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Q.1 (a) Solution:

Based on the number of instruction and data streams that can be processed simultaneously,

computing systems are classified into four major categories as per Flynn's classification:

1.

Single Instruction Stream, Single Data Stream (SISD):

A computer with a single processor is called a Single Instruction stream, Single Data
stream (SISD) computer. It represents the organization of a single computer containing
a control unit, a processor unit and a memory unit. Instructions are executed
sequentially and the system may or may not have internal parallel processing.
Parallel processing may be achieved by means of a pipeline processing.

In such a computer a single stream of instructions and a single stream of data are

accessed by the processing elements from the main memory, processed and the results
are stored back in the main memory. SISD computer organization is shown in figure

below.
IS
CU : Control unit
PU : Processor unit
IS DS MU: Memory unit
Cu PU MU IS : Instruction stream
DS : Data stream

Single Instruction Stream, Multiple Data Stream (SIMD):
It represents an organization of computer which has multiple processors under the
supervision of a common control unit. All processors receive the same instruction
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from the control unit but operate on different items of the data. SIMD computers are
used to solve many problems in science which require identical operations to be
applied to different data sets synchronously. Examples are adding a set of matrices

simultaneously, such as ZZ(aik +b;). Such computers are known as array

koo -
processors. SIMD computer organization is shown in figure below:

IS
!
PU, D5, MU, CU : Control unit
PU : Processor unit
CU PU DS, MU MU: Memory unit

: 2 ; 2 IS : Instruction stream

: DS, : DS : Data stream
PU, MU, SM : Shared memory

3. Multiple Instruction Stream, Single Data Stream (MISD):

It refers to the computer in which several instruction manipulate the same data stream
concurrently. In this structure, different processing elements run different programs
on the same data. This type of processor may be generalized using a 2-dimensional
arrangement of processing elements. Such a structure is known as systolic processor.
MISD computer organization is shown in figure below:

IS, IS,

cu, PU,

DS SM

IS, 1S,

Cu, PU, MU, | | MU, | MU,

a a =

IS, IS,

CU, PU, 1S

i 15 115,

4. Multiple Instruction Stream, Multiple Data Stream (MIMD):

MIMD computers are the general purpose parallel computers. Its organization refers
to a computer system capable of processing several programs at a same time i.e. it
can execute several instructions, on different data sets, all at the same time. MIMD
systems include all multiprocessing systems. MIMD computer organization is shown
in figure below.
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IS,
15, Cy, 5 PU, DS, MU,
IS, o IS, — DS, . CU : Control unit
2 _2 1 IS, PU : Processor unit
| ' i . MU: Memory unit
IS, IS, I DS, I ' IS : Instruction stream
CU, PU_ MU, ;
' DS : Data stream
.
Q.1 (b) Solution:
There are two reference nodes in the given circuit,
Alkﬂ
R
u V}{VZV
4ACD Rj%zg 2QE§R3 DzA
4
Let us name them as A and B.
By applying the KCL at node A, we get,
Va +VA—VB—1OV+VA—VB N
2Q 2Q 1Q
Vy+V,-V,-10V+2V, -2V, =8V
4v, -3V, =18V ()
By applying KCL at node B, we get,
VA—VB+VA—VB—1OV+2A _ Vi
1Q 2Q 2Q
2V, -2V, +V, -V, -10V+4V-V,=0
3V, -4V, =6V ..(ii)
By solving equations (i) and (ii), we get,
5 30
4= 7V and VB=7V
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The power dissipated by R;, P

1

The power dissipated by R,,
The power dissipated by R,,

The power dissipated by R,,

Q.1 (c) Solution:

Vi _ (54/7)
R,

W =29755W

2 _10

7

2
0w (7719)
(Va=Vp —10V)" _ W=21.6W

Ry
Vi (30/7)
R
(Va—Vp)?
R4

W=9184 W

W=11.755W

(24/7)°
1

The crystal structure of NaCl is FCC, i.e., No. of atoms per unit cell (N) =4

Lattice parameter for NaClisa = 2(r, + 1)

rﬂ

We know, APF =
rC

We have, - =
rﬂ

APF =

Q.1 (d) Solution:

radius of anion ; r, = radius of cation

4 4 rs,. 3
ngn[rf+rc3] ) 4X§7t[1”a +7: ]
a> 8(r, + 1. )3
3
M[1+(%) ]
3 7,
3
)
rﬂ
0.45
2n [1+(0457°] 27
3 : 5 (10091
(1+0.45)° (1.45)°
0.749 = 75%

The correlation coefficient r is measure of strength of relation between or among variables

such that if,

+1 = Perfect positive correlation
0 = Positive relationship

0 = No relationship
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0 > r> -1 = Negative relationship

r = -1 = Perfect negative relationship

Deviation — Deviation — Product of
Observation X y = | (x = X)? = | (y=Y)* | Deviations
of x(x — X) of y(x =Y) S =
(x- X)(y- V)
1 12 50 -15 2.25 8.40 70.56 -12.60
2 13 54 -0.50 0.25 12.40 153.76 -6.20
3 10 48 -3.50 12.25 6.40 40.96 -22.40
4 9 47 —4.50 20.25 5.40 29.16 -24.30
5 20 70 6.50 42.25 28.40 806.56 184.60
6 7 20 -6.50 42.25 —21.60 466.56 140.40
7 4 15 -9.50 90.25 -26.60 707.56 252.70
8 22 40 8.50 72.25 -1.60 2.56 -13.60
9 15 35 1.50 2.25 -6.60 43.56 -9.90
10 23 37 9.50 90.25 —4.60 21.16 —43.70
Sx =135 | Ty = 416 _
— -0 — — (x=X)
X_@ Y—ﬁ 2x-X) | Z(x-X) Z(y=Y) | Z(y-Y) | X 7
10 10 =0 =374.50 =0 =2342.40 (v
=135 | =416 =445.0
[ (x - X)- y-Y
Now, Correlation coefficient, r = “( — 2) ( )]_ >
\/Z(x—X) - Z(y—Y)
445
= 37450 J234240 047
Q.1 (e) Solution:
Given: V, =5V, R=100Q, V,,=27V,r,=5Q, VD, on =08V
R=100Q R=100Q i
V]-n =5Veo MWW o Vout V,=5Ve MW 0 Vout
I I
Vioion =08V T 08V
_ 27V
V=27V

