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Electric Circuits

Basics, Circuit Elements,
CHAPTER Nodal & Mesh Analysis
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Solution:

3 Q and 6 Q resistors are in parallel because they are connected to same two nodes ¢ and b. Their combined
resistance is

3%x6

3all4q = =2Q
3+6
Similarly, 12 Q and 4 Q resistors are in parallel since they are connected to same two nodes d and b.
Hence, 12Qll4Q = 12x4 50
12+4

Also, 1 Q and 5 Q resistors are in series, hence combined resistance,
1Q+5Q=00Q
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Further 3 Q and 6 Q in parallel gives equivalent resistance = ——— =
(3+6)Q
This 2 Q is in series with 1 Q.
Given equivalent as (2 + 1) Q = 3 Q as shown below.
10 Q c
o MWW
a
> >
220 230
Req < <
b
(=

Now 2 Q and 3 Q parallel's combination in series with 10 Q resistance.
10Q+(2Ql13Q)

= 10+2%3
2+3

Hence, R, = F?eq

=11.2Q
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Use resistance and source combinations to determine the current i in figure shown and power delivered
by 80 V source.
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Solution:
The circuit can be redrawn as,
10Q 7Q
—_'|+—+|
30V 20V
+ <
80V T i =50
—_ <>
8Q
AAAA

yvvy
Further combining the three voltage sources into an equivalent source of 90 V as shown below.
All the resistance, combined in series as,

F?eq=(10+7+5+8)§2=3052

Simply applying kVL,  -90 + 30i = 0 sy~ D S0
Hence, i=3A <
Power delivered by 80V source = 80V x 3 A =240 W
The following mesh equations pertain to a network:
81,-51,-1; =110
=61, +101,+0=0
-I,+0+7I;=115
Draw network showing each element.
Solution:
All the mesh equations can be rearrangement as,
81,-51,-1; = 110
= 5, ~1,)+ (I, -1+ 2, = 110 (1)
~51, +10L,+ 0 =0
= 5(,-1,)+51,=0 ..(2)
=1, +0+71;=115
= (I,—1,) + 61, = 115 .(3)
On the basis of equation (1), (2) and (3), we can draw the network as,
6Q
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X} Find mesh currents in the circuit,
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Solution:
iy—iy = 3A (1)
BY KVL for super mesh,
2(i, —i,) + Alis—1i,) + 8iy; = 6
2i, —6i, + 12i; = 6 ..(2)

By KVL for second mesh,
2iy + iy —i5) + 2(i,—iy) = O
8i,—4iy—2i; = 0 ..(3)
Solving equations (1), (2) and (3), we get

i, = 3473A
i, = 1.105A
i, = 0.473A
[EX] For the circuit shown in the figure determine V,/Igusing nodal analysis.
v
MW oV,
Iy
I CT) Rs %E R %E Wy CD §: Rs

Solution:
V= Ib (1) v 1Q (@
Node (1), o AW @ oV,
b
(4 S1a 210 D3, =10

V-V, =1, (2) ® 3 3 OF 3

Node (2),
%+VO—V+31b =0 Ri=R,=Ry=R,=1Q,1=3

2V,- V=3I, .(3)
From equation (1), I, = Vputinequation (3)

2V,-V=-3V

2V =-2V

= V=-V,
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Putting, V = -V, in equation (2)
3(=Vy) -V = I
-4V, = I
Yo - =-0.25
1

S

m For the circuit shown in figure, determine the currents i,, i, and i; using nodal analysis.

20 4V
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Solution:
4v
T A e W
\AAAJ -
@ ~ |®
24v<:> Eéeg Egssz
L) i3
-
By nodal analysis, ~i;—i,+i=0
— H + _M +17 _O
2 6 -
v-24 V =0
2
V,=V-4
KCL at node 1,
—1+£+3 =0
8
V-4
=|—+3
=
Combining (1) and (2),
V-ea V. V-4 . 3_9
2 6 8
Solving, V=12V
V, =8V
o 2412 g
2
12
ih=—-—=-2A
2 6
i=iz+3

'.'l=l1+12
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Determine equivalent inductance at terminal ‘1-2 for circuits.

