Capacitors and Inductors

Purpose
Abstract :
The aim of the exp.:
 Is to practice connecting different circuits (RC, RL and LC) circuits to measure and calculate the values of many variables such as voltage, frequency, etc..
The method used:

We used a resistor (1 KΩ) and an inductor (10mH) and a capacitor (0.1 μF).. and signal generator and an oscilloscope to connect the three circuits mentioned below. 
In this experiment we are going to deal with the ( CRO ) to measure the value of ( τ ) for RC & LC circuits and measuring the amplitude A and the angular frequency for the LC circuits .

Main Results:
· In the RC circuit :
τ ( for both charging and discharging ) = 0.1 mS
· In The RL circuits :

    τ  ( for both charging and discharging ) = 10--2  mS

· In The LC circuit :

Practical frequency = 5053 Hz.
The amplitude = 

Theoretical frequency = 1/(2π√LC) = 5032.9 Hz.

Angular frequency = 2πƒ=31748.9 Hz.

Theory 

I ) RC circuits :
a) Charging the capacitor :

During of the positive half period of the square wave , the charge in simple RC circuit builds up on the capacitor’s builds by the formula :

Q (t) = C£(1-et/RC )

The voltage across the capacitor’s plates is :
V = Q / C

Also    V = £ ( 1- et/RC )
RC is usually called the time constant (τ) of the RC circuit , the unit of  τ is the time unit ( second )

And the voltage across the capacitor when T = τ is :

Vc = 0.63 £
The current passes through the circuit is :

I(t) = (dQ / dt ) = ( £ / R ) et/RC
So the voltage across the resistor is :

Vr = I (t)R = £ et/RC
b) Discharging the capacitor :

During the negative half period of the square wave the capacitor in the RC circuit discharges according to the next formula :

Q(t) = C£ et/RC
And the voltage across the capacitor is :

Vc = £ et/RC
RC is also here the time constant τ of the circuit , it’s measure how fast the voltage cross the plates decreases ……..when t = τ 

Vc = 0.37 £

The current passing through the circuits is given by :

I(t) = (dQ / dt ) = - ( £ / r ) e t/RC
II ) RL circuits 
The current passes through these circuits is rising according the equation :

I = ( £ / R ) ( 1 – eRt/L )

The voltage across the resistor is :

Vr = £ ( 1 – eRt/l )
The voltage across the inductor is :
VL = L (dL/dt ) = ( £ etR/L )

The quantity L / R is called the time constant τ of the circuit , when t = τ 

Vr = 0.63 £

Vl = 0.37 £

P.S : the group of this is the same as #1 but instead of Vc put VL 

III) LC circuits:

In these circuits the voltage across the capacitor plates is according the equation :

Vc = Vco cos ( ω0 + Φ )

Where Vco is the amplitude 

ω = 1/ ( LC ) ½
Apparatus :
1- Resistor ( 1 KΩ ).

2- Inductor ( 5 mH ).

3- Capacitor ( 0.01 μF ).

4- Signal generator .

5- oscilloscope .

Procedure :

1)-RC circuits 

1- we connected the circuit shown in the figure .

2- we used a square wave from the signal generator .

3- we displayed Vc & Vr on the CRO screen .
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2)-RL circuit 

1- we connected  the circuit shown in the figure .
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2- we displayed the Vr & Vl on the CRO screen .

3)- LC circuits 

1- we connected the circuit shown in the figure .

2- displayed Vl & Vc on the CRO screen .

3- measured ( A ) amplitude and angular frequency .
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Conclusion:

In this experiment, we connected three circuits; the first was the RC circuit, the second was the RL circuit and the third was the LC circuit. 

We measured and calculated the time constant (τ) for these circuits. In the third circuit, we measured the angular frequency (ώ). Experimentally, it was 5053 Hz and it is consist with the theoretical value which was calculated (5032.9 Hz).

We can calculate the time constant (τ) for DC circuits if we put the resistance (R) so large in the RC circuit and too small in the RL circuit...
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