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1t Homework Problem

» We wish to analyze the following electrical circuit.

L

L=0.01
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Problems I

1. Write down all of the equations that you need to
describe this circuit mathematically. You may use
either the technique involving potentials or that
involving mesh equations.

2. Sort the equation system horizontally.

Sort the horizontally sorted equation system
vertically.

4. Convert the horizontally and vertically sorted
equation system to state-space form.
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10 . O Component equations:
it _ dlL
Uy = fy(t =L. —
Vl i VL ] V2 0 1( ) \'5 dt
ICH 2 3| Vi=R;- iy i-c dv,
i, o, ‘ i i V, =Ry, e gt
o1 - ; -
(04 V3=Rs-1i i,=4v
(Hlug :.,I";l ,?‘_3 TA IRSCE 9T N E
= W ! i \[ Mesh equations:
= L T Ug =Vt Vs Vp = Uyt Vs
""" VL=Vt Y,
Node equations:
=3 13 equations in ig=i,+i_ =i +i,
13 unknowns i, =iy +ig+ic
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Problems I

1. Write down all of the equations that you need to
describe this circuit mathematically. You may use
either the technique involving potentials or that
involving mesh equations.

2. Sort the equation system horizontally.

3. Sort the horizontally sorted equation system
vertically.

4. Convert the horizontally and vertically sorted
equation system to state-space form.
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Horizontal Sorting |

U = fy(t)
vi=R;- 0y
V, =R, i,
V3=Rj- i3

v =L %
ic=C- %
i,=4 v,

Ug=V;+ Vg
V =V Y,
V, = Uy + Vg
ig =iy +i_
i =i, tigtic

=i +i,

Up = f,(t)
Vi=R;- 0y
V, =Ry i
V3 =Rj- i3

v =L %
ic=C- %
i,=4 v,

Ug =V +V,
VL=V + Y,
V,= Uy + Vg
ig =iy +i_
iy =i, +igtic

i,=i +i,
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Horizontal Sorting 11

Up = f,()
Vi=R;- 0y
V, =Ry
V3 =Rj- i3

v =L %
ic=C- %
i,=4: v,

Ug=Vy+ Vg
VL=V + Y,
V,= Uy + Vg

ig =iy + i

iy =i, +igtic

i,=i +i,

Up = fy(t)
Vi=R; 0y
V, =Ry
Vs=Rj: 5

v =L %
ic=C- %
i,=4: v,

Uy =Vy+ Vg
VL=V Y,
V, = U+ Vg

ig =iy + i

i =it igtic

i,=i +i,
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Horizontal Sorting 111

Up = fy(t)
Vi=Ry- iy
V, =R, i,
Vs =Rj- I3

v =L %
ic=C- %
i,=4. v,

Up =V + Vg
VL=V1+V2
V, = U+ Vg
ig=i i
iy =i+ igtic

i,=i +i,

Uo = fy()
Vi=Ry- iy
V, =R,
Vs =Rs- g

v =L %
ic=C- %
i,=4. v,

Up=V;+ Vg
VL:V1+V2
Vo= U+ Vg
ig=i,+1i_
iy =i, +is+ic

iy =i +i,
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Horizontal Sorting 1V

Uo = fy()
Vi=Ry- iy
V, =R,
V3 =Rs- g

v =L %
ic=C- %
;=4 v,

Up=V;+ Vg
VL:V1+V2
Vo= U+ Vg
ig=i +i_
iy =i, +is+ic

iy =i +i,

Uo = fy(t)
Vi=Ry- iy
V, =R, 1,
Vo =R;- 5

v =L %
ic=C- %
i,=4 v,

Up=V;+ Vg
VL=V1+V2
V, = Uy + Vg
ig=i +i_
iy =iy +ig+ic

i, =i +i,
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Horizontal Sorting V

Uy =fy(t)
Vi=R; 1y
V, =Ry 1,
V3=Ry Iy
v =L %
ic=C- %
;=4 v,

Ug =V, + Vg
VL=Vt Y,
Vy = U+ Vg
ig =iy +i_
=+ igtic

=i +i,

Uy = f,(t)
Vi=R; 0y
V, =Ry,
V3 =R;: I3

v =L %
ic=C- %
;=4 v,

Uy =Vy+ Vg
VL=V Y,

V, = U+ Vg

ig =iy +i_
=i, +ig+ic

iy =i +i,
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Horizontal Sorting VI

