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Q.1 (a) Solution:

~
Il

[T-as,
2 sinOdo doa,

Where, s

n/2 27 1
(i) I = I _[—32coserzsin6d¢d9
0=00=0"

r=0.2
) n/2

= =21 j sin0d(sin B)
" 620

r=0.2
n/2

2
dmsin®l - _or=314A

02 2

0

(@ii) The only difference here is that we have 0 <0 <minstead of 0 <0 < g and r=0.1 m.

T
4w sin’

= — =0A
Hence, I 01 2

0

Alternatively, for this case

1= ¢]-dS=[V-] dv=0
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Since V - T = 0, we can show this

7T = li[ cosG:|+ 1 il:lsm 9:|
Vo] T 2y, rsin® 0

= _—Zcose+%cose =0
r r

Q.1 (b) Solution:
The charge distribution is similar to that in figure,

Gaussian surface

(a) (b)

Gaussian surface for a uniformly charged sphere when (a) r <a and (b) r > a.

Since symmetry exists, we can apply Gauss’s law of find E.

eofE-dS = Qenc = [Podo
v

(i) Forr<R,

r 2T
goE 4nr? = Q.= _” Ipvr sinBdod0dr
000
r 4
_ -[4751’2 Po” dr = Pol”
- R R
2
- Po? A
= —~—a
or E = 4e,R™

(i) Forr>R,

27
J. p,r* sin0dydo dr
0

O —ya

R
gE, 4nr> = Q = _([

Il
O — 3

Po’ 4 nrzdr+_[0 4nrdr = pomR®
R

R
Po R®

r = ll
or = r
E 4807’
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Q.1 (c) Solution:
For sliding window protocol with Go-Back-N
Data rate = 1.544 Mbps
Frame size = 64 bytes = 64 x 8 bits = 512 bits
Propagation speed = 0.16 x 10° km/s

Distance = 3000 km
Utilization = 100%
WX T,
= U= 7o,
3000Km
T = s sec= 18.75 msec
P 0.16 x10° Km
512 bits
T = —— =033
¢~ 1.544 Mbps msee
L Wx03
= = 033+2x18.75
W = @ =114.64
= ~ 033 ¢

Q.1 (d) Solution:
Computer architecture is a set of rules and method that describe the functionality
organization and implementation of computer system. It is description of capabilities
and programming model of a computer but not a particular implementation.
Reduced Instruction Set Computer architecture (RISC) has following properties:

RISC has simpler instruction, hence simpler instruction decoding is involved in process.

Instructions size is less than size of one word.

Instruction take single clock cycle to be executed.

RISC has more number of general purpose registers.

RISC has simple addressing models.

RISC has less data type involved.

It has hardwired unit of programming,.

RISC processors are highly pipelined.

Execution time in RISC is very less.

X 0NN

—_
o

. RISC has no requirement of external memory for calculations.

[N
[N

. RISC has applications in video processing telecommunication and image processing.
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Q.1 (e) Solution:
(i) For circular cylindrical coordinate system,

ppd 2 p o pd 2
VxA = L9 9 9| _1/0 90 9
pPldp dd 0z Pl op toL0) 0z

Ay pAy A, p22 p2 sin? é 2pz sin? ()

= % [(2 pPz sin 2(]))[5 — p(ZZSinz q)_ 2pZ)(T)+ (2p Sinz q)):%]

= 2zsin2¢p+2z(p— sin? 0)0+2 sin? 02

(@ii) For spherical coordinate system,

# r® rsin0d
= 1 o d d
VxB = — = —
r2sin@|or 00 el
A, 1Ay 1sinBA,
AT’ rsin0o
_ 1022 @
r2sin@|or 00 a0
r 0 r?sinBcos’0
= — 1 [i( 2 sin @ cos? 0) 7 — 212 sinecoszeé]
r<sin®
cos® 0—2cos0sinZ 6 . 2 A
= - r—2cos” 66
sin O
Q.2 (a) Solution:
C, W
Given : V= 08V, k= T8 <12 mA/V2
A =0, Ing=0.6 mA
Ing = k(VGSQ - V,)?

0.6 x 107 = 1.2 x 103(V g, - 0.8)

0.6x107°
Ve = /— +0.8
GSQ 12x10°°
Vesg = 1507V
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AC Analysis:
Trans-conductance, 8 = 2k(Vgso - Vp)

g, = 2x1.2x10%1.507 - 0.8) = 1.697 mU
Output resistance, r, =

Small signal equivalent circuit

75 kQ G
+ oV

Yvvy

V.(® 500k Vi D sV

AAAA
=
i=]
AAAA
LAJ
=
o]
=
N

1|

1|
d—¢

i}

1l

Output voltage,
U = _gmvgs[ro ” RD ” RL]

500k
&5 (500 +75)k

(=)

Y _ _gm[ro ” Rp ” R;)500

Voltage gain, A =

v, 500 + 75
B -3 3
A - 1.697 x 10 5[§.54 x10°]x500 _ .-

Q.2 (b) Solution:

Given circuit can be redrawn,
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20x100 20

