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Chapter: 07
Alternating Current

Define the term ‘wattless current’.

Ans. If due to the flow of Currant in a circuit , the average power Consumed is zero, the Current is said to be
idle or Wattless.

Example : In pure Inductor circuit, In pure Capacitor circuit.

Calculate the quality factor of a series L-C-R circuit with L =2.0 H, C= 2 pF and R = 10 Q. Mention

the significance of quality factor in L-C-R circuit. (Ans. 100)
Ans. Given, L=20H
C=2pF
=2 X 107°F
R=10Q

1 L
Now, Q- factor=— |—
RAC
1 2 1
T 104/2%x1076 10x 1073

1
=Toz- 100
Quality factor is also defined as
0 = 21f x Energy stored
Power loss

So, higher the value of Q means the energy loss is at lower rate relative to the energy stored, i.e,, the

oscillations will die slowly and damping would be less.

An AC voltage, V = V sin wt is applied across a pure capacitor, C. Obtain an expression for the
current I in the circuit and hence obtain the.

i.  Capacitive reactance of the circuit and

ii. =~ The phase of the current flowing with respect to the applied voltage.

Ans. (i) Let alternating voltage, V = V; sin wt is applied across a capacitor C. At any instant, the
potential difference across the capacitor is equal to applied voltage.

| LC
11
(A —
b
V =V, sinwt (1)
=~ V = Potential difference across the capacitor = %

> q=CV
Or q = CVysinwt
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dq
— =w CV,coswt
dat
Vo
Or | =75 cos wt
(Ge)
Or I = Iy sin (wt + %) ..(ii)
Ve 1%
Where, Iy = 10 = X_O
(Ge) *e
. 1
Capacitive reactance, X, = —
wC

(ii) From Egs. (i) and (ii), current leads the voltage by phase % .
v,/

Yo
lo

0]

XI

State the principle of a step-up transformer. Explain with the help of a labelled diagram, its
working.

Ans. (i) Principle of transformer: A transformer is based on the principle of mutual induction, i.e.,
whenever the amount of magnetic flux linked with a coil changes, an emfis induced in the neighbouring
coil.

2]

AC
Source

L—- Laminated cores

A step-up down transformer operated on a 2.5 kV line. It supplies a load with 20 A. The ratio of
the primary winding to the secondary is 10 : 1. If the transformer is 90% efficient, calculate
i.  The power output
ii.  The voltage and

iii.  The current in the secondary coil. (Ans.(i) 4.5 x 10* W (ii) 250 V (iii) I = 180 A)

Ans. Given, input voltages, Vp = 2.5 X 103V

Input current, Ip = 20 Asss

Np 10 Ng 1
Also, —=— = —_=—
Ng 1 Np 10
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Output power

Percentage efficiency = W x 100

90 Output power

= =
100 Vplp

_ 90
(i) Output power = 100 X (Vplp)

90
=—xX (2.5 x 103) x (20A) =4.5x 10* W

100
. Vs Ng Ng
(i) » —=— = Ve =—xVp
Vp Np Np

1
Voltage Vs = o X 25x103V =250V

(iii) Vg Ig = 4.5 x 10* W

45x10*  4.5x10*
Vs 250

I =180 A

Current, I =

6. Aresistor of 100 Q and a capacitor of 100/ uF are connected in series to a 220V, 50Hz a.c.
supply.
(a) Calculate the current in the circuit.
(b) Calculate the (rms ) voltage across the resistor and the capacitor . Do you find the algebraic
sum of these voltages more than the source voltage? If yes, how do you resolve the paradox?
(Ans. (a)1.55 A, (b) 2207)

1 1
Ans. itive r n Xe= —=
s. (a) Capacitive reactance X, = e
1
=—55— =100 Q
ZTTXSOXT[,LF

