pAc E Main Booklet Solution

nt.mepicaL  Alternating Current

JEE Main Exercise

1. (B)

Ims =

2, (B)
i2=9+16sin2 (mt +gj+ 24sin (cot +gj

i = <i2> = \/9+16(2)+24(0)=J1_7A

3. (D)
e? =e?sin® wt +e2 cos® wt + 26, sin wt cos ot

= e? =e?sin® ot +e3 cos® wt +ee, sin 2t

= <e? >:ef(%)+e§(%]+ele2(0)
e’ +e2
Erms = V< 82> = 4+ 2

4. (C)
R=i’R=(2)°R=4R
2
. 2
P, =i2 R=| | R=2R
2 rms (\/Ej
= R:P=2:1
5. (D)
i =3+ 42sinot

= 2 =9+32sin? ot + 242 sin wt
— <j? >z9+32(%)+0
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i =+/9+16 =5A
(B)

AC ammeter measures rms current.
(3004/2)
Vms_ V2 _39ma

irms - X c 1
100x107°

(©)
2 10)°
For DC source, Pz\% = 20:%

= R=5Q

2 2
For AC source, P:V 2R = ;/ R 5
Z R+ X{

2
(5)°+X{

Now, X, =2rnfL
= 52nf(10x107°) = f =80 Hz

(D)
Z =|Xc — X |=75-25=50Q
=Y 20 _gp
Z 50

V| =iX, =5x25=125V
Ve =iXe =5x75=375V

Ve >V
(B)
X, =ol= 27{500)(&10—3):89
T
Xe=og™ 500 11000 =30
oC 2{)( j %1070
e 3
Z =R +(X_ - Xc )? =(10)% +(8-3)’
-5J50
vrms_1ooo 20

556 5

Pavg = linsR = (\z/gj (10) =800W

Website: www.iitianspace.com

assessment.stepapp.in


http://www.iitianspace.com/

10.

11.

12.

13.

14.

15.

(€)
X, =oL=100x0.1=10Q
T

1
coshp=—= = ¢p==
¢ ¢ 4

N7

tanq):M PO Xe| Xc =20Q
R 10

Xe = = 20=—— = C=500uF
oC 100C
(D)
Erms:M:SOOV
2

£= V& +(V Vo)’
= 500=4/(400)° +(700-V )?
= Ve =400V
or V¢ =1000V

Peak voltage across capacitor = J2 Ve

(A)
2 2
i—YR_ 2% _gp
R 30
(B)
VZ=VEZ1(V Ve )® = (200)° =V +(120)°
= Vi =160V
_Vr _160_,\
R 40
(A)
At resonance, X = X¢ and Z =R
i=Y - 600x10°=2
R R
= R=10Q
For DC source,
i= v __© =0.5A
R+r 10+2
(©)
Quality factor :E:L=6

Af  (650-550)
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16.

17.

18.

(©)

X, =wL=1000x0.5x102 =050 T;—U
c
oC  1000x10"
R=1Q
Vo V, 1 1
XOX. X% Vo Vol ... By
ang=XL_Xo _ XL Xc A
Vo 1 B
R R ]
:1 -
= ¢=45°

Xc

(D)

X, =0L=50x0.1=5Q
1

Xo=—

€ wC
1

=——=5Q
50x0.004

For LR branch, Z :»\/R2 + XE =520

i =@:10\/§A and tanq):%

52
i :10\/§sin[50t—§j
For RC branch, Z =«/R2 + Xé =520

_100 1502 A and tanq):X?C:l

=1

ic zloﬁsin(50t+§j
=i +ic :10\/§sin(50t—%j+10«/§sin(50t+%)
=20sin(50t) A

(4)
i% = 4sin? ot +16 cos? wt + 6 + 4+/6 sin ot +8+/6 cos ot +8sin 2wt

<i? >z4(%j+16(%)+6+0+0+0

s = V<17 >=4A
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19.

20.

21.

