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B.Sc,, Physics lllYear
Paper - lll- (Electricity; Magnetism and Electronics)

UNIT - I

1. Electrostatics
Gauss law and its appiications, electric fleld due to an:infinite conduciing sheet 0f
chare, uniformly charged sphere and charged cylindrical conductors mechanical force
on a charged conductor, electric potential, potential due to charged spherical
conductor, and electric dipole and an infinite line of charge.

2, Dielectrics
An atomic view, potential energy of a dipole in an eleciric field, polarjzatlon and charge
density, dielectrics and Gauss's law - Relation between D.E and P * Dielectric
constant and suspectibility, Boundary conditions at the dielectric surface.

3. Capacitance
Capacity of concentric spheres and cylindrical condenser, capaciiy or parallel plate
condonser with and without dielectric - electric energy stored by a charged condenser
force between platgs of oondenser, attracted disc elecirometer constriction and
working,

UNIT - II

1, Magnetostatics
Magnetic shall - potential due to rnagnetic shell -field due magnetic shell - equivalent
of electric circuit and magnetic shell - application of field due to magnetio shell -
magnetic induction (B) and field (H) - permeability and susoeptibility - Hysteresis loop

2. Moving charge in electric and magnetic fields
Hall effect, cyclotron, synchrocyclotron and synchrotron - force on a current carrying
eonductor, force and torque on current loop - Biot - Savart's law and calculatjon of B
due to long straight wire, circular a current loop and solenoid.

3. Electromagnetic induction
Farady's law - Lenz's law - expression for lnduced emf - electromotive force - time
varying magnetic fields - Betatran - Ballisiic galvanometer - theory - damplng
correction - self and mutual inductance, coefficieht of coupling, calculation self
inductance of along solenoid - toroid - energy stored in magnet in field principles of
iransformer.

UNIT - III
1. Varying and alternatlng currents
CR circuits, LR circuits, groltth and decay of current6, LCR circuit, critical damping -
alternating current, relation between current and voltage in pure RC and L.Vector
diagrams LCR clrcuit power factor, series and parallel reosnant circuit - Q - Factor.

2. Maxwell's equatlons and electromagnetic wave
A review of basic laws of electricity and magnetism - displacement cuneni - Maxwell's
equations in differential from Maxlvell's wave equation. Plane electromagnetic waves -



Transverse nature of 
_. 
electromagneiic waves, poynting theorem, production of

electromagnetic waves (H ertz expeiiment).

1. semi - conductor devices 
uNlr'- lv

. Band theory_of s.olids (qualitative) - Intrinsic and extrinsic semi conductors - continuity
, : equation - P - N junction dlode, zener diode, Half wave and full wave rectiflers and

filLers,^ripple factor (quantitative) - pNp and NpN transistors. cunent compon"nt cg,cE, :c configurations, transistor .hybrid parameters - determination of hybrid
paranireters ffom transistor characterization - transistor as an amplifier - conceit of. negative feed back and positive feed back and positive feed bick - gai(nausen
condit,on, phase shift oscillator (qualitative)

2. Digital principles

Fil-.ry arithmetic, logic gates using discrete components universal gates - truth tables, half and full adders - De Morgan's theorems - statement and broof.

Reference Books :
1. Physics, Vol . ll
2, Electricity
3. Electronic deMces and circuits
4. Electricity and Electronics
5. Eleciricity and Magnetism
6. Electricity and Magnetism
7. Digital Electronics
8. Eleatrtcity magnetism and Electionics
9. Third YBar Physics Telugu Academi

Halliday and Resnik
. Berketey physics series

Milliman and 1 lalkies
Taya
Brijlal and Subrahmanavam
C.M, Smith
Malvino
K.K. Tewari(R.Chand)

B.Sc. lllrd Year - Paper - tll : Practical Syllabus

1. Carey Foste/s Bridge - Compaijson of resistance
2. Internal resistance ofa cell by potentiometer
3. Figure of merii of a moving coil galvanomet€r
4, Voltage sensitivity of a moving coil galvanometer
5. RC C;rcuit (frequenoy response)
6. LR clrcuit (frequency response)
7. LCR circuit series / parallel resonance, Q-facior .

8. Powerr factor of an A.C. Circuit
9, Determination of ac-frequency - sonometer.
10. Design and construction of multimeter.
11 . Conotruction of a model D.C. power supply
12. Characteristics of a junction diode
13, Charaderistics of fransistor
14. Charaotryistios of Zener diode
15. Veriflcation of Kirchholfs laws.



ACHARYA NAGARJUNA UNIVERSITY
CENTRE T'OR DISTANCE EDUCATION

B.Sc.III yEAR: SYLLABUS

B.Sc,, Physics lll Year
Papei - lll - (Electrlclty, Magn€ti8m and Eloctronics)

(For Mathe Comblnatlon)

UNIT - I :.|. Electrostatlcg
Gauss law and its applications, electric lield due to an inflnite conducling sheet of
chare, uniformly charged sphero and charged oylindrical conductors mechanical
foroe on a charged conductor, electric potential, potentlal due to charged
spherical conduclor, and electric dipole and an infinile line of charge.
2. 0leleotrlce
An atomic view, potonilal energy of a dipole in an electric fiold, polarization and
charg€ density, dielectrica and Gauss's law - Relation botw€en D.E and P -
Dielectric constant and suspectibility, Boundary conditions at the dielectric
sudace.
3. Capacitance
Capaclty of concentric spheres and cylindrical condenser, capacity or parallel
plato condenser with and without dielectric - electric energy stored by a charged
condensei force betwoen plates of condenser, attracted disc electrolieter
constriction and wofking, :

UNIT . II ;L Magnetostatlc3 |
Magngtlc shall - potential due 10 magnetic shell -lield due magnetic aholl -
equivalent of electric circuit and magnetic shell - application of tield dua to
magnetic shell - magnetic induction (B) and field (H) - permeability and
susceptibility -.Hysteresis loop
2, Moving charge ln eleotrlc and magnetic flelds
Hall effect, oyclotron, synchrocyclotron and synchrotron - force on a current
carrying conductor, force and.torque on ourr€nt loop.- Biot - Savart's law and
calculation qt B due to long straight wire, circular a current loop artd sol€noid.
3. Electromagnetic inductlon
Farady's law - L€nz's law - expression tor induced emf - elsctromotive, force -
time varying magnetlo fiolds .- Betatran * Ballistic galvanometor - theory -
damping coreotion - self and mutual inductance, coefficient of cbupling,
caloulation self inductance of along solenoid - toroid - snergy stored inrfnagnet
In field principles of transformer. ll
uNlT - ill
l. Varylng and alternsting curfents
cR ciriuit!, LR clrcults, d'rorrytn ano dscay of curenls, LCR circuit,' critlcal
damping - alternating currant, relation between current and voltage in pure RC
and L-Vector diagrams LCR ckcrrit powor factor, series and parallel reosnanl
circuit - Q - Factor.
2, MaxwEll's €quatlons and €lgctromagnetic wave , .l

A review of basic laws of electiicity and magnetism - displacement cllr|ent -
Maxwell's equations In differential from Maxwell's wave equation. Flane



el6ckomagnotic waveE - Transverse nature of el€ctromagnotic waves, poynting

theorem, production of electromagnetic waves (Hertz experimBnt)
UNIT - IV
1, Semi * conductor devices
Band thoory of solids (qualitative) - Intrinsic and extrinsic 6emi conductors -
continuity oquation'- P - N junction diode, zener diode, Half wave and full wave
rectifiers and filters, ripple factor (quantitallve) - PNP and NPN transistors'
Current @mponents CB, CE, CC configurations, transistor hybrid parameteF -
det€rmination of hybrid parametec trom transistor charact€rizatlon - transislor
as an amplifier -:ooncepl of negalive feed back and positive fe€d back and
positive feed back - Barkhausen conditibn. phase shift oscillator (qualitalive)
2. Digital principles
Binary arithmetic, logic gates using discreto oomponenls universal gates - truth

tablei half and full adders - DE Morgan's theorems -€talement and proof'

Reference Books :

1. Physlcs, Vol . ll
2. Eleclricity
3. Electronic devices and circuits
4, Electricity and Electronics
5, Electricity and Magnetlsm
0. Electricity and Magnotism
7. Digiial Electronios
8. Electricity nagnetiSm and Electronics
9. Third Year Physics T,elugu Academi

Halliday and Resnik
Berketey physics series

. Milliman and 1 lalkies
Taya
Brljlal and Subrahmanavam
C.M. Smith
Malvino
K.K. Tewarl (R.Chand)

B.Sc, lllrd Ysar - Paper * lll

1. Carey Foster's Blidge - Comparision of resistance
2. lnternal resislance of a cell by potentiometer

3, Figure of merit of a moving ccil galvanometer

4. Voltage sensitivity of a moving coil gal'/anometer

5. RC Circuit (frequency response)
6. LR circuit (frequency response)
7. LCR circuit series / parallel resonance, QJactor
8. Power factor of,an A.C. Circuit
9. Determination of ac-frequency - sonometer.
10, Design and construction of multimeter.
11, Construction of a model D C. power suppty
12. Chafacteristics rof a iunction diode
I 3. Chij[ncleririiicu :of Tr arrsisi'-'r
14. Characteriotics,of Zener diods
1 5. Verification of Kirchholf's laws



ACHARYA NAGARJUNA IJNIVERSITY
CENTRT FOR DISTANCE EDUCATION

B,Sc. II YEAR: MODEL QUESTION PAPER

rall lt - rnyatcS

Papor UI * ELEC'TRICIIY, MAGNETISM AND ELECTRONICS

(For Mstlenatics.gtudeuts) .

fims : ThreE hours Msxiruun i 100 ms.kg

PARTA-(2x16r30narks)

Answer aay TWO queationr.

1. Stals and ptove Gauss law iD sleotio8taticr. Derive Coulombs lav frolo Gau$ law,

ed !6t6?! seo6o |l.S 6Ig1n& AOi, adrbo$rsD. rl.5 irruirr sJ;A slilrrod F.rg$)tu o.Dru1r).

2. Dofine D, E and P in dietectrics and get a relation between them. Srplain thc atonic view of
the dlebcttc beSvtogr. 

.

dCFc'd D, E, P obr t$ooo, ir$ $!t Sooocre no$ot. 6{dS giEs bd$r.so {b6{ rnoo$oa,

g. What i8 Hy6t6resis? Hon' hysteresis loop can be obtained? Derive loss of en€rgy in hj€tcr€ri8
loop.

'.rb6tttr oinr$ar? :rSE&s E$bsr 5, odir'h oogiq)6a? :rbOF

6ui6osoe,

4. E plain Biot-savart'd lavi,, Calculate the sagnotir induccion (B) iu6 io long straight wire.

rrdt{-b4 noJrltQf r56o$oa. J6i6 BJ:rFfd oqo .ll{ SoS 56JA .r.uidto6 !6.! (8) sr oDteA,

. PART B - (2 x 16 - 30 marks)

Ans.,i,er eny. TWO qu6tior8,

6. DesctibB tlle behaviour of L-C-R seri$ circuil vh€n A.C. voltaSe is spplled. Obtri! the
condltlol for rcronang\e of this airouit.

!g 3i IFC-R 5od)l)nsr 5E o6d 53dc rs$i!o!Str$$do, r, 5od)o d!!1, Bng$5r 5goloX!. 6r

&rdbaD ar[riJ.5o Sodr!5, SoodSbD fi€oQ){D.

0. Explain displaogmgnt cqfr€nt. Dorivo so erpr€aaioD for the propagatioo of energr of
olectroEagn€tic $rava!.

g$eio{ ,i$j6 lpbbr s5F6$? tdrjd .rc!,rq,o6 66o^.0 6.50' 3ii.d$d)' {9! nbsd.r'Ql e{,go$r.

,lFxCf $Jcr56$ tg! [!ogdr$)ir



7, Writ6 circuit diagtab of phs6e 6hift oecillator, Desc be its workjng, Writo down ths
equations for frequoncy a-nd oustained oscillationr.

6i !gi6 do$$ &)gL 5odrirrFr Ab, eA re3<6J 5e$5J)br tgo$l!. $iluqSr)Sgo $0c6) aoo.lF

dos$ro$ irooooo!$ blug6er.D e'd!i!.
8. Stata ind plove Do Moigan'a thaorm with exaoplee.

45rfs ?rB06$! o0l D6r$o$oa. fq ao:,.dt?.,6{ irboa.

PARTc-i;li.2omarks)
Alsw€r any FME questioDs.

9. Exptain brie[y equipotsntial !urfac66,

n$ !db6 !65 6.10 .{r.q) os€ooaD.

10,- Wlat is 8€U industance? What is it8 unit in S.I. rr'Bt6E?

qsc6o bOsq$Jpn i$? S,I.5{iod!.6 !tr.*D$?
11. Write dowu t-he MaxweU's equation6 io &ffersntial foro.

IrqF6 n!"E6€.oFo .r55os6r66rrd t ofD$).

12, gtate cld oxplaio Hsll effect.

3.'61065r$ d03 36r'iro$5r,

19. Whatie a'Q'faqtor? What is its sigBificanc€?

Q-6.de$) e$,!i$? o'a g$)r)16 5$?

14. Writo 6 note oB C.E. configruation ofa p-n-p transistor.

F-n-p g|.nJ066$ d\a JboE ioc$$)d 6{06 ro d.rdol oF!r.5$5 e.cd!'5rr.

16. Erplain bow bs.qsistor Bcts a8 as smpliEer,

9o$6 $d!5!d. Jr* boiu!,f csooau.'.

16. Dcacribe the consiruction of a transforEer.

gf,$}{6 o('ec.{rr5o sgosoa.

PAnTD-(4x6=20m6rks)
A.ttswer aay FOUR questions.

1?. What is the Dagnoiic energy stored in a unifom uagretic field of induction 1 Tesla i.n a
volttue of 10-3 ol?

10+ D3 l)53otuir?iD t{o 5960 lrdrr1ro6 ldt" !g ia)i 1 A* eolrssdr drid crno{ i! Jo6?

18. A circuit, contains a:capacitor of42O pF, What shoulA b€ tho valu€ ofths ilductarco io ths
circuit to tuDE it to I etetion of frequoncy 1020 kcps?

r,s tocurodso.b!6 .iDs 420 pF. lOzO kcps a.itO6jo l{o &15 !.ftn)isiDd €6,n'6o roOiOsod, c
io.tbod 6oJ5o'.15 eo€.$ Colf .foOr

10



19. Find the olectric potoEtial .oq the ourfEce of a gold nucleus. The radius of t}I€ truclqus is
6.8x1016ms,!dZ=?0.

AU !o{*ru dr!3tr -.5b'Stu 6.6 x 1O-t6 m !,r6<b Z = ?9 Sodso Ab86o$)!i c&rd o.t{c$6lu
Oluo5rsrr.

20, Caloulate the ltrtgnsity of the magr€[ic nold Et thq c€trtro gf a qbculEt coil of radiu€ 90 clr
and {0 turns having a currori of 2 A ia r!,

20 ce r.jg8|Jrr, 40 6rq do dX $$d 2 A r&r5 Bir5.dr) 6$.9)'6 .raloEio $g o.6$,t 06 *t 606$
olLo6oa.

21. An inductarca of 100 mH and a resistalce ot 10 Q are couoctsd in s€.ies to 200 V at 60 Hz
AC bainr, Calculalo tbe curront and the phase lag.

1OO tol{ ldgrr, $JSdJ 10 O n6'd$J Qrtd' 60 Hr AC EaiDB 5A 2Oo V 5! gar5oes6. e66E::6rr6r,
t$a !.10$l})6, Odo.ioUt

22. Utho forr9ad cuEont smplification ofa transi8tor in CB couiguration io 0.98. Calculate ttro
raso iD CE c.Dngxration.

9r$!6 CB 5o.sr o%Ertud d4l$rd$ O6tt{D6'{8 0.0s !ro!a CE *,dr$rd'Xskt:\t'8 Jo6?

23. In a ir9lsisto! bate currolt and 6Eoitt€f cutrsnt ar6 0,08. EA ald g,6 EA rosp€ctively.
Cdculrtr collo.trr q|r|ort a qJd I ,

. .,S gl$it6d d5, Jrrbdr EF :FarriD 56ntF O,O8 iDO.d) 0,0 oA. €6t') &.:F$, 4 5J0dD , oi)
S$ll'5oa.

, A germaniuo diode drowr 40.mA with a lorward biaa of 0,25 V at room t$aperaluro 2000.

Calorlrts t.}le rsverse saturation current of diode (K ! 1.38 x 1tr,3 itn0.

2(JeC d6 dddp 55 E t a6do<!bo 66r.6$ 0.26 V O6tto EoEoos$d) gooaD 3o)i 40 rnA. rr ddr€
d.ut6 O6ho6;! gdoru Jo6? (K . 1.38 x 10'1s J/K

11



D""\oiO"nxt'"99

ojo;.pEi - r

x. bd 5ct:5"5 a."C$n

2. 56J5cg i"65a$6

3. 6{6$sDeD

a. EJ.s.rrr6p

otN,pe.5 - 2

5. !6 ero1cJ"6o66r5o

6. 9.$S6 br8ctb; crctbi.6ot! fl-e"e.rd g6d edr86.S6o

7. ediJSdia!i.bo66s5.I)

qtor"P e5 - 3

8. s.e.ro6{ es-tN 5J"6 56Jte5 [.da--.':\'Je})

9. Ss"ottd sdtu56 t.da"""IbleD

10. gtJlgzsctb}6od 6dor,(i.})et) tu8c,$c ;5.:-Fpi5 "dSJgdrd$JJeD 1O.1 - 10.19

otsr.pe5 - 4

1.1 *' 1.28

e 1 - e la

5.1 - 5.12

6.1 - 6,i-9

7.I - 7.22

q 1 - q al

J-1. J- - LZ.\tV

13.1 - X,O.1S

14.1 - 14.15

15.1 - 15.19

11. e2ga.irs slAS a.€6.\)

12. -.JoF 6d.:-Eer:l
:

13. 6SL6rr"6dS ro6 LaFSJS*

14. eroBe bSSe 
,

15. edeJS JelL*sE; - d?o5 o'd5 o"5db.::er.>

16. edt^>6 Je-r1q:eE; - ergpuc35 iec(t"e.l.l

I2



III  1

UNIT-I
Lesson-1
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Ans : 1) 9000 volt 2) 31500 volt 3) 31500 volt

   

1. Electricity - Magnetism Brijilaland Subrahmanyam

2. Electricity - Magnetism and Electronics - K.K. Tiwari

3. Telugu Acadamy - III Year Physics

4. Electricity and Magnetism - Thoyal

5. Electricity and Magnetism, Electronics - S.L. Gupta, Sanjeeva
Gupta.
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4.4245 X 10-6 N/m2, 1.106 X 10-4 N/m2).

/4



 (Ans : 711 f)

  
pF. ( Ans : 3 )


1. Electricity and Magnetism by Brijilal and Subrahmanyam.
2. Electricity and Magnetism by K.N. Sharma.

3. Electricity and Magnetism by A.K. Agarwal.
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8.5 Ýë«¨…_¯èþ çÜÐ èþ$çÜÅË$

8.6 Ð è þ$$W…ç³#

8.7 Ð è þ$$QÅç³§ æþÐ èþ$$Ë$

8.8 çÜÓÄæý$… çÜÒ$„> {ç³Ô èý²Ë$

8.9 ^èþ§æþÐ èþ§æþW¯èþ {V æü…£éË$

8.1 ç³Ç^èþÄæý$Ðèþ$$:

M>Ë…™ø »êr$ Ðèþ*Ææÿ° Ñ§æþ$Å™Œþ {ç³Ðèþíßý…^óþ ÐèþËÄæý$Ðèþ$$Ë ÑçÙÄæý$… Ðèþ$¯èþMæü$ Ñ¨™èþÐóþ$. Cç³šyæþ$

M>Ë…™ø´ër$ Ðèþ*Æóÿ ÑË$Ðèþ VæüË Ñ§æþ$Å™Œþ {ç³ÐéàË™ø Mæü*yìþ¯èþ ÐèþËÄæý*Ë¯èþ$ Væü*Ça ™ñþË$çÜ$Mæü$…§éÐèþ$$. Ðèþ*Æóÿ

Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ Æðÿ…yæþ$ ÆæÿMæüÐèþ$$Ë$@

1. çßýu>™èþ$¢V> íÜÓ^Œþ & B¯Œþ ^óþÄæý$ºyìþ¯èþ ÐèþËÄæý$Ðèþ$$Ë$ Ìôý§é çßýu>™Œþ çÜ¦…À™èþ Ñ§æþ$Å™Œþ ÐèþËÄæý$Ðèþ$$Ë$.

2. A.C. ÐèþËÄæý$Ðèþ$$ËÌZ Ðèþ*Æóÿ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$Ë$.



8.2§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

8.2 (G) @ M ðü´ëíÜsñý¯ ŒþÞ Ð èþ$ÇÄæý$$ Ñ§æþ$Å°²Æø«§ æþÐ èþ$$™ø M æü*yìþ¯ èþ Ð èþËÄæý$…ÌZ
Ñ§æþ$Å§éÐóþÔèý Ðèþ–¨® Ðèþ$ÇÄæý$$ „æüÄæý$Ðèþ$$@

G. Ñ§æþ$Å§éÐóþÔèýÐèþ–¨®@ ç³r…ÌZ ^èþ*í³¯èþ Ñ«§æþ…V> E Ñ§æþ$Å^éeËMæü ºËÐèþ$$ VæüË »êÅrÈ R Ñ§æþ$Å°²Æø«§æþÐèþ$$, C

Mðü´ëíÜsîý VæüË Mæü…yðþ¯èþÞÆæÿ$™ø Mæü*yìþ¯èþ {Ôóý×îý ÐèþËÄæý$Ðèþ$$ Ððþ*ÆŠÿÞMîü K §éÓÆ> MæüË$ç³ºyìþ¯èþ§æþ¯èþ$Mæü$…§éÐèþ$$. Ððþ*ÆŠÿÞMîü A

¼…§æþ$Ðèþ#Mæü$ MæüÍí³¯èþrÏÆÿ$$™ôþ Mæü…yðþ¯èþÞÆæÿ$ ç³ËMæüË Ðèþ$«§æþÅ E ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐóþ$Ææÿµyæþ$ ÐèþÆæÿMæü$ Mæü…yðþ¯èþÞÆæÿ$

BÐóþÕ™èþÐèþ$Ðèþ#™èþ$…¨. Mæü…yðþ è̄þÞÆæÿ$¯èþ$ »êÅrÈ Ñ§æþ$Å§éÐóþÕ™èþ… ó̂þõÜ {ç³{MìüÄæý$ fÆæÿ$Væü$™èþ$¯èþ²ç³šyæþ$ Aç³µsìýMóü ç³ËMæüËò³OVæüË

Ñ§æþ$Å§éÐóþÔèýÐèþ$$ {ç³çÜ$¢™èþÐèþ$$ Æ>»ZÄôý$ Ñ§æþ$Å§éÐóþÔèýÐèþ$$¯èþ$ Ayæþ$zMæü$…r$…¨. ©°ÐèþË¯èþ †ÆøVæüÐèþ$¯èþ Ñ§æþ$Å^éeËMæü

ºËÐèþ$$ Ðèþ–¨® ^ðþ…§æþ$™èþ$…¨. D †ÆøÑ§æþ$Å^éeËMæü ºËÐèþ$$ Mæü…yðþ¯èþÞÆæÿ$ BÐóþÕ™èþÐèþ$Äôý$Å Æóÿr$¯èþ$ ™èþWYçÜ$¢…¨. CMæüPyæþ

Ðèþ$¯èþÐèþ$$ ÐèþËÄæý$…ÌZ Ñ§æþ$Å§éÐóþÔèýÐèþ–¨®° VæüÐèþ$°…^èþ§æþË^èþ$Mæü$¯é²Ðèþ$$.

Mæü…yðþ è̄þÞÆæÿ$ ç³ËMæüËò³O Ñ§æþ$Å§éÐóþÔèýÐèþ$$ H§ðþO¯é „æü×ý… t Ðèþ§æþª q A è̄þ$Mæü$…§éÐèþ$$. ç³ËMæüË Ðèþ$«§æþÅ ÔèýMæüÃ¿ôý§æþÐèþ$$

q

c
AÐèþ#™èþ$…¨. C¨ Ñ§æþ$Å^éeËMæüºËÐèþ$$ E Mìü ÐèþÅ†ÆóÿMæü ¨ÔèýÌZ ç³°^óþçÜ$¢…¨. H§ðþO¯é „æü×ý… t Ðèþ§æþ® çœÍ™èþ

Ñ§æþ$Å^éeËMæü ºËÐèþ$$
q

E
c

 
 

 
Mìü çÜÐèþ*¯èþÐèþ$Ðèþ#™èþ$…¨. K… °Äæý$Ðèþ$Ðèþ$$ {ç³M>ÆæÿÐèþ$$ C¨ iR Mæü$

çÜÐèþ*¯èþÐèþ$Ðèþ#™èþ$…¨. MìüÆ>P‹œ Æðÿ…yæþÐèþ °Äæý$Ðèþ$Ðèþ$$ {ç³M>ÆæÿÐèþ$$

q
E Ri

c
 

R C
B

A

K

Morse Key

ç³r…. (1)



8.3 M>Ë…™ø »êr$ Ðèþ*Æóÿ Ñ§æþ$Å™Œþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

or
q

E iR
c

  ........................ (1)

°ÆæÿÓ^èþ¯èþ… ¯èþ$…yìþ Ñ§æþ$Å{ç³ÐéçßýÐèþ$$
dq

i
dt

 , Mæü…yðþ¯èþÞÆæÿ$ ç³ËMæüËò³O VæüÇçÙx Ýë«§æþÅ Ñ§æþ$Å§éÐóþÔèýÐèþ$$

0q . VæüÇçÙx Ýë«§æþÅ ÔèýMæüÃ »ôý«§æþÐèþ$$ E. A…sôý 0q EC or
0q

E
C

 D ÑË$ÐèþË¯èþ$ (1) ÌZ {ç³†„óüí³õÜ¢

0 .
q q dq

R
C C dt
 

0 .
q q dq

R
C dt




0

dt dq

RC q q


 ..................... (2)

çÜÒ$MæüÆæÿ×ý… (2) ¯èþ$ çÜÐèèþ*MæüË¯èþ… ^óþÄæý$V>, Ðèþ$¯èþMæü$

0( )

dt dq

RC q q


 

0log ( )e

t
q q A

RC
    ....... (3)

CMæüPyæþ A çÜÐèþ*MæüË¯èþ íÜ¦Æ>…MæüÐèþ$$. t = 0 AÆÿ$$¯èþç³#yæþ$ q = 0 A¯èþ$ AÐèþ«¨ °º…«§æþ¯èþ¯èþ$ A¯èþ$ÐèþÇ¢…_
A ÑË$Ðèþ¯èþ$ Mæü¯èþ$Vö¯èþÐèþ^èþ$a.

Mæü¯èþ$Mæü

00 loge q A   or 0logeA q

D ÑË$Ðèþ¯èþ$ (3) ÌZ {ç³†„óüí³…^èþV>

0 0log ( ) loge e

t
q q q

RC
   

0 0log ( ) loge e

t
q q q

RC


  

0

0

loge

q qt

RC q

 
  

 



8.4§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

0

0

t

RC
q q

e
q

 


0

1
t

RC
q

e
q



 

0

1
t

RC
q

e
q



  

0 1
t

RCq q e
 

   
 

......... (4)

ÐèþËÄæý*°² Ðèþ$*íÜ¯èþ t çÜÐèþ$Äæý$… ™èþÆ>Ó™èþ ç³ËMæüËò³O Ñ§æþ$Å§éÐóþÔèý… ÑË$Ðèþ¯èþ$ D çÜÒ$MæüÆæÿ×ý…
™ñþË$ç³#™èþ$…¨. ç³r…ÌZ ^èþ*í³¯èþ Ñ«§æþ…V> Ñ§æþ$Å§éÐóþÔèý… çœ*™é…Mæü {Ôóý×ìý ò³Ææÿ$Væü$§æþË¯èþ$ MæüÍW E…r$…§æþ°
çÜÒMæüÆæÿ×ý… (4) ™ñþË$ç³#™èþ$…¨. Cç³šyæþ$ D {Mìü…¨ Æðÿ…yæþ$ çÜ…§æþÆ>ÂË¯èþ$ ¡çÜ$Mæü$…§é….

(i) Ðèþ çÜ…§æþÆæÿÂÐèþ$$ t = RC. Then 0 1
RC

RCq q e
 

  
 

 1
0 1q e 

0

1
1q

e

 
  

 

Growth of Charge

1
0q

q

t

ç³r…. (2)



8.5 M>Ë…™ø »êr$ Ðèþ*Æóÿ Ñ§æþ$Å™Œþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

0

1e
q

e

 
  

 

0

2.718 1

2.718
q

 
  

 

00.63q q ................ (5)

©°° ºsìýt RC òÜMæü¯ŒþËÌZ VæüÇçÙx Ñ§æþ$Å§éÐóþÔèýÐèþ$$ÌZ 63% ÐèþÆæÿMæü$ Mæü…yðþ¯èþÞÆæÿ$ò³O Ñ§æþ$Å§éÐóþÔèý… ÑË$Ðèþ
ò³Ææÿ$Væü$™èþ$…¨. RC Ëº®Ðèþ$$¯èþ$ ÐèþËÄæý$Ðèþ$$ Äñý$$MæüP M>Ë íÜ¦Æ>…MæüÐèþ$$ A…sêÆæÿ$.

(ii) Ðèþ çÜ…§æþÆæÿÂÐèþ$$@& Ñ§æþ$Å§éÐóþÔèý Ðèþ– ®̈ Æóÿr$ =
dq

dt

0 1
t

RC
dq d

q e
dt dt

   
    

   

0

1 t

RCq e
RC


 

  
 

çÜÒ$MæüÆæÿ×ýÐèþ$$ (4) ¯èþ$…yìþ 0q qdq

dt RC


 ................. (6)

çÜÒ$MæüÆæÿ×ý… (6) ¯èþ$…yìþ RC ÑË$Ðèþ G…™èþ çÜÓËµÐèþ$Æÿ$$™ôþ Mæü…yðþ¯èþÞÆæÿ$ò³O Ñ§æþ$Å§éÐóþÔèý Ðèþ–¨® A…™èþ

ÐóþVæüÐèþ…™èþÐèþ$Ðèþ#™èþ$…¨. q ÑË$Ðèþ ò³ÇW™ôþ 0( )q q ™èþVæü$Y™èþ$…¨. A…sôý {´ëÆæÿ…¿æý…ÌZ Ñ§æþ$Å§éÐóþÔèýÐèþ– ®̈ ÐóþVæü…V>

E…yìþ M>Ë… Væüyìþ^óþ Mö©ª Ðèþ– ®̈ Ðèþ$…§æþWçÜ$¢…¨. íÜ§é®…†MæüÐèþ$$V> ^ðþ´ëµË…sôý VæüÇçÙxÐèþ$Væü$rMæü$ A¯èþ…™èþ M>ËÐèþ$$
ç³yæþ$™èþ$…¨.

B. Ñ§æþ$Å§éÐóþÔ èý „ æüÄæý$Ðèþ$$:

Mæü…yðþ è̄þÞÆæÿ$ çÜ…ç³NÆæÿ~Ðèþ$$V> BÐóþÕ™èþÐðþ$Ō èþ ™èþÆ>Ó™èþ “Ððþ*ÆŠÿÞMîü” ° ç³r… (1) ÌZ è̂þ*í³ è̄þr$Ï B ¼…§æþ$Ðèþ#Mæü$
MæüÍ´ëÆæÿ$. °Ç®çÙtÆóÿr$ ^öç³š¯èþ Mæü…yðþ¯èþÞÆæÿ$ E™èþ¹ÆæÿY… ^ðþ…§æþ$r BÆæÿ…¿æýÐèþ$Ðèþ#™èþ$…¨. D ÑçÙÄæý*°² {Mìü…¨
Ñ«§æþ…V> ÑÐèþÇ…^èþÐèþ^èþ$a.

Ñ§æþ$Å™Œþ {ÝëÐèþ çÜÐèþ$Äæý$…ÌZ t çÜÐèþ$Äæý$… Ðèþ§æþ® Mæü…yðþ¯èþÞÆæÿ$ ç³ËMæüËò³O E¯èþ² Ñ§æþ$Å§éÐóþÔèýÐèþ$$ q

A¯èþ$Mæü$…§éÐèþ$$. D ™èþÆæÿ$×ý…ÌZ ç³ËMæüË Ðèþ§æþ® ÔèýMæüÃ ¿ôý§æþÐèþ$$
q

c
. ÐèþËÄæý$… ¯èþ$…yìþ »êÅrÈ ™öËW…^èþºyìþ¯èþ¨

M>ºsìýt D
q

c
Äôý$ Ñ§æþ$Å™Œþ f¯èþMæüç³# Ñ§æþ$Å^éeËMæü ºËÐèþ$$V> ç³ÇVæü×ìý…^éÍ. KÐŒþ$ °Äæý$Ðèþ$Ðèþ$$ {ç³M>ÆæÿÐèþ$$



8.6§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

C¨ iR Mæü$ çÜÐèþ*¯èþÐèþ$$. A…§æþ$ÐèþË¯èþ

q
iR

c


 (C§óþ †ÆøVæüÐèþ$¯èþ Ñ.^é.º)

q dq
R

c dt




1dq
dt

q RC
 

D çÜÒ$MæüÆæÿ×ê°² CÆæÿ$ÐðþOç³#Ìê çÜÐèþ*MæüË… ^óþÄæý$V>

1
loge q B

RC
   .

CMæüPyæþ B çÜÐèèþ*MæüË è̄þ íÜ¦Æ>…MæüÐèþ$$. t = 0 AÆÿ$$ è̄þç³#yæþ$ 0q q AÐèþ#™èþ$…§æþ ó̄þ AÐèþ«̈ °º…«§æþ è̄þ {ç³M>ÆæÿÐèþ$$

B ÑË$Ðèþ¯èþ$ Mæü¯èþ$Vö¯èþÐèþ^èþ$a.

0log 0e q B  0logeB q 

B ÑË$Ðèþ¯èþ$ {ç³†„óüí³…_™ôþ

0log loge e

t
q q

RC


 

0log loge e

t
q q

RC


 

0

log e

q t

q RC

  
 

 

0

RC

t

q q e


  .................. (7)

ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ {ÝëÐèþ{ç³{MìüÄæý$ çœ*™é…Mæü {Ôóý×ìý ™èþVæü$Y§æþË¯èþ$ A¯èþ$çÜÇçÜ$¢…§æþ° ç³r… (3)

™ñþË$ç³#™èþ$…¨. t = RC AÆÿ$$¯èþç³#yæþ$

1 0 0
0

2.718

q q
q q e

e
  



8.7 M>Ë…™ø »êr$ Ðèþ*Æóÿ Ñ§æþ$Å™Œþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

00.37q ............ (8)

RC òÜMæü¯èþË ™èþÆ>Ó™èþ Mæü…yðþ¯èþÞÆæÿ$ ç³ËMæüËò³O Ñ§æþ$Å§éÐóþÔèýÐèþ$$ 00.37q Æðÿr$Ï AÐèþ#™èþ$…§æþ° ™ñþË$çÜ$¢…¨.

RC Ëº®… ÑË$ÐèþMæü$ çÜÐèþ*¯èþÐèþ$Æÿ$$¯èþ M>Ë ÐèþÅÐèþ«¨ÌZ Ñ§æþ$Å§éÐóþÔèý… ÑË$Ðèþ VæüÇçÙx Ýë«§æþÅ ÑË$ÐèþÌZ 37% ¯èþMæü$
„îü×ìýçÜ$¢…§æþ° ò³O çÜÒ$MæüÆæÿ×ýÐèþ$$ °ÆæÿÓ_çÜ$¢…¨.

Ñ§æþ$Å§éÐóþÔèý „îü×ý™é Æóÿr$

0 0

0

1 1t
RC

dq q
q e q

dt RC RC q

   
     

   

dq q

dt RC


  ................ (9)

M>Ë íÜ¦Æ>…Mæü… RC Ëº®… ÑË$Ðèþ ™èþMæü$PÐèþV> E…sôý Mæü…yðþ¯èþÞÆæÿ$ò³O Ñ§æþ$Å§éÐóþÔèý E™èþµÆæÿYç³# Æóÿr$ ÐóþVæü…V>
E…r$…§æþ° çÜÒ$MæüÆæÿ×ýÐèþ$$ (9) ™ñþË$ç³#™èþ$…¨.

Growth of Charge

0q

q

t

ç³r…. (3)



8.8§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

8.3 {õ³ÆæÿMæü™èþÓÐèþ$$ & Ñ§æþ$Å°²Æø«§æþÐèþ$$™ø Mæü*yìþ¯èþ ÐèþËÄæý$…ÌZ (L-R Circuit) Ñ§æþ$Å™Œþ
{ç³ÐéçßýÐèþ–¨® Ðèþ$ÇÄæý$$ „îü×ý™èþ@

A. Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ–¨®:

C…yæþMðüt¯ŒþÞ ({õ³ÆæÿMæü™èþÓÐèþ$$) Ðèþ$ÇÄæý$$ Ñ§æþ$Å°²Æø«§æþÐèþ$$™èþ™ø Mæü*yìþ¯èþ ÐèþËÄæý*°² ¡çÜ$Mæü$…§éÐèþ$$.
D L Ðèþ$ÇÄæý$$ R Ë¯èþ$ ç³r…ÌZ ^èþ*í³¯èþ Ñ«§æþÐèþ$$V> E Ñ§æþ$Å^éeËMæü ºËÐèþ$$ VæüË »êÅrÈMìü ç³r… (4)ÌZ
^èþ*í³¯èþr$Ï ¨ÓÐèþ*ÆæÿY “Mîü ”(Key) §éÓÆ> {Ôóý×ìýÌZ MæüË$ç³ºyìþ E…r$…¨. íÜÓ^Œþ S ¯èþ$ A Mìü MæüÍí³¯èþç³#yæþ$ Ñ§æþ$Å™Œþ
{ç³ÐéçßýÐèþ$$ Ôèý*¯èþÅÑË$Ðèþ ¯èþ$…yìþ ò³Ææÿ$Væü$r BÆæÿ…¿æýÐèþ$Ðèþ#™èþ$…¨. C…yæþMðüt¯ŒþÞ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ–¨®°
ÐèþÅ†ÆóÿMìüçÜ$¢…¨. C…yæþMæütÆŠÿ §éÓÆ> Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ– ®̈ fÇVóürç³#yæþ$ †ÆøVæüÐèþ$¯èþ Ñ§æþ$Å^éeËMæü ºËÐèþ$$ Ðèþ– ®̈
^ðþ…¨ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ– ®̈° Ayæþ$zMæü$…r$…¨. A…§æþ$ÐèþË¯èþ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ– ®̈ Æóÿr$ ™èþVæü$Y™èþ$…¨.

Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ ò³ÇVóü çÜÐèþ$Äæý$…ÌZ ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ H§ðþO¯é „æü×ý… t Ðèþ§æþ® i

A¯èþ$Mæü$…§éÐèþ$$ ÐèþËÄæý$…ÌZ Ðèþ– ®̈ ^ðþ…¨¯èþ †Æø Ñ.^é.º
di

L
dt

. ÐèþËÄæý$…ÌZ {ç³¿êÐèþMæü Ñ.^é.º
di

E L
dt

 .

KÐŒþ$ °Äæý$Ðèþ$… {ç³M>ÆæÿÐèþ$$ C¨ iR Mæü$ çÜÐèèþ*¯èþÐèþ$$.

di
E L iR

dt
 

di
E iR L

dt
 

R
A

B

ç³r…. 4

L

+ -
E
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di dt

E iR L




CÆæÿ$ÐðþOç³#Ìê (-R) Væü$×ìý…_™ôþ

Rdi Rdt

E iR L

 




D çÜÒ$MæüÆæÿ×ê°² çÜÐèþ*MæüË¯èþ… ^óþÄæý$V>

log( )
R

E iR t A
L

   ................. (1)

CMæüPyæþ A çÜÐèþ*MæüË¯èþ íÜ¦Æ>…MæüÐèþ$$. t = 0 AÆÿ$$ è̄þç³#yæþ$ i = 0 AÐèþ$ AÐèþ«¨ °º…«§æþ è̄þ è̄þ$ A¯èþ$ÐèþÇ¢…_ íÜ¦Æ>…MæüÐèþ$$
A ÑË$Ðèþ¯èþ$ ´÷…§æþÐèþ^èþ$a. A…sôý

log 0e E A  or logeA E ......... (2)

A ÑË$Ðèþ¯èþ$ çÜÒ$MæüÆæÿ×ýÐèþ$$ (1) ÌZ {ç³†„óüí³õÜ¢

log ( ) loge e

R
E iR t E

L


  

Ìôý§é log ( ) loge e

R
E iR E t

L


  

Ìôý§é
.

R
t

L
E iR

e
E

 
 

 

.

1
R

t
L

iR
e

E



 

 .
1

R
L

tiR
e

E



 

 .
1

R
L

tR
i e

E



  

ÐèþËÄæý$…ÌZ VæüÇçÙx Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$

 .

0 1
R

L
tE

i e
R



   ................... (3)
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Growth of Charge

0i

i

t

Fig. (5)

H§ðþO¯é çÜÐèþ$Äæý$… t Ðèþ§æþ® Ñ§æþ$Å™Œþ {ç³Ðéçßý… Äñý$$MæüP ™èþ„æü×ý ÑË$Ðèþ¯èþ$ çÜÒ$MæüÆæÿ×ý… (3) ™ñþË$ç³#™èþ$…¨.
.

0
R

L
t

e


 i.e. t   AÆÿ$$ è̄þç³#yæþ$ 0i i AÐèþ#™èþ$…§æþ° ™ñþË$çÜ$¢…¨. i ÑË$Ðèþ G…™èþ M>Ìê°Mîü Mæü*yé i
0
AÐèþÓ§æþ$.

A…§æþ$Mæü$ A¯èþ…™èþM>Ë… ç³yæþ$™èþ$…§æþ° D çÜÒ$MæüÆæÿ×ý… ™ñþÍõ³ ÑçÙÄæý*¯óþ² ç³r… (5) Mæü*yé ™ñþË$ç³#™èþ$…¨.

D {Mìü…¨ ÑçÙÄæý*Ë¯èþ$ ç³ÇÖÍ§é®Ðèþ$$.

(i)
L

t
R

 AÆÿ$$¯èþç³#yæþ$

 .

0 1
R L

L Ri i e


 

 1
0 1i e 

0

1
1i i

e

 
  

 

0

1
1

2.718
i
 

  
 

0

2.718 1

2.718
i i
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 0 0.63i i .

A è̄þV>
L

R

 
 
 

òÜMæü è̄þ$Ï A è̄þ$ ÐèþÅÐèþ«¨ÌZ VæüÇçÙx Ñ§æþ$Å™Œþ {ç³Ðéçßý… ÑË$ÐèþÌZ 63% ¯èþMæü$ ^óþÆæÿ$™èþ$…¨. CMæüPyæþ

L

R

 
 
 

¯èþ$ M>Ë íÜ¦Æ>…Mæü… A…sêÆæÿ$. ©°° T ™ø çÜ*_Ýë¢Ææÿ$. çÜÒ$MæüÆæÿ×ê°² T §éÓÆ> ÐèþÅMæü¢ç³ÇõÜ¢

0 1
t

Ti i e
 

  
 

.................... (4)

(ii) Ñ§æþ$Å™Œþ {ç³Ðéçßý Ðèþ– ®̈Æóÿr$
di

dt

0

R
t

Ldi d
i t e

dt dt

 
 
 

   
   

    

R
t

LR
i e

L

 
 
  

  
 

çÜÒ$MæüÆæÿ×ýÐèþ$$ (3) ¯èþ$…yìþ 0

0

R
t

L i i
e

i

 
 
  



 0
0 0

0

i idi R R
i i i

dt L i L

  
       

.......... (5)

Ñ§æþ$Å™Œþ {ç³Ðéçßý… i ÑË$Ðèþ 0i ¯èþ$ ^óþÆóÿMö©ª Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ– ®̈Æóÿr$ {MæüÐèþ$…V> ™èþVæü$Y™èþ$…§æþ° ò³O

çÜÒ$MæüÆæÿ×ý… ™ñþË$ç³#™èþ$…¨. C¨
R

L
ÑË$Ðèþò³O B«§éÆæÿç³yæþ$™èþ$…¨. M>ËíÜ¦Æ>…Mæü…

R

L
ÑË$Ðèþ A«¨Mæü…V>

E…sôý Ñ§æþ$Å™Œþ {ç³Ðéçßý Ðèþ– ®̈ Æóÿr$ ™èþMæü$PÐèþV> E…r$…¨.

B. Ñ§æþ$Å™Œþ {ç³Ðéçßý „îü×ý™èþ:

ç³r… (4)ÌZ ^èþ*í³¯èþr$Ï ÐèþËÄæý$… ¯èþ$…yìþ »êÅrÈ° ™öËW…_ íÜÓ^Œþ S ¯èþ$ B ¼…§æþ$Ðèþ#Mæü$ MæüË´ëÍ.
Cç³šyæþ$ Ñ§æþ$Å™Œþ {ç³Ðéçßý „îü×ý™èþ Ððþ$$§æþËÐèþ#™èþ$…¨. C…yæþMæüt¯ŒþÞ ÐèþËÄæý$…ÌZ Ìôý¯èþç³#yæþ$ Ñ§æþ$Å™Œþ {ç³Ðéçßý…
VæüÇçÙx… ¯èþ$…yìþ Ôèý*¯èþÅÐèþ$$¯èþMæü$ §é§éç³# ™èþ„æü×ýÐóþ$ ç³yìþ´ù™èþ$…¨. M>° C…yæþ„æü¯ŒþÞ çÜÐèþ$„æü…ÌZ Ñ§æþ$Å™Œþ {ç³Ðéçßý
„îü×ý™éÆóÿr$ ™èþVæü$Y™èþ$…¨. G…§æþ$^óþ™èþ¯èþ…sôý C…yæþMæüt¯ŒþÞ Ñ§æþ$Å™Œþ {ç³Ðéçßý „îü×ý™èþ¯èþ$ ÐèþÅ†ÆóÿMìüçÜ$¢…¨.
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{ç³ÐéçßýÐèþ$$ „îü×ìý…^óþ çÜÐèþ$Äæý$…ÌZ H§ðþO¯é çÜÐèþ$Äæý$… t Ðèþ§æþ® {ç³Ðéçßý… ÑË$Ðèþ i. C…yæþMæüt̄ ŒþÞ ÐèþË¯èþ {õ³Ç™èþ

Ñ§æþ$Å̂é eËMæüº ËÐèþ$$ .
di

L
dt

 . KÐŒþ$ °Äæý$Ðèþ$Ðèþ$$ {ç³M>ÆæÿÐèþ$$ C¨ iR Mæü$ çÜÐèèþ*¯èþÐèþ$$. A…§æþ$^óþ™èþ

.
di

L iR
dt

 

Ìôý§é
1

.
R

di dt
i L

 
 

 

D çÜÒ$MæüÆæÿ×ê°² çÜÐèþ*MæüË¯èþ… ^óþÄæý$V>

loge

R
i t B

L


  ..................... (1)

0t  AÆÿ$$¯èþç³šyæþ$ 0i i °º…«§æþ¯èþ¯èþ$ A¯èþ$ÐèþÇ¢…_ íÜ¦Æ>…MæüÐèþ$$ B ÑË$Ðèþ¯èþ$ Mæü¯èþ$Vö¯èþÐèþ^èþ$a.

0loge i B  .................. (2)

B ÑË$Ðèþ¯èþ$ {ç³†„óüí³õÜ¢ (1)ÌZ

0log . loge e

R
i t i

L


 

Ìôý§é
0

log .
i R

t
i L




Ìôý§é
0

R
t

L
i

e
i





Ìôý§é
0 0

tR
t

TLi i e i e
 

 
   ................ (3)

CMæüPyæþ
L

T
R

 ©°° ÐèþËÄæý$…ÌZ° {õ³ÆæÿMæü™èþÓ M>Ë íÜ¦Æ>…MæüÐèþ$$ A…sêÆæÿ$. ç³r… (6)ÌZ ^èþ*í³¯èþ

Ñ«§æþ…V> Ñ§æþ$Å™Œþ {ç³Ðéçßý… çÜÒ$MæüÆæÿ×ý… (3) ¯èþ$ Væü$Ç…_ „îü×ìýççÜ$¢…§æþ° ™ñþË$çÜ$¢…¨.
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0i

i

t

Fig. (6)

D {Mìü…¨ A…ÔéË¯èþ$ ç³ÇÖÍ§é®Ðèþ$$.

(i)
L

t
R

 òÜMæü¯ŒþË ™èþÆ>Ó™èþ ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ {ç³Ðéçßý…

.
1 0

0 0

R L

L R
i

i i e i e
e


  

0
00.37

2.718

i
i i  .................. (4)

A…sôý
L

R
òÜMæü Œ̄þË M>Ë… Væüyìþ ó̂þrç³µsìýMìü VæüÇçÙx Ñ§æþ$Å™èþ$¢ i

0
ÌZ 37%°Mìü ™èþVæü$Y™èþ$…¨. Ñ§æþ$Å™Œþ {ç³Ðéçßý…

„îü×ìý…^óþ çÜÐèþ$Äæý$…ÌZ VæüÇçÙx Ýë«§æþÅ ÑË$ÐèþÌZ 37%°Mìü Ñ§æþ$Å™Œþ {ç³Ðéçßý… ™èþVæü$YrMæü$ ç³r$Ï M>ËÐèþ$$¯èþ$ M>Ë
íÜ¦Æ>…MæüÐèþ$$ A…sêÆæÿ$.

(ii) Ñ§æþ$Å™Œþ {ç³Ðéçßý „îü×ý™éÆóÿr$

0

R
t

Ldi d
i e

dt dt
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.

0. .
R

t
L

R R
i e i

L L


 

.
di R

i
dt L




L ÑË$Ðèþ çÜÓËµ…V> E…sôý Ñ§æþ$Å™Œþ {ç³ÐéçßýÆóÿr$ A«¨Mæü…V> E…r$…§æþ° ò³O çÜÒ$MæüÆæÿ×ý… çÜ*_çÜ$¢…¨.
A…sôý {ç³Ðéçßý… ÐóþVæü…V> „îü×ìýçÜ$¢…¨.

8.4 A. LCR ÐèþËÄæý$…ÌZ Ñ§æþ$Å§éÐóþÔèýÐèþ–¨®:

ç³r…ÌZ (7)ÌZ ^èþ*í³¯èþr$Ï Ñ§æþ$Å°²Æø«§æþÐèþ$$ R, çÜÓÄæý$… {õ³ÆæÿMæü™èþÓ Væü$×ýMæüÐèþ$$ L ÑË$Ðèþ VæüË
{õ³ÆæÿMæüÐèþ$$, C Mðü´ëíÜsîý VæüË Mðü´ëíÜrÆŠÿË$ {Ôóý×ìýÌZ MæüË$ç³ºyìþ¯èþÑ. A ¼…§æþ$Ðèþ# ÐðþOç³#Mæü$ íÜÓ^èþ S ¯èþ$ MæüÍí³
ÐèþËÄæý$…ÌZ E Ñ§æþ$Å^éeËMæü ºËÐèþ$$ VæüË »êÅrÈ ^óþÆæÿaºyìþ¯èþ¨.

Cç³šyæþ$ ÐèþËÄæý$… §éÓÆ> Ñ§æþ$Å™èþ$¢ {ç³Ðèþíßý…_ Mðü´ëíÜrÆŠÿ BÐóþÕ™èþÐèþ$Ðèþ#™èþ$…¨. H§ðþO¯é „æü×ý… t Ðèþ§æþ® ÐèþËÄæý$…ÌZ

Ñ§æþ$Å™Œþ {ç³Ðéçßý… i Ðèþ$ÇÄæý$$ Mðü´ëíÜrÆŠÿ ç³ËMæüËò³O ÔèýMæüÃ ¿ôý§æþÐèþ$$
q

C
, {õ³ÆæÿMæü ^èþ$rtÌZ {õ³Ç™èþ Ñ§æþ$Å^éeËMæü

ºËÐèþ$$
di

L
dt

 
 
 

. D Æðÿ…yæþ$ ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$Ë$ »êÅrÈ Ñ§æþ$Å^éeËMæü ºËÐèþ$$ E Mìü ÐèþÅ†ÆóÿMæü ¨ÔèýÌZ

E…sêÆÿ$$. A…§æþ$^óþ™èþ ÐèþËÄæý$…ÌZ {ç³¿êÐèþMæü Ñ§æþ$Å^éeËMæü ºËÐèþ$$
q di

L L
c dt

  
   

  
. KÐŒþ$ °Äæý$Ðèþ$Ðèþ$$

{ç³M>ÆæÿÐèþ$$ C¨ iR Mæü$ çÜÐèþ*¯èþÐèþ$$. A…sôý

q di
E L iR

c dt
  

A S

B
C

R

LE

+ -

Fig.(7)
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M>°
dq

i
dt

 and

2

2

di d q

dt dt


2

2
.

q d q dq
E L R

c dt dt
    .

