17.6596V
b < Ve Ipe < O
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Kirchoff’s Voltage Law - KVL

Closed loop - a closed path which begins and ends in the
same node.
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Kirchoff’s Voltage Law - KVL

« KVL - The sum of the branch voltage drops around any closed loop is O.
« Examples - Mountain excursion.

Z Vdmps in a closed loop = 0 (6+2}

All drops should face the same direction.
=]

+

R, =400 Q

Vbauew =12V __ b

R, =290 Q « -1
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Example - Applying KVL to a Circuit

« Both KCL and KVL should give the same result to the same circuit.

How to find all the currents and voltages in the circuit below using KVL?

Ri=1KkQ

Vbaﬁery = 12 V ____

Ry =1kQ
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Example - Applying KVL to a Circuit

Mark the currents in loops.

Viatery =12V
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Example - Applying KVL to a Circuit

Viatery =12V

Loop I, :a— b —=d— a
R, (I, = 1) + Ry(l,+1,) = V 0
1000(I; — I) + 1000(I; + I,) — 12 = 0 — 12 — 2000I; — 10001, + 100015 = 0

battery —
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Example - Applying KVL to a Circuit

Viatery =12V

Loop Is:a— ¢ — b — a
R4|3 + |:{3(|2 + |3) + R1(|3- |1) =0

200003 + 6000(1fy 4+ I3) + 1000(f3 — I;) = 0 — —10001; + 600013 4 900013 = 0

Introducing Electronics Wei Chen



Example - Applying KVL to a Circuit

Viatery =12V

Loop Io:b—d —c— b

Mistake in the reader Rel, + Ry(l, + Ig) + Ry(l, + 1) = 0

N
400012+ 6000(I5 + I3) + 1000(Iy + I5) = 0 — 1000I; + 11000], + 600015 = 0
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Example - Applying KVL to a Circuit

Vbaﬁery = 12 V ____

I, =0.008 A, I, = -0.0019 A, |, = 0.0022A

Note: the signs in the reader for |, and I; are wrong!!
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Norton and Thevenin

Simplify a complex circuit by a much simpler equivalent circuit using
either (1) a voltage source with an equivalent resistor (Thevenin)
(2) a current source with an equivalent resistor (Norton)

AN

+ RT

Circuit R '
Vuc C) IscT'\\ HN

A complex circuit Thevenin Norton
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Norton and Thevenin

How to determine V-7

Ry

R2

\_/

VOC

A

« Remove the load, leaving the load terminals
open-circuited.

« Calculate the open-circuit voltage V.
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Norton and Thevenin

How to determine Ig,7?

Ry

+
Vin | R{ lsc

Y
\_/

» Replace the load with a short circuit.
» Calculate the short circuit current Ig.
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Norton and Thevenin

Rr = Ry = —. (7.1)

Thevenin and Norton resistances are equal;

The Thevinin voltage is equal to the Norton current times the Norton resistance;

The Norton current is equal to the Thevenin voltage divided by the Thevenin resistance.
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Norton and Thevenin

Another way to determine R;,R\?

o + Ry 1
t R
Circui Vclf “\l |55T@ §RN

L/

A complex circuit Thevenin Norton

R =Ry
* Remove the load
 Zero all independent voltage and current sources (e.g. short-
circuit the voltage source and open-circuit the current source)
« Compute the total resistance between load terminals

R

an R,
J
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