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Week 4 Agenda

Mesh Analysis

Thévenin Equivalent Circuits
Norton Equivalent Circuits
Solutions Using Superposition

Wheatstone Bridge
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Mesh Analysis

Solve Circuits Using KVL Around All Loops
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Remember Node Analysis

Mesh Analysis

Vs = 12V A=3 Problem of Dependent Source

R1 = Ry = 1kX2
R3 = 5kL2 R4 = 20052

Superloop 1,2

vs—11R1+13R1—ioRot+i3Ro—1oRy

x:<UA>=<1O>VoItS Loop 3
’UB 2

i3R3+ (i3 —ip) Ro+ (i3 — 1) Ry =0
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Example of Mesh Analysis

Dependent Source

A(in —i3) =i — 11 Ve =12V A=3
(A+1)i;g —io—Aiz=0 fia = 1o = 182
Rz = 5k2
Previous Page R4 = 20052

vs — 111 +13R1 —1pRo +13Rp —1pR4 =0

i3R3 + (i3 —i2) Ro + (i3 —11) R =0

Reorder

(A4+1)ig —ip — Aiz =0
—Ryi1 — (R2 + Rg) i+ (R1 + Rp) i3 = —vs

—Ryi1 — Roio + (R1 + Ro+ R3)i3 =0
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Mesh Analysis Solution

Previous Page

Ve = 12V A=3
Ri = Ro = 1kQ
Rz = 5kQ
R4 = 2009

(A+1)iy —ip— Aiz =0
—Rq11 — (Ro + Ra) iz + (R1 + Rp) 13 = —wvs

—Ryi1 — Roio + (R1 + Ro+ R3)i3 =0

11 0
M| ir | = | —wvs
13 O
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Matlab Mesh Results

>> vs=12;A=3;R1=1000;R2=R1;... Ve = 12V A=3
R3=5000;R4=200;y=[0;-vs;0]; R1 = Ry = 1kS2
>> M=[A+1,-1,-A;... R3 = 5k2
-R1,-(R2+R4) ,R1+R2; ... R4 = 20052
-R1,-R2,R1+R2+R3]

M =

2 -1 -3

-1000 -1200 2000

-1000 -1000 7000
>> x=inv (M) *y

X pd
0.0040 Node Solution
v 10
0.0100 ( A) _ < )VOItS
0.0020 VR 2
>> vBcheck=x(2)*R4 >> vAcheck=vBcheck+x(2)*R2-x(3)*R2
vBcheck = 2 vAcheck = 10
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Thévenin Equivalent Circuit

R, is the Load: Draw a circuit for everything else.

Linear Circuits: 7 vs. v is a straight line.

We need two points to determine the line.

1 = 0: Open Circuit Voltage. v = 0: Short—Circuit Current

L oad Resistor: 1 = R%
Solution: Voltage Divider
UT—U

Everything Else: ¢+ = Ry
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Thévenin Concept

~O| e [
[sc T
AR Re
Solution —
Voo
Circuit Equation Load Equation
. vr — v , v
1 = 1 = —
Rr R

Load Line

Solution is at the interesection.
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T hévenin Calculation

e Calculate Open—Circuit Voltage, voc.

e Calculate Short—Circuit Current, 2sc.

e Find Equivalent Circuit, vp = voc and Rp = ¥e¢,

lsc
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Zeroing All Sources

Alternative to Compute Ry

Voltage Sources Shorted (v = 0)
Current Sources Opened (i = 0)

Use Series and Parallel Combinations
Do This if voe OF 25 LOOKS Messy.

In This Example, R = (R1 + R») || R3 = 14300hms
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Thévenin Example: Parallel
Batteries
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Parallel Batteries Solution

Vi =12V, R{ =192, Vo, =11.9V, Ry, = 312

g—\

.\/I+

- \t
|

R
&

v

Voltage Divider

Voec = v1 — (v1 —

1R+ R> R1+R2 v R1+Rz

— v1Ro+Vo R,

R1+R>

= 11.97V

v2) Rl+R2

Chuck DiMarzio,

g—\

\?+ Tl j;L

as A
L

KCL

_ v1Rot+vo Ry
lsc = Rl ‘|‘ — R1 R

T hévenin Resistor

RT = Yoc — O.75Q

lsc
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Norton Equivalent Circuit

R, is the Load: Draw a circuit for everything else.

Linear Circuits: 7 vs. v is a straight line.

We need two points to determine the line.

