Alternating Current / H—

ALTERNATING CURRENT

1. AC AND DC CURRENT :

A current that changes its direction periodically is called alternating current (AC). If a current maintains
its direction constant it is called direct current (DC).

t t t t

constant dc periodic dc variable dc ac

If a function suppose current, varies with time as i = Imsin (ot+¢), it is called sinusoidally varying

function. Here Im is the peak current or maximum current and i is the instantaneous current. The factor
(ot+¢) is called phase. w is called the angular frequency, its unit rad/s. Also o =2= f where f is called the
frequency, its unit s' or Hz. Also frequency f = 1/T where T is called the time period.

2. AVERAGE VALUE :
t
[ fat .
Average value of a function, from ti to t, is defined as < f > = . We can find the value of '[fdt

2 b t

graphically if the graph is simple. It is the area of f-t graph from t1 to t2.

— Solued Example

Example 1. Find the average value of current shown graphically, fromt=01tot = 2 sec.

1 2 —
t(sec)
Solution : From the i —t graph, area fromt=0tot =2 sec =% x 2 x 10 =10 Amp. sec.
10
Average Current = > = 5 Amp.
Example 2. Find the average value of current fromt=0tot = 2n if the current varies as i = Imsin ot.
()
n 1
I I, sinotdt Im(1 —Ccos cosz |
Solution:  <i> = 2 =2 ®/ -0 .

2 2

® ® 0 t—>
It can be seen graphically that the area of i —t -

graph of one cycle is zero.

. <i>inonecycle =0.
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Alternating Current / H—

Example 3. Show graphically that the average of sinusoidally varying current in half cycle may or may not
be zero.

Solution : Figure shows two parts A and B, each half cycle. i
In part A we can see that the net area is zero ! i

. <i>inpartAis zero. /\

In part B, 0
area is positive hence in this part <i> # 0.

PartA Part B
. . . . i T 3r
Example 4. Find the average value of current i = Imsin ot from () t=— 0tot= — (i)jt= tot= —.
® 20 20
3n
L3 20
o [, sinotdt
IIm sinotdt  1n 1-cos o= I "
. N 0 ® ® 21, . %0
Solution : (i) <i> = = = —"(i)j<i>=22—"— =0.
i ki I r
Q) ® ()
Example 5. Current in an A.C. circuit is given by i = 2\/§sin(nt + n/4), then the average value of current

during time t=0tot=1secis:

I| dt
Solution : <i>=2 —2\/_J'S|n(nt+ j & Ans.
T

[a8|
3.  ROOT MEAN SQUARE VALUE :

Root Mean Square Value of a function, from t1 to tz, is defined as fims =

— Solued Example

Example 6. Find the rms value of current fromt=0tot = 2n if the current varies as i = Imsin ot.
(0]

Solution : irms =

S

T 3n
t=— tot=—.
(i) 5

Example 7. Find the rms value of current i = Imsin ot from ()t=0tot= I 5
(O] () (O]

Ilmz sin? otdt
Solution : (l) ims = o ’%

kL3
20

j 12 sin® ot dt

n 2
i L
T 2
Q)
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Alternating Current / ﬂ—

Note: ® The r m s values for one cycle and half cycle (either positive half cycle or negative half cycle) is
same.
® From the above two examples note that for sinusoidal functions rms value (Also called effective
value) = el NG or | =|L
Example 8. Find the effective value of currenti =2 sin 100 ©t + 2 cos (100 ©t + 309).
Solution : The equation can be written asi=2 sin 100 nt + 2 sin (100 nt + 1209)

so phase difference ¢ = 120° L)es = JAZ + A2 +2AA, COS O

res —

= \/4+4+2><2><2(—%j = 2, so effective value or rms value = 2 /+/2 = 2 A

AC SINUSOIDAL SOURCE :

Figure shows a coil rotating in a magnetic field. The flux in the coil changes as ¢ = NBA cos (ot + ¢).

Emf induced in the coil, from Faraday’s law is _;j—t(P= N B A osin (ot + ¢). Thus the emf between the

points A and B will vary as E = Eo sin (ot +¢) .The potential difference between the points A and B will
also vary as V = Vo sin (ot + ¢). The symbolic notation of the above arrangement is A——x)—B. We do

not put any + or — sign on the AC source.

POWER CONSUMED OR SUPPLIED IN AN AC CIRCUIT:

Consider an electrical device which may be a source, a capacitor, a resistor, an inductor or any
combination of these. Let the potential difference be V = Va—Vs = Vm sin ot. Let the current through it be
i = Im sin(ot + ¢). Instantaneous power P consumed by the device = V i = (Vm sin ot ) (Im sin(ot + ¢))

device
E
[ Pat v
Average power consumed in a cycle = "27 =VmImncos ¢ = ng . % . €08 ¢ = Vims Irms COS ¢.
(O]
Here cos ¢ is called power factor.
Note : Ising is called “wattless current”.
Icosd
Q
|
Ising

/\
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Alternating Current / H—

— Solued Examples

Example 9. When a voltage vs = 200+/2 sin (ot + 159) is applied to an AC circuit the current in the circuit is

Solution : Pav = Vrms Irms COS ¢ =

found to be i = 2 sin (ot + n/4) then average power consumed in the circuit is
(A) 200 watt (B) 400 /2 watt (C) 100 /6 watt (D) 200 /2 watt

2002 icos (30%) =100 +/6 watt

V2 o2

[a8|
6.

SOME DEFINITIONS :

The factor cos ¢ is called Power factor.
Im sin ¢ is called wattless current.

Impedance Z is defined as Z = \I/_m = #

m rms

ol is called inductive reactance and is denoted by XL.% is called capacitive reactance and is denoted
®

by Xec.
PURELY RESISTIVE CIRCUIT:
Writing KVL along the circuit, VSR/m sin ot
\,
7
Vs—iR=0
or i=£=m=lmsin ot A
R R R
= We see that the phase difference between potential difference across resistance, Vr and ir is 0.
Y v,z
Im= \i?m = Ims= rFr;S ; <P> = VimsImsCOS o= —ES
PURELY CAPACITIVE CIRCUIT:
Writing KVL along the circuit, Vs — % -0 A\ sin ot
e
or | _dgq _ d(CV) _ d(CV,sinat) A
Cdt dt dt [
V Vi |
= CVmocos ot = —"-cos ot = —™cos ot = In cOS ot. C
y. Xe
oC
Xc = % and is called capacitive reactance. Its unit is ohm Q.
(O]
From the graph of current versus time and voltage versus time y
T . . L . N T
7 it is clear that current attains its peak value at a time NS¢

before the time at which voltage attains its peak value. i

Corresponding to } the phase difference

= oAt = 2_|_—n }=% = g ic leads vc by /2 Diagrammatically (phasor diagram) it is represented as
\l/—> L,
V,

Since ¢ =902, < P > = Vims IrmsCOS ¢ =0

/\
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Alternating Current / H—
— Solved Examples

Example 10.  An alternating voltage E = 200 +/2 sin (100 t) V is connected to a 1uF capacitor through an ac
ammeter (it reads rms value). What will be the reading of the ammeter?

Solution : Comparing E = 200/2 sin (100 t) with E = Eo sin ot we find that,

Eo=200v2V and o= 100 (rad/s)

1 1
So, Xo =— = —
" oC 100x10°

And as ac instruments reads rms value, the reading of ammeter will be,
E

I rms

E, E
ms — == as Erms ==
XC \/§Xc |: \/§:|
ie. 1= M =20mA Ans.

rms \Ex104

=10*Q

9. PURELY INDUCTIVE CIRCUIT:
Writing KVL along the circuit,

di di Vs=/\/\“sinmt
Vi—L— =0 = L=—Vmsin ot

dt gt (4
[Ldi= [V, sinotdt = i=—Yn coswt+C —Tm

oL L

<i>=0 C=0
: i——V—mCOSm’[ :I—ﬁ B
ST el "TX VT/N T

¢

. . T .
From the graph of current versus time and voltage versus time 7 it

is clear that voltage attains its peak value at a time before the time at

>

e

which current attains its peak value. Corresponding to % the phase

N

difference = oAt = @ @
T 4

N a

Vm
Diagrammatically (phasor diagram) it is represented as T—>I . iL lags behind v by ©/2. Since ¢ =90°,

< P > = Vimslmscos 6=0

Summary :
AC source connected with [0 4 Phasor Diagram
Vgisin
Pure Resistor 0 same_ R - v .
phase with "
iR
V.,
Pure Inductor /2 V, leads i, X, T
L,
Im
Pure Capacitor n/2 V¢ lags ic Xc |
Vm
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10.

