RC circuits under AC



Trigonometric Function arguments

* The argument of the sine or cosine waveforms or any trigonometric
function is always an angle even though it may appear that it is a
function of time. See the following:

 wt = 2mFt. o Is the angular frequency in radians and F is the frequency in
Hz.

1
T in seconds

oF:

Therefore:

t in seconds 2Tt )
( ) — - Radians

e wt = 2nFt = 2(nin radians) X (T in seconds)



Complex Numbers Review

« Under AC conditions, the capacitor behaves as an ohmic value which is known as
the capacitive reactance X..

 Such a reactance is manifested as an imaginary numbetr.

 That coupled with the fact that resistances are considered real values dictates that a
total ohmic value that encompasses resistances and capacitances will end up as a
complex number.

« A complex number can be represented in 2 formats:
 Rectangular format as Z = a + jb (where j indicates the imaginary number).
 Polar Format as Z = |Z| 46 which is a magnitude at a certain angle.



Complex Number Conversions

« Given a complex number represented in the 2 formats:
* Rectangular format as Z = a + jb (where j indicates the imaginary number).
 Polar Format as Z = |Z|46 which is a magnitude at a certain angle.

 To convert from rectangular to polar:
e |Z| = Va? + b2.
° — -1 m
£0 = Tan ( . )
 To convert from polar to rectangular:

» The real part is given by:
* a=|Z| x cos (0)

* The imaginary part is given by
* b=1Z| % sin (0)

« Additions & Subtractions are easier done in rectangular format.

 Divisions & Multiplications are easier done in polar format.



Complex Number Addition, Subtraction, Multiplication & Division

 Given 2 complex numbers:
* Zy=aq t)by =|Z21]401 & Z; = ay + ] by =1Z,]46,

Then :

For additions and subtractions:

* Zy +Z; = (a;+ ay) +j(by + by)
* Zy-Z; =(a;—ay) +])(by — by)

 For multiplications and divisions:

o 71 X Zy= |Z1|401 X |Z5|£0, = |Z{| X |Z,|4(041 + 6,) (Multiply the magnitudes and
add the angles).

o 1211481 _ |Z4]

= £(0; -06,) (Divide the magnitudes and subtract the denominator angle
122146, |Z3]

from the numerator angle).




\Voltage and Current Relationship in a Capacitor

* The capacitor will always try to oppose a change in the voltage across it by
briefly holding its value.

 The capacitor will never oppose a current change through it.

* Because of the above two facts, the voltage across the capacitor will be held
behind the current through the capacitor.

* In other words, we say that the capacitor voltage lags the current through it, or
also stated as the current through the capacitor leads the voltage across It.

» The capacitor voltage will always lag the current through it by 90 deg. Stated
otherwise, the current through the capacitor will lead the voltage across it by 90
deg.



The “ELI the ICE man” Memory Aid

* L is the inductor

* C Is the capacitor

* E is the voltage

* | is the current

* Always the phase difference 1s 90°.

*ELI means in an inductor L; the voltage E across it leads the current
through 1t by 90°.

*ICE means in a capacitor C, the current | through it leads the voltage E
across it by 90°.



The Capacitive Reactance (Impedance) Xc

C

-

The capacitive reactance of a capacitance C in an AC circuit with a frequency F is given by:

1

e X = = L is the magnitude of the capacitive reactance.
2nFC wC

« Since o = 2nF, o Is the angular frequency and F is the frequency.

Since it Is an imaginary value, it Is expressed as:
 -jX inrectangular format &
* |X|£-90 Deg in Polar format.

Expressed in time domain, this would be:
+ Xc(t) = X[ sin (ot - 90) = ——sin (ot - 90).

In a capacitor, always the voltage across the capacitor lags the current through it by 90°.



Series RC circuits under AC




Series RC Circuits Under AC Equations

For the series RC circuit shown: R

Vs (t) = Vp x sin (2nFt) = Vp x sin (ot) = Vp L0 deg o
o
= Frequency = F
Peak = Vp
The magnitude value of the capacitive reactance is given by: X, = #FC :

Since this is a series circuit, the total impedance seen by the voltage source Z; is the sum of both R & Xc (not algebraically)
and it is given by:

Zr =R — jX_, represented in rectangular format.