= " —667Vor—V
BB 1004200 3
RBB = M=66.667 kQ or @kﬂ
100 + 200 3

By applying KVL in loop-1,
6.67—%131 -0.7-6Ig; =0

200
5.97—T131 —6(B1 +1)IBl =0

5.97—%131—6(50+1)131 -0
5.97
- 2% _1602uA
b1 = 37266667 H
I = B:lp,

= 50 x 16.02 pA = 0.801 mA
Iy = I + 1y
0.801 mA +16.02 pA =0.817 mA

Applying KVL in loop 2,
20+ 41, +0.7 - (I, - I,) 101, +20 = 0
4l,, +0.7 =101, + 10, = 0
4(100 + 1)I,, + 0.7 - 101, + 101, = 0
4(101)I,, + 0.7 -10(I~) + 101, = 0
4041,,+0.7 -10I - +10I,, = 0
414I,, + 0.7 - 10[0.801] = O
4141,, = 7.31
Iy, = 74123103 =17.66 uA
I, = 100 x 17.66 uA
= 1.766 mA
Given, R, = 5kQ

L
Output voltage = I, x5 x 10°

1.766 x 1073 x 5 x 103
883V
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Q.2 (c) (i) Solution:

By the principle of superposition, the potential at point P is given as

L[Q_E g}
V= +
dreg |, v 1
= Q [L+L_2:| (l)
dregr| . 1

Now, using trigonometric relation for the triangle with sides r, r; and [, we have

rt = r>+12+2rlcos®

n Y 2
L1 = 1+—+=cosb

r r T

" 5 q1/2
— |~ |1+—+—cosb

r r T

- 11/2

r > 2

— | = |1+—+—cosb

7’1 r T

1( 1
il D | >
2 2
1—— —l +—2lcose 2 2 —l +—Zlcose
2 72 T 72 T

2
1—£C059+Z—[3COS 0- 1]

r

Similarly, we have

2
(LJ 1+lcose l [3COS 0-— 1]
Ty r

Thus, from (i), we get

y o9 1+1—2]

Adnegr| . 1

—

2 2
= Q 1—lcose 12 —3COS -1 +1+lcos(9+l—2 —3COS -1 -1
4mer r r 2 r r 2

L
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= Q |i£(3cos2 0-— 1):|

dmeyr| r?

QP >
= ———(3cos“06-1
4 475807’3 ( )

Q.2 (c) (ii) Solution:

* Point A(3, -2, 2) is in the conductor as

y = -2<0atA
E =D=0

* Atpoint B(-4,1,5),
p, = 2nC/m?

D = 2a, nC/m?
3 -9
E= D _2X107 405 =11314,V/m
ge, 107 y
—x2
36m

Q.3 (a) Solution:

V4
E, = (54, —24,(+34,
@ El 1 _‘ln
E_:rl el o |
oy Eat |
0
E_:r2 = 92 E2n
@ &
EZt

(i) Since a, is normal to the boundary plane, we obtain the normal components as

-

E,, = El'ﬁnzﬁl'az:?’

E,, = 3a,
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Hence,

Thus,

Similarly,
or,

Thus,

(i) Leto, and o, be the angles E,

87’1_' 4 A A
= ZLE =2(3a,)=4a

£, 1n 3( z) z
= Ey +Ey,

= 5,24, +44,kV/m

and Ez make with the interface while 0, and 0, are the

angles they make with the normal to the interface as shown in figure,

Since,

and

Hence,

Alternatively,

or

Similarly,

Hence,

tan© €
Note that ——+ = =1

tan0,

g
o))
Eln

Elt

tan 92

o,

%)

= 90-9,
= 90-9,
=3
= J25+4 =429
_ By V29 _ £ 00
= F, "3 ~179%-8=609
= 29.1°
= |E1|-1-c0591
2 04867 — 6, = 60.9°
= \/% . 1 .
= 4,
= E1t:@
_ By V2 a0
= F, a4 —1346-6,=534
= 36.6°

is satisfied
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(iii) The energy densities are given by

1 oz 1 1077 6

W,, = Eel‘El‘ = 5 XAXZ X (254 4+9)x10
= 672 uJ/m?

1 = 1 1077 6

W,, = Eez‘Ez‘ =5 XX 2 —x(25+4+9)x10
= 597 uJ/md

(iv) At the centre (3, 4 -5) of the cube of side 2 m, z = -5 <0; that is, the cube is in region-2
with2<x<4,3<y<5-6<z<-4

4 5 -4
Hence, Wy = [Wedv= [ [ | Wi dzdydz =W,2)2)(2)
x=2 y=3 z=-—

= 597 x 8 u] =4.776 mJ
Q.3 (b) Solution:
(i Given: H= 10° p2[1¢ A/m
p=5mm, V=01V, L=20m

From Maxwell’s equation,

] =VxH
a,  pdy 4,
;o102 2 2
plap 20 0z
0 pl0°p> 0
_ 1] 53
= — 0+0+az(—(10 p ))—0]
PL
1 0 .53
= _‘_10 a
. ap( p~)a,
52
7= 22X s 5 10%pa,
p
Electric field,
E = K=0;1=5><10—3V/m
L 20
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-

