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Q.1 (a) Solution:

Given:

Taking z-transform,

X(@) = i >l
H(z) = L o e
IRCE I PR R
)
The response,
Y(z) = X(2).H(z)
Y(z) = —é- ; o<zl <=

By using partial fraction
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Y(z) -1 1 -1 A B
_— = — = — +
‘ * (z—oc)(z—l) ofz-o ;1
o o
where A = % = A= _az
o 1-a
Ollz=q
1
B = = B=—"
z—al,.1 1-o
o
- o
2 2
Y(z) -1 (1-07) (1-0o7)
z o| z—a z—l
o
Y(z) = 1 z 2 o<z <=
(z) = 1-a?lz-a z—l ’
o

Taking inverse z-transform,

) = 5 (@"u) + @) "u(-n-1)]
L
¥ = oz

Q.1 (b) Solution:
(i) Logical Operations : These instructions perform various logical operations with the
content of the accumulator.
* AND, OR, Exclusive-OR : Any 8-bit number, or the contents of a register, or
of a memory location can be logically ANDed, ORed or Exclusive-ORed with

the contents of the accumulator. The results are stored in the accumulator.
e.g., ORA H.
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Rotate : Each bit in the accumulator can be shifted either left or right to the next
position. e.g., RLC.

Compare : Any 8-bit number, or the content of a register, or a memory location
can be compared for equality, greater than or less than, with the contents of the
accumualtor. e.g., CMP.

Complement : The contents of the accumulator can be complemented; all Os are
replaced by 1s and all 1s are replaced by 0s. e.g., CMC.

(ii) Branching Operations: The group of instructions that alter the sequence of program

execution either conditionally or unconditionally.

Jump : Conditional jumps are an important aspect of the decision-making process
in programming. These instructions test for a certain condition (e.g., zero or carry
tflag) and alter the program sequence when the condition is met. In addition, the
instruction set includes an instruction called unconditional jump. e.g., JMP.

Call, Return and Restart : These instructions change the sequence of a program

either by calling a subroutine or returning from a subroutine. The conditional
call and return instructions also can test condition flags. e.g., CALL 2023H

Q.1 (c) Solution:

(@)

s +65+7 35+5
X(s) = =1+
s*+3s+2 (5" +3s+2)
3s+5 3s+5
Xi(s) = —> =
(s“+3s+2) (s+1)(s+2)
Using partial fraction,
A B
X =
1(3) s+1 s+2
3s+5
where, A = = A=2
S+ 2 |s__
3s+5
B = = B=1
s+1 5=—2
2
X(s) = 1+ + ; Re{s}>-1
s+1 s+2

Taking inverse laplace transform,
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x(t) = 8(f) + [2e7t + e u(f)
55+13

() X© = s(s® + 4s + 13)

Using partial fraction,

X(s) = é+ 2Bs+C
S s +4s+13
5s+13 = (A + B)s> + (4A + C)s + 13A

On comparing, we get,
13A =13 = A=1

A+B=0 = B=-A = B=-1
JA+C=5 = C=5-4A = C=1
1 —-s+1
X)) = 4
(%) s s2+4s5+13
@y = Lo 51
) =3 (s+2)% +(3)

1 s+2-2-1

s (s+2)%+(3)°
1 (s+2)

3
= —— + 5, Refs}>0

s (s+27+(3)° (s+2°+(3)
Taking inverse laplace transform,
x(t) = u(t) - e cos 3t u(t) + e~ sin 3t u(t)
x(t) = [1 - e?(cos 3t - sin 3t)]u(t)
Q.1 (d) Solution:

8086 has 16-bit flag register, and there are 9 valid flag bits. The flag bits are changed to 0
or 1 depending upon the value of result after arithmetic and logical operations. The

format of flag register is
D15D14D13D12D11D10D9 DS D7 D6 DS D4 D3 D2 Dl DO
XIX|X|X|O|D|I|T|S|Z|X|AC|X|P |X|CY

These flag bits are divided into two sections :
(i) Status flags
(ii) Control flags
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(i) Status Flags:In 8086, there are 6 different flags which are set or reset after 8-bit or 16-

bit operations.

* Sign Flag (S) : After any operation if MSB is 1, then it indicates that the number is
negative and this flag is set to 1 else reset to 0.

* Zero Flag (Z) : If the result is 0 after any arithmetical or logical operation, this flag
is set to 1 otherwise it becomes reset, i.e., 0.

* Auxiliary Carry (AC) : When some arithmetic operations generate carry after the
lower half and sends it to upper half, the AC will be 1, otherwise it will be 0.

* Parity Flag (P) : This is even parity flag. When result has even number of 1, it will
be set to 1; otherwise 0.

* Carry Flag (CY) : This is a carry bit. If a carry is generating after any operation
this flag is set to 1; otherwise it will be 0.

* Opverflow Flag (O) : This flag is set to 1 when the result of a signed operation is
too large to fit in the number of bits available to represent it, otherwise reset, i.e.,
0.

(ii) Control Flags : In 8086, there are 3 different flags which are used to enable or disable
some basic operations of the microprocessor.

* Directional Flag (D) : This flag is used in string related operations, i.e., if D =1,
then the string will be accessed from higher memory address to lower memory
address, and if D = 0, it will do the reverse.

* Interrupt Flag (I) : If I = 1, then MPU will recognize the interrupts from peripherals.
For I = 0, the interrupts will be ignored.

* Trap Flag (T) : This flag is used for on-chip debugging. When T =1, it will work
in a single step mode. After each instruction, one internal interrupt is generated.
It helps to execute some program instruction by instruction.
Q.1 (e) Solution:
(i) Static or Dynamic:
y(m) = lx(m)
1. The output is the magnitude of present input samples. Hence, the system is static.

