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THE CURRENT WAR |

DIRECT CURRENT, 1880s

DC

Edison invented a compact electric bulb which
could glow for a sustained period of time

Edison was a proponent of DC which was the
prevalent form of electric current at that
time.

THE

ALTERNATING CURRENT SYSTEM,

/ 1888

AC

At the same time when Edison discovered
the electric bulb, a young student by the
name of Nicola Tesla came up with different
vision.

He believed that AC is the more efficient
form of current.



. THE CURRENT WAR b

GEORGE

NIKOLA TESLA WESTINGHOUSE

0"'

In July 1888

Tesla pitched his idea about AC motor to George Westinghouse, the richest person of
USA at that time, and told him that transmission of electricity would be more efficient
using fC.

George Westinghouse got impressed with Tesla’s idea and Tesla started building AC power
plants with the help of “Westinghouse Electric co.”.



. THE CURRENT WAR b

EDISON electrocuted animals and hu to show that AC was to use.

Since Tesla continuously tried to transmit power at a large distance, either the current or
the voltage should be high, since P = VI. If current is high, then there will be huge joule
heating (I“R). So, the only option to distribute large power was producing high voltage.
If voltage becomes high, then that would not be safe and this weakness was exploited by
Edison and he started anti AC campaign.

@Ht the same time, transformers were invented and this helped Tesla a lot. Tesla started
using step up and step down transformer when it required to generate or reduce high
voltage.



It was Tesla who pitched in, and his AC made it possible and the Niagara project goes
to Westinghouse Electric co. Edison had to just watch it and the pivotal battle of the
current is won by Tesla’s AC.



If we take a video of tube light in slo-mo. We can see the light is not constant. It is
constantly Fluctuating. This is because the current we get in our houses is AC.



A ALTERNATING CURRENT

fin electric current which periodically reverses its direction in contrast to direct
current which flows only in one direction.

Direct Current(DC)
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. DC Source
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A ALTERNATING CURRENT

fin electric current which periodically reverses its direction in contrast to direct
current which flows only in one direction.

Square Wave AC
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"t Triangular Wave AC
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N~ _ /vt Sinusoidal AC
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@ QUESTION U

Uariation of current with time for four types of generators are shown in the Figures.
Which amongst them can be called AC.
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@ SOLUTION

\ ¢

A A : B) .

iA

C)l// : D)//’f\
7

7 t 7 Nt
e vd
In all the given cases, current is changing direction with time. Hence all these cases are
of alternating currents. . e
l I
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@ MEAN OR AVERAGE VALUE OF CURRENT

. Aq
fiverage current (igy,) = A_t'

-
-

fiverage current representations: i, = < i > = (i)

-3) fuerage current (i,,,) For time uarying current, is,




@ MEAN OR AVERAGE VALUE OF CURRENT C 1 [t
fuerage value of an AC is equal to that of DC for which the

amount of charge that flows in a given amount of time is the %/
same as_that of AC. i AV . lpc
i b~ R
. DC
> Aq =tipcAt
o DW o i - o
5%(/ iDcAt — ;:1 ta

IFAGpec =Aqac = © lgy = iDC/@ Xﬁ

-~ P




@ QUESTION

If i = 3t%, find average current in 2 s.

> (e)iI—
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) MEAN OR AVERAGE VALUE OF AC — S jh O
an

. Loy <Ly = (=
- ——
g_qT32T azr ¢ . SO\L
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+q

e [eale
T N4
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i qp For Full cycle of AC is zero




@ SINUSOIDAL ALTERNATING CURRENT

€ = & Sin wt

\ , i = i sin wt
! m—
\/

“r:

' . Q.
bt *tq
¥ ‘E‘""
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e

r 0 iaeridia

In this case, current is generated .“'1"" 1e hydroelectric power plant
at high speed hit the turbine that results in generation of AC current




@ AVERAGE CURRENT OF A SINUSOIDAL AC i 1 S

o
/ . .. -
<) For full cycle io = ig sin wt
| T , 1 [tz | v A ‘
lay = (T — 0)f o Sinwt dt lav = A_t_]; idt /2w 3072 o a)i
’ — ' —1o
_ 1 [ coswt\" i Lwa ~
tav = o (_ w )o :E(COSO—COS(UT) >
N | (w\t’
%O Zt v
] o = 21
iqv = = (cos 0= cos 2m) = 0 _ =t
o Te (w T) g ¢y -4 &
@ (iav)full cycle — 0 @ ' 72
e




