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Chapter T hree

DC CIRCUIT ANALYSIS /- A Ny
E | 3.1 klrchhoﬂ’s Laws | Nt :
x A -
K R _Question 105 | &
RO IR TR § 7 ) Kirchhoft‘.s current law to fing the value of the unknown clrrents
bt : mdlcalcd mﬁgure 3.1 below: ARG g, s

Fig. 3.1a

s

Fig. 3.1c
Answer |

-u,.-_(-_la) From Fig. 3.1a, we assume that current into a node s negative s
e wh-le otherwise positive. 5
S-8-6+3+1 =0
3+1 =14 - :

1=14-3 =

A 5'41_{. AB}
l=11A0 e %
|

. .
e AT T S PR Vil
e o e T e e
. ] '-.«; s z T LA .




From f{ig. 3 3.1b, eons1denng nbda‘A,
—25-10+5 +1, = -

-3's+5+1. =0 ri i
—30AD LS R IR | i
Consldcnngnodc B,
=L+l +45 =
-30+1 +45 = 0 4 gt
=30-45 <3 4T - ¥,
= -15A O,

(1?) * From Fig. 3.1¢ and considering node A,
@ 2415474, =0

sl =-2A0

(i) Considering node B, : ‘
4 -7-1,4+945+20 =0
L2740, =
1, =27A O

e~ ¥

Question 2 #7 T

¥ . Use the circuit of Flg. 3 i to calculz!.c the vollage (l) across(the 5 ohm
. Tesistor (u}agou the 10 ohm resistor.

=1t E

Fig. 3.2

50

— WW

134

Now solvmg equation (4) And eqNuat‘ on (8) sunulti eous

“1,=10.275A anq
Ir=135A ' :
() :Voltage across the 5 C
Vs = I} X Rs ;
Vs =~ “ewis
LN e s
(1) : :
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“D.C. Circuuit Analysis

Tuiorial on Electrical Engineering Science

_Question 3 . C A ¥ (i)~ “The value and direction of the current in each battery -

“Two batteries A and B are connected in parallel. Connected across the L=1371A O )
bettery terminals is a circuit CO{lsisting of a battery C in series with a 13 % Ig=-2258A 0 3 =
_ohm'mstor, the negative terminal of C hcipg connected to the positive " Ie=L+Ts x <A 1‘ -
ferminals of A' and B. Battery A has an em.f. of 100V and an internal 5 A Ie=13.71-22.58 i it
resistance of 2 ohmi, and the cormresponding values for battery B are 150V Ic=-887A O k]
and 1.0 ohm. Battery C has an em.f. ©of 50V_and an internal résistance of 7 T J O ey
ohm. Determine: . 2. {7 “e¥ug FeA [N 5 : ! L ive, their direction of flow is opposite

_ REe- N SR 2 I and Ic tum out to be negative, their SR

) the value and direction of the current in eagﬁ battery ] : fom';:t :ﬁuwu inFigi3.4. - : S TR

(i) - the terminal voltage of battery A e Vi S " (i) fhe terminal voltage of battery A is £
o (i) the total current drawn from battery C 0 ¥ % 7! Vy=BEat+hia ;
Using kirchhoff’s laV{s.1 o ¥ = Va=100+1371x2 . e
i : ! Vas12742v.0

The tota! ctrrent drawn from battery Cis I

‘Answer 3 /W/

The circuit is as shown in fig. 3.4 with .

T o I=Lhatie

T gt 1=13.71-22.58 : s 8

: . I=Ic=-887A O
g Question 4 et SRS e et SRl et
A i Determine the value’ of the unknown “Voltage in the mr_mypshown in
: ‘ Figur: 3.5 given that 3 A current flows through the 6 — OE'_H.EF‘E!“._[: i
' o ; T

24 From KCL,
7 [=‘I|“"Iz
Inloop D AEBD, i s g
<2, -100+150+ =0 e (2) 0

“20 +1,=-50 e e (3) T L e ;
InloopDAECD, Y me T v ; \r
TR R T 1i) P R — @ f e e N d 7 _
2L - 150 =20 (I, +.1;) = 0 -(5) ‘ by : N ® e
21y~ 201; - 201, ~ 150 = 0 (IR o i _ I e : ek
-22I; - 20l = 150 —ovv B (7) ' iyt RN P '
Solving equation (3) and cquation (7) ‘ e o i
Simultancously we have, e /

[1=13.71 Aand I, = -22.58A —

2y stz (5) ¢
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n

)

;—SI, 6x3-12+431=0
- 31=13p

Fig:una 36
A . 12v L-1, 19

] F.Ig. 3.6
Inloop ABWD A,

S2L-12-61,+3(1- I)=0 o (1)
5L~ 612~ 12+31=0
“Butl, = 3A (Given)

TR

BTl o < B

—12+21 2]|+6+18 =0
57

: ,olvmg equahons (2) and (4) snmllta.ueously we have,
i [ OSAand!—-IGSA )

P
S31-1)- 2(1—11"'12)-13 02[=0 e (5)
Pumngtheva]ucsoﬂ, S
1) and I into equation (5) we have,
-3 (-165+105) -2 (-165 + 105 + 3)~E— 02 (-165) =0
180+ 114—E+33=0
E=327v0O

Question 5 VA "-;"V : RIS

3 7 below, the resistance f th
In the bridge network shown in ﬁgure of the
galvanomet%r is 50 and the internal tesistance of the cell is 20,

Determine: *
138

£ e it g e S S i

1 B 1 et !
01 - 12«&:,2(1 Il+]1)+611-0 e (3)

(i)
(1)
(iii)

Answer §

We redraw Fig. 3.7 asshown m]’lg_ 3 Sshowm

We now apply the kirchhoffg voltage law
133

' D'C; Clreuil Andtysis

the magnitude ofthe branch currents st

lhepdacréssAC 4o { 1€+ (1
themmanceﬁ-omAmC e
(6) oo G=de~ (E+. 00061 - HE
i gl 18 1t
LR 4=es ST, ‘r; 173 =
Fooal) i
";Vf\
el () qidualiy tiug wo
__ &,rt’!hmnp.; bLitts g-:,,-,_'_ it iy g

1l

Fig. 3.7
AS) el -
\‘r-vAl(,( o E:"JA.E

zanmebmahﬁ ent

(1) i

Ler
Mar

. .12y ;-3
T T e s e
Fig. 3.8 - PRI Ste
Assume current directions as shown above, bty
Applying KCL BEEE sy
I= Ir‘F[; ———— l) L “, 2

KVL to get,

n

r'*'f” :’ ,l
]
L4081 | =
1
I
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oy Enginearing P.C Circuit Analysis
.L“I '_ Sh+3L=0 iy (i\i)‘ The re;ista‘nccoflhebridgebetwecn'poimsAandC’r‘ ‘
1—R+4L+L)+5L=0 3 i g
T2 2 al + 4+ S =0 = :  uf1ase )
-21|+4l:*lll;-o (4) B 2322
TA{I]CTA P r-=3ﬂ o\
AL -2L-L)+12-21=0 T2 (5) g |
4L -2L+2L+12-2(L +R)=0 i " h g Question 6 Sen
SL, - 2k +2L =-12 e , A network is aranged as shown jn Fig. 3.9. Calculate
&, +L-L5=6 © i (i)  the value of the t in the 2 — Q resistor connected near the
We now solve equations (2), (4) and (6) simultaneously. = 5V source and the power dissipated in it. ) )
Multiply equation {2) by 2 and equation (4) by 4 and then subiract to get : @ g;h;z';gﬁ diop acioes"the 10, ) yovsson: by Wiy
-10L -541;=0 ) 3 o R R 8Q
Add equation (2) to equation (6) to get : y
2b-3=3 ————— = -(8)
Solving equation (7) and equation (8) we get,
L=1172A 20V
L=-0217A )
From equ=2on (2), Y
-41,*3:].]72"5!0_217=0
3516 +1.085=4L
L=1150A J
From equation (1), 7 ) B
1=1.150+1.172 % o 3 ~ d
1=232A S~

L0 The magnitude of the branch currents
Current in branch AB =1, = L150A
Current in branch AD =1 = 1.172A
Cuzrent in branch BD = =-0217A
Cun'uinbm:chBC=I,-I,=1367A »
Cuminbmd:DC=l;+l;=O.955A ‘

’

@) Thepdacross AC, Va
Ve=E-V,
Vokage dop inthe cell, V, = &
V,=232x2
vv““M
L Ve=12-4644
Vi = 7356V g .

140
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dnswer & 1
Figure 39 ; . A
’?‘5 i IS redrawn as shown in Fig

I

. 3.10 with the assumed current

A

Fig. 3.10
Froam KCL, in s L R
L=L+0 - - P oo
In loop ABFEA, ‘
= 2L — 3[;*10 0 @ ;
2L +3l'1= 10 " (3) ;
e S |
In loop BCGFB, TN

- 10— 2L +5+3L=0 —————=2_(4)
-10( - k)= 2L +5+3L =0 ‘
IOI,-'312+2L 5__“_;”(5)

In loop CDHGC,
5-8(;-L)-20+2L=0
5-8L+8L—-20+2L=0
S -L)+10L =

-81; +8L + 10, =15

{0

We now solve equations (3), (5) and (6) simultaneously.
Multiply equation (5) by 10 and equation (6) by 2, then subtract to get.
1161, — 146]; = 20 ~--remeeememee (7). —*

J l;=2.37551.75_
1-06254&-‘&3“
meequanon(.‘a) ;
10x2375—13xl.}5 2L 5
23.75- 22]5+2L;\ ;
ZL 5=

of thc curmm m the zn resxstor |s [.._» N

for 10 m.mut&s
. (a) loop— currmt ™ ¢ :
) Node Voltage mcthod S ﬁgure 1 b_ W,

Now solve equation (3) and (7) simultaneously to get Fig. 3.11 ;
I,=2375Aand I, = 1.75A e : ;
Butlh=I -1 3
142 ;
143 T
T S e R R R e S e S e e i \ 2 ‘




Tutorial on Electrical Engin:cring Science

Answer 1 i

(2) - Applying the oo :
i p-cnn'ent ethi
£+ directions as shown in Figure 3,1:2 oy G o 1°0p-curtent

N ' ¢ ,:.

' Fig. 3.12

L51-41,=16
«.From loop befeb, :
L 21, +10+4(1, 1) =0 _ SN P
141,461, = - 10 & :
B e ) Ty, o

; Mumplv equauon (€3] by2 and equatmn( ) by Sto get ; .
101, -81, = 32

{ g
)

L, =40A ;
= Current through the 4-Q resistor is, 1,
AT I T

,=4.0-1.0

=3.0A

D.C. Circuir 4 nal'y,\':‘.\"

(i). " Voltage across the 4Q resistor, v,

V, = LR,
V,=3x4. AR ‘
v,=120Vv O 23 MKy

(i) .. Energy dissipated in the 4-€ resistor

L =Rt

t= hmc-m seconds C
2, 4x10x 60,

16V

T 4 Flg.JIJ

Node dis taken as a reference node havmg grounded it'to can.h. ;

Note that Vd is equal to zero. I

From KCL, g
‘.=1?+l’ —-—f-----—-—A-f‘,(l) P

The gvoltagqequadon is, o

~V‘—:'v"—=y" Y YooV (Can‘sidcringnodeb)—w-ﬂ e
Ry Ru Ry : VT ;
16-V, _V,-0 V,-10 R ;
T vl == 2 e
145 ,
j

v e ST




on Electrical En\eﬁn«ring Science
“406-v, )=y, +2(V,=10) .
et A T 2V, 220
! : 64420 Vi+2V, 44y,
' 7V, =84

v .84

y =S—

I . Natoria}

A
'

\ i
L bysL

Vi =12v ‘ A b
() the voltage across the 4Q Tesistor js - o )

_ Yy =120V @ M : ‘

(@i1) Energy dissipated in the 4-Qresistor, E -1 - ‘ 3

E -Vt . Yy \,.:\_
R il SR YN

v 2
E = 12 xiOxGO 2

i

E = 21500 w

W\ ; ol Ny R S “"(‘"'
Equation(1) thenbecomes,
E =216KW -

. i i) ¥
) ..81,‘ '3.‘3_ ;= l.‘(\)__'.-.‘.---'&‘-»---"- "3
AIsq,qquéﬁ_or(Z)chaqgegqi 0
L +51,= V480 ons it

Question R 5 I‘ R ; s :
Use the Mesh analysis to find (i) the voltage across the curre.nl.s_our_'cg an:

the loop ciirrents*;(iii) the Voltage dropacross the S-Q;resigtq;;ﬂsé figure ,
314 below, v+ | 40 S VLA

3

by

\

2

¥
|

& tion \(5)
9 L 2T 51 g =W
V, =2066-80
Vyi=:5934v g Kl S
Note that the minus sign indicates that the polarity of the voltage
. source should be Teversed, i ; ety

a5 3

the loop Cim-ents'
=2t

L=ig=10a g

L=3614 g

Fig3.14 : ' 5. p
146 :




S Tumraal o Eeceroal Exgoneering Ssomoe
) m\\wmpnusmes ~ Q resistor, V,
o SeReL)
V=510~ ‘6l)=ix619 !
i
V=319V D AR PRERS IR T }

Question 3
Use Nodal analysis to find the Vol
3.15 below. mml@umg&(;fthesomcumm l,ls

200 1

9 GHRunY hos o0

N

TN TR srea

30Q

=
. g i
Fig.3.16
148,
M-m-—». A e i e J

- C e R i s S

RDS eiviod .
: ERE

tage across the 10 - f;ms:slorm figure

(Vv 6 (Y, v)+2v =0
11V, 26V, -3V, =0 |

VAT ot
Ve v‘)+s(v“v\)+4v Lo

A -mv 5V,+19v z ko ¥

B o +sv,,~19v U o)

i

i

Solv:ng equanons (1),(2) and (3) Simultaneously we have,
LV, =-977V, V, = -135.6V

V, =-872V

~. Voltage across the 10 - Q) resistor is
Ve=V,-V,
V,,=-97.7-(-135.6)

‘ LVe=379v 0\,

149




Lnopl

/ Lok gt £
;:1' -:I(II -122);24: ’ iy g :‘Q(V-.l'"vb)""‘}. =304V, =0 s b
"rh +3L = J L ; PRI vy
91,-51,=24 1 ) : b - A_‘47V"‘.,'2,V" =30, . R AN :
loop 2,  SVYsis ~---.-—~----_-=.---:‘(1) . il
-1, “-BL 501 )= _]‘ljod\evb:. 5 A e
Phlee @ TV, Vi-40

. = bl h z hieg,
I iR
ab ‘be.
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Tasorial on Elecorical Engmeering Sciemce \>~QFK B D C Corgunt Analyyiy \_g
v, _V. v, 40 V, -0 - 4 the loop currents . g
¥ Ty ‘ﬁ ‘“:) the resistance seen by the 20V source
LERY 4(v. v)+2(v no);v i (i) the voltage drop across R,
S AV, +TV, =80 -eeee @ !
= wm(l)mﬂ(z)“m ,
e Vv, =185V, V,
Dok ’{
=V Swliedhylh:mhel,andl,nindicmujm &
@ 1!
20V.
W,
= |
P Answer 6
A y bR 201, -1,) 107‘0
= (i) ~ lstbeﬂleVOIugedmp-cmssm:l-nmsmor. ! s kAl 5 ‘:o_
V 3 Mv‘ ‘L x R 1 ( -4||"2|]*2I’.’-0A
: = S M-V, _22-185 ~3 41,-21,-21,=20
i e, "_T‘&.— i\ 2L -15-5,=10 -eeeeeea m
T g5 - = S
¥ Vg =3.5x1 \ _2[1_2(1“[.)_2(1’_‘)):0
‘ T V,=35V Qo - :
= ‘ 21,-61,+21, = 0 |
() POWEOOl!suxmibylbe 4-Q resistor, =31, 41,20 -cceeaeooa. B "
- viov: 1t -lU-; \.g 211D -
'=-1T=T Loop 3:
x i “2La 21:21,-2(1,-1) =0
fy Bl 21,+21,-61,=0 ‘
s 4 ; i SR
P,=121W O % -~ L+6-3L,=0 —cooeeeo &)
j 3 Question ¢ We now so\vethcheeu]umonsSunuluneous\y. |
oL Using the network shown in fi 320 lyi : L Add equation (1) and equation (2)
: Caleiate. gure 3.20 and applying mesh Analysis, ! WA I woercmsssenrtsirnn (0 )
153
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- )= e Toup tropis o

B

al on Electrical thng&lm i
Multiply equation (1) by - 3 and equation ()bylandadd, to getsls - (1) 4
SIL+4l, =130 Lo L s SRR YT ES) vl e Vnstaiooy aill (i

Add equation (4) and equation (5) to eliminate I (i)
<2 =2 50

L=10A DAL

From equation (4),
3x10-41,=10
30-10 =41,

20

I;=
4

I,=5A" ¢
Bt Bl |
10-3x5+1; =0 5 AW
l,=15-!0

L=5A

LL=10A O
L=5A and
L,=5A O

@ R, =

]

38 <<

]
N -

R',-
R, 0Q O PR ; i
(iii)  Let V, be the Voltage drop across R, ¥ ;
-V, =L,R, S
Y, =5x2
V,=10V O

154

v, _V; ;_V- 'Jvc + V.P‘U’

V-V, VeV,

""0 e Lv_‘. ﬁ_v‘m.‘j“ \.\:. 2

A S T | ]

i

6 B 10 I :
20(V, -V, )+15(v, -V )+12(V,-14) = 0
47V,-20V, -15V, = 168

o Node by e it

vb'vl
'Rh: RM Rnb
Y-V, %20 V,-Y,
52 .. 6




n,wl on Electrical Engineering sam

D.C. C‘J‘n‘c;iiilﬂnely_s_;k ;

6(V - Vf)+l!1'V.+5(V V)=, ' tiesnid) &
-5V, +E6v, [;sv =0 = | 33 Network Theorems.
3 1 e 4t %
B RS S Wy ‘ e Questlon 1% o G
Node c: “Remieadeald L i x "":: ..~ Use Superposition lheorem to calculate the current’ ﬂuwmg m t_he 69
V.-V, +V -V, V -10 o . 3 . .l Resistor in figure 3.22 below. :
R, Vuj 10 A = "‘IIOQ
Y VerVo  Ve-% - V10 = ANAA
W 8 - 10 % : ag .
Lo 5(V,-V,)+8 0 - V) (v, 10) o '
X =5VertYs +uv =40 6Q
5 J g ~- : : Sy
'I.vﬁ-;-c =93 Solvmgequanons(l), (2)anu(3)wehave,_ Gl Al A
§+1.4 ¥& V,=634V,V, =246V and s 0
S Ve =538V ? € i Fig. 3.22
Current through the2 - Qmstor I; Answerl : 2
; Y = : L. - Suppress the 12V — Source.

L

Voltage drop across the 6 - .Qresxstor, V,
V,=V, N // Ve sreigi
V,=634-246 / ]

LN
A

V,=388V O
; i B From KC
Toﬁndd:ehutd:.ss:patedmthes Q resistor. ‘ Alm:; +§ﬁ
l,-v -V, _538-2.46 : o 5
5 —-5 ; ; | =—=—
, 4 6x24
s ‘ | : 1216;2 12+438
~“H,=12 Rt ‘ 1,=0.298A : i
+ , Hy=05847x 5x20x60 ' J N S SRS VR
Get o Hy=204634) : " AR -
1 ‘H,=2_05]U o ‘ [,=Zix0.298 A
Foy Yoo S 30
. ; [,=0238A
: 156 ; : ' < 3
2 v \ 4P
I/ e B
7 ~ - s L 7




Suppress the 5 V _ source

Fig. 3.24

et

N
San
i, -
SR P YN,

1, =0. 286 A -
Cumﬂowmgmmugbtheﬁ Qrmsmns,
I,=1,+1}
I, =0238+0286
1,=0524A O

- 158

The current source of ﬁgure 3.40
shown in figure 3.27

7.50Q
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15
! i 13220
T 15420
1= 0933A
15 0933
Lo —
20+15 1
1, = 0.400A

2. Suppress the current source

I 15Q
R ST

T 7.50 200

f Fig. 3.28

A 30,
154-——75'!20
75+20
I, =1.467 A
3 75
T35+
I = 0400 A
- Total cyrrent in 2002 resistor is
Iy =1, "’l:
1, =0.400 + 0.400
1, =0800A O

x1.467

(i)  Powerin 201} resistor is
P,-l'.lk.
=0.8° x20
P, =1280W [J

160
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\ - D.C Circuit Analysis
Question 3
Calculate the current in the 8€2 resistor using Thevenin’s theorem.

o AR o

12V 10Q 5Q
]' 4
o Fig3.29 £
Answer 31! -
It is important 10 enumerate lucidly the steps to be taken when applying
Thevenin's theoiem; { [ /4
() | Remove that portion of the original network considered as the .
! load. Oz y ‘ L€
(i) = Calculate the open - circuit voltage  © o
(ii1) - Short- circuit the sources and calculate the Thevenin resistance by
~looking back into the network N . 4
(iv)  Draw the Thevenin equivalent circuit while the load is reconnected
and the load current calculateds) 3

Having enumerated the steps, we can now proceed to solving the problem
e c : .

