
ESE-2019
Mains Test Series

E & T Engineering
Test No :  14

Detailed Solutions

Section-A

Q.1 (a) Solution:
The oriented graph of the network is shown in figure below. Since we have to find v, we
take the branch (2) in the twig and a posible tree is selected.
The fundamental cutsets are identified as

f-cut-set-1 : [1, 2, 3]
f-cut-set-2 : [3, 4]

The fundamental cut-set matrix is given as

Qa = 1

2

1 2 3 4
1 1 1 0

0 0 1 1
C
C

−
− (1)

(2)

(4)

(3)

A B

C C1

C3

The node equations are given as,
[Q] [Yb] [QT] [Vt] = [Q] {[Yb] [Vs] – [Is]}
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Here, [Q] [Yb] [QT] =

1 0 0 0
2

1 01 3 10 0 01 1 1 0 1 02 2 2
0 0 1 1 1 1 1 10 0 0 1

2 20 1
10 0 0
2

 
 
  −     −   −      =       − −     −       
 
  

{ }[ ] [ ] [ ] [ ]b s sQ Y V I× − =

1 0 0 0
2

2 010 0 01 1 0 0 0 0 12
0 1 1 1 1 0 0 20 0 0

2 0 2
10 0 0
2

v
v

  
  
                     − =         − −                 
    

Thus, the KCL equations are

2

4

3 1
2 2
1 1
2

t

t

V
V

− 
   
   

  −  

=
1
2v

 
 − 

Here, Vt2 = v. Putting this in the KCL equations and solving we get, v = 
4 V
9 .

Q.1 (b) Solution:
(i) We want the excess carrier concentration

δn = δp = 1015 cm–3

∴ g′τ = 1015

g′ =
15

22 3 1
7

10 10 cm s generation rate
10

− −
− = =

now, we have, hv = 1.9 eV

∴ λ =
1.24 0.65 m
1.9

= µ

So that, α = 1.3 × 104 cm–1
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then g′ =
( )I x

hv
α

∴ I(x) =
22 19

4
( ) 10 1.6 10 1.9

1.3 10
g hv −′ × × ×=

α ×

I(0) = 0.234 W/cm2

(ii)
0

( )I x
I = 0.2 = exp(–αx)

x = 4
1 ln(0.2) 1.24 m

1.3 10
− = µ
×

Q.1 (c) Solution:
The logic diagram of the circuit can be constructed by assuming X1 and X2 as the input
and Y to be feedback path as its value is equivalent to the output value i.e., Y ≡ Z.

X1

X2
Z Y = 

The state table can be constructed as

Present 
state Output

Y X1 X2 Y
0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
1
0
0
1
1
0

0
0
1
0
0
1
1
1

0
0
1
1
0
0
1
1

0
1
1
0
0
1
1
0

0
0
1
0
0
1
1
1

X1 X2

Present  total state

Input Present 
state

Next total state

Input

Z
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Q.1 (d) Solution:
(i) We know that

Gauge factor, Gf =
/
/

R R
L L

∆
∆

∴ Change in length, ∆L =
f

R L
R
G

∆ ⋅

∆L =

0.013
240 0.1
2.2

 
  

×  = 2.46 × 10–6 m

Stress S =
LE

L
∆⋅  = 

9 6207 10 2.46 10
0.1

−× × ×

∴ stress S = 5.092 × 106 N/m2

Force, F = SA
= 5.092 × 106 × 4 × 10–4

F = 2.037 × 103 N
(ii) Advantages:

• Semiconductor strain gauges have a high gauge factor.
• Useful for measurement of very small strains of the order of 0.01 microstrain.
• They have excellent Hysterisis characteristics.
• Frequency of operation upto 1012 Hz.
• They have very small sizes ranging in length from 0.7 to 7 mm.

Disadvantages:
• These are very sensitive to changes in temperature.
• Linearity of the semiconductor strain gauge is poor.
• The gauge factor varies with strain.
• This gauge is non-linear at comparatively high strain levels.
• More expensive and difficult to attach to the object under study.

Q.1 (e) Solution:
(i) If in a magnetic material different magnetization is achieved by the application of

magnetic field in different direction, this property is known as magnetic anisot-
ropy. The magnetization curves in different  directions of an iron single crystal are
shown in figure.
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Easy

Hard

EasyMedium

B

Medium

Hard

H

In bulk materials, there are three basic methods by which uniaxial anisotropy can
be induced:
(a) Cold working: Cold working such as cold rolling brings some regularities in

the orientation of the unit cell and this help in achieving a large value of
magnetization for the applied magnetic field.
Example: CRGO(Cold Rolled Grain Oriented)-Si steel is made from this process
which is used in making core of the transformer.

(b) Magnetic annealing: The material is cooled down naturally in the presence of
magnetic field. This also makes material anisotropic.

(c) Magnetic quenching: Material is fast cooled in the presence of a magnetic field
through the Curie temperature, leading a uniaxial anisotropy, either parallel or
perpendicular to the field direction.

(ii) 1. Meissner discovered that superconductors not only exhibit zero resistance but
also spontaneously expell all magnetic flux when cooled through the
superconducting transistion temperature that is they are also perfect diamagnets.
This is the Meissner effect.

2. It has been observed that when a long superconductor is cooled in a longitudinal
magnetic field from above the transition temperature, the lines of induction are
pushed out. Then inside the specimen

B = 0
B = µ0(H + M)

For B = 0, we have
H + M = 0

⇒ H = –M
Since χm = M/H = –1, we may state that magnetic susceptibility in a
superconductor is negative. This is referred to as perfect diamagnetism. One of
the Maxwell’s equations gives
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∇ × E = B
t

∂−
∂

and from ohm’s law
J = σE or E = ρJ where ρ = resistivity with ρ = 0, E = 0. So ∂B/∂t should be zero,
but this is not so because the flux exclusion from normal to superconducting
state takes place. The perfect diamagnetism and zero resistivity are two
independent properties in the superconducting state.