C=ﬁ wF
o 5 5 R=1000Q n
Impedance of the circuit,Z= |R* + X¢ —WW———— |——

= \/(100)Z +(100)2 = 100 V2 o
C tin the circuit = L = 2= 222 — 1554 E\J=220V
urrentin tnhe Circul ms = T, 100v2 = 1. r(,m=50 v

(b) Voltage across resistor, Vg = I,,,sR
=155x100 =155V
Voltage across capacitor, Vy = I, X C = 155 X 100 — 155V
The algebraic sum of voltages across the combination is
Vims = Vr+ V¢
= 155V 4+ 155V = 310V
Whilel/.,,, of the source is 220 V. Yes, the voltages across the combination is more than the
voltage of the source. The voltage across the resistor and capacitor are not in phase.
This paradox can be resolved as when the current passes through the capacitor, it leads
thevoltage V¢ by phase % . so, voltage of the source can be given as

Vims = +/ VRZ + ch
= ,/(155)? + (155)2

=155V2 =220V

7. Define power factor. State the conditions under which it is (i) maximum and (ii) minimum.
Ans. The power factor (cos¢) is the ratio of resistance and impedance of an ac circuit . e.,

R
Power factor, cos¢ = 7
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8. A coil of inductance 0.50H and resistance 100 Q is connected to a 240V, 50 Hz ac supply.
(a) What is the maximum current in the coil?
(b) What is the time lag between the voltage maximum and the current maximum?
(Ans.(a) 1.82A4 (b)s=3.2ms )

Ans. Given L = 0.50H,R = 100Q,V = 240V ,v = 50Hz
(a) Maximum (or peak) voltage Vo = V2

Yo

z

Inductive reactance, X; = wL = 2nvL

=2X%3.14 x50 % 0.50 =157Q
Impedance of circuit, Z = \/R% + X? = /(100)2 + (157)2 = 1860
Vo _ VV2 _240x1.141

Maximum current, Iy -

Maximum current [y = — = =182A4A
z z 186
(b) Phase (lag) angle ¢ is given by
tan ¢ = -7 157
R~ 100

¢ =tan™1 (1.57) =54 - 5°

1 575 1
L4 xT:ix;: 2= X =5

Time lag AT = py gy 260 <%0
=32x10"% s=3.2ms
9. The primary coil of an ideal step up transformer has 100 turns and transfer has 100turns and

transformation ratio is also 100 .the input voltage and power are 220 Vand 1100 W respectively
.calculate
(a) the number of turns in the secondary coil.
(b) the current in the primary coil.
(c) the voltage across the secondary coil.
(d) the current in the secondary coil.

(e)the power in the secondary coil. (Ans.(a) 10,000 (b) 5A (c) 22 kV (d) 0.054 (e) 1100 W)

number of turns in secondary coil (Ng)

Ans. (a) Transformation ratio r = —— -
number of turns in primary coil (Np)

Given Np = 100,r = 100
~ Number of turns in secondary coil, Ny = rN, =100 x 100 = 10,000

(b) Input voltage V, = 220V, Input power P, = 1100 W

Current in primary coil [, = %:1100/220 =5A
p

(c) Voltage across secondary coil (Vs) is given by r= Z—S
P

Vs =71Vp =100 x 220 = 22,000V =22 kV

(d) Current in secondary coil (I,) is given by
R=1p/ls

=1 =l—p= i = 0.054.
S r 100

(e) Power in secondary coil.P,,,; = V; I, = 103 x 0.05 = 1100 W

Obviously power in secondary coil is same as power in primary . This means that the transformer is
ideal. i.e. there are no energy losses.
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10. Three students X,Y,Z performed an experiment for studying the
variation of alternating currents with angular frequency in a series
LCR circuit and obtained the graphs shown below. They all used ac
sources of the same rms value and inductances of the same value.
What can we (qualitatively) conclude about the (i) capacitance
values (ii) resistance used by them? In which case will the quality

factor be maximum ?What can we conclude about nature of the
impedance of the set up at the frequency wy?(Ans. R)

Ans. (i) From the figure , the resonant frequency wg is same for all the three graphs X, Y and Z.
1
VIC
(ii) The maximum value of current at resonance is given by

1

Vo .
Iy = ;",l.e. o)z « +

but (Io)x > (Io)y > (Io)z = Rx <Ry <Ry
Quality factor, Q= %L which is maximum for X.