Ìôý§é
2

2

d q dq q
L R E

dt dt c
  

Ìôý§é
2

2

d q R dq q E

dt L dt LC L
   ...................... (1)

CMæüPyæþ 2
R

K
L
 Ðèþ$ÇÄæý$$ 21

LC
 A° {ÐéõÜ¢

2
2

2
2

d q dq E
K q

dt dt L
  

Ìôý§é
2

2

2 2
2 0

d q dq E
K q

dt dt L




 
    

 
.................. (2)

CMæüPyæþ ¯èþ*™èþ¯èþ ^èþÆæÿÆ>Õ x ¯èþ$ {ç³ÐóþÔèýò³yæþ§éÐèþ$$.

2

E
x q

L
  , then

dx dq

dt dt
 and

2 2

2 2

d x d q

dt dt


2
2

2
2 0

d x dx
K x

dt dt
    .................. (3)

AÐèþMæüË¯èþ çÜÒ$MæüÆæÿ×ýÐèþ$$ (3) JMæü Äæý$™èþ² ç³ÇÚëPÆæÿÐèþ$$

tx Ae

Aç³#yæþ$ tdx
A e

dt


ÑË$ÐèþË¯èþ$ çÜÒ$MæüÆæÿ×ýÐèþ$$ (3) ÌZ {ç³†„óüí³õÜ¢
2 22 0t t tA e KA e Ae      

2 22 0tAe K       
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   2 2 2 2
1 2exp expx A K K t A K K t           

      

CMæüPyæþ 1A Ðèþ$ÇÄæý$$ 2A Äæý*§æþ–_eMæü íÜ¦Æ>…MæüÐèþ$$Ë$. AÐèþ«¨ °º…«§æþ è̄þË è̄þ$ A è̄þ$ÐèþÇ¢…_ D íÜ¦Æ>…M>Ë

ÑË$ÐèþË¯èþ$ Mæü¯èþ$Vö¯èþÐèþ^èþ$a. Cç³šyæþ$ q Mæü$ çÜÒ$MæüÆæÿ×ê°² {Mìü…¨ Ñ«§æþ…V> {ÐéÄæý$Ðèþ^èþ$a.

2

E
q x

L
 

     2 2 2 2
1 22
exp exp

E
A K K t A K K t

L
 


         
  

M>°
2

02

1E ELC
EC q

L L LC




 
     

 

0q Mðü´ëíÜrÆŠÿ ç³ËMæüËò³O ™èþ$¨ íÜ¦Ææÿ Ñ§æþ$Å§éÐóþÔèýÐèþ$$

   2 2 2 2
0 1 2exp expq q A K K t A K K t            

      
....... (5)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (5) ¯èþ$…yìþ Ñ§æþ$Å§éÐóþÔèýÐèþ– ®̈ çÜÐèþ$Äæý$…ÌZ 0t  Ðèþ§æþ® 0q 

0 1 20 q A A   OR 1 2 0A A q   ........... (6)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (5) ¯èþ$ t §æþ–ÚëtüÅ AÐèþMæüË¯èþÐèþ$$ ^óþõÜ¢, Ðèþ$¯èþMæü$

   2 2 2 2
1 exp

dq
i A K K K K t

dt
            

      
+

   2 2 2 2
2 expA K K K K t         
      

M>° i = 0 AÆÿ$$¯èþç³#yæþ$ t = 0

   2 2 2 2
1 2O A K K A K K            
      

Ìôý§é      2 2
1 2 1 2O K A A K A A     

     2 2
0 1 2O K q K A A     
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0

1 2
2 2

Kq
A A

K 


  

 ........................ (7)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (6) Ðèþ$ÇÄæý$$ (7) Ë¯èþ$ Ýë«¨…^èþV> 1A Ðèþ$ÇÄæý$$ 2A ÑË$ÐèþË$

 
0

1
2 2

1
2

q K
A

K 

 
    

 
 

Ðèþ$ÇÄæý$$  
0

2
2 2

1
2

q K
A

K 

 
   

 
 

1A Ðèþ$ÇÄæý$$ 2A ÑË$ÐèþË¯èþ$ çÜÒ$MæüÆæÿ×ý… (5) ÌZ {ç³†„óüí³…^èþV>

 
 2 20

0
2 2

1 exp
2

q K
q q K K t

K




 
       
    

 

 
 2 20

2 2
1 exp

2

q K
K K t

K




 
      
    

 
.............. (8)

D {Mìü…¨ Ðèþ$*yæþ$ çÜ…§æþÆ>ÂË$ Ðèþ$¯èþ… ¡çÜ$Mæü$…§éÐèþ$$.

(i) 2 2K  Ìôý§é
2

2

1

4

R

L LC
 AÆÿ$$¯èþç³#yæþ$ 2

R
K

L

 
   

D çÜ…§æþÆæÿÂ…ÌZ çÜÒ$MæüÆæÿ×ýÐèþ$$ (8) ÌZ° Æðÿ…yæþ$ GMîüÞüµ¯ðþ°ÛÄæý$ÌŒý ç³§æþÐèþ$$Ë$ Äæý$§éÆæÿ®Ðèþ$$. CR

ÐèþËÄæý$…ÌZ Ðèþ*¨ÇV>¯óþ q ÑË$Ðèþ ç³r… (8)ÌZ ^èþ*í³¯èþr$Ï GMîüÞüµ¯ðþ°ÛÄæý$ÌŒýV> ò³Ææÿ$Væü$™èþ$…¨.
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(ii) 2 2K  Ìôý§é
2

2

1

4

R

L LC
 AÆÿ$$¯èþç³#yæþ$, D çÜ…§æþÆ>Â°² çÜ…«¨Væü® AÐèþÆæÿ$§æþ®Ðèþ$$ A…sêÆæÿ$. ç³r…

(8)ÌZ ^èþ*í³¯èþr$Ï A™èþÅËµ M>Ë…ÌZ Ñ§æþ$Å§éÐóþÔèý… VæüÇçÙx ÑË$ÐèþMæü$ ò³Ææÿ$Væü$™èþ$…¨.

(iii) 2 2K  A¯èþV>
2

2

1

4

R

L LC
 AÆÿ$$¯èþç³#yæþ$ D çÜ…§æþÆæÿÂ…ÌZ  2 2K  JMæü Fà Æ>Õ.

   2 21 K i    A¯èþ$Mæü$…§éÐèþ$$. Aç³#yæþ$

   0 1 2exp expq q A K i t A K i t       

 0 1 2exp( ) exp( ) exp( )q Kt A i t A i t     

Y

q
0

(3)

(2)

(1)

q

X

time t

ç³r… (8)
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Ìôý§é 0 1 2e e eKt i t i tq q A A      

 0 1 2e (cos sin ) (cos sin )Ktq A t i t A t i t       

0 1 2 1 2e [( ) cos ( )sin ]Ktq A A t i A A t     

0
0 0e cos sinKt Kq

q q t i t 


   
     

  

1 2 0[ A A q   and 1 2 ]oKq
A A

i


 

0
0 [ cos sin ]

Ktq e
q q t K t  





  

sinK  Ðèþ$ÇÄæý$$ cosK K  Aç³#yæþ$

0
0 [ sin cos cos sin ]

Ktq e
q q K t K t   





  

Ìôý§é
0

0 2 2
sin( )

( )

Kq
q q t

K
 


  


.................. (9)

Ñ§æþ$Å§éÐóþÔèýÐèþ$$ yøÌêÄæý$ Ðèþ*¯èþ «§æþÆ>Ã°² {ç³§æþÇØçÜ$¢…§æþ° D çÜÒ$MæüÆæÿ×ý… çÜ*_çÜ$¢…¨. ç³r…ÌZ
8 ÌZ¯óþ D «§æþÆæÿÃ… ^èþ*ç³ºyìþ¯èþ¨. yøË¯éÐèþÆæÿ¢¯èþ M>ËÐèþ$$

2 2 2

2

2 2 2

( ) 1

4

T
K R

LC L

  

 
  

  
 

 
...................... (11)

BÐèþÆæÿ¢¯èþ ´û¯èþ@ç³#¯èþÅÐèþ$$

2

2

1 1 1

2 4

R
f

T LC L

 
   

 
................. (11)

4. B. LCR ÐèþËÄæý$…ÌZ Ñ§æþ$Å§éÐóþÔèý „îü×ý™èþ:

C Mðü´ëíÜsñý¯ŒþÞ VæüË Mðü´ëíÜrÆŠÿ, R Ñ§æþ$Å°²Æø«§æþÐèþ$$, L {õ³ÆæÿMæü™èþÓÐèþ$$ VæüË {õ³ÆæÿMæü™èþÓ ¡Væü ^èþ$rt ç³r…ÌZ
^èþ*í³¯èþr$Ï {Ôóý×ìýÌZ MæüË$ç³ºyìþ¯èþ¨V>¯èþ$Mæü$…§éÐèþ$$.



8.20§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

E Ñ§æþ$Å^éeËMæü ºË… VæüË çœ$rÐèþ$$. “Ððþ*ÆŠÿÞ Mîü” ™ø Mæü*yìþ¯èþ íÜÓ^Œþ S. íÜÓ^Œþ S ¯èþ$ Ðèþ$$…§æþ$V> A

¼…§æþ$Ðèþ#Mæü$ MæüÍí³™ôþ Mðü´ëíÜrÆŠÿ BÐóþÕ™èþÐèþ$Ðèþ#™èþ$…¨. A¨ ´÷…§óþ Ñ§æþ$Å§éÐóþÔèýÐèþ$$ 0q A¯èþ$Mæü$…§é…. Cç³#yæþ$

íÜÓ^Œþ° B Mìü MæüÍí³™ôþ L Ðèþ$ÇÄæý$$ R §éÓÆ> Ñ§æþ$Å§æþ$™èþµÆæÿYÐèþ$$ fÇW Mðü´ëíÜrÆŠÿ ò³O Ñ§æþ$Å§éÐóþÔèýÐèþ$$ „îü×ìýçÜ$¢…¨.
A…§æþ$^óþ™èþ Ñ§æþ$Å™Œþ {ç³Ðéçßý… Mæü*yé {MæüÐèþ$…V> „îü×ìýçÜ$¢…¨. Ñ§æþ$Å§éÐóþÔèý… ™èþVóüY çÜÐèþ$Äæý$…ÌZ H§ðþO¯é „æü×ý… t

Ðèþ§æþ® Mðü´ëíÜrÆŠÿ ç³ËMæüËò³O Ñ§æþ$Å§éÐóþÔèý… q ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ {ç³Ðéçßý… i. ÐèþËÄæý$…ÌZ° ÑÑ«§æþ ¿êV>Ë Ðèþ§æþ®
Ñ§æþ$Å^éeËMæü ºËÐèþ$$ D {Mìü…¨ Ñ«§æþ…V> E…r$…¨.

(i) Mæü…yðþ¯èþÞÆæÿ$ ç³ËMæüË Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþ…,
q

c

(ii) Ñ§æþ$Å°²Æø«§æþç³# Mö¯èþË Ðèþ$«§æþÅ,
dq

Ri R
dt



(iii) {õ³ÆæÿMæü™èþÓ ¡Væü ^èþ$rt Mö¯èþË Ðèþ$«§æþÅ,
2

2

di d q
L L

dt dt


ÐèþËÄæý$…ÌZ »êçßýÅÑ§æþ$Å^éeËMæü ºËÐèþ$$ Ìôý§æþ$ M>ºsìýt

2

2
0

d q dq q
L R

dt dt c
  

A S

B
C

R

L

E

+ -

ç³r….(9)

E
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2

2
0

d q R dq q

dt L dt LC
  

2
R

K
L
 Ðèþ$ÇÄæý$$ 21

LC
 A° ¡çÜ$Mö…§éÐèþ$$. Aç³#yæþ$

2
2

2
2 0

d q dq
K q

dt dt
   ................. (1)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (1) ÌZ ò³O ÑË$ÐèþË¯èþ$ {ç³†„óüí³õÜ¢ Aç³#yæþ$

2 22 0t t tA e KA e Ae      

2 22 0tAe K       

M>° 0tAe  , 2 22 0K     

A…§æþ$ÐèþË¯èþ çÜÒ$MæüÆæÿ×ýÐèþ$$ (1) Äñý$$MæüP Ýë«§éÆæÿ×ý ç³ÇÚëPÆæÿÐèþ$$

   2 2 2 2
1 2exp expq A K K t A K K t           

      
....... (2)

1A Ðèþ$ÇÄæý$$ 2A Ë$ Äæý*§æþ–_eMæü íÜ¦Æ>…MæüÐèþ$$Ë$. 0t  AÆÿ$$¯èþç³#yæþ$ 0q q A¯èþ$ AÐèþ« «¨

°º…«§æþ¯èþ¯èþ$ A¯èþ$ÐèþÇ¢…_ íÜ¦Æ>…M>Ë ÑË$ÐèþË¯èþ$ Mæü¯èþ$Vö¯èþÐèþ^èþ$a.

1 2q A A  ............................................. (3)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (2) ¯èþ$ AÐèþMæüË¯èþÐèþ$$ ^óþÄæý$V>, Ðèþ$¯èþMæü$

   2 2 2 2
1 exp

dq
i A K K K K t

dt
           

      
+

   2 2 2 2
2 e x pA K K K K t         
      

0t  çÜÐèþ$Äæý$… Ðèþ§æþ® 0i  A¯èþ$ AÐèþ«¨ °º…«§æþ¯èþ¯èþ$ ÐèþÇ¢…ç³gôýõÜ¢, Ðèþ$¯èþ… {Mìü…¨ Ñ«§æþ…V> {ÐéÄæý$Ðèþ^èþ$a.

   2 2 2 2
1 2O A K K A K K           
      

 2 2
1 2 1 2( ) ( )K A A K A A       



8.22§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

   2 2
0 1 2Kq K A A     0 1 2q A A 

  0
1 2 2 2( )

Kq
A A

K 
 




..................... (4)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (3) Ðèþ$ÇÄæý$$ (4) Ë¯èþ$ Ýë«¨…^èþV>

0
1 2 2

1
2 ( )

q K
A

K 

 
  

   

0
2 2 2

1
2 ( )

q K
A

K 

 
  

   

D ÑË$ÐèþË¯èþ$ çÜÒ$MæüÆæÿ×ý… (2)ÌZ {ç³†„óüí³…^èþV>

2 20

2 2
1 exp ( )

2 ( )

q K
q K K t

K




 
      
    

2 20

2 2
1 exp ( )

2 ( )

q K
K K t

K




 
      
    

................. (5)

Ñ§æþ$Å§éÐóþÔèý „îü×ý™é çÜÐèþ$Äæý$…ÌZ H§ðþO¯é „æü×ý… t Ðèþ§æþ® Mæü…yðþ¯èþÞÆæÿ$ò³O Ñ§æþ$Å§éÐóþÔèýÐèþ$$ ÑË$ÐèþË¯èþ$
çÜÒ$MæüÆæÿ×ýÐèþ$$ (5) çÜ*_çÜ$¢…¨.

(i) 2 2K  AÆÿ$$¯èþç³#yæþ$ D çÜ…§æþÆæÿÂ…ÌZ 2 2( )K  Äæý$§éÆæÿ®Ðèþ$$ Ðèþ$ÇÄæý$$ «§æþ¯é™èþÃMæüÐèþ$$

A…sôý t  AÆÿ$$¯èþç³#yæþ$ GMøÞ¯ðþ°ÛÄæý$ÌŒý ç³§éÆæÿ®Ðèþ$$Ë$ Ôèý*¯èþÅÐèþ$$¯èþ$ çÜÒ$íÙÝë¢Æÿ$$. A¯èþV> q

Ñ§æþ$Å§éÐóþÔèýÐèþ$$ GMöÞüµ¯ðþ°ÛÄæý$ÌŒýV> ™èþVæü$Y™èþ$…¨. ©°° “A«¨Mæü AÐèþÆæÿ$§æþ®Ðèþ$$”, Ìôý§é “Ðèþ–™èþçÜµ…§æþ¯èþ”
çÜ…§æþÆæÿÂÐèþ$$ A…sêÆæÿ$. ç³r… ÌZ 1Ðèþ Ðèþ{MæüÐèþ$$ çÜ*_çÜ$¢…¨. (10).
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q
0

q

(1)

(2)

(3)

t

ç³r…. 10

O

(ii) 2 2K  ©°° AÐèþÆæÿ$§æþ®Ðèþ$$ A…sêÆæÿ$. A™èþÅËµ M>ËÐèþ$$ÌZ GMöÞüµ¯ðþ°ÛÄæý$ÌŒýV> Ñ§æþ$Å§éÐóþÔèý ÑË$Ðèþ

Ôèý*¯èþÅÐèþ$$¯èþMæü$ ™èþVæü$Y™èþ$…¨. ç³r… (10) ÌZ Ðèþ{MæüÐèþ$$ (2) ©°° çÜ*_çÜ$¢…¨.

(iii) 2 2K  AÆÿ$$¯èþç³#yæþ$ D çÜ…§æþÆæÿÂ…ÌZ 2 2( )K  ÑË$Ðèþ Fà™èþÃMæüÐèþ$$ Ìôý§é AÐéçÜ¢ÐèþÐèþ$$.

A¯èþ$Mæü*Ë™èþ MöÆæÿMæü$ 2 2 2 2( ) ( )K i K i      A¯èþ$Mæü$…§é…. CMæüPyæþ 2 2( )K   . Cç³#yæþ$

çÜÒ$MæüÆæÿ×ýÐèþ$$ (5)¯èþ$ {Mìü…¨ Ñ«§æþ…V> {ÐéÄæý$Ðèþ^èþ$a.

   0 01 exp 1 exp
2 2

q qK K
q K i t K i t

i i
 

 

   
          

   

0 1 1
2

Kt i t i tq K K
e e e

i i
 

 
 

    
       

    



8.24§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

0
2 2

i t i t i t i t
Kt e e K e e

q e
i

   



 


     
     

    

0 cos sinKt K
q e t t 


  

  
 

 0 cos sinKtq
e t K t  


  ........................ (6)

Cç³#yæþ$ sinK K  Ðèþ$ÇÄæý$$ sinK  A° {ÐéõÜ¢

 2 2 2 2 2 2 2K K K K        , i.e. K  Ðèþ$ÇÄæý$$

2 2

tan
K

K K

 



 

D ÑË$ÐèþË¯èþ$ çÜÒ$MæüÆæÿ×ýÐèþ$$ (6) ÌZ {ç³†„óüí³õÜ¢

 0 sin cos cos sinKtq
q e K t t   


 

 0 sin( )Ktq
e K t 


 

 '
0 sin( )Ktq q e K t  

CMæüPyæþ
' 0
0

q
q




 .

D çÜÒ$MæüÆæÿ×ý… çÜÆæÿâæý çßýÆ>™èþÃMæü ^èþË¯èþÐèþ$$¯èþ$ çÜ*_çÜ$¢…¨. Mæü…ç³¯èþ ç³ÇÑ$† '
0

Ktq e . ©° ÑË$Ðèþ

M>Ë… Væüyìþ^óþ Mö©ª {MæüÐèþ$…V> ™èþVæü$Y™èþ$…¨. A¯èþV> Mæü…yðþ¯èþÞÆæÿ$ò³O Ñ§æþ$Å§éÐóþÔèý… yøÌêÄæý$Ðèþ*¯èþ íÜ¦†° MæüÍY
E…r$…¨. M>Ë…™ø »êr$ Mæü…ç³¯èþ ç³ÇÑ$† GMøÞüµ¯ðþ°ÛÄæý$ÌŒýV>¯èþ$ yøÌêÄæý$Ðèþ*¯èþ…V>¯èþ$ ™èþVæü$Y™èþ$…¨.
(3) Ðèþ{MæüÐèþ$$ ç³r… (10)ÌZ D ÑçÙÄæý*°² ^ðþº$™èþ$…¨.

BÐèþÆæÿ¢¯èþ M>ËÐèþ$$
  22 2

2

2 2 2

1

4

T
i RK

LC L
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Ñ§æþ$Å§æþ$™èþµÆæÿY ´û¯èþ@ç³#¯èþÅÐèþ$$

2

2

1 1 1

2 4

R
T

T LC L

 
   

 

CMæüPyæþ R ÑË$Ðèþ çÜÓËµ…V> E…sôý
1 1

2
f

LC
 .

8.5 Ýë«¨…_¯èþ çÜÐèþ$çÜÅË$@

1. JMæü ÐèþËÄæý$…ÌZ 10 Ohm’s Ë Ñ§æþ$Å°²Æø«§æþÐèþ$$ 50 H Ë çÜÓÄæý$… {õ³ÆæÿMæü™èþÓÐèþ$$ VæüË ¡Væü^èþ$rt 2V Ñ.^é.º VæüË
»êÅrÈVæüË Mö¯èþË Ðèþ$«§æþÅ MæüË$ç³ºyézÆÿ$$. ÐèþËÄæý$… Äñý$$MæüP M>ËíÜ¦Æ>…MæüÐèþ$$¯èþ$, f°…_¯èþ VæüÇçÙx Ñ§æþ$Å™Œþ
{ç³ÐéçßýÐèþ$$¯èþ$ Mæü¯èþ$MöP…yìþ.

Ýë«§æþ è̄þ@

çÜÓÄæý$… {õ³ÆæÿMæü™èþÓÐèþ$$ L = 50 H, Ñ§æþ$Å°Æø«§æþ… R = 10 »êÅrÈ Ñ.^é.º e = 2V..

C…yæþMìütÐŒþ M>ËíÜ¦Æ>…MæüÐèþ$$
1 50

5sec
10

T
R

  

VæüÇçÙx Ñ§æþ$Å™Œþ {ç³Ðéçßý… 0

2
0.2

10

E
i amp

R
  

2. 50 H Ë {õ³ÆæÿMæü™èþÓÐèþ$$ VæüË ÝùÍ¯éÆÿ$$yŠþ -& 30 Ohm Ë Ñ§æþ$Å°²Æø«§æþÐèþ$$ JMæü »êÅrÈMìü MæüË$ç³ºyìþ¯èþ¨. òÜ•¦†Mæü
Ñ§æþ$Å™Œþ {ç³Ðéçßý…ÌZ çÜVæü… ÑË$ÐèþMæü$ Ñ§æþ$Å™Œþ {ç³Ðéà°Mìü G…™èþ M>Ë… ç³yæþ$™èþ$…¨?

Ýë«§æþ è̄þ@

C…yæþMðüt¯ŒþÞ L = 50 H

Ñ§æþ$Å°²Æø«§æþÐèþ$$ R = 30

Ñ§æþ$Å™Œþ… {ç³Ðéçßý… 0

2

i
i 

LR ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ Ðèþ–¨®Mìü çÜÒ$MæüÆæÿ×ýÐèþ$$ 0 1
Rt

Li i e
 

  
 

30

0 50
0 1

2

ti
i e

 
   

 



8.26§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

 0.60.5 1 te 

0.6 1
0.5

2
te  

0.6 log 2 0.69et  

0.69
1.15sec

0.6
t  

(3) çÜ…ç³NÆæÿ~ BÐóþÕ™èþ Mðü´ëíÜrÆŠÿ Äñý$$MæüP Mðü´ëíÜsñý¯ŒþÞ 2 F . C¨ A««¨Mæü °Æø«§æþ… §éÓÆ> Ëçœ$$ çÜ…«§é¯èþ…

^óþÄæý$ºyìþ¯èþ¨. JMæü °Ðèþ$$çÙM>Ë…ÌZ Ñ§æþ$Å§éÐóþ… çÜV>°Mìü ™èþVæü$Y¯èþr$Ï E™èþµÆæÿY… fÆæÿ$Væü$™èþ$¯èþ²¨. ÐèþËÄæý$…ÌZ°
Ñ§æþ$Å°²Æø«§æþ… ÑË$Ðèþ¯èþ$ Væü$×ìý…^èþ…yìþ.

Ýë«§æþ è̄þ@

Mðü´ëíÜsñý¯ŒþÞ 62 2 10C F F   

Ñ§æþ$Å™Œþ °Æø«§æþÐèþ$$ R A¯èþ$Mö…§é…

M>ËÐèþ$$ t = 1 minute = 60 Sec

60 òÜMæü¯ŒþË ™èþÆ>Ó™èþ Q =
0

2

Q

Mðü´ëíÜrÆŠÿ Äñý$$MæüP E™èþÞÆæÿYÐèþ$$¯èþMæü$ çÜÒ$MæüÆæÿ×ýÐèþ$$ 0

t

RCQ Q e




0
0

2

t

RC
Q

Q e




Ìôý§é
1

2

t

RCe




i.e. 2
t

RCe


 .

log 2 0.693e

t

RC


 

60sect  AÆÿ$$¯èþç³#yæþ$ 62 10c F 

6

6

60
43 10

0.693 0.693 2 10

t
R ohms

C 
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4. 1 F Mðü´ëíÜsñý¯ŒþÞ VæüË Mðü´ëíÜrÆŠÿ Ððþ$$§æþr ç³NÇ¢V> BÐóþÕ™èþ… ^óþÄæý$ºyìþ B ™èþÆ>Ó™èþ 1 meg Ohm Ñ§æþ$Å°²Æø«§æ …

§éÓÆ> E™èþ¢Ææÿ… ^óþÄæý$ºyìþ¯èþ¨. Ðèþ$*Ë ÑË$ÐèþÌZ 37%¯èþMæü$ Mðü´ëíÜrÆŠÿò³O VæüË Ñ§æþ$Å§éÐóþÔèýÐèþ$$¯èþMæü$ ™èþVæü$YrMæü$
ç³r$tM>ËÐèþ$$¯èþ$ Mæü¯èþ$MøP…yìþ.

Ýë«§æþ è̄þ@

Mðü´ëíÜsñý¯ŒþÞ 61 10C F F  

Ñ§æþ$Å°²Æø«§æþ… R = 1 meg Ohm = 610 

™èþ$¨ Ñ§æþ$Å§éÐóþÔèý… 0

37

100
Q Q 

Mðü´ëíÜrÆŠÿ Ñ§æþ$Å™Œþ E™èþÞÆæÿYÐèþ$$¯èþMæü$ çÜÒ$MæüÆæÿ×ýÐèþ$$

0

t

RCQ Q e


 A…§æþ$ÐèþË¯èþ

0

37

100

t

RCQ Q e


 

100

37

t

RCe 

100
log log ( ) 1

37
e e

t
e

RC

 
   

 

6 610 10 1RC   

1sect 

5. 0.5 F Mðü´ëíÜsñý¯ŒþÞ VæüË Mæü…yðþ¯èþÞÆæÿ$ 10M Ohm Ñ§æþ$Å°²Æø«§æþ… §éÓÆ> E™èþÞÆæÿYÐèþ$Äôý$Årr$Ï ^óþÄæý$ºyìþ¯èþ¨.

ÐèþËÄæý$… Äñý$$MæüP Mðü´ëíÜsìýÐŒþ M>Ë íÜ¦Æ>…MæüÐèþ$$ ÑË$Ðèþ¯èþ$ Væü×ìý…^èþ…yìþ.

Ýë«§æþ è̄þ@

Mðü´ëíÜsñý¯ŒþÞ 60.5 0.5 10C F F   

Ñ§æþ$Å°²Æø«§æþ… 610 10 10R Mohm   

Mðü´ëíÜsìýÐŒþ M>Ë íÜ¦Æ>…Mæü… 6 610 10 0.5 10T RC      

= 5 Sec.



8.28§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

6. 10 F Mðü´ëíÜr¯ŒþÞ VæüË Mæü…yðþ¯èþÞÆæÿ$ 50V ´÷sñý°Û°Äæý$ÌŒýMæü$ BÐóþÕ™èþ… ^óþÄæý$ºyìþ¯èþ¨. B ™èþÆ>Ó™èþ A¨

Eõ³„ìü…^èþ§æþW¯èþ…™èþ çÜÓËµ Ñ§æþ$Å°²Æø«§æþÐèþ$$ Ðèþ$ÇÄæý$$ 10 MH {õ³ÆæÿMæü™èþÓ… VæüË ¡Væü ^èþ$rt §éÓÆ> E™èþÞÆæÿY… ^ðþ…¨¯èþ¨.
Ñ§æþ$Å§éÐóþÔèý… Äñý$$MæüP Mæü…ç³¯èþ ´û¯èþ@ç³#¯èþÅÐèþ$$¯èþ$ Ðèþ$ÇÄæý$$ çœÍ™èþ Ñ§æþ$Å™Œþ Ñ§æþ$Å™Œþ {ç³Ðéçßý Mæü…ç³¯èþÐèþ$$Ë VæüÇçÙx
Mæü…ç³¯èþ ç³ÇÑ$†° Mæü¯èþ$MøP…yìþ.

Ýë«§æþ è̄þ@

Mðü´ëíÜsñý¯ŒþÞ 6 510 10 10 10C F F F     

´÷sñý°ÛÄæý$ÌŒý V = 50 V

C…yæþMðüt¯ŒþÞ L = 10mH = 10-2 H

 VæüÇçÙx Ñ§æþ$Å§éÐóþÔèýÐèþ$$ 5 4
0 10 50 5 10Q CV F      coul.

Mæü…ç³¯èþ ´û¯èþ@ç³#¯èþÅÐèþ$$ 2 5

1 1

2 2 3.14 10 10
f

LC  
 

  

= 1592 Hz

çœÍ™èþ Ñ§æþ$Å™Œþ {ç³Ðéçßý Mæü…ç³¯èþÐèþ$$Ë ÕQÆæÿ Mæü…ç³¯èþ ç³ÇÑ$†

4
0

0 2 5

5 10

10 10

Q CV
I

LC LC



 


  



= 0.5 Coul/Sec

= 0.5 amp

7. 10 F Mðü´ëíÜsñý¯ŒþÞ VæüË Mðü´ëíÜrÆŠÿ 50V ËMæü$ BÐóþÕ™èþ… ^óþÄæý$ºyìþ ™èþÆ>Ó™èþ 0.1M °Æø«§æþ… §éÓÆ> E™èþÞÆæÿY…

^óþÄæý$ºyìþ¯èþ¨. ™öÍ ÑË$ÐèþÌZ 50% ¯èþMæü$ Ñ§æþ$Å™Œþ {ç³Ðéçßý… ™èþVæü$YrMæü$ ç³r$t M>ËÐèþ$$¯èþ$ Mæü¯èþ$Vö¯èþ$Ðèþ$$.

Ýë«§æþ è̄þ@

VæüÇçÙx Ñ§æþ$Å™Œþ {ç³Ðéçßý… = 0I

™èþ„æü×ý Ñ§æþ$Å™Œþ {ç³Ðéçßý… 0
0 0 050%, 0.5

2

I
I I I  

M>° 0 1
t

CRI I e
 

  
 

0 00.5 1
t

CRI I e
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6 610 10 10 ; 0.1 0.1 10C F F R M         Ðèþ$ÇÄæý$$
6 6(10 10 ) (0.1 10 ) 10 0.1 1CR       

0.5 1 te  

1

2
te

log 2et 

102.303 log 2t  

= 0.6931 Sec.

8. JMæü Mæü…ç³¯èþ ÐèþËÄæý$…ÌZ L = 0.2H, 0.00128C F . Mæü…ç³¯èþÐèþ$$Ë$ BÆæÿ…¿æýÐèþ$Væü$rMæü$ AÐèþçÜÆæÿÐèþ$Væü$ VæüÇçÙx

Ñ§æþ$Å°²Æø«§æþÐèþ$$¯èþ$ Mæü¯èþ$Vö¯èþ$Ðèþ$$.

Ýë«§æþ è̄þ@

E™èþÞÆæÿYÐèþ$$ Mæü…ç³¯é™èþÃMæüÐèþ$$V> E…sôý

2

2

1

4

R

L LC


VæüÇçÙx Ñ§æþ$Å°²Æø«§æþÐèþ$$ R A¯èþ$Mæü$…sôý Mæü…ç³¯èþÐèþ$$Ë$ BÆæÿ…¿æýÐèþ$Væü$rMæü$ °º…«§æþ¯èþ

2

2

1

4

R

L LC
 Ìôý§é 2

L
R

C


2
6

0.2

0.00128 10
R






42.5 10 ohm 

9. 2Ðø Ñ.^é.º VæüË »êÅrÈ Mö¯èþËMæü$ 10 KÐŒþ$Ë Ñ§æþ$Å°²Æø«§æþ… §éÓÆ> 50H òßý{± çÜÓÄæý$… {õ³ÆæÿMæü™èþÓÐèþ$$
VæüË ¡Væü ^èþ$rt MæüË$ç³ºyìþ¯èþ¨. ÐèþËÄæý$… Äñý$$MæüP M>Ë íÜ¦Æ>…MæüÐèþ$$¯èþ$ ÐèþËÄæý$… ÐèþÅÐèþíÜ¦†Ðèþ$Äôý$Å VæüÇçÙx Ñ§æþ$Å™Œþ
{ç³ÐéçßýÐèþ$$¯èþ$ Mæü¯èþ$MøP…yìþ.

Ýë«§æþ è̄þ@

M>Ë íÜ¦Æ>…MæüÐèþ$$ T =
50

5sec
10

L H

R
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VæüÇçÙx Ñ§æþ$Å™Œþ {ç³Ðéçßý…
2

0.2
10

E
amp

R
  

8.6 ¯óþÆæÿ$aMæü$¯èþ² ÑçÙÄæý$Ðèþ$$Ë$:

CR ÐèþËÄæý$…ÌZ Ñ§æþ$Å§éÐóþÔèý… Äñý$$MæüP Ðèþ–¨® Ðèþ$ÇÄæý$$ „æüÄæý$Ðèþ$$Ë$ ^èþÇa…^èþºyìþ¯èþÑ.

LR ÐèþËÄæý$Ðèþ$$ÌZ Mæü*yé Ñ§æþ$Å™Œþ {ç³Ðéçßý Ðèþ–¨® Ðèþ$ÇÄæý$$ „îü×ý™èþË$ ^èþÇa…ºyézÆÿ$$.

LCR ÐèþËÄæý$… ç³° ^óþÄæý$$ Ñ«§æþÐèþ$$ Ðèþ$ÇÄæý$$ çÜ…¨Væü® AÐèþÆæÿ$§æþ®Ðèþ$$Ë$ ÑÐèþÇ…^èþºyìþ¯èþÑ.

8.7 {ç³«§é¯èþÅ™é ç³§æþÐèþ$$Ë$ :

ÐèþÅ†ÆóÿMæü Ìôý§é †Æø Ñ.^é.º, çÜÇçßý§æþ$® °º…«§æþ¯èþ, M>Ë íÜ¦Æ>…MæüÐèþ$$, bóþ¨™èþ ÐèþËÄæý$Ðèþ$$, çœ*™èþ{Ôóý×ìý
ò³Ææÿ$Væü$§æþË Ðèþ$ÇÄæý$$ ™èþVæü$Y§æþË, çÜ…¨Væü® AÐèþÆæÿ$§æþ®Ðèþ$$.

8.8 çÜÓÄæý$… çÜÒ$„> {ç³Ôèý²Ë$ :

(A) Ýë…QÅMæü çÜÐèþ$çÜÅË$ :

1. JMæü ¡Væü ^èþ$rt Äñý$$MæüP M>Ë íÜ¦Æ>…MæüÐèþ$$ 2.5 Ñ$ÎÏ òÜMæü…yŠþ. ©°Mìü 80 KÐŒþ$ {Ôóý×ìýÌZ MæüË$ç³V> M>Ë íÜ¦Æ>…MæüÐèþ$$
ÑË$Ðèþ 0.5 Ñ$ÎÏ òÜMæü…yŠþ. ¡Væü ^èþ$rtÄñý$$MæüP Ñ§æþ$Å°²Æø«§æþÐèþ$$ Ðèþ$ÇÄæý$$ C…yæþMðüt¯ŒþÞ Ë¯èþ$ Væü×ìý…^èþ…yìþ.

int sec;
80

L L
H m

C R

 
  

 : 100 , 40Ans L mH R  

2. 0.4 òßý{± {õ³ÆæÿMæü™èþÓÐèþ$$VæüË {õ³ÆæÿMæü ¡Væü ^èþ$rt §éÓÆ> E™èþÞÆæÿYÐèþ$$¯èþ$ ´÷…§óþ Mæü…yðþ¯èþÞÆæÿ$ Äñý$$MæüP Mðü´ëíÜsñý¯ŒþÞ

5 F . çÜ…¨Væü® BÐèþÆæÿ$§æþ®Ðèþ$$¯èþ$ AÐè çÜÆæÿÐèþ$Væü$ Ñ§æþ$Å°²Æø«§æþÐèþ$$¯èþ$ Mæü¯èþ$MøP…yìþ.

Hint: çÜ…¨Væü® AÐèþÆæÿ$§æþ®Ðèþ$$¯èþMæü$
2

2

1

4

R

L LC
 Ìôý§é 2

L
R

C
  : 566Ans R  

(B) ÐéÅçÜÆæÿ*ç³ {ç³Ôèý²Ë$@

1. CR ÐèþËÄæý$…ÌZ íÜ¦Ææÿ Ñ.^é.º A¯èþ$ÐèþÇ¢…_¯èþç³#yæþ$ Ñ§æþ$Å™Œþ {ç³Ðéçßý AÀÐèþ–¨® „îü×ý™èþËMæü$ çÜÒ$MæüÆæÿ×êË¯èþ$
Æ>ºrt…yìþ. M>Ë íÜ¦Æ>…MæüÐèþ$$ A¯èþV> ¯óþÑ$?
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2. LCR ÐèþËÄæý$…ÌZ Ñ§æþ$Å§æþ$™èþÞÆæÿYÐèþ$$¯èþ$ Væü*Ça ÑÐèþÇ…^èþ…yìþ.

3. LC yøË¯èþÐèþ$$Ë¯èþ$ Ìôý§é Mæü…ç³¯èþÐèþ$$Ë¯èþ$ ÑÐèþÇ…_ Mæü…ç³¯èþ ´û¯èþ@ç³#¯èþÅÐèþ$$¯èþMæü$ çÜÒ$MæüÆæÿ×ýÐèþ$$¯èþ$ Æ>ºrt…yìþ.

8.9 Reference Books:

1. Electronic devices and circuits - Milliman and Halkies

2. Electricity and Electronics - Tayal

3. Physics Vol.II - Holiday and Resnik

4. Electricity - Berkeley Physics series.



9.1 HM>…™èþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

´ëuæÿ… - 9

HM>…™èþÆæÿ Ñ§æþ$Å™Œþ {ç³ÐéàË$

Ë„æüüÅÐèþ$$Ë$ :

- JMæü BÐèþÆæÿ¢¯èþ…ÌZ AC Ñ§æþ$Å™èþ$¢ Äñý$$MæüP çÜVæür$ ÑË$Ðèþ¯èþ$ AÆæÿ® BÐèþÆæÿ¢¯èþ…ÌZ çÜVæür$ ÑË$Ðèþ¯èþ$, Ñ§æþ$Å™Œþ
ÔèýMæüÃ RMS ÑË$Ðèþ¯èþ$ ™ñþË$çÜ$Mö¯èþ$r.

- °Æ>Ã×ý Væü$×ýMæüÐèþ$$ Ðèþ$ÇÄæý$$ ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$ ÑË$ÐèþË¯èþ$ Mæü¯èþ$Vö¯èþ$ ç³§æþ®†.

- Ôèý$§æþ® Ñ§æþ$Å°²Æø«§æþÐèþ$$, Ôèý$§æþ® {õ³ÆæÿMæü™èþÓÐèþ$$ Ðèþ$ÇÄæý$$ Ôèý$§æþ® Mðü´ëíÜsñý¯ŒþÞ §éÓÆ> AC {ç³Ðéçßý
«§æþÆæÿÃÐèþ$$Ë¯èþ$ ™ñþË$çÜ$Mö¯èþ$r.

- L-R ÐèþËÄæý$…ÌZ AC {ç³ÐéçßýÐèþ$$, çÜ¨Ôé_{™èþÐèþ$$.

- C-R {Ôóý×ìýÐèþËÄæý$…ÌZ AC {ç³ÐéçßýÐèþ$$, çÜ¨Ôé_{™èþÐèþ$$.

- L-C ÐèþËÄæý$…ÌZ AC {ç³ÐéçßýÐèþ$$, çÜ¨Ôé _{™èþÐèþ$$.

- L-C-R {Ôóý×ìý ÐèþËÄæý$…ÌZ AC {ç³ÐéçßýÐèþ$$, çÜ¨Ôé_{™èþÐèþ$$ A¯èþ$¯é§æþÐèþ$$

- L-C-R çÜÐèþ*…™èþÆæÿ ÐèþËÄæý$…ÌZ A.C. {ç³ÐéçßýÐèþ$$, Q-Væü$×ýMæüÐèþ$$ (Væü$×ý ¿êfMæüÐèþ$$), ç³sîýt ÐðþyæþË$µ
Ððþ$$§æþÌñýO¯èþ Ðésìý° ^èþÇa…^èþ$r.

´ëuæÿÅ {ç³×êãMæü@

9.1 ç³Ç^ èþÄæý$Ð èþ$$

9.2 HM>…™èþÆæÿ Ñ§æþ$Å™ èþ$¢

9.3 HM>…™èþÆ æÿ Ñ§æþ$Å§æþÓËÄæý$…ÌZ ÝëÐèþ$Æ æÿ ¦ üÅÐ èþ$$ & ÝëÐèþ$Ææÿ ® üÅ V æü$×ýMæüÐ èþ$$

9.4 A.C ÐèþËÄæý$…ÌZ Ñ§æþ$Å°²Æø«§æþÐèþ$$ Ðèèþ*{™èþÐóþ$E¯èþ²ç³#yæþ$

9.5 A.C ÐèþËÄæý$…ÌZ {õ³ÆæÿMæü

9.6 A.C ÐèþËÄæý$…ÌZ Mðü´ëíÜsñý¯ŒþÞ Ðèèþ*{™èþÐóþ$ E¯èþ²ç³šyæþ$

9.7 L - R ™ø AC ÐèþËÄæý$Ðèþ$$

9.8 C - R {Ôóý×ìýV> VæüË A.C ÐèþËÄæý$Ðèþ$$

9.9 L-C-R Ë™ø Mæü*yìþ¯èþ A.C ÐèþËÄæý$Ðèþ$$

9.10 L-C-R Ë™ø Mæü*yìþ¯èþ A.C ÐèþËÄæý$Ðèþ$$



9.2§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

9.11 {Ôóý×ìý A¯èþ$Ðé§æþ ÐèþËÄæý$Ðèþ$$

9.12 Væü$×ý¿êfMæüÐèþ$$

9.15 A.C ÐèþËÄæý$ ÝëÐèþ$Ææÿ®üÅÐèþ$$

9.14 çÜÐèþ*…™èþÆæÿ ÐèþËÄæý$…ÌZ A¯èþ$Ðé§æþÐèþ$$

9.15 Ýë«¨…_¯èþ çÜÐèþ$çÜÅË$

9.16 Ðèþ$$W…ç³#

9.17 Ðèþ$$QÅç³§æþÐèþ$$Ë$

9.18 çÜÓÄæý$… çÜÒ$„> {ç³Ôèý²Ë$

9.19 ^èþ§æþÐèþ§æþW¯èþ {Væü…£éË$

9.1 ç³Ç^èþÄæý$Ðèþ$$:

M>Ë…™ø »êr$ Ðèþ*Ææÿ° Ñ§æþ$Å™Œþ {ç³Ðèþíßý…^óþ ÐèþËÄæý$Ðèþ$$Ë ÑçÙÄæý$… Ðèþ$¯èþMæü$ Ñ¨™èþÐóþ$. Cç³šyæþ$

M>Ë…™ø´ër$ Ðèþ*Æóÿ ÑË$Ðèþ VæüË Ñ§æþ$Å™Œþ {ç³ÐéàË™ø Mæü*yìþ¯èþ ÐèþËÄæý*Ë¯èþ$ Væü*Ça ™ñþË$çÜ$Mæü$…§éÐèþ$$. Ðèþ*Æóÿ

Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ Æðÿ…yæþ$ ÆæÿMæüÐèþ$$Ë$@

1. çßýu>™èþ$¢V> íÜÓ^Œþ & B¯Œþ ^óþÄæý$ºyìþ¯èþ ÐèþËÄæý$Ðèþ$$Ë$ Ìôý§é çßýu>™Œþ çÜ¦…À™èþ Ñ§æþ$Å™Œþ ÐèþËÄæý$Ðèþ$$Ë$.

2. A.C. ÐèþËÄæý$Ðèþ$$ËÌZ Ðèþ*Æóÿ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$Ë$.

9.2 HM>…™èþÆæÿ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$:

°Ç®çÙt M>Ë ÐèþÅÐèþ«§æþ$ËÌZ ^èþ{MîüÄæý$ Ðèèþ*Ææÿ$µËMæü$ ÌZ¯èþÄôý$Å Ñ§æþ$Å™èþ$¢¯óþ HM>…™èþÆæÿ Ñ§æþ$Å™Œþ {ç³Ðéçßý…
A…sêÆæÿ$. ÔèýMæüÃÐèþ$$ Ìôý§é Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$Ë ™èþÆæÿ…Væü çÜÓÆæÿ*ç³Ðèþ$$ ç³rÐèþ$$ (11)ÌZ ^èþ*í³¯èþr$Ï…yìþ
Væü×ìý™èþ È™éÅ ©°° ^èþ*õ³ Ñ«§æþÐèþ$$

0 sini i t

0 sinE E t

CMæüPyæþ i Ìôý§é E ™èþ„æü×ý ÑË$ÐèþË¯èþ$ ÕQÆ>{Væü Ìôý§é VæüÇçÙx ÑË$ÐèþË¯èþ$ 0i Ìôý§é 0E Ë™ø çÜ*_Ýë¢Ææÿ$.

t ç³§æþÐèþ$$ §æþÔèý¯èþ$ ™ñþË$ç³#™èþ$…¨. JMæü BÐèþÆæÿ¢ è̄þÐèþ$$¯èþ$ ç³NÇ¢ ^óþÄæý$$rMæü$ ç³r$tM>ËÐèþ$$¯èþ$ BÐèþÆæÿ¢¯èþ M>ËÐèþ$$
A…sêÆæÿ$. T ™ø çÜ*_Ýë¢Ææÿ$. JMæü òÜMæü¯ŒþÌZ ç³NÆæÿ¢Äôý$ BÐèþÆæÿ¢¯èþÐèþ$$Ë çÜ…QÅ¯èþ$ ´û¯èþ@ç³#¯èþÅÐèþ$$ A…sêÆæÿ$.

f ™ø çÜ*_Ýë¢Ææÿ$.
1

f
T

 
 

 
.



9.3 HM>…™èþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

B ™èþÆæÿ$Ðé† A…^ðþÌZ D a.c. ° MöË$^èþ$r. M>° d.c. Ò$rÆæÿ$Ï çÜVæür$ ÑË$Ðèþ¯èþ$ MöË$Ýë¢Äæý$°
Ðèþ$¯èþMæü$ ™ñþË$çÜ$. AÑ JMæü çÜ…ç³NÆæÿ~ ^èþ{MæüÐèþ$$ÌZ çÜVæür$ ÑË$Ðèþ¯èþ$ M>ÆŠÿz ^óþÝë¢Æÿ$$. Ðèþ$ÆöMæü ÝëÇ ç³r… 11¯èþ$
^èþ*íÜ¯èþrÏÆÿ$$™ôþ çÜ…ç³NÆæÿ~ ^èþ{MæüÐèþ$$ÌZ Æðÿ…yæþ$ AÆæÿ® BÐèþ–™èþÐèþ$$Ë$ E…sêÆÿ$$. JMæü AÆæÿ® BÐèþ–™èþÐèþ$$ ç³NÇ¢V>
«§æþ¯é™èþÃMæüÐèþ$$Ë$ Æðÿ…yæþÐèþ¨ ç³NÇ¢V> º$$×ê™èþÃMæüÐèþ$$. A…§æþ$ÐèþË¯èþ d.c. Ò$rÆæÿ$ Ôèý*¯èþÅ Aç³ÐèþÆæÿ¢¯èþÐèþ$$¯èþ$
çÜ*_çÜ$¢…¨. A…§æþ$ÐèþË¯èþ a.c. MöÆæÿMæü$ ÐèþÆæÿYÐèþ$*Ë Ðèþ$«§æþÅÐèþ$ ÑË$Ðèþ A¯èþ$ {Mö™èþ¢ ç³§æþÐèþ$$¯èþ$ {ç³Ðóþò³yæþ™éÐèþ$$.
©°° {Mì …¨ Ñ«§æþ…V> ÑÐèþÇ…^èþÐèþ^èþ$a. Ñ§æþ$Å°²Æø«§æþÐèþ$$ R §éÓÆ> {ç³Ðèþíßý…^óþ Ñ§æþ$Å™Œþ {ç³Ðéçßý… i(t) ÐèþË¯èþ
{ç³¿êÐèþMæü ÝëÐèþ$Ææÿ®üÅÐèþ$$ P(t) Äñý$$MæüP çÜVæür$ ÑË$Ðèþ P. C§óþ P ÑË$Ðèþ R §éÓÆ> Ñ§æþ$Å™èþ$¢ I {ç³Ðèþíßý…^èþ$r ÐèþË¯èþ
Mæü*yé HÆæÿµyæþ$™èþ$…¨. Aç³#yæþ$ i(t) Äñý$$MæüP {ç³¿êÐèþMæü ÑË$Ðèþ íÜ¦Ææÿ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ I Mìü çÜÐèþ*¯èþÐèþ$Äôý$Å
Ir.m.s. ™ø çÜ*_Ýë¢Ææÿ$. C§óþ Ñ«§æþ…V> ÔèýMæüÃ {ç³Ðóþ$Äæý$Ðèþ$$ Äñý$$MæüP {ç³¿êÐèþMæü ÑË$Ðèþ è̄þ$ E r.m.s. ™ø çÜ*_Ýë¢Ææÿ$.
A…sôý a.c. ç³ÇMæüÆæÿÐèþ$$Ë$ ÐèþÆæÿY Ðèþ$«§æþÅÐèþ$Ðèþ$$ Äñý$$MæüP ÐèþÆæÿYÐèþ$*ËÐèþ$$¯èþ$ MöË$Ýë¢Æÿ$$ Ìôý§é Ñ$«§éÅ ÑË$Ðèþ¯èþ$
MöË$Ýë¢Äæý$° ^ðþç³µÐèþ è̂þ$a. A è̄þV> Væü–çßZç³Äñý*VæüÐèþ$$ MöÆæÿMæü$ Ðéyóþ Ñ§æþ$Å™èþ$¢ 230 ÐøÌŒýt A° ð̂þ¼™ôþ ´÷sñý°ÛÄæý$ÌŒý

Äñý$$MæüP r.m.s. ÑË$Ðèþ 230 ÐøÌŒýtüÞ A° AÆæÿ®Ðèþ$$. VæüÇçÙx ÐøÌôýth ÑË$Ðèþ° ´÷…§éË…sôý r.m.s. ÑË$Ðèþ¯èþ$ 2

™ø Væü$×ìý…^èþÐèþËíÜ E…r$…¨. a.c. ÑË$ÐèþË¯èþ$ MöË$^èþ$rMæü$ d.c. Ò$rÆæÿÏ ÐéyæþÆ>§æþ$. d.c. Ò$rÆæÿÏMæü$ Mö°²
Ðèþ*Ææÿ$µË¯èþ$ ^óþíÜ¯èþ í³§æþç³ a.c. ° MöË$^èþ$rMæü$ ÐéyæþÐèþ^èþ$a. HMæü ¨MæüPÆæÿ×ý Ñ§æþ$Å™Œþ {ç³Ðéçßý çÜVæür$ ÑË$Ðèþ
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H§óþ° AÆæÿ® ^èþ{MæüÐèþ$$ÌZ° çÜVæür$ {ç³ÐéçßýÐèþ$$¯èþMæü$ çÜÐèèþ*¯èþÐèþ$$. C¨ VæüÇçÙx Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ i
0

ÑË$Ðèþ
2



Æðÿr$Ï. AÆÿ$$™ôþ d.c. Ò$rÆŠÿ¯èþ$ a.c. ° MöË$^èþ$rMæü$ ™èþW¯èþ Ñ«§æþ…V> {MæüÐèþ*…Mæü¯èþÐèþ$$ ^óþÄæý$Ðèþ^èþ$a.

JMæü çÜ…ç³NÆæÿ~ BÐèþÆæÿ ¢¯ èþÐèþ$$ÌZ A.C. Äñý$$MæüP çÜVæür$ ÑË$Ðèþ:

Cç³#yæþ$ Ðèþ$¯èþ… a.c. Äñý$$MæüP çÜVæür$ ÑË$Ðèþ JMæü çÜ…ç³NÆæÿ~ BÐèþÆæÿ¢¯èþÐèþ$$ÌZ Ôèý* è̄þÅÐèþ$$ÌZ Ôèý* è̄þÅÐèþ$$¯èþMæü$

çÜÐèþ*¯èþÐèþ$° Væü×ìý™èþ È™éÅ Ææÿ$kÐèþ# ^ðþÄæý$Ðèþ^èþ$a. H§óþ° „æü×ý… t Ðèþ§æþ® Ñ§æþ$Å™Œþ {ç³Ðéçßý… ÑË$Ðèþ 0 sini i t

JMæü ç³NÇ¢ BÐèþÆæÿ¢¯èþ…ÌZ òÜO¯Œþ Ðèþ{MæüÐèþ$$ BMæü–† VæüË ™èþÆæÿ…VæüÐèþ$$ Äñý$$MæüP çÜVæür$ ÑË$Ðèþ

00
0

0

0

sin cos

T

T

av T

ii t t
i

T
dt

 



 




0

0

2
cos

T
i t

t T






2
sin

T




 
 

 

=
0 0cos2 cos'0' 1 1 0
i i

t t


 
      


    

A¯èþV> ç³NÇ¢ BÐèþÆæÿ¢¯èþÐèþ$$ÌZ a.c. Äñý$$MæüP çÜVæür$ ÑË$Ðèþ Ôèý*¯èþÅÐèþ$° ™ñþÍíÜ¯èþ¨. C§óþ Ðèþ*¨ÇV>
A.C. Ñ.^é.º. ¯èþMæü$ Mæü*yé Ææÿ$kÐèþ# ^óþÄæý$Ðèþ^èþ$a.

