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PARTI. SOLUTIONS TO PROBLEM SETS



2.0 VT 2UZ %020 co(wt+30°) B V= 120/30° v
L2 U2 X0 cn(wt—302) T = [p [-30° g4
@) pety= IVIT] [en P+ en (201 + L+ Lx))
= 600 +1200 cs 2t W

S= ¥I" = 1200 Jo0° =P1g@ D P=6ooW, Q=139 vAr

(b) = v/T 12 leo® = 6+510.39 = RHgX DR=6, X=10.39

27 (x a.mx, (2.3) e hid Poap= 1707 = /L] o if +1)
Ot Pos = =293 = N'lrl(cof-/). TAew o V[ 2 100, we

91 1F1210 ami e f = 2450, Dk . ysom 7= sofe5° =
7.0% +4 7.07 1"IZ-!~9)( = R=7.07 Xx=17.07

®) SavI*. Z|T)%s (7.ov+a 207) *> P2 707, @=707
@ A 0“"&2#& ~Oma L) J2 [Tl to vt . Tha
PtE) = VI i) = L 5;-’ {m = 20l T/ % UT et o —wl|Z| aem 2t

PLMW = NL[TI": 70717 = Q~ Yz\m le = Q. Tt sarne .I

23 OTPF Lapyiy B f4559° @= 5.0 Mvar

©.9 PE Cogy =y D F = 25.54° ©=2.42 MVAr, Cpacitrn must
mmL} S.0=-2.42 = 2.68 MVAPr,

24 0.707 PF 0‘17.,3 > 53’- 2004-3' 200 AVA ., Cp o‘.rfﬁ-e]
SO4LVAr., Lowttmot Spg = 20044150 AvA > PF=0,90.

S| = Ssg] _ zs:;:o’= T = %OII/ > |TI= 322 A

3

25 0.9 PF laggiy P P = 28840 S
@ S= /o+:') 484 4hVA

(B) 10xi03= i )7/ x 0.9 > ITI= 26,71 A

©) %&3(1.3)) (~ £u5T qu&) e 9,.2'

PEY= 70 x103 » ol xS en (2wt + 25.9ye)

N : Jboe rtnage oadoa o pt) o 10 ki



26 Becauar ouplom b blanced Vg = 208 [i20° Vi, = 208 /0"
o g (A7) v g 201, Voo =120 [90° 5 V,, = 120 /-30°,
Ve, = /20 wf (/{0\4—\; pa~ phoae o.n..ﬂr;;,' To= /2 [105° =
Ib.—.IZél__S-: TC= ’2 ‘/352

2.7 S=VI*=v(yV)*=vY*M™*= Y+ ¥*+« Ya
= —JS-'I'JIO#-O,/ ‘=~0./+35-

_2_8_(0.)(,(9..;.9 ,&-57,"\, )Loctn-e a——\.a.ar:/g we 'pvlt’)ﬁ/&é-.'mwl\um«’rv

I.= ¢9/23 _90_35‘,') 1'6= 0.9123 -209.657 I":.O.‘?727430°.

(b)uai&a P PL\M& M»Lr:g I, = ILO°/J' I.1= 0,909/ A—__qU:
W, Tpy= 0,909 [-20° T, = 0,909 /30°.

29 Doaeding by Gmalrgy th 36, noe

“ab= Ean — E,, = Ean(l' e—j‘ﬂ'/?.)._:ﬂ Ea
Thua Eay = U—'L'i Eak e-ﬂ"’/"-’ oA Ed‘hJEb‘h, Een, €4y Fum
o. pos, Sex_. aet gZ 4¢ uoH-nje.s. Do»&\a per phu-c (pl-ma)

"€ 31\-/4..

