Alternating Current

TOPIC : ALTERNATING CURRENT
EXERCISE#1
SECTION (A)
1. lo= \/E lrms
lo=10 \/E
2. In a capacitance circuit the current leads voltage by phase angle n/2.
oL
tang = R tanp = 1
Hot wire ammeter is used to measure A.C. current.
20042
E (Xe)xv2 200 x wC = 20 MA.
| = l1 coswt + l2sinwt
2 2
= V2 Gt + )
I, (1§ +15
Irms = \/E 2
10. lo= 2‘5
Ip
Irms = \/_ =2A
1
T 2
J 2 dt
o
11. lrms =
1
21 x50 x
12. E =10 cos 600) _ 5\6
T . 2
J-(e1 sinot + eT2 coswt)“dt rz P 2n
13. Vimsz = 0 = 2 where w= T .
14. If net area of E —t curve is zero for given interval then average value will be zero.
N/ ANYAN
O\ i
15. V =100 sin100nt t cos 100 it t
V=50sin200nt
here Vo=50 & w=200n f=100 Hz
16. D.C. Voltmeter measures Average value only
T_1f
17. 4 4 =5x10ss
18. i =4 cos(wt + ¢)
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Alternating Current

4
ims = \/E A = 2\/EA
200
19.  ims= 40 =5A
io = \/5 . irms = 5\EA
SECTION (B)
L
2. In second mode of transmission since | = V' the current is less hence during transmission IzR losses are
least.
3. E = 200sinwt
It contains capacitor or inductor, so power factor = cos 90 =0
4, V=220V,i=5mA
Loss of power =0
because power factor = 0
R=0
5. P = Vms. Imms . COS®
at maximum power cos¢ = 1
1
but at half power cos ¢ = 2
1
Vims X Ims X 2 =P
1 Vims %1
Vims X Ims X 2 = "/E
Irms
| = \/5
Irms
| = \/E
6. E =200sin 314 t,
1003in[314t+£] o1
I = power factor = cos¢ = cos 3=-2
Vi 6
_ Cey v VVEHVR _ V=10 -
7. VL=8V,VR=6V,V= =10V power factor = cos ¢ = = =0.6
oL
9. From the relation, tan ¢ = R
1
; ol 2 R
J1+tan? o T R R2 + @22
Power factor cos ¢ = = = + 0
11. Pav = Vims Ims COS ¢
Here ¢ = 90° so Pa =0
Alter. v =5 cos(wt)
i = 2sinwt
P = Vms . lims . COSd) o (b =90° = P=0
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Hoe, IR

2
12. HA.C. = IrmsR =2

2 2
I_PJ R:ﬁ
13,  <P>=lmsR= \V2 2

14.  (2:R=P: (i)

12
ms x R =3P; ....(ii)

T
15. P = Iims Vims COS 2 = 0

V2

17. p=R
10x10

R= 20 =50
for AC source
P = 10 watt

s
P = Vms. Z x
10.R

10=10x Z°

Z> =10R

R2+ Xi2=10x R

25+ X2=10x%x5
X2 =25

XL=\/£ =5
wxL =5
5x10° 250

R
z

Ea /\
N E E i i
18.
R 12
20.  Powerfactor=cos ¢ = Z = 19
v, 10
21,  lo= oL = 100x5x107°
22. IR = 100
100 100
R= I = (2 =5

4

X
23. tanp= R = 3
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Alternating Current

SECTION (C)

10.

11.

12.

14.

15.

&-

2

Z = R2 +(XL_XC)

E =4 cos 1000t ,

L=3mH, R=4Q

XL=1000 x 3 x 10-3=3

Z=5
Eo

asf P Xz Xc J so. ans (a)

=i=0.8/-\

io = 5
Z=100Q atf=50Hz
2nf x L= X

f-|=)(|_1

f,= X,

150 100

50 X,

X
L: = 3000

X Voc 1
tanp= R = R = ¢ =tan. ©CR
ol 10x0.1

tan(b: R = 1 =1
& = 45° = /4

R 30 3
Power factor= Z = 90 = 5
here Z = \/R2 +(x =Y F

Z=50
v 100

1= Z = 50 =2 Amp.

J(30)% +(60—20)2

The current lags the EMF by n/2, so the circuit should contain only an inductor.

