Leading Institute for ESE, GATE & PSUs

Detailed Solutions

ESE-2026 E & T Engineering
Mains Test Series TestNo: 2

Section A : Digital Circuits + Microprocessors & Microcontroller

Q.1 (a) Solution:
(i) For the given 8 x 1 MUX,

S,=a, 5 =b,S,= care select lines and output is Z.

2

Truthtable: S, S; S
@ () (© (@ V4

0o 0 0 0 =
o 0 0 1 =

o 0 1 0 L=

o 0 1 1 L=

0 1 0 0 L=d=1
o 1 0 1 ,=d=0
0 1 1 0 IL=d=1
o 1 1 1 L=d=0
1 0 0 0 L=1

1 0 0 1 =1

1 0 1 0 L=

1 0 1 1 L=

1 1 0 0 =

1 1 0 1 =

1 1 1 0 L=0

1 1 1 1 L=
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(@ii) The minimized output logic expression,
Z = f(a,b,cd)
= ¥m(2,3,4,6,8,9,10,11,1213)
By using 4-variable K-map

s
$,5 0y _
21 N 57 Td ed cd

14

= 0 1 3 2
1

1
a1 | T

12 8 15

18] o] ==f—30
ab| |1 1 1 1

Z = fla,b,c,d)=bc+ac+abd

Q.1 (b) Solution:
(i) Let the n-bit base-3 number is,
(X, 1 X, 5 X5 X, X, X)),
The corresponding decimal equivalent is,
=3l X 432X o+ +3- X +32- X, +30. X, +30- X

n-1 (n-2
= (3%) 2 X, 1+(3%) 2 X, o+ .. +323X,+32X, +3X, + X,

n—2
(9 2 )Xn_z +..+9.3X3 +9X, +3X; + X

Il
—_
\O

‘::
N
Juy
~————
e
BN
iR
—+

(n-2)
9 2 [3X, 1 +X, 5]+..+91(3X;+X,)+9°(BX; +X,)

So, we take every two digits of base-3 number from LSB side and find their decimal
equivalent then it will be the corresponding base-9 digit.

(i) Given base-3 number,
(211101222211122),
= (2111012222111 22),

Based on the result obtained in part (i), the decimal equivalent of the given number
can be obtained as,
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PBx0+2)+9°3x1+1)+9PBx1+0)+%H3Bx1+2)
+PBx2+2)+9Bx2+1)+91(3x1+1)+9%3 x 2 +2)
97(2) + 9°(4) + 9°(3) + 9(5) + 9%(8) + 9X(7) + 91(4) + 9°(8)

base-9 equivalentis (243587 4 8),

Q.1 (c) Solution:
MOV
MOV
MOV
INC
INC
MOV

ADD
JNC
INC

L1, MOV
MOV
INC
INC
MOV
HLT

Q.1 (d) Solution:

CL,00H ; Initialize CL register to 0 (used to store carry flag)
SI, 0200 H ; Load source index register with memory address 0200 H
AX, [SI] ; Load first 16-bit number from memory location 0200 H into AX

SI ; Increment SI to point to next memory location (0201 H)

SI ; Increment SI to point to next memory location (0202 H)

BX, [SI] ; Load second 16-bit number from memory location 0202 H
into BX

AX,BX ; Add BXto AX

L1 ; Jump to label L1 if no carry is generated

CL ; If carry is generated, increment CL

DI, 0204 H; Load destination index register with memory address 0204 H
[DI], AX ; Store the result (sum) at memory location 0204 H

DI ; Increment DI to point to next memory location (0205 H)

DI ; Increment DI to point to next memory location (0206 H)
[DI],CL ; Store carry flag (0 or 1) at memory location 0206 H

; Halt the program execution

The 9's complement of a decimal digit d(0 to 9) is defined to be 9-d. Given, decimal

digit (0-9) is stored at memory location 2050 H and assume result will be stored in

2051 H.

MVI C,09H ; Load 09 H into register

LDA 2050H ; Load decimal digit into Accumulator
MOV B, A ; Store original digit in B

MOV A, C ; Move 09 H into A

SUB B

; A =09 H - original digit to obtain 9's complement

STA 2051 H ; Store result

HLT

; Stop program

ocopyright: [MADE ERSY www.madeeasy.in



14 | ESE 2026 : MAINS TEST SERIES MADE EASY
Q.1 (e) Solution:

(i) Given logic function,

F = ABCD+ABCD+ABC+AB
By using 4-variable K-map,

CD _ _
AB CD CD CD CD
AB
AB AD
i

AB| [1]| 1 [|1 | [1[H> 4B

AB| 1 1 | [1 H~AC

We get the simplified expression as,

F= AB+AD+AC = SOP form
F = A[B+C+5] — POS form

(@ii) Realizing the logic function using only NAND gates
F = AB+AD+AC

F = AB+AD+AC

F = AB-AD-AC
D
B
5D —
D F
D
C

(iii) Realization the logic function using only NOR gates:

F = A(B+C+D)

A(B+C+D)

]l
I

T
Il

A+(B+C+D)
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Q.2 (a) Solution:
Given,

Generation of 100 kHz square wave (70% duty cycle) using 8051 Timer-1, Mode-2 with

12 MHz crystal.
The time period of square wave,
L1
f
L
~ 100 kHz
T = 10 usec
For 70% duty cycle:
High time = 70% of 10 usec = 7 usec
Low time = 30% of 10 usec = 3 usec

Timer frequency of 8051 is 1/12!" of the frequency of the crystal oscillator,

_ L2MAz v,
12

1 timer count =1 usec

We are using Mode-2 (Timer mode) which is 8-bit auto reload mode.

i.e., Timer overflows at 256. The counter counts from the loaded value TH, to FF H.
TH, = 256 - delay counts

For HIGH time (7 psec)
TH, = 256 -7=249=F9H

For LOW time (3 usec)
TH, = 256 -3 =253 =FD H

The timers” mode is adjusted using TMOD register given below:

GATE | C/T | M1 | MO | GATE | C/T | M1 | MO

Timer 1 Timer 0

ocopyright: [MADE ERSY www.madeeasy.in



16 | ESE 2026 : MAINS TEST SERIES

Q.2

To configure Timer 1 in Mode 2, we have MO =0and M1 =1, C/ T=0 for operating as
a timer and GATE = 0. Thus, we load TMOD with 20 H.
The program toggles P2.0 HIGH for 7 us and LOW for 3 us, continuously generating a

100 kHz square wave with 70% duty cycle.