MJys:.q we ka—r&

L /gse
d—ggs"@: -0 2 Ia= TS . Jz./[2138°

\7'0.5

Thaw T = U7 [-225° T.=0i[-35° T,=yz [-4oS°®

2.1/0 Uo.&,; F.l,\., P»L\-.Ad. CA;\M* we .= 103,8& o.
290 * Ly T 71&/1'6[=/o3.3,4

— - i = o

e Y

Vo = Zy T = 176 (985 ° > |V ) = 39070 5.9y

St = Vo T,* = 9524 /-Go°

3
Sodi " 35S,y = 285 [-50° w



1.” A’SSW POS .59; c7)v\o~fv»\ Vay6n= Vauh -— Vé’

J7/0
J3 Voun &3 D Varn = g Vo eI g £=30°

=

?u- Pkasg C ld-

lL' 40.1 .T- J0. r;’j'g/:.3°° W"‘M} 4%”{&%4

\w-.ag dode. Lawr
we %.-Jt'

Vain, = 0.899 [—0.89° > Vyp = 0.999 [=130.89°  a-d
Yn =0.899 [-250.89°, y.. v

olf! = L§S7 ‘/?.Il’

2.12  Assuw~e pos, -i'} 213
Por Phuse it @) Vi = 20824355 Yooz 200 [120°
NP Van= L f3e ST, = 120/%0°
o° -
e S [ 7 3 TiF Thaw Ty= 120£-210° Te= 120 /-230°
" ¢ v ]

Crodiming  paastiel Lomah e () V=208 [020° V5 208 /-120°
hore Z" == S. Ip= 0.2 [/90° v nod .

3 &= [30 > T,= .20 [-30°
volm.‘.: saso 30.2:3 /.28 Lo° an d} o L

. !
Vapt = 2. 168 [30° > Ty 265/120° | Ip= 120 [_90") L = .20 [oSO°

g:;‘,'= 3V¢.’L ro.*l @.3:25 L__qoa

214 ?_ Phaae C_:_“\__.X. Problown aeduers to ?;ck“h Z

So
Hel Vol > 1Vanl . Tt ks 4o
droaur spma pPren 4—-‘-‘(\%'..

i
2 .+?
Ei_
r

N

"
T. Z:ao..)l. T 2= - Tm: 2= ‘é':ﬁ?
V \V; F’\ 2 Z-a-j_Z
T Y Ty | T0 5 o
Sal g2 o S e | Venm sz LS
Vo] < Val Vo 1< v \Vatn\ > |\/a1\|
oo Iy n an (.QMJ.\J On am) He 5 ox.



25 Siice Earbir€iz 0, ranthids ace of Oame pote b,
L= Ee/Ta= Vi [55° Bnemcl Z, S2VI® = WYZ*, o
<34 (J'i)‘u»/’--»l"a 20z [ss5°

Jz [-Ss° .

31 S TE ARt L

‘o te T = 20T T = 100
((LPM) LW W“—;}; 01, J-ql-.,-b‘ﬂ\._ “wale g

- RN . _; A ~
A = Zx1\0 [_ Ca Inn e Le ° ]= —~.0695Tx1G | {,

Vi = LS ol ‘/ tef = 3 % (-0.0095Tx Zx 167") x 100 \//Ma.\

Sinie | gnide = 1.609 kv | [Voug | = 0110 V [/ ke

1._5 «— 0!
3.7 @ _::J;_T, /\=\Z"|0 [!4\ 2%y 9‘\\!20"4‘”\]

‘ilo ZS‘# nr ’201-4")\.
i% ==0.06624 x x 15" T
/I

$‘\/mlzo.0"(¢ V/w?_b
\_. :l \ “
tee tu ‘e

: X}
t-ﬂ»s "cl"'\ao

A:Q—X\U-ﬁ[cut“"3o

= 2x 107! [0. 0328 Lo +0.03292 Cb + 0.084 88 ;‘_)
Vied = g x2x1077 [0.0228 Ta + 0.0392 T+ 0.0488 L)
\\/u\ =377x2x10 v l00% ’0.03284—0,03% Al_7-0°+a,ou884w’[
= 1048 x 107’ V/w.d-c.\ = 0.1692V [w'Le

3.'1 The ééféna__p. At S o ‘{A-d-w.TAd ety /000 T,

Comclbabrin crewns i al Gf T20° 7 Lo 20,0158 Y.



