EE351: Homework 10: Problem 1 solution

V=5V 2 4

Problem 1:
If the coordinates of nodes 1 through 5 are (1,1),(3,4),(4,1), (6,4), and (8,1). Determine
the global coefficient matrix and solve for the Potentials at the nodes iteratively.

Solution:
. : 1 3
(1) Compute element coefficient matrices: = Uf
1.6667 -1.1667 -0.1667 0.3750 -0.1250 -0.3750 1.0833 -0.4167 -0.3333
[c®]=| -1.1667 2.1667 -0.3333| [c®]=| -0.1250 0.4167 -02500| [c®]|=| -0.4167 1.0833 -0.3333

-0.1667 -0.3333 0.1667 -0.3750 -0.2500 0.7500 -0.3333 -0.3333 0.3333

(2) Compute the global coefficient matrix:

C, Cp, Cy O 0 |
0 1 0 0 0 Cu= Cl(i) Cpp = Cl(sl‘) Ci = Cl(;)
[C]l=lo 0o 1 o0 o0 C, =CgiCyu =C3 +CiC,, =C; +C5),Cs =C5)
0 C, Cu Cu C4 Ces = Cz(i) 1Coy =Cs:Cys = CS)
10 0 Gy G Gy

(3) Iteratively solve the following equations: € = 0.0001

[ 16667 -0.1667 -11667 0.0000 0.0000 | 1
00000 10000 0.0000 0.0000 0.0000 V= [C, +Cuvi]
[C]=| 00000 00000 10000 0.0000 0.0000 ; V, =0.5000v
0.0000 -0.2500 -0.4583 0.7500 -0.3333 V4=—C—[C42VZ+C43V3+C45V5] V, =1.9307V
44
| 00000 00000 -04167 -0.3333 10833 | ) V, = 05941V

V, = _C_ [C53V3 + C54\/4]
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Global Coefficient Matrix: Effect of Boundary Conditions

C, C, C; 0 0fv]|[c, 00 0 0TVv]|J[C, G
01ooov201ooov210_v
=l0 0 1 0 O0|V|={0 01 0 O0]|V|+O 1\;}:0
0 C42 C43 C44 C45 V4 0 00 C44 C45 V4 C42 C43 -

B 0 0 Css C45 Cssj_vsj L 0 00 C45 Css__vs_ 5 0 C54_
_Cll 0O 0 O 0 "Vl_ _Clz Clﬂ
0 10 0 0|V, 1 0 v
0 01 0 O /|V,|=-0 1 {VZ}
0 00 C, Cu|V| |Co Cuf°
10 0 0 Cps Cyu|Vs] |0 G




Problem 2 solution

ll. Global matrix is not symmetric: Simplify using:

(1) No direct connection between nodes 1 and 5.

(2) No direct connection between nodes 2 and 3
(3) No direct connection between nodes 2 and 5

(4) voltage at node 2 is fixed at 10V:

(5) voltage at node 3 is fixed at OV:

(6) Nodes 1, 4 and 5 are free nodes:

A. Simplified Global Coefficient matrix Is:

g |
[

V=10 W
Cis=C5; =0
1 3
C23=C32=0 /d V=0V
Figure 2.
C25=Ch2=0

C21=0=C23=C24=C25 ; C22=1
C31=0=C32=C34=C35 ; C33=1

Cl14 =C42; C45=C54

C, C, C, Cun 0] B. Solve for V1, V4, and V5 iteratively
0o 1 0 0 O 1
[C]— 0 0 1 0 0 V= - [C12V2 +CppVy + C14\/4]
- 11
C041 CSZ 243 244 245 V,=- - [CuVi+ CpuV, + C eV, + C Vs ]
44
. o Vy = - [CyuV, + CuV, ]
Cllzcl(?;clz :C1(1)’C13:C1(§);C14:C1%) +C1(§) o C 83 e

—C9. —C® OF —c® @) ©) —-C®
C42 = C23 ’C43 = C32 JrC31 ’C44 - sz JrC33 Jr(-"33 ’C45 - C32

—_ Q. _ . _~0B
Css - C21 ’C54 - C451 Css - sz
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Problem 2 solution (continued)

(1) Compute element coefficient matrices:

-0.5333 0.1333 0.5333 1.6667 -1.3333 -0.1667 0.5333 -0.1333 -0.5333
c®]=| 01333 -0.3333 0.1667| [c®]=| -1.3333 1.6667 -0.1667 | [C©]=| -0.1333 0.3333 -0.1667
05333 0.1667 -0.8333 -0.1667 -0.1667 0.1667 -0.5333 -0.1667 0.8333

(2) Compute the global coefficient matrix:

[-05333 05333 -1.3333 -0.0334 0 (3) Iteratively solve the following equations: € = 0.0001
0 1 0 0 0 1

cl=| o ; . ; ; Vl:_Cu [C,V,+CLV,+CLV,]

—-0.0334 0.1667 -0.7334 0.6667 -0.1667 V, = - 1 [C WV + C LV, + C oV, + C45V5]

0 0 -0.1333 -0.1667 0.3333 | Cu

W= 1 [C,V,+C.,V,]

5 =EHE, = e ~a e, el Css
Cpo= C%) ,Cpa= C:g) +C3(‘i) 'Cu = Célz) +C§§) +C?(,§) ,Cus = C:g) Vl =5.000v
Cys=C5);Cyy =CyiCss =C3) V, =-1.4286V

V, =0.7143V
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