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Q.1 (a) Solution:

Given system,

x[n] o— o—( + ) yln]
+ - 1
4
B

y(n-1)

The difference equation of the above system,
() = 2x(m) + x(1-1) = y(n -1)

Given : impulse response, i.e.,

By taking z-transform,
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24z
Y(z) = T 4
1+-—z
4
_ 2 N 71
1410 141
4 4

Q.1 (b) Solution:

2 4

1
Let X(z) = 1 5 and X,(z) =
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x(m) = xy(n) # x,(n) = Y 2 (n = K)xy (K)

1
—
N =
~—

3

M:
—

|
N
—

=

]
—
N[ =
~—

3
—_
= |
| / N
[~
Ni= =
+
=

Sum of (n + 1) terms of G.P. (from 0 to n) is

-2 (2) 2]

Q.1 (c) Solution:

We know that,
1 N-— 2TmK
Inverse DFT, = == 2
N :
where, the given discrete time sequence,
Y(K) = {1,0,1, 0}
ie., N =14
1 3 ZTmK
y(m) = 7 X Y(K)e
K=0
13 LIS
y(n) = 7 2 Y(Ke 2
K=0
13 0
y(0)=ZZY( e/ Yy
K=0
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Atn=1,

Atn=2,

Atn=3,

Q.1 (d) Solution:

y(3)

K
1 JO z jn jg_n
Y 0)e’™ +y(1)e 2 +y(2)e’™ + y(3)e

1
1{1+O+1cos11:+ isint)+0} = —{1-1} =0
4 ] 4

H>|H

]

Y(0)e!0 + Y(1)e 2 4 Y(2)eF +Y(3)e >

| =

%[1 +0+1(cos3m + jsin3m) + 0]

0

y(n) = {y(0),y(1), y(2), yB)}
y(n) =

{0.5, 0, 0.5, 0}

Given : Analog filter transfer function,

2
HO = 62
H(z) = H (s)‘s_ 2 ( z;l) by using bilinear transfer function
T T\z+1
-2
(s+1)(s+2) S_Z(Z_—l)
“T\z+1
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Given : T =1 sec
2
H(z) =
2(2_1)” 2(Z_1)+2
z+1 z+1
_ 2
2z-1)+z+1 2(z-1)+2(z+1)
z+1 z+1
_ 2 : 2
B 22—2+z+1'22—2+22+2__32—1.4z
z+1 z+1 z+1 z+1

2z+17 2(z+172 _ 222(1+z7)?

(Bz-1)(42) 1222-4z Z*(12-4z7Y)

0.166(1 + z 1)

H(z) =

1-0.33z7"
Q.1 (e) Solution:
LXIH, 3025H; Address of 1%t number in HL pair
MOV AM; 15t number in accumulator
INX H; Address of 2" number in HL pair
CMP WM Compare 2" number with 1°
JC LOOP; Yes, smaller number is in accumulator
MOV AM; No, get 2nd number in accumulator
LOOP : STA3027H; Store smaller number in 3027H
HLT; Stop

Q.2 (a) Solution:
Given, an ideal band pass filter with pass band 1 <|f| <2 Hz

ie., 1<f<2 (or) -2<f<-1
or 2n < w<4n (or) -4n<w<-2n
H(e)
1
o)
—4n 2r 0 2=n 4
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Given input to bandpass filter,
V() = 4e3tu(t) V

By taking Fourier transform,

F(w) = [ V(e ™dt = [[4eu(t)|e ' at
= I4e_3te_j°°tdt = 4_[ e~ (BTio)t gy
0 0
-3+ jo) 0
4
F (o) =
o) 3+ jo

The energy of input signal,

167 do  16[1 _1(0))]*‘” 16[n
W= — =—|ztan | — =—|=_0
o Tt'([9+0)2 n[3 31 371:[2 ]
8
Wv = 5]
After passing the given input signal through bandpass filter,
H(w)
o(f) —~ 1 —— ()
-4n -2r 0 2rn 4r ¢
The output energy of bandpass filter :
1 27 ) 4m )
Let W, = | [ [E () do+ [|F (o) do
’ 2n —4n 2n
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1 % 16do 1 T 16do

—_— +_

21 . 9+w? 2m7 9+ w?
—A4m 21

16[1 _J(w)]an
= —|-tan | — +
2r| 3 3)] 4n

2n| 3

16

= 16 X 2|i’can_1 4775 —tan ! 2_71:]

16[1
—tan

(@)
el () (555 oo () e ()

on 3
W, =358mJ] (or) 0.358]
8
where, W, = g] =267]
W, = 13.44% W,
Q.2 (b) Solution:
(i) Given: HE®) =1 for —< @< g
=0 for X < o/ <w
2
Hy(e’)
-t 0 = @
2 2
From the above frequency response, we get a non-causal filter coefficients symmetrical
aboutn =0,
ie, h,(n) = h,(-n)

From the Inverse Discrete Time Fourier Transform,

hy(n)

