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ChaEf‘er 7

Alternating Current

Vm"f‘aﬁf or current that chﬂnﬁe: its S{gn
peﬁbd}taﬁy with time is called aif'ernahhj.

Most commonrn +orm # sinusoidal AC.

Why AC 7 ¥
/. Easily stepped uvp / down by transtormers.

2 Lonﬁ - distance transmission with low losses:

+ AC generators are simpler than DC ones.

Vo

- = r
Fig Smusondal AC ._/r:..'r:lf:lpg widS e ormm

Topics ahead

RS S P T T T R LY ; transformer.

£

Scammed wih CamScannes




Date : Page : 2

AC Source - Instantaneous V &N

Sinvsoidal form

An AC source delivers an E/MF that varies as

ViRl = e —‘ £-VO = pedn

S = = d-vc:.fra_.f;e
| (+) _ (_ ) ‘ b i
g i SRR t+ a <-phi = phase
| i T =05y 'n_. AL 7 Q_ < - diffrence

Us_g_Fa! 1uanh¥-ﬁgs

fqnﬂufar ﬁrezuency s WP R Sl e R
Tirme penbd : T o= fofis 2l
In India R e omega = /00 pi rad/s.

Average over +ull cycle

Wi Modr awer O e i O + same for I.

/!

Mean of pure Sine over one cycle s 2er0
so we use half - cycle mean or RS  instead.

L ]

Phase relations (cnrm}?g up)

Pure @ : 'V, I in phase (phi = O)
Pure L = V' leads I by pr',/Z
Pure C : vV mﬁs I by pi}"}l

Lcr :  phase depends on X__L vs X_C.

Jcamed wilh CamScanines
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Mean (Average) Valve over Half Cycle

For positive half of cycle (O848 7T/ 27

.l-wj = (1/(T/2)) sum L, Sin w t dt

te + = T/2.

H
O

Lirmits - t

¥

(2 £, /] 77 [- cos wt /w]l Hom O to

(ZID/T).(Z/W)

¥

|

(2 T /s s (T ST

i -

FI =g B 3T Oe37 i nl e 9

g E £ - mgdn

Simnilarly — : V_avg = 2 vo / pi 0.637 VO,

Why this® matters

DC ammeters cannot measure AC becavse mean
over +ull cyc.-’e IS PO —2ZPro- Zero. Hot - wire
meters /| RS meters are used instead.

Hence the RS wvalve -  rmext Page.
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RMS Valve (Root - Mean -—__mSzuare)

Definition
S current = .s‘f'earfy DC current that produces

the same heat -in R over the same time.

Heat in £ over ont cycle

H = Ry AN from O 16 i
4 £ sum Sr‘bi Wi d¥

Sl e ) R

< - Koy result .

.S'J'mﬁan’?f V_rms = VO / SEH’(Z).

220 V is V_rms , 5o VO 2/ W,

Lrdian mains




AC Through Pure FResistor

. Source V = VO sin omega t across resistance K.

ourte T pureg resistor

Derivation
RV iz aon Nl s A TR
= (V'O//?) Sin w t

{rphr — G
<- {in phasel

pha sar

. V\\/\

Scamned with CamScannes
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AC Through Pure Inductor

e8urce V. = VO sin omega t  across an ideal

inductor ‘of inductance ' L (ro re.fr'.sf'aﬂce).

| ——

e ]
AL T = S
) L
F'ff' AC acrofs  pury inductor
Derivation
Self - induced EMF - e di / dt
W Y i = 0 -7 L dI/dr = V

dE Jidt = (L) sin w t

Inf‘eﬁraf'e £ s s (V'C/WL? s w T
e (Vo/wi.) S e |/2)

‘ R Sin (v‘v s e |r_1/2,) ‘ <- & lags V
e e — <-by pi/2

Scamed with CamScanner
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Indn:chi/e Feactance & Phasor (L)

Inductive reactance . o2y 7

LXL = Wil S e % toind waond

XL grows with ﬁrezuency.-

Oc (F = ©) g P SR D 5 -7 L acts as plain wire.

