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i its usefulness. In fact, the ljg

: | t there 18 no end to 1ts n | _

ete, Thus it appears tha . e of digitat AN

HE:S I:::aoz*ll(slnbelung to it. So it 1s necEFSﬁrF to give the ]:,nsn?;liiilfg tEChJE:}lu e a
:Iectrical students. Microprocessor 18 one of the mos gical )

processes due to its high reliability, flexibility and control capacity both at the de

' ‘ :th increasing facilities act
Implementation stages. The decreasing cost W1 e

widening their scope of applications.

1. Number Systems : ]
1.1 Decimal, binary, octal and hexa-decimal number system and theu'_ nt

1.2 Binary and Hexadecimal addition, subtraction and multiplication.
1.3 1's and 2's complement methods of addition/subtraction.
2. Gates

Definition, symbol and truth tables for inverter, OR, AND, N#
exclusive-AND gates

3. Boolean Algebra
3.1 Boolean Relations and their applications.
3.2 DeMorgan's Theorems
3.3 K-Map upto four variables
4. Combinational Circuits
4.1 Half adder, Full adder
4.2 Encoder, Decoder
4.3 Multiplexer/Demultiplexer
4.4 Display Devices (LED, LCD and 7-segment display)
5. Flip-Flops
5.1 J-K Flip-Flop
5.2 R-S Flip-Flop~
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5.3 D-Type Flip-Flop
5.4 T-Type Flip-Flop
5.5 Applicatiﬂns of Flip-Fl;_:pg

6. Introduction of Shift Registers and Counters (08 Periods)
7. A/D and D/A Converters (06 Periods)
7.1 A/D converter (Counter, rmap, successive approximation method of A/D
Conversion)
7.2 D/IA Converters (Binary weighted, R-LR D/A Converter)
8. Semi-conductor Memories (05 Periods)

8.1 Types of semi-conductor memories : RAM, ROM, EPROM, EEPROM
8.2 Static and dynamic RAM .

8.3 Merits, demerits and applications.

List of Practicals

1. Verification and interpretation of truth table for AND, OR, NOT, NAND, NOR,
X-OR gates

Construction of Half Adder using gates

Construction of Full Adder using gates

iy )

To verify the truth table for JK flipflop

Construction and testing of any counter

FJT

6. Verification of operation of a 8-bit D/A converter.
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5. ToeTg-weird
6. TEIEIESRT @1 A/D, D/A FAacH
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2 1 isisiea saracioraa

(Digital Electronics)

[ 1.1 | oR= (Introduction)

o fef@ed Tolagi-e &1 ITAM B0 TR S, weie faeed, S9) a4 999§ H 8

o T TR B S dieds TR el o SFTAN qiafdd B @ ¢ AU AEE Aeds

. o7 TEETE OiEe S 9 B2 SqvE & fo fesea fea v €, fefvee afiz weemm €1 58 TR
fefiea affe H AEeYE dees =i Hae & A% 2 |

¢ EETaem # 9e wd faad g fefaea afe #1 aerE F €, fefaes semifem (digital
electronics) EdAain] %l -

e 1 21 9E = T f—

9. fefaea fam=e

1.2 | giefr Rret (Analog Signal) l
a7 A Bid & a4 A frrel TEE 9 TE-T1Y TR ufEtdd a2 @ 2

& wAE fare o
% Sine wave, Triangular wave e CHe fame & IEe 2l
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o fefaee fara % Q) fewnie T
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-1',

1 Signal)

e

fRfwen R (Digita v
level) B0 %) 71 farre @ed Low 7 High

( discrete

qa—:ﬁ?ﬂ?ﬁﬁ'l'i?l

ﬁ'ﬁ:l.ﬂﬁﬁlﬁﬂﬁ‘.ﬂﬁ

Wwﬂnﬂﬁmﬂ—mawmqﬁaﬁﬁqﬁﬁ%%‘l

&
14 | i R qon fRfree R B gerH
‘ - (Comparison of Analog Signal and Digital Signal)
| e et fer i
1. |umsege dees F WA | (Infinite) | il {L“""f'.
2. [¥ Fr7#@ (Continuous) etz (D
3. || T ﬁ:ﬁnz{, EJHEHEHI EFDJE.'T 1
4. |3CEM Sine wave, Triangular wave |35 19
1.5 l e R (Analog Systems)
& o foed (System) 1 T el (analog signals) %1 ST e €, T8

&

v fen & e e i —

1. fEe=T (Filters),

2. TFATEAT ( Amplifiers),

3. fam @ et (Signal Generators),
4. R " (Power Supplied)|

e fawey # e (Accuracy) FH9 Bt 2 ﬁﬁlm'ﬂ"ﬁmm Te.

1.6

&
&

e fawen it fefoea fame <1 i ¢, fefsee faey m
fefseer fomen & $192 @ 8292 SMT farrm, fuf E‘ﬁié‘t“" :




Ry FoagIEs

Ta\VW. VW Ta\ a2 1 Vv
.. | | '-. -' = | i
: V ¥V i /i 1 IG

&

Digital e i 2y

Input Digital fl;]g]t”'l

Signal System uput
Signal

1. fRTa-9amg ( Flip-Flops),
2. 3= (Counter),

3, TS ( Microprocessors)

4, fefse™ FeFerex (Digital Calculators),

5. #7421 ( Computers )|

| 1 7 fRfsem ﬁl’\%‘ﬂ'%m (Advantages of Digital Systems)

1. fefaen fae= =i Qﬁ'{lﬁ?ﬁ (accuracy) 3=9 B 2|

2. T T ¥R (noise) 1 Y9E F9 Y= 2|
feforee fowem, weit foen %t sien 1 favaea (veliable) Bt #1

. fefsem fireq % 9 F9MHIF (communication) &M & B = 81

5. fefses faen =it feoe (design)smard & & o 2

. 9 W 19 %1 99E 9gd #H gedl g

e war fefses fame @ germmrs =
(Comparison of Analog and Digital Systems)

7 | miter e e Fefren farer
Ho
| 1. |fore 9rEeE (Signal Processed) @ g fefiea o
2. |fe¥e (Display) THE HiEX fefies feoret (LED @@ LCD)
| 3. |99&A (Accuracy) FH i
| 4. |feSEq (Design) e AEH
| 5. |t (Memory) T 72 e HA B §
6. |79 @1 99/ ( Effect of temperature) |4 Ex
7. ¥ %1 99/E ( Effect of noise) aAfern £l ¥
e S @l | @ g
____|(Communication between system )
9. |serErT (Examples) fheet,  UPGIHRR|FE=L, Toecd, HEHINEE,
e s, e | wegE _
ek e




fefsze] ToraRi Ay 1 fi
St fg=d (number SY ste
. 2w T G ( (Decimal pnumber 8
o amaa Ter faen (Binary pumber qyatun]

e T fEEH ( (Octal number gystem)
4. Tarefome TR e (Hexadecimal humber system)
mww*mﬁﬁﬂ(base)m%ﬁ?mmmﬁ

value) 3% 4§ ° TF 1 ud Jr ,_5..
maﬂrmﬁﬂ

&

" SNo. | Nan
1 Decimal
2 Binary |
3. Octal . : 58]
4 Hexadecimal |

1.9 | 3Rmwer ek REH (Decimal Number System) "

& =% Tat fFen 1 79 9 | € el § Tgd 99 o © ¢, 39 SR ;

¢ 2fame e fawew % 10 faim wdie @1 2, 0, 1, 2, 3, 4, 5, 6, '?-,& 19

¢ e T F 3R 10 T 9 T sfuwan gen 9 o #)
Decimal

- [

i .-*j:'.\ \\ ///\:&\\3‘:\\\\

;. ujﬂ 102 - mng-* : .:
i P =1+

Dl
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et EAT T ;
"Ir'I%” {ﬁ]ﬂ‘wf ‘31gmﬁ-::ant Diglt}

& Srft 7 # 98 de faue v oE afawas g €, MSD FEerd 2

1.SD (Least Significant Digit)

o =P ATE W e dE e T ue ed #6 g 8, LSD Feed 2
sergroT—efaue T 532.86 &t weivta wem

E‘H_

N= 5 3 2 L] 8 6

T |
$TTE T S SR
N=5x102 +3x10' +9x10° +8x10! +6x102

femr: 1.5

=4 9 B TE T 532.86 =1 wefiia fEa o e 2

' 1.10 | ame® R RREH (Binary Number System)
@ e e feen % 21 faum W g §—0 99 1.

5 A T o, Efane T fawn 9 e w1 w81 3 A S haw a9 # g A
T 1 4G 2 Bl 2, SEfE Sfane Tt & 99 10 g 2

1.10.1 aredt weer @) 2fRme # uRakia &3

T T A Sfaua ¥ aee ¥ fou A de % uE i W 2" R o fE S g, @i on
wmﬁ:mmﬁﬁwﬁaﬁmﬁiﬁm%lmuﬁmﬁmmﬁmmwm

A T 1 S Wbl €l
FETETuT— wTgert Tt 1011.011 7 e gedten 7 H
E»Steplz'q‘!mﬂaﬁqﬂqwaMﬁiw%ﬁmﬁmﬁiﬁmﬁm

N= 1|10 1 1 « 10 1 li

o e

1xa®  +0x2® +1x2! +1x2°  +0x27! 4+ 124 1
fom: 1.6

Step 2 : Sfgua geai®
N=(1x2® +(0x22)+(1x2)+1x2")+(0x2)+(1x2?)+x27?)
N=(1x8)+(0x4)+(1x2)+(1x1)+(0x 0.5)+(1x 0.25) +(1 % 0.125)
N=8+2+1+0.5+0.25+0.125
N =(11.375)9 Ans.




S

&
&

1.10.2 2R S @) A A aRafda &= 4
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® SO faaeE  TrER Yahe w1 R R S g

&

FeTETI— (105),, =1 argt § uftafda sem
'E'G'_
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i 57d; THEI ailﬁliﬁﬂﬂmlﬁ%l
: ﬁwﬁmﬂmqﬁm

2_2 o3 £— =EE AW d

aﬁ#ﬂaﬁtaﬂﬁﬂﬁﬁw
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o0 2

T 1) J——

Binary Point

fom : 1.7

%Fﬂﬂamﬁﬁaﬁmmﬂmﬁmnﬁmmﬁwﬁﬁwmmm
%1mm#wﬁqnﬁﬁﬁ'ﬂﬁmﬁhﬁmwﬁl 4

A= fefe (0 aar 1) F1 fa2g (bits) o et 81 o1 T HE Toh € (o A s
2 |

i e % e fare Fore T AT e g €, Most Significant Bit (MSE
27 7 1 7% fare forae T T Gad F° 8 €, Least Significant Bit -i':_ F

e

S e F) A § TRakE w0 6 fau e dgen # a2 9 qenforel foR

AT e A w3 ey weft awed # See wH ¥ faes T

2| 1056 «— = T "Em
2| 52 RO, B
2| 26 0 i
2| 13 0
2 6 1
2 a 0
2 1 1
9 1  MSB

it
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&BEH *.‘_f'

. (85)10 =‘i1‘ﬁ'1‘1*11:ua)2
g, fie @ A B e P >
Step 0.63x2=126" 1 Msp t;r
0.26 x 2=0.62 Ol ~4[ Vi
0.52 x 2 =104, 1l : A ﬁfu?
0.04x2=008 0 In, I G
< v L S o
0.08x2=0.16 ‘? LSB
|

(0.63)19 = (10100)4
Step 4 : Step 2 S iny Step 3 & TRomg F faem W ERPRRTINI. 7 A
(85.63);9 = (101010110100

1.11 | sifees T R (O

ol

& ¥aTe T fawey = 5| "8" 2

& siteee TR fre ¥ o fefe ¥ s o £ S 0 R 7 9% o B
0,1,2,8,4,5,6,and 7)

@ e TR Fi sAuwas fefae # O 7 S 2

% = R e foa & gR e s TR W Rl F w6 s s

M5B L LSB

ol T D e

=19

& 2fawe 99 9l den 91 e ataea STl H 4 e WA o Wers Tuiich o ;
Bl 21 Yorw e % W WA o e e T 2
1.11.1 3ifaeer e 31 2Rt ¥ wRaffa s
m‘faaﬁﬁma%éﬁmaﬁamﬁ%ﬁrqmm%mmaﬁsﬂ'lﬂzm;:

Aideel GEg1 & 39 3% H fufy F1 weiig wea ; e
S T ST F T 1 T ol 3 S

IEETUT— AT HEAT 645 1 et Ferian Wit s,
!‘a‘_
Stenl:ﬁmmmﬁﬁ#ﬂmﬁ;mﬂmm“ N=
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Rfiea soagifes . 9

Step 2: 2fowa qeuis
N=(6x8")+@x8)+(5x8")
N=(6x64)+(4x8)+(bx1)
h' =(421}1U
1.11.2 3Rm& W @Y sifees o oRaffa s 3
mmﬁMWﬂ'mﬁﬂﬁﬁﬁmmm,ﬁ el
e faueE #1 fF F yve we deee ® 3w #9 H et WE sfaee e e
TR Sfawe "= (204) ,, F svaee § uftafda wE
m_._

oy femn SN & A
£ T 2

LSD

1

8| 204
8] 25
3

4
1
3
!
9
femr: 111

e Fawet # Iee W e W (204) = (314).
T v @ e ¥ uRafda
& Say

e & 9E 8" T T A6 TE ANwas 9 1 9= 7 w56 21

g M@NTM(U12 ................ .7 % foru Al geaiw fafvea g €,
"

5'.,.M:Lllm1ntmlnﬂm
mmﬁwﬁaﬁ. @t angrit & ufafi o
TE— & g Alda W& = 364
& o Hem &1 aRTi gl foea w
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3 6 4

011 110 100

@ oa: <t g8 ffaee HEd &l Al gl
(364)g = (011110100),
1.11.4 S5} W @) siigea e ¥ aRafda s -
@ AIETO TEn B e § uRaki w1 F fau LSB ¥ WRR %X 3-3 faed F T s s
e YIF WY F o 39+ qod Siaee wea foa &t St €
STERUT— ATET HEAT (11010010) 5 Tt ATt & | gfafdaa it
TA— T g8 9150 e = 11010010
3-3 fae =1 ogg =9 .
(911 A
Group3 Group2 Groupl

U S Il
3 9 9
| fem:1.13

sided gediw = 322 s
(11010010, = (322)s




ELEAIRES | 1

6 6
T T
8 8
9 9
A 10
B 11
C 12
D 13
E 14
F 15

i : 1.14 dwaEvime Bfse & 7=
.12.1 eaeiyma o 2Rme d aRafda s
@ Ferfome w1 fre ¥ ufatdia w0 ¥ fou S % s ofh #1 16" ! | Ton R S @
el TeETSfoTe TR F 39 oiF % foufd F TRl FTa ¢ SHh 98 Wt U S et
FFETSfae T % qod Sfane TR W 8 S el
IEERUT—aaTefaae @ 6DE < Sfaue geuie A it
Te— Step 1: 3 T seErEfgne S& 1 16 % T F F9 H wefq

N= a6 5. il B

-
6x162 +13x161 +14x16°
ferm: 1.15

Step 2 : faua g
N = 6DE = (6x162)+(132x 16') + (14x 16%)
N = (6x256)+(13%x16)+(14x 1)
N =(1758)10
- am " (BDE)sg = (176840
12.2 Rywer e @1 aaaeRma § aRaffa &=n
& foue TEm # Taarefoue ¥ ufafdd w3 & fou Sfave wen #1 16 | emar 90 &
I % A wErs faeE # BRAT  qven Suhel 51 362 e ¥ fae Wl seerefand
T urd g S 2
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sl #1962 FA 4 fora ™ |
(259)10 = (103116 P
12,3 ReRmE W B AT 3 gRafda T
o FFErSfEnE & T st ¥ f0(0,1,2,...... . 9) THIA, B,C,D,E,
51 #r Tt T 8 —
Hexadecimal
Number

0

tm‘b‘ﬂ?‘wqmmmmmhl
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3 G g% T U W W qediE
(AFB2)g = (1010111110110010)4
12.4 S50 S &) eaaeRve ¥ oRafda s
@ W HEn F) teaefane A iy s ¥ A LSB ® v w 4-4 faem w1 o = o @
IF W% TOF UYE & AU 30F o0 199 uen foa & S 8
SEEHUT—STETT HEAT (1100010111100010), T 3o Jodias F1A S
ﬁ—ﬂ@ﬁﬁw%aﬁﬁma-4ﬁamu@mﬁm
1100, 0101 (1210, 0010,
Group4 Group3 Group2 Groupl
| il ! U
5 5 E 2
I 1 g T T T qeF = (C5E2),,
(1100010111100010)5= (C5E2),4
12.5 Rawr2Rmer T @) aifees § oRafia @<
@ FITEfaNe W 1 e Hed U uietdd $T4 F fou v gemefaee gem F anl ¥ wfiEfda
FA E, IUF A€ W A S w1 stee gen § ufafih #w g
IEEUT—EaHIS AT (25B),¢ T Hia=Ze qodish AT HITAT
TA—Step 1: @ §F THAfans 9@ & 9EAd0 oS
2 5 B

0010 0101 1011

e "EA 58 = 001001011011
Step 2 : AT HEA H HlFRA ToAw
[l} 1 001 011 011

1 1 3 3

aa: 9 g dFarefgue dEm & #ieed gedi =(1133)g
(25B);6 = (1133)g
.12.6 3iaes &0 | e Rve | JIe B
e He § eaarefayet @ ura & & for wduen e gen ® anad | viefia w6 € 9w
A T A geaefane He ww # W 2

| Wi WO (615) F 3R GEF T4 B

. EE— Step 1: @ g¢ sfiaed T F1 A qAF

6 1 5
110 001 101
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o e @' =110001101
Step 2 : AT HE&A 1 g9 qedih