) AVERAGE CURRENT OF A SINUSOIDAL AC YA i+

[ = iy sinwt

«@) For half cycle Lo
1 T/2
lay = j iy sin wt dt
T_ o)k »
(z-9)
e - odd)
igp ==ip|— cos 0 — cos . x
T w T Z X
0 w 1 1 7
Zl 4_10 Zlo
Loy = 7 (COS 0 — cos T[) — =
Tor—— " 7x ZTﬂ n
| - &)
4 . 2 lO \\\
@ (lav)half cycle — —_ @




@ AVERAGE CURRENT OF A SINUSOIDAL A( it O

@ For £ull cycle (iav)full cycte = 0

. 2L
<) For half cydle (tav)nais cycte = T These are true it and only if:
& = & SIn wt
2¢&, [ = lgSIn wt

«2) For half cycle o aif cee = —



® ROOT MEAN SOUARE(RNS) VALUE YA 0

3) The procedure of Finding the RMS value of any function is just doing the mathematical operation
in the reverse order of the name ie, find square of the function = find its mean = Find square

root.
Q) | =.<iZ> Koot mean square (rms)
1 [t \/< X% > = Xpms
i.ms = |— | i%dt
JAt),




@ RMS VALUE OF A SINUSOIDAL AC -

iO
i?‘ms — m

g _ .2 o 2
lrms—\/< ig sin® wt > »

Lo
1" ig ("
i2 o= Tf i5 sin® wt dt = ?j sin® wt dt
, i5 (71— cos2wt - 1 — cos 20
lrms = 7 . dt sin“ f = >
0
2 :ﬁ t_sinZa)t !
ms 2T 2w 0

€ = & Sin wt
[ = iy Sin wt




& RMS VALUE OF A SINUSOIDAL AC i c=epsinot O
Lo I = 1o Sin wt
ms =/ < (2 >

, i sin 2wt © (T _ 2_7T) 2
Lrms = ﬁ v 20 : o 4
> QO
2 i .
T 2
2 Sin =
lO = ( w )) . / _ 0
i2 o= o (T//— 700 (0 —5in 0) ﬁ'f
12
. ) )i
lEmS } 3 l = l_o (iav)half cycle — o
rms \/i
S .
&) i

€o B
s V2 ) E (Eav)half cycle =




O

The AC generated in power plant can be
transmitted  over  large  distances  using
transmission cables at high voltage.

This AC voltage is made usable as per the
voltage requirement of the users using step
up or step down transformers.



® SIGNIFICANCE OF RMS VALUE

Household current — sinusoidal AC (e = gy sin wt)

220V,50 Hz
&3 ¢, =220V
“@ Eqpy =0V
@ 80 —_ \/EETmS

g0 =V2x220=311.12V = 311V

I problem states only € (hot g, Erms» Eav)
then, consider it as ., .



) SIGNIFICANCE OF RMS VALUE Y

AN\
«3) Heat produced in AC circuit through resistor R in time t; to t,
2, 1 (%, =
Hpc = jtl ifcRdt lrms = A_tjtl ijcdt )
\ lyc = lp SIn wt
«3) Heat produced in DC circuit through resistor R in time t; to t, “NNV\——

Hpc = i5cRAt




@ SIGNIFICANCE OF RMS VALUE

£ | 1 [t il YAVAVS
i1 V t
Hpc = i5-RAt @
IF we require to have AHp - = AH,, then, lac = loSInwt
Lty
i5cRAL =f i2-Rdt
t1
1 [tz 5
lDC — A_tj lACdt — leS
t
\ 1

> lrms is actualy the DC equivalent of an AC




@ SIGNIFICANCE OF RMS VALUE

H = i%, .RAt
AN~ AN+
lrms
e
(~O) T N
U Il iTT)’lS

lyc = lg SIn wt

RMS value of a given AC can be defined as that DC value which produces same
heat in a resistance which the AC produces in that resistance in same duration.

