ExperRiMENT Name

22

Admittance of Parallel AC Circuits

Objectives:

1. Measure the admittance of a parallel R-L circuit and the phase between the ac voltage and
current and compare your measured values with the calculated values.

2. Measure the admittance of a parallel R-C circuit and the phase between the ac voltage and current
and compare your measured values with the calculated values.

3. Measure the admittance of a parallel R-L-C circuit and the phase between the ac voltage and
current and compare your measured values with the calculated values.

4. Calculate the expected ac rms current in each branch in a parallel R-L-C circuit and compare

your calculated currents with the measured values.

5. Demonstrate how Kirchhoff's current law applies to a parallel ac admittance ﬁsing phasors.
6. Demonstrate the effect of frequency changes on the ac rms currents in a parallel R-L-C circuit.
Materials:

One dual-trace oscilloscope

One function generator

Four 0-20 mA ac milliammeters
One 0-10 V ac voltmeter

One 0.1 pF capacitor

One 100 mH inductor
Resistors—1 Q, 1 kQ

Theory:

Complete Experiments 19 and 20 on inductive and capacitive reactance before attempting this
experiment. Also review the Theory section of Experiment 21.

When an ac sinusoidal voltage is applied across a parallel R-L, R-C, or R-L-C circuit, as shown in Figures
22-1, 22-2, and 22-3, there is an opposition to the ac current entering the parallel circuit called impedance
(Z), and its unit of measurement is the ochm (). The current in each element is also sinusoidal and has
the same frequency as the applied voltage. However, the ac current in the inductor will lag the applied ac
voltage by 90 degrees, the ac current in the capacitor will lead the applied ac voltage by 90 degrees, and
the ac current in the resistor will be in-phase with the applied ac voltage. This will cause a phase
difference (0) between the ac voltage applied to the parallel circuit and the ac current entering the parallel
circuit. This phase difference can be between 0 degrees and 90 degrees, depending on the relationship
between the total reactance and total resistance in the circuit.

When dealing with parallel ac circuits, the inverse of impedance, called admittance (Y), is easier to use.
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180 Part IV Alternating Current (AC) Circuits

Therefore,

Y=—
Z

The unit of measurement for admittance is the siemen (S).

As in a dc resistive circuit, Ohm’s law determines the relationship between the ac rms voltage applied to
the parallel circuit (V) and the ac rms current entering the parallel circuit (I). In an ac circuit, the
impedance (Z) of the circuit replaces the resistance of a resistor in the Ohm’s law equation. Therefore,

V=171

where Z 1s the circuit impedance in ohms (€2). Because admittance is the inverse of impedance, Ohm’s
law for admittance is

v=_lr
Y

or
I=YV

Because the rms voltage and current are both equal to the peak value times 0.707, Ohm's law can also be f”
applied to the peak ac voltage (V;) and peak ac current (I,) as follows:

L=YV,
Because the ac current in the parallel reactance (Iy) is 90 degrees out-of-phase with the applied ac voltage
(V), and the ac current in the parallel resistance (I) is in phase with the applied ac voltage, they must be
treated as phasors. Therefore, I; and Iy must be added as if they are separated by 90 degrees. From right

angle trigonometry (Pythagorean theorem), Kirchhoff’s current law, and Ohm’s law, the ac rms current
entering the parallel circuit (I) can be represented by

1= J0 P + () = 1/(%) +(—;-) = J(GVY +BVY = VG +B? = VY

Based on this equation, the parallel circuit admittance (Y) can be determined from

Y =vG*+B’
where G = 1/R is the circuit conductance in siemens, and B = 1/X is the circuit susceptance in siemens.
From right angle trigonometry (Pythagorean theorem), the phase difference between the ac rms voltage

applied across the parallel circuit and the ac rms current entering the parallel circuit can be calculated
from
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BV B
0 = arctan| — | = arctan| —
(GV] (Gj

where 0 is the phase difference in radians or degrees. As can be seen from the equation, the larger the
susceptance (B) compared to the conductance (G), the larger the phase difference (0) between the ac rms
voltage applied across the parallel circuit and the ac rms current entering the parallel circuit.

