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Title: LC Oscillator

Apparatus:
Science Workshop 750 Interface
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Voltage sensor
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Changeover switch
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1.5 mH inductor (or 240-turn coil)

1




100 μF capacitor
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Theory:

Electromagnetic oscillation

                                        1     2
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The capacitor is charged up by the cell almost instantaneously when S is switched to position 1 and stores up electrical energy by 
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CV02. When S is switched to position 2, the current flowing through the inductor converts into magnetic energy. Electrical energy is then transferred into magnetic energy from the capacitor to the inductor.


The magnetic energy decreases, as the current would not flow in one direction forever. This in turn cause the magnetic energy in the inductor transferred into electrical energy into the capacitor.


This is called electromagnetic oscillation with frequency, f

	f =
	1

	
	2π
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The energy will be lost as the resistance in the wire, the resistance in the capacitor and the resistance in the inductor.

Expt 1
Initiating Electromagnetic Oscillation by manual switching

                                Voltage sensor


                                      L



                                  C = 100 μF

                   2

                   1     S   

                                +    DC 5V    -


Procedures:

1. The apparatus were set up as shown above.

2. The sample rate was set at 2000 Hz and sample time to stop at 6 seconds.

3. The output voltage was set to DC 5V.

4. S was switched to position 1.

5. Data recording was started, then S was switched immediately to position 2.

Results:

Expt 2
Studying Electromagnetic Oscillaton by Using a Square Wave

                       Positive square wave



                C = 100 μF                                              0V

                                             L


              Voltage sensor           Voltage sensor

                    VC                     VL
Procedures:

1. The apparatus were set up as shown above.

2. The sample rate was set at 2000 Hz and sample time to stop at 1 second.

3. The output voltage was set to positive square wave with amplitude 5V and frequency 

10 Hz.

4. Data recording was started.

Results:

Results (Calculations):
Theoretical value:

As 

	f =
	1

	
	2π
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Where L = the inductance of the coil,


 C = the capacitance of the capacitor

Hence we have, T = 2π
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= 2π
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= 0.0024 s

  Frequency = 416.7 Hz

Experimental value:

Period for the 1st cycle
=
1.2285 – 1.2258
=
0.0027 s

Period for the 2nd cycle
=
1.2315 – 1.2285
=
0.0030 s

Period for the 3rd cycle
=
1.2345 – 1.2315
=
0.0030 s
Period for the 4th cycle
=
1.2375 – 1.2345
=
0.0030 s
	Average period =
	0.0027 + 0.0030 + 0.0030 + 0.0030
	= 0.0029 s

	
	4
	


  Average frequency = 344.8 Hz

Percentage error (%error)

	% error =
	Experimental value – Theoretical value
	X 100%

	
	Theoretical value
	


	% error =
	344.8 – 416.7
	X 100%

	
	416.7
	



   = -17.3 % 

Discussions:

Answers to Preview Questions

1. If a charged capacitor is connected across an inductor, describe the subsequent energy changes.

Ans:
E.P.E. stored in the capacitor is converted into the magnetic energy of the inductor. The magnetic energy will also be converted back to be E.P.E. The cycle repeats until all the energy dissipated in the resistor.

2. If the charge on a capacitor varies sinusoidally at a frequency of 100 Hz, what is the frequency of variation of the electrical energy stored?

Ans:
200 Hz

3. How does the amplitude of a damped oscillation wary with time?

Ans:
Decreasing exponentially with time.

4. In an LC oscillator, besides the internal energy dissipated by the resistance, what other form(s) of energy would be produced?

Ans:
EM radiation

Mathematical Derivation

The total energy U present at any instant in an oscillating LC circuit is given by

	U = UB + UE =
	1
	L I 2 +
	Q2

	
	2
	
	2C


Assuming there is no energy loss, this leads to,

	dU
	=
	d
	(
	1
	L I 2 +
	Q2
	) = 0

	dt
	
	dt
	
	2
	
	2C
	


As 

	I =
	dQ

	
	dt


Hence, differentiating twice with respect to time t,

	dI
	=
	d2Q

	dt
	
	dt2


Substituting, we have,

	L
	d2Q
	+
	1
	Q = 0

	
	dt2
	
	C
	


Rearranging the equation, we have, 

	d2Q
	=
	- 1
	Q

	dt2
	
	LC
	


Putting 

	ω2 =
	1

	
	LC


And since ω = 2 π f

	f =
	1

	
	2π
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Answers to Discussions

Sources of error in the experiment


The following are sources of error: 

(i) They are the energy loss in the capacitor because of edge effect.

(ii) There is stray capacitance due to the nearby conductors, e.g. connecting wires

(iii) The flow of charges varies the E-field by emitting electromagnetic radiation.

                     +
    +
  +
    +
  +

                                                                  edge effect




                     -

-
  -

-
  -

(iv) Energy loss in the inductor is due to the resistance of wire since the inductor is made from wire.

(v) There is resistance of the wire leading to the total energy loss in the circuit, causing a damping effect

Using Traditional Apparatus in Experiment 1


It is possible to use CRO to replace the voltage sensor. However, since voltage has to be measured on the screen by counting the number of division, human reading error occurs, which decreases the measuring sensitivity and degree of accuracy.


For the time base, it is difficult to choose a suitable time base. Again, decrease the accuracy by inducing error of ±0.5 div. As

	f =
	1

	
	2π
[image: image9.wmf]LC




The percentage error of the frequency would be

	% error =
	1
	(%L + %C)

	
	2
	


Current Fluctuation


By connecting a milliammeter with negligible resistance in series with the circuit in experiment 1. The current decreases exponentially with time.

Constant Values of Voltages

As VO = VC + VL,
The postulated experimental results of VO should be

      VO

    5V

                                        t

Verification of Damped Electromagnetic Oscillation



This is a kind of heavily damped oscillation mainly due to the resistance in the connecting wires, with the damped period Tdamped greater than the period of S. H. M. and the amplitude decreases exponentially with time.

Daily Applications of LC Oscillation

1. Radio Turning

                                                            aerial


    turning switch

(varying capacitor)



The ability of a resonant circuit to select and amplify a p.d. of one particular frequency (strictly a very narrow band of frequencies) is used in radio and television reception. Aerial receives EM waves from the atmosphere and hence cause currents to flow in the aerial. Coil. With the uses of turning switch, a capacitor with sliding contact, the frequency is adjusted until the p.d. at that frequency developed across C is maximum, i.e. resonance occurs, and the current is maximum.

                          i


                                                         f

                                   f = max, I = max

2. Electric Fan




                                                         3  2

                                                      4         1

                                   ω                                    a.c. supply


For the same a.c. supply, the rotating speed of the electric fans can be altered. The reason is that the energy stored in the inductor can be converted into electrical energy due to the variation of inductance. Then, the rotating speed can be changed upon the magnetic energy released from the inductor.

Analogy with Simple Harmonic Motion

         Electrical Oscillation                                 Mechanical Oscillation
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Envelopes decrease exponentially with time
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