Assuming r,, and r;, as the small signal resistance of the diodes D, and D, respectively,
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the small signal model can be drawn as

R=100Q i
v, 1%

in out

I

Ta

T

5-0.8-2.7
100
I = 15mA

Vp 258

Vout

Line regulation = V.

Vout = (rdl + rdZ)I (1)
Vo= R+r,+r,)l ..(it)
. . _ ‘<3ut I + 750 _ 5+1.72 _
Line regulation = V.. Rerp+ry  10045+172 0.063
V.
Load regulation = —out
L
R =AAAA0 Q iL

AMA
VVVv
~
B

% Tip
]
Rout
|% \%
_Rout = o.ut z?—ut = [R ” (rdl + rdZ)]
—ly 7
= _[100 || (1.72 + 5)] = -6.297
\%
—M = 6297
L

Thus, a 1 mA change in the load current results in a 6.297 mV change in the output
voltage.
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Q.2 (a) (i) Solution:

For0<x<1
ay 3y _
dx x
3
ILF = J-;dxzei%logex x3
. Solution is yx3 = Ix3dx=—x4+c
y = lx+i3,0Sx<1
4  x
usin 1 —1 wegetc=0
&Y > |73 g
So, y = 2,03x<1
Forx>1
dx x X
ILF = x3
.. 2 1 3
. Solution is, yxd = jx dngx +c
S = 1+i x>1
O, y - 3 x3/
£,05x<1
4
Thus, Y =911 ¢
—+—,x>1
3 43
Since y(x) is continuous, we have
. X ) 1 ¢
lim - — = lim+|=—+—
x—1" x—1 3 x3
_ 1
D)
hd ,0<x<1
S -4
o y 1 1 )
3 120

©Copyright: NADE EASY www.madeeasy.in
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Q.2 (a) (ii) Solution:

Given equation in symbolic form is

(D3 -2D?D’)Z = 2¢* + 3x%y

Its A.E.ism® -2m2=0, wherem = 0,0, 2
CFE. = fily) +xf,(y) + f3(y + 2x)

['.'%f(x) _ j[j(jf(x)dx)dx]dx]

1

PlL = — — (2 +3x2
D3—2D2D’( y)
= 2.%6% 3. 1
D3 -2D?D Da(l_
= 2 3 1 5 ezx % 1_
2% -2.22(0) D
’ 72
L, 3,20 4D
4 D? D D?
1o, 3 (.2 2
= —e" +—|xy+—x"-1
4 D3 Y
1o, 3( 2 23
= —e Y +—|xy+=x
4 Pl Y73
5 6
= lezx SR T
4 3x4x5 4x5x6
2x 5 6
4 20 60

Hence the complete solution is

Z = Fin)+x fo0)+ iy +20)+ (156 +32%y +°)
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Q.2 (b) Solution:
By applying the source transformation to the two current sources in the given circuit, it
can be reduced to the following form.

1Q 6

MM MW ( L _> 50
t=0\p S 1. 1%

W@ T Lr s

Att=0":
At t=0", the circuit will be in steady state. In this state for DC excitation, an inductor acts
as a short circuit and a capacitor acts as an open circuit.

So, the equivalent of the given circuit at ¢ = 0~ can be drawn as shown below.

—_
®)
—_
N
<
=
=
o
N—"

AAAA AAAA 0
VVVV VVVV \t~)

(@ C )

;(0)=0A
7,(07) = -12V+4V=-8YV
For t > 0:
The equivalent of the given circuit in Laplace domain can be drawn as shown below:
12
1 6Q s s

HO @ Vi)

8 12
s 5 4
Is) = —5—=—
©) 6+s+§ s2 +65+25
s
B 100 8
Vols) = s(s> +6s+25) s

©Copyright: NADE EASY www.madeeasy.in
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By using partial fractions,

100 A Bs+C
m T s s% +65+25
A(s? + 6s + 25) + Bs? + Cs = 100
(A + B)s?> + (6A + C)s + 25A = 100
25A =100 = A =4
A+B=0 = B=-A=-4
6A+C=0 = C=-6A=-24
4 4s+24 ) 8
S0, Vo) =~ 5_52+6s+25)_§ - _%Jr(:sg)%
S| B G 3 ]
s (s+3)°+16 (s+3)"+16

By taking the inverse Laplace transform of V(s), we get,

vy(t)

Q.2 (c) Solution:

|- 12+ 467 cos(at)+ 3¢ sin(4) |u(t) V

1.82 x 108 Q-m, E, =5.5¢eV, n = 6.2 x 10%/m?

9.1x1073!

1.82x 1078 x 6.2 x 10 x (1.6 x 1077)?