@ 1000 1101

1 8 D

a7d: <t 7 A HEm 1 ga qodis (18D)g6
(615)g =(18D)g

| 1.13 | a8 3fAf2® (Binary Arithmetic)

@ FP Wihe FAHA TR F WGH 76 A1, T A A0 TE Bl WEHG F L :

@ T ufsv (Binary Addition) Wi W % 37 STRYA SHH—aEH HeaM, el §
fefasm & T Ft (key) #1 &1 *Td 21 or: &0 HdwgH A UfevH (Binary Addition)

FEAGA FL '
gzt efde™ & R (Rules for Binary Addition) 1
AET HEA 1 e W EH seqe SUM aa CARRY 9 eran € it i+ Hea afereht & gwifan w2 -

A B SUM CARRY
0 0 0 0
0 1 1 0
; 0 1 0
1 | 0 1

SSTETVT—ATET] &A1 (10111)5 T (11001), =1 AR ST FHifsru
TA—< g% JER1 58 A 991 B =1 4

Carry— 1 1 1 1
A 1 0 1 1 1
B— 1 1 0 0 1
Answer— 1 1 0 0 0 0

T W g T Hew w1 A =(110000),

SRS ST (11000),, 7o (1101), =1 = s wifemy
T g AR Hem w5 A
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15

!71.14 gl 'ﬂaﬁaw-r (Binary Subtraction)

WWWJ?_W_ n@‘mlﬁﬁaaf——vﬁaﬂqmﬁﬁ

AT R B LT i BORROW |
s 0 0 5 0 . 0 |
TR e 1 0

1 1 0 0
i 0 1 J | 1 |

FETETUT—aEA =W A = (11011), 841 B = (10110), F Hagae Hif=m)
TA—a1 T8 AEHI HEAT

A =(11011),

B = (10110),
A 1 1 0 1 1
B— 1 0 ¥ 1 0
Answer 0 0 1 0 g

#18: B TE AR S F HeeavH = (00101),

1.15 | &K} PI3E TWHIETE [Binary Coded Decimal (BCD) Code]

BCD Code 1 Teis 2fawe fefoe 9r fae @t F=n H1 i 2l
513 BCD Code e e fefiiz &1 aisw # Wefifd Tt #1 T WeH 2
ﬁmﬁmwiwﬂcnmaﬁmw%—
' Declmal Numbﬂ' __BCD Code
: 0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

serevuT—fay gu fmwer @t & BCD Code # uftafda wifaa)
(i) 98

(ii) 78

(iii) 164

0o =1 |5 O | (02 (B2 = |

w
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ga— (1) Decimal Number

a7 98 1 BCD THIF = 10011000
. T18
(i1) Decimal Number
0111 1000

s/ 78 F1 BCD qea® = 01111000

(iii) Decimal Number i l _]

0001 0110 0100

3d: 164 %1 BCD g&di® = 000101100100

| 116 | -3 D8 (Excess -3 Code)
@ Excess-3 Code BCD Code &1 HlSHRES & 21 BCD Code % e *ie # 3 Q{'

Excess-3 Code W fmam s 21 -"’.‘_'
@ - aferes ¥ Sfame TR F qedih Excess-3ﬂ’ﬁmw R
__ Decimal Digit _Excess-3 Code
¥ 0011
1 0100
2 0101
3 0110
4 6113
5 1000
6 1001
7 1010
Y 1011
ol 1100
® SHFE TR 12 F1 BCD Code ¥ wftafia 513 w 00010010 feraa & waf® Excess-3
F % fog et =R ¥ 3 <ire fewn w2 o ki
Ty e v G SEZYE 01000101 Bl
(i) 592 xcess-3 Frs # gfafia it
(ii) 403

®—(i) Decimal Number



| a1 592 F1 Excess-3 §59i% = 100011000101 1000 1100 0101

9);0 = 100011000101
" (ii) Decimal Number

' . 0111 0011 0110
#Hd: 403 1 Excess-3 o9 = 0111 0011 0110

(403);9 = 0111 0011 0110

Y BT (Gray Code)

& Gray Code &I Cyclic code it g1 Sl 21

Decimal
e Gray code
0 D000 | =
1 0001 | =
2 0011 | =
3 0010 +
4 01 148 4
5 0111 | «—
6 0101 | #+—
T 0100
8 101 ::'
O 15 To0e Bt s ey’
10 1111 | +—
11 1110 | «——
Jil 1010 | =
13 1811 o
14 1001 «
15 1000 | =

=Rl ¥ Gray Code A PasH (Binary to Gray Conversion)
@ muﬁ@mﬁﬁwﬁ,Bz,Bg,Bd,...,Bnﬁrq*rq%l
@ fau MU Sl F1€ F1 d B2 (Gray Code) H IREdA

G, =B
Gy =B @ By
G3 = By ® By

Gq=BS @B4
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("I' = ji” 1 @ .l'.;” ; l
FETETT a‘rsﬂﬁﬂm?llﬂl]lﬂlliﬁ"fﬂ{(:rdy Code) T uftafdd sifsg
Eﬁ.—
Binary Code = /@1@‘/@‘,@‘@‘@1?‘

Gray Code = 111001 10

118 | 3 ore o A @ ¥ uRadw ¢ :fi:__'_

(Conversion of Gray Code into Binary Code)
feg T ¥ FE 1n1ﬂ1naﬁaﬁaﬂﬁqﬁaﬁiﬁm%mﬁﬂﬁrwm&%—

Binary Code = 110011
Gray code = 1 0 1 0 : _D
L & & 2 e
Binary code = 1 1 0 0 1 1

IETEOT 1. & TE HEATHHT wT ATIFYS A Hi—

(" IR 3R (Solved Examples)

(i) (DD CC)y6 + (BBAA)16=( )16
(ii) (723)g+ (28T)g=( )g
(iii) (10101100)5 - (00111000)5 = ( ),

To—
(1)
BDOC st 1101 1101 1100 1100
BRAA ey | TOTT 1011 1010 1010
19976 1 1001 1001 0111 0110 %'
Result— (19976),4 f
(ii)
i R 010 011
237 —— 010 011 111
1162 1 001 110 010

Result— (1 162)4




10101100
- 00111000
01110100

Result— (01110100),
2. |TE HE&AT (11000) , 74T (1101) 5 T TN ATA 11

11000
g B 1,07
100101

RUT 3. STETH TG (11100), 7T (01111), T 3T 77 ST

11100
01111
101011

BT 4. SIS HEAT (100110) 5 7T (11101) 5 T AT FTA AT

Borrow 112
100110
e el 3101
001001

TETUT 5. eI e 2 14 @ sieee § ufrafda #itm
HIFZw

I LSD
MSD
= (326) Ans.

6. THTaer Heear 3509 i FaaTeHive o uftafda #ifa)

214

26

3
0

o]0 o0
Lo b2 O

[

16) 219 11— B

0

16]3509 5 —» 5 A[LSD

P i PRl
= )i |

Ans.

Ans.

Ans.

Ans.
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2o qedi = (DB )16
e 7. e W 35 T et G I F!

A
3| 4 4

MSD
Figee qedish = (43)g

SaTETUT 8. WTE TEAT 11011 T SHIHET gedieh A wirC

Fe— e e (N)=1x 23 +1x 2% +0x 2’ +1x2%+1x27!
N=8+4+0+1+0 "5
N=(13.5)9

FETEA 9. (475. 25) 5 T ST # wiEfda witaQ)

TA— (Ny=4x82 +Tx8 +5x8%+2x81+5x82
N =256+ 56+ 5+ 0.25 + 0.078125

N =(317.32813);¢
JETEOT 10. (9B2 . 1A)y &t Hwer ¥ witafda wifs 1
™ N=9x16%+B(11)x 16"+ 2x 16°+ 1x 161+ A (10)x 162

N =2304+176+ 2+ 0.0625 + 0.039

N =(2482.1);,
FaTEToT 1. U Tq amet T it SHer, FHTSHiNe qun siteee # uRafda sifie—

(i) (101101),
(ii) (11011011),

TA—(i) 29 FaA
=1x2% +0x 2% +1x 2% +1x22 4+ 0x 2! 4 1x 20
=32+8+4+1=(45)

THRHNA FHAEH
HAlFE FAdT =
=10 1o
00101101 = 2D)y
2 D

e, ;
*“f‘-““"“‘“‘-lxz +1x2°40x2° +1x2% +1x23 +0x 2% +1x 2" +1x 20



Study Power Point

: Eibl o1l = (DB)1g Ans.
.-' HATeT = D B
3 .ﬂ 1 1' |Ll:l 11 011 = (333)5 Ans.

FHAFT = e 8 3
0T 12. B& UEAT (2AC5)yy t SHtTer, sfazer auT ag=l ¥ uftafda &em
R A WA (2AC5);5 = 2% 16% +10x 162 +12x 16" + 5 x 16°
: : = (10949), . Ans.
SEE (2AC5);6 = (0010 1010 1100 0101)5 Ans.
| # sifaed—ead 4 sifaeet % foru Tdwey 390 TEm 1 AT | uiafdd S aEa g |
e W HT 2
000010101011000101

B3 5 gy ol

(2AC5)y5 = (25306)4
T 13, & 7E Siae dwE=mmeii wt BCD ® uftafia sfvr—

(b) 174 (c) 2479
(a) Decimal 3 5
i & ‘Ans.

BCD 0011 0101

(b)  Decimal 1 7 4
!} ) l £
BCD 0001 0111 0100
(c) Decimal 2 4 T 9
l ) ) l £

BCD 0010 0100 0111 1001

ST 14. Fret @1 BCD Frammqam wifse—
(a) (57);9 7T (26),

(b) (83); T (34)1¢

(c) (569),) 7T (687)19
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22
- BCD
De‘;‘é’ml 0101 0111
+ 26 0010 0110
Carry = ‘ ¢ . S E
e 75 [0 Dals A ) «— Invalid BCD an arry-._gﬁ_.
s Valid BCD

AR [ 0 B 1101 Incorrect sum

+ 0000 0110  We add 6 for correction

Carry 1111 1
1000 0011 Comct result

8 3
We have to add 6 to the sum to correct it.
Therefore, (57)19 + (26)19 = (83)10

(b)
Decimal BCD
(83)19 : 1000 0011
Carry
11 S % 1940 =
{ ?)1{] 1Imn 11 0111 Sum:’g, Cal“l"y-ﬂ
hﬁvélﬁd \l;%hﬂl Hence, correction is required
Thus, we add 6 to the invalid BCD, for correction.,
18| T [, (R ) B 5 .
% 0110 0000  6is added only to the invalid BCD.
1 0001 S
d | I
0001 00
1 10 1 oYLy « Correct BCD result.
T
{c) hErefnre,{BB)m + (34}10 = (11?}10

569 0101 0110 1001
+ 687 0110 1000 0111

1266 10 1[:I : =11
1 1111
Invalid Invalid\ }_{_J_g_ﬂ_q Incorrect answer
BCD s T BCD

carry 1
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We add (0110)5 to only the invalid BCD numbers to get correct answer.

1011 i gl g 0000 Incorrect sum
+ 0110 0110 0110
1111 11
] 0010 10100 0110
| e —— ——— —_—
0001 0010 0101 gLl Correct BCD answer
- — —— e e ———
1 2 5 6
Therefore, (569)19 + (687)1p = (1256);, Ans.
FETEAU 15. 1 1 9IS Excess-3 #ig ¥ 7m0 Sifau—
(a) 5 4T 4
(b) 16 @&T 29 °
T—(a) :
5 sl Q0 Excess-3 for 5
+ 4 i S s A | Excess-3 for 4
9 o T | No carry
4 St e R § subtract 3
[ A Excess-3 for 9
(b)
16 0 8 0 | S 1 6 s Excess-3 for 16
29 - 0 1 e g 1l 1 Excess-3 for 29
45 1 1 1 g 1
gl | Propagate carry
T il 0 0 l:s0
; ¥ en; 1 1 Add 3 to correct 0101
e T O I
2 e e T | Subtract 3 to correct 1010
IaTEToT 16, gfitafda witae—
1. (10111011, = ()16 = N3
2. (01010101)5 = (?)Gray = (D10 - (UPBTE 2016)
g—1. (a) (10111011)5 = (7)1 = Mg
10111011
(10111011)y = (B Bhe Ans.

(b) 010111 011
2 i
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(010111011)¢ = (273)s
9. (a) (01010101)g = (DGray

(b) (01010101)5 = (Mo p

(01010101)g = (01111111)Gray r‘.
=(0x27 +(1x2%)+(0x2%)+(1x2Y+(0x2%)+ (1 x2%)+(0x 2") + (1 x 2%)

=0+64+0+16+0+4+0+1
= 85
(01010101)5 = (85)y9

;‘;‘T‘ﬂmﬁmﬁﬂmﬁl E
e fefees famm @ =0 gamm &2 = i
et v fefree fwm 7 smem i T v
fefoee firmem % o aon seerow ferfimy -'
waﬂlﬁ?ﬁzﬁﬁmmmﬁwl
fafi= TR foeen 71 &2 Wi o qwem

S T ez & w2 T

AT T fan s FHi

few ™ =i % Ao

(a) (1101011), = (?) g
10. =1 Feamefime q;m éﬁm : ..:b};gﬁ% =M (© .;1359)1,, =g

(a) (A14),4
11. e 3fewer semsit 9 stwee & ﬂj{ECB}m

(a) (247),,

(c) (32875 198),,
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M(153.7), *iR (4BD),q # =gl ¥ =eferd (UPBTE 2012)
(11011), I =faus a1 s o =gfam (UPBTE 2012)
(138.4),( 3 (5CE),; # @iglt # =efer| (UPBTE 2011)
fre F) FefE— (UPBTE 2010)

(@) (247), @ sifwze (b) (0.6875);, ¥ A=
(c) (3287.5100098),, ¥ sifaws @ (95.5),, ¥ TEurfana
(e) (675.625),, ® Bwarefims

:-. HfefEd # aefer—

~ (a)(11011011), = (7)4 ) (56970 = (g

(©) (47919 = (M4 (d) (10111011)5 = (Mg

| Sem =1 faue ¥ wiafim w0 fafy 1 9o Fifm

Rfgwe T F ST o wRafin w3 F fafg 51 9ol Fitw

‘e TR faen 51 gagEy

s feeame ¥ foad awe 20 82

(a) 1000 (b) 500 (c) 1024 (d) 2000
AT FE I T E—

(a) 4 (b) 2 (c) 16 : (d) 8
e "5em 214 1 SRa goaw e—
- (a) 214 (b) 300 (c) 326 (d) 200
FE (614); T T e E—
(a) 1000 (b) 614 (c) 305 (d) 250
UF =z H fwed faz 26 27
(a) 2 (b) 4 (c) 6 (d) 8
0% fram ¥ o faz w22
()2 (b) 4 () 6 (d) 8
- FEm 1001 #1 18 FEgeid= am—
~ (a) 1001 (b) 0110 (¢) 1010 (d) 1000
111.01 +0111.10= ...........
. (a) 11110.11 (b) 10110.11 (c) 1011.11 (d) 1011.10

¢ IW (Answers)

-~ 1. (c), 2. (b), 3. (¢), 4. (¢), 5. (d), 6. (b), 7. (b), 8. (b)
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2.1

gRed (Introduction)

@ aﬁmﬁ{ammmm%aﬁhﬁmqﬁm-QHﬁmmWil
@ AND, OR, NOT 3fas wifers 2s & 9% @9 @ NOR, NAND, EX-OR ﬁa’fﬁm

Logic Gates
| | !
Basic Gates Universal Gates Special Purpose
Gates

« AND Gate » NAND Gate * Ex-OR Gate

* OR Gate *» NOR Gate + Ex-NOR Gate
« NOT Gate :

fira : 2.1 wilfor® zw & wER
2.2 | AND 32 (AND Gate)

® mn%wmmaﬁmm%ﬁwaﬁmﬁlﬂﬁﬂﬁhﬁ{vamhle}%
(dot) =T weftfa fran s #)

® AR wioE W A AT BATN FNE AW AB WA AND B | =vi &

~ ® AND A9 3w wfaw Wy A9 § aw Faw v smeew A
wﬂMGltu

A AND B = A B— Logical Multiplication

Ae— hY
I“P“‘{ Y (Output)
IS ] put)

= 2.2 AND i
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tput
Truth Table I-__[_l:lf;‘l_lr_- e -

[ =]
= =S

: <8
e

#f A STTTF 7@ Low 1@ B @ A T1GE Low

A/.-

IS (@

fr1 : 2.5 OR % =1 fge qrais
2.4 | NOT ¥ (NOT Gate)

@ NﬂTﬁzmmﬁmﬂzéﬁuﬁmquwwmm

@ NOT 72 % S &1 ar (— ) ZR 29t i 2 qa NOT 72 F &= (complem :
am #) ’

@ wﬁﬁi&ﬁﬂmﬂiﬁlmmﬁ}ﬂqaﬁiﬁmﬁﬁ
A =NOT 4

& NOT 2 %t a5t (inverter) ¥t e s 2
Symbol of NOT Gate

./—Bubble represents Inversion
Input A D Output Y

h:a.sﬂn‘rt

Boolean Equation

Y=4



Table Input | Output
(A) Y)
: 0 |
1 0
=1 T qeais
PNOT 2 % Weft% & 5aa (bubble) F1 f8 9994 (inversion) 791 fy™ =1 faes Tweiremt i
- sefifa #a @
. A L‘-\ (E Bulb
o : 2.7 firgn g
NAND A2 (NAND Gate) l

] AND‘ﬁZﬂNDTﬁ?mﬂm(cascade}mﬂﬁNﬁNﬂﬁEWﬂﬂTi Fiq ¥ T AND
2 F1 NOT 1z ¥ =19 Frehe fe i # t uftomdt iz NAND 2 sgerar 2

| 56 W& T § fF NAND iz AND 2 aa1 NOT =2 %1 #ffiae g1
| % fias # 2 392 NAND 12 ¥ Ta a1 3691 6 Ao i <o T 8

31n - Y=AR | " Ae—rl \ AB Dc
ut — b
P Boitl / LA

firs : 2.8 Two Input NAND Gate for zﬂnquivalent Circuit
g Input Output
A B ' §
- 0| o 1
' 0| 1 1
1 0
1 1 0

HFTYZ Fae asdl Y WG € 5 T % @t 5792 "1" B | 3= | feaferdl A sEeye W2 High
{"l")mw}
y Equations

NAND 7z & forg afags seaee
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57 A.B AND e 1 a¥ifen & aer A (Bar

B2 \\“J])ﬂ??ﬁlqﬁaﬂf"lm (universal gate |
NOT ﬂEPI‘w"T'ﬂTﬂTHHHTHT?I A |

| & um‘mﬂmwﬁz#mﬂmﬁ:@mmgﬁNDRﬁzmﬁm%mﬂmm R 7
5 e fom & 4 W 72 NOR 2 Fe 2 | y
e mmm%ﬁmmﬁzoﬁﬁzﬂmwmﬁzm#ﬁaﬁm%q

& ﬁﬁﬁ'?ﬂﬂﬁﬁzaﬁmmmaﬁmﬂmw%l

) i #ed €, ﬁﬁmﬁmﬂmﬁ

-

Syvmbol

A Y=A+B i 2
Input -
r HU’P .
AND b

A+B
fer : 2.10 Two Input NOR Gate fera : 2,11 Equivalent Circuit

Truth Table .ri

;-1

Input Dut;ut
A B ¥
0 0 1
05|81 0
1%| %0 0
1 1 0

% A Al § 2 € fF NOR 12 =y
feafadl § sm3eqe w2 Low @i
Boolean Equations
% NOR 2 % fau gferm weirmm
Y=4A+B
TRl A+B, Gnﬂzaﬁméaﬂrmmar}mmﬁzﬁmtl o

% NAND T2 %1 @tz NOR #z i gfyenis §
: W & ﬂzﬁmmﬁm[,‘a

AT o High #m s 5l €72 Low

- ..
ey

iy

o
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2.7 | Ex-OR ¥, O
[ | Ex-OR A% (Ex.0R Gate)
#  Exclusive-OR =z Ex-OR \’

TS M X-OR % 73 #

=it e

) IR T &% - 3
I"\‘.1'|rrrr-l=_'1mﬁ-ri:rﬂ1-$;.

