
ICD 4.4=IBD 4.8=IBC 4.2−=IAD 9.2−=IAC 8.6=IAB 0.6=

ICD Iβ:=IBD Iβ− Iγ+:=IBC Iα− Iβ+:=IAD Iγ−:=IAC Iα:=IAB Iα− Iγ+:=

Iγ I
3

:=Iβ I
2

:=Iα I
1

:=

I

8.6

4.4

9.2











=I A
1−

b⋅:=b

66

0

66











:=A

30 20+

20−

30−

20−

20 30+ 10+

10−

30−

10−

30 10+











:=

γβα

Usando método das malhas ou das correntes fictícias

item a)



ou 66 30 IAB⋅− 10 IBD⋅− 0= 0= malha γ

Montando o sistema matricialmente

I

IAB

IAC

IAD

IBC

IBD

ICD























= A

1−

1

0

30

0

30−

1−

0

1

0

0

0

1−

0

0

0

0

0

0

1−

1

20

20−

0

0

1−

0

0

10

10−

0

0

1−

0

30−

0



















:= b

0

0

0

66−

0

66−



















:= I A
1−

b⋅:= I

0.6

8.6

9.2−

4.2−

4.8

4.4



















=

OBS - É muito mais tranquilo usar correntes fictícias

VBC 20 IBC⋅:= VBC 84−= VBD 10 IBD⋅:= VBD 48= VCD 30 ICD⋅:= VCD 132=

Usando as leis de Kirchhoff

1a Lei: n=4 nós, usar 3 vezes IAC− IAB− IAD− 0= nó A

IAB IBC− IBD− 0= nó B

IAC IBC+ ICD− 0= nó C

2a Lei: r=6 ramos, usar 3 vezes, pois são 12 incógnitas, 3 equações da 1a Lei e 6 da Lei de Ohm

VCA VBC+ VAB+ 0= ou 66 20 IBC⋅+ 30 IAB⋅+ 0= malha α

VBC− VCD− VBD+ 0= ou 20− IBC⋅ 30 ICD⋅− 10 IBD⋅+ 0= malha β

VDA VAB− VBD− 0=



υm 92.893 %=υm
75

Vm
:=Vm 80.738=Vm 75 I2 2⋅−:=

Item c)Item b)

I3 1.23=I2 2.869−=I1 1.639=

I3 x
2

−:=I2 x
2

x
1

−:=I1 x
1

:=x
1.639

1.23−








=x A
1−

b⋅:=

b
25

25−








=b
100 75−

100− 75+








:=A
10

7−

7−

11









=A
1 2+ 5+ 2+

7−

7−

1 5+ 2+ 3+








:=

Item a)



I40 0.185=

Em paralelo I40
120

R1
:= I40 0.333= I50

120

R2
:= I50 0.417=

E r Icc⋅− 0= P V I⋅= P E r I⋅−( ) I⋅= P r− I
2⋅ E I⋅+=

P max em função de I 2− r⋅ I⋅ E+ 0= Ipm
E

2 r⋅
=

125 r−
E

2 r⋅








2

⋅ E
E

2 r⋅
⋅+= 1( )

00
E r 10⋅− 0= E 10 r⋅= (2), (2) em (1): 125 r−

10 r⋅
2 r⋅









2

⋅ 10 r⋅
10 r⋅
2 r⋅

⋅+= 125 r− 5( )
2⋅ 50 r⋅+=

α        β 

A
3 2+ 9+

9−

9−

9 4+








:= b
10 13−

13 25+








:= A
14

9−

9−

13









= b
3−

38









= I A
1−

b⋅:= I
3

5









=

Iα I
1

:= Iβ I
2

:= I1 Iα−:= I2 Iα Iβ−:= I3 Iβ:=

I1 3−= I2 2−= I3 5=

R1
120

2

40
:= R1 360= P

V
2

R
= R2

120
2

50
:= R2 288=

Em série I40
120

R1 R2+
:=



ou Eg rg i1⋅− 0= K1 fechada, K2 aberta i1 0.1:=

Vg 50 i2⋅− 0= ou Eg rg i2⋅− 50 i2⋅− 0= K1 aberta K2 fechada i2 0.05:=

Resolvendo o sistema

Eg 0:= rg 0:= chutes iniciais

Given

Eg rg i1⋅− 0=

Eg rg i2⋅− 50 i2⋅− 0=

x Find Eg rg,( ):= x
5

50









= Eg x
1

:= Eg 5= rg x
2

:= rg 50=

 

