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Chapter 3 Synopsis

Analytic Techniquesfor Resistive Circuits

3.1 Seriesand Paralld Connectionsof Resistors
3.2 Voltageand Current Division

3.3 Superposition

3.4 Thevenin and Norton Equivalent Circuits

3.5 Node Voltageand Mesh Current Analysis
3.6 Maximum Power Transfer

3.1 Series and Parallel Connections of Resistors

Elements in series share the same physical* current

Elementsin parallel share the same physical* voltage

* Physical as opposed to numerical; eg., two elements
having the same numerical current are not necessarily
in series, etc.

=]

Two elementsin series Two elementsin parallel

3.1 Series and Parallel Connections of Resistors

Resistorsin pardld add reciprocdly:
Roa? =R T +R T+ . +R?

And conductances in parallel add directly:
=G+ G, +..+G, (Seetextp.60)

3.1 Series and Parallel Connections of Resistors

Resistorsin seriesadd: R, =R+ R+ ...+ R,

+Ryi- +R;i -
—MW—AM—— — —M— — — -
+Rj - +Rj-
(+)
&

Vot

3.1 Series and Parallel Connections of Resistors
Specia case for two Resistors in paralldl:
Ri+R= (RR (R +R)

N.B.: Product-over-sum rule and notation
(seetext p. 61)3% memorize!
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3.1 Series and Parallel Resistors. Example 3-1
Example 3-1. CaculateR,,

50 W 0w
geow oW

40w

30w

3.1 Series and Parallel Resistors. Example 3-1
Example 3-1: CaculateR,

I
Rq® ? %0 w

50 W §2°W
— /N §GOW 30W

40 W
30w %

Step 1: 20 W+ 40 W= 60 W (two seriesresistors)

3.1 Series and Parallel Resistors. Example 3-1
Example 3-1: CaculateR,,

Ry ® ? 0 w

50 W
o

Step 2: 60 W60 W= 30 W (two paralld resistors)

60 W 60 W 30W

3.1 Series and Parallel Resistors. Example 3-1
Example 3-1: CaculaeRy,

Rq® ? 0w

o

Step 3: 30 W30 W= 15 W (two pardld resistors)

30W 30w

3.1 Series and Parallel Resistors. Example 3-1
Example 3-1: CaculateR,,

Ry ® ? 0w

Sep4: 30 W+ 15 W= 45 W (two series resistors)

3.1 Series and Parallel Resistors. Example 3-1
Example 3-1: CaculaeR,

Ra® ? %0 w 45w
50 W
NN

Sep 5: 90 Wied5 W= 30 W (two pardld resistors)




3.1 Series and Parallel Resistors. Example 3-1
Example 3-1: CalculateR,,

Ry ® ? 30w

Step 6: 50 W+ 30 W= 80 W (two seriesresistors)

3.1 Series and Parallel Resistors. Example 3-1
Example 3-1: CaculateR,

|
Rq® ? ESOW

Step7: Ergo,R,, =80 W

3.2 Voltage and Current division

Voltage division: Seriesresistor voltages
dividein proportion to resistances

+V, =Rji - +V, =Rii-
NV\'—‘\M————’W\,—————W—‘
’7 +V,=Rji-  +V,=Ri-
\; :
— = R Memorize!
Vtot RtOt

3.2 Voltage and Current division

Current divison: Parald resistor currents
divide in proportion to conductances

| ot FGV GV GV GV
L L
\ @ E; E;

Memorize!

3.2 Voltage and Current division
Special case: Two Resistorsin paralldl:
ifig=R,/(R+R,), etc. (see below)
N.B.: “Other” resistor over sum of
resistors (see text p. 68)% memorize!

ot L _ R,
© iy "y o Ri+R
R, R, b R
ot~ RITR,

Memorize!

Circuit Analysis Tool kit: Recapitulation

* Single-loop circuit analysis

* Single-node-pair circuit analysis

« Source transformations

* Series-parallé resistance combinations
* Voltage division

* Current division




Example 3-2

Find V,

= 1w * éZ\N

A

2w i Vi M1ov.
21w

A\

N.B.: Seetext Problem 3.9, p. 97.

Example 3-2 cont.
Step 1: 1w+ Iw=2w

[ +

21w 2w
aw
§|1vv

Example 3-2 cont.

