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W T SR e o g St s

AN ARG Fe @ I=d 7 S & g e |7,
TEH YBR T B W & 0 GREROm FET & q@ Feardr &1 |
IR W e faug @ fogey der sl &) 9w foug § 9= &
HE TAYA/AERYT fag3tl &l e & # @ B |

1. ‘TR aed Tead @ RO wasw? ge AN e @ uaE
YR BT =120 | 38 |QE-|e 78 W guern e fh <R &=
E VAR T w AT HEl WY H WHT & AT | ARH-aE
ferem /m 2, b gfte & fopa a1 1 et AT B, ST wA qE H
foer 9@ & 2 ST-a= & 9 W &9 HiT UEl a1 al Ael %8 W 8, S
SHeaX 39 2 faaferm =1 81 | Tds 99 Iqe @el aRued § & aHe
T & A & | Q@R TET, = & At oved, gfteshror ar stem
% FRR] Y o AT STH-aa T T b qsiT ? Zaay fgie iR
T d1d T Uga & [T GaeT BT =1ey |

2. fagm & o off gae fie @ E, SE o s ud o g
% SR 9 Y B @6 AT 11 | 7 fas &0l ard & g 98 Y
B HEAT, T 2 S8 (90 H qare W@ | giFaga Ud H-31aes
T BN qEIAYES TS B BIAA BT T Ifad, FHEH 0F
JUTE AT B |

3. 91 AW A B AT TS F, ged BAN FHS i el aAT
STE 2 | AT S & AW W AT IS % A W e S8 awet foe et
1T T TEAT T 7 AT A TEél BT |

4. ot ot Tea-fota @1 Sea gfae-srgfae, JEm-TEn # Swifi,
AT T ATHIE 3Mfe Tl BT AT | S8 TR ehelel TR
STIE T 71 &7 | qea-of & U9 T e, FT T BT J A 2,

3
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&1, I, |G %l STUETTST & a1 S[e+11 a1fey, 7 foh Faa-qaae anfe @ |
5. o faet & o | A 2, 7 e, S ey § g, a@
TR fasT & wrez & | @ & faw § foam w5 | @ st w8
BT =R |
T YA AER W g A SAwEE s o # af
TJSHIT & AT A G 6 FI0 ol == bl TR AT, S @ B
Ecte i

319 q A1 foaR =6 fawer  wed g €, S aeie e 9
FEF AT aT A S ST, S I SR S IR | e €, 9
X qAT IS STAEROT {578 s qHeAT &l 8, 39 U 19T STerT
Iruferd 1
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1. 99 TF | gT@

S 29 H 9T (STgar qEeniaesd) B8 5 6 Uk 5 ©, Al
U o F ot & (R atfea o wved €)1 qm@ @y i
T WY--TE-aoE g s, W, 19 3R aved g 9E o |
T GR YT b @ € | I Wl & ofe 4e & ferve-w, sfia-go,
TH-TH, Jg-HoR | T & feve-wer aar fid-9or  F 9r el 94 € o
9 AR Tl T ¥ | ag-eastt whee § 9w qa wef & ¥, ot
e ® omet wmef ¥ | was wwer] # Ry ofR we # & us aur o
AR SO H H Uk U AT wef & A €

T a6 feramon # e ofR war @ aife e & | e
TR weT 1 qifezes o1ef ‘e SR &@r 2T 8, W ITIILST & IRER
T AR a7 & T § HeT St T B Afen, 9 W faamt
 fowa foran 2| |atdtafs # g9 At AT & TE 2 1 gEer
T ¥ RTaE-wear &l Theg-(H10T &l & A0 g0 36 Mg darg 17
21 e off 78 A T awnd g 7 ¢ Rt T
G ERT T4 BT g T 2 acned g S waredfate § st
e | ¢ RerreaeTral g’ s (areal & S THE i)
T fmer iR et it & fafer & 2 &, TEr aarr m g 1 adEs
fIe & AR Tae M & aeal # faede o fagg-emay R
FOT faq-omasT | 39 MR W fEre iR we @ uniieE R A
TAFEID ATl % & H GHSAT ST Fohell & 1 5% [qG BT o 9aal &
SR R fIE[qeoT &l "Protons and Electrons" & &7 H Famr & 1

70 e & =T B & o el qeie-aeey ud g oA o
feer reram wey AT TSF-OT Srasd B ¥ 1 AfE 3 & uelidia-Aid
TAFIE ANt B T F GAST ST qfT It § o At @
sifiae ot faeg & omar 21 foem & SigER o Torie At uerd @
Hifwe o7 & AR I WA H THE SIfad ©ier fhar @1 & |

5
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2. T AR G HT T

TRHV-GEI H et A Yesll et aeh (R werehe
FoT ot B) g N IE oG E | TEH F 23 aurometi @1 Ao
SUqel T\ g dad g g w5 S e weer
m%lz

1. SMER-TON  THH ST, Afh, AMERE AR AT aom
% gy FHI € |

2. 99 Fon T FET Sl b A R © A 9e iR
T &t 9N &1 AT 99 g 210 faee @ gfte | oa-faEa
(Bio-electricity) 2hT F=IwEl qoTd G¥TUM & AT & | GO &7 @9dm off dorg
AT F TG © | fas 7 e (Aura) T BT1% (Photography)
fopfetam wemmer 2 & forar 2 S ol & o9 SRR g T o
“TeRI-graha-&=1" (Electro-magnatic field) & &7 H BT T | TS
% g F WALl H gt & S e @ % w0 6 g@e 2 2
(T 3Tl UeTel & STHHUSH T T Brah Rt AT | e qTol T
SMITHUSH HIFERT & AT SEadT Tl 8, Sdeh SToild Uarel i STHHusT
feorq e &, aaaar w12 )

A A % G- -9 % B9 ore-har anfe
iRes foRaretl & SwART # o & qan fafyre aferardh afed @y
qoEaqte (A1 doiagan) § off 378 qea-whee B IUFRT e € |

3. HTST-avron
4. HR-ro
5. FTHO-IOT

ST ERT SAEIRE R, Ak SRR, eRE KR, @rHad,
ST IR, THT, W ST 10T ST o &0 | GO qeue-hedl &l ST

6
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H JoRaRtoT B W Gy G & S € | 5T9 b d S o are @
2, 99 7% S ‘9% LA Hel Sl & | T S YER b JTA-Th
T T St € | gt i RemE ST © SfX g ST o
g 71

TER 0T & TRl STERe SRR avom, IfRT 9ri¥R afom,
STER IIIX RO q&T SaATEaTd a0 & & & | F gEire o9+ 379
H ot € q91 19 Sid g T80T & AT & a9 9 9d b N & w9 H
RO 1 AT & ST T Afea &9 § qROEH & Sl 8 | 99 F 5 g
Ao B A &, A I Ao I e A g |

ST, HT9T, W SFR HHOT ST & YeuTal @1 WY S qh oA
R M7 TE A, 9 q SO oY H 7 s ¥ | o9 g 3% et
IR e & &7 H i &2 SMeTErd Y ol & a9 F dod JRR 3fg
% A Ao &9 F GRe & S 21 “TH BRI ¥ SR (e,
dAfeha, STERe® SfY SaTErRdaTd) dotd, W, 79 SR &, 3 uid
TS BT TEEFRY HeT TAT & JAT T GTET GG FEA &, Fih
TEF oSt H I UiF SR YT &, Sl aTel el & | o g St
TS H AT |ieferd el b S Hebdl, ARt Afer b At AW |
forrer omar &1 SAeRr |t aomett § off stawi@ & e, it
fererar-su=dl & famT are ST & WRETOLS! 0 & | Ao § Jeur
foram 2