RC SERIES CIRCUIT WITH AN AC SOURCE :

Leti = Im sin (ot + ¢) = Vr=iR= InR sin (ot+¢) Vsi/msinw’r
Vo= (Im Xc)sin (ot + ¢ —g) = Vs=Vr+ Ve ~
. 1 WA~
or Vi sin (ot+4)=InR sin (@t +¢) + In Xcsin (ot +¢ = ) cR
Vin= \/(ImR)z +(I,Xo ) + 2(ImR)(ImXC)Cosg
OR I, = Lz VR + X¢?
VR? + Xc?
Using phasor diagram also we can find the above result. —>[
NS
I Xc Xc
tan o= 02— =—. I Vm Vm
an¢= T =g Ke
Example 11. In an RC series circuit, the rms voltage of source is 200V and its 200>/ﬂ50HZ
N
frequency is 50 Hz. If R =100 Q and C= 00 uF, find ~
s
|
(i) Impedance of the circuit (il) Power factor angle 'CFV\éV
(ii) Power factor (iv) Current
(v) Maximum current (vi) voltage across R
(vii) voltage across C (viii) max voltage across R
(ix) max voltage across C xX)<P>
(xi) < Pr> (xii) < Pc >
. 10°
Solution : Xc= W =100 Q
——(2n50)
() z= \/R2 +Xc* =4[100° +(100) = 10042 @
(i) tan ¢ =% = oo =45°

1

(iii) Power factor = cos¢ =—

2
. Vs 200
(iv) Current Iims= 7 10042 =J2A
v) Maximum current = Iims /2 = 2A
vi) voltage across R = VRms= ImsR = \E x 100 Volt
vii) voltage across C = Vo ,ms = ImsXc =+/2 x 100 Volt
viii) max voltage across R = \EVR,rms =200 Volt
ix) max voltage across C = /2 Vc,ms = 200 Volt

X) <P> = VrmslrmsCOSd) =200 x \/§ X i =200 Watt

(
(
(vi
(
(i
(

V2
(xi) <Pr>=Tms?R =200 W
(xii) <Pc>=10
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Alternating Current / H—
Example 12. In the above question if Vs(t) = 220 \E sin (2r 50 1), find (a) i (1), (b) vr and (c) vc (1)
Solution : (@) i(t) = Im sin (ot + ¢) =2sin (27 50 t + 459)

(b) VR =ir. R =i(t) R =2x 100 sin (100 nt + 459)

(c) Ve (t) = icXc (with a phase lag of 90°) = 2x100 sin (100 =t + 45 — 90)

Example 13. An ac source of angular frequency o is fed across a resistor R and a capacitor C in series. The
current registered is 1. If now the frequency of source is changed to /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 o.

Solution : According to given problem,
\Y \
[=o=———— .. 1
Z [R*+(1/Cw)?]"? )
and’ l = v (2)

2 [R®+(3/Cw)’]"?
Substituting the value of I from Equation (1) in (2),

1 9 . 1 3
4(R2 "rw) = R2 +CZO)2 . Le., C2(D2 = ng

1/2
5)
So that, 5 = (G = : = § Ans.

R R R 5

11. LR SERIES CIRCUIT WITH AN AC SOURCE :

Vs=Vsinwt

o X y
/ A)I
IR
L R —
From the phasor diagram V = \/(IR)Z +(IXL)2 = I\/(R)2 +(XL)2 =1Z = tan¢ =II—)I;L =%

— Solved Examples

H inductor and a 12 ohm resistance are connected in series to a 225 V, 50 Hz ac

Example 14. A g
1007

source. Calculate the current in the circuit and the phase angle between the current and the
source voltage.

Solution : Here XL =wL =21 fL =271 x 50 x =9Q
1007
So,Z= R +X” = 122+9% =150
So (a)l=x=%=15A Ans.
Z 15

and (b) ¢ =tan™ (%} =tan! (%j =tan-' 3/4 = 37°

i.e., the current will lag the applied voltage by 372 in phase. Ans.
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Example 15.

Solution :

Example 16.

Solution :

Example 17.

Solution :

When an inductor coil is connected to an ideal battery of emf 10 V, a constant current 2.5 A
flows. When the same inductor coil is connected to an AC source of 10 V and 50 Hz then the
current is 2A. Find out inductance of the coil.
When the coil is connected to dc source, the final current is decided by the resistance of the coil .
r= 10 _40
2.5
When the coil is connected to ac source, the final current is decided by the impedance of the coil.

z-1 50
2

ButZ = (r)” +(X.)’ Xi2=52-42=9

Xi=3Q
oL=2nfL=3
2r50L =3 oo L=3/100% Henry

A bulb is rated at 100 V, 100 W, it can be treated as a resistor .Find out the inductance of an
inductor (called choke coil) that should be connected in series with the bulb to operate the bulb

at its rated power with the help of an ac source of 200 V and 50 Hz.
2

From the rating of the bulb , the resistance of the bulb is R= Vr%ﬂ 00 O

For the bulb to be operated at its rated value the rms current through it should be 1A

Al Lo Vims 200V 50 Hz
SO, rms= Z ” )
1= 200 F A
100 + (2r50L)? n [ R=1000

A choke coil is needed to operate an arc lamp at 160 V (rms) and 50 Hz. The arc lamp has an
effective resistance of 5 Q when running of 10 A (rms). Calculate the inductance of the choke
coil. If the same arc lamp is to be operated on 160 V (dc), what additional resistance is
required? Compare the power losses in both cases.

As for lamp Vr = IR = 10 x 5 = 50 V, so when it is Ark lamp
connected to 160 V ac source through a choke in \\l//
series, ) ;/@\; R
V-V — 00000

Vi =+[160° —50% =152V Vi f Vi
and as, VL = IXL = loL= 2xfLI
A 152

2nfl - 2xntx50%x10

So, L = =4.84 x 102 H Ans. (<)

V =V, sin ot

Now the lamp is to be operated at 160 V dc; instead of choke if additional resistance r is put in
series with it,

V=1R+r),ie., 160=10(5+7r) ie., r=11Q Ans.

In case of ac, as choke has no resistance, power loss in the choke will be zero while the bulb
will consume,

P=1?R=102x5=500W

However, in case of dc as resistance r is to be used instead of choke, the power loss in the
resistance r will be.

PL=10%2x11=1100 W

while the bulb will still consume 500 W, i.e., when the lamp is run on resistance r instead of

choke more than double the power consumed by the lamp is wasted by the resistance r.
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(A

12. LC SERIES CIRCUIT WITH AN AC SOURCE :

v,=Vsinot X
© Voo
Y \% o0 1
1
L X
From the phasor diagram V=I|(XL— Xc)| =1Z ¢ =90°
13. RLC SERIES CIRCUIT WITH AN AC SOURCE :
X I(X,—X,)
Vs=Vsinet i i
©
A ——
L R C X,
From the phasor diagram
V= J(IR) + (X -1Xe) = IJ(R) +(X—Xe)  =12Z = |J(R) + (X~ Xo)’
tan ¢ = (XL— Xc) _ (XL— Xc)
IR R

13.1 Resonance:
Amplitude of current (and therefore Ims also) in an RLC series circuit is maximum for a given value of

Vm and R , if the impedance of the circuit is minimum, which will be when X.-Xc =0. This condition is

called resonance.
So at resonance: Xi-Xc =0.
1

1
or (1)L=E or m—ﬁ.
I,
z I,
®, I
— Solued Examples

Let us denote this ® as wr.

Example 18. In the circuit shown in the figure, find : 200V.50Hz
(a) the reactance of the circuit . 25 100 uF
(b) impedance of the circuit T AT
(c) the current DL @
(d) readings of the ideal AC voltmeters _@2 '
(these are hot wire instruments and read rms values). @D
Solution : (a) Xo=2xfL =2n x 50 x g= 2000
Y
Xc= 1 =100Q
2n 50@ 10°
T

The reactance of the circuit X = X(—Xc=200-100 = 100 Q
Since XL > Xc, the circuit is called inductive.
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(b) impedance of the circuit Z = VR® + X* = \[100% + 1002 =100Q

(c) the current Iims= h = ﬂ =
Z 10042

(d) readings of the ideal voltmeter

V2 A

Vi: ImsXL= 2002 Volt
V2 . IrmsR =100 \/§V0|t
Vs TmeXo=1002 Volt

Va: Ims aéRz + XL2 =100 \WVO”

Vs: ImsZ = 200 Volt, which also happens to be the voltage of source.

[a8|
13.2 Q VALUE (QUALITY FACTOR) OF LCR SERIES CIRCUIT (NOT IN IIT SYLLABUS) :

. . X . ) . ™N\<«— more Q value
Q value is defined as EL where XL is the inductive reactance |

$ |

of the circuit, at resonance. More Q value implies more i
sharpness of I v/S ® curve.
X X
Quality factor : Q = == ==
y R R

_ Resonance freq. _ oz = f
~ Band width Ao f, -1,

| less Q value
1
1

o, () =—

where f1 & f2 are half power frequencies.

14. TRANSFORMER
A transformer changes an alternating potential difference from one value to another of greater or
smaller value using the principle of mutual induction. Two coils called the primary and secondary
windings, which are not connected to one another in any way, are wound on a complete soft iron core.
When an alternating voltage Ep is applied to the primary, the resulting current produces a large
alternating magnetic flux which links the secondary and induces an emf Es in it. It can be shown that for
an ideal transformer

E & _1_p . Maglynetic iron Core
Ep Np I * I
N D .
—= =turns ratio of the transformer. : )
Np E.| : q_[Es
Es, N and I are the emf, number of turns and current in the s \" T
coils. .

Primary Secondary
Ns>Np= Es>Ep - step up transformer. coil coil
Ns<Nep= Es<Ep - step down transformer.

Note : Phase difference between the primary and secondary voltage is «.
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15.

15.1.

15.2.

15.3.

15.4.

— Solved Example

ENERGY LOSSES IN TRANSFORMER

Although transformers are very efficient devices, small energy losses do occur in them due to four main

causes.
RESISTANCE OF THE WINDINGS :

The copper wire used for the windings has resistance and so I2R heat losses occur.