Tz

2w 2w Vy %)mv.

Example 3-2 cont.

Step 2: 2wse2w= 1w

+

TZ\N 22w Vi (D1ov.

Example 3-2 cont.

S 1w Vi ®aov.

AMA

Example 3-2 cont.
Step 3: Single-loop circuit
KVL: 10V.- 2Wxi - IWxi=0V.
Which has solutioni = 10/3 A.

[ + -

+ 2Wx 1l S2wW
e +

wx I 21w Vy 10V.

Sowhat'sV, ?




3.3 Superposition

 Superposition is the defining (inherent)
property of linear systems

* Ergo, linearity and superposition are
Synonymous

« Electric circuits are electrical systems

» The behavior of all voltages and currentsin
electric circuits consisting of constant
valued resistors and (independent) voltage
and/or current sourcesis governed by linear
algebraic equations in these voltages and
currents so superposition applies

3.3 Superposition cont.

What isthe definition of the
Superposition property?

If effect E, resultsfrom cause C,

And if effect E, results from cause C,
And if effect K-E, resultsfrom cause K- C,
(whereK isaconstant)

Thencause (C, + K-C, ) resultsin

effect (E, + KE,)

And the cause-effect relationship (system)
possessing the above superposition
property issaid to be linear

3.3 Superposition cont.

What' s the practical use of this property;
i.e., what'sits application?

One-sour ce-at-a-time super position!

The key to the method’ s successliesin
partitioning a given problem into single-
source sub-problems (which are relatively
easy to solve) and then applying
superposition to the sub-problems’
solutions¥a by just adding them up!

3.3 Superposition cont. % Example 3-3

] +
~V,/2wW +
i 2w§2W|x
g 2w i 3A)V,
5V.

N.B.: Seetext Problem 3.23, p. 99.

Find V, and I, using one-source-
at-a-time superposition

3.3 Superposition cont. ¥ Example 3-3 cont.
n

] +
V. /2W +
4 2w<< 2w,
; 2w il 3A) V,
5V.

N.B.: Seetext Problem 3.23, p. 99.

Step 1: Calculate the components of V, andi, that
are caused by the 5 V. voltage source only. This begs
the question “how is the influence of the 3 A. current
source to be withdrawn from consideration?’

3.3 Superposition cont. ¥ Example 3-3 cont.
n

] +
TV, /2w +
4 2W<T 2w,
; 2w i 3Al)V,
5V.

N.B.: Seetext Problem 3.23, p. 9.

Step 1 (cont.): The answer isto replaceit with azero
(no) Ampere current source (i.e., an open circuit)% no
current, no influence!




3.3 Superposition cont. ¥ Example 3-3 cont.

] +

v, 92w +

| zwgzwh“ 0A. -

g 2w Ka e /&
5V.

N.B.: Seetext Problem 3.23, p. 99.

Step 1 (cont.): N.B.: The partial answers (caused by
the 5 V. voltage source only) have been flagged with
primes.

3.3 Superposition cont. ¥4 Example 3-3 cont.

+

mv, 92w [ -
zwgzwut 0A. -

g 2w K i /¢
5V,

N.B.: Seetext Problem 3.23, p. 9.
Step 1 (cont.): What'sleft isjust aone-loop circuit
having (by Ohm’s Law) a counterclockwise current of

V. 8/ 2W=5V., (2QW+2W)=125A.\ V %=25V.
and KCL at node nyieldsi ®*=-1.25A.

3.3 Superposition cont. ¥ Example 3-3 cont.

] +
~V,/2W +
1 2w<Z 2wi,
; 2w i 3Al )V,
5V.

N.B.: Seetext Problem 3.23, p. 99.

Step 2: Calculate the components of V, andi, that
are caused by the 3 A. current source only. This begs
the question “how is the influence of the 5 V. voltage
source to be withdrawn from consideration?’

3.3 Superposition cont. ¥ Example 3-3 cont.

] +
~V,/2wW +
i 2W§2W|x
g 2w i 3A)V,
5V.

N.B.: Seetext Problem 3.23, p. 99.

Step 2 (cont.): The answer isto replaceit with azero
(no) Volt voltage source (i.e., ashort circuit)¥ano
voltage, no influence!