3. Meissner effect is not a consequence of zero resistance and Lenz’s law.

Q.2 (a) Solution:
Let us consider a Thevenin’s equivalent circuit as shown here,
∴ Voltage across terminal A-B is,

VAB = + Th
Th

.L

L

R V
R R ...(i)

V RAB, Th

A

B

RTh

VTh RL

∴Current through RL is,

IL = +
Th

Th L

V
R R ...(ii)

Now let us consider a Norton’s equivalent circuit.

VAB = .N L
N

N L

R R I
R R+

...(iii)

Current through RL is

IL = N
N

N L

R I
R R

⋅
+

...(iv)

VAB

A

B

RNIN
RL

If RN = RTh and IN = Th

Th

V
R

, then equations (iii) becomes

⇒ VAB =
⋅

⋅
+

Th Th

Th Th

L

L

R R V
R R R

⇒ VAB = ⋅
+ Th

Th

L

L

R V
R R ...(v)

Putting values in equation (iv),

IL = ⋅
+
Th Th

Th ThL

R V
R R R

⇒ IL = +
Th

Th L

V
R R ...(vi)

Since equations (i) & (v) and (ii) & (vi) are same, it is clear that Thevenin’s and Norton’s
theorem is dual of each other and the values are related as,
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RTh = RN
and VTh = IN.RTh, Proved

In order to determine the value of RTh the circuit can be redrawn as

10 Ω

20 Ω

10 Ω

b
20 Ω

10 Ω
a

10 Ω

⇒ 10 Ω10 Ω

b
10 Ω10 Ω

a

10 Ω

Using Y to ∆ transformation, we get,

10 Ω

b
30 Ω

a

10 Ω 30 Ω 30 Ω 30 Ω  10 Ω

b
30 Ω

a

30 Ω  10 Ω

(7.5  + )Ω 7.5 Ω

b
30 Ω

a

or Rab = RTh = 30 Ω (7.5 + 7.5) Ω
RTh = 10 Ω

In order to determine VTh, let us modify the given circuit using source transformation as

+– +–

+–a b

50 V30 V

10 Ω 10 Ω

10 Ω 10 Ω
10 Ωi1 i2

10 V
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Using mesh analysis at loop (i), we get,
–30 + 50 + 30i1 – 10i2 = 0

or –2 = 3i1 – i2 ...(i)
For loop (ii),

–50 – 10 + 30i2 – 10i1 = 0
or, 6 = –i1 + 3i2 ...(ii)
From equation (i) and (ii), we get,

i1 = 0
and i2 = 2 A
∴ VTh = Vab = 20 – 10 = 10 V

VTh = 10 V

Q.2 (b) Solution:
The small signal equivalent circuit can be drawn as

R R1 2  Π

Rs

Ib
rπ Vπ

+

– g  Vm π RC

RE

Ii

1
sCC

Ri

Vb

Rib

V0

Vi
RB

Let the resistance RB = R1 � R2

the input current Ii = 1
i

s i
c

V

R R
sC

+ +

now, resistance Rib = b

b

V
I

Vb = rπIb + (β + 1)REIb

Rib = ( 1)b
E

b

V r R
I π= + β +

and Ri = RB � Rib
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Current, Ib = B
i

B ib

R I
R R

⋅
+

(current division)

and then Vπ = Ibrπ

and V0 = –gmRCVπ

= –gmRC Ib ⋅ rπ

= B
m C i

B ib

Rg R r I
R Rπ

 
− ⋅ + 

= 1
iB

m C
B ib s i

C

VRg r R
R R R R

sC

π
 

− ⋅ +  + +

AV(s) =
0( )
( ) 1 ( )

CB
m C

i B ib S i C

V s sCRg r R
V s R R s R R Cπ

   
= −   + + +   

AV(s) = 1
m C sB

S i B ib s

g r R sR
R R R R s

π     − τ
⋅     + + + τ     

where τs = (RS + Ri)CC

Now,

AV(s) = 1 21 2

1 2 1 2 1 2

( [ ( 1) ])
[ ( 1) ] [ ( 1) ] 1 ( [ ( 1) ])

m C s E

S E E s E

g r R s R R R r RR R
R R R r R R R r R s R R R r R

π π

π π π

   − + + β +
   + + β + + β + + + + β +   

� ��
� � � � � �

AV0 = 
1 2

1 2 1 2[ ( 1) ] [ ( 1) ]
m C

S E E

g r R R R
R R R r R R R r R

π

π π

 
 + + β + + β + 

�
� � � �

AV0

√2

AV0

AV( )s

ω

fc =
1

[  +      + (  + 1) )]C R R R r RC s E1 2Π π βΠ 2 (π
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Q.2 (c) Solution:
Let a wire be having a resistance, length, diameter and area of R, l, D and A respectively.
Let a tensile stress S be applied on it.
Thus, the length of the wire increases and it’s area reduces. Let charge in length be δl,
change in area = δA, change in diameter be δD and change in resistance be δR.