) T g Wn—yswm
C«M\MMQL(KCM A
\ ((‘ /\ M°°

L..°]~Ll£g,\~__
2 n!
Hee e ow PGAM %M?;
Q«L,v fon (V{

.@4, p Sdregrs . Ton (of oot wmv’-ﬂ-&)
L=2A/1t =/_riro,Lk;= q'x-to"'ﬂm.-a—, M foshen
T ecdi cmdudn - Wl s v b awe no
?:wl-u o Qe ke amd L (313) e %a}a\n‘v\‘n}
Mr v ahret . rlev o4
° o

»

3.6

The hut & misQeadisng . 4 betlen hit fn

a
wntd b fo wee M %?L dcfan e, Qb
0 . flar _ 2,44, .--. 4,
o 7 = IZ‘MJ o st pudlan,
z Mo e o 2L
)' e [ {L‘ du +LAJ,7_+ * dl'l)
+‘b L L\ﬂ L + - + L. {
(Lh + dlq d/)zl)
4_{& / { _L_
= — s L4 L
L (L“ o5 “ie ‘ ATRY >-J
Mo D D
~ — = Mo
2r = T e dim) T Fhis 7%




& = ‘?:—'v—-'- e‘i”’""llr—_—. 2o fa
7 7% 2mr R

b R = L(J" ""d"')'/’ -=a(day--- J'n)‘h] "

A o~ Hoo abooa At d«;‘-muxcu_g

A\o\m “~— {’L\.g W‘ T %w

, ity b U wdel b
cohside wnies, lf d =0.0876 cn. e Hu e

dommmaden o Nobhsy Hod dy = 0.7788 . F we hee
Re= [((0.7788 “E) d3-2d -(JEd}")"(o;nag 4. d")] Ve

= 1,088 d = 0.094% .. = 0.0078¢ £t.. An!

—éz-q— t‘n‘—rq‘: 1 DM= (‘fsixqs'xQQ')'IJ = §56.770 {+

-, X '
Ry =(0.0479 x LSk J2eas) M= LAty

L= 2x16 " Qe DE‘”—‘ = 8.91x107" .H/%,
b

300 Using r'=0TIBS X “ . L = o.over!

(Gasbed o GHMR = 0.0479) cre gaT R, = 0.68S3,

= 251067 o Dz_*“_ 8.83 H/w . = 0.239, erne,
Ry

SN 9 -qyrxi06 H/m

X, = 1609 x377x 9.47x16" " = 0.574 Ls [m La

_ Iy /
302 D, =(z¢'x2¢'< 52) 3, Ry = (0'0386'15)3 0. 2406’

L= 2x1077 2.0 ',)2—’; = 9.93x16°7 H/m



- I
3.13 uou.\é rl = 0.7788 X /_‘/.f’b..?_x L = 0,03718" we

gt Ry =6.2381"
ﬂ.; ZKIO‘."Q‘,\ D—*—'—‘. = q¢8§ H/M e X 0020070 ean .,
2y

3 X =1609x377x 9-83x1677 = 0.59¢ R [/ mLe

345 p = (Us'x qs'x‘tO‘)'/B = §6.0°

; 4
o ldw « L - 0.0542" R¢- @,os‘qz X 1.5xJ2 0.5’)=,o72‘75,‘
=y \ J b
SRS '
c= o883l T e ke F/m (b neudvad)
g B
Re
306 B, 2 1604 x3M x .8 15 = 150165 U/mile
‘Xc\: (/B" = 0.19 M-SI./'V\'\.'-Q(
3.7

i.

\
D= (R0'x20'x su)d s 32.9¢!
o= ey
T (G ™

Ry = {0.0M85' « 1.§5') Y~

s O0.0486%"

"

= 0O.16498!

3]
]

.59 x 10" ¢/am (4o wefvel)

=2 B = 1609 x 397 x11.59 x10°'%

= 7.03 x10°Z/mi,
{K¢|=|/B°= O—"*iZN[.SL/w.J@ '

— L

N

| - -
€ %1 x10 x12.0% x10 n:ll"lS"lxlO '8
8

Mo€o= Y x 107! ¥ 8.85Y x10~"™ = Nil26 X 107



120 - . -
3 Le - ‘7,8‘3&107&”-5"1“0'1: 11.393 x 10”'8
Moo = NiLl2GLx 1018
Node © Mo €q & = U Dea sed CMA'I"I—\—J{'_

Vot . A e U—catann, e ~ 2.9 ]
135 A

3.21
rg=r, =r, =0.145 Q/mi, from Table A8.1, for Grosbeak, at 25°C.

GMR, = GMR, = GMR,. =0.0355 ft. (From Table A8.1),
Assume p = 100 Q-m (as in Example 3.6), f = 60 Hz, then

D, = 2160,/% = 2160,[100/ = 2790 .