3.3 Superposition cont. ¥ Example 3-3 cont.
n

0 V.| shortcircuit

N.B.: Seetext Problem 3.23, p. 99.

Step 2 (cont.): N.B.: The partial answers (caused by
the 3 A. current source only) have been flagged with
double primes.

3.3 Superposition cont. ¥ Example 3-3 cont.
n

— l .
V, I 2W +
1 2W<< 2WI,
; 2w i 3Al V]
i 0 V.| shortcircuit

N.B.: Seetext Problem 3.23, p. 9.

Step 2 (cont.): What'sleft is just atwo-(equal) resistor
current divider for whichi,*=[2W/ (2W+2W)] . 3A.
=15A.sothat V,>=2W. 12 =2W 15A. =3V,




3.3 Superposition cont. ¥ Example 3-3 cont.

] +
V. /2w +
2 % 2WI,

§ 2w |% 3Al )V,

5V.

N.B.: Seetext Problem 3.23, p. 99.
Step 3: Calculate each answer by summing its respective
components; i.e, i, =1,C+ 1,2 =-125A. + 1L5A. = 0.25 A.
and: V,=V,6-V 2= 250V.+30V.=550V.

3.3 Superposition cont.

N.B.: Superposition doesn’t
work for power.

3.4 Thevenin and Norton Equivalent Circuits
Thebasicideaisto replace arelatively complex
(linear) circuit with asimple single-loop circuit
having asingle voltage source and asingle
resistor¥awhich is called the complex circuit's
Thevenin Equivalent Circuit

Ry
’—\/V\/‘—'

S ERE

Complex Circuit b TheveninCircuit b

3.4 Thevenin and Norton Equivalent Circuits

* What's needed are rules for how to
calculate Vo, and Ry,

» Notethat al of the numerical dataisin the
left (actual) circuit whereas the right
(Thevenin) circuit is entirely conceptual

a Ry, a
2W
» 2E B DV,
5V.
1
Complex Circuit b TheveninCircuit b

Data here Concepts (theory) here

3.4 Thevenin and Norton Equivalent Circuits

* This suggeststhat the rules for how to caculate
V4, and Ry, should be derivable from the
Thevenin (theory) circuit and ...

* Once derived, these rules are then always applied
to the dateg. namely the original (actual) circuit

a J ™, a
2Wi [
’ 2w ()

n 2

5Vv.
|

Complex Circuit b TheveninCircuit b

Data here Concepts (theory) here

3.4 Thevenin Circuit Element Rules

KVL applied to the Thevenin circuit with
terminals a-b open (so | = 0 A.) yidds:

V- OV.- Ve =0V, \

VTh = VOC (Thevenin voltage = Open circuit voltage)

Rey
® a
U
+Ryl=0v.- '=0A
VTh VOC
TheveninCircuit b




3.4 Thevenin Circuit Element Rules cont.

Ry, is the resistance of the circuit when all
independent sources of energy are removed
from consideration (all voltage sources
shorted, al current sources opened)

Ry

Jvazov. @ R=Rp

3.4 Thevenin & Norton Equiv. Circuits cont.
Example 3-4
Find | using Thevenin's Theorem

2w 7‘|
gzw ) 3a () %4W
@sv.

3.4 Example 3-4 cont.

Step 1:  Get the Thevenin Equiv. of the
circuit to the left of teranaJs ab

+
2w

§ 2w ) 3A.C>

3.4 Example 3-4 cont.

Step 1lao Open circuit voltage calculation
a

+
2w

g 2w - 3A-C> Voe =V =5.5V.

(See Example 3-3)
5V.

3.4 Example 3-4 cont.

Step 1b: Determination of R,

y

g 2W ) - 0A. Rm= 2Mc2W= 1w
B +

oVv.