Assembly language program:

LOOP

DELAY 1 :
AGAINT :

(b) Solution:

ORG 0000H

MOV TMOD, #20 H
MOV TH1, #0F9H
SET B P2.0

ACALL DELAY1
MOV TH1, #0FDH
CLR P2.0
ACALLDELAY1
SIMP LOOP

SETB TR1

JNB TF1, AGAIN1
CLR TR1

CLR TF1

RET

END

7

Load for 7 us delay
Make P2.0 high

Load for 3 us delay
Make P2.0 Low

Start Timer 1
Wait for overflow
Stop Timer

Clear overflow flag

In the given logic circuit, for 4 x 2 priority encoder,

; Timer 1 Mode 2 (8-bit auto reload)

inputs are D, = X (Highest priority)
D,=Y
D, =Z
D, = 0 (Lowesst priority)
outputs are, B, (MSB)
B, (LSB)
V (Valid)

In priority encoder, the highest priority input (logic 1) determines the output.
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Truth table
D,=X D,=Y D,=Z D,=0 B, B, V
0 0 0 0 X X 0
1 X X 0 1 1 1
0 1 X 0 1 0 1
0 0 1 0 0 1 1
0 0 0 0 0 0 0
From the given logic diagram,
Selection lines to 4 x 1 MUX are,
S, = B,V
Sy = B,V
Truthtablee X Y Z B, B, V S (B,-V) §5,(B,-V)
1 XX 1 1 1 1 1
01 X 1 0 1 1 0
0 01 0 1 1 0 1
000 0 0 O 0 0
Given MUX inputs, I, = 1,1,=0,,=Z, [; =Z
MUX output, F = S;SyIy+S; SgIy+51Sy I +51 Sy I3
For 5.S5=11 = I3= Z is propagated to the output.
F=12Z
For §$,5, =10 = I, = Zis propagated to the output.
[ =
For §,5, =01 = I, =0is propagated to the output.
[ =
For §,5, =00 = 1I,=1is propagated to the output.
[ =
The truth table for whole combinational logic is as follows:
X Y V4

- o o o o
O R R OO
O R O R o
[ S o Ml B
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1 0 1 0
1 1 0 1
1 1 1 0
Output, F = Zm(0, 3, 4, 6)

By using 3-variable k-map,

YZ
X 00 01 11 10

0 ﬂ
111] Ll
F=YZ+XYZ+XZ
F= XYZ+Z(X+Y)

Q.2 (c) Solution:

The 8237 operates in two cycles, viz. idle or passive cycle and active cycle. Each cycle
contains a fixed number of states. The 8237 can assume six states, when it is in active
cycle. During idle cycle, it is in state SI (Idle State).

The 8237 is in the idle cycle if there is no pending request or the 8237 is waiting for a
request from one of the DMA channels. Once a channel requests a DMA service, the
8237 sends the HOLD request to the CPU using the HRQ pin. If the CPU acknowledges
the hold request on HLDA, the 8237 enters an active cycle. In the active cycle, the actual
data transfer takes place in one of the following transfer modes, as is programmed.

Single Transfer Mode : In this mode, the device transfers only one byte per request.
The word count is decremented and the address is decremented or incremented
(depending on programming) after each such transfer. The Terminal Count (TC) state is
reached, when the count becomes zero. For each transfer, the DREQ must be active until
the DACK is activated, in order to get recognized. After TC, the bus will be relinquished
for the CPU. For a new DREQ to 8237, it will again activate the HRQ signal to the CPU
and the HLDA signal from the CPU will push the 8237 again into the single transfer
mode. This mode is also called as “cycle stealing”.

Block Transfer Mode : In this mode, the 8237 is activated by DREQ to continue the
transfer until a TC is reached, i.e. a block of data is transferred. The transfer cycle may be
terminated due to an external end-of-process EOP (either internal or external) which
forces Terminal Count (TC). The DREQ needs to be activated only till the DACK signal
is activated by the DMA controller. Auto-initialization may be programmed in this mode.
Demand Transfer Mode : In this mode, the device continues transfers until a TC is
reached or an external EOP is detected or the DREQ signal goes inactive. Thus a transfer
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may exhaust the capacity of data transfer of an I/O device. After the I/O device is able

to catch up, the service may be re-established activating the DREQ signal again. Only
the EOP generated by TC or external EOP can cause the auto-initialization, and only if
it is programmed for.

Cascade Mode : In this mode, more than one 8237 can be connected together to provide
more than four DMA channels. The HRQ and HLDA signals from additional 8237s are
connected with DREQ and DACK pins of a channel of the host 8237 respectively. The
priorities of the DMA requests may be preserved at each level. The first device is only
used for prioritizing the additional devices (slave 8237s), and it does not generate any
address or control signal of its own. The host 8237 responds to DREQ generated by
slaves and generates the DACK and the HRQ signals to co-ordinate all the slaves. All
other outputs of the host 8237 are disabled.

Memory to Memory Transfer Mode : To perform the transfer of a block of data from
one set of memory address to another one, this transfer mode is used. Programming the
corresponding mode bit in the command word, sets the channel 0 and 1 to operate as
source and destination channels, respectively. The transfer is initialized by setting the
DREQ, using software commands. The 8237 sends HRQ (Hold Request) signal to the
CPU as usual and when the HLDA signal is activated by the CPU, the device starts
operating in block transfer mode to read the data from memory. The channel 0 current
address register acts as a source pointer. The byte read from the memory is stored in an
internal temporary register of 8237. The channel 1 current address register acts as a
destination pointer to write the data from the temporary register to the destination
memory location. The pointers are automatically incremented or decremented,
depending upon the programming. The channel 1 word count register is used as a counter
and is decremented after each transfer. When it reaches zero, a TC is generated, causing
EOP to terminate the service.

The 8237 also responds to external EOP signals to terminate the service. This feature
may be used to scan a block of data for a byte. When a match is found the process may

be terminated using the external EOP .