3.15 x 1071 sec

1.6x1079 x3.15x 10714

Given : p =
(i) We know, conductivity,
ne’t
G =
m
e Mo _
ne?
. et
But mobility, My =
n, =
K, =

9.1x107!

5.538 x 10 m2/V-S
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(ii) Drift velocity,

vy = un,E
- 554x107 x—22 — =1.3846 m/s
1x10
(iii) We know,
. 1 -2
Fermi energy, E; = EmV

2E \/2 x5.5x1.6x 107"

V= ” 91x100 =1.391 x 10° m/s
(iv) The mean free path,
A=Va
= 1.3907 x 10° x 3.15 x 10714
A =438x10%m

Q.3 (a) Solution:

(i) Two coaxial conducting cylinders

V=20V

p=3m. T} >
’

(7

p=2m

We know that from Laplace equation,

V2.V =0
V.vvV =0
1[0 oV 09010V 9 9V
—|z Pt st P =0
plop dp dOp IO 0z Iz
V= fp)
119, 9V
Therefore, NE p I =0

©Copyright: NADE EASY www.madeeasy.in
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d dv
d_p(pd_p) =0
On integrating the above equation,
av
pd_p =A
v _ A4
dp ~ p
Again intergrating,
V=Alnp+B ..(i)
Now atp =2m, V=50V
50 = Aln2+B ..(ii)
Alsoatp=3m, V=20V
20 =AIn3+8B ..(iif)
On solving equation (ii) and (iii), we get
A = -7398
and B = 101.28
Therefore, V =-7998Inp +101.28
Electric field intensity, E=-VV= %
Point P(3, 1, 2), . qanguar = P(V10,18.43°,2) i1indrical
‘E‘(3,1,2) N ‘E|(\/E, 1843°,2) ~ ‘% =23.40 V/m
(ii) Two radial conducting plates,
V =50Vat¢=10°
and V =20V ato=230°
V= f(9)
Therefore from Laplace equation,
V2V =0
if3 10v]
plaopag| =7
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1
o2 do? - 0
On integrating the above expression,
av
d—q) =A
Again integration,
The solution of Laplace equation is
V=A0+B (1)
Now at ¢ = 10°, V=50V
50 = Ax10+B ..(ii)
Also at ¢ = 30°, V=20V
20 = 30A + B ..(iii)
On solving equation (ii) and (iii), we get
A = -85.94;
B = 65

Now the general solution is
V = -85.94¢ + 65

10V .

Electric field, E=-VV= _Egap

L 85.94

g -

p

Atp= J10m,

£ 85.94

B -7

= 2717 V/m

Q.3 (b) Solution:

DC Analysis : Thevenins equivalent across base-terminals,

33%x12
Ry, = Ry | Ry= 335 =88kQ
R 12
V., = 2 x18 =48V

th T R+R, © 33+12

©Copyright: NADE EASY www.madeeasy.in
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V=48V =

Apply KVL in base-emitter loop,
-4.8+88kly+ Vy +1kI. = 0

48-0.7

= A =
I 88 +8lx1 m 0.04566 mA

I. = Bl =3.65 mA

Apply KVL in C-E loop,
18+ 1.2kl + V p+ 1kl = 0

Ve = 18 - (1.2 x 3.65 + 1 x 81 x 0.04566)
Vep = 992154 V
Operating point (9.92154 V, 3.65 mA)

AC Analysis:
Vr 26107

r = —_—=

T Iz 0.04566 %107

r. = 569.426 Q ~ 0.569 kQ
Small signal model,
I R I,
MW * L} VD
IL
v.(d 2 Ry, zn <¢> B, 3R =R,

ocopyright: [MADE EASY
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. . IL
(i) Current gain, A, = -
S
_BIbRc
b= e
L R +R, (1)
Ry,
Ao b= ! e
. b+ Ry, C ()
r, + R
L= ( Z ”l)lb
Ry,

(i) Voltage gain,

(iii) Input resistance,

—80><( 1.2 )
1.2+2

( 88+0569) = -28.178

8.8

VO
V.

S

I,.R,

LIR + Ry [ 72)]
VO = RL IL

VS [Rs + (Rﬂz ” rn)]ls

RL
Ry + (Ryy, || 1)

'AI

2

+
8.8 +0.569
-36.7273

R+ Ry [ 7p)
8.8 +0.569

x —28.178

=1.534 kQ

A
N -
N N
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(iv) Output resistance, R, = R.|| R,
R, = 22X2 _075k0
° 12+2
R’ =750 Q
Q.3 (c) Solution:
(i) 2, = A with[,=0
I
= 10|25+8=10Q
Vo .
Zy = i with [, =0
81, + 2.5x51;
_ 125 _gq
I
V.

2
Zyy = Zwithll=0

= 5(75+8=11Q

4

Zyy = I with [, =0
5
8I,+-——x25I,
_ 121.5 _90
2
10 9
In matrix form, Ze = 19 11 Q
3 1 _25x107°
(i) A e =1000 Q
=
I, 1x107°
", 2xa0e
1y, =0 X
-6
h, = k2 0BT
V2 L=0 5x10
-6
h, = o4 2221050
V2 L =0 5x10

©Copyright: MADE EASY www.madeeasy.in
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Q4 (a) Solution:

(i) Since, applied electric field is in z-direction, hence all the dipoles are aligned towards

electric field and polarization induced will also be in z-direction. Hence,

—

1 -
p:(m)az x107% C/m

We know; P
N.p =

where, P = polarization; N = no. of molecules per unit volume;
p

= Dipole moment; E

3x108x - %1072 =

107

Xe =

Thus; €, =
Now; Internal field (E) =
here; Y =
p:N.l}' =

E =

D =

(i) 1. Photoconductive effect:

Xe€0 E/'
Xe€0 E

= Applied field
X,(8.85 x 10'12)(5)

2.15
1+y,=315
y-P
E .t +—
ext 80

1
5 for Lorentz field

3x 108 x i x107%
10w

9.54 x 1011 C/m?
9.54x107 1
+ =)
3% 8.854%10
8.59 V/m
g ¢, E;

8.854 x 10712 x 3,15 x 8.59

0.24 nC/m?