3H
10 HO 03
10
L, =20 mH TH TH
@ 4§ 4§ 4§  Lowm (0)  aug gan
Ly;=10 mH
1H
20
20 0 0 4
Solution:
(a) Allthe inductances are in parallel thus overall equivalent inductance is
1 1,11
g L L L
1 1 1 1
— = + +
Leg 20mH 30mH 10mH
. 60
On solving, Leg = EP mH = 5.45 mH

(b) This problem can be best solved utilising star to delta transformation.
Let us first convert the interconnected inductances to an equivalent delta. This is shown in figure (a)
Hence the equivalent circuit configuration of figure given becomes as shown in figure (b).

141+ 120 -5
1+1+ \VK1+

04
(b)

Redrawing circuits,
Thus the equivalent inductance across 1-2 is given by

1.5%3

Lip= L+ L)=1508= 22

Hence, Ly, = Leq: 1H
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Electrical and Electronic Measurements

Errors in Measurements

CHAPTER

EXl Four ammeters M1, M2, M3 and M4 with the following specifications are available:

Full scale value | Accuracy %
Instrument Type (A) of FS
M1 3% digit dual slope 20 +0.10
M2 PMMC 10 +0.20
M3 Electro-dynamic 5 +0.50
M4 Moving-iron 1 +1.00

A current of 1 A is to be measured. Calculate the error in the reading of each instruments and which
meter has least error?

Solution:

Error in reading of first meter = FSD x accuracy = 20 x i; O('; =+0.02

+0.2

Error in reading of second meter = 10 x 100 =10.02

Error in reading of third meter = 5x i8-5

=+0.025
0

+1.00

Error in reading of fourth meter = 1x 00 - +0.01

Fourth meter has least error.

The dead zone of a certain pyrometer is 0.125 percent of the span. The calibration is 800°C to 1800°C.
What temperature change must occur before it is detected?

Solution:
Given that, Span = 1800°-800° = 1000°C

Dead zone = %MOOO‘) =1.25°C
100

A change of 1.25°C must occur before it is detected.

The limiting errors for a four dial resistance box are:
Units : £0.2%
Tens : £0.1%
Hundreds : £0.05%
Thousands : £0.02%
If the resistance value is set at 4325 Q calculate the limiting error for this value.
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Solution:
Thousand is set at 4000 Q and error

= 14000 x 0.02
100

=10.8Q

For hundred error = + 300 x % =+0.15Q

0.1

Similarly, Fortenerror = £20x 00" £0.02 Q
. 0.2

and Foruniterror = t5x—— =+ 0.01 Q
100

Hence, Totalerror = £(0.8 + 0.15 + 0.02 + 0.01) Q
=+098Q
% Relative error = %MOO =0.0226%
4325

m The following measurement are obtained on a single-phase load:
V=200V +1%,7I=5A+ 1% and P=555W + 2%
If the power factor is calculated using these measurements. What is the calculated power factor in the
worst case error?

Solution:
Given that, Voltage, V = 220 + 1%,
Current, I=5+1%
Power, P =555+2%
P = VI-cos(¢)
P
= Power factor, p.f = cos(0) = VI
+ o,
o.f. = cos(0) = 555+ 2% 555 + 4%

(220 1%)(5+1%)  220x5
p.f. =cos(0)=05+4%
m An 820 Q resistance with an accuracy of +10% carries a current of 10 mA. The current was measured

by an analog meter of 25 mA range with an accuracy of +2% of full scale. Compute the power dissipated
in the resistor and determine the accuracy of the result.

