Dear students, during the normal class, we have covered unit 7 up to pure inductive, pure resistive
and pure capacitive circuits, and also solved problems. Now, I will give you the solutions of the
problems on the remaining portions of unit 7 with their respective solutions. Please, study all other

sections by yourself and meanwhile refer solutions for each section.

Resistive AC circuit

For a sinusoidal applied voltage, the current in a resistor is always in phase with the voltage across the resistor.

Capacitive AC circuit

For a sinusoidally applied voltage, the current always leads the voltage across a capacitor by 90° or II/2.

Inductive AC circuit

For a sinusoidal applied voltage, the current in an inductor always lags behind the voltage across the inductor

by 90° (one-quarter cycle in time).

The power factor in an a.c. circuit

power factor = cos 0

where O is the phase difference between the p.d. and the current.

Series RL AC circuit

The p.d. in an inductive circuit leads the current. The phase d/ce b/n V and I is not II/2, but an angle 6.

v Xy ,
t =17 If 8 = 90°, then it is pure inductive
If ® = 0°, then it is pure resistive
IX,,
G
v, = Vr=1IR Iz = I, (In series connection current is constant)

Using Pythagoras’s theorem, the total resistance from the resistor and inductor is called Impedance (Z). It is
given by: Z =vR? + ?l2

and the phase difference 0 is given by: 1 wl

0 =tan- T

Q. An inductor of 0.8 H is connected in series with a 100 € resistor. It is connected to an alternating supply of
12 V at 50 Hz.
a) Calculate the reactance of the inductor.
X, = wL = (200f) L = 2 II (50)(0.8) © = 80II Q = 251.3 O
b) Calculate the impedance of the circuit.
=vR? + @?L? = {100° + (251.3)’}"°Q = 270.5 Q
c) Work out the current drawn from the supply.
Using ohm’s law: V=17
1=V/Z = (12/270.5) A = 0.044 A
d) 1) Find the phase angle between the current and the voltage.
6 =tan! u;z = tan (270.5/100) {since wL = X}
O = 69.7°
ii) Which is ahead — the current or the voltage?

— The voltage
e) Find the power factor for this circuit.
Power factor = cos ©
Power factor = cos 69.7"
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Series RC AC circuit

The current in a capacitive circuit leads the voltage. The phase d/ce b/n V and I is not I1/2, but an angle 0.

IC i Ve =1R
V=17Z If B is 90°, then it is pure capacitive
If © is 0%, then it is pure resistive
IR
©
- Vc =1Xc

The impedance, Z, is given by
Z=VR + (X))
and the phase angle 0 is given by
a1 X
0 =tan T
Q. An alternating supply of 12 V and frequency 50 Hz is used in a circuit which has a resistor of 5 2 and a
capacitor of 100 uF in series. Calculate
a) the total impedance of the circuit
Xe = 1/wC = 1/(2Mf)C = 1/{(100I1)(100p)} 2 = 100/ Q = 31.8

Z=vR*+ (X)) = {5+ (31.8)}° Q=322 Q

b) the current in the circuit

Using ohm’s law: V=17

I=V/Z=(12/32.2) A =037 A
c) the phase angle between the supply and the current
0 = tan-! 2= = tan’ (31.8/5)
O = 81.1"

d) the power factor for the circuit

Power factor = cos ©
Power factor = cos 81.1°

Power factor = 0.16

Series LC AC circuit

When the power supply is connected, there will be oscillations between the inductor and the capacitor. The
current through the capacitor, I , is the same as the current through the inductor, Iy, .
I1A= 1
For pure inductive Vy, leads I by 90"
For pure capacitive circuit I leads V¢ by 90°

- V.= I X=X,
Vi=1X=I1IX

Since Vi, and V¢ are in opposite directions, the impedance of this circuit is given by

7' = (X, - Xc)?
There will therefore by a frequency, f, at which X;, = X¢ and the impedance will be zero. This will happen when

2gl= 2-nlfc

The value of f is called the resonant frequency and is given by
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Q. Find the resonant frequency for a circuit containing a 30 pH conductor and a 2 pF

1
fea—— _ 1/(211) 1/(30 p)(2 p) = (1/1211) © 10”Hz = 0.0265 = 10" Hz
2nyLC
f=2.65x10"Hz