Up = f,(t) Up=Vy+ Vs up =f,(t) Up=Vy+ Vs
Vi=R; 0y vV =Vt Y, Vi=R; 0y V=Vt
V, =Ry, Vo = Uy + Vg V, =Ry V, = Uy + Vg
V3= Ry iy ig =iy + iy = | =Ry i, ig =iy + iy

o di L _ . dip S
v =L at =i, +ig+ic v, =L at =l +iz+ic
. dvs . . vy L
|C=C-dt— i, =i +i, |C=C-T i, =i +i,
i,=4 v, i,=4 v,
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Horizontal Sorting VII

Up = fy(t)
Vi=Ry iy
V,= R, 1,
Vs =Rj- I3

v =L %
ic=C- %
i,=4. v,

Up=V;+ Vg
VL=V1+V2
V= Uy+ Vg
p= i +i_

iy =i *igtic

i, =i +i,

Ug = Fy(t)
=V, /Ry
V, =Ry i,
i3=V3/ Rg
dip _

E —VL/L

dvy .

T—IC/C
i,=4 v,
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Problems 111

1. Write down all of the equations that you need to
describe this circuit mathematically. You may use
either the technique involving potentials or that
involving mesh equations.

2. Sort the equation system horizontally.

3. Sort the horizontally sorted equation system
vertically.

4. Convert the horizontally and vertically sorted
equation system to state-space form.
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Vertical Sorting |

Ug = fy(t)
ip =V /Ry
V, =Ry iy
i3=Vs/ Ry
dip _

E —VL/L

dvy .

dt——IC/C
i,=4 v,

Vi=Ug—V3
VL=Vt Y,
Uy =V, — Vg
ip=i +i,

Ic=hh—-lhb—1l3

i =iy~

Up = fy (1) Vi =Ug—Vs
I3=V3/Ry | Vi =Vvi+V,
i,=4-v, Uy =V, —Vy
ip=Vv, /Ry o =iy +i
V, =Ry i, ic =i —i;—lis
di,
at =y /L iy=i,—i,
dv; .
—dt——lclc
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Vertical Sorting 11

Ug = Fy(t) Vi =Up—Vs
I3=V3/ Ry | V=V +V,
i,= 4V, Uy =V, —Vy
ip=v, /Ry fp=iy+i.
V, =Ry iy ic=1p—i;—Ij
di,
at =v /L o= =ML
dvy; .
—dt——lclc

Up = f1(1) ﬂ_ _

- it =v, /L
i5=Vs/Rs | dv, @
_ @t e
i,=4-v

4 3 Ve=vity,
V; = Uy —V:

1= Up—V3 Uy =V — Vs
=i, —i .

c fg=1iy+ i,
ip=v,/R A,
e lc=h—-lh—l3
V, =Ry iy
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Vertical Sorting 111

Up = fy(t)

i3=Vs/ Ry
iy,=4: v,

Vy=Ug—Vg
i,=1,—i
ip=Vv,/R;
V, =R, 1,

% =v /L
%:ic/c
VL=Vt Y,
Uy =Vy =V,
=1y + i

Up = fi(t)

I5=V3/ Ry
iy,=4: v,

Vi =Ug—V3
i, =i, —i
i =V,/Ry
V, =R, 1,

% =v /L
3‘{3 =i./C
VL=VitV,
Uy =V, — Vg
ip =1y + i
ic =i —i,—Ig

Bt i o4 ‘ Mathematical Mobdeling of Physical Systems
Vertical Sorting 1V
Up = fy(t) % L Ug = ,(0) V=V + Y,
t
i,=V;/R dv i;=Vvy/R Uy =V, —V.
3= V3l Rg dt3 —i./C 3= V3/ Rg .4 -z -3
i,=4- v, iy=4-v, lp=1ly+ 1
Ve=vity,
Vi = Uy —V. Vi = Uy —V. ic=ip—i,—i
1=Up—V3 Uy =V, =V 1= Ug—Vs c=h—h-l3
i =1,=I i,=i,—i i
Tt =iy + i, et g—ltL=vL/L
W=l Ry ic =iy =iy =1 W= /Ry —ZVB =ic/C
V, =Ry iy V, =Ry iy !
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Vertical Sorting V
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Problems IV

1. Write down all of the equations that you need to
describe this circuit mathematically. You may use
either the technique involving potentials or that
involving mesh equations.

