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!"#$%D%'(%)%
-
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( ) Z\Z^Z\ #++" −= -

2"24aZ\ =" --

95)A+/7A-)A'-0+5/)6+(-60-6C'()6&B5F-6)-60-&5'B*-)AB)-/0'-+K-,B)*6&'0-B(C-.*B,'*i0-8/5'-60-,+*'-0)*B67A)K+*!B*C-B(C-&B(-
J'- 'B065L- 0+5H'C- /06(7- &+,,'*&6B5- +KKk)A'k0A'5K- ,B)A- M*+7*B,0"- %+!'H'*F- 56S'- )A'- *'C/&)6+(- )'&A(6N/'0- BJ+H'F-
B/)+,B)6(7-)A60-,')A+C-!+/5C-(+)-J'-B-)*6H6B5-)B0S"---

;)-60-B7B6(-BMMB*'()-)AB)-6K-B-&6*&/6)-&+,M+('()-60-&AB(7'CF-)A'-&B5&/5B)6+(-6(-0'&)6+(-;-!+/5C-*'N/6*'-*'H606+(F-)A'(-)A'-&6*&/6)-
B(B5L060- 6(-0'&)6+(-;;;- G)A60-0'&)6+(I-!+/5C-J'-M'*K+*,'C-/06(7- )A'-('!-&+,M+('()-MB*B,')'*0"- -DA'(-/06(7-&+,,'*&6B5-
,B)A- 0+K)!B*'F- )A60-!+/5C- '()B65- &AB(76(7- )A'- &+,M+('()- MB*B,')'*0- +(5L"- -:A'- 'N/B)6+(0-!+/5C- )A'(-J'- B/)+,B)6&B55L-
*'&B5&/5B)'C-B(C-)A'-0+5/)6+(-BHB65BJ5'"--1HB5/B)6+(-+K-&+,M+('()-&AB(7'0-!655-J'-C60&/00'C-K/*)A'*-6(-0'&)6+(-;X"-

;)-60-6()'*'0)6(7-)+-(+)'-B)-)A60-M+6()-)AB)-6K-&+,,'*&6B5-,B)A-0+K)!B*'-60-/0'C-K+*-&B5&/5B)6+(0F-)A'-,B)*6f-PC+)-M*+C/&)Q-&+/5C-
J'-/0'C-)+-K/*)A'*-06,M56KL-,B)*6f-0+5/)6+(0"- -=(56S'-.*B,'*l0-8/5'F- )A'-,B)*6f-PC+)-M*+C/&)Q-0+5/)6+(-&B5&/5B)'0-B55- 5++M-
&/**'()0-6(-+('-,B)A',B)6&B5-+M'*B)6+("-- [ ] [ ] [ ] [ ] [ ] 2−=•= #9:-4;4"9+ --0+5H'0-K+*-62-)A*+/7A-6Z-B(C-'56,6(B)'0-)A'-
C')'*,6(B)'-0+5/)6+(0-*'N/6*'C-JL-.*B,'*l0-8/5'"-

:A'-('f)-0'&)6+(-C'0&*6J'0-)A'-B/)+,B)6+(-+K-&6*&/6)-0+5/)6+(0-/06(7-jB/00k@'6C'5-,')A+C0"---

*E+% @40'-"01/#%,123410%F'=401'/5%
@6(&'-0+5/)6+(-/06(7-jB/00k@'6C'5-B(C-.*B,'*i0-8/5'-B*'-06,65B*-G6"'"-,'0A-'N/B)6+(0-B*'-C'H'5+M'CIF-)A60-0'&)6+(-!655-
6()*+C/&'-)++50-)AB)-&B(-J'-/0'C-)+-0+5H'-)A'-0')-+K-06,/5)B('+/0-'N/B)6+(0-C'H'5+M'C-6(-)A'-0'&)6+(-BJ+H'"- -jB/00k
@'6C'5- 60- B(- P6)'*B)6H'Q- )'&A(6N/'- K+*- )A'- 0+5/)6+(-+K- 06,/5)B('+/0- 'N/B)6+(0- )AB)- &B(-J'- 6,M5','()'C- 'B065L-/06(7-
&+,,'*&6B5-0+K)!B*'-M*+C/&)0"-