Solution:

Resistance, R = (820 £10%) Q
Current, I=10mA

Full scale current = 25 mA

Accuracy in current = 2% of FSD
= 2% x 25 mA = 0.5 mA
RS I=10mA £ 0.5 mA
or I=(10mA £ 5%) mA
Power, P=1I°R
P = (10 mA)?-(820) = 0.082 W

Taking log on both sides, log P = log (I°R)
Differentiating both sides, a—P = 28—1 + a—R

P I R
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o 2w 5%+10%
P = o o
P

— = 10% + 10%
5 +

P

— = 20%

P

P=0.082W + 20%

153

m A variable w is related to three other variables x, y, zas w = xy/z. The variables are measured with
meters of accuracy + 0.5% reading, + 1% of full scale value and +1.5% reading. The actual readings
of the three meters are 80, 20 and 50 with 100 being the full scale value for all three. Find the maximum

limiting error in the measurement of variable w.

Solution:
Full scale reading of all three = 100
Readings of x = 80
Readings of y = 20
Reading of z = 50
Ox = £0.5% of reading = i—O'SXBO =104
100
dy = +1% of full reading = i1X1OO = +1
100
8z = +1.5% of reading = 11'5X5O =40.75
100
Given, w= XY
z

Taking log, we get
log w = logx + logy —logz
Differentiating w.r.t. w we get

w o x Yy Z

dw _ & 8y bz

For maximum limiting error,

Swo_ i(%+i+%jx100 = +7.00%
W 80 20 50

The following readings were observed when measuring a voltage:

S.No.| 1 2 3 4 ) 6 7 8
Volts | 532 | 548 | 543 | 535 | 546 | 531 | 543 | 536

Calculate:

(i) Average deviation

(ii) Standard deviation

(i) Probable error of one reading.

Solution:
Given that:

S.No. | 1 2 3 4 5 6 7 8
Volts | 532 | 548 | 543 | 535 | 546 | 531 | 543 | 536
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Mean — 532 + 548 + 543 + 535;- 546 + 531+ 543 + 536 _ 21457 - 53905

Deviations,

d, = 532-539.25 =-7.25

d, = 548 -539.25 = 8.75

d, = 543-539.25=3.75

d, = 535-539.25 = -4.25

ds = 546-539.25 =6.75

0y = 531-539.25 = -8.25
d, = 543-539.25=3.75
dy = 536-539.25 = -3.25
= ah| + || + || +|Cy| + || + || + || + |
(i) Average deviation, Qavg. = ] +]0k +]06) +| 4|g| ol +10k|+]f] + |t

J(do? +(0h) +(05)” +(dy)” +(0b ) +(0p)” +(c)” +(0h)°
n-1

=5.75

(ii) Standard deviation, o=

299 =+/42.7857 = 6.541
(iii) Probable error = 0.6745 6 = 0.6745 x 6.541 = 4.4119

m Two resistors R, and R, are connected in series and then in parallel. The values of resistance are:
R,=100.0+0.1Q; R,=50+0.03Q
Calculate the uncertainty in the combined resistance for both series and parallel arrangements.

Solution:
When the two resistances are connected in series the resultant resistance is
R=R, +AR,
R R
— =1 and ——=1
oR; R,

Hence uncertainty in the total resistance is

oR oR
i L

Wa = +£J(12 x (0.92 + (1% x (0.03)2 =+ 0.1044 Q
The total resistance is R =100+ 50=150Q
and can be expressed as R =150+ 0.1044 Q
When the two resistances are connected in parallel the resultant resistance is

R,R, 100x50

fi= (/?1+/?2)=100+50=33'3333Q
_ _RiR,
(R +A,)
R RyR+R)-RRMN R, R, R, 50 100 x50

5 = = - = = — = -0.1111
oR, (R +Ry)? Ri+R, (R+R,> 150 (1507
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R, (Ry+Ry)? Ri+Ry  (Ry+R,)
_ 100 M = 0.4444
150  (150)

Hence uncertainty in total resistance is

2 2
W, - i\/(%} W + (%} WE, =+ (011117 x (0.2 + (0.4444F x (0.03F = +0.01735Q
1 2

The total resistance can be written as,
R =33.3333+0.01735Q

m The law of deflection of a galvanometer is I = k6/cosB, where I is the current, k is a constant and 6 is
the deflection. If the angle of deflection 6 is known to be within £0.1° (standard deviation) of 15°, what
is the percentage standard deviation of current, 17?