F

L

D F F

L

D – δD F

δL

Tensile Force

Initial resistance, R =  
A
ρl

, Where ρ = resistivity of wire

∴
R
S S A

δ δ ρ =   δ δ
l =

1l
A S A S S A

δρ ρ δ δ  ⋅ + + ρ ⋅   δ δ δ
l l

or,
R
S

δ
δ

= 2
A

A S A S SA
δρ ρ δ ρ δ ⋅ + ⋅ − ⋅   δ δ δ

l l l

or,
1 R
R S

δ⋅
δ

= 2
1 A

A S A S SA
A

 δρ ρ δ ρ δ  ⋅ ⋅ + ⋅ −    ρ δ δ δ     

l l l
l

or, 1 R
R S

δ⋅
δ

= 1 1 1 A
S S A S

 δρ δ δ⋅ + ⋅ − ⋅ ρ δ δ δ 

l
l

...(1)

Now,
2

;
4
D AA

S
π δ=

δ
= 2

1 1;
2 2

4

D D A D D
S A S SD

π δ δ π δ ⋅ ⋅ = ⋅   δ δ δ π
  

∴
1 A
A S

δ⋅
δ

= 2 D
D S

δ
⋅

δ
...(2)

Substituting (2) in equation (1), we get:
1 R
R S

δ⋅
δ

=
1 1 2l D

S l S D S
δρ δ δ⋅ + ⋅ − ⋅

ρ δ δ δ

or, R
R

δ = 2l D
l D

δρ δ δ+ −
ρ

or,

R
R
l
l

δ 
 

δ 
  

=
2

1

D
D

l l
l l

δρ  δ 
  ρ   

+ −
δ δ   
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Neglecting 
l
l

δρ 
  ρ 

δ 
  

, we have

/
/

R R
l l

δ 
  δ

= Gf = 1 + 2γ or / 1 2
/f

R RG
l l

δ= = + γ
δ

where, γ =
/ Poisson's ratio

/
D D
l l

−δ =
δ

Q.3 (a) Solution:
At no load terminal voltage is Vt = 2500 V = Ef

Ef ph = =2500 1443.37 V
3

At full load, Vt = 2200 V ⇒ Vtph = 
2200 1270.17 V

3
=

As we know that, P3-φ = θ3 cosL LV I

1460 × 103 = × × ×3 2200 0.8LI

IL = 478.94 A

E

Xs

+

–

Load

IL = 478.94 A

+

–

Vt ph = 1270.17 V

E = 2 2( cos ) ( sin )tph a a tph a sV I R V I Xθ + + θ +

1443.37 = [ ]22(1270.17 0.8) (1270.17 0.6) 478.94 sX× + × +

Xs = 0.55 Ω/ph

+

–

I

Vt ph

j0.55 Ω

 E  = 1443.37 V

+

–

6 Ω

j8 Ω
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I =
1443.37 138.18 54.9 A
6 8.55j

= ∠ − °
+

Vph t = (138.18 ∠–54.9°) × (6 + j8)

ph tV = 1381.8 V

Terminal voltage, Vt = 3 1381.8 2393.34 V× =

Q.3 (b) Solution:
The built in voltage can be calculated as

Vj = 2ln A D
T

i

N NV
n

 
 
  

=
18 15

10 2
10 5 100.0259 ln 0.796 V
(1.5 10 )

 × × = 
×  

Area, A = π(5 × 10–4)2

= 7.85 × 10–7 cm2

and W =
1/2

Si2 1 1j

A D

V
q N N

ε  
+  

  

=

1/214
18 16

19
2(11.8)(8.85 10 )(0.796) (10 10 2)

1.6 10

−
− −

−

 ×
+ × 

×  

= 0.457 µm
Now,

(i) xno = 3
0.457 0.455 m

1 5 101 D

A

W
N
N

−= = µ
+ ×+

(ii) xpo = 30.457 0.457 2.27 10 m
1 2001 D

A

N
N

−= = × µ
++

(iii) now, Qn = Qp = qAxnoND =qAxpoNA

=  1.6 × 10–19 × (7.85 × 10–7) (2.27 × 1011)
= 2.85 × 10–14 C
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Q.3 (c) Solution:

RC

Vin

V0

RE

Drawing the small-signal equivalent circuit will give

Vin

Q1 rπ1

g Vm1 1π RC

V0

RE

+

–
rπ2Vπ2 gm2Vπ2

Q2

thus, the circuit can be redrawn as
Vin

rπ1
g Vm1 1 π

RC

V0

RE

+

rπ2

–

Vπ1

V
r

π

π

1

1

g Vm1 1 π

Vin = ( )1
1 1 1 2

1
m E

VV g V R r
r

π
π π π

π

 
+ +  

�

= ( )1 2 1
1

11 m Eg R r V
r π π
π

  
+ +    

�
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Now, V0 = –gm1 RC Vπ1

∴ 0

in

V
V =

( )
1

1 2
1

11

m C

m E

g R

g R r
r π
π

−
 

+ +  
�

4. (a) Solution
The sequence diagram of the counter to be designed is,

6 2

0

4

110 010

000

100

⇒ ( )Q0Q Q2 1

Excitation table:

0

0

1

1

0

0

1

1

0

0

0

0

1

1

1

1

1

×

0

×

1

×

0

×

0

1

0

1

0

1

0

1

0

×

0

×

0

×

0

×

Q1Q2 D1Q0 D0

Present state

1

×

0

×

1

×

0

×

0

×

1

×

1

×

0

×

0

×

0

×

0

×

0

×

0

×

1

×

1

×

0

×

Q1
+Q2

+ Q0
+

Next state Excitations

D2

∗

∗

∗

“ ” indicates unused states of the counter∗

∗

Minimization:

Q Q1 0
Q2

00 01 11 10

0

1

K-map for D2

×

1

× 1

××

D Q Q Q Q Q2 2 1 2 1 2 =  +  = ⊕Q1

Q Q1 0
Q2

00 01 11 10

0

K-map for D1

1

1 ×

×

×

×1

D Q1 1 = 

Q Q1 0
Q2

00 01 11

0

1

K-map for D0

××

× ×

10

D0 0 = 
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Logic circuit:

D - FF D - FF D - FF

D2 Q2

Q2

Q2

D1 Q1

Q1

Q1

D0 Q0

Q0

Q0

Logic –0

Clock

Checking for self starting:
• A counter is said to be self starting when it enters into a used or valid state from an

unused state within finite number of clock cycles.
• In the above designed counter, there are four unused states (1, 3, 5, 7). In order to

determine the self starting capability of the counter, the next states of the unused
states are to be examined, which can be done as shown below.