a) r 5:= E 10 r⋅:= E 50=

b) Ipm
E

2 r⋅
:= Ipm 5= Vpm E r Ipm⋅−:= Vpm 25=

c) Ic
E

r 10+
:= Ic 3.333= υc

E r Ic⋅−
E

:= υc 66.667 %=

d) Id
E

r 1r+
:= Id 5= υd

E r Id⋅−
E

:= υd 50 %=

Vg Eg rg ig⋅−=



Req 30=Req
90

2

270
:=

A potência dissipada é a gerada nos 
geradores ou consumida nas resistências, 
inclusive em rg

WP2 0.25=P2 Pg2:=WP1 0.5=P1 Pg1:=

Item c

η2 50 %=η2

P2

Pg2
:=Pg2 0.25=Pg2 Eg i2⋅:=P2 0.125=P2 50 i2

2⋅:=

η1 0 %=η1

P1

Pg1
:=Pg1 0.5=Pg1 Eg i1⋅:=P1 0:=

Item b

x
5

50









=x A
1−

b⋅:=x
Eg

rg







=b
0

50 i2⋅








:=A
1

1

i1−

i2−







:=

Matricialmente 



Rc 5.455=Rc

Rbc Rca⋅

Rab Rbc+ Rca+
:=

Rb 10.909=Rb

Rab Rbc⋅

Rab Rbc+ Rca+
:=

Ra 16.364=Ra

Rab Rca⋅

Rab Rbc+ Rca+
:=

Rca 30:=Rbc 20:=Rab 60:=

Estrela triângulo https://pt.wikipedia.org/wiki/Transforma%C3%A7%C3%A3o_Y-%CE%94

x

30.001

0.018−

0.023−











=x Find R Iβ, Iγ,( ):=

2 30 Iβ⋅− 110 Iγ⋅+ 0=

5

6
55 Iβ⋅+ Iβ R⋅+ 30 Iγ⋅− 0=

17−
6

25 Iβ⋅− 60 Iγ⋅− 1−=

Given

Iγ 1:=Iβ 1:=R 0:=

17−
6

25 Iβ⋅− 60 Iγ⋅−

5

6
55 Iβ⋅+ Iβ R⋅ 30 Iγ⋅−+

2 30 Iβ⋅− 110 Iγ⋅+

















1−

0

0











=

85

25−

60−

25−

55 R+

30−

60−

30−

110











1−
30

Iβ

Iγ















⋅

1−

0

0











=b

1−

0

0











=x

1−
30

Iβ

Iγ















=A

85

25−

60−

25−

55 R+

30−

60−

30−

110











=

Req
1−

Iα
:=

b

1−

0

0











:=

A

25 60+

25−

60−

25−

25 R+ 30+

30−

60−

30−

60 30+ 20+











=

Correntes ficitícias impondo VAB=1V



Req

25 Ra+( ) R Rc+( )⋅

25 Ra+( ) R Rc+( )+
Rb+= Rx R Rc+= 19.091

41.364 Rx⋅

41.364 Rx+
= Rx 35.454591837650967539:=

R Rx Rc−:= R 30=

A amp:=
conj x( ) x


:=

fasor m f,( ) m cos f( ) j sin f( )⋅+( )⋅:= o deg:= polar z( ) z arg z( )
180

π
⋅








:=
paralelo a b,( )

a b⋅
a b+

:=
VA W:= VAr W:= fase x( ) arg x( ):=



Ztot R
1

j ω⋅ C⋅
+:= Ztot 10000 20000i− Ω= I

Vg

Ztot
:= I 0.0002 0.0004i+ A=

I 0.000447 A= fase I( ) 63.435 o=

VR R I⋅:= VR 2 4i+ V= VR 4.472 V= fase VR( ) 63.435 o=

Zeq paralelo 3 4j+ 2.5 6j+,( ) Ω⋅:= Zeq 1.453 2.449i+ Ω= Zeq 2.848 Ω= fase Zeq( ) 59.321 o=