At60Hz, r; =9.869x107' xf Q/m

Using the conversion factor: 1 mile = 1.609 km we get
ry =0.09528 Q/mi

D,
Then z,, = 2pp = 20c =1 + 174 + jOX2X10™ ZnG Q/m
i

7 bn 279;)5x1.609><103 =0.2403+j1.3675 Q/mi

=(0.145+0.09528)+ j(377x2><10‘

dgp =V4%2 +5.5% =6.807ft, dea=4ft, dpe=55ft.

Zap =1g + jOX2x1077 tn=C Pe om
dgp

= 0.09528 + j(377x2x10‘7)f 2790 x1.609x10% = 0.09528 + j0.7299 Q/mi

Similarly using d,. = 5.5 ft. and dm = 4 ft., we get
Zpe =0.09528 + j0.7557 Q/mi, z., =0.09528 + j0.7943 Q/mi

For 30 miles of line we multiply the above values by 30 to write, in matrix notation

(7.209+ j41.025) (2.858+ j21.8970) (2.858+ j23.8290)
Zabe =|(2.858+ j21.8970) (7.209+ j41.025) (2.858+ j22.6710)| Q
(2.858+,23.8290) (2.858+ j22.6710) (7.209+ j41.025)

liq
I

rg =r, =r. =0.306 /mi  (From Table A8.1, for Ostrich, at 25°).

GMR, = GMR, = GMR, =0.0230 ft. (From Table A8.1),
Assume p = 100 Q-m as in Example 3.6, f= 60 Hz, then

_ p _ 100 /-
D, = 2160 %ﬂ = 2160 ./ Ao = 2790 ft.



At60 Hz, r, =9.869x107 x f Q/m

Using the conversion factor: 1 mile = 1.609 km we get
rg =0.09528 Q/mi

_ D
Then z,, = 2pp = 20c =14 +74 + jOX2X10 Ttn—"—Q/m
MR,;
2790 | 1 609x10° Q/mi
0230

=(0.306+0.09528)+ ,(377x2><10‘7)f

dgp = dp, =V4% +1.52 =4.2720ft, doa=8.0ft.

zab—rd+]a)><2><10 Tim—c De Q/m
dab

= 0.09528 + j(377 x2x1077 )z 2790

Oxl .609x10% =0.09528 + j0.7864 Q/mi

Zbe = 2ap =0.09528 + j0.7864 Q/ml.

Similarly using d_, = 8.0 ft. we get
ca =0.09528 + j0.7102 Q/mi.

For 40 miles of line we multiply the above values by 40 to write, in matrix notation

(16.0512+ j56.804) (3.8112+31.456) (3.8112+ j28.408)
Zape =| (3.8112+ j31.456) (16.0512+ j56.804) (3.8112+ j31.456)
(3.8112+j28.408) (3.8112+ j31.456) (16.0512+ j56.804)

10



4.1 3= 0.1745079= 0. 9081 [17.86° {2 [ wi

g = JS.‘-Ix 0™ = S yxio® {’oo U/w..d

Z&@ - 386.3 [-6.07°

y.=209x10°3/83.9° = 0. Z2x 1672 £

; _a .
92.08 ) a(.+alB
ol

/3
4.2

= 0002 Oos“‘= ), A o
—_— 3 iy *3 ~ %f S [87.938 }5 Z, = 263.2 {_/_@60
g > 7.8 xi0 /

¥ = 2.05x16"3 [88.9° = 0.038x107 + 4 2.05 (10‘3=.L+a‘/3.

A}o—(-g_:Z‘ o %%M;So; ac.&.‘z‘lgbzuqmmn._
4.3 v,

-

V, cdd. ¥2 +7. T, ac k&L

‘I‘:TZM(L“_.V_’-.M(L
c
loe = "\é'] = cho'u\a’l. = 800 [/-29°
T, I,=0
V7
Zs:.:""