E67/*'- \- 0A+!0- )A'- +/)M/)- +K- B- &6*&/6)- B(B5L060- M*+7*B,- C'H'5+M'C- /06(7- R6&*+0+K)- 9&&'00- ab"- - :A'- M*+7*B,-
6,M5','()0-jB/00k@'6C'5-0+5/)6+(-+K->-06,/5)B('+/0-'N/B)6+(0"--=0'-+K-B-CB)BJB0'-'56,6(B)'0-)A'-(''C-K+*-0M'&6B55L-
K+*,B))'C-CB)B-K65'0-B(C-M*+H6C'0-B(-6()/6)6H'-/0'*-6()'*KB&'-G6(M/)-K+*,0I"--9CC6)6+(B55LF-/0'-+K-B-CB)BJB0'-B55+!0-K+*-
0)+*B7'-+K-&+,M+('()-CB)B- K+*- *'/0'- 6(-,B(L-&6*&/6)- &B0'- 0)/C6'0"- -@)B(CkB5+('- K+*,0-B*'-C'067('C- )+-M'*K+*,-B(C-
0)+*'-)A'-*'0/5)0-+K-0M'&6B56V'CF-*'M')6)6H'-&B5&/5B)6+(0-G)*B(0K+*,'*-6,M'CB(&'F-&BJ5'-6,M'CB(&'-&B5&/5B)+*F-B(C-*'5BL-
6,M'CB(&'-&B5&/5B)+*I-B(C- 6(0'*)- )A',- 6()+- )A'-&/**'()- 0)/CL-&B0'"- -955- )A'-B))*6J/)'0-B(C-M*+M'*)6'0-+K-B- *'5B)6+(B5-
CB)BJB0'-B*'-/0'C-)+-,6(6,6V'-*'N/6*'C-6(M/)"---

:A'- M*+7*B,- CL(B,6&B55L- &B5&/5B)'0- )A'- (/,J'*- +K- 'N/B)6+(0F- >F- B(C- B00',J5'0- )A'- ,B)*6&'0- B(C- M*+H6C'0- )A'-
0+5/)6+("- -:A'-K5'f6J5'-*'M+*)6(7-&BMBJ656)6'0-M*+H6C'-B-,'B(0-K+*-B/)+,B)6(7-)A'-&B5&/5B)6+(-M*+&'00"- ->+)'-)AB)- )A'-
H+5)B7'-C*+M-B&*+00-B55-&6*&/6)-&+,M+('()0-&B(-J'-&B5&/5B)'C"- -$'H'5+M,'()-+K-M*+7*B,0-+K- )A60- )LM'-'56,6(B)'- )A'-
&+,M/)B)6+(B5-B0M'&)0-+K-&6*&/6)-B(B5L060-B(C-*'N/6*'0-+(5L-&6*&/6)-6(M/)-6(-)A'-PE*+,-n-:+Q-K+*,B)"--:A60-K'B)/*'-60-
'0M'&6B55L-'KK6&6'()-!A'(-)A60-)LM'-+K-B(B5L060-60-M'*K+*,'C-+(-B(-6(K*'N/'()-JB060-JL-'56,6(B)6(7-)A'-5'B*(6(7-&/*H'"--
9(-6(H'0),'()-+K-\44-)+-^44-,B(-A+/*0-!+/5C-J'-*'N/6*'C-)+-C'H'5+M-B-06,65B*-M*+7*B,F-J/)-B-KB&656)L-*'N/6*6(7-)A'-
B(B5L060-+K-0'H'*B5-R..l0-!+/5C-*'B56V'-067(6K6&B()-)6,'-0BH6(70-)A*+/7A-&B5&/5B)6+(-B/)+,B)6+("- -:A'-M+006J656)6'0-



!!!"#$%&'()'*"&+,-----------------------------------------#$%-.+/*0'-1234-----------------------------------------------!!!"#$%+(56('"+*7-
---

