UCONN

Circuit Analysis
Part I

ENGR 1166 Biomedical Engineering

Recap

O KCL: At any node in an electrical circuit,
the algebraic sum of the currents is equal
to zero

O KVL: the directed sum of voltages along
any closed path in an electrical circuit is
zero

0 Ohm’s law: the ratio between the voltage
drop at the terminals of an ideal resistor
and the current passing through it is
constant and is called “resistance”

Recap

Q Equivalent resistance: Any circuit of
resistors can be replaced with a single
equivalent resistance

Q VDR: A rule to compute the voltage drop
across each resistor in a series of resistors

Q CDR: A rule to compute the current
through each resistor in a parallel circuit

These tools are introduced for circuits made
of resistors only!




Analysis of a more general circuit
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How to solve a circuit problem (e.g., compute
unknown voltages and currents) when the
circuit includes elements other than resistors?

Analysis of a more general circuit
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The node-voltage method is a technique to
systematically solve a circuit problem when
elements other than resistors are involved

Our goal
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If there are N nodes in the circuit, we want to
determine up to N — 1 equations with N — 1
unknown variables and then solve




Node-voltage method

1) Set one essential node of circuit A as a
reference (ground) and refer the voltage
across any element in circuit A to it
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Node-voltage method

1) Set one essential node of circuit A as a
reference (ground) and refer the voltage
across any element in circuit A to it

Ie , | R _
node 1 /\/\/\ node 2
N
Vi Ve Va2
TTground
Vp=V1-V;

Node-voltage method

2) Except for the ground, write the KCL at
every essential node in circuit A
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V-V V-V Vv
1—k+u+_k:0
R4 R, R;3

Node-voltage method

4) Replace the voltages in the KCL equations

_IRI +IR2 +IR3 =0




Node-voltage method

NOTE: | use KCL at the nodes to set the
equations and | use Ohm’s law to introduce
voltages in these equations

I will solve with respect to voltages!

Node-voltage method

NOTE: If there is a voltage source between a
node and the ground, there is no need to use
KCL at that node as the voltage is known

1R1 R1 node RZ IRZ
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Node-voltage method

NOTE: If there is a voltage source between a
node and the ground, there is no need to use
KCL at that node as the voltage is known

1R1 R1 node RZ IRZ
— + - k + - >

Vi =Vs ... known!




Example 1
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IC Rl RZ R4, R5 R6

Ri=1Q;R,=2Q;R3=1Q; R, =12 Q; R; =12 Q;
Re =12 Q; I, =5A

What is the voltage at each circuit element?

Example 1: where are the nodes?

I¢ Ry R, Ryl Rs| Re

node C

Ri=1Q;R,=2Q;R3=1Q; R, =12 Q; R; =12 Q;
Re =12 Q; I =5A

Example 1: set the ground

Ri=1Q;R,=2Q;R3=1Q; R, =12 Q; R; =12 Q;
Re =12 Q; I, =5A




Example 1: set the current flow

Ri=1Q;R,=2Q;R3=1Q; R, =12 Q; R; =12 Q;
Re =12 Q; I =5A
NOTE: if not specified by the problem, we
guess the direction of the currents now and
we will fix it later when we have the solution

Example 1: KCL

Ri=1Q;R,=2Q;R3=1Q; R, =12 Q; R; =12 Q;
Re =12 Q; I =5A

node A: _Ic+11+12 +I3 =0
nodeB: —I3+ 14+ 15+15=20

Example 1: voltages

Ri=1Q;R,=2Q;R3=1Q; R, =12 Q; R; =12 Q;

Re=12Q; I, = 5A

I1 =V4/Ry; I =V4/Ry; I35 = (V4 —Vg)/R3
I, =Vg/Ry; Is=Vg/Rs; I¢ =Vg/Re




Example 1: voltages

noded: —Io+I;+ I, +13=0
nodeB: —I3+1,+I5+1,=0

Va-Vp _

Va , Va
node A: —1I —+ —=
c+t Ry + Ry + Rs
Va-Vp + Vp Vg Vg — O

node B: —
R3 Ry Rs Re

Ri=10Q;R; =2Q0;R;=10Q; R, =12 Q; Ry =12 Q;
Rg=120Q; I, = 5A

Example 1: solve!

noded: —Io+ I+ 1, +13=0
nodeB: I3+ 1, +I5+1,=0

1 1 1 1
node A: (R—1+R—2+R—)VA—R—3VB =Ic
1,01, 1 1 1
node B (R_3+R_4+R_+R_6) B_R_3VA—O

Ri=1Q;R; =2Q0;R;=10Q; R, =12 Q; Ry =12 Q;
Re=120; I, = 5A

Example 1: solve!

noded: —Ic+I;+1,+13=0
nodeB: —I3+1,+I5+1,=0

!

5V Vp=5
274 B~

5V Va=0
2B A=

Ri=1Q;R, =2Q;R3=1Q; R, =12 Q; R5 = 12 Q;
Re=120; I, = 5A
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Example 1: solve!

node A: _IC+11 +Iz +I3 =0
node B: —13 +I4+15 +I6 =0

!