(0] Open circuit the branch containing the 8 resistor and then
calculate the open — circuit voltage.

v,

Fig 3.30

161
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.thnri‘.‘;'f'ph K.'a;!rfml Engineering Science

12
L =—m],0
2+ 'k

(T eIt

ﬁiZuIOJ. -lenm. e
K 4208 L ,
Rk m 2R S0 st

(i) The Thevenin equivalont circuit in
(! f
oA
5V
L——_— P J 1]
/.
162
'y % ' i

byl

repard] ¢ ' ‘\\‘Im‘\‘n.'\“-'ily"‘.‘l"} |
anl Oxm-lov ; f !
6 ' \ | ol
Lme—ul0A b N
Lol Pl f ! i
Vip =1x§ = 5V i | {
| |
Vi =V Voo i o
V,y =10-5 { : ‘ \
‘ vA. sV ! |
(iil) Shon circuit the sources and cu!oulnu the Thevenin resistance, i
Ry 2 10 0w
g bl oy [N
50 AT AR AR
wh @ aflt bty G ‘
i tagy ayr vt AT il frki) f ;
,l_'l..n.,, yidd b e el .n,“‘.,. w1 ‘_;l‘:"i“n'r"“
F’l 3:30 v i gk ek i
Il st e st i) iy s ,‘“f

TR HE ;

ol o tae il |‘u‘\‘ i il

Fig. .32

Yl ‘“"“"‘

rhe qurrént in the 8-0) resistor is

)

| ‘Apply the l‘hevcmn theorem on the brl

L ideflection of a galvanome
ohms xmd n scnml:vuy of 2.5 ,uAImm

A gt
e i X A0, s
L Wy l nh ’”i’lh Inr) 1

goy R0 g

dgo cireyit of figure 3. 331 find

ter connecled as ahown w1th a l'ﬂwﬂn,nce qr "

"A‘ “

i

TR -|Il el

2000 {

\ u> M

An.Wur 4
() Opun clruu[t the;bmpch 09:1
unluululc tlm hpun c

(l n

Omutur mu!

\\\\‘

?W Wlw

l\['\yv o

.d\ﬁ ntm\,

20V =
60002
) Fig. 3.34
; i
! Vg _u““ )
| g
163 S
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L =Zz0+600 ot
25 { é TR
g e
G200 K 2, 3
I, =m5 500 .
Assuming that the potential at C is greater than B, we have,
LAY L0
-~')71"*’5‘n: &} LS

HENES f,‘i‘,,h;- G e R
(ili)  Short-circuit 20V sotirce and calculate the They
] : :

== b=

j

FEAYREE T el e st o
2400600 4200 x 800
77 2400+600 ' 4200+8

T

R, =480+672 -

| 164 v

2w . hees
2500

e AnSwer-S, ~_ e T s
In order to apply Norton’s theorem, one follows the general approach of

a Question 3 above, except that when the
load is removed the two terminals of the tietwork are ghorted so that I,c can,

Ve

1’s theorem to

e e

hé current in the g'al‘;anomeler having a resistance of 448 o_hms,.ld

* DG Clircuit Analysis

_ ‘Caleulate' thE potential difrérente actbsiihe 156
_ resistor in the circuit Sht}\ivr.: in figure'3.37 . et

i \ Fig. 3.

)

thevenin’s theorem as outlined in

be calculated.

(i) Short — circuit the branch containin
short-circuit current, ..

37

g the 15-Q resistor and find the

ko

A

il Ao

Al
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(1) anu n's ﬁ]ulvuilnl l.lfu.lﬂ is

i ——bl—/‘l'wt‘-—-r_m_‘h_ ) AN Yy

'l 1%
| ”AT 6670 i '
g ¥ b v
[ 0
opn
Y Fig 1.40
6w 101 Fig. 3.18 ’ e
\ -
' _ in the 156 resistor is
1, = 0.6A cum-.nl:nlcl res . >
.
-' . I ._ﬂo;(i —x1.2 ' A tlu
g =1, +1, " 667420 i
le =1.2A I,, = 0.30A
tential difference across the | 5 (2 resistor u V
3 ('.l)( ‘,;Shorl ﬂmmllhqsouxcqalndﬁndl.lwopcn circuit resistance, 1, e L. »
Vv, =030x15 s
& WA ) 20Q » Vy = ‘.SV a ,* !
l ot Y chabit l i e 8 Qnulloné 4 -| ,
»é E g ik A Use Norton's theorem to cnlcuhte lhecuncnl in lhe &nrumor in
IS circuit shown'in figure 341, 5
z e o | S
| |
‘ . ) J
; 9 i
\ 10x20 hine | 15A %lm gm
! “10+20 . . 3
r, =6.67Q ;
{ : : ‘ o - Fig34l
166
s 167

'e{“"?( e "'_‘_:;ﬁ ¢

=3
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- | a5, . - (W€
G s ' £ .. the currem_i.n_thc_ 8Q resistor is
® Short — circuit the branch

containing the 8€) resistor and find 1. ;
short — circuit current, 1. o oo B ke ot T
e E ' s I ¥ i
2%y 45 4 2 iger 1)
E57+8 1
I; =621A O
SRR T R
6Q ]
S -
SR NS (RO S
Fig5.42 &
s PR ) Bl .. &
Io =124 !
(i) dpen—chcuii "ESi_S!aqce,ro =4 - §
L, ENTRIO T :
Hre (a) Dﬂemmemzweqmy;_l@lmunassembylhkwslmﬂ_ '
(L)] What value of Rlsmqmmd if Ihe power dissipated byRistobea
maximum.’ ; -
ol sde)y ,\Whahslheva!u'e_oftﬁ wexm(b) P
i Fig 343 T W% L Answer '7',' -'> ; ; }
le 15x20 58 - e ASALL oS (i) Rcmo\rcthcbm:hunder conmderanon nndcalculateth_eopcn;\
15+ 20 ; | £l ; : cu’cmt voltage N =y
r, = sqm Tt § - ol - >

S sVl X

- A D e
ui) ! “"Norton’s equivalent circuit js shown in ﬁ gure 3.44
o




i =3I; -Ia3l J k i‘" Vs = Thevenin voltage .- 5 .t
L=3 10 15 LD S ___Rg = Thevenin resistance. .., . - = i
3 : -
o L I SR
. S ™ 4x0.227 SRGEEL : &
P =238 KW O _
0 ‘ : ‘ 171 5
- , : ey . ”"L < 3
i e T R S N e vl S e i

1

Twtorial on Electrical Engineering Science

From Figure 3.46

315 =V) e (1) o
Also, V' =1, -10.0V, =--ccceemcunn. @ ‘
Taking the KVL of loop DCFED,

31-16L+10.0V, =0 cevooemeaeaae .. (3)
Put equation (1) into equation (3),

31-161, +10.0(31-51,) = 0

341-661, = 0

I, ='31/6 A

From quli.}tion ),

V, = 31-5x31/6

vV, =3y6v '

From equation (2),

Ve = —=-—

e

3
-]
N

=y bus ¥ {0
Y 30

- 5 | WOHT Yl 4
I AN S IWO L,

R, =02270" L _
(a)r The Thevenin equive!?;!.sm&li.ﬁh‘%%.'Pﬁ&é-ﬂ.n:. 1

P KL SRRaTh il - Tt = o
v UG 3AE Ny
(b)  The value of R for maximum power transfer must be equal
~R 2022790, . RbE g

v 1’iIlP '-\L-:,‘u'w ’f:‘

()  The value of the power in (b) is : B
2 ; - 4
L/ TS A e = 1 =3




4#‘35" : P 2

“bi ofe.m. f, E and :memal resistance, r ar

equi alent m:stn.nce, R. © connected toa Ioaci of
3 show that the power dissipated in the load fiSiSIance T
. (E’R) ; L e i
(R+r)’ i f\,.'\" e M

L :_' SP_"W that maximum power is given by
ER AN o2 bt

! ‘\I, i P, =—
™ 4R &0 -

(c) " IfE =10V and r = 20, find the value ofR wl’i.icﬁ ;1ves'tr.he
grutest possible power output when conncctod to the cell,

« ) C..lculale the value‘(‘ifthé :hia'xlh:nim pdwér“ LR ARG '

.-ln.rm'r l e Fa L AR B

The c;;ct.ut connechuq is shown is ﬁgure 3. 49 below
! }

T |

iy b &9

"P= I'R ............. 1)
Also for a cell with internal resistance, r, Chms law modifies to
E
I=__ _________ e ¥ ‘~.}" (R
Rer @.-.

Putting equation (2) into equs.non (1) we have

&
i

172

I rpr ] e il et i A
e ot TP LSRN ot OO RN A .

A ™ " [R+R}  a4R"
: . ) El : o
- Proay AR (13) : S

ShRER 4
ol

®eoy

__1 Ly
(R+r)’
) . i Pl 8 . '1hh.l
"-()z,r,l m, .a-»]

o R r 4
YT Ul. MOITIIE
quta‘i § r(125 owé lﬁat fo#power to' be lransl';rred &um lhe

source to the load maxnmally, the load resistance mu!l be equal 10
the resistance of thé'solirces.’ From‘equahon @, o,

LoEiR) EIR v i

‘ ; ' (c) Tg:nvalue of R which gives the greatest possnble powcr outpul is2
i . _ ohms ;

173




10 i
(@ r_-mﬁ\mm(u)
P = 125W0O

Question 9
ﬁdﬂ"ﬂvulfy&mwwamfummmeﬂmmm
&gncngg Laboratory, a stedent recorded the following readings
tzbulated in table 1. The equivalent circuit is shown in figure 3.50.

1

SR R ES

Table 1 5
B |01 12 [3 14 [5 6 [7 &8 (10
P.(W) | 0| 278|408 [470 495 500 | 496435 475.| 445
%) 10166285 [37643.0| 500545582 [61.8[67.0

AL
(@) Uzﬁ:klbﬁmﬁ:gaﬁofﬁﬁnm:y(qjmdloadpoww
(IL)amﬂuuoadrm(]ZL)onﬁ:emcyaph_
() From your graph find,
@) mevalnec!l. fmmnnmpowermdthcwncspondmg
‘ nheof?,_ :
(i) the efficiency at the maximum power.

e 4

er 9 3 : A==l ;,: i- :
> ) 'Ihcyaphisplonodass_hﬂwnmm]?fA___ BERENE I -
> GRAPK.
b s0p--i-girRl A
%)

70

(b) ~ From thc graph.
@) . the value of Ry

R.J__—S.OQ 0.
Also, PL.._'=.5.OW [ = PO

(i)  the efficiency at the maximum pyyer is
o= 50% 0O

o A \ 3= 3 = )
34  Traosients in RL and RC Circuits s )
Fnrin puosmisizel = 1
Question 1 Zoiingas i 'wv
A Coil having a resistance of 25Q and an inductance of 2,5 H is wmﬂ

across a 75 —V-d:c supply. Determine: - Asyite 16 SRS TaT
(a) the time constant (b) the final valuc of the current () the uuhal e
growth of the current (d) the value of the curreft: after 0.20s, 2nd (0!
time required for the current to grow to 2.4A.

175




@}

()

i (d

Thcﬁmlnlueoﬁhccunenl I

.
R
o =
25

I1=3A 0

Initial rate of growth of the current, i,

I = ! :

] ‘F """""""" 3‘4“;
where: | :

I, = mo(mmofcﬁif&‘ii” :

I = Final value of current

T=ﬁmeéoqs_tinl,..

Locm soe
R R
I, =30A/S O

the value of the current when
t = 02s -

A=1 (l~e:"”) -----------------

i = :mmnmeouucurmm
t = time in seconds

T =time constant :
I'= Final value of current

176

o4 | T
= < i g = R
02
i =3[l-e"']
s 3(l-e-')_=_3(1~o.|35)

L i=3x0.865 -
-.-2595AD

To find the time

)wher{'|=24A From equation (3.4.3),
24—3 l -e S

t=0. 1615 u]
Quﬁuon 2‘ ? 8
A 20pF Capacitor is connected in series with a 100 KA resistor across a
~250Vdc supply Calculate (a) the time constant (®) nguhal charging
. current (c) the time taken for the p.d across the capamlor to gmw 1o 200V,
and (d)the current and the p.d across t.he capacnor 25 aﬁez n is connec(‘ed

lo the supply.

R Answer 2 RTHESE N i
© % (a) Time constant, T \
ecan T =.RC . =——————— 3.44 \ |

where
- suAce \

C = capacitance
~ T = 100x10° x20x10°® '

T =2s0

(b) Initial charging current,
v 250

l=—==—m7
R 100x10
1=25mAQ 1
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(c) To calculate the time given that )
v = 200V Py
By Formula, i

B () -

“where: €8 a
v instantaneous voltage
v final Voltage

AR ume 2 J
T time constant

L
-:200 = 250 (1-: '5) o B
200 _,_ 4
250
eh21h08

. -

,_,: T ot

o

100V {s ai;pl:.ed toa ; circuit containing a
2 ?.h an mductance of 201—1 Calculate 1he gro"wth

3

e Vohaé‘e‘egﬂnon

uation 3. 4,5). ..

v = 250 (]-e%) ¢

( 14 = induciahne'R = tésistance
e Lo V= apphedVoltage
= 250 (1-0.368) = 250x 0.632 :

v=158V O

(i) To find the current at t = 2s

fel e o 1.4.6 .
where: g BRI )
i = instantaneous current i : ' EEn -

1 = Final value of current Gio . € wheni =054
t =time Wi e ‘ ;

{ di _1
T = time constant o : EE _E (100-0.5x50) =20

| di.
n—=37
o 375A/fs

179
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b Wit {iiy " Wheni=1A
R oL 100 1x50) = 30

bt 1 20 ‘20
b ' ;‘:7’ =25A/8 O

b ‘
b i (iv) Wheni = 2A '

g A e L (100-2x50) = 0

At b g g 000-2x50) w2

AW, 8 E r.m"’di-" (8 I o [ t \ o '

g ?v*yil‘, AU :‘v-,nnwm-”.'woA/B'{‘Uw,. sl b 0K 4y - i i
imn}".“‘” 14

wﬂc S0 Question 4 i 3y

it "The time constant of an inductive coil \';n'as“b‘tv;sw .
4 * LA

xesistance of 120 ohm is added in serjcs fo the coil, a new time constant of

iy sreen it el 1‘

AEREN el
Answer 4 i »
‘By formula, time constant, T is given by (s
T —

CHR

" For case one;

L

®T 100107 -eoee m
For second case:

L pres 2
R+120 - 25%107% oo 2

.| Equation (1) + Equation (2) we have, .-
"R+120 100x10° ; | ‘
" 2s5x107
R+120 = 4p
4R-R =120
R =400 g

180

i L

e
(2

BT T R

S e AP kR

D.C. Circuit Analysis

From cquation (l) f

L ooxro

R

I = 40x100x107%
L4 i

i 10, dwrg! ot i
When the coil is connected alone, the current will attain 63.2% u!"lu
maximum value in a time equal to its time constant (T = 100ms). The

aximum current is

\4
| ey
1:_'?.02 0
40 . i
L=5 ApeQ. i

Question 5 1

b ol ) Dok g iy

Fig. 3.52

Fig. 3.51

The two circuits have the same time constant of 10ms. W_hén connected as
shown above, it is found that the steady state current of circuit figure 3.51
is 5000 times the initial current of circuit figure 3.52. Calculate the values
of R, L, and C. (ji) find the energy stored in the inductor.

| Answers S i
In figure 3.51,

T = L e (1)

RI
In figure 3.52,

181
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uznm s, i
T OR, Locnves @
.'.\lO>(10"=Cx100)(10J
y ‘ 10x10°
. = — 2 _ _1x107
T00xies L0 F
| ‘C=0.IpF O

3, ‘L
St 0 1" =
1 %10 30

SR (ac g

viib

i) - Encrgy stored in the inductor is

E <HLI

E =0625) O

s L—lelO x20 |

Let. I, be the steady state current of cnrcu.lt ﬁgure 3. 51

AL

182 - )
SRS R SRR ST R S |

{1 noisupe 7

m":ﬁa | b
, . ](mmilﬁ*m]ﬁ:png

t’tg;- nm.u RHU T ;ia; )
't—-ﬁ Calqulate |

To ﬁnd the capultor voliaEe,
} equatlon (3 4 -5) '




T —
P

~
g

i3 n
by
M sty

G

it
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wonal o Elect nal Engincering Science

The capacitor is initially uncharged as shown in figure 3.54. The switch i
p s | h .54, The switch
placed into position 1 h.’»\o@_ond;mdulhen placed into posilion“;.c *

Calculate:

(  the carcuit time constant

(i) ::nm qucl :lnt voltage $ seconds afler the switch is placed into
(iii)  the capacifor voltage at the end of 3 seconds of discharge

(iv)  skewch the vaniation of the capacitor voltage with lime.g .

stainnle™ V3 3

Answer 7 Sy
@ rrhu:cgimmm for both charging and discharging is.
- 5 : it
T = 1000x10’ x5x10°* 2
T=5s O

@ A pounm 1, the capacitor will charge to a voltage of
magnitude, V, as indicated in figure 3.54. This voltage 1s given as

v, - lZO(l-e‘XJ scc equation (3.4.5) |
V, =120(1-0.368)

V, =7584V O

()  Atposition 2, the capacitor discharges through the resistor and V,
=75.84V . =
RN A DS 3.4.9

Vv, = 75484;-'”; V, =initial voltage.
V, = 75.84¢™" =75.84x0.5488
V, =41.62V O

Pyt b Gt M R T L i 2 & e
- e s

DC Gircuit Analysis
(iv)  The variation of V, with time is shown in figure 3.55 -

Ve lr
\
> it T
75.84v| "
41.62
2L.75M "7 d RERL = e
1 a5
Fig. 3.55
Lilaa s et gk | SRV ESY
Question 8 °
- sl

SKQ

wvsifoV olioene]) =

20v —— 200K == louF

T

Fig. 3.56 (¥

After being in position A, the switch is moved to position B.
(i) Calculate the initial and final values of voltage and current for the

capacitor.
(i)  Determine the capacitor voltage and current 6 scconds after the,

switch is placed in position B

185

.,
i
i

e
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‘ Answer § where ‘ 3
| ) As the switch has boen in mum A' the clpl&:'{ 1l Woultf!‘mvc i Ly 2;:1[!3!21161 durrent
| charged to A ) 1, = initial current

4 vV, =20V o |
and the current will have decayed to 0.0 A. When the switch is
moved to position B, |

V, =20V, and by inspection it is scen that V, = 45 V..,
We solve for1, by writing a KVL equation for t = 0
- -as+1,(200%10°)4V, =0
~454200x10" 1, +20 = 0

L= Z00x10°
I, =125pA O :
Gbviously, 1, = 0A O N

; i - 125%10% €7
‘ i, =125%10% ¢’
ay C i, = 125710 x0.0498
- i, = 6.225%10° A
1 i, = 6225040

= 1.25x10" A Question 9

-

Ly o LA, SR | B R RS N TTT S R

(i) () To find the capacitor Voltage 6s aficr the swilch is placed in

position B Aty
VeV, +(Vo-V,)e X coommnnccanaooaes 340 Fig. 3.57 i
where : ¢ e AN - AT
i : A In figure 3.57 above, the switch is closed at t = 0. 0254
! v. TCQ" scklar Volteew, ALY o switching on, the current in the circuit was found to'bé";
V, = Final Voltage ! current had reached its final steady state, the circuit was sudd 1y
V, = Initial Voltage b4 : circuited. The current was seen to be unaltered after Hh:nﬁ"il’ci %
=l N N v coil at the same time interval, Calculate the values of R and L,
T = time constant, t _d-l:nltlm e 1 #
T = RC { Answer 9 (17t
T = 200x10° x10x10°* i . For current growth, 4
! T =28 ' i »(1-:‘%}
V, - 45 +(20-45)c % ' 013 v
V, = 45-25¢” = 45-25x0.04%8 | “32=l ('-c ) ---------------- () e o
V, = 45-1.245 : For current decay, T
| v, = 4376V O Fa ol :
! i \
! ()  The capacitor current st { = 68 ‘ 33 & f 8 i, @
! T 3.4.11
f
g 18 : 187 ¥
| ! L ;
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wa Etectrical Engineering Science
Equating equation (1) and (2) we have,
(l-e'ﬂ%) aid . i

1=2¢"

o Hoos ‘ SRy =
-025 ' ‘
T

=In(0.5)

0B _ 5693
% ,

um Power Trasfer

Theorem

32 oo

1)

3 SRR, ~ MR, 3.6
T-_\l o e 4 A ﬂﬁ) , i
; § d) 3 “

250

= %.39

R = 39.000 O : ..

