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LESSON 7

ALTERNATING CURRENT

Alternating current

As we have seen earlier a rotating coil in a magnetic field, induces an alternating emf and
hence an alternating current. Since the emf induced in the coil varies in magnitude and
direction periodically, it is called an alternating emf. The significance of an alternating emf
is that it can be changed to lower or higher voltages conveniently and efficiently

using a transformer. Also the frequency of the induced emf can be altered by changing the
speed of the coil. This enables us to utilize the whole range of electromagnetic spectrum
for one purpose or the other. For example domestic power in India is supplied at a
frequency of 50 Hz. For transmission of audio and video signals, the required frequency
range of radio waves is between 100 KHz and 100 MHz. Thus owing to its wide
applicability most of the countries in the world use alternating current.

Measurement of AC
Since alternating current varies continuously with time, its average value over one
complete cycle is zero. Hence its effect is measured by rms value of a.c.

RMS value of a.c.

The rms value of alternating current is defined as that value of the steady current, which
when passed through a resistor for a given time, will generate the same amount of heat as
generated by an alternating current when passed through the same resistor for the same
time.

The rms value is also called effective value of an a.c. and is denoted by Irms When an alter-
nating current i=lo sin wt flows through a resistor of resistance R, the amount of heat
produced in the resistor in a small time dt is dH = i R dt. We know that alternating current
is given | = igsinwt

The total amount of heat produced in the resistance in one complete cycle is

T
H=f i Rdt
0

T
H =f i3sin’wt Rdt
0
Lo (T (1— cos2wt
H =R (—) dt
0 2

igR T T
H=— f dt — f cos2wtdt
2 )y 0

As fOT cos2wtdt = 0
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But this heat is also equal to the heat produced by rms value of
AC in the same resistor (R) and in the same time (T),
H =12, .RT

Thus
i2R
12 .RT = OTT

l
% =0.707i,

S s = ﬁ

We can calculate rms value as root mean square value :
The mean value or average value of ac over time T is given by

L it

i =
rms J.OT dt

, fOT i2sin®(wt)dt
Lrms = T
) J, dt
, i2 fo [1 — cos2wt]dt
lrms = T

As fOT cos2wtdt = 0

L, _ BT _ij
ms =97 =2
. Ly
lrms = ﬁ =
Similarly
E,

Erms = \/E

0.707i,
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Solved numerical
Q) If the voltage in ac circuit is represented by the equation
V = 220V2sin(314t — ¢)
Calculate (a) peak and rms value of the voltage
(b) average voltage
(c) frequency of ac
Solution:
(a) For ac voltage

V = Vo sin(wt-@)

The peak value

Vo =220V2 =311V

The rms value of voltage

Vs = & = 22072 = 220V
rms \/E \/i

(b) Average voltage in full cycle is zero, Average voltage in half cycle is

2 2
Vave = —Vo = 311 = 19871V

(c) As w = 2mtf
2nf =314
f=314/2nt = 50Hz

Q) Write the equation of a 25 cycle current sine wave having rms value of 30 A.
Solution:

Given: frequency f = 25 HZ and lrms = 30A or ip = 30V2

| = ipsin(21f)t

= 30v/2sin (2mx25)t

I= 30v/2sin (50m)t

Q) An electric current has both A.C. and D.C. components. The value of the D.C component
is equal to 12A while the A.C. component is given as | = 9sinwt A. Determine the formula
for the resultant current and also calculate the value of Ims

Solution: Resultant current at any instant of time will be | = 12+9sinwt

Now I,,s = \/(12) = \/(12 + 9sinwt)?