ST ERT TG BN | qd o9 3ol aonst & qEIA o9 o
sIferd & & | g SUag Jafs S % G ET & | 99 I ST gn
TEI B &, T [T ST RO 97 o7ife o &9 H Eiar € | 39 SMUR
R YT T AT & foh IoTd RO & Y SR oord SR & &9 7 9o
g o ¥ | e ar SoieriEer oo S § digufers aftome & | o
ST ERT 3 YTl &1 JevT Il & a9 3 dodhiie S & Y & Febel
2, o9 @ a1 7 st g &

St & T R (3TraTien, AfRT) ToT ge iR & w9 § ‘ag’ ud
AR Gl & IR0 & ZAER-0T] & T4 Iaret 1 IReme get-ed
T forga & it B A A H AT T g 1. FEtae, 2. yEi,
3. e 17 Tl aftome daa qeurar & avf, T, W, T o) ge
(MPR) & AR % HRT BN &, Sa & T d B arel 9o

7
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AR @ IS H 2 qA ST S gEe &l & 999 AT 9 &
ELS e R B £ e e S A R e o e 0 0 T 3 | o o
T, HE, T (STUPR), BT, A9 (gF H1 ), I (TE B
TRTST), FAT (AT NS Hr yemiwn) Snfe v wwwEer fRar war B2 3|
YR T e O U grE Snfe gAty digufers S T Tl
% foau er 2

S @ sdfa (W) # off digufas aRemEi @ M @ifat
@ e 2 1S e # o, 9w, i, sg, faga, d9a-fag,
afer, sifem, afed-afod I A YR &l AET &1 I o § P2 39
TR A gt @b W STRe QAR U e 9T Al a9 Feh
g, W o digmfcrs e A a9 &, TET A g1 99 a% F qRem
I T ¥ T8 A, TG B NG & & 3 & & | TG T
T &7 IT Bl &, T S99 S ST &1 Fehdl & | JoTgahd & S &l
Tif 3o 2 B 2 | o gae otef @ T fop At Ior ygra sEen
gif & 1@

SUGAT S AT & STER W &9 Jogad & Sial ST
e & fawg ® ==t ¢ Fed 2|
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3. s 7 g

S 391 T 9euTa e &, ST & STaeel i faee 7 Wien
T

1. 9erel a1 ¥ (Matter)
2. St a1 TASH (Energy)

9T a5 (Classical Physics) § 29 @i &l Har f= AT
ST &7 W AR {5 o 37 bl Hifeleh Tehdll bl TR T forr
| ZafaT o1 e & SR S &1 qared & &9 § 3R qared & e
% T H TR GG § | SN ERT UeT IS JHIB ©

Tl = g@mE x C? (C = YT M )

gﬁmﬁiﬁmﬁqﬁamﬁwwef(memem)aﬁwaeﬁ,
S8 off T g yard &% ®9 § gear off @ehdr & | e T 92 g garf
B Wier fhar 2, S qad #die & eege & adr 924 i §
T g | FEm s 9 FHT g@ gerdf &1 wAiw 100 F o S0 F@r
AT E P ST A STl 1 W I EATeT oA’ (Atomic-
Physics) & HTeIW & T S € | BRSO & f&ferm (i 2) dar
I (31 92) 1 T (Lead) (T 82) H URETH < BEgo aq
AT SAOEH T ATMIBR Fpar 7 1

9 & aH &9 T SR S o oW § qEe 8, gatae
foita &1 € | et qRem waTaRen o digitass 2 8, Aot aikerms & 2
gt UROME & UgETq At & STgdd - 8w
FottardT a1 At & &9 § aRome &Y & Fehar 8, w78 | sfities
STEt @l SR G (BP AUATE B BIEHT) SRS & o1 g9
T 2

faem amr fafire=r wdi & Sat & gEae & T g, o

9
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A Al

T ol (Electric Energy)
YeHIST St (Light Energy)

TET SHofl (Heat Energy)

W St (Magnatic Energy)
TEEE FHAl (Chemical Energy)
it FAT (Mechanical Energy)
fegfqr ST (Potential Energy)
Tfq ST (Kinetic Energy)
URATYIE FaAl (Atomic Energy)
AH Sl (Nuclear Energy).

TAFIE T |
TAFE Tl > YHIY HoAl + ST ot

. TOFE e, MR, e ot #

TAFLH ol > ST Sl

Toah el |
TAFLD Soll > FiEh oAt

BEE-Eadelh UER-EH |

e @ Rafd S > Tt Set D> SoiE Sl
TR AT §

HIFAT (IT IA) BN TS Sl > AiE St

TR ot §
TeTd N FAAN > FAR Sl

g (A1 T T awred H)
TR TS > YIS Soll + AT HAr?

10
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4. AFF-WR | TAFENE Sl

A9 & R H A qaites Aoy © | Hikdwn, g,
dfreRT | T @A B QS SR H AT § | AE-9RR & |
mﬁwﬁm#ﬁwaﬁmﬁm%lﬂaﬂa@#ﬁwﬁ(&mow
Nerves)il-?f-_«’{a? W%W%ﬁaaﬁwaﬂ@m
T YA T FIq qg%n?ﬁ %, foramarér dfEehret (Motor Nerves) @
HNTRTT Bl Aepr-a & et 1 wigufyre ae ugandt €1 F 9
AE-JEM SAFId ol & AN § g9l & P W & IS
SRR 21, gefiR . ome | ferar & “Afeaep @ wifarewel § uw
UHR H TAFIE B IO il & Bl & | SHH U 9O &, 7
T U8 QU UCRAT SaIhd URRAT © | U8 Soidieh e AT TiehaT
H TH HITAHT § T HIHT T Tgadm & | R Am-as § el
g RA & UF AT 2ah & A UH S & BN 9N H U
T UF o § TR o/ d% g |ehdl € | I8 U TEEe gthar
| TSR BIBIG T T HATITBTST bl AT SO AT Frer
¥ I8 U Sfas uear 31

“IfeTuelt <t e Ueh Ak gHY Hikdwh deh Wi Hasll &l STE-Yar
T FHAT ¢ | T el TihAT e Fehd & 17

‘“Aiiaek § IO BN AT dsid adll @l 3. (Electro-
encephelo-gram)%W@f?lﬁﬁ?ﬂTﬁTW%IGI'PEW‘?G#@
T Y AR & W & G ¥ o9 Solerieh UEhaT @l AT o Fehdl
2, TH ‘ST T Fed € | I aR bl e (Fe-amgh) 7 # 13
Hz. a1dt € 2| fqaha o & thed Hiodq ardl feed & ammIa:
dier-Rem 14 ¥ 40 Hz Widr arar ol eadr €| 27T 6. 9
ofTeT T T WIFET 4 F 7 Hz. 1S &7 AT 8 | 36T a8 a9k Afdaat
T 3TamT &Y F U Al & IR Ff-Rd B gt § ot HiT #r fafa

11
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H R @ o 31 O ot s 3w a3 afiaehe S @
I T A 2 |

“Hitqer | yanfed sadie wie i i 9= & R’ (Epilapsy)
T SR YeT B 70

syt foe & gfawfed a8 fEid 6 Caqw @ g
ARE ygfd o & foeme saagrier (fRE) & wam & 2 & @&
T R B H ST 9T H del W SR el e | afedh o
AT & STIAR “3ERE IR & I&H G # oo SR At uror
FHE I TRl & | S HAGAT BT o SR AT YIOTTieRT 3R iy
AT H TAFID Sl 3T aFl B TREREAT @d: [Gg el 81
S fgia # B uaifta X ST W97 T iaqures o 39 a1 &1 auds
HT 2|

forsmrer = wfeawpia ifyrerst @ ufkar s wer-wifa s fFar &1
g & T &1 STUR AT ARAH AU HITRRA & TR T arel
afrel &t g@ W ¥ | kask § frme #E-wE <EE & W
qithel 1 HT=T €T 10 W 800 [T BT T & B arelt Hea &, Bord
T @ e F 10%° & w7 H forar Smar & ¢ faga @ giee |
gfeA @for ot oo Sie # saeer grater off foeefaa 2 e urr 21
FoaT SI9 § AT IR HAT 8, SEe Hitawh ¥ fa-T0 Afhel @
fomfor & =@ ST 2

