ELecTrICAL CIrRcuITS AND FIELDS TEST 3

Number of Questions: 25

Directions for questions 1 to 25: Select the correct alterna-
tive from the given choices.

1.

10.

The lines of force due to charged particles are
(A) Always curved (B) Always straight
(C) Sometimes curved (D) None of the above

If the sheet of Bakelite is inserted between the plates of
an air capacitor, the capacitance will

(A) decrease (B) remains unchanged
(C) increase (D) become zero

The dissipation factor of a good dielectric is of the
order of
(A) 0.0001
(©) 0.01

Which one of the following relation is correct?
(A) pAdi=[V.ads (B) [V xAdl=§(4)ds
1 K 1 K

(B) 0.001
(D) 0.1

(©) §ads=[Vxddv (D) Ads=[V.4dv

“The total electric flux through any closed surface is
equal to amount of charge enclosed”.

The above statement is
(A) Ampere’s law
(C) Gauss’s law

A field F is said to be conservative if

(B) Coloumb’s law
(D) Maxwell’s first law

(A) Vx F =0 (B) VF=0
(C) VVF=0 (D) All the above
The electric field

E =6 cos(of — Bz) g, + 6cos(® t— Pz + 60°) a, has
(A) linear polarization

(B) left circular polarization

(C) elliptical polarization

(D) right circular polarization

A uniform plane wave incident on a sheet whose con-
ductivity is 6, = 5.8 x 107 S/m at = 2 GHz then reflec-
tion co-efficient is
A) -1

© 0

(B) +1
(D) 0.5
The work done by a force E = 3sz—421y+2212
N/C in giving a 2 nC charge a displacement of

10, + 221y —7a. meter is

(A) 41 (B) 24n]

(C) 16nJ (D) 81

EMW travelling in high loss medium at frequency f,
has attained wavelength of A, when frequency became
four times what is the corresponding wavelength?

11.

12.

13.

14.

15.

16.

17.

Section Marks: 90
(A) B) 22,

©

In a non-magnetic medium £ = 10 cos(2m x 10% ¢ — 2x)

(D) 4X,

I N

a: V/m then total power crossing 40 cm?® of plane

3x+y=Tis
(A) 253 W (B) 69.21'W
(C) 96.12W (D) 523W

Determine the energy density stored in free space by the
field2 x 10° @, +4x 103 a, T.

(A) 245 x 102 J/m? (B) 7.9 J/m’

(C) 4.8 1/m’ (D) 1.3 J/m?

Transform a vector 4 = ycAzx - x‘Aly +za. into cylindri-

cal co-ordinates

(A) aptpaytza: (B) —pas +za:
(C) pa,+za- (D) pa, —a, +za.

A potential field is V= 6x?y — xyz. The electric field at
P(-2, 1, 4) shall be

(A) 8a.+32a,+2a,  (B) 0

©) 32a, (D) —28a,—32a, —2a-

In a certain region current density is = (4z a,+2x%z Zzy
+ 422 212) sin(10° 7) A/m. Then volume charge density is
(A) (4z + 2x%z + 42%) sin (10° £) uC/m?

(B) —18x cos (10° r) pC/m?

(C) 4xz sin (10%) mC/m?

(D) -8z cos (10° {) pC/m?3

The curl of vector field 4 = pz sind &p +3pz° &Z at
point (3, 90°, 2) is

(A) 9a,—2a- (B) 2a,—9a, +2a-

©) -9, (D) 4a.

Two free charges ¢ and 9¢ are placed at a distance d
apart a third charge Q is placed at a distance x from
charge ¢ such that the system is in equilibrium. Then
charge Q is equal to

A) 9 B 4
(A) 9q (B) T

9¢q 3q
© y (D) >
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18. An electric charge Q is placed in a dielectric medium.

