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(i) Write an equation for the current at resonance
(ii) Explain what is happening at resonance.

(iii) Show that the average rate of heat energy output at resonance is given by:
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(iv) Show that the voltage across the inductor as a function of time at resonance is: 
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(v) Show that the voltage across the inductor and resistor at resonance is
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(vi) Explain what happens to the resonant frequency if some dielectric is removed from the capacitor.

(vii) Explain how this circuit could be used to compare the iron content in different samples of sand.

(viii)  Holly makes these measurements with a voltmeter. She suspects it is faulty because the individual voltages add to more than the supply voltage. What would you think?

VL= 30 V

Vc= 10.8 V

VR= 14.4 V

Vs= 24.0 V

(2)
For the above circuit shown in (1). R = 5000 Ω, C = 0.050 μF, L = 200 mH, Vs = 150 V.

(i) Calculate the voltage across the inductor at resonance.

(ii) State the size of the voltage across (i) the capacitor, (ii) resistor, and  (iii) inductor + capacitor at resonance. Explain your answer.

(iii) You sweep through the frequencies and measure the current. Sketch a graph of current/frequency for the above circuit. The resistor is then replaced with a larger value resistor. On the same axis sketch a second graph showing current/frequency. Explain your graph
(3) 
A large electric motor can be thought of as an inductor and resistor in phase. The motor is connected to 240V , 50 Hz mains. The current lags the supply voltage by 400.


(i) Draw a phasor diagram with the sizes of the voltages.

Power is transferred most effectively if the current and supply voltage are in phase. 

(ii) Explain how this can be achieved. (include value of component)


(iii) Determine the voltage across the motor now.

(4) Clearly explain the significance of the term RMS voltage.
(5) Explain how a resonating LRC circuit can be used as a metal detector
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Explain how an aerial connected to an LRC circuit can be used to select a particular frequency carrier wave.
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(7)
i) Explain how putting a capacitor in 

series into these circuits affects 
their behaviour


ii) Explain how putting a real inductor in 

series into these circuits affects their behaviour

(8) TRUE or FASLSE? Putting a capacitor in series in a circuit will always reduce the current. 

Explain.


(1) i)  at resonance, VL and VC cancel so 
ii) The voltage across the inductor and capacitor are always exactly out of phase. At resonance these voltages are also equal so they cancel out. They have no effect on the current which is then only limited by the resistor.

iii) 
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iv)    
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v) 
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   vi) 

vii)  If the inductor was hollow, some iron sand could be put inside. This would increase the inductance and therefore decrease the resonant frequency. The more iron present, the lower the resonant frequency becomes. If the inductor was a coil wrapped around a pipe carrying iron sand in a slurry, the amount of iron could be measure continually as the iron sand flowed through.
vii) 
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 When this is added by pythagorous to the resistor voltage it adds to 24 V

The voltmeter is fine.

(2)
For the above circuit. R = 5000 Ω, C = 0.050 μF, L = 200 mH, Vs = 150 V.


(i) 
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(ii) 

(i) VC = 60 V   (equal and opposite to VL)

(ii) VR = 150 V  (same as supply )

(iii) 0 V VC and VL are equal and opposite so they cancel out

iii)

(3) 

(i) 


(ii) A capacitor could be added in series. It must have the same reactance as the inductor.
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(iii)   240 V
(4) 
In AC, the voltage is continuously changing. If it varies sinusoidally (as from the mains) the average voltage is zero. Some other way must be used to describe the size of the voltage. RMS stands for root mean square and is the same as the constant (DC) voltage that would produce the same heating effect.
(5) Assume the inductor is a hollow tube and the circuit is adjusted so it resonates. If some iron is brought near the coil, its inductance will increase.  This will decrease the resonant frequency (
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This will cause a drop in current. The bigger the drop, the more/closer the iron.
(6) The aerial is attached to the LRC circuit  and is effectively a multi frequency power supply.

By varying the capacitance (usually) the resonant frequency of the circuit changes.

If you want to listen to a station that transmits a 99 MHz signal, The resonant frequency is adjusted to  99 MHz.

This causes a much large current in the circuit for this station than other unwanted stations.

(7)
i) For the first circuit the current will flow briefly while the capacitor charges, then drop to zero. The lamp might flash briefly then get dimmer and go out. (depending on the amount of charge flowing)
For the second circuit the lamp will be dimmer than before because the capacitor has reactance.
ii) For the first circuit the current will be small to start with then will slowly build to a maximum and remain constant because the inductor has reactance (opposes the change in current) The lamp will finally dimmer than without the inductor because a real inductor also has ohmic resistance.

For the second circuit the lamp will be dimmer than before because the inductor has reactance. (and resistance)
(8)
FALSE. It depends on the type of circuit and the size of the capacitance. As seen in the previous question the capacitor decreased the size of the current. 

If it is put in an RL circuit the reactance will be in the opposite direction to the inductor’s reactance so it could partly (or completely) cancel the inductor’s reactance. This will cause the current to be greater.

If the reactance of the capacitor is more than double the reactance of the inductor, the total reactance will increase and the current will be smaller
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At zero frequency, (DC) the impedance is infinite, current is zero. As the frequency approaches resonance, the impedance decreases and current increases (supply voltage is constant). Current reaches a peak at resonance, then decreases.


The current is smaller at resonance if the resistance is greater.
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� EMBED Equation.DSMT4  ���so if dielectric is removed, capacitance decreases and the resonant frequency will increase
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