EDDY CURRENT :

Eddy current is induced in a conductor when it is placed in a changing magnetic field or when a
conductor is moved in a magnetic field and/or both. Any imagined circuit within the conductor will
change its magnetic flux linkage and the subsequent induced emf. will drive current around the circuit.
Thus the alternating magnetic flux induces eddy currents in the iron core and causes heating. The
effect is reduced by laminating the core, i.e., the core is made of this sheets of iron with insulating
sheets between them so that the circuits for the eddy currents are broken.

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.

FLUX LEAKAGE :

The flux due to the primary may not all link the secondary if the core is badly designed or has air gaps

in it .Very large transformers have to be oil cooled to prevent overheating.

Example 19. In a step-up transformer the turns ratio is 10. If the frequency of the current in the primary coil is

50 Hz then the frequency of the current in the secondary coil will b
(A) 500 Hz (B) 5 Hz (C) 60 Hz (D*) 50 Hz

Solution : Frequency of the current remains same, only magnitudes of current changes in a tranformer.

Example 20. A power transformer is used to step up an alternating emf of 220 volt to11 kv to transmit 4.4 kw

of power. If the primary coil has 1000 turns, what is the current in the secondary?

(A) 4 A (B) 0.4 A (C) 0.04 A (D) 0.2 A
Answer : (C)
3
Solution:  L=PsVs = Is= =210 _04a  Ans.
11x10
Example 21. In the circuit diagram shown, Xc = 100Q, XL = 200Q & R = 100Q. J—C
The effective current through the source is: 200V R %VL
(A) 2 A (B) 22 A
(C)0.5A (D) J0.4 A

/\
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I

. vV 200
Solution : Ir= E = m =2A ‘EIR lC (X, = 100Q)
S1000) BL (X, =2000)
[ = \ _ 200 _ oA
X, - X¢ 100
I= w/IRZJFI'Q =22 Amp.
Example 22. If for above circuit the capacitive reactance is two times of Inductive Reactance, and resistance
R is equal to Inductive Reactance then power factor of circuit is.
C
I
I
L
o
L o—
1 2
A) 1 B) Zero C) - D) —
(A) (B) © 3 (D) NG
Answer : (D)
Solution : Xc =2XL =2R
1 1 (1 1Y 1 (1 1% 5
22 R? (XL Xg R® (2R R 4R?
,_ 2R
5
Power factor in parallel combination = cos6 = E_ 3 .
R 5
Alternate solution:
I
¢ I 2
%1 COSp= — = —
12+ ﬁ \/g
12 4
Problem 1. The peak voltage in a 220 V AC source is
(A) 220 V (B) about 160 V (C) about 310 V (D) 440 V
Solution : Vo= 2 Vims = /2 x 220 ~ 330 V
Ans. is (C)
Problem 2. An AC source is rated 220V, 50 Hz. The average voltage is calculated in a time interval of
0.01s. 1t
(A) must be zero (B) may be zero (C) is never zero (D) is (220/N2)V
Solution : May be zero
Ans. is (B)
Problem 3. Find the effective value of currenti=2 + 4 cos 100 =« t.
Solution :

0 T

2 1/2
. [J«T(2+4COS1OOTCt) dt] _ 23
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Problem 4.

Solution :

Problem 5.

Solution :

Problem 6.

Solution :

Problem 7.

Solution :

Problem 8.

Solution :

Problem 9.

Solution :

Problem 10.

Solution :

Problem 11.

Solution :

The peak value of an alternating current is 5 A and its frequency is 60 Hz. Find its rms value.
How long will the current take to reach the peak value starting from zero?

I 5 T 1
Ims= L= —A, t=—=——5
™2 2 4 240
An alternating current having peak value 14 A is used to heat a metal wire. To produce the
same heating effect, a constant current i can be used where i is

(A)14 A (B) about 20 A C)7A (D) about 10 A
I 14

IrMs = == — ~ 10

RMS \/5 \/5 ~

Ans. is (D)

Find the average power concumed in the circuit if a voltage vs = 200\E sin ot is applied to an
AC circuit and the current in the circuit is found to be i = 2 sin (ot + 7/4) .

20002 2 T snow
2 L2 4

A capacitor acts as an infinite resistance for

P = Vrums Irms €OS ¢ =

(A) DC (B) AC (C) DC as wellas AC (D) neither AC nor DC
Xc = i for DC o = 0. So, x¢c = »

®C
Ans. is (A)

A 10 puF capacitor is connected with an ac source E = 200 J2 sin (100 t) V through an ac

ammeter (it reads rms value). What will be the reading of the ammeter?
0 :ﬁ =—200\E ; IRvs = I—O
x; 1/oC 2

Find the reactance of a capacitor (C = 200 uF) when it is connected to (a) 10 Hz AC source,
(b) a 50 Hz AC source and (c) a 500 Hz AC source.

= 200 mA

(a) xc = L = ! ~80Q for f = 10 Hz AC source,
oC 2nfC
1 1

b)xc= — = ~ 16Q for f = 50 Hz and

(b) x oC 2nfC —
1 1

c = — = ~1.6Q for f= 500 Hz.

(©)xe =25 = 2mic =

An inductor (L = 200mH) is connected to an AC source of peak current. What is the
instantaneous voltage of the source when the current is at its peak value?

Because phase difference between voltage and current is n/2 for pure inductor.

So, Ans.is zero

An AC source producing emf E = Eo[cos(100n s~")t + cos(500 =s~")t] is connected in series with
a capacitor and a resistor. The current in the circuit is found to be

i = i1cos[(100 ns~")t + 1] + i2 cos[(500 ns~")t+ ¢1]

(A) i1 > (B) i1 =iz (C)it<iz

(D) the information is insufficient to find the relation between i+ and iz

2
Impedence z is given by z = (ij +R?
oC

For higher o, z will be lower so current will be higher. Ans is (C)
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Problem 12.

Solution :

Problem 13.

Answer :

Problem 14.

Solution :

An alternating voltage of 220 volt r.m.s. at a frequency of 40 cycles/sec is supplied to a circuit
containing a pure inductance of 0.01 H and a pure resistance of 6 ohms in series. Calculate
(i) the current, (ii) potential difference across the resistance, (iii) potential difference across the
inductance, (iv) the time lag, (v) power factor.

(i) z= J(oL) +R? =(2nx40x0.01%) +6? =.f(42.4)

Irms = % = 33.83 amp.
(II) Vims = Imsx R =202.98 volts (III) oL x Irms = 96.83 volts
(iv) t= Ti =0.01579 sec (v) cos ¢ = R =0.92
2n z

Which of the following plots may represents the reactance of a series LC combination ?

Q

= ANV 4N

£ N

5 .

g 1'3~::___C

| \h frequency

D
(D)
A series AC circuit has resistance of 4Q and a reactance of 3Q. The impedance of the circuit is
(A) 5O (B) 7Q (C)12/7 © (D) 712 ©
Z=#+3 =50
Ans. is (A)
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Bl Exercise-1

. Marked Questions can be used as Revision Questions.

PART - | : SUBJECTIVE QUESTIONS

Section (A) : Average, peak and RMS value

A-1.

A-2.

The household supply of electricity is at 220V rms value and 50 Hz .Calculate the peak voltage and the
minimum possible time in which the voltage can change from the rms value to zero.

In a LR circuit discharging current is given by I = loe~/*where 7 is the time constant of the circuit find the
rms current for the periodt=0tot=r.

If a direct current of value ‘a’ ampere is superimposed on an alternating current I = b sin ot flowing
through a wire, what is the effective(rms) value of the resulting current in the circuit?

dc

4 a y iT > ac /\
©.0 = (°’°)| N/

Find the average for the saw-tooth voltage of peak value Vo fromt = 0to t = 2T as shown in figure.
+V,

_V0

Section (B) : Power consumed in an ac circuit

B-1.

B-2.

B 3.»=

A bulb is designed to operate at 12 volts constant direct current. If this bulb is connected to an
alternating current source and gives same brightness. What would be the peak voltage of the source ?

A resistor of resistance 100Q is connected to an AC source ¢ = (12V) sin (250rs~")t. Find the power
consumed by the bulb.

In an ac circuit the instantaneous values of current and applied voltage are respectively i = 2(Amp) sin

(250 ns~")t and ¢ = (10V) sin [(250 s~ ")t + g]. Find the instantaneous power drawn from the source at

t= %ms and its average value.

Section (C) : AC source with R, L, C connected in series

C-1.

C-2.

The dielectric strength of air is 3.0 x 108 V/m. A parallel plate air capacitor has area 20 cm? and plate

separation \Emm. Find the maximum rms voltage of an AC source which can be safely connected to
this capacitor.

An electric bulb is designed to consume 55 W when operated at 110 volts. It is connected to a 220 V,
50 Hz line through a choke coil in series. What should be the inductance of the coil for which the bulb
gets correct voltage ?

/\
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Alternating Current / H—
C 3.= A resistor, a capacitor and an inductor (R = 300 Q, C = 20 yF, L = 1.0 henry) are connected in series

with an AC source of, Ems =50 V and v =@ Hz. Find (a) the rms current in the circuit and (b) the rms
T

potential differences across the capacitor, the resistor and the inductor.

C-4. Consider the situation of the previous problem calculate the average electric field energy stored in the
capacitor and the average magnetic field energy stored in the inductor coil.

C-5. A 20 volts 5 watt lamp (lamp to be treated as a resistor) is used on AC mains of 200 volts and @«/ﬁ
T

c.p.s. Calculate the (i) capacitance of the capacitor, or inductance of the inductor, to be put in series to
run the lamp. (ii) How much pure resistance should be included in place of the above device so that the
lamp can run on its rated voltage. (iii) which is more economical (the capacitor, the inductor or the
resistor).

