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ALTERNATING CURRENT
Alternating emf:
Alternating emf is that emf which continuously changes in magnitude and periodically reverses its direction. Alternating emf is given by
                   E = E0 sin ωt
Where,
E  -> Instantaneous emf ( emf at the given instant)
E0 -> Peak emf  ( maximum emf )
ω -> Angular frequency
ωt -> phase angle

	Phase angle
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Alternating Current:
Alternating current is that current which continuously changes in magnitude and periodically reverses its direction.
Alternating current is given by

                   I = I0 sin ωt
Where,
I -> Instantaneous current (current at the given instant)
I0 -> Peak current (maximum current)
ω -> Angular frequency
ωt -> phase angle

Average or Mean Value of Alternating Current: 
       Average or Mean value of alternating current over half cycle is that steady current which will send the same amount of charge in a circuit in the time of half cycle as is sent by the given alternating current in the same circuit in the same time.


              dq = I dt = I0 sin ωt dt 

                   q =     
                      = Io    
                      = Io [- -
           = [ - cos 
              =   [ 1+1 ]
          q  = 
 Iavg  =  
      = 
	Iavg   =    = 0.636 I0



Thus the average current is 0.636 times I0 ( peak current)
Similarly,
Average or Mean Value of Alternating emf in a half cycle is
 Eavg   =    = 0.636 E0
Note: Average or Mean value of alternating current or emf is zero over a cycle as the + ve and – ve values get cancelled. 
Root Mean Square or Virtual or Effective Value of Alternating Current: 
Root  Mean Square (rms) value of alternating current is that steady current which would produce the same heat in a given resistance in a given time as is produced by the given alternating current in the same resistance in the same time.
Relation between RMS and Peak current in a cycle:
 The instantaneous alternating current is given by
    =
Mean square current in a cycle is
= [ 
=  dt]
= { }
= T
=
Root mean square current in a cycle 
	Irms = Iv =




AC THROUGH OHMIC RESISTANCE
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Applied instantaneous alternating emf across Ohmic resistance is
E  = E0 sin ωt
Instantaneous alternating current is
I = E / R
  = (E0 / R) sin ωt
I = I0 sin ωt                         where I0 = E0 / R        and   R =  E0 / I0
Emf and current are in same phase.
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Vector diagram:
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AC THROUGH INDUCTOR
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Applied instantaneous alternating emf across pure inductor is
E  = E0 sin ωt
Induced emf in the inductor is   - L (dI / dt)
In order to maintain the flow of current, the applied emf must be equal and opposite to the induced emf.
[image: ]
Integrating both sides
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 where I0 = E0 / ωL  and   XL = ωL = E0 / I0                                                                
  XL = ωL = is Inductive Reactance.  Its SI unit is ohm.
Current lags behind emf by π/2 rad.
[image: ]
Vector diagram
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	Variation of XL with Frequency:
I0 = E0 / ωL  and   XL = ωL 
XL is Inductive Reactance and  ω = 2π f 
 XL  = 2π f L        i.e.     XL α f 
For Direct current f = 0
XL  = 0
	





AC THROUGH CAPACITOR
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Applied instantaneous alternating emf across capacitor is
      E  = E0 sin ωt
Instantaneous charge on the plates of the capacitor is
q = CE 
 = CE0 sin ωt 
I = dq / dt 
  = (d / dt) [CE0 sin ωt]
I = [E0 / (1 / ωC)] ( cos ωt )
I = I0 sin (ωt + π / 2)
where  
I0 = E0 / (1 / ωC)  and  
 XC = 1 / ωC = E0 / I0)                                                                           
  XC is Capacitive Reactance.  Its SI unit is ohm.

Current leads the emf by π/2 radians.
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Vector diagram:
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	Variation of XC with Frequency:
I0 = E0 / (1/ωC)  and   XC = 1 / ωC 
XC is Inductive Reactance and  ω = 2π f 
 XC  = 1 / 2π f C      
  i.e.      XC α 1 / f 
For Direct current f = 0
XC  = 1 / 2π f C     = ∞
Capacitance (C) allows AC to flow through it but blocks DC.
	