* When Radiant energy falls on semiconductor device its resistance decreases,

this effect is known as photoconductive effect. It can be categorised as:

* Intrinsic Photoconductivity: Due to radiant energy, covalent bonds break

and electron hole pairs gets generated and due to this, overall amount of

electron hole pairs increases in given semiconductor. Hence, conductivity

improves. The minimum energy of a photon required for intrinsic excitation

is the forbidden-gap energy (E,) of the semiconductor material.
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* Extrinsic Photoconductivity: A photon may excite a donor electron into the

conduction band or a valence electron may go into an acceptor state. Hence,
the ionization of impurities in semiconductors provides free electrons and
holes which lead to increase in conductivity.

2. Photovoltaic Effect:

* The photovoltaic effect is a process that generates voltage or electric current
in a photovoltaic cell when it is exposed to sunlight.

* [tis this effect that make solar panels useful, as it is how the cells within the
panel convert sunlight to electrical energy.

* The photovoltaic effect occurs in solar cells. These solar cells are composed
of two different types of semiconductors p-type and n-type; that are joined
together to create a p-n junction.

* When light of a suitable wavelength is incident on these cells, energy from
the photon is transferred to an atom of the semiconducting material in the
p-njunction. This causes the electrons to jump to a higher energy state known
as the conduction band leaving behind a “hole” in the valence band. This
movement of the electron as a result of added energy creates two charge
carriers, an electron-hole pair. Because of the electric field that exists as a
result of the p-njunction, electrons and holes move in the opposite direction.
This motion of the electron creates an electric current in the cell.

Q4 (b) (i) Solution:

Now, R, =20 €; L, = 022H;
R, = 750 €; R, =40 Q;
Ly,=01H

At balance,

(Ry *+joL )R, = Ry(R; + joL,)

Thus the two balance equations are:

RyRs
R, = —(H
1 R 4
RyL,
d L, = —H
an 1 R,
From above, we have
Ly R Ry

Ly Ry Ry

©Copyright: MADE EASY www.madeeasy.in
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- Value of R, required for balance,

R, = R4L—1= 750><% =1650 Q
Ly 0.1

L _ &

and g =R " 2.2
Ry

Now examine the value of ratio R—3 for the existing circuit, we have

LR 0.5

Ry 40

The value of this ratio should be 2.2 for both resistive and inductive balance and therefore
we must add a series resistance to arm ab. Let this series resistance be Ty Therefore

Rl + 7’1

Ry =22

r, = 22x40-20=68 Q

The modified circuit is shown below,

Q4 (b) (ii) Solution:
Given : R

0.06Q, X =0.02, R, =6250 Q
. = 10 A at0.174 pf (lagging), V, =25V

~
Il

Power consumed by the load,
P, = VI cos ¢
, =25 x10x0.174=435W

)
I
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Case I : When the pressure coil is connected on the supply side.

[

1

10Z£-cos™ (0.174) = 10.£-79.98° =~ 10.£-80°
(1.74 - j9.847) A

OO

The current, L.

Voltage drop across current coil
VCC = ICC(RCC +]XCC)
(1.74 - j9.847)(0.06 + j0.02)

V. = 0.632£-61.544°V
= (0.301 - j0.556) V
Voltage across pressure coil,
Ve=Vi+V,

25+ (0.301 - j0.556)
= 25.301 - j0.556
= 25.307£-1.259° Volts
Power indicated by wattmeter
= 25.307 x 10 x cos(80° - 1.259)

= 49.41 Watts
49.415 - 435
% Error = B35 x100% =13.6%
Case-II : When pressure coil is connected on the load side.
C.C.
° OO
ey
Supply g
D
Power loss in pressure coil,
. VP (257
Lpe) R 6250
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Pry = 01W
Power indicated by wattmeter = 43.5 + 0.1
= 43.6
43.6 —43.5
0 = ————x100%
% Error 135
= 0.23%

Q4 (c) Solution:

DC calculations:

The dc or quiescent gate to source voltage,

RZ
Veso = VDDXR1+R2
B 291+709 °

The quiescent drain current,

2

Ipg = K, (VGSQ _Vt)
= 0.5 x 1073 (2.91 - 1.5)?
= 1mA

The quiescent drain to source voltage,
Vbs o~ Vop - IDQRD
=10-(5x1)=5V

Vpsq > Vigsg— Vy the transistor is biased in saturation region.