Recall, T = ..IZ_ P e s ~ T k
= :

0361 = L _ Ve = Vo4 (V- Vo )eVT commmmeeacaeaae 315

39.09 «
~L =14.11H O .

188 il

—————s e 1 \| = . S T
M 4 v — I LW‘ S e e s iinauatd b Dt Tl S — > =
S & : T e e \ "D ™ .
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Twporsal on Ko iowl Exgovevring Sctence

i u})fl o

niee
i.'and an 80 Ohm

Tuterial Problems Three

connected in paralle
the battery, termipals, The,gm.f. and
ctively,

16
1 Two hatteries, A and B, are
resistor is connected across
the internal resistance of battery A are 100V npd 502 res
and the corresponding values for battery B ,are, 95Viand 3N
respectively. Calculate using kirchhoff's laws (a) the value and
direction of the current in each battery and (b) the lfrmiqa] voltage.
x ) Ui
2 Find the unknown currents for the networks in figure 3.58 and
figure 3.59 gt st o
{ A ¥
=4:_\\ P I Y
R
ety
Fig. 3.58 B Flg, 3,59, &
3. Use the network in fig. 3 0 solve for curvent if th{1 ¥4 Fesistor
using S SRR e e '
(a)  Branch current method 8 5 1 7
()  Loop curr=nt method "
(€)  Node Voltage method
1Q
AAAA_

.

5

" Fig.3.63




A . Use Norton’s theorem to solv
* shown in figure 3.64 s o u‘"c"ll'rﬁll in the lOQ résistor |
20‘) " ’
] ADAA__ 2002
AR Gy
200 100
0V
Fig.3.6¢ 3.t i
8. rn:d thé Thevenin cqulvnlent at terminals AB of the brldg» circuit

of figure 3.65.

- Fig. 3.65 "i

9, Write dow the tmesh’ equanons in tcrms of I, g I, and I Do not

solve. Sec gure 3 figure 3.66.

7109

Fig. 3.66 i

192

e

10

v

B s Xod f‘lrcmlAnuly:u
Determine the Value o\' R, for maximum power um.-.(e[ in the
network of figure 3.67. Fmd also the value of the max\mum power.

\Q“

Fmd R, and the maxunum power absmbeu by the load nsmg'! ‘6
a0 0 :

12. .y, Determin ermine the purrent.
using superpog _onth

l)."‘v".f\ P Y R

193




’s
" AB i the perwork of figure 3.71. Use Thevenin
comnecind KTOR
Dheorem

’ 200 m A
100
oy
B .
200 o
Fig 171
19 u-&-s——ndd-:ummhcmm”
Use figure 172 o Ja
4
!.’V[ 0 — 20V
Fig. .72
194

or
hpﬂﬂnﬂdkmﬂdm'mm

19

@
(®)

=,

@

Ale has aﬂume ccmstant of 1.0 scp d an_d an mdm;_
alue of the cﬁ.rrent -0
H. What 15 th&v o

An 8 - chapacztons connt;tedmsenes wlth a 0. 5 MQ rBSISto
a200Vid.c. supply. Calculate: ;

RN

gopd aﬂer swnchm
the

The tlmeconstant,' PR

The initial cha.rgmg cu.rrent : : A

The time taken for the pd across the capacntor to
160V,and - o
the current and the p. d across t.h. capacuor 4 second ds
it is connected to the supply. - 5 £




The fully chnrged caﬁacu:or is
.and’ discharged by connecting a

1000Q resistor across its tem'unals “Calculate:

(a) The initial value of the charging current, i
() The unhalﬁ’a.‘lue of the dlscharge Current; and
(9 |the “amount "of heat, "‘Joliles : dxss;pa*:ed‘ in the 1000Q

Swm:h S of. the nétwork shown in ﬁgur 3 74 has b .closed for a
long time. At t = 0, the switch is suddenly opened Evaluate the

voltage across thc 200-Q snstor e

en the sv(ltch is closed.at t = Q  Calgulate: (a

A “ p a j the véﬂage acrbss the capa

D C Cm:ml Anufy.ru

lf Lhc nctworks figure 3.77 4and figure 3.78 are equivalent with

regard to the 20€) resistor, determine the value of E. Also solve for

- the’ currenm I, and I,: Calculate the current in the 'ZOQ remsmr by
L N

applymg Norton’s theorem.

ol 900100V -\'

a9 th. -3. 77

..«,n SO sl Su

\ 197
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Chqpm Four

40 A C.CIRCUIT ANALYSIS
4.1 Aherpathg Quantities

B % + y

Q_u Ili l A =1 Cty Wi d
(@ Express each of !he followmg phasors in rectangular notation
@ 30300 ; Mg i ML
() 20z -60° \ :
®) (E_quss each of the following phasors in polar nota'tian_'
D 6433 : 3 10 po A
) 6-jl16 : s

(@) (1) To express 301 30° in rectangular notauon ; e
rectangular notation is ;. s et
Z=a+jb ——— (l)
Where:

e e ——Vxs e,

narudpm
b= lmlguwypan {

. 30£30% -30(c0330°+_|sm30°) )
~—3'¢(osss+,os) 5 e _ :‘"-‘3I
=25.98+j1s D :

- gularnotationjs. .| B W )
25‘.98 +j155vipe

(@) 20£-60° = 20|cos - 6o°)+ Jsm( 60°)|
=20 [0.5-j0.866]
=10-j1732 O

(b) Generally polar notaticn is represented as
Z = A/8 @)
where :
A = magnitude
6 = phaseangle
(i) Given 6 +j3
By formmla,

VR R [ 4.1.1
A= 67 +37




- RN
R
> S
3 ;
- . S

CAQ C\rmr f.xah:m

@ © To ﬁnd Lhe root mean square (rms ) value of the um"cm; f,,,,“t

(o evhavegd Bt B £

¥ \ﬁ“ > LabrE Lkt e NG AN 3 i .' ‘ -~: Vs

e o=(1-o)+!m(z-1)+2@(3-z)+3or‘(4-;)+zo’(s:a)no’(s:‘s}
ot = -0

LA iy

P ~ 100+400+900+400+100 _ 1900 - ‘_‘l_,,‘ﬂ'.‘
rms = 6 s ke

T IOk
SRR

= 18 A D

R '&‘\- A

n

SV

" M

A NI LB ORS00y 975 e

~ [07 +107 £208 £30° +207 +10°

E 3 S lema ; v ‘:\ 3 - ‘\
y seresadl o suls § 1900 - ..
‘waveform is symmetrical, it is then i unp 4 e SafE— N\

“ov
/E/
whs{p)

values over the first half cycle. R LK ER N

= Area under curve - B 1.&..
e 413 BTN _

Length of base L L } v

' 0(1-0)+10(2-1)+20(3-2)+30(4-3)+20(5-4)+10(6-5) (i) F""‘““S‘“"F ST Ab i

L, = 6.0 SRR K. ¢ rm.s Value :

R AT e ais .

[ - 10+20+30+20410 _ %0 g SR Rl NR%

S Pl e 178 \

=150A O 1800} S\
‘=‘<K =119 0O \

l78A D

s
#
-

Wk

)
’

Alternatively, : SN ke, . -
[~ iy +d; Hiy +ociniiss i, 414 ? (w) Peakfu;:!ol:orcmi;a::qr.kf_ s
. : : K o Medmuivatie’ 00

n 3 ! £ p
_0+10+20+30+20+10 _ 90 agin s Ts.value Dby T R
- 6 6 ' e K= | & e o
I,=150A D ¢ 17.8 v
_ , : K,=169 D

200 , <901

= "‘ N R - \

: TR I e TN R, S e, st e



*m‘!:‘;

e e e

M-wwﬁ_ﬂ

P e M s g e |
e =
Iacb-_l::vra-:ﬂmﬂibughh Skt e

= . points and use the mid-ordinate

(3)  the avorage voltage
®) erms

(©)  its form Eactor.

X m volts
{Volage ; 0 |15]24735753] 63 [ 70
R 64 [35T12
Time base :
i degroes | 0 ]20]40/60]80] 100 [1 107120120 160 [ 180

Time base (degrees)

Applying the mid- ordinste method, we divide the curve of Graph 6 into 9
equal parts as shown by the undotied vertical lines,

202

ST T g

ol T Y e

S LR

o

T -

" TORE & 20 ¢ et R 3 A
L R0 P s e | = 4od
;ﬁ\“ e T . R e A
( ’ a™ -

C A

" T A C Circuiz in
Eh . V. - VitVp 4otV - 418 :
] 2

SV o= Vi #V, +V 4V, +V HV +V, 4V, 4V,

< » o _j 9 ——

v = 6+18.5+28.5+42+61+70+49+22+4

a 9 1

= ¥ ,=_£, R =
9.
V, =334V O i

(b) Vims =
R KS’+185’+28.5’+42’+61’+70'+_49’+22’+4’J

L Vrms = 9 ’
. ’14476.5 S !
- : : :
Vrms =401V . 0 - —— c——— ~—— ol
(c)  Form factor = _V'r.‘lns‘ I A
f ” ‘ H : :
S T 13 i S I LN SN S S S5
LK — ¢ } :
T3344 -
](’ =120 O e i
Question 4 @k &
calculate

In each of the waveforms shown in fig. 4.1, fig. 4.2 and fig. 4.3,
the waveiorm’s:
(0] Period
(i)  Average value
(i)  r.m.s value
(iv)  Form factor. E
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50 1o ! Sar e

SRl

7 Generally, period of an alternating qﬁantiry is the time takento
complete one cycle. Therefore, for waveform of figure 4.1

_ s eriod, T = 100ms "0
| 25 100 By tms) e 2
e e fre - BT ZQO e , Average value,i,, 2 |

A.reaundercu.weforonccycle s mursh x
s Period Bl
(25)*(‘10‘(75) P £y 2807750 i A
210100 100 i-

m.s value‘I r.m.s

_(501(25);(10) (75)J: Ezsoo+7soo

i 1700 ias

T rms
. =100.

700

I" ;.m,s : )
Lk v astadt ot Irms’ = J700

Trmg;s 2646mA O C e - s e

(iv)  FomnFactor K,

o A B e B "‘;""‘M v

(b)  Forwaveform of figure 4b A :
: (i) ' Period, T wendE
T.=80ms 0 R e LB L
20x 40 H A
(u) - -
V,,, =10V O

Fig. 4.3 v : : | :

i 7205
204 |



]
/‘ Naorsals on Electrioal Engineering Science
(i) V’tml-»mlf-‘g-m
b Vims = J200

'y Vims = 1414V (a]
v) K' = _._vr'm‘.

K. = 14.14
" —_—

i) E’M“ﬁmll.hmbeleenthllil‘isaﬁ.llbwavc

' . = maximum or peak current
y i, = 0.637x100

, .

I, =637mA 0O

G5 lems = 0207 bm-......l0 080 g0
lrms = 0707x100
Irms = 70.7mA 0O RO

M K, = lr_nu

K, = 70.7
‘ 63.7
| K,=1110
Question S
Andu-m‘w:urquby

1 = 100Sin3l4
mmmqummmcnmmmm.

Calculste:
(s) the r.m s current
()  the frequency

206

s

TR et e Eroy

Hadlan g

T,

resistor t'or 20 minutes.
S unihsr 0. 3o

Answer 5 - it 6
The general expressnon for an alternating current is
i = IpSinot - m )
where: & 3 iemgezib i '.»..1-3 o
i. = instantaneous value of the current = ______ 4
I = Maximum or peak value of current
® = angular velocxtymmdls
t = time in second : a7t
But the given a]tcmatmg current is Gy GE =,
i =100Sin314t- @) g

(c)

Comparing equq.uon ( l) and equal:on (2) we hzve.v-
Im = 100A

‘ ‘where:

(c) - theperiod v
(dy the mmnzaneous valueot‘thecurrem‘rhcnns Mging
(6)  the energy dissipated when the cuncnt f.lows tb'nun ;

'Jq‘ g i obgd “lsvinad
virm.s =" :

. sguifo e ryﬁ' bt - TN
Irms =7071A O

al.n‘.)

tekrrirn
; i «wailus stz%o B S [ us;lzguudl‘mm_u b

d the Frequmcy. f 2md =15
.Ng}f- A "":‘f'""”"“i.a_‘o&,":( to slgos 205 boi

AT

© = angula vclocnty,f=ﬁ'eq'umcy
314 ’

207.
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(d) - Tofindiwhent = 9ms
From equation (2),
i =l00$|n3!4x X 10 Rz il iy
i = 100Sin (2826) : eakiiiat D8 il 1odaieay
Note that angle 2.826 is in radians,
i = 100x0.3104 ¢
i =3L04A O veowins o —

(¢) To find the energy dlssq:med, g
=Prms Rt---
whae:
R = resistance

E =.70. 7l’><5x20x60

E =3.0x107 J

E=30MJ O

Fey ; A0
Question 6 - Y nBpy ki

In an a.c circuit supplied from 60 HZ mains, the Voltage has’ 4 maximum
value of 660V and the current has a maximum value of 15 A, At some
 instant, taken as t = 0, the mstqninneous values of the voltagc and the
current are 484 V and 6A respectively, bm.h) Emt:rcasmg posmvely
Assuming sinusoidal variation, =gl
(a) derive relations for the mstantzmeous values of voltage and
current i3]
' (b)-  Calculate the mstanta.neous values of the voltage and current at
the instant t = 6ms, #RI1 501 il o
() find the angle of phase dlﬂ'erence betwceu the voltage a.nd the
:current.

Answer 6
Since we assumed that the alternating quantities are smusozdal then

Vv = Vg Sin (0t+0) ——emeeeeeeee (1)
= InSin(ot+ ¢) ———-—eemaeeeee (2)
where :
i, v = instantaneous values of current and voltage
Im; Vm = peak values of current and voltage =~
@ = angular velocity
= Voltage phase angle

208

o= current phase angle
"Recal,o=2nf

e d

A.C. Gircuit Analysis

6= 0824radsmcc]80°-1tmd ORI
~. the reqm.red instantaneous vollage expression is
660 Sl.n (377l +0.824 )V o

V. e an(*

‘We now find
equauon 25
L.Sif (0t + ®)
Gwen In = 15 A e
i =15 Sm(mt+<b) ---------- )
Also,0 = 377 rad/s
i =158in(377tx 0+ ®) ----mummmnne 6)
'Whent=0,i =6A.then "
6 =15 Sm(377t+®)

mstantaneou.-; currenl expression by r:wntmg

i
|
W

© =Sin" [0.4000] \
D = 236" or o $eul }
@® = 0412rad

209
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P s .mrxzb:i»kaﬁkda“':'” ‘—sﬁ" e e A A, s

; .}f e iy PREY S
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£ Tuiorials on Elecirical Engineering Science §
¥ therequucdmstantaneouscuncnt expmssmn N = 4 X iyt TG Clrogy
s = 15Sin (377t+0412) A g £ 34 _ : Answer 7
= ¥ ; Wemgmnglomt!heemﬂ!uveclﬂ! Flmﬂpl“llllthe
(b) (i) To Calculate the instantaneo S % as sine functions.
voltage at t = 6ms e valioe of gy . or2 = . Therefore, ¢, =250cosot = 250Sin (@t + 1/2)
b Vv = 660 Sin (377t + 0.824) RCEy < ‘. Since Cos® =Sin(r/2+0) 3 : i
vV = 660 Sin (37‘73( 6x10°° +0_324) z . P - We now resolve the quantities into vertical and ™ L ¥
v =660 Sin (3.086) " ..+ Horizontal components as shown in the table below: b
V'—=35.67VD s E' s b IR, SIS ¥
. ; b = - X Quantity (Max Phase [Horizontal ~ Vertical
i Similariv fhe ; ' i3 5 x" Value (rad). [Component (V) Component
® is’m‘l""y' the Instantaneous value of the current at t = 6ms B oo 100 Sinwt 100 0 100 cos (0) =100, [100 Sin (0)= -
4 1 i & o, IR "3 i 250 Sin (ot + ®/2) [250 n/2_[250cos (m/2)=0 "~ [250 Sin(x7)
= 158in (377t +0.412) 75y mn o 2 ) § : 150 Sin (ot + 1 /6) [150 n/6  [150 cos(n /6) = (129.9)[150 Sin (x /6)=
= 15 Sin (377x6x10 +o412) 1 5 200 Sin(wt - n/4)  [200 - /4 °[200cos( - 7 /4) = (141.4) [200 Sin( - x /)=
1 = 15 Sin (2.674) " e : 141.4) ‘
i =676A O auiPE Jos ; ¢ Total 3713 1836
DA 2 : The net horizontal and vertical components are, showu in figure
: © ‘thephasean ebetw & Lo aii= @ below withe, as the resultant, >, 3
8 B= 0-0 gl een the voltage and current, B is given by i ()  From figure 4.4, the resultant e.m.f, ¢, is ter
‘ : =
=472°-236" meia = 03 bond G sHGSE -
-.ﬁ 236 ;current lagging . 0 - slat f ,
. -~ : ,"3 I _'! 5 Am 83,6V 5 bad
Question 1 g DA bTThne Cbik
Four;,emfs;_ :.JOQSmmt HEEa Do IR it £ 4 14 LOLE. E AR O 2IF BT L i
e, = 250 cosot L E o2 c O Ry RIS C B LR
B = X 3713V RS
c =‘1505m(mt+g) ;; ; Fig ‘4
: ' 5 3 e, = V183.6% +371.3%" €’ fox ot ssidadas
V; = ZOOSin(wt——) - T § o e, =4142V ; i sl
4 } 183.6 ; i -
Volts are induced in four coils connected in series so as to give the phasor b @ =tan”' [ﬁ] =26.3° or o . fan
sum of the four e.m.fs. (a) Calculate: : f ] : e
(i) the resultant em. f. and its phase relative to cmf e, ! : D=0459rad i
(ii) the r.m.s value and form factor of the resultant emf - 8 il . The equation ofthe resultant o facinem 414 2 s“' mtr
(iii)  the frequency of the resultant waveform when o = 754 rad/s il 0459)Vv o
(iv)  the value of the resultant wave form at time, t = 10ms. ) ! The phase difference relative to ¢, is = 26.3° leading. O
®) if the connections to coil ‘b’ were reversed, what would be the ) ! ) s e max imum value
resultant e.m.f. and its phase relative to e, ? - ! ’ | ul 2 . J2 5
e 211

210

e
= AR -
o R e

f,t"* et w2 syt %
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i P e ) e I

* rapres o Sectwoal Sxgmarag Saence

. -y

)

)

_. . FomFar=1115 L

rms nh—il—‘:‘.
\‘-

= 29288V .0

®) Form Facsor = 125 Valee
_ Aveagevalae
Aversge valpe = 6.6371m=xnmmn]m:
= 0.63?1‘4[4:}
= 26385V.
Form Facsor - = 2258 : ) 5 =i
25;83 g ’\’ =

. = V316473717

Vertical component =-250 Sin (%) = -250V t

»- Net Horizontal component = 100+ 0+ 129.9 + 141.4
= 3713V
Net Vertical component .= (-250+75-141.4
=-316.4V

212

A e e = w13V
I.""’“"f S e B e 316.4]
= s whae o = 754 12d/s (given) ) . P ° =__m {3713 = -4
§ - 4 e 2 or § =-0.706 r=d
=gy e =4878Sin(@-0.706)V O
“f = 120Hz D . = mmm&lmrﬂ:xwhe,s .
: ] B =a04%Bggng O
Tofind e, wheat = 10ms ES oSt Mo o
e, = 4142Sm(7541+0459)V - =7 Question 8 - .-
e, = 414 2Sin(754x 10x 10 *+ 0.455) e "hf__"“fmbmmdﬂz“p“mE'“bﬁ"“ g v )
> € = 4142Sin(80) _ . : ST e ri_ ~=#%0sin377tamperss,
e, = 4098V O - - k: e :*Aj,,, =60 sin (3771 - 45° ) amperes.
i i : - =36 cos 377t amperes. _
If the connections to coil ‘b’ were reversed, then =X (a) 'Reprsanmedrmumb)mm
& = - 250Cos ot - (b)r By resolving the vectors of (2), determine the resultsnt corrent =nd
& = - 250 Sin(wt+ %) ~ =+ S isphese anglerelative to 4,
Resolvi it z (©) Use a suitable scale and draw 2 phasor dissram aod find e nal
VIng €, 1nto components, - ) ma)dmmvﬂncofmecmmukm&mnm:m}yzﬂ&
Hmzomdcomporn.cnt=-250ms(/) 0 E = overall phase angle. .
HT==5 0 (d) Htbe supply voltage is represented by 280 sin 377t Volts, find the

impedance, resistance and reactance of the circuit.

e Y



:- =8268A
-6.43 ;
= m'[ﬁ] = '4'5‘7“
= 0.0785rad
. the resultant current is i,
i, = 82.68sin (377t - 0.0785) A0 ;. »+"
The phase difference relative to i, is 4.5° lagging - 0

in Graph 4.8 below.: ..