The RLC Series Circuit

The peak potential differences for a circuit such as the one shown in Fig. below are given by:

Lwl =V, V.- V¢
VR = IpeakR V.- Ve
1"f’.L - peakXL
VC‘ = peakXC I

wl =V,

The sum of the p/c across the circuit, using Pythagoras theorem, may be written as:

Vi =( Ve + (V, -V)?
= J{Ipmkﬂ)z + (Ipc T Iprakxcjz
= Do VRZ + (X, -XcP = L., 2

Therefore the impedance of the circuit may be written as:

The phase angle between V and I for the circuit is given by:

tan @ = X1—Xc
R

When X, > X the phase angle is positive so the current lags behind the applied p.d.
When X, < X¢ the phase angle is negative and the current leads the applied p.d.
When X; = X ¢ the phase angle is zero and it becomes pure resistive. The resonant frequency is given by:
f"' 1
2my/LC
Q. A series RLC AC circuit has R = 42502, L = 1.25 H, C = 3.50 uF, w = 377 1/s , and AV maz = 150 V.
a) Determine the inductive reactance, the capacitive reactance, and the impedance of the circuit.
X, =wL = (877)(1.25) 2 = 471.25 (2
Xe = 1/wC = 1/{(377)(3.5p)} 2 = 757.86 §?
Z=vR2+ (X, - X )? ={(425) + (471.25 - 157.86)'}"" 2 = 512.61
b) Find the mazimum current in the circuit.

Using ohm’s law: V =17
Lsx = Vi /Z = (150/512.61) A = 0.29 A
¢) Find the phase angle between the current and voltage.
tan 0 z% = (471.25 - 757.86)/(425) = -1.7}
O = tan'(-1.7}) = - 60.1°
d) Find both the maximum voltage and the instantaneous voltage across each element.
The mazimum voltage across each element;
Viwa)r = LR = (0.29)(425) V = 123.25 V
Vina)r = LnaXi = (0.29)(471.25) V = 136.66 V
Vinas)o = InwXe = (0.29)(757.86) V = 219.78 V
The instantaneous voltage across each element;
V(t) = Via)r sin(wt) = 123.25 sin(377t) V
V(t) = Vi) sin(wt) = 136.66 sin(377t) V
V(t) = Via)o sin(wt) = 219.78 sin(377t) V
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7.4 Power in a.c. Circuits

Average power in RLC circuit is given by:
Pav = Vi Lins cos(0)
where the quantity cos(0) is called the power factor.
Note:-
1) In a purely capacitive circuit, we know that 6 = 90° and cos 90° = 0 so P,, = 0.
2) In a purely inductive circuit, we know that 8 = 90° and cos 90° = 0 so P,, = 0.
4) In a purely resistive circuit, we know that 8 = 0° and cos 0° = 1 50 Poy = Vi L.

Real, apparent and ideal power in an RLC circuit

Real power power transferred when the load is purely resistive.
The value of the real power is given by:
real power = current X resistance = supply p.d. X L
If the load is purely reactive (a capacitor or an inductor)
then the current and the supply voltage are out of phase by 90° apparent

. ) ) pawer reactive power
and there is no net flow of energy to the load. The power is reactive power.

Apparent power is the vector sum of real and reactive power, ‘\
R . ]
as shown in Fig. below. We can calculate apparent power using:

apparent power = (L, )° Z real power
where Z is the impedance in the circuit.
The ideal power is where apparent power and true power to be equal, since the difference between real power
and apparent power is wasted. In this case, the power factor is 1. This can occur when there is no reactance. To
have no reactance X; and X¢ must be equal, so that the reactance = X;, — X¢ = 0.
Q. A series RLC circuit is as shown in the diagram.