Small signal equivalent circuit:

R=4kQ, G I
AN— . + s L o4
i . Vs L L L i T
Vi G) i §E Rl | |R2 <¢> gmvgs iz ) iE RD§= 5kQ VO
e s 1,

R, = 'R
Small signal output resistance,

Amplifier input resistance,

_ R xR, _(70.9><29.1) 2063 kO
i R,+R, \709+29.1)
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Amplifier output resistance,

100 x5
R, = 7o [l Rp (100+5) 4.76 kQ

Small signal trans-conductance,

2% 0.5 x 1073 (2.91 - 1.5)
g, =141mA/V

Small signal voltage gain,

VO
A=y
1y X R
V = (_— V Xu
0 (gm gs) ()+RD
V.= V.x R
§ R + R

Vi R R;
A, = _Oz_gm 0D
vV 1+ Rp \ R; + Rg

20.63 )

= —141x476 X| ———
20.63+4

A, = -562

Q.5 (a) Solution:
Given quadratic form,
P(x) = 4x7 +4x5 +x3 —2x;x3
The above equation can be written as
P(x) = 4x% + 4x§ + x% —X1Xy — X1Xp
We know that quadratic form,
P(x) = xTAx
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4 -1 0]fx
= [xl x2 X3] -1 4 0 x2
0 0 1l x3
4 -1 0
Where, A=|-1 4 0] is a symmetric matrix
0O 0 1

Calculation of eigen values of A,

A=A = | -1 4-A 0 |=0
0 0 1-A
4-M[A-1)(A-4]+1[A-1]+0 = 0
(4-MA2-5L+4]+h-1 =
A2 - 9A\2+ 230 -15 =
On solving, we get
A=153
For orthogonal transformation,
Let, x = Py
= xTAx
= (Py)T,Py
= y'PTAPy

Q = y'(P*AP)y
[ PTAP = P-AP = D(digonal matrix)]

Q = y'Dy ... New orthogonal transformation

(2 0 0 [w
Q=1[vi v2 ¥w3]]0 % 0|y
[0 0 A || 3
(1 0 0]y,
= [y v2 y3]|0 5 0y,
100 3]lys
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Q = yi+5y; +3y3
Therefore the new orthogonal set of axes 0(y, , y,, y5) is

Q.. = i +5y3+3y3
or

5y1 +v3 +3y3

or

5y1 +3y5 + V3

or

3y1 +3 +5y3

or

3y1 +5y3 + 3

Q.5 (b) Solution:

As the switch is initially opened for a long time, the voltage across the capacitor at t = 0~
is zero and the current flowing through the inductor at ¢t = 0~ is also zero.

. _doq(t) dop(t) .,
(i) To determine o and o att=0": .
( t) L dll (t) ° MW
0 = ; n ; +
1 dt oA A07) | 40 )$
v,(f) = (10 Q) iy (%) g 2 5,0
1ov(:z 4F |oc -
vclf) = oy(5) +0a(8) ) - 1003 50)
| doc(t) '
lZ(t) = C dt

At t = 07, the current through inductor is zero and the voltage across capacitor is
zero. Hence, the inductor acts as open circuit and capacitor acts as short circuit.

Att=0": (0 = 0A
(0" = 2A
0,07 = 0,07 =v(07) =0V
dUC (t) .
C =
dt H(0)
+
So, dvcd(to ) = %iz(()*) = % V/sec=0.50 V/sec
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dv, (t) diy(t)_10Q

i - 0D =5l
So, dva(;)Jr) = 5v,(0%) =0 V/sec
v (t) +oy(t) = vt)

dvy(t) duc(t)  doy(t)

dt dt dt
+ + +
So, 40 (07) _ doc(07) _d0(07) _ 50 0050 V/sec
dt dt dt
d*vy(t)
(i) To determine 152 att=0%
v,(t) = (10Q)1,(f)
) .
d Uzz(t) _ (10 Q) di[dll(t)] — 10Q i Ul(t)]
It tL at | 2H dt
d*v,(07) dv, (0%) 2,2
So, a2 T 57 =5(0.50)=2.50 V*/sec

(iii) To determine v,(f) and v,(t) at t = oo:
* At t = oo, the circuit will be in steady state. In this state, a capacitor acts as an

open circuit and an inductor acts as a short circuit, for DC excitation.

* So, the equivalent of the circuit given in the question at ¢ = e can be drawn as,

5Q %A
oAl 2A
u+( )
+ vq(o9
10v<¢ 0(°0) :,;
B 10955_02(“’)
Uy(0) = 0V
Uy(e0) = (10Q) 1 (ce)

2 20
1I0x=V=—V =
3 3 6.67 V
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Q.5 (c) Solution:

where,
=2-07=13V
1 3
ref
Therefore, I, = [ } 50 )
100
Therefore, of = 1, =0.5mA
Vee = Ve 43
out W= TR TR
L= 1q+1 +1,
and I, = I;,, as the effect of base w1dth modulatlon is less reflected in I
(%) (107
Iep _ Va _ 50
Ico 14 Yee2 (1+2)
V4 50
Vepr = Ve =07V, and Vi, = V=02V
I
<L - 0975
Icy
I, = 09751, ..I,=1.,=05mA
= 0.4875 mA
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Vi
But, Iy = Bz (1 + @)
Va
...when finite value of early voltage present
0.7
= 100Ip | 1+—
0.4875 Bl ( 50 )
Ip, = Iy, =48 pA
Now, from equation (ii) L= I+ I +1p,=0497 mA
from equation (i),
43 43
i = —=—=86KQ
Resistance, R I, 05
Q.5 (d) Solution:
al
§ = =oc

Using Thevenin equivalent, the circuit reduces to

KVL in base emitter loop,
Vgt Ry + Ve + (I + )R, =
Ig[Ry + Rl + IR + Vi = Vi,

IR, + R + IR, = Vo - V. ..()
Now, I = B, + 1+ B)l,
_ I =(1+P)lco
Iy = B

Put in equation (i),

[Ic —(1+B)Ico

B
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IRy + Rp) = (1 + B)o(Rp + Rp) + BIR, = B(Vyy, = Vigp)
Ic[Rp + (L + B)Re] = B(Vy, = Vgp) + (1 + B)o(Rp + Rp)

[ = BVin —Vee) _ (1+B)lco(Rp + R)
C  [Rg+(1+PB)Rg]  [Rg+(1+P)Rg]

Differentiating w.r.t V. and consider § and I, as constant

dl- _ —B _g
dVgEg [RB +(1+ B)RE]

If (1 + B)R, >>> R, then

aIC _ S/ _ _B
dVpEg (1+B)Rg
S = R—E For self bias

Q.5 (e) Solution:

The resultant circuit is shown in Fig. (a). The circuit can be analysed as below.