ARA®s @l e & gad, AEUREl (Muscles) 3nfe sta@di @
ﬁ'ﬂ?{ﬂ'ﬂ'{ (sﬁ’c&% av_(?) P T B b @0 LS. (Electro-cardio-
gram), .U, (Electro-mayo-gram) 3T(¢ a1 G fohar ST & | Twer
BT AT-FRIEE Sl 1 ST SH.0E.3TR (Galvanic skin response) &I
fopar ST 21

farsry aRfEerfoat # fordi-fort afer 1 wasf e ) SHe fageEms
T AR BN FH (electric shock) & T H Weqgd & @haT © 12
= aRiEfadl § gaet Syfa gafae T8 Bl fh sEent Je agd
e B & | fohaT & Taeq @t 7 8, g o ' B 2 o gasied St
T URER &9 &l &Y Tobdl | T T AT, dTradh, Hidew Taraal =G
%, o IR faorell & 9T & TEf 99 o | §aT § ®er o dehdr 8

12
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foh AE-eiT &1 a4l faea-fRame Sfia &6t wewgel ar gomar R

g, o T ST s &)

Ja T st ot St

=T, IR AT 9T SeeE ‘S faeq sveram aror & #
frEd 2 “9iR & J9Ed seradl Ud A o Pharst &1 U A g
aToT et S foEg & 1 @@ S faRg Sfae o a9t 390 | @
21 ZEH AT UF Haer gl awd foeme § | e ueR U wraEmr
Hfces fIed St & TeR qqdr &, ST YHR AT Bl GHE Afarafert
& LR T€ 99 fegg & &

“qRR & T AT od fIR @ W WA A sy ud
feoreprer Frrei o © 1 fopelt =fory farsie & afe S foaegq | =fe &
s1fer Bt & a9 I gfemene, far, A9 ud ger gis @ e e
¥, W afe fret afe § ae &9 a6 & 2t € 99 98 At Hedfa e
T 3R SHE F2 UHN & FARN B Ad 2|

“zg S fIE @1 AW SWEN SR @ faeie ud we aer
AR H |qihT wEd 2 ¢ | g saen fafare ud afie soaRtt
AN e, Hhed-ad UF STad 9gM H il & | 39 qIfR & g
a9 feem steram &= § T & FROT & I8 AR 9w gfcrmemedr e
SAfEdiar ST 1 Ry &9 ST & | JE S feq A g g w v
7 gRafid ud SUEia gt IIT et STar S Set & St g |

S faregg-ofier o1 faferT 2ont & faferey it & S i & 1 e
H T 1 U, A H B U, g9, e § g s
T ‘AEed B H AW H GERA ¢ | MR faEe T8 aEaitnd
T e 2

TR % &1 H T ST TOTSTieRT & A H 3Tk ST 9Tee &
% gufas et = U9 ®. 92 % SR Sied & 9 SMUR
TS B E 1 WL BEEA A TH AEHIAE Siad ad Fel & | Agd
TR faor wed Jeie B e a9 Uhd 7 SWR &
TR AR B T A | S EeT & SR e S
YR & fEg-gart ar € e e fRar fase dredt et 81 Feet
R ¥ faray g 5 STM-diqait &1 afe 3ohel R T e | war S ot

13
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& A W@ & g fohaer faor @l Sasaedr BR | U 3
et . At It T o e freed 7 fom & 6 g9 iR
& e g afe & orqe woeR T 92 ¥ 1 iR &1 yas = Uh
BIT TRFET & | S faed 1 Iemes a8l =ge & € | 3 frarstt @
Feg AW © | ISR BT SN & fF U T Fagad 20 are faEg
I HAT & |

‘e Y AgA AR foniar gies ffharareE o, SR |5
TFN AR AN qE G WE ql B AT SR H F @l 21 39
AT AT T SR W7 Sot | B AW T 8| Il 4 9 Y
A & fob AET SRR U ST faee-ar € | 39H & uror-faeq a9
R &9 ar sifere T | fehadr et €1 3 favafaenes & gufes
fafermemel Sead T o g T7 § foar & 6 g@e ur
-3 & & STTER 9 AT ek faotelt I 2ar € | 39 Adg
foeIq &1 SR AT Wies’ FET 2 | ST STHAN Gdd AR & aeh
TIeE T AT STERT-3TET BNl & AR 4l ARH Wi i 7= & TR
g SffaT § Sl STear ST Hear & |

“gfig TSI Bl 79 & foh QT 797 & iR & fafeea
B AT fEg-ad IHd TIW SRR § 6 9 GTeX 9 el &, Stk s
ufe wg At & SR § 7% fEa-adit 3 Wie @ g a% faeme wd
Z1 2. e 7 39 fogq g w0 S SafEEer B 8 oY
foram & & 2 999 & §&9 ) | SO &l |

ST AT & | S ST B SR | Sif 9eT Ua QRIS gror-are=m
e st yanfed 2idt Tl &, 36! 79 Ud §¢ Hehed-1fer & &N
it & ue fag fawg favar w afea fean stran @ sreran g feam
# yanfed feram ST 2 | 36 YR MTR ST e W A8 AT TR
q HeaR d% At ¥ § I3 A’ 2 |

TateT QIfeRT UTOT T SRR AWT =Fef & arare, foharehara & T &1
AT B\ OEs aara, e, aifvEr off 3@ et & e & 20
ARATT JRTSMIETAT 61 7d © {6 “UTOT Sl &1 T2 &RoT %5 fasrs |ree

14

© Jain Vishva Bharati

For Personal & Private Use Only

STIAT OX TR ST Fehell & T &1R0T & ot &l affrgfer | &l S Fecll
T | T8 e E G SR, -1 1 ufesar ud WIvesR, Sar-arEer
BT FEEAL | ST kTt -l Sagas fawdt w fiae, e & ararad
g foparehar ®§ =99 89 | Ak faug fa9re srerar amy § yanted e
T YTOT-FAT had STfereh deit & 21 afcsh ST THTagel U Jaser
off & ST | gAY I 9TOT FIEET STerdT Tor foen wed € 7

‘T T & GG IATH Yol 9N & ¢ Heped T AAad &
ERT STEUS ATAT THICIT 0T o bl STRIST & TN e S 370
3T ST YT | Y AT S0 SR § 53 fafarse gror a6 R sifers
31O AT B Y HehelT & I &1 STfereh "I § de Tte-1oT 1 379+ 37T
Th{oTd T Tl & | 3T T TTEMH TSI bl 3Tk o7 emarat &l
oY 21 ST ¥ | g8 AN A A At & o g g e

“feplt =aferT & =Y STEAT SRR & AR SR fay gU qsiiaw
T@HT & S bl & foh o7 At | fohat o fgg-aife & 1 foheg a8
AT AT ATHHUSH 3 el A& q el a@l A1 Feball | 37 oI
e 3t B SAEgFhdT & | AT o § i wienmer g |
AU F AT qA T 2 |

“fr:5dE A9 U Sharann fgg-m 21 g g gy
A fIeq @0 oTanm ereed AT Sl Ud g9 2 | iR W
=T, TR Ud SHET 9T q9T HRhRT B 9 STEHE
QIferTEt BT T 9 FebaT & 1 T A1 AR A Bad T ud ik
e & TR I € SR e smee 9 sysated &) o e
HAET SR # foeme 56 o faEg e & o7eme WO T Ut R o
G SAfoea & & ST SMygddihd WHIGHET H HH AT 8l
S 7

ferera-fopamd Sftar @ Aeaget ar g fBramd 2, e famr
ST 3TET 7 |

TAFEIE O AT H FT 27 AR fEd-uare R art #
& AT {oTE[-UaTe T & T et 7 Sirebrat & e & At fereg-Srearst
(Frras) 518 farstelt @1 =9eRT (lightning) el ST & 3R Ol & 84
A TS IS F BIE SR & AT AL ? A WAl W AT o foan
HET B
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5. fas= ® g § faEq (Electricity)