Wﬁﬁﬁm”ﬂ?'ﬂﬁmﬂmﬁ
Hmmﬁﬁrmgﬁmwﬁl

A

fore: 2,12 EXOR #2

ERCER: Ex-OR 7 % Hkq

symbol

Truth Table

— . I

Input Output | :

al | Boolean Equations

t | B % *
[ 0 0 0 ’l Sy

ok | I ll fa AL
i—l 0 ] lf Y =A®B=AB+1B
[ 1 0 |I

I

H Tt | e # fF Ex-OR 2 & w7 26| e
=57 feofoy 3 525 High 1 #mm) AR Low 9= grm #1=3
Ex-fjﬁﬁ?ﬁ?ﬂﬁmﬁﬁﬁﬁmﬂﬁﬁmm#ﬁqF?mmﬁ

3 |
| 2.8 | qﬁwﬁrﬂz (Universal Gate)

: : il 7 : (UPBTE 2015)
NAND @91 NOR 72 #1 35 712 %gd €, il 991 Terda § AND, OR, NOT 8% ¥$R %
31 &1 famioy fe = 9l B

2.8.1 NAND iz @51 9ergal 9 faft= el & Fmfor

(a) NAND 7= & AND 712 Y=
A7 r = - A =
AND 7z % feu Y AI{ Input 5 }ED— Y=AB=AB
@ TEF EAgEA REH WY = A.B AND gate using NAND
(b) NAND =t weraat & OR 2 il
% OR 712 % fem
Y=A+ B

@ Wg:rarsiqRHSﬂmﬁqi_
Y:A-FB:E‘B:A-FB
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A
A +

Bl

OR gate using NA ND gates
form: 2.14

() NAND 71z %t mgraat & NOT 72 P {
& mﬂ—ﬁzﬂ
@ sEEREY=A.B=A.A

e o
m,

Ror: 21

(d) NAND 7z &t sgraar # NOR =
& NORMm&%fuyY=A4A+B=A.B

¢ RHS @ =90 39994 o4 W
B3
Y=A.B=A+B NOR gate using only NAND gat :-:'
(e) NAND 71z %t ®e/aa1 & Ex-OR =216 ;

@ Ex-OR ™ % fam A
s
Leg v )i

= AB + BA B
% RHS W za& 799+ o/ W

AB
Y = AB+ Bd A }Eﬁ
: JOANE A B B
o = i

EX-OR using NAND gates
frmx: 217

© fealin w4 X522 ¥ 2
Y =X.Z = (AB)(AB) . il
8.2 NOR %z ) et & faftrst i 1 Fyeior i -
@) NOR 1z % wgraran &t AND i I
fUPBTE "._,. a
® ANDRAIMY.-4p 2013)

@ Rﬂﬂmmmﬁﬁm B :
Y=AB=4+B :'% St
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Study Power Point |,

piff s NTH

(b) NOR = & wgraray & OR =

OR 2 % fim r

[ 4 A+ H o
(UPR NN e
TE 2013) } ; O— —45 j,x}—- Y=A+B

Y=A+B
RHS W =9@ vl 83
Y= A+B

T!l = ."’.+ B'_ :q:‘_ﬂ
(c) NOR 71z =t Wgraan & NOT
& TY< A=B=A

LD Y=A+B=4+24

Y=A+B
OR using only NOK pates

frx:z.19

|

Input —Q}— Y (Dutput)
Y=A&

NOT gate using NOR gates
firs ; 2.20

Y =
(d) NOR 712 % Wgram & NAND iz
& NAND 2 ¥ fiu

NAND gate using NOR gates
form : 2.21
(e)NOR Tz @i agram A Ex-ORTE 4 (A+B)
# Ex-OR 2 & fom 5 T
Y -2c43 k| ot pue
@ TMX=AB 7 =AB A% {mnqmr
for 51 B ArD

& Zad THgd A1 T Ex-OR using only NOR gates
= 7 forn : 2.22

},=I+g_—.:?.z

s

- (AB) (AB)
- (AB+ AB)
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2.9 | gfvam frge (Boolean Law)

afere womett & g —
1. wn fafrg W (Commutative Law)
o wread frmm (Associative Law)

g, famo M (Distributive Law)

4. AND frmm (AND Law)

5. OR f (OR Law)

6. T fram (Inversion Law)

2 9.1 wu-fafea oW (Commutative Law)
@ Frf AEA afﬁmﬁﬁqmnﬁmﬂﬂ%mﬁ{saﬁmmtmﬁﬁﬂqm_ _
T

1-A.B=B.A
23 A+B=B+ A -3
@ 9 YFN T9 FE OFd € (6 wH- ﬁﬁﬂ'ﬂﬁwﬁﬁqﬁqﬁﬂ'ﬁiﬁmﬁﬂmﬂﬂh 23
w #7 TVE T8 TEA €

A gl B . -
(a) o ::, = G ] |
5 = A+B
(b) . | :-;

: 223

@ mmmﬁm%ﬁaﬁﬁmuﬁmﬁﬁﬁmﬁﬁ qﬁmmm
2.9.2 WEgd W (Associative Law)
& ﬂm‘ﬂmmﬁqﬂqm[hpmasmn}uﬂﬁuﬂmtwﬁ TS
15 (A.B.C= A.(B.O) 78

25 (A+B)+C=A+(B+0)

& AR 63 T T & 6w fraw 4 feg g At fed o) ot
W 1 WA T T2 ) TR H .

A' = =
B—D_I_' ) amy. B— D—L
fe c J-ARIGE.

(al

Aﬂﬂmm :D_ B o
- | a
44 > e

(b
forn : 2.24 om AP

Ll
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-y - '
ﬁmifmﬂhmmnﬁrﬂfmﬁrwﬂmﬂﬁhﬂﬂ-m"“mmmm
2 9 1 faaoor oy (Distributive Law)

2.9

e mmﬁmﬁmaﬁqﬁﬂﬁmmqﬁm“ﬁwmmmmmmmh

A(B+C)= AB+ AC

@ T WER S W w0 staw) ) s oo § 9z W 9w 8
2.9.4 AND 0% (AND Law)

# AND 38 § AND sivtym =1 wim fea 5 ¢, sm: 79 fram =1 AND fram 528 #1
¢ Ffeaa demiem ® Arfa AND # $w wqa frow m wen §—

1= A4.0=0
29 A1=A
3= A A=A
45 A A=0
A=1
|__ YT=])=0
| —
A=0

fim:2.26 _
@ fram A A = 0 wefds w1 ¢ % afz [qE (A) oifas 1 2 & A 7= e faed swseqe = Em
& 70 yHn fa= g0 W fam & e o b

2.9.5 OR o9 (OR law)
% OR fmq OR f9teA &1 74 &t 81 3@ 78 fem %1 OR frm e #)

& ofe dremfor T safta OR % @ wq@ fam w9 v #—
1+ A+0=A
25 A+l=1
3 A+A=A
45 A+A=1
& frm (As A= 1) it Fm ¢ 6 o FR () dFF L R A dmam A+ A= 1 v
A
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e
A=0

firm : 2.27

@ T3 TN qurmzﬂffﬁmaﬂqﬁzﬂ?ﬂﬁi
2.9.6 =51 Fram (Inversion Law)

@ Inversion Law “NOT" ST Hl ﬂ’m_l
v=rf7 frm @ d wH e SfEEa Al
A=A

e T A=0MA=1TNA=0ATEY = A.

milﬁuﬂﬂmtﬁﬂﬁﬂﬂh

A= i A=l

firw: 2.28

¢ w v o g wm frem = ofe 96 R

2.9.7. gftra= From & s
S.No.| Name of Law __ Staten
1. |Commutative law A-B=B- A
A+B=HB+ A o
2. | Associative Law (A-B).C=A-(B-C) -4
(A+B)+C= A+(B+C)
4. | Distributive Law A-(B+C)= AB+ AC =
4. ﬁNDLﬂWE ,ﬂ,-ﬂ:ﬂ-: hr'l'. 3
Al
A A=A
AAd=0
B, OR LIEWE A+u- A
A+1=
A+ A=
A-I_-,Z:
6. Inversion Law -
7 vl
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[ —
7 _E_:‘r‘*--—-——- 37
1 er mmrtat_-_-_-_-_-_-_'_'——_
Lawg ol A+B{:=[d+ﬂ][ﬁ+{;}
"q""-lq.ﬂ:‘i-..ﬂ
A+Aﬂ:ﬁ+ﬂ
i"""ﬂ.ﬂ:ﬂ
A+ AB= A+ B
ki

AB=A+B NAND = Bubbled OR

& T8 T F SR R e = s i - A F G ¥ A S e i
@ feu T wdETe F fas § NAND 791 (NOT-OR) 21 gm wefém e 21

A mea Y=AB A— {::""-.i e = A+
s ) o, T

MNAND

i 2.29

-2 — A+B=A-B
& mnﬁﬂ#mmmisum]mﬁwﬁﬁ?_aﬁﬁﬁﬁnm&m-mﬂmﬂﬂat

THGE & aE g 1
& feu 7o wefiEe #1 faa # NOR @0 NOT-AND (Bubbled-AND) &1 Waftia fa =

A
wh - .I"ll_{:?'_ = A .
N

B
OB fers : 2.30

2.11 | oo i (Duslity Theorem)
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3%

{ﬂ]d+:lﬂ=¢4

(b)A+AB=A+B

(c)A+A=1

(d) (A+B)(A+C)=A+BC

Te— (a) TETTA AR (+) F () F ﬂmnﬂ{.)aﬁmﬁﬁ@naﬁq{

A(A+B)=A
TH THH
S.No. Given Expression
(b) A+ AB=A+B
(c) A+A=1 A-A=0
(d) (A+ B)(A+C)= A+ BC AB+ AC= A(B+0C)

2.12 | wiffore A o W IR 3! fafer

Representation for Logical Functions
@ TR wiftes S E F 900 &9 F1 91 fafE i —
1. Sum-of-Product (SOP)
2. Product-of-Sum (POS)

Sum-of-Product (SOP)
@ SOP ¥ zi=% =1 gfasq vl 37 afdee & TAwa F 4m F &9 § a9t < 21
Su
- &
Y = AB + AC + BC
T T Product
Product of Sum (POS)
® POS 219 3 gfer frasl g A 3 A 3 o 35 w9 & <oy &
'L "l' Product
Y = (A+B)" (B+C) N (ATE
= Y
Sum

2.12.1 W5€ a1 SiF-RU8E SOP , POS Gaer
{Standard and Nnn—standnrd SOP, PCIS F’unctinn}

..... Lt =
o 4 .':. i | F-h
$ = [
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Fifors ew
39
Y =(A =13
s ﬂ;ﬂg‘i+ﬂlfﬂ+ﬂl Standard POS
=4+ B)(A+B+0) Non-stand
-&E : n-standard POS
FETEAOT ﬂqﬂmﬁahaﬁ;é‘mumPosmﬁmﬁ
{H]I’—AH+AC+BE ¥
(b)Y =(A+B)B +()
{c}F=(A+H)(A+C}{B+E}
Be1—i(a) Y =AB+ AC+ BC
Y:AE[C+E‘)+AC(B+E}+EC{A+;’1}
= ABC+ ABC+ ACB+ ACB+ BCA + BCA
= ABC + ACB+ BCA + ABC + ACB + BCA
F:ABC+{B¢+AE?+EEC (-A+A=A) Ans.
(b) '.""={A+B}(B+C]={A+B+CE?}[E+C+AE}
A+BC=(A+B)(A+0)
Y =(A+B+C)(A+B+C)(B+C+ A)(B+C+A) Ans.

(c) (1) First, let us find the missing literal for each term as under -

Y=(A+B) (A+C) (B+0)
e et

e S
L. Missing literal is A

» Missing literal is B
» Missing literal is C

(ii) Secondly, we OR each term with (Missing literal or its complement).
Therefore, we have

Y =(A + B+ CC)-(A + C+ BB)(B+C + AA)

R =
f _» Missing literal ANDed with its complement

» This term is ORed with the term formed by ANDing
the missing literal with its complement

(iii) Lastly, we simplify the expression to get standard POS as under :

Y;.(A+B+C(_}}(A+U+HE|':B+E+A§:'

A+BC=(A+B (A+0)

But G . i 4
T:erefure Y = {A+B+C}{A+B+C](A+C+m(A+C+B}{B+C'+ A (B+C+ A)
But A A= 4

Therefore, (A+B+C) (A+ c+B=(A+B+()


J
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C+ A=(A+ +0) .
B+O+ A =(A ﬁﬂ+m{j+3£}

ia the standard POS form.

(A+ B+CN
(A+ B+ CO)(A+ B+ C)(A+

1 the liternla “Hence, this

and

Y=

Each term consists of n
i

2 12.2 Minterm 20 Maxterm

m : SzE SOP HHT F TR ofrzfrgs 7 (term) Minterm e o

Minter |
SlandardSDPfurm‘f=ﬂBC ABT ABC

T T T Each individual term is call ..','.;J

Standard POS formY=(A+B) - (A + B)
T T Each individual term is calle |
frs - 2.31 Concept of maxterm and minterm. .

Maxterm =veZ POS HFA #1 T4& yFefagam 70 (term) Maxterm e .