C-6. A circuit has a resistance of 50 ohms and an inductance of Ehenry. It is connected in series with a
I

condenser of L0 uF and AC supply voltage of 200 V and 50 cycles/sec. Calculate
Y

(i) the impedance of the circuit,
(i) the p.d. across inductor coil and condenser.
(i) Power factor

C-7. A coil draws a current of 1.0 ampere and a power of 100 watt from an A.C. source of 110 volt and

522
T

hertz. Find the inductance and resistance of the coil.

C-8.= An inductor 2/r Henry, a capacitor 100/x uF and a resistor 75 Q are connected in series across a
source of emf V = 10 sin 100 = t. Here t is in second. (a) find the impedance of the circuit. (b) find the
energy dissipated in the circuit in 20 minutes.

Section (D) : Resonance

D-1. A series circuit consists of a resistance, inductance and capacitance. The applied voltage and the
current at any instant are given by E = 141.4 cos (5000t — 10%) and I = 5 cos (5000 t — 3709). The
inductance is 0.01 henry. Calculate the value of capacitance and resistance.

D-2.w An inductance of 2.0 H, a capacitance of 18 uF and a resistance of 10 kQ are connected to an AC
source of 20V with adjustable frequency (a) What frequency should be chosen to maximise the
current(RMS) in the circuit? (b) What is the value of this maximum current (RMS) ?

D-3.  An inductor-coil, a capacitor are connected in series with an AC source of rms voltage 24 V. When the
frequency of the source is varied a maximum rms current of 6.0 A is observed. If this inductor coil is
connected to a DC source of 12 V and having internal resistance 4.0 Q, what will be the current in
steady state?

D-4. An electro magnetic wave of wavelength 300 metre can be transmitted by a transmission centre. A
condenser of capacity 2.5 pF is available. Calculate the inductance of the required coil for a resonant
circuit.Use n2=10.

Section (E) : Transformer
E-1 A transformer has 50 turns in the primary and 100 turns in the secondary. If the primary is connected to
a 220 V DC supply, what will be the voltage across the secondary ?

E-2. In a transformer ratio of secondary turns (N2) and primary turns (N1) i.e. % =4 . If the voltage applied

\
in primary is 200 V, 50 Hz, find (a) voltage induced in secondary (b) If current in primary is 1A, find the
current in secondary if the transformer is (i) ideal and (ii) 80% efficient and there is no flux leakage.
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Alternating Current / H—

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : Average, peak and RMS values and RMS values

A-1,

r.m.s. value of currenti=3 + 4 sin (ot + n/3) is:

(A)5 A (B) V17 A (C) S A (D) A

i &

The peak value of an alternating e.m.f given by E = Eo cos wt, is 10 volt and frequency is 50 Hz. At
time t = (1/600) sec, the instantaneous value of e.m.fis :

(A) 10 volt (B) 5\/§ volt (C) 5 volt (D) 1 volt

The voltage of an AC source varies with time according to the equation, V = 100 sin 100 = t cos 100 = t.
Where tis in second and V is in volt. Then :

(A) the peak voltage of the source is 100 volt  (B) the peak voltage of the source is (1 OO/ﬁ) volt
(C) the peak voltage of the source is 50 volt (D) the frequency of the source is 50 Hz

An alternating voltage is given by : e = e1 sinot + e2 coswt. Then the root mean square value of
voltage is given by :

(A) e+ 2 ®) (o, © o2 D) ﬂf%

An AC voltage is given by E = Eo sin @ . Then the mean value of voltage calculated over time interval

of T/2 seconds :
(A) is always zero (B) is never zero (C) is (2Eo/w) always (D) may be zero

An AC voltage of V = 220 J2 sin (1 00nt + gj is applied across a DC voltmeter, its reading will be:

(A) 2202 v (B) 2V (C) 220 V (D) zero

Section (B) : Power consumed in an AC circuit

B-1.

B-2.

B-3.

B-4.

B-5.

B-6.

The average power delivered to a series AC circuit is given by (symbols have their usual meaning) :

(A) Erms Irms (B) Erms Irms COS ¢ (C) Etms Irms Sin ¢ (D) zero
Energy dissipates in LCR circuit in :
(A) L only (B) C only (C) R only (D) all of these

The potential difference V across and the current I flowing through an instrument in an AC circuit are
given by :
V =5 cos ot volt
I[=2sin ot Amp.
The power dissipated in the instrument is :
(A) zero (B) 5 watt (C) 10 watt (D) 2.5 watt

A direct current of 2 A and an alternating current having a maximum value of 2 A flow through two
identical resistances. The ratio of heat produced in the two resistances in the same time interval will be:
(A)1:1 B)1:2 c)2:1 (D)4 :1

A sinusoidal AC current flows through a resistor of resistance R. If the peak current is Ip, then average
power dissipated is :

1 4
(A) IﬁRcose (B) EIﬁR (C) ;IER (D) ?I‘fR
What is the rms value of an alternating current which when passed through a resistor produces heat, which
is thrice that produced by a D.C. current of 2 ampere in the same resistor in the same time interval?

(A) 6 ampere (B) 2 ampere (C) 2\Eampere (D) 0.65 ampere

/\
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B-7.= A resistor and a capacitor are connected to an AC supply of 200 volt, 50 Hz in series. The current in the
circuit is 2 ampere. If the power consumed in the circuit is 100 watt, then the resistance in the circuit is:

(A) 100 @ (B) 25 Q (C) V125x75 Q (D) 400

B-8. The impedance of a series circuit consists of 3 ohm resistance and 4 ohm reactance. The power factor
of the circuit is :
(A) 0.4 (B) 0.6 (C)0.8 (D) 1.0

B-9.= A coil of inductance 5.0 mH and negligible resistance is connected to an alternating voltage
V =10 sin (100t). The peak current in the circuit will be :
(A) 2 amp (B) 1 amp (C) 10 amp (D) 20 amp

B-10. An electric bulb and a capacitor are connected in series with an AC source. On increasing the
frequency of the source, the brightness of the bulb :
(A) increase (B) decreases
(C) remains unchanged (D) sometimes increases and sometimes decreases

B-11.= By what percentage the impedance in an AC series circuit should be increased so that the power factor
changes from (1/2) to (1/4) (when R is constant) ?
(A) 200% (B) 100% (C) 50% (D) 400%

B-12.= If the frequency of the source e.m.f. in an AC circuit is n, the power varies with a frequency :
(A)n (B)2n (C) n/2 (D) zero

Section (C) : AC source with R, L, C connected in series

C-1. A 0.21-H inductor and a 88-Q resistor are connected in series to a 220-V, 50-Hz AC source. The
current in the circuit and the phase angle between the current and the source voltage are respectively.
(Use = = 22/7)
(A) 2 A, tan~' 3/4 (B) 14.4 A, tan—'7/8 (C) 14.4 A, tan—18/7 (D) 3.28 A, tan—"2/11

C-2. A 100 volt AC source of angular frequency 500 rad/s is connected to a LCR circuit with L = 0.8 H,
C=5puFand R =10 Q, all connected in series. The potential difference across the resistance is
(A) 100 it (B) 100 volt (C) 50 volt (D) 503
2
C-3. A pure resistive circuit element X when connected to an AC supply of peak voltage 200 V gives a peak
current of 5 A which is in phase with the voltage. A second circuit element Y, when connected to the
same AC supply also gives the same value of peak current but the current lags behind by 90°. If the
series combination of X and Y is connected to the same supply, what will be the rms value of current ?
10 5 5
(A) —= am (B) ——=am (C)= am (D) 5 am
2 p 2 p 5 p p
C-4.= In an AC circuit, a resistance of R ohm is connected in series with an inductance L. If phase angle
between voltage and current be 45°, the value of inductive reactance will be.
(A) R/4 (B) R/2
(C)R (D) cannot be found with the given data

C-5. Inan AC circuit the potential differences across an inductor and resistor joined in series are respectively
16 V and 20 V. The total potential difference across the circuit is
(A)20V (B) 25.6 V (C)31.9V (D) 53.5V
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C-6.=» An AC voltage source V = 200 +/2 sin 100t is connected across a circuit containing an AC ammeter(it

C-8.

reads rms value) and capacitor of capacity 1 uF. The reading of ammeter is :
(A) 10 mA (B) 20 mA (C) 40 mA (D) 80 mA

When 100 V DC is applied across a solenoid, a steady current of 1 A flows in it. When 100 V AC is
applied across the same solenoid, the current drops to 0.5 A. If the frequency of the AC source is

150/\/?771 Hz, the impedance and inductance of the solenoid are :
(A)200Q and 1/3H (By100 Qand 1/16 H (C)200Q and 1.0 H (D) 1100 Q and 3/117 H

If in a series LCR AC circuit, the rms voltage across L, C and R are V1, V2 and V3 respectively, then the
voltage of the source is always :

(A) equalto V1 + V2 + V3 (B) equal to V1 — V2 + V3

(C) more than V1 + V2 + V3 (D) none of these is true

Section (D) : Resonance

D-1.

D-2.

D-3.

D-4.

D-5.»