ST wToT # & SISl T GANT SUaEe B &

1. SAFIE (electricity) T odelh Sl AT Y18 (current) |

2. WIET (lightning) T SIS H THE ATl foelq AT Ferted |

el ofR Rt ® 39 a & foT U & a9 @ yEne
T ool (ar fgm), fRe of areaa & 29 St e &, Sae e aqe
AITE | T TS & fo7 [T BT YW SRS Bl T HEAT
TferT 21

ASTIR AT % STAR I&® g Y (element) I5d IET HeAT
F qrATpet & "ed & T 2 |y weref % WA (atom) FF fafire
T % HROT qerdt § faerar ot €1 | erelf @t aeApe # qa
T H g & T & A fRE € 1. FEd (nucleus), 2. TR
Gk HA YRR B FTE & 1. TIeM, 2. =g | aRkfer & dhaa s &
UHR & FHOT BT & Sade 1 A Hifee T & Srae fafire qoret &
ZW faET AT SAEEIT T 9ihAT & g 7 € | i S gl
fsRATST &l FHE AT 7 1 faeq T Sererrarer SR fae anf stehret
H e drell fSotell (lightning) & S & TR a1 THSIT S Hehell & 3T
T 31T (fire) 3R AR & ST I T TqEIIT AT ST el |

7E W AT F BB g a1 & o @ E

1. werd # Hefa ar geme (mass) 3R ﬁ'g?[-?ﬂﬁ-‘ﬁ (electric
charge) ¥ 2 Hifw® T I G & 1 T, WM AR e | I
o7 forg w9 # E, 99 T s # aawrn ™ e

F FHH fagq smaw
ENEEE] 10 7 T 1 e
qe 102 o 1 gie
g 102 3 gH 0
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2. EEENE 1T O Yerell & USHl § Ha9 HH S A9 T & |
T TAT-AIT & THE AT ST & | 36 YR BTEEH &l IE-41
F 2|

3. BIEEI & U UH H U Saida (R Udh WIS BT &, =2
TEl BT | SeFEN Bl GE&AT & SMUR W TAV-HHIF’ (atomic number)
frerifee &ram & -

(i) =TEE &1 TR UE (1) 2

(i) ST T WRA-SATS 8 & T4 WH-9R 16 2, Fifh

IHH T F 8 TR, 8 WIS IR 8 g BN ¢ |

(iii) e eng & 1 enqge @ fafare wAT-TEET & wRer ud faEg

T JATE SATEHT § T Goball & P Tid 1 IRAI[-5H1H 29 2 |
IHFHT TR 64 &, Hifh 38 TAI] § 29 TAFH, 29
UEH ST 35 =g B &1 (AT qe et & wEy o
fohee-foha TaaeM onfe 2id & deT Y% q9 uere @
THT-HATR T8 TR fRAAT 8, 38 fau 'Periodic
Table' B &, I YR 2 # fear mar 1)

I T H Soge SR e I ST SHE 2l € 3R g
foq-smar-fed & ¥, safay wamy @ off freg-smag-ed & aar
| o ST aRferTa Sqaee wRaTe] § et B dTeR Mehd T 8, a9
FE FOT-IATALT ATA TG HOT & ST & qan Borg o] § a fepan
2, 9 oF-Eq SasT arar ‘ST 9 ST § | enget § A @ o
Ry & UF @A soae Nead @ ¢ | ST | o9 ang-uare @
fomtor €1 2, 99 S geh et ¥ F AT Saaee SuH-3T0
fog-orATopeTt & 9o Bt TG faEeer & E |

foryq-yare @1 = # SamEn W EY Csaae ang & Tt
(molecules)® & /T I Gell e H TET-2ET T HT & &1 for
AT § T TaE qad g0 €, I O €9 ST ard &9 A1 § | 3
‘AT FET AT & | et o fafaree deEer A & e A
TRATY] TR (crystal) I HifeT Zrafeerd fead & €11 oo (a9 smag
ATl TTATY]) 3] THfeh-TaaT | o1a Faar fiad s 707 & o
1 38 ffyaa sl & wror v fasiw i S o o 21 o,
ST AT T o ST R Sode SATAA & a1 & SR H STEd -
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e e T E, o e, o e w1 gaes g, § R @ e w6
&1 & | W A a1 & IHI BR W dledsl § ST W@l A1 v &g, S
faerq @1 gar@® (conductor) BNl 2, ¥ faeq & (electric field)™ Uar
BT | ST T T & B farer fesm H & (force) AT & SR A
wﬁsnﬁmﬁqaﬁ%lmwﬁmqu@ﬁgq—m (electric
current)”® FeTH A1 H T&A JE BT ¢ | GaAwH G & (AT o
e @re # & ufa T wwg § oRd A forq-may @ wefa @
foEd-yame & A% & &7 F A S 5 07

T YR Sel-otel saagis are (freg-smasn) foemm g &, @@
TE TD AN SN & B (space) H UF AT hies (ﬁgq—%sr)
IO B ST, el SHT TWiE SWE fRAT S Fehar 21 A |
-6 & g0 B ToaES Il W@ AT df 5§ W TAEIE BRY
(forI-9@) FTT 9I& &1 AT 2 |

qerelf § Araehdl & IO & STUR W IARN AT FaATAb,
STefaTee SR HATE & &9 H hAT AT 2 | gy faed # garaw g,
Fifch ST URATO-TaT WY & T & SAdEET bl SET & ured fohar
ST FehaT & | 1 et & qeArreti # 9 YR @ gfaer w@ e @k,
T AT B WA & | AT Srefaras gare ¥, I fagw uRfafot § @
gfae foerr & 1 Serewone  fafies & ] | 98 e 9 | SEe
AT STefETeh (semi-conductor)%wﬁmw%lm,ﬁgaﬁ
9T FHATE (bad conductor) B & I ‘TGS & €I H &I H fordT
EicIE

AT a7 YhR Bl &

1. Rua fagg (Static Electricity)
2. 9d ﬁl’gﬂ (Current Electricity)

ﬁﬂﬂ'ﬁl’gﬂ,\ (Static Electricty) '\‘i[@f &l ﬁﬁ@aﬁﬁ?ﬁr@g Bl
FAT § FANG THF TE AIHT T & b ST ATl § Dig A bl
2, IHF TT-TT BN A W GAE A S| IH FAT F AR BB
FII & THST Bl I AT AT HAT & Ihe T A1 f9e 71 2 | T8
gfeha ‘fead fae[’ &1 9 ST & | 369 98 AT 9@t © (o ardl &
ST & TAFLI STORT EIhT TG &l HHT U ST & AT & 3R T F 7
AT FoT HO1 F BRI & Ihe oY B Tared STFH & A1 & |
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‘T fog & fawad § .9, 600 H AN a19i (Thales) T JaRT
méﬁiwmﬁammﬁgﬁﬁmwﬁmectmmam
TS # amber FEd &, IH Me &S T q I &2 BT B Il HUL &
S T AT & q9 9 B & ER BN & Bl Ihe, Ble-BIe 9@ I,
uferdt & d@ omfe @ agte R ST & | gE |99 100 H 2. fafeem
R ¥ 3B o TSl W YA 60 | i &7 88 & 9 9 9
T W qAT UGS (STaE) I B B Foiea & Bue d T ) o
AT & SHET YT B A & | AT FA W T Tl & o Fid Bl B
W ATHE SR 9T HUS W FOMHE IAdeih dlel THT & AT D |
TMTEE, JOHMT (Amber) TAT TGS &I HET H FOMHD qAT Fod, ST
ST UG qTal U EFTHH Sadeld dTsf ST 8rdT & | JOMT (Amber) T
Mk A FH (Electrum) BIF &% HROT KOS FHO bl AT S
TAT TAT TH Soll bl agrerdrer 9 fear i