High £z 1 X. [ large -7 L posses blows AC.

P-"h?-':n-' Jlu'_:flr.‘]m

ingr in pure L (auena_qe)
(Y i

= Va L, sin wt cos wt

= (VO IO/Z) Sin 2 Wt

Aueraﬂe over full -:;rcfe = O -7 no  real power,

L /s a wattless womponent

Scamed with CamScanmsr
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AC Through Pure Capacitor

Source V = VO sin omega t+  across capacitor C.
Pl f
A L I"__ T
o )
Derivation
Charﬁe on C : g = C - Vizie V’G Sn W T
IR sz / dt = ¢ 'V'G VR e e

]

C V, w <in b ' A FT /127

-
|
| £ = I, sin (w + + TT/2) Bl
—— &~ SR L oo {-b?' Fu_x',z
— g - s -t i
| = L7 (.:f. c) ‘ _..LG - v'a / XC €= SHpachE

<= redctance

DC (F = 0) b O -2 r'ni:;'nt'fy (C blocks DC).

Hloh £ o X C sl i

C passes AC ea.s:’.-'y.

.rqueraﬂe Power in pure C is also Zero (waf'Hes.s).
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Capacitive ﬁeacfancg__i_g Phasor (C)

LXC.—_;/(W ot i oy S i St e S, J s

L

X € s TANERSE o omega ; daubhhﬁ £ halves X__C.

Comparison AR SR D

Fir ki =0 (in pha:e)
S - TR pi/2 (V leads I )
C ARl . pf/Z ' !aﬁs ),

Mnemonic 0 ELL the ICE man -

Scammead wilh CamScannes
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Series LCR Circuit - Setup

R, L and C connected in series across an AC

Source Wiors MO Csin omega t

.’:-5{. feeps LeR circuit

Same current diFerent V across each

Let £ (+) = IO sinlomega t - phil.
V, = L R (n phase with I)

Vo= X {leads F oy pi/27
L X, (lags I by pi/2)

=
)

Sovrce V. must ezum’ vector sum ot all three.

Vo= V, + e V, (phasw sum/

MAext page phasor derivation of t'mpedance ik

Scamed with CamScanines
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PhaSor Derfuaﬁbn D-p Impeda-nce Z

Phasor d'fhgram

Magnitvdes

FaNiA 2 2
V’ ) Vﬁ; + (VL - V{:)

= LR e O ]

Define impedance 2 e A

[ Z = Ssz'( ﬁ’z + (XL i Xc)z ) < - wrut

-

-

tan (D = (X-L* Xﬂ) 1o

Scarmed with CAmSCanner

ohm




Cases & S@n of phi

Three reia‘mes

@ P RS, T T 5 e, £ 4 inductive circurt

phi 7 O -7 V leads I (hie pure L)

@ e A s B % capacitive crcuit
phi <« O -7 Vv Iaﬁs L (hixe pure G

G X_ L= XoC . : o iESOVAKCE

phi = O ’ 2 = FR {purefy resistivel.

Peax_corrent

[

|

: I 2 — Li’ 5 / Z <= and Sa.-wu'.'_i'.r.f;f
o

-t __.__i
o |

L _E,._rn?_f - b"__.rrrlj ,J'J =z

Mumeric example

Rz 20 ohem o X ol m COoho . XS o0 nhi
o= X 2 FO oho

2 =4s59rt(30° + Y0°) = $0O ohm

fn- ) o= 90 ) 20 =9 LS

) $3 deg (V leads I)

tl
W
O
5
O
¥
O
o

Cross - chec 2 tos phi = /2

Date : Page: A& Siss
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fesonance In Seri'g_s LCﬂ_

Condition
X,r_ = XC -7 Wy L ol | / (W C)
1— -
‘ Wn = / Szrf'( ferrping) £- resonant 3
L S —_— = - Hﬂﬁufar treg