0.6 mH 250 0 300 pF
Fig. 7.4.2
QO T O
Vmax = 24V
Find: 50 Hz

a) the average power for the RLC circuit.
X, =wL = (2IIfL) = (211)(50)(0.6m) 2 = 0.0611 2 = 0.19 §?
Xe = 1/wC = 1/(2[IfC) 2 = 1/{(211)(50)(500u)} = 100/511 2 = 20/ 2 = 6.37 {2
Z=+R2+ (X, - X)? ={(250) + (0.19 - 6.37)'}"" 2 = 512.61 2 = 250 Q
tan@ =X ) 6.37)/(250) = -0.025
O = tan (-0.025) = - 1.42
Vims = Va2 = 24/Y2 V = 16.97 V
Liws = Vins/Z = 16.97/250 A = 0.068 A
Pa = Vims Luns cos(0)
P., = (16.97)(0.068)cos(-1.42) W = 1.15 W
b) the power factor for the circuit
Power factor = cos(0) = cos(-1.42) = 0.99
c) the apparent power for the circuit
apparent power = (L., )* Z = (0.068)" (250) W = 1.16 W
d) the value of C needed to make the power in this circuit ideal.
X, =Xe - Xp=1/wC — C=1/wX, =1/{(21If)(0.19)} F = 1/19I1 F = 0.017 F  Page 4




Additional problems

1. In a purely inductive circuit, the current lags the voltage by 90°

Ans B. one-fourth of a cycle
2. A 85uF capacitor is connected to a source of sinusoidal emf with a frequency of 400 Hz and a mazimum emf

of 20 V. The maximum current is:
Xe = 1/wC = 1/(2IfC) = 1/(800*35IIy) 2 = 11.57 12
Using ohm’s law: V=17
Lw = Vie/Z = (20/11.37) A = 1.8 A
Ans. C.

3. The impedance of an RLC series circuit is definitely increased if R increases

Z =R + (XL 5 XC)E

If X, increases, we don’t have any idea on the value of Xo for comparison.

Ans. D.
4. An electric motor, under load, has an effective resistance of 30 £2 and an inductive reactance of 40 2. When

powered by a source with a maximum voltage of 420 V, the maximum current is:

RL series circuit

Z=\R+ (X)) = (30" + 40°)"" 2 = 50 02

Using ohm’s law: V =17
Imax — vmax/z — (420/50) A - 85 A

Ans. B
5. An RL series circuit is connected to an ac generator with a mazimum emf of 20 V. If the mazximum potential

difference across the resistor is 16 'V, then the maximum potential difference across the inductor is:

RL series circuit
v = I Vit = Vit + Vi°
' A: =12 (20)" = (16)° + V'
400 = 256 + V,*
11X, =400 - 256 = 144 V°
f I V=12V
N=Vi=IR

Ans. C.
6. An ac generator produces 10 V (rms) at 400 rad/s. It is connected to a series RL circuit (R = 17.3 {2,

= 0.025 H). The rms current is:
RL series circuit b 1 wlL
X, = wl = 400%0.025 2 = 10 2 =tan R
0 = tan” (10/17.3)

Z=AR+ (X)) = {178 + 10°}"" 2 = 19.98
Using ohm’s law: V=17 6 =30’
Irms — vrms/z == (10/1998) A — 050 A

Ans. A
7. A sinusoidal voltage Av(t) = (40V) sin(100t) is applied to a series RLC circuit with L = 160 mH,
C = 100 pF, and R = 70 f2.

(a) What is the impedance of the circuit? (w = 100 rad/s)
X, = wL = 100%0.16 2 = 16 2
Xe = 1/wC = 1/{100*100u}2 = 100 2
Z=VR+ (X, - X\
= {10° + (16 - 100)°}""* 02
= 109.3 2
(b) What is the maximum current?
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(c) Find the average power delivered to the circuit.
tan@ = Xi—Xc = (16 - 100)/(70)
R —.12
O =tan'(-1.2) = - 50.2"
cos(@) = cos(- 50.2°)
= 0.6/
(Vims) (Lns) = (Vi) (L) /2
= (40)(0.37)/2
=74 W
Thus,
Pov = (Vims Lis) cos(8)
P, = (7.4 W)(0.64) W
=474 W
8. A transformer has N; = 350 turns and N, = 2 000 turns. If the input voltage is Av(t) = (170 V) cos wt, what
rms voltage is developed across the secondary coil?
Transformer equation
N,/N, = V,/V,
350/2000 = Vyael/Vinas?2
35/200 = 170/ V42
Va2 = (200)(170)/35
Va2 = 971.4 V
Vins2 = Vinaa2/V2
Vims2 = (971.4) /2 V
Vims2 = 686.9 'V
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Dear students, please read all the contents from the handout seriously and do all the questions by

referring the solutions. Next time we will discuss and solve problems on unit 8 (Atomic physics).

See you soon !!!! Mr. Mesay T.



