Kirchhoff’s Voltage Law (KVL)

* The algebraic sum of the voltages around
a closed loop (CW/CCW) 1s zero

(2 voltage rises = X voltage drops)

— Applied to both instantaneous
voltages or voltage phasors

* Loop 24312 (BCDA, CW):

EpytEytE;y TE,=0 or 1
€4 €431€3,1€,=0 Db

- Loop 2342 (ECF, CCW): Eiz
Ey3tE341E.,=0 or . S
€37€34,7€4,=0 Fa\\_ Ep
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* The algebraic sum of the currents

(2 currents in = X currents out)

 Node A:
|, +1=1+,+l
or I, +1;=l,+I,+;

|+ 4 (- 1) +(-1)+(-15)=0
or Iy H(-1,)+(-1,)+(-15)=0

a node 1s equal to 0.
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Kirchhoff’s Laws and AC Circuits

* KVL
— Loop 24312, CW:
E,y B4 +E; +E, =0
,Z, -1;Z; +E, -1,Z; =0
— Loop 2342, CCW:

E,; +E54 +E4, =0 « KCL
1,2, +1;Z5 -1,Z, =0 _ Node 2-
— Loop 242, CW: I -1, -1, -1,=
Byt By =0 — Node 3:
E, -1,Z,=0 1, 1, — 1=
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Examples 2-14 ~ 2-16
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N I(t)=1, cos(wt +6.)

Load
e(t)=E,_ cos(ot+4,)

¢ = ot p(t) =e(t)i(t) = E, I, cos(¢+6,)cos(¢+6)

Using trigonometric identity |
1 =—E,I,,[cos(6, —6)+cos(2¢+6,+6)]
cos Acos B :5 [cos(A- B) +cos(A+ B)] 2

1
=—E_I {cos(b, —8)+cos[2(p+06,)— (6, -6,
Impedance angle: @ = (96 — QI 2 { ( ) [2¢ )~ )]}
>0 for inductive load and 1
<0 for capacitive load = 5 Em I m {COS 0+ cos[2(¢ + 96) - ‘9]}

:%Emlm [cos @ +cosOcos2(p+6,)+sinOsin2(p+6,)]

El=E, /2
=1 /2 p(¢)=[E|-|||cos9[1+cosz(¢+ee)]+|E|-|||sin9sinz(¢+ee)

Pr Px
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100
Example: e=100cos¢ = —40°

> 2 =125260°=0.625+ j1.0825 Q
i =80cos(¢— 60°)E> _80 o )

5
P(g) = IE|-|I |cos9[1+cos2(¢+ee)]+|E|-|l |sin9sin2(¢+ee)

F;R pvx
=2000(1+cos2¢)+3464sin2¢
pvR pvx
e=Ern cos ¢, i=Im cos(¢ +-60) : p=e*i
100 T T T 6000 T

BN ' /
RN e,

-100 -2000 !
0 90 180 270 360 0 90 180 270 360

¢, degree ¢, degree
Pr Px

AN R AN
AVAZVA I VARV

0 -4000
0 90 180 270 360 0 90 180 270 360

¢, degree ¢, degree
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p(t) =|E|-|1|cos O[1+ cos 2(¢ + ,)]+|E|- |l |sin Osin 2(¢ + 6,)
\ P (1) - px (1) l
=2000(1+cos 2¢) +3464sin 2¢

Pr (1) by (1)

Observations:
 The frequency of p, pg and py is twice of € and i, which is 60x2=120Hz
* Pr(D)
— changes between 0 and 4000 (=2|E|-|l|cos @)
— always >0, and has an average value of 2000 (=|E|-|l|cos@)
— 1s the power consumed by the load
* px(t)
— changes between £3464 (= £ |E|-|l[sIn &)
— has an average value of 0

— 1s the power borrowed & returned by the load.
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Apparent, Active (Real) and Reactive Powers
p =|E|-|I|cos O[1+cos2(p +0,)] +|E|-|l|sin Osin2(¢ +6,)

Pr () px (t)
=P[l+cos2(¢p+6,)] +Qsin2(¢p+06,)
def
[S|=1E|-|T]
« Apparent power
* Unit ~ volt ampere or VA (kVA or MVA)

def
P=|E|-|l|cos@
» Real or active power (average power)
e Unit ~ watt or W
 Power factor (PF): cos &= cos(6,-6)
— The PF 1is said to be lagging if 8 =6,-6, >0 or leading if 6 <0
def

Q=|E||l|sin®

* Reactive power

« Unit ~ var (volt-ampere reactive). Some people use Var, VAR or VAr
« Q>0 if 6=6,-6 >0 (inductive) or Q<0 if <0 (capacitive)
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