STTRIST H T ATl e[ T TS el Sl &, areal | ST
TAFIR A BT YA B AR B A fSEE 8 e anl
gared e 9 98 AT Tl & Y 98 i Y18 & &9 H 96l & |
T AT T SIS IR AT H | g fad sawn § wiew
TFZAET & T H ET & | Ak H yanied €9 F die sadgdel (I
foerq) & &7 & qoT aredt § e ard 2d Searst b srEwr § foeg a
AT & BT § Y BT B | T Rfeh TAFIAIRET BT IR AT
T g, T sffe, A G P AR TS T W@ 9
% UYAId @ % 915 91 SaeA-uaed U el gl w2 ¥ | gy
STATT & A= R (spark) o feerct &1 fase & o ER g7
TAFZT Bl Sl BT GBI B Sl & & § GRaT & |

fgg-gasa-a9 s [@.9. e (Electro-Magnetic-Field)

EE A I o | 1819 ¥ @ion o1 {6 SIa garae aret
& aig & dR) #§ ¥ FEg-yae Ra € a9 96d qE-uE Uh
frq-graaa &9 3= & I 8| At I fagg-yare O e ® ar
I BN AT faEd-grada-as o O BT 8 | 39 @ % MU W
wAifes s & U 92 qmar w1 97 gon e faE ofR graerr
(electro-magnetism) @& T 4 YHTT AT | T 9T eraia
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‘TAF-SEAmE | fREg-gEs ywE & ey § et onfe @
Gt g2 | forq-yare & graenid gwmEl & e & o arr-aae’ e
T T JART foRam STr 2 1 S Taage Al ¥ Sdde hies R
TEE § B e adT &, 99 & fEg-yare § feg-gaha wies
SR | I & | THH ot ‘fagq-grae St & ®9 § A A |

foa-omay & R iR faeq-grasia &= &1 8 99 T B
e feafer & 37 & Y ifq a & ®9 F A T 1 ST AT Y qahrST
% o o B 217w faea-emay T fREE-emay W us |
(force) YT BT T | T SR Wﬁ'ﬂ?{-ﬂ'@?ﬁ'ﬂﬁ'{w (electro-magnetic-
induction) @ fopan i 2

ST e b SO AR I BUSH! b BT H e IH AT S
T a1 fEg-omay g IfoAe R d WER g & SR W
TR W1 % HROT AR fogq-yare Yar & aw & 1°

HarT | ehET ST 1 BN G U YR o fed-graehig qiil bt
g 2, e fogq-geasa Sat oo Jewqel # #r &1 I
foea-Tra T & |1 B a9 fhE-A-fRe €9 § de & | g9 ae
T B YfEoT yHitad g foeT T2l |

IEdl graredl H Head F faq ofR graea & fawi @ e
% TR & ®9 H UK Y AT | 3 et § W w1 e, TR
F1 fem, waE & faw qar W—W—Wﬁ (lines of force) T
o e |fhe S det 1 qAE B § 10

ﬁ%ﬁ-ﬁ'@ﬂﬁ%ﬁf (electro-magnetic energy) 3R ﬁgq_gr@zﬁ-qﬂ@ﬁ
(electro-magnetic waves) & Y T EAT ¢ (o Saerier ar ﬁgﬁ
T “dreiors’ RO & 17 S ICHT, YT, At 3R e St
SO ST F sifer et St & G & P St
S # e drgiers UReE & € | 3ad el o At der a1 o=
HE T B IART ST T T 2 | I, g o @ g
Sl A FW B AR 39T W0 St & P adr-ae ol
FHA-AG (frequency) dTell T )

A % (- TEeEaTE S T & 32 guf q9anq Jens
&2 (Hertz) = YARTIMAT # fagq-graenia a@ & SAfede al AT Y
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fean ar ¢ g = & faeg-gradr T wl dafThar 3 YhR 85

1. S & T qZ a3 qH ﬁgq—aﬁ (electric-field) 3T
TIHE-GT & JF & AT FHM Hall ard i & |

2. -8 oiR g & @t ot ar-geeen-en & aa &
TEBIT AT FAT T o TE-RI0T AT e § G il ¢ |

3.9 qE e SR @a-ad & &9 | e € |

4. T FIRIq-graeh T T 9N ATEsT § ST 4l (C)
a1 ffde &, foraer g (3 x 10°) de/ufa fhvs ar & staar 3 @
fopaeer ufq Afepos wmr mar 21

5. Tord off ez | THET T H1eAw & faEd-grEe O
e er 21

- aom-e (wave-length) aTelt ﬁgﬂ-ﬂ@aﬁ'ﬂ-ﬂ'@ﬁ T I
T TS & SR WX AT 21 10 HeX F @t 10'° HieX e bl
qaT-e arell fEa-graha a3 29 aviae # Sffhd g2 & | ST sl
g fe@rg & ara T & geb1ar @ a 4000 F 8000 UREH (e T <l
AT e 0 TE 21 (1 UTEA g 10°° e ¥ 1) @ o7 @ awt
3tferes et qer ST T T BT el ¥ | Hawe are ® /ey il (aofue)
& TG 3R F SgRy &1 HE-wd | g9 T

Wavelength

Frequency (Hz) (nano meter)
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39T Wi % AfaRad o T Aged HIfE H E 1 IS-SoA B
T TR 3T (Fae) T b w0 7 fawfad ey €17 S e |
BIET 3159 T -G [t & & 7 € 1%

TR o e fa.g. 7 2 1 o faea-ea (ISt @ St
F1 fafereer o foegg-graera o & 9§ 2T &, S aiT-a 300
T 3R FFF-3MG (frequency) 10° BT T BRI E | WA
IEves TS g | A 7 5 e § 25 faie 3@ o
T4 aTelt TR BT UaT B H e v ar o, O faega-ad &
HUR W & AYFE AR B UGRAT H I wea e |«
AT Bl TN § 100 HieX fd=t qer 981 aam 4 10 @rg 9 a6
T T ATl AR BT YART AT T H A7 AR | A e €1 3
Afear-aan & wawEed U Hid -aar & | g ¥

AR a1g | fagq &1 P

AHTT: GET AR TEOT-To & &dT QM araraReiid gamd o
foreIq @t FaTa Il © | THRT BT 9% © foh e od ffd § & off
AT AP A B A O ST B &, 7 0T T | T e |
HE eg-yare TE ToR FehdT | afe el HROT  THBT SAEHIHT B
S, dF 98 faEd @ g 99 AR § | SRRl B Uh HRT
g THH T g0 A1 U1g & sdmis & A (e ged st At e
Rearfaae @1 srwae A arefaaa fabd |

=] TR el Afcrdr § W g0 ag § BR W W@ U 4 91g &
TAFIS o T TG Ied dTeeel T AT ST & qe aTg B SRR
2 ST & 1 3EH e @1 FRrasfeer 2 e &, St v g
TET AT oAl & &9 7 fa@rs 3 8 | 36 aaa: U W 6 ®9 ° aar
ST 2 | SET BT T YART Afeeet H W g% T % YR P AT FH A
fafr wdf & fepam ST 2 |

AfcrerT 7 T &% arg a1 fhdT Wt YR & a9 (vapour) & YET I
T HH B A0 JRH T HT TG [FHAT A 2 | IqH A
feafeai ot 21

1. 919 d% T & iR & T8 10 WA (AR &) § o sifeew
BT & 9 T 79 | Hie A9 72 (discharge) 2T 1 99 T ag
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AT & a1 el © |

