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Label nodes






Write KCL at each node (except the reference node), with independent current sources on the rhs

Node 1: - +1I, =1,
4
Node 2: V2£V3 + =1
1
Node 3: V3_V2+V3_V‘5—IA—O
Rl R2
Node 4: IA+V4_V7 =0
R
Node 5: —IB+VS_V1 +—=-1.=0
R4 6
Node 6: IC+V6_V3 YV =1,
2 RS
Node 7: V7_V4+V7_V6—IE:
R3 RS
v, i
Node 0: —ID—}T+IE:—I2 ~ this is redundant

Write constraint equation for each voltage source
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VcZ
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>> fname="My_Example.cir";

>> ISU_scam

Started -- please be patient.

Netlist:
I1 12 10
R1 2 3 8
VA 4 3 200
VB 2 5 160
R2 3 6 8
R34 7 4
R4 1 5 8
VC 6 5 240
R5 6 7 4
VD 1 0 80
R6 5 0 8
I2 0 6 10
VE 0 7 40

The A matrix:

[ 1/R4, 0,
[ 0, 1/R1,
[ 0, -1/R1,
L 0, o,
[-1/R4, 0,
[ 0, 0,
L 0, 0,
L 0, 0,
L 0, 1,
L 0, 0,
L 1, o,
L 0, 0,

The x vector:
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The z vector:
-I1
I1
(0]
0]
(0]
I2
(0]
VA
VB
vVC
VD
VE

The matrix equation:
I_VD + v_1/R4 - v_5/R4 == -I1
I_VB + v_2/R1 - v_3/R1 == I1
v_3%(1/R1 + 1/R2) - v_2/R1 - V_6/R2 - I_VA == 0
I_VA + v_4/R3 - v_7/R3 == 0
v_5%(1/R4 + 1/R6) - I_VC - v_1/R4 - I_VB == 0
I_vC - v_3/R2 - v_7/R5 + v_6%(1/R2 + 1/R5) == I2
v_7%*(1/R3 + 1/R5) - V_4/R3 - v_6/R5 - I_VE == 0
v_4 - v_3 == VA



V_2 - v_5 == VB
v_6 - v_5 == V(C
v_1l == VD
-v_7 == VE
The solution:
v_1l == VD
V_2 == (R1%R2*R4%R5%VB - R2*R4*R5%xR6*VA - R1*R4*R5*R6*VA + R1*R2%*R4*R6xVB + R1*R3%R4*R5xVB + R1*R2%*R5%R6%VB

+ R1xR3%R4*R6xVB + R2*R3*R4xR5%VB + R1*R3*R5%R6*VB + R2*R3*R4%R6%VB + R1*R4*R5%R6*VB + R2*R3*R5%xR6%VB -
R1*R2*R4%R6*VC — R1*R3%*R4%R6*VC - R2*R3*R4*R6%VC ~ R1*R4*R5xR6%VC + R1*R2*R5%R6*VD + R1*R3x*R5%R6%VD +
R2*xR3*R5%R6%VD - R1*R2*R4%*R6%VE - R1I*R3*R4*R6*VE - R2*R3*R4*R6*VE - R1%R4*R5%R6%VE - R2xR4*R5*R6*VE +
T1*R1*R2%R4*R5%R6 + I1x*R1*R3%R4*R5%R6 + I2xR1*R2%R4*R5%R6 + I1%*R2*R3*R4%*R5%R6 + I2%R1*R3%R4*R5%R6 +
I2%R2*R3*R4*R5%R6) / (R1*xR2%R4*R5 + R1*R2xR4%*R6 + R1xR3%*R4*R5 + R1%R2*R5%R6 + R1*R3%R4%R6 + R2%*R3*R4%R5 +
R1*R3*R5%R6 + R2xR3%*R4*R6 + R1*R4*R5%R6 + R2*R3*R5%R6 + R2*R4*R5%R6)