Under all these transfer modes, the 8237 carries out three basic transfers namely, write
transfer, read transfer and verify transfer. In write transfer, the 8237 reads from an1/O

device and writes to memory under the control of IOR and MEMW signals. In read
transfer, the 8237 reads from memory and writes to an I/O device by activating the

MEMR and IOW signals. In verify transfer, the 8237 works in the same way as the read
or write transfer but does not generate any control signal.
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Q.3 (a) Solution:

@ 1. From the given circuit,

Output of flip-flops,

Fl = X, =Q,
F2 = X,=Q,
F3 = X,=Q,

. The input logic X is transferred to the output of the next stage flip-flop on
the active edge of the clock pulse as

X=X —»>X,—> X
It is a shift register behaviour.
The output logic, Z =Y X,
where, Y =X +X,
Z = (X;+X,) X,
2. Inputs Output
X Z=(X;+X,) X,

mlm kR, |lolo o oM

)—-\)—-\OOH}—\OONX

0
1
0
1
0
1
0
1

Since, output logic, Z =1 only for certain 3-bit input patterns which are 011, 101
and 111.

The functionality of the given circuit is 3-bit serial-in shift register with
combinational detection logic.

(@ii) For the given logic circuit,
inputs are: X, Y
output, Q =A
input of FF,
D=X+Y)®A
D= AX+Y)+AX+Y)
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For D-FF, Next state, A* =D
At = AX+Y)+AX+Y)
ifA=1 = At = 1(X+Y)+1-(X+Y)
At = 0(X+Y)+(X+Y)
o AT = X+Y
ifA=0 = A" = D(X+Y)+0-(X+Y)
At = (X+Y)
State table of the given circuit;
Present state Inputs Next state
(A) X Y (A™)
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 1
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 0
State diagram:

There are only two states, A = 0 and A = 1. State transition happens only when
inputs XY are 01, 10, 11 and the state is not changed when input XY = 00.
01

10
11

) =

01
10
11
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Q.3 (b) Solution:
ORG 0000H
START:

MOV P2, #00 H ; Clear Port 2

MAIN_LOOP :

D5_Loop:

; RED Light ON

SETB P2.0 ; Turn ON RED LED

CLR P21 ; Turn OFF YELLOW LED
CLR P2.2 ; Turn OFF GREEN LED
ACALL DELAY_5S; Wait 5 seconds

; GREEN Light ON

CLR P2.0

CLR P2.1

SETB P2.2

ACALL DELAY_5S; Wait 5 seconds

; YELLOW Light ON

CLR P2.0

SETB P2.1

CLR P2.2

ACALL DELAY_2S; Wait 2 seconds
SIMP MAIN_LOOP; Repeat forever

; Delay Subroutines

; Delay ~5 seconds (Given (2 MHz clock))

DELAY_5S:

MOV R7, #5; Repeat 1-sec delay 5 times

ACALLDELAY_1S
DJNZ R7, D5_Loop
RET

; Delay ~2 seconds
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DELAY_2S:
MOV R7, #2

D2_Loop:
ACALLDELAY_1S
DJNZ R7, D2_Loop
RET
; Delay ~1 second
DELAY_1S:
MOV R6, #10
D1_Loop 1:
MOV R5, #200
D1_Loop2:
MOV R4, #250
D1_Loop3:
DJNZ R4, D1_Loop3
DJNZ R5, D1_Loop2
DJNZ R6, D1_Loop1
RET
END
Delay Calculation: For 8051, operating frequency is (1/12)™" of the crystal frequency. At

12 MHz, one machine cycle takes

12 12
Clock frequency  12x10°

T = Tus

Number of machine cycles required to generate delay of 1 sec is
1
1x10°°

Each DJNZ instruction requires 2 machine cycles. Since the required number of cycles is

=1x10°

N =

106, three registers are therefore used for, allowing the delay routine to accumulate the
required number of machine cycles. Choosing the register counts as: R6=10, R5=200
and R4=250, we get the total delay generated as

250 x 200 x 10 x 2 us = 1 sec

ocopyright: [MADE ERSY www.madeeasy.in



24 | ESE 2026 : MAINS TEST SERIES MADE EASY

Q.3 (c) Solution:
(i) Given, input code is 0110.

Mmsp—9 | © 2 R
1) %D 1) AV%VR% L " MW
Q =
M g M) g BT —
O Tlo 2K L | ‘f

Using the concept of virtual short, V- = V* =0.

VR —
I = (0)=0A

Vi 10
= —(1)=———(1)=5mA
L= r M= gqgM=>m
Vi 10
= —(1)=———(1)=25mA
L= gV P=25m
Vr
= —(0)=0A
I 8R()
Output voltage, V;, = -I;x R,
where, If =L+L+[+1,=75mA
V, = -75x103x 103
V,=-75V

@ii) 1. In the given sequential circuit,

the input logic functions of each flip-flop is

D=0,
D,=Q,®X
D,=Q,®Y
Since for the D-flip-flop, the next state is Q* = D.
Qr =
Q =QeX
Q3 =Q,®Y
(a) For the given outputs Q, = 0; Q, = 0; Q, = 0 and inputs to XOR gate X = 0;

Y=1.
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Qf =Q,®X=0®0=0
Qf =Q,®Y=001=1

(b) For the given outputs Q, = 1; Q, = 1; Q, = 0, and inputs to XOR gate
X=1Y=1

QF =Q,®X=1®1=0
Qf =Q,®Y=1®1=0

(c) For the given outputs Q, = 0; Q, = 0; Q, =1 and inputs to XOR gate X = 1;
Y=0

Qf =QOX=001=1
Qf =Q,®Y=08©0=0

The complete table is

Q Q@ G|X|Y|Q QO O
0O O 0(0|1] O 0 1
1 1 O(1]1] 0 0 0
0O O 1 (10| 1 1 0

2. From the given timing diagram, just before the negative edge of clock before
the dashed line, X =0; Y =1.

For given, Q,0Q,0Q, = 001

the next state Q7 Q33 is obtained as below:
Qf = Q®X=0®0=0
0l =Q,®Y=001=1

The next state is Qf Q3 Q3 = 101.
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Q4 (a) Solution:
(i) Let the inputs (Excess-3 code) are: E,, E,, E;, E,
Outputs (BCD-code) are: B,, B,, B,, B,