L-ms 18 the effective DC value of a given AC



@ SIGNIFICANCE OF RMS VALUE
H = i2 .RAt

AN~ d
io/\i:iosinwt
/2 WZR wt
f\/\ _io

AW 4
iAC = iO sin wt

E = & Sin wt

«3) DC devices cannot measure alternating current or emf. Normal Ammeter, Uoltmeter
will show only zero for AC

<@) Hot Wire Ammeter & Hot Wire Uoltmeter are used to measure AC. They measure
RMS value of i & .



@ SHORTCUT FOR AVERAGE VALUE

@ sinwt =0

@ coswt =0

_—

® sin? wt =1
—— 2
® cosza)t=1
~——— 2

The overhead bar denotes the
average value of each of the
functions and the average is taken
over a complete cycle



@ QUESTION

Find RMS current for i =iy + iy sin wt.

I —1

(@) (b)

V3i, R
2%

\



& soLumion v

I =19 +1ipsinwt

. = .= — > sin wt =
s = Vi2 T lrms = \/(lo + iy sinwt) —

0 sin? wt
i = \/1(2) + ig sin? wt + 2i% sip@t  [Since iy is constant, if = i§]

w
X
ONN
ﬁN
3
75}
I
S
N W |

lrms = i§+i§x@2i§x0= > rms = L
\ \

®I— =
1 (2)ll—
(@)i—

&
\

N | =



@ QUESTION

Find RMS current for i = iy sin wt + i, cos wt.

| — —
(@ b O
i, + i, 3 + 17 i, — i
2

@u»—:

N
N

1y + 15




& SoLITION

Il = 1;SInwt + i, cos wt

- — /]2
lbrms = V1

>

@ sinwt =0

@ coswt =0

irm5=\/(i1 sinwt + i, cos wt)? 5 ® SinZ ot _%
— ® cos? 1
COs“ wt = =
irms = \/Lf sin? wt + i3 coszl_w; + 21,1 sint cos wt 2
— L
. 2.1 o, 1 . 5O
R 11XE+12><§+21 0
\ ; T |
P @ ® © A
. L T 15 L _— —
lrmS — 2 U1 ol 5) L1 + %) l1 — Ly 117:. + l%
\ 2




@ QUESTION
Find RMS value of potential difference V' shown in the Figure is

—_—

VA

Vo

Sl ®n—
SIS @i—

SERGI



Vims = L[ |
— | Vad V
VAt 0 ‘
IV
| 0
V;*%ns :l ’ T
- Vozdt+J 0d
| I t T/2 T
Vrgnszl : Z
VZ
Vr%ns _70
l I
— ! 77 — I
|% @ : l E
Vrms:\/_()_ ) ; (b) = |
2 O | :
v , 7N @
V3 : ;
Yo 1%
7 _0
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A PHASOR DIACRAN O

f diagram that represents AC and voltage of same frequency as rotating vectors (phasors)

along with proper phase angle between them.
Y1
E = & Sin wt

i = iysin(wt + ¢) ol Lo \a)
. /80




@ PHASOR DIAGRAM

€ = £ SN wt i = ipsin(wt + ) Phase =(Phase of i — Phase of ¢

difference (0t + }) ()
/{
y A ///
ig /T » Length of arrow — Peak value
......... VA

oot ‘
CTTT T € \d)
! 't
\/ V X

Projection on y axis — Instantaneous ualue

—_ rd




@ AC CIRCUITS

I.  An AC source connected only to:

____________________________

_____________________________

_____________________________

____________________________

____________________________

__________

________________________________________

RC LR LC LCR
Circuit-,  Circuit Circuit,  Circuit



@ PURE RESISTIVE AC CIRCUIT

fpply KUL in clockwise direction:
£
_ iR = ._ a4
E—1 0 =1 R
_ o sinwt

‘TR

S . & —= Pedk voltage
i =lpsinwt = lo =7

Peak current

Phase difference (¢p) = wt — wt =0

Current is in phase with potential

N

R

A VAVAV e,

~
g
—

¢

N7

€ = EpSin wt

—

In AC circuit, hinderance to the current is defined by ?
0

For purely resistive circuit ﬂ

[y

(o



@ PURE RESISTIVE AC CIRCUIT R

[, = % VIV
= R

Current is in phase with potential

@) Phasor diagram

(~O)
= Since the current and potential are in phase, their phasors will .
overlap with each other.