!"#$%G%'(%)%
-

K+*- B/)+,B)6+(- B*'- '(C5'00F- B(C- &/0)+,6VB)6+(- )+-,'')- 0M'&6K6&- *'N/6*','()0- 60- 'B065L- B&A6'H'C- JL- '(76(''*0-!6)A-
,6(6,B5-M*+7*B,,6(7-0S6550"-

#*+7*B,-C'H'5+M,'()-'KK+*)0-0A+/5C-6(&5/C'-&+(06C'*B)6+(-+K-)A'-K+55+!6(7W-

• X'*6K6&B)6+(mXB56CB)6+(-*'N/6*','()0-+K-&+*M+*B)'-0+K)!B*'-o9-M*+7*B,0-

• 1C/&B)6+(m'fM'*6'(&'-5'H'5-+K-'(Ck/0'*0-

• $'H'5+M,'()-)6,'-X0"-M*+h'&)'C-)B0S-)6,'-0BH6(70-

• E5'f6J656)LF-&B(-M'*K+*,-,/5)6M5'-)B0S0m&B5&/5B)6+(0-

• @6,M56&6)LF-JB0'C-+(-PK6*0)-M*6(&6M5'0Q-

• 1fM'*)60'-B(C-*'0+/*&'0-*'N/6*'C-K+*-M*+M'*-6,M5','()B)6+(-

• .+*M+*B)'-8')/*(-+(-;(H'0),'()-G8T;I-0)B(CB*C0-

@)/C'()0-/06(7-)A60-,+C/5'-K+*-#$%-&*'C6)-,BL-*'N/'0)-B-K*''-&+ML-+K-B-P)++5-J+fQ-&+()B6(6(7-)A'-&6*&/6)-B(B5L060-)++5-
C'0&*6J'C-BJ+H'"--:A60-!655-'(BJ5'-)A',-)+-'fM5+*'-)A'-J'('K6)0-)AB)-&+/5C-J'-*'B56V'C-JL-B/)+,B)6(7-*'M')6)6H'-)B0S0F-B0-!'55-
B0-M*+H6C'-)A',-!6)A-B-0'(0'-+K-!AB)-60-6(H+5H'C-6(-)A'-BMM56&B)6+(-+K-B(-B/)+,B)'C-BMM*+B&A-)+-&B5&/5B)6+(-0L0)',0"--1,B65-
)A'-B/)A+*-)+-*'N/'0)-L+/*-K*''-&+ML-+K-)A'-)++5-B)-*!K*/7'pLBA++"&+,"--

:A'-K5'f6J656)L-+K-)A60-B/)+,B)'C-&B5&/5B)6+(-)++5-!655-(+!-J'-C',+(0)*B)'C-JL-B(B5LV6(7-0'H'*B5-P!AB)-6KQ-'fB,M5'0-/06(7-
)A'-&6*&/6)-B(B5L060-)++5-C'0&*6J'C-BJ+H'"-

2"- DAB)-6K-L+/-C+/J5'-)A'-_m8-*B)6+-+K-)A'-,+)+*-0)B*)'*-G`Z\-O-8-g-h\_Iq--.+,MB*'-)A'-*'0/5)0-!6)A-E67/*'-\"-

?+/-!+/5C-&+ML-)A'-E67/*'-2-&6*&/6)-CB)B-B(C-MB0)'-)+-B-('!-*'&+*C-G1fB,M5'-2I"--.AB(7'-)A'-_-HB5/'-K+*-`Z\-
)A'(-M*'00-.9<.=<9:1"--=0'-%19$18@-)+-M*'MB*'-)A'-C'06*'C-*'M+*)-A'BC'*F-)A'(-M*'00-#8;>:-
81@=<:@"--DA'(-&+,MB*'C-)+-)A'-*'0/5)0-6(-E67/*'-\F-`'N-60-6(&*'B0'C-B(C-)A'-H+5)B7'-B)-`Z\-AB0-6(&*'B0'C-JL-
BMM*+f6,B)'5L-b"Y-X"--