V_3 == -(R1*R2*R4%R5%VA + RL*R2*R4*RG6*VA + RI*R2*R5%R6*VA + RL*R4*R5*R6*VA + R2*RA*R5*RE6*VA — R2*R3*R4*R5%xVB
~— R2xR3%R4*R6*VB - R2%*R3*R5%R6%VB - R1*R3*R4*R5%VC — R1*R3*R5%R6%VC + R2xR3*R4%*R6%VC - R1*R3%R5%R6%VD -
R2*R3*R5%R6*VD + R1*R2*R4%*R5*VE + R1*R2*R4*R6*VE + RI*R2*R5%R6%VE + R1I*R3*R4*R6*VE + R2*xR3*R4*R6%VE +
R1*R4*R5%R6%VE + R2*R4*R5%R6%VE - I1*R1%*R3*R4*R5%R6 - I1*R2*R3*R4%*R5%R6 - I2%R1xR3%R4*R5%R6 -
I2%R2%*R3*%R4*R5%R6) / (R1*R2%R4%*R5 + R1*R2%xR4%*R6 + R1xR3%*R4*R5 + R1xR2*R5%R6 + R1xR3*R4*R6 + R2%*R3*R4%R5 +
R1*R3*R5%R6 + R2%R3%R4%*R6 + R1*R4*R5%R6 + R2*%R3*R5%R6 + R2*R4*R5%R6)

V_4 == (R1*R3*R4%R5%VA + R1%R3%*R4*R6%VA + R2xR3*R4*R5%VA + R1*R3*R5%R6*VA + R2*R3*R4A%R6*VA + R2*R3*R5%xR6*xVA
+ R2*R3*R4xR5%VB + R2*R3*R4*R6%VB + R2*R3*R5%R6*VB + R1*R3%*R4%*R5%VC + RI*R3*R5%¥R6*%VC - R2%*R3*R4*R6+VC +
R1*R3*R5%R6%xVD + R2%*R3*R5%R6%VD - R1*R2%R4*R5*xVE — R1*R2*R4%*RG*VE - R1I*R2*R5*R6*VE - R1*R3*R4%*R6%VE -
R2*R3*R4*R6*VE - R1*R4*R5%R6*VE - R2*R4xR5%R6*VE + I1%xR1x*R3*R4*R5%R6 + I1*R2*xR3%R4*R5%R6 + I2*R1*R3%*R4%*R5%R6
+ I2xR2*R3*R4*R5%R6) / (R1*R2%xR4%R5 + R1*R2*R4%R6 + R1*R3%*R4*R5 + R1*R2*R5%R6 + R1xR3%R4xR6 + R2*R3*R4%R5 +
R1I*R3*R5%R6 + R2*R3%*R4%*R6 + RI*RA4*R5%RG + R2*R3*R5%R6 + R2*R4*R5xR6)

V_5 == -(R6*(R1*R4%R5%VA + R2%*R4*R5*VA + R2*xR4xR5%VB + R1%R2%R4*VC + R1%*R3%*R4*VC + R2*R3%R4*VC + R1%R4*R5x%VC
~ R1*R2*R5%VD - R1xR3%R5%VD - R2*R3*R5%VD + R1*R2*R4%*VE + R1*R3%R4*VE + R2%R3%R4*VE + R1xR4*R5*VE +
R2*R4*R5%VE - I1%R1*R2xR4%R5 - I1*%R1*R3*R4%*R5 — I2%*R1*R2%R4%*R5 - I1*¥R2*R3*R4%*R5 - I2*R1%*R3%R4%R5 -
I2*R2xR3%R4*R5) ) / (R1*R2xR4%R5 + R1*R2%R4%R6 + R1*R3*R4*R5 + R1*R2*R5%R6 + R1%xR3%R4%R6 + R2*R3%*R4%R5 +
R1*R3*R5%R6 + R2xR3%R4%*R6 + RI1*R4*R5%R6 + R2*R3*R5%R6 + R2*R4*R5%R6)