Input Conducting states of Output
D, and D,
0, <(Vg,-V,)=17V D, OFF and D, ON v, =17V
(Vo= V) <0, < (Vg + V) D, OFF and D, OFF Uy =7,
ie. 1.7V <0 <365V
v,> (Vs +V,) =365V D, ON and D, OFF v, =3.65V

where we have used VS2 =2V, Vv1 =0.65V, sz = 0.3 V in the above calculations given
earlier. The output waveform corresponding to the sinusoidal input is illustrated in

sin~! (@) = 0.818,
5

o, = T-0, = 2.323,

sin~! (%): 0.347

and O, = T-04y= 2.795.

Fig. (b) where, o

R
w
Il
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\TC 21T
o= ot
3kQ
+o MW o+
v; D, D, 0y
V=3V V,=2V . » ,
—o I I o- 0, Oy T 2t o= ot
Figure (a) Figure (b)
Q.6 (a) Solution:
Let, y = sinx -log,x + ¢*

The value of y wrt is calculated in following table,

x:| 02 | 04 | 06 | 08 | 1.0 | 12 | 14
: ‘ 3.0295 ‘ 2.7975 ‘ 2.8976 ‘ 3.1660 ‘ 3.5597 ‘ 4.0698 ‘ 4.7042

Yo Y1 Y2 Y3 Ya Ys Ye
(i) Now using trapezoidal method,
1.4 h
[yax - Ao+ )+ 20+ y2 +yaia)}
0.2
1 ) 0.2 [(3.0295 + 4.7042)
= OJZ(Smx ~Inx+ef)dx = 2 |+2(2.7975 + 2.8976 + 3.1660 + 3.5597 + 4.0698)
= 4.07149 (i)
(ii) Simpson’s %rd rule
f dx _ h
Now, YO = o+ ya) + 4+ ¥ + Y5+ ) + 202+ Yat Yo+ )]

X0

1.4

. ] 02
[ (sinx —Inx+e%)dx - 7[(3/1+y6)+4(y1+y3+y5)+2(yz+y4)]

0.2
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= %[7.7337 +40.1332 + 12.9146 |

0.2
= - [(60.7815)] = 4.0521

(iii) Simpson’s rule g’fh

x” 3
Jy dx - g{(yo Y)Y Yo F Yy Ys )+ 2(Ys + Yo + Yo + )]
x0

3x0.2

[7.7337 + 2(3.1660) + 3(13.3246)|

4.05296

Now using integral calculus,

14 14 14 14
J.(sinx—lnx+ex)dx = Jsinxdx— jlnxdx+ jexdx
02 0.2 02 0.2
14 1.4 |14
= —cosx|,, —(xInx —x)‘o.2 +e'|

...(iii)

= c0s02-cos14-[14In14-14-0.21In 0.2+ 0.2]+ ¢'4 - £02

1.4

J. (sinx —Inx+ ex)dx = 4.0508
0.2

Now from equation (i), (ii), (iii) and (iv), we get
|error in trapezoidal method |

|4.07149 - 4.0508|

= 20.69 x 103

le,|

1
error in Simpson's grd method

= |4.0521 - 4.0508| = 1.3 x 103

1
5=
3

7

error in Simpson's %th method

€3
2
8

= |4.05296 — 4.0508| = 2.1625 x 10~

..(iv)
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>

So, ler| > %2 > %2

3

e . . N . .
So in this integration, Simpson’s grd is most accurate and trapezoidal method is

least accurate.

Q.6 (b) Solution:
(i) FIFO:
In FIFO, replace the cache block which is having the longest time stamp.

1-miss 4-miss 8-miss 5-miss 20-miss 17-miss 19-miss 5-hit  6-miss

1 1 1 1 20 20 20 20 20

4 4 4 4 17 17 17 17

8 8 8 8 19 19 19

5 5 5 5 5 6

9-miss 11-miss 4-miss 4-hit 3-miss  5-miss  6-miss  9-miss 17-miss

9 9 9 9 9 5 5 5 5
17 11 11 11 11 11 6 6 6
19 19 4 4 4 4 4 9 9

6 6 6 6 3 3 3 3 17

2
i io = —=0.11
Hit ratio 18

@ii) LRU:
In LRU, replace the cache block that has been in the cache longest without no reference
to it.
1-miss  4-miss 8-miss 5-miss 20-miss 17-miss 19-miss  5-hit 6-miss
5 20 17 19 5 6
8 8 5 20 17 19 5
4 4 8 5 20 17 19
1 1 1 1 4 8 5 20 17
9-miss 11-miss  4-miss 4-hit  3-miss 5-miss 6-miss = 9-miss 17-miss
9 11 4 4 3 5 6 9 17
6 9 11 11 4 3 5 6 9
5 6 9 9 11 4 3 5 6
19 5 6 6 9 11 4 3 5

2
Hit ratio = 18
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(iii) Direct mapped cache:

It maps each block of main memory into only one possible cache line given by k mod

n.