4""""""‘3"-""""“"““% ey Ty T

B
i
=
=

GRAPH 4.3

Pt

SCALE: Letlom =164 *
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The phase angle is as indicated in 4.8 and is measured as 4.5°

A.C. Cireuit Anclym

@ Given:v =280sin 377tV : L F1gure /:;1 9 shm:fs an Rf!&cm:gn Use the circuit to calculate:
i 7 32.68 si - % e et () e reactance of the inductor
i -'l"'o calculate the irr 3 .':m (:17;’:.“:0?85 _) ca_llculated 5.k gy Eh)) + the impedance of the circuit
(@ : p circuit, Z ey thecircuit current
z = l 3 - the phase angle between the current and the applied Voltage
Ir the'power factor (f) the apparent power
e active ‘power (h) the reactive power (i) Draw the phasor

280 sin 3771
82.68 sin (377t - 4.5°)

In polar form, i e e ; : :
_ _28040° _ 280445 120 L =  6mH=  60x107°H
82.68 £ -4.5° 82,68 S120y,f =  60HZ : ;

Z = 3387 £45°Q :
Impedance of the curcuit = 3.387 Q

(i) Z=33872£45Q polarform . _ |
z- 3.387 (cos 4.5° + j sin 4.5°) ’ , :
=.3. 377 +j 0.266 rectangular form .
=ZL0-
1 R =resistance of circuit i . where : R = resistance
g X = reactance of circuit the resistance of the circuit is - V122 + 22627
R=3377Q O . : Doz =25610 O
: " g, i - (¢)  Circuit current, [
, . (i) the reactance of the circuit is &G : I= Mt s AL 423
N X = 026Q 0 N Z -~ ‘
i where: V. = r.m.s. Voltage, Z unpedance
| 42 R-L and R - C Circuits. _ 120
? 2561 _
Question: 1 1=46A0 b 2
‘ (d) Phase angle, ¢ S S :
Xis F X
5 ) % - N p—— U
o | o - [3]
of : = 22.62}
| 120V, 60HZ ; B © = tan| =~
| Fig- 43 pamact 6 - 621°0
‘ i 1
| 216 ! 21
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(e " power: factory pif 1o o
P.f = cos ®
PE = cos (62.1°)
P.f ‘_ O468Lag _D ‘

1(0 Apparem power, S

O ) s 2t IV

* Where: 1 = r.m.s . Current

v = r.m.s. Voltage
S = . 469x120 -
§ = . 5628VAD

Wi

Hox

‘(g) ‘Achvepowarorrea]p(,wer P‘ £ 7

=, IVecos ®

ooy
[

P

263. 4w o

¢®  Reactive o powes Q
/1V.Sin @ -

4.69x 120 cos 62.1° -

497 4 Va.r

‘(s?-‘pz)" g
562 82263, 42 )%

. 4.69.x°120 Slq62 1%

5 o
N
b 5 M
Fig. 4.10 7 : /
218 J =
i /

®

F;gure vy Showsmactance of the capacxtor ¥

(a) the i :
edance of the circuit |
8:3)) i: ﬂpun current (d) the phasc dxﬁ'erence
7 er factor.. |

IRV v, =
Whm = Vo]tage across the inductoguc\, ;
ki e Phase difference. ' Y LiL &

0

& T |

200V, SOHZ
 Fig. 411

cu'cmL

o
9 P

an R-C cn'cqu Use the

1

XC = 2ﬂfC 7‘ . y
where: f =: ﬁ'equensy C 5 Capa,cmnc.a f.,‘.{? 413

= l' :
X 2ux50x100x10r‘
X, = 3183 0O

st T 08 F g



Z = -./R’+ Xc '
= V20°+ 3187 .

: z = 37590 D

169.34V

Power factor, p.f
Pf ='cos @

Pf = cos (- 579°)
Pf=053] Lead O

Volj.age by 682 -:Calculate:
).~ the mains frequency 1% =0 :';,,:,452 :

(ai)  the circuit resistance.

s Acoll onnected to.a 240V, 60HZ Smusmdal supply tzkes a peak

_ current of 15 A at a phase angle of 40°. Calculate: (i) the resistance,

" of the coil ( ('u) the mductame of the coil (iii) the power taken by the-l, £

coil. . k :

a el

%5 Lct V be the Voltage across Lhe resistor,
V, = . IR from ohm’s law
Vi = 532x 20 ‘ il DG

{ Answer 3
50mH = S0x10°H

V. =1064V O 8 . e ]i & 24.5Q
9 = 68°

Let V. be the voltage across the capacitor | ;
Ve 4.2.13 (i)  Toceleulate the mains frequency, f
Ve \ Rpcalleguatlon (42.4)~: e ha
Ve o [ e T
y Y

i 2

] A

-~ ﬂ ‘
21

g - B




n.am&a-wws‘*"’
i:z;. = tn 6§ = 2475 _ i s
X, = 2475R : b |

Also Z= JENX: from eq (4.2.2) & e
s - Aol DuL )y

Butx, = eL =@x350x10° —(2)
. eL = 2475R

2475R

® T Sox10° T ¥SR
[

REI T ®

Pﬂmueqfl')-rdeqﬁ)moeqﬂ)wehavs

245 (—_J + (e x 50 x 107

2

o .
= 3 2
245m +25x 1070

R 1470762.6— . +6126¢

23 SoTE e

(b) Given: V = 240y, f = 60HZ -
b= 15A,0 = 4¢°
@) Coilrm'stamc,R

oEE SEIAT. PRV ;"?A-Q
‘?:l; e : . P _x_L- : .
S ’ i ? ; ”m b R" et e hany e e A
% 3 XL i

o m‘o‘ = = et
éb" ButZ = T

" Where I = r.m.s. current -
{ i Whero foorms. purme

= 08391 x 17.34
= ]4.55ﬂ
14.55

% 2n x 60
L = 386mH ]

= 0.0386H

Power taken by the col], P
— P =PR
P 10.6* x 1734 =
P 195KW EI




7\::..,,.‘ i 2
Quey, Q"“ﬂo-[:yo pure circuit elements in a series connection have the
(@) “ﬁ (@ following current and applied voltage

SRR

= 12. 5 sin (3141,-'40°) A
v = 240sin (314t +23.4°) Vv
Find the elements comprising the circuit.

1

) @® - current and applied Voltage:

e | i = 10 cos (942t + 10°) A
1 =4 : v = 120 sin (942t + 58°)V
Beiniy o Find the elements comprising the circuit.

Answer 4 -
63.40° hence the circuit must contain Resistor and inductor.
oL
tan ® = R i
" oL
tan 63.4° = —

s -R .
2R = oL —
V. 240

£ zZ= -2 = —

N
z=1920

z=(R*+o0 ’L’Y‘ >
192 = (R + 2RP)*

368.64 = 5R?

R* = 73.728

= | R = 8590

* From the given expression, ® =314 rad/s

- From = = 2R =314L from eq (1)

2x8.59 =314L
L =0055H
= L =55mH ==
“®) Givm:g 10 cos (942t + 10° ) A or
i 10 sin (942t+100°) A
A4 = 120 sin (942t +58°) vV
224 :

R g 1 B 4 T et SCBIRNY

A series circuit containing two pure elements has the following

@ By inspection, the current lags the Voltage by 23.40° + 40° =

A C. Circuit Analysis

120 £ 58°

2= T02100°

% 7 = 12 £ -42°Q polar form

z = 12 (cos42° - jsin42°)
Z = 8.92 —j 8.03 rectangular form. From t_hz rectangular form of
the circuit impedance, the circuit must‘contam Rand C.

Since for R — C circuit
S Z=R—jXc
@) the circuit resistance , R
R=28920 0O
;(ij)m _ the circuit capacitance, C
Xe - = .

2rfC
< il
" 2nfxc @ XC C =
ButX, = 8.0302,0 = 942rad/s .
i = 1 _ 1 o o
G 942 x 802 756426 .. i

C = 132 x 100*F
S . C-=.,132pF O 3
- Note that the me

versa. By inspection, it can be seen that the current leads the Voltage by
.42° hence the circuit must contain -R and C. This alternative method
results in the same solution for C and R as above.

® Question 5
(a) A capacitor has a capacitance of 30 pF and a phase difference of
25°. 1t is inserted in series with a BOQ resistor across a 250V,

60HZ line. Find
@ The increase in resistance due to the insertion of this
capacitor é

(@i) Power dissipated in the capacitor and
-=— i) - Circuit power factor. ~

(b) The data obtained from a series R-C Circuit are:

V=180V,I =32A,P= 42.5W, f=50HZ
Calculate .

225

thgd adopted for (4a) can also be used for (4b) ard vibe_




(iii) Capacnuw:mcuncemd > z-= 1500 w-.‘ v 53
@iv) Clpamtlnoa : I Vil =167 T‘I k
= —.ur"—k(-- B A W 1Y
e | Z 7150 BR
= ) e Powerdlmpﬁedmmemtpr
1 , 2w R b
@ x = e e 5
1 e , = 167 X 4123 :
1 B H
A = 2z x 60 x 30 x ]0" =
X, = 88.42Q B = :
, 413;qmva;t‘lent series resistance of the ;:apamtorasshqwn'in figure
R= t:m@ RN S \
‘Now® = 90° - 250 = 50 - S B s
884

= 41230

i ;RT‘-= 415[) o 7 < -

i3

) (n;) Capacmve rmtance, X

2sov, mﬁz

Fig. 413 e _‘(ﬂlsf_,”)
D) Therefore, msmmeofﬂ:ecircmtmcmsm by ) 55251_ =415 + 2

41.23Q O

% Faz b 1 - x, = 3146.84%
@ Z=[(R+R)"+x] i

x, =561 O

226 R -



; i M,.ubouﬂacm‘cdfnginmg Seliics
i) Capagitance, C
X, = 5= ) : 5
2x 2 4 E
" €= by R
2 2x X, 2n x50 %561~
C = S6.7uF O~ =i s

— x25x 10°

WAQuuﬁon6'
4 A Capacitor and a non- inductive remslor are connected in series across

' ; the oulput tﬂmmals of an a. c. Source of potential difference of r.ms.

o

V-be the voltage across the capacitor

500
value 50V allemalmg at — HZ. The rm.s value of the current in the b
* Ve T 1X¢
Ve
V,

cu‘cmt is 0.1A and the capacitance of the capacltor is 2.5/ uF Draw a 0.1 x 400

circuit diagram of the arrangement and ualculate the -

@ r.m.s. potential difference across ‘the capamtor
(i) resistance of the resistor $
(iii) - impedance of the circuit ;
(iv) ~average power dissipated in the cm:mt

sak

s

Anmr 6 # =
The circuit d.mg:am for the arrangement is shown in flgure 4.14 -
2 SpJ-‘ 5

I F

Iliip

I edam:e fthecm:uu,Z
"Z J”T}E;
= (300" + 400')"
- B 20 z = '50000
j' A0V —ﬂ_HZ (iv)  Average power,P = 'R
3 | . | P = (0.0 x 300
Fig. 4.14 S
g 43 Series |R-L-C Cireait
¢ 500 . '
50U 71=01A,V=50V,f= ’ﬂ Hz \
A
228 529
ot B S ,-.'gl.:-.suﬂ'ﬁj‘c:_é{;."—' “

A.C. Circuit Analysis

\u“‘,-f"




v

Tariols on Eleceical Exgineering Science

Q“’dont :uvmg a resistance of 1002, an induétance of 0.2 H and a
A Cm:m

‘.: B
supply. Calculate:
(a)  The lmpedance g )
(b)  The current N T i
The Voltages across an
fﬁ; The phase difference between the current . and lhe. supply
voltage ol |
(¢)  The power factor s b
(D Average power dissipated in the circuit. ,
(8)  Draw the phasor diagram. afs v,
“ Y e
100 02H r
I
—@—
80V, 50HZ .
s Fig. 4.15

Figure 4.15 shows the circuit arrangement -
Given:
R = 100,1=

=0.2H,C
v
X =

80Vf= 50Hz
2xfL

X, =22 x50x02 =62.830

1 1
e
21fC 21 x 50 x 120 x 10

Xe = 26530

Impedance, 7
= [R+(x, - xc)']"z -------------

[107 + (62.83 - 26.53)]'2
[1417.69)'7
37650

=120pf =120 x 10°F

/]

z
z
z
Z )
230

. Current, I

—_V_ L
o I".'z . j ‘
- 80 B
T 3765 B

ko

w o

(d)

Let @ be the phase dlﬁ‘erence, :

R s 2
D = "’,l s XLfX;’ T
e . R B v R
] 62:83¢26:55
L

(e) ' Power factor, p.f
i P.F =cos @ o
“PF = cos‘l46" v,
WJLF_W 0266 D

®

Average power = 12 g (Since power dxssmaled mL and C is
Averagepower= 2122x19
Average power = 44 94w -0

o

i 3



Pttt i L

R B T o e

wuwwm
di
g5, Doy dagrem LY
FVL-IJJ.ZV _ tan 45° = R‘”C e R @
Vi-Ve=7696VgL———— —— K

The circuit impedance is , Z
o / 280.4 £-25°
% Z 2= ————— Inpolar form
By T 06 £-70° s
Pits= ‘% £70°-25° =292 £45° O
Expressin, mclmpedmceinrmguiarformwehzve
-~ Z =292 (cos45° + jSin4s°)
IIZ = 20.65+j2065 0 5
s Bt “RecallthatZ = R+jx e
- Where: x = reactance of the Circuit ’ i A
- Lr=2065Q 0

“* From equation (1), :
O 3 : ol - _1_. . R R
40uF : i wc
i T s AL SRR .
I - ¥ o -5 Buto =2000 rad/s from the given expressions \
o v 1 -t
E e L- ——}1 20.65
. & (zooo 2000x 40x10°* o0.es) :
] £.20.65 = 2000 L - —— e
. _ 0.08 oy Fhba 1 1
T © 1.652=160L-1 e
Fig. 4. 17 . R s ST
s B RS L= 1% = 00166 :
If in Figure 4.17 the voltage and current are expressed thus: L= 166m HO ; S
V = 280.4 cos (20001 -25° )V 5 S
e 000t o Question 3 .
1_9'6“”(2 -4 )A' APurcinducmr,lnon—inducﬁvemmudaewummmM
Calculate the valueof R and L. _ in series to form L-R-C circuit. The supply voltage is 100V at 60 H Z, the
Arswer : Potential difference across the inductor is 48 V and the pd across the
¢ { resistor and capacitor together is 120V. The current is 8 !L‘Calcu!ne the
By inspection, the current lags the voltage by 70° -25° = 45° S ik value of all the components and the power factor of the circuit. *
mL-L
tan @ = —“,C_
R \
\ pE}]

232 bt .

0 K B i
! it o SN s
r | PSP PRI L et s [Pt BR=F. 5 oy L



Talorials on Electrical Engineering Science

Answer 3

M

l V=48V I

The circuit amangement is shown in figure 4, 18 Bl

[=§ e
100V, 60HZ
. 4. 18
Qm:ilimpdm,zm e
z<V_100
1 8
Z=1259
X, =220 Vo

I
"o Vo = Voltage across the inductor
3 4? = 2uax60x] 1

L e DA
L o - -

e ~001592H pE
L=1592mH Qo s

Substituting €quation (2) into €quation (1) we have

234 - ’

38 or ok

) sl

115’=R’+x:-2xcxl+x; -------------- 1))

Let Zo be the impedanee of the R - C branch

ZC ...vn

ki ol < b
% ;

Z =-’-§3=|sn >

Buzi -Rriny, . " SO

IS =R*4x2 .._.._._. ()}

sowel .y

£

12,57 = 152 + X} -2XcX, ‘
156.25 = 2_25+x,{-‘2xc‘x_L»=:--._-.r-.-_
: B S e
ButX, ==&

"' ‘Equation (3) now becomies,

- the circuit power factor P F js
PF = cos (12.6°)
PF = 0.976 lead a

Question 4

1235 ;
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Norials on Elecerical Engineering Science ‘
(®)  the voltage across cach impedance i -
© the total power dissipated in the circuit in watts.

dmadm .

