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NETWORK ELEMENTS

OBJECTIVE QUESTIONS

1.

A fully charged mobile phone with a 12 V battery is good for a 10 minute talk-
time. Assume that, during the talk-time, the battery delivers a constant current

How much energy does the battery delivers during this talk-time?

v(t)

10V

1z\r\

(a) 200 kJ
(c) 132 KJ

10min

(b) 12 kJ
d) 144 KJ

[1 Mark : GATE-2009]
Three capacitors C,, C, and C; whose values are 10pF, SpF and 2uF respectively,
have breakdown voltages of 10V, 5V and 2V respectively. For the interconnection
shown below, the maximum safe voltage in Volts that can be applied across
the combination and the corresponding total charge in pnC stored in the effective

capacitance across the terminals are respectively

C, G,
| £ | {
© A A ©
G,
I
(a) 2.8 and 36 (b) 7 and 119
(c) 2.8 and 32 (d) 7 and 80
[2 Marks :

In the circuit shown in the figure, the magnitude of the current (in amperes)

through R, 1s

R, R,
NV MV
50 30
+
R >
)60V 0 '3V,
© 0.04V, 59% -
[2 Marks

GATE-2013]

: GATE-2016]
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ANSWERS AND EXPLANATIONS

1.

Ans. () Vi)
P(t) = v(t). i(t) /
E = v(t). i(t). t 12V
= 10 min = 600scc. :
Area of v(t) v/s t graph :

] B TN
= - %600x2+600+10 T0mm > {5¢0)
_ or
B 66,00 600 sec
E =vit
=it i

= 6600 x 2 = 13200 = 13.2kJ

Ans. ()
e V, )
1
+V,- TV,
V,
=
LI
C
Let V, is total voltage across combination.
Given, C, =10 pF, C, =5 pF, C; =2uF

Break down voltage of C; is 10V, C, and C;
are 5 V and 2 V respectively.
Voltage across C,,

VZ = C3 XVS
C,+C;
2 2
= —xV. ==V i
542 g 0
Voltage Across Ci,
V. = C, xV
3T C+C
5 5
= —xV. ==V il
5.0 VT Y ..(11)

Maximum voltage across C,,
V, max = 3V = Rating of C,
2

Then 5= 7Vs,max

= Vi pax = 175V

As total voltage across combination exceeds
rating of C; so it should not be applied across the
combination. Maximum voltage across C;, V5 ...

= 2 V = Rating of C;

5
Then, 2= _Vsmax
7
14
= A/ = —=28V

s max 5

Maximum voltage across combination is less
than rating of C;. So, this voltage can be applied
across the combination safely.

For such voltage,

Vv, = %xz.s =0.8V

V,=2V
and V, =28V
Now V, is less than the rating of C, so the
maximum safe voltage which can be applied
across combination is 2.8 V.
Total capacitance of the combination,

Ce - C1+ C2C3
4 C,+C;
R TRLE N
542 7
Total charge stored,
80

q= Cqu:7><2.8:32uC
Ans. (4.9 to 5.1)

50 DV 30
MV ’ —VVWV
R, i R,
(Dsov Poodv, 503V,
KCL at node (1)
A
0.04V, +i= 2=
5
i = £—0.04VX _ Ve AV,
5 5 100
= 2% g g6,
100
KVL in loop
60—51—3VX -V, =0

X

60-5(0.16V,)=0.6V, =V, =0

60 =24V,
v. = 0 sy
= x4
25
iRz = ?:SA

QOO
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BASIC CIRCUIT LAW

OBJECTIVE QUESTIONS

1.

The voltage ¢, in figure is

40
———AMMA——— ¢ AMA——

o—O

12v—— 10 g .