Table - Minterms and Maxterms ﬂl‘ “e ""’ial:lll: o
Variables i ni o

A B

0 0 0
0 0 {
0 1 0
0 1 ]
1 0 0
1 0 1
1 1 0
1 1 1

wEmru—at Aftaae & fau Minterm oM Maxterm forfm
TE—21 AftiEs & fem Minterm 791 Maxterm

'S.No. | Variables/literals | Mi
A B
1. 0 0
2 0 1
3. 1 g "=l
7t 1 1]
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FITATE g (K-map) qferm Witwrm
kh-map 2 ﬂ'h'i'rara 3 &ﬁaﬂﬂ

4]

‘rﬂ*ru mm#mmmqmthnmﬂmdwa‘mmmﬁ -map

2.13.1 ’—mﬂﬁﬁm K-map
o 3 AfdEs Aﬁmﬂi’ﬁ#ﬁm!ﬁr&aﬁaﬂmzzﬂﬁﬂl

F';q""n 1

)

ferx : 2.32 Structure of 3-variable K-map

@ T I F fou Frew 51 3w fag 4 ovim T 2

2.13.2 3-3R<EE K-map
& WA A, BAa C o9 aftdas € foas fog sres =1 ge 22 = 8 8
E Cmm o1, 111 ' 10
| L]

1

fers : 2.33 Structure of 3-variable K-map

@ A B A C #.feafa ) agen o ®EW E

13.3 4- 3RATA K-map b
L A.B.CmnanﬂﬁﬁﬁtﬁﬂtmEMHﬂmmm

cD
0

o1

11

10

form : 2.34 Structure of 4-variable K-map

Wmﬁmﬁqmmmmp* g, S A W
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(n) g™ (Pairs)

* FﬂWH-lnnpﬁTﬂ'ﬂﬁﬂﬁ'ﬂlTrﬂTil

plement) 1 qA F #

F o — I
Al 0 o |1 ) 1]
A a {i 1] i

& T W g AferE SR ) fm W .
Y = AB
{b) F=T% (Quad)
@ 2 (quad) 3 A F Am I TF W T (eleminate) HTAM T—

CD
AEN 00 01 11 10

on| 0 0 0 0

) 0 0 0

1| 0 0 0 0

Py ISP A— — == d
o T T T

= == - ==

(c) 3= ( Octet )

®  HFE (octet) A9 W Tl A ¥ T ¥ q9 (eleminate) # )
Ch
AR il ] 11 10

r--—-- L

===o==="] yOctet
00l 1 1 1}_..-"

af\l | L] 1T 1

it Bl BTl PSP

i1 i ] 0 0 0
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- {B+B =1}
¢ T Q T AEye
@ = ABC + ABT
= BC(A+ A)
= BC {A+A =1
¢ W R ¥ &2
R = ABC + ABC
= AB(C +C)
= AB
& o7 Gferg deeE F1 9 YeR T w9 A e . wwa i—
Y=P+@+R

Y = AC + BC + AB
$ W UER WrE waE & oitas 12 g i vt fEm o awm
ml—ﬁqwqﬁwmﬁﬁwapwmﬁm:
Y = ABC + ABC + ABC
m:

BCZG Bg BC BC HP

P it
al Q)

Ng
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g g 1 T3

o fo 7 e SOP W A ¥, mﬁ:ﬂ .
@ Ptmmﬂhﬁﬂmﬁﬂﬁ=3 w3

3 foro sz = ABC e
e y - AB+ ABC

v - ABC + ABC + ABC + ABC

Bt A A K- e W
@ P fom smseqe = ABC + ABC= AB
o @ fm stz = ABC + ABC = BC

e

ER

XN'3E A8 A _AS S
LD ) q
C 1 >P .
Y = AB+BC o
@ Wa FWE FHA F GEEE T 8 e
T 3—gfera frami g fag wifwe— "”';
AB+BC+BC =C+AB b
LLE e
AB+BC + BT H;#_
=AB+C(B+B) ?
= AB+C
=C+AB
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\b AR AB AB AR
AB
L'I"\\ 00__ 01 11 10 EM AR
00 o

— Tt s DN\ 00 o1 1 1w
. r'r i .I 00 :'Tl
| i [l L]
E | I i I BL
LD’ e e Ul I R e .-r""fff
— Fm “"\\ __"‘--—v---.l...:_ ¥ 01 i1 --l‘l-"’
cD 1 1 N 11 ™ : :
] :
; 1' R :1: 11 :_]I---:-r-—rr T.rl_“..-“.l’l-f_.
|
[ 10 11 1| : '
1 ‘ b - L 10 TR
—— ri it § N
AR 5 Fi
AB
Y=AB+CB "F=A%+EH Y ;-,% BD
= AC +
ABCD
AB AB AB
f-'R 00_101,/11 10 CD™N, 00 01 11 10 CDN\_ 00 }op 11 10
i ]
i :._1,' 00 0o :_1_____,1!
o d o —
1 o1 1! 1 0
IBEI} 11 ABCD 11
y 1! 10 10 -
B R
" ] ﬁ\ I ,
o [ ]
[} NzBco | Y
Y =AC+BD det 1D ko,
AB
AB AB + u i . s
Ch 00 01 1 ]1: 10 CD :ﬂﬂ ﬂ]; : ‘: v ""l lr"'q_l".r
E . i
of 1| [t oofin | 1i[iL oo1.L L
i L []
. T 0l
01| 1. Ll o o
e ----_‘ l'l""'- I_I_
11| 1s |
£ — : o N
e il } ]
=) 10 : ]_.-I : : ."l" % P -"’l = I‘\'"
10 { 1 : ---_'Tr‘ , - *y
v ' U
Y = BC + ABD
jtional K-map grouping possibilities

forn : 2.36 Some add
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(i 3V _(Solved Bxampl

=1 fafam
e s At T Pair1:BC
AB AE AB| AB AB

T 1, fay M7 K-Map #

AB ZB AB AB AB 0 11 10
cC\_ o0 o1 1 10 AL I_L o 1
61 |21 1_r+ Pair ;
1 l 'I_ Eﬂ U s ——--Er P -
P ! 0 e
Cl1 0 - 0 3 g 6 4 b ol ] g
(a) Given K-map (b) Grouping T.
forn : 2.36 A
E‘H’—
Simplified Boolean expression : ¥ = BC + AB+ AC
(1) (2) @)
FETer 2. fau Mo K-map =1 we i)
ABXE AB AB AB AB XB AB
AT T R T C_ 00 EaE
col o 1 1 0 =
e ) ’@0 |

=
calso®Fiosli axl 0 Iﬂﬁ‘é

4 5 7 [ 04 (Pl

(a) Given K-map (b) . L
fern : 2.37

R
Simplified Boolean expression : Y = ABC + ABC+ ABC + ABC

Y = ABCT+ABC+ ABC + AB(

Y = A(BC + BC)+ A(BC
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g 3. A ¥ R g Komap = wrer :

b Group 1: AC
3kx.1? AB  AB AB AB ZB| AB AB AB
[ O e 01 11 10 C 00| 01 11 10

FO 1ol SR col iy 1| o
b =
4

] '3 2

ol -y

1l 0 Liz JCIvT 1
: - 2 4 16 T 8
L. L+ Group 2: AC
Group 3: B
(b) Simplification

(a) Given K-map

firw : 2.38
m_-
Simplified Boolean expression: Y = AC + AC+ B

(1) (2) (3 Ans.
T 4. K-map T HeT ®Teh qieTas Taier fara)

Group 1: AC
AB B AB AB AB AB XB| 3B AB AB
C 00 01 11 10 C oo| m 11 10
of 111 )0 Co| LT[ Y
¥ 0 1 3 2 = 3]
1 Rl b G o T D
i 01 15 l‘r i} 4] B "T."'| B
Lﬂmupﬂ:ﬂ
{a) Given K-map (b) Simplification
firn : 2.39
™— -

Simplified Boolean expression : ¥ = B+C
Fargror 5. fow Y K-map @ §T @it

Group 2: AC
Yoz AR . Lo B\ b Dl
Co[ 1 f 1, D, Jigke b3 Co "'1.11 0 -2112
C1 1* “5 D-,- 1‘:I E_‘-L_l:{ﬂa uT:_lﬂ_
—Group 1: B—
(a) Given K-map (b) Simplification

fir : 2.40



48

Study Power P0|

] = -+ AU
jon : B
u‘jmpliﬁ.l"d Hnulean EKPI’EHS

2
) @) e & v AT

6. faq ¢ it der At K-map
Y —.-EBC+ABC+ABF+ABC

g BC g¢ BC BC
BC gC BC BC BC &
A 00 01 11 10 BT
A0
1 1 -1""'.}
AOL Y 0 D 1 3 2 -
Al
1 0 0
All O i : ) 6
(a)
form: 2.41
Lastly, we identify the pairs.
Yy=AB+AC ABC
‘ s Teolareds

Pair 1 Pair 2

This is the required minimized expression.
Targror 7. feu mo wifas vamuyT R K—mapaﬁmﬁmlﬂk
Y=Im(1,3591113)
L i iy
CbCD Cp cCD ¢h
AB 00 01 11 10

P
ABoo| o [T} ] 1| o
ol ‘r=rIlsenitl 2
— g
ABO1| o | i1i | oiiseg
4] | 16 7 6
s |
AB 11| o, 17iSESn I
12 I: 13 15 14
]
AB1o| o ;‘ﬁ}“’“‘i‘; 0
CHC

Therefore, Y = D (B + ()

This is the minimized logical expression
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H-. Ji.l-_]l,l.l.'ll'l
minimized CXpPresg) . =
I S10N 18 realige

ey 5 d as shown in figure 2.43.

B+

(‘—;@\
C 5 Y=(B+CD

form 3 i i i
2.43: Realization with minimum number of gntes

"-’F‘fm“ﬁ'“‘m.?‘fﬁ?m‘mﬁvmﬁli

- “map B w7 Hifam
=im (1,3,4,5,7.9 11, 13, 15)
F_
CDTD Tp CcD b
AR 00 oL 11 Tin
ABool o |2 | 1T o Group
of : 1 .3 2 1-D
| []
ABO1| 1 T H v o
sl w7l ) N
L e
ABC AB11] O 1 1! 0 .
s 12| 15 PORE L -
o : | Y=ABC +D
AB10| o |t14|B12 ] © D _D
O 10
(a) (b) Realization with minimum gates
form : 2.44
Therefore, Y = ABC + D
ZET0T 9. K-map BRT 9T &t
¥=%m (1,2 9,10, 11, 14, 15)
Group 1

by CD gp Tp/ cD CD

00 0 11 '101
4 1] | i1pe— Group 2 > BCD
AE{}U ﬂﬂ I'h.-"l_ 5 *""‘:ﬂ

KB 0LgmOMELORIES, .| 1 5

R i\*__ﬂmupﬂ—}ﬂ{:
0 o |1l y
AB 11 12| :
AB10| O )]
8l L if

Group 1 BCD :
forn : 2.45 (a) : K-map gimplification
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'h ' E,‘E {hl H REEI

o (V=G b+ AC=B@D+CD)AC
Minimized expression - Y=BCt A . Ex-OR gate .

Therefore, Y =B (C® D+ AC
e 10, K-map G T I 6T Y WO Hig)

¥ = Em (4, 5, 8, 9, 11, 12, 13, 15)
ﬁ.—-

CDTD. TD CDEEl
ABN_ 00 01 ‘11 10

ABoo| o0 0
0 1
ABO1| 1 | T /
- 4 :5
AB11| (1T TR
| 1 12| | nd
| i I
AB 10| 1 _] i1
) R BB
I—’Qundﬂ:.ﬁ.c
ABC

@
AD__ |
D*

R : 2.46 (b) : Realization using mig S

Minimized expression ; Y = B +AD + AT = Eﬁ I

o
A
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ST 11 WUt it

/ (4.B,C, D) "m0, 1, 8 1y
F1— TR B K-Map # wrafee ) o (UPBTE 2016)

CD 'y P
\ D T/cp cp
AB i

P
AB| LI TH | o
==l e, o

AB| o "

A P e

AB| o 1

120 1d sl 14

AB | 0! 1l

.8 9l 11 10
K235

R % f 33T ABC D
y=ABC+BCD+ABCD
oA AEIE G % T w9 E

g (Exercise)

e ——

s 12 %) GEE U I i

Aﬂﬂﬁaﬁrmmfaﬂﬂﬂmmwm::‘:gj

‘I'Hﬂﬂﬁﬂzﬁﬂmﬂﬂ%?ﬂﬁﬂm ;

NAND @1 NDRﬁEH?TmTﬂﬂlﬁﬁND. OR @= NnTi‘rzaﬂz::gL
|

Ex-ﬂRﬁzﬂmﬂRﬁzﬁﬂeﬁIﬂ'? Ex-OR 712 ® T e

NﬂTm#mﬁﬁﬂﬂﬂTWﬁ!

3 i |

e & frawl & e
Fﬁ-ﬂﬂﬁnﬁﬂﬁwamﬂ#?amaﬂﬁm

. SOP 7w POS #) T . |
10, K.ﬁqﬁ-ﬁﬁqaﬁ-ﬂm#ﬂﬂﬂmﬁﬁﬂm
11, fyeq &1 o e @A

(UPBTE 2015)

P b
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) Uni ] 2 (h) Exclusive OR 2 ,.
(a niverss
12. t}Rﬁzaﬁuﬁmﬁﬂaﬁmgﬂml
13 NAND iz %1 weE@ # Ex-OR itz 1 qHAEA

14. F—Tﬂq&ﬁ?ﬂmaﬂmﬂm’
(a) (A+ B)(A+ B(A+C) = AC .
(b) ABC + ABC + ABC + ABC=AC
(c) ABC + ABC +ABC=A (B +C)

15.ﬁﬂqﬁmmﬁ%ﬂaaqﬁaﬂﬂﬁzamﬁﬁﬂ_aﬁ—
Y = ABC + ABC + ABC

16. I{-mapﬁﬂmﬂﬁﬁwqﬁqﬁmm_

Y=ABC + ABC + ABC + ABC
17. f7=1 2 %1 Ex-OR = &t 7eq # fag :1—

Y=A®B®Ca&D __
18. 7 7 F #2 AND,OR T NOT #z %1 firds NAND w# firs NOR & a1 fean
.
19, f&u 70 IE F w3 fara 99 T e TEI— _ {,,_':;.--.
AND, NOR a7 Ex-OR
#0. Komap 1 T 3T TR o0 T e o ) A 7 7 5 A R iw—
TPE

g
“I

/= ABC + ABC + ABC + C + ABC + ABC

TEfwrdR s | ;-
1. TF a2 ¥ faad faz v & &
(a) 2 () 4 16
2. % T 4 fazm # vem o 2 — e : ol
(a) 2 (b) 4 .
3. ST HEAM (567), 1 e qeF &— N i
(a) @E‘_ﬂm : (b) (887),, (c) (375)
4, mmmna & AU 1 ey §— ¥
o
(b) 8 (c) 16
9. AND, OR, NOT =fz fefseer siqtom o
(a) Switch (b) TR i ﬁﬁ:%%;
ﬁ,ﬁmﬂzaﬁﬂpmwﬁﬁmmﬂnwﬁ?ﬂﬁ—- g
7 ;2 :zﬂgﬁ O/P 39 m[h; I:IANDM 2 S
: igh | Hig ' F :
(a) Ex-OR (b) AND E}Em i
oW St

8. ﬁmﬂzaﬁmﬁlmmlowﬁq
W I
0K (b) NOR o 1?;;’;\;“ 2
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14. =9

13,

16. ===

= 0 ° -F'T:r."m 3#‘-'1'1‘51:[ 53
a) NOR (Ti“ﬁgtwe T #—
e ;ﬂ+T( 4 H {\'7{!,7@' ¥ R (d) Ex-OR
i) A+ D
A+B+C ) ABC
.r~'ﬁ‘T'T“WTF~ﬂﬁnﬂqaaﬁ (d) A-B-C
- () Tefeea T e fafey 4
(¢) (a) 741 (b) TH; (b) T
itafes ifas 1 - (d) 375 | = =
ok T Digital signal F ‘high voltage' e #—
(c) 2 (b) 1
el (d) T & = 7
(a) 2 8
*‘A+ BC+ AB’ H’ﬂ{ba}-ﬁn{—-ﬁ'ﬂ‘.‘—{% (e) 10 (d) 16
{a) A4 H- n:l:l E-F- :'1._(:'
4 Identity 9ef¥fa S 2—
A+B+C+ 4N =A-B-C--- N
() fo-wT %1 1o Frrm (b) & =1 faea Frem
(¢c) OR #I9¥MA (d) 579 | +E
s ABC---N = A+ B+C + -+ N wefila a1 t—
(a) fz-wif3 =1 waw fam (b)fe-wria =1 fadta fFam
(c) OR 9= (d) 719 F w7l
. IR = A+B}{,¢+C}(E+C‘]iﬁﬁ?ﬁﬁﬂﬁ“ﬂtm€m:—
(a)(A+ B).-C (b) A+ B)C
©)(A+ B C (d) ¥ 9 ¢ T
. 1% foers et 1 @ 35 T AR fo &7 s
(a) 1K firerq-gify ®)
(c) RS forerg-weig (d) T foreTq-reiid mﬁ??
. MOS fraw % wawdi PMOS, NMOS, 71 CMOS AR ﬁ‘? T Power 69
' : (b) CMO
i it
S5
9 o 4 oy v = 0% fag UP
A
y =0
B ; (c) 10 GRS
(a) oy (b) 01 —— L

‘f"f‘ﬁmm?—{zuﬂd-ﬂmcﬂﬂ
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54 s
, (b) BC -
(a) AC (d) T @ F1E T
) C .
22, mmﬁ#mﬂfi—[ﬁl () 1000 @ (d) 010;
(a) 0010 1 Wi Fa #) 3
23. f:ll'F‘r wf#z # switch open o W A (0) ! I close
=i sm—
A B C
Y
Ralva.
D
(a) A+(B+C)D (h}ﬂ-l-_BC'-l-D
() A+(BC+ D) (d) T8 | HrE TE
94, TEdE HEW C3 F A0 ¥ wefifq FT 9 £—
R
—{ —F}—
Vo) =2
g iR,
L 1— K-
e (£)110011 © 111100

25. ﬁnﬁ'ﬁaﬂqmiganﬁreﬁuimﬁﬁqﬁ‘ntw#?

X= -

Z -

:

- — |

I
e

= SN
R
[
(b)
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i/ wIE T

| ST (Answers) i)

(b), 3. (c), 4. (c). B. (a), 6. (a

: _ ). 7. (e), 8. (c
), 17. (b), 18. (e), 19. (c), 20. (b) 91 ::'ﬁ'm' o a0

), 22. (m), 23. (b), 24. (c), 25. (d)
J
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U, pes-ed .
e ST Ui

3 (Logic F . :

LS.I [ R (Introduction)
& e AR 3 v vER A 1C 3% #1 3 v wam RIC u,ﬂﬁaﬂ{fanuly}%w%mamﬁ

o W@Eﬁsﬁlaﬂmﬁmm?{ﬁaﬁéﬁﬂ@m IC 9ftam =1 51 9 | amnmt_
1. FE9ER (Bipolar), 2. 9T (Unipolar)| .
& fefsiedt 1Cs anuier st gfier aete T sz (tabricate) 3 <4 & 91 35t s w s "
IR A AR (Bipolar Logic Family) st4a1 3fdren wifas gfEn (Unipolar ._"..: %
Family) #&1 s 2 ?