22,

(4)

tan¢:%:>tan30°:%l':>R:\/§oaL
___V Y
R?+(oL)? 2R
Vv NEY,

With new source, i’ = =

\/RZ +(20L)? J7R

. \2 2
poitro R[] T (V7
=~ P, =4W

1)
X, = oL =(1007)(5)=5007, R =55Q

P =iR, for power to remain unchanged, current should be unchanged.
So, impedance should be constant.

JRZ+ X2 :\/R2+(XL—XC)2
X =|X = Xc]|
X =2X,

1
(100m)C
= C=1uF

U

U

—2(5007)

3)

Current at resonance, i = % -32A
tan ¢ = A=Xe

X, - X

= tan45°= € = X, -Xc =R

New impedance, Z'= \/RZ +(X_ —Xc)? =+2R

New current, i':i: v :ﬂ:3A

Z 2R 2

(2.5)

Since, current is lagging behind voltage, the box must have an inductor.
Ve =iXe = 2000=2X;

= X =1000Q

cos¢p=0.8
= tan¢d= § =X|-_—1OOO
4 800
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23.

= X, =1600Q
X =L =1600=2r(100)L = L = 2.5H

(6)
Impedance of box A, Z = \|L = % =500Q

For power factor to becomes 1, X| = Xc =400Q

Z = |R? + X2 = 500= /R +(400)?

= R=300Q2

R 300

Power factor of box A, cos¢ =—=——=0.6
Z 500
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1. (B) )
(b) Time constant of R — C circuit, T= R Cw
(i) R, & R, in series and C, & C, in paraﬁel.
1,=(2+1)(2+4)=18 ps.
(1) R, & R, in parallel and C, & C, in series.
. _(le [2x4]_ 8 S
2=\ 241\ 2+4) " 9"
(i) R, & R, in parallel and C, & C, in parallel.
2x1
T3 =| — |[x(4+2) =4ps
3 (2+l, (4+2)=4p
2. (B)
M) I Vims Vrms
e
R+ —
oC
As @ increases, / through the bulb increases. Hence
the bulb glows brighter.
3. (D)
(d) Power factor
_ R ;s R e B
JR2+x. 2 JR2+(R)? VSR
Power faclor(ncw,
= R = R - R
JRZ+(X -X¢)? JRZ+(2R-R)? V2R
R
New power factor  fop |5
“ Old power factor — R \2
J5R
4, (B)
Quality factor of the circuit
= (l)() = —5—’ = 20 ypnit o ,P.""
wy—@y 2.5 LOT— e S
-
051 Y R
00 3 4 5 6 7
0] w,
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(©)
Voltage E of the ac source, E= \/(VC -V, )2 +V2
E=V.-V, =400V-300V =100V

(B)

(b) In a pure inductive circuit current always lags behind
T

the emf by 5

If v(t) = v sinmt

then I=1, sin(mt . g-]

Now, given v(t) = 100 sin (500 t)
and Ip= 0 =199 .. _002H]
wlL 500 =0.02

IU:lﬁsin(ﬁ{]ﬂt-g] = Iy =-10cos(500t)

©)
(c) Given, V| : Ve:Vp=1: 223
=100V, letVL x. Then, VC—2xand VR—3x

VR—°
Aswcknow
—\,NR \fx +x
_L_ﬂ
Jio Vio

So Vi =300//10 =90V
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8. (C)

(¢) From KVL at any time ¢
As current is decreasing with R La
time. So inductor will support WA— WY
the current.
ByKVL, ¥
9_r-1%_¢
c t

2 qc
E+d_‘3,q+___l‘dq=ﬂ [-_-f:-d_‘?]
¢ dt d;z
2
dq Rdg 4q _

¢ Ldt Le L
From damped harmonic oscillator, the amplitude is given

2
~bti2m dx ;+£ﬁ+£x=ﬂ
di= mdt m
Rt ﬂ

M 5 ) -
S0, Omax =0 ¢ 2L = Onax =05 L
Hence damping will be faster for lesser self inductance.

b}r A= Aﬂi_-"

9. (B
(b) Here
i e < e " e
JRE+ X2 R+ VRP+4ndviD
o 220 (R vV 80 8]
— - — .0 = = ——
64 + 473 (50)°L 110
On solving we get
L=0.065H
0. (A)
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11.