Lims = /{144 + 216sinwt + 81sin2wt)

Here, the average is taken over a time interval equal to the periodic time

Now <144> =144

216<sinwt>=0

And 81<sin? wt>= 81 X (1/2) = 40.5

Sl =V144 4+ 40.5 =13.58 A4
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Series AC Circuit

1) When only resistance is in an ac circuit
Consider a simple ac circuit consisting of resistor of resistance R and and ac generator, as
shown in figure
R
N

@
e=E  sinwmt
According to Kirchhoff’s loop law at any instant , the algebraic sum of the potential
difference around a closed loop in a circuit must be zero
e—-Vr=0
e—IgR =0
Eo sinmt—1rRR =0
Ir = Eo sinwt / R = lgsinwt ---(1)

Where lo is the maximum current lo = Eo/R

From above equations, we see that the instantaneous voltage drop across the resistor is
Vr=lo R sinwt ---(2)

We see in equation (1) and (2) Ir and Vr both vary as sinwt and reach their maximum
values at the same time as shown in graph they are said to be in phase.

|R """"""" |
0
VR[5 /
R \'0
mt
o £
- P B
L1 # \
f"f \»‘
'
O
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2) When only Inductor is in an ac circuit
Consider an ac circuit consisting only of an indiuctor of inductance | connected to the
termicals of ac generator, as shown in figure

— 00—

@
e=F, sin ot
The induced emf across the inductor is given by L(di/dt). On applying Kirchhoff’s loop rule

to the circuit

Eysinwt = L—
0 dt
Integrating above expression as a function of time

. _Eo [ . Ey
i, = T,[ sinwtdt = ——Lcoswt +C

W
For average value of current over one time period to be zero, C=0
. E, ,
Ll = ——Ccosw
L wlL
When we use the trigonometric identity coswt = —sin (wt — g)

We can express equation as

i, = %sin (wt - g)

From above equation it is clear that current lags by /2 to voltage. The voltage reaches
maximum , one quarter of than oscillation period before current reaches maximum value.
Corresponding phasor diagram is shown below

Vpfesss:

A 1

el

o / T E]T E!j-t

iL
Secondly current is maximum when coswt =1
Ey
I’O -
wL

wL is known as inductive reactance denoted by X,
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3) When only capacitor is in an ac circuit

Figure shows an ac circuit consisting of a capacitor of capacitance C connected across the
terminals of an ac generator.

C

I

1

()
e=E, sin mt
On applying Kirchhoff’s rule to this circuit, we get
e — VC —_— 0

VC =e

Ve = Eysinwt

Where V¢ is the instantaneous voltage drop across the capacitor. From the definition of
capacitance Vc = Q/C, and this value of V¢ substituted into equation gives
Q = C Egsinwt
Since i = dQ/dt, on differentiating above equation gives the instantaneous current in the
circuit

ic = T CE,wcoswt
From above equation it is clear that current leads the voltage by /2
A plot of current and voltage versus times , shows that the current reaches its maximum
value one quarter of a cycle sooner than the voltage reaches maximum value. The

corresponding phasor diagram is shown
: vk

Secondly when coswt =1, in equation i = CEywcoswt the current in circuit is maximum
i = CEpw = -2
10 = W =—
¢ T X,
Xc is called the capacitive reactance

X—l
¢ wC

For DC supply, w = 0 therefore Xc will be infinite and current will not flow through
capacitor once it is fully charged.
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SERIES L-R Circuit

Now consider an ac circuit consisting of a resistor or resistance R and an inductor of
inductance L in series with an ac source generator

®

e=E, sin ot

Suppose in phasor diagram, current is taken along positive direction. The Vg is also along
positive x-direction as there is no phase difference between ir and Vg . While V. will be
along y direction as we know that current lags behind the voltage by 90°

So we can write

V=Vg+ jV|_

V=irR + j(iXL)

V=iZ

Here Z =R + jX. = R + j(wl) is called as impedance of the circuit. Impedance plays the same
role in ac circuit as the ohmic resistance does in DC circuit. The modulus of impedance is

|Z] = \/R? + (wL)?