Vg fasor 100 0,( ) V⋅:= I
Vg

Zeq
:= I 17.917 30.201i− A= I 35.116 A= fase I( ) 59.321− o=

Corrente Alternada

R 50Ω:= L 0.1H:= Vg fasor 110 0,( ) V⋅:= Vg 110 V= f 60Hz:= ω 2 π⋅ f⋅:= ω 376.991
rad

s
=

Ztot R j ω⋅ L⋅+:= Ztot 50 37.699i+ Ω= I
Vg

Ztot
:= I 1.403 1.058i− A= I 1.757 A= fase I( ) 37.016− o=

Vg fasor 10 0,( ) V⋅:= ω 5000
rad

s
⋅:= R 10

4Ω:= C 0.01µF:=



Zeq 20 20i+ Ω= I
Vg

Zeq
:= I 5 5i− A= I 7.071 A= fase I( ) 45− o=

φ 0 fase I( )−:= φ 45 deg= P Vg I⋅ cos φ( )⋅:= Q Vg I⋅ sin φ( )⋅:= P 1000 W= Q 1000 VAr=

S Vg I⋅:= S 1414.2 VA=

S Vg conj I( )⋅:= S 1000 1000i+ W=

S Zeq I( )2⋅:= S 1000 1000i+ W=

S
Vg( )2

conj Zeq( ):= S 1000 1000i+ W=

φ 0 fase I( )−:= φ 59.321 deg= P Vg I⋅ cos φ( )⋅:= Q Vg I⋅ sin φ( )⋅:= P 1791.7 W= Q 3020.1 VAr=

S Vg I⋅:= S 3511.6 VA=

S Vg conj I( )⋅:= S 1791.7 3020.1i+ W=

S Zeq I( )2⋅:= S 1791.7 3020.1i+ W=

S
Vg( )2

conj Zeq( ):= S 1791.7 3020.1i+ W=

Vg fasor 200 0,( ) V⋅:= f 100Hz:= ω 2 π⋅ f⋅:= ω 628.319
rad

s
= Zeq 20 60j+ 40j−( ) Ω⋅:=



fase VAB( ) 65.048 o=VAB 317.648=VAB 134 288i+=VAB VEF 15 IAC⋅+:=IAC ICD IEF+ IGH+:=

ICD 5.6 0.8i−=ICD

VEF

15 20j+
:=IEF 3.333− 3.333i+=IEF

VEF

30j−
:=

VEF 100 100i+=VEF 10 10j−( ) IGH⋅:=IGH 10i=IGH

VGH

10j−
:=VGH fasor 100 0,( ):=

Q 689.7− VAr=P 275.9 W=Q Vg I⋅ sin φ( )⋅:=P Vg I⋅ cos φ( )⋅:=φ 68.199− deg=φ 0 fase I( )−:=