12.

(a) For two concentric circular coil,
ponN|Nya®
2b

Mutual Inductance M =
here, N, =N, =1
unﬂﬂz

= .. ()
Hence, M b

and given I =1 cos @ ... (1)
Now according to Faraday's second law induced emf

From eq. (ii),

_ ~pona’
~ 2

ﬂn“az
b

d
— (I cosmt)
at 10

= e=

Ipsinmt (w)

2

1 _

o= THol0 2 ot
2 b

(B)

(b) Given,

V,=283 volt, »=320,R=5Q,L=25mH, C=1000 uF
X, =0L=320x25%x107=8Q

. : —=3.1Q
oC  320x1000x10

Total impedance of the circuit :

Z= R+ (X - X¢)? =25+ (49)* =70
Phase difference between the voltage and current

X

- 4.9 E
tan¢=_X_L__xc_, — tan =_5_z|:>¢=45
(B)
(b) As we know, average power P, =V 1 cosB
#l)-(5)E
=| —= || == |c0s0 =| —= || —= |c0s45° (..9=45°
(\/5 V2 V2 )\\2 A% )
P -mwatt
w "
Wattless current I = I sin6
Iy

20
=—LsinB ==sin45° = 10A
V2 V2
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13. (A

i 0 oL
uality factor Q = —— =2
0 Y Q 2A® R

14. (D)

220 ..
(d) As M(1)=220sin 100 nt so, /()= —~ sin 100 mt

50
i.e, /=1 =sin (100 nt) For /=1, ,
n 1 | “
h=—x = ——sec. and for / =—
" 27100 200 2
L i T 1007ty = - s
—Ezfﬂrmn{lﬂﬂ n,) = e 2 27 600
1 1 y I

©1 =500 600 600 300

—

o {

s=33ms

15.  (B)

€ &
(b) We have, i =iy(1 - e) = E(l—e ey

Charge, ¢ = Iidl = ij(l Y
0 RO
_Ex _E WR__EL
"Re R e 27R?
16. (D)
( Rt

(d) 1=10l1_e—TJ HereR=R +r=1Q

[ )
= 0.8I, =10L1-e '°'J =08=1-¢'0"

=e 10 _02= (l)

5
1
= = —I|Ins = 1
= 100t=InS=1 100 0016s
17. ©
2p_g.di i1
(c) IR_LI_Q‘I i
I [M_:‘E_E_z]
=t=1in2=2n2 R_10
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18.

19.

(©)

(¢) Given: R =600, f=50Hz ©=2nf= 100 rand v= 24v
C =120 pf=120 x 1075f

1 1
XC = —— = = 26.520
oC  100mx120x107°
x, =oL=1007x20x 103 =2 Q
XC—XL= 20.24320
z=\/R’+(xC—xL)2 - z=20J10Q
cos¢=5— 60 _3_

zzoJ—J_

P,, = Vlcos¢,l=

S L $=8.64 watt
Z

v
Z
Energy dissipated (Q) in time t = 60s is
Q=Pt=8.64x60=15.17%102]

A)

(a) Given, Inductance, L= 40 mH
Capacitance, C = 100 pF
Impedance, Z = X.~X

| ( 1 )
=— =—oand X; =l
=% 2 - wlL X, oC L

1

314410010
Here X, > X,. So current will lead.

~314x40x10” = 19280

Xc-Xc

Vo . - -
Current, i=7°sm(mt+n/2) ctang = R

and R=0

= i= coswt =0.52 cos (314 1)

19.28
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20. (A
(a) The current (I) in LR series circuit is given by
SR

=§Ll—e LJ;AU=00,

.-
201 S
I, =—5—L1-eURJ=4 i)

Att=40s,

4[1 - em"4—01"0_%) = 4(1- 720000y ..{ii)
X

Dividing (i) by (i) we get
1

= = =1.06
]40 1_6—20,000

21. ©
(c) Power output (V,I,) = 2.2 kW

V, = SIW . 220 volts

(104)

. Input voltage for step-down transformer
Vi_N
v, N,
Veu=2%V 0, =2%220=440V

Also L1 - R
L N

=2

oA
2

22.  (B)