At resonance

o SRR I (smallest f:ro ‘sible)
£ R

phi = O -7 vV , L [n phase ( PUre resistive 2

== : | Sy

= =
‘ amega__0O orntga

Fig. E vs omega - FESONAACE LUrue

Sharpress of peak -7 Q@ - factor (rext pﬂ‘?f),

/3
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Sharpness & Q - Factor

B a .r".t()‘r lef"h_

Bandwidth = 2 d omega = range of 0mega over which

Eiidropt te. ok emax L SZH"(Z) Chalf - power points).
At these points o N Lo R A ) +/- R
din= B L) (half -« width)

Quah’f‘y factor G_

Tazwc/(zdw):%z./z? J

dco

P

L8 =0 LG RS0 )0 st

/Weanl'ng

H{gh Q sharp_peal( -7 30&:0’ .:e!echln'f'y
( radio fumhﬁ 7

LC‘JW Q

broad peax = F L Poor se.-"ecﬁlﬂ'fy.

Hrﬁh Q reeds small R and Swatt large L.

a s cfrimen.{:'on.fes.'r ; typial radioc Q JCO .
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Power in AC Circuits

Instantaneovs power
e sV
= Vo I kin T Sin G (D)

o o

Use i A sin B o= (/)"/Z)[lta.s(fq-g.) -- cos(ﬂ+53j

-

o ) sV E J ik Y I P e R cos(2wt - (7 J

Auerﬂe power

ﬂveraﬁe of cos(2 omegd t+ - .F-h.c') over ,one cyce = O.

| i

‘ Pﬂﬁ = (Vo L, /2] cos (D S oihe

W | |

= Vr I cOS | <=~ this 15 the

| avy s et d} _l el Power
Apparent vs real power
Apparent V__rms L__rmsS Cunit Vi dl
[eal . Vo rms L _iermE DS phr' Cunit - )

Difference is stored /  returned by RN o

Fatio cos phi power factor.

Scamed wilh CamScannes
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Power Factor & Wattless Current

Power factor cos phi

Sl e s
—— .
{-frraﬁﬁff

Pure I x cos phi = / -7 full POower.
Pore: L or € ¢ cos phi = O -7 P__,avy e
e " WET i - e

Wattless current
Companenf; At . that s perpend’itu,’ar to V

in the phasor df.ﬁﬁrﬂm does M) net work.

L M A (in phase with V)

et
redaf

T o R (D (Ferpendttu!ar to V)

wattiess

Why power tactor matters

@ Low cos phi = farﬁe L for ‘same F

more L 2 R loss in transmission lines.
@ Ind'u:f‘ry uses capacitor ban«s fto
decrease improve oS @ fo 2 Ry

(Cancels inductive .I’Hﬁ of motors.)

Scamed wilh CamScanner
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LC Oscdllations - Setup

Charﬁed’ capacitor C is connected to a pure

inductor L (rno res:'sf'ance).

R ) (g et

ey € 1 -

.l'-lj_,l'. Le fame et -C’FL.I'I-:.{H}

Egquation o¥ motion
i ) S z/c:,:.dr/dr

(o L

b= d’z/o'f" e o’zz/o’fz + E’/C =70

fdgs + OJic) g = O

E adre with X+ w x = O

Page :

E a0 | ocmn

Scamed with CamScanines
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LC Oscllations - Energy

Solutions

z(f‘)ZZDCDSWf‘
I(f):o’z/df:-zowsmwf

—

J"'C- — zo T e ZG / szn‘(LC)

Energy at any t
o 22 Ji e (in C)
Coem ity f2) L 3° (in L)

Total U= 2; VR ) const

Eﬂerﬁ:f sloshes between € and L ke KE and FPE

of a SHm | At any instant | total is conserved.

Fu_?. U_E and U_R exchamge : total constant

Real circuits R cauvses damping (heat loss).

Scamed wilh CamScannes
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Transtormer - Coqsfruchbn

Static device for chanﬁnhﬂ AcC uo."f'aye lewvel by

mutval induction between two coils on a common

sof+ - iron core.

Parts
@ Pr:'mary coil - connected to AC Sc;urce.

@ Secono’ary coil - delivers output.

@ Soft iron core - laminated .S

carries common HHux fhroul_gh both coils.