2. 5 it &1 96T 10 frfr. & 0 foran Sram 8, 99 el sogee
% 9/ ag ¥ F g & MOEee B € a9 36 a9 d%-%s @ ff
Yer Bt B 1 ety oft Sttt ueh faferor #)

3. S AIGR T g 5 TAUA. § K9 AT ST E, o
I ot webrer o w9 H el 2

4.2 T.f. & T TR 6T 99 W UH A IHHER TRIT-amT
O TAFEIE (UATE) | TRIHT 0T Saaere (Hels) T el & qar Har
% FHY Uk THRHE qHE UaT Bl & | 56 SR YHIERT & a9
Tl SR f@m &ar

5. ST SER @A 1 . @ e e faar S § @ 28 g aw
% 919 O] ST & | Bel TBIST, Fel HEHR 36 Y HT HH ST 8 |

6. 51 ga¥ .01 fo.fy. a1 feam sar &, a9 g Afee {6 stusrma
2 S 8| 39§99 delE | UH a1ged &1 fafeRa B g, e s
foRT0} et ST B 1 T Fels el 9 9 9w & B W R €
q9 98 I9F IodT & | 98 THE Fiaeied UihaT & HROT Bl 8 |

7. 99 99 10 ¢ frfo. @ o e S B, 99 FrEes are
FUT-AT &1 AT & |

ZE UfEHAT T SUEIT HNEe e (2gaeee), A |, wsdrsed,
"R v, wifsaw weg ante 7 foRar S 210 5| waey # s
At TEIT W1 % 103 THRT H &l I |
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6. AR FH E=EY

I 29 | dewE (RE) & i
S T & STER YA, ST, eI, T,
TIEfeRas: X TEHEOE  F B8 YhN & od e &1 STERiTe,
ZITARI®, JSIaT aNfe § epT faega av Iuded | qoaia
g 7 o € e sWR e & w9 § 2 2 SmEmiT 9§
ASHIA SHal & SIRAE BT TgaTgded EHR Hd 50 qaal TN & S
SARERII® Aia-dih & AT H BN BT &, I8 AT AT B
SR 1 STETER HT & 17 Geq qodhide Siid av el @ § A
& AT e & BROT AURTEA BT 2 | e ASHIH oA & -
Y T AU Afchisad F=Tar & a1 e 2 | saewias 9 § 56w
e YPR FaarT & 1. aAfE, 2. 3R, 3. IR, 4. afd, 5. Sar,
6. ST, 7. JEINHA, 8. Il I TS GF § 3% 12 98 Few @
1. SR, 2. ST, 3. 9HY, 4. . 5. o, 6. JEIRA, 7. 3o,
8. faerq, 9. srat, 10. fefq, 1. dacemfed, 12. gEwaaOTTgd 17
TSTABICTR G & AU & MR W A Feve o 39 o7 36
wr T &
1. ﬂﬁ?(\’ﬂ"’l’fﬁ)
Tre-fiz & ufase wasfmer dorg # i wed § (@
2. amﬁ(sﬂm)
STARIET AT I TR Hed & | TSl T STeral gol ga-fed
-@-Uglm

R CEE
%S AT HTET BT AT, IR =R AT AT &l T, &R
AT & T P &1 W % fava - g g
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4. Sﬁ(i‘lﬁ;—‘[)
I AR § fafe= s, ST gk AT,
Zraferar & ST & S wed E 17

5. ST (STE)
e § Ufads SIFHfmEr & s #wad €17

6. A (AHE) :
STl AR "

7. g% A (gam) :
uRied ot 17
8. W(E?EF)
mER R emfe
TSI G &0 St § S weafiit | 379 a & 5-ap e
aref fep &7
1. MR R |
2. W I @il onfe (AeRsl) @l sarer steEr i g
gfae i |
TRy anfe @ wEr iR sty |
At s | uites s
AR ST RS |
gai ez 7 gfae sfe)
IR AT 3@ & qae 8§ I 3R |
fogg sl footedt @1 e |
A e oot & FRe ar sifawg &
10. frfa  afeT s |
11. GYagfad SRl oNfe @hsl & e & a9 |

12, QEREOTGA G ol T 0T o7 6eh B O GhehicrH T
q S I Bl 8 |

sTrariT-FEf & & 1 T 5 YR &7

25
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T T H qowE (A) & A TER E 1. G J9bM, 2. AT
TIH |

err qSbr (31 ) FOf Wik H ¥, SR aTeX qS "I STerE
Ao 7 & 2

1. 3R, 2. af, 3. &1fd, 4. ST, IR 5. TR gE Ui WER
e FSHE () & GF F F T

1. SR &l g9 SR S 7 & UHT T g 36 |

2. AR ZU o @1 el o fohaT W, fagq (SR | e
aTeH), ST M A (a) & dad § IO B arar J4T Fpiaqumor
q qEq1 (72) B A Tenfe |

3.9 U & Y el AT Sl S |
4. S SN H STERT & Sl Sl |
5. YR BIEHE AT & FHOT AT T |
e AR & F wig 9T 2|

TR & e e, srreafiEaft of sl
1T &R Yad et T STER-Efe &l GesT S TS SR
H ggaier § w6 ot ¥, agt oFf, S[aTd, I, faeg, sat, fe,
- T gaETErTgd & A # ord-9e stear @men &
T 2

TQIah-TETstt § A F wEfveyiae Jeg & ®7 H
JATIT AT &, T SO b1 ShT § AR d dre-fuve’ anfe # fea
AT & ®F H qAET ; S9fh IYABIGE BRAEE THT SR
gt a1 § ffeem ot &1 geifa & &7 8 7 &)1 st
ffer & ofi & ol a9 | W@ & o fhaT W@ e & arg
foregq, e, S, Hed-3a iR gEiaafor-frga st @ foar 2,
Safep gemoT (qe) H fog onfe ve 9e w@ds w9 § & ¥ oY et @
@A 9E & w9 AE A E; avaeiads (q) § freg onfe v e #
AT I I I & SR AT H IH TWEIR For gy’ (smaprshar
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faoTelt) onfe & &9 & amr F1

= 99 9 FT T B W T B W oA & wel &
T & qTeRT 6T i faer g & | gerdeiae gl qdaor © o
TUUTEOT T SRRl | famer dt § qaEr” # SR, Samr, S,
T, JEI X a3 B8 92 qaan & | ITEH eqadd H ae
AR AR BN B AAT-3T fordm & T e &t ae
sTrepTetta foegg, awr (arerfe) omfe @t & St & Sata &1 aaamn & |
THH SMUR W TET ydid 2ar & % ayefes § fafde afw #
:fUz (QEfs) gfaee SIRT &1 w@r @ an, O geeer § e |§
HIAT T FAT had ART o HE Rl B ST, A faerd, e,
frera enfe @ w@ds 9T & ®7 H qAE@T S GAAENAR B @RI H
Fpr (TWEIRE) § O qer SERE-Ee q9r fSreR 79 qaer |
‘R H & | Iqeetas B gEiT § e of & ww F
ATEAT & e STAT 37 T8 Mehadm | gl § “ud fowd Jmer
ST’ Fehy 9 G HT GAES BT § R 21 38 uaR
JERT & &7 § & Ioabr, e, aret, Fefa snfe & @ier & ©
Ffves ot oref off afed 2 &1 S SRS Sl § geed
H ‘faRer-star™ @ fomm & oiR agentas o reag ® He, anid ar ong
arg®! i fordm & S8 8 B STF & Ui | SE ‘EIR § o ‘S
e’ (W) 0 AT S, a7 Sehl 371 & 9e J&EIRA § S S,
ST AR § e & w0 O 5 AT B otgar g |
‘JERT & wq H A F |
TSRO | A 91T | & TRAG-IER TS AT FAY B ferr S
el 2 |