-7

1 | efon m/2

-n/2

n/2

1 % o 1 .
- [ Hy@®)edo = == [ ldo
T

2 2

1 ; /2
B 2jnn [e]mn]:t/Z
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. T . T . . T . T
LI P ) I LS R
2mn 2mn 2]

mn
. T
sin—n
h(n) = 2. for |n|<5
T
0; otherwise
. n . N
sin = 4 sin——
For n =0, h0) = lim—2 = ~lim —2
n—0 Tn 2n—0 NW
2
1 sin®
h(0) = = 1 1
©) 2 ( 60 O )
. T
smE
Forn=1, h(1) = h(-1) = =— =0.3183
T T
sinm
F =2, 2 = h(=2) = =
orn h(2) = h(-2) o 0
. 3n
Sln7 _
Forn=3, h(3) = h(-3) = Tan 3n -0.106
. Am
Sln7
Forn =4, h(4) = h(-4) = i 0
. om
Sln? 1
Forn =5, h(5) = h(-5) = 5 5n 0.0637
(ii) The transfer function of the filter,
N-1
2 5
+ > (" + 27" = 05+ Y h(n)[2" +27"]
K=1 K=1

=05+ B () O+ 2+ HE)E + 79 I+ 2 + HE)E + )
H(z) = 0.5+0.3183(z + z7!) - 0.106(z*® + z3) + 0.637(2° + z™°)
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Q.2 (c) (i) Solution:

CLK

>< : 40H : >< Unspecified

>< 20H ;>< 47H (oépcode) \é

Status

>< : I0/M = O,E Sy=1, 5=1 (opcéde fetch) >

While the system executes the instruction, the following takes place one after another :

1. The microprocessor places the address of 4020H (residing in program counter) on
the address bus = 40H on the high order bus A,; - A; and 20H on the low order bus
AD, - AD,.

2. The CPU raises the ALE signal to go high. The high to low transition of ALE at the
end of the first T-state specifies the lower order bus as the data bus.

3. The CPU identifies the nature of the machine cycle by means of the three status
signal I0/M, S, and S,

IO/M =0;S,=1and S, =1

4. InT, memory is enabled by the M signal. The content at memory location 4020H,
i.e.,, opcode 47H is placed on the data bus. The program counter is incremented to
4021H.

In T,, CPU reads 47H H and places it in the instruction register.

In T,, CPU decodes the instruction and places the accumulator content, 05H into
register B.

©Copyright: MADE EASY www.madeeasy.in



MADE EASY Test No : 2 ELECTRICAL ENGINEERING | 21

Q.2 () (ii) Solution:

Every instruction of program has to operate on data. The method of specifying the data

to be operated with an instruction is called addressing.

8085 has following addressing modes :

1.

Immediate Addressing Mode : In an immediate addressing mode 8 or 16 bit data
can be specified as a part of the instruction.

Example : MVI B, 30H

Register Addressing Mode : The register addressing mode specialities the source
operand, destination operand or both to be contained in 8085 register.

Example : MOV B, C

Direct Addressing Mode : The direct addressing mode specify 16-bit address of the

operand within the instruction itself. Since, this address is a part of instruction, the
second and third byte of this instruction contain this 16-bit address.

Example : LDA, 3050H

Indirect Addressing Mode : In indirect addressing mode, the memory address where
two operands are located in specified by the contents of register pair.

Example: LDAX D

Implicit Addressing Mode : In this addressing mode, opcode specifies the address
of the operand.

Example : RAR, CMA.

Q.3 (a) (i) Solution:

(a) Given: y(t) = x(cos 3t)
For linearity, ax,(t) <> ay,(t) = ax,(cos 3t)
bx,(t) <> by,(t) = bx,(cos 3t)
ax,(t) + bx,(t) <> ay,(t) + by,(t)

.. The above given system is linear.
For time invariance,
delay the input, x(t-ty) < y,(t) = x(cos 3t - £,))
delayed output, y(t-ty)) = x[cos 3(t-t,)]
yi(8) # y(t - 1)
. Given system is time variant.
For static, output must be independent of past inputs.
y(t) = x(cos 3t)
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Att= g y(g) = x(cos%“) = x(0)
. System is dynamic.
(b) Given: y(t) = (P -1x(®)
For linearity, ax,(t) <> a(t? - 1)x () = ay,(t)
bixy(t) > b(£ = 1)xy(t) = by,(f)
ax,(t) + bx,(t) <> a(t> - D)x, (t) + b(t* - 1)x,(t)
= ay,(t) + byy(?)

- System is linear.
For time invariance,
For delayed input, x,(t-t) <> (- 1)x(t - t,)
delayed output, y(t=t)) = ((t-t)* - 1)x(t - t,)
' () # y(t -ty
Hence, system is time variant.
For static, y(1) = 0.x(1) =0
¥(0) = -x(0)
Output depends on present input only.
.. System is static.
Q.3 (a) (ii) Solution:
Given : x,(n) = 8(n) + 6(n-1) - 08(n -2) - (n-3)
{

Add one zero to sequence x,(n) to bring its length to 5.
x,(n) = {1,1,-1,-1, 0}

Using matrix approach,

[ 1(0)  pN-1) x»(N-2) .. x1) ][ x(0) ] x3(0)
x(1) 00)  IN-1) .. x(2) x1(1) x3.(1)

©Copyright: MADE EASY www.madeeasy.in
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(1 1 0 -1 0] [1] [ 3]
0O 1 1 0 -1 1 0
-1 0 1 1 -1 =|-3
0 -1 0 1 -1 -2
|1 0 -10 _5x5_0~5x1 [ 2]
x,(n) = {3,0,-3,-2,2}
Q.3 (b) (i) Solution:
sinwt; 0<t< r
: ®
G : =
iwven f(t) i o
0; —<t<—
® ®
2n
t+== = At
fe+2) - 0
i.e., the above given signal is periodic with period,
2n
T=—
®