AC Circuit with L, C, R in Series Combination: 
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Applied instantaneous alternating emf across pure inductor is
E  = E0 sin ωt
The applied emf appears as Voltage drops VR, VL and VC  across R, L and C respectively.
1) In Resistance:  VR = Iv R :current and voltage are in phase.
2) In inductor: VL = IvX L :current lags behind voltage by π/2
3) In Capacitor: Vc = Iv Xc, current leads the voltage by π/2
If VL > VC
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From Δ OAB
OB2 = OA2 + AB2
EV2 = VR2 + (VL - VC)2
      =  IV2R2 + ( IVXL –IVXC)2
      =IV 2[ R2 +( XL –XC)2 ]
EV = IV R2 +( XL –XC)2 
IV = EV  / R2 +( XL –XC)2
 IV = EV  / 
Where
Z = √ [R2 + (XL – XC)2] known as impedance of series RLC circuit
Expression foe current:
When VL > Vc  current lags emf by Ø
        I = I0 sin (ωt -  Ø )
From Δ OAB
tanØ =  
    tanØ  =
Phase difference
Ø =tan -1
Special Cases:
Case I:  When XL > XC   i.e. ω L > 1/ωC,
               tan Φ = +ve  or Φ is +ve 
The current lags behind the  emf by phase angle Φ and the LCR circuit is inductance -  dominated circuit.
Case II:  When XL < XC   i.e. ω L < 1/ωC,
               tan Φ = -ve  or Φ is -ve 
The current leads the  emf by phase angle Φ and the LCR circuit is capacitance -  dominated circuit.
Case III:  When XL = XC   i.e. ω L = 1/ωC,
               tan Φ = 0  or Φ is 0° 
The current and the  emf are in same phase.  The impedance does not depend on the frequency of the applied emf. LCR circuit behaves like a purely resistive circuit.
The condition for resonance to occur
IV = EV  / R2 +( XL –XC)2
For resonance to occur, the value of Iv has to be the maximum.
The value of Iv will be the maximum when
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At resonance
1. The impedance offered by the circuit is minimum and the current is maximum.  This condition is called resonant condition of LCR circuit and the frequency is called resonant frequency.
2.  Z= R
3. Current and emf are in phase (Ø = 0 )
Resonant Curve & Q - Factor:           
	The sharpness of the resonance curve
of the series L – C – R circuit is
measured in terms of a quality known
as the Q – factor.
Band width = 2 ∆ ω 
      Quality factor (Q – factor) is defined as the ratio of resonant frequency to band width.
Q = ωr / 2 ∆ ω    
It can also be defined as the ratio of potential drop across either the inductance or the capacitance to the potential drop across the resistance 
Q =    
	[image: ]


Power in AC Circuit:
Instantaneous alternating emf is
          E  = E0 sin ωt
Instantaneous alternating current
          I  = I0 sin (ωt + Φ)                   where Φ is the phase angle between emf and current
 Instantaneous Power = E I
        = E0 I0 sin ωt sin (ωt + Φ) 
       = E0 I0 [sin2 ωt cosΦ + sin ωt cosωt  cosΦ] 
     =  E0 I0 cosΦ sin2 ωt + E0 I0 cosΦ sin ωt cosωt  
    Average power consumed in a cycle is
Pavg  =  {  dt+dt }
          =  {   +
         
        =     cos
       = cos 
    = EVIVcos
Pavg = P rms x power factor
Average power = rms power x power factor
Power factor = cos
Case (i) Resistive circuit: If the circuit contains only pure R, it is called resistive. In that case φ = 0, cos φ = 1. There is maximum power dissipation.
Case (ii) Purely inductive or capacitive circuit: If the circuit contains only an inductor or capacitor, we know that the phase difference between voltage and current is π/2. Therefore, cos φ = 0, and no power is dissipated even though a current is flowing in the circuit. This current is sometimes referred to as wattless current.
Case (iii) In an LCR series circuit, power dissipated is given by  Pavg = EO IO cos φ = EO IO R/Z where φ = tan–1 (Xc – XL )/ R. So, φ may be non-zero in a RL or RC or RCL circuit. Even in such cases, power is dissipated only in the resistor.
Case (iv) Power dissipated at resonance in LCR circuit: At resonance Xc – XL= 0, and φ = 0. Therefore, cosφ = 1 and P = I 2Z = I 2 R. That is, maximum power is dissipated in a circuit (through R) at resonance.
Transformer:
Principle: It is a device which converts high voltage AC into low voltage AC and vice-versa. It is based upon the principle of mutual induction. When alternating current is passed through a coil, an induced emf is set up in the neighboring coil.
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	P : Primary coil
S; Secondary coil
V1 : Primary potential
V2 : Secondary potential
N1:No of turns in primary coil
N2:No of turns in Secondary coil
I1: Primary current
I2: Secondary current