The potential difference leads the current by an angle

V X
@ =tan"t|=| = tan? (—L)
R R
— tan-1 (a)L)
¢ =tan™" (4

SERIES R-C Circuit

Now consider an ac circuit consisting of resistance R and a capacitor of capacitance Cin
series with an ac source generator

R C
—V_—> «V_ -
I
- (r)
< @,
e=E, sin Ot
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Suppose in phasor diagram current is taken along positive x-direction. Then Vg is along
positive x-direction but V¢ is along negative y-direction as current leads the potential by
phase 90° so we can write
V=Vr—jVc
[
V =1iR ](wc)—lZ
Here impedance

z=r-j( ! )
B J wC
And the potential difference lags the current by an angle
%4

X,
Cc -1 C
@ (R)

R
1/ 1

=t -1 wC =t —1( )

() an <_R ) an _O)RC

Solved Numerical
Q) An alternating current voltage of 220 V r.m.s. at frequency of 40 cycles/ second is
supplied to a circuit containing a pure inductance of 0.01H and a pure resistance of 6 ohm
in series. Calculate (i) the current (ii) potential difference across the resistance (iii)potential
difference across the inductance ( iv) the time lag

1

@ =tan™

Solution
The impedance of L-R circuit is given by

|Z] = \/R? + (wL)?

1Z| = VR? + 2nfL)?

1Z| = /(6)2 + (2 x 3.14 x 40 x 0.01)2
Z7=6.504 ohms

(i) r.m.s value of current

, E 220
lyms = erS = %501 33.83 amp

(ii) The potential difference across the resistance is given by
VR =irms X R=33.83 X 6 =202.98 Volt

(iii)  Potential difference across inductance is given by
Vi =ims X (wL) = 33.83 X 6 = 202.98 volts

(iv)  Phase angle
wL
) an R

. (2nfL (2% 3.14 x40 x 0.01
()= )

R
@ = tan~1(0.4189) = 22°73’
Now time lag =
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7, o 1 22°73'
L XT=——Xo=——
360 360 f 360x40

= 0.001579 s

Q) An ac source of an angular frequency w is fed across a resistor R and a capacitor Cin
series. The current registered is i. If now the frequency of source is changed to w/3 ( but
maintaining the same voltage), the current in the circuit is found to be halved.
Calculate the ratio of reactance to resistance at the original frequency

Solution:
At angular frequency w, the current in R-C circuit is given by

E
rms o eq(]_)

\/Rz + (wzch)

When frequency changed to w/3, the current is halved. Thus

lrms =

irms — Erms
2
1
L
32
ir;ns — Ermsg o eq(Z)
{Rz + wZCZ}

From above equation (1) and (2) we have
Erms ZE‘r‘ms

e i+ (o)

Solving the equation we get

. 5
3R° = T
Hence ratio of reactance to resistance
Ywc _ 3
R 5

SERIES L—-C—R CIRCUIT
Consider an ac circuit consisting of resistance R, capacitor of capacitance C and an inductor
of inductance L are in series with ac source generator
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Suppose in a phasor diagram current is taken along positive x-direction. Then Vg is along
positive x-direction, Vi along positive y-direction and V¢ along negative y-direction, as
potential difference across an inductor leads the current by 90° in phase while that across
a capacitor, lags by 90°

\YL A
ViVl o B
R L C T :
A — | o % |
—V, —>e—V, —3eV > el - ¢ = >
I 90° v/ A I
A :
—O@
= v
e=E_ sinwt Ve

V - \/VRZ + (VL - Vc)z

We can write V = Vg +jVL—jVc
V = iR +j(iX0) = j(iXc)
V = iR +j[i(XL = Xc)] = iZ
Here impedance is
Z=R+jX,—Xc)
1

Z =R ( L——)
+Jjlw oC

1 2
1Z] = \/RZ + (a)L - —)
wC

The potential difference leads the current by an angle

V=V
= tan™!
% Ve
XL - XC
=t ]
Q@ an R 1
1 wL — R
= tan~ ! |—&~
Q an 7
The steady current is given by
V.
i = 0 > sin(wt + @)
1
2 -
\/R + (wL a)C)
The peak current is
Vo

o

\/RZ + (wL - %)2

It depends on angular frequency w of ac source and it will be maximum when

10
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1
wlL — R =0
1
©= ¢
And corresponding frequency is
W 1 1
=%~ ic