2. Linear or Non-Linear:
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The response of the system to linear combination of two inputs x,() and x,()
will be,

ya() = Tlayx;(n) + ayxy(n)} = layx, (n) + ayx,(n)l
Now, the linear combination of two output is

Y3(m) = ayy,(n) + ay,(n) = a;lx,(n)] + a, | xy(n)l
Here, y,(n) # y5(n)
Hence, the system is non-linear.

3. Time Varying or Time-Invariant : Delaying the input by k" samples output will
be

y(n, k) = Tlx(n - K)} = be(n - k)
And the delayed output will be
y(n-K) = x(n - k)
Since, y(n, k) = y(n-k)
Hence, the system is time-invariant.

4. Causal and Non-Causal : The output depends upon present input. Hence, the
system is causal.

5. Stable or Unstable : For the given equation, it is clear that as long as x(n) is
bounded, y(n) will be bounded. Hence, the system is stable.

(i) y(n) = sgnlx(n)]
1. Static or Dynamic : Since the output depends on present input only, then this
system is static.

2. Linear or Non-linear : The given system equation is
y(n) = Tix(n)} = sgn[x(n)]

The response due to two different inputs

() = Tixy(m)} = sgnlx, ()]

Yo(n) = Tixy(m)} = sgnlx,(m)]
The response of the system to linear combination of inputs.

y5(n) = Tlayx;(n) + ayx,(n)} = sgnla,x;(n) + a,x,(1)]
The linear combination of two outputs given by equations

Y5(n) = ayy,(n) + ayy,(n) = a; sgnx, (m)] + a, sgnlx, ()]
Here, y,(n) # y5(n)
Hence, the system is non-linear.
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3. Time-Varying or Time-Invariant : The resposne due to delayed input
y(n k) = Tix(n, - k)} = sgn[x(n - k)]
And the delayed output will be
y(n-k) = sgnlx(n-k)]
Here, y(n, k) = y(n-k)

Hence, the given system is time-invariant.

4. Causal or Non-Causal : Since y(n) depends upon the present input. Hence, the
system is causal.

5. Stable or Unstable : Since y(1) = sgn[x(n)] has a value of +1 depending upon ‘n’,
this is a stable system.
Q.2 (a) Solution:
We know that, for the N-point DFT

N-1 ,
X(k) = Y, x(mye PNk =0,1,..,N -1
n=0
Here, N=8
7 jZTEHk 7 —jnnk
X@ = Yxme 8 =Y x(me *
n=0 n=0
k=0
7
XO0) = Y x(n) =1+1+2+2+3+3+0+0
n=0
=12
k=1
7 —jmn
X(1) = Y x(n)e *
n=0
—jn -j2n -j3n —jan -j5m

=1+e4 +2e 4 +2e % +3¢ 4 +3e ¢

= 2-2J2-j2=-4828-2
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k=2:

—jmn

Z x(n)e 2

n=0

-jn . —j3n | ~j5m
T+e2 +2¢/™+2¢ 2 4367727 13¢ 2
1+ (=) +2(-1) +2(j) + 3(1) + 3(~))

—j3m —j3m ~jon . —~j15m
T+e 4 +2e 2 +2¢ 4 +3¢7/9m 13 4

1+ _(}/% i), 2(j) + 2(1—\/_5]J +3(-1) + 3(%}

—2+242+j2 =0.828 + 2

7 .
Z x(n)e” /™
n=0

1 + e/™ + 27727 + D3N + 3 /AT + 3p-/5n

1-1+2(1)+2(-1) +3(1) + 3(-1)

0
7 —j5mn
2 x(n)e 4
n=0
—jom -j5m -j15m - j25m

T+e 4 +2¢ 2 +2e 4 +3e/°" 43¢ 4

(7)o {'3)
—2+422 -2 =0828-2
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k=6:
X(6) =
X(6) =
k=7
X(7) =
X(7) =
Therefore, X(k) =

Q.2 (b) Solution:

7 —j6nn
Y x(n)e 4
n=0
-j3n —jn -j15m
T+e 2 +2e 342 2 4377513, 2

1+j7+2(-1) +2(=j) +3(1) + 3())
2+72

-j7m -j7m -j2ln
1+e 4 +2e 2 +2¢ 4

1+(1%2j) + 2(j)+2(_}/%]) +3(-1) + 3(%}
—2-2J2+j2 =-4.828 + 2

{12, -4.828 - j2,2 - j2,0.828 + 2,0, 0.828 - j2, 2 + 2,
~4.828 + 2}

‘ —-735m
+3e7/7" 430 4

Algorithm:

1. Load a 16-bit number from memory 2040 H into a register pair (H-L).
2. Move content of register L to the accumulator.

3. Complement the content of the accumulator.

4.  Move the content of accumulator to the register L.

5. Move the content of register H to the accumulator.

6. Complement the content of the accumulator.

7. Move the content of accumulator to the register H.

8. Store the content of register pair in memory 2050 H (1’s complement).
9. Increment the content of register pair by 1.

10. Store the content of register pair in memory 2052 H (2's complement).

11. Stop

ocopyright: [MADE EASY
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Program :
LHLD 2040H;
MOV A, L;
CMA;

MOV L, A;
MOV A, H;
CMA;

MOV H, A;
SHLD 2050H;

INXH;
SHLD 2052H;

HLT;
Q.2 (c) Solution:

(i) Given:

(@)

Load H-L register pair with the content present at 2040H.
Move the content of register L into the accumulator.
Complement the content of accumulator.

Move the content of accumulator into register L.

Move the content of register H into the accumulator.
Complement the content of accumulator.

Move the content of accumulator into the register H.

Store the data from register pair H-L into memory 2050H (1's
complement).