For periodic signal, Laplace transform is defined as,

T
1 —st
L] = T r e (et
0
where, period, T = 2r
®
1 /o / 1 /o 2n/ o
L[f(t)]=W j e” (sinot)dt = I I e sin otdt + J e
1-¢ ‘o) 0 1—pe o L O /o
[/ st
1 :
= L T j e st sin(otdt} = s |: - ez P (—ssmmt—mcoswt):|
1—¢ o L O l1ee © (-s)"+@
C e i
- ole® +1
_ 1 e0w N ® _ 1
—27s S2 +0)2 SZ +0)2 —ns 2 S2 +0)2
tmeod )2 -|ew

Sf(())dt]

n/o®

0
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s
0)[60) +1]
1
Gl 0
1-e® ||1+e®

®
F(s) = —
[le ® ](52 + %)
Q.3 (b) (ii) Solution:
Gi X(z) L L
iven, z) = =
1—12_1—12_2 (1—12_1) 1+1z_1
4 8 2 4

Convolution Property of z Transform :

oo

y(n) = x(m) #h(n)= Y, x(K)h(n-K) = X(2)H(z)
K=—o0

where ROC of X(z) is R, and ROC of H(z) is R,.

ROC : The ROC of Y(z) is at least the intersection of the ROCs of x(n) and h(n), i.e.,
ROC of Y(z)is R = (R; " R,).

We can write, X(z) = X,(2)-X(2)
1
where, X(z) = 7=
(=)
d X5(2) !
an N(2) = 77—
(1+1z_1)

Now consider, X, (z),

Taking inverse z-transform, we get

x,(n) = IZT[;{I
'

x,(n) = (%)” u(n) (1)

©Copyright: MADE EASY www.madeeasy.in
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Consider X,(z),

Taking inverse z-transform, we get

1
X,(n) = IZT[lljl

1+—2z
4

v = (3w 0

(26 G

Q.3 (c) (i) Solution:
The delay loop includes two instruction, i.e., DCR and JNZ with 14 T-states.
Time delay at loop DELAY,
T, = 14 T-states x T, x Count
14 x 0.5 x 10° x 17
(count is stored in register C as 11H = 17, )
T, = 119 usec

The delay outside the loop includes following instructions :

©Copyright: NADE EASY www.madeeasy.in
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MVIB, 00H 7T states)
DCR B 4T states)
)
)

(

(

MVIC, 11H (7T states

MOV A, B (4T states

ouT PORT (10T states)
HLT (5T states)

Total T-states = 7+4+ 7+ 4+ 10 + 5 = 37 T-states

Delay outside the loop

37 x T=37x%0.5x10°
18.5 us

Total delay = T, =T, + T,

119 x 10 + 18.5 x 10°°
T, = 137.5 psec

Ty

Q.3 (¢) (ii) Solution:

Consider the difference equation relating w(n) and x(n) for system S,.
1
w(n) = Ew(” —1)+x(n)
Taking z-transform,

W(z) = %2_1W(z)+X(z)

W X(2)
() = (1_22_1)
V;((j)) - Hl(z):(1_1121) (1)
2

Let H,(z) is the transfer function of system S,.
Now, consider the difference equation relating y(n) and w(n) for system S,
y(n) = ay(n - 1) + Puo(n)
Taking z-transform
Y(z) = oz71Y(z) + PWV(z)
YOI - az1] = BWE2)

©Copyright: MADE EASY www.madeeasy.in
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_Yx _ B
Hy(2) = WE 1zl -(2)

where, H,(z) is the transfer function of system S,,.

Now, consider H(z) as the transfer function of whole system. Hence,

H(z) = %=H1(2)-H2(2) -(3)

B
H(z) = (fromeqn (1) and (2))
(1—0(2_1)(1——2_1) !
_ B
e 1+% i 1 T
2 2
He) - : @

1—(0c+1)z_1 + %2
2 2

Now consider the difference equation relating x(r) and y(n),

- 3
Y = S Y(n=2)+ Sy =D+ ()
Taking z-transform,
Y(z) = %Z_ZY(Z)+22_1Y(Z)+X(Z)
1
Y(z)|1-=z1+= —2] -
(Z)[ 2722 X(2)
) = Y(z) 1 .
(Z) X(Z) [1_32_1 +1Z_2:| ( )
4 8
Now comparing equation (4) and (5), we get
0c+1 _3 a_l
2 "4 T 7T
and B =1

©Copyright: NADE EASY www.madeeasy.in
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Q4 (a) Solution:
(i) Given transfer function,

22 -2z+4 _ 2?—2z+4 22 -2z+4

1), 2 2 2ol ( 3,1 _)
- |(2z" +z+1 T tz=2z z 227+ -z—
(Z 2)( @zl 2 2 2" 2

H(z) =

—z 242773 B -z 22‘2]2_1

- 1 5 1 5 ~ 1 1
1+-z2-= |2l 1 -8
42 42 1 |: 42 +4z ]

Now Direct form-I —»

x(n) o 7 ® o y(n)

1
| 2 1
% %
-1 Ei
-1 -1
zZ 1 %
)

Direct form II —
From equation (i),

| =

www.madeeasy.in
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(i) Given transfer function,