T ‘\/-O=Zc_1‘a4v&.a’9.=200[77°
) [ Yot

= 2.t ¥ f2e D Z, = Yoo [-6°
ZOG ZS; - Z"- /6!(!0 2 c

Zé.‘. - Q-umla.l’&)za 0.25 [I6e° > Mxe_:o,f t3_3°
A

°e ~ 2¥2
-f-p,.' A = —_.__———e‘ -‘-kk = e - ! = Xt = 0.5 Lég°=g
¥t = eS8 e YL 22¥t+ 1 X+
Glve B %= 1PE - 403 [(52.92° = 1103 [0 9236 rad
-3 — emz ez*lcjzpﬁ.
= af=:0.0490 , pL=0.4CI8

¥ = AL+ épﬁ = o,ouqo-»éo.%aa =0.4643 /23.9°

11



MM"» M\Mﬁ (.V“Il) ¢(V,_)I-,_). w.‘-ﬂ« Zoo ¢ Z“_ Wt
Conn colelohe 7, &8 ¥l (Gn & potlan. 41.3).

“4 ﬁ# P (4:10), 7, ¢ Y0 apecfy dhe gemnnd

_.L_;;S'. Z =‘3£ = 204-5 80 = 22.Y4%¢ bj,qbo
Y= 31 = ésmo"‘".—. Sx 10~% [90°

Zc_-:‘/% =j%: = Y0o.1 [Z7-02°, vl=Jzy =.203 [82.98°

= 0.0148 + 4 0.201§

[ O S e
3L dQ / - ]
e = e L = 4,023 11.SS

L ol ¥2s 0.9801 /0.290°
Ak, ¥22 0.2017 [83.08°

¥ = 0.975 [-insse

, -f -248 =
= = 7"‘="— = 248 = 2x0.0248 D7) =952
17
4.7 :
— WV, 2, bl + 2, 2l ¥l

=Zc.

¥=Jgy . W rdg,ce>0, 0</¥<2°> «L>o0
o a0 0 — o ) e—xe=e~o¢£ e-é/s’“ — 0

é =2 % ?'; —> c

4.8 SMw 1324V

P = S — = = 7 “ V‘.‘D
Vord 3 SHW., V| = 214V . PJ.L :

I, = Sx.o"/%,uuo?' = 65.6 A ( RF. =1 .').

Vis Vo Gad XL + 2. I, ol ¥L
L, 2 T, cat vl + %’; oL X0

<

12



C. - -3, - 2.06X -3 .
e p\.«un.w.. "Ll) Y = 0.2 X109 4.32 8 X0 /‘wu,

¥ = 0,0331 +,40.3006 Cole ¥€ = 60,9524 [0-6113°
' 3 > . .
ol Xt = 0,083 [S412

Fome pucke. dil, Zo= 386.8 [-6.07°, Y.

= 74,475 [b-48° bV, I,= 84 [44-60° A

Vi
O1n 2 6.48°- 0% 2 C48°, B, = R V,T,*= S.138MwW,
- P, S
= - — = 0,‘?73
‘7 PI'L S.138

19 2'=7, auld ¥e =3806.9 [-6.01°x 03093 [84.12°
= /19.25 /78.08°

V' catx - 0.9524 /0.6u3 — |
A = = Yo0Gx10% /29.9:1°

2*5 aind ¥ L 119.25 [78.05°

(4
.10 IT.[ = S X/ 27290, T,=7290 /-15.84°A
0.9 Xx16.2x103

V,= 78.28 [S5.60° 4V, I,=69.92 [2645° A,

S S0 | B & VT,Y= SuSMw, pe S 978

Al V] = T9. IS RV. t+ /M =0. V, =784071 [-0.61° 4V

Va oo
1 - 7 A YL = 6249 [89.58°
c

"

41 V4 52 = /2.1 177.%'
Y

2 -5-25- = Yos x107¢ [Fo°

L]

!

(qua Las 4 Z2'= 119.25 [318.05° .;i
u“(\.(_ U‘Aae«\_c.g ‘A\A—»\é ...\ F‘M““ "f.? .),

= yoget0 ©/89.91°

13



T T Z T
—;T-M¥J_ ;‘L + Vl =-7¢.20’ &V' M
I 1T }

-+
v
M [-° Tea= TV, = 30.865 [a0° A

= (6S.6 [2° A . T =T+ T,= 12.50 [25.20° A
Vo+2T= 2407 [6:58° & V.
= T+ IOI = 97.01 qu'_q.*o A