Vg =235V
Vy=294V
Example 2
R R;
A A
+
= o=
Vs R, R, Ic

Ri=1/2Q;R, =1/3Q; R; =1/2 Q; R, = 1/4 O;
Vs=5V;I.=3A

Example 2: where are the nodes?

Vs RZ R,

I¢

Ri=1/2Q;R, =1/3Q; R; =1/2 Q; R, = 1/4 O;
Vs=5V;I.=3A

H
node C
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Example 2: set the ground

Ri=1/2Q;R, =1/3Q; R; =1/2 Q; R, = 1/4 O;
Vs=5V;I.=3A

Example 2: set the current flow

1
L» +

Vs

—l— node C

Ry =1/2Q;R, =1/3 Q;R3 =1/2Q; Ry, =1/4 Q;
Vs=5V;I=3A
NOTE: The direction of I, and I is set by
the problem while we need to guess the
direction of the remaining currents

Example 2: KCL

I
L» +

I¢

Ri=1/2Q;R, =1/3Q; R; =1/2 Q; R, = 1/4 O;
Vs=5V;I.=3A

node A: _11+12 +13 =0
nodeB: —I3+14+1Ic=0
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Example 2: voltages

Ri=1/2Q;R, =1/3Q; R; =1/2 Q; R, = 1/4 O;
Vs=5V;I.=3A

It =Ws—Va)/Ry; I =V4/Ry;V, =V,
I3=W,—Vg)/R3; 14 =Vg/R,

Example 2: voltages

noded: —I, +1, +I3=0
node B: —13 +I4 +IC =0

!

Vs—Va +E Va-Vp _ 0
Ry R; R3

Va-Vg | V
nodeB: ——“4—L2+-E4 . =0
R3 Ry

node A: —

Ri=1/2Q; R, =1/3Q; R; =1/2 Q; R, = 1/4 O;
Vs=5V;I.=3A

Example 2: solve!

noded: —I, +1, +I3 =0
node B: —13 +I4 +IC =0

!

1

(it Yy, Lty —Lly.=

node A: (R1 tat Rs) Va—7:Ve—7Vs=0
1 1 1

nodeB.(R—3+E)VB—EVA+IC—0

Ri=1/2Q;R, =1/3Q; R; =1/2 Q; R, = 1/4 Q;
Vs=5V;I.=3A
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Example 2: solve!

noded: —I, +1, +I3 =0
node B: —13 +I4 +IC =0

!

7VA_2VB_10=0
6Vg—2V,+3=0

Example 2: solve!

noded: —I, +1, +I3=0
node B: —13 +I4 +IC =0

!

VA = 3VB + 3/2
21V +21/2 -2V —10=0

VA=%5 1.42V

Vp=—5-=-0.03V

Example 3
=L
W Wee:
+ Ip =2V,
+ ; V, =?
Vs R, |- R,

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;I=2A
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Example 3: where are the nodes?

Ic

— node B

node A4 node C

R, R;

Vs R, | R,

H
I, 1
node D

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;Ic=2A

Example 3: set the ground

Ic

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;I,=2A

Example 3: set the current flow

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;I=2A

NOTE: The direction of I, I, and I}, is set
by the problem
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Example 3: KCL

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;Ic=2A
nodeA: —Ig+I.+1; =0
nodeB: —Iy — I+ 1, +1I3=0
nodeC: —Iz3 —Ip+1,=0

Example 3: voltages

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;I,=2A

Example 3: voltages

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;I=2A

NOTE: V, =Vg =3 V... we do not need
KCL at node 4!
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Example 3: voltages

I¢

—i—nodeD
Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;Ic=2A
I, =Ws—Vg)/Ry; I; =Vg/Ry;V, = Vg
I3 =Wg—Vc)/R3; 14 =V¢/Ry

Example 3: voltages

node B: —11—1(:+12+I3 =0
node C: —13_ID+I4:0

Vs—Vp Vg Vp—-V¢
node B 7 Ic + Ry + s 0
Vg-V |4
nodeC: ——2£—<£—2Vp+-£=0
R Ry

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;I,=2A

Example 3: solve!

node B: _II_IC+IZ+I3 =0
node C: —13_ID+I4:0

!

node B: (Ri1+;—2+Ris)VB—Risvc—Ri1V5—1C=0
node C: (Rl—s+é)vc—(z+%)vg =0

Ri=2Q;R,=3Q;R3=4Q;R,=5Q;Vg=3V;Ic=2A
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Example 3: solve!

nodeB: —Iy —Ic+ I + I3 =0
nodeC: —I3 —Ip+1,=0

13, 1, 3 ,_

1278 47°¢ 2 %7
9V 9V 0
20 ¢ 4 BT

Example 3: solve!

nodeB: —Iy —Ic+ I + 13 =0
nodeC: —I3 —Ip +1,=0

4

VC = 5VB
13 5 7

1227382

4

VB =-21V




