1. ALTERNATING CURRENT Jl 2. ALTERNATING VOLTAGE 5. FREQUENCY &
: , ANGULAR FREQUENCY
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e Current whose magnitude and » Voltage in an AC circuit varies L ‘ 4
direction vary sinusoidally sinusoidally with time. Vo o Average value over a half cycle. o f = frequency (cycles per second)
wu.th tlm‘e. o » Same frequency as current. Vims = E « Over one full cycle, the e Unit of f = Hertz (Hz)
* Itis periodic in nature. average value is zero.

e w = angular frequency (rad/s)

* RMS (root mean square) value
is the equivalent DC value.

1
T = — (Time period)
[t produces the same heating f
effect in a resistor.

% NG = ST 73 J

6. AC THROUGH RESISTOR (R) |l 7. AC THROUGH INDUCTOR (L) | 8. AC THROUGH CAPACITOR (C) 9. IMPEDANCE (2) 10. PHASE DIFFERENCE (¢)
{ — | f di | r dv ]  Phase difference between
1 v=iR J v=1L dt ’ i=C o l | £ = \/Rz + (X, —XC)2 } voltage and current.
 Voltage and current are o ¥ — :
in phase. e Current lags voltage by 90°. '« Current leads voltage by 90°. « Total opposition offered to
e Phase difference, ¢ = 0° ¢ Inductive reactance, ’ * Capacitive reactance, AC. Pure Resistor (R) ¢ =0°
* Impedance, Z = R l X, = wL | Xe = . S 4 Pure Inductor (L) gt
. = ' - n r
o Power factor, cos ¢ = 1 « Impedance, Z = X, wC * In a series RLC circuit, bl et (Current lags)
* Impedance, Z = X ' ’ X
Phasor Diagram Phasor Diagram : . 2 1 )2 ) ¢ =-90
Vi Vv E ‘ ; Phasor Diagram Z= \/R + (wL > w—C) Pure Clpacitor 1C) (Current leads) |
¢=0° ¢ = 90° 0 e Z minimum when X; = X
> V , ¢=-90 . ’ In general, —90° < ¢ < +90°
0 3 0 =1 0 < |
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11. POWER IN AC CIRCUIT 12. POWER FACTOR 14. QUALITY FACTOR (Q) 15. TRANSFORMER
Z= WR , Condition of Resonance (S ) V N. I
P=VrmsIrmscos¢ ™ ‘ COS¢=_Z'T | X=X :sz 1 e e
| | ) gL C | ‘ ! R  wCR | V, N, I,
* Average power consumed in * Power factor = cosine of phase 1 R o
an AC circuit difference between voltage | W = == ‘ ‘ ¢ Measures the sharpness of | ¢ Vi ¥y By S secoodary
: and current. VvLC , | resonance. voltages
* Unit: watt (W) o Indicates how effectively ¢ At resonance: e Higher Q — sharper and * Np, Ng = I.Qumber of turns
: . electrical power is used. - Impedance, Z = R (minimum) | | higher peak. it = FTNIOTY S NEONONY
e Also, P=I_,.R = : _ Gkt Ee Y e | ‘ currents
. l"" Key Points Ll e R L * At resonance,
(in a purely resistive circuit) e Range: 0 < cos < 1 | ~ Power factor, cos ¢ = 1 (unity) 14 N | « Step-up Transformer
max — " £rms y
* Pure resistor: cos ¢ = 1 (ideal) Resonance Curve (Series LCR) Ny >Ny)
_ | - « Pure inductor/capacitor: I'a |  Step-down Transformer
| Power depends on power factor | o A TR ORI (N; < NP)
| (cos ¢) e High PF — efficient, low loss max
e ey ¢ Low PF — more current, |
more loss
o Types: Lagging (inductive), | 0 L P o
Leading (capacitive) | | X SX; Wy ), o3
N i, \~ N PONG s | v
16. POWER FACTOR IMPROVEMENT 17. ENERGY LOSSES IN TRANSFORMER 18. IMPORTANT GRAPHS & DIAGRAMS
i Why Improve Power Factor? : « Copper Loss " I’R loss in windings (i) AC Sine Wave (ii) Phasor Diagrams (ili) Resonance Curve
o Low PF causes: more current, higher I°R loss, | (Series LCR)
\ R (In Phase)
voltage drop, low efficiency. e Eddy Current Loss : Due to circulating currents Vv
* 1, = VI
How to Improve? in core v ¥ ' 7

1. By Capacitor (most common): Capacitor connected in parallel i

supplies leading current and cancels lagging effect of inductor. * Hysteresis Loss  : Due to repeated magnetization

}
2. Synchronous Condenser: Over-excited synchronous motor i CaTRgoMtizetion 0 T | l\_ :70 90°
' works like a capacitor. T |
2

L (I lags V) ‘

Ways to Minimize:

Result: Phase difference decreases — Power factor increases * Laminated core (thin sheets) 90° "
(towards 1). Ideal condition: cos ¢ = 1 (V and I in phase) ¢ Using soft iron / silicon steel core > v Wy w
_/ .

IMPORTANT FORMULAS SUMMARY
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EXAM FOCUS (HIGH WEIGHTAGE TOPICS)

ei=l Sif' ot * w=2nf * P = Veus Ims cos ¢ JY_N_ % RMS value and average value |
o g=Y s’m wt e X, = “’lL e cos¢ = R VP NP L W AC through R, L, C (phase difference)
o I = :% b kg i X‘.Z(resonance) . T = 1 % Power, Power factor and its improvement
PRV | o Z=+R+(X, - X.) o f % LCR resonance (condition & uses)

V& o ¢ =0° e S . .« w =27 % Transformer (turns ratio & types)
¢ Ly = ‘27? : zL - +?)?): e Q= %" r % Phasor diagrams and graphs

_ A J

KEY CONCEPTS - AC is sinusoidal —> Phase difference = Impedance - Power factor = Power —> Resonance —> Transformer |