Zp = |Z |40 represented in polar format where:
* |Zy| = VR? + Xc? for the magnitude of the polar form.
* 6 =tan™" (=) for the phase angle for the polar form.

This angle indicates that the total current I is leading the total voltage Vs by a value of |6]. This is always the case in a
capacitive circuit.



Series RC Circuits Under AC Equations Continued

The total current I For the series RC is given by:

T T
c Ir=Ig= I

The voltage across the resistance is given by:
i VR :IRXR: ITXR

» The voltage across a resistance and the current through it are in phase.

The voltage across the capacitor is given by:
c Vo =1 XXp= Ip X X,
» The voltage across the capacitor and the current through it are 90° ( ) out of phase; with the current through the
capacitor leading the voltage across it.

Eh_e total aBpIied voltage to the R-C series combination in terms of the voltages across R and across
IS given by:

« Vp= \/VR2+VCZ



Phasor Diagrams

* For this series RC circuits under AC conditions, all currents and voltages are merely AC
waveforms.

* To plot those sine waves vs time, it might be a bit cluttered to see the phase relationship
between all those waveforms.

* It may be even much harder for an AC circuit to represent on a plot especially if the circuit
becomes more complex and not merely a series RC circuit.

 Recall that the series current leads the source voltage by a value of 6 and the current through
the cap which is in phase with the voltage across the resistance leads the voltage across the
cap by 90°.

 Phasor diagram solve this issue by simply representing the sine waves as arrows that
represent the peak value and the phase angle.



Phasor Diagrams

 The following figure shows a plot of the 3 sine waves, V. (Yellow) , V, (Red) and
V. (Green).
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In a series RC circuit, the current is common to all element, Therefore, I(resitor) = I(source) = I(capacitor).
Notice that the current through the series RC circuit leads the voltage source Vs by a value of 0 and the voltage across the cap by 90 degrees.



Phasor Diagrams

* For this series RC circuits under AC conditions, to draw the phasor diagram look for a signal
that is common to all elements. That would the current through the circuit. This current
would be used as the reference signal.

A

Iy =1Ip=1I¢=1s5rce




Phasor Diagrams Continued

« Since the voltage across R is in phase with the current through R, then they should line up as
shown.

Vg It =Ig=1I¢c=1Isyrce




Phasor Diagrams Continued

* Since the voltage across the capacitor lags the current through it by 90°, then it would be
drawn as orthogonal to the current in a manner that 1s lagging by 90°as shown.

A




Phasor Diagrams Continued

« Based on KVL, the source voltage is the sum of the voltage across R and the voltage across
C. It would be represented as their vector sum and is drawn as shown on the phasor diagram.

A

Vg IT=IRA= Ic=1Isoyurce

Ll

Vg Ve

 Notice that the total current leads the total voltage by an angle of 6 which is the case in a
series RC circuit.



Phasor Diagrams Continued

* It is to note that each arrow represent a sine wave in the time domain:
* VS(t) = VS—peak % Sin(wt o 9)
* I5 (1) = Is—pear * sin(wt) 1
* Vg ()= VR—peak * sin(wt)
* Ve (1) = Ve_peak * sin(wt —90%)

»

Vg IT=IRA= Ic=1Isoyurce

Ll

Vg Ve




Series RC Circuits Under AC Example

e For the following circuit find:
a) X both in rectangular and polar forms.
b) Z; seen by the voltage source, both in polar & rectangular forms.
c) Ir, Vi, V. and the phase difference between Vs & I .
d) Verify that the total voltage Vs Is the sum of V, & V- (not the algebraic sum).
e) Draw the phasor diagram showing the total current and all voltages.

R
A
Q

i~ 6Vpk 1
C’\f)ﬂcHz =01k
/e

-
=

F = 1Khz, Vp = 6V



Series RC Circuits Under AC Example Solution

e Solution:

a) X both in rectangular and polar forms.
» X =12aFC=1/2n x 1 KHz x 0.1 uF) = 1591Q = 1.59 KQ. Magnitude value.
= |n rectangular format it is - 1.59 KQ.