V_6 == (Rl*RZ*R4*R5*Y§ — R2xR4*R5%R6*VA - R2*R4*R5%xR6%VB — R1%*R4*R5*R6%VA + R1*R3*R4*R5%VC + R1xR2*R5%R6%VC
+ R2*R3*R4xR5%VC + R1xR3%*R5%R6%VC + R2xR3*R5%R6*VC + R2*R4*R5%R6*VC + R1*R2*R5%R6%VD + R1*R3*R5xR6*VD +
R2*R3*R5%R6%VD - R1*R2*R4%*R6*VE - R1*R3%*R4*R6xVE - R2xR3*R4*R6*VE - R1*R4%*R5*R6*VE - R2%R4*R5%R6%XVE +
I1%R1*R2%R4x*R5%R6 + I1*R1%*R3*R4*R5%R6 + I2%R1*R2xR4%*R5%R6 + I1*R2*R3*R4xR5%R6 + I2*R1*R3*R4*R5%R6 +
I2%xR2xR3*R4*R5%R6) / (R1¥R2%R4*R5 + R1*R2*R4%R6 + R1*R3*R4%R5 + R1%xR2*R5%R6 + R1%*R3%R4*R6 + R2*R3*R4*R5 +
R1I*R3*R5%R6 + R2*R3*R4*R6 + R1*R4xR5%R6 + R2*R3*R5%R6 + R2*R4*R5%R6)

v_7 == -VE

I_VA == -(R1*R4*R5*%VA + R1*R4%*R6%VA + R2*RA4*R5xVA + R1xR5%R6xVA + R2*R4*R6%xVA + R2*R5%xR6%VA + R2*R4*R5%VB +
R2*xR4xR6*VB + R2x*R5%xR6%VB + R1*R4*R5%VC + R1*R5%R6%VC - R2*R4xR6%VC + R1*R5%R6%VD + R2*R5*R6*xVD +
R1*R4*R5*VE + R2*R4%R5*VE + R1%*R5%R6%VE + R2*#R5*%R6*VE + I1*R1*R4%R5%R6 + I1%*R2*R4*R5%R6 + I2*xR1*R4%R5%R6 +
I2%R2%R4*R5%R6) / (RL*R2*R4%R5 + R1%*R2*R4*R6 + R1*R3*R4%R5 + R1*R2%R5%R6 + R1*R3%R4%R6 + R2*R3*R4xR5 +
R1*R3*R5%R6 + R2*R3*R4*R6 + R1%*R4%*R5%R6 + R2*R3*R5%R6 + R2%R4*R5%R6)

I_VB == (R2%R4%*R6*VC - R2*R4*R6%xVA - R2*R5%xR6*VA — R2xR4*R5%xVB - R2*R4*R6%VB - R3*R4%R5%VB - R2*R5%R6%VB -
R3*R4*R6%VB - R3*R5%xR6%VB - R4*R5xR6*VB - R2*R4*R5%VA + R3*R4*R5xVC + R3*R4*R6xVC + R3*R5*R6*VC +
R4*R5%xR6*VC - R2xR5%R6%VD - R2*R4*R5*VE - R2*R5%R6%VE + I1*R1*R2%R4*R5 + I1%R1%*R2%*R4%R6 + I1%¥R1xR3*R4*R5 +
I1*R1*R2xR5%R6 + I1*R1%¥R3%*R4*R6 + I1*R2*R3%R4%R5 + I1#R1*R3*R5%R6 + I1*R2xR3*R4*R6 + I1*R1*R4*R5%R6 +
I1xR2%R3*R5%R6 - I2%R2%R4*R5%R6) / (RLxR2*R4%*R5 + R1%*R2%*R4%R6 + R1*R3*R4%R5 + R1%xR2*R5%R6 + R1xR3%R4%R6 +
R2*R3*R4*R5 + R1*R3*R5%R6 + R2%*R3%R4*R6 + R1xR4*R5%R6 + R2%*R3*R5%xR6 + R2*R4%*R5%R6)

I_VC == -(R1*R4*R5*VA + R1*R5%R6*VA - R2*R4*R6%VA - R2%R4*R6%VB - R3%*R4*R5%VB - R3%*R4%R6%VB - R3*R5%R6*VB -
R4*R5*xR6%VB + R1*xR2%*R4%VC + R1xR3*R4*VC + R1*R2xR6%VC + R2*R3%R4%xVC + R1*R3%*R6%VC + R1*xR4xR5%VC +
R2*R3*R6%VC + R1*R5%R6%VC + R2*R4*R6*VC + R3*R4*R5%VC + R3*R4*R6%VC + R3*R5%xR6%VC + R4*xR5xR6*xVC +
R1*R2%R6*VD + R1*R3%*R6*VD + R2*R3%*R6*VD + R1*R5%R6%VD + R1*R2xR4*VE + R1*R3%*R4*VE + R1xR2*R6*VE +
R2%4R3*R4*VE + R1*R3*R6%VE + R1xR4*R5*VE + R2xR3*R6%VE + RL*R5%R6%VE + I1%R1%R2%R4%R6 - I2xR1*R2*R4*R5 +
I1xR1*R3*R4*R6 - I2*R1*R3*R4*R5 + I1xR2*R3*R4*R6 - I2%R1*R2*R5%R6 - I2*R2*R3*R4*R5 + I1*R1*R4*R5%R6 —
I2%¥R1%R3*R5%R6 - I2%R2%R3%R5%R6 - I2xR2xR4*R5%R6) / (R1L*R2%R4%R5 + R1*R2%R4%R6 + R1*R3*R4*R5 + R1%*R2*R5%R6 +
R1*R3*R4xR6 + R2*R3%*R4%R5 + R1xR3%*R5%R6 + R2*xR3*R4%R6 + R1xR4xR5%R6 + R2%R3%R5%R6 + R2*R4xR5%R6)