@2V (b) gV (c)4V d 8V

[1 Mark :

If each branch of a Delta circuit has impedance ./37 ,then each branch of the

equivalent Star circuit has impedance

Z 7
(a) Na (b) 3Z (c) 3\/37 7 (d) 3
[1 Mark
The voltage ¢, in figure is
A2§2
NW116V o
T
[
sa() 100 “ 1zg§ )
——0
(a) 48V (b) 24 V (c) 36 V d 28V
[2 Marks
The dependent current source shown in given figure
50
-
V, =20V 50 \SL

(a) delivers 80 W
(c) delivers 40 W

(b) absorbs 80 W
(d) absorbs 40 W
[1 Mark

GATE-2001]

: GATE-2001]

: GATE-2001]

: GATE-2002] .
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5. The differential equation for the current i(t) in the circuit of the figure is
20 2H
A1
J’_
sin t 1F _——
(a) 2d—zi+2g+i(t)—sint (b) d—zi+2g+2i(t)=cost
R TERT di* dt
R i di ,
(C) 2¥+2a+1(t)zcost (d) F-ﬁ-za-i-zl(t):snlt
[1 Mark : GATE-2003]
6. Twelve 1Qresistance are used as edges to form a cube. The resistance
between two diagonally opposite corners of the cube is
5 6 3
-0 - —-Q
@) ¢ b 1 Q (€) 0 @ 3
[2 Marks : GATE-2003]
7. IfR;, =R,=R,=Rand R; =1.1 R in the bridge circuit shown in figure, then
the reading the ideal voltmeter V is
(a) 0238V (b) 0.138 V (c)-0238V @)1V
[2 Marks : GATE-2005]
8. In the interconnection of ideal sources shown in the figure, it is known that the
60 V source is absorbing power. Which of the following can be the value of !
the current source 1 ?
AR
N
20V
1) Geov
12A
N
(a) 10 A (b) 13 A (©) 15A (d 18 A
[1 Mark : GATE-2009]
9. In the circuit shown, the power supplied by the voltage source is
10
IQ% %IQ
S (M 1ov
1A
1Q #) 2A
10
(a OW (b) 5W () 10 W (d) 100 W

[2 Marks :

GATE-2010] ',
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Basic Circuit Law

10. In the circuit shown below, the current through the inductor is

2 -1 1
@ 754 ) 754 © 1554

11. IfV, -V =06V, then Vo - Vj is

R V, 20 V, R

[
+|I— Vc N VD

5V 2A
@@ -5V (b) 2V )3V

12. Consider a delta connection of resistors and its equivalent star connection as
shown below. If all elements of the delta connection are scaled by a factor k,
k > 0, the elements of the corresponding star equivalent will be scaled by a

@) 0 A

[1 Mark : GATE-2012]

) 6V
[2 Marks : GATE-2012]

factor of
o S AAAY o O—AMA————AAAA—O
Ra Rc RB
O O O O
1
(@) kK (b) k © i d Jk

Common Data for Questions : 13 & 14

Consider the following figure

[1 Mark : GATE-2013]

50

20

10V

1o
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13. The current in the 1Q resistor in Amperes is
(a) 2 (b) 3.33 (c) 10 d 12
[2 Marks : GATE-2013]/
14. The current Ig in Amperes in the voltage source, and voltage V¢ in volts across '
the current source respectively, are
(a) 13,-20 (b) 8, -10 (c) -8, 20 (d) -13, 20
[2 Marks : GATE-2013]

15. Consider the configuration shown in the figure which is a portion of a larger
electrical network

n B
For R =1 Q and currents i, = 2 A, iy, = -1 A, i;= -4 A, which one of the
following is TRUE?
(a) iy = 5A
(b) 1, = —4A
(c) Data is sufficient to conclude that the supposed currents are impossible
(d) Data is msufficient to identify the currents i,, i; and i4

[1 Mark : GATE-2014]

16. The magnitude of current (in mA) through the resistor R, in the figure shown
is

SR S R
omA® 2 3 ®2maA

AW
R, 3kQ

[1 Mark : GATE-2014]

17. In the figure shown, the value of the current I (in Amperes) is

502 502
— VWV MW l
I

sv@©®  1a® 2 100

[1 Mark : GATE-2014]

18. A Y-network has resistances of 10Q cach in two of its arms, while the third :
arm has a resistance of 11€Q2. In the equivalent A network, the lowest value (in

I
I
2) among the three resistances is !