= |[n Polar Format it is 1.59 KQ ~£-90°

b) Zr bothin polar & rectangular forms. Since the resistance and the
capacitance are in series, the total impedance is given by their sum (not
algebraic sum, because R is real and Xc is Imaginary)

In rectangular format:
= Zr =R —-jXc=1K - j1.59K

In polar format:

« |1Zr| = VRZ+ XcZ =/ 1K2 + (—1.59K)2% = /3.528 = 1.88 KQ Magnitude.

* 6=tan"'(29) = 8 =tan"'(==>) = —57.83 °. Which is Always the Phase Angle
between the voltage source and the total current IT.




Series RC Circuits Under AC Example Solution Continued

« Solution:

c) I+, Vi , V. and the phase difference between Vs & I.
= Since divisions & multiplications are easier performed in polar format:

_ Peakofvszo _vp _ vpv _ 6 Z£0
T = zr in polar Format ~ |z7|  |z7|1£ 0 1.88£4—57.83°
= Intime domain I(t) = 3.19 mA sin(2nFt + 57.83")

=3.19mA «£57.83°

= Since this is a series circuit I = Iz = I = 3.19 mA «57.83° Therefore:

" Vp=Ip XR=3.19mA £57.83° X1 KQ =319V «£57.83°
= |Intime domain Vi (t) = 3.19 V sin(2nFt + 57.83°)

» Ve=1I; XXc=3.19mA £57.83° x 1.59 KQz—-90" = 5.07V«£(57.83° —90") =5.07V«—-32.17°
= Intime domain V;(t) = 5.07 V sin(2nFt — 32.17°)

 Notice that the difference between the current through C and the voltage across it is [57.83° - (-32.17°) =
90° 1 with the current leading the voltage.

« Since Vs is at 0° phase angle and the current is at 57.83°, then the current leads the voltage source
by 5 7.83°. This enforces the fact that in a capacitive circuit, the total current leads the voltage

source by 6.



Series RC Circuits Under AC Example Solution Continued

e Solution:
d) Verify that the total voltage Vs Is the sum of V, & V..

 The total applied voltage to the R-C series combination in terms of the voltages
across R and across C is given by:

o Vp = \/VRZ + V2
« Vr = .(319)2+ (5.07)2 =6 V.




Series RC Circuits Under AC Example Solution Continued

e) Draw the phasor diagram showing the total current and all voltages.

VR 3.19V IT=IR=IC=ISO‘LLTC8= 3.19 mA
0 =57.83° ' .
V- =5.07V
VS = 6V

\4

 Notice that the total current leads the total voltage by an angle of 6 = 57.83° which is the case in a series RC
circuit.



Parallel RC circuits under AC



Parallel RC circuits under AC




Parallel RC Circuits Under AC Equations

For the series RC circuit shown:
Vs = Vp x sin (2nFt) = Vp L0 deg

Vs

N Frequency = F R§ Cc=
-+ Peak =Vp

d

1

The magnitude value of the capacitive reactance is given by: X, = Py

Sir&cg{ thisis a %arallel circuit, the total impedance seen by the voltage source Z is the product of both R & Xc divided by their sum (not algebraically)
and it is given by:

RX(—jX )
Zr = #, represented in rectangular format.
—JAacC

Zr = |Z1| 40 represented in polar format where:

R X Xc

© 1l = e

for the magnitude for the polar form.

e 9= tan_l(xic) for the phase angle for the polar form.

This angle indicates that the total current I is leading the total voltage Vs by a value of |8]. This is always the case in a capacitive circuit.



Series RC Circuits Under AC Equations Continued

The total current I For the parallel RC is given by:

o I _ VT_VS
r— ZT_ZT
Vi =V5r=V¢

The current through the resistance is given by:

VR
[ ] I -_— —
R R

» The voltage across a resistance and the current through it are in phase.

The current through the capacitor is given by:
° IC - =

» The voltage across the capacitor and the current through it are 90° ( 2) out of phase with the current through the
capacitor leading the voltage across it.

The total current I sourced by the voltage source in terms of the resistance and the capacitance
current is given by

¢ IT=\/IR +IC




Phasor Diagrams

* For this parallel RC circuits under AC conditions, to draw the phasor diagram look for a
signal that is common to all elements. That would the voltage across all elements V, , Vp
and V., in the circuit. This voltage would be used as the reference signal.