Working: When an alternating current is passed through the primary, the magnetic flux through the iron core changes, which does two things. It produces emf in the primary and an induced emf is also set up in the secondary. If we assume that the resistance of primary is negligible, then the back emf will be equal to the voltage applied to the primary.
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Where, N1 and N2 are number of turns in the primary and the secondary respectively and V1 and V2 are their voltages respectively
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In a step-up transformer: N2 > N1, therefore, V2 > V1
Such a device cannot be used to step up a dc because a dc voltage cannot produce a changing flux, which is very essential to the production of induced emf in the secondary.
If the transformer is assumed to be 100% efficient (no energy losses),
                         power input = power output
                                Ip Vp = Is Vs
Efficiency (η):
η = VS IS / VP IP
The equations obtained above apply to ideal transformers (without any energy losses). But in actual transformers, small energy losses do occur due to the following reasons:
(i) Flux Leakage: There is always some flux leakage; that is, not all of the flux due to primary passes through the secondary due to poor designs of the core or the air gaps in the core. It can be reduced by winding the primary and secondary coils one over the other.
(ii) Resistance of the windings( Copper loss): The wire used for the windings has some resistance and so, energy is lost due to heat produced in the wire (I 2R). In high current, low voltage windings, these are minimised by using thick wire.
(iii) Eddy currents: The alternating magnetic flux induces eddy currents in the iron core and causes heating. The effect is reduced by having a laminated core.
(iv)  Hysteresis: The magnetisation of the core is repeatedly reversed by the alternating magnetic field. The resulting expenditure of energy in the core appears as heat and is kept to a minimum by using a magnetic material which has a low hysteresis loss.
(v) Losses due to vibration of core: Some electrical energy is lost in the form of mechanical energy due to vibration of the core and humming noise due to magnetostriction effect.
                The large scale transmission and distribution of electrical energy over long distances is done with the use of transformers. The voltage output of the generator is stepped-up (so that current is reduced and consequently, the I 2R loss is cut down). It is then transmitted over long distances to an area sub-station near the consumers. There the voltage is stepped down. It is further stepped down at distributing sub-stations and utility poles before a power supply of 240 V reaches our homes.


Q1. A 100 Ω resistor is connected to a 220 V, 50 Hz ac supply.
(a) What is the rms value of current in the circuit?
(b) What is the net power consumed over a full cycle?
Ans: Resistance of the resistor, R = 100 Ω
Supply voltage, V = 220 V
Frequency, ν = 50 Hz
(a) The rms value of current in the circuit is given as:
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(b) The net power consumed over a full cycle is given as:
P = VI
= 220 × 2.2 = 484 W

Q2. (a) The peak voltage of an ac supply is 300 V. What is the rms voltage?
(b) The rms value of current in an ac circuit is 10 A. What is the peak current?
Ans: a) Peak voltage of the ac supply, V0 = 300 V
Rms voltage is given as:
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(b) Therms value of current is given as:
I = 10 A
Now, peak current is given as:
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Q3. A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of the current in the circuit.
Ans: Inductance of inductor, L = 44 mH = 44 × 10−3 H
Supply voltage, V = 220 V
Frequency, ν = 50 Hz
Angular frequency, ω= [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7078/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m1493eef7.gif]
Inductive reactance, XL = ω L[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7078/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_62dccbc7.gif]
Rms value of current is given as:
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Hence, the rms value of current in the circuit is 15.92 A.

Q4. A 60 μF capacitor is connected to a 110 V, 60 Hz ac supply. Determine the rms value of the current in the circuit.
Ans: Capacitance of capacitor, C = 60 μF = 60 × 10−6 F
Supply voltage, V = 110 V
Frequency, ν = 60 Hz
Angular frequency, ω= [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7079/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m1493eef7.gif]
Capacitive reactance [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7079/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_77cb6f18.gif]
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Rms value of current is given as:
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Hence, the rms value of current is 2.49 A.

Q5. Obtain the resonant frequency ωr of a series LCR circuit with L = 2.0 H, C = 32 μF and R = 10 Ω. What is the Q-value of this circuit?
Ans: Inductance, L = 2.0 H
Capacitance, C = 32 μF = 32 × 10−6 F
Resistance, R = 10 Ω
Resonant frequency is given by the relation,
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Now, Q-value of the circuit is given as:
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Hence, the Q-Value of this circuit is 25.