D2 = 2 1Q Q⊕

D1 = 1Q

D0 = 0

0

0

1

1

0

1

0

1

1

1

1

1

0

1

1

0

1

0

1

0

0

0

0

0

Q2 Q1 Q0 D2 D1 D0

Present state

0

1

1

0

1

0

1

0

0

0

0

0

Q2
+ Q1

+ Q0
+

Next stateExcitations

• From the above sequence table, it is clear that, from all the unused states, the counter
will enter into a valid state within finite number of clock cycles. So, the designed
counter is said to be self starting.
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Complete sequence diagram:

000

100

110101 010 001

111

011

( )Q0Q Q2 1

Q.4 (b) Solution:
We need to consider the three time intervals t ≤ 0, 0 ≤ t ≤ 4, and t ≥ 4 separately. For t < 0,
switches S1 and S2 are open so that i = 0. Since the inductor current cannot change instantly,

i(0–) = i(0+) = 0
For 0 ≤ t ≤ 4, S1 is closed so that the 4 Ω and 6 Ω resistors are in series. (Remember, at this
time, S2 is still open). Hence, assuming for now that S1 is closed forever,

i(∞) = =
+
40 4 A,

4 6
RTh = 4 + 6 = 10 Ω

τ = = =
Th

5 1 sec
10 2

L
R

i(t) = i(∞) + [i(0) – i(∞)]e–t/τ

= 4 + (0 – 4)e–2t = 4(1 – e–2t) A, 0 ≤ t ≤ 4
For t ≥ 4, S2 is closed; the 10 V voltage source is connected, and the circuit changes. This
sudden change does not affect the inductor current because the current through the
inductor cannot change abruptly. Thus, the initial current is

i(4) = i(4–) = 4(1 – e–8) � 4 A
To find i(∞), let v be the voltage at node P in figure. Using KCL,

− −+40 10
4 2

v v
= 6

v
⇒ = 180 V

11
v

i(∞) = = =30 2.727 A
6 11
v
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The Thevenin resistance at the inductor terminals is

RTh =
× + = + = Ω4 2 22(4 2) 6 6
6 3

and τ = = =
Th

5 15 sec
22 /3 22

L
R

Hence, i(t) = i(∞) + [i(4) – i(∞)] e–(t – 4)/τ, t ≥ 4
We need (t – 4) in the exponential because of the time delay. Thus,

i(t) = 2.727 + (4 – 2.727) e–(t – 4)/τ, τ = 15
22

= 2.272 + 1.273 e–1.4667(t – 4), t ≥ 4
Putting all this together,

i(t) = −

− −

≤


− ≤ ≤
 + ≥

2

1.4667( 4)

0 , 0

4(1 ) , 0 4

2.727 1.273 , 4

t

t

t

e t

e t

At t = 2, i(2) = 4(1 – e–4) = 3.93 A
At t = 5, i(5) = 2.727 + 1.273 e–1.4667 = 3.02 A

Q.4 (c) Solution:
(i) The dielectric loss of polar dielectrics consists of two components those due to leakage

curent and those resulting from dipole polarisation. The dependence of tanδ on
temperature is shown below:

0.22

0.20

0.16

0.12

0.08

0.04

0
–40° –20° 0 20° 40° 60° 80° °C

tanδ

At low temperatures, the loss due to dipole polarisation is greater than that due to
the leakage current. At temperature much below 0°C due to less thermal motion
orientation of dipoles is limited. With increase in temperature the dipoles acquire
greater mobility hence it increase the dipole polarization which inturn will increase
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loss tangent tanδ. A further increase in temperature causes the loss tangent to drop
off due to enhanced thermal agitation. After falling to a minimum, tanδ begins to
increase, this time due to an increase in the leakage current.
The loss tangents of polar dielectrics depends on frequency. The variation of loss
tangent tanδ with frequency at a constant temperature is shown below.

f

tanδ

f0

At low frequency the dipoles make less number of rotations per second resulting in
a small amount of power loss. As the frequency is increased beyond a certain limit
the dipolar polarisation ceases because the molecules will not be able to keep up
with increased rate of field reversal. At same mid frequency depending on the
temperature the loss tangent will be maximum as shown in above figure.
At zero frequency the loss is due to leakage current only and hence tanδ is minimum.
At infinite frequency, the losses due to both polarisation and leakage current become
zero.

(ii) εr = 4.94 n2 = 2.69
from clausius Mosotti relation

1
2

r

r

ε −
ε + = i

0

( )
3
eN α + α
ε

...(i)

If measurement are done in optical frequency range
εr = n2 and αi = 0

2

2
1
2

n
n

−
+

=
03
eNα

ε ...(ii)

from equation (i) and (ii)

1
2

r

r

ε −
ε +

 × 
2

2
2
1

n
n

+
−

= e i

e

α + α
α
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1 i

e

α+
α =

4.94 1 2.69 2 1.576
4.94 2 2.69 1

− +⋅ =
+ −

i

e

α
α

= 0.576

e

i

α
α

= 1.735

Section-B

Q.5 (a) Solution
Top-Down Technique: In top-down technique, generally a bulk material is taken and
machined it to modify into the desired shape and product. Examples of this type of
technique are the manufacturing of integrated circuits using a sequence of steps such as
crystal growth, lithography, etching, ion implantation, etc. For nanomaterial synthesis,
ball-milling is an important top-down approach, where macrocrystalline structures are
broken down to nanocrystalline structures, but original integrity of the material is
retained. Sometimes this method is used to prepare nanostructured metal oxides by
chemical reaction between two constituents during crushing. The crystallites are allowed
to react with each other by the supply of kinetic energy during milling process to form
the required nanostructured oxide.
Bottom-Up Technique: Bottom-up technique is used to build something from basic
materials, for example, assembling materials from the atoms/molecules up, and, therefore
very important for nano-fabrication. Unlike lithographic technique of top-down approach,
which is extensively used in silicon industry, this bottom-up nonlithographic approach
of nanomaterial synthesis is not completely proven in manufacturing yet, but has great
potential to become important alternative to lithographic process. Examples of bottom-
up technique are self-assembly of nanomaterials, solgel technology, electrodeposition,
physical and chemical vapour deposition (PVD, CVD), epitaxial growth, laser ablation, etc.

