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Terms and Definitions
Google ! reactance vs resistance

1) Waveform: graphical representation of alternating quantity
2) Cycle: complete set of all possible values of alternating quantity
3) Amplitude: peak value/ Max -possible value .taken in a cycle

4) Peak to peak value: magnitude of values between maxima in
eve to -ve cycle

5) time period CT) : time taken to complete one cycle

6) Frequency Cf) : no of cycles in one time period .

7) Angular frequency Cw) : no . of circular cycles in one time period
8) phase C't) : fraction of time period that has elapsed since the
reference chosen.

9) Phase angle Col or O) : fraction of 2T that alternating quantity
'
has

revolved by in rotational analog , with reference co
-
-wt)

Io) Phase shift : phase that waveform leads / lags by reference

→
wt

# wt

F V
lag : i = Im sonCoot-01) lead : c- = Imhis Cutty)



H) In phase . If two alternating quantities reach Max and min at
same instant of time

, they are said to be in phase CD0=0)

p
min

to
max

12) Phase difference (Dol) : If they reach him/Max at diff . times.

t.io#
b) Out of phase: If one alternating quantity reaches eve maximum
when theother reaches -ve max , they are out of phase
Cbp = 180

'

or te)

my Phase lead .. If an alternating quantity achieves maximum before
the reference quantity reaches maximum

,
it is leading
2 leads v

5) Phase lag : one quantity reaches max. after reference quantityreaches

in prer . diagram , V lags I



lol) Phaser : It is a moving/ rotating vector. Alternate way of

representing the alternating quantity . Represents magnitude and

phase of alternating quantity .

Phaser representation

n) Phasor diagram : It represents phase relationship between two

quantities Crme value represented in phaser)

18) RMS value: Effective value of DC current/voltage) which
gives same heat as AC in one cycle . Mathematically root
mean square .

a) Lead - lag in phaser :

¥lead
-

¥c lag

20) Average value Ee rms value

Average in fun cycle = o (
(* --¥+1

4

Average
-

in half cycle -- Iang
-

. If Im sinwt dnt = 2,1yd
O

rms value in full cycle : Irm, =Lzf"Im2sniTotdwt = Tyg



Response of Pure thin AC circuits

r
interested in

-Whr
e voltage
. current

j µ ) . phase relationship

-0N-
"

power

v--Um sin wt

a capital letters runs value
• small letters :

'

instantaneous name

According to Ohm's Law

ie v
-

R

i -- von ein wt
g-

= Im sin out

/i=Imsinwt-1
a voltage ee current are in phase .

- Phase angle 0=0
-



Waveform
p

"

.

Phaser Diagram
• always rms value

I V
→

Average power
P -
-÷ of
"

wi dwt

-
- ÷fmvmzmhiihwtdwt-vm.my/.T-wg2-ut--rmzm- I my - o)

/P=Vm7ImT/ = Vrms Irons
→



Response of pure L in AC circuits

L

i FET
→
I

V -- Vmsin wt

According to WL CActually Faraday's Law/ Lenz 's law)
v-- -e

e = - Lali
At

a- Ldidt

,

f di -- fYat
i -
-

fvmnisy-tdt-rmf-aeswwt-ji-vwm-C-ueswt7-vwm.ms( wt -th)

i-- thy sin (wt -MH

e phase lay a tip



Waveform

✓
P

Phaser

I

Average Power

P--¥ fmri dust =vmjtm-fttinwtcoswtdt-vm.zn-coszwt-J.tl= o p --o

• No power dissipated in an ideal inductor.
Impudence z= V LO

.

2¥90 .
=
24900

Za jXL



Response of Pure C in AC circuits

if
-
not
a-Vmsinwt

According to KVl
V- Vc -- O

V -qz
-- O

q -- cam sin wt)
i --doff = ewvmaeswt
i -- thy sin Cwtttyz)
i = Im sin Cwtttik)

K -

-Te "¥
Waveform

,
P



Average power

P=÷§{vmsimwt) Cam coswt) dont
= unjam fniiwtj! --o

P - O

. No power dissipated.