2. Sort the equation system horizontally.

3. Sort the horizontally sorted equation system
vertically.

4. Convert the horizontally and vertically sorted
equation system to state-space form.
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‘ © Prof. Dr. Francois E. Cellier ‘ Start of Presentation {10

uo =f,(t) VL=V HY, U = f1(®) VL=Vt
I3=V3/ Ry Uy =V, =V, i3=V3/ Ry Uy =V, =V,
i, =4 v, ig=iy+ i i,= 4 v, ig=iy+i.
Vi = Ug—Vy ic=ig—i,—iy | = Vi = Ug—V, ic =iy =iy —Ij
=i —f : i —f di
i,=i,—i di i,=i,—i Sl
2= I d_tL:V'—/L 2= =1L i v /L
i =Vvi/R; | dv =V /R, | Vs _.
1= Vil Ry dt3 -ic/cC 1=V | o =i./C
V, =Ry iy V, =Ry iy
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State-space Description |
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v

Uo = fy(t) V=V Y, at -‘(’L y

. =(vy+vy)/L

i;=Vy/R U, =V,—V

8= gl Ing -4 -2 -3 =vy L+, /L

=43 =T+l =(Up—V3) / L+ (R, /L) - i,

V3= Ug—V; ic =iy =iy =i = U/ L—vy/ L+ (Ry/ L) (iy—i,)
iy =iy —i, % oL =Up/L—Vy/ L+ (4R, /L) - vy
=v/R | M e Ry /L) iy

i da — ¢ = —(Ry/L)-i, + (4R, /L =1/ L)- v,

V, = B |

Pt + (UL)- U,
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State-space Description |1

d
up = f,(t) VL=Vt Y, dvt—3=ic/C
i5=Vy/ Ry Uy =V, —Vy =(iy—i,—i3)/C
s | e, =,/ Ry ©) = (iy=i,) IC
R —V;/ (Ry C)
Vi = Up—Vy ic =iy —iy—iy
i di, = (Up=V3)/ (Ry: C) = (4/C) - vs
S i +(C) i, —v;/ (Ry C)
iy =Vvi/Ry %:iclc =(UC)- i,
V, =Ry iy —(U(Ry C) + LU(Ry C)+ 4/C) - v,

+ 1/(Ry C) U,
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State-space Description 111

di
== Ry /L) i + (4R, /L =1/ L) v+ (UUL)- U,

dv.
T:iti =(/C) i, —(1/(R;: C) + 1/(Rg: C) + 4 C) - V4 + I/(Ry- C)- Uy

e e ‘ Mathematical Mobdeling of Physical Sysdtems

State-space Description 1V

W7 [_R [=-1] [ 1

a | L L L N I T

dV3 - i [—1 + 1 ae i V. 1 ’

dt C R, C RyC C : R, C
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Problems V

5. Program the state-space model in Matlab.

6. Simulate the circuit across 50 wsec of simulated
time, und plot the variable v, as a function of time.
You may assume that the initial VVoltage across the
capacitance and the initial current through the
inductivity are equal to 0.0.

) (LR [®_1] ([] [+
a | _ L L L LT,
dvs 1 1 . 1 . 4 v 1 0
= = - - 3
dt L C R,C RyCc Cl L] R, C
— = ||
V3 = 0 1
L - Vy
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8) Ci(Cellier’Classes ol | | alnizd
File Edit Text Window Help o 28 %A ﬁﬁ
) & S o
DEH|tE=as |3 M7F| x|
1 Rl = 100; RZ = 100; R3 = Z0: |-
2 C=le-6G; L =0.01;
3| RIC = L/(RL*C):; R3C = L/(R3I*C):
4 linw = 1/L; Cinwv = 1/C; 7
i all = -R2%Linw;
B alz = (4*R2 - 1)*Linw;
7 azl = Cinwv:
B a2z = —(RIC + R3C + 4%Cinv) ;

9 &=[all,alz;:a2l,a2]:

10/ b = [ Linv ; BIC 1;

M e=[0,11

12 4= o0;

13| 8 = ssid,b,c.d);

14 t=[0: 5e-8: 5e-51;

15/ w = 10%ones(sizeit));
16| =0 = zeros(2,1): |
17| ¥ = leim(3,u,t,x0);
18| plotit,y) x40
18] grid on
20| return

a -

[seript [Ln1 Col1
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