Q6. A charged 30 μF capacitor is connected to a 27 mH inductor. What is the angular frequency of free oscillations of the circuit?
Ans: Capacitance, C = 30μF = 30×10−6F
Inductance, L = 27 mH = 27 × 10−3 H
Angular frequency is given as:
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Hence, the angular frequency of free oscillations of the circuit is 1.11 × 103 rad/s.

Q7. A series LCR circuit with R = 20 Ω, L = 1.5 H and C = 35 μF is connected to a variable-frequency 200 V ac supply. When the frequency of the supply equals the natural frequency of the circuit, what is the average power transferred to the circuit in one complete cycle?
Ans: At resonance, the frequency of the supply power equals the natural frequency of the given LCR circuit.
Resistance, R = 20 Ω
Inductance, L = 1.5 H
Capacitance, C = 35 μF = 35 × 10−6 F
AC supply voltage to the LCR circuit, V = 200 V
Impedance of the circuit is given by the relation,
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At resonance,[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7084/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_1ee720b1.gif]
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Current in the circuit can be calculated as:
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Hence, the average power transferred to the circuit in one complete cycle= VI
= 200 × 10 = 2000 W.

Q8. Figure shows a series LCR circuit connected to a variable frequency 230 V source. L = 5.0 H, C = 80μF, R = 40 Ω
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(a) Determine the source frequency which drives the circuit in resonance.
(b) Obtain the impedance of the circuit and the amplitude of current at the resonating frequency.
(c) Determine the rms potential drops across the three elements of the circuit. Show that the potential drop across the LC combination is zero at the resonating frequency.
Ans: Inductance of the inductor, L = 5.0 H
Capacitance of the capacitor, C = 80 μH = 80 × 10−6 F
Resistance of the resistor, R = 40 Ω
Potential of the variable voltage source, V = 230 V
(a) Resonance angular frequency is given as:
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Hence, the circuit will come in resonance for a source frequency of 50 rad/s.
(b) Impedance of the circuit is given by the relation,
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At resonance,
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Amplitude of the current at the resonating frequency is given as: [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7087/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_27f27743.gif]
Where,
V0 = Peak voltage
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Hence, at resonance, the impedance of the circuit is 40 Ω and the amplitude of the current is 8.13 A.
(c) Rms potential drop across the inductor,
(VL)rms = I × ωRL
Where,
I = rms current
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Potential drop across the capacitor,
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Potential drop across the resistor,
(VR)rms = IR
= [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7087/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_28fee272.gif]× 40 = 230 V
Potential drop across the LC combination,
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At resonance,[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7087/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m208894a0.gif]
∴VLC= 0
Hence, it is proved that the potential drop across the LC combination is zero at resonating frequency.

Q9. A coil of inductance 0.50 H and resistance 100 Ω is connected to a 240 V, 50 Hz ac supply.
(a) What is the maximum current in the coil?
(b) What is the time lag between the voltage maximum and the current maximum?
Ans: Inductance of the inductor, L = 0.50 H
Resistance of the resistor, R = 100 Ω
Potential of the supply voltage, V = 240 V
Frequency of the supply, ν = 50 Hz
(a) Peak voltage is given as:
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Angular frequency of the supply,
ω = 2 πν
= 2π × 50 = 100 π rad/s
Maximum current in the circuit is given as:
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(b) Equation for voltage is given as:
V = V0 cos ωt
Equation for current is given as:
I = I0 cos (ωt − Φ)
Where,
Φ = Phase difference between voltage and current
At time, t = 0.
V = V0(voltage is maximum)
For ωt − Φ = 0 i.e., at time[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7091/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m6f68eee9.gif],
I = I0 (current is maximum)
Hence, the time lag between maximum voltage and maximum current is[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7091/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_b211ca0.gif].
Now, phase angle Φis given by the relation,
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Hence, the time lag between maximum voltage and maximum current is 3.2 ms.

Q10. A 100 μF capacitor in series with a 40 Ω resistance is connected to a 110 V, 60 Hz supply.
(a) What is the maximum current in the circuit?
(b) What is the time lag between the current maximum and the voltage maximum?
Ans: Capacitance of the capacitor, C = 100 μF = 100 × 10−6 F
Resistance of the resistor, R = 40 Ω
Supply voltage, V = 110 V
(a) Frequency of oscillations, ν= 60 Hz
Angular frequency, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7093/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m4fa674fe.gif]
For a RC circuit, we have the relation for impedance as:
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Peak voltage, V0 = [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7093/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_mc2bb075.gif]
Maximum current is given as:
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(b) In a capacitor circuit, the voltage lags behind the current by a phase angle ofΦ. This angle is given by the relation:
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Hence, the time lag between maximum current and maximum voltage is 1.55 ms.