Wwi JTIdd (concave) W%H@STW@T%WW
TR gF Rt B divEd & AT UaT @ S Fehdl 8 |

=T T YR 1 AR i Safy Sfia s At g o) g, et
S ] e e P T e ey
AT SUTET  THE ST qSeifaed i & S @ Rl § W
TG AT TATEIOTHAT T &l &l qebell | TSI Sial bl Al H Iorar
F1 srfardar aga wrea: ffde off ® o e S S ? Erts
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IO | AT BT AR AT & AT A araH | e Ste
ATET T R geret & geaee § fafier a9 e | fhas arade ™
HE-a1 et AT B A I Febar 8, Ig HHET SE9TE B |

TH% Sifafaa ‘arg’ @ Sufafa @ o st et & fae
stfariar gae T ¥ g BE-E ag & Sad o demtad S
SHfaq Ef ® Tha 2 SHB S STfed © | STERiT-aTT § 39
IITETg IAET W@ 8 1

AT B & -8 Tere AT YT &Y Tehall 8, BF-aT Tel? Il
F ot vere T H SIS FRT H HeW § SR M- e I8
Hrtar ofr Fofr &)

Ted 29 faere & omam W i @ ufkm @ awe iR Sk
AT I HHET Y, a1 AR 9T 98T & T B |

s Zwn R A =

AT S § e faem & qd aif & fawg H wm
Se-fagare d AT Goll g3 o7 | 3§ Ggar €9 AE IEh TN
3T B BT Il HIFG-aT & STEH g & Sforerd o T & 2 1
I & § Tt e & o & e e i aufad @
W(Lavoisier)ww-w#gﬁﬁﬁwgﬁm
o feomd e B9 & | & udr O W@ o8 fR ofeiee & |y
A qaTel % A HAET SR IS & fafeReor 1 kAt wavad
T dur SEd ga H o § AW o9 ard ueref @ Cstmaeer
foram 2 1

TH TR, A UFh TAEE IERAT T 1 ZHHT RIS Gs
¥ YT AT TE-ORT | A T RTT 39 YR ¥ gE-fhar @
atef & Saasfier qeret (SeM) 1 Siferiio & |1e qarafe J4nT e
TOHT T Seaoi |

FHITT | YGFT S99 (SAeHf qere) P gRfud ud et
FI TC AT TN 8 T g8 YT &, S Aol 9 AT AR %
TE § A W SR IqF A qEEE SAUERAT w9 ST Yar
AT & | 3o | Frfatad saasiia qa ol § § U a1 319 & e
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Sad & HrEd, BEEN ST SIEE-HTEA (7% o9 a1 SO gerd
Al Sraeestt % o Wb & O, @a A1 19 (Ag) V7 Hy uere I
STIET § T Wbl & O HB A TR AT & AR HY IH B €T H
JEERY AT TRA BT STad & | I ST T A9 {e@Tg 3ot & F areqd |
T ®Y § A B AT B

TE-1ohaT Uk WehTX ol Tk SITAGhAT B9 & I fohar Sl &
Jfrerar & aer dear 8 Ui @ e Sed awr o e gt geref
(T, SATRIIST 3T(E) & T G¥eh 3Tfereh ke T BT & aeT SHeht
k-6 TNt BIT & 1. haga (STafd Saeeie qaref i St
% A GAM) dieqd a9 YBR B EEHE Atathad e fegia &
MR W BT & 1% Saaeefie qered O o, aie a1 Ta-sraeer | &
TR &, T G AT a1 ARSI &l (air), & wagas g
T, O SH9T I e § & g ey 1

O FuT AT Al qardt § Uipfad e & &9 H ddhel,
i, forrEe e &1 99T BT © ) R geret ® uge qar e
uerelt # UTepfe TR BT TN B |

ISl < UEret T & YR H «ier &

1. Saa9fi@ (Combustible)

2. ISFEIN (Incombustible)

THEI, B, B, qd, WE § YR I, 99, T, UL, HEN
3 Saaeiie garel € | 399 o Ui, B, S o SNig Sifosaameie
(highly inflammable) ¥ T8d 3R @, ga, A, wer, o onfe
ST & | aTgaT # HIE SIS (CO,) ST arg W sreaemaie
T T FaHT GAN AR et & w9 H fHAr S 2

SAferepteT SaeHSi qaref & iy JEad: HEH, SEgh e 7eh
B 2 o e tfasie swagee #1 o afed & e € | davaT ar
& T UBhAT 39 YRR gfed Bl ®

1. Saeefid o HisE T 9mey |

2. THE 1T YOy (SHTfeT) &1 q¥ e 2T a1fey |

3. 3 FEiRa Qo gred BT =y | U ey s W &S
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TeTe SeRia/EdT & AT UGRAT dih T @ € | 39 aT9hH i
SaAT-fg A faemied g’ (flash-point) e 2 | Ut & Fo H
EA1/ITOTAR] 1 YT JE Bl & | UIoTary] STeT-3TarT YR & et &
T - wfq § ufbar &t @ 9 e ofg @ S @
qar T4 feara § A F YISl UaT il & | IS 'aT § Wehsl 295°
., BIIAT 477° F., BAGE 295° F. TAT BEL T8 580 T 590° 2l
. T T | T AOEE F HH T RGIIT Tt B | Hi-ar gard fha
AOHN T Saa-RaT HE, S8 qU faaeor feoqor # 21

4. IUYFT I B TS YOIl (System) ST MY |

TAT B WX U Tt fhaT B & e e S g aw
STTRATS & T TETafs €9 H 999 e ¢ forae qRomeey ‘S
Jehe BNl & SR &1 & @ CO, (T TEHtaes) T e qar T
T I S o et off SO B9 1 T4 & AT dm, GehIer
Fii-Ffi eafr & Far @ fafor g 21 eegee sieRdiom & arg
HYFT BN W AT I AT & S H,0 & ®7 H Bkl 8 1 39 YER SO,
(qeHt = SffaTse), NO, (TE2 SiiTEe), O, (3TS) e T +ff
T & Tohal & | HA-HdT CO (e wHiedEs) stear e T &
w H of fwfy & 21 39 yer & T (e, 389, S SEstEs
STE) I Bl IUGRT ATTH TR : SRS o A1 TR ohan
FAT & X AT B SR 3o a9 9t B 1 S Al Jadl @ a9
FIEiveh T Il &, T SR & qrer THE e 5T & Sarar ar
‘IS H W H Aol & |2

ST AT B YTHAT He-Hg €9 H Tl €, 99 39 YBR bl T4 TEl
AT, 3 9T Z99 § fIeme W, draegsed a1 HEd 6g T &
T BT & | G SAaH-19g W UETdl & a9 yroarg (i) & |rg
At fRaT Bt & SR uatatie gikar (I forad owr & w5 o
Tt &1 fafreor 21) & ER S (A1 am) SfR Fre T SieEs 19
TIAT 2| 3T YR Pl ST MW & ©7  Fordt & 1

T SR P B B B, A TG G T A W, d9 FMR
TEA H TN UST HIA & | SRS BT YR, AT St b1 I~ &
TR THH ffRToT BT &1 B, 3 | | @ & WA U HgAd O
AT T | A SR AT Ew el T F A & 1
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o q AR THAE 9 TR Bl a A SUH § TSI Arar & ar
T & T YT B © TAT TR & BI-BIE HUT TLhT A TR & AT
1 T TR FHOT U B Edr § T w9 § Ao @i € | U ey
H e & et ot et B €1

T YR AR fRET Saemsia gered @ yoEry (SteieE) &
| TATAE UBERAT ERT @R T aTel ST i R & | Ui
w9 H THH AT IHAT, TS I St o1 fAfror rar &1