[ 3.2 J H‘ﬂ%ﬂ'ﬂﬁ!ﬂ'ﬁlmﬁﬂﬂl (Classification of L;ng_E: Families)
SRR i e S R e — 2—

Digital 1C

Bi jln.r | Un;L lar
o & il
! 3 l l

Saturated Unsaturated

PMOS NMOS CMOSs
B Hu,_iumr Transistor I{P—channel MOSFET) (N-channel (Comple
Logie (RTL) J' I MOSFET)  MOSFET)

* Diode Transisior
Logic (DTL)

- Dimct_ at:‘:gupllmi Schottky Emitter Coupled
nsistor 1
Logic (DCTL) gl

* Integrated Injection
Logic {111)

* High Threshold Logic (HTL)
* Transistor Transistor

Logic (TTL)
h:a.luﬁm‘lﬁmmm



ver Dissipation
. Fan-In
F.'_:]]-:}LH

. Noise Immunity

6. Operating Temperaturﬁ

7. Current and Voltage Parameter

iﬁj .LWTLHIGH ﬁmwmfﬁaﬁwmﬂﬁmfgﬁwﬂﬂmmwﬁ HIGH &=
H AT HHE WA A (tpry) 1 97 fa=-foet 2 21

TWT‘JFT few tpyr 9 tpryg F IIEd *1 999E e fou (Average Propagation Delay)
Fed ¢l

r tpHL * lPLH
2

- - o o ==

e
I
\1\
1
I w
I
I
1
|
|
1
1
1
1
A
I
1
I
I
I
I
1
|
|
1
I
1
|
on
=
&
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5,14 | A S5 FIREFT (Mode of Operation)

Hfge g2 Hiftas HASTYE (Serial Inp
2. FitaE 992 e 3829 (Serial Input Parallel Output)
}, TTEE 39Ye Hiftas HI3ZY2 (Parallel Input Serial Output)
|, WEE 392 OieTe 392 (Parallel Input Parallel Output)
v14.1 Serial Input Serial Output (SISO)

¢ AT YR Hiftae eeye Ty @ faee e fm # T T d

Serial
Cratput
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al Data 3

Seri
(a) Serial In Serial Uﬂi::.“ e cial Do
Input .
(b) Serial In Parallel Out n

F
S
[

g LSB
M.Em_—"--.i-—""'I

Parallel Data
Outputs

Parallel Data
’ln ]

(c) Parallel In Serial Out

MsB LsB

Output

(d) Parallel In Parallel-Out  pgraliel Data Inputs
p———
MSB LSB

Parallel Data Outputs

5.14.2 Serial Input Parallel Output (SIPO)

SIPO # =1 1 wiftas A warw T 9 & WO T e S HEYE W
SIPO # =itz &% wgry SISO F1 wits g #) |

Din Db Q Dy, @

-

i FF-1

— ¥ A8

Rov 622 lustrtion of seralinput parallel uty

i
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,3 paratie al Oyt (P1Sq
.|=_Iﬁl}'ﬁ'-!-17ﬂﬁﬂl'ﬂﬂ'ﬂ‘wh:m*lw o
- )
par 1 o T T A o 4,

FF-0

(LK o

fors - 5.23 Parallel in serial out shift register

i144 Parallel In Parallel Out (PIPO)
#3 fa5 ¥ Parallel In Parallel Out 51z % famma mn )
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4. fin =1 0
5. fedl wmA H
6. =121 faf o)

sgerdch! (Exercise)

1. W s T & srprn & A aol
o o e #1 wd fafy % at § = Ffw)
3. frotefas =it g afem FTHT TIEEd—

(a) D-Flip-Flop

(b) S-R Flip-Flop

(c) o-K Fhp-Flop

{d) T-Flip-Flop

Combinational %1 Sequential Circuits ¥ #T9 1 HHFA &7
for-waly 1 woemed)
e e #1 wfaw avf w2 ;
frem-wefa =1 82 9 S-R frem-vei =t ot foaferll =1 avfs #femn
D frg-vam %1 fear 9 gaemed
J K fem-wela #0 22 J K Master-Slave frm-eifa =1 wwsimsa
i 10. E’hﬂﬂﬁl‘l‘ %9 (T -Flip-Flop) #1 &1 Afets B HEETEA)
11 R R wE §2

y 12 FIE 70 TR F 0 82 o w1 i i
13. 96 #1321 | = 7w £

lm#mﬁmmmmmmwuﬁ

© ® N oo

1.9

S— |

.s:l_a:m R L e LT

a) 27 ;1 F13=1 : uf
A Az § (In combinational ¢ mmmt:}

T8 Ff#2 # (In asynchronous mmu:t-}

fefsem afiiz # (In digital circuits)
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ial T|-|-II [} htnhle Htﬂl’.l—‘ﬁ]

juasistable stateg (b) 1 vt vy 1 quasistahle st
fror Ir4mwﬁmqumqﬂmiﬁfﬁﬁ?ﬁ|
7T A TF +V v o 2, e
b) FEefv 269 ¥ T Vi, P g
"'%mmﬁﬁmﬂﬁfﬂﬂﬁmmm%u
-_._ﬂwﬁwmﬁﬁﬁﬁtﬁmmnﬁ%.

Atsg

frwteA

T Ere —
-~ ] PR Ol—o
o CK

iR uen s Y
e feas (d) 78 | Fr T
TFTY-TFAT T ...cvcronsnnes gﬁﬂﬁ- @iﬁﬁﬁ
e (b)2- bit g

§ 3 1 'tE-“i

c) 3- it ERE Hd et

: ¥ HuA W t—
[ g wefq e 7 foera-wei o TTPT T oo 55
(a) 7T fgg A feet 2 {b}f&ﬁ.ﬁz‘lﬂmﬁ;‘“l::ﬁ
2l fedt 1z % WA (d) Bl 2frer Fea
T it (fastest A/D) FAA t—
\) FETET g 3 wm |

llﬂ'ﬁmvﬂmﬁmmm ﬂfmq,ﬂqﬂftmﬂ‘“—
60 7o FI FA % fog YR

a) 4 {h]ﬁ
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11.mmwﬁﬁi‘ by 1 2 22

(a) 2 =fam =20 _ [d];ﬂ'ﬂﬁf‘lﬁl

(c) 2 quasistable =<® #rit—
12. TF SRiFm-wim A S = R = 1 # - ﬂa

(a) 1 (b) : 1 ]

(c) Infinite (d) Ambiguous ""' '
13 ot JK fes-gefa # K 72, J TR @ A § T "““w“”' - ¥

(a) SR fm-weia (b) JK fiFem-

(c) D firer-weife (d) T foema-wi
TR e g—————cy PR R S LR S b

(a) D 775 (b) SR W (c) ¥4 (d) JK 2z
15, TH-frré JK feem-were g fffa foe et ¥ . TOTEE Y 9 AR § .

(a) BVl fem-voifn & 1% 2 W
(b) 7= form-wle F ¥9F TR W
c)TFfEm-mEFJ K RE®

(d) Bt fFem-vale & J 7 K ¥ W
16. TF JK [%9-F7 #1 A2 39 999 ‘toggle’ FT €, TE—

(a) J=1;K=0 b)J=0;K=1 b)J=1;K=1 {.1].;:
17. ﬁﬁﬁfmﬁfcmmﬁmnﬂﬂqﬂanﬂzmmm:}mﬂ af
AT T— 8

(a) D fewre FE=d, 1% 2-hit T == 7 % T forem-v=ig
(b) 77 fe¥E T2, UF 4-bit I FI qW v T fer-geily
(c) T 4-bit AT FI=1 a0 v T fwm-mhammmm

-{ﬂﬂtmmmmﬂmﬁhm
i’ﬂ#m#ht._

AND iz

(b) NAND =
(d) Ex-OR T2

-

ik .
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— JlcClalsdes] aen
4 A/D, D/A Beldol
(Multivibrators and A/D,
D/A Convertors)
el | FeSaTEiTT (Multivibrators) 2

il

= ﬂ_rﬁq_:ﬂ o m oz & W =am 7= { square wave ) = T TN 1
. AT el U featEm ofiqy # St ofafra s ( positive feedback ) & ity T P w0
A
& rrﬁﬁﬁﬁﬂﬁﬂ#mﬁzﬁrﬁﬁ_
1. g farer ar Wi 7T wediargae (Astable or Free Running Multivibratior)
o giFretaT ar a1-Flie ne=tagaz7 (Mono stable or One-shot Multivibrator)
3. aTdefae ar fRTa-geiy weaTsaeT (Bistable or Flip-Flop Multivibrator)

_;E*E@ﬂﬂ w (Astable Multivibrator) !l

] ¥ ATl H9 ( square wave ) & L1

. = medTaTZAET W T 9 fornfm wFR (triggering pulse

o - - ﬁ_l
g § #r§ =i £z 78 T | T A Fardl ©fa@ (quasi-stable) it
= ':I'-l:-_"'f?r? T [ : = 1
———
None Astable >
Input | Multivibrator e

2 _ﬁ.r.l | ﬁ.'l_;h:ﬂ;h: Multivibrator

(square wave) Stz wT #

1!
2}
& o
%n

i

o
s
-
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forn : 6.2 pedf FetaTgRTT B AT

AV, ) T o & f e BT Q) T @ # weit gt & o o @

wmwm%ﬁ% :
o I F e Qlﬁﬁﬁwﬁm%mﬁ?wmma@a

g fircdl g dreew 1 fifed fama (negative signal ) HUfET

F T W
- Eﬁm{cutnff)ﬂaﬂm%ﬁﬂl Qlﬂm

9 %1 9ra g € el @
¥ T a8 S 2
Q., T FoET W Al gE e arees Hhurael Cl%maﬁm Qlﬂﬁﬂ

@, ¥9ivA (saturation) =i feafa & =1 = 2l

Ffgex € F TS N 9 3 W Qzﬁ%@aﬂﬁmm
e ST B S 2 |
T 50 F a1’ Q, F2-3% (cut-off) e #, ngmﬁm % T
ST el & S
Tg fFa e =@ et # a9 26 anter T (square wave) T]FF,Lf r._;n_'-i _.i."'J-

AT FEEEHT (Monostable Multivibrator)

ﬂWMW?ﬁmUN@zﬁ@m%mmﬁW e i

- - " Mnnnul:;ahlg L
[ Output

forr:6.3 Monostable Multivibratoy
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] ¢ T IR STl H W T T & S gt Q, OFF ©1 4w 0, 0N

T Q) F AW H1 FE TN 96N 23 R 9fien =l v & 6 e

¢ T Q) ¥ 99 F FE FYE TH 8 W Q, WwE Een 4 A T F AN Q, F Am W™
I FH E T €1 30: T Qg Fi Feren 51 W A1 ol & e @, w w2

ut-off) FT=N F1 AR Tg =0l ¢l

¢ W F A e @ w1 TiaE araw S w9 W € ad 75 ON =2 ¥ 1 9w | v
g 9 Quasi-stable T2 | #1a €

& '-'—-':}:T'l?;iﬁmrﬁﬁﬁﬂmm%imﬁmmmqm@ﬁmﬁzﬁn

- ) & o8 FI TE = ==
# mz?qurﬁlﬁ'ﬁaﬁﬂ:mﬂiiﬂﬂﬁﬁiﬂﬂﬂﬂzﬁmwl . _
. o
i w {nm.hhﬂ (UPBTE 2015, 16)
Ty
Output
e R Feew b
3 Mw}ﬁiﬂ!tﬁﬁiﬂi
o & @
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&1-omeh (Principle of Operation)
B mﬂﬁanﬁhﬁiﬁmqﬁwmhhﬁaﬂfmw?ﬁﬂﬂﬂﬁﬁm%mqgm

® I Q, W AR Q, %mmqumm%%hﬁaﬂﬁﬁt(mﬂ ‘
T # ¥

¥  TRIGGER = Vap TRIGGER =
I INPUT 2

& mﬂﬁr‘mﬁﬁmmmﬁmmtfﬁmmm#ﬂmm Z -3l 3
& mﬁmﬁmﬂﬁm@,mqg%aﬁmﬁnm& T varE w @ Lﬁlu
@ mmm_flﬁmﬁmtmmqlmmmmw

& ﬂéﬁmmﬁnﬁﬂwmmmgﬁ
1. ZTR=T Q) "OFF” 7ar @, "ON»

- 'ﬂﬁﬁﬂﬂﬁhﬁnnﬁﬁzﬁﬂrmﬁuﬁ 2T A e
U=
ZIS¥H |99 (transition time) Feemm #) . ™
Schmitt Tri

@ ﬁwﬂmwfwﬁwﬁuqnmmﬁmﬁ, |
@ M&mﬂmﬂmmﬁéﬁtmmﬁﬁmm _1 »
@ Wz R A ofizt FE T (emitter coupleg binary) S R

ia 3
<y
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b

&

)

D

e

IIIIF'E Hr;
L& —

ftm: 6.7 Schmint Trigger

T UF T AR O € a9 Tige ¥ w s A 2wl swen & wnd b

#d-7oet (Principle of Operation)
¢ fa% 6.7 § fmz o =1 wftew we=fim fem T 4

7= 9T9E F FE T (V; ) 7 999§ 7 g @ "OFF == & aa ifwe @, "ON- H Em #1

& frz fom & dfivg ¥ 3992 9e29 & = fiffea ¥ Upper Trigger Potential (UTP) 70 Lower

Trigger Potential (LTP) A £ =1 ofgg 1 TF fo e | TR e § fem w
UTP # for §aqz dreew V; 18 Vg @ 7 s 81 =il ff 7% it @, % et 48
S wiad A § @ AN an Q@ A ¥ aw e ¥

T Aeed V; mqmﬁ;mqﬁqqqﬁmﬁqﬁmm%.UTFtthmmpim
e g E

frae fom & oftag = e UftadA & fE
Hysteresis Fee 2

mgqﬂﬂﬁﬂmmﬁmﬂﬁmmm

aren e I & grgra

(Application of Multivibrator and Schmitt Trigger)
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3. |uefas wedtamaet 2 Tl T e
4. | fom @mﬂmwwﬂﬂaﬂ'
=1 fm UTP @@ LTP

6.7 | A/D @ D/A @Tadd (A/D and D/A Converters)

@ TR, mwmﬁmwm{mw)ﬁmmimm
i g i T weW w0 ) Tad favia Fo faee v i F #

® o arefas e #) fefree drfin % fou v farer #1 fafaee frer 3 st fe
&mmmmmmmmﬁmmﬂaﬁ#mm
wfafia e s 21 e
@ TAwm faraen 4 fefaes 2 ofafda F19 =1 fiFn Analog to Digital Conversion #§e 3
WA % fom s wonElt Analog to Digital Converter (A/D %752) Mtl

@ fefses fomm | vaem 4 ofmffa F1 P Digital to Analog Conversion F88 --'?F.'
e wg=a womE Digital Analog Converter Sweml |

i, »

6.8 | f3fSrem @ edeitn @ (Digital to Analog Converters)
@ ﬁﬁmﬁwmmqﬁmﬁmﬁamwﬁmmp

@ D/A F993d N - 1Wm$mmilwmntknﬂa ‘o

TR F UF W4 @ 0F 6w w e vt w5 e ¢ w6t e
™A W feire i #)

*— ] .
- *-— ]
: N-Bit e
. Binary i DAC
R Input |
'|I N
P — W

ftm : 6.8 D/A Converters

& & e 3 waer Y Rfri o

m%lﬁaﬁrﬁmmnﬁﬁﬁmt—u
1wt oiivet /A arary
2. R-2R AT /A Fvdy

s:#mmmd@ mmmm
|
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Study Power Point

:-I i
I (precigion resistor) # (aee )
uftg 3 TR ey Wiferar ey ﬁ'ﬂ'&'{!ﬂ! urate) Tz wi=

;3 'I
ferw : 6.9 DvA converter with binary weighted resistor (4=hit)

@ e e R g w a3 el o @ v 2

@ mnﬁrﬁaiqﬁtﬁhﬂmwﬁazmhqfqmmm Al ferd 7= @it 7 Weighted Input
Current 511 S Ft= I &M

& wdl fead @ 99 9 fufa § Dy=Do=D,=Dy=18m

ek = ?’-;;375
v
Iy = g‘f{
1. = VREF
1
4R
Vv
Io= :EF

o w9 fadl & g F13 71 fufd § WEege T B T F F am & e i b

I=Ig+1 +1g 415

I= %{iﬂ (1+0.5+0.25+0.125)

! VREF
I =1.875 R

& ferdl @ A= F01 99 A 7@ A 16 fafi SEIR F=2 W@ il o 5 0 @ 1.875 v ~
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6.10 | wmifr @ Rfdrcer el (Analog to Digital Converters) -.
® mﬁmmlmcﬁﬁﬂﬂﬂ‘*ﬁmiﬂmwu % -

Strat EOC

Digital
Analog Cutput

Input

VREF
firy : 6.10 ADC Converters

@ ADC # 21 5= =2 gt #, START am EOC)

@ START %95 7179 ADC 3 F734 = ¥4 F1 g0 1 € a1 Euc-:Em:luf
FAFT TG g4 1 =N 2 2 .