1-miss;
4-miss;
8-miss;
5-miss;
20-miss;
17-miss;
19-miss;
5-miss;
6-miss;
9-miss;
11-miss;
4-miss;
4-hit;
3-miss;
5-miss;
6-hit;
9-miss;

17-miss;

Imod4=1
4mod4=0
8mod4 =0
5mod4=1
20mod 4 =0
17mod 4 =1
19 mod 4 =3
5mod4=1
6 mod 4 =2
9mod4=1
11 mod4 =3
4mod4=0
4mod4=0
3mod4=3
5mod4=1
6mod4 =2
9mod4=1
17mod 4 =1

(iv) 2-way set associative with LRU:

0|4 820 4
1|\ A BY BI95917
216
3191 3
kmodn="?
2 1
i io=—=—=0.11
Hit Ratio 89
N L
P-way 2

The cache lines are grouped into two sets. It maps each block of main memory into

only one possible set given by k mod s. The mapping within a set is done using LRU

i.e. replacing the block that has been in the cache longest without no reference to it.

1-miss
4-miss
8-miss
5-miss
20-miss

17-miss

T mode2=1
4 mode2=0
8 mode 2 =0
5mode2=1
20 mode 2 =0
17 mode 2 =1

Set 0
2 way

Set 1

set

A 204

86

X V7B B 17

BAIB9

kmods=1
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19-miss 19 mode 2 =1
5-miss 5 mode2=1
6-miss 6 mode2=0
9-miss 9 mode2=1
11-miss 11 mode 2 =1
4-miss 4 mode 2 =0
4-hit 4 mode2=0
3-miss 3 mode2=1
5-miss 5 mode2=1
6-hit 6 mode 2 =0
9-miss 9 mode2=1
17-miss 17 mode 2 =1

2
i io = —=0.11
Hit ratio 18

Q.6 (c) Solution:
(i) Total resistance of the circuit when the meter is converted to a 250 V voltmeter.
250
R = 100102 2500 Q

Resistance of the series resistor:
R. = 2500 -320=2180 Q

When a voltage of 250 V is applied continuously, the total circuit resistance becomes
2180 + 369 = 2549 Q

As the current through the coil decreases,

2500
ing = ——x250
Voltmeter reading 2549
= 2452V
- Error due to self-heating
2452 -250
= —————x100 =_ %
750 1.92%
i.e., meter will read 1.92% low.
: 1
(ii) Peak voltage (V) = (4div)X Iv - 4 volt
1 div
volt

For sinusoidal wave:
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Vrms
Tsignal
fsignal
Q.7 (a) Solution:

(i) Given: [
€
tan o
f
%

Calculations:
We know; E
tan o

loss factor (g})

Dielectric loss (W)

w
w

Yu_4 _ 2.82 volt
\/E \/E = 4. VO
10 diy x 218
div
40 ms per cycle.
! = 1 — =25Hz
Tsignar  40%10
100cm =1m
3.4
0.005
100 MHz = 108 Hz
230 Volts
v_20_ 230 Volt/m
[ 1
8_;/
€
(tand)-€;

0.005 x 3.4 = 0.017

1 2
Eweosr-E

1 ’op2
Exanfxeoer-E

Tt x (108) x 8.854 x 10712 x 0.017 x (230)?
2.5 Watt

(ii) Wehave; D =4 cm, dx =20 mm =20 x 103 m

p

d
Rate of heat transfer, d—?

60 nQm = 60 x 102 Om

20W

Now, from Wiedemann-Franz law;

K
K

oLT

Coefficient of thermal conductivity
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Lorenz number = 2.45 x 108 WQ/K?2

6 = Electrical conductivity
T = temperature = 300 K
K= S LT=— 5% 2.45x107® x 300
p 60x10
K = 1225 Wam™ K-
From thermal conductivity equation:
ar
Q-(dx)  20x20x107°
AT = KA ~1225xn(2x102)
dl = 259K

Temperature drop across the disk is equal to 2.59 Kelvin.
Q.7 (b) Solution:
The characteristic equation is
2-2 -1 1
-1 2-2 -1]=0

|A = M|

or M-602+91-4=0
To verify the theorem, we must show that

A3 - 6A2+9A - 4[= 0 ..(0)
(2 1 1 2 -1 1 6 -5 5
Now, A2=1|-1 2 -1|x|-1 2 -1|=|-5 6 -5
1 -1 2 1 -1 2 5 -5 6
Similarly, A% = A?2x A
(22 21 21
=|-21 22 -21
|21 21 22

o AB-6A%2+9A - 4]

22 21 21 6 5 5 2 -1 1 1 00
=|-21 22 -21|-6/-5 6 -5|+9(-1 2 -1|-4/0 1 O
21 21 22 5 5 6 1 -1 2 0 01
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1l
o O O
o O O
o O O

1l

(e}

This verifies the theorem.

To obtain A~1, multiply both sides of equation (i) by A1, we get
A2-6A +9]-4A1 =0

or 4A-T = A2-6A +91

6 -5 5 2 -1 1 1 0
5 6 -5|-6/-1 2 -1|+9|0 1
5 -5 6 1 -1 2 0 0

-1

_ W

el
=W

1
3
Q.7 (c) Solution:

The given closed surface is combination of:

z
C
S, -

3| 2

/A3 E
x S

1

: Rectangular face OAEB in xy-plane

Jum

: Rectangular face OADC in xz-plane

N

: Circular quadrant OBC in yz-plane

[e8)

: Circular quadrant AED

nNn ”n ”n ”nn On
N

Q1

: Circular surface BCDE of cylinder in first octant.