AÆæÿ® BÐèþÆæÿ¢¯èþÐèþ$$ÌZ A.C. ÐøÌôýth Äñý$$MæüP çÜVæür$ ÑË$Ðèþ@

JMæü AÆæÿ® BÐèþÆæÿ¢¯èþÐèþ$$ÌZ {Væüíßý…_¯èþ ™èþ„æü×ý ÑË$Ðèþ Ë°²…sìý Äñý$$MæüP çÜVæür$¯óþ A.C. Äñý$$MæüP çÜVæür$
A…sêÆæÿ$. AÆæÿ® BÐèþÆæÿ¢¯èþÐèþ$$ÌZ° ™èþ„æü×ý ÑË$ÐèþË Ððþ$$™èþ¢Ðèþ$$ A¯èþV>

=

2 2

0

0 0

. sin .

T T

E dt E t dt 

 Ñ.^é.º. çÜVæür$ =

2

0

0

2

0

sin .

T

T

E t dt

dt
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2
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E t dt
T
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0

0

2 cos
T

E t
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0

0

2 2
cos .

2

T

E T
t
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2

T




 
  
 

=  0 cos 2 cos'0 '
E




 

çÜVæür$ Ñ.^é.º. =
02E



C§óþ Ñ«§æþ…V> çÜVæür$ Ñ§æþ$Å™Œþ {ç³Ðéçßý… 02i


.

Ñ§æþ$Å™Œþ {ç³Ðéçßý… R.M.S. ÑË$Ðèþ:

Ñ§æþ$Å™Œþ {ç³Ðéçßý… Äñý$$MæüP r.m.s. ÑË$Ðèþ °ÆæÿÓ^èþ¯èþÐèþ$$ ¯èþ$…yìþ

2 2. .effi R i R

Ìôý§é  2
e f fi i ...................... (1)

Cç³#yæþ$ 2i Äñý$$MæüP çÜVæür$ ÑË$Ðèþ¯èþ$ Væü×ìý§éªÐèþ$$.

2 2
0

2 0 0

0

sin
T T

T

i dt i tdt

i
T

dt



 
 



2
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0

(1 cos 2 )
2

Ti
t dt
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2
0

0

sin 2
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T
i t
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2
0

2

i


CMæüPyæþ  
2

2 0

2e ff

i
i i 

0 02 0.707eff ii i 

C§óþ Ñ«§æþ…V> A.C. ÐøÌôýti Äñý$$MæüP R.M.S. ÑË$Ðèþ¯èþ$ ´÷…§æþÐèþ^èþ$a.

A.C. ÐøÌôýti Äñý$$MæüP R.M.S. ÑË$Ðèþ:

JMæü çÜ…ç³NÆæÿ~ BÐèþÆæÿ¢¯èþÐèþ$$ÌZ ¡çÜ$Mæü$¯èþ² ™èþ„æü×ý ÑË$ÐèþË ÐèþÆ>YË çÜVæür$ Äñý$$MæüP ÐèþÆæÿY Ðèþ$*ËÐèþ$$¯èþ$

RMS ÑË$Ðèþ A…sêÆæÿ$. ç³NÇ¢ BÐèþÆæÿ¢¯èþÐèþ$$ÌZ° ™èþ„æü×ý ÑË$ÐèþË Äñý$$MæüP ÐèþÆ>YË çÜVæür$
2 2
0

0

T

E Sin tdt

 ÐèþÆ>YË çÜVæür$ =

2 2
0

0

0

T

T

E Sin tdt

dt





=
2 2
0

0

1
T

T
E Sin tdt

2

0

T

Sin tdt Äñý$$MæüP çÜÐèþ*MæüË¯èþ ÑË$Ðèþ

2

0 0

1
(1 cos 2

2
)

T T

Sin tdt t dt   

=
00

1 1
cos2

2 2

TT

dt tdt 

0

2

2 4

T
T Sin t
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0
2

T
  =

2

T

ÐèþÆ>YË Ðèþ$«§æþÅ ÑË$Ðèþ =

2
2 0
0

1

2 2

ET
E

T
  

 R.M.S. ÑË$Ðèþ =

2
0

2

E
.

BMæü–† Væü$×ýMæüÐèþ$$ Ìôý§é çÜÓÆæÿ*ç³ Væü$×ýMæüÐèþ$$ (Form Factor):

°ÆæÿÓ^èþ¯èþÐèþ$$@ r.m.s. ÑË$ÐèþMæü$ çÜVæür$ ÑË$ÐèþMæü$ VæüË °çÙµ†¢ ¯óþ BMæü–† Væü$×ýMæüÐèþ$$ Ìôý§é çÜÓÆæÿ*ç³
Væü$×ýMæüÐèþ$$ A…sêÆæÿ$.

i.e. BMæü–† Væü$×ýMæüÐèþ$$
. . . . . .r m s r m s

av av

i E

i E


0
. . .

2
r m s

i
i  Ðèþ$ÇÄæý$$ 02

av

i
i


 A° Ðèþ$¯èþMæü$ ™ñþË$çÜ$.

BMæü–† Væü$×ýMæüÐèþ$$
0

1.11
22 2 2

i

i

 
   .

A.C. Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ Ìôý§é ÐöÌôýti Äñý$$MæüP ™èþÆæÿ…Væü çÜÓÆæÿ*ç³Ðèþ$$¯èþMæü$ Væü$Ç¢…ç³#¯èþ$ Æÿ$$^óþa§óþ
BMæü–† Væü$×ýMæüÐèþ$$ Äñý$$MæüP ¿o†Mæü {´ëÐèþ$$QÅ™èþ.

9.3. A.C. ÐèþËÄæý$…ÌZ ÝëÐèþ$Ææÿ®üÅÐèþ$$ Ðèþ$ÇÄæý$$ ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$:

D.C. ÐèþËÄæý*ËÌZ Ei Væü$×ýËº®Ðèþ$$ ÝëÐèþ$Ææÿ®üÅÐèþ$$¯èþ$ ™ñþË$ç³#™èþ$…¨. M>° a.c. ÐèþËÄæý*ËÌZ AÌê

M>§æþ$. A¯èþ$ÐèþÇ¢™èþ ÐöÌôýti 0E E Sin t AÄôý$Å çÜ…§æþÆ>Â°² ¡çÜ$Mæü$…§éÐèþ$$.

Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ 0 ( )i i Sin t   ...................... (1)

§æþÔé Mø×ýÐèþ$$  «§æþ¯é™èþÃMæüÐèþ$$ Ìôý§é º$$×ê™èþÃMæü… M>Ðèþ^èþ$a. D ÑçÙÄæý$… Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$

Ôèý$§æþ® {õ³ÆæÿMæü™èþÓÐèþ$$ Ìôý§é Ôèý$§æþ® Mðü´ëíÜsñý¯ŒþÞ™øHÆæÿµyìþ¯èþ§é A¯óþ §é°ò³O B«§éÆæÿç³yæþ$™èþ$…¨. ™èþ„æü×ý ÝëÐèþ$Ææÿ®üÅÐèþ$$

0 0 ( )P Ei E Sin ti Sin t    

cos( ) cosA A  Ðèþ$ÇÄæý$$  
1

sin sin cos( ) cos( )
2

A B A B A B    A° Ðèþ$¯èþMæü$ ™ñþË$çÜ$.
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 0 0

1
cos cos(2 )

2
P E i t     ............... (2)

ò³O çÜÒ$MæüÆæÿ×ý… ¯èþ$…yìþ ™èþ„æü×ý ÝëÐèþ$Ææÿ®üÅÐèþ$$ P ÌZ òÜO¯Œþ ç³§æþÐèþ$$ 0 0

1

2
cos(2 )E i t  Äñý$$MæüP çÜVæür$

ÑË$Ðèþ Ôèý*¯èþÅÐèþ$Ðèþ#™èþ$…¨. 0 0

1

2
cosE i  Ðèþ*{™èþÐóþ$ Ñ$Væü$Ë$™èþ$…¨. A…§æþ$^óþ™èþ P Äñý$$MæüP çÜVæür$ ÑË$Ðèþ

0 0

1

2
cos cosP E i Ei   ................. (3)

0

2

E
E  Ðèþ$ÇÄæý$$

0

2

i
i  Ë$ A.C. ÐøÌôýth Ðèþ$ÇÄæý$$ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$Ë Äñý$$MæüP {ç³¿êÐèþMæü ÑË$ÐèþË$

C…§æþ$ÌZ cos ° ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$ A…sêÆæÿ$.

9.4. Ôèý$§æþ® Ñ§æþ$Å°²Æø«§æþÐèþ$$ §éÓÆ> A.C. {ç³ÐéçßýÐèþ$$@

ç³r… 12.a Ôèý$§æþ® °Æø«§æþÐèþ$$ ™ø Mæü*yìþ¯èþ Ñ§æþ$Å§æþÓËÄæý*°² çÜ*_çÜ$¢…¨. A¯èþ$ÐèþÇ¢™èþ ÐøÌôýti

çÜÒ$MæüÆæÿ×ýÐèþ$$ 0 sinE E t ................... (1)

KÐŒþ$ °Äæý$Ðèþ$Ðèþ$$ {ç³M>ÆæÿÐèþ$$ E iR A…§æþ$^óþ™èþ E ÑË$Ðèþ¯èþ$ (1)ÌZ {ç³†„óüí³õÜ¢

0 sinE t iR 

Ìôý§é sin
E

i t
R


 

  
 

................ (2)

sin t ÑË$Ðèþ JMæüsìý Mìü çÜÐèþ*¯èþÐèþ$Æÿ$$¯èþç³#yæþ$ i ÑË$Ðèþ VæüÇçÙxÐèþ$Ðèþ#™èþ$…¨.

0
0i

E

R
 ...................... (3)

A…§æþ$^óþ™èþ çÜÒ$MæüÆæÿ×ýÐèþ$$ (2) {Mìü…¨ Ñ«§æþ…V> Ðèþ*Ææÿ$™èþ$…¨.

0 sini i t .............. (4)

çÜÒ$MæüÆæÿ×êË$ (1) Ðèþ$ÇÄæý$$ (4) Ë¯èþ$ ´ùËaV> ç³rÐèþ$$ 12(b) ÌZ ^èþ*í³¯èþr$Ï ÐøÌôýth Ðèþ$ÇÄæý$$
Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$Ë$ JMóü § æþÔ èýÌZ E…sêÄæý$° AÆæÿ®… ^óþçÜ$MøÐèþ^ èþ$a. ç³r… 12(c) ÌZ Ôèý$§æþ®
Ñ§æþ$Å°²Æø«§æþÐèþËÄæý$…ÌZ ÐøÌôýth Ðèþ$ÇÄæý$$ Ñ§æþ$Å™Œþ {ç³Ðéçßý çÜ¨ÔèýË$ ^èþ*ç³ºyìþ¯éÆÿ$$.
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OA ÐøÌôýth çÜ¨Ôèý¯èþ$ OB Ñ§æþ$Å™Œþ {ç³Ðéçßý çÜ¨Ôèý¯èþ$ ^èþ*ç³#™éÆÿ$$.

9.5. Ôèý$§æþ® {õ³ÆæÿMæü™èþÓÐèþ$$™ø Mæü*yìþ¯èþ ÐèþËÄæý$… §éÓÆ> A.C. {ç³ÐéçßýÐèþ$$@

ç³r… 13(a) ÌZ ^èþ*í³¯èþ ÐèþËÄæý$… Ôèý$§æþ® {õ³ÆæÿMæü™èþÓÐèþ$$™ø Mæü*yìþ E è̄þ²¨. 0 sin tE E  A è̄þ$ ÐøÌôýth°

A¯èþ$ÐèþÇ¢§é®Ðèþ$$. {õ³ÆæÿMæü™èþÓ è̂þ$r$t Äñý$$MæüP çÜÓÄæý$… {õ³ÆæÿMæü™èþÓÐèþ$$ ÐèþË è̄þ HÆæÿµyìþ è̄þ {õ³Ç™èþ Ñ§æþ$Å^éeËMæü ºËÐèþ$$

ç³r….12 (b)

O X

Y

0t 

2

E
or
i

0i

BO A

0E

ç³r….12 (c)

R

0 sin tE E 

ç³r….12 (a)
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Ñ§æþ$Å™Œþ {ç³Ðéçßý… Äñý$$MæüP ò³Ææÿ$Væü$§æþË Ìôý§é ™èþVæü$Y§æþË¯èþ$ ÐèþÅ†ÆóÿMìüçÜ$¢…¨. A¯èþ$ÐèþÇ¢™èþ ÐøÌôýth D {õ³Ç™èþ
Ñ.^é.º.¯èþ$ A«¨VæüÑ$…^èþÐèþËíÜ E…r$…¨.

di
E L

dt


Ìôý§é 0 sin
di

E t L
dt

  .......................... (1)

Ìôý§é 0 sin
E

di tdt
L



D çÜÒ$MæüÆæÿ×ê°² çÜÐèþ*MæüË¯èþ… ^óþÄæý$V>

0 sin .
E

i t dt
L


 

  
 



 0 0cos cos
E E

i t t
L L

 
 

  

0 sin
2

E
i t

L






 
  

 
...........(2)

i Äñý$$MæüP VæüÇçÙx ÑË$Ðèþ 0
0

E
i

L
 . CMæüPyæþ sin

2
t



 

 
 

ç³§æþÐèþ$$ HM>…MæüÐèþ$$ è̄þMæü$ çÜÐèèþ* è̄þÐèþ$$. çÜÒ$MæüÆæÿ×ýÐèþ$$

(2) {Mìü…¨ Ñ«§æþ…V> Ðèþ*Ææÿ$™èþ$…¨.

0 sin
2

i i t



 

  
 

.................... (3)

ÐøÌôýth Mæü…sôý Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$
2


ÆóÿyìþÄæý$¯ŒþË$ Ìôý§é 900 Ððþ¯èþ$Mæüºyìþ E…r$…¨. ç³r… 13(b)

D ÑçÙÄæý*°² ™ñþË$ç³#™èþ$…¨. ç³r… 13(c) ¯èþ$…yìþ Ñ§æþ$Å™Œþ {ç³Ðéçßý… ÐøÌôýth Mæü…sôý BÐèþÆæÿ¢¯èþ…ÌZ ¯éËYÐèþ
¿êVæüÐèþ$$ Ððþ¯èþ$Mæüºyìþ E…r$…§æþ° ™ñþË$çÜ$¢…¨.
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ç³r….13 (c)

O

Y



E

i

0t 

2

X

2



2

3
2

0 sin tE E 

0 sin
2

ti i



 

 
 



B

O
A

E

900

ç³r….13 (b)

i

R

0 sin tE E 

ç³r….13 (a)

w
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0
0

E
i

L
 . CMæüPyæþ t Ñ§æþ$Å™Œþ °Æø«§æþ ´ë{™èþ¯èþ$ ´ùíÙçÜ$¢…¨. §é°° C…yæþMìütÐŒþ ÇÄæý*Mðüt¯ŒþÞ A…sêÆæÿ$.

LX ™ø çÜ*_Ýë¢Ææÿ$. ©° {ç³Ðèþ*×ýÐèþ$$ “KÐŒþ$”. L Äñý$$MæüP {ç³Ðèþ*×ýÐèþ$$ “òßý{±”  ÆóÿyìþÄæý$¯Œþ/òÜMæü…yŠþ ËÌZ

E…r$…¨. 2LX L fL   KÐŒþ$. A¯èþV> LX ÑË$Ðèþ A¯èþ$ÐèþÇ¢™èþ ÐøÌôýth Äñý$$MæüP ´û¯èþ@ç³#¯èþÅ…ò³O

B«§éÆæÿç³yæþ$™èþ$…¨. f ÑË$Ðèþ A«¨Mæü…V> Esôý ÇÄæý*Mðüt¯Œþ (reactance) ÑË$Ðèþ Mæü*yé A«¨Mæü…V> E…r$…¨.

9.6. Ôèý$§æþ® Mðü´ëíÜsñý¯ŒþÞ §éÓÆ> A.C. {ç³ÐéçßýÐèþ$$@

fig.14 (b)

C

0 sin tE E 

fig.14 (a)
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fig.14 (c)

ç³rÐèþ$$ 14(G)ÌZ ^èþ*í³¯èþ Ñ«§æþ…V> c Mðü´ëíÜsñý¯ŒþÞ VæüË Ôèý$§æþ® Mðü´ëíÜrÆŠÿMæü$ 0 sinE E t A¯èþ$ A.C.

ÐøÌôýth° A¯èþ$ÐèþÇ¢Ýë¢Ðèþ$$ Aç³#yæþ$ Mðü´ëíÜrÆŠÿ JMæü ¨ÔèýÌZ Ððþ$$§æþr BÐóþÕ™èþÐðþ$O B ™èþÆ>Ó™èþ ÐèþÅ†ÆóÿMæü ¨ÔèýÌZ
BÐóþÕ™èþÐèþ$Ðèþ#™èþ$…¨. H§óþ° çÜÐèþ$Äæý$…ÌZ Mæü…yðþ¯èþÞÆæÿ$ õ³ÏrÏò³O Ñ§æþ$Å§éÐóþÔèýÐèþ$$

q = EC ....................................... (1)

E ÑË$Ðèþ¯èþ$ (1) ÌZ {ç³†„óüí³õÜ¢

0 sinq CE t

Ñ§æþ$Å {ç³Ðéçßý °ÆæÿÓ^èþ¯èþ… ¯èþ$…yìþ {Mìü…¨ Ñ«§æþ…V> {ÐéÄæý$Ðèþ^èþ$a.

0 0( sin ) cos
dq d

i CE t CE t
dt dt

    

Ìôý§é
0 0cos sin

1 1 2

E E
i t t

C C


 

 

 
   
     
   
   

............. (2)

sin
2

t



 

 
 

=1 AÆÿ$$¯èþç³#yæþ$ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ VæüÇçÙxÐèþ$Ðèþ#™èþ$…¨.

i.e.

0 0
0 1

C

E E
i

X

C

 
 
 
 

................ (3)
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0i ÑË$Ðèþ¯èþ$ (3) ¯èþ$…yìþ (2) ÌZ {ç³†„óüí³õÜ¢

0 0 sin
2

i i t



 

  
 

.............. (4)

çÜÒ$MæüÆæÿ×ý… (3)ÌZ CX ÑË$Ðèþ¯èþ$ Mðü´ëíÜsìýÐŒþ ÇÄæý*Mðüt¯ŒþÞ A…sêÆæÿ$. ©° {ç³Ðèþ*×ýÐèþ$$ “KÐŒþ$” C

“¸ëÆæÿyŠþ” ËÌZ¯èþ$  ¯èþ$ ÆóÿyìþÄæý$¯Œþ/òÜMæü¯ŒþËÌZ¯èþ$ MöË$Ýë¢Ææÿ$. ç³r… 14.(b) ÌZ ^èþ*í³¯èþr$Ï çÜÒ$MæüÆæÿ×ýÐèþ$$

(4) {ç³M>ÆæÿÐèþ$$ Ñ§æþ$Å™Œþ{ç³ÐéçßýÐèþ$$ ÐøÌôýth Mæü…sôý
2


ÆóÿyìþÄæý$¯èþ$Ï Ìôý§é 900 Ðèþ$$…§æþ$…r$…¨. Ìôý§é 14

(C) ÌZ ^èþ*í³¯èþr$ Ôèý$§æþ® Mðü´ëíÜsñý¯ŒþÞ ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ {ç³Ðéçßý… ÐøÌôýth Mæü…sôý ^èþ™èþ$Æ>®ÐèþÆæÿ¢¯èþÐèþ$$
Ðèþ$$…§æþ$…r$…¨.

9.7. Ñ§æþ$Å°²Æø«§æþÐ èþ$$ Ðèþ$ÇÄæý$$ {õ³ÆæÿM æü™ èþÓÐèþ$$ VæüË HM>…™èþÆæÿ Ñ§æþ$Å§æþÓËÄæý$Ðèþ$$@

A{õ³ÆæÿMæü Ñ§æþ$Å°²Æø«§æþÐèþ$$ R Ðèþ$ÇÄæý$$ {õ³ÆæÿMæü™èþÓÐèþ$$ L VæüË ¡Væü ^èþ$rt ç³r….15ÌZ ^èþ*í³¯èþr$Ï

0( sin )E E t Ñ.^é.º VæüË f¯èþMæüÐèþ$$ è̄þMæü$ MæüË$ç³ºyìþ è̄þ¨. ÐèþËÄæý$…ÌZ ™èþ„æü×ý Ñ§æþ$Å™èþ$¢ i. Ñ§æþ$Å™Œþ {ç³Ðéçßý…

ÑË$Ðèþ Ðèþ*Ææÿ$™èþ* E…yæþ$r ÐèþË¯èþ {õ³ÆæÿMæü ^èþ$rtÌZ {õ³Ç™èþ Ñ§æþ$Å^éaËMæü ºËÐèþ$$ »êçßýÅ Ñ.^é.º ¯èþ$

ÐèþÅ†ÆóÿMìüçÜ$¢…¨. ©° ÑË$Ðèþ
di

L
dt

 
  

 
. Cç³šyæþ$ ÐèþËÄæý$…ÌZ° {ç³¿êÐèþMæü Ñ.^é.º 0 sin

di
E t L

dt


  
   

  
.

KÐŒþ$ °Äæý$Ðèþ$Ðèþ$$ {ç³M>Ææÿ… C¨ iR Mæü$ çÜÐèþ*¯èþÐèþ$$. A…§æþ$ÐèþË¯èþ

0 sin
di

E t L iR
dt

  

Ìôý§é 0 sin
di

L iR E t
dt

  ................... (1)

R L

0 sin tE E 

fig.15
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A.C ÌZ A¯èþ$ÐèþÇ¢™èþ ÐøÌôý th Ðèþ*¨ÇV>¯óþ A§óþ ´û¯èþ@ç³#¯èþÅ…™ø Ñ§æþ$Å™Œþ {ç³Ðéçßý… Mæü*yé
yøÌêÄæý$Ðèþ*¯èþ…V> Ðèþ*Ææÿ$™èþ* E…r$…¨. M>° Mæü…ç³¯èþ ç³ÇÑ$†ÌZ¯èþ$, §æþÔèýÌZ¯èþ$ Æðÿ…yæþ* Ñ¿ôý¨Ýë¢Æÿ$$.
çÜÒ$MæüÆæÿ×ýÐèþ$$ (1) Äñý$$MæüP Äæý$™èþ² ç³ÇÚëPÆæÿÐèþ$$.

0 0 s in ( )i i t   ................. (2)

CMæüPyæþ 0i Ðèþ$ÇÄæý$$  Ë$ íÜ¦Æ>…MæüÐèþ$$Ë$.

D íÜ¦Æ>…MæüÐèþ$$Ë ÑË$ÐèþË¯èþ$ Mæü¯èþ$Vö¯èþ$rMæü$ çÜÒ$MæüÆæÿ×ý… (2) ¯èþ$ M>Ë… §æþ–ÚëtüÅ AÐèþMæüË¯èþ…
^óþÄæý$ÐèþËíÜ E…r$…¨.

0 cos( )
di

i t
dt

    ................. (3)

i Ðèþ$ÇÄæý$$
di

dt
ÑË$ÐèþË¯èþ$ (2) Ðèþ$ÇÄæý$$ (3) Ë ¯èþ$…yìþ (1) ÌZ {ç³†„óüí³õÜ¢

0 0 0cos( ) sin( ) sinLi t i R t E t        

Ìôý§é  0 0 0cos( ) sin( ) sin )Li t i R t E t            

Ìôý§é 0 0 0 0cos( ) sin( ) sin( )cos cos( )sinLi t i R t E t E t                 ........... (4)

t Äñý$$MæüP A°² ÑË$ÐèþËMæü$ D çÜÒ$MæüÆæÿ×ý… Äæý$§éÆæÿ®Ðèþ$$. A…§æþ$ÐèþË¯èþ cos( )t  Ðèþ$ÇÄæý$$

sin( )t  ç³§éË Äñý$$MæüP Væü$×ýMæüÐèþ$$Ë¯èþ$ çÜÒ$MæüÆæÿ×ý… (4) ÌZ Æðÿ…yæþ$ÐðþOç³#Ìê ´ùËaV>

0 0 sinLi E  ................. (5)

0 0 cosi R E  ................. (6) Ðèþ$ÇÄæý$$

çÜÒ$MæüÆæÿ×ýÐèþ$$ (5) Ðèþ$ÇÄæý$$ (6) Ë¯èþ$ ÐèþÆæÿY… ^óþíÜ Mæü*yæþV>

2 2 2 2 2 2 2 2 2 2
0 0 0 0 ( )E L L R i i R L    

0
0 2 2 2( )

E
i

R L



............ (7)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (5) ¯èþ$ (6) ^óþ ¿êW…^èþV>

tan
L

R


  .................... (8)
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çÜÒ$MæüÆæÿ×ýÐèþ$$ (7) ¯èþ$…yìþ 0i ÑË$Ðèþ¯èþ$ çÜÒ$MæüÆæÿ×ýÐèþ$$ (2) ÌZ {ç³†„óüí³õÜ¢

0

2 2 2
.sin( )

( )

E
i t

R L
 


 


............. (9)

CMæüPyæþ
1tan

L

R


   
  

 
.

çÜÒ$MæüÆæÿ×ýÐèþ$$ (9) ÐèþËÄæý$…ÌZ ™èþ„æü×ý Ñ§æþ$Å™Œþ {ç³Ðéçßý… ÑË$Ðèþ¯èþ$ ™ñþË$ç³#™èþ$…¨. çÜÒ$MæüÆæÿ×ýÐèþ$$
(9) ¯èþ$…yìþ

(i) Ñ§æþ$Å™Œþ {ç³Ðéçßý Mæü…ç³¯èþ ç³ÇÑ$† =
0

0 2 2 2( )

E
i

R L




(ii) Ñ.^é.º. Mæü…sôý Ñ§æþ$Å™Œþ {ç³Ðéçßý… Ððþ¯èþ$Mæüºyìþ E…yóþ Mø×ýÐèþ$$

1 1tan tan LXL

R R


     
    

   

LX ¯èþ$ C…yæþMìütÐŒþ ÇÄæý*Mðüt¯ŒþÞ A…sêÆæÿ$.

(iii) ÐèþËÄæý$… Äñý$$MæüP C…í³yðþ¯ŒþÞ

2 2 2 2 20

0

( ) L

E
Z R L R X

i
       

çÜ¨Ôé _{™èþÐèþ$$@

C…í³yðþr¯ŒþÞ Ðèþ$ÇÄæý$$ §æþÔé¿ôý§æþ… ÑË$ÐèþË¯èþ$ Mæü*yé çÜ¨Ôé _{™èþÐèþ$$ ¯èþ$…yìþ Mæü¯èþ$Vö¯èþÐèþ^èþ$a.
Ñ§æþ$Å°²Æø«§æþç³# Mö¯èþË Ðèþ$«§æþÅ VæüË ÐøÌôýth GËÏç³šyæþ* Ñ§æþ$Å™Œþ {ç³Ðéçßý…™ø JMóü ¨ÔèýÌZ¯èþ$, {õ³ÆæÿMæü™èþÓÐèþ$$
Mö¯èþË Ðèþ$«§æþÅ Ñ§æþ$Å™Œþ {ç³Ðéçßý… Mæü…sôý ÐøÌôýth 900 Ðèþ$$…§æþ$…yæþ$r¯èþ$ ¡çÜ$Mæü$° çÜ¨Ôé _{™èþÐèþ$$¯èþ$

XÄæý$Ðèþ^èþ$a.. RE Ðèþ$ÇÄæý$$ LE Ë$ ÐèþÆæÿ$çÜV> Ñ§æþ$Å°²Æø«§æþÐèþ$$ R Ðèþ$ÇÄæý$$ C…yæþMðüt¯ŒþÞ L Äñý$$MæüP Mö¯èþË

Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý. R ÌZ¯èþ$ Ðèþ$ÇÄæý$$ L ÌZ¯èþ$ Ñ§æþ$Å™Œþ {ç³Ðéçßý… i A…™ôþM>Mæü RE iR Ðèþ$ÇÄæý$$

L LE iX i L  .

RE Mæü*yé Ñ§æþ$Å{ç³Ðéçßý ¨ÔèýÌZ E…r$…¨. LE , RE Mæü…sôý 900 Ðèþ$$…§æþ$…r$…¨. ç³r… (16)ÌZ

^èþ*í³¯èþr$Ï RE Ðèþ$ÇÄæý$$ LE ç³ÆæÿçÜµÆæÿ… Ë…º…V> E…sêÆÿ$$. ç³r…ÌZ OA çÜ¨Ôèý R Äñý$$MæüP Mö¯èþËÐèþ$«§æþÅ

VæüË ÐøÌôýth ç³ÇÐèèþ*×ê°² OB çÜ¨Ôèý L Äñý$$MæüP Mö¯èþË Ðèþ$«§æþÅ ÐøÌôýth ç³ÇÐèþ*×ê°² ^èþ*ç³#™èþ$…¨. çÜ¨ÔèýË
çÜÐèþ*…™èþÆæÿ ^èþ™èþ$Ææÿ$Âf ºË… °Äæý$Ðèþ$… {ç³M>Ææÿ… MæüÆæÿ~Ðèþ$$ OR çœÍ™èþ ÐøÌôýth E ° çÜ*_çÜ$¢…¨.
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2 2 2
L RE E E 

2 2 2( ) ( ) ( )iz i L iR 

ç³r…. (16)

[ E iZ CMæüPyæþ Z ÐèþËÄæý$…ÌZ° C…í³yðþ¯ŒþÞ]

Ìôý§é 2 2 2 2 2 2 2i Z i L i R 

 2 2 2 2Z R L 

2 2 2Z R L 

A…™ôþM>Mæü tan L

R

E L

E R




   
    

  

9.8 Mðü´ëíÜrÆŠÿ Ðèþ$ÇÄæý$$ Ñ§æþ$Å°²Æø«§æþÐèþ$$ {Ôóý×ìýÌZ VæüË A.C. ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ
{ ç³Ðéçßý…@

Ñ§æþ$Å°²Æø«§æþÐèþ$$ R Ð èþ$ÇÄæý$$ Mðü´ëíÜsñý¯ŒþÞ C {Ôóý×ìýÌZ JMæü HM>…™èþÆæÿ Ñ§æþ$Å™Œþ f¯èþMæüÐèþ$$

0( sin )E E t ¯èþMæü$ MæüË$ç³ºyìþ¯èþ ÐèþËÄæý$… ç³r… (17) ÌZ ^èþ*í³¯èþr$Ï ¡çÜ$Mæü$…§éÐèþ$$.
C R

fig.17

0 sin tE E 
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H§ðþŌ é çÜÐèþ$Äæý$… t A ó̄þ „æü×ý…ÌZ Mæü…yðþ è̄þÞÆŠÿ ç³ËMæüË Ò$§æþ Ñ§æþ$Å§éÐóþÔèý… q ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ ç³Ðéçßý…

i. A§óþ „æü×ý…ÌZ Mðü´ëíÜrÆŠÿ ç³ËMæüË Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$
q

c
. D ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$ A¯èþ$ÐèþÇ¢™èþ

Ñ.^é.º. 0 sin
q

E t
c


 

  
. KÐŒþ$ °Äæý$Ðèþ$… {ç³M>Ææÿ… D Ñ.^é.º. iR Mæü$ çÜÐèèþ*¯èþÐèþ$$ A…§æþ$^óþ™èþ

0 sin
q

E t iR
c

  

Ìôý§é 0 sin
q

iR E t
c

 

D çÜÒ$MæüÆæÿ×ê°² AÐèþMæüË¯èþ… ^óþÄæý$V>

0

1
sin

di dq
R E t

dt c dt
  

0 sin
di i

R E t
dt c

   ............... (1)

dq
i

dt

 
 

 


çÜÒ$MæüÆæÿ×ý… (1) Äñý$$MæüP ç³ÇÚëPÆæÿÐèþ$$

0 sin( )i i t   ..................... (2)

0i Ðèþ$ÇÄæý$$  ÑË$ÐèþË$ Mæü¯èþ$Vö¯èþÐèþËíÜ¯èþ íÜ¦Æ>…MæüÐèþ$$Ë$. Ðèþ$$…§æþ$ ´ëu>Å…ÔèýÐèþ$$ÌZÐèþ*¨ÇV>

Òsìý ÑË$ÐèþË¯èþ$ Mæü¯èþ$Vö¯èþÐèþ^èþ$a. Òsìý ÑË$ÐèþË$

0

2

2 2

1

E
i

R
c


  

  
  

................ (3)

 C…í³yðþ¯ŒþÞ 20
2 2

0

1E
Z R

i c

  
    

  
........ (4)
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Ðèþ$ÇÄæý$$ 1 1

1

tan tan CXc

R R


  

  
          

  
  

............... (5)

çÜ¨Ôé _{™èþÐèþ$$@

D _{™èþÐèþ$$ §éÓÆ> ÐèþËÄæý$… Äñý$$MæüP C…í³yðþ¯ŒþÞ ÑË$Ðèþ¯èþ$ “§æþÔèý” ÑË$Ðèþ¯èþ$ ´÷…§æþÐèþ^èþ$a. Ñ§æþ$Å™Œþ

{ç³ÐéçßýÐèþ$$ Ðèþ$ÇÄæý$$ Ñ§æþ$Å°²Æø«§æþç³# Mö¯èþË Ðèþ$«§æþÅ ÐøÌôýth JMóü §æþÔèýÌZ E¯é²Äæý$° ¡çÜ$Mö°, ©°™ø

´ùÍa™ôþMæü…yðþ¯èþÞÆæÿ$ Mö¯èþË Ðèþ$«§æþÅ ÐøÌôýth 900 Ððþ¯èþ$Mæüºyìþ E…r$…§æþ° ¡çÜ$Mö° çÜ¨Ôé _{™é°² XÝë¢Ææÿ$. E
R

Ðèþ$ÇÄæý$$ E
C

Ë$ ÐèþÆæÿ$çÜV> Ñ§æþ$Å°²Æø«§æþÐèþ$$ R Ðèþ$ÇÄæý$$ Mæü…yðþ¯èþÞÆæÿ$ C Ë Äñý$$MæüP Mö¯èþË Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý

¿ôý§æþÐèþ$$Ë$. Aç³#yæþ$

RE iR Ðèþ$ÇÄæý$$ C C

i
E iX

C
 

D Æ>Ôèý$Ë¯èþ$ ÐèþÆæÿ$çÜV> OA Ðèþ$ÇÄæý$$ OB ç³r… (18) ÌZ ^èþ*í³¯éÐèþ$$.

2 2 2
R CE E E  ................... (6)

CMæüPyæþ E - iZ , Z = ÐèþËÄæý$… Äñý$$MæüP C…í³yðþ¯ŒþÞ

RE iR and .C

i
E i

C


fig.18
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D ÑË$ÐèþË¯èþ$ çÜÒ$MæüÆæÿ×ýÐèþ$$ (6)ÌZ {ç³†„óüí³…^èþV>

   
2

2 2 i
iZ iR

C

 
   

 

Ìôý§é
2 2

2 2

1
Z R

C

 
   

 

2

2 2

1
Z R

C

  
    

  
....................(7)

Ðèþ$ÇÄæý$$
1

tan C

R

E

E CR



 

Ìôý§é
1 1

tan
CR




  
   

 
................ (8)

9.9 C…yæþMæütÆæÿ$ Ðèþ$ÇÄæý$$ Mðü´ëíÜrÆæÿ$Ë™ø Mæü*yìþ¯èþ A.C ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ
{ç³ÐéçßýÐèþ$$@

C…yæþMðüt¯ŒþÞ L Ðèþ$ÇÄæý$$ Mðü´ëíÜsñý¯ŒþÞ C ™ø Mæü*yìþ¯èþ Ñ§æþ$Å§æþÓËÄæý$… ç³rÐèþ$$ (19) ÌZ ^èþ*í³¯èþr$Ï

MæüË$ç³ºyìþ 0 sin tE E  A¯èþ$ Ñ.^é.º A¯èþ$ÐèþÇ¢…^èþºyìþr¯èþ¨. H§óþ° „æü×ý… t Ðèþ§æþ® Mæü…yðþ¯èþÞÆæÿ$ ç³ËMæüË Ò$§æþ

Ñ§æþ$Å§éÐóþÔèýÐèþ$$ q. ç³ËMæüË Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$
q

c
Ðèþ$ÇÄæý$$ C…yæþMðüt¯ŒþÞÌZ {õ³Ç™èþÐðþ$O¯èþ ÐèþÅ†ÆóÿMæü

Ñ§æþ$Å^éeËMæü ºËÐèþ$$
di

L
dt

 
 
 

. çœÍ™èþ Ñ§æþ$Å^éeËMæü ºËÐèþ$$

0 sin
di q

t L
dt c

E 
 

  
 

C

fig.19

0 sin tE E 

L
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ÐèþËÄæý$…ÌZ Ñ§æþ$Å°²Æø«§æþÐèþ$$ Ìôý§æþ$ M>ºsìýt

0 sin 0
di q

t L
dt c

E    

Ìôý§é 0 sin
di q

L t
dt c

E  

D çÜÒ$MæüÆæÿ×ê°² AÐèþMæüË¯èþ… ^óþÄæý$V>

2

02

1
cos

d i dq
L t

dt c dt
E   

Ìôý§é
2

02
cos

d i i
L t

dt c
E    ............... (1)

D çÜÒ$MæüÆæÿ×ýÐèþ$$¯èþMæü$ Äæý$™èþ² ç³ÇÚëPÆæÿÐèþ$$ ¡çÜ$Mö…§éÐèþ$$

0 sin( )i i t   ........................ (2)

çÜÒ$MæüÆæÿ×ý… (2) ¯èþ$…yìþ 0i Ðèþ$ÇÄæý$$  íÜ®Æ>…M>Ë¯èþ$ Mæü¯èþ$Vö¯èþÐèþ^èþ$a.

2
2

02
sin( )

d i
i t

dt
    

i Ðèþ$ÇÄæý$$
2

2

d i

dt
ÑË$ÐèþË¯èþ$ çÜÒ$MæüÆæÿ×ý… (1) ÌZ {ç³†„óüí³…_™ôþ

2 0
0 0sin( ) sin( ) cos

i
Li t t E t

C
      

 
     

 

Ìôý§é  2 0
0sin( ) sin( ) cos ( )

i
Li t t E t

C
        

 
       

 

=  0 cos( ) cos sin( )sinE t t         ............... (3)

Æðÿ…yæþ$ ÐðþOç³#Ìê sin( )t  Ðèþ$ÇÄæý$$ cos( )t  Äñý$$MæüP Væü$×ýM>Ë¯èþ$ (3) ´ùËaV>

2 2 0
0 0 sin

i
Li E

C
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2
0 0

1
sinL i E

C
  

 
    
 

........................ (4)

00 cosE   ....................... (5)

çÜÒ$MæüÆæÿ×ý… (4) Ðèþ$ÇÄæý$$ (5) Ë¯èþ$ ÐèþÆæÿY… ^óþíÜ Mæü*yæþV>

0

2

2 2 2 2
0

1
L i E

C
 

 
   
 

D çÜÒ$MæüÆæÿ×ê°² çÜ*Mîü‡MæüÇ…^èþV>

0
0

2 1

E
i

L
C






 
  
 

0
0

1

E
i

L
C





  

  
  

....................... (6)

çÜÒ$MæüÆæÿ×ý… (4) ¯èþ$ çÜÒ$MæüÆæÿ×ý… (5) ^óþ ¿êW…^èþV>

tan ,   i.e.
2


  .............. (7)

0i Ðèþ$ÇÄæý$$  ÑË$ÐèþË$ ÐèþÆæÿ$çÜV> çÜÒ$MæüÆæÿ×ý… (6) Ðèþ$ÇÄæý$$ çÜÒ$MæüÆæÿ×ý… (7) Ë è̄þ$…yìþ çÜÒ$MæüÆæÿ×ý…

(2) ÌZ {ç³†„óüí³…^èþV>

0 sin
21

E
i t

L
C







 
  
    

  
  

............. (8)

çÜÒ$MæüÆæÿ×ý… (8) ™èþ„æü×ý Ñ§æþ$Å™Œþ{ç³Ðéçßý… ÑË$Ðèþ¯èþ$ CçÜ$¢…¨. A¯èþ$ÐèþÇ¢…_¯èþ Ñ.^é.º. ™ø Ñ§æþ$Å™Œþ

{ç³Ðéçßý…¯èþMæü$ VæüË §æþÔé¿ôý§æþÐèþ$$
2


ÆóÿyìþÄæý$¯Œþ. A…™ôþM>Mæü D.C. ÐèþËÄæý$…ÌZ Ñ§æþ$Å°²Æø«§æþÐèþ$$ÐèþÌñý¯óþ A.C.

ÐèþËÄæý$…ÌZ
1

L
C




 
 

 
Äñý$$MæüP ´ë{™èþ E…r$…¨. ©°¯óþ C…í³yðþ¯ŒþÞ A…sêÆæÿ$.
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1
Z L

C




  
   

  

L ¯èþ$ C…yæþMìütÐŒþ ÇÄæý*Mðüt¯ŒþÞ A…sêÆæÿ$. LX ™ø çÜ*_Ýë¢Ææÿ$.
1

C

 
 
 

° Mðü´ëíÜsìýÐŒþ ÇÄæý*Mðüt¯ŒþÞ

A…sêÆæÿ$. CX ™ø çÜ*_Ýë¢Ææÿ$.

1
L CZ X X L

C




  
     

  
....... (9)

ÐèþËÄæý$…ÌZ° Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ A¯èþ…™èþÐèþ$$ (VæüÇçÙt…)

çÜÒ$MæüÆæÿ×ý… (8) ¯èþ$…yìþ
1

0L
C




 
  

 

Ìôý§é
1

L
C




 Ìôý§é 2 1

LC
  Ìôý§é

1

LC
 

Ìôý§é
1

2 f
LC

  Ìôý§é
1 1

2
f

LC
 ..................... (10)

CMæüPyæþ ÐèþËÄæý$… Äñý$$MæüP çÜçßýf ´û¯èþ@ç³#¯èþÅÐèþ$$
1

2 LC
L - C ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ {ç³Ðéçßý…

Äñý$$MæüP Mæü…ç³ è̄þ ç³ÇÑ$† VæüÇçÙxÐèþ$$ Ðèþ$ÐéÓË…sôý A è̄þ$ÐèþÇ¢™èþ Ñ.^é.º. Äñý$$MæüP ´û è̄þ@ç³# è̄þÅÐèþ$$ ÐèþËÄæý$… Äñý$$MæüP
çÜçßýf ´û¯èþ@ç³#¯èþÅÐèþ$$¯èþMæü$ çÜÐèþ*¯èþÐèþ$ÐéÓÍ. C§óþ “A¯èþ$¯é§æþÐèþ$$” ¯èþMæü °º…«§æþ¯èþ.

E
C

E
L

O

E = E
L
- E

C

CURRENT

DIRECTION

Fig. (20)
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çÜ¨Ôé _{™èþÐèþ$$@

çÜ¨Ôé _{™èþÐèþ$$ ç³r… (20) ÌZ ^èþ*ç³ºyìþ¯èþ¨. E
L

Ñ§æþ$Å™Œþ {ç³Ðéçßý… Mæü…sôý 900 Ðèþ$$…§æþ$¯èþ²¨. A§óþ
çÜÐèþ$Äæý$…ÌZ Ñ§æþ$Å™Œþ {ç³Ðéçßý… Mæü…sôý E

C
900 Mæü…sôý Ððþ¯èþ$Mæüºyìþ E¯èþ²¨. A¯èþV>

E = E
L

- E
C

{ç³¿êÑMæü Ñ.^é.º. Ñ§æþ$Å™Œþ {ç³Ðéçßý… ¨ÔèýMæü…sôý 900 Ðèþ$$…§æþ$¯èþ²¨.

9.10. C…yðþMæüt¯ŒþÞ, Mðü´ëíÜsñý¯ŒþÞ Ðèþ$ÇÄæý$$ Ñ§æþ$Å°²Æø«§æþÐèþ$$Ë™ø Mæü*yìþ¯èþ A.C. ÐèþËÄæý$Ðèþ$$@

0 sinE E wt A¯èþ$ HM>…™èþÆæÿ Ñ.^é.º. A¯èþ$ÐèþÇ¢…^èþºyìþ¯èþ C…yæþMæüt¯ŒþÞ L, Mðü´ëíÜsñý¯ŒþÞ C Ðèþ$ÇÄæý$$

Ñ§æþ$Å°²Æø«§æþÐèþ$$ R Ë$ {Ôóý×ìýÌZ MæüË$ç³ºyìþ¯èþ Ñ§æþ$Å§æþÓËÄæý$Ðèþ$$ ç³rÐèþ$$ (21)ÌZ ^èþ*ç³ºyìþ¯èþr$Ï
¡çÜ$Mæü$…§éÐèþ$$. H§ðþO¯é „æü×ý… t Ðèþ§æþ® Mðü´ëíÜrÆŠÿ ç³ËMæüËò³O Ñ§æþ$Å§éÐóþÔèýÐèþ$$ q A¯èþ$Mö…§éÐèþ$$. Mæü…yðþ¯èþÞÆŠÿ ç³ËMæüË

Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$ q/c Ðèþ$ÇÄæý$$ C…yæþMðüt¯ŒþÞ L ÐèþË¯èþ ÐèþÅ†ÆóÿMæü Ñ.^é.º
di

L
dt

.

çœÍ™èþ Ñ.^é.º  0 sin ( / ) ( / )E wt q c L di d  . KÐŒþ$ çÜ*{™èþ… {ç³M>Ææÿ… C¨ iR Mæü$ çÜÐèþ*¯èþÐèþ$$.

0 sin
q di

E wt L Ri
c dt

  

Ìôý§é

0 sin
di q

L Ri E wt
dt c
  

©°° CÆæÿ$ÐðþOç³#Ìê AÐèþMæüË¯èþ… ^óþÄæý$V>

R L

0 sin tE E 

fig.21

C
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2

02

1
cos

d i di dq
L R E w wt

dt dt c dt
  

Ìôý§é

2

02
cos

d i di i
L R E w wt

dt dt c
   .................. (1)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (1) Äñý$$MæüP Äæý$™èþ² ç³ÇÚëPÆæÿ Ææÿ*ç³Ðèþ$$

0 sin( )i i wt   ......................... (2)

0i Ðèþ$ÇÄæý$$  Ë$ Mæü¯èþ$Vö¯èþÐèþËíÜ¯èþ íÜ¦Æ>…MæüÐèþ$$Ë$.

çÜÒ$MæüÆæÿ×ýÐèþ$$ (2) ¯èþ$ AÐèþMæüË¯èþÐèþ$$ ^óþÄæý$V>

0 cos( )
di

i w wt
dt

 

Ðèþ$ÇÄæý$$
2

2
02

sin( )
d i

i w wt
dt

  

i , ( / )di dt Ðèþ$ÇÄæý$$ 2 2( / )d i dt Ë¯èþ$ (1)ÌZ {ç³†„óüí³…^èþV>

2
0 0 0 0sin( ) cos( ) ( / ) sin( ) cosLi w wt Ri w wt i c wt E w wt        

 0 cos ( )E w wt    

0 0cos( ) cos sin( )sinE w wt E w wt      

sin( )wt  Ðèþ$ÇÄæý$$ cos( )wt  Äñý$$MæüP Væü$×ýMæüÐèþ$$Ë¯èþ$ çÜÒ$MæüÆæÿ×ýÐèþ$$ (3)ÌZ CÆæÿ$ÐðþOç³#Ìê

´ùËaV>

2
0 0 0( / ) sinLi w i c E w    

Ìôý§é  2
0 0(1/ ) sinLw c i E w       ........... (4)

Ðèþ$ÇÄæý$$ 0 0 cosRwi E w  .......... (5)

çÜÒ$MæüÆæÿ×ýÐèþ$$ (4) Ðèþ$ÇÄæý$$ (5) Ë¯èþ$ ÐèþÆæÿYÐèþ$$^óþíÜ Mæü*yæþV>

 
0 0 0

22 2 2 2 2 2 2(1/ )Lw c i R w i E w   
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Ìôý§é  
0 0

22 2 2 2 2 2(1/ )i R w Lw c E w    
  

Ìôý§é 0 0

2

2 2 21
i R wL E

wc

  
    
   

Ìôý§é

0
0

2

2 1

E
i

R wL
wc


  

   
   

................ (6)

çÜÒ$ (4) ¯èþ$ çÜÒ$ (5) ^óþ ¿êW…^èþV>

 2 1/ ( 1/ )
tan

Lw c wL wc

Rw R


   
  ............. (7)

A¯èþV>

0

2

2

sin( )
1

E
i wt

R wL
wc

  
  

   
   

......... (8)

Cç³#yæþ$ Ðèþ$¯èþ… D {Mìü…¨ ÑçÙÄæý*Ë¯èþ$ ç³ÇÖÍ§éªÐèþ$$.

(i) ÐèþËÄæý$…ÌZ° VæüÇçÙx Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$.

0

2

2 1

E
i

R wL
wc


  

   
   

A¯èþV>

1
2 2

2 1
R wL

wc

  
   
   

A¯èþ$ç³§æþÐèþ$$ D.C. ÐèþËÄæý$…ÌZ° Ñ§æþ$Å°²Æø«§æþÐèþ$$ ÐèþÌôý {ç³ÐèþÇ¢çÜ¢$…¨.

ÐèþËÄæý$… Äñý$$MæüP C…í³yðþ¯ŒþÞ  
2

22 21
L CZ R wL R X X

wc

                

LX wL = C…yæþMìütÐŒþÇÄæý*Mðüt¯ŒþÞ Ðèþ$ÇÄæý$$
1

CX
wc

 = Mðü´ëíÜsìýÐŒþ ÇÄæý*Mðüt¯ŒþÞ.
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C…yæþMðüt¯ŒþÞ ÐèþË¯èþ MæüÍW¯èþ {ç³¿êÐèþMæü Ñ§æþ$Å°²Æø«§æþÐèþ$$ wL ¯èþ$ C…yæþMìütÐŒþ ÇÄæý*Mðüt¯ŒþÞ A…sêÆæÿ$. Mðü´ëíÜsñý¯ŒþÞ

ÐèþË¯èþ MæüÍW¯èþ {ç³¿êÐèþMæü Ñ§æþ$Å°²Æø«§æþÐèþ$$
1

w c
° Mðü´ëíÜsìýÐŒþ ÇÄæý*Mðüt¯ŒþÞ A…sêÆæÿ$.

(ii) §æþÔéç³Ææÿ…V> Ñ§æþ$Å^éeËMæü ºËÐèþ$$ Mæü…sôý Ñ§æþ$Å™Œþ {ç³Ðéçßý…  Mø×ýÐèþ$$ §éÓÆ> Ððþ¯èþ$Mæüºyìþ E…r$…¨.

 1 1(1/ )
tan tan L C

wL wc X X

R R
    
   

 

D {Mìü…¨ çÜ…§æþÆ>ÂË$ E™èþµ¯èþ²Ðèþ$Ðèþ#™éÆÿ$$.

(a) 1/ ,wL wc AÆÿ$$¯èþç³#yæþ$,  «§æþ¯é™èþÃMæüÐèþ$$, i.e.; A¯èþ$ÐèþÇ¢™èþ Ñ.^é.º Mæü…sôý Ñ§æþ$Å™Œþ {ç³Ðéçßý… Ððþ¯èþ$Mæüºyìþ

E…r$…¨.

(b) 1/ ,wL wc  AÆÿ$$¯èþç³#yæþ$ 0  , i.e. Ñ§æþ$Å™Œþ {ç³Ðéçßý… Ñ.^é.º ™ø JMóü §æþÔèýÌZ E…r$…¨.

(c) 1/ ,wL wc  ÑË$Ðèþ º$$×ê™èþÃMæüÐèþ$$, i.e.; Ñ§æþ$Å™Œþ {ç³Ðéçßý… Ñ.^é.º Mæü…sôý Ðèþ$$…§æþ$…r$…¨.

çÜ¨Ôé _{™èþÐèþ$$ : ç³rÐèþ$$ÌZ LCR {Ôóý×îýÐèþËÄæý$… Äñý$MæüP çÜ¨Ôé _{™èþÐèþ$$ ^èþ*ç³ºyìþ¯èþ¨. Ñ§æþ$Å°²Æø«§æþç³# Mö¯èþË

Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$ E
R

¯èþ$ 0OA Ri ™ø¯èþ$, C…yðþMðüt¯ŒþÞ Mö¯èþË Ðèþ$«§æþÅ ÐøÌôýth° LE ¯èþ$ 0OB wLi ™ø

¯èþ$ çÜ*_Ýë¢Ææÿ$. LE Ñ§æþ$Å™Œþ {ç³Ðéçßý… Mæü…sôý 900 Ðèþ$$…§æþ$…r$…¨. RE Ñ§æþ$Å™Œþ {ç³Ðéçßý… JMóü ¨ÔèýÌZ E…sêÆÿ$$.

