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n.p = ni?
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Vcc - VBE
RE+Rp
B+Rc

IC:=

10V — 0.7V

Ic = 0+100kQ/100
100+100kQ

L 9.3V
¢ 7 11k0

Vee = Vee — IcR¢

Vep = 10V — 0.845mAX10kQ

VbE:: 10b"'8315V'::1J55v’
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(Model Examination Questions) < U/ 3 d@"".‘d‘} 5.7
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Digital Electronics Book by R P Jain

Digital Logic and Computer Design Book by Morris Mano

Digital Electronics Book by Morris Mano

Digital Circuits and design Book by Salivahanan

Fundamentals of Digital Circuits Book by A Anand Kumar

Digital Electronics Book by Salivahanan

“Introduction to Instrumentation and Measurements” by Robert B. Northrop

“Instrumentation Reference Book” by Walt Boyes (Editor)

© © N o ok~ 0w DR
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(Introduction)47° 6.0
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P LSS i b bRtz S Db b L (N i UL
et TL Sl e b ) Jt.»"wuh::wéfaéumw_&‘_wﬂw,&;/u@"y S S8
eodlie bl :,Jlkaiu’ul,wd/u;u/o;/’/fl/;wc’:/Wl_atyl,vd’c(u‘/ﬁd}bub/u}’
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(Objectives)4#E» 6.1

:r’«uﬁé(lu’l
Jfgt{/@gﬁéJuun(wJu,fu,f'u,l(n’”éfu,jl .
-98!/&/@;5)/@&)%1 L/(U)?.’oﬁ'/@ﬂ}f}.‘/ .

(Ampliﬁers)/ U1 ?l 6.2
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Sorce:https://electronicscoach.com/amp1iﬁer—in—electr0nics.html

OIS S ki DS

J}C%ul I/p = Input Signal
Zise_ S, Js /”“( CE= Control Element

L}U;/)g PS = Power Supply
J;C &.&57 O/ p = Output Signal

S aeeslz§usS U

/.:/iﬁ"g)wJoj;fl/;ia{]JJ}éJu;ﬂ/Lil KfJJ/J/.LuLnJL&wﬁfu,}n_{:
I EFEU1-t? UgeeAa i e Fo§S bz §U S pp S e b
s s £ S U 1§ 4z etz 5 (Transfer function)uig u,_;; _g_f J. 5§
évud’/,:&ﬁéigﬂLC}JI_c‘;ZEﬁIiuuQEVi @y»_gul Kfu;f'w{i_c‘_L“Muﬂ@fo‘;
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(6.1 )Jug
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G, =1,/V; =12 Tl

R, =V,/I =2l 22 Tol

(Amplifier Parameters)dlg’/ U)f" 6.3
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b"aﬁéu’!/’/’%ﬁ{fju#'l/fééﬂﬂgfléb{i_‘at"lgl«‘ffl?'ld/@‘wu:’/ca{)dbngéguﬁViéJ»&:
e 6D S e E el FIASE v FaE nes

[ Wl ]

Source:https:/ / electronics.stzwkexchange.com/ questions/ 375657/ series—shunt-feedback-analysis
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Jush A=Amplifier
;l,gfgdﬁ" Vs = Source Signal

Pl G
LHelut-cardhl byt lie S umlyeS usT Se deduia S du
e QoS Felly e ST S e b L6 D F cavid
=% gnd 1, =V,/R,

R
1% R
A = ( > )(—) ......... (6.1)
Vs=Vi Ry,
(Ap)fif'id/ug (b
e bbb A Te bl PG AU AL AY

Pyt = Vo?/R,  ——eeeee (6.2)
Rz ragy (c
L?f/"djd/6.4(ﬁ'Ri = Vi/li_‘aglw/aii]a:uicj!]dbz;_;é%UﬁUJ/LJJ,:UI
2T SIRVSE L our g s p Lspl S tol U a? F Ul R_‘L(:fclgd/ Fedu

R=2% =R (6.3)
Vs—=V;

(Ro)esl pe=p 5T (d
ut,@».c‘-&:éuf;/jzﬁZL6/¢4¢§T£fu,7';zc‘-wtfo;,f§.élgd/ugb,;u/JJm
/fw}uLnLuuﬁ(6.4)gfﬁ/J’€._{i4fﬂ}gv§lf§ub)-4‘-8@djzuvJ;W;//éw/.a;

e FeSFebR 25 LR LS IR Vo S329 R S L e sT S A

Voo =V
Ry = °°VO R, e (6.4)
RoRy,

Ro+Ry,

b
Vy =1, -cé‘_t‘nvoédﬂa:&ﬂ’ufcuﬂ(ﬁ'{‘
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-Q&ﬂ(n))iﬁ!d/ju;f'!
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/5&45’455

(Frequency response) 2t 26547 (e
FASS DAL LE 1200 L L JWS 6.5 e 2 L8 LS b
A/)’&{,LAJJ"f'Iu:‘é./u”féj}-‘Lt'MMid frequency range)é/@ﬁ&ynd-%&'z/%
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GezdE) BW =fy—f,  —eeeeeee (6.5)
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et reone

Frequency
Source:https!/ /www.electronics-tutorials.ws/ ampliﬁer/ frequency-response.html

https:/ / www.polytechnichub.com/ advantages-disadvantages—rc-coupled—ampliﬁer/
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lef'lG=gain

b6l hsiidf), fy = Half power point
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Sourcelhttpst//Www.researchgate.net/ﬁgure/Schematic—for—basic—BJT—common—emitter—ampliﬁerﬁﬁg17224238646
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-Lkgﬂd’i b(operation

Z
(Two — Port Representation of a Transistor)d/ & d/ /b’ AN v{' Uiy 6.5
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Source:https://WWW.stg—maximintegrated.com/en/design/technical—documems /app—notes/3 /3169.html

JX/V d//"'/'!/b_ﬂa,u;)lu;ut(ﬁ@y

,},ﬂ_ﬂg BB = Block box
pilasn ) 11 = Input Port
oJlu)b*’{.:«fT 22 = Output port
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Sourcelhttpsi/ / mdashf.org/ 2020/05/04/ single-stage-ce-ampliﬁer—lecture—xxi—and—xxii/
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S 1 gun s ib(6.11)

A
/

(Solved Examples)dgtt‘oﬂ::‘f 6.8

1Je02f
FET ot Q2 Sf 2 CB- Lzt L3 Sk b £ ruidl
- KQ e 2 JE 131ee 100 %Y WOM 35296 2SS PP 4.J”26J Y
S M S
1S
Given Re = 2 K = 2000 Q; V= 2V; B, = 100; Rg = 1KQ = 1000 Q

Collector current, I .= VC/RC = 2/2000 =1 mA
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Iy = Vg/Ry = V/ 1000 = Vi mA

B =100=1c/T5=1/Vy

Ve =1/100=0.01V

Therefore, Izg=Vym A =0.01 / 1000=10%10°A =10 HA.

ZJ@‘D}J’

Zv 0.01J>C¢4uu_20¢ ol 107 u§ PG & e s 7ty K ekt

_wféb’apgﬁ/{.&f{éwc AC ce Loy

J/‘LQ):J’

Total voltage gainis Ay = Ay X Ay, = AVO/ AV;

AV,=AV,x Ay, x Ay, = 0.01 x 10x20 =2V

(Learning Outcomes)é (- (}m 6.9

AIVO@'JM&..&fol?'iJ@"J”-uj"@/d/@du;lJf@/ijuﬁ.lﬁujZé,)JgﬁguﬁJj

@
-cb-t’lgbﬂjjlf'!J@'J;}[MdilegéguﬁVi@J”qw
-ujw,»ﬂu( Us S Us A S8 il it ) s 3 5T e sl st | Zf WA e
-4,/@,71dlg’,,;/“ru%gﬁéu{f];?ufd/fw%/bﬂ} o
(Keywords)é’t&g’(_54;-K 6.10

S Lie by 3/ L re e S G, rbeen Ll ead gt ud A0 U
e S UL L2 et

Sppd e 65T LS Udac e o Lo JeSusas /SURo) a1 p g iT
-‘ggl?djﬁaﬂ;d/;ly:fﬁu’/%wfgeéa&)éu/;
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(Model Examination Questions) < Ul 3 d@"".‘d‘} 6.11

(Objective Answer Type Questions) c:«JJ'/JbZ:c:«U}?O&}/” 6.11.1
_nyu,J;@g{ 1
?‘a_fib/‘btf’/g?fc;/’%{inverting 2
PR PRI STIC RN NS S
B RTRI STV R
-u:‘”i.:,l:u‘}d//’%{udld 5
St 2 A S ST G EBIT 6
Sediegn 2 7
Ce sl Y« 76k4Non inverting .8
S K T 254, 9
e SekicC 10

(Short Answer Type Questions)c«ﬂl/Jl‘:Lc«Uﬁ/g 6.11.2
-q/yu,?§,wg€77¢;}£u[,5/g .1
-q/.wu;deJtﬁuﬁ,ﬁf&’éL;ﬂg’éwﬁu 2
Sl A LSS AL 3
el JF AT L ikaicB 4

(Long Answer Type Questions)e= Ul Jo b2} £6.11.3
_q/yuad/ﬂé/’u:g{@/‘v"muﬂzﬂfyﬁ&f/?ugé‘yfc/’%f’@ﬁ?f 1
_q/yLz;c;dz"'”“d/.»f/d,wj“/)f}él,ziu’un‘ﬁ/ji/’@g{udld 2
et QS LSkt 3
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(Unsolved Questions) :«Ulr‘v}fﬁ‘:’ 6.11.4

qbﬁ@é&%{f&&@ﬁflw LT b8 B K S 10 KHz 2 kHz 7644001 1

_u:/'/%lf'"//d
Vi
+12 Y
[
J
< <,
o 5 = R,
= :
< 22 k2 = Tkl L
1 .
':._w- ,.""-'. Hx_l
. - )
ot
'
= . Jﬁ_ |
> "2 Ry = 560 )
.0 kil x

I 1

6.12).F

J;&%Ulﬁ%/f@)&%&ﬁ/ﬂ Ju J}&J/l%{'-cb, B =200 /3’132.5[.34!{@“}»&//%{&{! 2

- 60UW

23TV -9@%120015(&/’/};14‘-%%80@“} U e bl 72 kQ ca bkl 3

?g.yfu:(ugt{/’@i;{-q/df“t{&/m@J”J’Cdu/f“iL;;@“ﬂug

(Suggested Learning Resources))’/dmo)/('/“f 6.12

o~ wDdPE

Digital Electronics Book by R P Jain

Digital Logic and Computer Design Book by Morris Mano
Digital Electronics Book by Morris Mano

Digital Circuits and design Book by Salivahanan
Fundamentals of Digital Circuits Book by A Anand Kumar
Digital Electronics Book by Salivahanan
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7. “Introduction to Instrumentation and Measurements” by Robert B. Northrop
8. “Instrumentation Reference Book™ by Walt Boyes (Editor)

9. "Basic Electronics digital and Microprocessor Manua" by S K Gupta
10."Basic Electronics' by K UmaRao and M A lbrar Jahan
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el #1736

(Oscillators)

23

A

3

3

yrdv

K3 e E 150,
Sab I,

I A L

I A st L
T e
,Juﬁugf/l,
Fenif

QLT

ywwf
SR,

2l Sl 2
aU!yJ’bﬁaglﬁ/ﬁ?
erJe ez b
=i f F
IRV ET 4
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7.11.1
7.11.2
7.11.3

7.11.4

1712 L
7.0
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

7.10

7.11



(Intro duction)/gf? 7.0
/.:ub(lw‘at')/l,g;.d}é (AC) & S IBLG p09 15 L1 2 {8y /\:a 761 A1(]
uﬁ:«UTﬂ}glL:/ﬁ. Oscillators ,31,/5_‘4@54; (DC) w/au,,u,%«fww&/‘gﬂvu{u
G D3 Ltk ted i e s o =Y OI= 2. 2.

