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Lab8: Phase and Impedance of Simple RC Filiters

Introduction:


This experiment is about properties of RC circuit. From voltage measurement, the reactance of a capacitor can be calculated in a series RC circuit. Using the data in the experiment also can draw impedance and voltage phasors. To study how frequency affect the output of series RC circuit.

Procedure and Data:

Experiment 1:

a. Procedure


First, resistor and capacitor are measured by DMM before connected in series RC circuit. Second, a circuit is connected as Figure 1. A 500Hz sine wave is applied in the circuit, and the output of resistor and capacitor in oscilloscope can be observed. The current, the capacitor reactance and the total impedance of circuit also can be calculated by using data.
Third, different frequencies 1.0 kHz, 1.5kHz, 2.0kHz, 4.0kHz and 8.0kHz are applied in the same circuit and do the same steps as above. Forth, using DMM generate outputs of resistor and capacitor. Comparing two results, impedance and voltage phasors can be drawn.

b. Data and Result

	Nominal value
	Measured value

	6.8 kΩ
	6.76 kΩ

	0.01μF
	10.66 nF


Table 1 Value of components using in circuit

f = 500 Hz

Volt/Div = 2V

Timebase = 0.5ms


	
	DMM
	CRO

	VR (r.m.s.)
	0.442 V
	0.424 V

	VC (r.m.s.)
	1.950 V
	2.121 V

	IR
	65μA
	62.39μA

	Xc
	30 kΩ
	34 kΩ

	Z
	30.77 kΩ
	34 kΩ


Table 2 Value of components using in circuit

f = 1.0 Hz

Volt/Div = 2V

Timebase = 0.2ms


	
	DMM
	CRO

	VR (r.m.s.)
	0.849 V
	0.807 V

	VC (r.m.s.)
	1.697 V
	1.738 V

	IR
	128.85μA
	118.68μA

	Xc
	6.8 kΩ
	6.8 kΩ

	Z
	16.99 kΩ
	14.64 kΩ


Table 3 Value of components using in circuit

f = 1.5 Hz

Volt/Div = 2V

Timebase = 0.2ms


	
	DMM
	CRO

	VR (r.m.s.)
	1.272 V
	1 V

	VC (r.m.s.)
	1.697 V
	1.58 V

	IR
	187.06μA
	147.06μA

	Xc
	9.07 kΩ
	10.75 kΩ

	Z
	11.34 kΩ
	14.42 kΩ


Table 4 Value of components using in circuit

f = 2.0 Hz

Volt/Div = 2V

Timebase = 0.1ms


	
	DMM
	CRO

	VR (r.m.s.)
	1.202 V
	1.238 V

	VC (r.m.s.)
	1.697 V
	1.395 V

	IR
	176.76μA
	182.06μA

	Xc
	9.6 kΩ
	7.66 kΩ

	Z
	12.8 kΩ
	12.43 kΩ


Table 5 Value of components using in circuit

f = 4.0 Hz

Volt/Div = 2V

Timebase = 50μs


	
	DMM
	CRO

	VR (r.m.s.)
	1.697 V
	1.774 V

	VC (r.m.s.)
	0.849 V
	0.914 V

	IR
	249.56μA
	260.88μA

	Xc
	3.4 kΩ
	3.5 kΩ

	Z
	9.634 kΩ
	9.216 kΩ


Table 6 Value of components using in circuit

f = 8.0 Hz

Volt/Div = 2V

Timebase = 20μs


	
	DMM
	CRO

	VR (r.m.s.)
	1.838 V
	1.894 V

	VC (r.m.s.)
	0.424 V
	0.367 V

	IR
	270.29μA
	278.53μA

	Xc
	1.567 kΩ
	1.318 kΩ

	Z
	8.89 kΩ
	8.63 kΩ


Table 7 Value of components using in circuit

	Phase angle
	Frequency

	
	1 kHz
	4 kHz

	Impedance phase angle
	45°
	26.56°

	Voltage phase angle
	63.42°
	26.58°


Table 8 Phase angles of outputs at 1 kHz and 4 kHz

Impedance phasor


Voltage phasor


Voltage across capacitor: 
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Figure 15 Voltage across capacitor

Voltage across resistor: 
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Figure 15 Voltage across resistor

Discussion:

1. 
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	Frequency
	Impedance (kΩ)
	Supplied voltage (V)

	1 k Hz
	CRO
	16.99
	2.121

	
	Calculated
	9.59
	1.898

	4 k Hz
	CRO
	9.643
	2.404

	
	Calculated
	7.567
	1.898


2. If low frequency is filtered out, the output is connected to resistor. It is shown on the figure 15.

3. When frequency is increased, the total impedance is decreased at the same time. The frequency is increased, so the reactance of capacitor is decreased. It provides that voltage across capacitor also be decreased. The phase angle is 
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It is resulted that the phase angle is decreased.

4. The capacitance is decreased ten times, it can cause the value of voltage output is increased. However, it should be no effect to frequency response.
5. DMM can measure a pure sine wave signal, but it usually can work under 10 kHz. However, if DMM give out a more accuracy value, the frequency should be under 500 Hz. Therefore, DMM also can be used in this experiment. If frequency is over 500 Hz, the output (r.m.s.) may be not true value, it consists some errors properly.
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Figure 11 Output of resistor
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Figure 14 Output of capacitor
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Figure 13 Output of resistor
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