£ = &pSinwt
= Since the magnitude of peak value of current is less than that of 0

the potential, current phasor will be smaller than voltage phasor. 715\ I = g Sl
ANy
y A QL H if? y A
\

0

N




@ PURE RESISTIVE AC CIRCUIT
“2) Wave diagram

= Since the current and potential both are represented by sine
Function with same angular Frequency (w), their waveform wil be
same as shown in the Figure below.

= Since iy = %0, the magnitude of peak value of current is less than
that of the potential

i’gn
80 77777777777777777 - f.i—..._ -" g — 80 Sin a)t
‘ I = lpSin wt

€0
Lo

Wt

Y

Phasor diagram

£ :""CCO Sin of=
|-

-

( -::l:ogf/\"a

Lo & b



@ PURE INDUCTIVE AC CIRCUIT

di
Potential drop across inductance, Vv, = L d—;
Apply KUL 5 -
E — VL =0 /r

di ©)
L— = — | = =

g =€ di I dt

&o Sin wt

[ = f di = j dt
. & (—coswt) ’eo\
[ = = —— Ccos wt

L W %a/)‘

>~




@ PURE INDUCTIVE AC CIRCUIT cinled) L

_ &b T O
i=i°(_c°s‘”” , U
; ¥

: 0 (” ) (&9 /. ( n)
[ =——Sin|{z—wt|] =—FIn|wt — = (A

Lw 2 Low 2/ &

/ £ =¢gpsinwt
L. /18 Lo
lzlosm(wt——) _
: WL
€0 €0 %0 7\ L —

lO = —— = — _

L Co

X; = Lw | Inductive reactance V-2

ST Unit : Ohm (€2)



@ PURE INDUCTIVE AC CIRCUIT

Phase difference (¢p) = (

T

wt——)—wt=—”

2

Current lags potential by 90°

\

@) Phasor diagram

y 1

2

W—-—-vaa’

Oua__)’-,-—\AL




@ PURE INDUCTIVE AC CIRCUIT

T

Phose difference (¢p) = (a)t — —) — wt = —

2

e

Current lags potential by 90°

+3) Wave diagram

i=iosin(

t__
W

Phasor diagram %

Lo



@ PURE INDUCTIVE AC CIRCUIT i

VL
X, uls £
@) X, uls Prequency (f) (,DT
X; =1L
5= o A )
X, =Lx2nf (+w=2nf) £ = gy sin wt
i=iosin(wt—g)
X &
X, L f )((' - w(_,
A :Zl’[](’(L’
f
SN




@ QUESTION

Find and ims OF given circuit,

lavg = T[A lavg = 0
_ 0.5 0.5
l
rms lrms = —2 lrms — ﬁ A
L=2H y
(~)
&

¢ =10sin(10t + 30°)




& soLuTioN

£=eosin(@t+¢) =10V

;o0 f0 1 — 05 A
7 X, Lo 2x10

lgpg = 0 (For full cycle of AC i, = 0)
_ ip, 0.5
lrms — \/7 — \/i A

w=10s"1

&)

=10 sin(@t + 30°)

1 | 1 1
@ ) PUS @
Lavg = 0 lavg = ;A lavg = 0 vy — ;

_ 0.5 0.5 =
Lrms = 0 lrms = ﬁ A Lrms = ﬁ A trms = 0



@ PURE CAPACITIVE AC CIRCUIT

Potential drop across capacitance, V. = %

Apply KUL ; |(;|

e=Ve=0 < —

¢ ~ l q —| | +(

q : ~

—=& > = (¢ sinwt

c- ¢ q 0 )
&

. dq d(Cgysinwt)
LT dt dt

7

E = &pSin wt

I = Cweg cos wt



@ PURE CAPACITIVE AC CIRCUIT |C|
i = Cwey cos wt Q},/%c/ ||
l=€—1osm (wt +g) Lo
kio [ 1\ £ = &pSin wt
i=iosin(wt+%) e = (/D/(/ 1
€0 _ o % | P<CJ7
Ae & o