T e el
< 2T GWFO) AT 0F g Grekor® = PSS A SE I 2oL 0¥ 0scillators
5P e Gt e Ut i L 378 5T b o1 b g =420l P2
Sk pas? K20 2220t g 5 AP SE 5T T 0L L0 Sobr = f7
69 TS e GHZ 100 KHz 100,42 et S ST o G037 TRE)
U S b g Tu“/’@““/k/"’uut»h T Bl S T pen S AT

Sy JJ’ia?busTLuLm%dtjw;l:%bm,%g/,;c/
ziJ/d“lug4g/¢4uuLulJ(,B)ZufiLhtf,;,ﬁzi(Vo)é“w;m@busT‘Cgﬂﬁu
e k5SS E et p 2 el T S P P S TPk 5
phase D= el wlr s £ 5 s u“’ A1 sl eg Wl sk S UsHinetwork) S s 2 K P15 e
gl uﬁ/';u;?'i?ﬂc‘?inf'ijgug{,/';l-c‘-t’n/é’@ﬁq&cd@,-cb-L"/Jl}"/(difference
_L‘}ru’u/Jf"dl/“d/u“;l;/iiéuu}//unﬁuuu i P
C)J(Load);)bfi o8 £/u;/i;’/_/’//L C_fIiLL//« ui/!/!ﬁu”(radlo)iw/
LGJ»;/L;;UZ T (_Ldyu/ﬁ’ud,/uJ/u;/m,wud/im(tuned)..ﬁ (AU - bl e
_ebtnglJ6 (:MAufc«/ﬂu’luflgéylpgiﬂﬁiﬂ“_%dl sSSPl
St I K6 U S LUl et 2 ot Audio) & - S S o Cl,
K@)(a)'ujdjl/‘-’led’?;;_‘gt'lggdtx"“ifd/}'R—Cuﬁ’.ﬂ;&gjﬂf'ugL/fu;fly.{luy_‘gglgn
,‘géi(&iui’(jmJl/z‘u!_@‘,J!ﬁlL!;ﬁL:fﬁ(b)m(Wein—bridge)J;
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(Objectives)4#» 7.1

:ﬁgﬁ&mm
LGS L St LSS uA G LSS o Gy
LG 8P EE S e o
LSS Pl ARC
SEIA6)E T Ush Lt L s Cn Lt 5628 LE i fsf i
Lyt
-‘g&/..'e?ucugnﬁuquﬂn&gm;ﬁiugnﬁmc .

(Feed back of Oscilators)/g,.'é{ / <l /:Z “?/ V'U@ 7.2
LLU(}E/}%J}Q")LJU;?!_‘L t‘//(amplify)U)f'!/(Signal)d;éz/%) ‘ju,y'y_{;
;/».{lé"”fty'u;mquiﬁ-‘L&C@JJjI}ug/vg/%uuéwJ'J.VQL@:J;;”:,;.MT”i
-Cﬂlggdl.»"“!éj.LL/'/i,%,;,l)!ﬁli/le?’ljlzc‘?-‘a(}m(flfugaﬁflfug&i;u;fzuﬁoﬁjlfcc

ST S s-e T 2 o A F P02 S U L1t F

W= F¥
FEEDBACK Ik | FEEBACK |,
LOOP r | Loop [T o
I |
v ' ly
Vin out v, ! o = A
_ AMPLIFIER | AMPLIFIER [~
nput output  input nutpLt

2) (b)
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Open Loop
5 Amplifier

Vin + B.Vout WVout

1I'4"r:>ut

Attenuator B |-

Feedback Metwork

Source:https://www.electronics—tutorials.ws/oscillator/oscillators.html

bitpse/ /s sesearchgate.net/ figure, The-basic-oscillator-block-diagram _fig] 233547909
.,«‘«’}'d/(Feedback)gﬂif'lihiéalﬂﬁl
(7.8
MTLU,%_%WQ«,&180%00.{1Ka;:uy/;ziu:.ij»uﬁf,bhst’mqu;,_‘éj““’f’};
k}:&/{.bﬁ{]d/&guﬁ-é_;&f!/»./A&Klef'Ug-%Q@fb}f/c—d/A&ziﬁjif'ljgf(AVi)d.’{.
,,gffn,BVO@“wmj,c'f/,Ku’l?l/c@“w»d,aﬁ;gmfl-‘at'ﬂfd/f-1«,,/'u:@?»ZLﬂ/'fm,:_‘aL"n
/,:)ﬁu’/g.{!-c‘-t':f/}?/?u;&"dUi;Lnl&uﬁ;ﬁ_c‘,L’pL"qdﬁr&ﬁJJ’KLI;L/fr_JU/
e b S0 Lot 1S s K PIAAL A 13600 Al blows po it hz (e
uLi{,_‘LinUé/ibinf‘l?eﬂ £(7.1)‘ﬁf§u"}_ZQ//i4é_ffdpv{|(7%,1
u:uf/)sf/:LJj’}UE/u/'s,j’gﬂJle(Vi)/.:L/d’{,&fféju}?.’LJUJ’J}’Z‘jj’f'luf(%)d;é
u(Vf-‘LL”MVféJ»Gji?.UQ,:_‘LL“ﬁBVi = ﬁAViéﬂuq&fTKJ,aé‘f’)u;g-‘mefa
SusAtLssze 2 Reactive) d S 2r G IS Ug - (el e LV, Uhes
ok LA VIS VIS b Lt et S D e Bl AT A
eSS e A S I IS
oﬁd/\/i:é:JVK@)EE)@VO}HU/C‘gg@nJ/J uﬁ:{’fd/Vf;LL&n&i uﬁ)ﬂﬁ\/iﬁ
e tend Ll end 20§11 0m 1P 2) Loop)Ee e g5 - Jenf e £
e b f W L Vie Ut )6 GIVEL fo et p2 3t
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https://www.researchgate.net/figure/The-basic-oscillator-block-diagram_fig1_233547909

L}’Cda:.._ul’u'@/d/ W,?wz_jﬁ/\/f/?;/_u,uuL//u,y'mw;;wﬂu,f&%ﬂ/ﬁg
_‘Lbﬁ%&’J'ﬁ'g:)ﬁde(}%Cﬁ/uj;J}ut;l,g-’éycgi{:u’ju;%’fu;[.%t‘/ﬁ'}/

(Barkhausen Criterion)/&zx‘ KU:/ )’/ Crs 7.3

< Pl AU S b/ E Lo Fdpiindl

€21 Ay b5 b P e G N JE L L7 e b Ky 1 G
/5//;;_,(/5&8//!7‘!)@/;1ju;?i/'/ncu;/:{,wJ;Cf_,%-‘a(lntegral Multiple)c}ﬁ'zg
—e U EUs gl s

Se o prest e (BA) s FASE P bl i o 1 L2 Lo id
AN S8l Lt fad e e i et p S e 3608 2ow S el 2
Pl

SPAEEFE2E e SFnE Suhd L& e 2189 oo
& bbb L(Unity) 36 2 S 161

/JL»"‘l!/(Complex Numbers Notations)r}/ J;ml J‘J«uu/'.:’ .,;“ﬂ! J‘/ﬁ!/:' Uss U@wfj
e e il
BA=10=1+j0 . 7.1

—e bl b 5L L AU

(Wein Bridge Oscillator) v J! ! UUJ;:CQ:J 7.4

uﬁ/é/f’Lledeﬂ,ﬂﬁuJ”;_‘L“/W/)uﬁ7.2%/&&J/£9;1ﬁ1¢b@£quzﬁ’

‘.‘Lt't:ugf}/“,:ﬁ
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Amplifier
stage

Wien Bridge

Source:httpsi/ / www.electronicshub.org/ wein—bridge—oscillator/

A L1 2
sl eresTne, Ui A, = (1 + g—i)+Jan;jl_wL/J:@JZL/,1R—R
SIS et s
VoG me esT 2 S s bt I 2y Zy 2 Sz Z(dividennid 5 LG
b P B

W 7

L= v =7an T (7.2)
-U.?L}/"Z//J’M?f JZZH’Z1

_ 1 _ 1+jwCR

/”Zl =R+ Jwc = iwc | T (7.3)
R 1 1 .
Z; = 1+ja)CR(' Z, R +]wC) """" (4)
_‘Lb‘nJllaufqa,d’_/Zw;uf‘gd/ZzulZl_u,,?(7.4)abL/
1 1

— = (7.5)

P T T o)

tn&t““’m.,{iu"’/ﬁéj.zidf“d/ﬁ.1).:1»»3/“&;:41@:‘%/,’);04‘_;}&“”“{'Afug
Z (Imaginary Term)f“/d.lg'u?r uﬁ(7.5)alﬁwf.baandb/‘g}w“i JJ'(W}‘J&,&)-"L%
-~z bl L #f(Coefficient)
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1 1
wWoCR = —— or wy = —
wOCR CR
1
or = e 7.6
fo 27CR (7.6)

_‘Lgn/.:c‘gd/u!/gﬁul_+Vn)ﬁgf-bugﬁ/.:Lﬁ)ﬁﬂgu/:’/ld/“fbagl}’.dauwd//‘ﬂ
1
B=7 - (7.7)
_"ngl:ﬂ(Three)uf/lef.!JAV&..’-M[?AU| = 1]4&&3661/:}/1

A,=3=1+2 &
Ry
R, = 2R, ——__ (7.8)

-%b;d/éul}/,fu;ﬂﬁlu‘ﬁ
_‘LGKJVLLWU:J{@:;; u(u%-‘afﬁﬁ(thermistor)}/ﬁ/?v{!RZ ui'Jluwr‘Jj
_%%11}4/5/}3”.,9JJ¢A¢+Q;J/6“J»¢/,¢5T,L)J:

(Phase Shift Oscillator):.«ﬂ/""zl Uy 2® Z:c.«;{ 7.5

Op-amp as
Fveting
ampifer

Vi FeaRack

R« Phase shift oscillator using op-amp

Source:https://eeebooks4u.wordpress.com/20 1 7/04/02/rc—phase—shift—oscillator—using—Opamp/

oKt CPS il Fise st L ed(7.3)F
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?y&(JW!/,g}/“J;uﬁu{tuLm_%l% FT3SS Lol p Lo npd pnest Ll
LI s CR e b0 i 1800 e oo et g 3TL LT 1 51 5o
Jquu’&m-@/ﬁ{{%u;“A_L;&LJ1¢4¢5TKfu,éﬂ_+t@y/J”bﬁ6:‘%180%}
-‘agfuﬁff;)ug/vfu,jn

ce ASSES 328 21800 L I LS FIA S S S e (Pl

f_ 1
0~ 2nvecR @ TTTTTC

‘au‘a[&nu}m{zLﬂ}u;%;ﬁuw
1
1B = 75 - (7.10)
_;lgtw;uéwfﬂjuwa}qgﬁii&I/B‘A,,| =1
A, =%= 29 (7115

1

(Colpitts Oscillator)dﬂﬁlg&:d/ 7.6

11 =
1 L N~ P
:2 = i_:‘_ =, —‘I"-
| 1
) 1 S |
/r’_F” — — =
; =
N

Source:https:/ / Www.tutorialspoint.com/ sinusoidalioscillators/ sinusoidal colpitts_oscillator.htm

I A2 (7D
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S ik f&/u,é;yﬁugﬁ-‘ag@% FUsDESLem Ll nml oS

U7 4 y%!‘[&%t’ﬂy){:czjﬂlll, CrmETFi e Ay = %inéiJw-wz_/JWI

DS ECU bbb il S L C, 4V, g ”_z.:ﬂ’_‘amguﬁugmLuff””_ﬁf,ul’m_»@u;L//
) -‘L&‘?&Uuﬁfﬁ?'f.u%/fw?"u(@yué

1) o\ e b PSS SE L o e p (S Sy BT L TP

_(‘L}‘u;&»
. 1 1
joL + Tt + ol (0 — (7.12)
. 1 1 1
JwL = —— (— +—
Jw \C1  Cy
b
1/1 1
wo? =—(—+—) ........ (7.13)
L\c; G,
L
1
= —— e (7.14)
fo 21/ LCY
. _ &7 . ” c.C
e b bugd N Ly SIS P p S e O = UL
1 2
|74 |74 V;
p=L="Lx2  ______ (7.15)
Vo Vi Vo
WS DS S LCJ 336039 Z(Tank) S Vit
& _ 1/](1)62 _ C1
Ve 1/jwCi+1/jwC,  Ci+Cr (7.16)
LA
. .
Vi Wit _ & (7.17)

Ve  1/jwCi+1/jwC,  C1+Ct

s e O 46 f ed eal 180 W LVpslVy wote § § U il by U

:ﬁ;tnwbufqagju&lz:/.l;xﬂZ:(Barkhausen)cjf
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pA, = (clcfcz) (CIC+1C1) (_ %) """" (7.18)

= CFr

= C1 R B
R C
R (7.19)
R; Cy

SO L LT S0 0oda O 8F — b e L jad Uy i
_‘Lt'lg&&(Variable)/.‘:‘p

5
(The Hartley Oscillator) x J ~¢ ‘KL} A 7.7

P Ly L Celr BT AUt 1 Ve TS L L it £
)ﬂ&/ﬁ%ﬂ/;)ﬂfﬂ-‘at’n@‘lu(}y17'11’@@‘)» K}/Q:Ll/;l-Lat'lglj;?)/é:llzfé‘}»a:&ﬁ-‘at'n
_%r@gﬂwugfu?%b//uu;m)q
, . 1
jwL; + jwL, +jw_C =0

1

fo= i T

Jka
7
=

/M
J"ﬁ
\/ |

_“."O‘l
Wi

i

)

)l

L J L
290 =z oo R 99 - ‘

Sourcethttpsl/ / www.tutorialspoint.com/ sinusoidalioscillators/ sinusoidal hartley oscillator.htm

o A16E A:(7.5)
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e Bl AU 25 171005 1
_Yr_Vrw
B = m

Ve Vo
Vo _ jwLy Ly
Vi jwLi+jwLl,  Li+L,
Vi joly . Lq

VL- - j(l)L1+j(J)L2 L1+L2
p=-() G52
Li+Ly) \L1+Ly/ L,
e OWIL b FE T
_ ﬂ) (R_f) _
pA, = (Lz R/ 1
_Lat‘ngjllpgjf‘?
Ry _ L2

=2 (7.21)
Rl L]_

S-S Py s S 4 e QL LE e e L
_Lat‘lg.({rdl.z:"if(lnductance oil)é’G{Llytj.,gLL%u(LzzalLl/,:ubo,ww/z’lrﬁ(Tapping)

(Solved Examples)dg t“oﬁ:’f 7.8

ldl’)‘o}d’
-ﬁ’t“é@]lg&’j;:’il: capacitor 5 mC -<_U» L 25/;1/1’(1'! mH 2042/ 7 LC L
-4‘-&1}%&025&@@4/}&,&1
Sl o
Here, C=25UF=25x10—6F,
L=20mH=20x10"H,qy=5mC=5x10"C
PN S PSR -1
U=ql0/2C=(5x107)/2x25x107°=25x 10" /2x25% 106 °=1/2=0.5J
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(Learning Outcomes)é (- dLS‘/ﬁ 7.9

Lt S IPLI et Samplify)Ushs SignaDFEL 2 Sl e
J!5,,J1/1/L/,luw/_aucl;&/uutu./uulLJ!J]J!LCJ» 2T
L& Ngein 5 Fiped o Qb Prioes Pogionfes - Lo o
eyl

e nSrp it S FGE U St Lo e b 2 et Sl f Un i 37 LS LC o
(@;wé_)uﬁmﬁf’u&_w&g‘fw&vJJJRCJJ,&&/;}U@waf'u&“.,{mgu
~e A e B L g )

Zd l[AlJKU‘J{/J;dl_u”L}’JbLUJ)M,JDJL/LUJJI/IRC-L/!/!Lc o
-LL“W/(FLJMUJJ_/CLCLMLA/i &l A

(Keywords) 51§ ):;K 7.10

u(L/:' JLﬁ,g;./aU!ﬁl AV, Jgjlﬁl —(1:(Barkhausen criterion) s~ K275, =
RN

B S A G s Uss i3 4 200 21 Oscillators) &1 8

JES a&o}@v{!/? %&)Tﬂld{,di;@' 1354 1:(Phase — Shift Network) JSosurgest Leb =
_‘Lt’/(

(Model Examination Questions) w Ul (}G“;}"; 7.11

(Objective Answer Type Questions) aﬂlfdbia@!}?dz;/" 7.11.1
?‘Ly/oscillatorug! 1
S A s L /w T 2
e TS LB 3
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—e b S e
-Cﬁlg.l{’/ufdl.&“!ééLC oscillator .5
- df!f%ﬁa/’%!%l’vg .6
_‘at’/'/'/::..gf» - Tl .7
?‘L.lf’/dlﬁ”id;.LﬁKLC oscillators .8

V‘Lgu”l,f/ d/LC oscillation .9

?u,?gjf:'!‘}.?!d/LC Oscillations .10

Sl pe T 11

?wy}wt.&?tfﬂﬁlz
?‘Ly]}/'d;guy/;éfﬁ:w e 13

M~

?ujx’!}gLLC oscillators.14

e P U nl el s tim P15
- ¥ Uk v

?‘Lb‘/(l{/,:dﬂ!g//LC oscillator.16

(Short Answer Type Questions)c«ﬂl/Jl‘:Lc«Uﬁ/g 7.11.2
?44,&/'.@(&@377)&/)!7;’%)!5&(/ 1
?%&/}/bgd/L/Jilpu: o T@/,ujj 2
L T AT
-ﬂgtuﬁéﬁ%ﬂ;’w/‘}w’ 4
PSR E U2 ZLC oscillators#/RC .5
-u’.‘f‘gaﬁ'ubld}fccoscillators .6
_uﬁJ;JI/(RC oscillators .7
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(Long Answer Type Questions)e i+ b Lzt 7.11.3
S Sl § Tt A5 T
Lo S S T erlion & St L LK) i Seoton ST K 2
e (ol M T o
w/mgu,quMu/yu,Jk&ﬁT&g 3

(Unsolved Questions) aﬂirvwﬁf/:‘: 7.11.4
#2 S CIec 100KQuS SR e b YUt & £ 24T L9KHZ 25 Tocers ki 1
0/

S Cec 100KQS S ReA1 p Si_a bl o1 d £ 24T 10K Hz 2 Toaeps ki 2
o

i’gu"’,{}zi1200KHz<~,400KHzc,¢/,;‘46OHHJ”}1L€ .,{M/%%ﬁ T ot oth 3
TS o }-{ff /é"LungéJL»“ﬂ-%Lgtnmu 2y

2T b //,:40Kqulc‘,L"/(Jl.»"“1LKIOOmH,ﬁ-uﬂ‘a DN K%Tﬂf 4
P

(S 3 Uk L U1.C=0.003 wFsIL,=0.2mH,L,=0.3mH./1 % ﬂw TdA s

J Capacitors-R,=R,=Rs=680K Qi< 955Hzi™ &} S/ n Ut e ﬁ%ﬂ Tes2 250 6
Sk

I S5 S T Ci=Co=C5=100pF 1R, =R,=Ry=200K Q1 ﬂ& Test 250 7
c)

SUT-c2pF2 0% (5% Lwez2 4 2 5 C=0.05pF L=0.5H <1 g 3en S Sl 8

?u:/r)"ﬂﬁdbéfd)!f”ﬂlz/
‘.’J"/'/pb‘"/;ﬂd/&»é_L/%TJJVLL=47OHHMC1=IOOpF:C2=1pF:C1=0.1pF 9
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(Suggested Learning Resources))'}”dmb)/'/”f 7.12

1. Digital Electronics Book by R P Jain

2. Digital Logic and Computer Design Book by Morris Mano

3. Digital Electronics Book by Morris Mano

4. Digital Circuits and design Book by Salivahanan

5. Fundamentals of Digital Circuits Book by A Anand Kumar

6. Digital Electronics Book by Salivahanan

7. “Introduction to Instrumentation and Measurements” by Robert B. Northrop
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(Applications of Op-Amplifier)

1712 L
ot 10.0
yrdv 10.1
LK Ui ¥ 102
S 10.3
Soi® é 10.4
SusAE 10.5
i S S & 10.6
S E TN e 10.7
S 10.8
é&@ufl 10.9
SIS AE 10.10
Ui Qs 10.11

