V. Resistive Networks

= Resistors are either arranged in parallel or in series or as combination of both

Parallel Network Fig 15a: Parallel resistive network
. ______ ——
I I I "
(D e i e (D =
. ______ ——
. . 1 1 1 1 1
Equivalent Resistance Rp: — = — + + + .+ —
R, R R, R Ry
Current Divider Rule
RP = Current (/,) from the source will have to be shared
[, =—1 between the resistors (R;) in each branch
k S
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Series network (Highlights)

Series Network

Fig 15b: Series resistive network

\A C) e ,\Z =) V<+> Rs

Equivalent Resistance Rp: R, =R +R,+..+ R,
Voltage Divider Rule

R = Total voltage drop across all the resistors (V) in series 1s

— _k
Vk - R VS the sum total of voltage (V) drops across each resistor
S
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Worked Example on Current Divider Rule

Rank the currents from largest to smallest if R, > R;>R; > Rs > R;
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Worked Example on Voltage Divider Rule

Rank the potential difference from largest to smallest
ifR,>R;>R;>R;>R;,
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Worked Example 1 on Resistive Networks

Find the effective resistance across A and B

R1:R4:19,R2:R3:3Q

¢ i? e ;(%(//zz)*@%//@f% |
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Worked Example 2 on Resistive Networks

What is the equivalent resistance seen by the soufce?

What is power supplied by the source? ) L SL” - i
Zau)? =/ 38 (M |
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V1. Measuring Instruments - Voltmeter
ey,

= Voltmeter measures voltage across a circuit element {Q v&€ ﬁq,

RS ®

f IDEAL ACTUAL
Fig 16: Image of typical Fig 17a: Placement of an ideal Fig 17b: Circuit model of how a real
voltage with a measuring voltmeter to measure the PD voltmeter behaves, which looks like
range up to 30V across R, a large parallel resistor (R,)c

How would you place the voltmeter in the circuits?
= Connected in parallel with the element being measured
In Fig 17a, voltmeter has no effect on original circuit.

In Fig 17b, voltmeter will steal current from R,. This will change
the voltage measured across R,. Thus, the PD measured with

a voltmeter is lower than the true value.
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Worked Example on Voltmeters

Referring to Fig 17b, if V, =5V, and Ry = 1IMQ,
find the voltage across R, when

(1)R; =R, =1kQ V=25V

(iR, =R, =1MQ V=167V

V= Ve

(i ﬁdq
@\ /r %//%(j ACTUAL

Fig 17b
General Solution
RaRy,

v — Ry||Ry - R,+R, _ . R>R, _ UsRy
measured — Ys - Ys — YUs -

Ri + R,||R R>R R{R, + (R{ + R»)R R.R

1+ Rz||Ry R1+RZZT}]% 1Rz + (R1 + R2)Ry (R, +R,) + 11202

R

* Ideal case for voltmeter: R, = 0, Vigoq = V5 ——
1 2

* Actual case of voltmeter: measured voltage deviates more if resistance of other resistor(s) in the
circuit is higher and more comparable to R,
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Ammeter

=  Ammeter measures current

VW ——V/\V\AA—
R, ( R;
v + l l y + l l
A A
R
4 IDEAL ACTUAL
Fig 18: Image of typical F1g 19a: Placement ot an 1deal Fig 19b: Circuit model of how a real
current with a measuring ammeter to measure current ammeter behaves, which looks like a
range up to 20A through R, small series resistor (R,)

How would you place the ammeter in the circuits?
= Connected in series with the element being measured

In Fig 19a, ammeter has no effect on original circuit.

In Fig 19b, ammeter contains some resistance (R,), adding to the
total resistance, lowering the measured current. Thus, the current
measured with an ammeter is lower than the true value.
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Ammeter in Circuit

How would you place the ammeter in the circuits of the previous
worked examples?
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Ammeter Example

Referring to Fig 19b, if V=5V, and R, @
find the loop current when

MR, =1k i=4.995 mA ,
(ii)Rll %} i K\?7 @/’} Vg

S
General Solution @( ~/

. Vs
lmeasured =
R{ + Ry

. 1%
* ldeal case for ammeter: Ry = 0, ijgear = -
1

 Actual case of ammeter: measured current deviates more if resistance of
other resistor in the circuit is smaller and more comparable to R,
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1.2 Circuit Analysis Methods

= [t 1s important to apply the 3 basic laws 1n
circuit theory to analyze and design circuits

* This unit 1s organized into the following 3
sections

> Nodal voltage analysis (application of KCL and
Ohm’s law)

> Mesh current analysis (application of KVL and
Ohm’s law)

> Superposition
Alexander & Sadiku, “Fundamentals of Electric Circuits” 5th Edition Ch 3, 4.3
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I. Nodal Voltage Analysis (NVA)

KCL & Ohm’s law in action

* The method of nodal voltage analysis is an application of
KCL and Ohm’s law together

* The unknown variables that you will solve for are node
voltages

= We will apply KCL at a mode and express the unknown
currents as unknown node voltages

AEE2005
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Example on how to do NVA

Find the voltage across the current source, Vg:

Given: I = 12A, Vi = 12V, R = 0.3Q, Ry = 1Q, R = 0.230Q

r

.

CD I ‘g/‘n,

R.;

example

Apply KCL at Vg:
+
V. Vo=V, V
iz Vs =% *"k 'R

B G
Vi V -12

12 = + Ys
1 0.3 0.23

V, =599V

= The value of Vg is also referenced to this node

Note that the negative terminal of V is used as a reference (0V) in the

The value of the reference node 1s not important since we are only
interested in the voltage difference
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NT10

Find the voltage across the current source, V:

Given: Iy = 12A, Vi = 12V, R = 0.3Q, Ry = 1Q, R = 0.23Q




Worked Example on NVA 1

Use nodal voltage analysis to find V; and V. (Answer: v, = 4.8V, v,=2.4V)

Copyright ©@ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

1Q

1Q

@

MW

» -
§ 20

WW

%’IQ

First method:

-Apply KCL at V; (1)
-Apply KCL at V, (2)
-Solve equations (1) and (2)

Alternate method:

-Combine all the resistors to
find V, first

-Then combine the 3 resistors
on the right followed by
voltage divider rule to find V,
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Worked Example on NVA 2

Use nodal voltage analysis to find the current through the 3V source.

(Answer: 1=8.31 A)
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Apply KCL at V;:
VoV, VeV,

Apply KCL at V,:

Vl_Vz _ Vz

2
0.5 0.5

*vi=2r=1 (1)

= +1
0.5 0.25

2V, -6V =i

(2)

\E

Apply KCL at V;:
V3 " V3 _Vl _ i
0.33 0.5
166

» 2V =i (3

Since a new variable is
introduced in (2), we need one
more equation.

V,-V=3 (4
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