Also, ] = oF
] 3x10%p
G = 5 = 7_3
E 5x10
3x10°(5x107°
o= 2X0OXIT) 5 155/m
5x10
(i) The current in the wire,
1= []-ds
S
Je = pdpdoa,
21 S5mm
I = I j 3x105p-pdpd¢
0=0 p=0
3 JPmm
= 3x10° [p—} x [0
3
0
_ 5[ 37mm 2n
I=1x10 [p ]0 x[6]5
=1 x10°[(5 x 10733 - 0] x 21
I =0.0785 A
\%
Resistance, R = 7
0.1
R = 0.0785 1.273 Q
R =1.273 Q

Q.3 (c) Solution:
(i) The code is as follows:
# include <stdio.h>
int main ()
{
char C;
int lowercasevowel, uppercasevowel;

printf (“Enter an alphabet”);

©Copyright: NADE EASY www.madeeasy.in
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scanf(“ %c”, &C);

lowercasevowel = (C=="a"||C=="¢"||C=="1"||C="0" || C=="U);
uppercasevowel = (C=="A"|C=="F' || C==1||C=="0" || C=="U");

if(lowercasevowel || uppercasevowel)

printf (“%c is a vowel”, C);
else
printf(“ %c is a consonant”, C);

return 0;

Output : Enter an alphabet : G
G is a consonant
(i) 1. While Loop:
(@) In while loop condition is tested first and statement are executed if condition
is true.
(b) While loop is entry control loop.
(c) It does not run if given condition is false.
Do While Loop:

(@) In do while, the statements are executed for the first time and then the
conditions are tested if condition turns out to be true the statements are
again executed.

(b) do while is an exit control loop.
(c) It runs at least once even though the condition given is false.
2. Iteration:

(@) The iteration is when a loop repeatedly executes until the controlling
condition becomes false.

(b) Its execution takes less time as it does not use the stack.
Recursion:

(a) Recursion is when a statement in a function calls itself repeatedly. Infinite
recursion occurs if the recursion step does not reduce the problem in a manner
that converges on some condition (base case) and infinite recursion can crash
the system.

(b) It's execution takes more time due to the overhead of maintaining the stack.

The primary difference between recursion and iteration is that recursion is a
process, always applied to a function and iteration is applied to the set of
instructions which we want to get repeatedly executed.

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

To obtain the value of k :
ID(on)
2
[VGS(on) - VGS(Th)]

Substituting the values from figure, we get

We know that, k =

-3
k=20 12104 A/V2 ()
[10-5]
To obtain the value of IDQ :
2
We know that, ID = k[VGS - VGS(Th)]
=12x10* [Vgs - 5]2 ...(ii)

But we do not know the value of V, so let us obtain it. Consider input circuit of figure.
Apply KVL to write,

¢ = Vst V=Vt IpRg

R
Vee=V.-I,Rg=—-2— Vo —IpR
GS GTIDNST (R +R,) PP DTS
Substituting the values we get,
18
Vog = ————x40-(820Ip) =18 - 8201
¢s = (18+22) (8201p) D (ifi)

Substitute equation (iii) into (ii), we get

I, = 1.2 x 10-4[18 - 8201, - 5]

p = 1.2 x1074[13 - 820I,]
1.2 x 1074 [169 - 21.32 x 10°I, + 672.41,]
= 0.02028 - 2.561, + 80.681

0

~
Il

~
| Il

80.681% —3.561, +0.02028
This quadratic equation can be solved as,
_ —b= Vb2 — 4ac
p 2a

Substituting the values we get,

_ 356+ \/ (3.56)% — (4% 80.68 % 0.02028)
= 2 % 80.68

©Copyright: NADE EASY www.madeeasy.in
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ID = 6.72 mA
or ID = 374 mA

Now substitute I}, = 37.4 mA in the following equation
Vs = Vpp = Ip(Rp + Ry)

= 40 - 37.4(3 + 0.820) = -102.88 volts
A negative V. is practically not acceptable.
Hence, I, # 374 mA
i Ing = 6.72mA
To obtain the value of V, :
Substituting the value of I, , in the equation (iii), we get

Visg = 18-820 x6.72 mA
18 - 820 x 6.72 x 1073

18 - 5.51 =12.49 Volts

To obtain the value of VDSQ :

Visg = Vop = Ipg(Rp + Ry) (iv)
Substituting the values we get,

40 - 6.72(3 + 0.820)
14.32 Volts

VDSQ

Q.4 (b) Solution:
(i) # include<studio.h>

# include<conio.h>

int main()

{
int count, temp, i, j, number[30];
printf (No. of number of numerals to be sorted”);
scanf(” %d” & count);
printf(“enter %d numbers”, count)’
for(i=0; i<count; i++)
scanf(” %d”, number([i]);

for(i=count-2; i>0, i++)

for(j=0; j<=i; j++)

©Copyright: MADE EASY www.madeeasy.in
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if (number[j]>number[j+1])

temp=numberf[j];
number[j]=number[j+1],

number[j+1]=temp

printf(“sorted elements”)
for(i=0; i<count; i++)
printf(“d”, number[i]);