2 = -j Xc



SERIES CIRCUITS

1.Serial
R L

femme
° capital letters are

c-ur→ c-q→ rms values
'-¥

V

T --VI TI Cphasor sum) vector sum)
V=F¥I2VrvTuno

Phaser Diagram
a-

-
-
- - - -

i

k k#
"

resistor -5→
combination €¥r

'reference
inductor - Vi phaser

-1It t.ME
• V leads I by some angle of
• Applied voltage and current are out of phase

V -
-write

=CIRYt5 = Iet

/V=I#→ 2 is impedance



Z -- TEXT (unit '- ohms)

Z= ktjxu Cartesian) 240 (polar)

0 -- tan-1¥)

A- Vmsinwt

i -- Iman foot - f)

waveform

Average power
see

CP>=÷ fvidlwtla-fitmfthrmlwtrinlwt-ot.dkt
O



cm -

- Vinay of
"
cos Col) - cos 12wt -4) dat

= vmifm ( an cool - finest!
" )

= Vmtm cosy - Vmujym (o)
CP7 = Vans Irm, cosy→ 10 : O to the

Power factor -- cosy

Active Power / True power/ Real power CP)
actual power

a power due to I that is in phase with voltage
. work is done
° Vrms Irons cos of = (I2) CI) CI) = 142
• Watts (W) 2

Reactive power CQ)
. Q-- VI sin of
• Var or VAR (Volt Ampere Reactive)

Apparent power co
• rectorial sum of OT andPo
power supplied by source

u V A



a.series c

i.FE.¥T
1-⑦- phaser

V

F-Trite ¥> th

v --wienie vet....s
.

f- IMRE

V-- Vmsinwt
2=12-jxe

i -- Imsincwteo)
2£10

Pavg-- VI cost

Impedance Triangle

7¥.



s . Series RLC circuit
-

R L C

Fiemme,
-Q-
d) VL > Vu

phaser
T -
- VI TVI n

u

V --Voiture .

V

v=IFtxx / I

2--pretext
vVo

Z-- R +j (Xo-Xc)
= Rt j X

X -- XL-Xc
tan f=Xc

circuit is predominantly inductive
k

• current lags by of
Power factor

• lagging power factor
. cos of --RZ



Waveform

(2) Vc > Vc Phaser

T -- VITTI n

vivre
r

a- IEEE

V-- IFF
2=12 -j X

t.IFmmmwctwt.io) x -- Xe-Xu

Power factor
. leading power factor



(3) VL = Ve PhaSor

T -- VI tVI " [→VVr
V-- VR /V V

C

Power factor 2-- R
• cos of =t.CO/--o).p--VrmsIrms
. current q voltage in phase

Note : if 10 is tve , current lags ( mainly L)
if ¢ is -ve

, current leads (mainly c)



Oi : A sinusoidal AC of f - 25 Hz has Max value 100A . How longwill it take current to attain 20A, 50A and 100A?

Im -

- 100A
,
f -- 25 Hz

,
W = 217f = 5017=157-08

i -- Im his wt

i -- 100 sin (50Mt)

in 20 = 100 sin GOTt) =) 50ft = 11-537×9/180
f- = I. 28 ms

④I 50 a 100 sin(sont) ⇒ t-- 3.33 ms

Iii I 100=100 his Goat) ⇒ t-- 10 ms

02. the Max. values of alternating voltage and current are
400 V and 20 A respectively in a circuit connected to 50112

supply . the instantaneous values of voltage and current are
238 V and 10A respectively at time t-- O .

Both increase

positively.

i, writedown the expression for voltage and current at
time t .

④ Determine the power consumed in the circuit

Take current and voltage to be sinusoidal .

A : (always write units)
✓= 400 sinceoomf to, )
i = 20 Em Cloont t0/2)

238=4008'm §, ⇒ 0, = 0.637 rad
10=20 Stis 0/2 ⇒ 92=161 rad = 0.523



phase diff : (current lagging : mainly L)
10 = 0.11367 rad = 6 . 51

.

V-- 4008in (10017't t 0.20317)
i -- 20 sin Cloont t tf )

power consumed = Vrms terms cos¢
- VmImws¢_ = ¥201.7
2 2

-
- 3974 W (lagging )

03 . A sinusoidal wave of f -- 50 He has its Max value of
9- 2A

. What will be its value at
is 2.ms after thewave passes through o in tve direction
4-5ms after the wave passes through eve Max .