Q.5 (b) Solution:
Thermistor: It stands for thermal resistors. Thermistors are sensitive to temperature
variation. Thermistors are available with positive and negative temperature coefficient
of resistance. However, most of the application of thermistors are based on negative
temperature coefficient of resistance.
The negative temperature coefficient of thermistors is very large. For some thermistors,
resistance may decrease by 5% – 6% for 1°C rise in temperature. Thermistor are mainly
used as temperature sensors, inrush current limiters, over current protection and self
regulating heating element.
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Resistance temperature characteristic:

For a thermistor, R = 0
0

1 1expR
T T

  
β −    

R0→Resistance at T0 (°K)

Thermistor

R
es

is
ta

nc
e

Temperature

R→Resistance at T (°K)
β →A constant depending upon material

The characteristic of thermistor is non-linear and it has very high negative temperature
coefficient of resistance.
Thermocouple: A thermocouple is also used to measure temperature by measuring the
emf induced in the thermocouple junction. Emf induced is a function of temperature.

E α ∆T
∆T → Temperature difference between two parts of junction

E → emf induced
Characteristics of thermocouple:
• Thermocouple has wide temperature ranges e.g.

Type T = –200 to 350°C
Type J = 95 to 760°C

Voltage

TemperatureType K = 95 – 1260°K
Thermistor has narrower sensing range –55°C to 150°C.

• Thermocouple are less non linear as compared to thermistor.
• In thermocouple, temperature is sensed by the voltage generated, whereas in

thermistor temperature is sensed by the, change in resistance.

Q.5 (c) Solution:
(i) Drawing the small signal equivelent of transistor T1 we get

Vin

Ib

rπ

RE

Ibβ

now, applying KVL in input loop we get
Vin = Ib rπ + (β + 1)Ib RE
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∴
in

b

V
I = rπ + (β + 1)RE

thus, Input resistance = Rin = rπ + (β + 1) RE

(ii) Drawing the small signal equivalent model of the circuit, we get

+–Vi

RE

+

–
Vπ

g Vm π g Vm π

+

–
Vπ

rπ rπ

I

Thus, the equivalent circuit can be drawn as

+–Vi

RE

2g Vm π

+

–
Vπ r /2π

I

now, I =
2

/2
VV

r r
ππ

π π
= ...(i)

and Vin = Vπ + (Ι + 2gmVπ) RE

=
(2 ) 2E

m E
R VV g R V

r
π

π π
π

+ +  = 21 2E
m E

R g R V
r π
π

 
+ + 

 

Vin = ( 2 2 )E m E
Vr R g r R
r

π
π π

π
+ +

Vin = ( 2(1 ) )E
Vr R
r

π
π

π
+ + β (∵ gmrπ = β)

∴ Vπ = in
( 2(1 ) )E

V r
r R

π

π + + β
...(ii)

now, substituting equation (ii) in (i), we get

I = in2
( 2(1 ) )E

V
r Rπ + + β

∴ Rin = in 2(1 )
2

Er RV
I

π + + β
=
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Q.5 (d) Solution:
Length of airgap = lag = 0.2 × 10–2 m

Mean length = lm = 40 × 10–2 m
Without airgap, mean length of the core (l′m) = 40 – 0.2 = 39.8 × 10–2 m.

φ =
mmf

Reluctance

φ ∝
1
k

k1 =
µ µ µ µ µ

ag m

o r o o r

l ll
A A A

′= + [∵ µr = ∞]

k1 =
20.2 10

µ µ
ag

o o

l
A A

−×=

k2 =
2 2 20.2 10 39.8 10 0.2398 10

µ µ µ µ 1000µ µ
ag m

o o r o o o

l l
A A A A A

− − −′ × × ×+ = + =

φ ∝ 1B
k

∝

∴ 1

2

k
k = 2

1

B
B

B2 =
2

1 1
2

2

0.2 101 0.833 Tesla
0.2398 10

B k
k

−

−
× ×= × =

×

Q.5 (e) Solution
In order to find the maximum power transfer let us first calculate ZTh across 20 Ω load as
follows.

I2I1

–jX

1 Vj12 Ω j15 Ω

j10 Ω
8 Ω

For mesh (1)
0 = (8 – jX + j12)I1 – j10I2 ...(i)

For mesh (2)
1 + j15I2 – j10I1 = 0 ⇒ I1 = 1.5I2 – 0.1j ...(ii)

Substituting (ii) into (i) gives

I2 =
1.2 0.8 0.1
12 8 1.5

j X
j j X

− + +
+ −
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ZTh =
2

12 8 1.51
1.2 0.8 0.1

j j X
I j X

+ −
=

− − −
For maximum power transfer,

 ZTh = 20 Ω
2 2

2 2

12 (8 1.5 )

(1.2 0.1 ) 0.8

X

X

+ −

− +
= 20

400 =
2

2
144 64 24 2.25

0.64 1.44 0.24 0.01
X X

X X
+ − +

+ − +
or 208 + 2.25X 2 – 24X = 832 – 96X + 4X 2

or 1.75X 2 – 72X + 624 = 0
On solving the above equation, we get,

X = 28.73, 12.40

Q.6 (a) Solution:
(i) Given data: P = 4, N = 400 rpm, φ = 0.05 Wb/pole

Wave wound i.e. number of parallel paths = A = 2
Total number of turns = 220 × 10 = 2200

