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10. Control Theory
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Control Theory Solving an electrical circuit slide 10.1

Example 10.1.1 (p. 219)

Find the current in the branch with resistance
Rs5 in the following circuit.
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Electrical circuit

Rl R3 R5 R? R9

Loop current equations

Ri1ly — Ry21 = —E
—Ro111 + Rools — Rosls =0
— R32l> + R33l3 — Raqly =0

— Ry3l3 + Ragly — Rysls5 = 0
— Rsqly + Rss515 = By

Richard Brualdi, Drago$ Cvetkovié¢ A Combinatorial Approach to Matrix Theory (slides by Vladimir Balti¢)

slide 10.1

3/09



Electrical circuit

R 1 R3 R5 R? R9

Loop current equations

Ri1ly — Rya1s =—E
—Ro111 + Rools — Rosls =0
— R32l> + R33l3 — Raqly =0

— Ry3l3 + Ryqly — Rys5I5 =0
— Rsaly + Rs515 = En
where Rll - Rl + Rz,
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Solving an electrical circuit slide 10.1
Electrical circuit

Loop current equations

Ri1ly — Ri21 =—E
—Ro111 + Rools — Rosls =0
— R32l> + R33l3 — Raqly =0

— Ry3l3 + Ragly — Rys515 =0
— Rsyly + Rss515 = Eo
where R12 = RQ,
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Electrical circuit

R 1 R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro1Ih + Rools — Rosls =0
— R321> + R33l3 — Raqly =0

— Ragl3 + Raaly — Rys5l5 =0
— Rsals + Rs515 = Eo
where R22 = RQ + Rg + R4,
L e A A Combinatorial Approach to Matrix Theory (slides by Viadimir Balti¢)

slide 10.1

3/9



Electrical circuit

R 1 R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro1Ih + Rooly — Rosl3 =0
— R321> + R33l3 — Raqly =0

— Ragl3 + Raaly — Rys5l5 =0
— Rsals + Rs515 = Eo
where R21 = RQ,
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Electrical circuit

R 1 R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro1I1 + Rooly — Rosls =0
— R321> + R33l3 — Raqly =0

— Ragl3 + Raaly — Rys5l5 =0
— Rsals + Rs515 = Eo
where Ro3 = Ry,
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Electrical circuit

Rl R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R3als + R33l3 — Raaly =0

— Ragl3 + Raaly — Rys5l5 =0
— Rsals + Rs515 = Eo
where Rgg == R4 + R5 + RG,
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Electrical circuit

Rl R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R32ls + R33l3 — Raqly =0

— Ragl3 + Raaly — Rys5l5 =0
— Rsals + Rs515 = Eo
where R3o = Ry,
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Electrical circuit

Rl R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R32ls + R33l3 — Rasly =0

— Ragl3 + Raaly — Rys5l5 =0
— Rsals + Rs515 = Eo
where R34 = Ry,
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Electrical circuit

Ry Rs3 Rs Ry Ry

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R321> + R33l3 — Raqly =0

— Rysl3 + Raals — RasIs = 0
— Rsals + Rs515 = Eo
where R44 - R@ + R7 + Rg,
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Electrical circuit

Ry Rs3 Rs Ry Ry

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R321> + R33l3 — Raqly =0

— Ragl3 + Raaly — Rys5l5 =0
— Rsals + Rs515 = Eo
where R,3 = Ry,
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Electrical circuit

Ry Rs3 Rs Ry Ry

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R321> + R33l3 — Raqly =0

— Ragl3 + Raaly — Rysl5 =0
— Rsals + Rs515 = Eo
where R,5 = Rsg,
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Electrical circuit

Rl R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R321> + R33l3 — Raqly =0

— Ry3l3 + Ragly — Rysl5 = 0
— Rsqly + Rs515 = Eo
where R55 == Rg + Rg,
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Electrical circuit