6.11 | viair @ Boea # saom 2 faftrdt
(Analog to Digital Conversion Techniques)

s .|

@ TIEm | fefoee 4 w=ed w1 3o fahm fe 8-
1. T fafir 2, fefazer v A/D #4827
3. TEAfaE vHitEEaTT A/D FAGET - 4, AT e /A STEET

5. gf=afem A/D Fvad7 6. SHT =T A/D FA927
7. v A/D FaEt

6.11.1 HE¥E U D/A H99T (Successive Approximation A
@ A/D FFaE %1 7 fafv wad sifics wafer ) 8 fafa 91 Bi Weighting r
Start of convers

Comparator L
1 Control _crl
f"’r I.l|'|jt --I-.I.“ _
L =

EOC)

MsRE F_qn . ..‘

& &
- = h—_ 0
Yourr B-bit — B- bit successive
*

o T
Tegisier
(SAR)

Lateht
anrhm‘mr |

ST

aldy Iy, i
:.._hul.uhm“ 2 ”‘I o




AT TN Ay

D, Dy Ty

T W START R F ity
s21firy RALLL 2 e

@ huc'.-{-nm:'l' Appm_\;‘mﬂ”u" Rl‘ﬂ'fﬂ'h'r l"'-!l-"llﬂ
f'umpcrr'nmr b
ERELE 1§ e

F1 firfirry LA [ S
F T "FF:PJ'{ {l'nl'rl;mn*’:l h'T-"II T ilm

% fory, ja Wmmmﬁqhmﬁghm
= VA ey R vy -
e wm’?ﬂﬂhmmimrmmaﬂm%hﬂmt
Successive Approxin

SB 2/ W4 %

mﬁﬂf-ﬂmilmm
iFﬁMﬂl!ﬂ-irT

urnﬂnmtlﬂrfﬁmﬂﬂn?ﬁﬁﬂﬁ
SB ¥ ¥ ol e = &) mﬂrﬁmﬁaﬁm%m%mﬁ
16 A
TH ¥F Successive Approximation ¥ MSE % g TTE W e Turn On
T R w fag & (check) ¥R % am= poC R s 0wl 4 mm AD sy
=HrE B A #
[ ]
SR (Exercise)
¢ : (UPBTE 2012)
TF T GreTEaey wﬁ'qu‘aﬁ'r a;nfrqf‘ q mm: | o) (UPBTE s011)
< Schmitt Trigger ¥ad %1 d-fafia & it (UPBTE 2010)
§. AT TR S o) (UPBTE 2016)
- - = 79
FrETATHEL | AT 0 R . : ]
5. ﬂéhqqﬂimaaﬁmwﬂmfﬂﬁnﬂmm;ﬂ | (UPBTE 2012)
. WHfa HedATEiHeT 1 HAEEY a el S (UPBTE 2015, 16)
I AR aedtargaer % faww | wemd

fiz #;Tp 31 Frd-fafe 1 v r- *J T Fifau)
W.Wﬁmmmﬁ?'ﬂigmn wl ﬂmﬁml
0. Analog to Dhgital o 0 Digital to Ana UEE.
= A 1 b : : - fﬁ‘rﬂﬂi ml
'l- Digital # Analog ¥ a&ert ¥ fi Ay 7 A 2013, 14)
|2 Digital to Analog Converters H i mmﬁ i‘? (UPBTE
'J. Analog to Digital Converters ® 3;: N & faram @ wwE)
Ld. An: Ll |
14 Analog to Digital Converters " ] g‘.l
15 wwifira waffariveE A/D Converter '

e
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| pefam A 5 fm 22 0] 42

(a) 1 (b 0
o apefE § fan T %

(a) 1 (b 0
- () qnqﬂﬁ:: m:: ) Square wave e F

(c) T {d}mﬂmﬁm
4. fefmem A 3 wze ¥ T Lul

(a) Successive approximation (b) Dual slope

(c) Servo mechanism (d) R-2R Ladder
5. Wrrefae # w S Frit—

(@) 0 (b) 1 ()2

o m

1. (b), 2. (©), 3. (b), 4. (d), 5. (b).
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{Information Bit) %1 =y T #
oot 2| = :
Hirwe o (Logical Sequence) it wfz % w5 T

Semiconductor Memories

=k
e

Random .-'H.:t-r[:aﬂ Memory (RAM) Read Only Memory (ROM)
Static Dynamic EFROM
EEPROM

| 7.2 l’ Random Access Memory (RAM)
RAM U= #igq 2rey #6r # faes! Rapid-Access Memory #1 Wit T w1 § o e e
TR FTE # FEE TR W B0 w1 T

RAM v% SmeneEs 259 (Volatile Type) et # fH Stored TR A A §19 T #0H (Loss)

#1 7 £1 8 Temporary Storage Wit wEd €

3 RAM ¥ q&g: & wor #—
(a) Static Random Access Memaory (SRAM)
(b) Dynamic Random Access Memory (DRAM)

7.9.1 Static Random Access Memory (SRAM)
SRAM ﬂmaﬁmﬂﬁnmtﬁﬁwmrﬂmﬂit

i mﬁwqunmﬂﬂumhiﬂefmhanﬁiﬂmqﬂmtn

£

L
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116 §tud j
i mﬂmqﬁﬁﬁ?ﬂiwﬂﬂﬂ‘ ﬁgﬂrefrﬂﬂhmiﬂm |
¢ SRAM T® Faster Memory ¢ ae
@ wwm FwEm Flip-flop ¥ ﬂiw,

T :||r-—-— —-“‘“: T4
3
Te
: R>-</__I_—I.._—
Tywe] |==— —‘-‘”: Ta
_Erﬂund

Power Poil

Bit Line
B

Hﬂdr&ss Line

7.2.2 Dynamic Random Access Memory (DRAM)

@ DRAM # smam Power Supply ﬁﬁiﬂmiﬂﬂﬁﬁ!ﬂﬁﬂe&unh'iﬂ

@ THE G WA o ¢ a9 7% Slower feaww 2

¢ Mﬁﬂfﬂhme?ﬂﬁﬂﬂmmﬂwﬂﬂmm
Address Line :

—
-

=

.

Transistor

P 1«

"l-'ll.'.,

Jl
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23 SRAM T DRAM o

e ] 17
i!:l-ﬂ_i_ﬁ _fﬂr Cﬂ'mpariﬂun ‘\___‘_\___‘
" i _-______'——-—-__________ S
-..,|'|,'l.".|- Rm _-____-_'_————_
L _-_____-———-__________
‘—-___FEH____‘tEr_‘_‘__—"“‘—-——-—DRAM
e P e Slower
Cost ‘_‘—‘—-1—._‘_'&'{_________
- - B —______-______'_-———. 0 ——
Used in Expensive {E:rlr‘na]]
_.-. _.1 ’ ______-___'_————-__Cﬂ-chﬁ Mﬂmﬂr}' p Eap
].bl-:_r.l_l-‘t '1" M-ﬂ.ln MEmﬂ
[ nstruction e T High % -
(ons
L‘_'.r:m"-.' requires Somplex Simm:
Men ] ple
- 6 Transi
Charge Leakage ol ant“r Only One Transistor
I re
Power C onsumption Lo il Present
i i High

—
li 7.3 | Read Only Hemo_rg_ (ROM)

# T% U% Non-volatile memory # firmi zm Power off ¥ T ' Loss 7 #171 #1 78 Permanent
Storage ¥ FEd £

ROM ¥ H&ga: 9 oK §—

(a) Erasable Programmable Read Only Memory (EPROM)
(b) Electrically Erasable Programmable Read Only Memory (EEPROM)

7.3.1 Erasable Programmable Read Only Memory (EPROM)
& EPROM U= WTHa® HOHA € W1 W&t 4 84 W 9 2R 1 S TEE gl
% EPROM ¥ 2121 %1 5t (Erase) FT& {1 # ITAT (reuse) H w1 S Hhel 21
% EPROM ¥ =121 31 209 F19 & fau Ultraviolet Light (UV Light) 1 3%8m %t €I

/Cunnentiun :
. to the top
Floating

gate . / Gate 2\ ¥\ e

S Ut 1) vies 1o
WA_EEEEEEL_W

Bulk Silicon

fira : Diagram of EPROM
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# fem Convenient ; :

- r"
. and DebugBine
P 3fin e feafim (Testing oo
@ EPROM & T Wﬂﬁﬁil

xternal Memory W
External 2 (Static Power Consum

ption) T+ T # A E 0

# #rm B
| Computers 1
& EPROM =1 wfasm M Persona ——— ;
7.3.2 Electrically Erasable F"rl:l||Itll'ilI'l‘HT'l“I"'E Rem.l n“;m (Exase) TR E ._“ | g
@ EEPROM 7% Programmable !Li?n'mar:-' # for =121 gr.
% forg TAfEEs Aeea ® TN w0 Bl ;
T# A 3

& Epmmﬁwﬂazﬁrmmﬁmmhwﬂﬁ‘ﬂ #m

@ EEPROM ¥ 1% fevg ®9 Flash Memory
Erase 79 Reprogramming # g B

@ EEPROM ¥% § %9 mnmummﬁﬂ?‘ﬂm*' X .:_
7.3.3 EPROM @21 EEPROM # 3= P
EPROM EEPROM
EPROM = Erasable Programmable Read EEPROM = Electrically Erasable
Only Memory Programmable Read Only Memor
, THH TR W R A F UV light W T0H = e F % 6 Ele
TTEm F ¥ F ITEM FA ) '
FOAR A T F W A oI FE 8] 796 99 F1 Remove 0 3
EPREHGhiprR&mweﬁﬂlmmiJ G _ 9

Bl o

EEPROM U wfed 3+ |..IL-_

"_:,' & W S




Example 1, Renre
Sol. The required

Sent the decim

1 al numhbey
répresentation is shown in fig

N=532'E

532.86 in terms of Powers of 10,

5]

N=5x 1ﬂ3+3:-<1n'+2x1|]“+3nm“1

+6x 102
Present the octal numhbey

Example 2, Re
?quivulEnt.

645 in power of 8 and find its decimal
Sol. Step 1 : Representation In power of 8,

N=|86|4]5

6x8%  4x8' pxgd
Step 2 : Decimal equivalent

N = (6 x a%qua‘;qa:a“;

=(6x64)+(4x 8)+(5x 1) = (421) Ans,

Example 3. Represent the hexadecimal number 6DE in the power of 16 and

obtain its decimal equivalent.
Sol. Step 1 : Representation in the power of 18.

i

6x16° 13x16' 14x16°

k ] : o

Step 2 : Decimal equivalen St - i st itent |
=(6x 256)+(13x 16) + (14 x 1) = (1758),

i {EI}E},,E = {l?ﬁﬂhﬂ e

.Example 4. Express the number 423.6 in powers of 7 and find i

uivalent. . +
g gal. N =(423.6), i.e., ‘the.haae 8 7. 5
Step 1 : Representation in powers ol 7.

N=|4]|2]|3||6

e

4:‘?: 2;‘?1 3“10 ﬁx?‘l

il

L u"hl"{. .

i Iqul‘- ._"f.!:.
N =(423.6)7 = (4x 7°)+(2x ?&q- :
=(213.85Th 1—,,@#[} o
the binary number 101101 I.Iltul -y

Step 2 : Decimal equivalent

Example 5. Convert
Sol.
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Step1,2and 3:

e
0] 1 %
Illﬂillll' IEI_.I!?_.'E=I_.|'41| :-'ﬂ.
ox2'=0 , l
ey ] \ Add all these
> 1x2'=2
—»0x25=0
»1x2'=8_J

Sl‘-ﬂ: 4 : Addition :

(1011.01)5 = (11.25)19
Eluﬂple 6. Convert the octal number (314)5 into its decimal eq

Sol.
Step 1 : Get the octal number 4 - 1 4
Step 2 : Write corresponding weights g2 | gl a0
Step 3 : Multiply (columnwise) = (152)] 8 4
Step 4 : Add contents of row-3 192+ 8+ 4 =204

(314)g = (204),
Enmple 7. Convert the octal number (365.24)5 into its equ

number,
Sol.
3 l‘:‘r_f = 2 4—1
D=(3x8%)+(6x8)+(5x 8%)+(2x 8! f.:..- '

-192+4B+5+ﬂ25+ﬂ'ﬂ&25 i
D = 245.3125

ple 8. Convert the hex number (4C8.2),5 into its ui .‘..“'

w 2‘ y

s 2x16!=
- 8x 1= i
. —*12x16'= 192 000

=+ 4x 16" = 1024 (

St : Hﬂﬂ =(122
’-ﬂdnﬂl't- [lﬂﬂ“tﬂthaltl]ﬁuivi].ntlm o
divide the given number by th the radix or ha, *
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| Step | Divide Integer Tt-.-mnindur
() (1050 et __q :

I_ L ¥ = : .
I - i2=1.--53 1 LSR [B]] Lgp "
|_(2) SU2=| __og 0 - 1 afaslo ‘§°
[ 527 Z126|0

{3) 26/2 = r
K G s = AREIL]

1.1-] L'F.I':-!= === i

5 : o z[ @ |1

(53 62=) _-3 v 2]y

(B} -:J!.TE === 1 1 A9,

C I}E.— WA 011 MSR
I— _- 0 1 MER di'l."i!llhh.‘-' h:l" T

]
2 hence 1 Hemainders
stop here

Column of
fuotients

Binary Number = 1101001 “Binary Number = 1101001
(a)

(b)
Decimal to binary conversion

Thus (105);5 = (1101001), Ans.
Example 10. Convert (204),; into its equivalent octal number.

Sol.

e We divide the decimal number by the radix (hase) of octal system which is 8.

s The required conversion is as shown in Table P.1.12.6.

Divide | Integer | Remainder
Quotient
204/8=] --25 4 LSD
25/8=] -3 1 T t
38=| 0 3 |MsD

Decimal to octal conversion o
S (204),9 = (314)g i Lt
A simpler method, to carry out the decimal to octal conversion is illustra g

P.1.12.6.
qQ R

204| 4 Given number
25 (4 LSD

AR ]
* 53 MSD

=)

)

)
7

Not divisible”

by 8. So stop. Column of remainders

L] f 1 ]
f LSD = Least nlg:pﬂcant -.hgu
?qﬂlnut?{::i:i MSD = Most significant digt

{2“4}1{; - 1314}3 ‘ . 3
11. Convert the decimal number 259 into 1ts hex equivale }
- n takes place as follows :

rsio ]
?ﬁt :ahainignlg so we divide the given number by 16. R
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]
P

i Rfsem
, QR
Step | Divide | Integer | Remainder 1elas0l
Quotient LM

(1) | 25916=] --16 3 LSD :g 1:5 g L%D

- “yﬁ;':'”d l 1 T 4 Numher7ru_1_ MSD

® | uvie=] o 0 |mMsD - !

: not divisible ;

by 16 so stop Remainder

= {EEHJ]{. = {IUS}H ’ ;
Example 12, Convert the decimal number 35 into radix 5 uqul?n]gnt.
Sol. The base is 5, so we will divide the given number by 5 as shown in fig,

Step | Divide | Integer |Remainder QR
Guotient Bl 35 .
(1) 35/6=] -7 0 LSD 5] 7|0 LSD
@ | 5=--1 2 5 ; f 1
b
(3) 5= o 1 MSD MSD

Decimal to radix 5
Hence the answer is : (35)19 = (120)

Example 13. Convert the decimal number (0.42),, into binary.
Sol. . ;

Decimal fraction | * Base | Product | Recorded carry

0.42 x2 | 0.84 0

----------

0.84 x 2 1.68

0.68 x2 1.36

o e -

0.36 x2 | 072 0

" 0.72 o Bl fal
So

= e : (0.42),5 = (0.01101), :
chl. ple 14. Lonvert (0.8),, to equivalent binary numbe:

—~4

Decimal fraction Base
0.8 x 2
0.6 x 2
0.2 %9
0.4 x 2+ | i i

0.8 x 9
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i ..,._||'|I|.l||_- 15, C““-‘p“n n

I : (0.6234) 123
<ol Table : Conversion of frae: 1@ 10 its equiy
- a
; ractional decimg) 1 “h:]*nt octal number,
[ ecimal fraction Base | 55—
52 | Produc Recorded
0.6214 %8 | doe —
0.9872 ;*EET,E L...4 Msp
B | 18876 ?,
0.8976 i |
0.1808 i -1
' ] e w
Py dos [iladse | !
! E ﬁ.ﬁ-n.ﬂ 3 LED
' (0.6234), = (0.4771
Example 16. Convert the deci . dig Ans.
Sol. imal fraction (0.122) 10 to its equivalent hex number.
Decimal fraction | x Base Product | Recorded decimal | Hex
= ' i 7
0,122 ¥ 16 = 1868 | l_______,.l MS
0,952 x16=| 15232 | 1B emme .7 | 1
0.232 x16=| 3.712 ; ...... L3
............ .
0.712 x16=| 11.392 piutiisee B
............ 4
0.392 ¥ 1G6= 3!;;:'{3“ _______ g ...... T
0.272 x16=| 4.352 e 4 | LSD
[ﬂ.lﬂﬂ}m = “LIFEEE"}]E Ans.

-Example 17. Convert (85.63), into its equivalent binary number.
Sol. Step 1 : Separate integer and fractional parts.

Xy

Integer  Fractional

" L. nnl
Step 2 : Convert the integer Step 3 : Convert the fractional part

: E; 1 LSB pa3x2=126 1 MSB
212110 026x2=052
2110] 1

52x2=104 1,
L EEE # 2=008 0
2] 211 0.04 % 2=0.

! 2l L2 =016 0 LSB
o |1 MSB ooBx2=
-, [{0.63)¢ = (10100}

- [(Bho = (1010101)2])

: of steps 2 and 3.
Step 4 : Combine the results (85.63),0 = (1010101.10100);
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=Bx 8% 4y g

o Oy . +3x gl .
i3 4 + E’iq B4+ 164 3
E J.'"’+,-,1xh“q!=4n“ i
ng Bquation (2) we got. =400 =
o (Z)
| ( ik
pxample 22, (a) Obtaj 193),4 = (623
-y nt ' : i)y
Sol. Step 1 : Obtain 1% mr:::]? | complement of (1011),, s
bt Tph\:mm‘ of 1011 ig [l]{}lnL ment of the given nnmhtrT '
Step 2: Add 1 to I's complement - ||
I's complemnt 01 0 0 |
Add 1 i ' |
Tecomplement : [g 1 o ;3
Hence the 2s co mplem ;
: ent of 1011 is 0101
Example 22, '
agl (b) Obtain the 2's complement of (10110010},
Given number : 10110010
1's complemnt 01001101
Add1l - o 1
2's complement D1001110
Example 23. Perform (8),5 - (5); using 2’s complement method.
Sol. Step 1 : Obtain 2's complement of (5)q :
Decimal Binary 2's complement
(510 (0101)5 1011
Step 2 : Add (9);¢ to 2's complement of (5, :
(910 Lok
s complement of (5)yp 1 011
Carry _.
Final ‘.-‘-.rll:.‘r.._] L—hﬂnuwrl‘
indicates that
the answer 18
positive and in
its true form.
Ans.