1.
Vi
I,

6= 6.58° , Pr= e V,IT,%= 5.13¢4 MW, 7:—‘5— =0.971

§.13¢
T
.13 +-.§.M_Jl~h—>lj’1* T,=T,=6(S5.CA
vy Z TV Via 76.21 4V

Vi=Vat 2T, =778.00 [S204Y
en. > §8.70°, Pn, =ReV,T)*. 5,109 MW, 7 >

S.109 =0.979

37Tx2x o™= 0,ISYJL [/ we

3= regul = 0.4 30,954 = 061 (82450 [/
w=gwe = 33MIx0.01x16% =377 4 oo [/90° U/ i
Z=1s2.2 [82.45°, Y = 7sdxio~" [d0°

2= JZY = 0.3388 [86.23° = 0.0223+4 0.328|

L. =J% = yudn [F308° ) eShe et 4;_&: 1,023 (19.37°

Y,14 X:QQ

roho %l = 0.944 [0453° ) adnli¥L = 0.333 86-3%°
7'=7, el ¥l s 144 [8256° %‘ R R Ry 1%

z! / 84.85°
20 5IS0.8

7L_.ZI_[1 Sisos
*

(N ()

14



4N |V, [= 750/J3 = 4334V, LA [V =O°,
e_m, =100 MW/3 = 0.95 [V |IT.| => |Z,.|= 81034
T, . 8103 [-18.19° A. (Wode 21T ] i vtng ameatl !),
[~ P«\/". 4.2) Z‘-‘-‘- 263T /-1.0 o) ¥l = O(I*JFL=
0.0151+50.820, %% 1 o/5 [46.98°
col ¥Q = 0, 6823 [0.124° WA XL =0.732 [89.20°
Vi=Yy calo¥l +Z. T, alh ¥l = 301.3 [3.69° 4V ,
T, =1, cal¥L +% Woh ¥¢ = 11885 [85.57° A

[

Pn_: &%I,*: S0.S8 MW )7: j_g'ig = 0.6858

416 |V [=30134V, WLt [M =

V. = W = yqi.( [=0.914° LV

LEPPVF'Y )

T,= Yagiu vl = 1226.9 [89.34° A
Z.

S3 = 35, =3 V,T,%= /108 [-89.34° Mva
24l I?_" = Lsuxig¥ /% 7292, [ 87.28°

T T 1 Ty= 61,03 [-1814°
N * T-= Y
Vi Unt .~ NESSRY; Lo+ 3N
e T =Va = LS4 /83250
Yi= Y, +2T = 29%1 [425° 4V
T,=T+ LV, = 1085 [81.8°
Paz fa VT * = 3CO3 MW
33 - 0.898
7= 329

15



419 A=D= cal ¥4 = 0.9524 [0.6113°
B=272, a4 A& ¥l = /19.2% [78.05°

C =l ) Y = 0 ’3. °

Z. A ¥L = 0.797x 1073 [90.19
o149 A R AL&+RC  AR+BD
T,7, = ]c b Rc+ Dc Re + D%

=[A“-+EC. 2AR _[.'8[46[1-_7” 309.4@]
/

2AC AYRC .s2. [90.8° .8148 [2.12°

- T
420 T guecenk, S=VT' v (W)*s v VI ";—'*_ :

LN TT—W@M (PPN 3 H—u..ou.awxab S, w

Sa+ Su = ':z'..*( Vi T+ W"\q + _;* \V‘-\)t\m- M

Sia + Sqy = (‘;; + —:-‘)([V,'i‘ﬁ. |Vz-l") - ;}. (vivo*t+ V-..\/,“).

, R . 9,

=t uow? (V.gg)) plZ:PSn. M 2‘ ) FQ 2

. 04«/&.2

\—~ A—cs,éa-‘;—\s.

o= 0.002, =—;~FJL=O.¢. radwins = 34.38°. M}Q:O..S'GS'.
Gl =4S°, 2 YS® = 0.707. Thua Fo o 1384V Lua

Lok psn.: 50 MVA, P,= SOMvA x %- G 2.6 MVA

w e sl . The 3958 654V Uius o OK.

422 ¥=( )/" [ jue (r+ .Q)]'/" 2 wdg £ "
43 J 9= =[G« c'(“"'we)]

i AN _ _ .

Pl 421 shnid Aead v L. Thew
Y = ngTLZ [H— "l- )—{: »éwﬂ: -PP--wJ-fE

16