2lrJel ez > 10.11.1
elrJol bz A 10112
elrJelelzdd 10113

=Uirif £ 10114
PRV ET 4 10.12
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(Introduction)/gf? 10.0

d}b‘(virtually)/?/}bd)?’é‘,u{,u’//u,;:gf/@‘/{'/5!4%({(@5/'1)57'1()Lfvglcj“écaﬂlujg
A byt S 1 U ot (Principle of virtual equality)elsbs§3 Ul o
% £ (Virtual ground) e s $3¢ ) oo &S f e 3 bt Li6uss e §Sush
_%L"MJJ’%JkALJ;&LJju}ugc’JjuﬂJ//u,y'cJf_tat"/éumdmb/h;

op 1 (I SEAAY T (S e S 263 P e 2643 F 6 Lop amp
Jetloll:c op amps &41?(& (/’L@.L?{%;/"Jl:)‘LQ)ILt.{.ﬁa:.Lﬁ;"kUé”uﬁJ?amp
Vgg.{'/?ub((c (/’%‘f.&?fﬂl:)ibfﬁ&@ galvanic ut“x/;é.u,_afuu/,ul (/’lg&‘fﬂ/l’
_+t@gu4_ﬂ;¢g.gjj&7f;,g/,u op amps sl je

(Objectives) 4+ 10.1

g uﬁéiﬂu’ [
Lyl A8 oA (deaddt =
37 siintegratoee 47 & (Summing device)dT Lty S & (1§ S Ut & =
Ly e 3 6L S 108 L (Differentiator)e«

(Simple model of Op-Amplifier)<#* wl/_{t 5/ U2 /,ULf J’ §10.2

_Qt@uﬁug/@?»qbfuﬁifwéiJ‘U’K..{i
Vo =4, -V)  __ (10.1)
u;‘fwfiLVO-ujéw}ﬁo;/»’u4u;/b»,;uu"/‘;u(w/fm/“;?u@?gﬁuJ‘V—mthﬁ
ce b oL Led§rd CAgm AL
Vo

;:V_I__V_:O
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V.=V (10.2)

S U U1 4 G E 3940 gt Lo 3/ BUn Sla e S5 s 4
e KIS ARSI ST U e bl s

LS U o LU 1T S et e i U6 F L
d)lfJ/“-ﬁ'u’l/.:u}’LJC”/‘_‘LL"n,«.T/KMA._J:(CircuitS )/l};lz:u;fl(}fug&;}j:_%t'&(g/l
uil,gf&J’éd{.uiuue/b.f“uyzé’ié.jﬁ(resistor)(”/a}&)co;k)»cgﬂ

Sourcethttps:/ / www.electronics—tutorials.ws/ opamp/ opamp_8.html
2 ASHS S U S
(10.1)F
& LG/J/"/"' J'J/c‘-t'nd_,«r Ku’l-L/(Lg:uf‘;(coupling)u(/’ﬁg@‘wuugué)’/u.l,f/; L
_‘LQ}/(DMWLL/))V{DKUH,Q!LJ}C&:U’,.::’0/’d}tf-b’n‘dﬁ)ﬁ/éy”(}}(/?/)b(djtf&)d/’ﬂ/v

(Inverting Ampnﬁer)/ U2 7'!/“,;: Jg 10.3

o |
Vahage gmn |
Av = - rme |

AN \pod -~

L
I

— ]
"= Av K vin|

- Vout

~

OORME PV S e

(10.2)F
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Sl e Ry V== 02 bfiH eV, = 0£5- TIIuhE Srut102f
é/‘;fu;}lJfI,Z#L;;,u’ju;ls»d,oﬁ;f%g@/'&ﬁfug 1= Vi/RiKngy//;lEC/u’l
_Zuggfﬁwg/éw»_guT_‘Ltm_Rfu1Rl-(I).v/ ugﬁ;}'iuw_mfuf&/

Vo=-IR =-V-L (10.3)
-Jn@/&i(ideal closed loop gain)f’f’d/kkdg
Vi
G =V_:= —R¢/R; el (10.4)

due " (resistors) 71 p o P30S 2 PiAdde e L Suhd S 60 bu
1055 sl InRe /R = 1018 ZJe et Ue1d L(multiplication) o 25 U1-<

_‘LV@EJ&«/}L

(Non-inverting Ampliﬁer)/ 2Pk Jﬁ 2 104

W U A 05

A

? ) IF
Rz
Ov
o —l— 0

Source:https://www.e]ectronics—tutorials.ws/0pamp/0pamp_3.html

fu,}u“,guﬁj:(m.s)gﬁ

V=V, =V —
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_‘Lt’ng}lbw&%fLJ/IL:«I;L/GJ[?’J/»J!

€l =Z—z
KU e 3 e RS 1 £,
Vo =V, + IR;
=Vi+ Vi
— Vi(l +%’Z) ........ (10.5)

IS el Sl (U U U el e o S 4 35 Ut et Ul
e G (e STt e TS P onsdd LT Dt 56 D Vsl o o5

(Summing Ampliﬁer)j u}f.’b‘ L 10.5

ol AR e GO Ll L st 1048
J/u:?: ‘La:b La?ﬁ//(ﬁg} £(c0nﬁguration)g,%'}'(adder)é‘lgu’l 5/()@*!/{_}’ L el S
ExV = 0l,lzij%gy/k}f/L(carth)J/’[L//,/}:J/w/:;

VO == _Rf(IA + IB + IC)

= R, (V—A+V—B+E) ________ (10.6)
Ry Rp Rc

¢n ot 5nR, = Ry = Re = Ry
VO - _(VA + VB + Vc) vvvvvvv (107)
_(ndal/Lg“béé})}}qwuf@wuq&ﬁ

— Ry =Ry = Rc = 3R/

V, = %(VA Ve +Vo) (10.8)
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Vi —_.3— =
i ot -

Sourcsthips: ecstudiosystms.com/discover/textbooks/basic-slectronics/operaional-amplifers summing-amplifer
JSusAe(10.0)F
L/J/(P}J/L/)’Dﬁﬁg‘)j)Lu:ﬁ:ﬂj”uﬁ{,u’ug_%t'/(rg/?/)bLJ!)LUL/()JJ/L/)' .,g!odu’i
Kb /R, = Ry = ZRysiRp = ZRy 2L
Vo=—z(Wa+2Vp+3Vp)  —oeev (10.9)
éJ»:/,.:sTc/w-‘Ly@uJ;DWJWA/VC/,l+ﬂ;uJ;%; WA/VBL(Tut#JL/,t

-c‘-bf}’(weighted)a,&" s K@"J,, 4

(Integrator of OP AMP)D}{J;“K/’TJ)?’ ULf 10.6
“Lm_‘g“ﬁjﬁa,@u/:@uu“%uﬁ/j-‘Lfguﬁﬁﬂf“éfu,?¢f.{|u:10.5d¢
LVi/R _‘Lblgglz@/u’l/b/dbL/fLR-‘Lt‘n‘/v(ground potential)o}(f}/l @'U”;’/,:uu”,;:uﬁ

—e L AU mc‘_md,wiév s G L E

-Q Idt
1
— _R_CfVidt _________ (10.10)
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Input » MW—# .
R1 —— « Output

Sourcelhttps:/ / circuitdigest.com/ tutorial/ op-amp-integrator-circuit-working-construction-applications

X i (10.5)F

-G e PP I o oo bl P G UTRC = TF iz
et Ut L UF Sud Dz e S e et U5 e

_‘Lt'lgy/ AU Vq¢575u1295 pbe S e L] C“J ,,_b,;u;g;;/ J»”{"Jl;fl
V, = — % ........ (10.11)

I 4z(Ramp voltage)@? w Ll e tndg(Linearly)4/k&’ AL G 1l
Triangular Vo JL.) V“L/I < 1l 19 }"L(Square wave)ls d Va v{i(input)da.; K] /l - o)

-g)’? (Wave

(Op Amp Differentiator)o%ﬁ/ J /J g/f ujf.' Jf 10.7

WSS 37 L Suhd Seut10.68

-

-~
¢

R
c
J .in ._l |'

V out

Source:https://electronics.stackexchange.com/questions/474 101 /stabi]ity—of—differentiator—circuit

iS55 AE (10.6)F
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g/;wc)m,@dué./}fcﬁjgv_b/n/wUwlfs,bji¢xy+yﬁjﬁz_“db¢/4_/4};uﬁ/f

KL
[=c%% (10.12)
dt
_+b@y/ﬂng/If;/leétjg
_ %
Iy =2
-Knﬁuu:"u};v‘&m—lf =1,/Uz%
Vo=—RI=RCZE (10.13)

_‘at’nqt;é:(differential)L/qL@J»a:u@d»a:u!

(Solved Examples)dg C’*‘M?‘Ja 10.8

ldlf"‘o}g)’
u,,?,:(Parameters)/“:li’»(,J“”d/ju;f'l5/’5.{!
Gain = 10,000
V, = 4mV
CMRR = 10,000
JEEmoDls § ol AE s ol el L e s SCMRR_ZE o’ g PONS 11104
?‘Ldlgn‘
W
Ac =0.CMRR = a
V, = 10,000 (6mV —4ml)
= 10,000 X 2 X 1073 = 20 volts.

A Vi+V- Lo
Vo=As(V1 = V) + CM;R B ( 12 2) A
= 10,000 X 2 X 1073 + (:i*) x 1073
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=20V +5x 1073V
= 20.005V

lbjufé‘wu= 5mV

ZJ@‘o}Jp
,: L /AWWK,MU’MQ;Q_/M/JVJ#JJduﬁu‘(lo 2)&’

(:»\

e S 1A Unity)
I =
= —— AN
@ —N\NN\
Vin i.,—— V»V.—?ut
_Voutr _ _ R¥f
A= Vi Rin

Source:https://www.galvinpower.org/what-op—amp-circuit—conﬁguration—is—this/

(10.6).F

_gn@ﬂ)b"{,b‘wlul{{,_c‘,“ /l/"ﬁc,:'ml/?ubdjlffl00#48,{@!6}'(} 1 0.6%

W

Vo ==LV, = =22 x 10 = —10volts

Lﬁéf,féﬁ,%u”é—lovv{u‘_100,00J1;7':fwwuggJké&ifwéu}’
-LLCJ:@Q&Z/}JIJ/&"&%L‘}?L{!K@Ju.{luyALU3/¢{,uw;}»i£

Ve 10V
Vs = Ao 100,000 100uv




— (Virtual ground) 24 {1E 13 7 LU 6100V

(Learning Outcomes)é L"«dLS‘/i 10.9

Ckiy Jushd et Qe § o F L L6k Jr18(Virtual equality) 6 o
e bl U b L I3 P e sl JE LT

(Ke:ywords)k’w'Lf):;K 10.10

¢,§T.:,,;/,!y,l3»¢/,ul,d,§wg J@dﬁ&;}u&fﬁ//w}!%Juu.{!:(op Amp)/g))f'luu .
-‘a&.noﬂu’»q

f’?lﬂJﬁileﬁiigi(Open—100p gain)f’f.ld/kg .

u@é&{?%]ﬂg}l Ju’i:lef!J/ﬁu;fl/?u)'&.J(ﬁequencies)u»ﬂr(Band width)&ﬂjg,d/&, .
_‘43;40?'”/;14125;/@»1/

—eB 2yl q&iTi(device)LTL&( /&1 }Jﬂ.{lt(Output Impedance)=rslelge ®

_&mﬂ) / /?éd ;»/_‘v,&ﬁu( J> .if Vd _{! :(Constant current source)G’L K}/Ja}‘ u

K@/V-‘Lt‘lgu’ K0 L(package)@‘/ ls,,wl;/ gL Ve J"( —{i:(Integrated circuit)e /u&f =
et xS engrave)s s /?;}? Lu@»u,{;éuﬁf@nuﬁ; s ;»-)u"df":/ A

(Model Examination Questions) < U/l (}G“J}"; 10.11

(Objective Answer Type Questions) @U'/Jbéc«@'ﬁdz)/" 10.11.1
e L7kl 1
?LLt‘ly.Lle.?‘“!inverting/ Op—ampsug,?l/u[ 2
?@Lnd%ig/wiui/’%{uﬁm 3
?c‘_Cﬂth;ﬂfuﬁ/’u:g{wMJf)’Vu/ .