∴ Total number of conductors = Z = 2200 × 2 = 4400

Emf induced = E = 
0.05 4400 400 4 2933.33 V

60 A 60 2
ZNPφ × × ×= =

×

Number of parallel paths are 2, therefore conductors in each path
4400

2
= 2200 conductors

Total number of turns in each path = 
2200 1100 turns

2
=

Resistance of each turn = 0.02 Ω
∴ Resistance of each path = 1100 × 0.02 = 22 Ω

∴ Total armature resistance =
22 11
2

= Ω

(ii) Efficiency =
Input LossesOutput Losses1

Input Input Input
−= = −

=
Losses1

Output + Losses
−
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At rated load: 0.97 = cu
3

cu
1

(10 10 1)
c

c

P P
P P

+−
× × + +

0.97 =
3

cu cu
3

cu

(10 10 )
(10 10 )

c c

c

P P P P
P P

× + + − −
× + +

Pc + Pcu = 300 309.278
0.97

= ...(i)

At half rated load: 0.97 =
2

cu

3 2
cu

(0.5)
1

110 10 (0.5)
2

c

c

P P

P P

+
−

 × × + +  

0.97 =
3 2 2

c cu
3 2

cu

5 10 (0.5) (0.5)
5 10 (0.5)

c cu

c

P P P P
P P

× + + − −
× + +

Pc + 0.25 Pcu = 154.639 ...(ii)
By solving equations (i) and (ii)

Core loss = Pcore = 103.1 W
Ohmic loss = Copper loss = Pcu = 206.185 W

Q.6 (b) Solution:
(i) Truth table:

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

0
0
0
1
0
0
1
1

0
1
1
0
1
1
0
0

1
0
1
0
0
1
0
1

A B C X Y Z
m0

m1

m2

m3

m4

m5

m6

m7

Minimization:

BC
A

0 1 3 2

4 5 7 6

00 01 11 10

0

1

K-map for X

1

1 1

X = AB + BC
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BC
A

0 1 3 2

4 5 7 6

00 01 11 10

0

1

K-map for Y

1

11

1

Y = AB BC ABC+ +

BC
A

0 1 3 2

4 5 7 6

00 01 11 10

0

1

K-map for Z

1

11

1

Z = AC AC+

Logic circuit:

A B C

X

Y

Z
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(ii) The truth table of the given circuit can be constructed as shown below.

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
0

0
1
0
1
0
1
0
1
1
1
1
1
1
1
1
1

1
0
1
0
1
0
1
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0

A B C D X ABC= Y A D  =  + Z Y= F XZ = 

The given circuit can be used to detect the binary combination (ABCD) = (0110).

Q.6 (c) Solution:
At T = 300 K, the junction voltage

Vbi = 2ln A D
T

i

N NV
n

 
  

 = 
17 17

10 2
(5 10 )(10 )0.0259ln

(1.5 10 )

 ×
 

×  
Vbi = 0.8556 V

For 1% change in Vbi,
2
in ∝ exp Eg

KT
− 

  

Now, 2

1

( )
( )

bi

bi

V T
V T =

2
2

2
1

ln
( )

ln
( )

A D

i

A D

i

N N
n T

N N
n T

 
 
  
 
 
  

 = 
2

2
2

1

ln( ) ln ( )

ln( ) ln ( )
A D i

A D i

N N n T

N N n T

 −  
 −  

= 2

1

ln( ) ln( )

ln( ) ln( N )

A D C V

A D c V

EgN N N N
kT
EgN N N

kT

 −
− −  

 
 −− −  
 



36 | ESE 2019 :  MAINS TEST SERIES

© Copyright: wwwwwwwwwwwwwww.madeeasy.madeeasy.madeeasy.madeeasy.madeeasy.in.in.in.in.in

ln(NAND) = ln[(5 × 1017) × 1017] = 79.897
ln(NCNV) = ln[(2.8 × 1019)(1.04 × 1019)] = 88.567

∴ 2

1

( )
( )

bi

bi

V T
V T = 2 2

1

8.67 8.67

1.128.678.67
0.0259

Eg Eg
kT kT
Eg
kT

− + − +
=

− +− +
 = 2

8.67

34.57

Eg
kT

− +

For 1% change 
2

1

( )
( )

bi

bi

V T
V T =

0.8556 0.99 0.99
0.8556

×
=

∴ 0.99 = 2
8.67

34.57

Eg
KT

− +

∴
2

Eg
KT

=
2

1.1242.9
(0.0259)

300
T

=
 
  

T2 = 302.4 K

Q.7 (a) Solution:

Input conditioning
circuit

Main gate Counting
register

Main gate
FF

Time base
generator

Input
signal

Latch

Display

Fig. (a)

attenuator Amplifier Schmitt triggerInput
signal

Fig. (b)

To main
gate
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The frequency f, of repetitive signals is defined as the number of cycles of that signal per
unit of time and is measured by the conventional counter by counting the number of
cycles, N, and dividing it by the time interval t.
The input signal is first conditioned to form a signal compatible with the internal circuitary
of the counting register. The block diagram of this conditioning circuit is given in figure (b).
It consists of an attenuator, an amplifier and a wave shaping circuit in the form of schmitt
trigger. Attenuator control, gain control and trigger controls are available on the instrument
panel which control the attenuation level of the input, gain of the amplifier and threshold
levels and hysterisis window of the schmitt trigger.
The output of the conditioning circuit produces a pulse train which is fed as one input of
the main gate. The other input of the main gate is fed from main gate flip-flop (FF) which
decides the opening time of the main gate. With the main gate open, pulses are allowed
to pass through it and get totalized by the counting register and displayed through the
latch. The main gate flip-flop (FF) is controlled by the time base.