\"- DAB)-6K-L+/-C+/J5'-)A'-_m8-*B)6+-+K-)A'-,+)+*-0)B*)'*-G`Z\-O-8m\-g-h_Iq--.+,MB*'-)A'-*'0/5)0-!6)A-E67/*'-\"-

?+/-!+/5C-&+ML-)A'-E67/*'-2-&6*&/6)-CB)B-B(C-MB0)'-)+-B-('!-*'&+*C-G1fB,M5'-\I"--.AB(7'-)A'-8-HB5/'-K+*-`Z\-
)A'(-M*'00-.9<.=<9:1"--=0'-%19$18@-)+-M*'MB*'-)A'-C'06*'C-*'M+*)-A'BC'*F-)A'(-M*'00-#8;>:-
81@=<:@"--DA'(-&+,MB*'C-)+-)A'-*'0/5)0-6(-E67/*'-\F-`'N-60-C'&*'B0'C-B(C-)A'-H+5)B7'-B)-`Z\-AB0-6(&*'B0'C-JL-
BMM*+f6,B)'5L-2"Y-X"--

^"- :A'-,B(/KB&)/*'*-+K-)A'-,+)+*-0)B*)'*-0M'&6K6'0-B-,6(6,/,-M6&S/M-H+5)B7'-+K-[4]-G4"[-f-2\4X-O-a3XI"--DAB)-
6K-)A'-R..-J/0-H+5)B7'-60-C'7*BC'C-)+-[3"Y]-(+,6(B5-GS-O-4"[3YIq--D+/5C-)A'-H+5)B7'-0M'&6K6&B)6+(-K+*-
,6(6,/,-M6&S/M-J'-0B)60K6'Cq-

?+/-!+/5C-&+ML-)A'-E67/*'-2-&6*&/6)-CB)B-B(C-MB0)'-)+-B-('!-*'&+*C-G1fB,M5'-^I"--.AB(7'-)A'-S-HB5/'-)A'(-
M*'00-.9<.=<9:1"--=0'-%19$18@-)+-M*'MB*'-)A'-C'06*'C-*'M+*)-A'BC'*F-)A'(-M*'00-#8;>:-81@=<:@"--
DA'(-&+,MB*'C-)+-)A'-*'0/5)0-6(-E67/*'-\F-)A'-H+5)B7'-B)-`Z\-AB0-C'&*'B0'C-)+-aZ"^b-X"--:A'-,6(6,/,-M6&S/M-
0M'&6K6&B)6+(-60-(+)-,')F-B(C-)A'-0)B*)'*-!655-(+)-PM6&S-/MQ"-

@6(&'-6)-60-JB0'C-+(-K/(CB,'()B5-B(B5L060-,')A+C0F-)A60-&B5&/5B)6+(-)++5-&B(-J'-/0'C-)+-'HB5/B)'-B(L-&6*&/6)"--E+*-'fB,M5'F-6K-
L+/-B*'-*'N/6*'C-)+-C')'*,6('-)A'-6,M'CB(&'-+K-MB*B55'5-)*B(0K+*,'*0F-B-)*B(0K+*,'*-,+C'5-&B(-J'-/0'C-B0-)A'-JB060-K+*-&6*&/6)-
&+(('&)6+(0-6(-)A'-PE*+,-n-:+Q-K+*,B)"--:A'-0+5/)6+(-6(&5/C'0-&B5&/5B)6+(-+K-`'NF-!A6&A-60-)A'-C'06*'C-HB5/'"---

E5'f6J656)L-60-M*+JBJ5L-)A'-,+0)-6,M+*)B()-&+(06C'*B)6+(-!A'(-C'067(6(7-)++50-)+-B/)+,B)'-B-&B5&/5B)6+(-M*+&'00"--;)-60-
6()'*'0)6(7-)+-(+)'-)AB)-)A'-K5'f6J656)L-+K-B-P&B5&/5B)6+(-)++5Q-60-7'('*B55L-6(H'*0'5L-M*+M+*)6+(B5-)+-)A'-&+,M5'f6)L"--:++50-
C'H'5+M'C-/06(7-PK6*0)-M*6(&6M5'0Q-B*'-'B06'*-)+-'fMB(C-B(C-6(A'*'()5L-,+*'-K5'f6J5'-)AB(-)A+0'-JB0'C-+(-BCHB(&'C-&+(&'M)0"-