64 - ; 64
Which of the following Quantities are independent of (A) 15mcos(75 x 10°% =2) ax + 3msin (75 < 10°% - 2)

A

the dielectric constant € of the medium: a,
(A) Electric potential and displacement R
(B) Electric field intensity and displacement density (B) 3m sin(300 x 10% — z) a, + 15w cos (300 x 10
(C) Displacement density and electric displacement ~
(D) Electric field intensity and displacement density —2) ay
19. When a plane is incident normally from medium (C) 3msin(75 x 105 — z2) szf 157 cos (75 x 10% — z2)
1 (n, €,) into medium 2 (4p , €,), the electric field of the ~
transmitted wave is —0.5 times the electric field of the ay
E; ~ .
reflected wave. Then the ratio of — is (D) —15m cos(300 x 10 — z) ax + 3w sin(300 x 10
& ~
(A) 10 (B) 0.1 —2) ay
(C) 100 (D) 0.01 23. A uniform plane wave propagating in a medium has £ =
20. The xy-plane serves as the interface between two differ- 4ecos(2 x 108 —Bz) a, V/m. If the medium is charac-

ent media. Medium (z < 0) is filled with a material

‘ ; ) terizedby e =1, =16 and =35 S/m. Then phase constant
whose p = 3 and medium, (z > 0) is filled with a mate- . ’ "

1S

rial whose p = 2. If the interface carries current 2/ (A) 2.67 rad/m (B) 762 rad/m
a, mA/mand B, =3ax +7a: mwb/m’ Then H, is (C) 20rad/m (D) 100.2 rad/m
14 - 6 ~ 14 - 24. A point charge O, = 2 pC, is at 4 (0, 0, 1) and
(A) s + e (B) ﬂ—ax 0,=-2uC is at B(0, 0,~1). Find electric field intensity
¢ ’ ? along r co-ordinate [E ] at p(1, 2, 3)
© s L0 D) 05 (A) 2070 (B) —206.81
Hy &, Hy (C) 690 (D) 720
21. An EMW working in free space strikes a block of brass (6 = 25+ A uniform_line charge p, = 30 uC/m* on the z-axis.
= 1.8 x 107 S/m) along its normal surface impedance of Then find D at (3, 4, -5)
brass is = 0.08 £45° Q. Calculate skin depth in brass? ~ ~
s A) 9a, +12 C/m?
(A) 0.49 um (B) 0.04 um (@A) 9a @y wm
(€) 0.98 pm (D) 0.69 pm B) 1.5a, —22 a, pC/m?

22. In alossless dielectric for n=30nQ, p =1 and H=10.5

~ - C) 34a, -47 a, pCm?
cos(@f —2) dx +0.1 sin(wf—z) @, A/mthen E is © v pm

(D) 0.56ax +0.76 @, pC/m?

1. A 2. C 3.A 4. D 5. C 6. A 7. B 8. A 9. C 10. A
11. C 12. B 13. B 14. D 15. D 16. C 17. B 18. C 19. D 20. D
21. C 22. C 23. D 24. B 25. D

HINTS AND EXPLANATIONS

1. Lines of force due to charged particles are always L o ) . .
3. Dissipation factor is % for dielectric  — 0 Choice (A)

curved.
(ﬁ D 4. of Adl=[Vxdds
. 1
@ § Ads=[V.Adv Choice (D)
Choice (A) $ 4
2 Casg 5. W= [Dda=Q - Gauss’ law. Choice (C)
g, = 1 for air 6. V. F =0 is said to be solenoidal

=3 for.bakehte. . . V x o 0 is said to be conservative (or) irrotational.
so capacitance will increase. Choice (C) Choice (A)



7. E=6cos(of—Bz) &x + 6¢cos(wf — Bz + 60°) Zly

Ifor-pz=0=E =6 ax+3a,

63 -

If(,Ol‘*BZ:?)OjEz: de

E has left circular polarization. Choice (B)

o
8. —>>1 g0 it is conductor, it acts as a short circuit

wé

Z,=0
Z,-Z

F=—t—2=-1 Choice (A)
Z,+7Z,

9. W=QE.dl=F.dl
=[2 % 10°[30 — 8 — 14] = 16nJ.

10. For high loss media 277[ = ﬁaﬁ = j1\/71 = iz\/Tz

Choice (C)

= Af =44,
= L= Choice (A)
2
E; ~
11. P=ExH= TO cos*(2m x 103 — 2x) ax
100
p = —
avg ;7
27x10’
=i Jue=2=
= fmou 3x10° Ve
120 30
Ty Je ==
_nw-
ave 7wt m? “
Onplane3x+y=7is P= J‘vag'ds
25 )A 321x+avj
= | —x40 ay | —F—
(nz [ Jio
75%x40
=———=96.12W Choice (C
710 ©
12. Giventhat B=2 x 10° dy +4 x 10° ‘Al.v
. B’
Energy density =
214
-6 —6
_ 4x10°+16x10 _7.9i Choice (B)

2x4nx107 T m’
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13. a, = 21,, cosq)—;zq, sin ¢
ay =sinda, +a, cosd

= y=psing;
= psind( Zz,, cos — &,ﬂ sing) — pcosd(sind &p + cosd

X = pcosd

&(/) + z 212 = A
= 4= &p (psing cos — psindcosd) — 21(, p(sin’p +

cos’d) +z a.