Truth table:
Excess-3 input BCD-output
Decimal E, E, E, E, B, B, B, B,
0 0O 0 1 1 o 0 0 0
1 0O 1 0 0 0 0 0 1
2 0 1 0 1 o 0 1 0
3 0o 1 1 0 0o 0 1 1
+ 0o 1 1 1 0 1 0 0
5 1 0 0 O 0 1 0 1
6 1 0 0 1 0 1 1 0
7 1 0 1 0 0o 1 1 1
8 1 0 1 1 1 0 0 O
9 1 1 0 0 1 0 0 1

All other input combinations are don’t care
i.e., (0000, 0001, 0010, 1101, 1110, 1111)
By using 4-variable K-map:

Output B,:
B, = =m(11,12)
E.E,
EE~. 00 01 11 10
00 X | X X
01
11 | x |[x]] x]
10 1
By = EjE, + E3EE,
= [(E; Eg) *+ E,]E;
Output B,:
B, = =m(7,8,9,10)
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ElEO
E.E)~ |00 01 11 \10\

00| x| | X M
01 m

11 X M X
0| Gl

10][1]] 1

Ey E; + Ey Eg + By EEy
= E,(E; +Ey)+ Ey(EyEy)

= Ey(Ey +Eo)+ Ey(Ey +Ep)
= Ey ®(E; +Eo)

Output B;:
B, = Xm(5, 6,9, 10)

EE,
EE,
00

00

01

11

X

X

01 1 1

11 X[ X [| X

10 1 1

= EiEy+EEy =E, ®E,

oS
Ju—
I

Output B
B, = Zm(4, 6,8, 10, 12)

E1EO
EE~_ 00 01 11 10

00 X|| X X

01| 1 1

1) 1| X | X || X

10| 1 1

www.madeeasy.in
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The logic diagram:

E3
o D>
El
E,
Do
Do
—D ;
B

Ve D)
DD

Let X and Y be the outputs of intermediate circuit.

= A+C=A-C
= B-D

= XY+XY

= XY+XY
Z = Y(X+X)
Z =Y=BD

Q.4 (b) Solution

By minimizing the given functions using K-map, we get,

K-map for F; K-map for F,
BC - _ - BC __- - _
A B BC BC BC A BC BC BC BC
B 0 1 3 2 _ _ 0 1 3 2|
A (1] [-B8C Al 1 AB
AC
— 4 5 7 6] 7 4 5 7 6
Al 1 (]1 A 1 171> AB
ABC
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K-map for Fy K-map for F,
BC - - - BC __ _ _
A BC BC BC BC A BC BC BC BC
0 1 3 2 _ 0 1 3 2|
A ﬂ—*BC a / 1 | @ D+48
4 5 7 6 4 5 7 6
A 1 A 1 1 C

F, =AC+BC+ABC
Design is not possible because, with

F, =AB+AB _ .
_ 7 unique product terms =  the given (3 x 6 x 4) PLA IC, only
F3=BC . . .
_ 6 unique minterms are possible to form
F,=C+AB

F,F, F, F, = 6 unique product terms = design is possible.

Implementation:
A B C
i ] It
§ § § Programmable OR array
N AC )L
L
N\ BC
f X X
* X ABC x
—= 0
\ A
E3 X b X 1
N\ AB D—P
X X 4 ‘
N\ BC 4 —) —F,
Programmable AND array Yj §7 t7 ‘)§> F
® Fl ® FZ q F3 1—:4 4 2
X : Indicates the connection
D
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Q4 (c) Solution:

()

Segmentation is a process in which the main memory of the computer is logically
divided into different segments and each segment has its base address. It is basically
used to enhance the speed of execution of the computer system, so that the processor
is able to fetch and execute the data from the memory easily and fast.

The Bus Interface Unit (BIU) contains four 16 bit special purpose registers
(mentioned below) called as Segment Registers.

7FFFF H
Extra
Segment 64 KB
70000 H
Four segment
register in BIU SFFFF H
Stack :
ES 7 0 0 0 Segment
50000 H
CSHI 5 0 0 0
3FFFF H
SS 5 0 0 0 Code
Segment
DS 2 0 0 0 30000 H
Segment registers hold the upper FFFF H
16-bits of starting address of four Data
memory segments. Segment
20000 H

Code Segment Register : It is used for addressing memory location in the code
segment of the memory where executable program is stored.

Data Segment Register : Points to the data segment of the memory where the data
is stored.

Extra Segment Register : Also refers to a segment in the memory where the data is
stored.

Stack Segment Register : It is used for addressing stack segment of the memory.
The number of address lines in 8086 is 20, 8086 BIU will send 20 bit address, so as
to access one of the 1 MB memory locations. The four segment registers actually
contain the upper 16-bits of the starting addresses of the four memory segments of
64 kB each.

In memory segmentation, each segment consists of two main components which

are —
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Segment Address — It is a 16-bit address which points to the first location of
the segment.

Offset Address — It is also a 16-bit address which specifies the location within
the memory segment, with respect to its starting address.

When the microprocessor accesses the memory, it combines the segment and offset

addresses to calculate the physical address of the memory location. It is done by

using the following formula:

Physical Address = (Segment Address * 10H) + Offset Address

8086 does not work the whole 1 MB memory at any given time. However it works

only with four 64 kB segments within the whole 1 MB memory.

(@ii) In 8051, there are six types of addressing modes :

1.

Immediate addressing mode :
The data is provided in the instruction itself. The data is provided immediately
after the opcode.
e.g. — MOV A, #0AFH ;
MOV R3, #45H ;
MOV DPTR, #FFO0H ;
In these instructions, the # symbol is used for immediate data.