Rl R3 R5 R? R9

Loop current equations

Ri11y — Ri2l =—E
—Ro111 + Rools — Rosls =0
— R321> + R33l3 — Raqly =0

— Ry3l3 + Rygly — Ry515 =0
— Rs4ly + Rss515 = Eo
where R54 = Ry.
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Solving an electrical circuit slide 10.1
Loop current equations

Ri1lh — Riol =—-E
—Ro11h + Rools — Rasls =0
— Raols + R33lz — R3yly =0

— Ru3ls + Ragls — Rys15 =0

— Rsaly + Rs515 = En
The Coates digraph
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Solving an electrical circuit slide 10.1
The Coates digraph

The current I3 through R5 corresponds to vertex
3 and can be obtained by using Coates formula.
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Control Theory Solving an electrical circuit slide 10.1

N=FE1R31R32R44R55—E1R21 R32 R45 R54+
EsR45 R34 R12R21 —E2R45 R34 R11 Roo

D=R12R21 R33R44 R55—R12R21 R34 R43 R55+R12 R21 R33 Rys R4+
Ri11Ro3R32 R44 Rss —R11 Ra3 R32 Rys Rsy+R11 Roo R3g Ry3 Rss5+
R11R22R33R45s R54—R11 R22 R33 R44 Rs5
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Control Theory Solving an electrical circuit slide 10.1

N=F1Ro1 R332 R44 R55—E1R21 R32 R45 R54+
EsR45 R34 R12R21 —E2R45 R34 R11 Roo
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Control Theory Solving an electrical circuit slide 10.1

N=FE1R31R32R44R55— 1 R21 R32 R45 R54+
EsR45 R34 R12R21 —E2R45 R34 R11 Roo
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Control Theory Solving an electrical circuit slide 10.1

N=FE1R31R32R44R55—E1R21 R32 R45 R54+
EoRis R34 R12R21 —E2R45 R34 R11 Roo

D=R12R21 R33R44 R55—R12R21 R34 R43 R55+R12 R21 R33 Rys R4+
Ri11Ro3R32 R44Rss —R11 Ra3 R3o Rys Rsy+R11 Roo R3g Ry3 Rss+
R11R22R33R45s R54—R11 R22 R33 R44 Rs5

L e A A Combinatorial Approach to Matrix Theory (slides by Vladimir Balti€) 5 /9



Control Theory Solving an electrical circuit slide 10.1

N=FE1R31R32R44R55—E1R21 R32 R45 R54+
EsR45 R34 R12R21 —E2Ras R34 R11 Roo

D=R12R21 R33R44 R55—R12R21 R34 R43 R55+R12 R21 R33 Rys R4+
Ri11Ro3R32 R44a Rss —R11 Ra3 R3o Rys Rsy+R11 Roo R3g Ry3 Rss5+
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Control Theory Solving an electrical circuit slide 10.1
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Control Theory Solving an electrical circuit slide 10.1

N=FE1R31R32R44R55—E1R21 R32 R45 R54+
EsR45 R34 R12R21 —E2R45 R34 R11 Roo

D=Ri12R21R33R44R55—R12R21 R34 R43 R55+R12 R21 R33 R45 R54+
Ri1R23R32R44 Rs5—R11R23 R3a Rys Rsa+R11 Roo R3a Ra3 Rss+
Ri1R22R33R45 R54a—R11 Ro2 R33 R44 Rs5
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Control Theory Solving an electrical circuit slide 10.1

N=FE1R31R32R44R55—E1R21 R32 R45 R54+
EsR45 R34 R12R21 —E2R45 R34 R11 Roo

D=Ri12R21R33R44R55—R12R21 R34 R43 R55+R12 R21 R33 R45 R54+
Ri1R23R32R44 Rs5—R11R23 R3a Rys Rsa+R11 Roo R3a Ra3 Rss+
Ri1R22R33R45 R54—R11Ro2 R33 R44 Rs5
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Control Theory Finding transfer function of a system slide 10.2