Increase the H-L register pair by 1.
Store the data from register pair H-L into memory 2052H (2’s

complement)
Stop
4+ jm
H(w) = 6—02+57
-0” +5j
Y 4+
H() = (@) _ j©

X(®) 6+ (jo)’ +5j0

(j0)?Y(0) + 5j0Y(0) + 6Y(0) = joX(w) +4X(w)

Taking inverse fourier transform to obtain the differential equation relating the

input x(¢) and output y(#) of system S :

d>y(t) 5 dy(t) +6y(t) = dx(t) + 4x(t)

dt* dt dt
(b) Given : H) = ——119
6+ (jo)” +5jo
HO) = G s o
Using partial fraction
A B

HO) = 560 57 0

ocopyright: [MADE EASY
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4+ jo
where, A = , = A=2
3+ jo|.
jo=-2
4+ jw
B = ot = B=-1
LR A
2 1

HO) = 5 0 T34 e

Taking inverse fourier transform,
h(t) = 2e2u(t) - e>tu(t)
h(t) = (2e72 - e3Hu(t)
(c) Given: x(H) = eHMu(t) - tetu(t)

Taking fourier transform,

1 1 3+ jo
X((D) = T RV ] 2
4+jo (4+jw)” 4+ jo)
The response, Y(w) = X(w).H(w)
Y(o) = 3+jo 4+ jo _ 1

(4+jw)® (B+jw)2+jo) (4+jw)2+ jo)

Using partial fraction,

A B
Y(w) = +
@ 2 e 1o
1 1
where, A = , - A==
4+ jo|. 2
jo=-2
B = 1, = B= _—1
2+ jw e 2
1
2 2
= +
Y(®) 2+ jo 4+ jo
Taking inverse fourier transform,
y(b) = %e_%u(t)—%e_“u(t)

ocopyright: [MADE EASY
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v = 51— Hu
(i) Given:
x(n)=1{1,3,0,4,-2}
T
h(n)={2,4,-1,-3}
T

y(n) = x(n) * h(n)
x(n) = d(n + 1) + 3d(n) + 43(n - 2)d - 28(n - 3)
h(n) = 28(n + 2) + 48(n + 1) - 8(n) - 3d(n - 1)
y(n) = [0(n + 1) + 38(n) + 43(n - 2) - 28(n - 3)] * [28(n + 2)

+43(n + 1) - d(n) - 38(n - 1)]
= 20(n+3)+48(n +2) -d(n + 1) -38(n) + 65(n +2) +

128(n + 1) - 38(n) - 98(n - 1) + 83(n) + 168(n - 1)
-48(n-2)-128(n -3) -45(n - 1) - 83(n - 2) +
28(n - 3) + 63(n - 4)

y(n) = 28(n +3) +108(n + 2) + 118(n + 1) + 28(n) + 36(n - 1)
-128(n - 2) - 108(n - 3) + 65(n - 4)

y(n) = {2,10,11, 2, 3, -12, -10, 6}

T
Q.3 (a) Solution:

(i) Status Pins (S,, S,, Sy) : The status pins S,S;, S, of 8086 are available at pin 26, 27

and 28 respectively. These pins are used by the 8288 bus controller for generating
(all the memory and I/O operations) access control signals :

W
N

9]
iy

So Status
0 | Interrupt acknowledgement
I/O Read
I/O Write
Halt
Opcode fetch
Memory Read

Memory Write

= =R R O O O O

R R o o R~ oo
| o R, o ~r| O ~

Passive State
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Queue Status Pins (Q,, Q) : These are queue status signals and are available at

pin 24 and 25. These signals provide the status of instruction queue.

Q.0 Qa1 Status
0 0 No operation
0 1 | First byte of opcode from the queue
1 0 Empty the queue
1 1 Subsequent byte from the queue

(ii) The pointer registers are SP and BP while index registers are SI and DI.

All four are 16-bit registers and are used to store offset address of memory locations
relative to sequent registers. They act as Memory Pointers. As an example, MOV
AH, [SI] imples “move the byte whose address is contained in SI into AH”. If now, SI
= 2000H, then execution of above instruction will put the value of FFH in register
AH as shownin table, [SI +1 : SI] = ABFFH, where obviously SI + 1 points to memory
location 2001H and [SI + 1] = ABH.

2005 H 0A
2004 H 07
2003 H 85
2002 H 90
2001 H AB
2000 H FF ~—8SI

Sl is pointing to memory location 2000 H

SIand DI are used as general purpose registers. Again in certain string (block move)
instrctions, SI and DI are used as source and destination index registers respectively.
For such cases, contents of SI are added to content of DS register to get the actual
source address of data while the contents of DI are added to the contents of ES to get
the actual destination address of data.

SP and BP stands for Stack Pointer and Base Pointer with SP containing the offset
address or the stack top address. The actual stack address is computed by adding
the contents of SP” and SS.

Data area(s) may exist in stack, to access such data area in stack segment, BP register
is used which may contains the offset address. BP register is also used as a general
purpose register.

©Copyright: MADE EASY www.madeeasy.in
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Instruction Pointer (IP) is also included in index pointer group. IP points to the offset
instead of the actual address of the next instruction to be fetched (from current code
segment) in BIU. IP resides in BIU but cannot be programmed by the programmer.

Q.3 (b) Solution:

The desired response of filter is

Y
h(n) = %_j H,(e!®)el® doy

1 -2n/3 _ n/3 _ b .
= — '[ el do + I el dw + _[ e/ dw
21

-T -n/3 2n/3
1 ejom —2n/3 ejum n/3 ejom n
= 2— - + - + -
n I J -n/3 ] 21 /3
I " —i%n —'z—nn '2—71:11
1| efm_pim 3N T T s
= — . + . + .
mn 2j 2] 2j
17 . . T . 2m
h,(n) = —|sinmn +sin—n —sin—n
| 3 3

() = h(-n)
Therefore, filter coefficients are symmetrical about n = 0.