3.4 Example 3-4 cont.

Ergo, finding | using Thevenin’ s Theorem becomes

MWV
N
3
w
>
)
/
VWV
IS
3




3.4 Example 3-4 cont.

| =55V./(1+4)W=11A.
(Ohm's Law)

MA
Ry, = 1W |

™) Vv;,=55V. §4w

a

3.4 Example 3-4 cont.

Using source conversions, the Norton
solutionis: | =[1W/(1+ 4)W] 5.5A.
=1.1A. (Current ,) a

()

=55A

Diy=55v/W = Ry=Ry=1W %M

b
N.B.: Seetext pp. 76-81 for further information
regarding Norton Equivalent circuits

3.5Node & Mesh Analysis

» Node voltage analysisisjust
organized KCL(s)

* Likewise, mesh current analysis
isjust organized KVL(S)

* First consider node voltage
analysis

 But before that, consider the
following useful rule

From-to-through Rule

+ Ver =Rppy | -
\
/

other - —_— other

\
/ | ~
+
nodes .~ RThm \odes
T for “To"

F for “From”

Ref.
(Reference node from which all other voltages are measured)
KVL:Ve- Ve -V =0\ Ver=Ve- Vo= Ry, | (WsLaw)

| = Ve - Vio Memorize this formulal
Thru

3.5 Node Voltage Analysis. Example 3-5

There are three nodes (m, nand the Ref. node)
V,,isknown to be5 V. (by inspection or by KVL)

Write KCLs at nodes where the voltage is unknown

KCL at node n: (OV.- V)I2w+ (5v.- V) [2W+3A.=0A.
Yawhich hassolution V, =55 V.

® 1 =
3A. *
N 2W.
g 2w . dm 3A V,
i v, (#)sv

Ref.

3.5 Node Voltage Analysis. Example 3-6
Find | using nodal analysis

3W

3

Ref.

The first stepisto (arbitrarily) establish the
“bottom” (physical nodes 3 and 4) of the circuit as
the (electrical) reference node (Ref.)




Example 3-6 cont.
(Find I using nodal analysis)

3w

5

3w 1 |

6V.
2

©

VW )
17 v VIEZW

+
(—)2a.
Ve %2W

The node voltages V, and V, are with respect
to the reference (bottom) node as shown

Ref.

VW G "
2A.
17v) V1§2W VaSow (?

K

Example 3-6 cont.
(Find I using nodal analysis)

3W
VAVAYAN

3w 1 |

@)

Ref.

VL: V, +6V.- V,=0V.\ V,=V,+6 (A)

Example 3-6 cont.
(Find | using nodal analysis)

KCL at Node I
[(-17V.) - V,]/3W+2A. - | - =0A. (B)

Example 3-6 cont.
(Find I using nodal analysis)

- | BV.BW=2A.
6V

3 1 N\
\/\/\Q,/ ; \’g; N\ + |
17v.é VI%ZW V, w ?M'
| - Ref. -
KCL at Node 2
|- 2A.- 2A.- =0A. (C)

Example 3-6 cont.
(Find | using nodal analysis)

3W

5

3w 1

| 3

|
NV o)
2A.
17"-(35 gzw 2w
4

Equations (A.),
V,=-8V,
Ergo, | =3A.

(B.) and (C.) have solution:
V,=-2V.and| =3A.

3.5 Mesh Current Analysis: Example 3-7
 There are two (left & right) meshes (“window panes”)
* |,isknown to be - 3 A. (by inspection or by KCL)
* Write KVLsaround meshes whose mesh currents are
unknown:
* KVL (left mesh): - 2W1,- 2W(l,-1,) - 5V.=0V.
which (givenl,=-3 A.) has solution |, =-2.75 A.
n

(1, 2)]* by KeLan

?

; | oW ow(i 1)

2WI1§2W T
<<

* sv. |l




3.5 Mesh Current Analysis. Example 3-8 Example 3-8 cont.
Find | using mesh analysis (Find I using mesh analysis)
@ @ - |6V./3W = 2A.
vs/\c// 1 é @ 2 \X/\Q// 1 (é @ 2 |
6V. 2A. 6V. 2A.
17"'(5 a> zwg a> 2vv% @? 17V-é> zw; 2w @?
| B 3 B 4 B | 3 4 B
Thefirst step isto (arbitrarily) establish the Next, observethat I, =2A. andl,=-6V./3W
mesh currents |, |, |, and |, as shown =-2A. and dter the schematic accordingly
(seenext dlide)

Example 3-8 cont. Example 3-8 cont.
(Find I using mesh analysis) (Find I using mesh analysis)
ARA
+ 3W (-2A) =-6V. -
“|-2A.
3 1 2 3 1 2
A é @ WA [ <:3 @
é + W, - +  BV. + A é + 3Wl, - + BV, +
17V 2w ;2\/\/“1- L) 2W Q2W (I,- 29 17y 2W 22W (- 1,)  2W Q2W (I,- 2)
| I 3 - 4 - 2A | I 3 af -
Next, place voltage dropsadjacent to the resistors Next. writeKVLs around meshes
as shown¥a note the use of the passive sigh whoée mesh currents are not known
convention in assigning each voltage polarity!