[2 Marks : GATE-2014]



ENGINEERS ACADEMY

Basic Circuit Law

19.

20.

21.

22.

23.

A periodic variable x is shown in the figure as a function of time. The root-

mean-square (rms) value of x is

172

10£0°V

[2 Marks : GATE-2014]
In the circuit shown in the figure, the value of node voltage V, is

i6Q

(@) 22+j2V (b)2+j22\:/ (¢)22-32V (d2-5322V
[2 Marks : GATE-2014]
For the Y-network shown in the figure, the value of R; (in ) in the equivalent

A-network 1s

2R

ol

R

SR

R

—AWA—

SR

R

—AMA—

[2 Marks : GATE-2014]
The equivalent resistance in the infinite ladder network shown in the figure, is R..

5]

The value of RJ/R is

[2 Marks : GATE-2014]
In the network shown in the figure, all resistors are identical with R = 300 Q.
The resistance R, (in Q) of the network is

[1 Mark : GATE-2015] '_
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24.

25.

26.

27.

28.

In the given circuit, the values of V; and V, respectively are

40

<t

V.(DsA 40T 40T 2(

@) 3V, 25V () 10V, 30V (c) 15V, 35V (d) 0V, 20V
[1 Mark : GATE-2015]
In the circuit shown, the voltage V (in volts) is
0.5V

&
1002
AN

05A(D v%zog 8Q$ %ﬁo.zsvx

[1 Mark : GATE-2015]

In the given circuit, each resistor has a value equal to 1Q.
a0——

bo——
What is the equivalent resistance across the terminals a and b ?
1 1 9 8
—-Q —Q —Q —Q
@ ¢ O © 5 @ 1

[ 2 Marks : GATE-2016]

1
|
|
1
|
|
1
|
|
1
|
|
|
1
|
|
1
|
|
1
|
|
|
1
|
|
1
|
|
1
|
|
1
1
|
|
1
|
|
1
|
|
1
|
|
|
In the figure shown, the current i (in ampere) is !
|
1
|
|
1
|
|
|
1
|
|
1
|
|
1

[2 Marks : GATE-2016] |
A connection is made consisting of resistance A in series with a parallel |
combination of resistances B and C. Three resistors of value 10 Q, 5 Q, 2 Q)
are provided. Consider all possible permutations of the given resistors into the |
positions A, B, C, and identify the configurations with maximum possible overall !
resistance, and also the ones with minimum possible overall resistance. The
ratio of maximum to minimum values of the resistances (up to second decimal !

place) is

[1 Mark : GATE-2017]
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Basic Circuit Law

29. Consider the network shown below with R; = 1Q2 | R, = 2Q and R;= 3Q. the

network is connected to a constant voltage source of 11 V .

N £
AAAA
Wy
R,
R=
1= R}
AAAA
VVVY
R,
(AN

The magnitude of the current (in amperes, accurate ot two decimal places) through

the sources 1s

[2 Mark : GATE-2018]
Q0O
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ANSWERS AND EXPLANATIONS

Ans. (¢)
4Q A 2Q
—W—>——>—WW—
—o *
< <
2v T 190z . 20
*—O —

Applying KCL at node ‘A’ we have,

ep—12 ey e

+24+ 2 =
4 4 4
= ey = 4 Volts
Ans. (a)
Give, Zyy=Zy=12y5= 32
1
Z31 le
3 z

Using delta-star transformation, we have,

7 - 2,2y
Vo Zp+Zy+2Z5
2
B2z
3xBZ 3
7 - 2,2y :i
2 Zp+Zyp+Zy J3
7 - ZyZy :i
3 Zp+Zyp+Zy J3
Ans. (d)
& %ﬁ&% -_I_
v [ °F
(M)A 2100 1208 &
602
r— o

Converting 8A current source to voltage source,
the circuit becomes as shown under.