Now, forn =0

h,0) = limi{sinnn + singn - sin%tn}

n—0 N7
(T . (2m
) sin| — |n sin| — |n
. | sinmn 3 2 3
= lim + -=
n—0| mn T 3 (2n
3 = |n —n
3 3
hd(O) = 1+1—E=E = 0.667
3 3 3
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Forn=1,

hy(l) = hy(-1) = %{Sinn + sin(g) - sin(%”ﬂ =0
Forn =2,

h,2) = h,(-2) = %{sin 2m + sin(z?n) - sin(%tﬂ =0.2757
Forn =3,

h,(3) = h,(-3) = %[sin 31 +sinm —sin(2m)] = 0
Forn =4,

h.(4) = h(-4) = L_sin47t+sin4—n—sinS—Tc} =_-0.1378

d()_ d(_)_4n_ 3 3 = -U.

Forn =5,

h,(5) = h,(-5) = %_sinSn + sin(%) - sin(lOTnﬂ =0

| ha(w), <5

Since, h(n) = { 0, otherwise

The transfer function of the filter is

(M-1)/z

H@z) = ), hmz™"

n=—(M-1)/z
H(z) = -0.1378z7* + 0.2757z% + 0.667 + 0.2757z2 - 0.1378z*

Since, h(n) = h,(n) for |n| < 5. This system is not practically reliable because h(n) # 0 for
n <0, i.e., non-causal system. And as we know that non-causal system are not practically
reliable.

Now, our purpose is to make it a causal system. Therefore, impulse response of causal-
type hand reject filter will be
h(n) = h(n -5)=h,(n-5)
H(z) = z°H(z)
H(z) = z7°[-0.1378z* + 0.27572% + 0.667 + 0.2757z7% - 0.1378274]
= -0.1378z71 + 0.2757z7 + 0.667z7° + 0.2757z77 - 01378277

Therefore, H @) = ¢75°[0.667 + 0.5514 cos 2m - 0.2756 cos 4w]
ocopyright: [MADE EASY www.madeeasy.in
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Q.3 (c) Solution:

| Load Register D with 0A H |

HL Register pair is pointed to
memory location 3000H

Move content of memory location,
pointed by HL pair, to ACC

— Decrement Register D |

Is Yes

No Store ACC at
Increment the content of Memory location

HL register pair 4000 H

Compare content of memory

location, pointed by HL pair
with content of ACC

8085 Assembly Language Program :
MOV D, 0AH
LXI H, 3000H
SAVE: MOV A M
NEXT: DCRD
JZ STOP
INXH
CMPM
JCSAVE
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JNC NEXT
STOP:  STA4000H
HLT

Q4 (a) Solution:
(i) This problem, we will proceed using the eigen function property of LSI system.

If the input to an LSI system is x(1) = cos w n, then the response will be

y(n) = |H(e!)|cos(no, +0,(,))

Therefore, we need to find the frequency response of the system we know the unit
sample response of ideal low pass filter,

1 oo,

H1(ejm) = {

0; o, <|w<n

sinnw,

Therefore, hy(n) = p—

T ,
Because, h(n) = 2h,(n - 1) with @_ = 5 an expression may be derived for H(¢*) in

terms of H,(¢/*) as follows :

HE) = 3 hone ™ = 3y (n-1)-

Nn=-—oo n=

2 Y hy(m)e /D =271 Yy (m)e "

N=—co N=—co
= 2¢7°H, (/)
2075, |o|<Z
Therefore, H(e®) = 2
0, =<|o<n

. 3n
Because |[H(@®)| =0 at ® = 7 the sinusoid in x(n) is filtered out and the output is

simply.

y(n) = Z‘H(ejn/4)‘cos(%+¢n(%))
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y(n) = 4cos(%_%) _ 4COS((n_1)E

(ii) First we take the one-sided z-transform of each term in the difference equation.

Y(z) = 27Y(2) + Y(-1) - [272Y(2) + 2 'Y (<1) + Y(-2)] + %X(z) + %Z—l X(z)

Substituting the given values for the initial condition, we have

Y(z) = z7'Y(2) + % ~27%Y(2) - %z‘l - % + %X(z) + %z‘lX(z)
" 1 1
Because x(n) = (1) u(n) = X@z)=-——>"-—, lzI> =
2 (1 1 _1) 2
2
1.3 4 1,14
which gives Y(z) = 2 + 2_2

~z
2
1 1 1 4
2 2747
Y(z) = +
@ 1_12—1 1-z14772

2

n+1
Therefore, y(n) = (%} u(n) + {? sin(%t) + gsin(n - 1)%}1(11)

Q.4 (b) Solution:
Step1:

=

ROR

N N N SN

W N = O

N N’ N N
I

B W N
R

=
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Step 2:

&l
Wk = e'N/ where N=8andk=0,1,2,3
fork=0:
27
—jl = |x0
W08= e (Sj =el=1
fork=1:
2 —iT
—J(g)“ —= 1 1
= :e4 =] = —q
W’l8 e > ]\/5 0.707 -;0.707
fork=2:
(21 —ITT
S ey ¥, B LU C
W28=€ (Sj _ .2 =C025TC_]8121‘1TC=_]_
fork=3:
(21 31
— 7><3 ]
Wg = e (8) =e 4 :cos(%)—]sm(%)
= -0.707 -;0.707

Using DIF FFT algorithm, we can compute X(k) from the given sequence x(n) as shown
below :

©Copyright: MADE EASY www.madeeasy.in
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Step 3:

Step 4 : Stage-wise calculations

===

T
1

]

Output of Stage-1:

Output of Stage-2:

Ju—
o

Jum
[

Jum
N

Ju
@

-
'S

Jum
)]

Ju

N ”h ”h »”n ”n ”h ”»1 On
SN

Ju—
Q

9p)
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Sy; = 8,-553=5-5=0
Sy = Sy ¥ WiSg=-3 -]
Sys = S;sWg + S, W3 = -2.828 - j1.414
S
S

26 = S1eWg + S W =-3+]
5y = S W - S, WS =1414 +j2.828
Output of Stage-3:

X(0) = Sy + Sy, = 20

X(@4) = S, - S, =10-10=0
X(2) = Spy+ SV} =0+0=0
X(6) = Sy~ WS, =0-0=0
X(1) = S,, + S = -5.828 - j2.414
X(5) = Sy, - Sy = -0.172 + j0.414
X(6) = Sy + WSy

= -3+j-j(1.414 +j2.828) =-0.172 - j0.414
X(7) = Sy - WSy
= -3+ +j(1.414 +;2.828) = -5.828 + j2.414
Therefore, X(k) = {X(0), X(1), X(2), X(3), X(4), X(5), X(6), X(7)}
X(k) = {20,0,0,0, -5.828 -2.414, -0.172 + j0.414,
-0.172 - j0.414, -5.828 + j2.414}
Q4 (c) Solution:

(i) Toimplement this system using a lattice filter structure, we must find the reflection
coefficients that generate the polynomial H(z).

First, however, it is necessary to normalize H(z) so that the first coefficient is unity.
H(z) = 8[1+ 0.5z + 0.25z72 + 0.125z7]

Now, with
H,(z) = 1+ 0.5z71 + 0.25272 + 0125273
We see that ky = 0.125
Next, we generate the second order system H,(z) using the step down recursion.
1 - _
Hy(2) = ——7[Ha(2) ~ksz "H(z7)]

1-k3

©Copyright: MADE EASY www.madeeasy.in



MRADE EASY Test No : 2 ELECTRICAL ENGINEERING | 31

1
= ————— (1+0.5z71 +0.25z72 + 0.125z7% - 0.125273(1 + 0.5z + 0.2522

1-(0.125)
+0.1252%)]
H,(z) = 1+ 0.4762z7! + 0.1905z72
Therefore, k, = 0.1905
Finally, we have
1 ~ _
Hy() = 77 [H(z) = kpz “H(E)]
1-k5
1
= ———————[1+0.4762z71 + 0.1905z72 - 0.1905z74(1 + 0.4762z + 0.1905z?)]
1-(0.1905)
H/(z) = 1+04z1
Therefore, k, =04
Thus, the lattice filter structure is shown in figure below.
y()
)24 0
047" 01905 /01905
x(n)
o_,_S 0.125
04
51 oz i

(ii) The program to transfer a string of data microprocessor can be written as follows :
LXI H, 4000 H
LXI D, 5000 H
MVIC, 10H

AGAIN MOV A, M

STAXD
INXH
INX D
DCRC
JNZ AGAIN
HLT
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Section B : Electrical Circuits - 1 + Control Systems - 1

Q.5 (a) Solution:

Given : The characteristic equation is

1+G(s) =0
1+ K(i +1) _ 0
s(s —1)(s“ + 4s + 20)
st +383+ 168>+ (K-20)s+K = 0
The Routh array is
s* 1 16 K
s° 3 K -20
$2 68 - K K
3
(68‘K)(1<—20)—31<
st 3
(68-K)/3
s K

For the system to be stable,
68-K>0 = K<68
79K — K> - 1360
68 — K
K2 - 79K + 1360 < 0
(K -53.65)(K-25.35) < 0
and K > 0, K> 25.35 and K < 53.65 combining these conditions, the range of K is
25.35 < K <53.65

>0

Two critical value of K are

K = 25.35and K =53.65

From s! row, for K = 25.35

For oscillation frequency,

I
()

LR
3
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(68 -2535) ,

The oscillation frequency,
For k = 53.65

68 —53.65 »

The oscillation frequency,

Q.5 (b) Solution:
Convert Y to A, we get

+2535 =0

$71.335
1.335 rad/sec.

+53.65 =0

+73.349
3.349 rad/sec

10x20+20x40+10x 40
20

10x20+20x40+10x 40
40

10x20+20x40+10x 40
10

=70Q

=35Q

=140 Q

30170 =

15135 =
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30x70
R, =30(|70= o~ =21Q
The circuit reduces to
L, o 1 R,=105Q
R5
140 Q
45V{(* “—MW MW
) R,=21Q P
SN, 69
™ . .
IR,
Convert Y to A, we obtain :
_ 2x21421x 140+ 21x 140 _ o
4 140 o
21x 21+ 21x140+ 21 x 140
Ry = R, = =301 Q
21
The circuit reduces to
I, o 11Q 105 Q
R.=301Q
15V ~ AW
R, =4515Q3 R,=30103 220
[
b
R, = 11+4515][(10.5]|301) + (211 301)]
o = 28943 Q
Total t I 45 45 1555 A
Otal current, = — = = 1.
T~ Ry 28.943
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Step-1 : Shift the take-off point on the right of G, to its left.

[G]

/L
G|

Ry OG-

‘ GZHZ

L]

Step-2 : Eliminate the inner feedback path and combine the blocks in parallel.
+
1
R(s) f\ @ O T+GH, Gy + Gyf—9—~C(s)
(]

Step-3 : Move the summing junction on the right of the block G, to its left and combine
the blocks in cascade.

G;
G,
Ny G,*G
R0 ? O &l e 1o
E

Step-4 : Interchange the summing junction and combine the blocks in cascade.