Time
base oscillator ÷ 10 ÷ 10 ÷ 10 ÷ 10 ÷ 10 ÷ 10

1 sµ

10 sµ
100 sµ 1 ms

10 ms

100 ms1 s

Fig. (c)

To main gate FF

The time base consists of a number of decade (÷10) blocks which divide the frequency by
10. The input to the first decade block is provided by the time base oscillator.
By dividing this oscillator frequency a number of times by 10, a pulse train with different
time is generated. A selector switch is then used to select proper time for the pulse output
from the time base. Fig. (c) shows a typical time base circuit generating pulses with
period starting from 1 µs to 1 s.
The number of pulses totaled by the counter for the selected gate time yields the frequency
of the input signal.

Frequency, fA =
Counts ( )
gate time ( )

N
t or

= counts (N) × Frequency of the time base (fc)
The total frequency measurement error is defined as the sum of its ± 1 count error and its
total time base error.



38 | ESE 2019 :  MAINS TEST SERIES

© Copyright: wwwwwwwwwwwwwww.madeeasy.madeeasy.madeeasy.madeeasy.madeeasy.in.in.in.in.in

Period measurement: The period of an input signal is the inverse of its frequency. i.e., it
is the time taken for the signal to complete one cycle.

Period =
1
Af

If the time is measured over several input cycles, then the average period of the repetitive
signal is determine. This is often referred to as multiple period averaging.

The basic block diagram for the conventional counter in its period measurement mode is
shown in Fig. (d). In this mode of measurement, the duration over which the main gate is
open is controlled by the frequency of the input signal rather than that of the time base.
The counting register counts the output pulses from the time-base for one cycle of the
input signal.

Period = 
counts ( )1 Counts ( ) × Gate time ( )

frequency of the time base ( )A c

N N t
f f

= =

Input conditioning
circuit

Main gate
FF

Counting
register

Time base
generator

Input
signal

Latch

Display

Main gate

Fig. (d)

Gate can be started (triggered) at positive or negative edge of the input pulse and stopped
at negative or positive edge or started at positive edge and stopped at the next positive
edge.

The conditioned input signal may also be divided so that the gate is open in decade
steps of the input signal period rather than for a single period. This is the basis of the
multiple period averaging technique.

Further, lower the frequency of the input signal, the longer the time for which gate is
opened and more accurate is the result. We can define the resolution as the smallest time
interval that can be measured on the counter and is reciprocal of the time base frequency.
Period measurement, therefore, allows more accurate measurement of unknown low-
frequency signals because of increased resolution.
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Q.7 (b) Solution:
From the governing equations of h-parameter network, we get,

V1 = h11I1 + h12V2 ...(i)
I2 = h21I1 + h22V2 ...(ii)

From equation (ii), we get,

I1 = 22
2 2

21 21

1 ( )h V I
h h

   
− + − −   

   
...(iii)

and from equation (i) and (iii), we get,

V1 = 22
11 2 2 12 2

21 21

1 ( )hh V I h V
h h

    
− + − − +    

    

or V1 = 11 22 12 21 11
2 2

21 21
( )h h h h hV I

h h
   − + −+ −      

= 11 22 12 21 11
2 2

21 21
( )h h h h hV I

h h
   − −− −   
   

...(iv)

Comparing equation (iii) and (iv) with the original ABCD (transmission) parameter
equations, we get,

V1 = AV2 – BI2

I1 = CV2 – DI2

∴ A = 11 22 12 21

21

h h h h
h

 −− 
 

B = 11

21

h
h

 
− 

 

C = 22

21

h
h

 
− 

 

D =
21

1
h

 
− 

 
Now, the given circuit can be redrawn as

+–+–V1 V2

I2I1 2 Ω

1 Ω

2 ΩVx

2V2
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Considering V2 = 0, the circuit can be redrawn as

+–V1

I2I1 2 Ω

1 Ω

2 ΩVx

V1 = 4I1

and I2 = –I1

∴ h11 = 4 Ω
and h21 = –1
by considering I1 = 0, the circuit can be redrawn as

+–+–V1 V2

I2I1 2 Ω

1 Ω

2 ΩVx

2V2

1 2
2 2

x xV V V V− −+ = 2V2

∵ I1 = 0

2
2

xV V−
= 2V2

or –I2 = 2V2

or h22 = 2

2
2I

V
= − �

Also as I1 = 0, the circuit becomes

+– V2

I2

1 Ω

2 Ω

2V2

+

–

V1

∴ 1 2
2

V V−
= 2V2

or V1 – V2 = 4V2
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or V1 = 5V2

or h12 = 5
From obtained value of h parameters, the ABCD parameters can be calculated as,

A = 11 22 12 21

21

h h h h
h

 −− 
 

 = 
4 ( 2) 5 1 8 5 3

1
× − − × − − = − + = −  −

B = 11

21

4 4
1

h
h

  −− = = Ω  − 

C = 22

21

2 2
1

h
h

  − − = − = −   −  
�

and D =
21

1 1 1
1h

− −= =
−

Q.7 (c) Solution:
Drawing the small signal model of the amplifier we have,

Z3

Z1

Z2

V0

+–
+

–
Vin –A VV in

R0

Iin = 0

∵ Iin = 0 ;
The above circuit can be reduced as

+–

+

–

Vin – VAV in

R0

ZL

V0

Thus, the overall gain of the amplifier,

A = 0

0

V L

in L

V A Z
V Z R

−
=

+

where, ZL = 1 3 2

1 2 3

( )Z
( )

Z Z
Z Z Z

+
+ +
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For the feedback circuit,

Z3

Z1

Z2 V0

Vf

+

–

+

–

The feedback gain, β = 1

0 1 3

fV Z
V Z Z

=
+

∵ The phase shift of the feed back circuit is negative.