This frequency is known as resonant frequency of the given circuit. At this frequency peak

. .V
current will be i, = ;0

This resistance R in the LCR circuit is zero, the peak current at resonance is i, = EO

It means, there can be a finite current in pure LC circuit even without any applied emf.
When a charged capacitor is connected to pure inductor

. . L 1 [1
This current in the circuit is at frequency f = pynll by

Solved Numerical
Q) A resistor of resistance R, an inductor of inductance L and a capacitor of capacitance C
all are connected in series with an a.c. supply. The resistance of R is 16 ohm. And for a
given frequency, the inductive reactance of L is 24 ohms and capacitive reactance of C is
12 ohms. If the current in circuit is 5amp, find
(a) The potential difference across R, Land C
(b) the impedance of the circuit
(c) the voltage of ac supply
(d) Phase angle

Solution:

(a) Potential difference across resistance Vg = iR = 5X16 =80 volt
Potential difference across inductance
Vi=iX(wL)=5X24=120volt
Potential across condenser
Ve=iX(1/wC)= 5 X 12 =60 volts

(b) Impedance
11\2
1zl =[R2+ (a)L -—)
wC

|Z| = /162 + (24 — 12)? = 20 ohm
(c) The voltahe of ac supply is given by
V=iZ=5 %20=100 volt

(c) Phase angle

11
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1
(UL—R

R
24 — 12|
16

@ = tan™!

1

@ =tan™

¢ = tan~1(0.75) = 36987’

PARALLEL AC CIRCUIT

Consider an alternating source connected across an inductor L in parallel with a
capacitance C

The resistance in series with the inductance is R and with the capacitor as zero

R L
W T —
I
Ic

llh_‘

e=E, sin ot
Let the instantaneous value of emf applied be V and the corresponding currentis I, I and
lc. Then

=1 +lc
Or
/A 4 14
Z R+jol J_
wC
114 114
—=——— 4+ jiwCV 2 =—1
Z - R+jolL ? (asj )
1
- iwC
Z R+joL ?
% is called admittance Y
1_Y_ 1 R—ij_I_,C
Z~ ' TR+joLR—jwL ¢
R—jwL
Y R2+w2L2+]wC

V= R + j(wCR? + w3I*C — wlL)
a R? + w?I?

Magnitude of admittance
12
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JVR? + (wCR? + w3L2C — wL)?

Yl =

R? + w?L?
The admittance will be minimum. When
wCR? + W3’C-wL=0
1 RZ
w= [———
LC 2

It gives the condition of resonance and corresponding frequency

1 [1 R?

This is known as resonance frequency. At resonance frequency admittance is minimum or
impedance is maximum. Thus the parallel circuit does not allow this frequency from
source to pass in the circuit. Due to this reason the circuit with such frequency is known as
rejecter circuit

Note

If R =0, resonance frequency

1 . . . . .
= is same as resonance frequency in series circuit
f 2nVLC q Y

Solved numerical
Q) For the circuit shown in figure. Current is inductance is 0.8A while in capacitance is
0.6A. What is the current drawn from the source

I
2 LA
~ ©
e=E, sin ot
Solution:

In this circuit E = Eosinwt is applied across an inductance and capacitance in parallel,
current in inductance will lag the applied voltage while across the capacitor will lead and
o)

LA ( t 7T)— 0.8coswt
lL—XLSlTl w 2 = O0CO0SW
] _V [ ( t+n)—+06 t
lC—XCSlTl w 2 = .0CoSwW

So current from the source
i=iL+ ic =-0.2coswt
lio] =0.2A
13
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Q) An emf Vosinwt is applied to a circuit which consists of self-inductance L of negligible
resistance in series with a variable capacitor C. the capacitor is shunted by a variable
resistance R. Find the value of C for which the amplitude of the current is independent of R
Solution