D-6.=

The value of power factor cos¢ in series LCR circuit at resonance is :
(A) zero (B) 1 (C)1/2 (D) 1/2 ohm

A series LCR circuit containing a resistance of 120 ohm has angular resonance frequency 4 x 108 rad s
At resonance, the voltage across resistance and inductance are 60V and 40 V respectively. The values of
L and C are respectively :

(A) 20 mH, 25/8 uF (B) 2mH, 1/35 pF (C) 20 mH, 1/40 pF (D) 2mH, 25/8 nF

In an LCR circuit, the capacitance is made one-fourth, when in resonance. Then what should be the
change in inductance, so that the circuit remains in resonance ?
(A) 4 times (B) 1/4 times (C) 8 times (D) 2 times

A resistor R, an inductor L and a capacitor C are connected in series to an oscillator of frequency v. If
the resonant frequency is vr, then the current lags behind voltage, when :
(A)v=0 (B) v < vr (C)v=vvr (D) v > vr

A resistor R, an inductor L, a capacitor C and voltmeters V1, V2 and Vs are connected to an oscillator in
the circuit as shown in the adjoining diagram. When the frequency of the oscillator is increased, upto
resonance frequency, the voltmeter reading (at resonance frequency) is zero in the case of :

R L C
(o] L

()
)

@

(~)

N\

(A) voltmeter V4 (B) voltmeter V2 (C) voltmeter Vs (D) all the three voltmeters

In the series LCR circuit as shown in figure, the voltmeter and ammeter readings are :
400V 400V
T

0000
L
ngo
N

R=50Q
100

Hz
(A)V =100 volt, =2 amp \
(C) V=1000 volt, I =2 amp

B) V=100 volt, I =5 amp

(
(D) V=300volt,T=1amp

/\
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Section (E) : Transformer

E-1. A power transformer (step up) with an 1 : 8 turn ratio has 60 Hz, 120 V across the primary; the load in
the secondary is 10* Q. The current in the secondary is
(A)96 A (B) 0.96 A (C)9.6 A (D) 96 mA

E-2.= A transformer is used to light a 140 watt, 24 volt lamp from 240 V AC mains. The current in the main
cable is 0.7 amp. The efficiency of the transformer is :
(A) 48% (B) 63.8% (C) 83.3% (D) 90%

E-3.= In a step-up transformer the voltage in the primary is 220 V and the current is 5A. The secondary
voltage is found to be 22000 V. The current in the secondary (neglect losses) is
(A)5A (B) 50 A (C) 500 A (D) 0.05 A

E-4. The core of a transformer is laminated to reduce
(A) eddy current loss  (B) hysteresis loss (C) copper loss (D) magnetic loss

Section (F) : Miscellaneous
F-1. A capacitor is a perfect insulator for :

(A) constant direct current (B) alternating current
(C) direct as well as alternating current (D) variable direct current
F-2. A choke coil sould have :
(A) high inductance and high resistance (B) low inductance and low resistance
(C) high inductance and low resistance (D) low inductance and high resistance
F-3.  Achoke coil is preferred to a rheostat in AC circuit as :
(A) it consumes almost zero power (B) it increases current
(C) it increases power (D) it increases voltage
F-4.  With increase in frequency of an AC supply, the inductive reactance :
(A) decreases (B) increases directly proportional to frequency
(C) increases as square of frequency (D) decreases inversely with frequency
F-5. With increase in frequency of an AC supply, the capacitive reactance :
(A) varies inversely with frequency (B) varies directly with frequency
(C) varies directly as square of frequency (D) remains constant

F-6. An AC ammeter is used to measure current in a circuit. When a given direct constant current passes
through the circuit, the AC ammeter reads 3 ampere. When an alternating current passes through the
circuit, the AC ammeter reads 4 ampere. Then the reading of this ammeter if DC and AC flow through
the circuit simultaneously, is :

(A)3A (B)4 A (C)7A (D)5 A
F-7. In an a.c. circuit consisting of resistance R and inductance L, the voltage across R is 60 volt and that
across L is 80 volt. The total voltage across the combination is
(A) 140V (B)20 VvV (C) 100V (D) 70V
PART - lll : MATCH THE COLUMN
1. Match the Physical quantities given in column-lI with the parameters they depend on as given in
column-II.
Columnll Columnlli
(A) Inductance of a coil (p) Depends on resistivity
(B) Capacitance (q) Depends on shape
(C) Impedance of a coil (r) Depends on medium inserted
(D) Reactance of a capacitor (s) Depends on external AC voltage source
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2.5

Bl Exercise-2 |

A steady current 4 A flows in an inductor coil when connected to a 12 V dc source as shown in figure 1.
If the same coil is connected to an ac source of 12 V, 50 rad/s, a current of 2.4 A flows in the circuit as

shown in figure 2. Now after these observations, a capacitor of capacitance 51—0 F is connected in series

with the coil as shown in figure 3 with the same AC source :

— 000000 —— 00000 —— 000000

I Q) Q)
| 7 7
12V 12V, 50rad/sec. 12V, 50rad/sec.
(Figure 1) (Figure 2) (Figure 3)
Column-I Column-Il (in S.I units)

(A) The inductance of the coil (nearly) (p) 24
(B) The resistance of the coil (q) 3
(C) Average power (nearly) (r) 0.08
(D) Total reactance

. Marked Questions can be used as Revision Questions.

PART -1: ONLY ONE OPTION CORRECT TYPE

3=

A coil has an inductance of EH and is joined in series with a resistance of 220Q. When an
T

alternating e.m.f. of 220 V at 50 c.p.s. is applied to it, then the wattless component of the rms current in
the circuit is
(A) 5 ampere (B) 0.5 ampere (C) 0.7 ampere (D) 7 ampere

The current in a circuit containing a capacitance C and a resistance R in series leads over the applied

voltage of frequency 23 by. [REE - 1991]
T

(A) tan™ ( j (B) tan~' (oCR) (C) tan! [m%j (D) cos™ (oCR)

oCR

An inductor (L = LHJ a capacitor (C =

100 Fj and a resistance (3Q2) is connected in series with an
T

5007

AC voltage source as shown in the figure. The voltage of the AC source is given as V = 10 cos (100 nt) volt.
What will be the potential difference between A and B ?

A | B
[ I N Wv
(<)
-/
(A) 8 cos(100 =t — 127°) volt (B) 8 cos(100 =t — 539) volt
(C) 8 cos(100 =t — 37°) volt (D) 8 cos(100 =t + 379) volt
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4,

9=

An ac voltage source V = Vo sin ot is connected across resistance R and AR
capacitance C as shown in figure. It is given that R = 0:—0 The peak V,sinot L.
current is Io. If the angular frequency of the voltage source is changed to
% keeping R and C fixed, then the new peak current in the circuit is :

I I I I
(A) — (B) —= ©) = D) =

2 NA) 3 3
For a LCR series circuit with an A.C. source of angular frequency o.

L L 1 L . L 1
(A\) circuit will be capacitive if ® > —= (B) circuit will be inductive if ©® = —

JLC JLC

(C) power factor of circuit will by unity if capacitive reactance equals inductive reactance
1
JLC
An LCR series circuit with 100 Q resistance is connected to an AC source of 200 V and
angular frequency 300 radians per second. When only the capacitance is removed, the current lags the
voltage by 60°. When only the inductance is removed, the current leads the voltage by 60°. Then the

current and power dissipated in LCR circuit are respectively
(A) 1A, 200 watt. (B) 1A, 400 watt. (C) 2A, 200 watt. (D) 2A, 400 watt.

In an L-R series circuit (L = % mH and R = 12Q), a variable emf source (V = Vo sin ot) of

(D) current will be leading voltage if © >

Vims = 1302 V and frequency 50 Hz is applied. The current amplitude in the circuit and phase of
current with respect to voltage are respectively (Use © = 22/7)

(A) 14.14A, 30° (B) 102 A, tan-" % (C) 10 A, tan-! % (D) 20 A, tan-" %

In LCR circuit at resonance current in the circuit is 1052 A. If now frequency of the source is changed
such that now current lags by 45° than applied voltage in the circuit. Which of the following is correct :
(A) Frequency must be increased and current after the change is 10 A

(B) Frequency must be decreased and current after the change is 10 A

(C) Frequency must be decreased and current is same as that of initial value

(D) The given information is insufficient to conclude anything

The overall efficiency of a transformer is 90%. The transformer is rated for an output of 9000 watt. The
primary voltage is 1000 volt. The ratio of turns in the primary to the secondary coil is 5 : 1. The iron
losses at full load are 700 watt. The primary coil has a resistance of 1 ohm.