&& VæüÇçÙt Ñ§æþ$Å™Œþ {ç³Ðéçßý…. Mðü´ëíÜrÆŠÿ ç³ËMæüË Ðèþ$«§æþÅ ´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$ 0 / ,CE i wC Ñ§æþ$Å™Œþ {ç³Ðéçßý…

Mæü…sôý 900 Ððþ¯èþ$Mæüºyìþ E…r$…¨. A¯èþV> LE Ðèþ$ÇÄæý$$ CE Ë$ ÐèþÅ†ÆóÿMæü§æþÔèýÌZ E…sêÆÿ$$. Òsìý {ç³¿êÐèþMæü

ÑË$Ðèþ  0 (1/ )L CE E E i wL wc    . RE Ðèþ$ÇÄæý$$ E Äñý$$MæüP çœÍ™èþÐèþ$$¯èþ$ çÜ¨ÔéçÜ…MæüË¯èþ ç³§æþ®†¯èþ

´÷…§æþÐèþ^èþ$a¯èþ$. ©°° OR ™ø çÜ*_…^éÆæÿ$.

0

2

2 2 2 2
0 0

1
( ) ( )E OR Ri i wL

wc

 
     

0

2

2 2 1
i R wL

wc

  
    

   

1
2 2

2
0

1
OR i R wL E

wc

  
     

   

A…§æþ$ÐèþË¯èþ
2

20

0

1E
Z R wL

i wc

  
     

   

B

E
L

O
E

R
A

E
C

E
L
-E

C
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ç³r… ¯èþ$…yìþ
 (1/ )

tan
wL wc

R





CMæüPyæþ  A¯óþ¨ wL Ðèþ$ÇÄæý$$ (1/ )wc ÑË$ÐèþËò³O B«§éÆæÿç³yóþ Ðèþ$$…§æþ$ Ìôý§é Ððþ¯èþ$Mæüºyìþ E…sôý

§æþÔé¿ôý§æþÐèþ$$¯èþ$ ™ñþË$ç³# Mø×ýÐèþ$$.

9.11. {Ôóý×ìý A¯èþ$Ðé§æþ ÐèþËÄæý$Ðèþ$$@

Ðèþ$$…§æþsìý A…Ôèý…ÌZ A¯èþ$ÐèþÇ¢™èþ Ñ.^é.º. 0 sinE E wt V> ¡çÜ$Mö¯é²Ðèþ$$. C…yæþMðüt¯ŒþÞ L, Mðü´ëíÜsñý¯ŒþÞ

C Ðèþ$ÇÄæý$$ Ñ§æþ$Å°²Æø«§æþÐèþ$$ R Ë$ {Ôóý×ìýÌZ MæüË$ç³ºyìþ¯éÆÿ$$. ç³r…ÌZ ÐèþËÄæý$… ^èþ*ç³ºyìþ¯èþ¨. çÜ¨Ôé ç³§æþ®†
çÜàÄæý$…™ø VæüÇçÙx Ìôý§é rms Ñ§æþ$Å™Œþ {ç³Ðéçßý… ÑË$Ðèþ¯èþ$ Mæü*yé ¡çÜ$Mæü$…§éÐèþ$$. çœÍ™éË$ CMæüPyæþ {Væüíßý§éªÐèþ$$.

0
0 1

2 2

2 1

E
i

R wL
wc


  

   
   

................... (1)

çœÍ™èþ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ Ðèþ$ÇÄæý$$ A¯èþ$ÐèþÇ¢™èþ Ñ.^é.º Ë Ðèþ$«§æþÅ §æþÔé¿ôý§æþÐèþ$$

1
2 2(1/ )

tan
wL wc

R


  
  
  

................... (2)

ÐèþËÄæý$…ÌZ° C…í³yðþ¯ŒþÞ

1
2 2

2 1
Z R wL

wc

  
    

   
.................. (3)

L-C-R ÐèþËÄæý$Ðèþ$$ AËµ ´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® A«¨Mæü Mðü´ëíÜsìýÐŒþ ÇÄæý*Mðüt¯ŒþÞ (1/wc) Ðèþ$ÇÄæý$$ A«¨Mæü
´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® A«¨Mæü C…yæþMìütÐŒþ ÇÄæý*Mðüt¯ŒþÞ wL. JMæü {ç³™ôþÅMæü ´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® ÐèþËÄæý$…ÌZ° Ððþ$$™èþ¢… ÇÄæý*Mðüt¯ŒþÞ
Ôèý*¯èþÅÐèþ$$ (wL=1/wc). °Ç®çÙt ´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® LCR {Ôóý×ìý ÐèþËÄæý$… Äñý$$MæüP C…í³yðþ¯ŒþÞ Mæü°çÙtÐèþ$$ (Ñ§æþ$Å™Œþ
{ç³Ðéçßý… Mæü°çÙxÐèþ$$). D ´û¯èþ@ç³#¯éÅ°² A¯èþ$Ðé§æþ ´û¯èþ@ç³#¯èþÅÐèþ$$ A° ÐèþËÄææý*°² {Ôóý×ìý A¯èþ$Ðé§æþ ÐèþËÄæý$…
A…sêÆæÿ$.

A¯èþ$¯é§æþ… ´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ®

(1/ )wL wc

Ìôý§é  1/ ( )w LC

{Ôóý×ìý A¯èþ$¯é§æþ ÐèþËÄæý$… Äñý$$MæüP A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅÐèþ$$ f
o

AÆÿ$$™ôþ
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02 1/ ( )f LC 

Ìôý§é

0

1

2 ( )
f

LC
 .................. (4)

çÜÒ$ (4) {ç³M>Ææÿ… A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅ… L Ðèþ$ÇÄæý$$ C Äñý$$MæüP Ëº®… ò³O B«§éÆæÿç³yæþ$™èþ$…¨. M>° R

ò³O B«§éÆæÿç³yæþ§æþ$. A¯èþ$ÐèþÇ¢™èþ Ñ.^é.º Äñý$$MæüP ´û¯èþ@ç³#¯èþÅÐèþ$$ VæüÇçÙx Ñ§æþ$Å™Œþ {ç³Ðéçßý…™ø Ðèþ*Æóÿ ¡Ææÿ$¯èþ$ ç³r…
(23) çÜ*_çÜ$¢…¨. ÐèþËÄæý$… Äñý$$MæüP Ñ§æþ$Å°²Æø«§æþÐèþ$$ AËµ…V> R Mæü$ çÜÐèþ*¯èþÐèþ$Æÿ$$¯èþç³#yæþ$, VæüÇçÙx…V>
ÐèþËÄæý$…ÌZ Ñ§æþ$Å°²Æø«§æþÐèþ$$ 2R Mæü$ çÜÐèþ*¯èþÐèþ$Æÿ$$¯èþç³#yæþ$ Æðÿ…yæþ$ ÐóþÆóÿÓÆæÿ$ Ðèþ{MæüÐèþ$$Ë$ ^èþ*ç³ºyìþ¯éÆÿ$$.

™öË$™èþ Ñ§æþ$Å™Œþ {ç³Ðéçßý… ¯ðþÐèþ$Ã¨V> ò³ÇW, B ™èþÆ>Ó™èþ ÐóþVæü…V> ò³ÇW ´û è̄þ@ç³# è̄þÅ… A¯èþ$¯é§æþ ´û è̄þ@ç³#¯èþÅÐèþ$$
f
0

¯èþMæü$ ^óþÆóÿrç³µsìýMìü VæüÇçÙxÐèþ$Ðèþ#™èþ$…¨. B ™èþÆ>Ó™èþ ™èþVæü$Y™èþ$…¨. Ðèþ$¯èþ… D {Mìü…¨ ÑçÙÄæý*Ë¯èþ$ ç³ÇÖÍ…^èþVæüËÐèþ$$.

(i) A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅ… A¯èþºyóþ f
o

°Ç®çÙt ´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® Ñ§æþ$Å™Œþ {ç³Ðéçßý… VæüÇçÙxÐèþ$Ðèþ#™èþ$…¨.

(ii) VæüÇçÙt ÑË$Ðèþ ÐèþËÄæý$… Äñý$$MæüP Ñ§æþ$Å°²Æø«§æþÐèþ$$ò³O B«§éÆæÿç³yæþ$™èþ$…¨. R ÑË$Ðèþ AËµ…V> E¯èþ²ç³#yæþ$ {V>‹œ
ÆóÿQ Äñý$$MæüP ÕQÆæÿÐèþ$$ ç³§æþ$¯èþ$V> E…r$…¨ Ðèþ$ÇÄæý$$ GMæü$PÐèþV> E¯èþ²ç³#yæþ$ ÕQÆæÿÐèþ$$ ÐðþyæþË$µV> E…r$…¨.
ÕQÆ>{VæüÐèþ$$¯èþMæü$ A¯èþ$Ææÿ*ç³ ´û¯èþ@ç³#¯éÅ°² A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅ… A…sêÆæÿ$. ÕQÆ>{Væüç³# G™èþ$¢ GMæü$PÐèþV> E…sôý
A¯èþ$¯é§æþ… ç³§æþ$¯èþ$V> E¯èþ²§æþ° AÆæÿ®Ðèþ$$.

2R
R

f
o

frequency

C
ur

re
nt

Fig.22
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(iii) {Ôóý×îý A¯èþ$¯é§æþÐèþËÄæý*°² Mö°² çÜ…§æþÆæÿÂÌZÏ ïÜÓM>Ææÿ Ñ§æþ$Å§æþÓËÄæý$… A…sêÆæÿ$. Cç³šyæþ$ ÐèþËÄæý$…ÌZ°
C…í³yðþ¯ŒþÞ Mæü°çÙx…V> E…r$…¨.

9.12. ÐèþËÄæý$… Äñý$$MæüP Væü$×ý¿êfMæüÐèþ$$@

A.C. Ñ§æþ$Å™èþ$¢¯èþ$ A¯èþ$ÐèþÇ¢…_¯èþç³#yæþ$ C…yæþMæütÆŠÿ Ìôý§é Mðü´ëíÜrÆŠÿÌZ ÔèýMìü¢° °ËÓ^óþçÜ$Mö¯óþ §æþ„æü™èþ Äñý$$MæüP
MöË™èþ¯óþ Væü$×ý¿êfMæü… Q A…sêÆæÿ$. C…yæþMæütÆŠÿ Ìôý§é Mðü´ëíÜrÆŠÿÌZ °ËÐèþ E…yóþ VæüÇçÙt ÔèýMìü¢Mìü JMæü BÐèþÆæÿ¢¯èþ…ÌZ ¯èþçÙt´ùÄôý$
ÔèýMìü¢Mìü VæüË °çÙµ†¢° 2 ^óþ Væü$×ìý…^èþV> Ðèþ^óþa ÑË$Ðèþ¯óþ Væü$×ý¿êfMæüÐèþ$$ Q V> °ÆæÿÓ_Ýë¢Ææÿ$.

ÔèýMìü¢ °ËÓ

0 2f Q  

BÐèþÆæÿ¢¯èþ M>Ë…ÌZ ÔèýMìü¢ ¯èþçÙt…

Mðü´ëíÜrÆŠÿÌZ AÆÿ$$™ôþ Æðÿ…yæþ$ ç³ËMæüË Ðèþ$«§æþÅ HÆæÿµyìþ¯èþ Ñ§æþ$Å™Œþ „óü{™èþ…ÌZ ÔèýMìü¢ °ËÓ E…r$…¨. VæüÇçÙx BÐèþÆæÿ$§æþ®

ÐøÌôýth V
o

AÆÿ$$¯èþ „æü×ý…ÌZ ç³ËMæüË Ðèþ$«§æþÅ °ËÓ E¯èþ² ÔèýMìü¢ 2
0

1

2
cv , C…§æþ$ÌZ C Mæü…yðþ¯èþÞÆæÿ$ Äñý$$MæüP Mðü´ëíÜsìý. CMæü

C…yæþMæütÆæÿ$ÌZ AÆÿ$$™ôþ ÔèýMìü¢ C…yæþMæütÆæÿ$ ^èþ$r*t HÆæÿµyìþ¯èþ AÄæý$ÝëP…™èþ „óü{™èþ…ÌZ °ËÓ E…r$…¨. C…yæþMæütÆæÿ$ §éÓÆ>

VæüÇçÙx AÐèþÆæÿ$§æþ® Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ 0i AÆÿ$$™ôþ B „æü×ý…ÌZ °ËÓÔèýMìü¢ 2
0(1/ 2)Li . Cç³šyæþ$

°ËÓ E¯èþ²ÔèýMìü¢

2 _ _ _ _ _ _ _ _ _ _ _Q 

JMæü BÐèþÆæÿ¢¯èþ…ÌZ ÔèýMìü¢ ¯èþçÙt…

ÔèýMìü¢ °ËÓ

2 ________________f

JMæü BÐèþÆæÿ¢¯èþ…ÌZ ÝëÐèþ$Ææÿ®üÅ ¯èþçÙt…

=

2
0

2
0

1
222 .

1

2

Li
fL wL

f
R Ri R


  

C§óþ Ñ«§æþ…V> 1/Q WCR A° è̂þ*ç³Ðèþ è̂þ$a. A è̄þ$¯é§æþ ´û è̄þ@ç³# è̄þÅ… Ðèþ§æþ® C…yæþMìütÐŒþ ÇÄæý*Mðüt̄ ŒþÞMæü$, Mðü´ëíÜsìýÐŒþ

ÇÄæý*Mðüt¯ŒþÞMæü$ Ðèþ$«§æþÅ VæüË °çÙµ†¢¯óþ Væü$×ý¿êfMæüÐèþ$$V> °ÆæÿÓ_…^èþÐèþ^èþ$a. A¯èþ$¯é§æþ… Ðèþ§æþ® ,L CX X i.e., WL =

1/WC, Æðÿ…yæþ$ çÜÒ$MæüÆæÿ×êË ¯èþ$…yìþ Q ÑË$Ðèþ Ðèþ*{™èþ… JMóü ÑË$Ðèþ¯èþ$ MæüÍW E…r$…¨.
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A¯èþ$¯é§æþ ¯ðþOÕ™èþÅÐèþ$$ Ðèþ$ÇÄæý$$ Væü$×ý¿êfMæüÐèþ$$ Q Ë Ðèþ$«§æþÅ çÜ…º…«§æþÐèþ$$@

LCR {Ôóý×îý ÐèþËÄæý$Ðèþ$$¯èþMæü$ A¯èþ$ÐèþÇ¢…_¯èþ HM>…™èþÆæÿ Ñ.^é.º. 0 sinE wt A¯èþ$Mæü$…§éÐèþ$$. A¯èþ$ÐèþÇ¢™èþ

Ñ.^é.º. ´û¯èþ@ç³#¯èþÅ…™ø çÜÐèèþ*¯èþÐðþ$O¯èþ ´û¯èþ@ç³#¯èþÅ…™ø ÐèþËÄæý$…ÌZ Ñ§æþ$Å™Œþ yøË¯èþÐèþ$$Ë$ HÆæÿµyæþ™éÆÿ$$.
ÐèþËÄæý$…ÌZ° VæüÇçÙt Ñ§æþ$Å™Œþ ÑË$Ðèþ Mæü$ çÜÒ$MæüÆæÿ×ý….

0
0

2

2 1

E
i

R wL
wc


  

   
   

ÐèþËÄæý$… Äñý$$MæüP C…í³yðþ¯ŒþÞ

1
2 2

2 1
R wL Z

wc

   
    
   

A¯èþ$¯é§æþ… Ðèþ§æþ®,
0 1/ ( )w w LC  , Ñ§æþ$Å™Œþ {ç³Ðéçßý VæüÇçÙt ÑË$Ðèþ 0i = 0 /E R . ÐèþËÄæý$… Äñý$$MæüP

C…í³yðþ¯ŒþÞ R Mæü$ çÜÐèþ*¯èþÐèþ$$. C™èþÆæÿ ´û¯èþ@ç³#¯èþÅÐèþ$$Ë$ Ðèþ§æþ® VæüÇçÙt Ñ§æþ$Å™èþ$¢ ÑË$Ðèþ 0i Mæü…sôý ™èþMæü$PÐèþ Ðèþ$ÇÄæý$$

C…í³yðþ¯ŒþÞ Z ÑË$Ðèþ R Mæü…sôý GMæü$PÐèþ.

A¯èþ$ÐèþÇ¢™èþ ´û¯èþ@ç³#¯èþÅ…ÌZ° Ðèþ*Ææÿ$µ™ø»êr$ A¯èþ$¯é§æþ ÑË$Ðèþ ( 0 /E R ) ¯èþ$…yìþ Ñ§æþ$Å™Œþ {ç³Ðéçßý…

™èþÓÇ™èþVæü†¯èþ ç³™èþ¯èþÐèþ$Væü$r¯èþ$ A¯èþ$¯é§æþ ¯ðþOÕ™èþÓÐèþ$$V> °ÆæÿÓ_…^èþÐèþ^èþ$a. A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅÐèþ$$Ë$ W
0

Mæü$

A¯èþ$¯é§æþ… Ðèþ§æþ® ÑË$ÐèþÌZ 1

2
Ðèþ Ðèþ…™èþ$Mæü$ Ñ§æþ$Å™Œþ {ç³Ðéçßý… ç³™èþ¯èþÐðþ$O¯èþ ÑË$ÐèþMæü$ A¯èþ$Ææÿ*ç³ ´û¯èþ@ç³#¯èþÅÐèþ$$Ë$

W
1

Ðèþ$ÇÄæý$$ W
2

Ë »ôý«§æþ…Mæü$ VæüË °çÙµ†¢° A¯èþ$¯é§æþ ¯ðþOÕ™èþÅç³# MöË™èþV> {Væüíßý…^èþÐèþ^èþ$a.

 A¯èþ$¯é§æþ ¯ðþOÕ™èþÅÐèþ$$ 0

2 1( )



 




2 Ðèþ$ÇÄæý$$ 1 Ë¯èþ$ AÆæÿ® ÝëÐèþ$Ææÿ®üÅ ´û¯èþ@ç³#¯èþÅÐèþ$$ Ë…sêÆæÿ$. G…§æþ$^óþ™èþ¯èþ…sôý, D ´û¯èþ@ç³#¯éÅË Ðèþ§æþ®

ÐèþËÄæý$… Äñý$$MæüP ÝëÐèþ$Ææÿ®üÅÐèþ$$ VæüÇçÙt ÑË$ÐèþÌZ çÜV>°Mìü ™èþVæü$Y™èþ$…¨. {Ôóý×îý A¯èþ$¯é§æþ ÐèþËÄæý$…ÌZ, Ñ§æþ$Å™Œþ {ç³Ðéçßý…

0i

0
0

2

2 1

E
i

R L
c





  

   
   

A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅ… 0w Ðèþ§æþ® C…í³yðþ¯ŒþÞ R Mæü$ çÜÐèèþ*¯èþÐèþ$$. A…§æþ$ÐèþË¯èþ 1w Ðèþ$ÇÄæý$$ 2w Ë Ðèþ§æþ® D

ÑË$Ðèþ 2R AÐèþ#™èþ$…¨. A…§æþ$^óþ™èþ
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2

2 1
2R wL R

wc

 
   
 

1
wL

wc

 
 

 
= R

2 1w w AÆÿ$$™ôþ Aç³šyæþ$,

1

1

1
w L R

w c
   ................... (1)

Ðèþ$ÇÄæý$$ 2

2

1
w L R

w c
   ................... (2)

9.13 HM>…™èþÆæÿ Ñ§æþ$Å™Œþ {ç³Ðéçßýç³# ÐèþËÄæý$…ÌZ ÝëÐèþ$Ææÿ®üÅÐèþ$$@

ÐèþËÄæý$Ðèþ$$¯èþMæü$ A¯èþ$ÐèþÇ¢…_¯èþ Ñ.^é.º 0 sinE E wt ¡çÜ$Mæü$…§éÐèþ$$. Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$

0 sin( )i i wt   , A.C. ÐøÌôýth Ðèþ$ÇÄæý$$ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$Ë Ðèþ$«§æþÅ §æþÔé¿ôý§æþÐèþ$$  . ™èþ„æü×ý ÝëÐèþ$Ææÿ¦üÅÐèþ$$

0 0 sin sin( )Ei E i wt wt  

Ñ°Äñý*Væüç³# ÝëÐèþ$Ææÿ®üÅÐèþ$$ M>Ë…™ø »êr$ Ðèþ*Ææÿ$™èþ* E…r$…¨. A…§æþ$ÐèþË¯èþ HM>…™èþÆæÿ Ñ§æþ$Å™Œþ
ÐèþËÄæý$…ÌZ çÜVæür$ ÝëÐèþ$Ææÿ¦üÅÐèþ$$ P.

0
0 0

0

0

1
sin sin( )

T

T

T

Eidt

P E i wt wt dt
T

dt

  





 0 0

0

1
cos( ) cos(

2

T
E i

wt wt wt wt dt
T

      

0 0

0 0

1
. cos cos(2 )

2

T TE i
dt wt dt

T
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 0 0

0
0

1 sin(2
. cos

2 2

T
TE i wt

t
T w




  
   

   

 0 01 1
. cos sin(2 ) sin

2 2

E i
T wt

T w
  

 
     

0 01 1 2
. cos sin 2. sin

2 2

E i
T T

T w T


  

   
      

   

0 0 0 01
. . cos cos

2 2

E i E i
T

T
  

0 0. cos cos
2 2

rms rms

E i
E i    

cosrms rmsP E i    

çÜÒ$MæüÆæÿ×ý… (2) ¯èþ$…yìþ çÜÒ$MæüÆæÿ×ý… (1) ° ¡íÜÐóþÄæý$V>

2 1

1 2

1 1 1
( ) 2w w L R

c w w

 
    

 

Ìôý§é
2 1

2 1

1 2

1
( ) 2

w w
w w L R

c w w

 
   

 

Ìôý§é 2 1

1 2

1
( ) 2w w L R

cw w

 
   

 

Ìôý§é  2 1( ) 2w w L L R  
1 2( 1/ )w w LC

Ìôý§é 2( )
R

w w
L

  ................... (4)

2 1

0 0

w w R

w w L


 

Ìôý§é
2 1

0 0

1f f R

f w L Q


   ......... (5)
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çÜÒ$MæüÆæÿ×ýÐèþ$$ (5) ¯èþ$…yìþ A¯èþ$¯é§æþ¯ðþOÕ™èþÅÐèþ$$ çÜ*¨V> E…yæþÐèþÌñý¯èþ…sñý Q Væü$×ýMæüÐèþ$$ GMæü$PÐèþV>
E…yæþÐèþÌñý¯èþ$.

ç³sìý tM> Ð ðþyæþË$µ:

AÆæÿ® ÝëÐèþ$Ææÿ®üÅ ´û¯èþ@ç³#¯éÅË »ôý«§æþÐèþ$$ ( 2 1f f ) ¯èþ$ A¯èþ$¯é§æþ Ðèþ{MæüÐèþ$$ Äñý$$MæüP ç³sìýtM> ÐðþyæþË$µ A…sêÆæÿ$.
is called as band width of the resonance curve.

 ç³sìýtM> ÐðþyæþË$µ =
0

2 1 0

0

( / )
f R

f f f Q
w L

   =
2

R

L

ç³sìýtM> ÐðþyæþË$µ çÜ*¨V> E…yæþÐèþÌñý¯èþ¯èþ² R Mæü°çÙt…V>¯èþ$ L VæüÇçÙt…V>¯èþ$ E…yéÍ.

A¯èþV> ÐøÌôýth Ðèþ$ÇÄæý$$ Ñ§æþ$Å™Œþ {ç³Ðéçßý… Äñý$$MæüP r.m.s. ÑË$ÐèþË Ëº®Ðèþ$$¯èþ$ cos Væü$×ýMæüÐèþ$$^óþ

Væü$×ìý…^èþV> Ðèþ^óþa ÑË$Ðèþ Ðèþ–«§é AÆÿ$$¯èþ ÝëÐèþ$Ææÿ®üÅÐèþ$$¯èþ$ ™ñþË$ç³#™èþ$…¨. cos ° ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$ A…sêÆæÿ$.

Ñ§æþ$Å™Œþ °Æø«§æþÐèþ$$, Mðü´ëíÜsñý¯ŒþÞ Ðèþ$ÇÄæý$$ C…yæþMðüt¯ŒþÞ™ø Mæü*yìþ E¯èþ² {Ôóý×ìý ÐèþËÄæý$…ÌZ

 (1/ )
tan

wL wc

R





1
2 2

2

cos

1

R

R wL
wc

 
   

    
    

C¨ ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$ Äñý$$MæüP çÜÒ$MæüÆæÿ×ýÐèþ$$.

ÐèþËÄæý$…ÌZ Ñ°Äñý*VæüÐðþ$O è̄þ ÝëÐèþ$Ææÿ®üÅÐèþ$$ Ôèý* è̄þÅÐðþ$O™ôþ, Ñ§æþ$Å™èþ$¢̄ èþ$ “ ÐésŒýÌñý‹Ü Ñ§æþ$Å™Œþ {ç³Ðéçßý…” A…sêÆæÿ$.

ÝëÐèþ$Ææÿ®üÅÐèþ$$ Ôèý*¯èþÅÐðþ$O¯èþç³#yóþ C¨ Ýë«§æþÅÐèþ$Ðèþ#™èþ$…¨.

cos 0  or / 2 

A¯èþV> Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ Ðèþ$ÇÄæý$$ ÐøÌôýthË Ðèþ$«§æþÅ §æþÔé¿ôý§æþÐèþ$$ /2 . E§éçßýÆæÿ×ýMæü$ Ôèý$§æþ® C…yæþMðüt¯ŒþÞ

ÐèþËÄæý$…ÌZ ÐøÌôýth Mæü…sôý Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ /2 ÆóÿyìþÄæý$¯Œþ Ððþ¯èþ$Mæüºyìþ E…r$…¨. A…§æþ$ÐèþË¯èþ Ôèý$§æþ® C…yæþMðüt¯ŒþÞ

¡Væü^èþ$rtÌZ ÔZíÙ™èþÐðþ$O¯èþ çÜVæür$ ÝëÐèþ$Ææÿ®üÅÐèþ$$ Ôèý*¯èþÅÐèþ$$.

9.14 çÜÐèþ*…™èþÆæÿ A¯èþ$¯é§æþÐèþËÄæý$Ðèþ$$@

çÜÐèèþ*…™èþÆæÿ A¯èþ$¯é§æþ ÐèþËÄæý$Ðèþ$$ ç³r…ÌZ ^èþ*ç³ºyìþ¯èþ¨. C…yæþMæüt¯ŒþÞ L Ðèþ$ÇÄæý$$ Ñ§æþ$Å™Œþ°Æø«§æþÐèþ$$ R

Ë$ {Ôóý×ìýÌZ JMæü ÔéQV> MæüË$ç³ºyìþ Mðü´ëíÜrÆŠÿ C ÐóþÆöMæü ÔéQÌZ E…yìþ, D Æðÿ…yæþ$ ÔéQË$ ç³ÆæÿçÜµÆæÿ çÜÐèþ*…™èþÆæÿÐèþ$$V>

E…sêÆÿ$$ 0 sinE E wt .



9.35 HM>…™èþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

HM>…™èþÆæÿ Ñ.^é.º Äñý$$MæüP f¯èþMæüÐèþ$$ ÐèþËÄæý$…ÌZ MæüË$ç³ºyìþ¯èþ¨. f¯èþMæü… ¯èþ$…yìþ ËÀ…^óþ VæüÇçÙx Ñ§æþ$Å™Œþ

{ç³Ðéçßý… 0i . MìüÆ>P‹œ çÜ*{™éË ¯èþ$…yìþ Æðÿ…yæþ$ ÔéQËÌZ° Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$Ë$ 1i Ðèþ$ÇÄæý$$ 2i AÆÿ$$™ôþ

0 1 2i i i  ............ (1)

ÐèþËÄæý$…ÌZ° C…í³yðþ¯ŒþÞ Z A¯èþ$Mö…§éÐèþ$$.

Mæü…yðþ¯ŒþÞÆæÿ$ Äñý$$MæüP C…í³yðþ¯ŒþÞ ( )R jwL 

Mæü…yðþ¯èþÞÆæÿ$ Äñý$$MæüP C…í³yðþ¯ŒþÞ 1/( )jwc

çÜÒ$ (1) ¯èþ$…yìþ

0 0 0

1/

E E E

Z R jwL jwc
 



1 1
jwc

Z R jwL

 
   

..................... (2)

Cç³šyæþ$ GyìþÃsñý¯ŒþÞ

1 1

( )
jwc

Z R jwL
   



Ìôý§é
( )

( )( )

R jwL
jwc

R jwL R jwL



 

 

2 2 2

( )

( )

R jwL
jwc

R w L


 





9.36§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

2 2 2 2 2 2( ) ( )

R wL
j wc

R w L R w L

 
     

GyìþÃsñý¯ŒþÞ Äñý$$MæüP ç³ÇÐèþ*×ýÐèþ$$

1
2 2 2

2 2 2 2 2 2( ) ( )

R wL
wc

R w L R w L


    
      

      
............ (3)

°ÇªçÙt ´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® C…í³yðþ¯ŒþÞ VæüÇçÙx…V>¯èþ$ Ìôý§é GyìþÃsñý¯ŒþÞ Mæü°çÙt…V>¯èþ$ E…sêÆÿ$$.

Aç³#yæþ$

2 2 2( )

wL
wc

R w L




Ìôý§é 2 2 2( )

L
c

R w L




Ìôý§é 2 2 2cR cw L L  Ìôý§é 2 2 2cw L L cR 

Ìôý§é
2 2

2

2 2

1L cR R
w

cL Lc L

 
   

 

Ìôý§é

1
22

2

1 R
w

Lc L

  
   

  

1
22

2

1 1

2 2

w R
f

LC L 

  
     

  

´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® GyìþÃsñý¯ŒþÞ ÑË$Ðèþ Mæü°çÙxÐèþ$$. A…§æþ$ÐèþË¯èþ Ñ§æþ$Å™Œþ {ç³Ðéçßý… Mæü°çÙxÐèþ$$. D ´û¯èþ@ç³#¯éÅ°²
A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅÐèþ$$ A…sêÆæÿ$. ÐèþËÄæý*°² çÜÐèþ*…™èþÆæÿ A¯èþ$¯é§æþ ÐèþËÄæý$… A…sêÆæÿ$. ´û¯èþ@ç³#¯èþÅ…™ø
»êr$ Ñ§æþ$Å™Œþ {ç³Ðéçßý… Ðèþ*Æóÿ ¡Ææÿ$ ç³r…ÌZ ^èþ*ç³ºyìþ¯èþ¨. A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅ… Ðèþ§æþ® ÐèþËÄæý$… Äñý$$MæüP
GyìþÃsñý¯ŒþÞ

2 2 2

R

R w L
 



O f
0

C
ur

re
nt

Frequency

ç³rÐèþ$$ (24)



9.37 HM>…™èþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

Ìôý§é Ñ§æþ$Å°²Æø«§æþÐèþ$$
2 2 2R w L

R



ÑË$ÐèþË¯èþ$ {ç³†„óüí³…^èþV>

Ñ§æþ$Å°²Æø«§æþÐèþ$$ =

2
2 2

2

1 R
R L

LC L

R

  
   

  

=
L

RC
= ÐèþËÄæý$… Äñý$$MæüP Væü†Mæü Ñ§æþ$Å°²Æø«§æþ… A…sêÆæÿ$.

A¯èþ$¯é§æþ… Äñý$$MæüP Ñ§æþ$Å™Œþ {ç³Ðéçßý… = (f¯èþMæü… ¯èþ$…yìþ f°…^óþ VæüÇçÙx Ñ§æþ$Å™èþ$¢ C)

=   0
0 /( / )

E RC
E L RC

L


Mðü´ëíÜrÆŠÿ §éÓÆ> {ç³Ðèþíßý…^óþ VæüÇçÙx Ñ§æþ$Å™èþ$¢

=  0 0/(1/ )E WC E WC

D Ñ§æþ$Å™Œþ ç³ÐéçßýÐèþ$$ A¯èþ$ÐèþÇ¢™èþ ÐøÌôýth Mæü…sôý / 2 Ðèþ$$…§æþ$…r$…¨.

Cç³#yæþ$

yøÌêÄæý$Ðèèþ*¯èþ {ç³Ðéçßý… Äñý$$MæüP Mæü…ç³¯èþ ç³ÇÑ$†

Q
0

0( / )

E WL WL

E RC L R
 

©°¯óþ Væü$×ý¿êfMæüÐèþ$$ Q A…sêÆæÿ$. C¨ Ñ§æþ$Å™Œþ ÐèþÆæÿ®¯èþÐèþ$$ Äñý$$MæüP ç³ÇÐèþ*×ýÐèþ$$¯óþ Q V> ¿êW…^èþÐèþ^èþ$a.

7.15 Ýë«¨…_¯èþ çÜÐèþ$çÜÅË$@

1). 50 òßýÆŠÿ tg Œý ´û¯èþ@ç³#¯èþÅ… VæüË 200 Ðø. Ñ.^é.º VæüË f¯èþMæüÐ èþ$$ MæüÍW 0.01 òßý{± {õ³ÆæÿM æü™ èþÓÐèþ$$,

5Ñ§æþ$Å§æþÓËÄæý$…ÌZ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$¯èþ$ Væü×ìý…^èþ…yìþ.

Ýë«§æþ è̄þ@

ÐèþËÄæý$… Äñý$$MæüP C…í³yðþ¯ŒþÞ Z Mæü$ çÜ*{™èþÐèþ$$

2 2 2 2 2 2 24Z R W L R f L   

2 2 2 25 4 (50) (0.01) 25 9.868     



9.38§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

34.868 5.906  

Ñ§æþ$Å™Œþ {ç³Ðéçßý… =
200

33.86
5.906

rms
rms

E
I amp

Z
  

2. 5 , 0.1 , 100L mh C F R K    Ë™ø Mæü*yìþ¯èþ LCR {Ôóý×ìý ÐèþËÄæý$… Äñý$$MæüP A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅ…¯èþ$

Væü×ìý…^èþ…yìþ.

Ýë«§æþ è̄þ@

L - C Ë™ø Mæü*yìþ¯èþ ÐèþËÄæý$… Äñý$$MæüP A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅÐèþ$$ f Äñý$$MæüP çÜ*{™èþÐèþ$$

1

2
f

LC


3 6

1

2 (5 10 ) (0.1 10 )  


  

= 83.184 10 Hz

3. 10 , 0.1 , 1L mh C F R K   Ë™ø Mæü*yìþ¯èþ LCR çÜÐèþ*…™èþÆæÿ A¯èþ$¯é§æþ ÐèþËÄæý$… Äñý$$MæüP A¯èþ$¯é§æþ

´û¯èþ@ç³#¯èþÅ…¯èþ$ Væü×ìý…^èþ…yìþ.

Ýë«§æþ è̄þ@

çÜÐèþ*…™èþÆæÿ LCR ÐèþËÄæý$…ÌZ A¯èþ$¯é§æþ… Ðèþ§æþ® ´û¯èþ@ç³#¯èþÅÐèþ$$

2

2

1 1 1 1

2 2

R
f

LC L LC 
  

CMæüPyæþ 310 10 10L mH H   and 61 10C F F  

4
8

2 6

1 1 1 10
10

2 10 10 2 2
f

   
   



= 1592 Hz.

4. 25 Ððþ$O{Mø òßý{± C…yæþMðüt¯ŒþÞ 0.0001 F Mðü´ëíÜsñý¯ŒþÞ VæüË ÐèþËÄæý$… Äñý$$MæüP çÜçßýf ´û¯èþ@ç³#¯èþÅ…¯èþ$ Mæü¯èþ$MöP…yìþ.

G…™èþ ™èþÆæÿ…Væü §ðþOÆæÿƒüÅÐèþ$$¯èþMæü$ çÜµ…¨çÜ$¢…¨.

Ýë«§æþ è̄þ@



9.39 HM>…™èþ {ç³ÐéàË$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

LC ÐèþËÄæý$… Äñý$$MæüP ´û¯èþ@ç³#¯èþÅÐèþ$$
1

2
f

LC


6 6

1

2 (25 10 ) (0.0001 10 )  


  

= 63.184 10 Hz

A¯èþ$Ææÿ*ç³ ™èþÆæÿ…Væü§ðþOÆæÿƒüÅÐèþ$$  AÆÿ$$™ôþ

C f  Ìôý§é
8

6

3 10

3.184 10

C

f



 



= 9.401 Ò$

5. 30 Ñ§æþ$Å°²Æø«§æþÐèþ$$ VæüË ¡Væü ^èþ$rt Ðèþ$ÇÄæý$$ 30 Ë ÇÄæý*Mðüt¯ŒþÞ VæüË ÐèþËÄæý$… Äñý$$MæüP ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæü…
G…™èþ? ÐøÌôýth Ðèþ$ÇÄæý$$ Ñ§æþ$Å™Œþ {ç³ÐéàË Ðèþ$«§æþÅ §æþÔé¿ôý§æþ… G…™èþ?

Ýë«§æþ è̄þ@

ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$ cos Mæü¯èþ$Vö¯èþ$ çÜ*{™èþÐèþ$$

2 2

30 30 1
cos

30 2 2(30) (30)

R

Z
    



and
045

4


   .

7.16 Ðèþ$$W…ç³#:

HM>…™èþÆæÿ Ñ§æþ$Å™Œþ {ç³Ðéçßý ¿êÐèþ è̄þ¯èþ$ ÑÐèþÇ… è̂þ$r™ø »êr$ Ôèý$§æþ® Ñ§æþ$Å°²Æø«§æþ ÐèþËÄæý$…ÌZ ÐøÌôýth Ðèþ$ÇÄæý$$
Ñ§æþ$Å™Œþ {ç³ÐéàË Ðèþ$«§æþÅ çÜ…º…«§æþ… ÑÐèþÇ… è̂þºyìþ¯èþ¨. Ôèý$§æþ® C…yæþMæütÆŠÿ ÐèþËÄæý$…ÌZ¯èþ$, Ôèý$§æþ® Mðü´ëíÜrÆŠÿ ÐèþËÄæý$…ÌZ¯èþ$
çÜ¨Ôé _{™èþÐèþ$$Ë™ø çÜà ÑÐèþÇ…^èþºyìþ¯èþÑ. LCR {Ôóý×ìý A¯èþ$¯é§æþ ÐèþËÄæý$Ðèþ$$, çÜÐèèþ*…™èþÆæÿ A¯èþ$¯é§æþÐèþËÄæý$Ðèþ$$Ë$
^èþÇa…^èþºyìþ¯èþÑ. Væü$×ý¿êfMæüÐèþ$$ Ðèþ$ÇÄæý$$ ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$Ë$ °ÆæÿÓ_…_ ÑÐèþÇ…^èþºyìþ¯èþÑ.

9.17 Ðèþ$$QÅ ç³§æþÐèþ$$Ë$ :

ç³NÆæÿ~ BÐèþÆæÿ¢¯èþÐèþ$$, AÆæÿ® BÐèþÆæÿ¢¯èþÐèþ$$, ÐèþÆæÿY Ðèþ$«§æþÅÐèþ$ ÑË$Ðèþ, çÜVæür$ ÑË$Ðèþ RMS ÑË$Ðèþ, §æþÔé Mø×ýÐèþ$$,



A¯èþ$¯é§æþÐèþ$$, C…í³yðþ¯ŒþÞ, çÜ¨Ôé _{™èþÐèþ$$, A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅÐèþ$$, A¯èþ$¯é§æþ ¯ðþOÕ™èþÅÐèþ$$, ÕQÆæÿ ÑË$Ðèþ,
Væü$×ý¿êfMæüÐèþ$$.

9.18 çÜÓÄæý$… çÜÒ$„> {ç³Ôèý²Ë$ :

(A) Ýë…QÅMæü çÜÐèþ$çÜÅË$ :

1. {Ôóý×ìýÌZ MæüË$ç³ºyìþ¯èþ 200 Ohm Ñ§æþ$Å°²Æø«§æþÐèþ$$ Ðèþ$ÇÄæý$$ 40 F Mðü´ëíÜsñý¯ŒþÞ VæüË Mæü…yðþ¯èþÞÆæÿ$Ë¯èþ$ 100

ÐøÌŒýt & 50 Hz VæüË HM>…™èþÆæÿ Ñ§æþ$Å™Œþ ÝëÐèþ$Ææÿ®üÅÐèþ$$¯èþ$ Mæü¯èþ$MøP…yìþ.

Hint: cosrms rmsP E I  A¯óþ çÜ*{™é°² V>° Ìôý§é 2 cosrmsP I R  V>° ÐéyæþÐèþ^èþ$a.  : 4 3 .1A n s w

2. 6 VæüË Ñ§æþ$Å™Œþ°Æø«§æþÐèþ$$, 0.12H C…yðþMæütÆæÿ$ Ðèþ$ÇÄæý$$ 45 F Mðü´ëíÜrÆŠÿË¯èþ$ {Ôóý×ìýÌZ MæüÍí³ 230 ÐøÌŒýt

HM>…™èþÆæÿ Ñ§æþ$Å™Œþ¯èþ$ A¯èþ$ÐèþÇ¢…^éÆæÿ$. AÆÿ$$™ôþ (a) A¯èþ$¯é§æþ ´û¯èþ@ç³#¯èþÅÐèþ$$¯èþ$ (b) C…yæþMæütÆŠÿ Mö¯èþË Ðèþ$«§æþÅ
´÷sñý°ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$¯èþ$ (c) Mðü´ëíÜrÆŠÿ Mö¯èþË Ðèþ$«§æþÅ ´÷sñ °ÛÄæý$ÌŒý ¿ôý§æþÐèþ$$¯èþ$ Mæü¯èþ$MøP…yìþ.

(Ans:(a) f=68.5Hz, (b) V
L
=1980V, (c) V

C
=1980V)

3. A.C. Ððþ$Æÿ$$ Œ̄þÞ™ø A è̄þ$ÐèþÇ¢…_ è̄þ ÐøÌôýth 220 Ðø. «§æþ¯èþ AÆæÿ® BÐèþÆæÿ¢̄ èþ…ÌZ çÜVæür$ Ñ.^é.º. ¯èþ$ ÑË$Ðèþ¯èþ$ Mæü è̄þ$MøP…yìþ.

(Hint:
02

ar

E
E


 ) (Ans:198.2 Ðø)

4. 30 °Æø«§æþ… VæüË ¡Væü ^èþ$rt Ðèþ$ÇÄæý$$ ÐèþËÄæý$… ÇÄæý*Mðüt¯ŒþÞ 30 AÆÿ$$™ôþ BÐèþËÄæý$… Äñý$$MæüP ÝëÐèþ$Ææÿ®üÅ
Væü$×ýMæüÐèþ$$¯èþ$ Mæü¯èþ$MøP…yìþ. ÐøÌôýth Ðèþ$ÇÄæý$$ Ñ§æþ$Å™Œþ {ç³Ðéçßý… Ðèþ$«§æþÅ §æþÔé¿ôý§æþÐèþ$$¯èþ$ Mæü¯èþ$MøP…yìþ.

(Ans:(a)
1

cos
2

  , (b) 045  ))

(B) ÐéÅçÜÆæÿ*ç³ {ç³Ôèý²Ë$@

1. HM>…™èþÆæÿ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$ Ðèþ$¯èþV> ¯óþÑ$? HM>…™èþÆæÿ ÐèþËÄæý$…ÌZ (a) ç³NÆæÿ~ BÐèþÆæÿ¢¯èþ…ÌZ Ñ§æþ$Å™Œþ çÜVæür$
ÑË$Ðèþ¯èþ$ (b) AÆæÿ® BÐèþÆæÿ¢¯èþ…ÌZ çÜVæür$ ÑË$Ðèþ¯èþ$ (c) Ñ§æþ$Å™Œþ {ç³Ðéçßý Ðèþ$ÇÄæý$$ ÐøÌôýth Äñý$$MæüP rms ÑË$ÐèþË¯èþ$
ÑÐèþÇ…^èþ…yìþ.

2. (a) Ôèý$§æþ® Ñ§æþ$Å°²Æø«§æþÐèþËÄæý$Ðèþ$$, (b) Ôèý$§æþ® Mðü´ëíÜrÆŠÿ ÐèþËÄæý$Ðèþ$$ Ðèþ$ÇÄæý$$ (c) Ôèý$§æþ® C…yæþMæütÆæÿ$ ÐèþËÄæý$Ðèþ$$ËÌZ
HM>…™èþÆæÿ Ñ§æþ$Å™Œþ {ç³Ðéçßý Ðèþ$ÇÄæý$$ ÐøÌôýthË Ðèþ$«§æþÅ çÜ…º…«§æþÐèþ$$¯èþ$ Æ>ºr$t…yìþ.

3. Ñ§æþ$Å°² Æø«§æþÐèþ$$ Ðèþ$ÇÄæý$$ C…yæþMðüt¯ŒþÞË™ø Mæü*yìþ¯èþ HM>…™èþÆæÿ Ñ§æþ$Å§æþÓËÄæý$…ÌZ A¯èþ$ÐèþÇ¢™èþ ÐøÌôýth Ðèþ$ÇÄæý$$
Ñ§æþ$Å™Œþ {ç³ÐéàË Ðèþ$«§æþÅ çÜ…º…«§é°² Æ>ºrt…yìþ. C…í³yðþ¯ŒþÞ A¯èþV> ¯óþÑ$? Væü$×ý¿êfMæüÐèþ$$ A¯èþV> ¯óþÑ$?

4. {Ôóý×ìýÌZ MæüË$ç³ºyìþ¯èþ Mðü´ëíÜrÆŠÿ, C…yæþMðütÆŠÿ Ðèþ$ÇÄæý$$ Ñ§æþ$Å°²Æø«§æþÐèþ$$Ë™ø Mæü*yìþ¯èþ ÐèþËÄæý$Ðèþ$$¯èþMæü$ HM>…™èþÆæÿ



ÐøÌôýth° A¯èþ$ÐèþÇ¢…^èþºyìþ¯èþ¨. C…í³yðþ¯ŒþÞMæü$ ÐèþËÄæý$…ÌZ° Ñ§æþ$Å™Œþ {ç³ÐéàÐèþ$$ËMæü$ çÜÒ$MæüÆæÿ×êË¯èþ$ Æ>ºrt…yìþ.
A¯èþ$¯é§æþ… Ðèþ§æþ® LCR ÐèþËÄæý$… Äñý$$MæüP {ç³ÐèþÆæÿ¢¯èþ HÑ«§æþ…V> E…r$…¨?

5. HM>…™èþÆæÿ Ñ§æþ$Å™Œþ ÐèþËÄæý$…ÌZ “ÝëÐèþ$Ææÿ®üÅÐèþ$$” ¯èþMæü$ çÜÒ$MæüÆæÿ×ê°² Æ>ºrt…yìþ. ÝëÐèþ$Ææÿ®üÅ Væü$×ýMæüÐèþ$$¯èþ$
ÑÐèþÇ…^èþ…yìþ.

6. LCR {Ôóý×ìý ÐèþËÄæý$…ÌZ C LX X Ðèþ$ÇÄæý$$ C LX X . AÆÿ$$¯èþç³#yæþ$ ÐèþËÄæý$… Äñý$$MæüP {ç³ÐèþÆæÿ¢¯èþ¯èþ$

ÑÐèþÇ…^èþ…yìþ. LCR ÐèþËÄæý$…ÌZ A¯èþ$¯é§æþ §æþ–WÓçÙÄæý*°² ^èþÇa…^èþ…yìþ.

7. A.C. ÐèþËÄæý$ ÑÔóýÏçÙ×ýÌZ (a) R - C ÐèþËÄæý$Ðèþ$$ Ðèþ$ÇÄæý$$ (b) L - R ÐèþËÄæý$Ðèþ$$Ë Äñý$$MæüP {ç³ÐèþÆæÿ¢¯èþ¯èþ$ çÜ¨Ôé
_{™èþÐèþ$$Ë ç³§æþ®†¯èþ HÑ«§æþ…V> ÑÐèþÇ…^èþVæüËÐèþ#?

9.19 ^èþ§æþ$Ðèþ§æþW¯èþ {Væü…£éË$:

1. Electronic devices and circuits - Milliman and Halkies

2. Electricity and Electronics - Tayal

3. Physics Vol.II - Holiday and Resnik

4. Electricity - Berkeley Physics series.
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iSrO!$o

0r) o!€ sit46.6 sd€,r F
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9) OtiuSctlret 06 65orPo) oq6 itqF6 66o.po) {ro r6roba).
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11.1 yìþhrÌŒý GË{M>t°MŠüÞ & AÆæÿªÐðþ$sìýMŠü ÐèþËÄæý*Ë$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

Äæý$*°sŒý & IV

´ëuæÿ… & 11

AÆæÿ®ÐéçßýMæü ¿o†Mæü ÔéçÜˆÐèþ$$

ÑçÙÄæý*Ë$@

1. çœ$¯èþ ç³§éÆæÿ®Ðèþ$$Ë ç³sîýt íÜ§é®…™èþÐèþ$$

2. çÜÓ¿êÐèþf, AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$Ë$

3. Ææÿ…{§éË$, GË{M>t¯ŒþËMæü$ AÑ_a¯èþ² çÜÒ$MæüÆæÿ×ýÐèþ$$Ë$.

A¿êÅçÜ °Æ>Ã×ýÐ èþ$$@

11.1 ÑçÙÄæý$ ç³Ç^èþÄæý$Ðèþ$$

11.2 çœ$¯èþ ç³§éÆæÿ®Ðèþ$$Ë ç³sîýt íÜ§é®…™èþÐèþ$$

11.3 çÜ…Äñý*fMæü ç³sîýt, Ðèþçßý¯èþ ç³sîýt Ðèþ$ÇÄæý$$ °õÙ§æþ ÔèýMìü¢ {´ë…™èþÐèþ$$

11.4 º…«§æþM>Ë$, AÆæÿ®ÐéçßýM>Ë$ Ðèþ$ÇÄæý$$ ÐèþçßýMæüÐèþ$$Ë$

11.5 AçÜÓ¿êÐèþf, ïÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$Ë$

11.6 N - ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$Ë$

11.7 P - ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$

11.8 AÑ_e¯èþ² çÜÒ$MæüÆæÿ×ýÐèþ$$

11.9 ÝëÆ>…ÔèýÐèþ$$

11.10 Ðèþ$$QÅç³§æþÐèþ$$Ë$

11.11 çÜÓÄæý$… ç³ÇÖË¯èþ {ç³Ôèý²Ë$

11.12 ´ëuæÿÅ ç³#çÜ¢MæüÐèþ$$Ë$

11.1 ÑçÙÄæý$ ç³Ç^èþÄæý$Ðèþ$$@

B«§æþ$°Mæü GË{M>t°MŠü ç³ÇMæüÆæÿÐèþ$$ËÌZ Ðèþ$$QÅÐðþ$O¯èþÑ, °Æø«§æþÐèþ$$Ë$, Mðü´ëíÜrÆŠÿË$, C…yæþMæü tÆŠÿË$,

{sê¯ŒþÞ¸ëÆ>ÃÆŠÿÏ, ÐéË$ÓË$, AÆæÿ®ÐéçßýMæü yæþÄñý*yŠþË$, {sê°ÞçÙtÆŠÿË$, Ðèþ$ÇÄæý$$ çÜÐèþ*MæüË¯èþ ÐèþËÄæý$Ðèþ$$Ë$.

°Æø«§æþÐèþ$$Ë$, Mðü´ëíÜrÆŠÿÏ, C…yæþMæütÆŠÿÏ, {sê¯ŒþÞ ¸ëÆ>ÃÆŠÿÏ Væü*Ça Væü™èþÐèþ$$ÌZ Ðèþ$¯èþMæü$ ™ñþË$çÜ$¯èþ$. AÆÿ$$™ôþ AÆæÿ®ÐéçßýMæü

ç³ÇMæüÆæÿÐèþ$$Ë Væü*Ça ™ñþÍÄæý*Ë…sôý AÆæÿ®ÐéçßýM>Ë Væü*Ça ™ñþË$çÜ$MøÐéÍ. Væü¨ EÚù~{Væü™èþ Ðèþ§æþ® AÆæÿ®ÐéçßýM>Ë AÆÿ$$¯èþ



11.2§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

fÆóÿÃ°Äæý$…, íÜÍM>¯ŒþË$ ÐéçßýMæü™èþÓ… ÌZçßýË$ AÆÿ$$¯èþ Æ>W, Ððþ…yìþ Mæü¯èþ² ™èþMæü$PÐèþ V>¯èþ$, º…«§æþM>Ë$ AÆÿ$$¯èþ

´÷ÆðÿÞÍ¯Œþ, V>Ï‹Ü, Mæ v¯èþ Ææÿº¾Ææÿ$ Mæü¯èþ² GMæü$PÐèþV>¯èþ$ E…r$…¨.