Q11. A circuit containing a 80 mH inductor and a 60 μF capacitor in series is connected to a 230 V, 50 Hz supply. The resistance of the circuit is negligible.
(a) Obtain the current amplitude and rms values.
(b) Obtain the rms values of potential drops across each element.
(c) What is the average power transferred to the inductor?
(d) What is the average power transferred to the capacitor?
(e) What is the total average power absorbed by the circuit? [‘Average’ implies ‘averaged over one cycle’.]
Ans: Inductance, L = 80 mH = 80 × 10−3 H
Capacitance, C = 60 μF = 60 × 10−6 F
Supply voltage, V = 230 V
Frequency, ν = 50 Hz
Angular frequency, ω = 2πν= 100 π rad/s
Peak voltage, V0 = [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_4a0c7f81.gif]
(a) Maximum current is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_42b95761.gif]
The negative sign appears because [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m556e9450.gif]
Amplitude of maximum current, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_64f39bba.gif]
Hence, rms value of current, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m35004f75.gif]
(b) Potential difference across the inductor,
VL= I × ωL
= 8.22 × 100 π × 80 × 10−3
= 206.61 V
Potential difference across the capacitor,
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m6d50eb75.gif]
(c) Average power consumed by the inductor is zero as actual voltage leads the current by[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m4c4df2e.gif].
(d) Average power consumed by the capacitor is zero as voltage lags current by[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7101/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m4c4df2e.gif].
(e) The total power absorbed (averaged over one cycle) is zero.

Q12. A series LCR circuit with L = 0.12 H, C = 480 nF, R = 23 Ω is connected to a 230 V variable frequency supply.
(a) What is the source frequency for which current amplitude is maximum. Obtain this maximum value.
(b) What is the source frequency for which average power absorbed by the circuit is maximum. Obtain the value of this maximum power.
(c) For which frequencies of the source is the power transferred to the circuit half the power at resonant frequency? What is the current amplitude at these frequencies?
(d) What is the Q-factor of the given circuit?
Ans: Inductance, L = 0.12 H
Capacitance, C = 480 nF = 480 × 10−9 F
Resistance, R = 23 Ω
Supply voltage, V = 230 V
Peak voltage is given as:
V0 = [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_7b6da420.gif]= 325.22 V
(a) Current flowing in the circuit is given by the relation, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_3ff8537d.gif]
Where,
I0 = maximum at resonance
At resonance, we have
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_2389a322.gif]
Where,
ωR = Resonance angular frequency
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_3335dda1.gif]
∴Resonant frequency, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m1e382a90.gif]
And, maximum current [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m47041c44.gif]
(b) Maximum average power absorbed by the circuit is given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m318ab1ab.gif]
Hence, resonant frequency ([image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_756f72b1.gif]) is [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_28bb5301.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m53d4ecad.gif][image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m53d4ecad.gif]
(c) The power transferred to the circuit is half the power at resonant frequency.
Frequencies at which power transferred is half, = [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_1bf49612.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m6fb046c8.gif]
Where,
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_be47ee0.gif]
Hence, change in frequency, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_5b51d36c.gif]
∴[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m668c3410.gif]
And, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_501f30bb.gif]
Hence, at 648.22 Hz and 678.74 Hz frequencies, the power transferred is half.
At these frequencies, current amplitude can be given as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_1eb81134.gif]
(d) Q-factor of the given circuit can be obtained using the relation, [image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_597f3c1c.gif]
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7108/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_688b97b7.gif]
Hence, the Q-factor of the given circuit is 21.74.