(z-1) _ (z-1)x(0.25)

H) = =
@ = 4P 122 422+3) (Z3+1Z2+1Z+§)
27 T2y

By making the factor of the denominator,

We get,

Let,

Where,

and

Now consider H,(z),

(Z — 1) X (025)
O = 5 0888) (22 — 0,388+ 0.844)
H(z) = H,(z) - H,(2)

(z-1)
H,(2) = 7 10.888)

0.25
(z* —0.388z + 0.844)

H,(z) =

o (z-1)
G = i 08ss)

Ca-zhy o oa-zh
1®) 7 Whosss ) 1-(-08882)

Direct form-II structure uses minimum delay elements, Hence drawing the direct

form-II of H,(z),

x(n)

Now consider H,(z)

o(n)

-1

-0.888 -1

0.25
(z% —0.388z + 0.844)

0.25272
1-(0.388271 —0.84427%)

ocopyright: [MADE EASY
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o) ——() — y(n)

-0.844 0.25

Now from equation (ii),

The cascade structure is obtained by cascading H,(z) and H,(z) direct form-II

structures as below:

x(n)

Q4 (b) (i) Solution:

LXIH, 4480 H
MOV E, M
MVID, 00H
INXH

MOV A, M
LXIH, 0000H
MVI B, 08H
MULT : DADH
RAL
JNCSKIP
DADD

SKIP : DCR B
JNZMULT
SHLD 5500H

HLT

R — yl)

-1 -1
z z

-0.888 -1 E; 0.388

-1

z

-0.844 0.25

Initialize the memory pointer
Get multiplicand

Extends to 16-bit

Increment memory pointer

Get multiplier

Product =0

Initialize counter with count = 8
Product = Product x 2

is carry from multiplier 1?

Yes, product = product + multiplicant
is counter = Zero

no, repeat

Store the result

End of program

ocopyright: [MADE EASY
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Q4 (b) (ii) Solution:
1. Machine cycles :

Instruction Machine Cycle
M, M, M,
IN 24H opcode fetch  memory read IO read

JMP START opcode fetch  memory read  memory read

2. Given: Clock frequency = 6 MHz

Time period of clock

1
T, = =(.1667 x 10°° sec

CLK fCLK - 6 % 106

Time required to execute the program

Q.4 (o) (i)
LXI H 2050 H

MVIA,22H

INRA

STA 2050 H

INR A

XRA M

= (Total T-states) x Ty
= (10 +10) x 0.167 x 106
= 3.33 psec

Load H-L pair with 2050H
20 50H

Lo

H L

Load 22H data to accumulator

A
22H

Increment content of accumulator with (01) H
A ~— A+ (01)H
A — 23H
A —[23]H
Store the content of accumulator to (2050) H memory address
[2050] H —= 23 H
Increment the content of accumulator by (01) H
A ~— A+ (01)H
A -—23+01

A —[24|H

Bit by bit EX-OR operation between accumulator and content of
memory point

ocopyright: [MADE EASY
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[A] @ [H-L]

C =0
24H @ 23H<:: y
A, =0

A — 24H — 0010 0100
[H-L] — 23H — 0010 0011
0000 0111

Ex-OR

A — (07)H

A — [07]H

Status of flag :
S Z X AC X P X C

0 0o 0o 0 00 0 O

F — [00]

PSW — |A| F| =[07]00]H

Q4 (c) (ii) Solution:

1. Cycle Stealing DMA : This is word by word transfer based on CPU cycle stealing.
When DMA steals a cycle, CPU is stopped completely for one cycle. In this CPU
pause, for just one cycle. It is not an interrupt.

2. Interleaved DMA : In this DMA controller takes the control of system bus only when
CPU is not using it. In this mode, CPU will not be blocked due to DMA at all. This is
the slowest mode of DMA transfer since DMAC has to wait (might be) for so long
time to just even get the access of system buses from the CPU itself.

3. Block Transfer DMA : In block transfer DMA, DMA controller takes the bus control
by CPU. Here, CPU has no access to bus untill the transfer is complete. During this
time, CPU can perform internal operations which do not need buses. This is the
quickest mode of DMA transfer since at once a huge amount of data being transferred.

Q.5 (a) Solution:

The signal flow graph can be redrawn as

1 X1 5 X G x3/;\x4 1
R(s) o ] o C(s)

©Copyright: MADE EASY www.madeeasy.in
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P1:> R—xl—xZ—xS—x4—C=1OG
and P, = R-x,-x,-x,-x,-C = 15G
Also, A =A=1

Loops : L, =5xGx2x4x2=380G
L, =-5xGx2=-10G
Ly = -G
and L, =5xGx3x4x2=120G
. Overall gain
C(s) _ 10G +15G
R(s)  1+10G-120G -80G +G
13 25G
17 1-189G
13 - 2457G = 425G
13 = 2882G
13
G = 2380 =451 x 107

Q.5 (b) Solution:

The Routh table is formulated as follows :

4 1 6

3 2 8

5 2><6—1><8:2 2><8—1><0:8
2 2

1 2><8—2><8:0 0
2

0

All the elements in the s' row are zeros. That means there are symmetrically located

roots of the characteristic equation with respect to the origin of the s-plane. So, the system

is unstable.