11.2 çœ$¯èþ ç³§éÆæÿ ªÐ èþ$$Ë ç³sîý t íÜ§é®…™èþÐ èþ$$ @

çœ$¯èþ ç³§éÆæÿ®Ðèþ$$ËÌZ ç³ÆæÿÐèþ*×ý$Ðèþ#Ë$, ÐéÄæý$$Ðèþ#ËÌZÐèþÌñý M>Mæü$…yé JMæü {MæüÐèþ$ ç³§æþ®†ÌZ AÐèþ$Ææÿaºyìþ

E…yæþr… ^óþ™èþ {ç³MæüP ç³ÆæÿÐèþ*×ý$Ðèþ#Ë {ç³¿êÐèþÐèþ$$ ç³° ^óþçÜ$¢…¨. ©° {ç³¿êÐèþÐèþ$$ ÐèþË¯èþ {ç³MæüP ç³ÆæÿÐèþ*×ýÐèþ#ËÌZ°

GË{M>t¯ŒþË {ç³¿êÐèþÐèþ$$ çÜ…Äñý*fMæü GË{M>t¯ŒþÏò³O ç³°^óþçÜ$¢…¨. A…§æþ$^óþ™èþ ÔèýMìü¢ Ýë¦Æÿ$$Ë$ JMæü §é°™ø Ðèþ$ÆöMæüsìý

B{MæüÑ$…^èþyæþ… ÐèþË¯èþ ÐésìýÌZ A¯óþMæü ÔèýMìü¢ Ýë¦Æÿ$$ÌZ Ðèþ*Ææÿ$µË$ HÆæÿµyæþ™éÆÿ$$. çœÍ™èþ…V> çœ$¯èþ ç³§éÆæÿ®Ðèþ$$ËÌZ JMæü

ÔèýMìü¢ Ýë¦Æÿ$$ M>Mæü$…yé ÔèýMìü¢ ç³sîýtË$ HÆæÿµyæþ™éÆÿ$$. A…§æþ$ÐèþË¯èþ D ÔèýMìü¢ ç³sîýt Ððþ$$™èþ¢… ç³ÆæÿÐèþ*×ý$Ðèþ#Mæü$ çÜ…º…«¨…_¯èþ¨

AÐèþ#™èþ$…¨ ™èþç³µ MóüÐèþË… JMæü GË{M>t¯ŒþMæü$ çÜ…º…«¨…_¯èþ¨ M>§æþ$. ÔèýMìü¢ ç³sìýtÌZ ÔèýMìü¢ Ýë¦Æÿ$$ ÑË$ÐèþË$ AÑ_e¯èþ²…V>

E…sêÆÿ$$.

D ÔèýMìü¢ ç³sîýt íÜ§é®…™èþÐèþ$$¯èþ$ íÜÍM>¯Œþ ç³ÆæÿÐèþ*×ý$Ðèþ#ÌZ° ÔèýMìü¢ Ýë¦Æÿ$$Ë B«§éÆæÿÐèþ$$V> ç³rÐèþ$$Ë$ 1(a)

Ðèþ$ÇÄæý$$ 1(b) Ë çÜçßýÄæý$…™ø ™ñþË$çÜ$Mö¯èþÐèþ^èþ$a¯èþ$. íÜÍM>¯Œþ ç³ÆæÿÐèþ*×ý$Ðèþ#ÌZ° 14 GË{M>t¯ŒþÏË¯èþ$ K-Mæü„æüüÅÌZ

2, L Mæü„æüüÅÌZ 8, M Mæü„æüüÅËÌZ 4 AÐèþ$Ææÿaºyìþ E…sêÆÿ$$. 3P ÌZ E…yéÍÞ¯èþ 6 GË{M>t¯ŒþÏËÌZ MóüÐèþË… 3 Ðèþ*{™èþÐóþ$

°…ç³ºyìþE…sêÆÿ$$. A…§æþ$^óþ™èþ 3d ÌZ AçÜË$ GË{M>t¯ŒþÏ E…yæþÐèþ#.

Fig 1(a) Fig 1(b)

JMæü çœ$¯èþç³§éÆæÿ®Ðèþ$$ÌZ íÜÍM>¯Œþ ç³ÆæÿÐèþ*×ý$Ðèþ#¯èþ$ ç³ÇÖÍ§é®Ðèþ$$. (AÌê…sìýÑ 200 ç³ÆæÿÐèþ*×ý$Ðèþ#Ë$

E¯é²Æÿ$$ A¯èþ$Mæü$…§é…). çœÍ™èþ…V> 200K Mæü„æüüÅË$ çÜÓËµ ÔèýMìü¢ Ýë¦Æÿ$$ ™ôþyéËÌZ E…sêÆÿ$$. ©°Mìü M>Ææÿ×ý…

JMæü Mæü„æüüÅÌZ° H Æðÿ…yæþ$ GË{M>t¯Œþ JMóü BÐóþÔèý {´ë…™èþ… E…yæþ§æþ$. D 200K Mæü„æüüÅË$, çÜÓËµ ÔèýMìü¢ ™ôþyéË$ MæüÍY¯èþÑ A°²

Ñ$ã™èþÐèþ$$ AÆÿ$$ JMæü ÔèýMìü¢ ç³sîýt HÆæÿµyæþ$™èþ$…¨. ©°¯óþ ç³rÐèþ$$ 1(b) ÌZ ^èþ*í³¯èþr$Ï Ððþ$$§æþsìý ÔèýMìü¢ ç³sìýt HÆæÿµyæþ$™èþ$…¨.

C§óþÑ«§æþÐèþ$$V> Æðÿ…yæþÐèþ ÔèýMìü¢ ç³sìýt HÆæÿµyæþ$™èþ$…¨. C§óþ Ñ«§æþ…V> Æðÿ…yæþÐèþ ÔèýMìü¢ ç³sìýt HÆæÿµyæþ$™èþ$…¨.

11.3 çÜ…Äñý*fMæü Ô èýM ì ü ¢ ç³sîý t, Ðéçßý¯ èþç³sîý t Ð èþ$ÇÄæý$$ °õÙ«§æþ Ô èýM ìü ¢ {´ë…™èþÐ èþ$$@

çœ$¯èþ ç³§éÆæÿ®Ðèþ$$ËÌZ GË{M>t¯ŒþË$ Ðésìý ç³ÆæÿÐèþ*×ý$Ðèþ#ËÌZ {MæüÐèþ$ ç³§æþ®†V> AÐèþ$Ææÿaºyìþ E…sêÆÿ$$. D

GË{M>t¯ŒþÏ A°² ç³ÆæÿÐèþ*×ý$ Móü…{§æþMæü… ^èþ$r$t †Ææÿ$Væü$™èþ$…sêÆÿ$$. Móü…{§æþMæü… §æþVæüYÆæÿV> E¯èþ² GË{M>t¯ŒþÏË$ VæüsìýtV>



11.3 yìþhrÌŒý GË{M>t°MŠüÞ & AÆæÿªÐðþ$sìýMŠü ÐèþËÄæý*Ë$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

º…«¨…^èþºyìþ E…sôý ÐóþË±Þ GË{M>t¯ŒþÏ ºËïßý¯èþ…V> º…«¨…^èþºyìþ E…sêÆÿ$$. »êçßýÅ Mæü„æüüÅËÌZ° GË{M>t¯ŒþÏ¯èþ$

çÜ…Äñý*fMæü GË{M>t¯ŒþÏ A…sêÆæÿ$.

^éÌê ÌZçßýÐèþ$$ËÌZ çÜ…Äñý*fMæü GË{M>t¯ŒþÏ Móü…{§æþMæüÐèþ$$™ø ºËïßý¯èþ…V> º…«¨…^èþºyìþ E…sêÆÿ$$. Òsìý°

õÜÓ^ée GË{M>t¯ŒþÏ A…sêÆæÿ$. D õÜÓ^ée GË{M>t¯ŒþË$ Ðéçßý¯èþ {ç³{MìüÄæý$ÌZ ´ëÌŸY…sêÆÿ$$. M>ºsìýt Òsìý¯èþ Ðèþçßý¯èþ

GË{M>t¯ŒþË$ A° A…sêÆæÿ$. ç³rÐèþ$$ÌZ ^èþ*í³¯èþr$ÏV> D ç³sìýt GË{M>t¯ŒþÏ™ø ç³NÇ¢V> °…ç³ºyìþV> Ìôý§é RêäV>

V>° E…r$…¨. º…«§æþM>ËÌZ D ç³sîýt ç³NÇ¢V> RêäV> E…r$…¨.

Ðéçßý¯èþ ç³sìýt, çÜ…Äñý*fMæü ç³sìýtË Ðèþ$«§æþÅ ÔèýMìü¢ A…™èþÆæÿÐèþ$$ è̄þ$ °õÙ§æþÔèýMìü¢ {´ë…™èþ… A…sêÆæÿ$. D {´ë…™èþ…ÌZ GË{M>t Œ̄þË$

°õÙ¨…^èþºyæþ™éÆÿ$$.

11.4 º…«§ æþM>Ë$, AÆæÿ ®ÐéçßýM>Ë$ Ðèþ$ÇÄæý$$ ÐéçßýM æ ü Ð èþ$$Ë$

°õÙ«§æþ ÔèýMìü¢ ç³sîýt íÜ§é®…™èþ… B«§éÆæÿ…V> çœ$¯èþ ç³§éÆæÿ®Ðèþ$$Ë¯èþ$ 3 ÆæÿMæüÐèþ$$Ë$V> Ñ¿æýh…^éÆæÿ$.

º…«§æþM>Ë$ @ º…«§æþM>ËÌZ Ðéçßý¯èþ ç³sîýt, çÜ…Äñý*fMæü ç³sêtË Ðèþ$«§æþÅ ÔèýMìü¢ A…™èþÆæÿ… ^éË GMæü$PÐèþV> E…r$…¨.

ò³OV> çÜ…Äñý*fMæü GË{M>t Œ̄þË$ A°² Móü…{§æþMæü…V> Ýë«§éÆæÿ×ý EÚù~{Væü™èþË Ðèþ§æþ® VæüsìýtV> º…«̈ …^èþºyæþ™éÆÿ$$. E§éçßýÆæÿ×ýMæü$

V>k ÑçÙÄæý$…ÌZ 00K EÚù~{Væü™è Ðèþ§æþ® D çÜ…Äñý*fMæü ç³sîýt, Ðéçßý¯èþ ç³sîýtË Ðèþ$«§æþÅ ÔèýMìü¢ A…™èþÆæÿ… 10 ev E…r$…¨.

A«¨Mæü Ñ«§æþ$Å™Œþ „óü{™èþ…ÌZ Mæü*yé GË{M>t¯ŒþË$ çÜ…Äñý*fMæü ç³sîýt ¯èþ$…yìþ Ðèþçßý¯èþ ç³sìýtMìü Ðèþ*ÆæÿÌôýÐèþ#. º…«§æþM>ËMæü$

°Æø«§æþ™èþÓÐèþ$$ 107 KÐŒþ$ & Ò$rÆæÿ$ E…r$…¨. (ç³rÐèþ$$ 3 (a)).

AÆæÿ®ÐéçßýM>Ë$ @ AÆæÿ® ÐéçßýMæüËÌZ ÔèýMìü¢ A…™èþÆæÿ… ^éË ™èþMæü$PÐèþ. fÆóÿÃ°Äæý$…, íÜÍM>¯ŒþËÌZ D ÑË$ÐèþË$ ÐèþÆæÿ$çÜV>

0.72ev Ðèþ$ÇÄæý$$ 1.12ev. Òsìý «§æþÆ>ÃË$ ÐéçßýM>Ë$, º…«§æþM>ËMæü$ Ðèþ$«§æþÅçÜ¦…V> E…sêÆÿ$$. ^éË ™èþMæü$PÐèþ ÔèýMìü¢

A…¨…_¯èþ¯èþ$ D GË{M>t¯ŒþË$ Ððþ…r¯óþ Ðéçßý¯èþ {ç³{MìüÄæý$ÌZ ´ëÌŸY…sêÆÿ$$. EÚù~{Væü™èþ¯èþ$ ò³…_¯èþç³#yæþ$ GË{M>t¯ŒþÏ

çÜ…Äñý*fMæü ç³sîýt ¯èþ$…yìþ Ðéçßý¯èþ ç³sîýtÌZ° Ðèþ*Ææÿ™éÆÿ$$. Òsìý ÐéçßýMæü™èþÓÐèþ$$ 102 KÐŒþ$ Ò$rÆŠÿ (ç³rÐèþ$$ 3(b)).

ÐéçßýM>Ë$ @ ÒsìýÌZ °õÙ§æþ ÔèýMìü¢ ç³sîýt (A…™èþÆæÿ…) E…yæþ§æþ$. Ðéçßý¯èþ ç³sìýt çÜ…Äñý*fMæü ç³sîýtò³O A†´ë™èþ…

^ðþ…§æþ$™èþ$…¨. çœÍ™èþ…V> A«¨Mæü çÜ…QÅÌZ GË{M>t¯ŒþË$ Ðéçßý¯èþ {ç³{MìüÄæý$ÌZ ´ëÌŸY…sêÆÿ$$. çœÍ™èþ…V> Mö…™èþ

´÷sñý°ÛÄæý$ÌŒý »ôý«§æþ… HÆæÿµyìþ, Ñ«§æþ$Å™Œþ {ç³Ðéçßý… HÆæÿµyæþ$™èþ$…¨. ÐéçßýM>ËÌZ Ñ«§æþ$Å™Œþ {ç³Ðéçßý… MóüÐèþË… GË{M>t¯ŒþË$

ÐèþË¯èþ MæüË$Væü$™èþ$…¨ (ç³rÐèþ$$ 3c).



11.4§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

(3a) (3b) (3c)

AÆæÿ ®ÐéçßýM æ ü «§ æþÆ>ÃË$@

1. Òsìý °Æø«§æþ™èþ™èþÓÐèþ$$ ÐéçßýM>Ë Mæü¯é² GMæü$PÐèþV>¯èþ$ º…«§æþM>Ë Mæü¯èþ² ™èþMæü$PÐèþV>¯èþ$ E…r$…¨.

2. EÚù~{Væü™èþ ò³ÇVóü Mö¨® AÆæÿ®ÐéçßýM>Ë °Æø«§æþ™èþÓÐèþ$$ ™èþVæü$Y™èþ$…¨.

3. Ðèþ$Í¯éË$ AÆÿ$$¯èþ BÇÞ°MŠü, V>ÍÄæý$ÐŒþ$Ë¯èþ$ MæüÍí³¯èþç³#yæþ$ Òsìý ÐéçßýMæü™èþÓÐèþ$$ Væü×ý±Äæý$…V>

ò³Ææÿ$Væü$™èþ$…¨.

11.5 çÜÓ¿êÐ èþf Ð èþ$ÇÄæý$$ AçÜÓ¿êÐ èþf AÆæÿ ® ÐéçßýM æ üÐ èþ$$Ë$@

çÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$ @ ç³ÇÔèý$§æþ®Ððþ$O¯èþ AÆæÿ®ÐéçßýM>Ë¯èþ$ çÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>Ë$ A…sêÆæÿ$. ÒsìýÌZ

GË{M>t¯ŒþË çÜ…QÅMìü çÜÐèþ*¯èþ…V> çÜ…Äñý*fMæü ç³sìýtÌZ Ææÿ…{£éË$ HÆæÿµyæþ™éÆÿ$$. çÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>ËMìü

E§éçßýÆæÿ×ýV> BÐèþÆæÿ¢¯èþ ç³sìýtMæüÌZ 4 Ðèþ {Væü*‹œ Ðèþ$*ËM>Ë$ AÆÿ$$¯èþ fÆóÿÃ°Äæý$…, íÜÍM>¯Œþ.

»êçßýÅ Ñ«§æþ$Å™Œþ „óü{™èþ… A¯èþ$ÐèþÇ¢…ç³ ^óþíÜ¯èþç³#yæþ$ GË{M>t¯ŒþË$, Ææÿ…{£éË$ çÜÐèþ*¯èþ…V> Ðèþçßý¯èþ {ç³{MìüÄæý$ÌZ

´ëÌŸY…sêÆÿ$$. Ðéçßý¯èþ ç³sìýtÌZ° õÜÓ^ée GË{M>t¯ŒþË$ »êÅrÈ Äñý$$MæüP «§æþ¯éÐóþÔèýÐèþ$$, Ææÿ…{«§éË$ º$$×êÐóþÔèý GË{M>tyŠþ

ÐðþOç³# ç³Äæý$°Ýë¢Æÿ$$. AÆæÿ®ÐéçßýMæüÐèþ$$ÌZ° Ððþ$$™èþ¢… Ñ«§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$, GË{M>t¯Œþ Ææÿ…{£éË Ððþ$$™èþ¢… Ñ«§æþ$Å™Œþ

{ç³ÐéçßýÐèþ$$¯èþMæü$ çÜÐèþ*¯èþÐèþ$$.

ç³rÐèþ$$ 4ÌZ ^èþ*í³¯èþr$Ï »êçßýÅ¡VæüËÌZ Ñ«§æþ$Å™Œþ MóüÐèþË… GË{M>t¯ŒþË ÐèþË¯èþ fÆæÿ$Væü$™èþ$…¨. º$$×ý

GË{MøtyŠþ¯èþ$ Ææÿ…{«§éË$ ^óþÆóÿ çÜÐèþ$Äæý$…ÌZ AÑ GË{M>t¯ŒþË™ø ç³#¯èþ@çÜ…Äñý*Væü… ^óþ…¨ ¯éÔèý¯èþÐèþ$$ AÐèþ#™éÆÿ$$. C§óþ

çÜÐèþ$Äæý$…ÌZ «§æþ¯éÐóþÔèý GË{MøtyŠþ Ðèþ§æþ® GË{M>t¯ŒþË$ BMæüÇÛ…ç³ºyæþ™éÆÿ$$. çœÍ™èþ…V> ¯èþ*™èþ¯èþ…V> HÆæÿµyìþ¯èþ Ææÿ…{«§éË$

†ÇW º$$×ý rÇÃ¯èþÌZ B ÐðþOç³# ^óþÆæÿ™éÆÿ$$.
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AçÜÓ¿êÐèþf AÆæÿ®çßýçßýMæüÐèþ$$ @ Væü¨ EÚù~{Væü™èþ çÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$ ^éË ™èþMæü$PÐèþ Ñ«§æþ$Å™Œþ ÐéçßýMæü™èþÓ Ë„æü×êË$

E…sêÆÿ$$. Ðésìý° GË{M>t°MŠü ç³ÇMæüÆæÿÐèþ$$ËÌZ ÐéyéÍ. A…sôý ÐéçßýMæü™èþÓË„æü×êË$ ò³…^éÍ. A…§æþ$ÐèþË¯èþ

ÐéçßýMæü™èþÓ… ò³…^èþr… MøçÜ… Ðèþ$Í¯éË$ (C™èþÆæÿ ç³§éÆæÿ®Ðèþ$$Ë$) Ðésìý çÜµsìýM>ËMæü$ MæüË´ëÍ. D Ðèþ$Í¯éË¯èþ$

106 ç³ÆæÿÐèþ*×ýÐèþ#ËMì JMæüsìýV> MæüË´ëÍ. Ar$Ðèþ…sìý Aç³ÇÔèý$§æþ® AÆæÿ®ÐéçßýM>°², AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$ A…sêÆæÿ$.

Ðèþ$Í¯éË¯èþ$ MæüÍí³ D {ç³{MìüÄæý$° yøí³…VŠü A…sêÆæÿ$.

Ýë«§éÆæÿ×ý…V> D Ðèþ$Í¯èþ ç³§éÆæÿ®Ðèþ$$Ë$ ç³…^èþ çÜ…Äñý*f¯èþ Ðèþ$*ËM>Ë$ AÆÿ$$¯èþ ¼çÜÃ™Œþ, Ðèþ*…sìýÄñý*°,

BÇÞ°Móü Ìôý§é {†çÜ…Äñý*f¯èþ Ðèþ$*ËM>Ë$ AÆÿ$$¯èþ V>ÍÄæý$…, C…yìþÄæý$…, AË*ÅÑ$°Äæý$…, »ŸÆ>¯ŒþË¯èþ$

Eç³Äñý*WÝë¢Ææÿ$. MæüË$ç³#™èþ$¯èþ² D Ðèþ$Í¯éË$ B«§éÆæÿ…V> AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>Ë¯èþ$ 2 ÆæÿM>Ë$V> Ñ¿æýhÝë¢Ææÿ$.

1. N-ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæü…

2. P-ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæü…

N-Æ æ ÿM æ ü… AçÜÓ¿êf AÆæÿ ®ÐéçßýM æüÐ èþ$$@

AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$ Äñý$$MæüP çÜµsìýMæü °Æ>Ã×ýÐèþ$$ÌZ JMæü ç³…^èþ çÜ…Äñý*f¯èþ Ðèþ$*ËMæü ç³ÆæÿÐèþ*×ý$Ðèþ#°

MæüËç³V> HÆæÿµyóþ AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>°² N-ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæü… A…sêÆæÿ$. fÆóÿÃ°Äæý$… ç³ÆæÿÐèþ*Ðèþ#ËMæü$,

ç³…^èþ çÜ…Äñý*f¯èþ Ðèþ$*ËMæü… AÆÿ$$¯èþ BÇÞ°MŠü ç³ÆæÿÐèþ*Ðèþ#° MæüË$ç³#§éÐèþ$$. C¨ fÆóÿÃ°Äæý$… çÜµsìýMæü °Æ>Ã×êMæü–

†ÌZ, ç³rÐèþ$$ (5) ÌZ è̂þ*í³¯èþr$Ï ¯éË$Væü$ ÐðþË±Þ GË{M>t¯ŒþË$ {ç³MæüP ¯èþ$¯èþ² ¯éË$Væü$ fÇÃ°Äæý$… ç³ÆæÿÐèþ*×ý$Ðèþ#Ë™ø

çÜ…Äñý*f±Äæý$ º…«§éË$ HÆæÿµÆæÿ$aMæü$…sêÆÿ$$. AÆÿ$$§æþÐ èþ Ð óþË±Þ GË{M>t¯ŒþÞ õÜÓ^éeV> ç³§éÆæÿ ®Ð èþ$$ÌZ

E…yìþ´ù™èþ$…¨. D õÜÓ^ée GË{M>t¯Œþ Ñ«§æþ$Å™Œþ ÐéçßýMæü…V> Eç³Äñý*Væüç³yæþ$™èþ$…¨. D GË{M>t¯Œþ° ç³ÆæÿÐèþ*×ýÐèþ#

ç³Ç«¨ ¯èþ$…yìþ §ésìý…^èþyé°Mìü ^éË ™èþMæü$PÐèþ ÔèýMìü¢ ^éË$¯èþ$. EçÙ~ AËfyìþ {ç³{MìüÄæý$ÌZ ËÀ…^óþ ÔèýMìü¢ D {ç³{MìüÄæý$Mìü

çÜÇ´ù™èþ$…¨. BÇÞ°MŠü ç³ÆæÿÐèþ*×ýÐèþ#Ë MæüÍÄæý$Mæü, Ðèþçßý¯èþ GË{M>t¯ŒþË$ (õÜÓ^ée) çÜ…QÅ° Væü×ý±Äæý$…V> ò³…^èþ$™èþ$…¨.

çœÍ™èþ…V> Ðèþçßý¯èþ ç³sìýtÌZ GË{M>t¯ŒþË çÜ…QÅ, çÜ…Äñý*fMæü ç³sìýtÌZ° Ææÿ…{£éË çÜ…QÅ Mæü¯é² GMæü$PÐèþ E…r$…¨.

Gç³šyðþO™ôþ BÇÞ°MŠü ç³ÆæÿÐèþ*×ý$Ðèþ# JMæü GË{M>t¯Œþ° §é¯èþÐèþ$$ ^óþíÜ…§ø A¨ «§æþ¯éÐóþÔèýç³NÇ™èþ BÄæý*¯ŒþV> Ðèþ*Ææÿ$™èþ$…¨.

AÆÿ$$™ôþ A¨ Ðèþçßý¯èþ ç³{MìüÄæý$ÌZ ´ëÌŸY¯èþÌôý§æþ$ M>Ææÿ×ý… çÜµsìýMæü gêË…™ø A¨ VæüsìýtV> º…«¨…^èþºyìþ E…r$…¨.
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ç³r… (5)

Ð èþ$$QÅ…Ô è ýÐ è þ$$Ë$@

1. N-ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>ËÌZ VæüÇçÙx ÐéçßýM>Ë$ GË{M>t¯ŒþË$ Mæü°çÙx ÐéçßýM>Ë Ææÿ…{«§éË$.

2. N-ÆæÿMæü…ÌZ GË{M>t¯ŒþË çÜ…QÅ GMæü$PÐèþV> E¯èþ² A¨ ™èþrçÜ¦…V>¯óþ E…r$…¨. Gr$Ðèþ…sìý BÐóþÔèýÐèþ$$

E…yæþ§æþ$. M>Ææÿ×ý… »êçßýÅ…V> §é°Mìü «§æþ¯éÐóþÔèý… V>° º$$×êÐóþÔèý…V>° MæüË$ç³Ìôý§æþ$.

3. N-ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$¯èþ$ ç³rÐèþ$$ (6)ÌZ ^èþ*í³¯èþr$Ï AÐèþ$ÇõÜ¢ Ðèþ$Í¯èþ ç³ÆæÿÐèþ*×ýÐèþ#

ÐèþË¯èþ §é¯èþ… ^óþÄæý$ºyìþ¯èþ GË{M>t¯ŒþË$ «§æþ¯èþ GË{MøtyŠþ ÐðþOç³#Mìü Mæü§æþ$Ë$™éÆÿ$$. çœÍ™èþ…V> Ñ§æþ$Å™Œþ {ç³Ðéçßý…

HÆæÿµyæþ$™èþ$…¨. D Ðèþçßý¯èþ {ç³{MìüÄæý$¯èþ$ N-ÆæÿMæü… Ðèþçßý¯èþ {ç³{MìüÄæý$ A…sêÆæÿ$.

ç³r… (6)

11.7 P-Æ æÿM æ ü… AçÜÓ¿êÐèþf AÆæÿ ®ÐéçßýM æüÐ èþ$$ @

ç³ÇÔèý$§æþ® AÆæÿ®ÐéçßýM>°Mìü çÜµsìýMîü AÀÐèþ–¨®ÌZ Ðèþ*Í¯èþÅ…V> JMæü {† çÜ…Äñý*fMæü Ðèþ$*ËMæü ç³ÆæÿÐèþ*×ý$¯èþ$

MæüË$ç³V> HÆæÿµyóþ AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýÐèþ$$. P-ÆæÿMæü…. ç³ÇÔèý$§æþ® fÆóÿÃ°Äæý$… çÜµsìýM>°Mìü ºÆøÔèý ç³ÆæÿÐèþ*×ý$Ðèþ#¯èþ$

Ð èþ*Í¯èþÅ…V> Mæ üÍí³™ôþ ç³rÐèþ$$(7) ÌZ ^èþ*í³¯èþr$ÏV> 3 GË{M>t¯ ŒþË™ø 3 çÜ…Äñý*f±Äæý$º…«§éË$

HÆæÿµÆæÿ$^èþ$Mæü$…r$…¨. 4Ðèþ çÜ…Äñý*f±Äæý$ º…«§æþ…ÌZ JMæü GË{M>t¯Œþ ™èþMæü$PÐèþ AÐèþ#™èþ$…¨. D ™èþMæü$PÐèþ ÐèþË¯èþ AMæüPyæþ



11.7 yìþhrÌŒý GË{M>t°MŠüÞ & AÆæÿªÐðþ$sìýMŠü ÐèþËÄæý*Ë$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

Ææÿ…{«§æþ… HÆæÿµyæþ$™èþ$…¨. M>Ðèþ#¯èþ JMöPMæüP »ŸÆ>¯Œþ ç³ÆæÿÐèþ*×ý$Ðèþ# JMöPMæüP Ææÿ…{«§æþÐèþ$$¯èþ$ HÆæÿµÆæÿ$çÜ$¢…¨. D Ææÿ…{«§éË$

A°² çÜ…Äñý*fMæü ç³sîýtÌZ HÆæÿµyæþ™éÆÿ$$.

ç³r… (7)

Ýë«§éÆæÿ×ý EÚù~{Væü™èþË Ðèþ§æþ® EçÙ~ AËfyìþ ÐèþË¯èþ {ç³MæüP º…«§æþ…ÌZ° GË{M>t¯ŒþË$ D Ææÿ…{«§éËÌZ°Mìü

§æþ$Ñ$Mìü¯èþç³#yæþ$ AÑ Ðèþ¨Í¯èþ {´ë…™éËÌZ Ææÿ…{«§éË$ HÆæÿµyæþ™éÆÿ$$. çœÍ™èþ…V> Ææÿ…{«§éË ÐèþË¯èþ Ñ§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$

HÆæÿµyæþ$™èþ$…¨. GË{M>t¯ŒþË¯èþ$ BMæüÇÛ…^èþr… ^óþ™èþ D Ðèþ*Í¯èþÅÐèþ$$ËMæü$ Ðèþ*Í¯èþÅ {Væüïßý™èþË$ A…sêÆæÿ$. Ðèþ$$QÅ…V>

VæüÐèþ$°…^èþ¨W¯èþ ÑçÙÄæý$…, Ææÿ…{«§éË ÐèþË¯èþ HÆæÿµyìþ¯èþ Ñ«§æþ$Å™Œþ çÜÓËµ…V> E…r$…¨. M>Ææÿ×ý… ÐésìýMìü õÜÓ^èþe ™èþMæü$PÐèþ.

Ðèþçßý¯èþ {ç³{MìüÄæý$ÌZ Ææÿ…{«§éË$ ´ëÌŸY¯èþr… ^óþ™èþ ©°° P-ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæü… A…sêÆæÿ$.

Ð è þ$$QÅ…ÔéË$@

1. P-ÆæÿMæü… AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>ËÌZ, Ææÿ…{«§éË$ VæüÇçÙt ÐéçßýM>Ë$V>¯èþ$, GË{M>t¯ŒþË$ Mæü°çÙt

ÐéçßýM>Ë$V> E…sêÆÿ$$.

2. P-ÆæÿMæü… AÆæÿ®ÐéçßýM>Ë$ ™èþrçÜ¦…V> (Ñ§æþ$Å™Œþ ç³Ææÿ…V>) E…sêÆÿ$$.

3. ç³rÐèþ$$ (8) ÌZ ^èþ*í³¯èþr$Ï Ñ§æþ$Å™Œþ {ç³Ðéçßý… Ææÿ…{«§éË$ ÐèþË¯èþ fÆæÿ$Væü$™èþ$…¨. M>ºsìýt ©°° Ææÿ…{«§æþ

Ñ§æþ$Å™Œþ A…sêÆæÿ$. ü
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11.8 AÑ_a¯ èþ² çÜÒ$M æ üÆ æ ÿ×ýÐ èþ$$@

AÑ_e¯èþ² çÜÒ$MæüÆæÿ×ý… E™éµ¨…^óþ Ðèþ$$…§æþ$ D {Mìü…¨ ÑçÙÄæý*Ë Væü*Ça ^èþÇa…^èþ$§éÐèþ$$.

E™èþµ†¢ Ðèþ$ÇÄæý$$ ç³#¯èþ@çÜ…Äñý*VæüÐèþ$$ (BÐóþÔèýÐèþ$$ËMæü$)

çÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæüÐèþ$$ËÌZ GË{M>t¯ŒþË$, Ææÿ…{«§éË çÜ…QÅ çÜÐèþ*¯èþ…V> E…r$…¨. EçÙ~ AËfyìþ ÐèþË¯èþ

GË{M>t¯Œþ & Ææÿ…{«§æþÐèþ$$Ë f…rË$ {Mö™èþ¢V> HÆæÿµyæþ™éÆÿ$$. ç³#¯èþ@ çÜ…Äñý*Væü {ç³{MìüÄæý$ ÐèþË¯èþ D f…rË$ †ÇW

A§æþ–ÔèýÅ… AÐèþ#™éÆÿ$$. ç³#¯èþ@ çÜ…Äñý*Væü…ÌZ GË{M>t¯ŒþË$ Ææÿ…{«§éËÌZ ç³yìþ MæüËíÜ´ù™éÆÿ$$. D E™èþµ†¢, ç³#¯èþ@

çÜ…Äñý*VæüÐèþ$$Ë çÜÆ>çÜÇ M>ËÐèþ$$¯èþ$ ÐéçßýM>Ë Äñý$$MæüP iÑ™èþM>Ë… A…sêÆæÿ$. Ææÿ…{«§éËMìü T
p

™ø¯èþ$ GË{M>t¯ŒþÞËMæü$

T
n

™ø¯èþ$ D M>Ë… ^èþ*íÜÝë¢Ææÿ$.

{yìþ‹³t Ðèþ$ÇÄæý$$ ÐéÅç³¯èþÐèþ$$ Ñ§æþ$Å™ŒþË$@

»êçßýÅ ´÷sñý°ÛÄæý$ÌŒý A¯èþ$ÐèþÇ¢…ç³^óþíÜ¯èþç³#yæþ$ õÜÓ^ée GË{M>t¯Œþ º$$×êÐóþÕ™èþ GË{MøtyŠþ ¯èþ$…yìþ «§æþ¯éÐóþÕ™èþ

GË{MøyŠþMìü JMæü íÜ¦ÆæÿÐóþVæü…™ø Mæü§æþ$Ë$™éÆÿ$$. çœÍ™èþ…V> Ñ§æþ$Å™Œþ E™èþµ†¢ AÐèþ#™èþ$…¨. D Ñ«§æþ$Å™Œþ {ç³ÐéçßýÐèþ$$¯èþ$

{yìþ‹³t Ñ§æþ$Å™Œþ A…sêÆæÿ$. A…sôý »êçßýÅ ÐöÌôýth çÜàÄæý$…™ø GË{M>t¯ŒþË¯èþ$ {yìþ‹³t ^óþÄæý$yæþ… §éÓÆ> fÆæÿ$Væü$™èþ$…¨.

AÆæÿ®ÐéçßýM>ËÌZ D {yìþ‹³t Ñ§æþ$Å™Œþ M>Mæü$…yé, ÐéÅç³¯èþ Ñ§æþ$Å™Œþ Mæü*yé HÆæÿµyæþ$™èþ$…¨. BÐóþÔèýÐèþ$$Ë$

ÐéÅç³¯èþÐèþ$$ ^ðþ…¨¯èþç³#yæþ$ HÆæÿµyóþ Ñ§æþ$Å™Œþ¯èþ$ ÐéÅç³¯èþ Ñ§æþ$Å™Œþ A…sêÆæÿ$.

AÑ_e¯ èþ²ü² çÜÒ$M æ üÆ æ ÿ×ý… @ Ýë…™èþ$ËÅ™ø çÜÒ$M æ üÆ æ ÿ×ý…@

JMæü AÆæÿ®ÐéçßýMæü…ÌZ GË{M>t¯Œþ Ìôý§é Ææÿ…{«§éË V>Éæþ™èþ M>ËÐèþ$$ Ðèþ$ÇÄæý$$ §æþ*Ææÿ…ò³O B«§éÆæÿç³yìþ E…r$…¨.

D V>Éæþ™èþ° M>Ë… Ìôý§é §æþ*Ææÿ… §æþ–ÚëtüÅ °Æ>®Ç…^èþ$rMæü$ JMæü ´ë„ìüMæü AÐèþMæüË¯èþ çÜÒ$MæüÆæÿ×ý… Ýë«¨…^èþV> HÆæÿµyóþ

§é°° AÑ_e¯èþ² çÜÒ$MæüÆæÿ×ý… A…sêÆæÿ$. D çÜÒ$MæüÆæÿ×ý… JMæü AÐèþMæüË¯èþ çÜÒ$MæüÆæÿ×ê°² çÜ*_çÜ$¢…¨.

ç³r… (9)

ç³rÐèþ$$ (9) ÌZ ^èþ*í³¯èþr$Ï ´÷yæþÐèþ# d
x

Ðèþ$«§æþÅ^óþa§æþÐðþOÔéËÅ… A V> MæüÍY¯èþ JMæü AÆæÿ®ÐéçßýMæüÌZçßýÐèþ$$ A

ÌZ° ¿êVæüÐèþ$° ç³ÇÖÍ§é®Ðèþ$$. D ÐðþOÔéËÅ…ÌZ Ææÿ…{«§éË çÜÆ>çÜÇ V>Éæþ™èþ P A¯èþ$Mæü$…§éÐèþ$$. D çÜÐèþ$çÜÅ°

MóüÐèþË… HMæüÑ$¡Äæý$ gêÅÑ$¡Äæý$…V> ç³ÇVæü×ìý§é®…. çœ$¯èþç³ÇÐèþ*×ýÐèþ$$ X V> MæüÍY¯èþ D ™èþË…ÌZ I
p

A¯óþ¨

Ñ§æþ$Å™Œþ ÌZ°Mìü ÐèþõÜ¢ t M>Ë… ™èþÆæÿ$Ðé™èþ ºÄæý$rMìü ÐðþâæýÏ¨ I
p

x dI
p
. A…sôý D çœ$¯èþç³ÇÐèþ*×ýÐèþ$$¯èþ$ §ésìý dI

p

Ñ§æþ$Å™Œþ {ç³ÐèþíßýçÜ$¢…¨. V>Éæþ™èþÌZ° Ðèþ*Ææÿ$µVæüË M>Ææÿ×ýÐèþ$$Ë$.
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1. Ææÿ…{«§éË V>Éæþ™èþ ™èþVæü$Y™èþ$…¨. (dI
p

A§æþ¯èþç³# Ñ§æþ$Å™Œþ ÐèþË¯èþ)

2. EçÙ~ AËfyìþ ÐèþË¯èþ Ææÿ…{«§éË V>Éæþ™èþ ò³Ææÿ$Væü$™èþ$…¨.

3. ç³#¯èþ@ çÜ…Äñý*VæüÐèþ$$ ÐèþË¯èþ Ææÿ-…{«§éË V>Éæþ™èþ ™èþVæü$Y™èþ$…¨.

ò³O A…ÔèýÐèþ$$Ë¯èþ$ JMæüsìý ™èþÆæÿ$Ðé™èþ JMæüsìý ç³ÇÖÍõÜ¢

(i) B çœ$¯èþ ç³ÇÐèþ*×ýÐèþ$$ÌZ dI
p
Ñ§æþ$Å™Œþ ™èþWY™ôþ, Ææÿ…{«§éË V>Éæþ™èþ ™èþWY…¨. Ææÿ…{«§éË ™èþVæü$Y§æþË &. CMæüPyæþ P A¯óþ¨

BÐóþÔèý ç³ÇÐèþ*×ýÐèþ$$. M>ºsìýt Ñ§æþ$Å™Œþ ÐèþË¯èþ Ææÿ…{«§éË V>Éæþ™èþ {ç³† òÜMæü…yæþ$ ™èþVæü$Y§æþË

( )

dI p

e X Adx
 ( )

d J Ip p
Therefore J p

e dx A
  (CMæüPyæþ dx = çœ$¯èþ ç³ÇÐèþ*×ýÐèþ$$)

(ii) EçÙ~ AËfyìþ ÐèþË¯èþ {ç³† òÜMæü…yæþ$Mæü$ Ææÿ…{«§æþÐèþ$$Ë çÜ…QÅ P ^öç³š¯èþ ò³Ææÿ$Væü$™èþ$…¨. T
p

A¯óþ¨ Ææÿ…{«§éË
iÑ™èþM>Ë… AÆÿ$$™ôþ V>Éæþ™èþ P

0
Ðèþ§æþ® íÜ¦Ææÿ…V> E…yéÍ A…sô

PoG
Tp

 ý

(iii) P A¯óþ¨ Ææÿ…{«§éË V>Éæþ™èþ AÆÿ$$™ôþ HM>…Mæü ÐðþOÔéËÅ…ÌZ GM>…Mæü M>Ìê°Mìü ç³#¯èþ@ çÜ…Äñý*Væü… ÐèþË¯èþ
Ææÿ…{«§éËÌZ ™èþVæü$Y§æþË

ç³#¯èþ@ çÜ…Äñý*Væü Æóÿr$ = P/T
p

BÐóþÔèýÐèþ$$¯èþMæü$ ¯éÔèý¯èþ… V>° E™èþµ†¢ V>° Ìôý§æþ$ M>ºsìýt ò³O A…ÔéË$ ç³ÇVæü×ýÌZ°Mìü ¡çÜ$Mæü$…sôý

( )

( )

1
(1)

J p
g r

t e x

JP P po
t e xp p

JP p po
t e xo





 






  

 


  

 


 

 


ò³O çÜÒ$MæüÆæÿ×ýÐèþ$$¯èþ$ Ýë…™èþ$ËÅ™é çÜÒ$MæüÆæÿ×ý… Ìôý§é AÑ_e¯èþ² çÜÒ$MæüÆæÿ×ý… A…sêÆæÿ$.

GË{M>t¯ŒþËMìü Cr$Ðèþ…sìý çÜÒ$MæüÆæÿ×ý…
0 1 p

n

nn

t e t

Jn



 

  ..............(2)



11.10§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

Ææÿ…{«§éË ÐéÅçÜÐèþ$$ ÐèþË¯èþ HÆæÿµyìþ¯èþ Ñ§æþ$Å™Œþ Ýë…{§æþ™èþ

( )diff pp

p
e

xJ D





CMæüPyæþ D
p

° ÐéÅç³¯èþ íÜ¦Æ>…Mæü… A…sêÆæÿ$.

Ææÿ…{«§éË & ÐèþË¯èþ HÆæÿµyìþ¯èþ {yìþ‹³t Ñ§æþ$Å™Œþ ( ) d if fp p
e p EJ 

( ) ( )diffusion driftp P pJ J J 

pp p

p
e ep E

xJ D 


 


........................(3)

(Ìôý§é)

T
p

ÑË$Ðèþ çÜÒ$MæüÆæÿ×ý… (3) ¯èþ$…yìþ çÜÒ$MæüÆæÿ×ý… (1) ÌZ {ç³†„óüí³…^èþV>

0 1
p p
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pp p
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t e x x
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©°¯óþ Ææÿ…{§éËMìü Ýë…™èþ$ËÅ™é çÜÒ$MæüÆæÿ×ý… A…sêÆæÿ$. C§óþÑ«§æþ…V> GË{M>t¯ŒþËMæü$

2

0
2

( )
n n

n

n nn
nE

t x
n

D
x



 

  
 



©°° GË{M>t¯ŒþËMìü Ýë…™èþ$ËÅ™é çÜÒ$MæüÆæÿ×ý… A…sêÆæÿ$.

11.9 ÝëÆ>…Ô èýÐ è þ$$@

1. çœ$¯èþ ç³§éÆæÿ®Ðèþ$$ËÌZ JMöPMæüP ç³ÆæÿÐèþ*×ý$Ðèþ#yìþ JMöPMæüP ÔèýMìü¢ Ýë¦Æÿ$$M>Mæü$…yé ÔèýMìü¢ ç³sîýtË$ HÆæÿµyæþ™éÆÿ$$.

2. çÜ…Äñý*fMæü GË{M>t¯ŒþÞË ÔèýMìü¢ Ýë¦Æÿ$$Ë çÜÐèþ$$§éÄæý*°² Ðèþçßý¯èþ ç³sîýt A…sêÆæÿ$.

3. Ðéçßý¯èþ GË{M>t¯ŒþË ÔèýMìü¢ Ýë¦Æÿ$$Ë çÜÐèþ$$§éÄæý*°² Ðèþçßý¯èþ ç³sîýt A…sêÆæÿ$.

4. çÜ…Äñý*fMæü ç³sîýt, Ðèþçßý¯èþ ç³sîýtË Ðèþ$«§æþÅ Rêä {ç³§óþÔèýÐèþ$$¯èþ$ °õÙ§æþ ÔèýMìü¢ {´ë…™èþ… A…sêÆæÿ$.

5. ç³NÇ¢V> °…ç³ºyìþ¯èþ çÜ…Äñý*fMæü ç³sìýtMîü, RêäV> E¯èþ² Ðèþçßý¯èþ ç³sîýtMìü Ðèþ$«§æþÅ ^éË ™ôþyé E…sôý ç³§éÆæÿ®Ðèþ$$Ë$
º…«§æþMæüÐèþ$$Ë$.

6. ÐéçßýM>ËÌZ Ðèþçßý¯èþ ç³sîýt, çÜ…Äñý*fMæü ç³sîýt A†´ë™èþ… ^ðþ…¨ E…sêÆÿ$$.



11.11 yìþhrÌŒý GË{M>t°MŠüÞ & AÆæÿªÐðþ$sìýMŠü ÐèþËÄæý*Ë$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

7. AÆæÿ®ÐéçßýM>ËÌZ D ÔèýMìü¢ A…™èþÆæÿ… ^éË ™èþMæü$PÐèþ.

8. 00K Ðèþ§æþ® AÆæÿ®ÐéçßýM>Ë$, º…«§æþM>Ë$V> ç³°^óþÝë¢Æÿ$$.

9. çÜÓ¿êf AÆæÿ®ÐéçßýMæü ÐéçßýMæü™èþÓ… EÚù~{Væü™èþ™ø ´ër$ ò³Ææÿ$Væü$™èþ$…¨.

10. çÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>ËÌZ GË{M>t¯ŒþË$, Ææÿ…{«§éË çÜ…QÅ çÜÐèþ*¯èþ….

11. AÆæÿ®ÐéçßýM>ËMìü Ðèþ$Í¯éË¯èþ$ MæüËç³yæþ… yøí³…VŠü A…sêÆæÿ$.

12. yøí³…VŠü ^óþÄæý$ºyìþ¯èþ AÆæÿ®ÐéçßýM>°² AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýMæü… A…sêÆæÿ$.

13. AÆæÿ®ÐéçßýM>°Mìü ç³…^èþ çÜ…Äñý*fMæü Ðèþ$*ËMæü ç³ÆæÿÐèþ*×ý$Ðèþ#Ë° Ðèþ$Í¯éË$V> MæüÍí³™ôþ HÆæÿµyóþ¨ N-ÆæÿMæü….

14. AÆæÿ®ÐéçßýM>°Mìü, {†çÜ…Äñý*fMæü Ðèþ$*ËMæü ç³ÆæÿÐèþ*×ý$Ðèþ#Ë° MæüÍí³™ôþ HÆæÿµyóþ¨ P-ÆæÿMæü….

15. N-ÆæÿMæü…ÌZ GË{M>t¯ŒþÞË$ VæüÇçÙxÐéçßýM>Ë$, Ææÿ…{«§éË$ Mæü°çÙx ÐéçßýM>Ë$.

16. P-ÆæÿMæü…ÌZ Ææÿ…{«§éË$ VæüÇçÙxÐéçßýM>Ë$, GË{M>t¯ŒþË$ Mæü°çÙx ÐéçßýM>Ë$.

17. A«¨Mæü Ýë…{§æþ™èþ VæüË Ñ§æþ$Å§éÐóþÔèý {´ë…™éË ¯èþ$…yìþ, AËµ Ýë…{§æþ™èþ VæüË {´ë…™èþÐèþ$$ËMø º¨Î {ç³{MìüÄæý$°
ÐéÅç³¯èþ… A…sêÆæÿ$.

18. ÐéÅç³¯èþ… ÐèþË¯èþ HÆæÿµyìþ¯èþ Ñ§æþ$Å™Œþ° ÐéÅç³¯èþ Ñ«§æþ$Å™Œþ A…sêÆæÿ$.

19. JMæü Ææÿ…{«§æþÐèþ$$, GË{M>t¯Œþ™ø ç³#¯èþ@ çÜ…Äñý*Væü…ÌZ ´ëÌZY¯èþMæü Ðèþ$$…§æþ$ M>Ìê°² Ææÿ…{«§æþÐèþ$$ Äñý$$MæüP iÑ™èþ
M>Ë… A…sêÆæÿ$.

11.10 Ð èþ$$QÅç³§ æþÐ èþ$$Ë$@

çÜ…Äñý*fMæü ç³sîýt & Ðèþçßý¯èþ ç³sîýt & °õÙ§æþÔèýMìü¢ {´ë…™èþ… & º…«§æþM>Ë$ & ÐéçßýM>Ë$ & AÆæÿ®ÐéçßýM>Ë$ & çÜÓ¿êÐèþf
AÆæÿ®ÐéçßýM>Ë$ & yøí³…VŠü & AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>Ë$ & Ææÿ…{«§éË$ & P-ÆæÿMæü… AÆæÿ®ÐéçßýMæü… & N-ÆæÿMæü…
AÆæÿ®ÐéçßýMæü… & VæüÇçÙt Ðèþ$ÇÄæý$$ Mæü°çÙx BÐóþÔèý ÐéçßýM>Ë$ & {yìþ‹³t Ðèþ$ÇÄæý$$ ÐéÅç³¯èþÐèþ$$ Ñ§æþ$Å™Œþ & çÜÆ>çÜÇ iÑ™èþ
M>Ë….

11.11 çÜÓÄæý$… ç³ÇÖË¯èþ { ç³Ô è ý²Ë$@

ÐéÅçÜÐ èþ$$Ë$@

1. ÔèýMìü¢ ç³sîýt íÜ§é®…™èþ… B«§éÆæÿ…V> çœ$¯èþ ç³§éÆæÿ®Ðèþ$$Ë¯èþ$ ÐéçßýM>Ë$ º…«§æþM>Ë$, AÆæÿ®ÐéçßýM>Ë$V> GÌê
Ñ¿æýh…^éÆø ÑÐèþÇ…^èþ…yìþ.

2. çÜÓ¿êÐèþf, AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>Ë Ðèþ$«§æþÅ »ôý«§éË$ ^èþÇa…_ ÐésìýÌZ Ðèþçßý¯èþ {ç³{MìüÄæý$¯èþ$ ÑÐèþÇ…^èþ…yìþ.

3. JMæü AÆæÿ®ÐéçßýM>°Mìü (1) §é™èþ Ðèþ*Í¯èþÅ… (2) {Væüïßý™èþ Ðèþ*Í¯èþÅ… MæüÍíÜ¯èþç³#yæþ$ Ðésìý {ç³¿êÐèþÐèþ$$Ë$
ÑÐèþÇ…^èþ…yìþ.

4. AÆæÿ®ÐéçßýM>ËÌZ Ýë…™èþ$ËÅ™é çÜÒ$MæüÆæÿ×ý E™éµ§æþ¯èþ ^óþÄæý$…yìþ.



11.12§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

Ëçœ$ çÜÐ èþ$ çÜÅË$@

1. çÜÓ¿êÐèþf, AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>Ë Ðèþ$«§æþÅ ™ôþyéË$ ™ñþËµ…yìþ.

2. P-ÆæÿMæü…, N-ÆæÿMæü… AÆæÿ®ÐéçßýM>Ë Ðèþ$«§æþÅ »ôý«§æþÐèþ$$Ë$ ™ñþËµ…yìþ.

3. N-ÆæÿMæü… AÆæÿ®ÐéçßýMæü…ò³O JMæü Ëçœ$sìýMæü {ÐéÄæý$…yìþ.

4. P-ÆæÿMæü… AÆæÿ®ÐéçßýMæü…ò³O JMæü Ëçœ$sìýMæü {ÐéÄæý$…yìþ.

_¯ èþ² { ç³Ô è ý²Ë$@

1. Ðèþçßý¯èþ GË{M>t¯Œþ A¯èþV> ¯óþÑ$?

2. çÜÓ¿êÐèþf, AçÜÓ¿êÐèþf AÆæÿ®ÐéçßýM>Ë$ A¯èþV> ¯óþÑ$?

3. Ææÿ…{«§æþ… A¯èþV> ¯óþÑ$?

4. Ææÿ-…{«§éË «§æþÆ>ÃË$ {ÐéÄæý$…yìþ.

5. ÔèýMìü¢ ç³sìýt íÜ§é®…™èþ… ç³rÐèþ$$ XÄæý$…yìþ.

11.12 ç³ÇÖË¯èþ ´ëu æÿÅ ç³#çÜ¢M æ üÐ èþ$$Ë$@

1. ¿o†Mæü ÔéçÜˆ… & II ................ çßýÍyóþ Ðèþ$ÇÄæý$$ ÆðÿíÜ²MŠü.

2. Ñ§æþ$Å™Œþ Ðèþ$ÇÄæý$$ GË{M>t°MŠüÞ ........ ™éÆÿ$$™ø

3. Ñ§æþ$Å™Œþ ............ ºÆóÿPÌŒý ¿ê†Mæü ÔéçÜˆ ÐèþÆæÿ$çÜ

4. GË{M>t°MŠü ÐèþËÄæý*Ë$ ........... Ñ$°ÏÐèþ*¯Œþ Ðèþ$ÇÄæý$$ çßýÍMæü‹Ü.
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fu6o 5d;cictL:o8,

erod$5o &gd.er,cd)5 erb646o 56J6)6ro6. -ooeB c,5p-rp nro&6odbpgm 6oLF'eDn D,

")oL*5J€D n"& fu6o6rrn o"i)dra ood3gJo6! 50 e2$6{6 A=uroo::6 oSi5xgoa.

-do6 E aJRojrdr .

dS d"d 56Jeb 6o.56 P-1i.o666 ierbo dp c$)re ero!.b)eD, N-Li,o6o6{ $er;So ds 5t
e,o5J"&)eD 6d6"SJ ".JaJo 2 d ir'S"bN. €o '6eb d:J"6 erq!.;$ei bg sdJe e"aJso$6 er5646o
V0 X)oFP ns.:o. lOd €)0A)6)06. 6i O"e.rto$6tu -ooQ a"o$o:r5'do" ero665 A"{rta!5
erorJrcb. e56t6o"Er3o1og Vo bo SdJa a{c5r5 fu6o d$ o"6 cr"So" ir6o6/F ersd :r.ss.er.>
ax)dEa io6gJo.b* cO'6;goa. g{ €ri646 o.opo:od o.1 V iJoe O.3 V 56gr d)ocJJo6.

'P +

nega

-deJa 2,

cf du"6 'i0o€6o r

56"d^. didJ-6 6o36o -obo 3 d ifr."oDarA. p.ddo, N-ddo 1i.oa.€)$J sd-:-.!r- erfdJ,
s"5*ci: e.r: n 6J"'5ed).