Register addressing mode :
In the register addressing mode the source or destination data should be present
in a register (RO to R7).
e.g. — MOV A, R5;
MOV RO, A ;

Direct addressing mode :
The source or destination address is specified by using 8-bit data in the
instruction. Only the internal data memory can be used in this mode.
e.g. — MOV 80H, R6 ;
MOV R2, 45H ;
MOV RO, 05H ;

Register indirect addressing mode :
The source or destination address is given in the register. By using register
indirect addressing mode, the internal or external addresses can be accessed.
e.g. — MOV 0E5H, @RO ;

MOV @R1, 80H ;
In the instructions, the @ symbol is used for register indirect addressing. If the
content of RO is 40H, then that instruction will take the data which is located at
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location 40H of the internal RAM. In the second one, if the content of R1 is 30H,
then it indicates that the content of port PO will be stored at location 30H in the
internal RAM.

5. Indexed addressing mode :

In Indexed addressing mode, the effective address is obtained by adding an
8-bit offset from the Accumulator (A) to a 16-bit base address held in the Data
Pointer (DPTR) or Program Counter (PC),

e.g. — MOVC A, @A + PC;

MOVC A, @A + DPTR ;

The C in MOVC instruction refers to code byte. For the first instruction, let us
consider A holds 30H. And the PC value is 1125H. The contents of program
memory location 1155H (30H + 1125H) are moved to register A.

6. Implied addressing mode :
In implied addressing mode, the operand is inherently defined within the
opcode itself, rather than being explicitly stated. The instruction acts on specific
registers (like the Accumulator or Carry flag) by default, requiring no operand
address field.
e.g. — RLA;
SWAP A ;

Section B : Network Theory-1 + Signals and Systems-1

Q.5 (a) Solution:

Applying Kirchhoff’s voltage law, we get the time domain equation as
Rl(t) +L— = v(t)

Taking Laplace transform, we have
RI(s) + LsI(s) - Li(0") = V(s)
[R+ Ls]I(s) = V(s) [since i(07) = i(0) = 0]
Substituting R =2 Q and L =2 H, we get
(2+2s)I(s) = V(s)
V(s V(s
I) = 2 +(2)s B 2(s(+)1)

The Laplace transform of the given triangular wave is obtained as,
o(t) = r(t)-2r(t-1)+r(t-2)
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Therefore,

By partial fraction expansion,

where,

Therefore,

Therefore,

Q.5 (b) Solution:

@i 1. Linearity:

xq(t)

F(s)

(o]

xy(t)
o

System

1-2e7% +¢7%

2
1-2¢"° +e¢2
T 25%(s+1)
= — 1 =A_20+ﬁ+i
s(s+1) s s (s+1)
- Ko =—| =1
s=0 S+1S=0
4 1 _ 1 3
Codss+1leg  (s+1)? 0
1
= s+DFG)|_, =] =1
5 ls=-1
1 1 1
= ——-——+
2 s (s+1)
=t-1+¢t

- 1 [I<s>]=L‘1{

1

210

+

System

Yo(f)

€

by System
+

1-2e 5 +e7%°

252(5 +1)

y1(8) +yo(t)

|

= St 1e e Jluw) - 2u(t =1+ u(t - 2)]
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For a system to be linear, y'(t) = y,(t) *+ y,(f)

t1
x1(f) — System [—— yi(t)= jxﬂ‘c—oc)d‘c
t

t+1
Xy(t) — System (—— y,(t)= Jx2(‘c—0c)d’c
t

t+1

)+ = [ -0+ x(t-o)]d
t

and when

t+1
xy(f) + xy(t) ——| System |— ()= [ [ri(t—0)+x;(1-a)]dt
t

t+1

y(t) = [ [x(t-0)+x;y(t-a)]dr
t

From equation (i) and (ii),
y'(t) = 1) +y,(t)
.. The system is linear,

2. Shift the input by £,

t+1
y(t) = [ x(t—a—ty)d
t
Let, T-t, = A
dt = dA

- Whent=tthen, A =1-t,
Whent=t+1then A = t+1-t,

t+1-ty

y() = | x(u—o)dh
t—t(
Shift in output by ¢,
t—tg+1

yy() = j x(T—o)dr

t—t(

as T is a dummy variable we can replace it by any variable.

...(ii)
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Let replace t by A.

t—tg+1

M = | (-0 ...(iii)

t—t(
From equation (i) and (iii),

Y (f) = yy(f)

The system is time invariant.

t+1
3. Now, yt) = '[ x(T-o)dt
¢
Let, T-0 = A
dt = dA
When T=tthenA=t-«a
T=t+1thenA=t+1-0a
t+1-o
y(t) = x(A)dA
t—a

So, the present output depends upon future input when o < 0.
The system is non-causal as well as dynamic.

4. Asitis an integration operation it will produce a different output for different
input, so the system is invertible.

xy(t)

(i)

We can write,

Since the system is LTI, we have
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x,(f) 8(1)

— LTI [———

— LTI
S —
E—— LTI
1 1
f- L P+ =] =
o g( ! +g( D=

—— LTI [———

1 1
y(0) = g(—zj+ g(Ej =325+3.25=6.50
Q.5 (c) Solution:

Nodes 1 and 2 form a supernode as shown in figure below. Applying KCL at the
supernode gives

SRNA
-j3 j6 12
or 36 =4V, +(1-;52)V, (1)
Supernode
,/1024_55“\7\/
e
/ U \\|
Wil g 2lVs/
3,0° A D =3 Q g j6 Q §§12 Q
=
But a voltage source is connected between nodes 1 and 2, so that
V, = V,+10£45° (2

Substituting Eq. (2) in Eq. (1) results in
36 -40£135° = (1+2)V, = V,=31.41£-87.18°V
From Eq. (2),
V, = V,+10£45° = 25.78 £-70.48° V
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Q.5 (d) Solution:

()

(ii)

(ii)

Eigen function : If for a system, the response output is defined as scalar multiple of
the input itself then the input function is defined as the eigen function of that system.
i.e., for a static LTI system having impulse response h(t) = Af(t), any general signal
f(t) can be defined as eigen function.

