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Voltage Division

* The voltage across impedances 1n series divides in

proportion to the impedances.

a

Z
Z, i
b i
ZZ Zn
V. =V,+V, =I(Z +Z,); KVL + Ohm's Law
V. Z.
vV, =17, L= l
v, Z, V. Zi+Z,+-Z,
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Current D1vision

* The current into impedances 1n parallel
divides 1n proportion to the inverse of the
impedances.

! ac* —
a a

I,l Z; Z, 112 I,l Z; Z l]
| | . |

c

I =1+1, = V(ZL+ZL);KCL +Ohm's Law
1 2

Lz 7, I, (/Z)+(/Z)+-+(1/Z,)
I, (1/Z)+(1/Z) Z+Z,

L=7 I (1/Z)
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Nodal Analysis

Define a voltage at each node (junction point) of a
network. For example, in a 5 node network, define
5 voltage unknowns.

Using KCL, write an equation for each node using
the unknown voltages. In our 5 node example,
you’ll have 5 equations and 5 unknown voltage.

Solve for the unknown voltages and now apply
these voltages to the network to find the currents for
ecach impedance in the network.
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Nodal Analysis Example

1 1
P o Node 1
| > > | L+ =0
VA I, 1% 1 VACT sy sy v 4
+ -—=0; 2=—
| 5 5 10 2
V=4
5V 1
2a_F1v- vt _2a h=T573
4'AA% ¥ A4
5 + 5 ]_S—V_l
5Vdc—= 4q lg s 5Vde = ° 5 5
v 4 2
_ 13:—:——:——
: 10 10 5
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Mesh Analysis

Define a current in each mesh (loop) of a network.
For example, in a 5 mesh network, define 5 current
unknowns.

Using KVL, write an equation for each mesh using
the unknown currents. In our 5 mesh example,
you’ll have 5 equations and 5 unknown currents.

Solve for the unknown currents and now apply
these currents to the network to find the voltages for
ecach impedance in the network.
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Mesh Analysis Example

W ¥ A'AA%
5 5
SVd e ]\V § ]Z\( N Mesh 1
- 1 10 T 0=1,5+10(1,-1,)-5; 5=151,-101,
| Mesh 2
0=1,5+5+10(1,-1,); -5=151,-101,
1 1
[lzg;lzz—g
20 + 1v - - Iv + D2q
W\ | W\
5 + 5
5Vd = da | 2 1o4v 5Vde =

BME 372 New Schesser 50



Comparing Nodal and Mesh Analyses

Therefore, 2 Nodal Equations: NOTE: I, =1,

6
Node 1 equation with respect to ¥,

+ + I +1,+1,=0
V, 1 V] _Vl Vz — Vl
V el 1y 142 1=
cci Ve R R R
N -- Node 2 equation with respect to 7
) I +1 +1 =0 2 simultaneous equations
Nodal Analysis —l— 64 v 11 i
3 Nodes: Vl_V2+_V2+V662_V2:0 "“le(E+RT+—)—V2—
Bottom Node is reference node R, R, Ry K, JRCRE K,
Node 1 (left hand node) has a voltage with repect to the reference node 7, Vccz — __Vl +V (i + L n i)
2
Node 2 (right hand node) has a voltage with repect to the reference node V, R R R R K

Therefore, 3 Mesh Equations:
Mesh 1 equation with respect to /,

+ V(:CIZIIR1+(II_[2)R2
Mesh 2 equation with respecnt to 7,
VCCl
B 0=(,—-1)R,+I,R +(I,- )R,
Mesh 2 equation with respecnt to 7,
Mesh Analysis _l_ -V =(,—L)R,+ 1R, 3 simultaneous equations
3 Meshes: -

V.= 11(R| +R)+-LR +0
0=-IR +L(R+R +R)-LR,
V.= 0-ILR, +13(R4 +R5)

Mesh 1 has a current I,
Mesh 2 has a current / 5

Mesh 3 has a current / ;



Superposition

* Used to analyze a circuit with multiple sources.
* Steps:
1. Set all sources except for one to zero (voltage sources are
shorted-circuited, current sources are open-circuited)

2. Solve for the currents and voltages for all of the circuit
clements

3. Repeat steps 1-2 for the remaining sources.

4. Add each of the solutions to obtain the solution for the
entire circuit
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Superposition Analysis Example

* Define all of the voltages and currents 1n the circuit

+ VL - - VR +
A'AAY 'A%
5 )
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Superposition Analysis Example

* Vs - - Ve t
Source 1 — o
5 + )
Currents are with — 5\/dc= ]—' Vil I 10 v
respect to Source 1 Isl_ Iy Iy

1. Simplify circuit and calculate 7,

*
R —10[ 5= 105 _50_10
P 10+5 15
5 15 3
1s1 — - ~
5+1?f) 25 5

3 =3.33Q
5VdG= x 2
1, 3.33

Source 2 becomes
a short circuit
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54



