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V=V ' \A]bbv ¢ f:f.sin(wt**d’) h‘j ¢
=Voémn Wonemt at £20 /7 Ma,(l
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Voltage (V) = Vo sinwt
Current (i) = ip sin (ot - ¢)

Voltage (V) = Vo sinw t
Current (i) = i, sin (ot + ¢)
Phase difference =0 - (+ ¢) = - ¢
i.e. voltage is leading by an angle (- ¢) w.r.t.
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Phase difference =0 - (- ¢) = + ¢
i.e. voltage is leading by an angle (+ ¢) w.r.t.
current
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Phasor and phasor diagram i 10—
J2
Equation of V and i Phase difference ¢ Time difference T.D. Phasor diagram
V=V,sinot
SN, 74
i=1,sinwt, - o o or —_—
_H_ i Vv 1
Phatoy diaghana —
V="V,sinot | . i
[« L
. V4 J Va T ]2
i=1, sin(wt + — ] - —
o Sm@+2) 2 4 or 2/ 2
L 4 V
Vo”-tﬁ,l, 1%
V=V,sinwt v v
i =iy sin(wt — ) +Z T /2
Y Y 5 n or
2 2 4 2/ 2
i i
V=V,sinwot i i
V3 T 7/ 3
- - or
i =iy sin(t +2) 3 6 2/3
3 v v
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(1) Resistance (R) : The opposition offered by a conductor to the flow of
current through it is defined as the resistance of that conductor. Reciprocal of

. . . 1
resistance is known as conductance (G) i.e. G= n

(2) Impedance (2) : The opposition offered by the capacitor, inductor and
conductor to the flow of ac through it is defined as impedance. It’s unit is

Vo V,
ohm(Q). 7z=-%=_ms

Iy Lrms

Impedance pupyusend eguivalant prrvi> tance
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(3) Reactance (X) : The opposition offered by inductor or capacitor or both
to the flow of ac through it is defined as reactance. It is of following two type -

Inductive reactance (X;) Capacitive reactance (X¢)
(i) Offered by inductive circuit (i) Offered by capacitive circuit
(i) X, =@l =27l Foy D& 4=o0 11
X, = wL = 27f L Selb inductmie. Xi=0 (1) Xe = a)C 27TVC
L - 4 nduetor 16 ‘\\/\4-\- O
(iii) v, =0 so for dc, X, = 0 wixe for DC. | (iii) For dc X¢ = o Ke s 21@? -

it wling  tap- blocks DL

(iv) X;-vGraph  x} Wy AAfreq. (iv) Xc - v Graph, 4 l X ,(
. S

6 Brag, (V—
e (— -
\(L " l_/ mec

| : A Resultant reactance of LC circuit is defined as X = X; ~ X¢ .

(4) Admittance (Y) : Reciprocal of impedance is known as admittance

(Y = %j It’s unit is mho.

(5) Susceptance (S) : the reciprocal of reactance is defined as susceptance

1
S = — | Itis of two type
(5-4) yp

(i) inductive susceptance S, =

=—= and (ii) Capacitive susceptance,
X, 2avL

SC=L=G)C=27TVC.
X
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(i) Instantaneous power : Suppose in a circuit V=7V,sinwrand
i=1i, sin(lwt+¢) then

Types of power

Pinstantane ous Vi= V()iO SlnthIH(Wt + ¢)

(ii) (True power) : The average of instantaneous power in

an ac circuitover-afdll cycle is called average power. It's unit is watt i.e.

5 Vo 1§ 1 v: R
P =P P P=—2L " cosp=—V,i cosp =i’ R=-—1"8—
av inst - \/5 \/5 ¢ 2 0°0 ¢ rms ZZ

Power factor : It may be defined as

(i) Cosine of the angle of lag or lead Q_

wsp 15 kvown as poudn Tt
Tact ox. Town

{ &

(ii) The ratio X = Resistance — ¢ ¢
Z  Impedance

N
7

Vaws

<9
(i) The ratio _Tvepower W kW _ o _ TNV WO W <
Apparent power VA kVA ~

N 9 Tves Vs
@aﬁ: a Power factor is a dimensionless quantity and it's value lies
between 0 and 1.

U For a pure resistive circuit R = Z = p.f. = cosg=1
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The component of current which does not contribute to the average power
dissipation is called wattless current

i cos

(i) The average of wattless component over one cycle is zero

(ii) Amplitude of wattless current = i, sing

and r.m.s. value of wattless current = i _sing = isin¢ . —
J2

It is quadrature (90°) with voltage

@d’t : 4 The component of ac which remains in phase with the

alternating voltage is defined as the effective current. The peak
value of effective current is i, cos¢ and it's r.m.s. value is

to_

Iys COS @ = N
Q:Do
—/ =R

cos ¢ .