Example 10.1.3 (p. 223)

Find the transfer function for the following
system
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Control Theory Finding transfer function of a system

Block diagram

Zo
Z2
T4
Te

Richard Brualdi, Drago$ Cvetkovié¢ A Combinatorial Approach to Matrix Theory

R(s)
Giaq
G3$3+G5$2
C(s) = uws

Z1
X3
Zs5

xo — Hoxs
Gaoxo — Hyxs
G4334

(slides by Vladimir Balti¢)
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Control Theory Finding transfer function of a system slide 10.2

R(s) 1
@,

0 6
[H:]«
Equations
o = R(?) r1T = Xo— H2$5
r2 = Gixg x3 = Goxg— Hixs
r4a = Gsrs+ Gsra rs = Guxy

xg = C(s) = x5
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Control Theory Finding transfer function of a system

Equations

Zo
Z2
T4
Te

Richard Brualdi, Drago$ Cvetkovié¢ A Combinatorial Approach to Matrix Theory

R(s)
G121
G3$3+G5I’2
C(s) = uws

1
X3
Ts

ro — H21’5
Gaoxo — Hixs
G4334
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Control Theory Finding transfer function of a system

Equations

Zo
Z2
T4
Te

Richard Brualdi, Drago$ Cvetkovié¢ A Combinatorial Approach to Matrix Theory

R(s)
G1f171
G3$3+G5$2
C(s) = uws

Z1
X3
Zs5

xo — Hoxs
Gaoxo — Hixs
G4334
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Control Theory Finding transfer function of a system

Equations

Zo
Z2
T4
Te

Richard Brualdi, Drago$ Cvetkovié¢ A Combinatorial Approach to Matrix Theory

R(s)
Giaq
G3$3+G5I’2
C(s) = x5

Z1
X3
Zs5

xo — Hoxs
GQQ?Q - H1$5
Gxy
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Control Theory Finding transfer function of a system

Equations

Zo
Z2
T4
Te

Richard Brualdi, Drago$ Cvetkovié¢ A Combinatorial Approach to Matrix Theory

R(s)
G111
Gsxs + G
C(s) = x5

X1
x3
T

xo — Hoxs
Gaoxo — Hyxs
G4334

(slides by Vladimir Balti¢)
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Control Theory Finding transfer function of a system

Equations

Zo
Z2
T4
Te
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R(s)
Giaq
G3$3+G5$2
C(s) = uws

x1
3
Ty

xo — Hoxs
Gaoxo — Hyxs
G4(I?4
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Control Theory Finding transfer function of a system

Equations

Zo
Z2
T4
Te
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Control Theory Finding transfer function of a system slide 10.2

Signal flow graph

Mason’s formula
S.J.Mason, 1953

C(S) _ G1GoG3G4 + G1G5Gy
R(S) 1+ G3G41H, + G1GG3G4Hy + G1G5G4Ho
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Control Theory Finding transfer function of a system slide 10.2

C(S) . 1G1G2G3G41 + 1G1G5G41
R(s) 14 G3G4H; + G1G2G3G1Hs + G1G5G1Ho
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Control Theory Finding transfer function of a system slide 10.2
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Control Theory Finding transfer function of a system slide 10.2

C(S) . 1G1G2G3G41 + 1G1G5G41
R(s) 14 G3G4H; + G1G2G3G4Hsy + G1G5GyHo
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Control Theory Finding transfer function of a system slide 10.2

C(S) . 1G1G2G3G41 + 1G1G5G41
R(s) 14 G3G4H; + G1G2G3GHy + G1G5GyHo
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Control Theory Finding transfer function of a system slide 10.2

C(S) . 1G1G2G3G41 + 1G1G5G41
R(s) 14 G3G4H; + G1G2G3G4Hs + G1G5G 1 Ho
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