20 A

80V 16V

% 1203
10Q 6Q

Apply KCL at node ‘A’ we have,

b

YYYy
[¢]
S

&

Vy-80 V,-16 V,

-4 -9
12 6 12
112
- V,= —=28V
4
Voltage, ep = Vau
= ey = 28V
Ans. (a)
5 .,
a

AAAA
Yvy
W
0
/\9

Applying KCL at node ‘a’, we have,

Va_Vi Va Vi
&t a1 9
5 5 5
Vo-20 V, 20
= 5 5 5
2
_Va =8
5
V,=20V

V, is a positive voltage. The power is delivered
by a current source when current leaves the
positive terminal of a voltage drop across source.
The current of current source in the given circuit
leaves the positive terminal so the source is
delivering the power. The power delivered by
the source can be given as,

: 20
p= Vax%zzox?:SOW
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5. Ans. () The equivalent resistance seen by the source,
_ = vV 5
R=20 L=2H — R, = T:E.R
N A Given, R =10
Vs=smt_<~> /l(jED \_/c__ C=1F _ . ZEXIZEQ
46 6
7. Ans. (¢)

Applying KVL in loop,

Ve— Vg — Vv, —ve=0

= VR T vt ve = v

sin t 1ov()

Differentiating both sides, with respect to t,

. d 1.

d%i di i T
Ldt—z‘f‘Ra‘f‘E =Ccos t
Given, R, =R, =R, =R
d’i . di
= 2dt—2+2a+ =cos t R3: 11 R
Ideal voltmeter has infinite internal impedance.
6. Ans. (a) So, opening the terminals of voltmeter, the circuit
becomes as under,
13 R
W—_, R
13 B R (e
R< I/G:: ;R L
T R Y6 2=
32— wW—\ R |13
A s &
ll'A'l' S
13 R I
+ =
A" B

The above network is symmetrical and so the Applying voltage divider rule we have,

current incoming at a node gets divided equally R

among the outgoing branches. Vo = R+R x10
Applying KVL in one of the loop including
=5 volts
voltage source, we have,
1o 1. 1 d v, = DR
V-JR-ZR-ZR =0 an %7 1IR+R
= 5.238 vol
o I volts
= V= ?R‘f‘gR Then Vab = Vad - Vbd
=35-5238
~ V= 2RI =-0238
6
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Ans. (a)
20V
@
1) @ oov
()
A

A voltage source supplies the power when
current leaves the source from positive terminal
of source and it absorbs the power when current
enter at positive terminal of source. Here 60 V
source is absorbing the power so current must
be entering at the positive terminal. Then the
direction of current in branches of given network
will be as shown below,

20V

O

L
1) 60V

. -
@ A

Applying KCL at node ‘a’,

I+, =12
= I=12-1,

So, current I must be less than 12 A. Out of
given options only option ‘a’ gives current less
than 12A. So, current I can be

I=10A
Ans. (a)
DI
Yy
i <)
g/ FO
l\ o GOV
R
1Q§E+ N 4\21}/
- 10s-_[-
MW—>
ST 2 1

Applying KVL in outermost loop have,
100=0+3)2+G+2)2

= 41+ 10=10

= 1=0

So power supplied by voltage Source,
P=101i=10x0=0W

10.

Ans. ()

Let current through inductor is i;. Then current
in 1Q resistance in branch bc is 1 - i; . Applving
KVL in loop shown, we have,

1£0° = 1£0° + (1—iy )1— jlxi; =0

b
= L
Ans. (a)
R VXV, R
v :I MW ; AW I
| AB | :
| | R — |
RS 10 IR — 10V,
| | + I
I
[ ' ! |
L } —> |
+ 17 _
v Y Ll R J
Part-1 Part-II
Given, V, - V=6V
Current from A to B,
I Va—-Vs
ABT
6
= —=3A
2