AS(UO: andLX: Ly,SOCX: CY: CZ

As w and L are same in all three cases and Q « %

Therefore, Ry < Ry < Rj.

Z=\R2+ (X, — X;)2=R

Thus, the impedance of the circuit is purely resistive in nature.

11. An inductor 200 mH, capacitor 500uF, resistor 10 Q are connected in series witha 100V,
variable frequency ac source. Calculate the (i) frequency at which the power factor of the circuit
is unity. (ii) current amplitude at this frequency.(iii) Q-factor.

(Ans.(i) 15.9 Hz (ii) 104 (iii)2)

=10rads™!

. 1 1
Ans. (i)Asweknoww =—= =
M VLC V200x10-3x5x10~4

v=-==15.9Hz
2w

(i) Io = £ = ¥ =104 L=200mH C=5004F Rx1gq

1 L 1 /2><10—1
(111)Q—factor-R = To 5x10 =2

O
Ev=1wv

12. (a) What is impedance?
(b) A series LCR circuit is connected to an ac source having voltage V=V, sinwt . derive
expression for the impedance, instantaneous current and its phase relationship to the applied
voltage . Find the expression for resonant frequency.
Ans.
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lm.peaance:' ‘I'he opposition offered by the combination of a resistor and reactive component to the flow o;'
ac is called impedance. Mathematically it is the ratio of rms voltage applied and rms current produced in
circuiti.e., Z = ¥

Its unit is ohm ().

Expressim'l for .Impedance in LCR series circuit: Suppose resistance R, inductance L and capacitance C are
conn'ectefi in series and an alternating source of voltage V = Vo sinet is applied across it. (fig. a) On account
of being in series, the current (i) flowing through all of them is the same.

R L C Vi y
vy 0000000 Jl ? '\90" :R .
" " i v o0
‘ -------------------------
)
S e
V=V, sin ot

(b)
(@)

Suppose the voltage across resistance R is Vg , voltage across mductt:nce llt,a lsc ‘l:,_ ;ﬁc}il::(:t;ie g
capacitance C is V.. The voltage Vg and current i are in the same phase, g t:- VOb) gC]e;r i g

by angle 90° while the voltage V- will lag behind the current by angle 90° (fig. ; V g V)’) c | ey
opposite directions, therefore their resultant potential difference = V¢ —. v, Gf V¢ 7): '

Thus Vg and (Vo - V) are mutually perpendicular and the phase dxffer.ei;x;f bebtew;er; ,t:;‘% is 90°.
applied voltage across the circuit is V, the resultant of Vg and (V¢ - V) will also . g

2
V2 =Vl% +(VC —VL)2 = V=\/;,1% +(VC —VL) (i)
But Vg =Ri,Vg=Xci and Vp =Xp 1 -«.(i)

where X = —}E = capacitance reactance and X; = oL = inductive reactance
®

V=JR)? + Xci-Xpi?

L 2
Impedance of circuit, Z e R? + Xc - Xp)

2
2 2 1 .
ie. Z = {R? + (Xc - X1) =1’R +(R_°°L)

Vp sin (o7 + ()
Instantaneous current [ = (

1 2
R% + (-—- - mL]
oC

- Xc -X
The phase difference (¢) between current and voltage ¢is given by tan ¢ = -LR—':

Resonant Frequency: For resonance ¢ = 0,s0 X¢ — X, =0 |
1 2

=oL=> o ———l—
= oC T

1
G il

Resonant frequency o, =