[F-fds = i [ F-Nds Q)
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Now,

For xy-plane,

=

Now,

In xz-plane,

=

Now,

In yz-plane,

=

Now,

-nds

-nds

I(szyf - yzj + 4xzzlz) : (—Iz)ds

5i

nds _ 4szzds

51
z=0
-nds = 4Ix22ds=0
51
fids = I(szyf—y2}+4xzzlz)-(—f)d5
52
= J‘y2ds
y=0

ds = [y’ds=0

53

fds = J.(2x2yf -7+ 4xzzlz)-(—f)ds

53
= _f 2x?yds
53

x=0

‘nds = J.szyds =0
3

fids = J.(szyf—yzj+4xzzlz)-fds

S4
9—z2

= J.szyds=-3[ J 8y dydz

S 0

_ 4 9—22)

43( dz
4[(9Z§)

0
3
0

J=4><18=72

...(iii)
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To find N in S, we have,

Also given,

=

So,

Let,

and

23 3
Fofds = -y~ +4xz° | dydx
e ]

>
|

y2+22=9

>
|
&

3

2
)
I

23
= _[_[ = yax? dy dx
00

z
y = 3sin®
dy = 3 cos 0 dO

2 /2 _ .3
= _[ _[ M+4x(9c0529) 3c0s6 db dx
s o | 3cosb

2 2 2
s = _([ —27><§><108x><§ dx =108 ..(vi)

Using equation (i), (ii), (iii), (iv), (v) and (vi),

jP-ﬁds = 72 + 108 = 180
S
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Q.8 (a) (i) Solution:

The auxiliary equations are

& _dy_d
P Q R
Since the given P.D.E. is in the form
P,+Q, =R
Where, P = (y-z)x?
Q= yz-%)
R = flx,y,2) = Z2x -y)
Therefore,
dx _ dy dz
Cy-2)  YE-) FE-y)
Using l,i,i as multiplier, we get
2y 2

1 1 1

—dx+—dy+—5d

x2 * yz Y 72 z dx dy dz
—2+—2+—2:0

0 x° oyt oz

On intergrating equation (i),

I
IS

1 1 1
We get, —+—+—
X y z

. .1 1 1 I
Again using —+ —+ — as multiplier, we get
X

y z
de dy dz
x Yy oz

On integration equation (iii),

log x +logy +logz = log b
xyz = b
From (ii) and (iv), the general solution is:

f(l+l+1,xyz] =0

Xy z

...(iii)
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Q.8 (a) (ii) Solution:

Given A is a skew-Hermitian matrix

Therefore, A% = A
Let A be the eigen value of A and X is the corresponding eigen vector,
Then, AX = AX ..(i)
(AX)? = (x)°
9. 48 = 0. O
—x%.A = 2%x® =2x® ['.'Ae =-Aand )\’ =X]
Post multiplying by X,
“XPAX = Ax®x ...(ii)
Pre-multiplying equation (i) by X®
XPAX = AX®X ..(iii)

From equation (ii) and (iii),

X0AX = -aX%X

AXOX = -AX%X
(A+2)X%X =0
A= -\

This is possible either A = 0 or A = purely imaginary

Hence eigen values of a skew-Hermitian matrix are either zero or purely imaginary.

Q.8 (b) Solution:

Total resistance of instrument circuit (R;) = 005~ 3000 Q

Resistance of coil (R) = 400 Q
Series resistance (R)) = R, - R =3000 - 400 = 2600 Q.

(i) Change in resistance of coil/°C:
= 0.004 x 400 x 1 =1.60 Q
Change in swamping resistance /°C
= 0.00015 x 2600 x 1
= 0.39 Q
Total change in resistance of instrument circuit /°C:
= 1.60+0.39 =1.99 Q
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Change in resistance /°C

Now, Resistance temperature co-efficient of instrument = .
Total resistance

199 _ 0.00066/°C
3000 /°C.

(i) Reactance of coil at 100 Hz:

21 x 100 x 0.75 = 471.2 Q
Impedance of instrument at 100 Hz
= J(3000) + (471.27 =3037 @

Current drawn by instrument at 100 Hz,

= 3037 0.0494 Amp.
Reading of instrument at 100 Hz

0.0494

= x150 =

0.05 1482V

148.2-150

= ———x100=-1.2%

Error 150
(iii) In order that there is no frequency error, value of capacitance to be connected across
R,
L 0.75
C =041 =7 =0.41 x W =(0.0455 pF

S

Q.8 (c) Solution:

Watthour meters IV, and IV, connection diagram:

CC, V\/1 . I
| ’666‘—( x'QQ
k- ° I

p
o
?;N
—
L]
Q1
g
N
@)

,_/
PC TR
2 /)Q B
000, .
cc, W Y I,
Zpy = Zyp = Zpr (Balanced load)
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Watt hour meter reading of W, = VI cos (90° - ¢) x t hr

= tVy,lpsin ¢ =tV I, sin ¢ Wh
Watt hour meter reading of W, = VI, cos (90° - ¢) x t hr

= tVpelysin ¢ = tV,1, sin $ Wh

V3V, I} sind x t = /3 x Wh meter readings of W, or W,

Reactive kVAh Q, o

Watt hour meter readings = 1hr x 400 x [M] x sin(54.46°) = 26.22 kWh
V52 +72
Total reactive kVAh = /3 x26.22 =45.4kVAh
For unbalanced load, Iy # I, 21,
Phase load ang]es, dr # Oy # Op

Therefore, this method won’t work to calculate reactive VAh of the unbalanced load.

Q000
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