The current always flows in the closed path. The
total current from part-Ito part-Il of network is 3A
+ 2A (=5A) so same current should return from
part-I to the part-II of the circuit. So current
through 1Q resistance is SA from part-11 to part-I

Ve - Vp=-5x1
=5V
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12. Ans. (b)
o MWW 0
R,
R, R,
o o
According to delta to star conversion,
RbRc
R\=% .» .»
R, +R, +R,
RaRc
Rz = R, +R, +R,
RbRa
Re=% .» .p
R, +R, +R,
If clements of delta connection are scaled by
factor k then,
R, = kR,
R, = kR,
R, = kR,
R,'R,’
Then RA = Ra|+Rb|+Rcl
R,R
_ b =kR,
R, +R, +R,
Similarly Ry’ = kRy
and Rq™ = kR¢
13. Ans. (o
Ca’
Y1
50
I }
1ov —L— 20
- 1Q
. z
V4 2A

Voltage at node ‘a’,
V,=10V

.. Current through 1Q resistance,

1= 2= 104
I I

14.

15.

Ans. (d)
Ca’
v
50 I,
L
I A
D 10v = 20 g 1Q
J’_
Vi 2A
Voltage at node ‘a’, V, =10 V
Applying KCL at node ‘a’, we have,
£+£+IS -2=0
2
= E-FE-F [-2=0
1 2
= L[=-13A
Applying KVL in loop 1, we have,
V,-5%x2-10=0
V,=20V
Ans. (a)

lis —4A

KCL at Node (A)

L +i=1
L=2-1=1A
i, = 1A

KCL at node (B)

I, + 15 = 13
b=1-4=-3A
i;=-3A

KCL at node (C)

Iy +ig=1;
ig=2-(-3)=5
s = 5A
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16. Ans. (2.8) 19. Ans. (408)
LOmA . R= kO AX
Wy .
(10-i) pi -2 1
10mA | =2kO § @ 2mA
@ R3:3kQ
«—\N\, < /
1 R, =3kQ >t
So closed loop (1), 0 T2 K T/2 >
2k(10 mA —1) — Bk + (2 - 1)(4k) - (Ik)1 =0 Root Mean Square (rms) value
20 — 2ki — 3ki + 8 — 4ki — lki= 0
. 1 et 2d
=28 mA X = ,/; [ (xo) dt
17. Ans. (50)
50 50 2
—t 0<t<T/2
sVE ®1a 100 0 T/2<t<T
2
1 12 2 T 5
U \/¥U) [?tj de+ [ (0) dt
M—— MW,
5Q2 5Q2 B
T
5V 1A 100 1 7]¢
\T T3,
Apply KCL at Node (V)
4 T
V_5—1 v =0=> V= 39 volts Xioms = A 733 o
5 5 "7V Ty 3T 8
vV 2
_ v _c_ 1
[= 5= 7030 Amp = \E=0.408
18. Ans. (29.09)
20. Ans. (d)
106 1020°V
/ Vv, V.
X 1 2
\QQ 1€ o 11Q j— ’\4/!-\’2
\’\N\, 420°A® i3 %Q 60
Star Y .
Connection Delta connection 1
X:10X10+101><111+10X11:29,O9Q KVL for V, & V,
10£0°
p ) ¥
Y:10X10+101>;11+10XH:32Q J: \ J:
Z_lO><lO+lO><11+lO><ll_32Q ‘l‘ ‘l‘
- 10 a V, - V, =10£0°

Lowest value = 29.09Q

V, =V, + 10£0° (D)
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KCL at super node

—440°+L}+£+£ =0
-3 6 16
Vv, iV,
‘g‘*“:}g‘*iﬁ; =4.,0° (2
Form equation (1) & (2)
V,+10£0° 'V, 'V,
Tt =400
-13 6 16
10
Vv, L.-i-l-i-l-i-.i = 420°+—
-3 6 6 j6 13

V, = (2 - j22) volts
21. Ans. (11.33)