5.
||

{ s
||

S

Capocitive reactance ~
ST Unit : Ohm €

&y
60 W C




@ PURE CAPACITIVE AC CIRCUIT |C

T

Phase difference (¢p) = (wt + g) — wt ==

t
Current leads potential by 90°

W
/ .
E = &y Sin wt
!
Il = lg Sin (a)t + E)
«2) Phasor diagram Y

Wt




@ PURE CAPACITIVE AC CIRCUIT y i
Phase difference (¢p) = (wt + g) —wt ==

2

Current leads potential by 90° , Wt

X

Phasor diagram
) Wave diagram

SO ”””””””” ;;’-’-’TH\\ ,’-"‘\.g — 80 Sln (,l)t

" " . n
l = 1l SIn (a)t +§)




@ PURE CAPACITIVE AC CIRCUIT ‘

@) X, u/s frequency (f)
1

XCZ— (--Cl)=27Tf)
= S
7 1 £ = &pSinwt
= [
© T Cx2nf \ i =i sin(wt+—)
Xc 2
7 1
c X7
f




@ SIMPLE AC CIRCUITS

¢
\O
nwt 0
0

|
ST

Element Current (emf:e = €, sin wt)
Resistor
“%
Lo
_ T
Inductor 1n (“)t )
< -
Capacitor i
2

X (Reactance)

R %
Vo

wL QO



@ OUESTION U

f capacitor of capacity C has reactance X. If capacitance and frequency become
double then reactance will be... — —

|

1 . L
(@ 0) © @D
2X

¢ X/2 X /4



v 11
- Cw C2nf
fr=2f
C'=2C
|
XI
W=

1

T
(b

X/2



@ QUESTION

Current in a pure capacitive circuit of C =5 uF is 5sin(50t + 30°). Fmd the
equation for emf.

1 R -1 1

(@ 0) © @)

2 X 106 sin(50¢) 2 X 10%sin(50t — 60°) 2 x 10*sin(50t + 90°) 2 X 10*sin(50¢)



i = iy sin(wt + @) ipn=54 w=50s"1

& soLuTion s Y s D
|
|

_ %o 1
lop = X, —> Eo—lOXC—lOwC )
1 L2
_ X W
©0 50 X 5 X 1076 @ 3
[ = in + 30°
g =2 % 10*V e )

Current leads potential by 90°.

e =¢gsin(wt+¢ —90°) > &=2x10*sin(50t + 30 — 90°)
e =2x%x10%*sin(50t — 60°)
1 Y 1 1

@ L © @

2 X 10°sin(50¢) 2 X 104%(50t — 60°) 2 % 10*sin(50¢ + 90°) 2 x 10*sin(50¢)




@ PURE INDUCTIVE CIRCUIT O

WWP ¢ T | & increases from zero to maximum,
N O_)E current, becomes zero
v, /w" ent becomes zero.
/ W X ,
N J "1‘ T € decreases from maximum to zero,
—_— ﬁ ¢
S e > ™| current grows to maximum.
(~O) ooy
A4 '

3m | & increases from zero to negative
2 | maximum, current, becomes zero.

E = EpSin wt

3T o | € decreases from negative maximum
2 to zero, current grows to negative
maximum.

Current tries to follow path of voltage.
The phase difference between them
always remains to be 90°.




@ PURE INDUCTIVE CIRCUIT

The lagging of current can be seen from the mecharnical analogy as shown. Height represents the uoltage and

velocity of block is current. When height is maximum, velocity

is zero and vice-versa.

L, &
Eo TN T € = gpsinwt
lO ,r N
_‘l
t
0
. L =1pSINn|wt — =
lO \\\ ’// 2
l’ gA
Eol TN 7T & = gpsinwt
lO /r ® i
:”
—" t
0
: I =lgSIn|{wt — =
lO \\\ ’,’ 0 2




@ PURE INDUCTIVE CIRCUIT

Wave diagram

Eo| 7T 7Ty £ = gpSsinwt

N A S

i=iosin!wt~@




@ PURE CAPACITIVE CIRCUIT

Wave diagram

L, E4 C
) 0- - E = &pSin wt | |
LoT™ y ’
; NN
f t '\ —>
0 —
1 / I} I} [l n
i X ' / L = lpSIn (wt+§)
oy % ’ m
\'_‘_,’
&
\O £ = gpsinwt
o
WY



& WPEDONCE (2) Pparos T .

The relation b/w peak current and peak voltages can be written as ® i, = @0

- \ ~

Purely resistive circuit Purely capacitive circuit Purely inductive circuit
L
-
Z = — 1/wC [ Z = wlL ]
z
«@) Z is called impedance. X.- L
= s

«2) Impedance is defined as the opposition any circuit shows
when voltage is applied to it.