(910 = (5o = Do A
Example 24. Perform (4)10 - (9)g using the 2's complement metho

- s to binary.
Sol. Convert both the numbers to (4)1 = 01004 and (90 = 10014
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Step 1 : Obtain 2° ;} :LTE‘I: ;nnnt ﬂi;;?:‘l:ry 2% cnm';llimn -
(90 (1001)5 (0111)

Step 2 : Add (4) to 2'= complement of (90 *
(4o : ;O 0
2's complement of (9 n: 0111

Carry : [1] -

Finalcarry —#0] 1 0 1 1 ‘ « el

l——rAnawer i« negative and in 8

the 2's complement form. + el

0" earry indicates that the result is 4
negative and in its 2's complement form.

Step 3 : Convert the answer into its true form :
Answer : 1 01 1In2scomplement form 1
Subtract 1: - 1 k.
1010 4
Invert all bits: 0 1 0 1 Answer in true form, a% i
Thus the answer is —(0101), i.e., (=3)p.
Example 25. Add (10111); and (11001) 5.
Sol. e
e The binary addition will take place column by column. The carry gene
addition of bits in the previous column is to be transferred to the next ¢ *. .

e Then in that column the addition of carry and the bits mrrerpnnﬂmg
numbers is to be performed.

-

Carry 1= 1. g
A + 17700 L SITEEET
B 1 1 o o .

: Answer — 1 1 0 0 0 ‘

o the result of addition is (110000),. e

- Example 26. Add 24 and 13 in hinnr:r -

~ Sol. Step 1: Convert the given numbers into binary numh i,

24
12

LSB

hl P ! .. -“ .,:

MSB

o
B

(24) ulnm o r
o (80 = (Ol

1
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@37) . 0 1
10 = 1 p 5 1

0
Ex ample 27, Subtract the dec !
. binary.

f sol. Step 1% CDH\"Eﬂ [33]“, and

ima g
I numbers (38)19 and (29),, by converting them
(29)¢ into theiy binary equivalents :

2|38
2{19]0 1sB 2|29
21911 2l14]1 1sB
21411 21710
2l 210 21311
2110 21111
0|1 MSB 0]1 MSB
“ (38),0(100110) S AT
Step 2 : Perform the auhtracmm : (29)19 =( )2
Borrow 1 1 1
(38)10 1 0 0 1 1 0
=29 - 1 1 1 (1] 1
090 = 0 0 1 0 0 1 + Answer
EIHI['I]I'!E 28. Add {Hg}lﬂ and {537110 in BCD.
Sol.
569 — 0101 0101 1001
+6BT — 0110 1000 0111
1256 1011 1111 2 ';‘::. % o L
Invald BCD  Invalid BCD :rri:}:liarry 1 & Incorrect m

nvalid BCD numbers to get correct answn:
0000 « Incorrect answer

Add (0110)5 to only the i Iy

1011 1111 .;-,.\1
+ 0110 0110 0110 ikl
L
0101
1 po10 |1
i I !
0010 0101
01?1 . e
(56910 + (68T

) 'f‘ﬁ' -:ll .
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3 {ﬂ:u using th

subtraction (10

Example 29. Perform the o of (Mo :

Sol. Step 1 : Obtain 9's compleme
9's complement of 7 is (9- 7 = (2ho
Step 2 : Add (4ho and 9's comp

o = o 1

9's complement of (Thg = + 0 0 1 0
0 1 1 ] - REI'I-I“

Jlement of (Tho

T—— Final carry is 0. Hence result is negative, hence take ﬂ'l:;;.
complement of the result. B,

Step 3 : Take 9's complement of the result :
8 = 1 0 0 1

6 = - 0 1 1 D ¢ Resultobtained in step ﬂ, e
3 0 0 1 1 ¢ Finalanswer

(410 = (Do = (=3
Example 30. Perform the subtraction (9);g — (4);p in the BCD
complement. .
Sol. Step 1 : Obtain the 10's complement of (4); : i

9's complement of 4 = 9- 4 = (5), e
Add 1 + 1
10's complement of 4 — 6 LA

Step 2 : Add (9), and 10's complement of (4), :

®ho - 1 0 0
+6ho — 0 1 ro
Carry -

1 1 1 1 «  Invalid BCD and carry =
ﬂupl Add (6)yp # .0 1 l‘.] - Addﬂ]llﬂ]gfﬂrmﬂﬂnﬁnnu

m“"’ F E— Answer is positive and i 1_"'
_ BCD form "ﬁ S

-\.-,

. D10 - (4)19 = (5) 14
: B!l.Parﬁmn{aj L 10
SHII 1:10% mmplemé:lt u}?ﬂlﬂs -

ﬂ'ioOmpJamwd'{S}mls{ﬂ -8)+1=2 e : ¥
Ste 2:Add 3 and 10's complement of 8 : o i

.'; ﬂhn =+ D011
o Tt 0010

ﬂjw 1




F a carry is 0. Hence sum jg Negative ang StUdy POWer POl n;tzo

op 3+ Obtain 10's complem n

ent of the gy .Dt in its true form.
the sum from @) — X

1570, 0"
- SRR T Sum
1
Addl - A
Final Result :

0 1 0 1 |-BCDs

The result 18 negative,

(310 = ()19 = (-5
Example 32. Perfnrm (54)“' - (32}“} i;llﬂB ( ]ID

Sol. Step 1 : 108 complement GEsing CD using 10’s complement.
9's complementof 22 — 99-22 = 77
Addl - o il
10’s complement of 22 — 78
Step 2 : Add (54),p and 10's complement of (22), :
]’ Baho — I DT SOl
! 10scomplementof22yp - + ©O0 1 1 1 1 0 0.0 «(T8)10
Carry — 1 &3l
Invalid BCD numbers — 1@ 080 TR A 0
Step 3: Add 0110)3  — o0fi1 fb 0 BA Ozelfh 1 B0
C — 1 1 1 :
Discard final carr}'m = 058 , 2 B g 5 14 0 ‘_@1:1::: iﬂacpﬁs:?:;md

' (54)10 — (2210 = (3210
“Example 33. Add (7)1 and (6)10 in excess-3.

rt and (6),o in excess-3.
Sol. Convert (719 {ﬂm1z o and (§ig= 1000 1

1 : Add the two excess-3 numbers :
- 1 0 1 0 « Excess-— 3 for (Tho
, 1 0 0 1&¢ Exceles for 6)10

Finalcan-y-—-:EJ 0o 0 1 1 &8um

Step 2 : Carry is 1 so add 0011 to the sum :
ooo1 00 11 & Sum

0011 0011, <A@

oo 01 1 0 +« Final sumi: Heess
E_].I-w---—"l \__-ﬁ—-—""
1

(Mo + (e 13N0
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ess-3.
Example 34. Add (2); and (310 - ‘:-:‘: to excess:

Sol. Convert the given decimal "“mhim s [ﬂlﬂ”n—-ﬂ (3o = [ﬂllﬂ}#-a

Step 1 : Add the two Excess-3 numbers :
0101 ;-E.:msa-ﬂl"ﬂl'ﬁh{]
+4 0110 ¢ Excess- 3 for (Ao
Carry : 1
Final carry »[0] 1 0 1 1

Step 2 ; Carry is 0, so subtract (0011) from the sum :

1011 +«S5um
- 0011 ¢ Subtract(3)

1000 &« Finalsum in excess-3
S —

Bho

{2]11] +(310 = (Bhp "
E.tnmple 35. Prove that (4 + B + AB) (A + B)(AB) = 0 :
Sol. LHS=(A+ B+ AB)(A+ E}I{.ﬂ!H}
But A+ AB=A
LHS = (A+ B)(A+ B)(AB)
=(AA+ AB+ AB+BB)AB
But A- A= Aand B-B=Band AB=AB=B(A+ A = AB
LHS = (A+ AB + B)(AB)
= [A(1+ B)+ Bl(AB)
But (1+B)=1
LHS = (A+ B)(AB)
e = AAB+ ABB
But AA = 0and BE=0
LHS=0+0=0

E““‘Pl'* 36. Simplify : ABCD + ABCD,
Sol.

Y = ABCD + ABCD < :
Hu'l: (B+B)=1 4Cmﬂ+

Y=
Eumple 37. Simplify the fulluwﬂlmg expression :
Y=(AB+A + AB)
Y=(AB+4+ 4B
AB=A+B

=M+F+H
I+H-I +Aﬂ

_,}'-{Ai-ﬂ-r..{m

~LHS = I{A.n+ _'I'?"
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[

m w
& | d+B+ ni‘_; g
| i = 4 E

But

F.‘“[ E: A-B(A+B)= AZp. :;Elurm*u second theorem

- 8ince 0-B=0and A-0=0

4 ABC + ABC + ABC

=

Y=AB+AB+ AB+ AB
=B(A+ A)+ BA + A)
Y-IF-FB .. since (A + A) =1
Y =ABC+ ABC+ ABC ik
= AC(B+ B+ ABC
= AC+ ABC
= AC + ABC
=C(A+AB)
=Y=C(A+B ..since A+ AB= A+ B
Example 39. Prove the following Boolean identifies :
(i) A+AB+AB=A+B
(ii) AB+AB+AB+AB=1
Sol.
(1) LHS= A+ AB+ AB= A+B{A+A}

= A+ B(l) .gince A+A=1

LHS = A+ B=RHS.

LHS= AB+AB+ AB+ AB= AB+AB+AB+AB
=(A+A)B+(A+ AB
=B+B
=]

. LHS =1

Example 40. Simplify the expression given below.
Y = AB + (A + B)(A + B). .
Sol. Step 1 : Bring the given expression in SOP form. -
(iiven expression : Y=AB+(A+B(A+ B .
= AB+(AA + AB+ IB+BE

Step 2 : Search for common factors and simplify : _
Y = AB+ AA + AB+ Z‘Bﬁ-' :

b 1

(1i)
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132
B AB+ AB= AB,BB= Band AA =0
But AB+ AB= AB, -|.-=,.-1.B+H+AH=HM+”+HB
Bui (A+1)= 1 i r i
| y = B+AB=B(+A) =B - Ance el
. Y=B Ang,
This is simplified expression. ] lifi
Example 41. For the K-map shown in figure or write the simp a4 B“'I‘I.
expression. Pair 1 : BC
Sol. AB AB
AE AB| AB AB
c\_ A8 78 A AD C 00 o01] 11 10
R | TR -
¢ 1
To| o u 1 : 1 ‘| 1 ! Co| 0 T - > Pair 3. AT
'y
) i B B cilo [0 Jix| O
| . | lr s e
s Pair 2: AB
(a) Given K-map (b) Grouping :
Simplified Boolean expression : ¥ = BC + AB+ AC Angs,
Ex le 42. For the K hm el : llmpm
ample 4Z. For the Kamaugh map shown
Boolean equation. . 1 n fgure o e
Sol. EAB XE 2= Group 1: AT R
AB AB W
00 01 11 10 f o
Co| 1 1 1 0
C 1 X
1] o 1 1 1
._._:“_..._..Ej__l
(a) Given K-map

Simplified Boolean expression : Y = 40+ AC+ B

b M @ @
xample 43. Write the simplified Boolean expression from the -
Sl g Quad2:T .
EE T
o & 4
Co Hers ot
&1 ;
s ok K
c1 { 900
L
Quad formed
' by
(a) Given K-map (b) i
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Hﬂ-ullnn
ol “quation
Sol from the K-map shown in

Example 44,

L
gy

Writﬁ the "imP“ﬂuﬂ

() Given K-map

(b) ﬂlmr'lll'lﬂtlm;
Simplified Boolean equation : ¥ = B+ A7

M (@ i
Example 45. A logical expression in the standard SOP form is as follows :

Y = ABC + ABC + ABC + ABC
Isdilnlmi:a it using the K-map technique.
0

Step 1 : Prepare the K-map and place 1's and 0's as shown in fig.
ABC = mq,ABC = my, ABC= mg, ABC = mj

BC
A BC BC. BC  BC
00 01 11 10

Step 2 : Locate the isolated 1's and encicle them.

Pair 1: AB
BC
BC
BC BCc BC A
A 0 WL bedd 20
A0 1J o | 1 1 Ao
| i &
A1l o I 1 0 0 Al
4 [ 1 L
Etﬂpﬂ : Identify the I?ﬂ“'ﬂ 4,57 4

Pufr 1 Pmrz Isolated 1
This is the minimized @xpression.
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Example 46, For the logical ex

the simplified logical expression.
Y =Xm(L 5 79 11 13 15)
Realize the minimized expression
Sol. The given expression is,

pression given below draw the K-map g,

Study Power M

d

using the basic gates.

}'= iy + My + M7 + g -I-m“ +m|3+ﬂl|5
It can be expressed on K-map as shown in fig.

0 CcD CD
5 FHP (1) ] 11 10
g d1:CD
AB 00 uJ:I, 0 0 Qua
£ rq—-—g' Quad 2 : BD
_ '...-__ L. ua :
ABo1] o |a1: ]| 1 o
H—:—Ld—‘ll_ L
L]} [] 1
AB 11| o (%11 [ 1% o
_]3 r_ii___.ﬁ lg
] | L] :
AB 10| o |1 1T o Quad 3 : AD
ﬂ H-ﬂ---'" 10

The simplified logical expression is given by,
Y= CD + BD + AD
d 1 l

Quad1l Quad 2 Quad 3
Y = D{C + B+ A) oz
following Boolean expression using '*i.:"—'
F=E:u{l3.iﬂ,ll,lal. _
be expressed in terms of the minterms il
f="‘1+"*3+m5+m9+mu+mm j

Minimized expression

- Example 47. Minimize' the
;_l'-lu:n it using the basic gates,

3 I‘;;'

&
.
<

D CD Eﬁ T
00 01s uieg .
ABO0l o |41t | 1o [ Qudi:ED
- 1 ..ﬁ
"
gBdl o0 131 | 5
— 12| | 33
1
AB 10| o [&77
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;. rhis is the minimized o il i v
| Bical i :
alization i 4
['he minimized “XPression ig the realizeq
ed g i
X X 8 shown in fig. P12.13.4[h],
; B+
Y=B+0p
Relation wig, mln]imurn numhe
Example 48. Minimize i ol ol
e the following eXpression using K-map and realize usi
Blng
3 Y= m@ 2 9, 10, 11, 14, 15)

B CD Group 1
CD O
00 | oL adiise
I
I

L]
* ABoo| o 11! 0 EIF'—GmupE:EGﬁ
.. B )
_ AB 01 _I} 0 0 0
| 4] 3] 7 (4
AB 11| o© D B A L .
12 T 'EE Group 3: AC
" I '\-'
AB1of o |71V | i1 | (18| Group2
gl 1. jel - 11l g0
T__ LGruup2
Group 1: BCD
(a) K-map simplification.
A RDAD

C e

C+Dﬁy=ﬂm+m+m
D
B—0— B(C+D)

E

(b) Realization with minimum number of gates. “i .i
Minimized expression : y = BCD+BCD + AC ] :
_ B(CD+CD)+AC
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E:amp]-l_l 49, Simpllfy the Expraﬂaiﬂn Ei"’en b’!’lﬂw u‘i“! K.mpl- th. M
conditions are indicated by d( ).

Can,
Y = Emi(l, 3 7, 1L 15) + d(0, 2 5).

Sol. The given equation is, | ; -
Y=my+mg+mq+my+mg+ .‘EU'H*E].'

Regular minterms so enter 1's ~ Don't care

conditions s
enter X marks
The required K-map is shown in fig. P.2.13.11.
CD Group 2 : AB
AB 6. Co. . .cp. ., CD ey
00 01 11 10
> i 2 viamg "
AB 00 :—;—1--1-- “F1T % w{— Don't care conditions
i il are treated as 1's ot
AB 01
AB 11
AE 10
Group 1:CD

- Simplified equation is Y=CD+ AB.
Example 50. Minimize the SOP expression given below nap.

_ Y=Im(L 37 11 15)+ =d
Sol. The required K-map with don't care conditions. b 14]- o

AE 00

AB 01
AB 11

AB 10

Y= Ch4
i lltMllﬂqu]]u +

1’==m«.1. u 14,
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r 11g. for the Feéquireqd g
“map

137
ARG Group 3. 3¢
EE 00 b=y =
H‘l 0
[}
i “r—gz
B 01 H:'" o | Group2:p
i 7
AB 11 St ﬂ
11! 1
! !IE 14
AB 10 L
— 11 %n
———Group 1: AC
Simplified equation Y=AC+ D+AC
(1) (2) (3)
Y=D+ (AC + HE:I
EX-NOR
Y =D+(A-C) Ans,

. Example 52. Minimize the following standard POS expression using K-map.
Y=INM(0,2 357
Sol.

1. The given expression is in the POS form. It can be written in terms of the maxterms as

follows :
Y =MoM;MzMsM;

2. The three variable K-map for POS form is shown in fig.

Group 3:B+T
BC BC BC Group 1
A 00 01 11 10 A 00 01 11 / 10

S pua e pe b
ol Mg | My | Mg | M, o R :{}: 10 4—Group1:A+C
el
1| Mg | Ms | My | Mg B o | ‘*E---LEJ" 1
——

L Group2:A+C
9 Enter a 0 corresponding to each maxterm in the given expression as shown in fig.

P.2.15.2(h). ) |
4. Three groups are formed as shown in fig, P.2,16.2(b).