To determine the location of the roots, from the auxiliary equation A(s) by using the

coefficients of the row just above the row of zeros, i.e.,
A(s) = 22 +8=0
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Take the first derivative of the auxiliary equation, i.e.,
dA(s)
ds

Replace the row of zeros with the coefficients of the first derivative of the auxiliary equation

=4s5+0=0

and complete the formation of the Routh table :

st11]6]8
1218
2218
st 4]0
18

There are no sign changes in the elements of the first column of the Routh array and
hence, there are no roots of the characteristic equation in the right-half of the s-plane.
Since, the system is marginally stable, there must be roots on the imaginary axis of the s-
plane which can be determined by solving the auxiliary equation.

2¢2+8 =0
£+4=0
s ==*j2

This shows that there is a pair of roots at s = + j2, and so the system oscillates and the
frequency of sustained oscillations is ® = 2 rad/sec.

Q.5 (c) Solution:
Consider the star connected at node B as shown in figure.

A C
20Q -20Q

10Q j10 Q

i10Q 10Q

Define Z

(10)(10) +10(j5) + (75)(10)
100 + ;100

The equivalent impedance in delta connection are
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100 + ;100 .
Zoc = T = (20 -;20) Q
~ 100+ 7100 ,
Zyp = — 10 =10 +;10 Q
_ 100+ 7100 _
Zop = 0 =10 +;10 Q
The impedance are shown in figure. Now consider the star connection at node D as shown
in figure.
20Q 200
A C
10Q i10Q
i10Q 10Q
E
Define Z'. = (j10)(j10) + 5(j10) + (j10)(5) = =100 + j100
The equivalent impedance in delta connections are
, -100 + j100 .
Ze = — 5 =-20+;20
g o 200+ /100 oo
AE "~ j10 - J
g2 200400 oo
CE ~ j10 - J
These impedances have been indicated on the figure :
20 20
—AW————
A C
LA -G
W
-20 720
10 j10 10 10
710 10 i10 710
E
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Equivalent impedance between nodes A and C

_ (20— j20)(-20+ j20) o
AC T (20— j20)+ (<20 j20) - (Open circuit

Similarly, equivalent impedance between A and E

(10 + j10)(10 + j10) ,
Z,p = =(5+/5 Q
AE 2(10 + j10) G+ /)
and equivalent impedance between node C and E
(10 + j10)(10 + j10) .
Zep = =(5+/5 Q
cE 2(10 + j10) 5+5)
A

Q.5 (d) Solution:

Let us consider 10£0° V source alone in the circuit as shown in the circuit as shown in
figure below :

L
gjsg I

30
1020°V (>)

= —j4 Q

AAAA
\

Th ¢ I 10£0°
e current, 1= )74

54 WIN=/%)
P a1y
2.47/-61.66° A
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Next we take 15290° volt source in the circuit alone.

gjsg

The current given out by the 15290° V voltage source

I

(75) +(=j4)

The current through the inductor

P E —j4
27 1 3-j20 )\ j5+(-j4)

IX
15290° V .
= -4 Q
3Q
__ 15290° 15
T PR 5 (6-)20)

2.96£-8.54° A

Finally, considering 20£0° V source alone

I,

Current through the inductor

L = . =
3 20+73 3+j5 20+;3

g s 230 () 2020°v
= —4Q
L0200 203+ 5)
rPO) iy 20473
(j5+3)
203+j5) 3 60

2.96£-8.54°

By superposition, the resultant current
I=1-1,-1,=247/-61.66° - 2.96 £-8.54° - 2.96 /-8.54°
= 4.84/-164.50° A
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Q.5 (e) Solution:

The closed-loop transfer function of the system is

K K
C(s) = s(1+sT) _ T
R(s) 1+L s2+i+E

s(1+sT) T T

Comparing the characteristic

2 S K
S+ —+—=
T T

with the standard from of the characteristic equation

0

s+ 28w s + w? = 0 of a second-order system

1
2&0)71 = ?
K
and o2 = T
) K
ie., ®, = \T
K 1
26 |~ = =
I
el 1
2JKT

i) Whenf=E =02, let K =K,
When £ =&, = 0.8, let K =K,

=———X
ng 08 4 21[K1T Kl

2
. K (&) _1
o K4 & 16

1

r K, = —K
© 27 161

1
Hence, the gain K, at which & = 0.2 should be multiplied by 15 o increase the
damping ratio from 0.2 to 0.8.
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(i) When& =&, =0.9, let T=T,
When € =&, = 0.3, let T=T,
& _09_,
£, 03
1 T
—x2JKT, = |-
2 /KT, 2 T,
2
h &2
or T, = 9T,

Hence, the original time constant T, should be multiplied by 9 to reduce the damping
ratio from 0.9 to 0.3.