Show the current values in a neat sketch of the waveform

A: i -- 9.2 Sin ( 100Mt)

i) i = 9.28in (10017×2
Tooo )

= 5.41 A

dig ere Max is at his CIOOnt
,
) =/

10017k¥
t
, =L s ⇒ t=÷t%o -- 95ms

200

i. i -- 9-28in (100%4-9-5)
-
- l- 44 A



^
9.2

i 5.41 -
- -

i
on

toms,2 9.5

u

04. A sinusoidal voltage of 50 Hz has a Max. value of 200kV .

At what time
,
measured from a positive Max. value will the

instantaneous voltage be equal to 141.4 V

v - 200V2 cos 1100Mt)

141L = cos docent,
* do using sin

200V2

100Mt = ¥ ⇒ t= 3.33ms

05. A circuit consists of 12=201 and L-- O-05 H connected
in series . Vgupply --230V, 50112 is applied across the circuit .
Find current, power factor, power consumed by the circuit

.
Also

draw the phaser diagram . Cuse complex)

✓= 325.27 8in GO0Mt)
R L

MEMO-05 H-0-1
230 V , 50Hz



R- 20h
,

X< = WL = 5nA = 15.7082

2-- Rtj XL

1=21 =230g = 7. l l -j 5-59
20 tj (15.708)

1=9.044
,
0=-0 -67rad =-38.13 "

cos if = power factor
-

- 0.78 ( lagging)

power = V I cos 4=230×9-044×0.78
= to 63kW

06. A series RC circuit having 4h resistance , 120µF capacitance
connected across 230450112 supply calculate reactance ,
impedance complex) , current drawn (complex), power factor .

C-- 120×10-6 F
R-- 42

Xc -- -j I

R= 4
Kfc) = -26- 53J

2=4 - 26.53J A

2=1--2302 = 1.28 -18.48J A = 8-57281.40
2 4-26.53J

cos of -- cos C-81.42J = O- 149



07 . A non- inductive load takes 20A , 200V. Calculate the
inductance of the reactor to be connected in series
in order that the same current be supplied from
230V

,
50 Hz mains . Also determine phase angle between

230N supply and the current . Neglect resistance of
reactor.

R R L

undoAf
,

/ aoAµhm
← - on

-1
200 V 230V

, 5042
R-- 10h

2=10 tj XL = lot j ( 100mL)

20 = 23-0 ⇒ 2=11-5
2

132.25 = 100 +(3144%32-25= 98696 L2
1=18-07 M H

tanf = XL
y

⇒ of -- 29.580

current is lagging by 29.580



08 . Coil A takes 2A at a lagging PF of 0.8 with an
applied PD of lov . coil B takes 2A at a lagging PF
of 0.7 with an applied voltage of 5V . What voltage will
be required to produce a total current 2A with coil A
and coil B in series . Find PF in this case.

RA A RB B

FEM
-no-

t
-o-

10 V 5

cos *= 0.8 cos 0/13=0.7

0/17=-136 . 87 ' OB = -145.570

* I - -
→

r
⇒ = If I

= In 02

R
→

ZA =I = 5236-87 2B = 2-5 245-57
&

Ty = 5236.87 t 2-5 L45..57

ZT = 748 239.77

✓= 7-48×2 = 14.96 V

Pf = 0.77

current lags voltage by 39770



09. A sine voltage V-- 230450 , f-son, applied to series RL
circuit

,
R-ler, L

--0094 . arms =? of =? cos ok? actual power?
reactive power? Apparent power-7

TEETH "T
-

-⑦- R
V-- 230 450

Xu - 2nF L
Z-- Vz = 23-4 = 917--28.27

4tj 917
2=4 tj 19177

= 8-05 L-66.950 A (Wrt ref)

3.
wrtv

= 8 -05L-81.950 A (Wrtv)

0=821.9' Clagg ing currents

cos0=oag)
P -VIcosy = 259.21 ( IZR)

10=259.26

Q --VISino -- 1833mVAR CIZX)
S -- VI = 1851.52nA C.122)



Oslo . Two coils A and B are connected in series across 240V
,

50H2 supply . The resistance ofcoil A is 5h and the inductance
of coil B is 0.015 H . If the input from the supply is 3kW
and 2kVAR

,
find the inductance of coil A and the

resistance of coil B
.

Calculate V across each coil Wrt I.

femininity
- no-

240V
,
50 H2

3kW , 2KVAR Xyz = 4.7 I

p -- 3kW =VI cos of
Q -- 2K VAR = VISind

tan01=3 ⇒ § -- 33.69 .

2000=240×1×8 in 33.69 ⇒ I = 15.02 A

I= 15-02 L-33-69
°

Z -¥ -

-240g = IS -29 tj 8 -86
15.02L-33 -69

13-29=5-1 RB ⇒12,3--8.2918-86=217f ( O- 015 t La) ⇒ LA = 0.013 H
XLA = 4.15
-

ZA = 5tj (2Mt LA) = 5 f- j 4 - 08



VA -- IZA = (15.02/15-154-15)
= 97.6 239.69

.