(i) The voltage in secondary coil is :

(A) 1000 volt (B) 5000 volt (C) 200 volt (D) zero volt
(ii) In the above, the current in the primary coil is :

(A) 9 amp (B) 10 amp (C) 1amp (D) 4.5 amp
(iii) In the above, the copper loss in the primary coil is :

(A) 100 watt (B) 700 watt (C) 200 watt (D) 1000 watt
(iv) In the above, the copper loss in the secondary coil is :

(A) 100 watt (B) 700 watt (C) 200 watt (D) 1000 watt
(v) In the above, the current in the secondary coil is :

(A) 45 amp (B) 46 amp (C) 10 amp (D) 50 amp
(vi) In the above, the resistance of the secondary coil is approximately :

(A) 0.01 (B) 0.1 Q (C)0.20Q (D) 0.4 Q

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow =i co=500 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Alternating Current / H—

10._

In the following circuit the current is in phase with the applied voltage. Therefore, the current in the
circuit and the frequency of the source voltage respectively, are [Olympiad (Stage-1) 2017]

V. 1 1 C C
— and —— B) zero and — C ,f —v, and D) 4 and —
R 2nLC ®) JLC ©) n\/ ©) LR? \/

(A)

PART - Il : SINGLE AND DOUBLE VALUE INTEGER TYPE

2.m

6.=

o .V
The rms value for the saw-tooth voltage of peak value Vo from t = 0 to t = 2T as shown in figure is TO
X
Find the value of x.
+V,

_Vo

An inductor (x. = 2Q) a capacitor (xc = 8Q) and a resistance (8Q) is x=2Q X=8Q oo
connected in series with an ac source. The voltage output of A.C source is A B
given by v = 10 cos 100xt. The instantaneous p.d. between A and B is

equal to x x 10! volt, when it is half of the voltage output from source at

that instant Find out value of x . e

A 2000 Hz, 20 volt source is connected to a resistance of 20 ohm, an inductance of 0.125/r H and a
capacitance of 500/x nF all in series. Calculate the time (in seconds) in which the resistance (thermal
capacity = 100 joule/°C) will get heated by 102 C. (Assume no loss of heat)

A series LCR circuit containing a resistance of 120 ohm has angular resonance frequency 4 x 10% rad s~'. At
resonance, the voltage across resistance and inductance are 60V and 40 V respectively. At frequency the
current in the circuit lags the voltage by 45° is equal to x x 105 rad/sec. Find value of x [REE - 1995]

An LCR circuit has L =10 mH, R = 150 © and C = 1 uF connected in series to a source of 150 J2 cos ot volt.
At a frequency that is 50% of the resonant frequency, calculate the average power (in watt) dissipated per
cycle.

In the figure shown an ideal alternative current (A.C.) source of 10 Volt is connected. Find half of the
total average power (in watts) given by the cell to the circuit.

X.=4Q
ICI R1:3Q

10V
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PART - lll : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

4. %

8.»

10.

Average power consumed in an A.C. series circuit is given by (symbols have their usual meaning) :

(A) Erms Trms COS® (B) (Ims)? R (C) % (D) Ime 12]COS® 'Zz |cos¢

An AC source supplies a current of 10 A (rms) to a circuit, rms voltage of source is 100 V. The average
power delivered by the source :

(A) must be 1000 W (B) may be less than 1000 W

(C) may be greater than 1000 W (D) may be 1000 W

Which of the following quantities have zero average value over a cycle. If an inductor coil having some
resistance is connected to a sinusoidal AC source.

(A) induced emf in the inductor (B) current

(C) joule heat (D) magnetic energy stored in the inductor

In a series LCR circuit with an AC source (Ems =50 V and v = 50/t Hz), R =300 Q, C =0.02 mF,L=1.0 H,
which of the following is correct

(A) the rms current in the circuit is 0.1 A

(B) the rms potential difference across the capacitor is 50 V

(C) the rms potential difference across the capacitor is 14.1 V

(D) the rms current in the circuit is 0.14 A

In an AC series circuit when the instantaneous source voltage is maximum, the instantaneous current is
zero. Connected to the source may be a

(A) pure capacitor

(B) pure inductor

(C) combination of pure an inductor and pure capacitor

(D) pure resistor

A coil of inductance 5.0 mH and negligible resistance is connected to an oscillator giving an output
voltage E = (10V) sin wt. Which of the following is correct

(A) for @ = 100 s~' peak current is 20 A (B) for ® = 500 s~' peak current is 4 A

(C) for ® = 1000 s~ peak currentis 2 A (D) for ® = 1000 s~ peak current is 4 A

A pure inductance of 1 henry is connected across a 110 V, 70Hz source. Then correct option are
(Use n = 22/7):

(A) reactance of the circuit is 440 Q (B) current of the circuit is 0.25 A

(C) reactance of the circuit is 880 Q (D) current of the circuit is 0.5 A

In the circuit shown in figure, if both the bulbs B1 and Bz are identical : g =500 pF B,

(A) their brightness will be the same

(B) B2z will be brighter than B+ L=10mH B

(C) as frequency of supply voltage is increased the brightness of bulb B+ —“’WW—@;
will increase and that of B2 will decrease. 220 \;_50 Hz

(D) only B2 will glow because the capacitor has infinite impedance
A circuit is set up by connecting L = 100 mH, C = 5 puF and R =100 Q in series. An alternating emf of

(150 \/5) volt, 500 Hz is applied across this series combination. Which of the following is correct
I

(A) the impedance of the circuit is 141.4 O

(B) the average power dissipated across resistance 225 W
(C) the average power dissipated across inductor is zero.
(D) the average power dissipated across capacitor is zero.

In a series RC circuit with an AC source (peak voltage Eo = 50 V and f = 50/x Hz), R = 300 Q, C = 25 uF. Then
(A) the peak currentis 0.1 A (B) the peak currentis 0.7 A
(C) the average power dissipated is 1.5 W (D) the average power dissipated is 3 W
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11.a

12.

13.=

14.

15._

In the AC circuit shown below, the supply voltage has constant rms value V _|

but variable frequency f. At resonance, the circuit : R Ih

(A) has a current I given by I = V/R "

(B) has a resonance frequency 500 Hz V.f

(C) has a voltage across the capacitor which is 180° out of phase with that )
across the inductor

(D) has a current given by I =

A town situated 20 km away from a power house at 440 V, requires 600 KW of electric power at 220 V.
The resistance of transmission line carrying power is 0.4 Q per km. The town gets power from the line
through a 3000 V-220 V step-down transformer at a substation in the town. Which of the following
is/are correct

(A) The loss in the form of heat is 640 kW (B) The loss in the form of heat is 1240 kW

(C) Plant should supply 1240 kW (D) Plant should supply 640 kW

11 kW of electric power can be transmitted to a distant station at (i) 220 V or (ii) 22000 V. Which of the
following is correct

(A) first mode of transmission consumes less power (B) second mode of transmission consumes less power
(C) first mode of transmission draws less current (D) second mode of transmission draws less current

Power factor may be equal to 1 for :
(A) pure inductor (B) pure capacitor (C) pure resistor (D) An LCR circuit

In a series R-C circuit the supply voltage (Vs) is kept constant at 2V and the frequency f of the
sinusoidal voltage is varied from 500 Hz to 2000 Hz. The voltage across the resistance R = 1000 ohm
is measured each time as Vg. For the determination of the C a student wants to draw a linear graph and

try to get C from the slope. Then she may draw a graph of [Olympiad (Stage-1) 2017]
. 1 : VE 1 . 1 . vV,
(A) f2 against V? (B) — against —= (C) — against — (D) f against ———=
: 2 V2 f2 V2 vz vz

PART - IV : COMPREHENSION

Comprehension-1

A voltage source V = Vo sin (100 t) is connected to a black box in which there can be either one element
out of L, C, R or any two of them connected in series.

Black Box

(~)
\—/ V=V,sin(100t)
At steady state the variation of current in the circuit and the source voltage are plotted together with

time, using an oscilloscope, as shown
Vi

V0=1DO v source voltage
io = \/EA__ ------ R
c.i}rrelnt in t(sec)
4| theeircuit \
T
4—0036 .

The element(s) present in black box is/are :
(A) only C (B)Land C (C)Land R (D) Rand C

Values of the parameters of the elements, present in the black box are -
(A) R =500, C =200 uf (B)R=50Q,L=2mp (C) R =400Q, C =50 pf (D) None of these

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow =i co=500 258 5555 | CIN : UB0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Alternating Current / H—

3.

If AC source is removed, the circuit is shorted for some time so that capacitor is fully discharged and
then a battery of constant EMF is connected across the black box, at t = 0. The current in the circuit will
(A) increase exponentially with time constant = 0.02 sec.

(B) decrease exponentially with time constant = 0.01 sec.

(C) oscillate with angular frequency 20 rad/sec

(D) first increase and then decrease

Comprehension-2

An ac generator G with an adjustable frequency of oscillation is used in the circuit, as shown.
R=100Q

_1Cs=2.5uF

w
=
S
I
11
1
|

Current drawn from the ac source will be maximum if its angular frequency is -
(A) 105 rad/s (B) 10* rad/s (C) 5000 rad/s (D) 500 rad/s

To increase resonant frequency of the circuit, some of the changes in the circuit are carried out. Which
change(s) would certainly result in the increase in resonant frequency ?

(A) R is increased. (B) L1 is increased and C1 is decreased.

(C) Lz is decreased and C: is increased. (D) Cs is removed from the circuit.

If the ac source G is of 100 V rating at resonant frequency of the circuit, then average power supplied
by the source is -

(A) 50 W (B) 100 W (C) 500 W (D) 1000 W
Average energy stored by the inductor L2 (Source is at resonance frequency) is equal to
(A) zero (B)1.2mJ (C)24md (D) 4 mJ

Thermal energy produced by the resistance R in time duration 1 ps, using the source at resonant
condition, is

(A)OJ (B) 1 ud

(C)100 ndJ (D) not possible to calculate from the given information

Comprehension-3=

9.%m=

10.=

11.a

In the LCR circuit shown in figure unknown resistance and alternating voltage source are connected.

When switch 'S' is closed then there is a phase difference of % between current and applied voltage

and voltage accross resister is %V. When switch is open current and applied voltage are in same

phase. Neglecting resistance of connecting wire answer the following questions :
S

1 H 1 .
250 100n
—VW— 0000 | |

(~)

N
Peak voltage of applied voltage sources is :
(A) 2002 V (B) 100 V (C) 1002 V (D) 100,

J2

Resonance frequency of circuit is :
(A) 50 Hz (B) 25 Hz
(C) 75 Hz (D) Data insufficient for caculation

Average power consumption in the circuit when 'S' is open :
(A) 2500 W (B) 3000 W (C) 5000 W (D) 1250 W
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~
-
J

= Marked Questions can be used as Revision Questions.
* Marked Questions may have more than one correct option.