Solution:
Given that, I = K6 = kB(cosh) ™
cos0
ol 1 o .
i K[(cos0)™" + 6(cos0) ™ sing]
Put, 6 = 15°

K ™ 15x—_x0.259| =1.108 k
0.966 180 (0.966)°

Standard deviation of /'is ¢, = % Gy

= +(1.108 K) o.mi)rad
180
Percentage standard deviation of 7is

(1.108k)(0.1x%)
x100 = +0.7135%
kx - x15°% (cos15°)™
180

= %100 = +
I
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Electromagnetic Theory

1

CRAPTER Vector Analysis

m Given point, P(9, —12, 15) is in Cartesian system. Express P in cylindrical and spherical systems.

Solution

]
o= tan™ %= tan‘{(_ |- _s3.13°
Pis cylindrical format will be as, P = (15,-53.13° 15)

r= 2 +y2+ 22 = (9P +(-12% + (152 =21.213

, 2 2
0= tan' YTV _ g {E} =45°
z

Pin spherical format will be as, P = (21.213, 45°,-53.13°)

Let H=5psing &, - pzcoso4, + 2p&, A/m. At point P(2, 30°, -1) find:

(a) a unit vector along H.
(b) the component of H parallel a,.
(c) the component of H normal to p = 2.

(d) the component of H tangential to ¢ = 30°.

Solution:
ALP, p=20=30°z=-1
H = 10sin30° &, + 2cos30°4, - 44, = 54, +1.732 4, - 44, AIm
(a) Unitvector along H,
4. +1.732 4, — 44 N N N
5, - 217928 793 _ 75385 4026114, 06034,
52 +1.732% + 42
(b) H, = H,cosd - H,sin ¢ = 5p sing cos¢ — pz coso sing
or, Pat p=2 ¢$=30°z=-1
H = H,a&, =(10sin30°cos30° + 2sin30°c0s30°) &, = 5.1964, A/m
(c) Normalto P = 2is H, = H, &,
ie. Hn, = 0.7538 4, Am
(d) Tangential to ¢ = 30°

H,= H,a,+H, &, = 0.7538 4, -0.6034, A/m

E and Fare vector fields given by E=2x 4, + a, +yza, and F=xya, - y2éy + xyza,. Determine:
(a) |El at (1, 2, 3)
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(b) The component of £ along F at (1, 2, 3)

(c) A vector perpendicular to both E and F at (0, 1, -=3) whose magnitude is unity.

Solution:
(a) E=2xa+a,+yza,
At point (1, 2, 3) — E =12a+4,+63,
|E| = V224 P+6 = J41=6.403
(b) F=xyd -y a+xz4,
At(1,2,3), F =24 -4a,+63,
.. The component of E along F
E = (E-a)a - (’|-EF_F| )z, =%(2§x—4éy+6éz) _ 12864, 25714, +3.8574,
(c) At (0, 1,-3) E=0a+4a,-34,
F =0a-a,+03,
a, &, &
ExF =|0 1 -3|=-3a+04,+04,
0 -1 0
qeur= ilg:;:iéx

Y] The figures show diagrammatic representations of vector fields X, Y and Z, respectively. What can
you comment about these diagrams?

N

=
X

Solution:
X is goingaway so V. X =0 .
y is moving circulator direction so VxY#0.

Z has circular rotation so Vx Z =0 .

m Find the divergence of vector field, V (x,y,z) = —(x cos xy + x); + (¥ COSxy)j +(sinZ2 +x2+)2) k.
Solution:
V(x,y, 2) = —(xcosxy+ )i +(ycosxy)j +[sinz)? + (x2) + (y2)]k
Divergence = V-V
av, ~dV, 3V,
ox ay 0z
= —CO0S xy + x(Sin xy)y + cos xy — y sin(xy)x + 2z cosz’ = 2z cos 7°
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m “A hand ‘curl meter’ in the form of a pin wheel is used to indicate curl of a vector field.” Justify the
statement.

