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PHASOR RELATIONS:

(a) From the printout data of Step (3) that is at the end of this lab report, we draw the voltage phasors of V1, V2 and the current phasor I on the complex coordinate plane.



















(b) From the printout data of Step (6) that is at the end of this lab report, we draw the phasors V1 and I on the complex coordinate plane of the two frequencies used f1 and f2.




















IMPEDANCE DETERMINATION: 

(a) From the data of Step (3), we had the following nominal values for R = 511Ω, Rp = 200Ω, and C = 220nF and the measured values were the same for both resistances but C = 211nF. The Ch1 voltage was measured V1 = 2.041VRMS and the Ch2 voltage was measured 
V2 = 1.134VRMS at 1kHz. The time-shift between peaks was 150µs, with Ch2 leading Ch1. 

The polar form values ended up being:
V1 = 2.041 ∠ 0° V 
V2 = 1.134 ∠ 53.76° V 
Vc = V1 - V2 = 0.907 ∠ -53.76° V

I = 2.22 ∠ 53.76° mA
Ip = V1 / Rp = 9.25 ∠ 0° mA 

Then the impedance ZRC = R + 1/jΩC = 905.52 ∠ -53.76°.

The magnitude error between determined and nominal values is 2.237%. The angle error between determined and nominal values is 1.834%. Both of these values are less than 5% which means that the connections in the circuit and the calculations were well made.


(b) From the data of Step (6), we had the following nominal values r = 113Ω, R = 511Ω, 
C = 370nF and L = 49mH and the measured values were the same. 

The nominal resonant frequency was f0 = 1.182 kHz whereas its measured value was 1.174 kHz. 

The resonant frequency is when both V1 and V2 are in phase, which means that the phase shift angle should be 0°. In order to test the phase shift angle change, the frequencies f1 and f2 were to be chosen in order to re-run the calculations against where one had to be below resonance, and the other higher. 

(i) The sample frequency was chosen at f1 = 357.5 Hz.
The Ch1 voltage was measured V1 = 2.195VRMS and the Ch2 voltage was measured 
V2 = 864.4 mVRMS at 1kHz. The time-shift between peaks was 440µs, with Ch2 leading Ch1. 

The polar form values ended up being:
V1 = 2.195 ∠ 0° V 
V2 = 0.864 ∠ 52.50° V 
Vc = V1 - V2 = 1.331 ∠ -52.50° V

I = 2.57 ∠ 52.50° mA

Then the impedance Zw1 = R + r + jΩL + 1/jΩC = 1105.52 ∠ -52.50°.
The magnitude error between determined and nominal values is 1.41%. The angle error between determined and nominal values is 4.5%. We can see that the angle error is bigger (almost 4 times bigger) than the magnitude error. Nevertheless, those values are less than 5% which shows than the error is still small which is satisfactory.

	(ii) The sample frequency was chosen at f1 = 2.506 kHz.
The Ch1 voltage was measured V1 = 2.14 VRMS and the Ch2 voltage was measured 
V2 = 1.209 VRMS at 1kHz. The time-shift between peaks was 48µs, with Ch1 leading Ch2. 

The polar form values ended up being:
V1 = 2.14 ∠ 0° V 
V2 = 1.209 ∠ 32.41° V 
Vc = V1 - V2 = 0.931 ∠ -32.41° V

I = 2.94 ∠ 32.41° mA

Then the impedance Zw2 = R + r + jΩL + 1/jΩC = 1547 ∠ -32.41°.

The magnitude error between determined and nominal values is 8.9%. This value is bigger than 5% which proves that there had been some errors during the manipulations or the calculations. The calculated value is not close enough to the nominal value. The angle error between determined and nominal values is 7.8%. It is the same for the angle error. 


(c) From the data of Step (7), the sample frequency was chosen at f1 = 3.003 kHz.
The Ch1 voltage was measured V1 = 2.006 VRMS and the Ch2 voltage was measured 
V2 = 1.029 VRMS at 1kHz. The time-shift between peaks was 19µs, with Ch2 lagging Ch1. 

Then the effective ‘test’ impedance is Zw2 = R + Rv P[ r + jwL + 1/jwC ]
					          = 1618∠ 36.31°.

The magnitude error between determined and nominal values is 67.14%. We can see a huge error percentage for this value which proves that the results do not coordinate with the ‘theoretical’ value. The angle error between determined and nominal values is 13.46%. The angle error is a lot smaller than the magnitude error but it is still big enough to comment to same thing; the calculated results do not coordinate with the ‘theoretical’ value. 
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DISCUSSION & CONCLUSION:

This experiment aims at helping us understand better how to determine the impedance and the phase shift of a circuit.
The results are reasonable and satisfactory for the steps (3) and (6) which means that we executed the experiment with success and without any serious issues. Regarding step (7), even though the laboratory was well executed, the calculations of the error percentages prove that there had been major mistakes. This is perhaps due to calculation errors moving to the complex form. This proves that even though the circuits were well done and the results found during the labs were satisfactory, the calculations must be as perfect because it can be wrong really easily.

We are now able to better understand the circuit theorem chapter because we practiced the theory during the lab.
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