J

(ii) Translator software is used to convert a program written in high-level language
and assembly language to a form that the computer can understand. Translator
software converts a program written in assembly language, and high-level language
to a machine-level language program. The translated program is called the object

code.
Compiler
Source P Object
»| assembler >
code . code
interpreter

(Block diagram of translator software)
There are three different kinds of translator software:
* Assembler
e Compiler and
* Interpreter
Assembler converts a program written in assembly language to machine language.
Compiler and interpreter convert a program written in high-level language to
machine language.
Assembler: Assembly language is also referred to as a symbolic representation of
the machine code. Assembler is a software that converts a program written in
assembly language into machine code. There is usually a one-to-one correspondence
between simple assembly statements and machine language instructions. The

machine language is dependent on the processor architecture, though computers
are generally able to carry out the same functionality in different wave. Thus the
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corresponding assembly language program also differ for different computer

architectures.
Assembly
language »| Assembler N Assergbled
program code

Compiler: A program written in a high level language that the computer can
understand, i.e., binary form. Compiler is the software that translates the program
written in a high-level language to machine language. The program written in high-
level language as referred to as the source code and compiled program is referred
as the object code. The object code is the executable code, which can run as a stand-
alone code. It does not require the compiler to be present during execution. Each
programming language has its own compiler. Some languages that use a compiler
are C++, COBOL, Pascal and FORTRAN.

The compilation process generally involves two parts: breaking down the source
code into small pieces and creating an intermediate representation, and constructing
the object code for the intermediate representation. The compiler also reports syntax
errors, if any, in the source code.

Interpreter: The purpose of interpreter is similar to that of a compiler. The interpreter
is used to convert the high-level language program into computer understandable
form. However, the interpreter functions in a different way than a compiler.
Interpreter performs line-by-line execution of the source code during program
execution. Interpreter reads the source code line-by-line, converts it into machine
understandable form, execute the line, and then proceeds to the next line. Some
languages that use an interpreter are BASIC and Python.

Difference between a Compiler and an Interpreter: Compiler and interpreter are
used to convert a program written in high-level language to machine language,
however, they work differently. The key differences between a compiler and an
interpreter are as follows:

* Interpreter looks at a source code line-by-line. Compiler looks at the entire
source code

* Interpreter converts a line into machine executable form, executes the line, and
proceeds with the next line. Compiler converts the entire source code into object
code and creates the object code. The object code is then executed by the user.

* For a given source code, once is compiled, the object code is created. This
object code can be executed multiple number of times by the user. However,
interpreter executes line-by-line, so executing the program using an interpreter
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means that during each execution, the source code is first interpreted and then
executed.

*  During execution of an object code, the compiler is not required. However, for
interpretation, both interpreter and the source code is required during execution
(because source code is interpreted during execution).

* Since interpreter interprets line-by-line, the intepreted code runs slower than
the compiled code.

Q4 (c) (i) Solution:

The Thevenin equivalent circuit for DC model is

V., = 10 x9 =3V
th = 10+20 =
R, = 0% 0
th = 10420

Assume P to be very high,

Therefore I, is small an can be ignored

Vi =V 3-0.7

Thus, I = R; 23K 1mA
oV,
+
Vo® 2k Tk V3 ndaVs 33k 33k
The small signal model is
_ | _1mA _ iA/V

S~y T 2Bmv 25
~g V_x 3k || 3k)

=~
[
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ie.

. ;—;Vm(l.5k9) =60V,
v
L = _60
Vin

Q4 (c) (ii) Solution:

Direct Memory Access is a feature of computer systems that allows computer systems

that allows certain hardware subsystems. e.g., I/O module to access main memory
independently of the central processing unit. CPU is only involved at the beginning and

end of the transfer and interrupted only after entire block has been transferred. DMA

increases system concurrency by allowing the CPU to perform tasks while the DMA
system transfers data via the system and memory buses.

Different types of DMA transfer modes are :

1.

N

Burst or Block transfer DMA mode.

Cycle stealing transfer DMA mode.

Demand (continuous/complete data) transfer DMA mode.
Transparent DMA.

Burst or Block Transfer DMA : In burst mode, once the DMA controller takes the
control of the system bus, it transfers all bytes of data block (without interruption)
before releasing control of the system bus back to the processor. Burst mode is useful
for loading programs or data files into memory because CPU needs data to carry on
operation.

Cycle Stealing Transfer DMA : In cycle stealing mode, once the DMA controller
takes the control of the system bus, it transfers only one byte of data (without
interruption) before releasing control of the system bus back to the processor. DMA
controller “steals” memory cycles from processor, though processor initiates most
memory access.

Demand Transfer DMA Mode : In demand transfer mode, once the DMA controller
takes the control of the system bus, it transfers entire data (without interruption) before
releasing control of the system bus back to the processor. It can transfer all bytes of
data transferred without interruption.