«3) SI unit is Ohm (Q)



@ AC CIRCUITS — COMBINATIONS | RC CIRCUIT ®

E2=VE+ V2
)

E5 = iGR* + i X2

JB2? = AR + X2

Z* =R*+X; = Z=\/R2+X§

XC — 1/(1)C

_Z =R+ (1/aC)? | X~ |
A



@ AC CIRCUITS — COMBINATIONS | RC CIRCUIT

Z? = R* + X¢

YA 7 _ ’
C Lo 2
\gb y, > >
R x‘
1 v
tan¢ — (XC o _a)C> VC 20

%0

R
a1
arlgb_a)CR

Peak current (iy) is given by-

g = 20 = S0 T .= —
2 R+ (1/wl) J e xe

O
[‘J\N\:\,\—Jj
o

Ey Sin wt

LZ =/R? + (1/a)C)ﬂ

Ve = l‘:oK K= Ve
| Co
\\/02- l‘:o Xe KC,'—" Y_C:

Lo




@ AC CIRCUITS — COMBINATIONS | RC CIRCUIT

_____/

Z=+R*+ (1/wC)ﬂ \

|
t =—
‘anqb wCRT

=20 _ o
.7 JRZ+(1/wC)?

Steady state current (i) in the circuit

Li = ?sin(a)t 5 qbq

—<3) The current leads the emf by ¢.




@ AC CIRCUITS — COMBINATIONS | LR CIRCUIT

52 — VRZ + VL2

— - Ve

E5 = iGR* + i} X}

7% = R + JAX?

7°=R*+ X} = Z=\/R2+XL2

-
>~

XL=(,()L

_ e | K
LZ JRZ + Lj/




@ AC CIRCUITS — COMBINATIONS | LR CIRCUIT ®

7% = R* + X} 7
XL VL 50
\ ¢
R \¢ 4:
.P >
X ‘o
tan ¢ = — (X, = wl)
R Ep sin wt
wL L
tan¢ = — B - (L
L K (P > ton _Z) LZ=\/R2+(wL)ZT

Peak current (i) is given bq—//

& ___ &
" Z  JR? + (wl)?




@ AC CIRCUITS — COMBINATIONS | LR CIRCUIT
7 =+R?+ (a)L)ZT

tan & wlL
anp = —
L R

i &0 Eo
7 R+ (wl)?

Steady state current (i) in the circuit

Li = %sin(wt — qbﬂ

—«3@) The current lags the emf by ¢.

l

Ep Sin wt

)

( =

E

0 SMQO*’—-(}))
—




@ QUESTION

In the given circuit, find
(a) inductive reactance X, .

(b) impedance Z.

(c) Peak current i.
(d) i(t) g = 200 sin(100mt)



& solmon Y

(a) inductive reactance X;. £ = &o Sin "%qf])
¢ = 260 Sin ((sorm }:)
X, = wl ¢ = 200 Y
Y
X, = 1007 X Z 2000 — e = 200 sin(1007t)
S
(b) impedance Z.
ZZ=R2+XL2:>Z=\/R2+XL2 Z X,
\ @
Z =/ (200)%+(200)? R

~ 7 =200V20Q



@ SOLUTION

(c) Peak current i,.

- 2= %
0O — ~ 0

YA e
£, =200V ¢

= 200Y (A
200 1 o/
Ly = =— 4 & = 200 sin(1007t)
2002 v?;§;§9 2 = 250 5§32 S

(d) i(t)
i(t) =ipsin(100mt — ¢)

VL 80 7
X, 200 T
tangp =—=-——=1 = ¢ =— ¢ 4 ¢
R 200 4 . R \

L i(t) = j—isin (100nt = %)



@ QUESTION ®

f series R-C circuit is connected to an alternating voltage source. Consider two situations
(a) When capacitor is air Filled.
(b) When capacitor is mica filled.

Current through resistor is I and voltage across capacitor is V then-

l 1 1
(@ (b) ©
Vo =Vp Vo <Vp v, >V,



When capacitor is Filled with mica, its capacitance increases.

fis C increases, X decreases

fis X decreases, voltage across capacitor decreases (X, « V7).