The inductive susceptémce (B.), capacitive susceptance (B), and conductance (G) can be used to
calculate I, I, and I from

I, =VB,

for an inductor,
I.= VB¢

for a capacitor, and
Ix=VG

. for a resistor.

“%\
U

- 'When applying Kirchhoff's current law to a parallel ac admittance, the currents must be added using
phasor addition because they are out-of-phase with each other. Both the magnitude and the phase of
each current must be taken into account.

The phase difference (0) between two periodic functions (such as sine functions) can be measured by
measuring the time difference (t) between the two curve plots and the time period for one cycle (T) of the
curve plots. Because the ratio of the time difference (t) divided by the time period (T) for one cycle is
equal to the ratio of the phase difference (0), in degrees, divided by the number of degrees of phase for
one cycle (360 degrees), the phase difference can be calculated from

6 ¢
360° T
Therefore,
0= (1)3600
T

The admittance (Y) of the parallel R-L ac circuit in Figure 22-1 is the phasor sum of the conductance (G),
in siemens, and the inductive susceptance (B, ), in siemens. Therefore, the magnitude of the admittance
(Y) can be found from

o Y =G’ +B’
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and the phase difference (8) between the ac rms voltage across the parallel circuit (V) and the ac rms :
current entering the parallel circuit (I) can be found from

6= - arctan(i]
G

Note that for admittances, when the current (I) lags the voltage (V), the phase difference (8) is negative.

The conductance (G) is the inverse of the resistance (R). Therefore,

G==
R

The inductive susceptance (B, ) is the inverse of the inductive reactance (X, ). Therefore,

g -t __1
FUX, 2nfL

The admittance (Y) of the parallel R-C ac circuit in Figure 22-2 is the phasor sum of the conductance (G),
in siemens, and the capacitive susceptance (B,), in siemens. Therefore, the magnitude of the admittance
(Y) can be found from

Y= \/GZ + BC2

and the phase difference (8) between the ac rms voltage across the parallel circuit (V) and the ac rms
current entering the parallel circuit (I) can be found from

6= arctan(Eg)
G

The capacitive susceptance (B.) is the inverse of the capacitive reactance (X.). Therefore,

N

B, = —=2=rfC

1
Xe
The admittance (Y) of the parallel R-L-C ac circuit in Figure 22-3 is the phasor sum of the conductance
(G), in siemens, and the total susceptance (B), in siemens. The total susceptance (B) is equal to the phasor
sum of the inductive susceptance (B,) and the capacitive susceptance (B). Because the inductive
susceptance and capacitive susceptance phasors are 180 degrees out of phase, the total susceptance (B) is

B=B.-B,

Therefore, the magnitude of the admittance (Y) for the parallel R-L-C circuit can be found from
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Y =VJG* + B’

and the phase difference (8) between the ac rms voltage across the parallel circuit (V) and the ac rms
current entering the parallel circuit (I) can be found from

0= arctan(E]
G .

The inductive susceptance (B, ) and the capacitive susceptance (B.) are a function of the ac sinusoidal
frequency. In a parallel R-L-C ac circuit, there is only one frequency at which they are equal. At this
frequency, the total susceptance is zero (B = B — B, = 0) and the circuit admittance is Y = G and is at the
minimum value, making the impedance (Z) be at its maximum value.

In the parallel R-L-C circuit in Figure 22-3, the ac rms current in the resistance (I) is in-phase with the
ac rms voltage across the parallel circuit (V), the ac rms current in the inductor (I,) lags the voltage (V)
by 90 degrees, and the ac rms current in the capacitor (I) leads the voltage (V) by 90 degrees. The
phasor diagram representing the current phasors is shown below.

g
—>>
-
(9]

SN .
<Y

Because phasors I; and I are 180 degrees out-of-phase, the total current in the inductor and capacitor
(Ip) is equal to the difference between I and I, . Therefore,

IB=IC_IL

Notice that the phasor sum of I; and Iy is equal to I. From the triangle,

1= +13

R
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Note: 1f you do the experiment in a real laboratory environment (hardwired), see the end of the
Theory section of Experiment 19 regarding the inductor resistance (R,).