Resultant voltage = 200 volt
Since V1 and V3 are 180° out of phase, the resultant voltage is equal to V2
V2 = 200 volt

Initially at resonance:Xi=Xe = Z =R.
fo 1042

~io R = A

After increasing frequency : X.> Xc

wL>1l/wC

1 £:0 _ CO

__ - ==
w> VLC:w>wo i = \/R +X ﬁRZio/\E =10 amp.

R=120,H=0.21

2
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Alternating Current

100
16. R= -100Q x= VZ? -R?
100 x 1
z= 05 =2000q L= ® =3 Q,

VZ+VZ+ V2

17. Voltage of source is always less than (Vi + V2 + Vs), Vaee = V

18. Atresonance (Vc= V)

V=1Ims X R
Vﬂ'ﬂS
= Z xR (here z = R)
100
V = Vims = 100 volt & ms= 20 =2 Amp.
Vrrns
2 1
_ RO+~
19. Irms = wC

when w increases, irms increases so the bulb glows brighter

21. In an LCR series a.c. circuit, the voltage across inductor L leads the current by 90° and the voltage across
capacitor C lags behind the current by 90°

V.
90°
90°

RS 4
-

Ve

Hence, the voltage across LC combination will be zero.

X 1
22. tangp= R = 0 = R=0
Vrms _ 200
23, Im= £ (110C) —20x10,A
V
Vrms = ms =
24. ms — Z = R+ ((DL)
oL
tanp= R .
25. When all (L,C,R) are connected then net phase difference = 60 — 60 = 0. So, there will be resonance.
vy
1= R =2A
& P =12 R = 400 watt.
100
1 2
Vims R? + ((oL - }
26. Irms = Z = oC
P.d. across resistance = R Ims .
Vims 200

27 R=lms =5/42 = 40V2Q (For ekt x)
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Alternating Current

V
x = Ims = V2x40Q (For ckty)
If x & y are in series
200 5
| = 40x2 = 2 Amp
v
\/E ms
28. lo = \/E Irms = VA
2x130V2
o= VRZ+(oLy
oL
tang = R

®
¢ =tana R .
oL

29. tanp =tan45°= R
XL =wL =R.

2 2 2 2
30. Ve = \/VR +VE V(207 +(16) = 25.6.

37. Wattless current = Ims Sing

v
ms

Where tan¢p= R = R and lms= Z =
1

oL 2=nfL v e

R? + (oL)?

38. Xc = @C will decrease if we increase frequency then z will decrease so current will increase & intensity

will increase.

39. coso =
Zia Z:a
% change in impedence = 100%

SECTION (D)

1. Given : L=10H, f=50 Hz.
For maximum power
Xe=Xu
1 1

oC ol
c= ol
1
C= 47" x50x50x10 . C=01x10sF=1uF

2. In the condition of resonance
XL = Xc

1

or w=C @)
Since, resonant frequency remains unchanged,

SO, LC = constant or LC = constant

&-

LiC1 = L2C2
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L
= LxC=L.x2C = L.= 2
2 2
P 1, @ 1,2_¢ ) - Q
—— 4+ LI =— —LI¢ =— 2C 2C ——
3. 2C 2 2C but 2 2C So, > gq= V2
CV, 2uF.20V
6. In=wQo = VLG = JBUH)20F) _ 166 .
60 1
10. Ims = 120 = 2 Amp
VL = Ims X ((l)l_)
1
40= 2 x (40 x 105) x L
L =20 mH
o)
At resonance Ve =lms ~9€/ =\,
111 2
C= 2 x 4x10° 4 40 > c= 8
A
11. Atresonance wlL = ©C
il
Lx C.
A
12. If n>n wL > ©C XL > Xc
So, current lags behind voltage.
SECTION (E)
1. The core of transformer is laminated to reduce energy loss due to eddy currents.
2. Given: ip =4 A, Np = 140,
Ns = 280
From the formula
b N 4_ 280
is N, or i, 140
SO, is = 2A
3. Pout = 100 watt
pin = 200 x 0.6 watt.
= 120 watt
@x‘IOO% E><‘|00% 500 %
son= 120 =6 = 6  =8333%
4, Frequency of the current remains same, only magnitudes of current changes in a transformer.
Y N, g
5. V'I = N1 -1
V2 =8 x 120 = 960 volt
960
1= 10" = 96 mA.
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10.

p

E,L,
n% = EM x 100
hLEi=12E2
LE, 5x220

L= E2 = 22000 - o5

P =600 x 1000 =4000 xI =1=150 A
Power loss = 1?r = (150)? x 0.4 x20 x 2 = 360kW
Power loss
Power input o x100
Power loss percentage = PUl x100 = 600
= 60 %

N, _ 40,000 9gp

N, 200 _

EXERCISE # 2

The peak value of the current is

M
Is2 1 Vo ®
R+ 0’ C? V2R ; J3
lo = = when the angular frequency is changed to

The new peak value is

&

VG
3 Vo \Y, 1
R? + —— Yo -l
lo' = 0)202 = 4R2 = 2R lo' = \./E
Vrms
1
R? + e

when w increases, ims increases so the bulb glows brighter

Irms =

The full cycle of alternating current consists of two half cycles. For one half, current is positive and for
second half, current is negative. Therefore, for an a.c. cycle, the net value of current average out to zero.
While for the half cycle, the value of current is different at different points. Hence, the alternating current
cannot be measured by D.C. ammeter