_ elt — o7t
sint = T
j2t o -j2t
and cos2t = £ T°
2
jt , .
sin t + cos 2t = e—,—l, ity Lot Lot
2] 2j 2
Now the system difference equation is,
dzy dy dx
—-+6—+y(t) = dS—+x(t
a2 O TV T gt
H(jo,) = 5(jmg)+1
(joo)® +6(jeo) +1

For a LTI system with impulse response H(jw), the input Ael®" js an eigen function

and the output is given by A|H ( jooo)| pltat+£H(joo)}

Now let’s consider 4 different terms in the expression sin t + cos 2t as 4 different

inputs,

D= 1(5 .1 1
R A 541 e o (2L 2 L) g5, (1t-1131°)
2/ vetem 2j P+ 2]'(6 ]6J 2j

@1 1(5 .1)
YT RN ES W TR (IS
2" yetem 2 P +6)+T 2](6 ]6j

_ _ 1 g5-it-11319)
2j

=2 1( 1+10f )
LI — System 1, @)+l e == 7] e/t
2 2 (2j) +(12))+1 2 3+12j

1 5.81¢i(2t-1975°)
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oy =2 .
1 —j2t Syst lx 5(_2])+1 .e_th = 1 ﬂ 6_]2t
PR 27 (2)) +(-12j)+1 2( 3-12j
_ 1 g1p-it-1975)
Adding 4 outputs we get,
pJ(1H-11.31°) _ =j(1+-11.31°) pJ(24-19.75%) _ ,=j(2t-19.75°)
]

y(H) = 0.85 sin(t - 11.31°) + 0.81 cos(2t - 19.75°)

Q.5 (e) Solution:
We have,
secondary side impedance,
Z.. =jA0+2Z,+7,

sec

Z.. = j40 + (30 + j40) + (80 - j60)

sec

7. = (110 + j20) Q

sec

Now,

secondary side impedance reflected to primary side is given by

(@M 25
Zeei = (1004 j20) 110+ 20

11 1.
(Ll
Zres (50 25])

Now, Z.=7Z,+j20+Z .
11 1
= (60=7100)+ 20+ = — —
(60—-7100)+ j =0 25/
= (60.22 - 80.04j) Q
= (100.16 £-53.04°) Q
v, 50./60°
= - —0.5,113.1°(A
current, L 100.16./ — 53.04° (A)

V4

in
Q.6 (a) Solution:

(i) The discrete time convolution of two signals x[n] and h[n] is given by

[eS)

y[n]=x[n]+h[n]= Y, x[k][n—k]
k=—co

ocopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 2 E & T ENGINEERING | 39

Following are the steps to perform discrete-time graphical convolution:

(@) Represent graphically if signals are given in form of equation.

(b) Obtain the limits of y[n].
Sum of lower limits of x[n] and h[n] < n < sum of upper limits of x[n] and h[n].

(c) Change the axis from ‘n’ to ‘k’.

(d) Folding (x[-k] or h[-k]).

(e) Shifting (either use x[-k] or h[-k] to get x[n - k] or h[n - k]).

(f) Evaluation : Evaluate x[k] h[n - k] by varying 'k’ and summarize all the results
and sketch the resultant.

Given: x[n] = a"u[n],0<a<1
h[n] = uln]
1. Represent x[n] and h[n] graphically
x[n] h[n]
BTl
012 3 4 0123

2. Limits of output
0<n<e

3. Change of axis from ‘n’ to k’

x[K] Hikl
e |‘H ____________ k
01 2 3 4 012 3
4. Folding
h[-K]
‘ ‘ [ .- P
-3-2-10
5. Shifting

1.
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6. Evaluation

e Forn<0
K] h[n - k]

i,

n 01 2 3 4

Since there is no overlap.

Hence y[n] =0, n <0

e Forn>0
ylnl = x[k]h[n - k]
ol 123 n
n
y[n] = Zx[k]h[n—k]
k=0
>
-y a’
yinl = &
_n+l
yln] = 1111 ;120
* Hence the analytical expression for y[n] is
0 ; n<0
= _ n+l
y[n] 1-a Cn20
1-a
yln]
1
1-a| o | [
e n
0 n

Fig.: Sketch of output signal y[n]

www.madeeasy.in
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(i) Given,

hn] = (%) uln]

h[-K]
The discrete time convolution of h[n] and g[n] is given by % )
oo 1
y[n] = 2 h[n—k] g[k] 4 ‘
k=—eor
o k
y[0] = D, H[-k]glk]
k=—oo
Since g[n] is a causal sequence, meaning g[k] = 0 for k <0
Hence, y[0] = h[0] g[0]
1 = 1g[0] {Given: h[0] = 1; and y[0] =1}
gl0] =1
Now, y[1] = Y, h[1-k]g[k]
k=—oco

Since h[1 - k] will be zero for k > 1 and g[k] will be zero for k < 0 as it is a causal

sequence.
h[-k]
1
2 41
1
4
AAAAAAAAAAAAAAAAAA )
-1 0 1
y[1] = h[1] - g[0] + K[O] - g[1] (1)
. 1 1
% = %-1+1-g[1] {leeny[l]:i;h[l]:a}
g[1] =0

Hence, the obtained value for g[1] =0
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Q.6 (b) Solution:
(i) We have,

s Coil ___
———WW— 00— MWW
250V, 50 Hz
Total impedance, |Z| = % =62.5Q
Hence, wquivalens = 12120
As current lag behind the voltage by 65°. Hence, ¢ = 65°
Zoq = 62.5265° Q = (26.41 + 56.64i)Q (1)
Now, from the circuit we get
Zog = (R+7)+joL ...(ii)
On comparing (ii) with (i), we get
R+r=12641
25+7r =2641
r=141Q
and oL = 56.64
[ - 56.64
2ntx50
L = 0.18 Henry
. Total power, S(VA) = VIcos 0 -jVIsin® ..as circuit is lagging

250 x 4 cos 65° - j250 x 4 sin 65°
= (422.62-7906.31)VA
* Power consumed by resistance (R = 25 Q) = I’R
= 42 x 25
= 400 W
* Power consumed by choke coil, (r = 1.41 Q) = I*r
= 42 x1.41
= 22.56 Watt
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e Resistance and inductance of the coil,
r=141Qand L =0.18 H

@iij) As shown in figure below, meshes 3 and 4 form a supermesh due to the current

source between the meshes. For mesh 1, KVL gives

-10+ (8 -j2)I, - (-j2)I,- 8L, = 0
or

(8-j2)I, +j2I,-81, = 10

For mesh 2, I, = -3A
For the supermesh,

(8-j4)I,-8L + (6+j5),-j51,=0
Due to the current source between meshes 3 and 4, at node A,

I, = 1,+4

Instead of solving the above four equations, we reduce them to two by elimination.