P V.I
(b) Efficiency, n=—4L=—55

2301,
=09= 2300x5 —1s=09x50=45A

Output current = 45A

23. (A
(a) Quality factor,

1 {L 1 [80x107° 1 > 200
=— |— = = 4010 =—=2
Q RNC 100\ 2x10% 100 100
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24, ©
(¢) Impedance in LCR circuit

E=J{XL—XLJI+RE '-'XL:-X(":R.‘.2=R

25.  (A)
(a) Power will be maximum at resonance

At resonance X, = Xe = Lo= L

Co
= 2501‘:-21:(&510)5 = C=4x109
26.  (C)
(¢ 0843 =XL,_ i)
cos45° = .t (i)

So, fram (i) & (i) weget X, = X_i.e. circuit in resonance.

LCR circuit is in rcsonanoe. behavw as resistive circuit.

27.  (C)

V
(c) Given, E=440sin100m, L= _u_H

As, X, = ol = lOOn—n— - looﬁn

E
So, peak current, [, = —X—o‘ = l—- 5 =22\2A
L

We know AC ammeter reads RMS value therefore reading
1
willbe I, Loms = —°2 =22A
28. (D)
(d) Voltage amplitude across the inductor
vo =ipxp =ig(@L) =(5)(49m)(30x107%)=23.1v
Voltage will lead current by 90°.

Therefore the equation for the voltage across the inductor
V =23.1 sin (49 nt+ 60°)
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29.

31.

32.

(B)
(b) As H=i Rt

Hx :‘:MR

n 2n T 1

: 1
So, req. time = 3208

(A)
(a) When/= [,

Iysin (ot +¢) = Iy = sin(of, +¢) =1

(l)’l +¢=§

I . Iy
[=—= = [sin(oH +¢)=—F
when T o sin(wty +¢) 72

= sin(wi, +¢)=$ = ot +¢=%

Substracting (ii) from (i), we get
n ) n
olh=)=7= mfh-h)=7
|
Y- H= —=——s=2.5ms.

S 8f 400
(D)

(d) Element X should be resistance with R
E = M =20Q
I 5
Element Y should be inductive with X, = 20 Q
When X and Y are connected in series
E Ep 100 5

o A s i
"z 2.rz 202 2

The rms value of the current will be,

AR TN

ms =

V2 2

(1)

(1)
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33. ©
(¢) In LCR circuit,
At resonance XL = X(.

| |
= gl=—>20)=—
0 (OOC 0 JVLC
| ]
— Q)O: =
VLC \[(0.0I)(lxIO_b)

At frequency 60% lower than resonant frequency,

= 104 rad/sec

0V ) % w4000 rad e
100
Vo
Current, | = = ’ =
\[R +(XC—XL)-
50
— ‘ﬁ 2
‘ 2
(10 +(—— - -4000x0.0lJ
\ *{2000x1x107
— .{_ 50 > - 238 mA
"mm( 1000 _40)
VL4
34. (B)
(b) Given that power factor of the circuit is P,,
when X; =R
R |
P|= = == ( Xc =0)

\ﬁl2 + (XL -Xc) V2
Power factor of the circuit is P,, when X, = X
R =
\/R2 + (XL— X(' )2
P, |
So, we have ?,‘lz‘ = 72’

P, =

3. (C)

| 1
(c¢) Resonant frequency, f = 2 JLC = f xTE—
When another capacitor is added in series, C & decreases.
So, f, increases.

36. (B)
Metal detector works on the principle of transmitting an electromagnetic signal and analyses a return
signal from the target. So it works on the principle of resonance in AC circuit.
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37.

38.

39.

40.

41.