fase I( ) 68.199 o=I 3.714 A=I 1.379 3.448i+ A=I
Vg

Zeq
:=Zeq 20 50i− Ω=

Zeq 20
60j

2
+ 40j 2⋅−








Ω⋅:=ω 314.159
rad

s
=ω 2 π⋅ f⋅:=f 50Hz:=



Inovo Inovo:=

VR R Inovo⋅:= VR 2000 V= fase VR( ) 0 o=

VL j ω⋅ L⋅ Inovo⋅:= VL 3333.333 V= fase VL( ) 90 o=

VC1
1

j ω⋅ C1⋅
Inovo⋅:= VC1 666.667 V= fase VC1( ) 90− o=

VC2
1

j ω⋅ C2⋅
Inovo⋅:= VC2 2666.667 V= fase VC2( ) 90− o=

R 1000Ω:= L 0.1H:= Vg fasor 500 0,( ) V⋅:= f 1000Hz:= ω 2 π⋅ f⋅:= ω 6283.185
rad

s
=

Ztot R j ω⋅ L⋅+:= Ztot 1000 628.319i+ Ω= I
Vg

Ztot
:= I 0.423 A= fase I( ) 32.142− o=

VR R I⋅:= VR 423.367 V= fase VR( ) 32.142− o=

VL j ω⋅ L⋅ I⋅:= VL 266.009 V= fase VL( ) 57.858 o=

R 600Ω:= L 2H:= C1 10µF:= f
250

π
Hz⋅:= I 2 A⋅:= ω 2 π⋅ f⋅:= ω 500 Hz=

a) Ztot R j ω⋅ L⋅+
1

j ω⋅ C1⋅
+:= Vg Ztot I⋅:= Vg 2000 V= fase Vg( ) 53.13 o=

b) St Vg conj I( )⋅:= St 2400 3200i+ W=

c) Ztot 600 800i+ Ω= Xc 800j− Ω⋅:= Xc
1

j ω⋅ C⋅
= C2

i−
Xc ω⋅

:= C2 2.5 µF=

d) Znovo 600Ω:= Inovo

Vg

Znovo
:= Inovo 3.333 A= fase Inovo( ) 53.13o=

Snovo Vg conj Inovo( )⋅:= Snovo 6666.7 VA= Q = 0

e)



Usar fio de 4 mm2
∆V

220V
3.137 %=∆V 6.902 V=∆V zft I⋅:=

fase Vg( ) 0.0417 o=Vg 226.9 V=Vg 220V zft I⋅+:=I 30 A=I
6600W

220V
:=

zft 0.23 0.0055i+ Ω=zft zf d⋅:=d 25m:=zf 0.0092 0.00022j+( )
Ω
m

⋅:=
c)

∆V 11.101 V=∆V zft I⋅:=
b)

fase Vg( ) 0.0446 o=Vg 231.1 V=Vg 220V zft I⋅+:=I 30 A=I
6600W

220V
:=

zft 0.37 0.006i+ Ω=zft zf d⋅:=d 25m:=zf 0.0148 0.00024j+( )
Ω
m

⋅:=a)



C2 318.31 µF=

Q3 1732VAr:= I3 20A:= S3 Vg I3⋅:= S3 2000 VA= φ3 asin
Q3

S3









:= φ3 59.997 o=

P3 S3 cos φ3( )⋅:= P3 1000.088 W= XC3
1

j ω⋅ C3⋅
= QC3 ω C3⋅ Vg

2⋅=

C3

Q3

ω Vg
2⋅

:= C3 459.427 µF=

b) Ctot C1 C2+ C3+:= Ctot 989.944 µF=

c) Stot P1 P2+ P3+ j Q1 Q2+ Q3+( )⋅+:= Stot 3200.088 3732i+ W=

I
Stot

Vg
:= I 32.001 37.32i+ A= I 49.161 A=

Stot P1 P2+ P3+:= fp unitário, Q=0 Stot 3200.088 VA=

I
Stot

Vg
:= I 32.001 A=

Vg 100V:= f 60Hz:= ω 2 π⋅ f⋅:= ω 376.991
rad

s
=

P1 600W:= I1 10A:= S1 Vg I1⋅:= S1 1000 VA= φ1 acos
P1

S1









:= φ1 53.13 o=

Q1 S1 sin φ1( )⋅:= Q1 800 VAr= XC1
1

j ω⋅ C1⋅
= QC1 ω C1⋅ Vg

2⋅=

C1

Q1

ω Vg
2⋅

:= C1 212.207 µF=

P2 1600W:= I2 20A:= S2 Vg I2⋅:= S2 2000 VA= φ2 acos
P2

S2









:= φ2 36.87 o=

Q2 S2 sin φ2( )⋅:= Q2 1200 VAr= XC2
1

j ω⋅ C2⋅
= QC2 ω C2⋅ Vg

2⋅=

C2

Q2

ω Vg
2⋅

:=



α 0.5− 0.866i+=

VBC fasor 220 37 o⋅,( ) V⋅:=

VBN

VBC

fasor 3 30− o⋅,( ):= VAN

VBN

α
:= VCN VAN α

2
⋅:=

VAN 127.017 V= fase VAN( ) 53− o=

VBN 127.017 V= fase VBN( ) 67 o=

VCN 127.017 V= fase VCN( ) 173− o=

VAB

VBC

α
:= VCA VAB α

2
⋅:=

VAB 220 V= fase VAB( ) 83− o=

VBC 220 V= fase VBC( ) 37 o=

VCA 220 V= fase VCA( ) 157 o=

P 30kW:= fpi 0.75:= Vc 3000V:= f 60 Hz⋅:= ω 2 π⋅ f⋅:= φ i acos fpi( ):= φ i 41.41 o=