Solution:

A pin or paddle wheel as a ‘curl meter’: The force is exerted on the each blade of the paddle wheel, the force
being proportional to the component of the field normal to the surface of that blade. To test and field for curl we
dip one paddle wheel into the field with the axis of the paddle wheel lined up with the direction of the component
of curl desired. No rotation means no curl, larger angular velocities mean greater values of the curl a reverse in
the direction of spin means a reversal in the sign of the curl. In order find the direction of vector curl, we should
place one paddle wheel in the field and hunt around for the orientation which produces the greatest torque. The
direction of the curl is then along the axis of the paddle wheel.

1

f2

Consider a function f = — 7, where ris the direction from origin and 7 is unit vector in radial direction.

Find divergence of this function over a sphere of radius R, which includes origin.
Solution:

.1,
f = —.f
f2

From divergence theorem as we know,

jvol.(v-?)dV= @Sf-dé

¢p,7-as = @S(iz.f)(r’d‘sine.de.dq)-f) = p,sin6-06-do =4

r

m For a vector field A, show explicitly that V.V x A = 0: that is, the divergence of the curl of any vector

field is zero.
Solution:

To shows V.V x A=0, let us assume that A is a function of x, y, zthen,

x Yy z
V.VxA = V. 9 9 9
ox dy 09z
A A A

il 0A . [ 0A N
=V. %__y x— %_% y+ _y_% z
[\ dy oz ox 07 ox dy

0 (0A, O0A,) 0 (0A, 0A. ) 09 (0A, 0A,
= —| — - — —a— _—— |+ — —_—
y

x| oy oz o 0z | oz| ox oy

PA, A PA, LA FA, PA,
oxdy 0xdz dyodx dydz 0zdx dzdy
So it is proved that divergence of curl of any vector field is always 0.

[EX) Find the rate at which the scalar function, V = 2 sin2¢, in cylindrical co-ordinates, increases in the
direction of the vector A =&, + &, at the point having co-ordinates (2, n/4, 0).
Solution:

As we know that, Gradient is a vector that represents both the magnitude and the direction of maximum space
rate of the increase of the scalar function, i.e.,
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grad V= vV= %é (i)

But in cylindrical coordinate system, the grad V can be defined as,

a\/A 19V, dV. .
VV= B_ +ra¢a¢+§az (i)

For the case under consideration, the quantity required is,
vV.a, = vv-ﬁ at(2,m/4,0)

A

From equation (ii) we have,

vv= 2 (2 sin20) + ; %(f2 sin29)a, + %(fZSi“ 20)&,.

or
or, VV=2rsin2¢ & +2rcos 2¢ g,
Now, VV.A= (2rsin2¢ & +2rcos2¢ g,)-(& +4,)
or, VV-A=2rsin2¢ + 2rcos2¢ ..(iii)
Also, A = JP+? =2
. _vVv-A 1
VV-a, = Y22 o [2rsin20+2rcos29] = (\2 rsin2o + 2 rcos2o)

A V2

Now, (VV'éA)at(gnm,o) = \/§x2xsin2x%+\/§x2xcos2x% = 22

m A non-uniform field is £ = ya, + x&, +2a, V/m. Find the work experienced in carrying 2C charge from
point B(1, 0, 1) to A (0.8, 0.6, 1) along the shortest arc to the circle X2 + y°=1, z= 1.

Solution:
In Cartesian coordinate system, the differential path is

= dxa, +dya, + dza,

Therefore, the work done in moving charge from Bto Ais

A
= —QjE‘.dE
B

A
W= —2.[(yéx +xa, +24a,)(dxa, +dya, + dza,)
B

x=0.8 y=0.6 y=0.6

=—2jydx2jxdy 4jdz——2jJ1——dx2jJ1——dyo

Let, x =S8N0 = dx =cosb dbd
Similarly, y =sin® = dy = cosb dd
5313 36.869°
-2 f J1-sin?6.coseal - 2 j J1-sin?8.cosdd
ar 0°

53.13° 36.869°
=2 j cos?ede — 2 j cos?0.08 = 0.1635 - 1.12339 = -0.96 J
S0 (03