Q13. Answer the following questions:
(a) In any ac circuit, is the applied instantaneous voltage equal to the algebraic sum of the instantaneous voltages across the series elements of the circuit? Is the same true for rms voltage?
(b) A capacitor is used in the primary circuit of an induction coil.
(c) An applied voltage signal consists of a superposition of a dc voltage and an ac voltage of high frequency. The circuit consists of an inductor and a capacitor in series. Show that the dc signal will appear across C and the ac signal across L.
(d) A choke coil in series with a lamp is connected to a dc line. The lamp is seen to shine brightly. Insertion of an iron core in the choke causes no change in the lamp’s brightness. Predict the corresponding observations if the connection is to an ac line.
(e) Why is choke coil needed in the use of fluorescent tubes with ac mains? Why can we not use an ordinary resistor instead of the choke coil?
Ans: (a) Yes; the statement is not true for rms voltage
It is true that in any ac circuit, the applied voltage is equal to the average sum of the instantaneous voltages across the series elements of the circuit. However, this is not true for rms voltage because voltages across different elements may not be in phase.
(b) High induced voltage is used to charge the capacitor.
A capacitor is used in the primary circuit of an induction coil. This is because when the circuit is broken, a high induced voltage is used to charge the capacitor to avoid sparks.
(c) The dc signal will appear across capacitor C because for dc signals, the impedance of an inductor (L) is negligible while the impedance of a capacitor (C) is very high (almost infinite). Hence, a dc signal appears across C. For an ac signal of high frequency, the impedance of L is high and that of C is very low. Hence, an ac signal of high frequency appears across L.
(d) If an iron core is inserted in the choke coil (which is in series with a lamp connected to the ac line), then the lamp will glow dimly. This is because the choke coil and the iron core increase the impedance of the circuit.
(e) A choke coil is needed in the use of fluorescent tubes with ac mains because it reduces the voltage across the tube without wasting much power. An ordinary resistor cannot be used instead of a choke coil for this purpose because it wastes power in the form of heat.

Q14. A power transmission line feeds input power at 2300 V to a stepdown transformer with its primary windings having 4000 turns. What should be the number of turns in the secondary in order to get output power at 230 V?
Ans: Input voltage, V1 = 2300
Number of turns in primary coil, n1 = 4000
Output voltage, V2 = 230 V
Number of turns in secondary coil = n2
Voltage is related to the number of turns as:
[image: http://cbse.meritnation.com/img/curr/1/12/16/251/7114/NS_12-11-08_Sravana_12_Physics_7_26_NRJ_html_m5cc6fd50.gif]
Hence, there are 400 turns in the second winding

Q15. . In a series R− C circuit, R = 30 Ω, C = 0.25 μF, V = 100 V and ω = 10,000 radian per second. Find the current in the circuit and calculate the voltage across the resistor and the capacitor.
Is the algebraic sum of these voltages more than the source voltage? If yes, resolve the paradox.
Ans: Here,
R = 30 Ω
C = 0.25 μF = 0.25 × 10−6 F
Vrms = 100 V, ω = 10,000 rads−1
[image: Phy_2004_Set1_Delhi_Vandana_SS_html_9810c75]
Voltage across the resistor = IrmsR
= 0.25 × 30
= 7.5 V
Voltage across the capacitor = Irms × C
[image: Phy_2004_Set1_Delhi_Vandana_SS_html_9f9fe73]
= 100 V
Yes, the algebraic sum of voltages across R and C is more than the source voltage because the two voltages are out of phase with each other.
Q16. The power factor of an AC circuit is 0.5. What will be the phase difference between voltage and current in this circuit?
Ans:
Power factor,
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_m733ee9a8]
Phase difference is 60°.

Q17. i) Draw the graphs showing variation of inductive reactance and capacitive reactance with frequency of applied a.c. source.
(ii) Can the voltage drop across the inductor or the capacitor in a series LCR circuit be greater than the applied voltage of the a.c. source? Justify your answer.
Ans::
(i) Variation of inductive reactance with frequency is shown in figure given below.
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_782f8970]
Variation of capacitive reactance with frequency is shown in figure given below.
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_m75e45bde]
(ii) Yes, the voltage drop across the inductor or the capacitor in a series circuit can be greater than the applied voltage. In this case, these two voltages are not in same phase. Hence, they cannot be added like ordinary numbers.