Value of (R;) in the equivalent delta network is
45x54+3x5+45x%3

o 45
_225+15+135
B 45
R, = 11.33Q
22. Ans. (2.618)
2R R R
—WV AW\ M\
R R R -------
Re
R R R R
—MA—W—T W\ AN
R R R .....
E? IR,
So,
R R R
—W\ M M
R R R .......
R

- ) %R ?‘

RR

R, = R+ 1
1 R+R,
R? +2RR,

R = R +R,

RR, +R} = R* +2RR,

R -RR, -R* =0

R, = {lJrz\/g}R

[neglect “—" sign because R cannot be negative]
So,
R
MV
|—> =R,
Re
R.=R+R,
_ R+{1+J§}R
2
3+45
R
Re 345 60
R 2

23. Ans. (100)
Modifying the given circuit
Qo

R
N g

R, K R R R R
QC
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Bridge is balance so current through diagonal
elements is zero so equivalent circuit becomes

ao
R R R R R R
R, R R R R R R
bo
Ao

Rab
bo
e LT_E
® \2R R R 2R 3
=39 1000
3
24. Ans. (a)
4Q
AN
v 1i
+ +
V.MDsA 40T 403 2PV,

Current flowing through both the parallel 4Q

will be L.
So, V,=4(0+1+2D)+4 by KVL
[+1+2[=5 by KCL
5
= —A
4
V,= 4><5+—425:25V
= 4= DS sy
4
25. Ans. (§)
0.5V,
A
<
V. 108 v,
J’_
05A) V.220Q 8Q$ 025V,
V. -V
Vi s Y405V, =05
0 10
V, =025V,
V.= 8 Volts

26. Ans. (d)

40—

bo——

27. Ans. (-1.05) to (-0.95)

50 8V

0V¢ » OV
3

L
Apply nodal analysis at node 1

Vi-0. V-8 V-0 V-8
+ + + =
1 1 1 1
V, =4V




	Index.pdf
	Cover 2.pdf
	Page 2

	blank pages.pdf
	Cover 2.pdf
	Page 2



	1. Network.pdf
	001.pdf
	Page 3

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1.pdf
	2.pdf
	3..pdf
	4..pdf
	5..pdf
	6..pdf
	7..pdf
	8..pdf
	9..pdf
	10..pdf
	11.pdf
	12.pdf

	2. Control system.pdf
	001.pdf
	Page 4

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1..pdf
	2..pdf
	3..pdf
	4..pdf
	5..pdf
	6..pdf
	7.pdf
	8..pdf

	3. Signal and system.pdf
	001.pdf
	Page 5

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1.pdf
	2..pdf
	3..pdf
	4.pdf
	5..pdf
	6..pdf
	7.pdf
	8.pdf
	9..pdf

	4. Digital.pdf
	001.pdf
	Page 6

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1.pdf
	2..pdf
	3..pdf
	4.pdf
	5..pdf
	6..pdf
	7.pdf
	8..pdf
	9..pdf
	10.pdf
	11.pdf

	5. EDC.pdf
	001.pdf
	Page 7

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1.pdf
	2..pdf
	3..pdf
	4..pdf
	5..pdf

	6. Analong.pdf
	001.pdf
	Page 8

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1..pdf
	2..pdf
	3..pdf
	4..pdf
	5..pdf
	6..pdf
	7.pdf
	8..pdf
	9..pdf

	7. EMFT.pdf
	001.pdf
	Page 9

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1.pdf
	2..pdf
	3..pdf
	4.pdf
	5..pdf
	6..pdf
	7..pdf
	8..pdf

	8. Communication.pdf
	001.pdf
	Page 10

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1..pdf
	2..pdf
	3..pdf
	4..pdf
	5..pdf
	6..pdf
	7.pdf
	8..pdf
	9..pdf
	10.pdf

	9. Microprocessor.pdf
	001.pdf
	Page 11

	01.pdf
	Line Page.pdf
	0. Cover Page.pdf
	Page 1



	1.pdf

	GATE.pdf