!!!"#$%&'()'*"&+,-----------------------------------------#$%-.+/*0'-1234-----------------------------------------------!!!"#$%+(56('"+*7-
---

!"#$%)%'(%)%
-

:A60-0A+/5C-(+)-C')'*-)A'-'(76(''*-K*+,-C'H'5+M6(7-B-)B0S-0M'&6K6&-)++5"--E5'f6J656)L-&B(-'H+5H'-+H'*-)6,'-B0-BCC6)6+(B5-/0'0-+K-
)A'-)++5-B*'-C60&+H'*'CF-0+,')6,'0-*'N/6*6(7-,6(+*-&AB(7'0-)+-B&&+,,+CB)'-)A'-('!-K/(&)6+(0"----

E+% F4--"2>%
-
R')A+C0-B*'-C'0&*6J'C-)+-B(B5LV'-&+()*+5-&6*&/6)0-K+*-M*+M'*-+M'*B)6+(-6(-B55-&+,M+('()-&+(K67/*B)6+(0"--.6*&/6)-
*'C/&)6+(-B(C-.*B,'*l0-8/5'-0+5/)6+(-)'&A(6N/'0-B*'-M*'0'()'C"--R')A+C0-K+*-&+(H'*)6(7-,B(/KB&)/*'*l0-&+,M+('()-
MB*B,')'*0-)+-HB5/'0-*'N/6*'C-K+*-&6*&/6)-B(B5L060-/06(7-JB06&-1(76(''*6(7-K/(CB,'()B50-B*'-B50+-M*'0'()'C"--9(-
B/)+,B)'C-&6*&/6)-B(B5L060-)++5-/06(7-jB/00k@'6C'5-,')A+C0-60-M*+H6C'C-)+-C',+(0)*B)'-&B5&/5B)6+(-B/)+,B)6+(-
M+006J656)6'0"---
-
$'067(-&+(06C'*B)6+(0-B*'-M*+H6C'C-K+*-B/)+,B)'C-&B5&/5B)6+(-M*+7*B,-'KK+*)0"--E5'f6J656)L-B(C-06,M56&6)L-B*'-
6C'()6K6'C-B0-6,M+*)B()-&AB*B&)'*60)6&0-K+*-'(76(''*6(7-P)++50Q"-
-

-

-



!!!"#$%&'()'*"&+,-----------------------------------------#$%-.+/*0'-1234-----------------------------------------------!!!"#$%+(56('"+*7-
---

!"#$%&%'(%6%
-

!"#$%&'(')'*+,-./0'123'4506'75658'96/86:8';5<6850'

-
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---

!"#$%6%'(%6%
-

!"#$%&'='>'9/?,0:'@A6,A6'

Circuit Analysis Program Figure 2 
Circuit Solution #1 Page 1 of  1 

 Circuit: Figure 1 Schematic   
Vs  126.000 + j0.000 k: 1.000   Zeq   37.016 + j46.330 

Circuit Description: 
This circuit is for the demonstration of automated Gauss-Seidel method for calculating the 
voltage drop in a typical control circuit of a 480V MCC. 

Input Data 
Device  From To Resistance Reactance 
CPT-150 1 2 3.648 2.112 
Zf  2 3 0.000 0.000 
Zlgt  3 0 3700.000 0.000 
Z74 (Holding) 3 0 432.000 857.307 
Z1  3 4 1.879 0.000 
Z2  4 5 7.468 0.000 
Z3X (Inrush) 4 6 72.000 164.973 
Z42 (Inrush) 5 0 48.000 64.000 
Z3  6 0 0.704 0.000 

 Results 
      Device   Voltage  Device  Voltage  
`57)  22b"b44-  ̀ bZ-G%+5C6(7I 22b"b44-
`Z\-G;(*/0AI- 24a"244- -`^_-G;(*/0AI- 22Y"[4a-
`^- - 4"ZY4- -`\- - 24"2[4-
`2- - ^"b^4- -.#:k2Y4- ["a34-
-
-
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