= -p &V, tza. =A. Choice (B)
14. E=-VV
d (.2 d (.2
—(6x y—xyz)+—(6x y—xyz)+
__|ox dy
9 (2
—(6x°y—2)
0z
=(12xy—y2) a, +(6x* ~x2) a, +(=xy) a.]at (-2,
1, 4)
=—[28 a. +32 a, +2a.]. Choice (D)
15. VJ=- ap_ﬁ
ot
= 8zsin(10%)dt =— dp,
Integrating both sides
= p, =-18zcos(10%)] pC/m’.
Choice (D)

27/1 pa‘b le
16. Vx4 = 1 i 9 9
‘ ol 9, B, @

pzsing 0 3pz*

x| =

[—pcAzq, [322 = psino]+a (pz cos (]))J
=[a, [psing-3z’] + a: 2€080] 5 o, )

~ A

=da, [3-12]+ a: (0)=-9 a,
Choice (C)
17.
fe—d ——>
gl x > Q e~ d - x—>{ag
Given that system in equilibrium
Force on Q is

q0 990

4re, X’ B dne, (d —x)

= d=4x=x=—
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9" _ 40
dre,d®  4me, X°

Force on ¢q is

9
= Q—ECI.

18. Displacement density D = 3
4nr

Displacement ¥ =] D.da = Q.
19. E=-05¢

2, 1(771—'72]
= =+
Mt 2\t

= 5n,=n,

I T Y
62 8]
&

= 10\/§=1 <L =107 =0.01.
&, &,

Choice (B)

Choice (C)

Choice (D)

20. (Hl _Hg) x aan =K
H, _B _ L(y}x +7a.)
My 214
H, :ﬁ:L(BIZIx +3221y +B3£lz)
th 3k
= o) +2md 425,20 i
0
_2a,
Hy

[ax xXa. = —ay]

1 2
= —(9—ZBI)=—

611, Ho
B =-15B=0
-1.5 -15 -05-
- - 5: 5: 05ax
i 3uy Ky
2
21. 6= |—
\j wue
_ v |[WH .
ng=R+jX,= P (I+))
~0.08 Lt
N (1+))
1
= RS.5— ;
2 0.98um .

T 1.8x107 x0.08

Choice (D)

Choice (C)

_ luOlur
. N=
8081'
= 30H=120H8 =16

= E =30mx0.1sin(75 x 10%—z) a
—3msin(75 % 106 1 —2) ax
= E,=-nH =-0.5x 307 cos(75 x 10% —z) s
— 15 1 cos(75 x 10% — z) @y
E=E +E =3msin(75 % 10% —2) a.— 15 1 cos(75
x 10"t—z)a;

i ﬂzgoon»l

Choice (C)

“we  2x10°x10°

. lwuo
it represents a good conductor «< = ff = %

2x108 x47x107 x16%5
= 2 =100.2 rad/m.
Choice (D)
QA
©,0, 1) —2nC
(1,2,3)
-2uC
(0,0,-1)

B

5 2x10° {(1—0)2& +(2-0)a, +(3—1)&z}
dme, VI 427 +4°
—2%10° {(1-0)% +(2-0)a, +B+1a. |
4me, V1P 427 + 47

(LL); +(3_i]21 N

Cox10°|\3 J21) 3 21)”
4ne, (2 4JA
240

E
4re,

_2x10°°

3 421

[0.115a, +0.25a, —0.206a. |

r=1+2>+3 =14

¢ =tan'2 = 63.43°
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3 .
0=cos' [—=| =367 5. D=,E=2LLg
COos (\/ﬁj 27'[d 12
E = Ed, =20700,.0, + 41404, + zaxisare x=0andy =0

P,is (3,4,-5) and (0,0,-5)

414061;;.61;-3708(12.(1;- 2112 =(3_0);x +(4_0)&y =321x +&y d=|2112| :5

=1[2070 sin O cosd + 4140 sin O singp — 3708 cos 0] cAlr

5 30x10° [32& +Zzy}

= [553.33 +2212.86 — 2973] a, 215 |5

=-206.81a, =056 a. +0.76a, M<. Choice (D)
Choice (B) m
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