Answer 4
Figure 4. 19 shows the circuit arrangement

5Q 15
= 2Q 5Q 30 3
ad V=1102745% eo——m8M | %
Fig. 4. 19
Z, = 5+j0Q
Z=2+jlfd 5
% Z‘: =3-j5Q 3
. Total impedance, Z, is 3
X A —5+'j0+2-j1§ +3-j5 - o < as™ \\
< Z, =10 + jl0rectangular form = fa{emasrsv) R
< ’-————' 10
G Z, = V10 +.10°Ztan" (—) '
10 e \ NS
Z, = 14.14£45°Q polar form o &

Z, = 1414 £45° Q

(@) Circuit Current, I
v

1= —

ZT
=0

_ 110.£45° 110 e 460

14.14 ~£45° 14.14
1=778 £0°A O ‘

L:“ (b)  Voltage across each impedance
pos @ Vu'= IR

hsing | Vp =77820°x5

§

| 236

A o

: AC Cireuit Analysis

‘ Ve =3892£0°V O
: L) vy =1z, .
it L Zu=2+j12Q 58
Z, =12.17£8050° Q
\ V, =7.7820° x12.17 £805°

,\\ .V, =94.68 £805°V. O
Eaatlghe () Ve =1Z¢

Vo Z.=3-j5Q

Z.=583 £-59°

V=778 £0°x5.83£-59°
Vo = 2536 £-59°V O

R (e} Total power, P
S TR VA 4313
Where:
S = Apparent power in VA
-»1%=Conjugate of current, 1
4 = =

—

Also,S = P+jQ - 434
Where:

P = real powerin Watls

Q = reactive power in Var

V=110 £45° V polar form

V = 77.78 +j 77.78 V rectangular form

= 7.78 £0°A polar form

1=778+j0 rectangular form
I*=778-j0

S = (7778 +j77.78)(7.18 -3 0)

S

S

605.13 +j 605.13+0
605.13+)605.13 = P+iQ

- total power dissipated in the circuit,
P=605s13W O

I

237
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' X —31 83 n -
z 24+16283 J31 83
= 24+_|310 _ pas
z'—3921523°n o

Z "Z|+zz
=12+_-_|22+24+j33
Z,=36+j530 A

250£30°V, SOHZ

Fig. 420 - -

For the circuit in figure 4.20, calculate using j (oomplnx) notanon.
(@ ZamdZ, e ;
(b)  the total impedance of the circuit

(c) circuit current : :
(d)  the Voltage across Z, andacrosszl,andthepbasemg]ebctween ;¥

- the voltage across Z, and that across Z, ey
CH ,.thepowamﬁlpaiedmthecimnt AN

Answer 5

_6414558"
1=392- 258“ A O

i)

(dXi) Lel v, b_c the voft..ge across z‘ i
=1Zp: = 5 SR

i agyz_-zs.s”xzs 461.413 a5

Vv, = (3.9)25.1) £-25.8° +61 4"

@  Z= R+3X,_ & v -9‘[89.4355”\’ D
F s X = 2xfL
o SOOI T st g n T BT Y B2 S (i) Let V. beiie Voltage. across i’
X, =220 A vy =IZ,
Z,=12+j2Q or V,=3.9 £- 258“:392 £:52.3%°

SV, = (33)(392) £25.8° +52.3%

z,=2512614°Q2 O
IV, = 15288 2265°V 0 T e

@) Z,=R,+j X, ~jXc = xhz w"/

i

i

oy, #2eL , : (@)~ V, leadsV; by 35.6°-26.5% -
=2xx50x200x10" S TR g0 e 9
e '=9.1% 0 :
X, =62.830 i.:
4 i
X = 1 1 ’ ©. Powadlsmpaiedmthecmj,sw
e LU

2nfC 2mx50x100x10°°

238 e :
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Miab on ‘tlmt.nl Engineering Science ;’O :
S=VI* - 0. | P . A-C Corcuit Analysis .
' . B, Anﬂ;’tr 6 )
V= °
Where 250f30v , X, .= 2afL,
| \ I1=39 £-258°A A ‘ ¢ s = 2n x 60 x 0.2
Y S 1%=39 £258° A g X, = 1540
$ =250 £30°x39 £258° " " il e : ;T T : 3
'S =975 £558°VA Wk e Ahgy 200, B0 RH0x 1
! o BEL 4L FRL L X = 3320
Bt S = P+jQ ¢ SR, =100
S =975 (cos 55.8°+ j sin 55.8°) rectangular form . BT Alsa,
f S = 548+;j806 i o X, =2mx 60 x 01 =377Q
<. Total power dissipated in the circuit is. N { ‘ i 1 ey
P = 548W QO f L &} N rs o s 5 100,
5 1 2n x 60 x 40 x 10
v g PR, +P : St S i g
1 *I'R;  (Since power digsipated in L and C i zero) ) (2)  Let Z be the total impedance of the circuit.
P = 39x12+39°x24 i : xR
P = 18252 + 36504 o M e z = (R} +x3)
P = 547.56 W ' e Al i R, =R, + R, = 10 + 20 =
i i) . i 548W O 2ol Saciew 3 w6 7 e ‘(‘;\‘\1,‘, ‘é' R; = 300
At S Xi=g@o £ X: = X, +X, oy o
L0 The circuit shown in figure 4.21 is connected to a 240V, 60 HZ supply. AR X, = X, - x;. =154 - 33-2.
4T «Calculate: 10 5.4 { J i) ¥4 xl = 42.2'0 L)
(2)  total impedance of the circuit ;s j j ; X, = X - Xe, =377 - 663
) (b) cumren! in the circuit [T T b A ; Feoare : ' :
L) (c)  the angle of phase difference T T WO : : X;= -286Q "\
L (d)  the potential drops V, and V; e s ) X, = 422 - 286
', . (e the power factor s X, = 1360
q 63} the real, apparent and reactive power. ; R i
100 02H  80F 200 gy 4OuF w2z =(30"+ 136 2 ‘
STAVL 1] /W\/\_ra'cmm_| ; Z = 32940 0O s
Tkl i | 5 DR Mo
: (b) © Circuit Current, 1 v
«— V pe Va ) i L -
) . i =
‘_ .
: i 3294
L— @ 240V,60HZ - :
° g 1=1729A 0O
Fig. 4.21 k

241
240
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|
| e ;
; R ) ,_.Angleofphasedlﬁ'u-encc,
: :"‘f : -' tan'b _X,,r Xe, ._ _ X
; fe R:.,. R, b S .
where: S =

S
= 17496(:05244
P, = 1 1593.3W .
P = - 159%Kw. 0

X,, = total mchmﬁvemctancemd:emmt . (i) . Real PQW'CI,'P
X, = mhlcapwmvemcemmgm &1 3 uP

Rr = total resistance in the circuit : FEEAE T

Ry =10+ 20 = : ' e = : “ )

B 20 =300 B v (iii) _Reachvepower.Q S sin ®
i Q 1496sm24 4

2 X, =74+377=11310 1 it L
TiE-= Q ‘_=‘ 722,.77\_/8!" iy

__ch,~332+6&3=9950 .

Questxom G
A circuit cons1sts ofa 25 ﬁ resxstor in parallel wnh a 50‘ m

is connected to a2 220V, 50 HZ supply. Determine:
- .the brauch currents and the supply cun'ent

v. 7_2?:: 43_31,_{_. ot

i aley I §BE T s ok
.-,; e P 22 = ,201 4 ('28.6)1W %
z,=349Q S =
2 V, = 7.29 x 349 ] ' L
d A | V, = 2544V 0— ——— S i e 220V S0HZ—
(&)  Power factor, p.f, Pt ‘ Fig.4.22-
Pf ="cos® e e
Pf = cos 24.4° R Since the circuit is connectedmpamnel V
ol Pf = 0911 0 s . o B ] (4)(1)B‘§anch2c;1(-)rents ' i :
I vy Y = . 7' v R r\_:_;
AR 25 ' :

242
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XL . g g ‘: E _ z 5 “‘

x, = 2siL = =21 x 50 x50 xlo'

X, = 15.7Q R

I = 157 - PV B
L='140A O o N O 5 )

(}rﬁntpnaseangl,d) )
b TR s g s e
;@ = tan? | —| ----------- 4427

.2} _-[xJ

g 20
T 165
z=1330 0
Quesﬂon 2

‘Use Circuit Figure 4.23 to calculate:
() the circuit impedance _
(b) the supply current and its phase relative to the supply voliage
(c) . the circuit resistance ;
(d)  the circuit reactance .

o | 244

250V, 60HZ

Fig. 4.23

g ' — admittance of branch A

impedance of branch A7

Ra onalmngw:.thlts con;ngatewehave e
34431326

T m 34+ 1326
_ 34 +j1326
34 +13.26" ;
_ 34 +i1326 4555 + 50009968
133183 s
= 0.0274 £21.3° S In polar form




Mmﬂsﬁﬂw&m
X, = afL

Xy = 20 x 60 x 345 x 10

X, = 1300 o .
g 21,14 £-3.9
1

‘1"=118'3'£39°AI] AR b

Thc supply current is 11 83A aud leads the supp

: 1y voltage h&
- Cm:u.lt resistance, R .

.}:R;-_Z ‘_.'14cos( 3.
R=21090Q 0O

42 v 137 1933

P ¥4
Y, = 00217 - j0.00673 § e
Y, = 002272 -172° ' R ‘ th R be o a
Toul : Yi LR - Since X is ncgat_lv e reactance ‘must be capac tive. Th
Y = ﬁm\-’”‘- d ” e circuit is equival 18 a-Zl 35 Q res:stot
N smatied cdpacitive reactance
Y 0.0255 +J0.00996 + 0.0217 - 1000673 trifsn . ! :
= 00472 + j0.00323 § _‘ 7Y ! Quuﬂnn 30
Y-o.mnuws RO A
@) Circuit impedance, 7 e R R oot
Zel 444 - e
Y Gy g% ©
where:  Z = Circuit impedance f @
1_ Clainis ok
1 1 .
Z= e g o t '
0.04731 £3.9° 0.04731 £ 4

Z=21.14/-39°0
. d:ecirmirwmcei:?l.uﬂ O

246




240V, 60HZ
= . Fig. 424

J
T 120 x 10% %21 x 60
I 10 + j22.1
- 58841 .

=10-j221Q

-.:'L%:..X&l be phecombmed admittance o[ bram:hes Aand B
5,‘ = Y +Y,
gify 740017 +j0.0376 + 0.04 +j0OS
=Y, = 0057 +j0.0376 S
et Z,, be the effective impedance of branches A and B
1 1
b Zyg = : =
0.057 +j0.0376  0.0683 £33.4°
fas = 14.64/ -33.4°
‘e = 12.22 - j8.06 0
o =j2nfL
o =j2% x 60 x 455 x 10°
;1 =j17.150

248

Let Z be the total 1mpedance of the circuit,
52 =2+
Z=1222-j 806‘_+ j17.15
= 1222 +j9.090
= 1523.£36.6°Q

e Cm:\m current, 1

;wam A'A =".;supply voltage L i
= e R -:I— 240[07 =S :
o : 0 1523£366°

*15764366°AD

To find the branch currents, 14 and Ig
Nan=1Zxn

=230LI L i

Vs
s

M

IA 951 243 A O

voltagc by43®

() L= Yas _ 23073 ;70 vl ¥
i e 2520

IB =9.234-10°A O
voltage by 70°.

Let V. be the voltage across the inductor
o V=X,
: ; Where X =j17.15Q
] ‘ Vi =15.76£-36.6° x 17.15£90°
Vi =270.28253.4°V O

i 249

B Y O U b U 8o 42 7 i N A TS 2 T 58

RS P

AR

' A.C Circisit' Analysis

Vap=15.76£-36.6° x 14.64 £-33.4° an'

a  The cuc-.n' current is 15.76A laggmg the supp‘ly vo\.\age by 3660

. The current through branch A 15 9 51A laggmg the supply

;. The current through branch B is 9.23A lagging the supply

T IR T SRR TS




v,

VA’ -
P ek Figure shows the circuit arrangement.
e Fig. 425 o wni] 00 T _
- Question 5 o ../:" Yi= 3 +- jl_O': 0.2-j0.1 S
(R — i e gV . %
mﬂn A and B are connected in series across a IS0V a.¢ supply Y5 =0224 £-26.6°S
> SHCWMIL A consists of -50) resistor connected j i B 11 ,
inductive 109 Circui anccted in, parallel with a coil of Yg=— + — =0.1+j0.18
100 in ‘mwl'tb ircuit B consists of a capacitive-reactance of e o A A
i P“‘Hh a pure resistive load of 100 resistance. ‘Calculate; Yp=0.1414£45°S
total circuit impedance RN 2 B
(b)' the total circuit current 3 it pe iy d ZA=—I = 1 ;;
((C) the voltage across each parallel circuit. i Yy _ 0224 - 266
(d) the branch currents in the two circuits Zo=4.0+j2.0Q _
€)  Draw the vector diagram not to scale Zg= e o e 7.072/-45°Q
Yy 0.1414245° E :
Zp=5-j50

Turorralr an Eleceronl Engineering Science

(d)  Figure 4.25 shows the vector diagram. L lato vkl
.gi

Ly <188 S

180.£0°
S AL Y

Figi 4.26)" e i 3l

(a) Total circuit impedance, Z -
Z=Zp+Zp
e Z=44j2+5-)5=9=13Q

Z= 9‘+3‘uan“(%]

7=949 /-1843°Q O

250



l s —
0497 - 1843°
= 1897£1843°A O
-3 mwt leads the supply voltage by 18.43°

\ ;
Let V. be the voltage across circuit A
Vo=1Za o

V.= 189721843 x 4.464.226.6°
V, = 84.68.745.03°V O

o) Let Vy be the voltage across circuit B
Vv = 1z 03 ‘
Vy=18.97 £1 8.43°x 7.072 £-45°
Vy = 134.16£-26.6° V.0 :

Q - -@

f@ Branch currents o
: V, _ 8468£4503
xS o R, —s

4 i
k Li= 16.94£45.03°A O

sl |
@ L X,

84.6824530°
La= -

_ 84.6845.03°
jlo 102 90°
Lo =8.468Z - 449T°A o
v,
@) b= —=
R,
134162 - 26.6°
_ 13416Z - 200
L T
Iy =13.416 £ - 266°A 0
" V,
v, =L
™ k=3
hg 134.16£ - 26.6° _ 134.16£ -26.6°
? Zjto 102 -90°

Ly=13.4162634°A O

252

o Tk e kit e, o
a ,WMM
rcuit current, 1
fo OF
I=-3
A\
180£0°

hattex

(¢)

cor\ncctod in parallel to an a.c. Supp
100W, find: TRUTE D
a . The supply voltage

3.¢. o The powet factor

Answer 6 3
The circuit arrangement is shown in figure 4.2%.\

4 C. Circuit Analysis

{he vector diagram is shown in figure 4.27
- Va

\\
\\
\\
\\
M
<
.
4?"
= .
’I
,I
/I
I/
o
’I
.
//
Vi
iy Fig. 4.27
Que,sticlmlﬁ.- ' . ek J
Three impedance Z; = (5 + 33, Za =4 - j)Qand Zy = (01 + j10)Q are- %
~ 3

ly. If the power dissipated in Zyis o oo
\ ] e A {
b, The total power dissipated in ll\licombinaﬁon and

\ % X

Fig. 4.28



Twtorsals oo biev tracal Engrmeering Science
Let P; be the power dissipated in impedance one
P, = 100W (given)
P, = IR v
100=1'x§
L = 44724
Let Vi be the voltage drop across 2,
‘l‘LZu
Z, =5+ jR=943258
V= 4472x943 758 i

V) = 4217258V . gk ST
S-c.e“nmmpcﬂlelv. =V;=Vy;=V g
: the supply voltage is 42 17 2 58° v
bhd&ebulpvwcd:mpudmthecucml.?
S=Vp*
Batle— o VY e 44S
ﬁ'hut\’-mjldminnoeoflhecirmil.
s ’,, - 3-8 .;uw..‘
& ;X o iodelidleiog B 1 ey o B
fi. v.ao.m-joocms et g
B - ‘*‘J‘ waviloy ylgoe T
4= ” % 1o 08 Y e Jarts) el ]
Y,-omou,o.lms 1 99 iy ol |
Y, = 7 -510

7 + j10 . 149 LR
Y; = 0.0470 - j0.0671 S ‘ SRR
Y=Y, +Y;+Y;
Y = 01801 - j0.0416 §
Y=01848/ -13°S
. 1=4217£58" x 0.1848Z - 13° A
J=T793L45 AT =7.793£ - 45°A
. 5=42.17458° x7.793£ - 45°
S=328.63/13° VA
§=P+jQ
S = 328.63(cos 13° + j sin 13°)
S=3202+;73.9
. P=3202W0 "

254

o T o o 2 A

SESTIL 6]

T

nneg

YWout
15

o

7

¢ enk
i

PF=0974LagO . ' ubnioilie snsien -
, 503 ,
~ Alternatively, the phase d:ﬂ'm bdwemr.bcmpp]fmh}g i
B3 supplycmrmlwss" —45° e e
0= 13° () € "l
P.r=cos13° (v
P.f=0974lag O —~G—t %
Cistia .x-rr‘r:ff!io sanzizizsn = A sl dl :
uestion 7 e "
Thccucm!ofﬁgure4.295haw!asu‘les pmﬂmork.m e
across the parallel branch is 100 £0° V.- x f'.l
o Calculate: IATGNOL= .

- 'IMJ ] % vy st
P,P-Cmo--s- 448"
Wh‘":p-mﬂpowa",S"appﬂGﬂlp&)Wa 7
3202 el

s ;2_8._63-!!3."..'4 fad larirg odl “UTH ks -

L thcbranchcum:m .
OiL A0 !he’cirum.lbﬁldmuin\{_‘u.mm doneg odT ¢ =
iii.  the voltage across.ihe seriespart ady boito™ (i}
iv.  the supply voltage, VLD mot o1 + Hhatd
101 sigaribroos valigneos i ob Seeva sdt fovads woa 3w i
(b) Draw the phasor diagram showing au1he'c1.lrfu1lsand voltages.

(0€ nrzy - MR 200) 2 =l
20 -j4Q AZp=d-
SR Al Gl

nridl wlog A i'!')_ MBI =

A\ V4]

VU Fig 429




bysis |
oy fm,umlsm' g Science
iA-m
@ ® m“;mhcunmuml,mh
L= b X,
Where,
Vr = voltage across the parallel b
h.
X = reactance of the inductor nnc‘
|, = J00<0° M8 P33
2202 90° ot S T s e
L=5/-90"AD0 O3 oy e

Similxrly_

. Ce Lh=-L :
\*“‘ W'hq'e, R =resistance of the resistor
 JREPROTEE [ 71

L=10Z0°A0

'l'hebﬂnchcunentsareié 90"Aand10£0°A [u]
Toﬁndthcmcmtcun'cnt,l, o i .
N L=L+LffomKCL . ..
We now convert the cumml, lztorectangu]ar coordinate for
savstly B asymampulauon_ ravgsib seasig ol w i
5 S(cos90°-Jsm°0")
E=d5A 0 i o}
, T =105 (A) oo AL
z l,—[l 182 - 26.6° Apola.rform

bet r.hc Vbitage across the series part be Ve

L4 Zczil impedance of the series part
Zc=2-)4

Zo=447/-634°2 O
Ve=4.47L- 634° x 11.18£ - 26.6°

Ve=50£-90°V O

(iv)  To find the supply voltage, V£O
VZ O = I| Z‘r
256

e ¥ T
PR AT 2 /

| P -
S * P TR BNPINLY. & 2t S L

et I SRR 3 F A2 SN PP r I R S S

‘ el YA
) o
d‘- A v mybﬂ W

f 1 T

R )
; L dw

A.C. Circuit Analysis

where : Zy = Total impedance of the circuit . . g
Zp = Total impedance of the parallel branch. !
L j20x10 _ 2004907 5 3
=0+ j20  22.36£634°
Zp=8952266°01 = (8 +j4)2 5
Zr=8+j4+2-j4 ;
Zy=100 3
LVZO =11.18Z£-266x 10 * 2
VL0 =1118£-266°V O i :
E

(b) Thcphuordnpmlsmwdnwnushownmﬁgm430

s i fig. 430
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ﬂﬂwinﬁrmflh\bfcqli’nﬁnuring Science ' : i i ‘ i S e
) iy ; SN,y

Question 8 I3 56 1o aaeedue i T DR S, Ny ; i o ] iy |
. g f’ W 'i-oﬁ g R LT IS oY SR . i ) B 27 . To find I‘ Md‘busujs ewﬂ"""ﬁmq
, ; b 13t - j231 5230

Ul e I X —
! 40 - j23.1 V1

Iy = 23-12'90:’(35'.3‘23 ',‘2'5'115 54 - 60° |, 3 {
DAL S S I

L=25Z-30°A

”!z_

17320° G : S {
-J N ¥ ¥
e 40 |
‘.‘fsi_lium- 3L i
4 ) L 200£30° _ o
462/ -30° |
; Fig. 431 ] 3, | 44
o :
Use figure 4.31 above to cajcy — e A e i
; across each” cu‘cl.ht e]cmém_ 1; . . L th.rough and the voltage i ‘ To ﬁnd the voltages across eagh cm,:un clamcm !
2 voliages ani clmqns. draw. r.hgpbasgc g:a\g??n shgmng,gu_me L g (.)_ ‘\Vf].i;:,n. i v‘x ¥ A |
Ay £ % ok { vollage across thc 209 resistor
(a) . i : éZUﬂ‘?esmtor )
- = ¥ L
26+ 4:: (gﬁiil) : 5 ; i yen 30°x 40 -
B I R S V2=100£-30°V
_ 924/ - 90° ‘ : e :
' Z’"2°+46.24-3o° _ ) VL X
: Zr=20+20 £ -60° G '! Where, V3 = voltage across the capaqtor
il Zr =20 + 20 (cos 60°—j sin 60°) z B e A capacﬂmc.r:acl.an_e_ AN,
£l Zr= 0+l_0 j17.32 ; ) P V3=433£60“5(23]£ 90°
‘ Zr=(30-j17.32)Q V3=100£-30°V O
/ Zr=34.64£-30°0Q - o This is expected since the ca
4 S 17320° - . . ’ 3 I ' are'éonnectedinpam.]lﬂ.\ :
"N 3464z - 30° : o ot
L=5/30°A 0O

d 258
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P ® The phasor diagram is shown in f; s
! Iy IV
' )3
4 \\\ Y
! ol
; WY \\\
‘ r\\
- N
o ""V, =173£0v
7
v
vd

s ?‘_5 Rgcoanée In Series And P"rﬂlleIR 5 L— & Shecitic

i Question 1 s g :
goitesty ceries R-L-C circuit is shown in Figure 4.33. Shoi that at résonance the

a
=35

e

9 22 gsonant frequency is givenby: .o .
- G ‘ 1 AR i by LR | B I B ' & *
= S I b voins - o ae
o 2zJLC PN T T Rt
: Where: ‘ TEo ‘ ‘ e N
W L = inductance of the coil ‘ I e
e C = capacitance of the capacitor
c

—

A.C. Circuif Andlysis'

4 2 _Answer 1
£ 2.5 .Required to show that
: T
L i 2nJLC
3 AR X = 2afL = inductive reactance
j B Xe = s 1 i
e ¢ ? nic = capacitive reactance

o3 !
5 z = (R +(X_-X)'")" =impedance of the circuit.
R - WFor resonance,
RN Vi, Ve ()
KL= X Q2
‘ThusZ=R .
; ;. From the impedance equation,
=7+ K- xc)l
0={(Xc-Xo)"
CXi=Xc
InfL = — .
3 2 f,C

anflLC =1
1

Ay aafimrgaas Y e sliis0 ¢
he® (41’LJ = o
“' \.ﬁ= l D .