¢‘-—O @:-&Q
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(1) R, L and C circuits

Circuit Purely resistive Purely inductive Purely capacitive
characteristics circuit circuit circuit
(R-circuit) (L-circuit) (C-circuit)
o . R
i) Circuit L C
(D AV |
. T . WAL V) wbke
1 :&_\;—Ad):o l'r\ PP\'—O Wik PV\\"Q LJUP
= |A3 \75 /o
Ok @ @
V=V, sinat @ V=V, sinat
(ii) Current =1y sinwt i=i sin[a)t _ Zj i=i sin(a)t + ZJ
2 2
iii) Peak current V. V V. V;
(iii) iozﬁ 10=_0=_0= 0 iy =—2 = Voo C = V,Q27v C)
R X, o, 2ml Xc
iv) Phase difference
(1v) ¢=0° $=90° (or +%) ¢ =90° (or —%)
(v) Power factor cos¢g =1 cosgp=0 cos¢p =0
. P=Tw Ve W88 = D
(vi) Power ) Voio
P =V sl == P=0 P=0
vii) Time difference T
(vii) TD = o D = — =1
4 4
(viii) Leading .
. Both are in same phase Voltage Current
quantity
(ix) Phasor diagram
4 i
———- o
v i 90° 20
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Circuit RL-circuit RC-circuit LC-circuit *°°
characterstics Vs 2W-Ve
(i) Circuit R L C T L C
—— AW — T — — —
‘._VR_)(_ Vi —>| Vg —>— Vc— V,——>—V—>
! i i l
=) e (>
</ ) <~/ i
Vi = iR, V, = iX,, Vi = iR, V¢ = iXe V, = iX,, Ve = iXe
V="V,sinwt V="V,sinwt V="V,sinot
(ii) Current i=i, sm(cot—qﬁ) i=ig sm(a)t+¢) i=1i, sm(wti;j
(iii) Peak current . Vs Vs . Vs Vs . Vo ¥y
10:—2— 10:—2— 10_—=
VA ’R2+Xf VA R2+Xé Z X, -Xc
B v, B Vo " 1
[52 2272 B ol ———
R +4r°v°L oC
(iv) Phasor diagram v,
V= (V. - V¢)
90° )
1
Vr i Ve
(v) Applied voltage V= /VI% 4+ 12 V=yV2 12 V=V -V
(vi) Impedance Z:\/R2+Xf:\/R2+a)2L2 : : ) % Z=X,-Xc=X
Z=yR"+X; =,R" + pe
N @
vii) Phase X =90°
( )- ¢:tan’1—L—tan’1w—L ¢—tan*1—C:tan*1L =9
difference R R R wCR
(viii) Power factor cos § = R cosg = R cos¢p =0
R* +X; R* + X}
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(ix) Leading quantity Voltage Current Either voltage or
current
|N01/z : A In LC circuit if X; = X = V; = V. then resonance occurs and
1
resonant frequency (natural frequency o, = F rad/sec or
LC
v ! Hz
0 —_ .
27N LC J—aw¢ V‘L_VL_ _ ]‘_“A X, - ’]Zwv((_
VR’ T R
FHWH#) o X - Xe
R
. . . %Vp\ (OS¢ Il \/R, - R
Series RLC Circuit Ve ot AL R (ot
\\IVRT\"L“’L) ML a4
R L C
I— Vo Jv: + (u-Ve)®
. Vy—>e— V,—><— V| . ¥ Vi -
l Yt e ol (g Tt
(~)
Vv = V, sinat L= Jjr 4 (A %)™
Vr = lR, Vi = iXL, Ve = iXC Phasor
ZLJRL“_ (wL- ‘_"7)
W
W = rf,

y
\/é Equation of current : =, sin(wt+¢); where i, = 7‘)

\/%f Equation of voltage : From phasor diagram V = \/ Ve+(V, = V)

2
3y fmpedance of the circuit : Z=,/R> +(X, - X.)’ = \/R2 +(a)L—LJ

oC
M Phase difference : From phasor diagram
ol - L 2rv L —
tan¢:VL—VC:XL—XC: a)C: 2zvC
Ve R R R

(5) If net reactance is inductive : Circuit behaves as LR circuit

(6) If net reactance is capacitive : Circuit behave as CR circuit

(7) If net reactance is zero : Means X=X, - X. =0 = X; = Xc . This is the

condition of resonance Z= Jr+ (x-%)> = R
Xt w
(8) At resonance (series resonant circuit) X = Xe 4/ T o i )
()X, =Xce=Znin =R i.e. circuit behaves as resistive circuit

(ii) V, = Vc= V =V i.e. whole applied voltage appeared across the

resistance .
. ° wlL = ) fusonan le tondi Hown
(iii) Phase difference : ¢ = 0" = p.f. = cosg=1 We
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(iv) Power consumption(P = Vyus irms = 5 Voio
VO

(v) Current in the circuit is maximum and it is i, = 2

(vi) These circuit are used for voltage amplification and as selector circuits
in wireless telegraphy.

(9) Resonant frequency (Natural frequency)

At resonance X, = X,

1 1
= a)oz—md = v, =——= Hz (or ¢ps)

1
o,C JLC sec Y NiTe

(Resonant frequency doesn't depend upon the resistance of the circuit)

= w,L =

Different graphs
(i) i - vgraph

(ii) z - vgraph

Al
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Quality factor (Q - factor) of series resonant circuit

The characteristic of a series resonant circuit is determined by the quality
factor (Q - factor) of the circuit.

It defines sharpness of i - v curve at resonance when Q - factor is large, the
sharpness of resonance curve is more and vice-versa.

Q - factor also defined as follows

Q ) factor o Maximum energy stored _ 2z o Maximum energy stored

Energy dissipation T  Mean power dissipated

_ Resonant frequency _ @,
Band width Aw
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V, L
Q - faCtOI‘ = E or < = G)L or 1 :}b - factor = l £
Ve V. R  ,CR lR \'c

R = Very low

Q- factor = large

R =low

Q- factor =
R = High

WL = —L I mi-l‘-':low
Vo v -

Resonance