Transparent (DMA) Mode : In this mode, DMA controller monitors the CPU and
system bus. If CPU is not using the system bus during any cycle then DMA controller
uses the system bus. CPU may access the memory in the instruction fetch operand
fetch and operand write cycles.

In decode and execution cycles, the CPU can operate without accessing the memory
in parallel with DMA controller.
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Section B : Basic Electronics Engineering +

Computer Fundamentals + Electromagnetic Field Theory

Q.5 (a) Solution:

a3 =14,
@ ur2=4
| &
y
@ M = 6
E_;)1;1 = EZn =81, > B, =8 (1)
3 E—L(Sﬁ +8a,)mA/m i
But H, = TR z ...(ii)
. B, 1 . R R
and Hy = 7~ —(Ba, + Byay +B,a,)mA/m ..(iif)
Hy 6l

Having found the normal components, we can find the tangential components by using

— =

(Hy - Hy)xdy, = K

or H{xa,, = HyXd,,+K (i)

Substituting equations (ii) and (iii) into equation (i) gives

1 . . AN A 1 . PP B
a(Bxax + Byay +B.,a,)xa, = 4—%(5% +8a,)xa, +M—an
Equating components yields, §y =0,
_Bx = _—5+1
6 4
S 6
or B, = Z=1-5 (V)
From equation (i) and (v), we have
B, = 154, +83a, mWb/m?
. B 1 . .
H; = —=—(0.25a, +1.33a2,) mA/m
M1 Mo
. 1 .
and H, = —(1.25a, +2a,)mA/m
Ho
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Q.5 (b) Solution:
Given :

We know the potential,

(i) V=0atinfinity, i.e,,

@) V=0atr=0

(iii) V=100atr=a
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C = 100 —Lz
2a
1 1
V(r) = +100 - —
) 2 +a® 24?
2 2
a-—r
V(r) = —5————+100
) Zzzz(r2 + az)
Q.5 (c) Solution:
Teaqy = Hit x Read Time of L, + (1 - hit) x Read Time of Memory

= 0.8x5ns+ 0.2 x100ns
=4ns+20ns=24ns

H, = 1So0, memory organization is simultaneous.

T ity = Write time to main memory = 200 ns

[Since, in WRITE-THROUGH CPU writes in both cache and main memory. Hence writing
time of main memory is considered.]
T . =F

T + F xT

avg Read X (read) write (write)
= 0.6 x 24 ns + 0.4 x 200 ns
= 144 ns + 80 ns
= 944 ns
Q.5 (d) Solution:
From the given circuit,
Ve=0, Vp=V,=8-1IR, ()

whenRD=3k£2 andID=2mA
Vios = Vg-Vs=V=8-1R,

Veg =8-2x3=2V
Now, K = b 2:2><1023 =2mA/V?
(Ves —Vr)” (2-1)
Now, R, is reduced to 2 k€.
Let Ry = 2kQ
Ve = 8-2I,
Ip = K[Vgg - Vol?

= 2[8 - 21, - 12
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0.5, = (7 - ZID)2
= 415 - 28I, +49 = 0.5I,
= 415 -2851,+49 =0
On solving,
I, = 422mA; I, = 2898 mA
Ve = 8-2%x4226,V ., = 8-2x2898
= -0452V =2204V
Ves < Vy Ves > Vy

Therefore, when R, is decreased by 1 kQ, the drain current is 2.898 mA.
Q.5 (e) Solution:

Operating system is a large and complex software consisting of several components.
Each component of operating system has its own set of defined inputs and outputs.
Different components of OS perform specific tasks to provide the overall functionality of
operating system.

The main functions of OS are as follows :

User
Interface

Protection
and
Security

Process

Manageme
Operating

System
Memory

Management

Management

Process Management : The process management activities handled by the OS are :
1. Control access to shared resources like file, memory, I/O and CPU.

2. Control execution of applications.

3. Create, execute and delete a process (system process of user process).

4

Cancel or resume process.
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5. Schedule a process.

6. Synchronization.

Memory Management : The activities of memory management handled by OS are :
Allocate memory

Free memory

Re-allocate memory to a program when a used block is freed.

Ll A

Keep track of memory usage.

File Management :

Create and delete both files and directories.
Provide access to files.

Allocate space for files.

Keep back-up of files.

A N

Secure files

Device Management : The device management tasks handled by OS are :
1. Open, close and write device drivers.

2. Communicate, control and monitor the device driver.

Protection and Security : OS protects the resources of the system. User authentication,
file attributes like read, write, encryption and back-up of data are used by OS to provide
basic protection.

User Interface or Command Interpreter : Operating system provides an interface between
the computer user and computer hardware. The user interface is a set of commands or a
graphical interface via which the user interacts with the applications and the hardware.

Q.6 (a) Solution:

Looking at figure, we understand that,

Ry = 1KkQ, h,=18KkQ,
R, = 4kQ, h,=3x10"*
1
— = 80 kQ
hOE
(i) To obtain the current gain:
A= e 0 _ e
i T+heR, 1,4
80
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(i) Inputimpedance (Z):

Z.