?4‘-_,,/5.[{({ L//inverting;’/ op—amps .5

~
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?ujy/pyr‘} d/ Inverting amplifiers .6

fe &JKJ;L,’:U’JIHVCI’til’lg amplifiers .7
B 2, .
?‘Llﬁ'}’iu:cfu f@%l&éTUﬁj%!v@Jﬂ .8

\PRUCF PP NN 119373 P 15T R

?‘Lt'lg&fdl.’“p'éj_ Z:L/(inverting and non inverting/f/@%i—.’d!ﬁ‘aiﬂL/c)/. 10
e w1 L e 11

e L e reka L 12

(Short Answer Type Questions)c«ﬂl/Jch«Uﬁ/‘? 10.11.2
?‘4t“/JUbMJu,u“LgCuJG@w» 1
?‘Ld/'y/uynéa:ul?M:,;IJ'%/'E’.L;U‘&IJ{V 2

¢ L OWIE 1 sl U3 /Op Amp{l .

(98]

~

St Ur16 1deal Op Amps .

(Long Answer Type Questions)a«ﬂ’r‘JbL:«U}?J}b 10.11.3

?u}g&yr‘;d/gjl/ﬂ‘agOp Amp.{i 1
?wgyffdgud/op Amps .2

?44,?/((41/31(4‘,g//%{ﬂ!}£1/§ 3
?QV/rgd“/d/}lccb,g//@;ﬁué’ujl 4

(Unsolved Questions) @U'/u}”dpﬁ} 10.11.4
V, =V, =8mV; ,Gain = 20,0000z (Parameters) s8> §SUsA3 & i 1
CMRR = 30,000 6mV
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(Suggested Learning Resources))'}”qmt’)/’/“f 10.12

1. Digital Electronics Book by R P Jain

2. Digital Logic and Computer Design Book by Morris Mano

3. Digital Electronics Book by Morris Mano

4. Digital Circuits and design Book by Salivahanan

5. Fundamentals of Digital Circuits Book by A Anand Kumar

6. Digital Electronics Book by Salivahanan

7. “Introduction to Instrumentation and Measurements” by Robert B. Northrop
8. “Instrumentation Reference Book™ by Walt Boyes (Editor)

9. "Basic Electronics digital and Microprocessor Manua" by S K Gupta
10."Basic Electronics' by K UmaRao and M A lbrar Jahan
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(Cathode Ray Oscilloscope)

1712 L
ot 11.0
yvdvZ 11.1
u;'ﬁucwﬂ o112
2t SCRT 11.3
Iy 2 L crO 11.4
Az f 11.5
QLT 11.6
SEISLE 11.7
Ul O ox” 11.8

clrJelalizFs>” 1181
el Sl ez 2 11.8.2
eWrJeleln b 11.8.3
-1 11.8.4
;inLfm/’/j" 11.9
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(Introduction)/gf? 11.0

PRIy uﬁy“}’/gé@/ujdﬁun&,jfﬁnﬂ}%ﬂﬂ}?tﬂ?ﬁkfgﬁﬂ
C‘J 3 debac )1 L CRO- b bt « L Oscilloscope s bl CROT A7 e o7 S
(s f 288 1S procseackdei B SUsdn P bidy e S e o 1SS
caiF el be LUt SR s b c oI L8 S Bt el Sy
S JCROL LS S e d Gk j S b Fed

(Objectives)4#l» 11.1

:(«u.‘fé(lu’l

LSS SUECROLT
Ly elourBd i L RO
Ly S e Lo i L CrO
Ly Sesla ,»b/zim/,iub.d/ CRO
LySeob§ b L SFPaletmid Fal b Zusy
Ly PedG et s Lo

(Cathodes Ray Oscilloscom)b’)’ﬁ’C@f}gﬁf}akrjﬁ{) 11.2

e FGE e TS A o e ST U o2 305 o e T 38

AT e L“nJL»Wu‘fiL(KL dﬁ/w‘j”‘”@jlyjm 0F 22 L S Jf’mg/‘;/@é_@

G s gte e (P b e 15 L i e Jr i F S o6 P S i 2 £ K
e Py L L Febest 2

LL/(J}J//,.?;/?U:/G!%)/ﬁ/}iw"g%@/l}ad/a/ﬁafﬂ.{’ ut}?;u:.;}/’khg

/,qﬁ u:.,méd‘ééf,_‘gf}u?(:' AU e 1 9T L i biyd
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fuﬁfugzz-‘gﬁﬁlgglzéé’;/ﬂ/vmLJ@@/,b{tJ&%/uii}?n;';jr/ﬁ/d/uu}?t
S LCROL L3 Sonents 21 JE i s Sl CRO- 3 g s L6 sl U F
e LB T LT it S e 8 Pt S s e S5
L2 ol e\ & T RS 8 ad b LSO AR 5 2k
el St el e e i A CROZ I o b 6
e (E b P CROGE e 29

(CRO Front Panel)

ALy P Sr e J L CROUME L1111 A F

e Ve FFS P LI P L 1D ASESLT

i i
:

H - ]
I HE SN T S S e
E
-

li:

Schematic diagram of front panel of typical general purpose CRO

(11.DF
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Table 11.1 Control on CRO Front Panel

No. Control Function

1. Power Turns main power on / oft

2. x5 When pressed gives five times magnification of the
signal.

3. XY It cuts off the time base fed to the horizontal plates when
pressed and allows access to the horizontal signal
fed through CH-II. It is used for X-Y display.

4. CH-1/CH- It selects and triggers CH-I when it is out. On pressing

1/ Trig 1/ it select and triggers CH-1I
Trigll
5. Mono / Dual A switch to elect the single / dual beam operation.
6. All/ Chop / It selects alternate or chopped mode in Dual trace
Add operation. If “Add” is selected, it enables addition
or subtraction of signals on two channels.

7. Time / Div It selects time base speeds.

8. Auto / Norm AUTO mode enables trace when no signals I fed at the
trigger input. In NORM position, the trigger level
can be varied using LEVEL control.

9. LEVEL It allows setting of the trigger leel between peak to peak
amplitude of the input signal.

10. TRIG IN A socket that is use to feed external trigger signal in

EXT mode.
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11. EXT Switch that allows External triggering signal to be fed
from the socket marked TRIG IN.

12. X-Pos This knob controls the horizontal position of the beam
trace.

13. VAR Controls the time base speed in between two steps of
TIME / DIV switch.

14. +/- This switch selects the slope of triggering.

15. INV CH.II This switch when pressed inverts the signal at CH.II.

16. INTENS It controls the trace brighteness.

17. FOCUS It Controls the sharpness of the trace.

18. DC/AC/GND Coupling Switch for each channel to choose AC or DC
or groun.

19. CH-1(Y) and BNC Connectors serve as Y-Input connection for CH-

CH-11(X) I and CH-II. CH-II input connector also serves as

Horizontal external signal on using X-Y control.

20. Volts / Div. A switch to select the vertical sensitivity of each
channel.

21. Y-PosIandII These controls are provided for vertical deflection of

trace for each channel.

.’,}5“)57 _Zufujgﬁw?(mbuw/ CROM L S_nt e Jb Z P s & L CRO

_ﬁ;t’ﬁf)/ru;‘pdj,?/ﬂ
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Blook Diagram of Cathods Bay Oecilloscope (GCRO)

Source:httpsl/ / electronicspost‘com/ cathode-ray—oscilloscope-cro/

(11.2)F
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(Cathodes Ray Tube)sl: J CRT 11.3

o S U113 A S ez L CRT

7I;___I;ll_.. = ll-' R = Flucircscand screen
temer | / q i\\

)
[mdhcuda FElecirmm

[T r .
Foevsmigy coil

Source:https:/ / en,wikipedia.org/ wiki/ Cathode-ray_tube
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(U L g2 e S5 T Aesss T
S e el S & s F Ut O Aesss 2
B LS UEIC Fesssd L S PwWM 3

(Long Answer Type Questions)Ulv b Ll f#£12.9.3
S s P bn Lt e S o os S Ll S KL 50T Aesss Ty
U A B St L s S Timer 10555 £ /KUt v Astable T 2
Ll 2 )8 pLnZ ST Asss T 3
Ce el S nds F Ut T Atsss 4
_Q/uy.:.g/ﬁ_/dwlc/e’sss“iLL&J’CPWM 5
S UKo st s 0T 4555 6
LS e T /ESSS%LLQ}.}Z%{Q/AMD:VVQ?TI U T
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(Unsolved Questions) :«Ulr‘oﬁfﬁ‘:’ 12.9.4
2ot ST Z $ 80U L1555 s S ece gt & G aols LIS s LK 555 1
_Q/(F/ulé.gul_,z?;/

(Suggested Learning Resources))’/(}mv)/(’/“f 12.10

1. Digital Electronics Book by R P Jain

2. Digital Logic and Computer Design Book by Morris Mano

3. Digita Electronics Book by Morris Mano

4. Digital Circuits and design Book by Salivahanan

5. Fundamentals of Digital Circuits Book by A Anand Kumar

6. Digital Electronics Book by Salivahanan

7. “Introduction to Instrumentation and Measurements” by Robert B. Northrop
8. “Instrumentation Reference Book™ by Walt Boyes (Editor)

9. "Basic Electronics digital and Microprocessor Manua" by S K Gupta
10."Basic Electronics' by K UmaRao and M A lbrar Jahan
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VG}GJMMM;{'@W-B@K!