Q18. The given circuit diagram shows a series LCR circuit connected to a variable frequency 230 V source.
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m3b437f54]

(a) Determine the source frequency which drives the circuit in resonance.
(b) Obtain the impedance of the circuit and the amplitude of current at the resonating frequency.
(c) Determine the rms potential drops across the three elements of the circuit.
(d) How do you explain the observation that the algebraic sum of the voltages across the three elements obtained in (c) is greater than the supplied voltage?
Ans::
 (a) [image: Phy_2006_Set1_Delhi_Vandana_SS_html_790c8829]
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m641fe76e]
(b) At resonance Z = R = 40 Ω
Current amplitude, 
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m531cd7cf]
(c) [image: Phy_2006_Set1_Delhi_Vandana_SS_html_me2bb8c3]
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_7b134626]
∴rms potential drop across resistor R = Irms R
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_4959fef9]
rms potential drop across inductor = [image: Phy_2006_Set1_Delhi_Vandana_SS_html_26c4f4f5]
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m60eb9c95]
rms potential drop across the capacitor
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_2bbf1b74]
(d) The algebraic sum of the three voltages is more than the source voltage of 230 V. These voltages are not in the same phase and cannot be added like ordinary numbers. The voltages across L and C are out of phase and get added to zero. Therefore, [image: Phy_2006_Set1_Delhi_Vandana_SS_html_m11aeaebb]= Applied rms voltage

Q19. The primary coil of an ideal step-up transformer has 100 turns and the transformation ratio is also 100. The input voltages and the power are 220 V and 1100 W respectively. Calculate:
(i) Number of turns in the secondary
(ii) The current in the primary
(iii) Voltage across the secondary
(iv) The current in the secondary
(v) Power in the secondary

Ans::
Given: NP = 100, Transformation ratio = 100,
VP = 220 V, PP = 100 W
(i) [image: Phy_2006_Set1_Delhi_Vandana_SS_html_58bf4361]= Transformation ratio
NS = Transformation ratio × NP
NS = 100 × 100 = 10000
(ii) [image: Phy_2006_Set1_Delhi_Vandana_SS_html_5fac6d09]
(iii) VS = Transformation ratio × VP = 100 × 220 = 22000 V
(iv) [image: Phy_2006_Set1_Delhi_Vandana_SS_html_c4a2ad2]
(v) For an ideal transformer, PS = PP = 1100 W

Q20. Distinguish between the terms ‘average value ‘and ‘rms value’ of an alternating current. The instantaneous current from an a.c. source is I = 5sin (314t) ampere. What are the average and rms values of the current? 
Ans::
Average value of A.C: It is the value of direct current which sends the same charge in a circuit in the same time as is sent by the given ac in its half time period.
[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_46bcad71]
Rms value of A.C: It is the value of a direct current which produces the same heating effect in a given resistance as is produced by the given ac when passed for the same time.
[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_m7e5ab896]
Given,
I = 5 sin (314)t A
Peak value of current, I0 = 5 A
[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_5ec043f9]
[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_678d7aee]

Q21. Given below are two electric circuits A and B
[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_m1c8421be]
Calculate the ratio of power factor of the circuit B to the power factor of circuit A. 
Ans::
Power factor of A =[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_m5579d4f9]
Power factor of B =[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_4d9fc8c5]
[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_38dd6b1c]

Q22. An electric bulb B and a parallel plate capacitor C are connected in series to the a.c.mains as shown in the given figure. The bulb glows with some brightness.
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
How will the glow of the bulb be affected on introducing a dielectric slab between the plates of the capacitor? Give reasons in support of your answer.
Ans::
The bulb will glow brighter.
Reasons:
The impedance of a capacitor is [image: Phy_2007_Set1_Outside%20Delhi_Saif]without dielectric.
If a dielectric is introduced inside a capacitor, then the new capacitance will be KC and the new impedance will be [image: Phy_2007_Set1_Outside%20Delhi_Saif].
Therefore, the impedance has decreased.
This will result in higher current through the circuit and the bulb will glow brighter.

Q23. A resistor of 200 Ω and a capacitor of 40 μF are connected in series to 220 V a.c. source with angular frequency (ω) = 300 Hz. Calculate the voltages (rms) across the resistor and the capacitor. Why is the algebraic sum of these voltages more than the source voltage? How do you resolve this paradox?

                  [image: Phy_2007_Set1_Outside%20Delhi_Saif]
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
Voltage drop across resistor = IR
= 1.02 × 200
= 204 V
Voltage drop across capacitor = IXC
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
Total voltage drop
= 204 + 85
= 289 V
Kirchoff’s voltage law will be valid only if we consider instantaneous values of voltage. 85 V and 204 V are rms values of voltage and hence, when they are added there value becomes more than the source voltage.