Ano<re cathocr6+->r-E-.---..

positive ions
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(tz D
dar.6 -o6'eds&odostq>dtr &t r?o /b€ a"oLa6"atJ Dcj:)SeS [.ra""J' 6i$), erod dolqer>

1:>ie"roS 68tu irJ"Q)ll)oa.

P-N -ooo dt of,J.8 ".r& $'o 3g$$.rrr

P-N -oo@ rt6J.6 -.)s Sfu rq.a.ap o.ag -416ai56o, oEstsdo bo sdf L*4t :5o aeD-^))g1$do

trcsoo eego $tugliir)J.

r, "pO'*<6o:

er56*C &-e.93qir6br 66e)80'5, 5c3c5c5 1ba"-.ro gbi"f ('. P-N -ooe ddJJ"Eg) €Sseras

ar"""r5 S€dp 6Ottsgo e2os.r"d).

P-N -do6 66.r.E$'e)6{6gdo seuddo$c"s8, P-1a"oo.cp-q)JtJs'e) (Battery) 6b ldJa.Fg,
N-L$oE"pJ -+)a)5r"e) o.)Jt' LdrE"sg g€)i'O. 5{ 5don" olisa)a$ -o6%gdo e5664 a"b$a$6s-)
i566s 66d tdrE6 fuo.ni 5opa:".r3o6, d6dpo$ogr eri6"6 o"o$o$5 0.3V $o35$ er56'6
a'u)!cdr5- O.7V. 5o oeDicD u"er'6€165 gn:d "q 6dd 56 o".JSq$ 5 O.7V 5o eeDbe}) ir"s 6$l,5
s$Js "o6dEsd o"$po$6 er$64Co...)go&6sJ fERos6"&g "d6t 6)06. €o "r6b6)od 6dj.5
S6i6o 66.0rl" 6':!F5o er$6:o6. ecodcis a16:"a$ dJo6 edsJsql fobe"lQ;dee"6

;9O'x <6o 5er N-Ln"o6od eNt5"34 r-r.s.gi JoL*irer eJ-gtrS aucm ICJSo 5g
sJgso5odts"dD, ad66 er"5c.r6 $$* er5*r".rs.egJ e25646 a"u$o!5bJ erod$ro€ d:! t 6

6.5o. s-,o6€? Eodcr"sg s.io'db Agp 65Jgrdr-q;o6.

-ogfln$ e,9.:erggs 6ogdoSa -,ooof,J-i(o loa 6.ra0 soai-od{), u"gtr6 Cn L6o$o 5g
bJo6 P-p.o6od e"g -diJd.J"ersour 8,)060 5ab6Jitro6, er'o;cL: &d$6erojr5 <16 o-gur6 ar5o"

Lbo$"e8os N-15'o6o66og ie duo6. ec"o;dr sdJa do!6o -;lo8 p".9.gJi'oi!.:o6. N-p"ol!o iroa

a
a
a
?

ala
.4.
taa
aoo

oo
oo
oo

Electron llow
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?5.c$5.od. :)b6 - lll (rzs)
P-1i.o6o e-OSr L6ad.r.e3-'o* a,3 do;do63 -nodr.do AoA |]"r& JoL*iJ iej P-1*.oood e,S

6odr"er&o$ ao6o pA5e do@o - Jo{TS arorr cd$d€)d)6)o6. gi 96on" 'Q)ddgdod sdr(5
l:da"".ro bdJdtriboa.

2, 864it gdo r

er56$d A"bgo$6il6fl Fdo^- P-N "ooe3 f;6.:'Bo-oa4 o.'"rg S{S*a e6{dgdo eror.r"tb.

OO"a<6od o"Uur6 65 [6)io N-Li"oE .&3, a}lje? LdJio P-LJ"oE .pg ;JeJo. Sd iir"'d;i e6o^.
gc6e)dJdDo6,

"dA)o,6 P-N "")o€ 664fgda

e6{xS4o eri6{C t {.)eo$6 Atd -ro $fuer" cdo5e5 {te.op 5 ;ao-^r,o6. erodJie)
erb6'da"o&o$5 iJ6)X)6Jo6. aA -..)06 6"50. 5db6d"S:6 E -.rFcr.r ;bbe"roi53roa. b64Q-^go6.

60 r6o^ P-N ".noFd erOss646o 56pdot!co6. P-6i"oOods 6og6neu, N-gd.o6odo JqTLES)eD

"doe iJoe dJ"6or' 8ed)lba"oD. Jo5"5 - 6o$oer -;006J"{0 E 6JdbocbSe.r 56Jg{9 L65llo$c$,

E ridm rJ"50":$$o d"":o$ 6sJA)o6, {)64ng;od ",ooQ 66J'dJ p646o 6n Sero$od
s6J65 L:)ie",'',qlo6. e63igdod p6'{6o :r6drJo $e ie'o1Jod sdc6{g Lb6lro$€$. erodbio
5s"o6d 5d$66 fdn:,€pJ (a-b), 5< lD$ edr5c5 (d-c) n ir61 5< aS6Oc3 n" P-N -ooQ ct6;"5
A,"JdJ'X-JdJatJo6.
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t.

:

(rz o)

5t€€ - L-rr.-.ro (V-l) epejs(€r-err!

-dcJ.o,6 3

Q ".rero P-N "")oe dolr6 V - | er{og\er"onJ "r6&Ooi56"pg e-rd.J"nos s€JoJJ"pl

-d.ro-qlo8.r5"-.I5SEl€6b-odriero$odcar6e55o;r-"'otu"i8q)j.5€s€o{er"e.rtu(i)-a;69asgo

d%r, (ii) o646sdo61o:" ooa.: q./r"?)rr" "rsf,O*dr..

(i) t)6'r Sdo r

P-N ""ro6d "Q)666Sdo S'gdb e"o3oS:g CO"*a "oir6oJ.-:o6a Lg.5'ron" :Joi)6"dJ. a,d Op6

"s6%<4#$ea er6o6 Sdd (Threshold Voltage) d(J" s3)65 Sgd (C ut-in-Voltage) erorJ.d). .6!

er6o{ 54gd (Vlh) ers6t6 a-.J3cir6 (Vr,) 3 ".r5J"bbJ). V,, < V,,, ero.r$-4;dr SdtrEeg [,")J..t(Fo

e,65qrJ$.-!. -{)6%dd S€d er6od s{dd g:5i e,ego^. "a)oes" looi-od) 5a$55 [.rd"""ro b4Jo-7

6t ilt"d$ gdon ':rdr/$ttro6. -a)66d sd 56gds c.5 -^D6q6 ser:b god bo'5d erSSOS 5dtr$6

l:dah-"'o 56Je, eri>;dJ erSo$ er6g ASo 5e' P-N -doe A"do$O36ra6.
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d,o$5.'.). 5"oE - III (tzD t)oo

I

-.) {.Jo 7:

(ii) 66i6 sdo :

P-N "ooQd O6{6Sd SSSb *"u3o15 &p"€$ b36oiJo6€ Lgs)o.r" 
-bo.iJitr-iqr"O. 6i

"oo6dpod ".roFP 56660 bdddo 5 e., Se.roJood cdo5e |:-oi'"ro.ido. ero>rd eesJ 6ocr"5g

A6)5EJ.5E !"""J"s.a 5 e.r ereS -o-cop &cf:g6 fo*'.:"o - d goauo6. A pS e963 Sa$$6 1i>r"-.ro eoo.dr.
6pf,) -o$o.7 d a-r"asA:;.' SEs Sgd,i er6 -opn" ioo$re!J"$66, e,s's"< S6$e fg AO{ aa:g.5
yaoxrod -"ro.qgn" s-"r86fob -tr6/Ode) 

S&e.Jo,b &g r(E-$Ser.)inJ E"ocbrbo6, €e r{6$rd:g{g6.>
;5o6peg Cc5o56 Lba"-"to solr.dJ. €63 SddO aor bood eroJ -ooe:-5g e'ii a.-.Is"o d8ig
boR, eeg;.""J"9 erra.rQlo dS Je)tEtuobJ oqbrD$ Bd€6"aJJ. e-o.p6) -doQ Cq)Jlil a.ns6an"
i"6o)JEtll)aA.

12.2 d$6 ddu'6r

ad (:"6'" e"5;CoQ a6d:"d. er6go^ b.r"6g6caa Shb P-N -roo d6.r"drtu €b6 ddJ"dr
eroer"d). Abc S64ESdSgAOa cspat LJ"o6o *gd ici aad.r"n+6J. er6g.e*t1'{6e;ir, ergs
$ab66 lir.tr.ertr) da8s'dofl 6$ B66co:co god ".ros"s$ JSJITS gtug 5u3p 3"6r'6mon" hds.s
-opds'er6o$ 6o$.dJ 3t6. di6 ddr"Etu -oero.ed .iJ."rb -"rog6o6t -^}rsA6.

+-_)>)_ =
6go- =-.b- a.<D

So
BII roo

I

FoN6rd 25
cur€nl

50

Fevelse 25
vo(age _!n

r00

.2 0.4 0.6 0.8 r 0

20 FoMard vollagc-)

5U 9-

c6
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LcstuJ (rza) CUJ.J"

I

I

d€ -")0g60 a.tr.6sa P-N ".roo ddr.Ebd Od"f g'gi.A SFcbJ ea.rJo6. s"ffdJtu A6g)

ocber:n" Z. ers.dod -ou'cqar. 6c V - | erp os,er.elJ 5$o I d l:"-oergor-:. ooabaaEe -.u4"1

n;o4 gSlon" ?rosir. s.o{t6o€ sdSJ OEtsdJSeS e,@ -dse)Jon $oduto, $$*O" e"ur cacgS

[.J;r3of b6,$der gJ-6. -.rSoJorF i)od$o 5')Fo -rdro o.So. di.r5o$b*:;.

+F
Zener voltage

Vollage ---->

(i) €FE 3q)dJio r ddr.dirisr J$b5n ir.6gd€"o $ojc6o ber 65:6i €63trgde EJ.a. -doF

d{d er6663 ac5ogs {$" - 56;c$6ro6. 6s le)b 6o6.r"as5oxr a:oq.erd 6-r'{JJ -dd6"o.D. 6s
&.6 BddeDJ o"s" 56gJ 6drn')o6. e,odsJie) er6jFg -doc)gd 6o1qJ"sD - Je)LESJeD erpo.5 ;)o6Je
06{!&66 g:a"-;:.o 5opc6:aro6. 6&5 db6 s-$)dio croLr"6), Ci5 s6r$"5 €rsr$96 S€s I
erqn6:3d6 s..c €5"-"16 n6{doa eepd-rdr6Jo6.

(ii) cris"o€ SQ;6So : 63.:55 a:-6 gdcto $?ri ddr"6od dsJ d'6 J{)bb 3)odsod qoaroa.
5o "oo6dger.od ".006 5g Sc;d aaci.5 Qluo d*5 cS;dn"og ge!d6?o.ro6 6qe con o6.tJ.

eao 59 3eriaF doLq.e) $JOoJ$ JeLtbJ€D eriJbg6 A"dJ&o!6 5g 6nFoit {qp OroA

-dod.J.Er5o$ alo{o64 5*1.:er1qsc)iJ e)olcr$ ba^BrFo).). €{ 9+o|t" Ae.Dbeb ecS6 J"-6's"e!
g16! 6db-JO -.oodJ-reb aroqr.er bd.roa JoLsriJe)SJ ooJodJg) bLBE"qD. 8b'5H ':rg S).ri{666

JoL*ncc t 3€.D$ato.cu, 6n6 ec5ey"o6 s-6;dio erou"6. 5. !E)(SSo erOS S5{ enJbgit $Sd€r

ig rrc{Jtu6rd6, Ae $o dd.F6,g'6e) $dS h6 pH5Je? S$€ aour:o6. ds cr* ergsao $g€
ec'$OL6r"gJ er$)<r.e)off. Ood.Do6.

t
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+J-

o
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d.o$5.b. 5"o5 - III "doe(rz D

RL

go -r{Jo hdtuo$b R)firn S.gde p-ds636o R, o"5o" oo$; S{$e oOcolOS rootJl>.
a:"gr.:6 (B), p646o (R), CSF 6dr.6obo 6e8d 66{nsdod geD-o6"dr. 6ee s$a6 s.gae
eabcbQo::d{6. i)H6Jb 5e'o!od *i5.tdJ"6$ -d;sro6da|I. &gsPOOOa5o R, O, S"rr-O*d".
Rr d$-Q)6r dbg ddJ-E EFSo" -^D6q6 cdJgri 1'oa"-.ro i.'"166o god sCofi R celisJ
Joi!$oescb. A"$rdfu Rr goJ"J?Ja$dbJg"b)S>. 6p ErSo. g!06 Sdfu5ci L-dE"-"Fo bo€.!o6.
erod berci Xer 56c5e5 foa.-"ro dt6 a"5o" Joidto 6a(i6ro6, eo:.:6 R',iSde, bdJe 556€ i"6o
6"d"q))rr" bdon" Ooa^Do3. €€ sCon" ds6 d6J,dJ Sgd poloL6so^" -rp$-qfo6.

12.3 eelf 660/( 5g 6566e8 (Hatf Wave rectifier) ;

:

5s"o6do S$8 do' cciJSeg f.rr"fr6ef, 5S5JJ$ $gd do" cc5:.56 frr.-.Fon" :1_r .1a.sg
b8go"Sl 55A96drB e2oar"d). P-N "oog dd.rdtJtu 5g6gb6€BJT di:dJ-Aoi'b:!1. e{ 6dor{
5s As6ocBd e"3 e,d d6.:.5Xp d"dud). -eD"$ 66orl b< a<2roted ooco *o.r.6errc Jas.6J.
{egFdod 55 652rdei 5., p3a6 5s"o6d &ci.r55 fda.i, o (ac) ds erO ;lgdo (half cycle) 5r"t63)
5Seg1rOao $odSJ6)oA. A)ndi er6$Lgo er-de! p*:lio s"ao. 5S-Ad6dero $oj:$er',li a.c. p
P-N d3of,.r.6, q.6 p6{6o R,,e.r6a -oloo..11 d :s.r"$b sdon" @c3d geD-";;s"dr. f$* er6So
s.be.rbf 6o 6^i5oe,o$ -dodo"rod 6nS b8Sggo (transformer) cPSo. b3a6 fda":,3DJ -ro-oa.dJ.

Sf,A soloolOson ESE z1<j0.:.€:
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6J'69<J" (z rD
"ooSt ap.f o r b336 a.c. 6;r.$ds er6;i6od, ddr"6 ""9O%<6od gotro6. sod dt6.r"d$

K)oE JdJ66 l"r5e"J.-"l;o6. "+d6on' R, da"o3oog+60 5dJdi6Jo6. s" pcirs $de "odro66

nJ.-dsJe66. &586 a.c. aNEr"€bdg e)rJi5Lgo64 ddJ"dJ OOaero!.5d aotJJoS. eooclJiej ddL:.c6.:

ruoca" 96:5{i 166?roicJc- erod i,, 0 sr8orJ) V" 0. so s5on" DJJe egSLs"pg ef;a)bo
Oo{56).

6$o 6.S0.5r5o dSrco$ s:\odJo 5$)erod, s*bi 5S5.Da) (dc) 5c€€ 5,5;$1on"f:,
'dJodd"6dgo^.5J Q)ot^D06. 6pb dc 5)trd64 6-0!, S{$* da'acs:g6 L:)a"-.J.oe| -.Jd{N 5elie)iJ
5r"L65J -"}J..44qD. Rr <) -"r5.r"o6don" 3do dEase SOed 6, 6don"s"o.&i;!.dS$>.1. s586 a.c

d ergl 6doxo a*1u5.r 5SaS6Omo ioc5{.)o 5e, 6sb er6 6dor{631r6c3 e)oerod).

' aflasrr

I

erS 6doX 5<a<6OeB seaEdd ar6o 13oB caotr-e,tu -.)8r(easd$g 8-"D{)otr"6,!.

(i) ediJ;s dc sc3.r56 g'oa"".:.o

(ii) edbJs dc s6d
(iii) RMS s6r5e5 [3:r""r"o sr8ob 54d€

(iv) 6s6de3.6{l'

(v) ".JJoda.6dg 
'.$ca95N 5J8os.D

(vi) Lg5Jgdr"a

piao a.c. (V,) tu ",oJ"eo$ "dbJgdcao

a36d Vm r(8e i38r! SCld. d6.rdr "a)e*pg"do V,,, (".r,e5fu bQtd s636o), 86'e6{do
Rr. (5s Sotrb hod:rg"6o) erdrs"bJS.}). ddr"dr d6. F"d s6{6o R, a"5o gi>fe.ro$ ca$r6e5

"i" elscS'od,

i l,,,sinwt (o < wt <r' erqxsOd)),,...,...,.,(2)

lo (,r ( wl ( 2z ero!5"Q)dJ)....,,...... (3)

e\,a t,,,. Al;'n; . . (4)



eJ.cgrS.""). 1)"d5 - Ill

(i) bfbJi dc c*65 g'oa"-":"o (lo") :

1,,= f;"\'ov,a

(z rD "doo

(s)

r [r'r. )rJ -l

= illf J1,,'in"' dkotlt lottkor))

=#[r,,,{-'*"'}:]

(ii) &H$b dc fdld (vd")

V,r=Lr*R,=k,R,

_ V,,,"R,. ._

ll(ft, +ft,)

R,.>tRr sqDbi>dt)

,, =v' =rd' fl

V,,

'i .(fl)l : (e,
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a- epu-rloLi- Qz,D

(iii) RMS sd$Seg L:)a"-J.o srao$r s*d€l

I[, un ']t

1,,',"=lm li 'a<a\l
L-rr 0 J

|rn,--' ,lf L
= | ,n l1.,5in'rot I =; .. ...... .t,'r

L-rr 0 )

= .,=V "'= ,...,....... .... ( I 2 )2(R/+/?/)

I/ =t *p =!.i-Bt-/ t,' rnn' t\t 2(R/+fi/)

v,,,
z{r+1ft ,+ft,)} """""""""""" (13)

R,.R, sollb-qrdr

t/
V "','.=+ """ "" "'(14)

iv) 5d696de3 dgi6 ( // ) !

s$86 ac rJ.r':! 50d Jo6 Br6lpJ el5Jb dc i.$g lorr 6<6de8 $.:"doQoo'a'pc bs

6St de3 6{6 AOo$6Qlo6. pf 5J6 dc iri)c'' Ep3, er$5q6 aC A.a)g 5$8 Xer sfu$n' 5{ 656de3

6{6Xu &d5o{d:, ood

ei$6 dc i-tu9 5o

&'i$5 ac i.5)g So

p.
= !-L!L /. R \
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d.oirS.'^). 5"o6 - Ill

SrOot$

(z r) "")00 66J"6e))

rtD
P^=lL) "O,'=TiY .. . .... (16)

P,,.= P,,* P,

adird P.., = ddJ"d) id S$d.r"Xa)oJJb A"tug 5bJ)

.f'l
= I',,,., R,.=lt" tr?,

P, -- tr 6s646o b6 sFd.tr(SrorJ$ J"bg \5.$.

,f,
= L,,", R,.=f* R,.

It I' I'
'. P^=7, 11 ,nti* R,--'i"(R,+R/) ............. (17)

x)sJgdet"eD (16), (17) er r:,:o&

(v)

SSASbdsS 6{u-d"6o = ryx I00

40,6
,t=+-' (p )

r*l 11 I ..................... (1e)
\1{r l

tgo8<on" - e9ql$-Odr ert 66oA 55 aSbdf,: d5{6" a.6o - 40.6%.

fuod J'64d doE? gi,D (Z) !

sgila)on" 5J.66 dc p{5Jb Sdd Jo6 .o5.6;on" gor.lo6{ ilqbA 'dJo6F.6dS /0€3g$.})

6po RMS Sg€ (v",,.) $rEoJ.D dc $$* 1v,, ) o cq)g.r. sd5.ifu6./.



LdsAr) (zrD
-dJo6F.6dS 5{€€

dc s"g8

a.c. e,ot dl.Dg& rms geDs

\(,.),,,
V,I,

6dol(o d;:96 dc 5€Db

(r I,=-ff ---(20)

9eD$o$J Lgo6 5don" ogb*6J.

erEiddofio 5g6gldEl6d gAot.D - $ ",oSJgdceo

I | 2t 2l
i = fi + z-:tsiy1lat - -!=! cos2tot --!*cos4tot

i- 1 ,^.+ L

aQrd I 
^=

1,,
n

, . fr * f,' rin rt -{i 
"os 

z,t -2!+ 
"o, 

t ar

od!

(t,) 
",,.

qos* ,

66"

dc eroEi) gonO$t "dJo6ir"6dg sctr6Qj<r

1,,,,,=Jfi.6;;

u,),,,,,=tr-m

ri,,,= r!,.*U )',,,,
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s9.o!5.""). 5"o6 - lll

€6 SeD6i) -o5:5deao 2Od 1::8{eo!

(z rD i>o@ dd.:.6er>

{t+ )}

/tr-n [i+Eir,,, ![/,,] )

L,.=!"'al,, =f **,.

/

\i

= 1.21 .................... <22)

bsrgdcao (22) o"5o. iubo g't".roS caojoo SbJdJod, p*$r6 dc $$ed rerZ ac

ero6Ooa!o6&. ero.$6c, c8i66or( 5d6566e3 ero{r.

(vii) 13so a:Q66reor

p"6 p6{6 dc gOfi ar"6J^" tssis6sr"pJ s6s$+d).

$d ps:ar656ea 7'5o =V 
*''!1"-V 

"""''" x i00% 
--(23)l/ ti,ttt,n,t

eeddd {! esbs"&e e{5r $dd qr.d p6$do 6"5('" J.dJ pdr6c5 Lbi,-.r.o ? crq,d-re
Oodt<td.sJ. e6d2 6! eebgo66 -O.g tr o"&E 6()A Sg€, tu bl {.o"bg 6oa :f$*B rer"ron"
OoUDo6, erod, er6 ;6.:'55 2.6 LS5JerAgdcr'5J gdff gocro6. LgiJsJ6gdc? d.6o Jot! 6{:6Sn-
Ood, an5o trJo& ag -dd-du. ero6 Er"i.boa.Do6.

e,g {tdod 5Easb6dg,

T-l

v _ v,,,R, _V,,,1,_ R, I

r 't' n(4,*R,) r-r L (n,-n,)l

t,/
ero.a)5o erd66ox5g6<bdd llf €eo6S15{{o sc)R ? '")d S{idS e$J Irbgo|T. :tbg-*}o6.
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(z tD b o5.)t

F"d F64Ca dn-o.b (1,,. = 0). 2,,

dc $f,* [2,, 6xro:o6.

pH$s dc &dSrS6 frr"-"r"o ( I,h) ':rd/$6rif, S'er6 og :s_v,,,
n

I,^ o.s/
= -----t- = '- =t.57t,,i-lt 3r8/,,,

12.4 -"DPg6 dorr Ssas6od :

""U'$ 6dolt 5S6Sl'dEE6{ ersobg6 ac 6ap ooct: erg $ Ls"e)xD 6o6J dd:.d "oiedJo66

6-J8rnt6. -"r.Jo.12 d -dpg6dor( 636dc3 sero$a ar-ds)eb6. 6o iootrod oodr rr66dd
5 erqtj.o ) ;5.:. d55c;.

t l/,

E sp io6o.ler6r 8$o"Lr( s6€brb #€E (PlV) tuAc()) 6r"3 dJcaso (Form Factor) e)5J

sr-6" dt8*d).

PIV : 46"6{6" ctdr"d: S"ser 5:d5 goa doE fg€ V"," bJ PIV .r" $ds,a*dJ.

rms t,ctlue

average vuulc

"J$o.12

z5J



d.o$S.',r.':r-d6 - UI (ztD ",roQ

:5F6 <$De ry.i o s (,bJ3q6 Fc [.r;":r.pJ -do5ggo 6"50. -ro-rdo iJ.)deD s".r"i -r8iEgodb
l\4, N S"bo 66 $SdeD 5e-" "d5ro$o66 -rd-eJ6o i$"36< 6nejd OoeJ"o). eod M igi 6a"6dso
ero.Dd, B 56 $,\)E "6dgo erg6ro6. ac F36S SgA 6-"6dS er!$god, M {a"6dS O.c)&o')6, G

a,r"f5 O.t^-r3o:r6, N ascer"66{ O"trpo:c6 gonooer.o!. q-o;c6.: d6d:'6 D, ;r) -{)6{8)o5J.566

{;o& qr"d &6{60 Rr .r.So" ir s.$6qlbr f.rs:}o-rd'.r.Jo6. D, 66aar<r{:"566 Ooe, 6s /(136"
sdrS4Jbr |:^t6e"ro55o$6r. e686 ac dJ:96 o;:ee"665 erdirlsod N dF"6dS &.$pa$6', G arbs
a"ergoSo6, M €,)$ca n.a,JRo$6' <ORgroe.:"or. a-.rpjd: D, -a1Oaoo1u"sd god R,. o.5o" i,
ad;5{g$.r fobe":.obd!9o6., D, OS{aro:.r"5635oe, 6bt{)oc. srSrS6J$r fdbs"J"o$bo$dtu. s3A6
ac 6.Dg& 6odr ersl .*1s"er61ro R, o"So. L-"rb'"r.o6 sr1rSe e,3 6x6{ (A broe e-e; y.rt""'-^goa.

6o 6doz( dJ.bo -daJo,13d itj"-lo&o6.

rA a€?;

ees)596 ac S'dd V, = V,,, sin wt . .. ,.:... . ..... , . ,.,O

ddr"E D' E"d bSago R. er o"5o" fob'":"oS pdr5S (ir) {: 65rddrao.

i,=I,,,:sinwt foro<M< n

i,=0 sinwt for <wt<22

Egbd6

O

f,/
.,,,R,*R, tt\

6bd Rr dd'dr a,:r<6 aro+c6{do.

er6l5on dd,'"d'.) D2, 8"6 s6{6a R, o.5o. Sedc e6r35 l:.d;r"-"r"o (ir) {:65:SOs?o.

=0 lbr0<wt<n"

= I,,,sin wt fot 2 n <wt <2 t

rn

.@



(z rD
(i) 6d..D 66. dc sd$S6 5o:r"'":"o (lo") :

7 =-l ''l-' .tr.',t, 1 'tl , .,r...'ttr, 2fi lt'(t\ot )+;7 JI:.o\Q,)

= ) -' I L, rr-, r, d ( a,r ) + 0 + 0 + -! "j 
1,,,rin a a 1,u,1-t l r'i tll l

I I 2I
= :-!! + !-r! = --!r = 0,636L,,,...,.,........,.., . ..... (g)nn n

5o 5s)b erg6dox SS6Slrd€466 dod 6So"A;.

(ii) pf:|rs dc ${a (V,,,) :

q.d&6{do RL s"io bo66 e{iJb dc yEld (v,rc) :

2t I)
v,,,= 1,,,-R,=-f*=0.6361 ,,R, : .(9)

g{ PeDi eEi6do.( 55 6St 6€86{ god 6$o"rl}. sHi)b dc gdb5es g::r.-":"o, #d*eu -ooao.tq 66

iSJo-.) 8)€ol).

{a)Showrng /a,

cfu.r"

v,r

0,030

vn

{b)Showrng |/o,

zt5



(z rD "ooF

(iii) RMS D.5J5c5 g::a.-.ro (t,._) I

t, fl rl
' I I 1.2,r rl-
/,,,, = lF lt u\(t)t)l

Lrr 6 I

I rr n lil/...f . r ., .l=l n Jstn (Dt d\at )lLl'n I

I=J'-_.-(10)
(iv) 5< a<}dr3 6gi6 ( { ) r

p.
tl - 

-
ts

,. -: -' 4l'pliJi dc D.$g5i$ P., = I),,*R, =ff"4,. Ii

P, = |,, ( n,* n \=l!( n," p \/( 4,4.\r!/ r\/../ 2 \rU t\t.l

,D
4f't\t

.. ,,= ',"' ['-=i- -lL-:' 
,, (R, *1?,.) fl' (n, , n,)yl \l\ / l \ /.,/L,,- 2---

0.8 l2

{.[o-)] {,
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Qz.zE

I t(. I zt/
ll- 'ti | = --!-!t!-- f D
i" p +p I fl r,rrr/
L r\/ r\i I

... dssier. E {ra = , 8li=2 
....,..,......,.112;r. n, l

I l+-- |I R,. ./

fir = 0 ero::6, .5{8" a.lto = 8]..2%

erod er666or( 5g 6sbdr3 .5{.1 god, "d-$ 66ot{ 5S Bsirde8 6{6 B*o-OfT" Oou)o6,

(v) eg."r r$e?go (Form Factof, F) :

L,,/
p =r".^ = 

^.'r\ 
z; =l.ll

I Zlt'h 'in

"")o6d" 
^rcago 

(Ripple Factor, / ):

I

' fr'.rr 'lj 
I

y =1.. =ll /* | -r | =l,p'-r'lj' r tt f | | \a /t.t.( L\1i,/ I

r. .' rlItl,ll)--l l' =0,48 ..... ...... .... '. (13)
L' ' I

ert6dot( 556366d9 de Se})3 1.2L {od aB ir-er" 5)PSA.

vi) 15i;ar$96rao:

,, -2LR,. _ 2V,,.R,n,^- n -qn;*nl

(vii) 8$o!d e5bJ6 sdd (Ptv) :

dtof.'"dr 664E)o$.-od arSpb;,a: 6.,i Slbe)SdJSJ Ooe dSE,sf€g PIV erotr'6. D,

65{arof.:.55ios', D, oe+elox'"RrolsJ" gbgd iJS-tu$co. e-.:;.r{o D, a"5o" e c$5e5 fdio.rb-^}io6,
D2 cr.Sd. LbSo.-Foic3r. 6o -ood$od p"6 D646o Rr S-Se, $dS sdJa f*d V," . eri:;dio c6d;"6

2V,,

n _*_ __.* _. __ __./ 1 4\



D, S*6c) isdg 56dd (PtV) :, q"6s6$6e) s-ic) $68 Sds (V",) 6rOaJ$ -d8$Egod -^>rlq.r{od
SSd (V,") e) a)g$g 'd$r.bs$.

Dz ddr.dJ$ PIV = V. + V, = 2V.

er6c6on" D, c{du.c!og.: PIV = 2,,,

€{ 6tu5 sq'.)&es 6Sn erEiddor{ 596'Sbdt3, -,a)-$6dor{ bS dSbse€r iJdE t€ersebJ
SJ.-O6ro6.

ql8go"a ergr!6or( 5s agbde3 
'o-$ 

66od b<6gbddi

"dxc.D 66" dc crl b"5 g'oa.'"ro

d.o$s.'d. 5-dE - UI (zzD

Ao
il

1,,

8l .?%

2V

12.5 afdsc! (Filters) : 5s 6sb6rls a"&s-o.;rd; e.,€o3 pdbJb b4g€ (66. cd$rag Lbr"r"o )
6Jod;t6dgon F Ooa.l)o6., erod, 6nd d.c S* e.ol fnp a.c eroaeD gJ"6. aoeJ"o.D. -deD 6s,ej
JoUst&S "dogoieJdr -"JSriJ+b (i.$tu^- boa) dc s"bers^)UorNo6. -q)odE"6d$tuS sg:urq)
Cdr$ei s{Hd 6o. foa"tF$g R)6db 5eJo'.re)iJ (Ftlter Circuits) 6-daf,J"no,, id$tu3c6Jir$.

21,
fl

L,
I

v,,,
fl

dc S€d

'r Rl\4S sa:g;O;a.ao:

,16$ d5i8a

"dJodF" X)€"go

I ,,,

2

40.6%
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Pulsatlng

CI)

"d{J o. 15

i)So d6 6.()5 OidF"o$r '$6JAo I

(i) 15d$o 6d66 Ooa ,oddF (Series inductor fllter)

(ii) aouD Es"?o{JE slds
(iii) Lc bHdp aJooJ$ (iv) cLC 6o' /r DHerp.

(i) ;3d3o 6e36r {roa oqds (SeriQs Inductor Filte0 :

"gb6 
bJbo $:os.o1 $e3d t)o5 p6d5o seD-derAF -dP$6aor{ 5s 6sb6€Bp soJpbo.

6pp -":tro.1o g{ tu.3?J"ar. L:)dFeJ e-dF6a6o6* SeBd so'Jd er6 e"g c*dbn" -rp 3"q;o6.
g5odo a.c ao{ogJ iP6$r" S€)qrr eea6{Co (impedence) sorr(dh, d.c s) i€ ers 6{qr.oJ

Sept{do$6:. 6pB s"6mo :}$')J LbdS6So r(er g36s'oB do o6{{o e,66()Jorr. l)oddro, sd$5c5

t,.)n -"rod sOfi ar"6$€)sr :55663o$ Lbdgo A})gb 6dd3.) 60 "N-t6o.

QzzD

lN l-1 oUT
--l Fll IFH l--

t. I

Filtered

".J{.) 0.16

42,



(zz) "oo@ 6d*5eu

q"6p6a6o o"go" 1bb'"r"o3 &d)55 |-rr"-;r dJ"-Jo"d.Ja 17d b*die 6si:)p6, 6:oa.yar
ilr"6erA66.

'otJo.17.

l)S 6566e8 iroa sgir6SJdJ6 a5.)g"5 yoa"r"o &g F6cr -ddcJ) seDbiJ ur"e36 Lbdgad
ero$A.bo6 Ag so$$o$s)A)6ro6, +o dg sc!$qld t o"qi^ gOfi :rd&detu sO.6-"r;oA.

ero6s-S, PFibJb 9r$5{g *f O$O rXo.-r seDb stJ 6nA, aerSg;o1 i$ s6J5cS fdr"-.r"a A)Oo6n"

6{SJoG. s"i.ttu6)o6.

R)f;d$o db-€ddJ QP$6dor{ 5<aS6OeB tcod pUSto erd,rg aa-rgS yo=-;:no

,=i!--qL', 5- cosi1,/

n n,#",(t-t;1r*t;

21 4t 4l
do., i =:1-," : :-r-r,, 

"or 
2.r, - -J=-cos 4at .,.......-........ (r)lt Jjl r)ll

n"$r"q));'So64 3"aJJ $odgo d>36 beroJc pO{6o ;;OcruO;o6. C,adir5e) 6.€ eHdio iri5.?)
$S8Q)bSo Xs eroEerS: er65€9 Lie-5:5o6o^. -dS $".Do6. Ap btr" do^'" :J"ibJ J"6:"qD;5j eoneriJ
iddsb,

21 4l
I = -r-ir: - -+4.cos 2or .................,.. (2)

ll Jll

J-er{go 5&oo 6{.:6bn Ooe 6dr"d$ e6{tr.pJ e-dd8o$i$J.

ed$56 fdt "r" do eroa I,,, = V., / R,.

L, RL. 6d6" ObJ"od) ac {ro{ dJosi,5elo$s64do

r0 l

G) = L R', ,-(t".1)" l\
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o La5S)J QzzD

ed6d 2W e56 ac eroa 6.D{b J"s!"os5o

.'. ac ooa<r, / "'
. .-..V.,,,-..-......

il1i; ;;d;'tr)

dc, ac eroie.r - &eD$oir -.rbrgdc"o (2) d foOffo!

(r ,)

y - \.' .: t.!!t!:

4t/
illJr',ilR'

,, )t,/
il l?,

de., p-.Dgp -opod$ roraSa! (/ ) 6ba,tcb.

1 ,r1,..

., 

L,
1',"I

"Jll
ll'.
oL" 0.216

I ii,
.;,rz ;;i.

",oJods r$$go t56g6so lJofi 5"e.r6 do. Rr 6/qarbJ 5'6 6rfibodp 6{ "dSJgdcao 6"5o"

Xi)po$i:DJ, iJ"i1')J 9c$6Gbr":,ie.r$ l{, I O, er*"pdJ

ac6d p 56e-ro qrdb646o '$oc"J6oir car56 ;ra"-.ro sagd tuoe aftdcooa 3s)g e5"{.Db.)

".)'r"o"qlo6. As seDs

bJodJi dJr" g5.)J (Ripple factor) :

ac 6$g& rms gc})igr 6dod'qD dc erong)

I

, '''i
"(0 l,) 2

l./2

4nt I
..1-!1-.{ 1 1,> 1 erofJf -"pd:, / -

Kt



al.c$S.e"). :)"dE - III Qzzs) "doo

1

saJdr / =-=0'q1l (aa s{6dr3 seJa 0.482 gJ r"s" dr(dn"sr;oJ soJi)

epocS:ber €s eFidF"p) RL peJb ",rse'Jon" {ro&, q-d n6*5o o"5o.":r"s.) &a1)SL6JI--.J.Q

OoA 6odq)o6d rd6"6.

LgirrJegdEeo (Regulation) : ,

2l/_^
V ,,,= L,"Ri=-#=o'6371/ ,,,=o $7JzV 

",,,

6*, V,o=0.90V,,,,. ....................... (6)

aqrd V ,",, s.) :)65ES d-e? 3$so, a,S S.S, i:ds dadJoer iJ65 S-e!ed). D6:b$ S.€d

4.6 e6{6o A eetr"d'oddsr. e2adr$o $Jo.5 LgirDAg6rdo {)otJJo6. a<5d S5, d6J"dr, Li)6s.e)
S6'q"eu erd -dsoJorrE t)aeJ-ql$ $'"Cesx.

P{ioF
:

)f,/
sHtui Sgs V,,,==

LSdSO|idio Rr reD" -.ororoo 

"*"JJdf) 
J$b* fde.b5o6orT. e)obJo6& ae!-dJgJ;r"f,AD.

54g (&6so) c6{5o r5o;o|f" 6bJ-{e,39, -rEbEso, ddrcao i.Dqo pe"do ,R' b 9-d,t6o$di$.
€e "ooddlod

'\f f n :.rt /
ogr,b s"g€( V,,,), V,,=L ++=?!-'t -=j-ln I(,.+n z I I<,.* K )

o6!-

erQS E"6 b646o bod g<a:gdmo er6 it$bbn'p)o{$o6.

(ii) aoi53i"?r{.)6 &fdp ! 55 osbde8 59 erqlo$ pitui Ftg€ (d6. sdrES tbF.iPo) -^)Jo6iir.6dgor.3

{)odrro6. 6. 6Jo6r.o$j 6-ernoi56.bg 55 6gbdeB8, q"d n6"p.n€ tuC' p{d$ ioorr.bl
geD-Q)s.cb. &gBJ"?nb6tu p"d o6nqn$g Aod 3o$do o"5o. -o")od c)tu 6-(Jnt6. a€ bHde

zoz

Ao{5 Bt"'.rdr6 SHde eroer"iSJ. SJ.ht,bd ee3tspa eiafrt.r-o.1,d) 69& pss S-"}jo6. er5'6qca6 }



:

:

I err"ds a.^"dgb o$!'P56ie5 IQzzd
er8f .r".brdb ige c6J6a, $-q:o6,
-.o1o6s.eD 6"onoi!.tda"o$.

6! -.rr"L6oe erq.d-r& 6i &g{r5o "dbSi+:o6, 6r "o{Od

. ao.s Bt ".ru6 e{.tsg' ertl 6dod 5cacbdc3r

6ap ".ruro. 18 d sj"dbi3a.\.

-JaJo, LB

er$r596 ac 6a-66f e{$go65, ddJ6J D -o6{rsdo5{ Uot a6rg{3s fdss"r.o-dd-qlo6.

e6 3+?r..16'C' sr 6SdfF ec$a -'xpOoo $fu o"s3 V. tr€d s31o $-q;oa. As3 s'seao

'erO'E:cuJ.Bd 66.r.dtJ s6'da sx)dooidonbob 6<.165 (bJg. 6Ss -;re,)o.1gd do6Jb'b' n!
iJ!'.rE)466. (€€ edO66 gt"e")A)6 6i"gn- erit "{r"S6eg Oodiro8).

(c) Loacl curonl

-dal o,1g



d.o$5,""). ?:"oE - III QzzD "doo 6At"

ertu$96 ac 
'J.Dr? 

e,65Ls.$g $6 s6gr,ilSri fg€, sd$55 g6u*.er$> r{i:no$b*;.
au'r.O4< erglls.bg d6.r".dJ D 064 acUJ.5Oa6oAO:o So idsrSql Lb5:Fo$db, a:bJcb Bg"5ar6
-d$od $.r"6oeo6. erid g0a6gr s'erbo"o(o (= CRr) erSt 5Jg s.s'ee -^DSJ'6rn 1OO O{"})

Ao..Do6. eeoci)5o Bi."ddr-6$ el3Sea6i.: igrbiro &.odr(Oi eris"6o godc$. €. s,dsdon
Ei.h.r6 bdgd'rseDon" AtL63J 6q6ro6. go s6o.r" a!E?"6dg er5f,$igod ('"o" So6b";dJ R,

b{ ":<r1rb S*$*o o::l5Xero/O6Jo6. (E6;ru:od 5;"-.rer8$6), 66r"4 6-.6dS erg$LSod
BJ"fub6r S€S V", $ iJd)Xr6Jo6. (doa${) d) Oo fo13o5o g-SJ.i,(eFFi 6erod i5J"db${.
-doo.19 d RL $6 dc f$e a"a.".)n" "irdo.F doddJo r(5Jboiii:r)J.

F"d p6{do $J.165J l)$a-"}>dr 6"c tJ"50. Asdc cA:5"5 6oa":)"o (ir ) Srg€ Vr, bOS $oa.))o6.
".rt:oef a'b', c'd' s.oid$CJouf aof,s"ac ooo$; sdc5gtlpa.ifobJ b'c', d'ci Bi"od{rs aiJ
I c$5Lc!JEF:,3 oi! F.tr€+orJ.

e"{ra$ errllo erir$96 6Lgod J06 {"Xo64 dd)-d) 5 c$5e5 |:r!.:f qt €""}eo5{ 5O8Oo"i.D.

S6r5c5 53So J-":.ycd; Blddl6Jo6{, er a!o6;{>6r erdoqj 6od$ii (cufin-point) erpo5.r,:-, J56d
S-.'So erno'siboSa s oocbOSJ e9o666od$O (cut-out point) erpqa)J. erour.d). €o 6oc$ger>
-d{Jo.zod $r"-dgJgoQ. 60 6oc$$er i5 6oiDJ.6J fd-"-d.o OoADaA $So$) ddJ"dtJ p{a)S

54$dBi"btrdJ S$* <q:.ra5n" 60{^)106. sd$55 f.ra"-r"o -")SeD s-o 55bd:er r(o eroe.r <1-:.-ood

Q)o6.Jo ".rarod /(.d)easisD, eeo4$5e 6oa.rc6: 'o55 io "dp3"q;o6.

-dba..20
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QzzD
sn"h66 sgoso{ er$ 6dox 5sas6dr3r

EJ"o")$dr rguno. qr.g 6dod Ss6gbdd e6""rFe erg6dor( 5s 6Sb6€B6'$b$ s3:rF<)

S.dno-.t) 5r.t63r. a36d $.:$o frtr"$ofi. -,god;''669 d)s"So, P'|SJF S'$*e'SJ f")tr'io^-
ga)n-ooJ.aD. -")Do,21 d 3i"".o.r6 eHJp # -.y"gOooX 5g6<bd€15 $J.-Jaao6. -ae.ro,22d

ox$s Sgd 6dod dJ"bo, didJ"db L!)E S ereeD $r'"dD€oJ).

"dJo6i X.)c"s'iJ 13o6 Sdon' ogbo"rSi$J3

Ei"".ra)6r64 S.!no ctd,,(S s"ea "Tr", ers"erod BJ"hu)grd erSA q€-d65g t6J6"5 f.Jir"3o
"t,,"" eo6:5'od erStino (q) discharge = Id. XT, .......O

(a) Full wave reclitier wilh c{pacilor filtor

"Jdr o. 21

-ln 7. 'a-: 'i vH

vft'.-{ii\
'" 

1n--. ,r"

I

'atJo.22
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d.otJ5.?o. 5".rF - III (zzD bo@

q$o.rn €. ersio T, s.er i5$ed, Bi"h.rdJ $gdd sr"d$ bJod$ r,(OE $6€ V, sr
"diJ"n$)dJ8('., Oon oob8)drJ6Jo8. e-o3.r6r

Bd"e"rb6 ee36od $r"6{ (Q)",,"*" = s*$* x sa.'oe,g = V,x C ............ (Z)

oo'rd (a).,,.,*" = (q),,,",,,,,*,. l

dc". V ,.= 1,,"1 ,

T
' fl _ t tt. .,,ta, -----(i)c t1

ry"d p6a6o 6$bi.r" O5J-")J6, -dJodi;Fe! 6$b$|r Uor.r"o.!. EJ""^rrJ6d er5n$-\Og
iSs.oo T, 5l.g 6d:65n OouJo6. wod, T, > T, ab;pdc 

alo

TI
l '--=- /A\2 2t """"""" """' \=.l

T, &elbsJ (2) i x)bg6."od fr8qi.r!
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14.1Äæý$*°sŒý & 4 A…Mðü¬¬Ë ÐèþÅÐèþçÜ¦

Äæý$*°sŒý & 4

´ëuæÿ… -14

A…Mðü¬Ë ÐèþÅÐèþçÜ¦

D ´ëu>Å…Ôèý °Æóÿ®ÔèýÐèþ$$Ë$@

ÑÀ¯èþ² §éÅ…Ôèý ÐèþÅÐèþçÜ¦Ë¯èþ$ ™ñþË$çÜ$MøÐèþyæþ… & §æþÔé…Ôèý çÜ…QÅ¯èþ$ §éÓ…Ôèý Ðèèþ*¯èþÐèþ$$ÌZ°Mìü Ðèþ$ÇÄæý$$
çÙsêÅ…Ôèý Ðèþ*¯èþÐèþ$$ÌZ°Mìü Ðèþ*Ææÿ$ar. §éÓ…Ôèý Ðèþ*¯èþÐèþ$$Ë$ Mæü*yìþMæüË$ & ¡íÜÐóþ™èþË$ & ™ñþË$çÜ$Mö¯èþ$r.

´ëu>Å…Ôèý °Æ>Ã×ýÐèþ$$@

14.1 ç³Ç^èþÄæý$Ðèþ$$

14.2 §æþÔé…Ôèý çÜ…QÅ ÐèþÅÐèþçÜ¦

14.3 §éÓ…Ôèý çÜ…QÅ ÐèþÅÐèþçÜ¦

14.4 §éÓ…Ôèý çÜ…QÅ° §æþÔé…Ôèý çÜ…QÅV> Ðèþ*Ææÿar…

14.5 §æþÔé…Ôèý çÜ…QÅ° §éÓ…Ôèý çÜ…QÅV> Ðèþ*Ææÿar…

14.6 §éÓ…Ôèý Ðèþ*¯èþ…ÌZ MæüËç³yæþ…, ¡íÜÐóþÄæý$r…

14.7 Ýë«¨…_¯èþ çÜÐèþ$çÜÅË$

14.8 ÑçÙÄæý$Ðèþ$$

14.9 Ðèþ$$QÅ ç³§æþÐèþ$$Ë$

14.10 çÜÓÄæý$… ç³ÇÖË¯èþ çÜÐèþ$çÜÅË$

14.11 ´ëuæÿÅ ç³#çÜ¢MæüÐèþ$$Ë$

14.1 ç³Ç^èþÄæý$Ðèþ$$@

JMæü Mæü…ç³NÅrÆŠÿ MóüÐèþË… JMæüsìý Ðèþ$ÇÄæý$$ çÜ$¯é²Ë™ø MæüÍȲ èþ ÑçÙÄæý*°² Ðèþ*{™èþÐóþ$ {Væüíßý…^èþVæüË$Y™èþ$…¨.
A…§æþ$ ÐèþË¯èþ ÑçÙÄæý*Ë¯èþ$ A°²…sìý 1 Ìôý§é 0 ËÌZMìü Ðèþ*Ça Mæü…ç³NÅrÆŠÿMìü A…¨çÜ$¢…¨. Ðèþ$¯èþMæü$ §æþÔé…Ôèý
Ðèþ*¯èþÐÐèþ$$ÌZ° 0, 1, 2, 3, 4, 5, 6, 7, 8 Ðèþ$ÇÄæý$$ 9 Væü*Ça ™ñþË$çÜ$. Mæü…ç³NÅrÆŠÿ {´÷{V>Ðèþ$ÆŠÿMìü
§æþÔé…Ôèý Ðèþ*¯èþÐèþ$$ ^éË ÒË$V> E…r$…¨. Mæü…ç³NÅrÆŠÿ §éÓ…ÔèýÐèþ*¯èþÐèþ$$ §é° ç³¯èþ$ËMìü Eç³Äñý*WçÜ$¢…¨.
©°ÌZ 0 Ðèþ$ÇÄæý$$ 1 A¯óþ Æðÿ…yæþ$ A…MðüË$ Ðèþ*{™èþÐóþ$ E…sêÆÿ$$. {´÷{V>Ðèþ$ÆŠÿ Mæü…ç³NÅrÆŠÿ° BÌêµ»ñýyŠþÞ™ø
Ðèþ$ÇÄæý$$ §æþÔé…Ôèý Ðèþ*¯èþÐèþ$$¯èþ$ Eç³Äñý*WÝë¢yæþ$. Mæü…ç³NÅrÆŠÿ ç³°^óþÄæý$sê°Mìü Ðésìý° §éÓ…Ôèý Ðèþ*¯èþ…ÌZ
Ðèþ*Ææÿ$Ýë¢Ææÿ$. D A¿êÅçÜÐèþ$$ÌZ §æþÔé…Ôèý Ðèþ*¯èþÐèþ$$ÌZ° A…MðüË¯èþ$ §éÓ…ÔèýÐèþ* è̄þÐèþ$$ÌZ°Mìü Ðèþ*Ææÿ$ar Væü*Ça



14.2§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ ÑÔèýÓÑ§éÅËÄæý$…

^èþÇaÝë¢Ææÿ$. Mæü…ç³NÅrÆŠÿ ÐèþÅÐèþçÜ¦ Ýë«§éÆæÿ×ý…V> çÙÚëtüÅ…ÔèýÐèþ$$Ë$ Ðèþ$ÇÄæý$$ AçÙtÐèþ$ çÜ…QÅË$™ø °ÇÃ…^èþºyìþ
E…r$…¨.

14.2 §æþÔé…ÔèýÐèþ*¯èþ çÜ…QÅ ÐèþÅÐèþçÜ¦ @

§æþÔé…Ôèý Ðèèþ*¯èþÐèþ$$ÌZ° çÜ…QÅË¯èþ$ Ðèþ$¯èþÐèþ$$ {ç³†Æøk Eç³Äñý*WÝë¢Ðèþ$$. AÑ 10 çÜ…QÅË$
ÐèþÆæÿ$çÜV> 0 ¯èþ$…yìþ 9 ÐèþÆæÿMæü$. §æþÔé…ÔèýÐèþ*¯èþÐèþ$$¯èþMæü$ B«§éÆæÿÐèþ$$ çÜ…QÅ 10. D {Mìü…¨ E§éçßýÆæÿ×ý §æþÔé…Ôèý
Ðèþ*¯èþÐèþ$$ÌZ° B«§éÆæÿÐèþ$$ Ðèþ$ÇÄæý$$ §æþÔé…Ôèý Ðèþ*¯èþ…ÌZ° çÜ…QÅ ÑË$Ðèþ¯èþ$ ™ñ ÍÄæý$gôýçÜ$¢…¨.

E§éçßýÆæÿ×ý@

6784 = 6000+700+80+4

= 6 x 103 + 7 x 102 + 8 x101+ 4 x 100

{ç³† A…Mðü Äñý$$MæüP Ýë¦¯èþ ÑË$Ðèþ A¨ E¯èþ² íÜ¦† ºsìýt™ñþË$çÜ$¢…¨.

Mæü$yìþÐðþOç³# ¯èþ$…yìþ Ððþ$$§æþsìý çÜ…QÅ Äñý$$MæüP Ýë¦¯èþÑË$Ðèþ

= 1 çÜ…QÅ x 100

Mæü$yìþÐðþOç³# ¯èþ$…yìþ Æðÿ…yæþÐèþ çÜ…QÅ Äñý$$MæüP Ýë¦¯èþ ÑË$Ðèþ

= 2 çÜ…QÅ x 101

Mæü$yìþÐðþOç³# ¯èþ$…yìþ Ðèþ$*yæþÐèþ çÜ…QÅ Äñý$$MæüP Ýë¦¯èþ ÑË$Ðèþ

= 3 çÜ…QÅ x 102

Mæü$yìþÐðþOç³# ¯èþ$…yìþ ¯éËYÐèþ çÜ…QÅ Äñý$$MæüP Ýë¦¯èþ ÑË$Ðèþ

= 4 çÜ…QÅ x 103

Mæü$yìþÐðþOç³# ¯èþ$…yìþ n Ðèþ çÜ…QÅ Äñý$$MæüP Ýë¦¯èþ ÑË$Ðèþ

= n Ðèþ çÜ…QÅ x 10n-1 = nth çÜ…QÅ x ( B«§éÆæÿÐèþ$$ )n-1.