P
(s

V=Vysinmt
1=

L
—11)

Solution:
First we will calculate impedance of the circuit
The complex impedance of the circuit

Z=jwl+Z
Here Z' is complex impedance of parallel combination of Capacitor and R
1 _1+_ C_1+ijR
7 R T TR
P R _ R(1 — jwCR) _ R(1 — jwCR)
" 14+ jwCR (14 jwCR)(1—jwCR) 1+ w?C2R?
g L_I_R(l—jou(,'R)
T T wcR?
Z =jwL + joCR®
T O T T W2C?R? T 1+ w?C?R?
I wCR? N R
I\ T T w2c?R?) T 1+ w2C?R?

Magnitude of Z is given by

Zz_( K )2+ L 2
~ \1 + w2C?R? O ¥ w2C?R?

o _ ( )2 4 (oly? - 2OULCRE ([ WCR? ’
~ \1+ w2C?R? @ 1+ 0?C2R? ' \1 + w?C2R?
R 2 2w2LCR?
ZZ=<—) 1+ w?C?RY) + (wL)? ————
TTocere) (AFe )+ (0l = R
o 2 - Gl 2w2LCR?
“\1+w2c2rz) T\ 1 + w?C2R?

The value of current will be independent of R . It is possible when
RZ- 2w?%LCR?=0
1,
C = Ew L
Q) Derive the expression for the total current flowing in the circuit using phaser diagram

14
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Solution:

www.gnheet.com

The phasor diagram of the voltage and current is as shown in figure. In order to obtain the
total current, we shall have to consider the addition of the currents. From the diagram we

have

Y,

But

From figure

Q-factor

I = \/11% + (I, — 1¢)?

cans =R (- 1)
ano = XL XC

The selectivity or sharpness of a resonant circuit is measured by the quality factor or Q
factor. In other words it refers to the sharpness of tuning at resonance. The Q factor of a

www.gnheet.com

15




PHYSICS NOTES www.gnheet.com
series resonant circuit is defined as the ratio of the voltage across a coil or capacitor to the
applied voltage.

voltage across L or C

- —(1
applied voltage M

Voltage across L =1 wol ...(2)
where w, is the angular frequency of the a.c. at resonance. The applied voltage at
resonance is the potential drop across R, because the potential drop across L is equal to
the drop across C and they are 180° out of phase. Therefore they cancel out and only
potential drop across R will exist.
Applied Voltage = IR ...(3)
Substituting equations (2) and (3) in equation (1)
[wol woL

IR R
1 L
Q= =7
VRCR
Q is just a number having values between 10 to 100 for normal frequencies. Circuit with
high Q values would respond to a very narrow frequency range and vice versa. Thus a
circuit with a high Q value is sharply tuned while one with a low Q has a flat resonance. Q-
factor can be increased by having a coil of large inductance but of small ohmic resistance.
Current frequency curve is quite flat for large values of resistance and becomes more
sharp as the value of resistance decreases. The curve shown in graph is also called the
frequency response curve.

-

Current 1

Q-low

Frequency V—*

Sharpness of resonance
The amplitude of the current in the series LCR circuit is given by
vmax

imax 1 2
2 -
\/R + (a)L a)C)
and is maximum when w = wo = 1/V(LC) The maximum value is imax = Vmax/R

For values of w other than w0, the amplitude of the current is less than the maximum
value.

Suppose we choose a value of w for which the current amplitude is 1/ V2 times its
maximum value. At this value, the power dissipated by the circuit becomes half. From
the curve in Fig. ,we see that there are two such values of w, say, w1 and w3, one
greater and the other smaller than woand symmetrical about wo. We may

16
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write

w1 =wo +Aw

w2 =wo-Aw

The difference w1 - w2 = 2Aw is often called the bandwidth of the circuit. The quantity
(wo / 2Aw) is regarded as a measure of the sharpness of resonance. The smaller the
Aw, the sharper or narrower is the resonance.