(Number Systems and Boolean Algebra)

171 2 3k
e 13.0
gtz 13.1
e 13.2
d xSl 13.3
e 13.4
3738 13.5
S #1336 13.6
Sl f 13.7
g 13.8
SIS AE 13.9
Ui Q1 <sf 13.10

2lrJel ez > 13.10.1
elrJol bz A 13102
elrJelelzdd  13.103

=Urif £ 13104
PRIV ET 4 13.11
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(Introduction)/gf? 13.0

/ﬁm}/}”dw'wﬁtu"&'éu@é’ Le?i/%;,mﬁ@'ﬂﬁ, i S Ay
;WLJA/';KVUMK/” u’uu;wﬁ/niumﬂ]uw_m B elo S pUb e
T I I N
i Ut AT LS ae 1901 A1 et 27 6 a f L e bbb o it S U Ui 1
b & S8 ATE s £ 3B o) S E g ld L B sy 2
LL{J/J:%&&W%,«;MU}JJ!:L/'/.Z}'uﬁi/,%lLd}f/&!jt‘dﬁiﬁiédkﬁﬁlﬁ”&&i
u#ué"uﬁu::ﬁé’u-(q/@)/u/‘”;g»j)‘aﬁuny,t/,-%tKu}rf

AL It N E S Ve i g 36t Z S e v et 3181930
LJ_/Jiyjmé./,f,’(ﬂ/;éusdﬁf(«_ytéiumw F 5 i :‘LCJ:/fU/u)ﬂuL
LI UGy u%/gngg/d);jutc%ngid*?.-y/.;’/wﬁ/étVéjy/?/) Py
L//i/?ﬂ/éuuﬁg/wuﬁag}gfj}’iﬂJ/};Jg-yﬁwg/)Lu}uuﬁw/ﬁ»ﬁ;ﬂff;f
K/"Guijy -ujLnJL»“wuL;,L;/».,{i}/;"u/,—?uut',g"m";/écbﬁfr”@)w:‘gaﬂﬁﬁ%u{
{yééﬁ/ ~ (VLSD (W’/,Lg,z_zo%-c‘-,l?d;gvguthséf /,Quffff[ 362y
AL LGB 1 5F 2 L SN 1§ o G EB Ay 129529 rpsil 2
< bl (BDD) 1. s 3§ ALGAT

(Objectives)4#» 13.1

:(”»J“L%u’l
ZQ %/L(Uw%!xidb»!Demmald/
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(Binary System)” U?Jél: 13.2

AUABSH U Qo8 b e erlo L1 et 6 Usi i 2 3 L P8 St
_/wj’gérméwfmé’_Lz’./ﬂw/u::’w‘aélga2<;9&f;>.-ugz_/g)wwu9L~o(5ﬂc,mw
e U LT A Stk e Fiys A L o AL Qo 21 4y rn
L3 £910°,10', 1006 e s L U35 S 104 #5100, 10, 1052 SUse 15 8 JEs
SR PSS =S g p

1234 = (1 x 103) + (2 x 10%) + (3 x 10Y) + 4(10°)

uf.'(lk' Z:;wtél'f-‘a&flbfécjénﬁmkd/u’)(w/; K-:f'lgufg/;l‘aul/l 10/:(;/:)}5&1@

515 Ut (B 1t e e Eoits) Ut L0 ws- Ut & S8 sl0 e e 32 A (DU

] ),K&’f u:ﬂk'](fi #2722 20 B e bl b = U 22 Ao s U

L(High) 4be g s TEIOST s OneT (o S LTS AL S ey s § i e b 5

G £ & ot JB G i el S eyl e bl e (DS o bs(Low)e
-4.@;/01;L/Jizf¢)//a>u;d/&w&n

SES100468 2 - ol 2 S+ 5va (G DL} L3 02 P £ Ui

LU AU

1010 = 1x 234+ 0x 22 +1x 21 + 0 x 2°
8+0+2+0=10 (L 2#1)

(Number Conversion)(,{ & Saiul 13.3

_zf{a"/u);b»d}’nu”fs/?u?rlz»/;é’_zia’_/dj,«;uﬁd/“d;b»zim,ﬂﬁétf.,{l

110001 =1x2°54+1x2*4+0x23+0x21 +1x2° o

=32+16+1=49
10101 =1x22+0x2'+1x2°4+0x2" 1 +1x27?
=4+1+1/4=525
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Ju redé s
el S b ie 2w F AL Sk LD LIS FE L

b b 36 s S U s & 812 29 (Remaindenr) - #ed_1s & 3y e ss”
é€£J’/LM7/W3 1 /,:ub édt‘f-u,?%"’:.’g/’w; e r33(Double — Dabble)d?fdff/u’!‘a
IR

31 + 2 = 5 with aremainder 1

15 + 2 = 7 with a remainder 1

7 + 2 = 3 with a remainder 1

3 + 2 = 1 with aremainder 1

1 + 2 = 0 with aremainder 1

T et rdsb$E63 14

sirled Wome oz fpb G i 2 L L5 St (LIS F L
_/.:ubLJU’*‘_‘Lb‘nd’élad}l:fé@(u’uvéuﬁyf}'forwardgf}jVLd/wfdjla_é&]
0.375 x 2 = 0.75 O
0.75 x 2 = 1.50 0
0.50 x 2 = 1.00 0
e bx11111.0116-3E¥ 0.375

(Binary Addition)Z ¢ 13.4

uﬁﬁ/z’&ﬂfgﬂ;’gbd“bb’/}//}’wz_//g:{ﬁjgﬂfzuﬁgJC‘LJ;‘Vka/&/&‘dﬂkj‘gc
Gretnl o LUT 3432 S S U e TG SE 2L

0+0=0
0+1=1
1+0=1
1+1=10
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St e blotn 10, B0 S e b L2, 1E1UEAB S 2 e S 7
e bW L USRI 0 1 05y
LG wléd s A
11
141 = Sum0 + Carry 1§+ +11

110
UM 14150+ S L1 2L (et 2P Ve A Uiz
GG S

(1+1+1=Suml1+Carry D{1+1+15 1+ b1

(Binary Subtraction)&i /’; L;U: 13.5
-wé(Borrow)’Q/wu;/u:»"fubgc,HKzieﬁJgén-w&/@)ﬁ/&#(ﬁ&@ﬁ (a

1101 (13) b ZJE
-1010 (-10)
0011 3

One’s)JKz%Kgéu.@/g.QiLL/uvT/JfLer,J/ bﬁ}(l
Ones KlOlO-(a)-ujLnC;;C/Jl(’5112_/@}3’/1010;1 101 -éat‘lkﬂcomﬂement
Ones ComplementKIOIOl&uédiuf I/O(V"/}lu.fO/l (Uf',’/‘ab‘lgd(@)u’l,:_fb,Complement

0101€5
10/0101&#'nt/&'ﬂfcuffég'uﬁ)ﬁu’l:’/COmplement Onesaﬁgybca (b
0101
+1101
10010
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2N EG RS e E b oAUy Letinien Zb N
J:J’”la
0010 0010
+0001

o011 (3)
Jibjltat'yzc‘?b./lﬁ;"é_ng(EAC)f!‘LL"M/(end around carry)‘a.lf@(ccg’ﬁflau
_‘af,,lﬁ?nlluﬁ;
G L8 oSl tSIF <10100 11017 S PP S
1010

+0010

1100

LLJ.?}EACJ/J/U:?:‘Lt‘ﬁJIlp?lﬁ/?J}LOO1 1(3)@4/’40nes complement(l 100/
_+Cﬁ@g;(gu¢Qﬁ/,tZfdﬂfh,;}ud‘/ﬂm /,uvﬁélf_‘adé'_,m;m%

(BCD)(Binary Coded Decima( & 152U/ 3¢ 136
el g b4 S OEBCD et b Ut B FI e LS fid Lo
J;L,»thiwémééag;fa,mﬁémg/“u:s’/m%vﬁ&&vf,u:fé&gut,md/“

et bt i S
/.:/)’LJC‘*
$

3 8 -t b XBCD

0011 1000
e Grren AU 2 e Fre bl 16 £ £100110538 25/ 0E
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(Solved Examples)‘jg Eoos2 F 13.7
1Jé0 sz f

SO L8 o Sl ploa b3 P < 101041101
:f

1010
+0010

1100

LLU-J.?}EACJ/IUXHLL‘%JIL;.,J;?/?/?LOO1 1(3)@4440nes complement(l 100/
_+Cﬁ@g;(tgf.»;Q)fmzj’-dﬂf?;}ud‘/ﬂm /,ub,/élf_‘ad”,mém

Z‘Jlf’o}g)’

10:’/0101G*%L‘/Jﬁfcuﬁgﬁé?fuﬁ)ﬁu’l:’/Complement Oneseé fbea
S

+1101

10010

(Learning Outcomes)écf dtffi 13.8

Jt&l/u)ﬂuLuﬁ&tﬁ@ﬂuwdﬂ!méﬁ‘aﬁﬁlg“ J,fﬁf/,éummmd/“;ﬁml&f .
_La(}lad/LyZL/

(Keywords)5WI$ );K 13.9

_LLJL'?J/;U:’c:/ﬂ&b{l/i/}f/;‘gt'//;w;(w/lﬁfﬁbgﬁfbg(@d;ﬁvg:rlﬁél; .
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GAUhs 8 Z w6 L2 6 2 L5 S i Do Zuiow$E g w Sowt

(Model Examination Questions) < Ul 3 dt?',&)"; 13.10

(Objective Answer Type Questions) Ui+ b bl 2(s2* 13.10.1
_Q/yuad/&&)‘d/@ .1
?‘g;i/gc;);’/ﬁf 2
e A3
IS S AEFIT368 4
bl AALE s
-‘LCJ:Lgl[ Jl;»"wm;%uuijz 6
e Sty 7
et b e £

oo

(Short Answer Type Questions)c«ﬂl/Jl‘:Lc«Uﬁ/g 13.10.2

94‘,&-’?&// N
PRUTSYNEN fu o
-q/@ﬂjvéu»gu(w/(wd/ﬁ“/ 3

10(245)-10(348); S SLBCD 441 >} 3G .4
_Q/ufgj/dj‘/@u//;wLU}/,/U’»’!J}@A .5
0.6875(3)10.625(2)25.5(1)

(Long Answer Type Questions):«UU"JbL&UﬁJ}b 13.10.3
LI T A L Lk e S
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(Unsolved Questions) :«U!mﬁd"j 13.10.4
S S TI4057.068 1
S AL 3789310 2

(Suggested Learning Resources) )'/dmo)/'/“f 13.11

1. Digital Electronics Book by R P Jain

2. Digital Logic and Computer Design Book by Morris Mano

3. Digita Electronics Book by Morris Mano

4. Digita Circuits and design Book by Salivahanan

5. Fundamentals of Digital Circuits Book by A Anand Kumar

6. Digital Electronics Book by Salivahanan

7. “Introduction to Instrumentation and Measurements” by Robert B. Northrop
8. “Instrumentation Reference Book™ by Walt Boyes (Editor)

9. "Basic Electronics digital and Microprocessor Manual" by S K Gupta
10."Basic Electronics' by K UmaRao and M A lbrar Jahan
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(Logic Gates)