PART - | : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

An AC voltage source of variable angular frequency ® and fixed amplitude V connected in series with a
capacitance C and an electric bulb of resistance R (inductance zero). When o is increased :

[JEE 2010; 3/163, —1]
(A) the bulb glows dimmer (B) the bulb glows brighter
(C) total impedence of the circuit is unchanged (D) total impedence of the circuit increases

You are given many resistances, capacitors and inductors. These are connected to a variable DC
voltage source (the first two circuits) or an AC voltage source of 50 Hz frequency (the next three
circuits) in different ways as shown in Column II. When a current I (steady state for DC or rms for AC)
flows through the circuit, the corresponding voltage V1 and V2. (indicated in circuits) are related as

shown in Column I. Match the two column. [JEE 2010; 8/163]
ColumnI Column II
& V1 \l/ V2 S
. . 6mH 3uF
(A) I+ 0,V1is proportional to I (p)
| 2
Ay
V, Vv,
1< >|< >|
6mH 2
(B) I#0,Vz2 > Vs (@)
Lz
Ay
& V1 \I/ V2 \I
6mH 2Q
(C)Vi=0,V2=V (r)
)
Ty
& V1 \I/ VZ S
. . 6mH 3uF
(D) 1= 0,Vzis proportional to I (s)
)
Ty
pa V1 \l/ V2 N
1kQ 3uF
(t)
)
Ty
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3.F

A series R-C circuit is connected to AC voltage source. Consider two cases; (A) when C is without a
dielectric medium and (B) when C is filled with dielectric of constant 4. The current Ig through the
resistor and voltage Vc across the capacitor are compared in the two cases. Which of the following
is/are true? [JEE 2011; 4/160]

(A) IA > 12 (B) IA <12 (C) V& > Ve (D) V2 < V8

A series R-C combination is connected to an AC voltage of angular frequency o = 500 radian/s. If the

impedance of the R-C circuit is Ry/1.25 , the time constant (in millisecond) of the circuit iS[JEE 2011; 4/160 ]

In the given circuit, the AC source has o = 100 rad/s. considering the inductor and capacitor to be ideal,
the correct choice (s) is(are) [IT-JEE-2012, Paper-2; 4/66]

—————WWW———

0.5H 50Q

@ CCC:

20V
P~

&

(A) The current through the circuit, T is approximately 0.3A
(B) The current through the circuit, 1 is 0.3\/5 A.

(C) The voltage across 100Q resistor = 102V
(D)

D) The voltage across 50Q resistor = 10V

Paragraph for Questions 6 and 7

A thermal power plant produces electric power of 600 kW at 4000 V, which is to be transported to a place
20 km away from the power plant for consumers' usage. It can be transported either directly with a cable
of large current carrying capacity or by using a combination of step-up and step-down transformers at the
two ends. The drawback of the direct transmission is the large energy dissipation. In the method using
transformers, the dissipation is much smaller. In this method, a step-up transformer is used at the plant
side so that the current is reduced to a smaller value. At the consumers' end, a step-down transformer is
used to supply power to the consumers at the specified lower voltage. It is reasonable to assume that the
power cable is purely resistive and the transformers are ideal with a power factor unity. All the currents
and voltages mentioned are rms values. [JEE(Advanced) 2013; 3/60]

If the direct transmission method with a cable of resistance 0.4 Q km~' is used, the power dissipation
(in %) during transmission is :
(A) 20 (B) 30 (C) 40 (D) 60

In the method using the transformers, assume that the ratio of the number of turns in the primary to that
in the secondary in the step-up transformer is 1 : 10. If the power to the consumers has to be supplied
at 200V, the ratio of the number of turns in the primary to that in the secondary in the step-down
transformer is :

(A) 200 : 1 (B) 150 : 1 (C)100:1 (D)50: 1
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8.*a  Attimet =0, terminal A in the circuit shown in the figure is connected to B by a key and alternating current

9*.

10%.

I(t) = Iocos(wt,), with Io = 1A and o = 500 rad s starts flowing in it with the initial direction shown in the

figure. Att = g_n , the key is switched from B to D. Now onwards only A and D are connected. A total charge
(O]

Q flows from the battery to charge the capacitor fully. If C = 20u, R = 10Q and the battery is ideal with emf of

50V, identify the correct statement (s) [JEE (Advanced) 2014,P-1, 3/60]
D

BbA

1
C T ]

R=10Q

(A) Magnitude of the maximum charge on the capacitor before t = ;—n is1x103C.
(0]

(B) The current in the left part of the circuit just before t = ;—n is clockwise
()

(C) Immediately after A is connected to D. the current in R is 10A.

(D)Q=2x10=3C.

In the circuit shown, L =1 puH, C = 1 pF and R = 1 kQ. They are connected in series with an a.c. source

V = Vo sinwt as shown. Which of the following options is/are correct ?[JEE (Advanced) 2017, P-1, 4/61, —-2]
L=1uH C=1uF R=1kQ

——n—] —wwh——

C~ Vosinot

A) The current will be in phase with the voltage if = 104 rad.s™

C

D) At ® ~ 0 the current flowing through the circuit becomes nearly zero

(
(
(C) The frequency at which the current will be in phase with the voltage is independent of R
(

)
B) At o >> 10° rad.s™, the circuit behaves like a capacitor
)
)
The instantaneous voltages at three terminals marked X, Y and Z are given by

Vx = Vo sinwt, Vy = Vo sin (cot +%j and Vz = Vo sin (cot +%]

An ideal voltmeter is configured to read rms value of the potential difference between its terminals. It is
connected between points X and Y and then between Y and Z. The reading (s) of the voltmeter will be
[JEE(Advanced) 2017 ; P-2, 4/61, -2]

rms 3 rms 1
(A) VI :VO\E (B) Vvz" = Vo5

(C) independent of the choice of the two terminals (D) Viy° =V,

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
Resonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in ADVAC - 29
Educating for better tomorrow =i =550 258 5555 | CIN ; UB0302RJ2007PLC024029 -



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Alternating Current /

-

PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

1. A circuit has a resistance of 12 ohm and an impedance of 15 ohm. The power factor of the circuit will be :
[AIEEE 2005; 4/300]
(1)0.8 (2)0.4 (3) 1.25 (4) 0.125
2. The phase difference between the alternating current and emf is ©/2. Which of the following cannot be
the constituent of the circuit? [AIEEE 2005; 4/300]
(1) C alone (2)R, L 3)L,C (4) L alone
3= In a series LCR circuit R = 200 Q and the voltage and the frequency of the main supply is 220 V and
50 Hz respectively. On taking out the capacitance from the circuit the current lags behind the voltage by
30° On taking out the inductor from the circuit the current leads the voltage by 30°. The power
dissipated in the LCR circuit is [AIEEE 2010; 4/144, —1]
(1) 305 W (2) 210 W 3)yow (4) 242 W
4, An arc lamp requires a direct current of 10 A at 80 V to function. If it is connected to a 220V(rms),
50 Hz AC supply, the series inductor needed for it to work is close to :  [JEE (Main) 2016, 4/120, —1]
(1) 0.08 H (2) 0.044 H (3) 0.065H (4)80H
5. For an RLC circuit driven with voltage of amplitude v,, and frequency , =% the current exhibits
resonance. The quality factor, Q is given by : [JEE (Main) 2018; 4/120, —1]
R CR o,L o,R
1) (2) — (3) == (4) ——
(0,C) o, R L
6. In an a.c circuit, the instantaneous e.m.f and current are given by
e = 100 sin 30t
i = 20 sin [30t—£j
4
In one cycle of a.c the average power consumed by the circuit and the wattless current are,
respectively: [JEE (Main) 2018; 4/120, —1]
50 1000
(1) —=0 (2) 50,0 (3) 50,10 4) —=10
V2 V2
Bl Answers
EXERCISE-1 o 2E W
PART - | m 10
Section (A) : C3. (a)0.1A (b) 50 V, 30 V, 10 V
A-1. 2202V,25ms A-2. L (e*-1)/2 (Note that the sum of the rms potential
e
differences across the three elements is
1/2
A-3. I, = {aZ +lb2} A-4 0 greater than the rms voltage of the source.)
¢ 2
C-4 25mJ, 5mJ
Section (B) : C-5. (i) % uFor 24H  (i)7200Q
B-1. 12{2volts B-2. 072W _ _
(iii) It will be more economical to use
B3. 10W,5W inductance or capacitance in series with the
lamp to run it as it.It consumes no power while
Section (C) : there would be dissipation of power when
resistance is inserted in series with the lamp.
C-1. 3.0kV
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Alternating Current /
C-6. Z= 502 o0hm, Vc =500+/2 volt and

Vi= 600 42 volt, ——

2
21
C-7. > H, 100 Q C-8. 1250, 288J
Section (D) :
D1. 4 R= Mg
5
D-2. (a) 250 ()2mA D-3. 15A
T
D-4. 1x10-8henry
Section (E) :
E-1 zero
E-2. (a)800V
(b) (i) 0.25 A (ii) 0.2 A.