1

Z.

mn

(iii) To calculate the voltage gain:

h,+h AR, =18k+ (3 x 10" x -47.62 x 4 x 10°)
1742.86 Q

AR,  (-47.62)x 4k
1742.86Q

=-109.29

Ay = 7.

m

AyZ,  ~109.29x1742.86
Ays = Z_ ¥Ry 1742.86+ 1000

= -69.45

(iv) To calculate the output resistance (R):
o hfehre _ 1 50x3x1074
o~ " n,+Rg 80k 2.8k
0.0125 x 107 - 53.57 x 1077 = 7.143 x 107

1

R, = A =0.14 x 10° Q = 0.14 MQ
0

Y

Q.6 (b) Solution:

1 e base of this pnp transistor 1s grounded. 1le the emuitter 1s connected to a

i) The base of this pnp istor is grounded. While the emitter i d
positive supply (V* = +10 V) through R.. It follows that the emitter-base junction
will be forward biased with,

Ve =V,=07V
Thus the emitter current will be given by
[ = V' -Vg 10-0.7
E RE

Since the collector is connected to a negative supply

=4.65mA

(more negative than the base voltage) through R, it
is possible that this transistor is operating in the active
mode. Assuming this to be the case, we obtain,

I = alg
Given, B = 100, which results in o = 0.99,
Ve = V- +IR.

= _10+46x1=-54V -0V

Thus the collector-base junction is reverse biased by 5.4 V, and the transistor is
indeed in the active mode, which supports our original assumption.
It remains only to calculate the base current,
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Ip 465

= =——=0.05mA
s = 351710 m
(ii) Let both diodes be OFF V_ =5V
If V. <5V then both diodes are off
50 Q v, 1009
Vi 5V

Therefore current through 100 € remains 0.
If V.> 5V then normal diode become on and zener diode undergoes breakdown.

VX
50 Q 100 Q
v, svl 5V

Now also current through 100 Q is zero.
Hence power dissipation in 100 Q resistor is zero.

Q.6 (c) (i) Solution:

IEEE standard for floating-point arithmetic is a technical standard for floating-point

computation.

The standard addressed many problems found in the diverse floating point

implementations that made them difficult to use reliably and reduce their portability.

IEEE standard 754 floating point is the most common representation today for real

numbers on computers, including Intel-based PCs, MACs and most common unix

platforms.

There are several ways to represent floating point numbers IEEE 754 is the most efficient

in the most cases. IEEE 754 has 3 basic components.

1. The sign of Mantissa : Here, 0 represents a positive number while 1 represents a
negative number.

2. The Biased Exponent : The exponent field needs to represent both positive and
negative exponents. A bias is added to the actual exponent in order to get the stored
exponent.

3. The Normalised Mantissa : The Mantissa is a part of number in scientific notation or
a floating point number, consisting of its significant digits. Here, we have only two
digits, i.e., 0 and 1. So, a normalised Mantissa is one with only one to the left of the
decimal.
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IEEE 754 numbers are divided into two based on the three components. Single precision

and double precision.

Single precision IEEE 754 floating-point standard :
I 32-bits I

Sign Exponent Mantissa

t—1-bit —t~— 8-bits —~—————23-bits ————
Double Precision : IEEE 754 floating-point integer
I 64-bits I

Sign Exponent Mantissa

F—1-bit—~t—11-bits—>~—————52-bits ———
Q.6 (c) (ii) Solution:
Capacity of main memory = 256 MB
Capacity of cache memory =1 MB
Block size = 128 bytes
A set contain 8 blocks.
Since the address space of processor is 256 MB.
The processor will generate address of 28-bits to access a byte (word).
. ' 256 MB
The number of blocks contained by main memory = 98B
Therefore, number of bits required to specify one block in main memory = 21.
Since the block size is 128 bytes.
The number of bits required access each word (byte) = 7.

21

For associative, the address format :
21 7
, 1 MB
The number of blocks contained by cache memory = 188 21,
Therefore, the number of bits required to specify one block in cache memory = 13.

For direct cache, the address format is

‘ Tag ‘ Block | Word |
8 13 7
— 5

Index
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Q.7 (a) (i) Solution:
Instruction size = 16 bit
Type I instruction design:
16 bit

opcode | IR | IR | IR

4bit 4bit 4Dbit 4 bit
Number of operations = 24 =16
l
Free opcodes = 16 -4 =12
Type Il instruction design:

16 bit

opcode | FR | FR

4bit 6Dbit 6Dbit
Free opcodes after type 1 instruction
=12
Free opcodes after type 2 instruction
=12-8=4

Type III instruction design:
16 bit
opcode| IR | FR

6bit 4 bit 4 bit
6 bit
l
Number of opcodes = 4 x 22=16
. Number of free opcodes after type 3 instruction

Expand opcode size

=16-14=2
Type IV instruction design:
16 bit
opcode | FR
10bit 6 bit
Expand opcode size = 10 bit
\J
Number of opcodes = 2 x 24
=2°=32
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Q.7 (a) (ii) Solution:

Average read time

In the execution sequence number of read operations = 160

09x1ns+0.1x%x5ns

09+05=14ns

So total time required for read operation

Average write time

In the execution sequence number write operation = 40.