G3
"
+
G(G,+ G
R(3) O—0 | ce)
[H]

Step-5 : Combine the blocks in parallel and in cascade.
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G Gi(G, + Gy)
O S [ e eEGr )|
Transfer function :
C(s) (G +G3)(Gy +Gy)

R(S) 1+ G2H2 + GleHl + G1G4H1

Q.5 (d) Solution:

Step-1 : Replace the 40£0° V voltage source and the impedance (1 + j3) Q with parallel
combination of a current source and the impedance.

40£0°

= 1+ 3 =4-j12) A
The circuit reduces to
S — | X O [V
210 9Q | 100
@-1a() | i
gie =3 190 o
R
Zl ________

(1+73)(5 - j3)
1+73+9-;3

zp = 1+3)110-/3) =

z; = (1.8+)24)Q
Apply source transformation for the current source and impedance z,
V=4-712)(1.8+;24)=36-j12) V
The circuit reduces to

18Q j24Q 02Q j06Q

AW 00— AT
! s100
(66-/12) V() o+
-19Q = v,
oo
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Total current,
36 — j12
1.8+j24+0.2+;0.6+10—- /19
[ = 1.897£34.7° Amp
The voltage, v, = Ix(-19)
= 1.897 x (-j19)
v, = 36.05£-55.3° Volt

For [,

1Q j3Q

Iy

4020°v (&)

Z, = (9-3j)] (10.2 - 18.4))
Z, = (6.93 - 0.6097j) Q

40£0°
I. = ——————=57545.03 A
T 1+3j+27
Q.5 (e) Solution:
: K
Given : G(s) = ——=, e, <0.4 degree
s(s + 4)

Input = 3 rpm, ie., N=3rpm

2N 2nx3 =
= =—rad/s
60 60 10

(D:

Tt
Hence, input will be r(t) = ot = 10
Velocity error constant, for ramp input
K, = lims-G(s)

s—0
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K = lims- _K
Y 550 s(s+4) 4
Steady state error, for input At
e, = A < 0.4 degree
KU
T
10 n
—— < 04x
(K/4) 180°
K> an 180°
10 0.4r
K > 180°
Q.6 (a) Solution:
(i) The circuit can be
00 Q 100 Q
o
0vE (L ooty 30003 5000
AVAVAVAV E
100
Apply KVL in mesh (1),
100 = 100I, + 500(1, - 1,) + 100(I, - I,)
7L, -5, -1, = 1 (1)
Apply KVL in mesh (2),
1001, + 300(L, - I,) + 500(1, - I,) =
5I, - 91, +3I, = (2
Apply KVL in mesh (3)
5001, + 100(I, - I,) + 300(I; - 1,) = 0
I,+3,-91, = 0 -(3)
On solving eqn. (1), (2) and (3)
I, =03A
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I, =02A
I,=01A
The current supplied by the battery is
I, = 0.3 Amp
(ii) By applying source transformation,
o 24
200 Q
0032 () w00 =
6V
0 T 0
The circuit reduces to
3
n
300 Q J 225V 200 Q J‘ 15V
vZ400
75V 100 Q 6V 300 Q ]
T [ _
Y

75 225 6 15

+
300 100 200 " 300
Ve = V=7 —1 1 1

+ + +
300 100 200 300
V,, = Vi =-8307V

1
th = 1 1 1 1

+ + +
300 100 200 300
46.154 Q

Rth

The equivalent circuit becomes
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R, =46.154 Q <
MW +
V, =-8307V = 003V
s -
The voltage across 40 Q resistor,
40
Vigo = ————— x(-8.307
0o~ 30746154 ¢ )
Vi o = -3.857 Volt
Q.6 (b) Solution:
K(s+4
Given : G(s) = %,wgc=30 rad/s
S+
K(jo +4
Gljo) = T2
(jo +10)
[ 2
Magnitude, IG(jw)| = K(D—-sz
(\/oﬂ - 100)
At W, = 30 rad/s, |G(/'oo)||wgc =1
LK (30)* + 16
[(30)% +100]
900 + 100
= W = 33.041
K = 33.041
Phase margin, PM = 180 + ¢| ge

¢ = tan™' (9) ~2tan”! (ﬂ)
4 10

Ato= wgc,
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¢ = -60.725°
PM = 180 - 60.725°
PM = 119.275°
Calculation of phase-crossover frequency.
Ato = Wer ¢ = -180°

® ®
1| Ppe 1| Ppe
-180° = tan | — | -2tan | ——
Since o, is undefined, hence GM is also undefined. The system is said to be stable based

on positive phase margin.

Q.6 (c) Solution:
KVL in loop-1, 2 and 3 simultaneously (supermesh):

-28 + 2001, + 1001, + 1501, = 0
200I, + 100L, + 1501, = 28 (1)
By KCL :
L-0.02V =1, ...(id)
V. = (I;-1,) x200 (by ohm’s law) ..(iif)
Substituting equation (iii) in (ii), we get
I, +3l,-41, = 0 .(iv)
By KCL :
0.02 V. = 0.06+ (I,-1,) (V)
Substituting equation (iii) in (v), we get
=31, + 3, = 0.06 (Vi)
On solving equation (i), (iv) and (vi), we get
I, = 0.1A,
I, =002A
and I, = 0.04 A

Power delivered by the independent voltage source

P, =281, =28 W

V, = -350I, + 2001, = -10 V
Power delivered by the independent current source

P, =0.06V,=-06W
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Q.7 (a) Solution:

(i) (a) Given: r(t) = u(t) and C(t) = 1 + 0.2¢76% - 1,2¢710¢
Transfer function of closed loop system is given as
_ )
T(s) = R()
N Cle) = 1 N 02 12
oW () = s s+60 s+10
1 N 0.2(s +10) = 1.2(s + 60)
s s* +70s + 600
1 (-s=70)
= —+—
s s°+70s+600
600
) = —3 Q)
s(s* +70s + 600)
1
Also, R(s) = 5 (2)
From equation (1) and (2)
T(s) = C(s) _ 600 3
©) = Res) = 2 +70s 1 600 ~6)

(b) This is a second order system. For this type standard form of

C(s) _ w;
R(s)  s*+28w,5+ 2

On comparing eqn. (3) and (4)

o? =600 = o =+600 =245 rad/sec
70 70
ST %, T2xaas

n
(ii) Closed loop transfer function is given as,
G(s)

1) = T3 GHE)
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4 4
s(s+5)+4 s?+5s5+4

1
Now input to the system is R(s) = o then output is given as

4

C© = TORO= 17 507w

4
T s(s+1)(s+4)
Using partial fraction,
o4 A B C
%) = s(s+4)(s+1) s s+1 s+4
A = sC(s)lo=1
4 -4
B = (s+1)C(s)l,—; = Ix(-1+4) =3
4 1
C = (s+4)C(s)lg= 7_4(_44_1) =3
1 4 1
Now, C(s) = ——

+
s 3(+1) 3(s+4)
On taking inverse laplace of above expression, the output response is

C(t) = (1—%5* +%e—4fj u(t)

= {1 + %(e—‘“ - 4e_t)}u(t)

From the transfer function, T(s),
2x28=5 = £=125

Hence, the system is overdamped system. So, it does not exhibit peak overshoot.
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Q.7 (b) Solution:

10 Q

_iX
ﬁﬂ |]J/ /\ L
\AAAJ e | -

L

BOOOT* 5

@ v G’D 120 g

50 2200

2200

KVL in loop (2)
j10I, = (20 +j15)I,

— L. = j10 Iy ..(1)
2 20+ 715

KVL in loop (1)

V. = (8-jX+j12), - j10I,
Putting I, from eqn. (1) in above expression
~ j10x 10 I

= (8—-jX+j12)I
vV, = (8- jX+j12) 20Jr].151

100
= 8-ix+i12+ I
Vs ( AT 20+]'15J1

V.= [11.2+j(9.6 - X)]I,
Here to transfer maximum power to load, we need to maximize the current I,.
So, X = 9.6 (for maximum power to 20 Q load)

Now, current I, can be computed as
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I = Vs —E=19.64A

112 112

Now, current I, can be computed as,

_ ]10, % 19.64
20+ 715

57—5453.13°A

—~
I

Maximum power to load,

P |7 x 20 =1234.70 Watts

(ii) We will calculate the ‘I," using superposition principle.
Considering the 60 V source alone.

Let the current in branch (4 - j3) Q due to 60 V is I'y.

2Q j4Q 29
—MWW—————
I
5 4Q
60V(©) 603
3Q

|F' T

z

Z =1[4-j3-72)116]+(2+j4)

Z = 5.72/26.56° Q

I = S - =10.482-26.56° A

©572/2656° T T
Now apply the current division rule
Iy = 6 —x10.48 £ - 26.56°
10 -5

I'y = 5.625

Now, consider the 5290° A source,
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Now current,

Q.7 (c) Solution:

Nyquist contour :

O N .00

20 40 20
< 4Q
6Q=

-3 QT

@D 5290° A

7

Z =[2+j4) 116+ (-2)]
Z = 240/-4.76

Now, apply the current division rule.

”
IX

”
IX

Iy

Z+4-73

Z

x 5290°

240£-4.76

7154 —26.56
1.677£112° A

— 4 4
= I+ 1%

= 5.625/-9.86° + 1.677£112°

x 5£90°

I, = 5.238/17.35° A

0

I

™

Re(s)

s; = jo where w : 0" to +eo

S

S

S

Re®, where R — e and 0 : +90° to 0° to -90°
-jm, where ® : —eo to 0*
€e® where € — 0and ¢ : -90° to 0° to 90°
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Mapping of C, :
, , 1+ j4m
COOMHIO) = o+ jo) T+ j20)
GH = V141602
02 (1+ 0?)(1+ 40?)
ZG(jw) = -180° + tan™! (4w) - tan!(®) - tan"!(2w)

Ato=0= IGH| = e and ZGH = -180°
At =oco= IGH| = 0 and £GH = -180° + 90° - 90° - 90° = -270°
Ato=1= IGH| = 1.30 and ZGH = -212.47°

Need to check real axis crossing point.

=-180° + tan! 4w - tan™! ® - tan™! 2w = -180°

tan™! (40) — tan~! { o 20;
1-2m° |

Ao — w+20§

tan! 1_220)

12m

1+ 5
1-20° |
1 40 - 8w° - 3w |

tan 5 5
1-2m0° +12m |

= o - 8w3

o[l - 8w?]

= w
For m = 0.35

|GH|

0
0
0, 0.35 rad/sec

\2.96

0.1225 x +/1.1225 x +/1.50

. Mapping of C; and C, (mirror image) is shown in figure.

=10.67
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Im[GH]

n=0

f\\-w%

0=0"

Mapping of C, :
G(Re®H(Re) = lim 1+ 4ReP ~ 1
ReDHR) = L RePY2(1+ ReP)(1+2ReP)  (RePY
= 0 (maps to origin itself)
Mapping of C, :
G(ee®)H(ee®) = lim L+4¢ el ~ 1
ed®)H(ee?) = . . __ ~ :
e-0e? e/ (1+ e/ 1+2ee®) & e/
GledH(ed?) = ——
(€d¥)H(ee?) = 2 20
IGH| = [ e —0]
ZGH = -2¢
- -5
When¢=7n: 4GH=n,¢=Tn%4GH=2.5n
When ¢ =0°: ZGH =0
3
When¢=§: /GH = -n,¢=f > /GH = 15

Complete Nyquist plot is shown in figure.
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-10.67
150
Now stability : from Nyquist plot
N=0and P=0
N=P-Z
Z=0

Therefore, closed loop system have no poles in R.H.S. of s-plane. Hence, closed loop

system is stable.