43=8*29 tj 4.71

VB -- 1213 = (15.02) (8.29tj 4-71)
= 143.21 229.60

.

✓
tot

-
- VA TVB = 239

. 91233 - 69

Vwrtz = 240 L'33.69
,

ut
- r

-
r

/
r

-

r¢7- 'VAµ
"B

139.69/33.69/29-60
I



All
. Three coils A , Bando are connected in series . When a current
of 3A is passed through the circuit , the voltage drops across the
coils are 1W

,
6V and 9V respectively on Dc and 15V

, 9V
and 12 V respectively on AC . Find each of the coils'
is internal parameters
in power dissipated when AC flows through it
ails the AC applied voltage

Draw phaser diagram .

Find overall P -F .

penitentiary
- On-

is
ZA = II = Jr ⇒ 5k 42 that ⇒ Xia -- 32

3 O
,
= 36.89

-

43 = gig =3r ⇒ 32=22-1×432⇒Xyz22.242
Oz = 4 8 . 19

.

Zc = I. - 42 ⇒ 4h = 02 +XLT ⇒Xu -- 2-65A
3 Oz = 41.41 "

di) PA = 32×4=36W; PB -- 32×2=18 W; Pc
-

- 32×8--27W
Ptof = 81 W

Iii) 2µg = ( 9 tj 7.88) ⇒ V -- I2 = 35 .H 241.21 V
✓= 35. 89241.21 V



phaser Diagram VB
n

* note: do not represent
Vc 2 values on p'hasor;
3 V only V values

Va

-
I

power factor -- cos 10=0.75 lag

-012
. A non -inductive resistor is connected in series with a coil
across 230V , 50112 supply . the current is I-8A and the
PD across the resistor and the coil are 80V and 170 V

respectively . Find the inductance and the resistance of the
coil and the phase diff . b/w current and supply voltage
and also draw the phaser diagram representing the circuit .

RA RB LB

÷t1.8A 80 170

-In
230 V

,
50112



RA -
- Yz = Afg a 44-44 r

2B = 1,7oz = 94.4ns 10
→ vA

T --Ta + TB ⇒ V2 -- Va
'

tuft dumbosO

2302=80241702+2×80×170 cos O
also a 11/17
O : 49.68

'

2B = 94.44 249-680
= 61.11 1-j 2.08)

RB -- 61.1lb
XLB a 72-08A ⇒ L

-
-I = O-229 H

2nF

Ztot = 44.44 t 94-44249-68
= 105.55472-08J
= 127.81 234.33

u
'
. 0=34.33

.

tagging pf



Phaser

a-
-

-
- fBLuik - - V

VBL

14868 1134.33--017
I

r

-7
I VAVBR

PARALLEL CIRCUITS
we can have independent control over devices

ht -

-fit tri - - -

pGt
= G , t Gz t

- -
.

Admittance resolved
into conductance and

conductance Ee susceptance.
W) tf =L, thy

t - - '

Admittance triangle
admittance I
(↳ Yt = Y , t Yz t - . .

msceptance
Tt " IT + fat . . .

CV) → BT a B, t Bye - -
.



C

1. R- L Parallel
-

.
IR

i.FEIT
-⑥-

I -- Ir t IT
V

z --REE -
-tE⇐f

= V¥135
I = V Y

Y -- JEBE = Y L-Y Y-- G -j BL

phaser
v Ir

TFµ power factor -- cos of lag
2L V J

I

• current is always lagging in RL circuits .
V -- Um sin wt
i -- in sin cut- op lagging



2. Rtparallel
r

Emmy-
f.Ent I
-Q-
I -- Ir t Ic

z-- iE=fa5t¥#
I --VEE

Z -- ✓Y

Y -- G tjBe = Y Lto
power factor -- cos of lead

Za n 7 I

¥÷



3. RLC Parallel IR R

- myH¥ENN
V

I - Int IT -12T

case I '- Ic>Ic

Phaser

÷i÷÷÷÷÷.✓
C L

y -- Gtj ( Bc-BD

cos§ -- BeBe
G

V-- Um sinwt
i -- im sincwtto)



caseII : Ic LIL

Phasor

z -- 2r2t⇐#Y

÷ -
-

Y = G tj C Bu-Bc)

cosof = BeBe
G

V-- Um sinwt
i -- im sincut -of)

caseII : Te=L



series and Parallel combination

,
- - - - -

-

,

Rtjxu I Rl 4 i 4
imma
1- - - - -

-
i

i
-
- - -

-fixityr
- - -

Fix
'