1 = 0: Open Circuit Voltage. v = 0: Short—Circuit Current

L oad Resistor: 1 = RL
4

Solution: Current Divider
Everything Else: i =iy — RLN
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Norton Example

= Ve | A
Bl

From Thévenin Equivalent

a5 T o 5 ) 2SN
_L ‘lg

(] n v2 v1 Ry + v Rq
R1  Rp R1R»>
Norton Equivalent

= 15.96A

lsc —

inN = isc = 15.96A Ry = Ry = 0.759
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Superposition Example
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Zeroing sources

Original Zero Current Source Zero Voltage Source
Open Short

e Zero the Sources One at a Time
e Solve the Circuit for All Unknowns in Each Case

e Sum the Results
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Superposition Solution

oo

|

——

Series—Parallel Solution Series—Parallel Solution

i =wvs/[(R1+ R2) || R3]+ Ra vy =is{Ry || [R2+ (R3 || R4)]}
Current Divider (i» to the right)

vp — iR4
. . . Ry
Voltage Divider 10 = 15
R1+ Ry + (R3[| Ra)
vg = vs + (vp — vs) et :
A i Ri1 + Ro v =2 (R3 || Ra)
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Conclusion

Ve = 12V, i = 6MA, R1 = Rp = 1k{2, Rz = 5k2, R4 = 2002

| .,
= Ry v Ry
Viotal — vl + v2
vy = 6.74V vy = 3.26V
vg = 1.47V vp = 0.53V

V4= 10.0V Vp = 2.0V
Same Result We Had Before.
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Parallel Batteries: Superposition

Vi =12V, R{ =192, Vo, =11.9V, Ry, = 312

Re Re "

U

Rp||[Ro

vr — Rr| Ry
L 1R+ (RLR2)

= 7.83V UL = V2R, ¥ (R, ||Ry)

= 2.59V

vy = 7.83V + 2.50V = 10.4V
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Balancing the Load

- J'\?W\/“vg - I,'

Source: vs = 120V RMS. Bad Ground: Rg = 2012
Lights: Ry = 14.4C2, Ry, = 144X2. Stove: Rz = R4 = 7.212.
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Stove Off

ity
TC}@)R%@ER

Voltage Divider with Top Source: Zero Bottom so Rs || Rg
; Ry oy = Ro || R
S -— USs
R1+ (Ro || R2) R1+ (Ro || R2)
Bottom Source: Zero Top so Rq || Ro
R1 || Ro R

'U]_ — () = —
"Ry + (Ro || R1) "Ry + (Ro || R1)

vl

Total
v1 = 60.7V vo = 179.3V Check v1 + vo = 240V

vy = 120V vg = —120V vg = vyq —v1 = 9.3V
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Stove On: Balance Load

Same as Previous Page, but with R1 || R3 and Ry || Ra

Top Source
vy = v Ri||R3
S(R1||R3)+(Ro||R2[[R4)

o = s Rol|Ro|| R4
(R1]|R3)+(Ro||R2l|R4)

Bottom Source
o1 = g TallBsllRo
(Ro||Ra)+(Rol||R1||R3)

vy = — Ro|[Ra
5(R2||Ra)+(Rol|R1]|R3)

Total

v1 = 101.4V vo = 138.6V Check v1 4+ vo = 240V
vq = 120V vg = —120V vg = vyq —v1 = 18.6V
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Comparison

Stove Off
v1 = 60.7V vy = 179.3V

vq = 120V vg = —120V vg = vyq —v1 = 9.3V

Lights Represented by Rq{ Are Dim
Lights Represented by R> Are Too Bright

Stove On
v1 = 101.4V vy = 138.6V

vg = 120V vgp = —120V vg = vy — v = 18.6V

Lights Represented by R{ Become Brighter
Lights Represented by R, Become Dimmer
Better Balance

“Ground” Voltage, vg, Closer to Zero
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VWheatstone Bridge
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Balancing the Bridge

_ .
AT R+ R,
_ I3
vp — ’USR?) _I_ R4
A = e ( R, Rs ) 1
Ri+ R> R34+ Ry V%

Application:
e R4 is Unknown
e R- is Variable and Calibrated
e 1 and R3 are Precision Resistors
e Adjust for Vg, =0
e Solve for Ry
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Strain Gauge

R4 is a Strain Guage

Rqs = Rg+ AR

R1.3 = Rp Precision Resistors
Calculate vyp

Ro Ro+ AR
v = —
BA™ " \2Ry 2Rg+ AR -
Y
1  Rp+ AR
(% — v - — —
BA™ "5\ \2 " 2Ry + AR
1 Rog+ AR
v ~ v — —
BA s15 2Ro
AR

Chuck DiMarzio, Northeastern University
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4 Balanced Strain Gauges

e R1 = Ry = Rgo+ AR Are Strain Guage

e Ro = R3 = Rgop+ AR Measure Opposite
Strain

e Calculate vyp

o _. (BotAR_Ro— AR
BA= 5\ " 2R, 2R,
2AR
YBA = Vs 2Rg
AR
'UBA — Vg RO

May Need a Variable to Get a Good Null
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