Chapter 2 Problems
(2-1) Use the conversion formula V = V /¢
(a) V; =100£ —30°V |
(b) V& = 100/30° V

(2-2) We have,

Ri(t) + L~—dr—i—cf Hdt = +/2Veos(wt).

Taking Laplace Transform we get,

RI(8) + Lsl{(s) + Els-f(s) V2V x 2 +w2

1 s

I(s) = V2V x Cs?

N T GZLC + RCs + 1) (52 + w?)
%
S @+ B+ )+ w?)

Solving the above form by partial fractions and then taking the inverse Laplace transform
we get

i(t) = 0.0368cos(wt) + 0.466sin{wt) = 0.468cos(wt — 85.48} A



(2-3)

Zy = |Zi|£¢
1 2
. 2 o
7| = \/R 4 (wL wc)
1

g lwh -

¢ = tan R }
= 85.48°

- Vv

e v~

|Z1] ¢

12020

= 57 — 85.48°
13+ (377 20 x 10-3 — m)
= 0.33/ — 85.48°

-, i(t) = 0.33v/2cos(wt — 85.48) A
= 0.467¢cos{wt — 85.48) A

(2-4)
| V =904£30°
T=5/15°
If Vﬁgw e 100400

T V?‘IBEU

Tpew = ( 7 VI =556/ —15°




(2-5)
V = 100£0°V

(2)(-5)

245
— 1.82/ —18.9°A
a 100£0°

T 1.82/—18.9°

= 5495/18.9°A

7 = j0.1+

P = VlIcosgp = 5198.74W
Q = Vising = 1779.93VAR

As the current leads the voltage 50 the net load impedance is capacitive hence it draws

negative reactive power
So net Q = ~1779.93VAR.

p.f. = cosg = 0.946(Leading)

Let X; = 0.1 and X, = 5. Then,
Qx, = I*X; = 301.95VAR
Qx, = X,

where b is the current through the capacitance.

— .2
L =1x =2041/87.1°A
2 2- 5

Qx, =5 % (20.41)? = 2082.84VAR

We further find that,
Qx, +(—Qx,) = —1780.57VAR = (

Qx, takes a negative sign as the capacitor supplies reactive power.

Q= EII%X’C
k



(2-6)
1’4
|IS| Y
VRZ + X2

For the series circuit,the real power and the reactive power supplied to the load are

2 V2
P = !Is1 Rs = WRS
2
= LPX, = 55X
QS l Si XS R§+X§ 8

For the parallel circuit, since the real and reactive powers of both circuits will be the same,
we have

R _E_R§+X§
PP R
V2 _RXE
p_'Q-~ Xs

(2-7) As calculated in Example 2-2,
Zin = 6.775/29.03°
— 5924 + 3.289
Then, we will have,
R+ X5 59242 +3289

R = 7.750)
P Rs 5.924
R2 - X2 59242 +3.289%
Xp = =2 s = = 13.
P Xs 3.289 13.96(1

(2-8) In Example 2-2
I, =17.1724 — 29.03°A

iXp +— 713.96 ; o
Ty = Ro g %L = 775 4 1396 17.172/ — 29.03 = 1548340
o Rp — 7.75

x 17.172/ — 29.03 = 8.595/89.99°A

b= R Xp 1~ 775+ j15.96

- P=1Iz,Rp= 15.4832 x 7.75 = 1857.86W
Q = I3, Xp = 8595" x 13.96 = 1031.28VAR

Thus, P and Q are the same as calculated in Ex. 2-3. Hence the Rp and Xp calculations are
correct. ]



(2-9) Referring to Figure 1,
V - VZ.OO, Ingt — Ilfp,

Zyet = — = |Z1L — ¢, cosp = 0.9

sin(g) = 4/1— cos?¢p = 0.436

Qngt = lPLtaﬂf;ﬂ = 900.29VAR

~| <

Oc = Quet + QL = 1931L.59VAR

VZ
Xe = o
1 v
2rf)C  Qc
L Q.
= Grf)V2 356uF

Figure 1:

(2-10) As shown in Figure 2,
Ouet = 5000 tan{cos™*(0.95)] = 1643.42VAR

Quet = QL — Qe
Oc = Qr — Qner = 2106.58VAR
VZ
X = — = 6.83502
“7 Qc
1
2 C = e = 388uF
(2nf)Xc ¥



Figure 2:

(2-11) Note that

-v_g —_ IOOLSOOV

Thus,
V, = 1002 — 90°V,
V. = 100/150°V
va(t) = V2 x 100cos(cwt -+ 30) = 141.4cos(wt + 30)
() = V2 x 100cos(cwt -+ 30 — 120) = 141.4cos{wt — 90)
ve(t) = v/2 x 100cos(wt + 30+ 120) = 141.4cos(wt + 150)

Vo =V, — Vy = 173.2£60°
va(t) = V2 x 173.2c0s(wt + 60) = 244.9cos(wt -+ 60)