Superposition Analysis Example

2. Use current division to calculate

the remaining currents and voltages

10 10 3 2
Ly ==X =— o Xo=—7=-
15 15 5 5
5 5.3 1
Ly=—go X=X o= =-
15 I5 5 5

V.., :11s1><5:-6><5:3"
Ve :12S1><5:—.4><5:—2v

— — _(_ — + VL[ ':3 - VR[ +:'2
Vv, =-1 X10=—(-2)x10=2v I =6 o Lo L=
AAAY, AN
5 ; 5
5Vdc = Ms1 I3;=-.2
Vwr gl
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Superposigion Analysis Example

Now Source 1
becomes a
short circuit

A

5
333 3 G 5

BME 372 New Schesser

+ VLSZ - - Ve
S AL Source 2
e, V I Iy -;-:5Vdc Currents are
} 5210 % L2 with respect to
Source 2
1. Repeat for Source 2
. 10*5 50 10
R =10||5= =—=—=3.33Q
- bvde e T FY T
5 15 3
]2s2 - — Tz
10 25 5
5+—
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Superposition Analysis Example

Source 2

Currents are
wth respect to

Source 2
+ V, Vi +
Ls2 ]RSZ 10 3 2
252 12=——><—=——=—.4
VYN A * 15 5 5
5,7 5 L 5 3 1
e, Vs Léssz = SVdc I3S2=—E><g=—§=—.2

VLS2 :11S2X5:_4X5:_2V
VRS2 :12s2X5:-6X5:3V
Vi =15, X10=—(-2)x10=2v

Ms?2
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Superposition Analysis Example

* Summing the results of each solution:

[ =1 +1 ,=6—4=2
I=1_+1 _=—-4+.6=.2
=1+ =-2+-2=-4
V.=V, +V  =3+(-2)=1
V.=V, +V.,=(=2)+3=1
V,=V,,tV,, =2+2=4

+ Iv - - Iv +
AWV 0 AWV
5 + 5

> «—

5VdC__—_ 2a da g 104\/ d 5\Vdc —
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Thevenin and Norton Equivalent
Circuits

* Thevenin’s Theorem: Any circuit consisting of
passive and active components can be represented by
a voltage source in series with an equivalent set of
passive components

— The value of the voltage source equals the voltage seen at
the output terminal without any load connected to it, i.e.,
the open-circuit voltage

— The value of the equivalent set of passive components
equals the impedance looking back into the terminals with
the sources set to zero, 1.¢., the output impedance.
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Thevenin and Norton Equivalent
Circuits

* Norton’s Theorem: Any circuit consisting of passive and active
components can be represented by a current source in parallel
with an equivalent set of passive components

— The value of the current source equals the current seen at the output
terminal shorted and without any load connected to it, i.e., the short-
circuit current

— The value of the equivalent set of passive components equals the
impedance looking back into the terminals with the sources set to zero,
1.e., the output impedance.

* Note that the Thevenin and Norton Equivalents Circuits are
equivalent to each other when the value of the Thevenin’s
voltage source equals the product of the equivalent impedance
times the Norton’s current source
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Thevenin and Norton Examples

4"AA% * a
5 Open Circuit Voltage at terminals : ab
L _ 15 _
10 Vdec = §15 Vasoc =575 X10="7.5v
Output Impedance
’ b R0=5||15=5>2<55=%=3.75£2
I\/W a
5
R =3.75Q ¢
§ 15 € é 3.75
5 7.5Vdc =
b
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Thevenin and Norton Examples

4AAY, . a
5 Short Circuit Current at terminals: ab
. 10
10 Vdec = §15 lasc == =24
Output Impedance
’ b g o=sis=2 D 3950
20 4
4AAY, . a
5 a
10 Vdc = S 15
: @ 3.75
2Adc C §
- b b
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Homework

* Voltage and Current division

— How does the voltage divide across two capacitors in series? Show
your results.

— How does the current divide among two capacitors in parallel?
Show your results.

* C(alculate the Currents and Voltages for the following

circuits:

I
F

2Vdc

25Vdc

1
AN~

2,

2

—ANN\—

1[I~

2Vdc

@

_>
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Homework

Calculate the current labeled i and the voltage labeled v in the
following circuit

R,=1Q,R, =20, R, = 1Q, R, = 1Q, R, =2Q, R, =2Q. R, = 2Q, V,, = 4v

b cc
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Homework

Calculate the current labeled, i.

R,=2Q,R,=2Q,R, =20, R, =3Q, V.. =2v
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Homework

RD 29.5k RS 500
AN AN a

1Vac (\} ” CIN== 53n

CD 53n

b

An electrode is connected to an oscilloscope which
has a purely capacitance input impedance, CIN. Find

and plot the output voltage V_, (jw) as function of w.
Use Matlab to perform the plot.

66



Homework

* Repeat the analysis of this circuit using Mesh
and Nodal Analysis. That 1s find and plot V',
as a function of frequency. Use Matlab to
calculate the Bode plot.

'A% VWV

wd L. L.
T " L .
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