Fig. transformer 2 P+ 5 coils on coft-iron Lorg

Larinations -7 reduce ea"a'y currents in core.

Scamned with CamScannes
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Transtormer - Worb(:hi

Flux 15 common

Same Hux phi (+) links every turn of P and S

(rno leakage ideal casel.

EMF in P G O d® / dr
EMF in S - N, dO / dt

Divide

\\ VZ / 'I/'J,Ir o 4/2 / /L/I_ | : <= turmns ratio

Ideal transformer (no losses)

Pawer T - PDWE-" out

.. |
=5 A - I reciprocal
= a c-of V

Step - up us stee - down

Step = up R i e e T e Bl Al L R
SlP = down AR el Ay oS s N S

Hf_’gh V is used to tramsmit 1 low V +to oSt use

£ : :
Dwer e : Step - up at plant |, step - down at home,

Scamed wilh CamScanner
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Energy Losses in Transtormers

Four main losses

@ Copper loss - I 25 ol wmo’f'ﬂﬁrs
r’?emecf:{ s use thiek low - R copper wire.
'@ Lron loss - in the core . Two parts
(a) H;,r.cfer?s.-'s : energy lost per B -H cycle.
Remedy  :  use soft iron (narrow loop).
(o) chd';;{ currents : Swirling LI covne
fﬂ:med’y = laminate core info thin shfefs.

@) Flux femfaﬁe - not all fHux links S.

wind both coils on the same limb.

femedy

@ Hummlhﬁ - maﬂnef'osf'rt'chbn of core

(small mechanical loss as avdible sound).

E#ﬁcfencz

e = 2 LP > 0B
T}e’pr:caf real transformer ; eta e Sty 5/5

H:\?hest ewﬂ;k;fncy device in electrical eng.

'[/ND mow'nﬂ parts -7 small &rictional loss.)

Soarmed with CamScannes
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Long - Distance Transmission
% an:

Power ﬁenerafed ar V_ﬁen ( /] V),
Stepped up to 220 «V (or more) before being

sent fhrou\.}qh transmission lines.

Why high vV 7
Powfr transmitted i AR

Lire loss rP R R R

L]
H{?her Vv - Smaller L -7 much Smaller I 2 R loss.

Loss scales as / / V 2

Flant I_, sfep wp |—:I‘fp doewn k‘ Hnmg ‘
34!0 oy frrg = " |

-

Fig. step-up before line b step-down at user

_'?_'rad'e - ofF

H{?her V' needs better insulation , taller pylons.

Balance line loss vs cost of hryh - V hardware.

Scamnad with CamScanmes




Worwed Example I : [esonance

Problem L e e ¢ N - P v , ®# = /O ohm .
V_rm..i’ =2 w0 v : Ffr‘:d' .'

(a) O ; (b) I _max at resornance : () Q factor.

(a) /t’e.mnanf' -Q‘efuency
Pty S e el &R I szrf(L c))

o

Sert(l €)= 59r#(2.0 . 32 % JO) .
= szrf'('ép.‘:i’ s AR e U R o
o= e ] 80 x 10 77)
g9 Ha

.

(b) I_max

At resonance Z = F = /O ohm

I =W s 230/ /0 = 23 A
I, = spet(2) . I . 325 A
() Q@ factor

Q = (/R szrf(L/C)
e ) (32 e 10 = 625 % 1D

SZH'(L/C? = 250 ohm
€ = 250 /10 = 2¢

Bandwidth Pt e P [ A Y 0.5 Haz.

Very sharp peak -7 selec tive circuit.
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Worked Example Ir Power

Problem J 220 V AC source feeds # = /100 ohm in
Beries with 'L = OiciH 4+ F = 0 Hz .. Find -

(el (b)) 2 G\ s () P avg.

fa) X 1
Al T L DR gl SR S i o SRS o GRS 0 W o

2

.1’5_'7 ohm

(o) 2
2= Szrl"[ﬁz + X,f)
= .s'zrf'(foclz & ez
= _czfr(/oooo + 29697
/56 ohm

i = 220 J ¢ /.18 A
(d) P__aug
cos ® =R/ 2 = 100 [/ /¥6 0.7
Pdu:,‘ = vms Inrﬂ tﬂs (D
= 220 /¥ 0.7
/90 W
Aote - apparent power = 220 . 1./¥ 260 V . A.