(2-12) Given a Y-connected inductive load,

3V, I cos¢ = 10000
- 10000
T 3% 120 % 0.9
= 30.86A



Assuming V,; = 120£0°
Z = |Z| Zeos™1(0.9) = | Z|£25.840
Va

|z = =% = 3.890
I

- T, 1204 —2584° .
Io= o =~ gs— = 3086/~ 2584 A

T, = 3.86/ —25.84 — 120°3.89 = 30.86£ — 145.84° A
T, = 3.86£ — 25.84 + 120°3.89 = 30.86/94.16° A

(2-13) Same as above , only magnitude of load impedance changes
- |Z| =3.89 x 3 = 11.67()

(2-14)
va_z;: - (Zself - Zmutual)l—a = (0'3 + ]1) x 10£ —30°
= 10.44/43.3°V
VaA = vﬂ - HV—A
= 10002£0° — V4

- V4 =1000£0° — 10.44/43.3°
= 99243/ — 0.413°V

{2-15) In a balanced circuit,

Vi +V+V.=0
Vot Vo=~V
% V%V Vi~V
Li=——+ P + —
: —jXe2 —jXa —iXa
3V, Vz
= —; + —
_"}Xcl _“}XCZ
= -Ii where Zg; = —3—-1—~—1~—
e =%zt DXz



(2-16)
_ Vsg

Pr sind
. 1000x15
sind = 100595 — 0.158
0 =9.091°
;_ Vs~ Vo _ 10026 —9520
X j1.5
_100£9.091 — 9540
B 15290
= 10.83/ — 13.39°
From Eq 2-46
_ Vs Vi _
Qr = e cosé — % = 237.11VAR
As a check
Pr+jQr = Vx ' = 1028.85/13.39°
;. Qr = 2383VAR



(2-17)
P = |Vs)|I|cos¢p = 100{I|cos¢

Vg = Vs —jXI
. . . V: . :
Solving the above two equations we get an expression for :—I}S—l‘and a corresponding plot in Matlab
R
as shown above
n
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Figure 3

(2-18) Vip pase = 208 V. Vo pase = 208 120V, Ppp pase = 1200 W

NG
P h,base
L., = ———— = 10A
base Vph,base
V.
ph,base
= 7 =120}
base Ibuse




With these base values, we calculate the per unit values as,

Von = %%? = 1.0£0°pu

I = }—2—4——5@ =124 —36.87°pu
7y = @%@ = (.83/36.87°pu

P =12 _osepn

Q= 18;;0 0.72pu

(2-19) Vi1 pase = 240V, Vi base = 138.57 V, Pyp pase = 1800 A4

P
Tynee = 222 — 12,994
phbase
1%
s = F;h'b‘”" = 10.6702
base

With these base values, we calculate the per unit values as,

Vo = 0.867£0°pu

I = 138, 574 36.87° = 13.86/ — 36.87°
|Z1]
_ 13.86/36.87° .
— 10/36.87° o
V2
Pr = ———cos¢p = 1536.13W = 0.853pu
174

2
QL= %——sin ¢ = 1152.1VAR = 0.64pu
L

(2:20) Vig pase = 240V, Vi pase = 138.57 V, Py pase = 1200W

P
Lipse = Vph’*’““ — 8.66A
vh.base

v,
Zbase _ Eh,base — 160
base

10



With these base values, we calculate the per unit values as,

Vpr, = 0.867.£0%pus
— 13857

I, = 2ot/ 36.87° = 13.864 — 36.87°
|Z1|
- 13.86/36.87°
 e————s————— T 1. — . 70
i ik 6/ —36.87°pu
7z = %%gﬂ— = 0.625£36.87° pu
VZ
P; = ——cos ¢ = 1536.13W = 1.28pu
L ile ¢ P
v
Qy = 1—2——|smcp — 1152.1VAR = 0.96pu
L
| |
(2-21)(a)
Ly = 27Tt
Hip = -& = 477 71A/m
Lt
| |
(b)
N
Hop = — = 433.53A/m
I
"
(c)
Errorip = Hip = Hm 100 = 5.107%
H
Errorop = @%ﬂ « 100 = 4.614%
ki3
|
(2-22)
" }uﬂ,urAm
B 0.165
- 2
471 x 1077 x 2000 x § (22512)
= 1.337 x 107 A/ Wb

11



(2-23) Using the Ry from Prob 2-22,

" N=+/LRy=19

NI
Bm = ;HO,urI—m‘
e 1.3 x 0.165

= — — 2 .

(2-24)
I
R=Rm+ Rgap = Rgap = —“—"&j‘%‘” [US]Ilg Agap from Prob 2-22]
HgapHgap
- i — 10
A=N¢g=1LI
. NBpaxAm = LI
LI
N =
BmaxAm
-6
_2BxW07x3 g,
1.3 x 491 x 10~
N2
R=7T
10 N?
162X 10%p = 555 5575

N2

- = 0.00356
leap 25 x 106 x 16.2 x 10%0 0 cm
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