Figure 22-1 Admittance—Parallel R-L Circuit
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Figure 22-2 Admittance—Parallel R-C Circuit
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%
?rocedure:

Step 1.

Figure 22-3 Admittance—Parallel R-L-C Circuit
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Pull down the File menu and open FIG22-1. Bring down the oscilloscope enlargement
and make sure that the following settings are selected: Time base (Scale = 200 ps/Div,
Xpos =0, Y/T), Ch A (Scale =5 V/Div, Ypos = 0, AC), Ch B (Scale = 10 mV/Div, Ypos
=0, AC), Trigger (Pos edge, Level = 1 uV, Nor A). Bring down the function generator
enlargement and make sure that the following settings are selected: Sine Wave, Freq =

1 kHz, Ampl = 10 V, Offset = 0. Click the On-Off switch to run the simulation. Click
“Pause” after two screen displays on the oscilloscope. The red curve on the oscilloscope is
plotting the voltage across the parallel R-L circuit (V), and the blue curve is plotting the
current entering the parallel R-L circuit (I) because the voltage across the 1 Q resistor is
proportional to the current (1 mV is equivalent to 1 mA on the oscilloscope vertical axis).
Draw the curve plots for the voltage (V) and current (I) in the space provided on the
following page. Record the ac rms voltage (V) and current (I) readings on the ac
voltmeter and ammeter.
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V= ms I= rms
Step 2. Based on the curve plots in Step 1, calculate the phase difference (6) between the voltage
and current. '

Step 3. Based on the ac rms voltage (V) and current (I), calculate the magnitude of the admittance
(Y) of the parallel R-L circuit. From the value of the admittance (Y), calculate the
impedance (Z) of the parallel R-L circuit.

Step 4. Based on the value of the inductance (L) and the sinusoidal frequency (f), calculate the
inductive susceptance (B,) of the inductor. =~

Step 5. Based on the resistance of resistor R, calculate the conductance (G) of the resistor.
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;Step 6. Based on the conductance (G) of resistor R and the inductive susceptance (B, ) of inductor
L, calculate the expected magnitude of the admittance (Y) of the parallel R-L circuit.
From the value of the admittance (Y), calculate the impedance (Z) of the parallel R-L
circuit.

Question: How did your calculated admittance and impedance magnitudes in Step 6 compare with the
%admittance and impedance calculated from the measured ac rms voltage and current in Step 3?

Step 7. Based on the inductive susceptance (B;) and the conductance (G), calculate the expected
phase difference (0) between the current and voltage sinusoidal functions.

il

Question: How did the calculated value for the phase difference in Step 7 compare with the measured
phase difference between the current and voltage curve plots in Steps 1 and 2? Is the current leading or
lagging the voltage? Is this what you expected? '
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Step 8. Pull down the File menu and open F1G22-2. Bring down the oscilloscope enlargement and
make sure that the following settings are selected: Time base (Scale = 100 ps/Div, Xpos
=0, Y/T), Ch A (Scale =5 V/Div, Ypos =0, AC), Ch B (Scale = 10 mV/Div, Ypos =0,
AC), Trigger (Pos edge, Level = 1 pV, Sing, A). Bring down the function generator
enlargement and make sure that the following settings are selected: Sine Wave, Freq =
2 kHz, Ampl = 10 V, Offset = 0. Click the On-Off switch to run the simulation. The red
curve on the oscilloscope is plotting the voltage across the parallel R-C circuit (V), and
the blue curve is plotting the current entering the parallel R-C circuit (I) because the
voltage across the 1 Q resistor is proportional to the current (1 mV is equivalent to 1 mA
on the oscilloscope vertical axis). Draw the curve plots for the voltage (V) and current (I)
in the space provided. Record the ac rms voltage (V) and current (I) readings on the ac
voltmeter and ammeter. '

V= rms I= ms
Step 9. Based on the curve plots in Step 8, calculate the phase difference (8) between the voltage
and current.

Step 10. Based on the ac rms voltage (V) and current (I), calculate the magnitude of the admittance
(Y) of the parallel R-C circuit. From the value of the admittance (Y), calculate the
impedance (Z) of the parallel R-C circuit.
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