Q.6 (a) (i) Solution:

é) E, =230.0°V

L 10
20 10 :
N josa
E, = 230/120° V QwCjan z} Q
+
20 10
20 10
E, = 230£0°, Z,=Q+f1)+@B-j1)=5+]0
E, = 230£-120°, Z,=Q2+1)+(1-j0.5)=3+j05
E, = 230£120°, Z,=(2+j1)+(3+j4)=5+j5
Eyy = 10V, Zyn = 2+ 1)
. 11 .
The admittance, Y, = Z: =55 i0 =0.2-0
Y, = L = 1, =0.324 - 70.054
Z, 3+05
1 1
Y, = —=——==0.10-70.10
37 Z, 545 ]
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1 1

Yon = = =0.40 -;0.20

R J

LY =Y, + Y, + Y, + Y,
(0.2 -j0) + (0.324 - j0.054) + (0.10 - j0.10) + (0.40 - j0.20)
1.024 - j0.354
The potential difference between points N and N’

Vo= IEY _EY) + EY, + E3Y5 + EnnYw
N sy Y
(230£0°)(0.2 - jO) + (230 £ —120°)(0.324 — j0.054) + (230.£120°)(0.10 — j0.10)
1.024 — j0.354

= 13.73 - j21.50 = 25.51£-57.43° V

Q.6 (b) Solution:

The overall transfer function is determined as :

1
Cls) _ s(s+1)
R(s) 1+ L X (so+1)
s(s+1)
The characteristic equation is :
S+ (@+1)s+1=0
which can be rearranged as :
s+s+1+os=0
or 1 +2L =0
s"+s+1

Therefore, the open loop transfer function for sketching the root contour is given by :

os
G,(5)H,(s) = 5w——
1) s +s+1
Open-loop zero : s=0
~1£1% - 4x1
Open-loop poles : s = > *1 - 05 +70.866

The number of root contour branches = 2

The starting point (o0 = 0) of root contours is at s = -0.5 + j0.866
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The terminating point (o0 — o) of root contours is at s =0 and s — oo,
The angle of asymptotes :

@xwoom:o

ZAsymptotes

(2x0+1)
= =T 7 180° =180°
51 180

The root contour is present on entire negative real axis. The characteristic equation is

l4+5—— =0
s“+s+1

—(s® +5+1)
s

or o =

do: _{5(25+1)—(52+s+1)x1}

ds
_ 2 -1
2

do.

S

The breakaway point is determined using = =0.
s
$2-1=0
s = %1

The breakaway point is identified at s = -1 as it lies on root contour branch.

The angles of departure from complex poles s = -0.5 + j0.866 are determined below :

04 180° - {(6p, - 9,)}

(-0.5+0.866)
180° — {900 - (900 +tan ™! %)}
0.5

180° - {90° - (90° + 30°} = 210°
180° - {(ep1 - q)z)}

04
(~0.5-j0.866)

180° — {—900 + (900 +tan! %)}

180° - {-90° + (90° + 30°}
150°
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As per data calculated above the root contour plot is drawn and shown in figure below :

~0.5 + j0.866

'0( —
Breakaway
Point

_________________ 5

-0.5 - j0.866 2

The critical damping occurs at breakaway point on real axis, i.e., s = -1. As the point,
s = -1 lies on the root contour.

Therefore, |G,(-1)H,(-1)] = 1
1 = | OC(_1) |
(~1)% +(-1)+1

a=1

Q.6 (c) Solution:

The rise time, percentage overshoot, peak time and settling time remain the same for
unit-step input and step input of any amplitude. Only the peak overshoot varies. The
peak overshoot for a step input of 10 units is 10 times the peak overshoot for a unit-step
input.

The closed-loop transfer function of the system is

5
C(s) = G(s) _ s(s+1)
R(s)  1+G(s) 1,
s(s+1)
-5
s> +5+5

Comparing this transfer function with the standard form of the transfer function of a
second-order system,

C(s) _ o2 5
R(s) s +28w, 5+ ®> s2+5+5
> =5
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J5 =2.236 rad/sec

or (V]

w, = = J1-£2 =2.236,1-(0.223)> =2.179 rad/sec
1 J1-(0.223)?
————— =1.346rad/sec

0 = tan ﬁ, = tan™! 0923
The rise time p o Eo 6 _3.141-1.346
’ r O] 2.179
= 0.824 sec
The percentage overshoot
g

%M, = V178 x100%

(—nx0.223 /N1-0.2232 )
= e x 100%
0.487 x 100 = 48.7%

The peak overshoot for a unit-step input is

87 _ = 0.487
100
For an input of 10 units, the peak overshoot is
0.487 x 10 = 4.87
The peak time, t, = mld = 2;79 = 1.442 sec
. 1 1
The time constant, T = = =2 sec

Ew, 0.223x2.236

For 5% error, the settling time

~
I

3T =3 x2=06sec
For 2% error, the settling time
4T =4 x 2 =8 sec

~
I

©Copyright: NADE EASY www.madeeasy.in



A4 | ESE 2024 : MAINS TEST SERIES MADE EASY
Q.7 (a) (i) Solution:

The shape of the magnitude curve suggests a zero at the corner frequency 0.1 rad/sec

and a pole at the corner frequency 0.5 rad/sec. Hence, let the transfer function is given by

S
GEH() (o) xne
s S = =
145 05+s
0.5

The phase factor of this function in the frequency domain is given by :

o = tan! Om_l —tan! % = tan! 10w - tan™! 2®

To maximize phase, it is necessary that

d¢ d 1 d 1
—~ = —(tan"' 100) — — (tan "' 20) =
16 dw(an ) dw(an ®) =0
10 2
2 7 =0
1+1000° 1+4w
5 1

1+10002  1+40?
1+ 100w? = 5 + 20w?

80w? =

4
-
® = 720
Q.7 (a) (ii) Solution:

The given bode plot can be redrawn as :

0 1 o 100
0 dB/dec o (rad/sec)

' -40 dB/dec
0 dB/dec

-20dB
+20 dB/dec

It can be seen that the initial slope is 0 dB/dec and intercept is -20 dB. This is only
possible due to factor K. Since the intercept is minus, the value of K will be less than 1.