We see from Fig. that if the resonance is less sharp, not only is the maximum current
less, the circuit is close to resonance for a larger range Aw of frequencies and the
tuning of the circuit will not be good. So, less sharp the resonance, less is the
selectivity of the circuit or vice versa.

Value of Aw = R
2L

we see that if quality factor is large, i.e., R is low or L is large, the circuit is more
selective.

POWER IN AN AC CIRCUIT

In case of steady current the rate of doing work is given by,

P=VI

In an alternatin circuit, current and voltage both vary with time, so the work done by the
source in time intrerval dt is given by

dw = Vidt

Suppose in an ac, the current is leading the voltage by an angle ¢ . Then we can write
V =Vmsinwt and

| = imsin(wt+)

dw = Vi imsinwt sin(wt+@)dt

dw = Vm im (sin? wtcose +sinwtcoswtsing) dt

The total work done in a complete cycle is

T

W = Vmimcosgaj
0

T

T

sin® wtdt + Vmimsimpf sinwtcoswtdt

0
T

1
(1 — cos2wt) dt + EVmimsimp f sin2wtdt

1
W = EVmimcosxpf
0

0

1
W ==V,i,Tcose

2
The average power delivered by the source is, therefore
P=W/T
1.
P = Elemcosq)
= ———=(0S
zvz o

P = VinslymsCOSQ
This can also be written as,
P = 1?Zcosd
Here, Z is impedance, the term cos® is known as power factor

17
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It is said to be leading if current leads voltage, lagging if current lags voltage . Thus, a
power factor of 0.5 lagging means current lags voltage by 60° ( as cos™0.5= 60°). the
product of Vims and irms gives the apparent power. While the true power is obtained by
multiplying the apparent power by the power factor cos¢.

(i) Resistive circuit: For ¢=0°, the current and voltage are in phase. The power is thus,
maximum .

(ii) purely inductive or capacitive circuit: For (=900, the power is zero. The current is
then stated as wattless. Such a case will arise when resistance in the circuit is zero.
The circuit is purely inductive or capacitive

(iii)  LCR series circuit: In an LCR series circuit, power dissipated is given by P = 1°Zcos¢

where
— 1 (e~ XL
@ = tan ( R )

So, ® may be non-zero in a RL or RC or RCL circuit. Even in such cases, power is dissipated

only in the resistor.

(iv)  Power dissipated at resonance in LCR circuit: At resonance Xc — XL=0, and ¢ = 0.
Therefore, cosd = 1 and P =/2Z =12 R. That is, maximum power is dissipated in a
circuit (through R) at resonance

Solved Numerical

Q) In an L-C-R A.C. series circuit L = 5H, @ = 100 rad s?, R = 100Q and power factor is 0.5.

Calculate the value of capacitance of the capacitor

Solution:

Power factor

R
cosd = =
1
2 =
\/R + (wL a)L)
Squaring on both side
RZ
cos?8 = T
2 -
RE+ (a)L wL)
Cosb6 =0.5
1 R?

1 2
2 -
R +(wL wL)
1 2
R? + (wL ——) — 4R?

wlL
1 2
L——) = 3R?
(w a)lL
wlL —— =+/3R
wC 1
wlL — V3R = —
wC

18
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c= (=)
~ w\wL —3R
1

1
¢ =155 )
100\100 x 5 — /3 x 100
C = 107~ _ 107 30.6 X 107¢F
T 500—173.2 3268
C=30.6pF

LC OSCILLATIONS

We know that a capacitor and an inductor can store electrical and magnetic energy,
respectively.

When a capacitor (initially charged) is connected to an inductor, the charge on the
capacitor and the current in the circuit exhibit the phenomenon of electrical oscillations
similar to oscillations in mechanical systems.

Let a capacitor be charged gm (at t = 0) and connected to an inductor as shown in Fig..