: >~ 2mdLC '

gy
; Question 2 :
A coil of resistance 8 — Q and inductance 2.4
~ withan 1 pF capacitor. The circuit is connecte
" frequency supply- Calculate
(), the frequencyal which resonance occurs
(i) the voltages across the ¢coil and the capacitor al this frequency

(ii)) the Q — Factor of the circuit.

mH is connected in series
d to a 15V, variable -

by

—-—“Ans.wer 2

1
. £ =
® °" 2r1IC
where £, = resonant frecguency %
L = 2.4x10'H.C=‘-xl0F

261
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1

& =
1
22(24 x10” x 1 x 10%)7,
1 e
L = T
21 x4.90x10% ﬁfmﬁq;
Lt = 325KHZ O

i

N

(i)  Let Vi, be the voltage across thc coil at resommce

&~
[

15
— =1.87
3 5 A

49x1.875
91.875v 'O

- Let Vo be the voltage across the capacnor at respnange.
WeeThXe, o

"x?fi-éngc
Xc=49.00

Veo = 1.875 x 49
221 Nco791.875V

b= f s

ok P et
--21rx-3.-25 x10*x1x 10

2By
shds, e Y FL O ny Seria

o (ii1) Q factor,

v Vi sTXysonehs SR ————— 4.5, 2}‘)
L .= . resonant current g .
X = 2nf,L S
= 2nx325xm’x24x103
XL - 49.0Q
Lot 2 NN b
z R

B l 2
. ‘Q_fa.ctor=—‘
FSUAS L 2ENT R

f g
! 11
1 2A4x10")5
| —factor= - | 22X 2
| Q r._s(lxw*‘ N
‘ Q-factor = 182 ‘: :
o /' Qfaotor=6125 . [0 | HFAPe AT J sl
. 262 y

AT T
ey worle o lrinped |

Question_J- b
A ‘coil of x 'sta.uqc 156 ‘énd inductarice ~259 ¥
variable capacnor This com i

. The voltage nf the supply is

Calculate: -

' (a) the value of C to gtve rqsomnce

1’;:)’\;‘1& a fzequ-ecsy of GSOKHZ

: ,"‘? Toizt -0

ensbogai oitemCl
snshagmi sieesry@

@ . To ca} u%atq!hetxﬂ §OL8, -
650x10"

(650 %1 £F

41:2(650 x 10’)’ (250 x 1@3
= 2.40x 10"°F Vs
= 240PF O

C




by

0}
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orials on Electrical Engineering Science

factor = 2a4L
o O QBT T e 54
G factir= M’L“”X\ZSM
12
Q — factor = 85.1 O
Dynam_i.c impedance = L La s e o
- CR: iy g et 4515
250 x 10°
240x 10" x 12

Dynamic impedance = 86805.560
Dynamic impedance = 86.8kQ [ _

Total resistance of the circuit
=16.2 +86.8 = 103kQ
{ 180 .. 5%
current =
. 103 x 10°
I=1.75mA
pd across the parallel branch = current xdynamxc unpedance
» =1.75x 107 x 86.8 x 10°
: .. .= 15190V
currcm through mducnve branch I e
e 15190~ . 151.90. -
AL -
o V122 + oo 1021
1 505 0,1488 Aivsr 51l 10 sumiisizot s
I 148. Sm.A D
- Currentfhrough Gl
o Y
Xc
Vp = voltage across the parallel branch
1
X =
2xfC
Ic = 2nfC Vp
= 27:x650x10’x240x|o”x151 90
I = 0.1489A
I = - 148.9mA O .

264
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et

A.C. Circuir Analysis

Qursuon q =
Figure 4.35 shows a resistor, R and an inductor, L connected in parallel

with a capacnor C and a resistor, Rc. Show that at resonancey the resonant
* frequency is given by

G
R: - I/C]z R
R? - % ~

g 1
f, =
i b ZnJLC
Find the expressmn for f, when

=Rc=0Q

Answcr 4
Let Y._ be the admmance of mductwe hmnch

Bl
R, +iX, c‘ix_c
'_RL'ixL +Rc+ixc- : 3)
e RS AT P
= l11. Rc + 3 Xc . \4
¢ Y-(R’ ¥ 4 RL + X% _R‘c”‘-_c R’*'x "

The circuit is at resonance when the complex admmance 'x; areal number
or when the susceptance of the circuit is equal to zero.

.

¢ T RXE ES




2n LC

Whﬂ’RL=RC =0 S &t
Equauon (4.5.6) becomg .

s Mulnp?y both sidesof equibion (8) By e
a{’ + g’CLm—,‘m zLC'Rc Ll PR -E(BJ—"-—;
0JLCR} - @7 = CRL- L - “

~BE = bpl ~DOGRABEE

ce fof the_ cérc\n{ sh_?ggb:{z' ;% S;f]

LT 3 BT

_Quesﬁon 5 S 7
Find C which results in Dreso
1591 -55 HZ i

—_— __-_x-,-_.h.;‘.;a;._...r'.i;_.m..;. s

Answer 5 .
To find C. CoRm =0
From equation (4.5.6) we have,

o (mewyE SRR

®° 2rJLC ’-y
; R’-
2 x4n’LC = ;—cj
R: - 17

ey i aiadinh




} M”ywmmm‘

W _159L55’Ax 4xn’LC = [:c‘:‘é]
: ¢

X, = 2zl = 12
12

= 12x10°H
L= maiswiss - 12x10°H

1591.55% x4x’x12x 10°C = 1'61 {- L 12x IO’"
16.68%". TiZx10”
12x10° 2
120000C = 256 - _—’(‘:‘7_‘ A
—_— : _A,' =%
27822 - 12x10° 7 .
3
13386400C- lu-m__%ﬂcl
33336400c‘ 400C ¥ 12x10° =0 g thaistw
c-12x 1o’c + 361‘10:‘{ e oY
A i ot T

We m-vsolvc equmn {1) usmg quadmnc formula. ;
vy 7]
? 11:10’+J_.zx 10’)’/_4“;3.6“0"

T f

2x1 |
§12x10° + 184x 10" - 1L4x 107

=¥

;
c= li’;—“L - 6x10°F

C=6F O

' 268
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3 A C. Circuis Analysis

QuulionG X )

| A
.; C 8 v

L

AT Fig. 4.37

: Flgure 437 shows a capamlor, C connected in parallel with a coil of

tance, R and i ...Show(hdlhcmommﬁeumncyugvm
s
y: 3
s f_l_(L ﬁy
° = Z2x\LC I
W< 1
Answer 6
. Let Y, bethe ad i of the inductive branch.
-E'T.tchbelheadnnnmeonbecapmnveb:mmh S
Zy = Ry +jwl = Ry +iXc ekt "
Ze ; ; -

) Yo
¥ v,
,‘“ Y
Y
Xc R'L’fxlc
el
g el R T ol g ) IS Q)
N R‘-\-X‘ Xc TR X

The circuit is at resonance
equation (4)is equal to zero

269
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when the complex partl (suscep\ancc) of




S

9

BevsHa L

Answer 7

a To find C at resonance, Al resonance

i "

: L1 R Tl S

rr;. S i—|=a= = 1 i \\7_4 i
2n \LC Iz T

Given:

L=500mH = 0.5H

RL=25k0 =25 10', fn=2()](ﬂz

c_ (1 (25u0’]"_' T
T R Te 0.5 S ‘

B, =

o

:l"_‘
e

‘)\;
[ - 25x10%)

t2

2
(20% 10°)" x 4n? = G 2Sxipe

bl 0 i
1579 % 10" = = 25x 10
: tS?lef)‘CT75‘(I!H"2
A 1 =
Qnuﬂonv 187‘3\:1(; C=
qum‘Bam (T:]—F)‘__TE = IUQ.\ iﬂmp
3\ ([L)
h C = 109PF [
C.

(b) Effective impedance, 7
I.
Z = ——
CR
0.5
109 x 1072 {73\( 10
Z =183 SKO

= 183486.240

(c) Supply current, |

i 7—17" - = ‘
- E
50
1 _ W =2.725 % 1074
1835 x 10°
I =

27250 A 0
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tion 8 i e
g 60 ‘ . il » 3
5 i A€, Circuit Analysis
()  Bandwidth, B.W
: ¢ ‘
BW = =& commomemememmman e 457
Q
; e BW _225x10°
, : 47.14
/ v . B.W=4773 HZ 8] :
80V,f,’ 5 . i3 ._a
Fig. 4.39 Ry R k= j |
: Useﬁgurel‘_39f0ﬂﬂd.' W i At ey ‘ . =Q X }
& 3 the resonant frequency, f, o A 6 {
b. Q-factor at resonance ‘ gl 1 L=133A0 A
c. The bandwith . i FET e e
d. The current in the circuit at resonance i f(c)‘ X)D mgeva:r:sli;uh sl
e The vp]tage across each element in the circuit at resouance AT Sk Ve=133x6
i ; ‘ . V=798V O
| Answer 8 ‘
. Atresonancs, ‘ @ verixe -
3 i i jh e
b 21+/LC % 2aL,C  2xx225x 10 x025x 10°,
g o 1 Xc=28294Q Pty
T T . Vo=133x282.94=3763V
27 (20 x 107 x 0.25 x 10°%)? Ve=376KV O *
f, = 2250.79HZ ) o i) Vi=DX
i : L™ L
f, = 2'25KH,;Z o | s : X, = 2af,L
§ - ) . ; : X, =2nx225%10°x20x 107
, ) Q- factorat resonance, Qo ‘ - XL =282.74Q
f 4 1 /L \ . - Vo=133 x 282.74
@ =ve ‘ Vv.=376KV O
} 5 i : @ o
o : 1 = |
. -{'ﬂ') T 5, s 1 ( 20x 10° }; 282.84 : i : : 46 Summary of Equations Used
: t ) = = | e : ;
i 61025x ;q6g/- - b & ~ 771.” Alternating Quantities
] % =424 ‘ o ' 1. = ’l_*'_ﬁl__i_'-'l ___________________ 41
; j i oht W n
+V,
V=V,+V,+>.. B e 42
| b * n
272 o N 273




SPeak factor ~ Maximum valye s

‘ 41; = m"{%] ~---------j---~4.13 kL

{5
SPL= 0080 -orilx g9
S=IVorI'V/® ———..___ .30~ a0~y
P=1Vcos® - wassun, gm0
\'-Q =IVsin® oo

\le -‘;0‘637‘1 -‘ ldﬂl Wave) "_'4-6 N i £ i SECRF

% o =0.707 1, (sinusoiga wave) — 4.7

% Vims = 0-707vm (Sinu.smda] wave) —4 8 SRR ¥ S

SForm factor = _T-M.5 value 3
ot Average valye 49 E!

i
$a

: ‘l._l_

47

o ?\VC'F D(c .,,"-,—_m-l--,.
P R

- [RL +(x1.' Je;:)z s

ey L

g T T

Tutorial Problems Four * 7
- L.~——The cquation relating the cusrent in acircuit with ime is
Sin 377t where the current is measured '
measured in seconds. Find the values o
2. ther.m.s. Current
b. the frequency g B 7D -1
. ¢ the instantaneous value of the current when t is 3ms.




" on Efectrical Engineering Science
< oriale O
jar Determine the value of the Supply Voltag
the circuit shown in figuye 5 -
80Q2

2

€ and he Power factor S
250 2

360
2A

\2K
Fig. 449 | - : e F

An altemating voltage wave ig Tepresented p,
3 'S s ‘ 3 y :

V = 3535 sinot. What are the maximuy; ;
‘vollﬂge? l'ﬂ and rm g, valueg of the
Find the resultant of the following foy; Voltaaes, -
6 =50sin377tV : i B
€2 =25 sin (377t + 60°%y
e;=40cos 377tV
¢s=30'sin (377t — 459 v

1 Vg
i | . .
. Yitizay L

60 cos

A triangular volta,

Yy i)
g€ wave has the following valye over one-half
oth half-cycles being

n g etrical about the ZEr0 axis:
ime (ms) " 'm-ZO '-30 -40 - E.
Volge() [0 [ 313 6 [ 5]

Plot half cycle of the waveform and\hqnge,d;'ge{rmiuc:, - o

o ®,  theaverage value; i s b
b, . terms. value o gl

the form fa'c.tbr

cycle, by

A voltage hag g stead).( Qé]ués in, Véi_!s for equal
Itervals of time, changing ins‘tant_anevous,ly:ﬁ-om one value to the
next: 0, 5, 10, 20, 50, 60, 50, 20, 10, 5, 0, -5, -10, ete.

the followin

276

Calculate:

1.

ii. |

i,

Alsteel - cored coil co
take current of SA an

a.

b.

''Find the avérage

A IS

‘4.41

A.C. Circuit Analysis-

-The r.m.s. value of the voltage
Its form factor

-
' The peak factor of the voltage

nnected to a 100V, 50

d to dissipate a power

HZ supply is found to
the impedance

of 200W, Find:

b. the effective resistance
c. the inductance
Cd . the circuit power factor
A 2000 resistor and a 0.8 inductor are connected in series to a
supply of 240V, SOHZ alternating current. Calculate:
2. the circuit current

the power in the resistor ./\, :
0

ave form in figure

and effective values for the w

Ver e g
\

PN O I i e

(ms)
Fig. 4.41

In the circuit shown in ﬁgure'd..n, calculate

a. the peak value of the applied voltage

b. the peak voltage across the L — C combination

€~ the phase difference between the alternating electric current

and the alternating voltage
d. real and reactive power.

m



® = 377rad/s
Fig. 4.42

i 1 >
A series circuit consisting of R = 5Q,L=0.02H andC=80u F
has a variable frequency sinusoidal voltage applied. Find the
vnlmsofmfotwhjchthccurtent S PR VIR
a will lead the voltage by 45° .,
b. be in phase Bt
c. lag by 45° AR

- If the power consumed at resonance is 0.1W, calculate the value of

R and C if the bandwidth of the circuit is 200rad/s and ithe r.m.s.
voltage across L at resonance is 70.71V. Determine also the
resonant frequency of the circuit. See figure 4.43 <" UiEG

ji'(“.‘-k;‘-r

i
~0

Al b A

&;
A
k3

. - Use the circuit in figure 4.45 to caloulate:-— -

VIGES | o
. T
20£0°V é@ =

gy

the total impedance x|,

a LS
b. the power dissipated in'the 106 Tesistor.

16 Ina three-branch parallel citcuit. T, = 10 £ 45°

the, supply,

A, L=10£-60A, |
is,254,~ 10°As




F nﬂ' ﬂ,ﬂﬂcal Engineering Sclence

Caloulate 8 polar expression for (he in
17 the cireuit, the impedance and admitta

Pedance of e
the current in each branch, and the

ach by, '
nce of anch of
total ¢y the compieye circuiy
Irent. See figure i

10Q

Fig. 4.46

' g Thecircuit shown in figure 4.47 is connected to a 200V, S0HZ
o i Calculate . ‘ v A%
; 0 total impedance of the circuit
b. current in the circuit -

c. . the angle of phase difference
d . the poiential drops V; and V;

100,  02H 80uF 200

¥

0.IH 40pF

4
&

Vi o V2

200V, SOHZ
Fig. 4.47

et » 50 : Mth':"  inductive current is 4.3A
" is connected across 2 SO0BZ s'_z:;ply. The .t...t,al e e
B and the non-inductive current 18 2.7A. The to

Find . - .

& the power absorbed by the inductive resistance

b. its inductance il

280

—

! i R CRSARIRP  E  a

non-inductive cm:mt of20Q

e R S

.

In

,‘
2
T

DR S,

AT SR

SRR AT

SRR e

20.

e gy

J AC Clrealt Analysis
c. the P.F of the combined circuit,

Impedances Z, and 7, in parallel are in series wi impedance
Zy across a 100V, 50HZ ac supply. Z, = (6.25 + ;?,;;;‘mm L=
(5 + jO) ohm and Z; = (5 - [Xc) ohm. Determine the vahue of
capam\ar_lu of Xe such that the total cusrent of the circuit will be in

) pha::{\;vlth the total voltage. What is then the circuit current and
power?

281
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Secondary current, 1, i
From the transf,

N v ;. & “ekigs

s

= _a

£ ; A T
V-' From transformer equati




mﬂ-’fo
TMErs and Electrizg Mach;,
ines

T

. Total number of tums in the sec :
= 1500+ 30 ondaries
=1530.0tums O

.. @ For a transformer (ideal), the second
@@ .equal to the primary ampere turns. s
s .'.Nlli '_‘IINI+IbNb
2501, = 150 x 10% x 1500 + 5 x 30.0
2501, =225 + 150

Pere tumns must be-

) 3750
i 1950
I|=_1_-5%D .

Qucsﬁoll 2
@ A single — phase transformer has 500 primary and 1200 secondary-
. ums. The net cross-sectional area of the core is 80cm?, If the ary

1

. primary winding be connected to a 60HZ supply at 750V.
ég Calculate: 3 : i K E
(i) The peak value of flux density in the core

,: (i)  The voltage induced in the secondary winding o

Cole o St St

- @) A120KVA, 3200 V/400V, 60HZ single phase transformer hias 60

oo turns on the secondary. Calculate: ) =2

‘ 0] the approximate values of the primary and secondary
currents _

(i)  the approximate number of primary tums, e
(iii) = the maximum value of the flux. & (W Mk taTag

- Answer 2
' (a) (i) From the e.m.f equation of a transformer,
QF = 4.44 1N, BpA e 313
Where: .
@, = e.m.finduced in the primary coil
*f = Supply frequency
&, = Number of turns in the primary
B, = maximum flux density
284

Tutorial on Elecirical Engineering Science
2 A = Cross-sectional area.
750 =4.44x60x 500 x Bax 80x10*
750 = 1065.6 By
750
1065.6
Bn=0704T O

(i)  From the transformer equation,
0,y Ny -

N: vl [ o »

500, _ 150
1200V,
_ 1200 x 750
500
Vy=1800V
5= 18KV 0

Va

(b) Power=Vi§
120x 10° =3200 1,
iy A0 .
0T T 200
L, =315A0

Full-load secondary current = 2
0 V.
120 x 10
L=
400
,=300A O

k-
v,
00

()

g|z 27

g

= e 3200 X 60

M= 00
N\=430[\1m5 a

285
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y s
'i () Ey=444 N 2, ——— 51
; E:=E-m_£indueedi.nthe5°°ondmy
' t~ Supply frequency
3 N:=Nllmbq-oflm-nsin!heseeondary
9. = maximym flux 5
‘m=4.44x60:60x0. - ." : |
ety @ bty angigy, g HSIEViNpS A
@a=25mwp g w'erfactor=0.75_ﬁ' T g
Q"‘i"r : .I|x4x103x0.75. .‘f); x B : iy
3 . y , " 4 LY oy
A 4000240V, 60517 o 0 |
¥ mcﬁunlnnlsomzm
f 0 dnen-m‘buofmmsomemgh
F ©)  the flux density i ¢ core
; @) ifhe

ctor aggior <! SUPPlicd a load of 4oy é:r'ﬂﬂ'é,bbier
factor lagging when Commnected 10 5 4y S;‘:pply;;;g!chlgte the
; _»mvﬂuaof%mdmcm& -

Ref Tring the .r&sistance,
forma o1, we haye
286 S
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Tra k
] Tansformery and Elecrricq; Machg, :
87 [i) Rz --------------- < i Tutorial on Eieq!rl'cal Engineering Science
R TN, == 8liis SRome e
* The primary and sgcondary windings of a umcv._\, 4800/480V - B
X ! . - transformer with reactances taken out of the windings are shown in figure
mR;= _V_ R, -------------------- 516 1TIgA Lo e ;
L] 2 -1, iy : ’xz | {
" gR} = equivalent secondary resistance referred 1 the pr
| P [0 g axagr S ey,
b, | %" %00 o
LR =100 B¢ o
3 | Figure 5.2 now becomes
R R! :

4
S IR F vy Fig. 5.4 T ax : 4
! . Circuit Parameters: o L : ¢
. g Ri=2750% R, = 6mQ Bl e el gt 5 |
: X = 459. X2 =10mQ 14 5% ~¢ 33
v, ; S . Calculate for the transformer: ; Y
- (@) equivalent resistance as referred to the primary . i B
i(b) *equivalent rEsistance as referred to secondary -
o ; S Ta b \‘I e S o) equivalent teactance as referred to both primary and secondary.
- = - Fig. 5.3 8 3om () equivalent impedance as referred to both primary and secondary '/
L > i s " © ol coi)’p_cr‘.l‘oss._ 5 s
SR =R+Ri=3+]0 Se RS ) R Chie fa
R, =13Q ol 120x10° . )
'[hel-'im,‘;"ycunml,_ll . AR e s ot oad primary current, = 1‘=—T:0T s o B 3
l':=% : : ot st 1=25R Yirel z i
440 = R RS v 3 X,
L= ETY Full - load secondary current | L= l——_lll':: |
h=3385A0 o L= 250 A
@) D:-.l_ R} be the equivalent secondary resistance referred to the
K, .- Pprimary . o L €
- — et T T o e e — —— e 2 2 s
N V, |
Ry=R,| 1| - g (M) |
> 1(“2} v, ' |
2
CRy=6xip7 |80} o
480
288 - 289
= "“ 4 L S o aa e = -
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®  Lag

€ X

LqR belheeqmvalmtm
o = R, +R}

R -275+0.6

R.,, =330

Re = 6m 0427.5mn
Raz =33 5m0 =]

o X A X

v 2
xiex(3t)

: [ 4800?
Xi=10x107?( 2890)" _
b [480)
S Xe=454+10

X, =550

=X, +X!