Qi P tan φ i( )⋅:= Qi 26457.5 VAr=

fpf 0.93:= φf acos fpf( ):= φf 21.565 o= Qf P tan φf( )⋅:= Qf 11856.8 VAr=

∆Q Qi Qf−:= ∆Q ω C⋅ Vc
2⋅= C

∆Q

ω Vc
2⋅

:= C 4.303µF=

Circuitos Trifásicos α fasor 1 120 o⋅,( ):=



VF VFc

1

α
2

α













⋅:= VF1
197.944 V= fase VF1







1.989o= VA'N'

VF2
197.944 V= fase VF2







118.011− o= VB'N'

VF3
197.944 V= fase VF3







121.989 o= VC'N'

VL VF fasor 3 30 o⋅,( )⋅:= VL1
342.849 V= fase VF1







1.989o= VA'B'

VL2
342.849 V= fase VL2







88.011− o= VB'C'

VL3
342.849 V= fase VL3







151.989 o= VC'A'

VLg fasor 380 30 o⋅,( ) V:= compr 200 m⋅:= zfio 0.002 0.0005j+( )
Ω
m

⋅:= Zcd 9 6j+( ) Ω⋅:=

Passa carga para Y e calculo z total da linha

Zcy

Zcd

3
:= Zcy 3 2i+ Ω= zl zfio compr⋅:= zl 0.4 0.1i+ Ω=

VFg

VLg

fasor 3 30 o⋅,( ):= VFg 219.393 V= fase VFg( ) 0 o=

IL

VFg

zl Zcy+
:= IL 46.709 28.849i− A= IL 54.9 A= fase IL( ) 31.701− o= item b) fase A

VFc Zcy IL⋅:= VFc 197.944 V= fase VFc( ) 1.989o=



dá na mesma que 150-360= -210

item d) φ fase VAN( ) fase IA( )− 360 o⋅+:= φ 60 o=

P 3 VAB⋅ IA⋅ cos φ( )⋅:= P 7220 W=

Q 3 VAB⋅ IA⋅ sin φ( )⋅:= Q 12505.407 VAr=

S 3 VAB⋅ IA⋅:= S 14440 VA=

S 3 VAN⋅ conj IA( )⋅:= S 7220 12505.407i+ VA= S 14440 VA= fase S( ) 60 o=

S 3
VAN( )2

conj Zcy( )⋅:= S 7220 12505.407i+ VA= S 14440 VA= fase S( ) 60 o=

S 3 Zcy⋅ IA( )2⋅:= S 7220 12505.407i+ VA= S 14440 VA= fase S( ) 60 o=

Zcy fasor 10 60 o⋅,( ) Ω:= OBS - Z não é fasor, a função fasor na verdade é apenas polar para retângular

VCA fasor 380 0 o⋅,( ) V⋅:= VAB

VCA

α
:= VBC VAB α

2
⋅:=

VAB 380 V= fase VAB( ) 120− o=

VBC 380 V= fase VBC( ) 120 o=

VCA 380 V= fase VCA( ) 0 o=

item b)

VAN

VAB

fasor 3 30 o⋅,( ):= VAN 219.393 V= fase VAN( ) 150− o=

item c) IA

VAN

Zcy
:= IA 21.939 A= fase IA( ) 150 o=



fase IB( ) 150 o=

IC 38.105 A= fase IC( ) 30 o=

IA IAB ICA−:= IB IA α
2

⋅:= IC IA α⋅:=

IA 38.105 A= fase IA( ) 90− o=

IB 38.105 A= fase IB( ) 150 o=

IC 38.105 A= fase IC( ) 30 o=

VAB Zcd IAB⋅:= VBC VAB α
2

⋅:= VCA VAB α⋅:=

VAB 440 V= fase VAB( ) 10− o=

VBC 440 V= fase VBC( ) 130− o=

VCA 440 V= fase VCA( ) 110 o=

Zcd fasor 20 50 o⋅,( ) Ω⋅:= Zcd 12.856 15.321i+ Ω=

ICB fasor 22 0 o⋅,( ) A⋅:=

item a) IBC ICB−:=

IAB

IBC

α
2

:= ICA IAB α⋅:=

IAB 22 A= fase IAB( ) 60− o=

IBC 22 A= fase IBC( ) 180 o=

ICA 22 A= fase ICA( ) 60 o=

item b)