160 x 1.4 ns = 224 ns
09%x2ns+0.1x10ns

1.8+1=28ns

So, the total time required for write operation = 40 x 2.8 ns =112 ns

Total time for instruction execution time for both read and write = 224 + 112 = 336 ns.

200 times, access takes 336 ns.

1 time, access takes

Average memory access time =

Q.7 (b) Solution:

The work done is given by

w

336

% =1.68 ns

A
—QJE-E
B

Let us differential length dL in Cartesian co-ordinate system is,

Case-I: The pathisy =3x2 +z,z =

dL

|
2|
h

w

Yy

dx i, +dya, +dza,

(-8xy a, —4x74, +4,) (dxd, +dyd, +dzd,)

-8xy dx - 4x*dy + dz

B
-Q _[ —8xy dx — 4x2dy +dz
A

A
= —Q I—Sxydx—
B
x+4
=3x*+x+4

a, =1 other dot products are zero.

A A
j4x2 dy+_[dz

B

B
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dy
I (6x +1)

A

For, j—8xy dx = The limits arex =1tox =2
B
A

For, f—4x2y — The limits are y =8 to y =18
B

A

For, jdz — The limits arez=5toz=6
B

2 18 6
W = —Q[ J. —8xy dx — j 4x2dy+ J. dzjl
x=1 y=8 z=5

Using, y = 3x% + x + 4 and dy = (6x + 1) dx and changing limits of y from 8 to 18 interms of
x from 1 to 2 we get,

s , .
= —Q J. —8x(3x? +x+4) dx - J. 4x% (6x+1) dx+ J. dzjl

| x=1 x=1 z=5
[ 2
= —Q|| -6x* —§x3 ~16x% —6x* —éx?’ + (z)6
3 3 >
| =1

= -Q[-256 +1]
= -6 x -255=1530]
Case-2: Straight line path from B to A.

To obtain the equations of the straight line, any two of the following three equations of
planes passing through the line are sufficient, B(1, 8, 5) and A(2, 18, 6).

Using the co-ordinates of A and B,

18-8
_g = =%y
y-8=57 D
y-8=10(x-1)
y = 10x -2
dy = 10dx
6-5
5= 22 (y-8
and z-5 18—8(y )
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10z = y +42
[ 2 18 6
Now, W= -Q J. —8xy dx— j 4x%dy + I dz
| x=1 y=8 z=5

[ 2 2 6
= Q| [ 8x(10x-2)dx— | 4x*(10dx)+ | dzjl
=5

x=1 x=1 z

L

=_Q —

3 2 3

2
80 5 16x> 40x° 6
—x7+ — +[z]:
=1

~Q{-213.33 + 32 - 106.667 + 26.667 - 8 + 13.33 + 1}
~Q[-255] =1530]

This shows that irrespective of path selected, the work done in moving a charge from

B to A remains same.

Q.7 (c) Solution:

(i) The linear velocity of inner conductor is,
’(71 = 0)7’1&4) = 2nfr1ﬁ¢

500 ~ 1 .
= 2nx——x0.03g, = —
T 60 aq) 275&4) m/S

The linear velocity of the outer conductor is,

A . 500 .
g, = Onhiy= 2nfrya, =21 XEX 0.054,,
= §n&
6 ¢

Since the magnetic field is not time-varying, only motional emf will be induced.

The motional emf in the inner conductor is

Vl = @(’Z—}l Xgl)‘gil

T T
= — —d = —_— 1 -1 s
3 _([ (—dz) 16 Volts (in z-direction)
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Similarly, the motional induced emf in the outer conductor is

@(‘72 Xéz)‘az
l

Vv

2

(5“ iy 0.8&,)-(dzaz)

I
O ey~

6
0.5
4m 2n
= — | (-dz) = —— Volts (in z-direction)
6 0 6
Therefore, the loop can redrawn as
R=02Q
I
T Volt = m - n Volt
16 6
M oio2i = ¢
16 6
2
_ 6 16 _
I = “o02 425 A

(ii) Ampere’s circuit law states that the line integral of H around a closed path is exactly
the same as the current I _ enclosed by the path.

In other words, the circulation of H equals I, ; thatis,

@Eidi = %m

Using the Ampere’s law, the magnetic field inside the conductor at arbitrary distance
r < R can be obtained as

2
r
Bx2nr = ulx—s
" nR2
wlr
B =
2nR?