Ve =Vc=Vsource

I

Ll




Phasor Diagrams Continued

« Since the current through R is In phase with the voltage across it, then they should line up as
shown.

Ip Ve =Vc¢=Vsource

»
Ll




Phasor Diagrams Continued

* Since the current through the capacitor leads the voltage across 1t by 90°, then 1t would be
drawn as orthogonal to the voltage across it in a manner that 1s leading by 90° as shown.

A

Ac

Ve =Vc¢=Vsource

»
Ll

Ip




Phasor Diagrams Continued

* Based on KCL, the source current Is the sum of the currents through R and C. It would be
represented as their vector sum and is drawn as shown on the phasor diagram.

A

v

IR VR=VC=VS

 Notice that the total current leads the total voltage by an angle of 6 which is the case in a
series RC circuit.



Phasor Diagrams Continued

* It is to note that each arrow represent a sine wave in the time domain:

* Vs(t) = Vr() = Ve (t) = Vs_pear * sin(wt)
° IS = IS—peak X Sin((l)t + 9) A

° IR = IR—peak X Sin((l)t) C}) requen

¢ IC = IC—peak X Sin((l)t + 900)

 Notice that the peaks of the voltages for all 3 elements are equal:

y VS—peak = VR—peak = VC—peak



Parallel RC Circuits Under AC Example

* For the following circuit find:
a) X, both in rectangular and polar forms.
b) Zr seen by the voltage source, both in polar & rectangular forms.
c) I, Iy, I and the phase difference between V¢ & I.
d) Verify that the total current I-( Is) is the sum of I & I (not the algebraic sum).
e) Draw the phasor diagram showing the total voltage and all currents.

Nt

iy
6Vpk | -, £
1kHz C) §R =c




Parallel RC Circuits Under AC Example Solution

« Solution:
a) X both in rectangular and polar forms.
« Xp=—— = . = 1.59 KQ.

C 7 2nFc T 2mx1KHz 0.1 pF
* Inrectangular format it is - 1.59 KQ.

* In Polar Formatitis 1.59 KQ ~-90°

b) Z; both in polar & rectangular forms. Since the resistance and the capacitance are in parallel, the total impedance is given:

* Inrectangular format:

R x (—jX0) 1x (=159  —j159 = —j159(1+,1.59) 252 —;j1.59
™ R-—jX, = 1-j159 ~ 1-j159 (1-,1.59)(1+4+,1.59)  3.53

= 0.712 — j0.45

« In polar format, simply convert the rectangular format to its polar format to obtain:

e | Zy | =v0.7132 + 0.452 = 0.846

. 8 =tan"! (%) — —32.16°

* We could have also found the polar format values using:

. 7.1 = RxXc _ _1x159 — 0.846
|Z7| .
VR2+Xc?2  V12+41.592

« 0= tan'l(;—’z) =tan"1(=%) =-32.16°.

1.59

« Which is Always the Phase Angle between the voltage source and the total current I;.



Parallel RC Circuits Under AC Example Solution

¢) Find I, Iy, I and the phase difference between Vs & 1.

« Since this is a parallel circuit, then: Vs =V =V, = 6£0°V.

The total current I is equal to the total voltage divided by the total impedance Z.
Vs 6£0°

o [ = Zr 0846 KOZ—3216"" 7.0920 —(—32.16) =7.09«£ 32.16 mA
: : £0°
 The current through the resistance is equal to ‘;R = 61,(2 = 6mA
C _ 6£0°

. - |4 o
The current through the capacitor is equal to e 189K0Z—00° " 3.77 £—90°mA

The phase difference between V; and It 1s equal to 8 = 32.16 with the total current
leading the total voltage.

d) Verify that the total voltage Is is the sum of I & I (not the algebraic sum).
 To verify that the total current Is is equal to the sum of Ip & I, use:

e [ = \/IRZ + IC2 = V6 mA? + 3.77mA? = 7.09 which is what I, is equal to.




Phasor Diagrams Continued

e) Draw the phasor diagram showing the total voltage and all currents.

It =7.094£32.16 mA

Ic=3.77 2—90° mA

0-32.16 _ i X
IR=6mA VR=VC=VS=6ZOOV

 Notice that the total current leads the total voltage by an angle of 0.