14.3 §éÓ…Ôèý çÜ…QÅ ÐèþÅÐèþçÜ¦@

§éÓ…Ôèý çÜ…QÅ ÐèþÅÐèþçÜ¦ÌZ MóüÐèþË… Æðÿ…yæþ$ çÜ…QÅË$ E…yæþ$¯èþ$. AÑ 0 Ðèþ$ÇÄæý$$ 1 Òsìý° ¼sŒýÞ
A…sêÆæÿ$. §éÓ…Ôèý çÜ…QÅ ÐèþÅÐèþçÜ¦ B«§éÆæÿÐèþ$$ 2. ÑÕçÙx™èþ MøçÜ… 2 çÜ…QÅ¯èþ$ Ððþ¯èþ$Mæü Eç³Äñý*WÝë¢Ææÿ$. §æþÔé…Ôèý
Ðèèþ* è̄þÐèþ$$ÌZ çÜ…QÅË¯èþ$ 9 ÐèþÆæÿMæü$ çÜ*_…^èþ$rMæü$ Gr$Ðèþ…sìý Cº¾…¨ E…yæþ§æþ$. 10 A¯óþ çÜ…QÅ Gr$Ðèþ…sìý
çÜ*_Mæü E…yæþ§æþ$. A…§æþ$^óþ™èþ §é°° 10 V> {ÐéÝë¢Ææÿ$. C§óþÑ«§æþ…V> 99 ™èþÆæÿ$Ðé™èþ 100 {ÐéÝë¢Ææÿ$.
C§óþÑ«§æþ…V> §éÓ…Ôèý çÜ…QÅ ÐèþÅÐèþçÜ¦ÌZ çÜ$¯é²° 0 V>¯èþ$ JMæüsìý° 1 V>¯èþ$ çÜ*_Ýë¢Ææÿ$. Æðÿ…yæþ$¯èþ$



14.3Äæý$*°sŒý & 4 A…Mðü¬¬Ë ÐèþÅÐèþçÜ¦

çÜ*_…^èþ$rMæü$ JMæü çÜ…QÅ Ìôý§æþ$. A…§æþ$ÐèþË¯èþ Æðÿ…yæþ$¯èþ$ 10 V>¯èþ$ Ðèþ$*yæþ$¯èþ$ 11 V>¯èþ$ ¯éË$Y¯èþ$ 100
V> {ÐéÝë¢Ææÿ$. C§óþÑ«§æþ…V> Ñ$WÍ¯èþ çÜ…QÅË¯èþ$ {ÐéÝë¢Ææÿ$. çœÍ™èþ…V> §éÓ…ÔéÐèþ*¯èþÐèþ$$ ^éË ò³§æþ®¨V>
Mæü°µçÜ$¢…¨. D {Mìü…¨ E§éçßýÆæÿ×ý §éÓ…ÔèýÐèþ*¯èþÐèþ$$ÌZ° {ç³† yìþhsŒý ÑË$Ðèþ Ðèþ$ÇÄæý$$ §é°Mìü çÜÐèþ*¯èþÐðþ$O¯èþ
§æþÔé…ÔèýÐèþ*¯èþÐèþ$$ÌZ° ÑË$ÐèþMæü$ ™ñþÍÄæý$gôýçÜ$¢…¨.

E§éçßýÆæÿ×ý@

1110
2

= 1 x 23 + 1 x 22 + 1 x 21+ 0 x 20

8 4 2 0 14    

{ç³† ¼sŒý ÑË$Ðèþ §é° Ýë¦¯èþÐèþ$$ÌZ °Ææÿ~Æÿ$$…^èþºyæþ$™èþ$…¨.

Ððþ$$§æþsìý ¼sŒý (Mæü$yìþ ¯èþ$…yìþ) §é° Ýë¦¯èþ ÑË$Ðèþ

= 1 Ðèþ ¼sŒý x 20

Mæü$yìþ ¯èþ$…yìþ Æðÿ…yæþÐèþ ¼sŒý §é° Ýë¦¯èþ ÑË$Ðèþ

= 2 Ðèþ ¼sŒý x 21

Mæü$yìþ ¯èþ$…yìþ Ðèþ$*yæþÐèþ ¼sŒý §é° Ýë¦¯èþ ÑË$Ðèþ

=3 Ðèþ ¼sŒý x 22

Mæü$yìþ ¯èþ$…yìþ ¯éËYÐèþ ¼sŒý §é° Ýë¦¯èþ ÑË$Ðèþ

= 4 Ðèþ ¼sŒý x 23

Mæü$yìþ ¯èþ$…yìþ n Ðèþ ¼sŒý §é° Ýë¦¯èþ ÑË$Ðèþ

= n Ðèþ ¼sŒý x 2n-1 = nth yìþhsŒý x (B«§éÆæÿÐèþ$$ )n-1.

ò³O E§éçßýÆæÿ×ýË¯èþ$ ºsìýt §æþÔé…ÔèýÐèþ*¯èþÐèþ$$, §éÓ…Ôé Ðèþ*¯èþÐèþ$$Ë$ JMóü Ñ«§æþ…V> E¯èþ²r$Ï ™ñþË$çÜ$¢…¨.
JMæü çÜ…QÅ Ýë¦¯èþ ÑË$Ðèþ §é° B«§éÆæÿÐèþ$$ §é° Ýëõ³„æü íÜ¦†° ºsìýt E…r$…¨. {Mìü…¨ ç³sìýtMæü çÜçßýÄæý$…™ø
§æþÔé…ÔèýÐèèþ*¯èþÐèþ$$ÌZ° çÜ…QÅË¯èþ$ §éÓ…ÔéÐèþ*¯èþÐèþ$$ÌZ Ðèþ*Ææÿ$ar ™ñþË$çÜ$Mö¯èþÐèþ^èþ$a¯èþ$.
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Decimal Binary Decimal Binary

Number Number Number Number

0 0 9 1001

1 1 10 1010

2 10 11 1011

3 11 12 1100

4 100 13 1101

5 101 14 1110

6 110 15 1111

7 111 16 10000

8 1000

Table 14.1

14.4 §éÓ…Ôèý çÜ…QÅ° §æþÔé…Ôèý çÜ…QÅV> Ðèþ*Ææÿar… @

§éÓ…Ôé çÜ…QÅ°, §æþÔé…Ôèý çÜ…QÅV> Ðèþ*Ææÿ$arMæü$ {ç³† ¼sŒý Äñý$$MæüP Ýëõ³„æü Ýë¦¯èþ… ™ñþÍÄæý*Í.
§é° MøçÜ…, C_a¯èþ çÜ…QÅ Ððþ$$™èþ¢…ÌZ Mæü$yìþÐðþOç³# ¯èþ$…yìþ {ç³† ¼sŒý Ýë¦¯èþÐèþ$$ ÌñýMìüPÝë¢Ðèþ$$.

§éÓ…Ôé çÜ…QÅ = 1 1 1 0 1
2

¼sŒý Ýë¦¯èþÐèþ$$ = 5 4 3 2 1

n Ðèþ ¼sŒý Äñý$$MæüP Ýë¦¯èþ ÑË$Ðèþ = n Ðèþ ¼sŒý Äñý$$MæüP Ýë¦¯èþ… x 2n-1

A°² ¼sŒýË Ýë¦¯èþ ÑË$ÐèþË°² MæüÍí³¯èþç³#yæþ$ JMæü §éÓ…Ôé çÜ…QÅ Äñý$$MæüP çÜÐèþ$™èþ$ËÅÐðþ$O¯èþ §æþÔé…Ôèý
çÜ…QÅ ™ñþË$çÜ$¢…¨.

E§éçßýÆæÿ×ý@

11101
2

Mìü çÜÐèþ*¯èþÐðþ$O¯èþ §æþÔé…Ôèý ÑË$Ðèþ

11101
2

= 1 x 24 + 1 x 23 + 1 x 22+ 0 x 21+ 1 x 20

= 16 + 8 + 4 + 0 +1

= 29
10
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§éÓ…Ôé Ðèþ*¯èþ çÜ…QÅË$ ò³§æþªÑV> Cº¾…¨MæüÆæÿ…V> E…sêÆÿ$$. AÆÿ$$™ôþ Mæü…ç³NÅrÆŠÿÌZ AÑ 0
Ðèþ$ÇÄæý$$ 1 V> Ìôý§é B‹œ Ðèþ$ÇÄæý$$ B¯Œþ V> Eç³Äñý*WÝë¢Ææÿ$.

14.5 §æþÔé…Ôèý çÜ…QÅ° §éÓ…Ôèý çÜ…QÅV> Ðèþ*Ææÿar…@

§éÓ…Ôé çÜ…QÅËÌZ Mæü$yìþÐðþOç³# ¯èþ$…yìþ ¼sŒýÞ ÑË$Ðèþ ÐèþÆæÿ$çÜV> 1, 2, 4, 8, 16 .... D Ñ«§æþ…V>
B«§éÆæÿ…V> §æþÔé…Ôèý çÜ…QÅ° §éÓ…Ôé çÜ…QÅV> Ðèþ*ÆæÿaÐèþ^èþ$a¯èþ$. 2 çÜ…QÅ Äñý$$MæüP çœ*™éË$V> ^óþÄæý$VæüÍY¯èþ
JMæü ç³§æþ®†° Eç³Äñý*W…_, B Ððþ$$™èþ¢… ÑË$Ðèþ C_a¯èþ §æþÔé…Ôèý çÜ…QÅMìü çÜÐèþ*¯èþ… AÐèþ#™èþ$…¨. E§éçßýÆæÿ×ýMìü
12 B¯Œþ §æþÔé…Ôèý çÜ…QÅMìü JMæü 8 JMæü ¯éË$Y E…sêÆÿ$$. §é°Mìü 2 Ìôý§é 1 E…yæþ§æþ$. §é° §éÓ…Ôé çÜÐèþ*¯èþ
ÑË$Ðèþ 1100. D Ñ«§é¯èþMæü…ò³O B«§éÆæÿç³yìþ §æþÔé…Ôèý ¯èþ$…yìþ §éÓ…Ôèý ÌZ°Mìü Ðèþ*Æóÿa {ç³{MìüÄæý$ÌZ C_a¯èþ §æþÔé…Ôèý
çÜ…QÅ° 2 ™ø ¿êW…_ {ç³† çÜ…§æþÆæÿÂ…ÌZ Væü$Ç¢…^éÍ. {ç³† çÜ…§æþÆæÿ¾…ÌZ¯èþ$ ¿êVæüf çœËÐèþ$$, ÔóýçÙÐèþ$$
Væü$Ç¢…^éÍ. ¿êVæüf çœËÐèþ$$¯èþ$ †ÇW 2 ^óþ ¿êW…^éÍ. D Ñ«§æþ…V> _ÐèþÆæÿMæü$ ÔóýçÙ… Ôèý*¯èþÅ… AÄôý$Å…™èþ ÐèþÆæÿMæü$
^óþÄæý*Í. Ðèþ_a¯èþ ÔóýçÙÐèþ$$Ë°²…sìý° ÐèþÅ†ÆóÿMæü…V> Væü$Ç¢…^éÍ. _ÐèþÇ ÔóýçÙÐèþ$$¯èþ$ Äæý$…G‹Ü¼ A° Ððþ$$§æþsìý
ÔóýçÙÐèþ$$¯èþ$ GÌŒýG‹Ü¼ A° A…sêÆæÿ$.

D {Mìü…¨ E§éçßýÆæÿ×ý §æþÔé…Ôèý Ðèþ*¯èþ…ÌZ° 29° §éÓ…ÔèýÐèþ*¯èþ…ÌZ° çÜ…QÅV> Ðèþ*ÆæÿaÐèþ^èþ$a¯èþ$.

{ç³{MìüÄæý$ ¿êVæüf çœË… ÔóýçÙÐèþ$$

Divide 29 by 2 14 1 (LSB)

Divide 14 by 2 7 0

Divide 7 by 2 3 1

Divide 3 by 2 1 1

Divide 1 by 2 0 1 (MSB)

§æþÔé…Ôèý Ðèþ*¯èþ…ÌZ° çÜ…QÅMìü çÜÐèþ*¯èþÐðþ$O¯èþ §æþÓ…ÔéÐèþ*¯èþ…ÌZ Væü$Ç¢…^èþ$rMæü$ ÑVæü$Ë$ ç³§æþÐèþ$$Ë$
ÐèþÅ†ÆóÿMæü ç³§æþ®†ÌZ {ÐéÄæý*Í.

29 B¯Œþ §æþÔé…Ôèý Ðèþ*¯èþ…ÌZ° çÜ…QÅMìü §æþÓ…ÔéÐèèþ*¯èþÐèþ$$ÌZ° çÜÐèþ*¯èþÐðþ$O¯èþ çÜ…QÅ 11101
2

°Æ>®Ææÿ×ý @

ò³O §éÓ…Ôé Ðèþ*¯èþÐèþ$$ÌZ 11101
2

Mæü$ §æþÔé…Ôèý çÜ…QÅ

11101
2

= 1 x24 + 1 x 23 + 1 x 22 + 0 x 21 + 1 x 20

= 16 + 8 + 4 + 0 + 1

= 29

¿êVæüf çœÌêË$, ÔóýçÙÐèþ$$Ë¯èþ$ Mæü*yé D {Mìü…¨ Ñ«§æþ…V> ^èþ*ç³Ðèþ^èþ$a¯èþ$. C_a¯èþ §æþÔé…Ôèý çÜ…QÅ = 29
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292

14 ---- 12

7 ----- 02

3 ----- 12

1 ---- 12

0 --- 12

29 Mìü çÜÐèþ*¯èþÐðþ$O¯èþ §æþÓ…Ôé Ðèþ*¯èþ çÜ…QÅ = 11101
2

°Æ>®Ææÿ×ý @

11101
2

= 1 x24 + 1 x 23 + 1 x 22 + 0 x 21 + 1 x 20

= 16 + 8 + 4 + 0 + 1

= 29

JMæü çÜ…QÅ 29.7 ÌêV> E…sôý Ðèþ$$…§æþ$ 29° §æþÓ…ÔéÐèþ*¯èþ…ÌZ°Mìü Ðèþ*Ça ™èþ§æþ$ç³Ç 0.7 °
§æþÓ…ÔéÐèþ*¯èþ…ÌZ°Mìü Ðèþ*Æ>aÍ.

Fraction Fraction x 2 Carry

0.7 0.7 x 2 = 1.4 1

0.4 0.4 x 2 = 0.8 0

0.8 0.8 x 2 = 1.6 1

0.6 0.6 x 2 = 1.2 1

0.2 0.2 x 2 = 0.4 0

——— ———— ———-

çÜÐèþ*¯èþ… AÆÿ$$¯èþ §éÓ…Ôé çÜ…QÅ 11101. 10110…
2
. C…M> Q_a™èþ™èþÓ… MøçÜ… D ç³§æþ®†ÌZ¯óþ

Mö¯èþÝëVæüÐèþÌñý¯èþ$.

E§éçßýÆæÿ×ý 3@ 1010.101
2

¯èþ$ §æþÔé…Ôèý Ðèèþ*¯èþ…ÌZ Ðèþ*Ææÿar….

§éÓ…Ôé çÜ…QÅ 1 0 1 0 . 1 0 1

Ýë¦¯èþÐèþ$$Ë$ 23 22 21 20 2-1 2-2 2-3
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çœÍ™èþ…V> §æþÔé…Ôèý ÑË$Ðèþ

1X23 + 0X22 + 1X21 + 0X20 + 1X2-1 + 0X2-2 + 1X2-3

= 8 + 0 + 2 + 0 + 0.5 + 0 + 0 .125

= 10.625
10

.

14.6 §éÓ…Ôèý Ðèþ*¯èþ…ÌZ MæüËç³yæþ…, ¡íÜÐóþÄæý$r… @ (1s Ðèþ$ÇÄæý$$ 2s çÜ…ç³NÆæÿMæü ç³§æþ®™èþ$Ë$)

§éÓ…Ôé Ðèþ*¯èþÐèþ$$ÌZ çÜ…QÅË MæüËÆÿ$$Mæü §æþÔé…Ôèý Ðèþ*¯èþÐèþ$$ÌZ çÜ…QÅË MæüËÆÿ$$Mæü ÐèþÌñý E…r$…¨.

D {Mìü…¨ Ñ«§é¯èþÐèþ$$Ë$ §éÓ…Ôé Ðèþ*¯èþÐèþ$$ÌZ° MæüËÆÿ$$Mæü GÌê ^óþÄæý*ÌZ ÑÐèþÇçÜ$¢…¨.

1. Ôèý*¯èþÅ…™ø Ôèý*¯èþÅ…™ø MæüÍí³™ôþ Ôèý*¯èþÅ… ÐèþçÜ$¢…¨.

0 + 0 = 0

2. ©°° * ™ø MæüËç³Mæü ´ù™ôþ * ÐèþçÜ$¢…¨.

ò³O¯èþ ^ðþí³µ¯èþ ÑçÙÄæý*Ë¯èþ$ 0 + = 1

3. * ° ©°™ø¯èþ$ MæüËç³Mæü´ù™ôþ * ÐèþçÜ$¢…¨.

§éÓ…Ôé Ðèèþ*¯èþÐèþ$$ÌZ ÑÐèþÆæÿ×ý 1 + 0 = 1

4. * ° Ðèþ$ÆöMæü * ™ø MæüÍí³™ôþ **

§éÓ…Ôé Ðèèþ*¯èþÐèþ$$ÌZ ò³O §é°° 1+1=10 V> çÜ*_…^èþÐèþ^èþ$a¯èþ$.

D çÜ*{™èþÐèþ$$¯èþ$ Ýë«§éÆæÿ×ý…V> 1+1=0, ÐéçßýMæüÐèþ$$V> 1.

ç³sìýtMæü 14.2 §éÓ…Ôèý Mæü*yìþMæüË ç³sìýtMæü

A B A+B

0 0 0

0 1 1

1 0 1

1 1 0 with a carry of 1.

E§éçßýÆæÿ×ý @ 1 1 0 1 (13 §æþÔé…Ôèý…)

+0 0 0 1 (+1 §æþÔé…Ôèý…)

1 1 1 0 (14 §æþÔé…Ôèý…)
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1° 1™ø MæüÍí³™ôþ ÐéçßýMæü… = 1. D ÐéçßýMæü… {ç³MæüP ¯èþ$¯èþ² ¼sŒýË çÜÐèþ$$§éÄæý$… Ððþ$$™èþ¢…Mæü$ MæüË´ëÍ.

E§éçßýÆæÿ×ý 2 @ 0 0 1 1 (3 §æþÔé…Ôèý…)

+0 1 1 1 (+7 §æþÔé…Ôèý…)

1 0 1 0 (10 §æþÔé…Ôèý…)

t§éÓ…Ôé ¡íÜÐóþ™èþ @

§æþÔé…Ôèý Ðèþ*¯èþ…ÌZ ¡íÜÐóþ™èþÌêVóü §éÓ…Ôé Ðèþ*¯èþ…ÌZ Mæü*yé ¡íÜ Ðóþ™èþ E…r$…¨. §éÓ…Ôèý Ðèþ*¯èþÐèþ$$ÌZ
Mó ÐèþË… 2 yìþhsŒýÞ E…sêÆÿ$$. §éÓ…Ôé ¡íÜÐóþ™èþÌZ GMæü$PÐèþV> M>ÐéÍ.

§éÓ…Ôé ¡íÜÐóþ™èþËÌZ D°Äæý$Ðèþ*Ë$ ´ësìý…^éÍ.

1. 0 ---& 0 = 0

2. 1 & 0 = 1

3. 1 & 1 = 0

4. 10 & 1 = 1 Ñ$Væü$Ë$ 1.

ò³O °Äæý$Ðèþ$Ðèþ$$ ** - * = * . ¯éËYÐèþ °Äæý$Ðèþ$Ðèþ$$¯èþ$ ´ësìý…^óþrç³šyæþ$ Aç³š^óþÄæý$yæþ… ÐèþË¯èþ ¿êVæüf
çœËMæüÐèþ$$ 1 ™èþVæü$Y™èþ$…¨. D {Mìü…¨ E§éçßýÆæÿ×ý §éÓ…Ôé Ðèþ*¯èþÐèþ$$ ¡íÜÐóþ™èþ¯èþ$ Ñç³#ÎMæüÇçÜ¢$…¨.

ç³sìýtMæü 14.3 @ §éÓ…Ôé Ðèèþ*¯èþÐèþ$$ ¡íÜÐóþ™èþ@

Minuend A Subtrahend B Difference D Borrow B

0 0 0 0

0 1 1 1

1 0 1 0

1 1 0 0

D {Mìü…¨ E§éçßýÆæÿ×ý §éÓ…Ôé ¡íÜÐóþ™èþMæü$ ÑÐèþÆæÿ×ý CçÜ$¢…¨.

E§éçßýÆæÿ×ý 1@

1 1 0 1 (13 §æþÔé…Ôèý…)

- 0 0 1 1 (-3 §æþÔé…Ôèý…)

1 0 1 0 (10 §æþÔé…Ôèý…)

1 ° 0 Væü$…yé ¡íÜÐóþÄæý*Í A…sôý {ç³MæüP ¼sŒý ¯èþ$…yìþ Aç³š¡çÜ$MøÐéÍ.



14.9Äæý$*°sŒý & 4 A…Mðü¬¬Ë ÐèþÅÐèþçÜ¦

E§éçßýÆæÿ×ý 2@

1 1 0 1 (13 §æþÔé…Ôèý…)

- 0 1 1 0 (-6 §æþÔé…Ôèý…)

0 1 1 1 (7 §æþÔé…Ôèý…)

1’s çÜ…ç³NÆæÿMæüÐ èþ$$ & JMæü §éÓ…Ôé çÜ…QÅMìü.

JMæü §éÓ…Ôé çÜ…QÅ Äñý$$MæüP 1’s Mìü çÜ…ç³NÆæÿMæü… M>ÐéÍ A…sôý §é°ÌZ ¼sŒýÞ A°²…sìýÌZ 0 º§æþ$Ë$
1 AÌêVóü 1 º§æþË$ 0 V> Ðèþ*Æ>aÍ.

E§éçßýÆæÿ×ý @

1’s çÜ…ç³NÆæÿMæü… 1010110
2

Mìü

§éÓ…Ôé çÜ…QÅ 1 0 1 0 1 1 0

1’s çÜ…ç³NÆæÿMæü… 0 1 0 1 0 0 1

2’s çÜ…ç³NÆæÿMæü… & JMæü §éÓ…Ôé çÜ…QÅMìü.

JMæü §éÓ…Ôé çÜ…QÅMìü 2’s çÜ…ç³NÆæÿMæü… M>ÐéË…sôý §é° 1’s çÜ…ç³NÆæÿMæü…

2’s çÜ…ç³NÆæÿMæü… 1010111
2

Mìü

§éÓ…Ôé çÜ…QÅ 1 0 1 0 1 1 1

1’s çÜ…ç³NÆæÿMæü… 0 1 0 1 0 0 0

çÜ…ç³NÆæÿMæü… +1

(0101000)
2
+1

2’s çÜ…ç³NÆæÿMæü ç³§æþ®† & ¡íÜÐóþ™è þ = 0101001

ÐéçßýMæü… E¯èþ²r$Ï AÆÿ$$™ôþ §é°° ¡íÜÐóþÄæý$…yìþ. Ñ$WÍ è̄þ Ððþ$$™èþ¢… çœÍ™èþ… CçÜ$¢…¨. D çÜ…§æþÆæÿÂ…ÌZ
çœÍ™èþ… «§æþ¯é™èþÃMæü….

* ÐéçßýMæü… Ìôý¯èþrÏÆÿ$$™ôþ, 2Ðèþ step ÌZ ^ðþí³µ¯èþr$Ï 2’s çÜ…ç³NÆæÿMæü… Mæü¯èþ$Vö° §é°Mìü º$$×ý Væü$Ææÿ$¢
E…^éÍ. D çÜ…§æþÆæÿÂ…ÌZ çœÍ™èþ… º$$×ê™èþÃMæü….
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E§éçßýÆæÿ×ý @ 101101
2

¯èþ$…yìþ 1110010
2

° ¡íÜÐóþÄæý$$r.

1’s çÜ…ç³NÆæÿMæüÐèþ$$ ¡íÜÐóþÄæý$ÐèþËíÜ¯èþ¨ Äñý$$MæüP Ìôý§é ÑÌZÐèþ$Ðèþ$$

010010 (_¯èþ² çÜ…QÅ)

+1

2’s çÜ…ç³NÆæÿMæü… (ÑÌZÐèþ$Ðèþ$$) ¡íÜÐóþÄæý$ÐèþËíÜ¯èþ¨ @ 010011

ò³§æþ® çÜ…QÅ 1110010

10000101

2 2(1110010) (101101) 0000101  

E§éçßýÆæÿ×ý@

21111 ¯èþ$ 21000 ¯èþ$…yìþ ¡íÜ ÐóþÄæý$$Ðèþ$$.

1’s çÜ…ç³NÆæÿMæü… (ò³§æþ® §é°) = 0000

+1

2’s çÜ…ç³NÆæÿMæü… 0001

_¯èþ²¨ 1000

MæüËç³V> 1001

ÐéçßýMæü… E™èþµ¯èþ²… M>§æþ$ M>ºsìýt & 0110

Ððþ$$™èþ¢… Äñý$$MæüP 1’s çÜ…ç³NÆæÿMæü… +1

2’s çÜ…ç³NÆæÿMæü… (Ððþ$$™èþ¢…) 0111
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Ýë«¨…_¯èþ çÜÐèþ$çÜÅË$@

1. 13 ° §éÓ…Ôé Ðèèþ*¯èþ…ÌZ°Mìü Ðèþ*Ææÿa…yìþ.

çÜÐèèþ*«§é¯èþÐèþ$$@

132

6 ---- 12

3 ----- 02

1 ----- 12

0 ---- 12

{Mìü…¨ ¯èþ$…_ reminder ò³O Mìü ^èþ¨Ñ™ôþ çœÍ™èþ…

(13)
10

= (1101)
2

2. (43)
10

° §éÓ…Ôé çÜ…QÅV> Ðèþ*-Ææÿa…yìþ.

çÜÐèþ*«§é¯èþÐèþ$$@

432

21 ---- 12

10 -----12

5 ----- 02

2 ---- 12

1 --- 02

0 ---- 12



14.12§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ ÑÔèýÓÑ§éÅËÄæý$…

{Mìü…¨ ¯èþ$…_ reminder ò³O Mìü ^èþ¨Ñ™ôþ çœÍ™èþ…

(43)
10

= (101001)
2

3. (110111)
2

° §æþÔé…Ôèý Ðèþ*¯èþ…ÌZMìü Ðèþ*Ææÿa…yìþ.

çÜÐèþ*«§é¯èþ… @

(110111)2 =(1x25)+(1x24)+(0x23)+(1x22)+(1x21)+(1x20)

= 32+16+0+4+2+1

=(55)
10

4. 0.101 §éÓ…Ôé çÜ…QÅ° §æþÔé…Ôèý çÜ…QÅV> Ðèþ*Ææÿa…yìþ.

çÜÐèþ*«§é¯èþ…@

(0.101)
2
=1x2-1+0x2-2+1x10-3

=
1 1

0
2 8
 

=0.5+0+0.25
= (0.625)

10

5. 0.1100101 ° §æþÔé…Ôé çÜ…QÅV> Ðèþ*Ææÿa…yìþ.

çÜÐèþ*«§é¯èþ… @

(0.1100101)2 = 2 3 4 5 6 7

1 1 0 0 1 0 1

2 2 2 2 2 2 2
     

1

=
1 1 0 0 1 0 1

2 4 8 16 32 64 128
     

=0.5+0.25+0+0+0.3125+0+0.0078125
=0.7890625

 (0.1100101)
2

= (0.7890625)
10

6. (110011)
2

Mìü (101101)
2

° MæüËç³…yìþ.



14.13Äæý$*°sŒý & 4 A…Mðü¬¬Ë ÐèþÅÐèþçÜ¦

çÜÐèèþ*«§é¯èþÐèþ$$ @

Here 1 1 0 0 1 1

1 0 1 1 0 1

1 1 0 0 0 0 0

i) Ððþ$$§æþsìý M>ËÐŒþ$, 1 + 1 = 0 & ÐéçßýMæü… 1.

ii) Æðÿ…yæþÐèþ M>ËÐŒþ$ 1 + 0 = 1 ©°° Ððþ$$§æþsìý M>ËÐŒþ$ Äñý$$MæüP ÐéçßýMæü… 1 Mìü MæüÍí³™ôþ 1 + 1 = 0 ÐéçßýMæü… 1.

iii) Ðèþ$*yæþÐèþ M>ËÐŒþ$ 0 + 1 = 1. ©°° Æðÿ…yæþÐèþ M>Ë… Äñý$$MæüP ÐéçßýMæü… 1 Mìü MæüÍí³™ôþ 1 + 1 = 0 ÐéçßýMæü… 1.

iv) ¯éËYÐèþ M>ËÐŒþ$ CMæüPyæþ 0 + 1 = 1. ©°° Ðèþ$*yæþÐèþ M>ËÐŒþ$ Äñý$$MæüP ÐéçßýMæü… 1 Mìü MæüÍí³™ôþ 1 + 1 = 0
ÐéçßýMæü… 1.

v) AÆÿ$$§æþÐèþ M>ËÐŒþ$ 1 + 0 = 1. ©°° ¯éËYÐèþ M>ËÐŒþ$ Äñý$$MæüP ÐéçßýMæü… 1 MæüÍí³™ôþ 1 + 1 = 0 ÐéçßýMæü… 1.

7. §éÓ…Ôèý çÜ…QÅË$ 110, 111 Ðèþ$ÇÄæý$$ 101Ë¯èþ$ MæüËç³…yìþ. Ðèþ$*yæþ$ çÜ…QÅË¯èþ$ Mæü*yæþÐèþËíÜ ÐèþõÜ¢
Ò$§æþr Æðÿ…yæþ$ Mæü*yìþ Bò³O¯èþ Ðèþ$*yæþÐèþ §é°° Mæü*yéÍ.

110 1101

111 101

1101 ÐèþÇÄæý$$ 10010

M>ºsìýt ò³O Ðèþ$*yæþ$ çÜ…QÅË Ððþ$$™èþ¢… 10010.

8. (0111)
2

¯èþ$ (1001)
2

¯èþ$…yìþ ¡íÜÐóþÄæý$$Ðèþ$$.

çÜÐèþ*«§é¯èþÐèþ$$@ 1001 Ððþ$$§æþsìý M>ËÐŒþ$ 1 & 1 = 0

& 0111 Æðÿ…yæþÐèþ M>ËÐŒþ$ 0 & 1 = 0 Aç³š 1

0011 Ðèþ$*yæþÐèþ M>ËÐŒþ$ 1 & 1 = 0

¯éËYÐèþ M>ËÐŒþ$ 0 & 0 = 0

14.8 ÝëÆ>…ÔèýÐ èþ$$@

1. Mæü…ç³NÅrÆŠÿ MóüÐèþË… 0, 1 Ë™ø E¯èþ² çÜÐèþ*^éÆæÿ… Væü$Ç¢çÜ$¢…¨.

2. §éÓ…Ôé Ðèþ*¯èþ…ÌZ çÜ…QÅË$ 0, 1 M>Ðèþ#¯èþ B«§éÆæÿ… 2.

3. §éÓ…Ôé Ðèèþ*¯èþÐèþ$$ÌZ° çÜ…QÅË¯èþ$ ¼sŒýÞ A…sêÆæÿ$.



14.14§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ ÑÔèýÓÑ§éÅËÄæý$…

4. JMæü yìþhsŒý Äñý$$MæüP Ýë¦¯èþ ÑË$Ðèþ §é° B«§éÆæÿ…ò³O Ýëõ³„æü Ýë¦¯èþ…ò³O B«§éÆæÿç³yæþ$™èþ$…¨.

5. ÔóýçÙÐèþ$$ Ôèý*¯èþÅ… AÄôý$Å…™èþ ÐèþÆæÿMæü$ C_a¯èþ §æþÔéÐèþ*¯èþ çÜ…QÅ¯èþ$ 2 ^óþ ¿êWõÜ¢ ¿êVæüçœÌêË¯èþ$ ÐèþÅ†ÆóÿMæü…V>
Væü$Ç¢õÜ¢ §éÓ…Ôèý çÜ…QÅ ÐèþçÜ$¢…¨.

6. JMæü §éÓ…Ôé çÜ…QÅ Äñý$$MæüP §æþÔé…Ôèý çÜ…RêÅ M>ÐéË…sôý §é° Ýë¦¯èþ ÑË$ÐèþË$ A°² Mæü*yéÍ.

7 . 1’s Ðèþ$ÇÄæý$$ 2’s ç³§æþ®™èþ$Ë §éÓÆ> §éÓ…Ôé Ðèþ*¯èþ…ÌZ ¡íÜÐóþ™èþË$ ^óþÄæý$Ðèþ^èþ$a¯èþ$.

8. JMæü §éÓ…Ôé çÜ…QÅ Äñý$$MæüP 1’s çÜ…ç³NÆæÿMæüÐèþ$$Ë$ M>ÐéË…sôý §é° çÜ…çç³NÆæÿMæüÐèþ$$ÌZ° ¼sŒýÞÌZ° 0 Ë
º§æþ$Ë$ 1 Ë$ AÌêVóü 1 º§æþ$Ë$ 0 Ë$ {ÐéÄæý*Í.

9. JMæü §éÓ…Ôé çÜ…QÅ Äñý$$MæüP2’s çÜ…ç³NÆæÿMæüÐèþ$$Ë$ M>ÐéË…sôý §é° 1’s çÜ…ç³NÆæÿMæüÐèþ$$ËMæü$ 1 MæüË´ëÍ.

14.9 Ð èþ$$QÅç³§éË$@

yìþhsŒý & ¼sŒý & B«§éÆæÿÐèþ$$ & Ýë¦¯èþ ÑË$Ðèþ & §éÓ…Ôé çÜ…QÅ ÐèþÅÐèþçÜ¦ & 1’s çÜ…ç³NÆæÿMæü… & 2’s

çÜ…ç³NÆæÿMæü….

14.10 çÜÓÄæý$… ç³ÇÖË™èþ çÜÐèþ$çÜÅË$@

1. §éÓ…ÔéÐèþ*¯èþ…¬ Mæü*yìþMæüË$, ¡íÜÐóþ™èþË¯èþ$ ™èþW¯èþ E§éçßýÆæÿ×ýË™ø ^èþÇa…yìþ.

çÜÓËµ™èþÆæÿà {ç³Ôèý²Ë$@

1. §éÓ…Ôé çÜ…QÅ ÐèþÅÐèþçÜ¦ Væü*Ça {ÐéÄæý$$Ðèþ$$.

2. §æþÔé…Ôèý çÜ…QÅ HÑ«§æþ…V> §éÓ…Ôé çÜ…QÅV> Ðèþ*Ææÿ$™èþ$…¨.

3. §éÓ…Ôé çÜ…QÅ HÑ«§æþ…V> §æþÔé…Ôèý çÜ…QÅV> Ðèþ*Ææÿ$™èþ$…¨.

4. 1’s çÜ…ç³NÆæÿMæü…, 2’s çÜ…ç³NÆæÿMæüÐèþ$$Ë$ & JMæü §éÓ…Ôèý çÜ…QÅMìü °ÆæÿÓ_…^èþ…yìþ.

Ýë«¨…^èþ° çÜÐèþ$çÜÅË$@

1. 576 Mìü §éÓ…Ôé çÜ…QÅ G…™èþ?

[Ans: 1001000000]

[ Hint: 576 = 512 + 64 = 9 6

2 2

9 8 7 6 5 4 3 2 1 0
1 0 0 1 0 0 0 0 0 02 2 2 2 2 2 2 2 2 2                    ]

2. 11111 Mìü §æþÔé…ÔèýÐèþ*¯èþ çÜ…QÅ G…™èþ?

[Ans: 15]



14.15Äæý$*°sŒý & 4 A…Mðü¬¬Ë ÐèþÅÐèþçÜ¦

[Hint: 3 2 1 0
1111 1 1 1 12 2 2 2       

= 8 + 4 + 2 + 1 ]

3. º$$ÍÄæý$¯Œþ & Mìü {Mìü…¨ ÑË$ÐèþË™ø Ýë«¨…^èþ$Ðèþ$$.

(i) A = 0, B = 0; (ii) A = 1, B = 0; (iii) A = 1, B = 1.

[Ans: (i) 0, (ii) 1, (iii) 1]

4. D {Mìü…¨ Ðésìý° Ðèþ*Ææÿa…yìþ.

(a) 1111 = ……..10 (b) 10010.1011 = ………..2

(c) 2310 =……….2 (d) 5.510 = ………..2

(e) 47.610 = ……..2

14.11 ´ëuæÿÅç³#çÜ¢M>Ë$@

1. yìþhrÌŒý GË{M>t°MŠüÞ {í³°Þç³#ÌŒýÞ & Ðèþ*ÍÓ¯ø Ðèþ$ÇÄæý$$ Î^Œþ

2. yìþhrÌŒý Mæü…ç³NÅrÈ GË{M>t°MŠüÞ & BÌZºÆŠÿt ´ëÌŒý Ðèþ*ÍÓ¯ø

3. »ôýíÜMŠü GË{M>t°MŠüÞ & ¼.Äæý$ÌŒý. †Æóÿgê.
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a

12.

1?

15

,IA

{a

20.

21.

aa

d.o$5.'"r, ?)b5 - Ill

A+O=A

A+1=1

A+; = 1

A.0 =0

A ,q =o

0=t

i=o

(rss)

'OR' d.Dgb "^)J-165$ e}J

'AN O' dl$Sb ",N"165o.>e\)

ofA=0then

ofA = 1 then

A -r1

A+B=B+A

A+(B+C) = (A+ B)+ C

A.(B.c)=(A.B) .c
A.(BrC) =(A+B) .C
ArB.C=(A+B).(A+C)

A+ 7 B =A+ B

A+AB =A

A(A+ B) =fi

A(Jt11 =as

NOT d:r36 "^r:'gc5J: e.r.r

I Commutalive Laws

)

). 
Associative Laws

l. Dlstributive Laws
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(rs.q)

6 DJlei -dj.tde^)

p osrt

zJ.

zo.

.28.

29. (A+B) (,i +C). (B+C) =(A+B) (,S +C)

30. n r Lt r (: = ,4.1J.C.,...

31 A.B.c.-- = n,;r.c- |

15.3 cr"€S a-SdSoJeD!

aDOo:rS -d.r"L6"er.r ;CXfoJoo6a 5a1p errJo 3-.!S-6$AD5J. a,S er"EE o.56is$S:
0,5e.3 da" erodgal Jsrdi e56ture! &€ e6$)bJ.) do€-r.o$. a3 OR, AND $eo1r) NOT.

15.3.1 : oR o,56:1u:

&g OR 6.S6i.)iSJ,aodJ d6. co6g;r.t JgJt':3 :)in;6;3.DeD AoeJ.on. s,.g &Sb pFl:1J:u.)

Aoa.DoO, &iiA)JeD J4r6S n" 6od pHtub.DeD gJ"6" J$bb^- AoqJ"oJ.

audcdr5 dar Ac36q [-ds"6oY=A+B

(Y er36 A do. B 3 "db.r"s:\-.r)

"r0J5.)J 14.1 d OR: o"Sdts 6e -d6S '")€s atsoAi6.

A, B e.rd 5 e,36*3 eror:i, 6o" dod..r ero.:ri XaA (+5V) eeo-D6 O6E sO{6o R, r.5o.
ldJ56 fr5".J""^go6. pd6oir" bHsJb.r, Y 6oa!o8. OR cr"5d$,.S$ eSnSb.D 1 bJoA n d.g
€rodbt5c;$:. 66"-"r"deagr 2.&5n55oJer OR o"5d*r-u 3 sitfs,. 'er OR o.Sdo^! d-ddJ.no$f $?)i).
'drJ5.D ( 15.2 )

AB+ l. B=A

(A+B) (A./ )=A

AB+ lC= (A + C) (/+B)

(A+B) (t+Q) =AQ+7 B

AB+ 4C+ BC=AB+.4C

11 A
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Cilcnit of OR gate
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"Ju)o 15.2

bbs.D 15.2 61 2 O06 e$nbi,De OR r"5di>:er: geD-dn e-d 3 SSrgi)')cr OR a"5OSc

5d18b6,

15.1 "d{Ji)6{ OR ag65o Se.roJoo ddu.6 ir:6oX! cO{5x.cerda c8aosar&t6. 6OS

I [utll tilbte
:

l

Inp ,rt Output

B

0

0

I

I

U

I

0

I

0

I

l

I

tot SJItr6o6{ &)8doiJ5i$J$) (TTL). $6diJ ".rsirr?A}) n br5ilo dJ* 5{ o'r€g ssdlr"er er$; lC

eD r! t,O4iF.Jor.



(rs o) it"n qJ$ oirpob
".rtr:b) l.s.2 66 2 _ 6odr &B6sa)e OR 6"Sdb.!eD geD:)|f" 8,g g &Btioiler OR o.g6s:,

5dJeb6.

f s,r fulssd OR o.5os.:o boobo ddo.r"6 breo$r &6{6[.Je.rd oo6osa:tra, 6oi
Ler"pJs6od podoSi{)bi (TTL). o6do r8*eat:r J.io! 5o d.l* I e er"€s socgJ"€! (,bl lc
or n" er*"^lJF"Jo$, 1Q7432 erSa z - oodJ p3{bi)o OR d"S6iJ,, 74LS32 bSoiN 74fls32
soJ, e,Qg J"$g Eo r(e) OR, 6"SdiJJeD.

15.9.2 AND o.5dio:r ,

6oc$ ero63$1 Jd:6bn" bSdb$JJeD S* a"g pHtu$r S*b 6"S6i). ereJ eSAi{DeD .

eoQQp6, &{$a)J 9r"6. eregi,D e,{)6Jo6. udox)s 6€r(€86ir fds-6bJJ y=A.B (y er$6 A
$8o5Jr B). 15.3 "daJa:JO6 AN D o.5ds,.,,, -,063 -"r€ge.,J ESS",tb6. e.g6 d.r" 60d, pSti5NeD
€J"5S$$ ecor,:8 Ogru5u: du-o. ic-S5o .,Oi1"o{3. s"de?o aodr dof,.:.6 er., O6{d SdSJ$J.)
Sol:e)d('"o)),

B

Circuit of AND gare

lur{ fr'l 1A0l.ti

InPUr OutDul

n

0

0

I

I.

0

I

0

I

0

0

0

IINPUT,

I
INPUTT

Fig 15.3 Logic Symbol of AND gare

Fig. 15.3. AND o.565r d::gb 5e,o$o. o"d5 tuq;. A, B er: 6odb erQSon (+5V) ero.pd

&{irbro Y 5a. 5V erurboo s"drao dd-r.6er: -o6+{Sds'! $otJa)d@o}). OR o.go"er;d>

d'i3fl:"no.b 3 e6666JJeD do" n - o6arar:eu {flb AND 6r'56S! 6oj,rrb 6d$b$$6r, 6pe
borirJ 1 5. 4d A:.'odi$:.1:5s.

+5V



e9.q!5.""J. :)"d5 - lll Jors.PS\ - s"€g 6.sdi)eJ.(rsz)

Fig 15.4

lC 7408/74LS08 erSa a,s s"56 ooar o56bi.!er AND o'5dsr eob 1C7411 erB6 3 sixiiS.>.:e)

AND cs.5di.r: lC.

15.3,3 NOT 6.Sd5$ (a55S6 6.Sd5oJ )

s.--L_) fl_u_ i.,=1 )..-.r=nutc-LJ ' c--+--J

e"-D'*v= o

Fig 15.5 '

NOT do. esgfS o.56i> epi6 e.g s6tsu r.s sf;$+l) gq ao{.!o6. eHsJrrJ b6
J-dld) o3anslb{r i5665on ao$Jo8. aDdo$S des r(doo fos"do Y = A (Y er66 A o3'us6

-.ooArdgo r0J5.D 15.5 d o.AE o"5drr:, :b65 "r€S absDeb6.

p se.rc$ood 1u:.op$6 s-.r"s h8 do'gr,.r5 sdsd 6sJ6. pSrnoco +5V eres bsd
do.rs-odr s*Srsl, 6dd 'O' SdJdr&o6, a,9 erp6d 6odr NOT a"565:cel "r0")$$ 15.6 f
$.r56bJ 60oJod)J.

^-_FF- =->-^
Fig 15,6 Two NOT grtes connected to form 0 brflei,

logic symbol of buffer and trufh t$ble

+5V

Input

0
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1d55.\) (rs.a)
Fig, 15.6 6od) NOT rr.S6i$eJ ger-on" bq)A6 Buffer _ g.dg "ooa:6 _ 66d -"r€s pd$8e5

";don" a;'46p 5"9 d-ddJ.*"J6J!r!o). er$ oJJ6,d -do$ d$gb FJ,d$ dgJo6" 6.$ .ie&
boi$6'o.!. "dos {g 6f6e be.r d€fl s"dg 6""rpdioriu 6o o"5o" er€s!,r5$o.Jbo. Tri_stale
Er65.,Jer66 b{;5J5,. o do" t do Tri-state. eLs'J"7o6J $JooJ"" aJ3r'6od au,rod :s"E5n
:Jdu"dJ.

^ .\\ N
^ I )..----.] \-. \.o _-__1,:,, 

t ,.
Orir nur

I]tU IH IABLJJ Itig 15.7

tNp|1r

0
tNPt_t 1r

J<r65 udoJr5 gb3;o1.r"o:5d;63er5: €r er"d55erolerd JSJ6S q.€g o"So"el &63*,6.
NOR o"56$r: "":E&d! a.B r"S aH:bb €,3g psrrs::eu (oodJ er6gsf, )s)5:5) aou-o::. eril
e66b 6gJ&Sn" 6od &H5)5JJ erogon" doaro6.

Y=-*A
(Y er56 A d.xsb NOT do. B 6J)Sb NOT),

NOR o"5d5.u t"o.SJcrgJ OR o"got;;*c NOT o"5dscod -dtJi$ 1s.7 d s.'.bstr>
seuoi'"c1). 3-p6i$s.)eu S*$ NOR d"SdalFgr y =) i i i-C: . lC 7402 er56 2-;cS{a)'W,
lC 7427 erS6 3 - aSt$$r:!D ger6 NOR rs"5di'>,:eu,

15.3.5 NAND a.gd5olr

e"S NAND 6"S65.DS$ 2 66" Jgrl$ pSdurer: e"S $fiJbJj dor$o6. erpa e3aiiJJe!
erQgo eror6 i6i)$)) ereJo e,{)t$o6. y = A3 U er$s A $eqb B d$sb NoT). an$ Bool-

ean expression eroeJ"6).

lnpu t Output

B

0

:0
l

I

0

I

0

I

I

0

0

0

3L8



g9.o!5.h. 6"o5 - tll (t 5.S) [ &dul5 Jerr*s{r - 6?o5 er"s5 o"SdbJJer, ]

't1{ul}l

i=f*;-'
rNPU r, T-\ Bj,rbble

A o----l )t
B, | 'oY otJrt'llt'

INPUT:

Fig 15,8 Logic Syrnbol ofNAND gr(e

s - nSars.r:cu, 4 - p5'{$[\)eD sgi NAND 6!S6ar) y =,lK: sreofr, I = ,,tBC:t.l .

lC 7400 er3 2 - sS*niJJeD sds 4 NAND o"gdi::er.

lC 74'10 er$6 3 - sSxba)r 5*6 3 NAND 6.Sda!ell.

16.3.6 EX-OR- crrs65or r a,3 OR F"Sd:rJJ &gd ero6 gSA JSJLJ 1 
,s ebo drg'qlo6.

Exclusive-OR 6"SdaD 1's 6.DsL 6h -ooe)5er rbe-qgo6.

Ex-OR o.gOar) y=lE+zn=A@B ( e,66 EX-OR B ts -dir"bsr-.). 6n e].eSboe.r6, rotu,
666-.r€S -d{JsD 15;g: d a,.ra:anA.

'"uttt' o *\..-\ ourpul

,*,u,,o4L-)-'
Itig 15.9

l1ttJTl.t li\8Lri

In put OutDut

E Y

0

,0

I

I

0

I

0

I

0

I

I

0

Input Outout

B Y

0

0

I

I

0

I

0

I

I

I

I

0

L,ogic Symbol of IJX-OR gatr



r , . (5,1E', a-!r.Si

Fig 15.9 o"*5 hoeJ6 - Ex-OR o"5d5o..:. e56ba)JeD AB er X6$ eror:i g5:\ ero.Di

AND o'5dsr d>96 c{5,:ir:: gp"$o e,oJJ, 6)6 SH$)b) arbso €,{)6Jo6. AB er6{ 5 a"56a3

ec 3 1tr.c;$6p O, Q2 Q, erf: 5{

so})i XoSo €ro.D6 eH$5J) *:.c. Xo$o .roabo6. Ass "oO5 -oSdd 5.r"o");r"lD. lC 7486

t,56 EX-OR .r.Sd$r 6$Si, lC ee{)d$o6,

Ler.sJ-S6' OR - o-gd5o>'a

-dtr5! 15.10 d gcJ.apgS OR o"563r S)"5d.c$.

6oe b:J Vcc = Volt er) gq aoaJJo6.

R:

Fig 15.10: Transistor OR-Gate

sdri) 15.10 U-t'n;S5 OR 6'S6i$

1,lf A = 5V i.e. +5V er56 A 3 oirs$o"o $!, Q, er36 "o6a;s56o 5* eoaDo6. erodr$6 e,a n'""tgo

so "do 31g06. Q, -oo61"g i.o6n-cD6r a>$o V". = 5V Rr 6d drop er$6)o6. ip€6ol\' C

6r"sr63 6of$o crgiboa. erod o"& 0.6&o516 - OV. erod:5e.rb Q. str"Fddsga6oD D e36
V",.=5VoltelO6roa'

2. B=5V erold, Q, -o6{d56sl eror: era 56JE5s Lbbb"o-.r3-.}io6. er6 C e 6r'sc6a erbJ-doq'bo

SxUo6. C=OV er{>6.Jo6. erod Q, tro3x<6r:cd aoadc. Q., <u'$dcg i€6 D e36 66n

Vcc = 5V e2$6)o6'

3. A = 0 Volts, B = O Volts erad A 6J8otu B eu 4:'arB boq"bo 546. eradi Q, a)oqJ.D Q2 €r)

ood) Cutoff €r6;6"oD. Q3 ql64 6sdo6" doE a"-"r3on" "ds6"qla8. qa E ,c L56"oo".r $h D p

{J.5)9 'ootr bo 6"goa. erod pisJb.! geus Q Volt,
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d.o$s.'.r. b"d6 - III (srD@
Lo.sp"g6 AND o.5d5,r r

6dJa$ 15.L164 1u:"s;-g6 AND iso$od e, e2 e1 e.rr ter"eJAEJ ere eloa &g -d-;ro.D

5V = V",. 6{ -,!oF.b5D So!:ergor,. -"r-go:: Sgd A = B = 5V wo,ud e, e, er a--o.s.elr,
-oe$fto>. -Co6ofi -dbo,! Sgd "5V er$6 Rr $dS drop erO6Jo6. e,6 C p L?)8e.roi5bo 3r!
1u"Op$6 Q, erSA 6r.sog erod O Volt erg6.:o6. eeoario Ler.pJEE e, {tr.'4 eroco D er$6
neq)r Sg€ +5V er{r6>o6. erod A, B €) id ssn$i.$cD eod C b6 $HsJbJ) do.J)o(3.

Fig 15.11 : 'lr{nsisror AND - Gare

Fig 15.11 1c.:.e;$6 AND 6"566.!. A = 0 ecor.:$ B :0 erarJ$ e, da." e, eu So.r.g eroa: R,
5g trgS 1a$ eoaodr. erodb5er$ doc$p C if +5V. '+ejUon, e, x>oa" l:diP,r"o eeER b.!go
Vcc !cD5 Rr d^i6 16"5 ere)6o6, €6 E a g56."ror$'o O S SJ"SJ64 -^)otr"bo Ao${,)a $erb 0 Volt
er$t$o8,

16.4 I - iu"q5 6lng6$ues r

sDdols 6sr xcl6b$bo ar:e! sdca"o A s.gS er€:1d6 ,rd,5 bodJ fudbo6L1.\)eD r-d,a
i"8oiJdJ.

32I



6J- dsur"-\Bo 1d55.! (s r)
ro.a.r I 5o.q5 awad eogo6$o:

fdao.ds: 7I =7 *i
oodJ $6o"6JeD -oo-qrddo ar)go !'E9 ;)o-dr"dg$!() .!€"4 oBi$6$ "d$J'is$.

&dr-dr" r -o65 -osser 6iirsoJco6{ } ir5:{dca Jct$, $ae"o 58&ooS '.56Sr .)'3'p = Sr.S.E

er& e,rx8.{)S*o. J.5.8 ;;t . 2 - PSairer OR o'5dbr.r 4,515.12 d"oog"otfi<ers "o68dgo.

a6s{on" $,$.p f,l-. A,.B euAND d"Sd:i)riJ 36gb)o6r4"0.9e sdsars.De)J -d$sJ) 15.13d

i5r"edi q* $qs'N. .J"s;c -.165 -d€s5o -o68e)cglco. '6-3 dodr "")6 S-de'X 
ger Sroa

J.6e"$,S.p eep aDJer.l; Scr$o8o6, s"a$ I r:"q5 ar:6e3 hgo6o bdJ"odosoeba.

LHS= 7+,

L} A+B AT.B

0

0

j

t

0

I

0

I

0

I

I

I

I

0

0

0

Fig 15.12

K n.J = l -'

-l-\
--1-_./ ,

NOR gate'

Bubbled AND gtle

ll It n.B

;
I

I

I

0

I

I.