. The magnetic energy density is
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_ 1B 1 ( ulr )2_ ur*r?
2nR*)  8n°R*

m

2 p 2p

Hence, total magnetic energy stored inside the wire is

R u12r2
E = |W,_ =|——x2rrdr
n '[ " '([87521{4 ( )

2 4|R
= %xanxr—
8n°R 4|
2
_uIl
En lé6n J
Q.8 (a) Solution:
Step - 1:
Calculate I
=€ =228 oA
BT B - 50
Step - 2:

Apply KVL to the collector circuit and calculate R .
Vee = IR+ Vg + IRy
= IR+ Vg + (I + IR,
_ Yec = Vep —IcRe
E (Ic + 1)

10-5-(2x2)

= GmArdopa) - 490190

Step - 3:
Calculate R :

The expression for stability factor S for the voltage divider bias circuit is given by
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(02
5 = (1+50)x 490.2 ) _ 51x(490.2 + Rp)
514 Rp (51x490.2) + Rp
490.2
25000.2 + 51Rp
= 25000.2 + Rp
R, = 2173 kQ
But R; = Ry | R, BB _5r473k0
(R; +Ry)
R,  2173K _
R, +R, R, ()
Step - 4:
Calculate R, and R, :
Apply KVL to the input loop to get,
Vo = Ve + IRg
Assume V. =07V
: Vip = 0.7+ (I- + I;)R. = 0.7 + (2.04 x 10-% x 490.19)
=169V ...(ii)
Ry
But Ve, = V.
" R~ R+R,
R,  Vpo 169
R+R, Ve 10 - 0.169 ..(iif)
Comparing equation (i) and (iii), we get
2173x10°
71{1 = 0.169
R, = 1278 kQ
d S R 0.169
an 1278+R,
R, - 0.169R, = 12.78 x 0.169
R, = 2.59 kQ

2
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Q.8 (b) Solution:
Case-I, when both the diodes are in OFF state:
In this case both the diodes act as open circuits and the equivalent circuit can be given
by,

Q
Il

v,=25V

I -

_L 5 0
From the above diagram, it is clear that the diode D, conducts for v, > 25 V and the diode

D, conducts for v, much greater than 25 V. So, both the diodes are in OFF state for v, < 25
V.

Hence, v, =25V ; forv, <25V (i)
Case-II, when D, is in ON state and D, is in OFF state:

From case-], it is clear that D, will be in ON state for v, > 25 V and the equivalent circuit

for this case can be given by,

vo = va = vb o 100 kQ q A A zI] o
v, 25 T l e +
= —L——x200+25V A
100 + 200 D, 200 kQ
2 .25 v _LK o
=3u+t5V I 100 V T 25V
This case will sustain until D, starts conducting. ° I °

D, conducts for, v , > 100V
2542y > 100V
3 3

v, > 1375V

1
E7J1-+§V ; for25V <vp; <1375V ..(ii)
o 3 3
Case-III, when both the diodes are in ON state:
From case-II, it is clear that for v, > 137.5 V both the diodes will be in ON state and the

equivalent circuit for this case can be given by,

So, v
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10k ¢ p, b

AAAA

o AA'A . M 0
+ A K +
» A
D, 200 kQ
Ui ' K Uu
- 100V T 25V
o +— °
v, =100V ; forv,>1375V ..(iif)

By summarizing all the three cases, the voltage transfer characteristic of the circuit can be
plotted as shown below.

25V . 0,<25V
v = gvi+§V ; 25V<y, <1375V
0 3 3
100 V ; 0,>1375V
vo
F 00V :
25V
—— D, OFF, D, OFF —{—== D, OFF, D, ON ~}=- D, ON, D, ON —
0| 25V 1375V 0
Q.8 (c) Solution:
() When V,=12V, R =20kQ
P12V
20kQ S F22k0
y ——oV,
180k 2
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On taking the thevenin equivalent across the base terminal,
12V

Where, V= 12x 180 =108V
180 + 20
and R, = (20]/180)kQ =18 kQ

Apply KVL in base-emitter loop
-V + R, + Vp = 0
10.8-0.7

Iy = BETE 0.5611 mA
Ie = Blg + (L + B)lepo
= 30 x 0.5611 + 31 x 100 x 10-°
= 16.8361 mA
Now, Vy=12-1.%x22
=12-16.83x22=-25.03 Volt <V,
Therefore transistor is operating in saturation region and V,= V., =02 V.

(ii) The minimum value of R for which the transistor to remain in active region, when

V.=12V.
12-0.2
We get, Ioo = 5o - 5.36 mA [ V ek(say = 0-2 V]
_ IC(sat) _ 5.36 -0 36 mA
oy = B = 30 ~01786m
R = R x 180
B~ 180+R
12 x 180
and Ve = 180+ R
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Apply KVL in base-emitter loop,
Vp = Ve + IRy

% = 0.7 +0.1786 x 1;3(11{1{
2160 = 126 + 0.7R + 32.148 R
R = 2004 _ 61.92 kQ
32.848
This R = 61.92 kQ is corresponding to R ..
Therefore, R, = 61.92 kQ
(iii) When V.=1VandR =15kQ
R, = (15 180)ke = 13.846 kQ
V. = 180

= 1x-22 =09230 V
195

Apply KVL in base-emmiter loop,
Ve —Vge  0.923-0.7

Iy = TB = W =0.0161 mA
Ic = Blz + (1 + B)lpo
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= 30 x 0.0161 + 31 x 100 x 10-°

= 0.4862 mA
Vy=12-1.%22
= 12-0.4862 x 22=10.93 V
Ve = 1093 > Vg

Therefore transistor operating in active region.

Q000

©Copyright: MADE EASY www.madeeasy.in





