Equivalent Circuits & Reduction (T&R Chap 2,3)

Circuit Equivalence

Two circuits are equivalent if they have the same i-v
characteristics at a specified pair of terminals

Terminal = external connection to two nodes = port

Consider the circuit N R, ©
Compute equivalent ccts °
from AB and from CD R, R,
1B)e D
1 1 RyRs
REQCD = R2 ” R3 = +—Ir =
# R Ro+Rg
RoRs
R “R+R[|Re =R+
Qg ~RTRIIRS=Ry R, + Ry
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Equivalent ccts

Equivalent ccts for resistive networks are familiar
reductions of parallel and series connections
The equivalent cct depends on the port

From an external view the cct could be replaced by
Its equivalent
The internal cct variables are now unavailable
How would you compute them?

Could we substitute for the cct below?

R,
I—O O O |
Rest Rest
R
of cct 1 2 R of cct 2

L oo o—
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Equivalent sources
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I-v relationships determine equivalence
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Equivalent Sources (cntd)
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Equivalent Sources (cntd)
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Equivalent Sources (cntd)

1, | L,
+ Only works if v =v, +
v, v, v |Rest thenvg=v =v, VSC) ~ v |Rest
of cct ' of cct
. -
A =
®
1 Only Works |f I1 =15 +
1 of cct of cct
. .
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Circuit Reduction

— ] )
E
For ladder networks D D

Reduce complexity by successively replacing elements by
their equivalents

What happens with three elements in series or in parallel?

+ . V
i -
—>

N They are all equivalent
We can commute elements
o—¢ +———{T@a +—1Th o
o—¢ +—{Th ——"Ta}-o
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T&R Example 2-22 p 49(49)

20! 10! 10!

Find v
15V @P 20! 10!
| 10 10
+'y —
Reduce the left end 0.75 DZO! § 20 § 20! 10!
10 o
. | 20! 20!
0-75 D 20 = 20 0 0.75 D 10! % 10! %
10 10 |
—’VVV—W
7.5U(F) 10! % v=25V
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i Voltage & Current Dividers

+
Ré v, Rotal =Rl TR+ Rs
+ + R R R
Vg R vV Vi = 1 Vo, Vo = 2 V \/h = V
1 S V2 S V3 S
2§ i Rtotal I:\)total I%otal
+
R3§ _ A
il¢ i2$ i3¢ L Gtotal :Gl +GZ +G3
(1) e=6Z6= v._G . . _G . . _ G
i | | | 11 lg; 19 lg; I3 lg
S .- Giotal Giotal Giotal
Gi :i
R
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Voltage Dividers

e T

SA\C- R, § Vv Rest
% lof cct
® |
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Often we use a voltage divider
to provide an input voltage to
a cct element

When would this work?

When the Qest of cct Odoes
not draw much current
comparedto R,

Why is this?
What is it asking of the
equivalent of the rest of cct?
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ThZvenin and Norton Equivalent Ccts

I
—>

+ O

Source

\Y
cct

Load
cct

Q|

ThZvenin @ Theorem

If the source cct in a two-terminal interface is linear, then
the interface signals v and i do not change when the

source cct is replaced by its ThZvenin equivalent
Note: nobody says the load must be linear!

ThZvenin Equivalent Circuit VO
vy Is the open-cct voltage of source . ' L oad
R; is evaluated from short-cct current cct
o |
* isc [on = VT — VOC
A T VT =Voc v A P s Rr Ry
o_ o R—I- :@
Isc
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ThZvenin@® Theorem Proof

Linearity of the Source cct is the key b superposition
Hook up a test current source to cct i

. . _>
Lest YiEldS voltage Vv, Source |
cct Vies est

Part |, I, ,=0 but i and v sources
In Source cct left ON then v, =V,.=Vy

Part 11, I ,/0 and sources left OFF
In Source cct then Vg »= -Rilies 2

By linearity of the Source cct v, IS the sum of these parts
for any choice of I

This establishes the i-v relationship for any load cct
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ThZvenin and Norton Equivalent Ccts
I

—>

+ O

Source

\Y
cct

cct

Q|

Norton @ Theorem

L oad

|f the source cct in a two-terminal interface is linear, then

the interface signals v and i do not change when the
source cct is replaced by its Norton equivalent

Norton Equivalent Circuit T
v; is the open-cct voltage of source iy Ry L:C"’tld
R; is evaluated from short-cct current | o
o——o  Voc TINRN =lscRn N
In (D Ry Voo RN :@ | ) ¢i3c -
| o = Isc i R, RN
=Ry 1 Vi
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Example 3-16 p.107(110) T&R

Find the ThZvenin and Norton equivalent ccts of
60 i
+

20! 50V
20! gﬁ% 30 v Load
| o |

Find the voltage, current and power if load is 50 !

Answer: v=-30V; i\ =-417mA ; R\=R=72"
V=-12.3V; I=-246mA; p=3.03W
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