23
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3

3

gz

A3
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Henif

g

gwg/
S

el Jel iz
aU!yJ’bLaglﬁﬁg
erJe ez b
=i f #
PRV ET 4
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14.0
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(Introduction)/gf? 14.0

bl AU Ak L1 22T Lee top? VAP Aae ST g0
WS e F e Mok i@ 8 LU e OOl e bk e p ST A US 2
UG e (8 s KT8 et 5T s Vsl 39 31 oy b £ i
Ku;/*flfgusgifLu,L/(K4/kLéy&}?t.@/wgﬁ_mﬂ’f.@u_ op-amps)e- L &G
Tzt (Gt GBS P 3T MOSFETs (UF G Sl —et S e
S Eulgbedr I B T e G PPy ol WP Y- By,
e Pl e nd S g ok B &/
FA L gitie P CeVnd 28 b o o2 b1 Y gy
J‘f/Ju_wé@éugjvéyufzzfg//,fZ/ﬁ(&‘gg,wm:%&‘wwJﬁu@ﬁt
P& 3Ly PSS Ee T 86t 2 (ALUS) O 3 P 2 A G
OR-AND-Invert s/ AND-OR-Invert (AOI) Jﬁf LI LIL -ujénﬂ Gl R 100U
L it P12 S e nd S JeEMOSFETs £+ b & Je1 Ut Aset - FI0AD
ce Qi T e i

~UAND or N And NOTy 22 TaUs G- el £ 1s10(Variables)Us 2515~ &2 (U

(Objectives) 49+ 14.1

:J/‘L@Z/o&w}d/a@gﬂufégid
LSSl e I Notustor AndlE T3 Gol
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(Boolean Algebra)'/’é’él«u 14.2

dus wé}u}wuc’_w U2 Ui £ 2 J(uwl/Lch/wuu‘m/w
JEU6 1L Lesplbra 73 S £ (ORMAND NOT) 2T sl s 2 G612

-«
Gl (F 14002 F K DS QW T e L1008 50003 2 42 (s
SV S VAN,
(BLIAEL U Z*)AND
(BXA)A.B
+ LU A7 OR
BorA A+B
(Bar) 7 (1 131 £ #*NegativeltNOT
st S LU Aot L6 A Complimen)&E LA, ALtA
NOT AND OR
0=1 0.0=0 0+0=0 £ T
1=0 1.0 =0 0+1=1
0.1=0 140=1
1.1=1 1+1=1

(Logic Gates)u*‘{.'g}J 14.3

u"urﬁ/sg«.Lawmwﬂ/&%,_wz_Mu’fJﬁm;u&;;ﬂ LirzspE1 Sy

i} LB wlik LowedsHigh (P utdsud s 2 0B st vt Lo Z /U 2t
e ik B 1 9 (S M08V et S LB 1 0450 L 2 AC e T80 4k
Ve e LU S Luiea tol b e e fided roe bbbz /Ul g
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q/@i/?f;/%gfu}fd;g:ﬁgLLL“//;w/_guTLJ“i Luf@b i E Ut e bl

L

:.*,!AND (1

LStr e LSt SN SNV SE S LL T KL oS e S rml
b"«fl’bj‘ﬁyz1B/}iA,?.‘LL”n'/;wuf:«/ﬂdi..}/a:&ﬁl’f‘ct'ﬂ%,be(&lw’d},«g-‘aﬂfwﬁjv

Inputs

Output

Y

@D

e}

o}

lelo|lo| >

F|OIF|O|®

1

JANDUI:%UI»:I 4.1 Jﬁ

W

P J;Jy(c)ww(b)&(/(a)

Erleg

-

A.B

w1 i/uq}JB/}lALG; q,ulu!»-cb-la:/’/(Ground)g/!/g/;l/r_LnOqu 1

J‘la;*/..,&ﬁ.:,? KSVL,y;JJ!&/fuﬁ}u(}"/.gfaail/lﬂujL@TuﬁuL&’Jﬁ”u’ﬁ&lﬁu]uL
J‘Lpo_a;.:ﬁm‘L[}/fu:,uﬁ»&jLuuwui'%?no_gul,{O/Kutuuﬁé15_,@"3%‘Lm
-unl‘ffu%ul(ﬁf.,,etat‘ﬁla:_bﬁféngd‘at‘n

:2JOR (2

(14.2)%/:3wdwﬂluwu@iﬂézﬁ@f/@/,LJORuvfuétﬁuvu{l,JOR
Sz bday a,uu{tuf(ﬁv)li’ uéﬂﬁ+tn0¢4¢,7 SUnL0UIsc e UL
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uu-?nlug;_g:m’u‘fgunla,uiui»fld/n15J)G%9bn5vq¢su/;l‘¢t“n04dwu‘«_5»
_un;de:uﬂrl}ffy%‘Lt‘n 1 :x:daﬂ,)/é/)gd_‘aﬂw/;ufc}!ﬂdﬁyféfi

Inputs Output

A A B Y=A+B
' OR Y=A+B 0 0 0
B 0] 1 1
1 0 1
1 1 1

Sou.rce:https:/ / www.cod.ingninjas.com/ studio/ library/ logic-gates—circuits

2JORE:d15:(14.2)
e (et -(b)e S 7 (a)
<INOT (3

S INOT 1t Minverd 5 S FE ot SUsdl 5120 ol fl st 2 /NOT
T LIl regufl e LU 14.3}’“/&WL)5W51;/Mil;:f/&ﬂ_%t"/ﬂzi
LA 0GP i T et o pogend Linie
Ul e bsk g dTE 1 £ c bl & NOTS Uiostl bl S o2 e b1 0ep e 5T ey

et SR e e F 5 (Not high)ss b,

nputs | Output
| ;
0 1
Input A O output s 0
0= A
Symbol Truth table

Source:https://www.elprocus.com/basic—logic—gates—with—truth—tables/

2NoT:(14.3) F
=342 Jug-(b)‘o.:/w—(a)
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<INAND (4
Ui & £ LAND sI(NOT AND = NAND) (5> < {2162/ NOT #IAND 4 2. NAND
e e U e e LI 21448 N1 P P beiias w1z sl S i
_Unlaglti S e balagesT e Uy

Two Input NAND gate

ac 8 Y=AB NAND
a4

0 0 1 A Z D 3 Yy=AB B
g2 ol

0 1 1

1 0 1

1 1 0

Source:https:/ / theorycircuit.com/ basic—logic-gates-truth-table/ nand-gate-truth-table/

S INAND:(14.4)F
& ae s (el (b) ST oS 7 (a)
2JNOR (5
Lol Lod et/ F gd L LINOR M e INOT S esuim -2 NOR
ORI EINOR LI e btk g e AT kB2 A LGS 145 31ar Urig ol il
u(éﬁ/,:u;f‘figumdf ,g./ﬁuﬁ&%u’l_n(lnvertor)ju’:g"Vglm"v&ulfge‘alj:lggﬁw&
_u;thgéJL&td’f u%uu’ug;»u:m;ié,/mgg ‘L(ff

) o) >

OR NOT NOR
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Input Output
A B Y
0 0 1
0 1 0
1 0 0
= 1 0

2NOR:(14.5)f*
o Joio (e tho(b)e SE LS (a)

(Solved Exarnples)ut} C’oﬁf 14.4

12 f
St L INANDSEX-OR
:f
-ug&ﬁuﬁ?iﬁb,; 42811297 U 1o § 2 INANDSIEX-OR

Z=AGHB
A - A - AB A o—o z=XH
E) OUTFUT 8 o— OUTPUT

Exclusive-OR NAND Gate Symbol

Gate Symbol
(14.6)F

(Learning Outcomes)ét«'dm 14.5

e’:dt&t‘f{/u{l;fiéLdu,/Lf'demJ&wuﬁuéyzwLny40/,llﬁ&Jy£ o
b
B e ) AL besef Juidyy e
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u/}.uéyy,_ugj&/u/étngél;uu_gﬁafu)ﬂ¢Lu}dﬂbﬁélﬁé_dz@/t?uuuﬂ/zﬁug o
JBSE L Lespfta 1730 S Lo (ORMANDNOTIY g Tustus 2506

-
S (F 14002 FHH DS Qs & n 100 S22 42 (s o
g T

(Keywords)gw'(,513K 14.6

<t S F UKL L INORANOT S e /NOR
#I(NOT AND = NAND)($>< LI NOT 5 AND .:/NAND =
‘LV//(Invert)gf)g"/ﬁ%cji/ﬁu}?l/'ﬂ/bﬂUé/up!)vg!:JNOT u

(Model Examination Questions) < Ul 3 S ¥ 14.7

(Objective Answer Type Questions) c«Ul/leic«Ql}?d}}/" 14.7.1
"44-&’2’:f/f)’y 1
?4‘,917;?@*3!. 2
Vug.lf(/b‘d)yég}b/ 3
?‘L.L,-(Truth table .4
S e el s
?ugggateséyﬂél& .6
Ceers? S NORSINAND 7
e bl U e g S CINAND L e 8
e bl 2o STELSAND F L L CsleBeAei il .9
Ve Slogic. 10
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(Short Answer Type Questions)c«ﬂ’rdbéa@lﬁ/g 14.7.2
0 ke Y2JOR 1
OSoke el 2
0 Uk YEINAND 3
Sl 2IX-0R 4
€4/ 2IX-NOR .5

(Long Answer Type Questions)@ﬂ'%dbic«@iﬁd? 14.7.3
_ORIAND NOTZ- k.3 F¥5_/ (Kziui/ AL e st L2l el
_NOT NAND (AND (ORZYY" ;:awdwziu‘/ Zé“_;utdﬁ; 2

(Unsolved Questions) G/U‘)’D;’Jaﬁ} 14.7.4
feUiruth tabled L e .1

(Suggested Learning Resources) )U"QMM/’/”}{ 14.8

Digital Electronics Book by R P Jain

Digital Logic and Computer Design Book by Morris Mano

Digital Electronics Book by Morris Mano

Digital Circuits and design Book by Salivahanan

Fundamentals of Digital Circuits Book by A Anand Kumar

Digital Electronics Book by Salivahanan

“Introduction to Instrumentation and Measurements” by Robert B. Northrop

“Instrumentation Reference Book™ by Walt Boyes (Editor)

© © N o ok~ w0 Dd PR

"Basic Electronics digital and Microprocessor Manua™ by SK Gupta
10."Basic Electronics' by K UmaRao and M A Ibrar Jahan
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(Logic Circuits)

23

yed
gz

~ k1

S o8
2JORSLEI(XOR)
/Z/'/,:ugll.