I_VD == -(R1*R5%*R6*VA + R2%*R5%R6*VA + R2*R5*R6%VB + R1*R2%R6*VC + R1*R3*R6%VC + R2%R3%R6%VC + R1%R5xR6xVC +
R1*R2*R5%VD + R1*R2%R6%*VD + R1%*R3%R5%VD + R1*R3*R6%VD + R2*R3xR5%VD + R2%R3%*R6%VD + R1*R5xR6*VD +
R2*R5%R6xVD + R1%xR2*R6*VE + R1%*R3*R6*VE + R2*R3*R6*VE + RL*R5%xR6%VE + R2xR5%R6%VE + I1%R1*%R2*xR4%R5 +
TI1%R1xR2*R4%R6 + I1%xR1*R3%R4*R5 + I1%R1*R3*R4%R6 + I1*R2*R3%R4*R5 + I1*R2%R3%R4*R6 - I2xR1*R2%R5%R6 +
I1*R1*R4*R5%R6 - I2*R1xR3*R5%R6 + I1*R2*R4*R5%R6 — I2xR2xR3*R5%R6) / (RL*R2*R4*R5 + R1*R2%*R4*R6 + R1%*R3*R4*R5



+ R1*R2*R5%R6 + R1*R3%R4*R6 + R2*R3%R4*R5 + R1*R3*R5%xR6 + R2*R3*R4%R6 + R1xR4*R5%R6 + R2*R3*R5*R6 +
R2*R4xR5%R6)

I_VE == -(R1*R4*R5%VA + R2%xR4%R5%VA
+ R1x*R5%R6*VA + R2%R5%R6*%VA + R2*RA4*R5*VB + R2%R5%R6*VB + R1*R2*R4*VC + R1*R3*R4*VC + R1*xR2xR6%VC +
R2*R3*R4*VC + R1*R3*R6*VC + RI*RA*R5xVC + R2*R3*R6%VC + R1*R5%R6%VC + RI%*R2%*R6xVD + R1%R3*xR6xVD +
R2xR3*R6*VD + R1%R5%R6%VD + R2*R5*R6+*VD + R1%R2*R4*VE + R1*R3%R4*VE + R1%*R2*R6*VE + R2*R3*R4*VE +
R1IxR3*R6*VE + R1%R4*R5*%VE + R2*R3*R6+*VE + R2%R4*R5+%VE + R1*R5%R6*VE + R2%R5%R6*VE + I1%¥R1*xR2*R4*R6 +
I1*R1%*R3*xR4*R6 + I2*R1%R2%R4%R6 + T1xR2%R3*xR4*R6 + I2*R1*xR3*R4*R6 + I1xR1%R4%R5*xR6 + I2*R2*R3*R4%R6 +
I1x¥R2%R4*R5%R6 + I2%R1*R4%*R5%xR6 + I2xR2*R4*R5%R6) / (R1xR2*R4%R5 + R1xR2%R4*R6 + R1%R3*R4%*R5 + R1*R2*R5%R6 +
R1%*R3%R4*R6 + R2*R3*R4%R5 + R1*R3%*R5*R6 + R2*R3*R4*R6 + R1%R4*R5%R6 + R2%R3%R5%R6 + R2*xR4*R5%R6)

Elapsed time 1is 4.00561 seconds.

>3 evalR)

> eval(vi)
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