Example 3-8 cont.

Example 3-8 cont.
(Find I using mesh anaysis) (Find I using mesh anaysis)
PIVN
®
3 1 2 3 1 @ 2
W,V\v/ | 5 O WA g O
é) + 3WI, - +  6V. + é) 6V. 2A.
v 2w§2w'(|1-\2) 2W%2W(2-2) 17 v @ 2w§ 2w @ ?
[, s[ - 4 - | B 3 B 4 B
Mesh KVLs: Equations (A.) and (B.) have solution |, = -3 A.
S17V.- 3W - 2W (I, - 1,)=0V.  (A) ?ld||2.:|1:Aiio_9l\$|A3 ;%%{tffllogfvzthat
2W (I,- 1,)+6V.- 2W (I,- 2)=0V. (B.) 2




3.6 Maximum Power Transfer

* To extract maximum power from a
Thevenin circuit, load it with aresistance
equal to R seetext pp. 95-96 for
(calculus) proof

* It follows then that to extract maximum
power from any (linear) circuit, load it
with its Thevenin resistance R, with
respect to the extraction point

3.6 Maximum Power Transfer: Example 3-9

What'’ s the maximum power that can
be extracted from terminals a-b?

a

gzw et SAC
@5\/.

—/

3.6 Maximum Power Transfer: Example 3-9 cont.

The circuit’s Thevenin equivalent (found in Example
3-4) loaded with Ry, a terminds a-b yields:

I =55V./(1+1)W=2.75A. so the (maximum) load
power is. P, = IPR=(275A.)%>-1W=75625W.

MN 2
Ry =1

() V;,=55V.

Riow= Ry = 1WS

3.6 Maximum Power Transfer: Example 3-10

Determine the value of R in the circuit which
will draw maximum power and calculate the
corresponding maximum power.

3W

3w 1 |

VWV ® @ ]
17v.<$ §R EZW QZA'
: : |

Example 3-10 cont.

Solution strategy: Determine the Thevenin circuit
with respect toterminals1 & 3% thenR= Ry,
will draw maximum power from the remainder of
the circuit AW

Example 3-10 cont.
First find V,, = open-circuit voltage
across term3i rml/als 1&3

- |[ev./3w=2A.
6V.
3W 1 | 2

\AYAY4 ® @
+ + oA
17 V| Vi V,Sow '
3" 4

KCL at Node I [(- 17V.) - V JIBW+2A.- | =0A. (A)
KCL at Node 2 - 2A.- V,2W- 2A.=0A. (B)
KVL: Vi +6V.- V,=0V. (C)
(A.), (B.) and (C.) have solution V;, =-12.8 V.




Example 3-10 cont.

Example 3-10 cont.
R, = Resistance across (open-circuited) terminals R, = Resistance across (open-circuited) terminals
1& 3withthe indepeggvent sources deactivated 1 & 3 with the independent sources deactivated
3W 1 . SC 2 3W 1, 2,
SC = Ry 2w oc - Ry 2w
3 ]_. 4 ] 3 l_. 4

The parallel combination of theO W SC and the 3 W Ry, =3WI2W=12W
resistoris0 W (another SC) so the circuit becomes

(next dide) ...

Examination
Describe the EE activity shown below

Example 3-10 cont.

The circuit’s Thevenin equivalent loaded with R =R,
draws a current of:

I =V /(Ry,+ R) = (- 128 V.)/(1.2 W+ 1.2 W) = - 51/3A. ‘

and the corresponding maximum power is ‘"‘ Ay ‘\1

Prax. = 1?R = (- 51/3A.)7 1.2 W= 342/15W. » 34.13 W.
il H
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