Q.8 (a) Solution:

(i) Transfer the current source to a voltage source as shown below :

k=0.5
4Q 8 Q
— AW T — MWW
10 Q 10 Q

V1

= -5 D () 2020°V

122900 v (%) D
M

K= —
JLiLy
M = K«/Lle
oM = K oLioL,

oM = 05x+10x10 =5Q

Now above circuit can be converted as,
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40 jlo Pho g0 Bhogg

—MW— <> —<>—WW—

12290° V(%) D = _j5 D (&) 2020°v

For Mesh 1,
j12 = (4 +j10)L, + j5I, - j5(1, - 1,)
j12 = (4 +j5)I, +j10I, (1)

\

For Mesh 2,
-i5(I, - 1) + j10L, + 81, + j5I, = =20

j10L + 8 +j5)I, = -20 (2
From eqn. (1) and (2)

4+j5 j10 |[1;] _ [j12
j10  8+j5||I,| |-20

4+j5 10
A= . | =122.67.£29.28°
j10 8+ 75
Using Cramer’s rule
Aq
I, = N
j12 - 410
where, A= 220 845 =302,101.45°
302.£101.45° .
Therefore, I = 1926729908 2.4620,72.17
Ay
And I, = A
4+j5 j12
where, A, = 0 20 =107.70£-68.19°
Therefore, I, = 107.702 - 68.18° _, g78.,-97.48° A

122.67 £29.28°
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and I, = I} -1, =2.4620£72.17° - 0.878.£-97.48°
I = 3.329./74.89° A
Therefore, I, = 24620£72.19° A
I, = 0.878./-97.48° A
I, = 3.329/74.89° A
v, ,J;%g v,
@ @
>+
(i) 4230° A D 2Q %E v, <:> 3V, =-2Q

KCL at node (1)

&_l_vo._VZ
2 74

4.,-30°

jAV +2V -2V, = 32/60°

2+j4)V, -2V,

Also, v,
Now, from eqn. (1)

@+4)V,-2x(3V,)

8 +4)Y,

1

Q.8 (b) Solution:
(i) Characteristic equation,
1+ G(s)H(s)
K(s—-1)
(s+2)(s+3)
s2+ (5+K)s+ (6 - K)
Routh array,
| 1 6-K
s | 5+K
s |6-K

32./60°

-3V,

32.60°

32.60°
3.57./33.43° Volts
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For stability,

5+K >0 jo
K> -5
* * O o
6-K>0 3 2 1
K<6
-5 < K<6
_ 5% +55+6
Break away point, K = 7(1—5)
dK  (1-5)(25+5)+ (s> + 55 +6)
ds (1—5)2 -
or, -2s2-3s+5+s2+55+6 =0
or, -s2+2s+11 =0
= s = 4.46,-2.46
(i) For0<K<6
jo
< * % O (&)
-3 -2 1

-5<K<0

(iii) Smallest settling time will occur when both roots are as far away as possible to the
left of jw-axis. Using magnitude condition,
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| k-1 _,
(5+2)(s+3)|._5464 o
K(-246-1) | 1
(-2.46 +2)(-2.46 +3)|
Kx346
0.46 x 0.54
K = 0.0718
Q.8 (c) Solution:
(i) Circuitfort<0:
i(£)
20V 2H
2Q 3Q
L 2
T = =— =04 sec
Req

Inductor current equation can be given as

i(f) = i(e9) + [i(0) - i(e2) ]/

20
(o) = 2= =4 A
i) = 2
Therefore, i) =4+ 0-4)et/04=41-e2 A;t<0

fort>0:

Now, assume that before switching at ¢ = 0, inductor current attained the steady
state, therefore,

i0) = 4A
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20V 48V 2H

2Q 6Q 3Q

b

Taking Thevenins equivalent across terminals a - b.

48x2+6x20

Vi, = c 5 =27V
R, =6[2=15Q
a0
2H
27v(®)
3Q
L 2
T= —-=
Req 3+15
, 27
At steady state, i(c0) = 1543 6A

Now, inductor current equation can be given as
i(f) = i(ee) + [i(07) = i(e0)Je/"
6+ [4-6)et/

i(t) = (6-2e2% A
4(1 _ 6—2.251’ )A, t< 0
Therefore, it = _205¢
(6-22HA, >0
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(ii) Lightis ON 75 Volts until 30 V. During that time we essentially have a 120 Q resistor
in parallel with 6 uF capacitor.

During discharging :
V(0) = 75V; V() =0, 1=RC =120 x 6 x 10"° = 0.72 msec
V(t,) = 75¢1/7 =30

which leads to t; = -0.721n(0.4) msec = 659.72 usec of lamp on time

Now, during capacitor charging
T=RC=4x%x6=24sec

Since V(t) = V(o) + [V(0) = V(e0)]et/"
V(t)) = V() = [V(0) = V(eo)]e /" (1)
V(ty) =V(e) = [V(0) - V()] 2" ~(2)

Dividing eqn. (1) by (2)
V()= V() _ Ja-t)/7

V() = V()

V(ty) = V(e

toztz_tlzﬂn{ (k)= V( )}
V() = V()

30 - 120
= 241 -
t n{75_120} 24 1n2
t = 16.636 sec

[

So, time interval between light flashes is 16.636 sec.

Q000
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