Q24. The instantaneous current and voltage of an a.c. circuit are given by
i = 10 sin 300 t A and
V = 200 sin 300 t V.
What is the power dissipation in the circuit?
Ans::
It is given that:
i = 10 sin 300 t A
V = 200 sin 300 t V
∴ i0 = 10 A and V0 = 200 V
∴ Average power dissipation = V0i0
= 200 × 10 = 2000 W

Q25. A resistor of 200 Ω and a capacitor of 15 μF are connected in series to a 220 V, 50 Hz a.c source. Calculate the current in the circuit and the rms voltage across the resistor and the capacitor. Is the algebraic sum of these voltages more than the source voltage? If yes, resolve the paradox.
Ans: Here, r = 200 Ω, C = 15 μF = 15 × 10−6 F
E = 220 V, f = 50 Hz, I =?
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_m7ef2c36a]
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_m77ad6267]
This is because these voltages are not in same phase and they cannot be added like ordinary numbers.
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_m508c5e7c]

Q26. Prove that an ideal capacitor, in an a.c. circuit does not dissipate power.
. Ans::In a capacitative circuit, the current leads the emf by a phase angle of [image: Phy_2008_Set1_Delhi_Niraj_SS_html_m4c4df2e].
For emf, E = E0 sin ωt, the current flowing in a capacitative circuit will be: 
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_72c467b2]
Work done in one complete cycle of ac is written as:
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m1907c28b]
∴Average power dissipated, P [image: Phy_2008_Set1_Delhi_Niraj_SS_html_4ec234e2]
Therefore, the average power dissipated by an ideal capacitor over a complete cycle of ac is zero.

Q27. An inductor 200 mH, a capacitor 500 μF and a resistor 10 Ω are connected in series with a 100 V variable frequency a.c. source. Calculate the 
(i) frequency at which the power factor of the circuit is unity.
(ii) current amplitude at this frequency.
(iii) Q-factor. 
Ans::
It is given that:
Inductance of the inductor, L = 200 mH = 200 × 10−3 = 0.2 H
Capacitance of the capacitor, C = 500 μF = 500 × 10−6 = 5 × 10−4 F
Resistance of the resistor, R = 10 Ω
Voltage of the source, V = 100 V
Power factor of the LCR circuit, cosΦ = 1
(i) Power factor of the LCR circuit is given as:
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m6d0d2287]
Hence, the power factor of the series LCR circuit will be unity at frequency 16 Hz.
(ii) Current amplitude at resonance frequency is calculated as:
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_56ef3a5c]
This is the rms value of current.
Current amplitude is the peak current which can be calculated by multiplying the rms value by[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m79f714c4].
Hence, the amplitude of current is:
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m30eeb009]A
(iii) [image: Phy_2008_Set1_Delhi_Niraj_SS_html_mf96c256]
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_40c4131e]

CLASS: XII           SUB: PHYSICS           TOPIC: ALTERNATING CURRENT              MARKS: 25
GENRAL INSTRUCTIOS:
i. Q No 1 to 3 carries one marks each,          ii) Q No 4 to 7 carries two marks each,
iii) Q No 8 to 10 carries three marks each,   iv) Q No 11 carries five marks,

1. An electrical element X when connected to an alternating voltage source has current through it leading the voltage by p/2 radian Identify X and write expression for its reactance?
2. Capacitor blocks d.c. why?
3.   Power factor of an a.c. circuit is 0.5. What will be the phase difference between voltage and current in the circuit?
4. The frequency of a .c source is doubled. How do R, XL, XC get affected?
5. The instantaneous current and voltage of an a.c. circuit are given by
            i = 10 sin 300 t A and
             V = 200 sin 300 t V.
       What is the power dissipation in the circuit?
6. An electric bulb B and a parallel plate capacitor C are connected in series to the a.c.mains as shown in the given figure. The bulb glows with some brightness.
[image: Phy_2007_Set1_Outside%20Delhi_Saif]
How will the glow of the bulb be affected on introducing a dielectric slab between the plates of the capacitor? Give reasons in support of your answer.
7. Prove that ideal capacitor connected to an ac source does not dissipate power.
8. Distinguish between resistances, reactance and impedance of an a.c. circuit?
9. In a step up transformer, transformation ratio is 100. The primary voltage is 200 V and input is 1000 watt. The number of turns in primary is 100. Calculate
(1) Number of turns in the secondary
(2) Current in the primary
(3) The voltage across the secondary
10. An a.c. voltage E = Eo sin wt is applied across an inductance L. obtain the expression for current I
11. Describe with the help of labeled diagram principle, construction and working of a transformer. What are the energy losses in it and how they can be minimized?
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