Combining egs. (1) and (2),

(8-j2)I,-8I; = 10 +j6
Combining Egs. (2), (3) and (4),
-8[, + (14 +j)I, = -24 -;35
Supermesh
I A /
U -~
o= | @ @ 440%@) 260
8 75 Q
A'A'A'A' Im\
+
10 V(i) I -2Q= Vv, @ CD 3A

From egs. (5) and (6), we obtain the matrix equation

8-72 8 | L [ 10+ j6
-8  14+j||I;| T [-24-j35
We obtain the following determinants
8-j2 -8

A1 8 14+

=112+ 8 - j28 + 2 - 64 =50 - j20
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10+ j6 -8
= -58 - /186
Current I, is obtained as
oo A 587186 4 i 07a50A
1 A 50-;20
The required voltage V,, is
Vy = —j2(I; - 1)) = —j2(3.618£274.5° + 3)

= -7.2134 - j6.568 = 9.756.£222.32° V

Q.6 (c) Solution:
(i)

When x and y are open-circuited

A

3
A
A

vy

gZ.SH

The current in the second coil 1,=0.
The energy stored is

1 1

=

%x0.4><22 =08]

(ii)

When x and y are short-circuited

Applying KVL for the two meshes

For the mesh 1: v, = Llﬂ_MdL
dt dt
di di
For the mesh 2: 0= _Mﬁ-l_Lzﬁ
Substituting this in the first equation,
v, = L diy 5, M diy
dt L, dt
a L, dt

= ZL 2 +=L 1%+ MII
211 222 142

+ L]
2H§

vy

diy _Mdiy
dt L, dt
14 H

<
I

di, ° y
@ dt
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LiL,-M? 2x3-1% 5

= - — = 1.67
where Leq I 3 3
di di
= 1.67—L “1l_-9 =
or, 15 It or, It = 1,=9

Att=05s,i,=9t=9x05=45A
Thus, the total energy stored in the system,
1 1.5

2 2
W = ELeqzl =5><§><(4.5) =16.875]
Q.7 (a) Solution:
(i) Given:
. (o . (3w
. sin 5 +2sin E3
X(jo) = e />*/2
(jo) -
We have,
0.5

sin(w/2) 1FT ;

© _1 1

2

0.5

~iG0/2) SI(W/2)  1FT ;

) 2 25 3

1
2sin(3w/2) 1T ;
o 15 0 15
1
0p-i(50/2) SINGBW/2)  1Fr ;
Q] 1 2 3 4
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x(t)

1.5
e_j(5w/ 2) |:Sll’1((x)/ 2) +2 sin(3u)/ 2) :| IFT 1 I_l
Q)]

(i) Given:

2
[ = _{, cosgt[S’(Zt—1)+8(t—4)]dt

2 2
I = I cosgt-S'(Zt—l)dt+_J;ocosgt-f)(t—él)dt

—oo

U
0

2
- | cosgt-ﬁ'(Zt—l)dt

—oo

|
I
—
(o)
e}
»
I
~—
o
TN
~
|
N | =
~—
Q
~—

|
N |-
T
—_
N
| =
7\
(@)
Q
»n
|
~
N

I
I\.)||
—_
arh
N[
[¢)]
@,
=]
N a
A
N
|

Q.7 (b) Solution:
@i The output y(t) of an LTI system with impulse response h(t) is given by

y(®) = x(t) * h(t)

= T x(1)-h(t-T)dt
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x(7)

.

h(-(t-1))

=If t-3<0

T

h(-(- 1)

=If t-320

T

t-3
When t - 3 <0, product of x(t) h(t - 7) is non zero for —co<T<t-3
IR | 2(t-3)
So, y(t) = J;e dr—Ee
For t - 3 >0, product of x(t) h(t - 7) is non zero for —e= < 1 <0, so y(t) will be

i ; 2 1
y(t) = [ x(h(t-tydr = L =1

—oo

-. The output y(t) is

()

(i)

If x(n) is a unit step,

y(n) = 2 h(k)-u(n—-k) = i h(k)

k=—co k=—co
The steady state value of the output is given by

oo

lim y(n) — 2 h(k)

n—oo Pt

ocopyight: MIADE ERSY www.madeeasy.in



48 | ESE 2026 : MAINS TEST SERIES

o (1 =l
limy(n) = 3 —| =2 =
pve - 233) -25[5)
= 31_ 61 =6-9=-3
1-- 1-=
2 3
Q.7 (c) Solution:
Short circuit current across load ‘R, ". (I, )
Short Circuiting the output terminal, we get
L 4Q j5Q j7Q 6Q
— 00— WW—
+ -
=V —

v.@® LO@

sty 1ov, L@

On applying KVL in loop 1, we get
-V + (4 +j5)I, +j45I
(4 +j5)I, +j45I

Similarly from loop 2, we get
-10V, + (6 +7)I,
Vi
—j50L, + (6 +j7)L.

We have,

L

Using equation (ii) in (i), we get
(4+75)(6+7) s
750

+ 7451,

sC

0
110£53.13°V

0

j651,

0
(6+)7)15
i50

110£53.13°

110£53.13°
@617, 45
750
243 £ -354°A
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Norton equivalent impedance (Z,,):

Let us use a voltage source across load impedance as shown below:

4Q S j7Q 6Q
+ -
=V —
:ID s, Kov, :12> ®va
IA
On applying KVL in loop 1, we get
(4+j5) +j451, = 0 =1,
_ 0-451, .
I = —(4+],5) ..(i)
- —j451 5
L (4+)5)
Similarly applying KVL in loop 2, we get
-0V, +6+7),-V, =0
-10(5L,) + (6 + 7)1, = V.,
=n| —j4514 N
—j50| =———= [+(6+7j)I[, =V
j ((4+].5)] 6+7))4 =V,
‘I/—A _ 0 647y
A (4+5)
Va
Zy= a = [353.23.£127.2°]Q = (-213.56 + j281.35) Q

Now, Norton equivalent circuit across load R, is given as below

R, =10Q

SON|

| S|
AAAA
\AAAJ

Now,
Maximum Power transfer theorem:

The maximum power transfer theorem states that the maximum power is delivered
from a source to its load when the load resistance is equal to the source resistance.
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Here, load resistance is not equal to the norton equivalent resistance (R; # /R, + X3, ).
Hence, it will not deliver the maximum power.