_ - 1

® e )
v, <V,



@ QUESTION

fAn A.C. voltage is applied to a resistance R and an inductor L in series. If R and the
inductive reactance are both equal to 3 Q, the phase difference between the applied
voltage and the current in the circuit is

Ep sinwt

I L
© D
/4



& solmon

XL
XL tanqb = F
tan ¢ = 2 | -
(-
¢ = 45° or /4 Eosinw
2 X
o |
R
L 1 1 1
(@ O (@) ©)
Zero /6 7T /4 /2




@ QUESTION U

In an A.C. circuit, an alternating voltage, e = 200+/2 sin(100t) volt is connected to
capacitor of capacity 1 uF. The rms. value of current in the circuit is

ﬂ_|_*

1 uF

-

g = 2002 sin(100t)

L1
O O
00m

A 20 mA

N
b
100 m

A 2



& sownon v . 0

1 uF
Alternating voltage, e = 200+/2 sin(100¢t)
comparing with|e = in wt
paring [ = € sinw ] e
} } ../
w=100rad/s &, =200V2 volt g = 200V/2sin(100t)
1 1 \
Xe=c " To0x 106 =100 L€=€osinﬂ
8 002 3 x 1072 > s = 2 = 220 5% 10724 = 20 mA
O—X—C— 10% A=2Vv2 X107 “A rms T 5 T NG — = m
l 51
10 mA 100 mA 200 mA 20 mA



@ POWER IN AC CIRCUITS
«3) The work done by source in time interval dtis,

____________________

AW = Eidt L C R
dW = &Eyly sinwt sin(wt + ¢) dt
P . . (~)
= Epip (sin“ wt cos ¢ + sin wt cos wt sin ¢)dt N/
E = go sin wt
«@) Total work done in a cycle is, L= lgsin(wt + )

. T . T .
W = Eyig cos @ [, sin® wt dt + Egigsing [, sin wt cos wt dt

= Epip COS P fOT(l — cos 2wt) dt + Eyiy sin ¢ fOT%sin 2wt dt

= 50i02cos ¢ [fOT dt — fOT cos 2wt dt] + Eolp Sin ¢ fOT%sin 2wt dt

____________________________

____________________________



@ POWER IN AC CIRCUITS
@) Total work done in a cycle is,

) L C R
W = p Eolo T cos @
(o) —
«3) fuerage Power delivered, &
E = &EpSinwt

Povg = g I = i sin(wt + @)

1 _ .
Payg = > Eolp COS P

Eo i

V22

@ Pavg = Ermslrms COS ¢§">




@ POWER IN AC CIRCUITS
é Povg = grmsirms"l\?asuﬁ\’) g

-

(
~—Power Factor

&) For purely resistive circuit, N
E = 50 sin wt
L, €4 i =iy sin(wt + @)

80 77777777777777777 Zm s -" 8 — 80 Sin a)t

— ' o
Pavg i ngSleS COS O

Pavg grmslrms

Power arawn is maximum in a purely resistive circuit



@ POWER IN AC CIRCUITS

CS Povg = Ermslirms.COS ;\)

-

(
~—Power Factor

&) For purely reactive circuit -

~

o =m/2
N~
.
b &4 € = €5 Sin wt
S - .
io

T

i=iosin(wt+—

2

>

o=m/20or¢p=—m/2

1T
grmsirms COS (i E)

Pavg

Pyyg =0

No power is absorbed for a full cycle in purely
inductive or purely capacitive circuits

L, & _
foj - E = ¢&pSinwt
iO R S N>

_’l
0 Y , L
Lo N2 Il = lgSIn (a)t = E)



@ POWER IN AC CIRCUITS | RC CIRCUITS

Pavg = Ermslrms COS @

p R
cos¢p = —
Z 7 o
; Xc
66 CoS @ = \qb
< JRZ + (1/w()? R e
N

fuerage Power in RC circuits is,

_ R
L B avg — grmslrmSE T




@ POWER IN AC CIRCUITS | RL CIRCUITS

slrms COS ¢

Pavg

Ermsl
R
cosgb—?

S / %9}
@ cos @ - JRZ+ (a)L)Z

fuerage Power in LR circuits s,

R
Pavg = 5rmslrmsf T

go sin wt