>

|| |+
| I+

The moment the circuit is completed, the charge on the capacitor starts decreasing, giving
rise to current in the circuit. Let g and i be the charge and current in the circuit at time t.
Since di/dt is positive, the induced emf in L will have polarity as shown, i.e., vp < Va.

According to Kirchhoff’s loop rule,
q L di 0
c dt

i =—(dg/dt) in the present case (as g decreases, i increases).
Therefore, above equation becomes:

d’qg 1
———q= 0
dt? LC
Comparing above equation with standard equation for oscillation
d?x )
F — WpX = 0

The charge, therefore, oscillates with a natural frequency

19

www.gnheet.com




PHYSICS NOTES www.gneet.com
1

Wn =
" VIC

and varies sinusoidally with time as q = qm cos(wot +@)
where gm is the maximum value of g and ¢ is a phase constant.
Since g =gm att =0, we have cos ¢ =1 or ¢ = 0. Therefore, in the present case,
g = gm cos(wot ) current | = imsin(wot ) here im = gm wo
Initially capacitor is fully charged , it stores energy in the form of electric field
1

UE = E CVZ

At t =0, the switch is closed and the capacitor starts to discharge As the current increases,

it sets up a magnetic field in the inductor and thereby, some energy gets stored in the

inductor in the form of magnetic energy:

1
U, = — Li°.
B > l

As the current reaches its maximum value im, (at t = T/4) all the energy is stored

in the magnetic field:
1

Ug = 5 Li?.
The capacitor now has no charge and hence no energy. The current now starts charging
the capacitor, This process continues till the capacitor is fully charged (at t = T/2But it is
charged with a polarity opposite to its initial state The whole process just described will
now repeat itself till the system reverts to its original state. Thus, the energy in the system
oscillates between the capacitor and the inductor.
Note that the above discussion of LC oscillations is not realistic for two reasons:
(i) Every inductor has some resistance. The effect of this resistance is to introduce a
damping effect on the charge and current in the circuit and the oscillations finally die
away.
(ii) Even if the resistance were zero, the total energy of the system would not remain
constant. It is radiated away from the system in the form of electromagnetic waves
(discussed in the next chapter). In fact, radio and TV transmitters depend on this radiation.

Solved Numerical
Q) A capacitor of capacitance 25uF is charged to 300V. It is then connected across a 10mH
inductor. The resistance of the circuit is negligible
(a) Fins the frequaency of oscillation of the circuit
(b) Find the potential difference across capacior and magnitude of circuit cutrrent 1.2ms
after the inductor and capacitor are connected
(c) Find the magnetic energy and electric energy att=0 and t = 1.2 ms.

Solutions:
(a) The frequency of oscillation of the circuit is
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1
szm/ﬁ

Substituting the given values we have
1 103

/ 2m,/(10 x 1073)(25 x 1076) T
(b) Charge across the capacitor at time t will be
g = qoCoswo t and | = -qwesinwoet
Here go = CVo = (25x107)(300) = 7.5x103C
Now, charge in the capacitor after t = 1.25x103 s is
q = (7.5x103)cos(2mx318.3)(1.2x103)C = 5.53x103C
~ P.D across capacitor,

Hz

lg| 5.53%x1073
= ? = W = 221.2 volt
The magnitude of current in the circuitatt=1.2 X103 s is
li] = qwosinwot
li] =(7.5%1073)(21)(318.3)sin(21x318.3)(1.2%x103)A = 10.13A
(c) Att=0, Current in the circuit is zero. Hence U, =0
Charge on the capacitor is maximum
Hence
2
Y
2C
1(7.5 x 1073)?

Uc =3 5 X 106 = 1.125]
Att=1.25ms, q=5.53x103C
1 2
UC == _q_o
2C
1(5.53 x 10-3)2
== = 0.612]

€72 25x10-°

TRANSFORMERS

For many purposes, it is necessary to change (or transform) an alternating voltage from
one to another of greater or smaller value. This is done with a device called transformer
using the principle of mutual induction. A transformer consists of two sets of coils,
insulated from each other. They are wound on a soft-iron core, either one on top of the
other as in Fig.a or on separate limbs of the core as in Fig. (b).