'+ Minimized expression is as follows : i

C)(B+C Ans.
Y=(A+C)(A+C)(B +.C:' S0k
Example 53. Find the expression for the outpr: in the POS form for ¢ i

shown in fig.
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BC
A oo 01 11 10
o| a5t s o Grow 1A
i i | B & C are eliminated
] I
1] 1 En L'l;' 1
Group2:T
A & B are eliminated
Sol. ! ‘
e Note that two quads have been encircled |ndﬁg. P.2.15.3.1 4 :
e When a guad is encircled, two variables which change will get eliminated. !
e Expression for output in the POS form is as follows :
-
Y=AC
LLl-Grnup 2
Group 1

Example 54. Write the simplified expression for output in the POS form
following expression :

Y = [M(0,2 i B
o) 37 .

1. The given expression is,

i Y = MoMyM3M, _
- e K-map enter 0s corresponding to these maxterms and enter 1's in the rem
cells as shown in fig. P.2.15.4(a). e

3. Group the zeros as shown in fig. P.2.15.4(b) for the further simplifications

A ﬂ:} 01 11/11]/ME ﬂcm o1 - 13 N\ie
of 1| & of | 2 [ o i
e
L Von
VL 11 1 {1
M;
@ e

(b) Simplification using K-map,

l. v

ki

flmphﬁad equation using K-map is as follows :
iy Y=(A+ OB+ ) S
iple 55. Write the expression for oupy

REg
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NG o | 2
F-r:—.., — 1l 10
00 \\[j} 1 1 .r” oy
(3=t
01
1 1 1 1 | TheOgijn four cornprg
— form A quad. Henpe
Bl E 1 i i 2~:mnahl¢,-.; which ¢ch
- will get elj minated
el i ] el e
Sol. Expression for outpyy, =B+ D
Example 56. For the K- i
p0S Rl map shown in fig. write the expression for output in the
Sol. The expression for output ig
CD
AB 01 11 10
Ty
FHA BB I ] o
Group 1: (A+C+D) w e : G B+D
R ——Group2: A+B+
oL ;o; [0 1) T
n_ 4 i | aetake
= "al
11 {7 1 ."ﬂ i.._g,.mpa;ﬁi-ﬁ
1 ]
10{ 1 1 {ﬂ Jk E‘!

Y=(A+C+D)A+B+D)(A+T)
(1) (2) (3)
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yeldIcH® BIed
(Practical Work)

WO HeE-1
352¥G (Object) T
& Y2 A1 fre ffes 121 % we-ate (truth table) %1 W H0—
NOT, AND, OR, NAND, NOR #m XOR
JUSIT BF ﬂﬁﬁlﬁ (Apparatus and Devices)
WE-aE, + 5V TEE W oy fefaee qeenite EHA @M CRO #9=n LED ER,
[Cs 7404, 7408, 7432, 7400, 1402, aMm T486.

FHEFEJ (Theory)

ﬁ'?ﬁ“rﬁzm'rmﬁ,mm'mﬁﬁnnﬁwm%%ﬂmﬂﬁﬂ?mtlﬁﬂﬁt“
m.mwaﬁmﬁ#mmmmﬁmﬁmm :

T # T A
wEffn 51 7 # #
S, j :
f:ﬂ Inputs Output [
| LED (Red) y
3 v A B T 'ps
+5V - NAND s 7 oy o -l'“ :
. LED
LED Yellow) v o oy
(Green) of E! 3300 sson (© il o
Py = 14 = 44V i . — s
Py - 7T=4GND 4
IC-7400 (Quad, Z-Input NAND Gate) !h}Tmlh-tabhd
(a) circuit for user section of :
truth table of NAND gate i
Form - 1.1 |

P -7 o 21 - (Syrmbaly)

s, Gate IC Numbers ] Symbal d '
/Nn./ Name Bun{:aln Rue:nntlon b Configuration
1 TTI 7404, 5404, 7405 j

ggc:r chggs- 74004, 74/5404 and Co4
54C04,CD. in- )
NoT 15 .o 1069, Du v Pin-14-+1
pin-7 - GND
M/4008C (Al) 1-2,3
Hex-Inverters) 5-6,9-
11-10: 18

“
==
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TTL 74/5408, | ——
T4/5405 ‘m——-______ 14]
ND |a (O0) ::DW 08 and opg
A ;g?ﬂ— T4C08, o 3 ;1 2 (10) = 9.
'D=6,9, 105
BM/BC (Quad, 2npug) Y= u. B 12,13 514
11 —=sp Vi
T= GND
e
TTI - 745432 i o o
CMOS - 4/54039 j)_? 74/5432 and (a9
and 1,2 (LPs) = 3 (opy | A8 _|
OR CD407BC/BM | 4,5=8 2o o 0
(Quad. 2~Inpu_t] 9,10=8 0 1 1
Y=A+B 1213=511 (R T
14 = = + Vo, 1 1 1
7
tii 74/5403 = CND
00 74/5400 and C00
|
o owse i) | Gz T
and CD 4011 L 6=3 o | 1
BC/BM 9,10=8 0 1 1
12,13 = 11 1 oS
. 14 = Voo 1T e
Y=4B 7 = GND
TTL - 74/5402 74/5400 and C02 A
CMOS - 74/54C02 ﬁ_—Dﬂ_v 231 - g_ :
and B 5,6 =>4 2
NOR | CD 4001 CM 8,9=10 1 | & ,
Ve TTB 11,12 =13 L]l
14 = Vo 1 1 0
7 = GND
TTI - 74/5485 T4/5486 and C86 i
and E 4,5=6
Ex.OR| CD 4030 C/M 9,10 =8 0
12,13 = 11 1
14 = Vot i
7= GND |
| Where OC = Open A B =Input +Vec=* E\"{Tﬂi &
L Collector ¥ = Output =+1ﬂf{ RN 5o
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mll’rﬂcedurn} b

(1) NAND 7z %t weq mifer &1 searaq w3 & fom, Ica'?dﬂﬂ#qﬁﬂzirmﬁll.lf
ST 9 ds-ard w df e & e

(2) 3@ ¥ IC % f7-14 W ++ V. (= 4+5V) a0 f3-7 T 93=% W@ %14 #)

(3) faa ferm Sw,y &M A- g 2fifa@ at am s Sw, BT B- ¥ 20 T 5 e
FAE F HATAR TG W w0F, NAND 12 % sm@eqe w1 Jam #20 #) Sy

!ﬁmm-ﬂmiﬂmﬁmﬂmHﬂmﬁ'ﬁﬂﬁflmﬁﬂinput[u}ﬂﬁwtput
"
mﬂﬂ.mmnmﬁmﬁmwmmﬂaﬁﬁmﬁﬂmmm?ih




] w1

Study Power Point

Wy HEr-o 143

~1ed (Object)

@01 Ud Gl (Apparatus 5
7 4 ‘fﬁ:f }m tn.a-{_
e R 6V 800 AT w7100 e 7486,
| 6, 9 WM CRO, wedinir ELE]
frar< (Theory)
| mm—.@ Tf9g e o-fi F AN (sum) 79 FA (
=m 2-fae =1 aEm BRI T T
TH-TET et - 1 '
BT Welwet F1 we- e waw fm 2.2 7 fit 2.4 e o s = &
qffaa-3@ (Circuit Diagram)

Eﬂrr}’}mﬁmilﬁmm.

lﬂﬂR (IC-T485)

Ao— :
D‘>—‘ Sum=A®B
Be 3
2
1 3 6 i
D—&D— Carry = AB = AB
b

2
NAND MNAND Used

\‘___HEET/

forw : 2.1-Half Adder circuit Using XOR and NAND gates.

Z16-UEX &) T Alferd! aul @lfeTd sid

Output :
== B Sum Carry Logic Relations X
A u .
0 0 0 0 (i) Sum=AB+AB=A®B
0 1 1 0 where
1 0 1 0 @ = Symbol of Exg
1 1 0 1 (ii) Carry =A.B=A.B=
NAND and NOT

firg : 2.2- Truth Table of Half-Adder Circuit
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Dif=A®B

AD I | s

NAND NOT
fira : 2.3~ Half-Subtractor Circuit. i

BTS-TEaeT 3 wrg-aifenst aur fifs-isid

Input Output o
I
A B Diff. | Carry Logle R
0 0 0 0 Difference =A-B+A-B=ABE
0 1 1 1 Borrow =A -B=4.B
1 0 1 0 =Not A,1 NAND (4 and B) and N
1 1 0 0 '
firs : 2.4 - Truth Table of Half-Subtractor Circuit
W (Procedure)

- (1) Half-Adder #1 ®7=1 3N F0%! - wiera F1 TAwT—
E (i) f9 & srqam wft9s =1 F3-91F w0 W w0 § 3
ﬁﬂmil#rrﬂﬂdaﬂn74mﬂﬁ=r-1u1+ﬁvwf-‘n-'rﬂtm 'x?
4 ﬁﬂhﬁmﬁLEDalﬂhtﬂﬂmmmHmmﬁil
(2) Half-Subtractor %} v st 374} wer-afer 1 mene—.

i mtmmwﬂrh-ﬂmmmtl
h: mmmﬁﬂ#ﬁmmuﬂmﬁmﬂl

Y B
T k
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ard (Object) nﬁh’m_;]

XOR T% NAND #z TR W py)) Ade
T E'El Hﬁ'ﬂtﬁ {.—lppurﬂtuu
E-AIT, T g —
[Cs-T488 g 7400, LED =
= (Theory)

T2 OF 7y oy iTﬂfTIFr’ﬁ'ﬂﬂﬂ‘#ﬁlm
r TO-TET i
I+ W Bl {_fln T'.'_"l m“w

ler Yfyg 4 L p—
Bl lln"il'f*ﬂ}

aV, Bon mA:

VT, G- CRO storen wreiy,

k Inputs « i‘ut Puts e —
A _-ll__ﬁ' | L Sum [Z‘nrr}- Logic Relations
0 0 | o 0 0 Sum =4 B + ABT +ABT + ABC
0 | o 1 1 0 =ABcC +E‘rﬁﬁ+aﬂ;+dﬂc
0 | 1 0 1 0 =C(AB+ AB)+TA e B
0 I 1 | 0 1 =C{AA+BE+HE+AB:+ CldAe g
1 0 0 ] 0 because I = gR =
1 0 1 0 1 So Sum
1 1 0 0 1 =C[Ad+B+ E[I+B}j‘+f‘[ﬂ$ﬂ‘]
1 1| 1 1 1 =£‘J{A.H]£I.E}]+E"[A$B]
' I ! } =£'EA+F}{M+EMEHHI
|II AII | by De Morgan's Theorem
B | =C[AB+AB|+TlA®B
| | by De Morgan's Theorem
|| III | Sum=ﬂ[ﬁm+f'[ﬂmﬂ]
| | ] y :{1E|[.|"|EE]
[ |

BT C FYe— TEH g9 ﬂa‘fﬂ'ﬂiﬁcﬂrr}rﬁl

. Sum=C@& [A & B g : .

7dl YFN Carry = ABC + ABC +ABC + ABC
=C(AB+ AB)+ AB(C+C)

(wifs C+C =1)
=C(A® B+ AR

= [C(A® B).[A B]
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a9y IR (Circuit Diagram) r
A CI lﬂﬂﬂ'.‘l-']' " ..“.
IH;;“;'F Q{&r@—h'
B — y_|Half .
C o - : ' Adder] ___uh' ) |
firw : 3.1 (n) .
2% 1 7486 (1/4) T486 (1/4)

B.— 3 Eum
Foed e B XOR. =A +B+C
- CY, i
2 ¢
B

L——JDL " 7400 @ [10 700 ®

bi
7400 (}) AB o
where Y, = A®@ B p b
fém : 3.1 (b) Circuit Diagram of a Full-adder usi : E
XOR and NAND gates i “
(P y
(1) poi-drrer wfras =1 s % srgam s w0, ﬁFHIGu-'rmtd (- -
Hﬁi?ﬂmﬁwnﬂmmm

(2) ¥4 T=iizr @1 CRO R & T wE-wfe w1 W e
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e o1l

2¢d (Object)

| | 1
P I”_l eq Hl_a'ﬂﬂl (Apparatyg and Devices) |
efee 3w fefiey A=
I
4= (Theory) C 7404, IC 7408, IC 7411, IC 7474, IC 7476
.:‘:"; ﬂ.
e freen aiﬁﬁﬂﬁzmﬁrw
774 T T A = FAE Sequenti ]?;ﬁ # 111 E_,EQuentia] Bt 2 Combinational Cireuit
+ & 3;31' éi a reuit ﬁ Q-HI :Iﬁtl FhP‘F]ﬂP, SEQUEntiﬂ] CirEUit
JK Flip-Flop

JK Flip-flop, SR Flip-flop = LUEL Eede T e

K

o Ll

—Q

fem 4.1 : Logic Diagram of JK Flip flop

Characteristic Table
CLK J K Q(t+1) [ Cummm.t_
0 X X Q (1) NC
1 0 0 Q (1) NC
F 1 ] 0 1 0 Reset |
f 1 I 1 0 1 Set l
B _L 1 1 Q1) Toggle I

fafey (Procedure)
(1) 1.C. 74 wzaré #1 wera ° JK Flip-flop #1 §eeiiiz #td &

(2) 8% @12 Truth table F1 G Ftd 2l




_Study Power POt
38¥T (Object) " 00

Counter #! femmg w1 0% ge-mfemw =1 S=TT w00

JUBTOT P Hﬁﬂlﬂ {(Apparatus and Devices)
fefoem 1.C. 3 fke, IC 7473, 741508, 741832, T4LS04

(Theory)
Feforest wffhe & weell %) #12= w73 el g =1 w132 wwn & mgruﬁm-mqq’w
fomdl wsts wewm e weemd &) et £
High =
o q — 3 .5*:
J Q & J Q‘l—Dql Qs " |
i A ™ = |
K Q K Q K q
Al FF1 FF2 .
CLK
R : 5.1 Logic Diagram of a 3-bit Synchronous Counter,
CLK l 1 2 3 4 5 8 = 8
‘h——: |
8 U PO ey L |
' : - : : :
e — E ' |
! i i : : i i
] " i - i i
] i i i :‘ : :_
: g : [ i : .
i - i | 3
i |

1 v Ry RS 2 % v o
2. Up/Down ¥ ¥1 3% ¥ 2 Up Counter 78 Down @
3 RUM Count Sequence A wfer wemy

..1;_1' .. o 3
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o— -IbHWt

few : 6.1 VA Converte.
fafér (Procedure)

1. 999 ¥ v faw g @ 92 9 fafd & 6 5w #)
2. 79 w6l ferd |q@ oW mm T Wt e e
aﬂﬁﬁﬂﬂﬁﬁiﬂ'hﬁﬁﬂa ID5=D1=.DQ=1mI-
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ODD SEMESTER ExamygptUdy Power Point
N

(U.p), DECEMBER—QIH'}
(Digitar Electrunicsl

Code ; 2110
e :2.30 Houre] ird Semeste,
E Maximum arks : §g
(1) Attempt all Questiong §
(1) Studentg are adviged ‘ '
to specj
both Versions, If th A

; the Numerijca] Data . '
€re is any difference jn Hindi trang g o -

ans ; : ﬂt-iﬂﬂ of any questin , th
(1) Use of Pa ger and M;;Ei;'eﬂ;i Question according to the English version, -
TE--T T ¥ S °ne by the students is not allowed,
L. F=fefen ¥ § e T W ¥ T Sifu—
(Si}ﬁﬁr%ﬁaamqﬁ-qﬁqa,ﬁq__ 2% 5 =10]
{?'_{54?513 =( )1 (i1) (466)g = ( ),
(i) (10110011), = )gray (iv) (8AD);6 = (),
(V) (497.5);9 = (),
(9) 1's Wﬂqﬁmmﬁnmﬁﬁaﬂﬁq—
(i) 101111 - 100101 (ii) 1100110 - 10111.01°
(%) Ffafas =i =t 7a sifm—
(1) (6243)g - (4465)g (i) (1ACD) + (5CDB);¢ :
2. FefafEs ¥ § 5 =) 90 & s Sifim— [4x 8=12]

((:g ;g”rg E %&Hﬁ Tﬁﬂﬁgrnfggawwbqoog flﬂ:zq %mﬂl T AT e
() iﬁmgg?ﬁhmnﬂzmﬁwmmﬁﬁﬁhaﬁmwaﬁmwﬂzm
(%) gf:ﬁﬁﬁfal ;I:{B; :3‘)’+ :B{JB+ C) ®i gferaa siomiorg | T Hifog & Weina

o &1 o S/aum aEdl -l
Freiferfan & i i % 3 Af— ,
3-(31} aw:amWORﬂzaﬂmﬁwﬂaémmmmm|wm

1 Ty difers! 9 TR
(3) A e T e -7 e e

9ftqg FEC froqui} ferfEg)
(g) BCD to Decimal fearet T

difau @@
(z) J.K. foer e 1 T G

J.K. firera-vema i Fe afer e

()
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4. Frerforfem & & feel @ ﬂﬂi'l"-}?ﬂﬂ'{ﬁﬁ'?.—-' |
{H}4ﬁzfﬂaﬂmmmaﬂqﬁwanhﬂﬂﬂﬁﬁdmm

FagTEd| .-
{i}mwmﬁmﬁmqﬁﬂﬂmﬂmuﬂ:::zﬂm e
{H}Hmmaﬂmﬂﬂma—ﬁﬁlﬁﬂﬂ =t

5. Frefefaa # A fedl @ wira:mﬂm:ﬂ
(37) Sutcessive Approximation g
(7) RAM 791 ROM # s Tqe Hifad
(%) EPROM #writ Wt feeyoft feafim)

H_-——

Gﬂﬁqﬂﬂmﬂw T

[
FER
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