IA IAB fasor 3 30− o⋅,( )⋅:= IB IBC fasor 3 30− o⋅,( )⋅:= IC ICA fasor 3 30− o⋅,( )⋅:=

IA 38.105 A= fase IA( ) 90− o=

IB 38.105 A=



fase IC( ) 90 o=IC 9.972A=

fase IB( ) 150− o=IB 9.972A=

fase IA( ) 30− o=IA 9.972A=

IC IA α⋅:=IB IA α
2

⋅:=IA

VAN

zl Zcy+
:=

item b)

fase VCA( ) 150 o=VCA 380 V=fase VCN( ) 120 o=VCN 219.393 V=

fase VBC( ) 90− o=VBC 380 V=

VLg fasor 380 30 o⋅,( ) V⋅:= Zcy fasor 20 30 o⋅,( ) Ω⋅:= zl fasor 2 30 o⋅,( ) Ω⋅:=

item a) VAB VLg:= VBC VAB α
2

⋅:= VCA VAB α⋅:=

VAN

VAB

fasor 3 30 o⋅,( ):= VBN VAN α
2

⋅:= VCN VAN α⋅:=

VAN 219.393 V= fase VAN( ) 0 o= VAB 380 V= fase VAB( ) 30 o=

VBN 219.393 V= fase VBN( ) 120− o=



Sg 5684.276 3281.818i+ VA= Sg 6563.636 VA=

item g)

∆S Sg Sc−:= ∆S 516.752 298.347i+ W= ∆S 596.694 VA=

ou ∆S 3 zl⋅ IA( )2⋅:= ∆S 516.752 298.347i+ W=

VABg fasor 220 35 o⋅,( ) V⋅:= Zc1y 4 6j+( ) Ω⋅:= Zc2d 3 4j+( ) Ω⋅:= Zc2y

Zc2d

3
:=

zl 0.2 0.3j+( ) Ω⋅:=

VANg

VABg

fasor 3 30 o⋅,( ):= IA

VANg

zl paralelo Zc1y Zc2y,( )+
:= IA 74.09A= fase IA( ) 49.27− o=

VANc VANg zl IA⋅−:= VABc VANc fasor 3 30 o⋅,( )⋅:= VABc 173.768 V= fase VABc( ) 34.457 o=

Item c)

VANc Zcy IA⋅:= VABc VANc fasor 3 30 o⋅,( )⋅:=

VANc 199.448 V= fase VANc( ) 0 o= VABc 345.455 V= fase VABc( ) 30 o=

item d)

∆VA zl IA⋅:= ∆VA 19.945 V= fase ∆VA( ) 1.218− 10
15−× o=

∆VAB zl IA⋅ fasor 3 30 o⋅,( )⋅:= ∆VAB 34.545 V= fase ∆VAB( ) 30 o=

ou ∆VAB VAB VABc−:= ∆VAB 34.545 V= fase ∆VAB( ) 30 o=

item e)

Sc 3 VANc⋅ conj IA( )⋅:= Sc 5167.523 2983.471i+ VA= Sc 5966.942 VA=

item f) Sg 3 VAN⋅ conj IA( )⋅:=



VAB fasor 220 90 o⋅,( ) V⋅:= VAN

VAB

fasor 3 30 o⋅,( ):= VAN 127.017 V= fase VAN( ) 60 o=

IA fasor 10 0 o⋅,( ) A⋅:= φ fase VAN( ) fase IA( )−:= φ 60 o=

S 3 VAN⋅ conj IA( )⋅:= S 1905.256 3300i+ VA= S 3810.512 VA=