-or
Impedance Admittance

÷
,

"LT tzu YeeYu -- It

2=1 I- VYT
2T



QB
. An inductive coil of 12=10r, 2=0-04His connected in

parallel witha non- inductive resistor of ash. The
combination is connected across 230V

, 50112 . Calculate
icy current on each branch
in angle of leadflag
total current drawn

CW) phase angle of combination
a) power factor

I,
R-102 4--0.0411
exhume

R2 --25Ntm⇒
Branch z, 230450 He

4=12tjXL XL -- 44=12-566

4--10 tj 4M
4--230

I, =Vq = 14.322-51.49 A

Branch 2
22--122=25

12--223,1 = 9-220 A

Zf -- IT c-IT = 21.30 2-31.74 A ⇒ 0=-31.74

cosy -- o - so lag



Que- Branch A of a parallel circuit consist of a coil R-son
↳ 0.1 H

. Branch B consists of RC in series , R--4Th,
'

c= 100mF. Calculate the following if V-- 230N, 50112
is current dis power in> power factor

IA RA LA
ummm

RBf¥me
-F

Branch A :
V--230450112

ZA -- RA TJXLA XLA = 217ftA = 1017

ZA -- 50tj 1017

ZA --1 = 3.8952-32.142
ZA

Branch B :
2B - RD -jXc Xc =2¥ = 1,0¥ 231.83
2B = 45-j(31.83)

ZB = 4. 173235.274

IT = IA t IB = 6.71 22.88

pf - cosy = 0.9987 ⇒ power-VI.cosy
= 958-6 W lead



015 . The admittance of a circuit is (O-05-j 0.0870,
find the value of resistance and inductive reactance
of the circuit if the circuit has been connected in
cis parallel ④ series

R
i> me

Emet
Y --CO-05 -j 0.08/0 = 4 -j Bc

4=0.05 BL -- O-08
R-- 201 XL = 12-5h

7 R Xu
ummm

Lt
y = @ - 05 - j 0.08)V ⇒ 2=5-62-158-99
z-- Rtjxn

A-5.621 Xie 8.99A



016 . A pure capacitance of C farad is connected in

parallel with an inductive coil across 230V
,
50Hz

supply . the current taken by the capacitor is 2A
and the current through the inductive coil is4A

.
The total current supplied is 3A .

Ca) find C
(b) Internal resistance of coil , reactance
ca phase angle b/w V and I
(d) Phaser

I
, 2A 21
-it
,
- - - - Zz-
14 A i

m-¥7.im?a..ty
-←

230450112

4 -- Xe -- gtfo ⇒ f- =2¥ ⇒ c=£¥
c-- 2.77 ×10-5 F - 27.7µF
Xc = 1151

2L-- Ret j Xu

2L = Vz
,

= 231 a 57 - 5
4



Phaser

- 22=4415-124405/0,
£ / p, - y 32=24-442×4×200501,
#d#v f, -- 133.93µF.
I

g = us .us
.\o/

Icon
✓ 2

IL

cosf -- Toil
Zueil

Roil -- 41-762

Xie -- ZE -quip ⇒ XL-- 39.52N

2<=57.52-43-43
2<=115 290

Ytot -- O -0130214.47

Ztot --76.661-14.47/0=-14.470



017 . Two impedances ⇐tjlo) and do tjls) are connected
in series and the power dissipated in the circuit
is 250 W

.
What will be the power dissipated in the

circuit when the same two impedances are connected
in parallel across the same source?
2,
= 5tj to 22 = 10 tj 15

Zseries
= 15tj 25

Pz 250 W = 2212 = 12×15

32--531 ⇒ I= 4-08

✓=22series = 119.02 V

01=-59-04
source : 119.02V

parallel=
Y , = 0.04

- O -08j Yz = 0.03077 - O - 04615J

Ytotal = 0.0708
- 0.126J

7-total
= 3.38 t 6.03J

>
total

=I = 17-2162-60.72
Ztotal

power = Itoh R = 1001 W tag



Power Factor Improvement
the process of making pf close to 1 or making
phase angle close to 0.

reduces power loss

Usually lagging load cueill inductor)

/,Iparallels
µmTmTy to prevent
I, n . - - - - -

t

voltage
-Q- drop

Phaser

adde'T Y ' ,

yF)reactive power\
,

reduced

. actual power same
ILS'm01, L