I

0

0

I

0

I

0

I

0

;
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I o..u.tS."".tras-rr|-l (u,)@
| 15.4.2 : I sirq5 6od5 ?oo.o6i,sr

d.o!S.er. 3"o6 - III

A.B=A+B

|:do5.dJs r B06r iSdoe) -"no-dr.ds.o egi$ 8 0,3 tugla -..)o!rFdg5!igr -,o5.r.;5!aD.

S6ti)a r J.6.e, -"){.)3.'6. iSr."dneJJ 2 _ sSEbSoJ€D S*b. AND .r."56A)$r NOT o.5da):6{
sbJ"notr 60 3cd)u)o berb NAND berodoo -d{JSrJ 15.14 6€.6.J.""rbe^} bO;a:O:o6.

o

Fie 15.14

g.r,$,p, -ob{6mf.r: $, s,g OR ('.s6b$ 5)oolD 2 NOT .r.Sdi.!er) sobd -")bs.r: tS. rs6r

---{*\*-IJ
NAND gate

r5.rsJ6a^p AoaJJoA,

(Bubbled OR gate)

r' B arB
0

0

I

I

0,

I

0

l

I

I

0

0

I

0

I

0

I

L

I

0t, rg ts,l5

l 6odb ".Js3Se'J &"oJn" J.3.Q : $.$.e ers sg6ea erO6jo6. erod A a,rgs fugoao
,Od.to.)oierao6.

1-5.5 otlpDs dJd (565 erb$oJo) er.d5 o"56t*:el :

NAND $6dl$ NOR e'.ds 6.S6b.De)bJ olJ.&idJg s"€g o"S6b$e! erocr.6). s.6aro

J ZJ



(s rD ;J"

58p::"& a6d s.ag cFsd;tDe! AND, OR, NoT, EX-OR ocurar Scuc:sc);5J. iroqb ?6d
apdo$S 1b6; c6Jn c.rno bOSOo$$rrD$r.

(i) NOT e56ir : -.).rsD 16.16 d 5'1)b NAND d"S6b) "^)65"JSs s:oa Edfu6 Spc8 erod

A= B=0eao:r6sg5J*o tss"iA= B = l ercr:;6 pH5Ji) o erQ)E6ro6.

a{Jo 15,16df NOT o"56:11 6..:""dE)eb6,

Y",A-

Fig 1s.16

(ii)AND o"5dar: r NANDTo'5d:u:5sr e)rdo$s l:.{3Jc6)o -. e,o.$bei ar)de3 NAND o'5<Ja:>

dJ)st eHiD:\D 3.ra) 15.17 d ir"bse,p - ers.fi oodi NAI{D 6.Sdi.D -"tr"d€"+i NOT 6:Sd$J.

6060r" g{ SootJo 0.9 AND 6"Sd:N bJ"96'Jo6,

Y-A.u

Iig l5.l?

(iii) OR 6"SdS'D : baJ$JJ f5.16 i5J"'dierJ 6od: NOT o"5Of::eu - tu6oi) - $64)brJsrJ

$r"o.rqo$. as 6od6J 6od,5 NAND a"5db.r: 6:-196 p3dbSleD. erod i]oatb NAND o.5t1i:,r

q$J eHba)eD -. 6d6o.r" I - r.:o"5 Ooal -,nJ"165!br - iJ - nc - r' L;r"q$iiqxD. -rtJSD'

15.18 d OR o'gdS:r db)Sb e{$S!b.l ar"e"r6poa.

iv)'NOR o.56ar: s i$$)) 15.18 d $r"bs OR o'5d5r:b5,: tuE's NOT o.SdiJJnJ sO'dd

NOR o'5da:c 56.16.:ar"a, 6F "r€Jbr r5.1sd $r"$t5$.



(iv) Ex-OR oSCtaD r NANO o.56:s.rce.riJ sr.L6iJ d-Jo:lF^oo E'-OR cr,?gg 6156:',-, s.iJd$&o..
eDoc$s rJ3Jc['"er$l .3g 6s'ern" $J"e.Jo$oo 5o,6 s6g ieroj.teD 6q!-cb 8o$$a5tu. bos:c ,

15.2Od NAND o.g6r><.154 Ex-OR 6bo!o .5Bdo&iF$.D. :

sl.otc5.'^). ':r"r5. - lll (s rD Je)ls.ss.\ - difus s"

Y=ArB

I,'ig 15.20

15.5.2 e66 rr"d5 E "S6S.DeD 
gbe.ro NOR o"56$ocer6a

r. NOT o.5d5.r:

2. OR IFS65.)J

Itig 15.22

Irig 15.19

Y.'AB'FAB

l.'ig 1s.21

J Z'



asJ"d96.sS o Ld55$ (ts rE

3. AND qJ.Sdb.D

4. NAND o.5d5.r>

vi) EX-OR a"g6;Lr>

;J' ctrJJ'

, AB 'I'AB

erig -dogag 66*Ei,!er; 6s1:Pe38, go:.c366 - LeJ'$JSE et"€s $ooj'l"eD Jg)'b5n"

a.6o.d:. 5t3d ef as 1 p +5V DC n"bJ e''€g o sJ OVDC ,'I.'$J 6J"sacb' a6d o"ds a'565rerc

TTL ey"AS 6.Sd5jJo) E dE!.dJ.

a.g {'-85 ie)otrFf,isJg's r"*g SeoXtpg 3e,3i-od) 6"F b8p os cr:56d;) t"gor>

Sorri$.:p 66. 6-.Ng-;554)tu. p.srs6p 6-^Dg"ido fuo3oF ern e$SErP: BsBJoF e';t t:*f'
e,S  "J i.$g 5o er6 eQl ?oo3oF 6o' ie63ofr ! e:tr'66db6ro6' erod J$) et'€g d'Sd5!q)

goO$ASP Oo' ;q s'dg 6"Sda!e).) sro$'J$ ev"r(o&bc eri ero6oQ e'tr"dYrd)6Jo6 fra

Iig 15.2s

326



el.olJ5.ed. t)"o6 - III o{AS 6.Sd5J)ep l

J.6ooi TTL 4.5 - eJa$eJg 10. ,f'.AS 6rSd*)JeD e.r6 o ;$oe 1 g 68r.. 1 i,)og O €, 6g6n
5J.drr.o.!. eod .f.1qog S soJ.roerd slob,D6fald.J Lb-"o6s, sr"u,b,D erod pstsso.r soo&
SH$5})bSr :)gs"oo bJ"dr6)a6. "pet6on" "dog d>S6 -o6A;8 6d*6JoA. e.5 i"od6 TTL B

s.€5 1 ",oog go""J$ "16:)10 2.4VDC.E$J 6d:6i (9osd rs.op ('r€g 1It. 
^)9o$6. 

e69CoA.
q,"Ag 0 g FoSgo:)S 38$8 0.4V DC SSJ JSJbb so:rd o.*E,O n Aeo$e{r. Ap rerr er"*S
Soql,'a,, p6 erg6.dr. s.g5 o"EF d'S6:lD.,X! arFS $funaro.r:itr erc TTL ?o,!r5 A'o,,oi)
60n 0$6"9 !@B 6"o:S"o ieq!. &g h.tdiJ frbeos{J-.i},tu e,$s Ae6pS; (aarjocr;eD;
bdpc!o.^,.:,r. f,)*Esi$ 6dorf -,ostr io6{ 6ooo{o d6oa" h6zu3u5 tdAi6 bero$"eD ag lU:op
6do^"eD A6Jg SeqD.

15.0 J.o.o{ 5.lr
a€{")6 Je)tECgJ 5.De)So .r"SoAi.r.S -oop5o8a rsd4;oa. 6n eq,do 2. 6.p boq)sc!

O, 1. Jo6b66o$6pi O 66" 16{-o;",roo"e). CF"rldg s"dgiSb*d r goO eres da-r6gg hrld
ers 0 ero6 6$6i dn'66< "odld erc e{tuo. 8St:6 Jerggssp Jdoirin audols sSerdeh6o,
4dg 6.S6aDCrl erFrd'ddr6Jo6, 5a3p AbdJ.Ro.r 6c5 terq*:,eu 6ot dr$ed -oo{-g bb.:eriu
5o$$r5.5n:. +o 6rS6S.!c.D rO".fde:txn" 2 e$66$eu e,g &{bri.D do{.!o6. NOT, OR bo6qr,,
AND ec3 o"€5 o"g65.!er: A-rd.r8oo er65og .'"d5 iu,oiJ"e, ,O8goibiul*rJ. er$a"-o"s,e,6{
c06@lgs ?""9 :roqssD NAND, NOR obJ 6x)db.no& e6d s"dE 6!sdb.le! 

'c66o;555o,56o.
+o s"d.r5}) 565 €{ aoeoEi) e65 o.dg 6!So€e! {ror,r!dJ.

I r:.qs "oo.oosl (a.!dri6) NOR o"5ciro E:au6 $"^:t ,06sb AND 6.Sdb$err 606r"
2"966 ers ildoldqfoa' erasdo^" bo6i eoo-o6o NAND a'5ds.r-., arar:6i'or sits oR a.gor:.r
'daJ"io sb a€c$S"ogo6. ocdo$S g.o3co1:"er6o o"a5 o"5dlc;er ele;.r. ole9g a.gdiuoerd
E>do$S 13fuo5J"eu 60JJ"6 6cur5$ibJ. e'ds 6"sd5Joe.rr -o-":.oJJo6{ TTL, NMOS $rec6!
CMOS ioe3 crgr"-.rDs n og@g -rOgd$.DeJ 6aJJ.dJ iq$iisJJir, t:.r6 i.oe6g -r8qs1Db<)
Jo6' 65dj"do AouDo6.

16.7 Sooog -rdJ$.DeNt

1. tF5dt> | &g JoLs"&F 5sc(r.eg &e pf$b$ Oo6J ero6 gbl J$2rb SAdiobNeD doQJ"o.D.O

2. o.dg c.5d5.l I g€ ar"Sd;1DeD bJs\ do$sb 6d& 6r..rerg aLdJds,e,J/r, 60€rr()!.

3' 9i5 o'5d:lseu r 5.3n a.a q6d cv.€s.r.s6i.Der 6o1r"cbio$siugtu. (dd!. NAND, NoR)

4. cDOcdrS 6nde36i$ r O, 1 o;tr u"e erdJ,cg 6 errf el6ipo.

5. cornplement : e,s eFsg6 ar.sd5.! dDsb pH;!iJ)

6.'d66 ".){ScD | 5'J{AS ecoca cgscsr, ,i$n$i$e seJJbeD -^\r".5,^}) o5a o.po -d65 -dd
ero e-r.d).

(s.rD

I

l.

ts- DSr 6€EJ EJ

327



c5:-6ro'sBo1c5iu: : (s rD Jo

7. 66tuJ r dgo6o aooJJ S?) er63 ege5e.r-9ero:;g

8. l.5 - aS r e,5 er.gg 6.Sd5.DbgJ a"4 xa"6 sitfsrej "oo+U

S. l.5 - erd;a5 r a,3 d.€gE ar"Sd5.D ;boe eJo$tJgJ o.X.{On xAA p3n55Jre) Foa)5.

16.8 "ogoloo "o6&er$ :L"JiJeD !

J-6;)5,Dq)o r

1. o:dqls 6ee d€B6i$de G).dtuS -dJ'16'eD 60o!3o$o&.

2. &Jdd)S desxc36o -o:Je o!o6a I' = (A + B)e +E;17 + D; "":.:.$jsoosoa.

3. 7;n' * C* D = ) 
-A i b,." sdr"'do$oa.

c, "i:,J -") t a "d6oJ r l

1. I 5.':"q5 'oa"os"ep $:oar$ 6o:roa.

2. g - p6tna))eu SRb EX-OR rJ.Sdil) d!st, -o6g-":$ ga"o:.)o&.

3. 4 - b66si)eD s{b NOR 6r"Sdir> o3:rgb ".r65'd€d p"o1co8,

4. a,5Ji -")b$,!$sJ g)ioo$s -,obJg6rno 5s.)?

5, Eqlb oJOabS Li>irof,.:-c, 6:Fo$o6a s"€5 Sooxr"eD pBdo$oe.

(i)Y=A.B+$.C+[J
(ii) Y=A B.C+A.B+B.C--

liriyv= (aTciB). (F@
O. I S'qS -d:.L6A.>.>eD 5d LSoA -d5rg6ea-o$ eli)$Qob 3o$oe.

(A;B):B 6;)E (F- B +c- r ).



I e3.otr5.""). 1"o6 - t I

15,9 i"di)".rgSiDeDt

1. lnlegrated Electronics by Millman and Halkias

2. Principles of Digital Etectronlcs by Malvino and Leach

3 Basic Electronics and Linear Circuits _ Bhargava etc

6";6 5; Qrlsleror

L Electronics fundarnentals by JD Ryder

2. Digital Electronics by Willianr I{.Corhnran

3. Principles of Digital Electr.onics - Malvino & Leach

4. Digital Compurer. Electronics - Albert paul Malvino.

(Tata McClaw Ilill Pubtisher.s)

(Tata - McGr.arv l{ill publisher.s)



d.o$5.er. $b5 - lll

otir.pc! - tV

i"do - 16

8e0r6 JerqnSS - erg[5oc35 ieroJeer'>
I

e, e-r-d$N d,Dgb So':u5 a{i5soor

o.5oa" $:.6bo:6{ g-t"agebJ E).oJ-dJg& epil o'€5 3e)q1t€D 6u'-'}deeg) axrt'r6J' I

s'.66J, t -5r g-d sJ63, o' o-'Lr er$63' a: $"g 536 dr E o'e a eJ;sJ rsJ'r s

Ge q-5",o Sc'rd8e t Nt

16.1 'd8isoJJs.})

xo,2 Haff adder

16.3 Fulladder

1o.4 Ptr8 a'6o66 o$"d6i

16.5 i"o'odir.)

16.6 5J)ErS-dd55JJ€).)

16.7 65oJ:o -o6&e.ri fodleu

16 '8 J"d6 t>"9{5oo:

16.1 iOSotgSNr '

LJ"dsrs e'.€5 6'Sd5.De)J eda!6 go-di'6dr6Jgr r"e) $'!$5arb i"di$'!e! A€b6

Se.ro5'rer&J st6- 8De,otr5' 6er r(q86o e'Q'dorr" :)e3ir Jout"&SJ 3e>o$"el$) o'd5 o"5o'er'r

eroE.t!. Af;51 e-€F 6'So'er;5J gd'dd -^)oBE €t"ds o"5o'eu e'ogj"d)' Cp$; o'dg 
'J'sC'"eS)

gdtod -oo$-g o-dg 1-o gB oJc atdJdJdJoa. ePds.J'S6'obo SJJ$son" OodJ i!d(6JoJ/r'

&d€o$s$oJS;. er5 (1) -ooolu-X o"ds o"5o"eu (2) J"do-r8g u"ds tJ'5o"err' S"E5JJS)

Li.i.r'FBgo,T. 6-"ps-p -":p$ qy.}) er"€g o'5o'erbo J"do -JBg et"Eg 6"SdiJ) e,oaj'dJ' €3

erq"5-o u6a 5'O1 Fod:.d o.€6 o.go"eric .0'6) Aer)iJ)gro6'5'D'

s{6 $s€tr)J I s*6laor:a"pg pb6 5{€p;"d6"dJ' eoc$d $-)a)539;5 o' aJoc(! L'

3le,o g36 So$cto s'groa"'eeb-dt'ils 56u> E5{5 So$"o'

&QbJ 5J.qed 53J'sao::'ejsJoSb e'€ q"66gJ e,ir-doQ':$i'D Sqb 6t"Pb ar$"g3')oF'

'I



(to D
eog:'tio. Er6 .B O.16 r$ocs. s$; baobs:rtu er$V q.s6pt SO:3Ucrr. $cU.ra"p3 a arg-,9<;S
erosj.dJ. €e etO"gAUd go $odJ"ajg o.dg ts.5o,el AeD-"Dg)ouJ.o.

16.2 Haff adder:

606 4e.tJF gdb &g -ooAr"X belo5;.cJ Half adder eroaJ.dJ. 6;18 OoA: o"goA g;:i;r.er>
6odb tlFso?. &HiJ:s'r(-l) dogJoq!. L:r36boeJ$ Sg:ri..DeD ers sJ.(;p craej"6). &g Half adderd a1ao1f gro )tuo.5 eroBsJ aa))s"$r6)$ SeD 6dtu, 6ctg <c6|.la,alt)6 dE er;sr sJ.dreJ"bg
*:.1o5; e6 d-dflrdsitrtuoa. 6p sH$tu)osJ s.r.&s (s) *ro*r, 

"**, ti,sl, *,u.sg oiDtsd
-docrj, (carry) erocrocb. r,R AND o.56b;, LS EX-OR a.5onr:O. ne4qdr.

INPUTI A

INPUT, B
CARR{ C,=A.!

SUM " i\@ 13

Fig I6.l(a) llnlf-Adder Logic circui(

l:,

Carry
c

Surtr

e

0

0

I

I

0

I

0

I

0

0

0

I

;
I

0

Itig 16.l G)

Fig l6.l (b) Uatf - ndder Logic synrbot



16.3 Full adder: 
,

3 sg-dF'leD S*F c,g -do6.t,'(boq$ADbJ Full adder e,ogt'tb' Ser"obd;6 6o6o

La"i$E 6Qb;csJs) A f,)6axr) B sou'6:. a{66 C ez;3 5-}t"db psES'D sbB LJ'ID4'5 dd

d$36 carry 5 6:'oQga6. oa6) half aqder SJoc() a'9 OR o'56ir6a &g Full adder e

&63o55i1-r;i:. -db$) X6.2 (a) d 5J""da)&b6.

Irig 16.2(a): Full - atlder Logic Symbol

e3,o!5.e.r. :)-16 - lll ,

PCabrroJ

(16 3)

cAltliY

PFi$Pu)

carry sum

B

C

J5Z



(ro+)

INPUTS OUTPUI'S
B c Carry Sunr

0

0

0

0

I

I

I

I

0

0

I

I

0

0

l

I

0

I

0

I

0

I

0

0

0

0

.l

q

I

I

I

0

I

I

0

I

0

(.)

I

l'ig 16.2 (c) ltull - adder'fruth I'abte

s65 5€s.

1"6,4 r 6.50r. a.c,or(o 6{5p biJ.o6d adde; :

(Over flow bir

Final output

rig 16.3

I

j

I
I

a($pg s 6so6a.r)6d t Soo s"g)o6. O sroe counl A!.5oi)$ro6. erod-r$6 i.!6e3 d6 s S..
erot:d.r S, eJc$eD/r". ed s6on" nb 6e5& s,,1 eroeJ.6). {r.: adder 606r n_bit o"5ox ;)oc.r5e,.r
"d;lJ"o6do:FE a.Dqo -.rJ"o-^go6, e,g half adder e erss Full adders o;"t ase e6d*6). +"
Full adders s 5s6on deu-plo"dod nfiJ carry &g6.bbaods 6,p d.!gl, &e$carry g geDoir"dJ.



a.o$s.s^). A"oE - lll Je)rs"PS\ - eadicdE 6oqJJ'e,J(ro s)
iaJA)J 16,3 6" 4-6e5 -diJ-o6d adder 5oc('"pJ riJ"diaDiJ. 45"-'r6cagJ i)ssJJ B.

B, B, Bo er$c;o"eDrO da.SP A3 42 Al A0 er6;s"erro €6; Serld vod a'E3 a>g1o 54 33 52 S0

ero:rd 54 erSB overflow bit er{>6>o6. Q d"Rog3s go-d6"bg 3 full address oa,g half adder e

-d5r.o66on- goa"d, Li)A adder d.DSb sHSJis})iJ 6"s 6dJD'6 adder of,ocd6 Fb-$i::n'eocd
:$b$ parallel adder 5 Ja:Oroa

10.6 J.o'oi 5-\) t

s.65 ic.rojcaDeD -oo6:,w{ d6. Sda-dogn Ao(lPo). LJ"6rrd 6cdJ O-€5 o.5Ol,:rer.>

(OR, AND, NOT, NANA, NOR) brOor$ t"e5 goo)Jgor - el6, ""J'8 $0o$r'oiliotid adders e

er&Joesg 6odJ.erg s"€S ioorJ"oJ erourd:. egl'd )e!bou3 lvlemory elements eodt). r'e3

sHa)s$eD E t3 psE!5)er! ertr"6-d6{5'orJ. as )06 Sr(on- -"Do6eo). erod a'd Ool-6

6iJdG A4l 5J)ED6 A.6i5a,DcD Jo6^' -dJo6+o> (,o6n' bJo6+o). Half adder, Full adder er>

Bsero g,g dcs adders a,B ;oiJ.o6d adder 2 n-bit word e"g multiplexer 66 N -oog)gd oc;1b>eu a,€

a,g p{6Ji$ eoa.)Jo8. &g Oecoder d 4,3 e-9 e$$$> 2* bf$eng eoeJ"o$. &g encoder e,36

DecoderdDgbbs6d$"e66on'aoa$oa.6odr'€eget"€g5"Sd*uele5lALU*daoa'r"o::'

16,8 $N$S:)d SoroJs

eb6 o5.rd6 r 5 o"€5 bsc(>o Ero:;6 2 p56 -do8)soir ge!'"J)lbo6.

Half adder : 2 bits a sob s"€5 Se)qtJo ' ,

Full adder | 3 bits p go:) &g s"€g $oo$o

over flow : $'&9 do. &h36 $erJi n"e"dra ftor:3 a)q!$ 4od,dJo

ALU : Arthimatic Logic Unit

Encoding : Q66 s35po ed^'S.io

Decoding ; Encoding d>cs6 65e65 -of;e

De,multiplexer : &g ssEGbf) N p{sr$reDIf sd^'Hda.

1O.7 ;)Sotoo - -o08oi -65r"'o5eD:

1. Binary SJ.aS er6 6'PP 6ns 6o'-.)"6raerd $8;o$oi>r.

2. Full adder erbn'Sa)? er6 3 do5; )€t" g€)r"oibo6.

3. Half adder s 6adJ"no$gro6" Full adder c eS6oilrsr.:.

4. 5-dE5 F$.o6d adder e &860i5:6::.

334



(roo)
5. rr$psp5p 6bdrEo., Full adder p podoi)t'r.r,

6. Half, Full adder €r 6s str s$.)) aoo$do$Js!-

7. Half, Full adder c, SoiJee e8ao$ a"0.9 '.165 -d€se)tu ta.osJoe

16.8 $.d5 iu!,3i.r:r.ur

1. Integrated Electronics by Millman and Halkias .

2. Principles of Oigital Electronics by l\4alvino and Leach

3. Basic Electronics and Linear Circuits - Bhargava elc

Roference Books:

1, Electronics fundamentals by JD Ryder

2. Digital Electronics by William H.cothman

3. Principles of Digital Electronics - lt/alvino 8 Leach(Tata - lvlccraw Hill

Publishers)

4. Digital Computer Electronics -Albert P'aul Malvino, (Tata - Mccraw Hitl

publishers)

e9J"de F.

J 5:t



€o:po 6bg

Ddf cs) S'aog

1. vg6f{6eQ

a. aoaqdtr $b6

3, rp€Rd. tbb6 6rqbt6:qF d)a{so

4. nrag|ur rfuor6.?FqS{6 rorqdqo

g, RC. aroro - aooe)lqdiotoro

6. L,R.lcod)o - &.6oq6od€,io

7. (8) LCR. E c,610 - 3F sdrur&te5u)

". 
(b) LCR.6i[ro66 Krowcioo etod)o

a. CFo66 &6XE 6od)o 6D+&EOS rSeeSo 5tu6ia6Jd)

9. r0oaptfu&6 6r:6n0os 6so66o OdtS6 toiofrriAo 6in6!i16i

10,6r0&b6 oqLrod))

tl. A.er, 6Ei66iI&qtEEi))

12, P-N aoe t'dr6 eeoH€b:oEFDo)

€, SPqS6) c'er,ElErcD

14. 666 66r.5 sso6.o 6gdn

|5. ggs!$ A'rg6D€r6o o6r!boi$a)

l-4

| -3

t -4

1-2

r -3
1 -2

1-4

r -3
1-9

1-3

r -5
1-3
1 -3
1-4

1-3

1 -.3



 1.1





 


P Q 
X Y 


G
3 
X = 4G  0Y 

.1
1 cml   X Y  cml 1

2




1 1
2 1

x

l l
 

   Ohm/cm       (1)

X Y 
l
1
&l

2  


)( 12 llYX    Ohm------- (2)


2. .X r

S





ohm-cm

l r 


 43 GG  cm100





      1.2




   QP,  1G  2G 
 X  3G  4G 
C G 
 HR 

 RH.  1

1l G
3
,G

4

 1
2l  X

         


 3G  4G 
X Y 1  YX 
 2 

)( 12   yx  

 X 

   X 
Y  )( 21   yx  X 
r l 


 

      '' 12 ll

X


  ohm/cm(X cm)          (Y = 0) l

1
’cm        l

2
’cm




  





 1.3




 cmd ______)(

 cmdr ______2)( 

 cm________)(


2. .

( )
X r

s ohm cm


 








H.R 






  

1l cm          2l cm
2 1( )X y l l   

(X) ohm (Y) ohm




  

1l cm          2l cm(X) ohm (Y) ohm
2 1( )X y l l   

ohm





      1.4

VIVA-VOCE:





 43 GG 



 QP, 

 QP, 


 YX  

 YX  



 2.1







  


E  1 
 2  R 


  .1
2

1 ohm
l

l
Rr 

















 1 
 R  2 

21; lVlE 

2

1






V

E


rR

E
i

irEV








 2.2







  1

V

E

R

r
 1

2

1
l

R
l

 
 

 


T open 
 1  ohmR 5 
Tap Key T close  2 R


 cm1

(r)= __________ ohm

 ohm



 FME ..  FME ..



 A 

 A 

Rheostat 



l
2 
 cm                             (r)=

1

2

1
l

R
l

 
 

 
.  ohm


 

ohm

 



 2.3

VIVA-VOCE:



    FME ..        




 DP. 
 DP. 




 cmvolt / 















 3.1







M.C.G., P 01000  ),50000()1000(  toRtoQ



1m MCG 
1mm K 


./10
)(

6 mmAX
Q

X
GQP

E
K 




 E 

P,Q,R-

 

1G 



        
P.B. T,

 2T I





 3.2



(a) G 
G 

  99990 PR  1Q  ,

  2 
 
 R  R 
G 

  10000........4,3,2 QPQ 
 2R 

 12 2RRG 

(b) 

0R  1Q  6   10000QP  21 &


2

21  
  

Q  
Q K



  10000QP


  PΩ       QΩ

  R 


 ( 1R  )

  R 


 ( 2R  )
G=R

2
-2R

1 Ω







 3.3

 
Q  ./________ mm

 Volt________









1m 





VIVA-VOCE:









 QΩ


‘  ’ Q/      /mm 



 3.4

M.C.G. 



M.C.G.







M.C.G. 

 .10 9 Amp



 4.1







M.C.G., P 01000  ),50000()1000(  toRtoQ




MCG 

V
mm

GK
VS .

1




K 

G 

mm
AX

Q
X

GQP

E
K 


610

)( 
  A

mmX
QE

QP
VS 



610
)(




 exp

exp

   999910 PQR 
   1         
 2  


Q 



./10
.

6 MVmmX
QE

QP
VS

















 4.2



 010000 RQP  ______E

M.C.G., ______

exp

VIVA-VOCE:



M.C.G.,1m 






 SV  SC 


G

C
V S

S 


  

6
sV 10 /

. Q/  

p q
mm v

E





 Q/      /mm QΩ







 6.1



L.R.

L-R-

exp

LR R L 


i

O

V

V
 f  flog 

x 
i

O

V

V


R

O

V

V
 y 



    25.1 KH   mHL 30    270R   
 VtoV 53  AF 

HZ50 




f (Hz)

Log f L  R 
 1= /oL iV V       2= /oR iV V

oLV oRV



    L.R. 6.2





V
i 


VIVA-VOCE:





LR 

 fLWX LL  2 

Air-core 

eddy 



 1



L.R.

L-R-

exp

LR R L 


i

O

V

V
 f  flog 

x 
i

O

V

V


R

O

V

V
 y 



    25.1 KH   mHL 30    270R   
 VtoV 53  AF 

HZ50 




f (Hz)

Log f L  R 
 1= /oL iV V       2= /oR iV V

oLV oRV



    L.R. 2





V
i 


VIVA-VOCE:





LR 

 fLWX LL  2 

Air-core 

eddy 



  7(a).1

(a) LCR.

LCR-


 100 

LCR




f

r 


2
2

1
hert

LC
fr 


L- C- 

 f  X I  Y 
 OI 

P
1
, P

2
 Io

IO 707.0
2
 f

1
, f

2




  2 1f f hertz  



     LCR. 7(b).2

 )3(
12





ff

ff
Q rr



 )4(
12




 C
L

RR

Lf
Q r

 R       
(-3)

        mHLRFC 10501.0   
 V3 

  I   Y  f  X  
 Vf 
f

1
, f

2




C=  F         L=    mH       R=     ohm

   
R=50 R= 100F (Hz)



  7(a).3



 HZfr ________

HZf ________1 

HZf ________2 

 HZff ________12 

Q  ______


rfQ



HZ
LC

fr _______
2

1





C
L

R
Q

1




 __________rf 

__________rf 

 __________)( Q 

__________)( Q 










     LCR. 7(b).4

VIVA-VOCE:

LCR

 22 )
1

(
wc

WLRZ 











   wcWL 1 





 7(b).1

(b) LCR.Q 

LCR 

7(a) 

LCR 




)1(
2

1
2 


 Hert

LC
fr

fI  

 KHZ1  LandR 
 VVV LR ,,  I  Z 




 HZf _______

 sec/_______2 radfW 

 _______L 

 ____22 LW



      LCR. 7(b).2

Q  )(E 


)4(
1

)3(

)2(

12

12










C
L

R
Q

ff

ff
Q

ff

rr





3V 
I
V I-f V-f  Vf  rf 
f
1
,f

2
 , 

  _____;;_____ RFCmHL 

expa

 Hzfr ______

Hzf ______1 

Hzf ______2 

Hzff ______12 



 7(b).3





C
L

R
Q

1




 HZ__________  HZ__________

__________ __________

expa

VIVA-VOCE:

LCR 



LCR acceptor rejector 

Rejector acceptor



  8.1



LR LR Z 
cos 

  mHL 30   50r    )100000(  


  RL 

 ohmLWR
I

E
Z 222 

 E 

I 

R 

L 

 f 2

 222
cos

LWR

R

E

ER




 RE 





        8.2

 cos,, ZV 







R 



VIVA-VOCE:



 cosrmsVms IVP   cos 

 ..CD 

 ..CD V  I  1cos   0





R 


     volt     volt    volt         volt           amp

RV       LV       V    2 2
R LV +V

     I

RV

V
    2 2 2

R

R +W L

V

I
     2 2 2+WR L

cos (z)  



  8.3

V  I 

 2
  2

 



 2  0cos   power 




  9.1










 HZm
Tn

2

1




HZm
Tn

N
4

1

2


  

T  Mg 

M  g 

m  )/( ccgm







 volt220 




     9.2




 

cm 

   


1m
m      drm 2

 r  d 





 /T l

I trial                   II trial                mean (l)T Mg  dynesM (grm)



  9.3



 mgm /_______1 

 cmgram
m

m /_______
100

1



 HZ
T

m
n _______

2

1




 HZ________



 BA 





 BA 



VIVA-VOCE:
















 10.1 


         


       


(Shunt)

 SR 

)1(
1





S

g
S

I
I

R
R

 gR 

I 

gI 



)2( g
g

R
I

V
R

 V 



 10.2






 ..CD  gR 

..CD  gI 




 AIMAI g 2501 





2491

1
250

RR
R g

S

SR   mAmAmAmA 50,10,5,250



 ..CD  mAI g 1 



 10.3 

ggg
S

RR
mA

V
R

I

V
R  10000

1

10

R   ..CD  VVV 100,25,10 

V250 






   )0( 4 R       

)( aR 

VR 



 VR 






 10.4

AB  ABV  RV 
 R 












    (v)      V.M (v) by A.N (I amp)     ohm-meter(R )

  







(
V

I
) ohm = R



 10.5 

VIVA-VOCE:



















  11.1





L.F. 
(1000 Mf / 24V), 10K






  HzV 50220   )12( V     




V
nl
,V

0


= 100
0

0 X
V

VVnl








 



          




 11.2





 RV


VNL 

100
0

0 X
V

VV
V NL

R 






 




 







 ..ca 

VNL(volt)                                (V
O
)

log
                    100







 


O

ONL

V

VV

 





VNL = K           K R
L




  11.3











  12.1

P-N 

 NP  

  2V  (0-50mA)  (0-50mA)   


P N 
P N 




 P-N 12.2

O P,N 
 
 
X-

 fV  Y  fI 




 rV  rI  rV 

X  rI  Y 


         

FV  (volts)                           FI (mA)



  12.3





(O.A). 

D.C 

A.C 







 





PN

P
N

(for bidden energy gap)


 ev1.0 

A.C 



  13.1



(PNP)


AC128,  AC125 0-12X -2V
10Kv 









 VCE
I

V

B

BE |













 13.2

 CEV 

 BEV  BI 

 CEV  CEV 

 CEV  X  BI  Y 


BI  CEV  CI  BI

 CEV  X  CI  Y 




   S.No CEV = 0v CEV = -1v CEV =-10v

          BEV  (mV)      BI  ( A )      BEV  (mV)     BI  ( A )     BEV  (mV)      BI  ( A )



  13.3



CB = _________________ volt.

AB = _________________ amp.

h
ie
= CB/AB = _____________ .

(V
BE

)
1
 = _________________ volt. (V

CE
)

1
 = _________________ volt.

(V
BE

)
2
 = _________________ volt. (V

CE
)

2
 = _________________ volt.


   
    





21

21

CECE

BEBE
re VV

VV
h



BC = _________________ amp.

AC = _________________ volt.

(h oe) = BC/AC = _______________________siemen

(I
B
)

1
 = _________________ amp. (I

C
)

1
 = _________________ amp.

(I
B
)

2
 = _________________ amp. (I

C
)

2
 = _________________ amp.

 S.No BI = 0 A        BI =50 A       BI = 100 A BI = 150 A

     CEV (V)     CI (mA)     CEV (V)     CI (mA)     CEV (V)     CI (mA)     CEV (V)     CI (mA)
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 21, RR 

       321 ,, VVV   

321 ,, RRR  321 ,, vvv  31, RR 

 2R  32 , RR  1R 








 S.No    Resistence 3R   Potential difference Current in amp

          1V (v)     2V (v)        3V (v)
1

1
1
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R
       

2
2

2

V
i

R
        

3
3

3
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i

R


S.No           1i     2 3i i    1 3V V   1 2V V     2V   3V
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16.1 yìþhrÌŒý GË{M>t°MŠüÞ & AÆæÿªÐðþ$sìýMŠü ÐèþËÄæý*Ë$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

Äæý$*°sŒý & IV

´ëuæÿ… & 16

yìþhrÌŒý GË{M>t°MŠüÞ & AÆæÿ®Ð ðþ$sìýMŠü ÐèþËÄæý*Ë$

A¿êÅçÜÐèþ$$ Äñý$$MæüP Ð èþ$$QÅ E§óþªÔ èýÅÐ èþ$$@

§éÓ…Ôé Ðèþ*¯èþÐèþ$$ÌZ Mæü*yìþMæüË¯èþ$ ™ñþË$çÜ$Mö° ÑÀ¯èþ² ÌêhMŠü ÐèþËÄæý*Ë$ E§éçßýÆæÿ×ýMæü$ Äæý*rÆŠÿÞ, yîþ

MøyæþÆŠÿÞ, yîþ&Ðèþ$Ítç³ÏMæüÞÆŠÿÞ, yésê òÜËMæütÆŠÿÞ, Ðèþ$Îtç³ÏMŠüÞÆŠÿ Væü$Ç…_ ™ñþË$çÜ$Mö¯èþ$r@

A¿êÅçÜ °Æ>Ã×ýÐ èþ$$@

16.1 ç³Ç^èþÄæý$Ðèþ$$

16.2 Haff adder

16.3 Full adder

16.4 »ñýO¯èþÈ ´ëÆæÿËÌZ Äæý*yæþÆŠÿÞ

16.5 ÝëÆ>…ÔèýÐèþ$$

16.6 Ðèþ$$QÅç³§æþÐèþ$$Ë$

16.7 çÜÓÄæý$… ç³ÇÖË¯èþ {ç³Ôèý²Ë$

16.8 ´ëuæÿÅ ç³#çÜ¢MæüÐèþ$$Ë$

16.1 ç³Ç^èþÄæý$Ð èþ$$@

{´ë£æþÑ$Mæü ÌêhMŠü §éÓÆæÿÐèþ$$Ë$ yìþhrÌŒý Mæü…ç³NÅrÆŠÿÞMæü$ ^éË Ðèþ$$QÅÐðþ$O¯èþ Ýë«§æþ¯èþÐèþ$$Ë$. yìþhrÌŒý

ÐèþËÄæý*Ë±² Mæü*yé º$ÍÄæý$¯Œþ ½f Væü×ìý™èþ… B«§éÆæÿ…V> ç³°^óþõÜ GË{M>t°MŠüÞ ÐèþËÄæý*Ë¯èþ$ ÌêhMŠü §éÓÆ>Ë$

A…sêÆæÿ$. ÑÀ¯èþ² ÌêhMŠü §éÓÆ>Ë¯èþ$ MæüÍí³™ôþ çÜ…MìüÏçÙt ÌêhMŠü §éÓÆ>Ë$ A…sêÆæÿ$. ÑÀ¯èþ² ÌêhMŠü §éÓÆ>Ë¯èþ$

MæüÍí³™ôþ çÜ…MìüÏ çÙt ÌêhMŠü {ç³{MìüÄæý$ fÆæÿ$Væü$™èþ$…¨. ÌêhMŠü §éÓÆ>Ë¯èþ$ Ðèþ$$QÅ…V> Æðÿ…yæþ$ ™èþÆæÿVæü™èþ$Ë$V>

Ñ¿æýh…^èþÐèþ^èþ$a¯èþ$. AÑ (1) çÜ…Äñý*Væü ÌêhMŠü §éÓÆ>Ë$ (2) ´ëÆæÿ…ç³ÇMæü ÌêhMŠü §éÓÆ>Ë$. M>ËÐèþ$$¯èþ$

{´ëÐèþ*×ìýMæü…V> ¡çÜ$Mö° ç³°^óþÄæý$$ ÌêhMŠü §éÓÆ>Ë¯èþ$ ´ëÆæÿ… ç³ÇMæü ÌêhMŠü §éÓÆæÿÐèþ$$ A…sêÆæÿ$. D

A¿êÅçÜÐèþ$$ÌZ Mö°² çÜ…Äñý*Væü ÌêhMŠü §éÓÆ>Ë¯èþ$ Væü*Ça ™ñþË$çÜ$Mæü$…§éÐèþ$$.

MøyŠþ Ðèþ$ÇÄæý$$ yîþ MøyŠþ ^óþÄæý$yé°Mìü »ñýO¯èþÈ MøyŠþÞ Ðéyæþ™éÆæÿ$. A…§æþ$ÌZ Ðèþ$$QÅÐðþ$O¯èþ 0, Ðèþ$ÇÄæý$$ 1.

MóüÐèþË… MøyŠþ ^óþÄæý$yæþ… M>Mæü$…yé AÐèþçÜÆæÿÐðþ$O¯èþ ^ør yîþMøyŠþ ^óþÄæý*Í.

ÑÀ¯èþ² Ðèþ*Æ>YËÌZ Ðèþ^óþa ÑçÙÄæý*Ë°²…sìý° JMóü bé¯èþÌŒýMæü$ A¯èþ$çÜ…«§é¯èþÐèþ$$ ^óþÄæý$$ §é°° Ðèþ$Îtç³ÏMìüÞ…VŠü



16.2§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

A…sêÆæÿ$. A§óþ JMóü bé¯èþÌŒý Væü$…yé Ðèþ^óþa ÑçÙÄæý$Ðèþ$$¯èþ$ A¯óþMæü bé¯èþÌŒýÞMìü ÐóþÆæÿ$ÐóþÆæÿ$V> ^óþÄæý$yé°Mìü yîþ Ðèþ$Îtç³ÏMæüÞÆŠÿ

A…sêÆæÿ$. D A¿êÅçÜÐèþ$$ÌZ D çÜ…Äñý*fMæü ÌêhMŠü §éÓÆ>Ë$ ™ñþË$çÜ$Mæü$…§é….

16.2 Haff adder:

Æðÿ…yæþ$ ¼sŒýÞ° MæüÍõ³ JMæü çÜ…Äñý*Væü ÐèþËÄæý*°² Half adder A…sêÆæÿ$. ©°Mìü Æðÿ…yæþ$ §éÓ…© {ç³ÐóþÔéË$

Æðÿ…yæþ$ §éÓ…Ôé °ÆæÿYÐèþ$Ðèþ$$Ë$ E…sêÆÿ$$. {ç³ÐóþÔèýÐèþ$$ËMæü$ °ÑçÙtÐèþ$$Ë$ A° Mæü*yé A…sêÆæÿ$. JMæü Half adder

ÌZ Ðèþ$$…§æþ$¯èþ² Ýë¦¯èþ… ¯èþ$…_ A…Mðü¯èþ$ ™ñþ^èþ$aMö¯èþ$rMæü$ ÒË$ Ìôý§æþ$. ©°ÐèþËÏ Mæü°çÙx {´ëÐèþ$$QÅ ¼sŒýË¯èþ$ Mæü*yæþsê°Mìü

Ðèþ*{™èþÐóþ$ C¨ Eç³Äñý*Væüç³yæþ$™èþ$…¨. ©° °ÆæÿYÐèþ$Ðèþ$$Ë¯èþ$ Mæü*yìþMæü (S) Ðèþ$ÇÄæý$$ GyæþÐèþ$ {ç³MæüP Ýë¦¯é°Mìü ¡çÜ$MðüâôýÏ

çÜ…QÅ (carry) A…sêÆæÿ$. JMæü AND §éÓÆæÿÐèþ$$, JMæü Ex-OR §éÓÆæÿÐèþ$$™ø °ÇÃÝë¢Ææÿ$.

Fig 16.1(a) Half-Adder Logic circuit

A

B

INPUT1

INPUT2

CARRY C = A . B

SUM = A B

A HALF

ADDERB

C

S

Fig 16.1 (c)

Carry
C

Sum

S
A B

0

0

1

1

0

1

0

1

0

1

1

0

0

0

0

1

Fig 16.1 (b) Half – adder Logic symbol



16.3 yìþhrÌŒý GË{M>t°MŠüÞ & AÆæÿªÐðþ$sìýMŠü ÐèþËÄæý*Ë$¼.Äæý$‹Ü.íÜ. õ³ç³ÆŠÿ & III

16.3 Full adder:

3 °ÑçÙxÐèþ$$Ë$ MæüÍY¯èþ JMæü çÜ…Äñý*VæüÐèþËÄæý$Ðèþ$$¯èþ$ Full adder A…sêÆæÿ$. MæüËç³ÐèþÍÞ¯èþ Æðÿ…yæþ$

{´ëÐèþ$$QÅÐðþ$O¯èþ ¼sŒýÞ¯èþ$ A Ðèþ$ÇÄæý$$ B A…sêÆæÿ$. CMæüPyæþ C A¯óþ Ðèþ$*yæþÐèþ °ÑçÙtÐèþ$$ Mæü°çÙt {´ëÐèþ$$QÅ ¼sŒý

Äñý$$MæüP carry ° çÜ*_çÜ$¢…¨. Æðÿ…yæþ$ half adder Ðèþ$ÇÄæý$$ JMæü OR §éÓÆæÿÐèþ$$™ø JMæü Full adder °

°ÇÃ…^èþÐèþ^èþ$a¯èþ$. ç³rÐèþ$$ 16.2 (a) ÌZ ^èþ*ç³ºyìþ¯èþ¨.

A
HA1

B

Carry
C

Fig 16.2(a): Full – adder Logic Symbol

HA2

C

OR

Sum
S

C
CARRY

S
SUM

Fig 16.2b : Full – adder Logic diagram

OR
HA1

EXOR Sum

AND Carry

HA2

AND Carry

EXOR Sum

°ÑçÙtÐèþ$$Ë$ °ÆæÿYÐèþ$°Ë$

A B C carry sum



16.4§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

Fig 16.2 (c) Full – adder Truth Table

A B C SumCarry
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1

1

1
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1

1

0

0

1

1

0

0

0

1

0

1

1

1

0

1

0

1

0

1

0

1

0

1

1

0

1

0

0

1

çÜ™èþÅ ç³sìýtMæü.

16.4 @ §éÓ…Ôé ¯éË$Væü$ ¼sŒýÞ çÜÐèþ*…™èþÆ æÿ adder :

F.A F.A F.A H.A

A0

A1

A1A2A3

B1
B2B3

S2
S3 S1

S0S4(Over flow bit)

Fig 16.3

Final output

VæüÐèþ$°Mæü @ §éÓ…ÔèýÐèþ$$ÌZ 1 ¯èþ$…_ M>Mæü$…yé 0 ¯èþ$…yìþ count Ððþ$$§æþËÐèþ#™èþ$…¨. A…§æþ$^óþ™èþ Ððþ$$§æþsìý ¼sŒý ° S
0

A…sêÆæÿ$ S
1

º§æþ$Ë$V>. C§óþ Ñ«§æþ…V> nÐèþ ¼sŒý° s
n-1

A…sêÆæÿ$. D adder Æðÿ…yæþ$ n-bit §éÓ…Ôèý çÜ…QÅË$

çÜÐèþ*…™èþÆæÿ… Ðésìý Ððþ$$™èþ¢… çÜ*_çÜ$¢…¨. JMæü half adder ° A¯óþMæü Full adders ° Ðéyìþ ©°° °ÇÃÝë¢Ææÿ$. D

Full adders ° HÑ«§æþ…V> MæüË$ç³#™éÆæÿ…sôý °ÆæÿYÐèþ$ carry JMæü §é°° Æðÿ…yæþÐèþ §é° Äñý$$MæüP °ÑçÙt carry Mìü MæüË$ç³#™éÆæÿ$.
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ç³rÐèþ$$ 16.3 ÌZ 4&¼sŒý çÜÐèþ*…™èþÆæÿ adder ÐèþËÄæý*°² ^èþ*yæþÐèþ^èþ$a¯èþ$. E§éçßýÆæÿ×ýMæü$ Ðèþ$¯èþÐèþ$$ B
3

B
2

B
1

B
0

A¯èþ$ ¯éË$Væü$ ¼sŒýÞ° A3 A2 A1 A0 A¯óþ ¯éË$Væü$ ¼sŒýÞ MæüË´ëÍ A…sôý Ðésìý Ððþ$$™èþ¢… S4 S3 52 S0

AÆÿ$$™ôþ S4 A¯óþ¨ overflow bit AÐèþ#™èþ$…¨. ò³O ¯éÍY…sìý° MæüËç³yé°Mìü 3 full address …JMæü half adder °

çÜÐèþ*…™èþÆæÿ…V> MæüË´ëÍ. {ç³† adder Äñý$$MæüP °ÆæÿYÐèþ$Ðèþ$$¯èþ$ §é° ™èþÆæÿ$Ðé™èþ adder Äñý$$MæüP °ÑçÙtÐèþ$$V> E…_™ôþ

Ðèþ$¯èþMæü$ parallel adder HÆæÿµyæþ$™èþ$…¨.

16.5 ÝëÆ>…ÔèýÐ èþ$$ @

ÌêhMŠü ÐèþËÄæý$Ðèþ$$Ë$ çÜ…Äñý*fMæü Ìôý§é ´ëÆæÿ…ç³ÇMæüV> E…sêÆÿ$$. {´ë£æþÑ$Mæü I§æþ$ ÌêhMŠü §éÓÆæÿÐèþ$$Ë$

(OR, AND, NOT, NANA, NOR) Ðèþ$ÇÄæý$$ Ðésìý MæüËÆÿ$$MæüË$ & AÆæÿ®, ç³NÇ¢ Ðèþ$ÇÄæý$$ çÜÐèþ*…™èþÆæÿ adders °

A°²…sìýMìü çÜ…Äñý*fMæü ÌêhMŠü ÐèþËÄæý*Ë$ A…sêÆæÿ$. CMæüPyæþ Gr$Ðèþ…sìý Memory elements E…yæþÐèþ#. Ðésìý

°ÆæÿYÐèþ$Ðèþ$$Ë$ Ðésìý °ÑçÙtÐèþ$$Ëò³O B«§éÆæÿç³yæþ™éÆÿ$$. CÑ G…™èþ ÐóþVæü…V> çÜµ…¨Ýë¢Æÿ$$. A…sôý Ðésìý ™èþÄæý*È

E¯èþ²ÌZ E¯èþ² Ðèþ$$QÅ Ýë«§æþ¯èþÐèþ$$Ë$ G…™èþV> çÜµ…¨Ýë¢Æÿ$$ A…™èþV> çÜµ…¨Ýë¢Æÿ$$. Half adder, Full adder Ë$

MóüÐèþË… JMæü ¼sŒý adders JMóü çÜÐèþ*…™èþÆæÿ adder 2 n-bit word. JMæü multiplexer ÌZ N çÜ…QÅÌZ °ÑçÙtÐèþ$$Ë$ JMóü

JMæü °ÆæÿYÐèþ$Ðèþ$$ E…r$…¨. JMæü Decoder ÌZ JMóü JMæü °ÑçÙtÐèþ$$ 2m °ÆæÿYÐèþ$ÌñýO¯èþ$Ï E…sêÆÿ$$. JMæü encoder A¯óþ¨

Decoder Äñý$$MæüP ç³°¡Ææÿ$V> ÑÆæÿ$§æþ®…V> E…r$…¨. çÜ…Äñý*fMæü ÌêhMŠü §éÓÆæÿÐèþ$$Ë$ A°² ALU
s

ÌZ E…sêÆÿ$$.

16.6 Ðèþ$$QÅç³§æþÐ èþ$$Ë$@

»ñýO¯èþÈ Äæý*yæþÆŠÿ @ H ÌêhMŠü ÐèþËÄæý$… AÆÿ$$™ôþ 2 »ñýO¯èþÈ çÜ…QÅË¯èþ$ MæüË$ç³#™èþ$…¨.

Half adder : 2 bits ° MæüÍõ³ ÌêhMŠü ÐèþËÄæý$…

Full adder : 3 bits ° MæüÍõ³ JMæü ÌêhMŠü ÐèþËÄæý$…

over flow : Mæü*yìþMæü Ìôý§é ¡íÜÐóþ™èþ ÑË$Ðèþ Ýë«§éÆæÿ×ý Ýë¦Æÿ$$Mìü ºÄæý$r E…yæþr…

ALU : Arthimatic Logic Unit

Encoding : »ñýO¯èþÈ MøyŠþÞ° ÑyæþVörtyæþ…

Decoding : Encoding Äñý$$MæüP ÐèþÅ†ÆóÿMæü ç³§æþ®†

Demultiplexer : JMæü °ÑçÙtÐèþ$$¯èþ$ N °ÆæÿYÐèþ$Ðèþ$$Ë$V> ÑyæþVörtyæþ….

16.7 çÜÓÄæý$… & ç³ÇÖË¯èþ çÜÐèþ$çÜÅË$@

1. Binary Mæü*yìþMæü A¯óþ §é°° ™èþW¯èþ E§éçßýÆæÿ×ýË™ø ^èþÇa…^èþ$Ðèþ$$.

2. Full adder A¯èþV> ¯óþÑ$? A¨ 3 ¼sŒýÞ GÌê MæüË$ç³#™èþ$…¨.

3. Half adder ° Eç³Äñý*W…^èþMæü$…yé Full adder ° °ÇÃ…^èþ$Ðèþ$$.



16.6§æþ*ÆæÿÑ§éÅMóü…{§æþÐèþ$$ B^éÆæÿÅ ¯éV>Ææÿ$j¯èþ Äæý$*°ÐèþÇØsìý

4. 5&¼sŒý çÜÐèþ*…™èþÆæÿ adder ° °ÇÃ…^èþ$Ðèþ$$.

5. Ðèþ$Ítç³ÏMæüÞÆŠÿÞ Eç³Äñý*W…_ Full adder ° °ÇÃ…^èþ$Ðèþ$$.

6. Half, Full adder Ë ç³° Ñ«§é¯èþÐèþ$$ ™ñþÍÄæý$gôýÄæý$$Ðèþ$$.

7. Half, Full adder Ë ÐèþÄæý*Ë° °ÇÃ…_ Ðésìý çÜ™èþÅ ç³sìýtMæüË¯èþ$ {ÐéÄæý$…yìþ.

16.8 ´ëu æÿÅ ç³# çÜ¢M æ üÐ èþ$$Ë$@

1. Integrated Electronics by Millman and Halkias

2. Principles of Digital Electronics by Malvino and Leach

3. Basic Electronics and Linear Circuits - Bhargava etc

Reference Books:

1. Electronics fundamentals by JD Ryder

2. Digital Electronics by William H.Gothman

3. Principles of Digital Electronics – Malvino & Leach(Tata - McGraw Hill

Publishers)

4. Digital Computer Electronics – Albert Paul Malvino. (Tata - McGraw Hill

publishers)
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