20 log K = -20
K = 0.1
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Find the value of o, :
From the slope between w, and o = 1 rad/sec

0+20

- = 20 dB/d
log w —log w; /dec
20 _ 20
lo 1
& o
—Iogi =1
07

o, = 10 rad/sec

Here, the slope of the line changes at ® = 1 rad/sec by +20 dB/dec. Thus, a zero is
located at ® =1.

* At =10rad/sec the slope again changes to 0 dB/dec that is obtained by adding a
pole in the system.

* Again at ® =100 rad/sec, the slope changes to -40 dB/dec which results in addition
of two poles in the system.

.. The resultant transfer function is

16 K(1+5s) 0.1(1 +s) x 10 x 100?
S — =
(1+i (1+i)2 (s +10)(s + 100)?
10 100
10*(s +1)
I(s) = 2
(s +10)(s + 100)
Q.7 (b) (i) Solution:
Given circuit :
T MWW : E T
RO g ) | 310k T 1/Csi CE)
| — |
_______________________ Z(9)
10x103 %+
_ 01x10°s _ 10
Here, Z(s) = 1 =
10 X 103 + S+ 1000
0.1x10°s
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~ _ R(s)
) = 15)-2(5) = 0P, 10 * 5+ 1000
s +1000
3
Transfer function : H(s) = ;Ez; = si;(ioloe’
2
_ 3 __ K
HEs) - o) - —— (1)
3% 107 (Hmcj
e = (1+j0))
(OC
o) = ——— @)
1+(3)
0‘)C
ZH(jo) = —tan 1(0)3) We)

2
Now, at ® =0, [H(jo)| = 20 log,, K = 20logyo 3 = -3.52 dB

and

o=0lo=0 W = oo
ZH(jo)| 0° | —45° | —90°

Magnitude Plot :
(M) dB
3x10°
1 ®
352 :
w dB/dec
ZH(jo)
0° i o
450 e
e e
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Q.7 (b) (ii) Solution:
Applying KVL and KCL to the circuit, we get

Vv Y
11 = Rl s 1= Cl
W oo Lt
Their laplace transfer, under relaxed conditions, yield
1
L(s) = & Vi) =Va(s)] ..(i)
1
1
V.(s) = —[I1(s) -1 (i
1(8) sC, [11(s) = I2(s)] (ii)
1 LX)
Ly(s) = R—[Vl(s)—Vo(s)] ..(iii)
2
Vi(s) = LI (s) .
o(8) = sC, 2 .(iv)

Equation (i) can be converted to a block diagram as follows, we note that V(s) is the
input corresponding to V (f) of the given circuit. So, putting this in the input of a summing
point, we draw figure to represent eqn. (i).

O—RQ—{x 16

Equation (ii) modifies the diagram to its form given in below figure.
I(s)

+ Li(s) x.-
V(s) X Ril - Sicl Vi(s)

Equation (iii) extends the diagram to representation in figure given below :

V

Ly(s)
L(s) 1~ Vy(s)
1 1 1 1
O—Q— % Qg <@g 1o
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The last equation, eqn. (iv) completes the diagram :

Li(s) 1~ V(s
1 1]V 1 1
Vi) +/\% R, +é sC, +<%> Ry [ L) [5G Yol®)

Q.7 (c) (i) Solution:
Redrawing the circuit, we get

4Q v, -5Q

\AAAJ A

Vrms=16420°VE~> @ <:> 01v, > 8, § BsQ v, §§ 100

Applying KVL in loop (1), we get

41, + 0.1V, = 16£20°V (1)
Applying KCL to the right side of the circuit, we get
81 +‘]./—;+10V%].5 =0 ...(i)
Vo = 101—0 5
v, = 101_()j > A ...(ii)

Using equation (ii) and (iii), we get

10-75 V,

81, + 750 VO+E =0
By solving the above equation
I, = j0.025V (i)
Substituting (iv) into (i), we get
16220° = 0.1V (1 +))
_ 160£20° _ 160  _ 50

Vo 1+ 2
The power absorbed by the 10 Q resistor is,
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160’
~\V2) 160x160
ne 10 2x10

1280 W

Q.7 () (ii) Solution:

We turn off the 20 V source so that we have the circuit in figure.

We apply mesh analysis in order to obtain 7’

2Q
AVAVAVAV
230 b
] 5i
1Q ’
sa(® D ——aw—>——1
350 ) 240
< 13 <
i
0—O
i Iy
i, =1+ (1)
For loop 1,
i, =4A ...(ii)
For loop 2,
-3i, + 61, - iy - 51, = 0 ..(iii)
For loop 3,
-5i, — i, + 10iy + 5if, = 0 (iv)
But at node 0,
iy =i, -iy=4-1 (V)
Substituting equations (ii) and (v) into equations (iii) and (iv) gives two simultaneous
equations
3i, -2’y = 8 (Vi)
i, + 51, = 20 ..(vii)
. ” 52
which can be solved to get 7y = EA