290

2 RomPa et

EaL TR

stance as referred to primary |

LRl

Transformers and Eléctrical Machines

~d~

be the equivalent Primary resistance referred to the

')

(T

e

P

SR ) ook B

Tumna{ onk F lectrical Engmeenng Suenre

‘(d)

Let Z,, be the equivalent j Impedance 5

Tefg,
Zoo= Ro #X0)% o 110
2 = 6400, T
Let z'oz be the equivalent 'Pedaﬂ“"“eféﬁedto |
5 (Rz +x2 )y ; ‘
Zy = (33s‘+55 Y i i
z 644mn a7 Ty A

o Total copperLoss P
é - I’R, i Rj .-

2 P Z 252 x275+2501x6x10 L
s i718.75 +375 =
5 i

B =200KW n
" Alternatively, i
‘%:'VPC = I Ry =1 R
" Po= 257 %335

(iﬁe‘stion 6

=.10.250 3 = g

4000 R,=0:60,X, =180 "~

Draw the equivalent cire
Parameters

(®)  Referall !he resistan,

T

uit of the reaj tra.usformer showmg all ﬂM

Ces and reactances to the secondary

urrent and the primary rermmaI volrage to the
secondary.
(d)  Draw the eqmvalen: cucmt of the transformer :eferred to thc




Fig. 55 shows the equivalent circuit of the rea]

v men(y

Fig. 5.5
= n.a.nsﬁ)lmel'.
' v _
= R| (—_2') =
Vt J 3 2 5
JZ

292

s A 25 70

s g, SO e
i e ot R R S A
i *
i Tutorial on Electrical Engineering Science
N | N ’
&1 © wi=q ||
“ l \ \ [Nz] S.1.16
) 3
501 1 = M =1
z % 2400 HA
_‘Tfl 1l = 100 ﬂ)
& 480 i
2 I = 500A O -
¥ |
E | N v
& \_"’: =V (F’} = v,(v‘} """"""" 3.1.16a
o i 1 ' "
s 480
£ V! = 2400 -—}
- ! 2400
=
= V) =48V 0O

Y
s

o

the equivalent circuit of the transformer

referred to the secondary
is shown in figure 5.6:

N, R, X . Ry

Fig. 5.6 =

— load copper and Iron losses for a large power transformer
32KW and 18KW respectively. If the full-load output of the transformer
1000KW, Calculate the losses and efficiency of the transformer

(a) on full load

(b)  onhalfload
(c) on 60% load

Copper losses = 32 KW

Iron losses = 18 KW

Total losses at full —load, P

P, =32+18 °

P, = S0KW O ]
193




Transformers and Electrical Machines,
(i)  Efficiency =
Output power 100
! — it
f Output power + losses |
| 1000 100,
1000+50 |

% ..........

Yy &
H r
N (b) on half load
! (1)  wslron losses = 18KW = Constant
Copper losses = (#)x32 = sxw
~P = 18+8 :
P, = 26KW O

(ii)

Nr =95.06% O

On 60% load )
(i) Iron losses = 18KW
| Copper losses = ©6) (32) = 11L.52Kkw . -

PL="18+1152 i

P, =29 s2kwp

©

IR

o

1000(06) ~ “10

X—19
1000i0.6)+29,527 1. e B
- 600 100, N A
600+2953° 1 %, I .
Wr=9531% O

() My =

W=

Ctestica 3 -
Th': primary ang secondary windings of 2 200KVA ransformer have

respectively. The primary and secondary
voltages are 2500y and 200 Vv respectively and the iron loss is 900w

the efficiency on (2) half load (b) 80% load, assuming the -
p:w:z-‘l::’.:rof&l:badm'ne&?s.

G ;}ﬁmﬁ‘al on Electrical Engineering Science

~i—:‘.}jf_uWL"f 8

ke - I = 200x 1000
% .. Full - load primary current, I, = Tso?‘
: »l' ' :I, =80A o yag ¥
PR A S o 200x 100
3. by £ Fu];-_load secondalyqurrcnl. 2_730“

LY = 1000A

" ..Primary copper loss = IR, (onfﬂll-foad)
L = 807x0.25 \

: = 1600 W

Primary copper loss = 1.6 KW

Seébndé.rji' copper loss = I} R, (on full ~load )

i g ;T'IOQO";X"O.ng_,lo;"

L : =820W ;

" Secondary copper loss = 0.82 KXW R0 E 1

3 ota]“gqug;_lo._ss‘ o'ln fu.u_—load= 1.6+082 .« . R

otal loss on full - load = 2.42 + 0,90 b s e
=332KW Rty fws o o

-output power on flll load +200.x.0.75.. . i 1s: G
T ST it T 130 KW, AV
-1nput power on full- joad output power + Josses
e L =150+332
L TR 58 a0 e ftrg
- To calculate the efficiency on half Joad Woer
Tron loss = constant = 0,9k W VAR o= i
Copper loss varies as the squre of the CUTTERE = ‘guci 14t
- Copper loss = (Z)z x2/42¢ = 0505KwW e ity
0.605 ! ‘

total loss on half - Joad = 0.9%
=1.505KWwW -

input power on half — load = 125—0 +1.505

o B Ny =(1 B
- -

I (AP fiboey s

= 76. 50SKW

5
Losse: 0 Wi Tt
+L05SE8 xl_g% 5.1.18 SR
nput power 1 REL S

76.505
n;=98.03% [

295 ‘-
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3 R tb' 1‘:;“ 80]055 0.9KW - Tutorial on Electrical Engineering Science !
= 2 oy - -
loss = (0.8)" x2.42 = 1.5SKwW ; Outputpower = 22x1 = 15KW |
Total loss on 80 % load =0.9 + 1.55 5 2
: =2.45KW 4 e W, B !
nput power on 80 % load —l50(08)+245 ; T 1540475 1 15.475
= 122.45Kw Ny =9693% 0O
[l 245 ng%_ R ns e
n =1 Ti2zas) el o0 VR=Y= C""f__"- “!),g-/. SRS 1351 |, |
nr =98.0% O o 2
V R = Voltage regulation
. . ¢ = -short — circuit Voltage
¢ ) 3 0 hich the regulation is to be found
Question P " ’ .Cos‘, = the given p.£ in whic gu
E following figures were obtained from tests on a 30 KVA, 3000/110 v . Cos §, = power factor on short — circuit test. :
"or?rf;msooovnsmso W . =777 v, = Primary Voltage on open — circuit test.
“ 2 s Ctest 150V 10A S00W : : el BN T Pt ol R 5.1.20 3
i the efficiency of the transformer at ¥ - - I, Vsc
d"(a) full - load, 0.8 p.f - ~where : e 4
bie ] halffu-ii load, unity p.f g = Short — circnit power
(c) Voltage regulation for power factor 0.8 lagging, =~ T % I, = Short— circuit primary current
(d) Calcu.lazc the KVA output at which the efﬁt:'ency is maxunum ; o - Cos®, = _—]05,?50 = 03333
9 @, = Cos™ [0.3333]
* “Ya) Full-load and 0.8 p.f i o =705°
[ron loss = 350W ol C=¢ i
Copper loss = 500W i S : 2
- total loss = 350 + 500 = 0.850KW 3 @, =Cos " [08] = 36.9° y
output power = 30x0.8 = 24KW B . 150 Cos !70_50 = 36_9"! 100
24 100 : > S V.R = x —%
My =X % E 3000 1
24+085 1 £ VR =42% 0
=96..58% 0O i
a % (d)  To Calculate the KVA output at which the efficiency is maximum.
(b)  half full -load and unity p.f F Full — load output = 30KVA .
Iron loss = 0.35KW % Copper loss = 0.5KW
2
SN 1y L' < — e~ — —Let ybe the fraction of full - lcad KVA at which the eificiency is
Copper loss = [—-) x0.5 = 0.125KW ¥ a maximum.
2 1 ® But at maximum efficiency,
Totalloss = 0.35+0.125 = 0.475KW &7t Copper loss = iron loss
v
b
296 ;‘ 297
3
A
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Sy 05) = 045
[ .\s)"
r el
o = 0837
- the KVA Oufput at maximum cfficiency
=30y
=30x0.837 - )
=25.11KVA Q
Question 19
Find the all-day efficiency of 5 200KVA dlstrﬂ:ulmg '-'ransformer whose
<opper loss and ron loss at fy)) ~ load are 1009W and 800W res-pectlvely
adayofg hours, jt js loaded
NO. of hours Load in KW - Power factor
8 150 EATY 0.75
10 100 “U40.80
4 72 ¥ ‘ 0.72
2 > 0 - {r
Answer Jg
Oulput over 24 hyrg L
= xsoxumouonzu . .
= 1200+ 1000+ g9 5
= 2488 KWh
lrunlo:sfor24hx=- 0.80 x 24 . laoh o9 .
=192 Kwh : PR
To find the €CPper loss, we firg of all find the KVA'e, equwa.icnl of the load
using
£t | cu |
Cos@ p.f
For p = I50KW, p f = 0.75
150
S = 63; = 200KVA e1c
loss is

25 100

-1 (200 i

L] 2007 x tl(m J xlo”( 00)
C =
-OPperloss = 8 + 39 +1.0
COPpaioss‘ll'?lKWh

298
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£ K rnPery Total energy loss = 19.2 +12.91
" Total energyloss = 32.11 KWh A

U Output energy in KWh in 24 hours e

= input energy in KWhin 24 hours = T = Sy
2488 100

=——x—% - S : S5
0T o488 43211 1 _

Nao

|
|

o =98 73 % O :
&Note that the iron loss occurs throughout the
occurs only when the tmnsfozmer is loaded.

3. 5 l
daywherms thecoml ‘

= 5.2 A.C Machmu

(Qa;!am::nls pole cage mducuon motor runs-at- 5% sh

motor speed if the supply frequency is. 60 H Z
®) A6 - pole mductmn motor runs at:’
3 " supplied from a 60 HZ supply. Calculate K&
i arfr ""m

P Calculate e

Synchronous speed 3

Nr L= rotorsPeed

‘.A.lso U g :u

N, =1{ T———522
: » P

where : s
‘ of = thesupply frequency in Hertz
- o P = the numper Of pairs of poles
;:M :.N,=‘?= 15 revs/second
S . 15 - N, i
ol 005 = —~ % -
i 0.05x15 = 5. N, A
§ N, =15.0.95

N, = 1475 rps O

P Mo g e

mﬁiﬂv‘ﬁ’w




& N = ﬂ.—,‘:,?—o,x—so—ll.n.‘)rpm
2 =0 e T3

'Ihﬂ WPP‘Y frm[umcy of an cight- pole inductio AL
d:eshaﬁspeedls‘BSrpm.Calcujam 5 ;flSSOHZ

3235 r"

'Quuﬁon Fasoads B
The mtor em f of a 3 — phase, 8 — pole, 440V;S0H Z md'n:uon mulm;
Calculate the sgeﬁ! and percentage slip of the_ motor.

0] 75 P°1£-50HZSQUHTE]—cagemduchonmomrm(mloadma
A !osquphase' thefullmpmmth:mou;rlsmsr

sbaﬁspeed of 970r. p. m. Ca.lculate Y g
(i) r.hcpcrcmtage shp 50 s #

g - 750-15 100
750-735 100

% ate 3 =t e
750 2 & acat L3 =t 5, B il S
§=2%p L Bk SNy = so:so_ =TS0 Py . MBI mnins o
) st ) " 5. N =(1-0.04)x750 :
lip speed = N, - N, N = 720r.p.m O :

=750 - 735

Slip spe S ,
P *peed = 151.p.m.0 - @(ii) . Rotor copperloss = § x rotof input —————-——— 52.5

300 301

Rl BRI N ——
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rotor mpat = 105 KW
Rotor copper loss = 0.04 x 105 x 10°
= 4200 W
4200
s Rotor copper loss per phase = -—} = 1400 W
Rotor copper loss per phase = | J0KW 0O
Question 4
A 4 - pole , 300V, 3 - phne.SOHZuﬂucuanmotormnsmIMOrp.m.
& 0.8 p.f lag and delivers an output of 10.8 KW, 'I‘h&stalorlostslﬂﬁa
I—dhm-dwmdagebmm.wow Calculat
@ Skp N~
(m) rotor copper loss
(m)  rotor frequency
vy Bne current
vy efficiency
Amewer 4
& & ~ N, —N;- 108
N, 1 - p
N, = o 60“sio—lscrhor.pr.n
P - .
s . 1500 -1 100 60x<100 E g i
1500 1 1500 L 5
. s = 4% O
(=) Let P, be the rotor copper loss d
SP
—— - — 526
or. 1-s
Where

Po = 1L I9KW

P = O04x1119=10° 16
‘ 1-004 096

P, = 46625 WD

(i} vorer Geguency = Sf )
L~ 004x50 “
£ - 2HZ
302

'}n..

(W)

n

Question

T,,/pnal on El lzcmca! Engmemag Science

v Rotcrrmputpower Pn +P, —P
- P = 11.19 +0.466

':_p = 12716 KW

L=

=84.93% 0. & o

The power input to ihe mtor of a 500V, SOHz, 3 - ph

"mdncnonmotcrrstwltw huobserved .that the i
runming at 4 % skhip. ‘l :
Calculate

power = -J_ 3V, 1, Cos@ e g 27

thrc :
= line Voltage : 1 L
lL = Line Current { i -_.' |
Cos @ = power factor o
r —-—“'vw—-_ i‘
P, = 11656 KW }rssmod it woin o
,‘.mo!orinpul_ power, P, =P, +smor losscs
= 11.656 + 1.060 P i

k2 716 xlOJ
12716
fx400x08’
2294A O

J-x400xl x0.8
_ 12716 -
554226

|

10.8 i
2716 -1

5

roter speed

s C;,l

303 ;




2‘!‘01' ;;éismnc'e per phase, R,
oP.=3LR
> Where:
4P, = Totor coppu'ioss_ ]
Ri ‘—mtorres:sta‘;:lc?ekpe}phase‘ ST ¥ 5 ) a4 : ; I 6t o5 3 - » : 1;31.{?}"'“?’!5\""‘
51.60x10° = 3x80% xR, ;

1600

{d)

e

CiR L8

_ 160x10°

y
tems of full — load torque when started by means of
{9 *astar — delta switch
b) . an auto — transformer with 60 % t

h‘“ magnetizing cun'ent. The sho urrmt of the motor at
i - ]oad cun-entland the ﬁlll load shp is3

T
T —;
¢ Ta =0389%

2 ._..bIn—* 38 9% OfIf 0 iy

FR s S 7
7 : ' \lestlon T : 5 ; LT
The power supplied to a three — phase induction motor 1s 60KW a:nd thc <j
5.2.11 ' ' - - ; omesponding stator losses are 10. SKW Calculate.

304 305 L e
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) the toral mechanical power developed and the rotor copper loss
a 1
the ship is 0.05 per unit: e .
) l:::‘umul [ufu‘w of the motor if the friction and windage losses are

S.2KW and (c) the efficiency of the motor, Ignore the motor iron
loss.

dnswer 7
(a)  Input power to rotor = 60— 10.5
= 495 KW
§ = _Fowor copper loss e 5.2.13
mput power 1o rotor . .
0.05 = Tolor copper loss i
i 495

Totor copper loss = 0,05 x 49.5
rotor copper loss = 2475KW Qo
Mechanical Power developed, P
Pn = 495._ 2,475

Po = 49025 kw 0

] Output power of motor = 47 025 _ 8.2

= 38825KW 0

38825 "'l_"‘

60
38825

© n=

n=

Y

‘M =647% L4

Question 8 ‘
A 1200KVA, 15KV, three - phase, star-connected alternator hag 5

1 @ core loss of 35KW, 5 field copper loss of
1LAKW and a combined friction and windage loss of 13.6KW. Determine
e full-load efficiency at power

factor 0.8 jag,
Answer 8
Ful]badcun-cm,l = L0
\G:IS
I = 4619 A

Stator copper lost = PR
= 3x(46.19) x12
= 768 Kw

06

b R o s i

e v ok e

T

Tutorial érg_f.‘{gcﬁ'y:ql Engineering Science

Output power' = 1200x 0.8 = 960 KW

Stator core loss = 35 KW -

Stator copper loss = 7.68 Kw.

Field copper loss = 11.4 KW

Friction and windage loss = 13.6KW

Total input power = 960+ 35 + 7.63 + 11

Total input power = 1027.68 Kw

Output power '!

Input power
10

P 102768 1

. 93.41%

L] \KC@:Q t"‘l

4+136

%

53 D.C. Machines
Question 1 = - 02 0 e
(& A d ec. shunt generator delivers 4004 at 240Y 4 th
of the shunt field and armature are
Calculate the generated, em.f.
SR v

"

are40 0 and 0,05 g rmdi

P I RSt

® Adec smm

@
@

§
i
N

5

e ﬂ;—_‘:—_.-::; -
.

)
“
i
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“d.c.motor with an armature wiof 0.
sk 'ou drop of 1.8V has a back efi.f.