Conversion From Parallel To Series Form

A parallel RC circuit which has a Z; with a phase angle 0, can be converted into a series R, C; circuit by using
the following formulas:

7. = R X X
T VRZ+xc?

0= tan‘l(XiC) IS the phase angle between the total current and the total voltage.

IS the total impedance of the parallel circuit.

Ry =Z; X Cos (0)

* Xcl(equ) =Zr X Sin (9)

Such equations can be used to make the analysis of a series-Parallel RC circuit easier.

¥ Xcl{equ)

Z)vs <R == > (T)vs =ct




Parallel to Series Conversion Example

 Convert the following circuit into its series equivalent.

T Xc Xcl{equ)
C:) Vs §R ¢ - Ci) Vs ==C1

1kQ 0.1pF




Parallel to Series Conversion Example

 Convert the following circuit into its series equivalent Solution:

R1=072
My
- Xc Xcljequ)
O O . (D
1k 0.1pF =

» From a previous example, the total impedance and its phase angle were calculated as:

RXXc 1 X1.59
e |Z+| = = = (0.846.
|27 ] VRZ+Xc2  V12+1.592

e B=tan" (- Xic) =tan"1(—2.) =-32.16 °.

1.59

* Therefore:
* Ri=Z;y XCos (0) =0.846 X Cos (—32.16) = 0.72
* Xciequ) =Zr X Sin (0) = 0.846 x Sin(—32.16) = —0.45

R1=0.72

Xc Xcliequ) = 0.45

Ov O

1kQ 0.1pF




RC Circuits Analysis Main Concepts

« Any component in the RC circuit under AC can be thought of as a complex number.

* Aresistance Is a real component designated as R, but it can be thought of as a complex
number with a zero imaginary part such as: Z = R + jO.

* A capacitor Is an imaginary component designated as jX, but it can be thought of as
complex number with a zero real partsuchas Z = 0 — jX,.

* In fact, an RC circuit under AC can be completely analyzed with complex number arithmetic
and then each component whether an impedance, current, voltage, power or energy can be
converted back to the time domain.

 All circuit analysis rules and laws apply the same, such as ohm’s law, KVL, KCL, voltage
division, current division etc...

* The symbol “||” will be used to indicate a parallel combination.



Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example

* For the following circuit find:

a) Xc1, Xcz-
b) Z; seen by the voltage source V.
c) Ir, Ip1, Ic1, Vre, Vei, Iro, 1o, Vro and Ve, and the phase difference between Vs & I7.

d) Verify that the KVL applies by verifying that the sum of Vg, V- and Vg, 0r V., 1S equal
to the total voltage 1,

A
IT i IR2 IC2
Vs

T
W G’) SR2 ==C2
Fi _
g 1k0 0.1uF




Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example

a) Xc1, Xco
1 1
* Xc1 = = — 0.795 KQ.
2nFC1 270 X1 KHz X0.2 uF
1 1
Ay =TT = = 1.59 KQ.
2NnFC 27 X1 KHz X0.1 uF
R1 0.5k €T 0.2uF

Vs

6Vpk
1kHz

&

l R2

Tk(l

ll-:z

=C2
0.1pF




Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

b) Zr seen by the voltage source V :

* Zr Isthe series combination of R1, X-; and R2||X».
Therefore:

« Zr = R1+ X1 + R2||Xc>

« Zr=05KQ —j0.795 KQ+1KQ|| (—j1.59 KQ)

 Recall that when there are 2 elements in parallel, their equivalent will be their product divided by their
sum. Therefore:

e Z; =05KQ —j0.795 KQ + (X159

1K —j1.59

)

 Using complex number arithmetic such as multiplying by the
conjugate results in:

« Zr = 0.5KQ —j 0.795 KQ + (0.72 — j0.45)

« Zr=1.22KQ —j1.245

« Zr expressed in polar format is Zy = 3.03 KQ £ -45.58°



Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

b) Zr seen by the voltage source V; Continued

R1 0.5kQ C"1 0.24F Req 1.22kQ

A
Vs IT IR2 IC2
6V Vs IT
1 Y
© w o ) —— kT

1kQ 0.1uF - zZT

ﬂ . |

R1=05K Xc1=-j0.795 K

R=0.72K

G) xe= L G) —_— 3.03KQ
- jA5K - ral Z -45.58




Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

c) Iy, In1, Ir1, V1, Ve, Ira, 102, Vro and Vi, and the phase difference between Vs & I