PART - I
Section (A) :
A1. (B) A2 (B) A3 (O
A4. (D) A5 (D) A6 (D)

Section (B) :

B-1. (B) B-2. (C) B-3. (A
B-4. (C) B-5. (B) B-6. (C)
B-7. (B) B-8. (B) B-9. (D)
B-10. (A) B-11. (B) B-12. (B)
Section (C) :

c1. (A) C2. (B) C3. (0
c4. (C) C5 (B) C6. (B
c7. (C) c-8. (D

Section (D) :

D-1. (B) D22 (A) D-3. (A
D-4. (D) D-5. (B) D-6. (A)
Section (E) :

E-1. (D) E-2. (C) E3. (D)
E-4. (A

Section (F) :
F-1. (A F-2. (C) F-3. (A
F-4. (B) F-5. (A) F-6. (D)
F-7.  (C)

PART - 1ll
1. (A) > q,r; (B) > q,r; (C) - p,ar.s; (D)—>q,r, s
2. (A)>r;(B)—>q;(C)—>p;(D)—q

EXERCISE-2

PART - |
1. (B) 2 (A) 3. (C)
4, (B) 5 (C) 6. (D)
7. (D) 8 (A)
9. (i) (C) (i) (B) (iii)) (A) (iv) (C) (v) (B)

(vi) (B)

10. (A)

PART -1l
1. 3 2. 48 3. 50
4, 8 5. 75 6. 9

PART - 1ll
1. (ABCD) 2. (BD) 3. (AB)
4, (AB) 5. (ABC) 6. (ABC)
7. (AB) 8. (BC) 9. (ABCD)
10. (AC) 11. (ABC) 12. (AC)
13. (BD)  14. (CD) 15. (BCD)

PART - IV
1. (D) 2. (A) 3. (B)
4, (C) 5. (D) 6. (B)
7. (B) 8. (D) 9. (©)
10. (B) 11. (C)

EXERCISE-3

PART - |
1. (B)
2. (A)—>r,s,t;(B)—>q,r,s.t;(C)—p,q;(D)—q,r,s,t
3. (BC) 4. 4 5. (AC)
6. (B) 7. (A) 8. (CD)
9. (CD) 10. (AC)

PART -1l

(1) 2 (2) 3 (4)

4 (3) 5 (3) 6 (4)
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Alternating Current / H—

Il High Level Problems (HLP)
SUBJECTIVE QUESTIONS

1. A current of 4 A flows in a coil when connected to a 12 V d.c. source. If the same coil is connected to a
12 V, 50 rad/s, AC source, a current of 2.4 A flows in the circuit. Determine the inductance of the coil.

Also, find the power developed in the circuit if a 2500 pF condenser is connected in series with coil.
[REE - 1993]

2. A box P and a coil Q are connected in series with an AC source of variable frequency. The EMF of
source is constant at 10 V. Box P contains a capacitance of 1 uF in series with a resistance of 32 Q.
Coil Q has a self inductance 4.9 mH and a resistance of 68 Q. The frequency is adjusted so that the
maximum current flows in P and Q. Find the impedance of P and Q at this frequency. Also find the
voltage across P and Q respectively. [REE - 1998]

3. In a series LCR circuit with an ac source of 50 V, R = 3000, frequency v = 2 Hz. The average electric
I

field energy, stored in the capacitor and average magnetic energy stored in the coil are 25 mJ and 5 mJ
respectively. The RMS current in the circuit is 0.10 A. Then find:

(a) Capacitance (c) of capacitor

(b) Inductance (L) of inductor.

(c) The sum of rms potential difference across the three elements.

4, An inductor 20 x 102 Henry, a capacitor 100 uF and a resistor 50Q are connected in series across a
source of EMF V = 10 sin 314 t. Find the energy dissipated in the circuit in 20 minutes. If resistance is
removed from the circuit and the value of inductance is doubled, then find the variation of current with

time (t in second) in the new circuit. [REE - 1999]
5. The electric current in an AC circuit is given by i = i, sin ot. What is the time taken by the current to

change from its maximum value to the rms value? [REE - 1999]
6. A circuit containing a 0.1 H inductor and a 500 uF capacitor in series is connected to a 230 volt, 100/x

Hz supply. The resistance of the circuit is negligible. (a) Obtain the current amplitude and rms values.
(b) Obtain the rms values of potential drops across each element. (c) What is the average power
transferred to the inductor? (d) What is the average power transferred to the capacitor? (e) What is the
total average power absorbed by the circuit? [‘Average’ implies average over one cycle.]

7. A series LCR circuit with L = 0.125/x H, C = 500/= nF, R = 23 Q is connected to a 230 V variable

frequency supply.

(a) What is the source frequency for which current amplitude is maximum? Obtain this maximum value.

(b) What is the source frequency for which average power absorbed by the circuit is maximum? Obtain
the value of this maximum power.

(c) For what reactance of the circuit, the power transferred to the circuit is half the power at
resonance? What is the current amplitude at this reactance ?

(d) If o is the angular frequency at which the power consumed in the circuit is half the power at
resonance, write an expression for

(e) What is the Q-factor (Quality factor) of the given circuit?
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Alternating Current / H—

8.

10.

11.

Bl HLP Answers

1.
3.

6.

The maximum values of the alternating voltages and current are 400 V and 20 A respectively in a circuit
connected to 50 Hz supply and these quantities are sinusoidal. The instantaneous values of the voltage
and current are 20042V and 10 A respectively. At that instant both are increasing positively.

Determine the average power consumed in the circuit.

A 750 Hz, 20 V source is connected to a resistance of 100 Q, a capacitance of 1.0 uF and an
inductance of 0.18 H in series. Calculate the following quantities : [Olympaid 2013-14]
(a) Impedence of the circuit

(b) Draw an impedence diagram with suitable scale
(c) Power factor
(d) The time in which the resistance will get heated by 10°C, provided that the thermal capacity of
resistance = 2 J/°C

In the given circuit Ri=4n0 % =30

—AAMA—— T ———
Calculate

R, =60 X =80
(a) Current in each branch. Sy I
(b) Power generated in each resistance. Ry=100 X\ =100
(c) Total power generated in the circuit. ot mi’;m
(d) Net current drawn from source. .
&

(e) Netimpedance of the circuit. Vi = 100 volt

A metallic coil of N turns of radius a, resistance R, and inductance L is held fixed with its axis along a

spatial uniform magnetic field B whose magnitude is given by Bo sin(wt).

(a) Write the emf equation for the current i in the coil.

(b) Assuming that in the steady state i. oscillates with the same frequency ® as the magnetic field,
obtain the expression for i.

(c) Obtain the force per unit length. Further obtain its oscillatory part and the time-averaged
compressional part.

(d) Calculate the time-averaged compressional force per unit length given that Bo = 1.00 tesla, N = 10,
a=10.0cm, ®=1000.0rad-s"",R=10.0Q, L =100.0 mH.

.08 H; 17.28 watt 2. P=76.96Q,Q=97.590,P~7.7V;Q=9.8YV, netimpedance =100 Q
() C=20pF, (b) 1 H, (c) 90V 4, 951.52 J; 0.52 cos 314 t 5. T/8 or =
(0]

(a) 232 A, 23 A, (b) 460 volt, 230 volt, (c) zero, (d) zero, (e) zero

9
(a) 2000 Hz, 1042 A, (b) 2000 Hz, 2300 watt, (c) 23 ©, 10 A. (d) 2122 —”5180 =+ 23 (e) 500/23
T
200
T

P =3864W

/\
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Alternating Current / H—
9.  z=JX X +R | 1uF —WW\——0000"
o = 2nr = 2(750)% = 1500n 100¢ 018 H
X = o =(1500m) (0.18)=848.5 Q

1 10° )
= — = = 21212 Q -
¢ oC 1500% ~
750 Hz
z = /(636.4)° +(100)? = 100(6.364)% +12
=100 x6.44 =644 Q
tang = X, —X; _ 848.5-212.12 636
R 100
(c) cosq>:E = 100 =0.155
z 644
(b) impedence is constant as n is constant
(d)i = Ems _ 20 5
g z 644
H = (i ) Rt = 20 2(100)t = (ms) (A0) = 20 Y (100) t
ooams 644 -~ (644
2 2
@ (10) = [22 ] (100)t — = [ 20— t=207.36 sec.
644 20 100
10.  Impedence of each branch Z, = \|R? + X? =42 +3 =5
Z,=\62+82 =10
Z,= J(10> +(10-10)* =10
(a) Current in each branch I, = Zl = % =20 Amp.
1
100
ILL=—=10 Amp.
AT p
100
I,=—=10 Amp.
TS p

(b) Power in each branch.
P, =(I,)?R, = (20)? (4) = 1600 watt
P, = (I,)?R, = (10)? (6) = 600 watt
P, = (I,)?R, = (10)? (10) = 1000 watt
(c) Net power of the circuit.
P=P, +P,+ P, =3200 watt
phase difference between voltage & current in each branch.

tan¢, =%:%:¢1 =37°

1
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Alternating Current /

a2 2,

2

tang, =0=¢, =0

53°

(d) Net current drawn from source.

J(1,c0s37° +1,00853° +1,)? + (I, Sin37° - 1,in53°)° = 1040

(e) Net impedance of the circuit. Z = =

\' 100

\1040

11. (a)iR+L%=—NnaZBowcosm
o) Nr a® Byo (Rcosot+olsinet)
- R? + 0?2
(c) a __ NBp ra’o (R sin ot cos wt + o L sin? ot)
d¢ R? + L%
_dF|  NBj mafo’L
drly, 2R+ 0?L?)
2 2
_9F __ NBo ma0 g i ut— ol cos 2 af)
Al s 2R +o"%)
(d) 55 N.m
ar|,,
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