∴ Aβ =

2 1 3
1

1 2 31

0 1 3 2 1 3
0 1 3

1 2 3

( )

( )( ) ( ) ( )

V
V L

L

Z Z ZA Z
Z Z ZA Z Z

R Z Z Z Z Z ZR Z Z
Z Z Z

 +−  + +−  =
+ +  ++ + + + 

= 1 2

0 1 2 3 2 1 3( ) ( )
VA Z Z

R Z Z Z Z Z Z
−

+ + + +

Now, Z1 = jX1, Z2 = jX2 and Z3 = jX3

⇒ Aβ = 1 2

0 1 2 3 2 1 3

( )
( ) ( )

VA X X
jR X X X X X X+ + − +

To produce sustained oscillations the phase shift of the loop gain Aβ should be 0°.
Thus,R0(X1 + X2 + X3) = 0
⇒ X1 + X2 + X3 = 0

(X1 + X3) = –X2

∴ Aβ = 1

1 3( )
VA X

X X
−

+

⇒ Aβ = 1

2

VA X
X

Hence X1 and X2 should  be of the same type of reactance.

Q.8 (a) Solution:
(i) Given data: Output = 10 kW ; Number of poles = 6 ; f = 50 Hz ; N = 960 rpm

η = 90% ; p.f. = 0.88 lagging.
Full load line current drawn by 3 phase, delta connected induction motor.
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η =
φ

Output power in watts
3 cosL LV I

IL =
× =

× × ×

310 10 18.22 A
3 400 0.88 0.90

Iph = =18.22 10.52 A
3

On direct on line start, the starting current drawn by the motor per phase is given by,

Is, ph = =85 49.07 A
3

Synchronous speed = × ×= = =
120 120 50 1000 rpm

6s
fN

P

Slipf 1 = − −= =1000 960 0.04
1000

s r

s

N N
N

1

s

f

T
T

=
   ⋅ = × =       

2 2

1
1

1 1 49.07 0.04 0.29
3 3 10.52

s
f

f

I s
I

(ii) Synchronous speed = × ×= = =120 120 50 1000 rpm
6s

fN
P

smax =
− −= =1000 900 0.1

1000
s r

s

N N
N

smax = 2

2

R
X  ⇒ 0.1 =

2

0.25
X

∴ X2 = 2.5 Ω

Torque at any slip, T = ⋅
ω +

2
1 2

2 2
2 2

3
( )s

sE R
R sX

T =
×⋅

ω + ×

2
1

2 2
3 0.05 0.25

(0.25) (0.05 2.5)s

E

T = ×
ω

2
13 0.16
s

E
...(i)

Given, Tmax = 200 N-m = = ×
ω ω

2 2
1 1

2

3 3 1
2 5s s

E E
X

ω

2
13
s

E
= 1000 ...(ii)

Substituting equation (ii) in equation (i), we get,
T = 1000 × 0.16 = 160 N-m.
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Q.8 (b) Solution:
(i) Given charge, q = Kq xi ...(1)

Also, icr =
dq
dt

 = i
q

dxK
dt

icr V0ReqCeq

ic ir

icr = ic + ir

V0(t ) =
1

ci dt
C ∫ = 

1 ( )cr ri i dt
C

−∫

0dV
dt

= 1 ( )cr ri i
C

−

0dVC
dt = 0i

q
dx VK
dt R

−

0
0

dVRC V
dt

+ = i
q

dxK R
dt

⋅ ...(2)

τ = RC is time constant

K = qK
C

 = Sensitivity in V/m

0
0

dV V
dt

τ + = id xK
dt

τ

Taking Laplace transform,
τs V0(s) + V0(s) = K τs xi (s)

0

i

( )
( )

V s
x s

=
( 1) 1

K s K s
s s

τ τ =   τ + τ +

Transform function form.

(ii) Amplitude ratio, M = 2 2 1/2(1 )
ωτ

+ ω τ

Case I: Flat response within 5% is obtained for
M = 1 – 0.05 = 0.95

For 5% response, ω = 2πf
f = 5 kHz = 5 × 103 Hz,
τ = Time constant is required to be found out

2 2 1/2(1 )
ωτ

+ ω τ
= 0.95 ⇒

2

2 2
( )

1
ωτ

+ ω τ
 = (0.95)2 ⇒ ωτ = 3.04
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τ = 3
3.04 3.04
2 (2)( )(5 10 )f

=
π π ×

 = 9.67 × 10–5 sec

Case II: 2% inaccuracy,
M = 1 – 0.02 = 0.98
ω = ?
τ = 9.676 × 10–5 sec

M = 2 2 1/2(1 )
ωτ

+ ω τ

(0.98)2 =
2 2

2 2(1 )
ω τ
+ ω τ

0.9604 + 0.9604 ω2τ2 = ω2τ2

ω2τ2 = 0.9604 24.25 4.92
0.0396

= ⇒ ωτ =

ω = 5
4.92 50.84 k-rad/s

9.6766 10− =
×

f = 8.095 kHz

Q.8 (c) Solution:

VTh =
5 59.4 ( 5) 20.6

59.4 20.6
× + − ×

+  = 2.42 V

VSG = VS – VG

5 V

2 kΩ

RTh

VTh

ISD

VSD

+

–

VSG+
–

= 5 – 2 ISD – 2.42
= 2.58 – 2ISD

⇒ ISD =
2.58

2
SGV−

...(i)

Assume MOSFET in saturation,

ISD = ( )21
2

p ox
SG TP

C W V V
L

µ
⋅ −

2.58
2

SGV−
= 0.5 (VSG – 1.5)2

After solving VSG = 2.15 V, – 0.153 V
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But, VSG > |VTP| (For MOS transistor to be ON)
(i) Therefore, VSG = 2.15 V

(ii) ISD =
2.58 2.15 0.215 mA

2
− = (From eqn. (i))

(iii) VSD = 5 – 2 ISD = 4.57 V
VSD > VSG – |VTP| ⇒ MOSFET is in saturation.