One of the coils called the primary coil has Np turns. The other coil is called the secondary
coil; it has Ns turns. Often the primary coil is the input coil and the secondary coil is the
output coil of the transformer

21
www.gnheet.com




PHYSICS NOTES www.gneet.com

Soft iron-core

/ i
| ——@
@ | ——
‘——'_‘-‘—'—
‘?«*\‘——.’_:_5 w .-\'-—\_\__\ — L
- g g > +—1 ©
= T g ? <"‘--__ | P 8
2 | 5 =2 D i . 5
5 2 3 g I . &
& o B § 4. I B
& ¢ D I S
© = —o o —®

(a) (b)
When an alternating voltage is applied to the primary, the resulting current produces an
alternating magnetic flux which links the secondary and induces an emf in it. The value of
this emf depends on the number of turns in the secondary. We consider an ideal
transformer in which the primary has negligible resistance and all the flux in the core links
both primary and secondary windings. Let ¢ be the flux in each turn in the core at time t
due to current in the primary when a voltage vp is applied to it.
Then the induced emf or voltage Es, in the secondary with Ns turns is

d
The alternating flux ¢ also induces an emf, called back emf in the primary. This is
de
Ep = —Np—
P Pt

But Ep = Vp. If this were not so, the primary current would be infinite since the primary has
zero resistance(as assumed). If the secondary is an open circuit or the current taken from
it is small, then to a good approximation

Es=Vs

where Vs is the voltage across the secondary. Therefore, above equations can be written
as

de
Vs = —Ng—
S S gt
4
Vp = —=Np —
P P dt
From above equations
Vs _ Ns
Ve Np
Note that the above relation has been obtained using three assumptions:
(i) the primary resistance and current are small;

(ii) the same flux links both the primary and the secondary as very little flux escapes

from the core, and
(iii)  the secondary current is small.

If the transformer is assumed to be 100% efficient (no energy losses), the power input is

equal to the power output, and since p =iV,
22
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ibVp = isVs

The equations obtained above apply to ideal transformers (without any energy losses). But

in actual transformers, small energy losses do occur due to the following reasons:

(i) Flux Leakage: There is always some flux leakage; that is, not all of the flux due to

primary passes through the secondary due to poor design of the core or the air gaps in the

core. It can be reduced by winding the primary and secondary coils one over the other.

(ii) Resistance of the windings: The wire used for the windings has some resistance and so,

energy is lost due to heat produced in the wire (/ 2R). In high current, low voltage

windings, these are minimized by using thick wire.

(iii) Eddy currents: The alternating magnetic flux induces eddy currents in the iron core and

causes heating. The effect is reduced by having a laminated core.

(iv)Hysteresis: The magnetization of the core is repeatedly reversed by the alternating

magnetic field. The resulting expenditure of energy in the core appears as heat and is kept

to a minimum by using a magnetic material which has a low hysteresis loss.

The large scale transmission and distribution of electrical energy over long distances is
done with the use of transformers. The voltage output of the generator is stepped-up (so
that current is reduced and consequently, the | 2R loss is cut down). It is then transmitted
over long distances to an area sub-station near the consumers. There the voltage is
stepped down. It is further stepped down at distributing sub-stations and utility poles
before a power supply of 240 V reaches our homes.

Solved Numerical
Q) In an ideal step-up transformer input voltage is 110V and current flowing in the

secondary is 10A. If transformation ratio is 10, calculate output voltage, current in
primary, input and out put power

Solution:
Transformer ratio
Ng
r=—=10
Np
(i)
Es N
Er  Np
Ng
Es=E,—=110x10=1100V
Np

Ouput voltage Es = 1100V
(ii)
Eplp = Egl;
Es
Ip =—I,=10x10=1004
Ep
(iii)
Input power = Output power for ideal transformer
Egls = Epl, = (1100)(10) = 11000 W
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