The power delivered to load is P, = [?R;

P. = Isc ZL .
g Z; +R;

(2.43£—-35.4°)(353.23.£127.2)° 2
P, = x10

353.23£127.2°+10

PL
347.3£125.89°

P, = (22.7-j56.7)VA

( 858.35.£91.8 ) x10 = 61.08 £ ~68.18° VA

Q.8 (a) Solution:
@i If the pf = 0.8, then
cos9, = 08 = 0,=36.87°

where 0, is the phase difference between voltage and current. We obtain the apparent
power from the real power and the pf as

S. = P :@:5000 VA
L cosB

The reactive power is

Q
When the pf is raised to 0.95,
cos0, = 095 = 0,=18.19°

The real power P has not changed. But the apparent power has changed; its new

S, sin 6 = 5000 sin 36.87° = 3000 VAR

value is

P 4000
cos6, 0.95

=4210.5 VA

S, =

The new reactive power is
Q, = §,sin 0, =4210.5 sin 18.19° = 1314.4 VAR

The difference between the new and old reactive powers is due to the parallel
addition of the capacitor to the load. The reactive power due to the capacitor is

Q- = Q;-Q,=3000 -1314.4 =1685.6 VAR

ocopyright: [MADE ERSY www.madeeasy.in



MADE ERSY Test No : 2

E & T ENGINEERING | 51

Q- _ 16856

and C = 5= 5 =310.5 uF
oVis 2mx60x120
(i) HereR=4Q,L=25mH =0.025H, Q =50, vV, = 100 V
. _ol_ 1 L 1L
T Q=R JLC R R\C
c= & 0025 __ 625 uF

Q?R% 502 x42

R RV 1
1 oL \l2L] "LC

1

4 4
= - + +
2x0.025 \| 2x0.025

= -80 + 8000 = 7920 rad/s

_ R, [RY, 1
© = 5r"\Wl2r ] TIc

0.025%0.625x107°

1

80 + 8000 = 8080 rad/s

3. Average power dissipated at resonant frequency,

]
ol = Vs V2 ) sy
o= R 2 '

Average power dissipated at half-power frequencies,

P
_ | ””“’F‘”O = 1'225 =0.625 kW

‘Pﬂv|m=m1=w2 - 2

Q.8 (b) Solution:

(i) Given, impulse response h(t) =

m(t—1)
Let h(t) = hy (t-1)
sin 4t
where, h(t) = o

4 4V
+ +
2%0.025 (2><0.025) 0.025%0.625%x107°
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hy(t) =

sin 4t
FT

Tt

H,(jo)

1

-4

0 4

Using the time-shifting property of Fourier Transform, we get

H(jw) =

given input, x(t) =

By taking Fourier transform,

X(jw) = ne]ﬁé‘)((n —-6)+ TC@JES((D+ 6)

{fm;|mk4

0 ; otherwise

cos(6t+Ej
2

T

T

The input has two frequency components at w = +6

i.e., we can say that X(jw) is zero in the passband of H(jw).

Y(jo) = X(jo)H(jo)=0 = y(t)=0

(ii) Given, impulse response,
h[n] =
For discrete LTI system,

a"uln]

Discrete y[n] = h[n]

_— LTI —

x[n] = 3[n]
x[n] = uln]
where, uln] =

Similarly, s[n]

u[n - K]

i 8[n—K]
K=0

h[n] * un] = 2_’,

K=0

system yln] = s[n]

h[n-K]
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Thus, s[n] = a K(l)_an 2 a "
K=0 K=0
1 n+1
s[n] = a" (—) =a"
K=0\% 1—1
a
n+l
(1
_ an+1 a
a-1
s[n] = L[anﬂ—l] for; n >0
a-1 ’
given, s[2] =7
L P
7= a—l[u 1J
P (a-1)(a*+a+1)
" @)
?+a-6=0 = @+3)@-2)=0 = a=-3
Since a > 0, thus a=2
Q.8 (c) Solution:
(i) 1. We have,
02 4 29 B N
i =250
Vs=20V@) §§2OQ 309%
Z60Q 2200

On applying KCL at each node, we get

At node A,

Va—20 N Va—=Vp N
80 24

VA
(25 +60]| 20)

=0
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1 1 1
Vil =+ —+—-——
80 24 25+60(20
Vy Ve _
240 24
At node B,
Ve=Va Ve Vs _
24 20 80
—Va Vs _
24 48
From equation (i) and (ii),
V, =
Now, Inputcurrent,i =
i =
i =
2. Output voltage, V,
V, =
V, =
V, =
3. Power efficiency:
Input power =
P, =
P, =
Output power, P, =
P, =
P, =

1
4

Vs

_1
24 4

0

we get
4 volt; V; = 1.6 volt
20-V,
80
20-4

80
02A

V%30
50 + 30
1.6x30
50+ 30
0.6 Volt

...(using voltage division rule)

V. xi
20 x 0.2
4 Watts
Vi
R
(0.6)°
30

0.012 W
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_ Output power

Thus, x100%
Input power
n = 2912 100
4
n = 03%

(@iij) The convolution of two continuous time signals is given by

oo

y(h) = x(t)xh(t)= [ x(Dh(t-T)dr

Thus, we have
z(f) = u(t+1) *r(t-2)

o)

2(t) = [ re=2)u(t+1-7)dr

t+1 t+1
2f = | ra=2dv = [ (@At for (14122521

|
8
N

2 t+1
2(f) = {——21}
2 2
1r 5 t+1
= E_‘c —417}2
= %_(t+1)2—4(t+1)—4+8]
1rpo
- [t +2t+1-4t—4+4]
1 2
2(f) = E(t—l) it>1
1 2
z(t) = E(t_l) u(t-1)
The function can be defined piece-wise as:
0 ; <1
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The waveform of z(t) is obtained as below:

Q000
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