To obtain i’é, we turn off the 4 A current source, so that the circuit becomes that shown in
figure :
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o \AAAJ
230 9
10~ 50
i —WW—@—,
502 9 240
20V
For loop 4, KVL gives,
61, - is - 51 = 0 (i)
and for loop 5,
-i, +10i; - 20 + 5y = 0 - (X)
But i, = -/, substittuing this in equations (ix) and (x) gives
61, - 4i'y = 0 —o(xd)
i, +5i% = -20 ..(xii)
which we solve to get
i, = _1—670A ..(xiii)
Now, iy = iy +i,= _—;3 =-0.4706 A
Q.8 (a) Solution:
(i) Apply KVL in each mesh
=7+ 10, -i,)) +6+2(i; i) = 0
3i,-i,-2i, =1 (1)
Uiy - iy) + 20y +3(5, - 13) = 0
i, + 61, -3i, = 0 2)
2(iy 1) -6+ 3(i5-i,) +1i; = 0
-2i, - 3i, + 6i; = 6 (3
Using Crammer’s rule
3 -1 2{|; 1

1 6 -3||i
2 -3 6 ||i 6
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(R[] = [V]
3 -1 =2
R=|-1 6 -3
2 -3 6

Determinent of Resistance matrix
A
A

3[36 - 9] + 1[-6 - 6] -2[3 + 12]
39

6 78

-2 3 6 117
3 -1 2 39

(ii) Apply KVL in mesh 2 :
1(iy - i) +2i, +3(i, - iy) = 0
-1, +6i,-3i, = 0 (1)
The current sources appear in meshes 1 and 3. Since the 15A source is located on the
perimeter of the circuit.
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i, = 15A
1 o
and %Vx = §X3(13 —ip) = i3— i1
1 2
—iy+—iy+—i3 =0 (2
173 T30 (2)
Substitute i, = 15A in eqn. (1) and eqn. (2)
61, - 3iy = 15
1 2
—iy +—iy =15
32737

Solve above equations to get
i, = 114; i, = 17A
, = 154; i,=114; i,=17A

i
Q.8 (b) (i) Solution:

Any point on the root locus must satisfy the phase angle condition.

LG(S)H(S)|S=G+].(D = (2n+1)180%n=0,1,2, ....
K(o+ jo+ 1> K(l+o+ jo))2
G(S)|s=o+j(o = . 2 = . N2
(6+ jo+2) (2+0+ jo)
ZG(0 +jow) = 2tan! (GO: 1) —2tan"" (GTZ)

As per phase angle condition,

_ ® _ [0} .
tan 1(m)—tan 1((5+2) = 90
® ®
(G+1) (2G+2) = tan (90°) =
1+
(c+1)(c+2)
1+(0—2 =0
(c+1)(c+2)
2
®
S0, +(0+1)(0+2) =0
(c+1)(c+2)+w? =0
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0’+3c6+2+w* =0
0> +30+225-225+2+ @ =0
(6 +1.5)% + (o - 0)2 = (0.50)?
The above equation is independent of the value of K and it follows the equation of a
circle with centre at (-1.5, 0) and radius of 0.50.

So, the root locus lies on a circle for any value of K(K > 0).

(i) (a) Given: r(t) = u(t) and C(t) =1 + 0.2¢70% - 1.2¢710
Transfer function of closed loop system is given as
_ €6
T(s) = RE)

N Cle) = 1+ 02 12
oW, (S)_s s+60 s+10

1, 02(s+10)~1.2(s+60)

s 5% +70s + 600
1 (=s=70)
= —+—
s s°+70s+600
600
ClE) = — O
s(s* +70s + 600)
1
Also, R(s) = N -(2)
From equation (1) and (2)
T(s) = C(s) 600 3
)= R(s) T+ 705+ 600 ~6)
(b) This is a second order system. For this type standard form of
C(s) o2
= 8 > ..(4)

R(s) % +2Ew,5 + 02
On comparing eqn. (3) and (4)
o? =600 = o =600 =24.5rad/sec

70 70
20, 2x245

n

£ = =143
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Q.8 (c) Solution:

Transfer the current source to a voltage source as shown below :

k=05
4Q 8 Q
— AW ——> 00— MWW
710 Q 710 Q

1]

12290°v (&) D

= -5 D (&) 20200V

K = M
VLiL,
M = Kw,Lle

(DM = Kq/(DL]_(DLz
oM = 05xJ10x10 =5Q

Now above circuit can be converted as,

40 jio b jlo Phogg

— W— <> —<>—WW—

12290° v (%) D = 5 D () 2020°v

\

For Mesh 1,
j12 = (4 +j10)I, +j5I, - j5(I, - 1))
j12 = (4 +j5)I, +j10I, (1)
For Mesh 2,
-j5(I, - 1,) + j10L, + 81, + j5I, = -20
j10L, + (8 +j5)I, = -20 -(2)

From eqn. (1) and (2)
4+j5 j10 |[L| _ (/12
10 8+j5||I,| |-20
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4+75 f10
A=, | =122.67./29.28°
j10 8+ /5
Using Cramer’s rule
Aq
L= X
j12  j10 .
where, A= 20 845 =3022101.45
Theref [ = 208 607217
ererore 17 1226722928 '
Ay
And I, = A
h A 5 12 107.70.£-68.19°
where, 5 = 10 20 = . -68.
Therefore, I, = 107.702 - 68.18° _, g78.,-97.48° A
122.67£29.28°
and I, = I; - I, =2.4620.£72.17° - 0.878 £-97.48°
I, = 3.329/74.89° A
Therefore, I, = 2.4620£72.19° A
I, = 0.878£-97.48° A
I, = 3.329/74.89° A
Q000
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