E, Np 1 1000
0) E, - N, =5 = E.= 5 = 200 volt.
(i) Ezlz = Eili x n %
90
9000 = 1000 x I, x 100

l» =10 amp.
(iii) The copper loss in the primary coil is = .2 R1 = (10)2 x 1= 100.
(iv) Total loss = Eili — E2l2 = 1000 W

Loss in secondary = 1000 — 700 — 100 = 200 W

EXERCISE # 3
PART -1

(T/2V2+0 Vg
Vims = T =

=

2
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Alternating Current

If w=50x2n then wlL =20Q
If w' =100 x 2t then w'L =40Q
200 200
@ 2 2 2 2
7z JRZ +(0'L)? _ /30° +(40)
I=4A.
— MM T — —
X
2C _ tan—
R
R
/3
zZ Xe
Xe = Rtan=
S (1)
X
2L _tanZ
R 3
Z,
X
/3 )
"R
n
Xe=Rtan 3 ... (3)
_ |p2 R
net impedence Z=R7+(X - Xc)" =R
R
cosp=—="1
power factor z Ans. (3)
<P > = Vrms. Irms COS ¢
Rl 1
ﬁzlvou ﬁ—(l}/\
Vrms = \E 2 = lrms = \/E 2
n 17 1 1
—_=— —X—=X—==—
cos¢:cos3 2 = <p>=2 2 2 8
L™z ™1 sobrightness |
R L
N
o )
\, v
Ve v
2 2 2
V V, V,
P=ifR=|=| R=—2 Pl=iAR=|=| R
R R N Z

Tw
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Alternating Current

Lo =6.8Q2
A
L » R=4000
v
8. 1/c»=58.8
o 12 J(40Y + (58.8-6.87 =65
=0 10, i _d _ 10
lz] 65 N M J2 65V2
10 \
Poss =2 R=| ——= | x40 =0.46watt
loss ms (65\/5]
So the nearest answer will be (2)
9. Capacitor does not consume energy effectively over full cycles
10. Option with highest quality factor sould be chosen as most appropriate answer.
1L
Q= RYVC
z iz T
11. Power factor = (80)"+(60)" _ 100 - 0.8
Viax _ 2204/2
2 2 _ 2 2 —_max _
12, g= WRTEXE SO0 HA0OF <1002 T 002 g,
Lo=2n
F 3
» 500
————————»R=500 0
8n
v
13. 10m V =10 sin (100 nt)
w=100n
1 1
B i
x. = Lw = (20x109)100r = 2nx = = -@ (100x107)x100% _ g
R 2 2 2
2] = (x, —xc )y +R | N 7| = (8n)" +(50)
Vo _10
jz] = V3140 ~ 560 > =12l B 2018
BR  (0.18)° x50
P = i2ms= 2 = 2 = 0.81 watt
14.

&-

If we connect a D.C. source, the steady state current is not blocked (iss = 0.4A), so the circuit should not
contain capacitor. The circuit should be either only R or LR. Since current in AC circuit and D.C. circuit is
different, so the circuit shouldn't be only R so it should be an L-R circuit.

PART - I
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XL

1. tan30°= R = XL =
Xe

tan30°= R = Xc =

2
7= RHX =Xl _ 5009

220
ims = 200 =11
P = (ims )2 x R = (1.1)2 x 200
P=242W

2. R =80/10 = 8Q

80V
— W ——— TSI ——

Y
S

V? +80% =220°

2
> V= (220 + 80) (220 — 80) = 300 x 140 =

Ims XL = 204.9

XxL=2.5
3. "

R Wy (’)_UL

Band width we—w1= L = Quality factor Q= o, - R

4, e =100 sin30t
[30t—3]
i = 20sin 4
100 20 1 71000W I,sin
Pav = €rms ims COS® = V2 V22 V2 = wattless current = V2
:%x‘IOO _ 230 xg <100

5. Cplp - 2300x5

is=45 A
6. w = 2nf = 100n

XL =wlL =6.280

1 250

Xc= ©C = 31

X =Xc—-XL=20.25

7= YRZ + X2

&-

N
[=]
o

&
|
08

&

220

V. =204.9

2
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p

Ims = Vims [ Z
i 2 xRxt
Energy dissipated = ™s , t = 60 sec = 3000T
i
. | " >t
The correct graph will be 0

Growth and decay of current is of exponential nature
i =io(1 — e'*) - during growth
i = imax €¥® - during decay

XL = wl
ﬁ -104/3
=100 x 10 Q
1043
tan ¢1 = 10 = ‘E ¢1=60° (Currentis lagging)
1 1

tang, = ©@CR V3 , 2 = 30° (Current is leading)
Total phase difference = 90°

(T 1 0.025]

=5.17 x 10?J

2

50 | Page

L 4