. Vv 6V : : : _ : _
Iy = 7y = T22K0-j 1245 Using Complex numbers arithmetic and multiplying by the conjugate, such as:

. B 6V o 1:22 KO+ 1245
T ™ 122K0—-j1.245 ~ 1.22 KQ+j 1.245

* In rectangular format:
o« I; = (241 +j 2.45) mA

* In polar format:
I = 3.43 MA £ +45.47

* The values of Ip; and I, aregivenby: Iy, =11 = Iy = (12.41 4+ j 2.45) mA =3.43 mA £+45.47



Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

c) Vi1, Veq, Ira, 1o, Vro and Ve, and the phase difference between Vs & I

o Vpy=1Ip; X Ry= (2.41 + j 2.45) mA X 0.5 KQ

* In rectangular format:
* Vp1=1.205+1.225

* In Polar Format:;

In rectangular format:

In Polar Format:
Veq =272 £-4453V



Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

c) In,, I, Vg, and V., and the phase difference between Ve & I

» The values of the currents through R, and C, can be found either by:
 Using the current division rule where the total current I is divided between and R, and X,
* Or:

By finding the voltage between points A & B, V,5 which is effectively the voltage across the parallel
combination of R, and X, . Once that is found, Ohm’s law can be used to find the currents. The latter
method will be used.

» Using ohm’s law, the voltage across the parallel combination of R, and X, Is calculated by multiplying the
total current I by the impedance between points A & B. The impedance between points A & B is shown in the
following and it is equal to the series combination of R = 0.72 KQ and X, = 0.45 KQ and that is (0.72 —

j 0.45)KQ.

R1=05K Xc1=-0.795 K
Il
]

A
Vs IT
6V
e
S
b 45K

R=0.72K




Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

c) V», and V,, and the phase difference between Vs & I

e Vup = Ir X (R+X.) = (241 +j245) mA x (0.72 KQ — j0.45 KQ)

e Vyp =173 —j1.0845 + j1.76 + 1.10 = 2.83 + j0.6755 in rectangular format.
Vig = 2.91£ 13.42 ° V in polar format.

Since the voltage between point A & B is the same as the voltage across R2 and C2, then:
Vap =Vgy =V = 2.83 +j0.6755=29121342"V.

R1=05K Xc1 = -j 0.795 K
APA H Ay

6V

+
<"“ Xe= ==
_ 45K

Vs |IT




Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

c) I, I-», and the phase difference between Vs & I
o [p, = B2 ZBHO0OTS (583 4 i0.6755) mA = 2.912 13.42° mA.

R2 1 KQ
. I, = Vea _ 2.914_ 13.42 v _ 2912 Z3.42°V° — 1832 10342 ° mA.
Xco —j1.59 KQ 1.59 K0 £ —90

KCL can be verified by showing that I = I, + I-, using the following formula for a total current
entering a parallel combination:

I = \/IRZ + 1. = V2912 + 1.832 = 3.43 mA which is the magnitude of the total current /.

The phase difference between the voltage source Vs and the total current I is the phase angle of I itself
which is 45.54" with the total current leading the total voltage source V.

R1 0.5k0 H!, X
Vs - €1 0.24F A 1 IR2 llcz
6V IT Xc1=-j0.795 K
N
<9 §R2 c2 =
1kQ 0.1pF
Xc2 = -j1.59 K
B




Series-Parallel RC Circuits Using Complex Numbers Arithmetic Under AC Example Continued

d) Verify that the KVL applies by verifying that the sum of Vp,, V-, and Vg, 0r V., is equal to
the total voltage V.

The voltages in the rectangular format of the voltages across all the elements in the following
circuit:

o Vpr= (1.205 + j1.225) V

VAB — VRZ - VCZ —_ (283 +]O6755)V

Ve = Viy + Voy+ Vyg= (1.205 + 1.95 + 2.83) + j(1.225 — 1.91 + 0.6755) = 5.99 — j0.0095 ~ 6V

This is the value of the voltage source V.
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