Impedance and Reactance

Abstract:
The aim of the experiment is to measure the impedance and the reactance of the circuit since the Zr , Zc , Zl are the resistive impedance and the capacitive impedance and the inductive impedance respectively and to measure the capacitive reactance (1/Wc) and the inductive reactance (1/Wl) .

Main Results:

* Ф equals zero when f = 11.5 KHz…
Theory:
In our A.C. –powered RLC circuit that shown in fig(1) the current in the circuit is given by :

£ = IR + LdI/dt +Q/C

I(t) = £(t)/Zeq

£(t) =  £0 cos (ωt)

£ (t) = Id2Q/dt2 + RdQ/dt + Q/C

I(t) = £0/r cos (ωt) = I0 cos (wt)

The current is also a sinusoidal function of time.
Where Zeq = Zr + Zc + Zl
Since:
Zr = R , Zc = -J/ωC , Zl = JωL

Since 1/ωc is the capacitive reactance and ωL is the inductive reactance.
To find the impedance we need some knowledge about the complex number to treat the values of the current in the circuit 

I(t) = £(t)/ ( (R2 + (ωL – 1/ωC)2)-1/2
And Φ = tan-1 (ωL + 1/ωC)/R

In the following fig (2) it sows a plot of but the voltage and the current in the circuit on a common time scale. It is obvious from equation (1) that the current heads or lags the voltage by a time interval that is dependent on the frequency of the cosine function. In other words, there exists a phase shift Φ = ω∆t between them.
The voltage across the inductor Vl can be obtained as follows 

VI = LdI(t)/dt = Ld/dt ) I0 cos(ωt + Φ))

Vl = -ωLI0 sin (ωt + Φ )

Note that Vl is just the current multiplied by the inductive reactance with a phase shift of Π/2 .

And to find the voltage scross the resistors is 

Vr = RI(t) = R0 cos (ωt + Φ )

From ohm’s law Vr is just the curentmultiplied by the resistance.
To find the voltage across the capacitor by:

Vc = 1/C ⌠I(t) dt = 1/c ⌠I0 cos (ωt + Φ)

Vc = I0/ωsin (ωt +Φ)

Since the Vc is the current multiplied by the capacitive reactance with a phase shift of Π/2 introduced.
The phase shifts between the current and voltages across the different circuit elements in fig(3) are also related to Φ which is a function of ω .

In order to find the value of he phase shift between two harmonic functions using the oscilloscope:
· Set the oscilloscope on the X-Y mode.
· Connect one function to X-channel and the other to the Y-channel.
· On the screen you will see an ellipse.
· let Vx = Vx0 cos (ωt )

And 

Vy = Vy0 cos (ωt + Φ)

Where Φ is the phase shift between the two functions .

· at point a , defined in fig ( 4 ) , Vx has its maximum value , therefore , ωt  = 0 , and 

Vy = Vy = Vy0 cos(Φ)

Therefore,
Φ = cos-1( Vy/ Vy0)

Both Vy and Vy0 are measured as shown in fig (4) .

Apparatus:
1- Resistor 1 KΩ.
2- Capacitor 0.022 μF.

3- Inductor 10mH.

4- Signal generator.
5- Oscilloscope.
6- Circuit board (bread board).

Procedure:
1- Connect the circuit shown in fig (5) .

2- For five different frequencies find the phase shift between the driving voltage and the current.
3- Display Vr , Vc , Vl on the oscilloscope screen and measure their characteristics . Measure the phase shift between each of them and the driving voltage.
Conclusion:


We notice that the phase shift becomes zero when the frequency becomes 11.5 KHz. and we notice that the input voltage in phase with the output voltage when using a resistor. And there is a phase shift when using both inductor and capacitors… 
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