Henif

LA
gw'd/f

SR LR

el oLl 2
;«U!rdbﬁgglﬁ/’?
eWrJeleln b
-1
IRV ET 4
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(Introduction)/gf? 15.0

e sTe [ Fey Uil £ ol ULz sz b A9 flef g
L&”‘-w&cn%@flﬂfﬁfw@;/ugg_{/t“».v?ui,_‘a.f:"Ka'_/fw?"%ul"upg.{l/dﬂl
uﬂu;;354/k(u_i’ $ )mti’ b Ll Sy SNt 39498 Plons U 2N 5l
3,500 ol e PG et 1 ST 23 e Mo ST et S 76 o
;JvKo/gJ/?_u,uu'%Ubff,Gu_%GCn(é Z Je w{é“J,-‘LL“/JW@w”utyJ;Jusf_
3 pE b LuicradoiteTed§ bty ety STE O S EGS A Srurs S
_La/ff (N AN s peo 474 Ju,t‘gdu%ﬁ? el il e

4J3u¢:Kny(_a;ufff’;lz/_jqxJég_ujumqﬁ/v?tL&”‘dﬂ,;}lwi&""‘
=~

Loesl e byl S LeulUIne e bai o il Llale Ut ORUELESIL]
AUF8 2 s oo il T 6o TG i Ui §fl g s S 2 e b0 dT o 1
T

(Objectives)4¢» 15.1
=f+waw}JaEJ'qu§K',
L g/ /S SOR Exclusive) L5 =
Ly S et S N LI St i

(Digital System) #2708 15.2

Lj/;}o/@»/@)@ufuf&l.iﬁ;uﬁ}l‘gt‘lgw/{é_u,//ﬁzﬂ&}d“!LJL»"’!LJ/J)&(:’»
_u:zuﬁ'( Ve _,G}J(sequential)}'!i"‘/;l(combinational logic circuits)J}{ ISR st
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E st o Qb Sz s 2 S U1 S full adden)ssd & JEoni(half adden)s s/ s 3¢
_+r@gu415£f I e Y
wr L Lo e LA F i gl Lo Lo S et 59 S
de_‘at'lgg;d,g/?q&ﬁc;!uﬁgﬁJylﬁ.{U:laat'lggjﬁuﬁ,ﬂM(lﬁicf.£(Operations)JLﬂ
SN LA IY IR VRV V| SN A Py 2 ) L VY- K/‘at'lgg&ilac;/lm.,@’]l?
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(Demorgan’sTheorem),l?‘ﬁJ//rd}’ 15.3
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A+B=AB
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~“A=B,B=0
A=B=0+0=0=1
AB=01=11=1
A+B=AB 14
A+B=0+1=1=0
A=0B=
AB=01=10=0
A+B=1+0=1=0
A=1B=0
AB=01=0



A=1B=1
AB=11=00=0
LU ...““FV“JBJJ’AU%J
A+B=A.B
240
e bl LGS Lk 2Lk
AB=A+B
=
—A=0B=0/
AB=00=0=1
A+B=0+0=1+1=1
A=0B=1
AB=0.1=0=1
A+B=0+1=1+0=1
A=1B=0
AB=10=0=1
A+B=1+0=0+1=1
AB=11=1=0 A=1B=1
A+B=1+1=0+0=0
AB=A+B

(Exclusive)d’«f ORS’LS3I(XOR) 15.4
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_‘Ltfguﬁuﬁ 15.1 d;y/&lﬂd}ylu’l
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Inputs Output
A B A+B
0 0 0
0 1 1
1 0 1
1 1 0

uﬁyél/él/u’l-nB=0ulA=l/;lB=1AiA:O,J/b..&.‘aL"!Z.{ld{.&fffcal:ﬁlglag}c;g);y

L AU
A®B=A4B+ AB
s (5. DS 1 Qe U ¥ $otr st d eI XOR

Nyl
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o

;I

Y=AB+AB=A®B

Fig, XOR gate symbol

Fig. Boolean circuit forXOR gate

Sourcelhttpst/ / Www.toppr.com/ ask/ question / what-do-you-understand-by-the-lo gic—gate—draw—the—symbol—for—xor—gate—and/

2SXOR:(15. 1) F

(Microprocessor) % '/.:)/..C/ L 15.5
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(Solved Examples)(jg t”oﬁ{"f 15.6

12
(X +Y'+ XY)X + YXXY) = 0SS
(S
X+Y'+ XX+ Y)XY)=(X+Y' +XX+Y )X +Y)[A+AB=A +B]
X+Y)XX+YI)XY)[A+A=1]=
X+Y)XY)[AA=1]=
XX +Y' XY=
A.A"=0]]0=

Z‘Jlf"uf’u’
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ABC + ABC' + AB'C + A'BC = AB + AC + BC.S /=it
ABC + ABC' + AB'C + A'BC=AB(C + C") + AB'C + :f
A'BC =AB + AB'C + A'BC
A(B +B'C) + A'BC=
A(B+C)+ A'BC=
AB + AC + A'BC=
B(A +C) + AC=
AB + BC + AC=

AB + AC +BC ...Proved=

(Learning Outcomes)ét«’ dm 15.7
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(Model Examination Questions) < U/ 3 d@"".‘d‘} 15.9

(Objective Answer Type Questions) aU'/leccaL!ﬁfjf” 15.9.1
A AL L AEX - L S KA NAND 1
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(Short Answer Type Questions)e Ul b bl 27 15.9.2
_JS v SALU 1
e ¥ T Multipliers .2
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(Long Answer Type Questions)@ﬂ'/dlyi:«@'ﬁd}b 15.9.3
s f P b ad e nZ S )6 INORS 2t elor? AIS 1S VP 7 1
/S
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(Unsolved Questions) = Uis 52 f £ 15.9.4
Lededr S 1
_JSULIkE= AB + ABLﬁZ_/JW’KJEfJG;jgﬂ'( 2
_uf‘é/truth tabled U1l Ll toded S 3
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(Suggested Learning Resources) )'}"QL:;(‘D)/‘/“}{ 15.10

0.

Digital Electronics Book by R P Jain

Digital Logic and Computer Design Book by Morris Mano

Digital Electronics Book by Morris Mano

Digital Circuits and design Book by Salivahanan

Fundamentals of Digital Circuits Book by A Anand Kumar

Digital Electronics Book by Salivahanan

“Introduction to Instrumentation and Measurements” by Robert B. Northrop
“Instrumentation Reference Book” by Walt Boyes (Editor)

"Basic Electronics digital and Microprocessor Manua" by SK Gupta
"Basic Electronics' by K UmaRao and M A |brar Jahan
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(Application of Logic Circuits)

171 2 3k

e 16.0

gtz 16.1

~JSXOR 16.2

i G i 16.3

G 6 16.4

S f 16.5

g 16.6

SEISLE 16.7

Ul O ox” 16.8
2lrJel ez 16.8.1
clrJeleln A 16.8.2
eWrJelelnd b 16.8.3
- 16.8.4

PRV ET4 16.9
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(Introduction)/gf? 16.0
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(Objectives)4#» 16.1

=f+fd/ww!&fa«ww~"ég'g
EGSNAGT RSN LG L s A3 S Lt Pt iy,
WA NN S A B g I e
ALGAHKSE SomJE §180 A
L %Vﬂdﬁ&ﬁ»l(’f’&ﬁ’d@"lgf@/a«?u;dlﬂm%‘?‘[fl}Kf/}@lélﬁ?4 .

2JIXOR 16.2

leidTre b g e Uhesuiuinare breaasT Ll in e d ORGLESI L

T G e i & L3 TG G A8 n g Udn B o 02 25ToF < b

oS Sen P51 TORES Ut LI e AUt S S —2Untseg sl Sl
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A B Y=ADB
0 0 0
0 1 1
1 0 1
1 1 0

sl §1L A 1 B0 A= LsiB= 1 sIA=0.6 e b3t fipidT S (Folls e oo

Ut L AU
A® B = AB + 4B
AW 16.DF S5 e Jed e nl S ¥ S st S XORS]

B
A
B G o= 3 c
C=A®B

-~
¢

3

fput—— — loput |
C= A®B
— Input
2IXOR(16.2)F

2:«)?

-~ b isT0FnA=B=02 i
Y=AB+AB=0.0+0.B=014+10=04+0=0

~e e s dT 1 wB=1sA=02 i

Y=AB+AB=0.1+0.1=00+11=0+1=1
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—e b2 sT IS wB=0sA=12 i
Y=AB+AB=1.04+1.0=114+00=140=1
—e bnaesT0FnA=B=12 v

Y=AB+AB=1.04+1.1=104+01=04+0=0

(Half Adders)o s3T5 id 16.3

Ly d Lo SE S AN pe o e
0+1=0
0+1=1
1+0=1
1+1=10
LGS A e T s SIS
L3101 £ K10t & LI L TG (e ficn Ly S e, S LG8 Ao
Lu’i_‘LU)J}”/.:/}LJK:iLMZ”JiJ/‘LV@:«JVK&'MJ},?LJXOR-‘LCL(CEI@)J;U
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VWU e Mo e b i a1 Z L1 LI XOR < SAND L]

0 0 1 1
+0 +1 +0 +1
00 01 01 10
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A £ | S C
A ——] e 3 0 0 0 0
et 0 | 1 0
A ! )

b dder S
1 0 1 0
1 1 | 0 1

A——4 _
B

Source:httpsl/ / www‘electronicsengineering.nbcafe.in/ half-adder-and-full-adder-circuit/
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_LL.Q-@(@{JU:J.)'yf“}}rdﬁ,?LDL{XOR-LLV}?JI[?/?%&TLJ
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A B Sum Carry
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

J’Ed:“("&i_/)'LD}{CZJ-‘J“L’&;/C‘i/u}ﬁ}éfﬂ’iy’}})dﬁ uﬁybb“ﬁ}oﬁ{ﬂug
S Ursr e S LT CR AL VG s b o I G i 2 NS E a1 £sesie
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(Full Adders)o[-{ 67‘ J K 16.4
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0 0 0 0 1 1 1 1
+0 +0 +1 +1 +0 +0 +1 +1
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Sourcelhttpst//WWW.electronicsengineering.nbcaf&in/half—adder—and—full—adder—circuit/
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A B C Sum Carry
0 0 0 0 0
1 0 0 1 0
0 1 0 1 0
0 0 1 1 0
1 1 0 0 1
1 0 1 0 1
0 1 1 0 1
1 1 1 1 1

St G SN L LKL pnpstoil G id G I A 52 L s oSS U4

G S -t s P BLsiA el e 2 §osf B o d Lt o Qs ?

G S U1t P Bomia2ur i L L e punCl Pl i uibess
— VLU S LTS 1 bl (Parallel Binary Added)
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iy = [ i s " : T, o .
- - ruii scdidiar L. =1 il Acdidar L ruii Adider o 1 2 el s L
1 3 = 1 | o
— - S — - —— - K — —
l - l‘
3 L] =y i

Source:httpsl/ / Www.javatpoint.com/ binary-adder-in-digital-electronics
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(Unsolved Questions) :«U'rowﬁf/::; 16.8.4
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(Suggested Learning Resources) )'}”Qmo)/'/”f 16.9

1. Digital Electronics Book by R P Jain

2. Digital Logic and Computer Design Book by Morris Mano

3. Digita Electronics Book by Morris Mano

4. Digita Circuits and design Book by Salivahanan

5. Fundamentals of Digital Circuits Book by A Anand Kumar

6. Digital Electronics Book by Salivahanan

7. “Introduction to Instrumentation and Measurements” by Robert B. Northrop
8. “Instrumentation Reference Book” by Walt Boyes (Editor)

9. "Basic Electronics digital and Microprocessor Manua" by S K Gupta
10."Basic Electronics' by K UmaRao and M A lbrar Jahan
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