(A)
(a) We know that

I 1
P — o ——=
Ir 2nJLC =Jr JLC

_ filﬂ_ I 1 0
frZ_frl IQCZ “fi 2 2 2
1 [L 720 ™ ij
A“d’Q=E\E as’(c),- (c s

so, Q remains same

LeQ,=Q,
(B)
Wattless current flow in a circuit only when circuit is resistance less i.e. circuit is purely capacitive
or inductive.
(A)

@ X=0L=3000x107Q=30Q

1 1 1000 40
€ oc 3000x25x10 75 3
40 50

So, X, - X.= (30-?)Q= ?Q

Given, R = 100Q

AsS, tan = IXL ~Xc| = 50 —_—l

R 3x100 6
(1 -1
=tan | — |=tan

¢ ( 6) (0.17)
©

(¢) When a circuit is purely inductive or capacitive then

A ]
¢ 25 :tz’ then Puvg = ans Irm.\' COb(i 2] 7 0

Also when circuit has only capacitor and inductor, then
P . =0 because their is no resistance to waste the energy.

avg

©) .
(Bx107) v
=80%10° |+ P=—
(c) R, [ R}
= R, = 8000
160
Similarly, ( B ) =80x 10° =R, =0320Q
5 N
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42.

43.

44,

45.

(A)

(a) AC Generator:- It converts mechanical energy into
electrical energy.

Galvanometer:- It shows deflection when current passes
through it, so it is used to show presence of current in the
wire.

Transformer:- It is used to step up or step down the
voltage.

Metal detector:- It contain inductor coil and use principle
of induction and resonance in AC circuit.

(440)
(440) As we know,

Ne _Vp
Ny Vg
Since, N,= 24, ¥,=220 Vand V,= 12V
Np_220 . 220x24

24 12 P ¢

(400)
p2
(400) P= ¥y [y 005 6 => 400 = -7 0.8
2502

Z= x0.8 =125
= 200 Q
COSQ=—

¢ 4

R=Zcos $=125%0.8=100Q
Now, 22 = X2 + R = 1252 = X,2 + 1002
= X, =750

At resonance
X =Xc

1 1 400
75=— TI5=—x50x(C C=—
= oC = " 2x ==

(11)

2 2\
{”-] imu. llmu, +12ﬂm LE + 10

121 =i, =114 .
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46. 1)
(1) Power factor for RL circuit
R R

= |
JR2+x2 R*+3R% T Jio
Power factor for LCR circuit

cosd =

=

———— =—R =
R +(x}-x2) VR +R?

47.  (3)
(3) For current leads the voltage by 45°
tan 45° = 2C_ XL

R
1 |
—- X(.*XL'—'R: E—(DL=R=>E—3OOXOO3=1
_l__—_10=>C= ! = : =.~'C=lx10_3
oC 10w 10x300 3

Hence, value of x = 3.

48. (242)
(242) When voltage is minimum, current is maximum.
So, circuit is purely inductive i.e. R =0

So,Z= X, Then, j, =£—Q-

L
V, 7.
= i() — 0. = i() - \/— I.m.\
2nfL 2n f L
Lo Y2x220 2202 112 _ V242
0 21x50%0.2 20« T
a=242
49.  (250)
(250) Band width, Aw =w; —®, =%=232—2[2=%—
R
= W=— = L=£=i=ESDmH
L 20 20
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50.

51.

52.

53.

(3)

VI 2
(3) Power P=—=>R=V—
R P
|
R=100X100 o 2000

By phasor Diagram

Vi+V2:=p?
3 . 2000 X
= (100)" +¥7 = (200)'
= ¥ =1003
100 1
Now, /] = —=—
3003 200 V, 50 Hz

1
As, V.= 1% X.; Vo= 10043 and l sz

So, X-= 20()J§
> 200{5 = —
wC
1 50 .

9('2 =
goo\/i’znxso mﬁw‘
S0,

(500)

(500) For maximum power

power factor=cos =1 .. ==1

z
R? = 72 = R2=(X, - X P +R?
X, =X
70 1 1
= C=——=500x10""F = 500pF

11 1007xC —  7000x

(100)
(100) For minimum impedance, we have
1
X-Xx = al =—
we

1 1

L= = = 0.01 = =30y

whe [meiﬂ{l]z 101 = 107°H = 100 mH
0)
(0) This is a case of parallel RLC circuit

2
so, L (_‘_-L\
X Xc

At resonance, X, = X.. S0Z —» o
I =K—)0

VA
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