Date :

Page : 247

Worb(ec( Ekampfe R . Transgrmer

Pr&b.-'em = Sf‘ep R [ f'rans%rmgr N o= 2000

I
’/‘!/2 = 1oty Pﬂ'maf;f corinected to 220 V g o Hz.
Srecondary' feeds a s ohm load, Assume ideal.

Find " (a) V2 (o) T2 P {7 i e g (O

(a) V2

V'E/Vj:A/_E/NJZIOO/ZOOQ:J/ZO
Vi, = 220 7 30 S0V

(bl I2
ENE I JeU S e S U

{c) &
Ty ) L2 )M =1
L= 22 /7200 04/ A

(d) Power
Poim Vo E = 200 0./ =299 b
P =V, Gl 8 s PP I

|

P_in = P_out (ideal

; no losses).

eal transtformer 2 P_out = < i eta < /

/

Typ.-'ca! ffﬁkiénc?r 76 ?’5 for power-ﬁnff units.
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Important Sub - [esults

RS for nomn - sinuvsoidal AE

Szuare wauve * & s =0 (peaﬁf = rms)
Tr:l?nﬁu:"ar * Eorms = F0 Szrl‘(g).

Half sine LAY RS RN g il )

ChoKe coil

Arn inductor used in AC circuits to limit current
without c;ﬁ'ss;}aahhﬁ energy (rep.-’a-:;es resistor/.

Energy eFficient ; used in tube - light starters.

#
4

AC armmeter & wvoltmeter

Hot - wire f‘ype or mowhﬁ - iron fype
defection prop to I 2 -7 reads L__rms

Phasor algebra cheat

t

V perpeﬂa’itu!ar £ n opurg L er C - P__,auy

=

V. parallel I in pure @ -7 P___aug F M s R

G‘Enerﬂf i P___auy = V___rm.f I___rm.f cos @

Common pitfalls

@ Always  vse rms (not peax) in V = IZ

(2) 2 is ot algebraic sum of R + X_L + X_c.
@ At  resonance Z is MIN |, I s MAX.

T Power in porg oL or Cag Zerp (wattless).




Date :

Page : 27

AC s DC - Quik Comparison

Generation
AcC

by rotating a coi in 3 (Faraday’s lavel:

DC by chemical cells , solar ce.‘h’s ; rectitiers.
Transmission
AG: .. step vp by transtormer -7 low &L =27 low _'
Dc no transtormer 7 HVDC uses costly converters.
Devices
AC induction motor , transformer | farn , bulb.
DC 2 battery dc motor | electronics (atter SMFPS).
Effects
AC : reactance (X_L , X_C) , phase , impedance.
Dc no reactance ; only ohmic resistance.
Satety

AC at same V is more a’anﬁemu: (musde yn}:-).
DC tends to throw the victim ofE (ome twitch).

Form Hactor

Fo= T P T

st = (16 / sgrt 2) ) (2 o /) TT)
=TT / (2 sgrt 2) /.17

Pfab( Lactor

= Io / I _rms = szrt‘ 2 ¥l L

Scamed with CamScanines
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Summai - Al Kez Formulas

Sinvsoidal AC

Vi V, sin wt 4 & L, sin (wt - Y
weam 20T F % VR e

Mearn /| RMS

IWij o RO A W Y cycle/

& T sgrt 2 ; Vi samea e g sgrt 2

Reactance & impedance

Xl ; X S e C
32 il + X s XY

tan ) = (X, - X) ) R

Kesonance & Q

Wo =/ /) sgetlC) ; F,o= 7 ) G TT sqrt(LC))
d-= w, L / R = (/R :zrf(L/C)

Pawgr & pPower Ffactor
o=y L s (

ays i

cos VD =R el (power factor)

Transtormer

e, = o I,/ I, = midede

/

Pm RV L = V, I, Pw (ideal)

t
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