}L""hd'E e.mfgena‘atedmtbearm :
[' .V = terminal Voltage e 2 InEw -
|

Y : =20A
. * The mo(or em.f. equation is given by

BE = VoLRy ——o—— 533

= back e.m.[. of the motor
-V = terminal Voltage— -
L. = Armmature current
R, = Armature resistance

= 280 (40 x0.5)~3

Y : i ¢ES 250 4
V= 257V 0 i 3 FrEng oo E=246 Vv [
“E=V+LR, +V, it A RS T s ‘
E = 320+(80x05)+3 FE T IR b .~ When the brush volt dro f
: : p is not negligible, l.he
_E =320+40+3 | : ! i modifies to e B
©E= 363v o S e : 6E = V-LRa-v,
f i ! = “'_ ' ; Where: _
Higa™ By ~ ] Vi = brush volt drop.
) A 250\’"' khl(mt wound d.c. motor has a field winding fesistance 1220 = V- (10x042)- 18
| = of50Q and! ‘an armature resistance of 0.2Q, If the current taken 220 =V - 4218
| fomthe Supply is 254, Calculate the backemf. : : V. o=220+6
! 44 N ; V=226V 0

308
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3

£V g1 I i " n'= 360 rpm
{a) . A 220V series motor has a field winding resistance of 0.25 Q and :

3607 ¢ - Lelhig,
an armature resistance of 0.8Q. If the current taken at 360 r.p.m. is ‘ﬂ,;go— e _,6r.p__;“ s
40 A, Calculate: ' o 178x40 DG AL T
(1)  the back e.m.fof the motor DS R R ]

(i)  the torque on the armature o

e 1 O ;
‘»T“_L’ 88.:.86‘.1:?&]’""“‘::?4&

i JNilel

Pk L LI
BT i

() A 240V, dc. series motor has an armature resistance of 0.2 Q and

2 field resistance of 0.8 It runs at a speed of 500 r.p.m taking a
current of 5A against a full-load torque. If the load torque is
reduced to 36 percent, Calculate the

speed of the motor assumin
the field is unsaturated. ¥
Ansreer 3 ok : : .« oNe sepeedinthesccond case,

"By = Back'en.£ in the first case

Eyz =Back e.n.f. in the second case . " '

 the se

¢Tadl, ‘-——‘--_‘--- -9;1*_:5._‘3,17;52 = %y G

8 Tals i 5
~ Ti. = K(5)° Where K =constant |
h=KIL CRYLaL

Fig 59

= PR S T
2

: T [Kla) o Lie
E =V-LR, e T : T ARxs)e s
E = 20-(40) R, FOB 205 V- (3w SIAT 5
Bmﬂ:clm_alarmm:ccimﬁ:msistm—._ism.fm)since =~ 036 S5l
ﬂ:zqt'ormmzcmm T g z " I; = 036x25 =9 : e =
E = 220-(40)(0.25+ 0.8 ) - R T
E=20-4 I = 30aA RO T o
'; E = 178V o E,, = 240-5(02+08) =235V . =/ ol
i E s E, = 240-3(02+08) =237 v
! G) T=_"n .
‘ ® Gi) P 535 acNy 232 .5 y
, . : ) = —=5007 2353
T=10rque, E = back e.m.f, N, _ i85
L = amature currem 500 ~ 705
o = maotor speed in rev per second '
310 311
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500.\“&{
s .
- ﬂ\&‘rp.ln ot

N

N

@'"':,:swmrnhsd 600 rp.m when
wenfthmucmmuulsuhm

WMQLQ_MMMW‘] u::‘“‘"ﬂflhg

o *N\Beﬁﬂml’ﬂ'wkhlm\mheowm s

m
:E‘;?‘”‘ Lo be QL0158 Wh.

- Ry!

taking “‘M from a 200v

@tmmﬂm‘m le+
RS ek = 110A
llﬂxil..’ﬂ

00} =020

Il

=NTTx001SEx N,

1z
s 100257 rp
e RMA = 1003 rp= O

—
I

z =
%hhmzA»-po&eé:gmamﬁmmm
hdutors gemerating SO0V when nmming a 1000 rpm when

312

Se amanr. s ;.
{? Lap commersed g
% Wave compeies

3 TR s Mk, = AP
- N PR "W

«TRe "

-

Jhr--rulow Electrical Engineering Scwence .n‘
ASix -~ le armature is wound with 420 conductors. e

iy mng:cuc f!l:’::andlhespmdmuchthuﬂwnvmee m.f.
generated in each conductor is 1.5 V, and each conductor is
capable of carrying a’ full- load current of 80 A, Calculate :::
terminal voltage on no load, the output current on full load and

total power meruedmmllhadmmem-s

[0} Lap - connected and %

() Wave — connected.

Answer J

‘i-\)

#zz:mou:u
4155 mWb 0O

(“'}‘-- Wave — oommed..ﬂae,c 21
£ 60 x S00x 2
T2x1000x4 -
©=0.02078Wb
©=2078mWb 0O

=% P 5

® @  Lap-—comnected
Nmofp.‘ndm =6
Number of conductors per path = %

70
Tqmleohgonnnh-d*(e_m_tpqmm}
x (ln.nfoond\mqup-h}
=15x70
=105V
Output current on full load =
conductors

3

(full-load current
313
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x (o. of parallel p"'hs)
=80x 6 5 = - :
e -5 Iﬁxllloaﬁd '
nerated. on
B C:::l;s: current x gencrated em £
480 x 105 '«SMOOW N &
50.4KW O

(i) Wave - connected
Number of parallel paths =2 .
420 10 gt
No. of conductors / path = = 210,

Termma] vol!;oe onno lom:_l_ =1 5 x 210

Output current on full load = 80 x 2
) =160A S
Total power generated on full load
= 160x 315 = 50400W
= 504 KW+ EI % !

Question 6
(& A 20 KW 1500, I.p.m. generafor opi
‘{ollage of 240V. Galculate i

no-load Vitage of the genera.toms'ZSﬂ.

ting at rated load has a

oltage reguldtlon if the
i ; = d

® A l(l()KWr 250V Shunt inotoritakes a full load- In‘le current of 42
A. The ammature and field resistances:; are 0. ISQ and 2000
respectively. The total brush-confact drop V ahd the core and

friction losses are 220W, Calcu]ate ihc efficiency of the motor
assuming that stray — load loss i is 0.05

‘percent of rated output,
Answer 6 s
- (s
@ VR = ‘o Ve sy
ym:ed ' G 5 -

Where: / R R M TR

V. R = Voltage regulation - . R

v,

ni = Voltage at no-load -
Voes = rated Voltage -

~ 250-240 1
R i,

214

Tumrmfon iec Jca?Engmeenng Science

‘(b) iﬁ;uxfpov’ger Z250x 42 = 10500 W '
A i e - B s w
_Fiedld‘ resis}ance loss = 500 ‘

v 50 §0TlA
Ak i

42-125 = 40.75 A

,atuzre resistance loss = 40. 7’52 x 0 15
: L= 249W &
ore loss and fnchon loss = 320
—contactloss = 40 75x25 ‘101, 88W

; =50 w
Hyrakagh 312 512, 49+ 320 +101.88 +so

otal losses ='1033.38 W' "' ©

wer output, = 10500 — 1033 38 9466 62 W
s 9466.62 100 i

10500

%"

i1

espechvely, and the mech:
utput, torque and efﬁcwn

RRr=210Q

 Fig.5.70

) 315



Tre aﬂsﬁmners and,
: Erm,,,_a
5.10 shows the shunt moto: "‘Ifangemem IM"C’"M

Ry 300 - Rk

ey T . }
I Ir o

Lo s 23762 ; b

][;‘ e m. f at raled outp t and rated 8peed

Speed N =.950rpm;:

27x950 99 a8 X
T80 ¢ mdls

_ Totque, T = ¥ ___;;55.312 o
1t * m 3 i e

‘w__

Output power

ik
n =8.4%0
estion 8. D.C. machine opcratmg at 1120 r.p.m has

d is reduced to 60 percent of

.An elght - pole 30KW, D
bled, determine

a generated e.m.f of 120V. If the spet:i he
its original value, and the pole flux is

(i) induced e.m.f,
316

Cll.lTCDl 0.

A 230 - Shunt motor has an armature resistance -of 0. 32(1 and a

Ex
UNO,

Nx®

‘=B 243
6T 108
‘At no Load:

" E, =230-237x0.32

1, = 45-213=23TA

: ﬁe!d resistance of 108 Q. At no -
£ 4.5A while ninning 2t 1180 r. p-m. Ift'ne hqe current ‘at

ad is 48 SA. Calculate the full —load sp;cd

120)(060 Nx2®

load the :motor: takes a line

_930-076 = 22924V
317

| oo »ﬁ:-"i
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5 nf';ﬂ' shunt resistance line g

Transformers and Electrical Machines ¥ AP b ) & ¢ :
Ny = 1180rpm : , dnswer® been plotted in Graph 7?:1-:;!]"" slope of the line giy
At full — load BRI Th&nocsﬁo::. s il:npdml to note L 1%
= RXL > Wt drawn as > ine.
ﬁp:a;gﬁ;uXcm, L=485_237 : : . e ﬁglgi ;:sglstancﬂ ofl‘he m,chmwn X
Bz~ 2304613 0,35 n L L -
E;=230_ 14.76
E;=21529vy
N . E
N B T 53,13
Where: 3

Ni = Speed at no - load
N;, = Speed at fu]] - load
E) = Back e.m.f atno — Joad
E; = Back e.m.f at full - Joad

180  _ 2294
N, 21524
N, = 1180x215.24
229.24

N, = 1108 rpm [

1572 25
- FIELD cunRENT(A)\ :

I 21 3
Y

: ; iti 7\7|=2AU
The generated e.m.f = 400V the Exciting curren
megO B is tangent to the initial part of the O, C. C. It' represes
critical resistance. The slope of the line as seen from point A give
the value of the critical resistance: g

: : o : 360

Critical resistance iy

240Q 0O

Question 9
The following table gives open —circuit Voltages fo;‘diﬁq?_x;.! values of,

field current for 2 d.c generator:

Open-circuit voltage ). .7~ © mmmﬂ!lm
mmm

Il

. If the machine has a field resistance of 2000, find
E‘ (a) the generated e.m.f and the exciting current

Il

(®) ° the critical resistance

(c) the resistance to induce 444 Volts on open - circuit. :
Line OD represents shunt resistance for inducing 444V on open -
Circuit. Its resistance is = ——;‘? 5

- —=17760 O

319 )
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i\léﬁo-;l-‘-) e ooy o ovme <
e RlOWBEBRUSS @ve the ¢
_onstanfspeed of 700 rp i, - L

Cof

is 5000, find the range 0 rpm i
oltage bet cen the limits of €0sta;
¥ gJe ; . () 180vand250 . to
ROFPI:, - B ol 230V on gpen e il te vary e

dnswer 10 , TR
TthCChﬂS been plo_m:g in gmﬁhs :

< S,

- > ~
400 GRAP_H 8 -

TERAMINAL vi:f)_!.‘:ra.asm

FIELD CURRENT(A)

) Line OA is tangent to the initial part of the 0. C. C. It represents

- Yhe value of the critical resistance.
Critical resistance = 200
Gipa 125, 533
= 160 Q 0

Point D on the graph gives a Voltage of 180 V. The corresponding
Value of the exciting currentis 1.5 A ’

320

fical resistance.. The slope of the line as seen from point C gives

Tutorial on Electrical Engineering Science
R T e

B - 12002
15

. The value of the field rheostat required
=120 Q- 350Q
=700 0

Field circuit resistance =

Point E on the graph gives a voltage of 250V. The curmsbgmdii:lg
value of the exciting current is 4.15A s © SEEL G, SopeR TR
Field circuit resistance = - i

415
=600

the value of the field rheostat required
=60-50 - = e
=100 O Ly L
- the range of the field rheostat required to vary the voltage:.
between the above vollage limits is 700 o 10T 4T A

Summary of Equations Used e

.~ TRANSFORMER EQUATION ;
Vv, 1 sl 4
i

- EMF. Equation of Transformer
C E=444 INO — 52
*+ -Impedance Transformation in Transformer —




R

. 3
i_y [V ;
X-—X.[ﬁ) --------------------- 57
2
RL=R_[ Ve
< R“(V:J --------------------- 58

Transformer Efficiency
Output Power

=
Output power + losses 3 1
m=[,.£ L 100
input power 1

Voltage Regulation for Transformer

V,_ Cos(p, -

vR=YeCos®. -0 100, o0
1
P-
Cos @, = I,V" 5.15
Transformer All-Day Efficiency
_ Ouiput energy in KWh in 24 hours

input energy in KWh in 24 hours 516

Percentage Slip
s-N, 100
= 517

oo N
SCA = —J. %

322

APRRYKIRENTTIN T s e

~10.

" :Motor Efficiency

.- - Torque

PR o 3 =

T ut'aréal on Electrical Engineering Science
:-9.. - Synchronous Speed
: e

Nesps
Slip Speed
Slip Speed =Ns - N;

Rotor Frequency .
f=Sf —
‘Actual Speed
N=(1-S)N;
Rotor Copper Loss ;
S 2 G e i
Pc=—= . :
A ' S
Power ; Cn AL T hg =,
P#ﬁVLI,_CosB 3 A .52
Po=P(I-8) e AL
P.=3IIR, —

‘Output Power
" Input Power -

b3

L. 1(I,= s b Soiie
IR e i e e

EM.F. Equation of Generator
E=V 4L Ry 7o 0 i
E=V+LR,+V, .

Spesd — Voltage — Current Rélation
323
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&3

'Ijhg,pumaly winding is connected to a 2200
Calculate:
(e) the secondary voltage onno load \

(f) - the approximate values of the pnma.ry and secnndary
‘ currents on full load

i) - themaxlmumvalueoftheﬂux o)

2 - A 200KVA, 3300/240 V, 50Hz, smg]e/pha.se transformer has 80

'L
| |
] STUA S'OKV‘\ smgle—phase transformcr has a turns raua of
“‘turns on' the secondary winding. ‘Assuming an 1dcal transformer,

“a”  the primary and secondary currents on full load
b. the maximum value of the flux

c . lhe number of primary tums

L350

1P oA _step-down single-phase transformer has a ratio of 15: 1and a
3 pnmary voltage of 3300. Calculate the secondary voltage and the

power factor js supplied. Ignorc transronner losseS

| e g L

primary and secondary currents when a load of 30KVA at unity

A 2000KVA transformer is
< and iron Iossm of 2%

insulating gil. Calculate

a the eﬂicimr;y at full load, unity power factor
s b, the :ﬂicumcy at half-full Ioad, umity | power factor

Astq: u.ptransforma in amall;adm sahmlwm%m&\c

-primary coﬁ and 600 turns in the secondary coil. When the

. coil is connected across a 240 Vac. supply, the electric current
_through it is 45mA. Find the €. mf_ and the clecmc currenl in the

secondary coil. :

Eansforuﬁer steps dow-n voltage ﬁbm 2400V 10240V = "

: -Eﬂ;g&nnwggmioww find the number of furns
- ~in the secondary ccul

Find the primary®and: secondary electric currents when
-4KW- of electrical power is !;ransfcred from_ lhe pn'\"ary
< f-lclmmbio the secondary cl.mmt a]-85°/. efficl

IOKVA non ideal uansformgr hasa prm:'~ \imd.mg
{0250 and a;econda:?;"'" "( stant Q{J.OGD.' !

<the: primary and seconda:y cﬁmnts at rated loaﬂ; ‘and the -
total resistance Wi

- referred to'the primary and !“‘*'i— o
Lreferred to the secondary. - :

A 1@«100&\!&, 2000/20()\7 two—w1nd.m§%-a.nsfomer 1 conm:cted
as an-auto transformer as shown in figure s 12 below spch that
-='more than 2000V is obtained at the secondary, The pom(m ab is

‘the - 200V - wmdmg Compute the K\'A raung as an umn
',.;transformer




A S0KVA, 24001240y transformer has a core
g oM loadyele. 4151y e 0
woifaload o T0.0%, 50%: 750, 100%::110%
Houss 466

OC test — primary voltage, 3300V; secondary ' volt

Transformers and Electrical Machines

w=500A ' "
ar > ®

loss P. = 200W at
a copper loss P, = 500W at full Joad. It has the
adcycle . £308 N R £ i

rated voltage and

Power factor - - |

0.8lag 0.9 lag 1.0

S R VTR
MiE§ 2T L) e)
Determine the all-day efficiency of the transformerio: !

b

The following results were obtained on a 50K VA

transformer: )
st - age, 400V -
primary power, 430W. : 66
S.C. test — primary voltage, 124V primary current, 15.3A; primary
power, 525W; secondary current, full-load value, Calculate

a the efficiencies at full load and at half load for 0.7 power
factor;

b. the voltage regulations for power factors 0,7
i.  Lagging,
ii. leading and

c. the secondal

ry terminal voltages comresponding to (i) and
(19).

Determine the voltage induced in the armature of a d.c. machine

m and having four poles. The fux per pole is
326

al E 1rig Science
Jectrical Engineer . N
{ on Elec nd: thee" armature: is lap-wound with “77g i
i 5‘5?1\'\,[5;'21150 the electromagnetic lorque lf_lhe i'."."“ﬂlure :
¥ .alcu o At :
rA s  T30A. ik,
tor with an armature resistance of 0.250 ang ,
A d.c mo

) cﬁl’l!lam
k emfiof 216y
of 1.5V has a back em.f OV When
bmzl:u:: ::tui:: is 10A. Calculate the terminal voltage, ¢

" Jutorta

duq,"‘
llrrgn i

{4 sV SOHz thre quirrel-cage induction Moty i/
i -415V, 50Hz three-phase squirre toriy
; ;77/55&1:.:5 and has a' power factor of 0.92 lagging. Calcu, ,
0 4 ‘ o
e of Tt 5
} i B, e ey oA o i 'Stéﬁce‘éfolln'ad
A otor has a field winding resj r nd an
ot 200N siirsl?sstan;ce of 0.3€2 If the current taken‘at § revs/second j
‘7‘;81:t::l;tiaculate the torque on the armature. Ca.lc‘u_]atﬁ alsq the back
em.f. oflhe-motor:lr‘«:'_?-‘,"-""‘ LI;“,: 5 V:I:»". i ,‘Jm‘. (i
A d;: shunt'igenérator, has an indueed e.m.fiof 300v when the
it S c is 80A and the terminal voltage is 274y,
'~ Assuming a brush:volt drop of 2V, calculate =iatis-119e I

of 60A, and

©F300V when delivering. 1004l

‘J'I‘h,efprow& supl’. lied to, aﬁlre‘_q-rﬁhas_g _indl'ig_nén'er'ﬁ&t_éi is 40KW and
L the corresponding stator, losses arel 1. SK Wi Galcitlatéis® 141/,
: (a)

the total mechanical power developed and'the roto

i ‘loss wheni:the slip is 4%3 |- (rotsr firy ;

(b)  the output power of the motor ifi the:frictio
losses are 0BKW, and> .00 oo o

(c) the efficiency of the motor:. -

r copper

17.  The power iﬁput to a 400V, 60 ,l

iy the IOtoT Copper loss
-(ii)  the brake hp.

(iv) ¢fficiency and

™) input current,

-

SRR AT il

N A e T

T

reased to give ;

g e




,Mm{qmm and Eleg,

W, 4-pole, SOHz, 3 - ph il Maching
: 8,65KW, 4-pole, » 2 7 Phase inductiop i
o mj windage losses of 2.5 percent of, the outpui'.l:'nr;:’;ul:ﬁo?:hqn
I” is 4%. Compute for full-load: s slip
® the rotor copper loss £l
(b) . Aherotorinput , . :
(c) '-‘the output torque | , ., ! gl

(d) . the gross electromagnetic torque,

 The ,apen-circuit.: characteristic - of « 5, arately- - exci
'9" ., generator. driven at. 1000 r.p.m. js as follo iy ?"'Fxc";ed dei

WSLes
Field current (A 0.2
. If the machipe is connected as a shunt generator
;<= Ep.m.and has a field resistance of 1000, find ' ;i - 1.
(a)  cpen—circuit Voltage and exciting current.
(b)  the critical resistance and
(€}~ v iresistance to induce 11

- 5 volts on.open-circuit -
kSR T I SR g FaiR. e s ST

20.  The open-circuit ; characteristic . of . a shunt generator. when
separately-excited and running:at. 1000 r.p.m. is given by: i

AN
e TR V0 by e sl siadbeyy Tt (i id)
272 - |Open=circuit voltage ~ . [56 - .[112 150[180 (200 (216 [230)
" |Fieldamperes % 7 0.5 1.0 15120 23 3.0 35

i: VIfthe generator is shunt-connected and rins at 1100 r.p.m. with a
total field resistance of 800, determine

eyt @00 Dosload em.f ol o e b , !

b. . the output when the terminal “voltage is 200V if the
A : armature resistance is 0.1€2. f ol
e, the terminal voltage of the generator when giving the

maximum output current.
Neglect the effect of armature reaction and of brush contact drop.

RN TEAT, " S PR (R TEE
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THREE PHASE A.C. SYSTEMS

" Question'1 . '

-:i(a). . Three resistors having resistances 20, 3Q and 50 are stir-

* <+ connected to terminals A, B and C respectively. Calculate the resistances

;. -0f equivalent delta-connected resistors. ' Rkt

5 Three resistors having resistances 100, 50 and 2502 are delia- )

" connected between terminals AB, BC and CA respectively.
Calculate the resistances of equivalent star-connected resistors,

4

. Answer 1 i ol
" Z7a’ The star-connected resistors are shown in/figure 6.1 and the
equivalent delta in Figure 6.2. . e

Fig. 6.1 Fig. 6.2

To find the equivalent delta-connected resistors
Ru=Ry+ Ry + Rafte

6.1.1

Where: i

R, Ry and R, are respective star resistances. R,, = Equivalent delta
resistance connected between A and B =0 T

Ri=2434 253559 '
5 5
Ru=620 D
! 1<Mam+n,+R'R=

PR A -_‘M
LU RV TR xS