“FTEReT AR H qeTel B STAT-3ih T T BT TE © | S i
TF TgaT & Ued & af gared NH w H aodighd & Fehl & | 36 BN
& TaTel & ST b1 UHAT 95T UGS & A E, Y US| e b
qerel % T O R R et & R A saamsfi & an sifq-saamstia
AT T UTSHAT T AT AT A foRAT ST Tk &, A IHH uge & ATl
TTOTATg T SAT(ct bl AR fohar ST | O &aT 4okt ST et 9kt &l
et fopam ST Fewar & 17

St foelt off =0 & =1 7 21, afe 3§ JaW J qednT e A
Y S JEd: gy @, 7 e ar ot 98 stantt | afe st g2 e
@ 1Ty ol T 9 8 S A1 98 i g3 Sl | Seld g0 audh
T TFRA IT q W@ A a8 ST R F g A § | Fifeh St
T AT STAGE & TS | T T TR b Wi T Gl SATioT FHIe
el Bl ST e b & &9k oAl @, 38 U9 a8 qed 31 S |
UM 9 T & Al §, T9 q% 6 Ao Hadl Bl & a8 Uh
AT o & | T 50 S W g, 8, O S St | o S
A AT & | T9% TAN & SRS H G99 2 A & | T qR qered
AT €, i ¥ @E sToaeeiid & | SHfaie & Brga sar |
AoE AL, SR, T, 39 e 79 ‘g (Mfer) 29 8 w1
BT AR T ST | BaT H A /T AT 80 Uferd q9m St
20 wfierd 2| fobeg R & SUERl af dhaa SiteRioe & & 1 afe fee
AT AT T A H SIS TE BT, 3T 39 F Pig arg ¥ & it
&, o oad rftT e S gehdl | (TEfy Srude 'Y § e ar g
T H o erEgee enfe garef ar fagw wematte R @ aRemrEer
STAEHAT & Fehell &, TX AN, FA STear SHeriio a0 /it &
fomr atfi S Hue =2 7)) e Ta o St & ot § ot
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AT oft T ST Hehdl | SoRIE Oeq § SR T Wl A @ ar
SIRITEERIST TET AT & | ST 96 St SIS & ST ql Saeeie
e % 3T H HROT AR FA FY BT & & Thell | 9§ TR
oy A 89 Wt Fer T 2 )| g o e W s
# ot ot €1 39 fowg @ fawga ==t aew @ ubear v & st
&1 ST | 9 T 91 R0 J9E 9, I8 54 |

FANT-FAL & HAYATE I BISH Hel 9T AR & T §
fordt off yepr @ o St @1 Brar @t o 3 orpwa w2 feam ®
T T 31T B

IO SN T UH YT B a9 B e i | SitRie &
1 Uk WU TErafeE Ui S & B 27 a1 9F Uihar § ST
q Ao ASHT UST B B AT H TG GRS T UeT B o
TR QI T2 A1 Al ST T AU T B2

T T Tt R agd o € 5 arg et 2 & e
T9T-YeHIIT UaT & BT 2 | AT IHT Aled HaET A ?

1. affe gfekar & ST F GOt # T@AT BN il SHd O &
T YR WY YeT BT B

2. FARIGT YhIT & A1 THENS BRaT &3 gar &t Co, |
P T RIS IIAT & Ak “TehIST UeT &t i & | 31 S B

3. CaO () & Ul & A1 TEEHE Bhar FE & AT’ UeT grar
%, QR gebTar YT E Erar ¥ 1 it urseY of =6 aoft § ormar ®)
(7 afra st 78 7))

4. TS 6T T Taea T T2 afe ufkar § wwr o arer weret
T STYfd IUEY S @, q&T ST U R UiehdT & &g, ar e =l
T A afRar g% @R & faw SFer sag | faer @ (G e
e W ug @ o g ) & e @R, o e o
‘afRAT IF AT TS & aTel WS | S AT9 w JUE 8 A
(Sponge iron, bleachingpowderﬁTﬁﬁ)Iﬁﬁ'ﬁqﬁﬁaiﬁﬁﬂ'ﬂmﬁm
giRaT 9E B & foT 98 o TR 2| dad o Il & A 9 |
T UFRAT 9IE & S & | 9iE HCl (79 & 37) 9 Zn (ST)
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21 FeTT | SEH T YeT 2 © | B RaTS TR e § 9 Bl & | o
T=I AITEN H TEEE $hATd | afe dar w@ury € q9r a9 9ehie el
fepetan & a1 At st &1 9o § T8 2

FrEReT ST F &4 1 e T & | A B g wE @ fag
I yerel | g ATq-QifeRT T G BT ff TES 2 | 98 ard ared St
g, femmdr &, g 7 A & A em. (Fra) el & o fomgq & @ o
TEEAE qERAT & feaT S HehdT & | had U aR 19 3 8 ufhar
& P A & | e H Tg SN U a9 A g 177

T 1 ufehar & fow =w sifvard ot AT S Fehdl B

1. S I SO (T 0aE ®9 FE-FaE) Suaeel T8
B, A T2 e |

2. 99 T SAtag wl FiEd qOHE 9 T2l e, i T8t
Sl S (A d-Eeg) 9 Y feE |

3. 9 T S qerel g6 w9 § T8 (o, a9 qe I el
el |

4. TS Tk I % FTY-AT JRIT Bl SoAl 1 [SfhL0T T2 BT, ad
qg R TE A |

T T
1. Sifeiter
2. ST Tgref
3. SIS~
4. TSAT 3T YeRTST T Sl
T AR} BT THT AREH AT a7 a9
T A O T 29 fawg # foga e & 2

“‘@UE™ (Temperature)

“BR YR T A9 37°C Tl € | 37T yerel 2qeh |qel foha
SO AT Y A ), 39T griear ¥ S TE AT 397 el ST § |

A ST, TEATY T Seae &l U fafaa (excited) ST &
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ST AT & | 3TH A19-Gall ST & wieh SITeT A998l 11 o7 3949
ST T WG BT T 81 € | 9 93 80 e &l dgd & T 1@!

1. TR AERAT (Exothermic) & AOHM el &, 98 ‘ST |
TE AT A a1 gart & or R R wear ¥ 8§ O g g et
fepardt ¥ | efi-orer @1 ufshar § wepter aga e febadr & | dig-otae &
T Sl gardt § 9 T e § qeiia el Jad &, o ST @l
IS Fed & |

2. 9T A 3HY AT T AN UST & Gehd & | 9T ST fehae et
BT TE HYYT § AT A AT gerelt & O W R A g | SR aweh
F URR | GRF &l e B dIORT 9gar & | daieal § ST gy |
STl &7 'charge' YaT &1 2 | ST 23ferdl & TEA & 66T aTq9 = 9g
T E

3. A RO B WEET G T A TR AT B g Fi g,
9 g gF % T AT | THY IR ATTH agdl AT € | WHE 3
T 5T Tt | WW&WWW% conduction I convection
(Tee) foham & | gt W T gaATes geret 1 daHe Sedl 9¢ A © |
T F T g STOT T SR H emit PR ST B AT I BIAT
g1 feT & wog & off T T i ge gg SEa # YH
radiate YA & A1 GF B TR P GER, THIT T AT F BAA
R AT ST B, 7 fF 91T T Ym H S |

WW@Q&W@WW(cancave-reﬂectors)&'T{T
T foRaT ST gehar & | gE-geel # 3w fafr @ @ @ fRen gwr @
UHTIT ST &, TAT T SRS Bl A & o I BT W F FgEer
T\ T yeref |-t & @ (FEsl) contact § TR I ¥, ST
Tl TEl B 3 7 dIeI-a4vT (concave mirror). ‘ATI-YIST Hofl JaT
HIAT & Wﬁ‘ﬁm%l 31 TTdIeT &Y (cancave mirror) TE Y
afra-AfwEE a1 g P {edr § 98 s |

“TIHE T ASHE

fordt waref @ Haw T FE T & ITH qASH B AT UaT TE
BId ¥ | 39 TH-gT AITA (Aboslute zero) @1 STET & qared T ¥ |
afy el ueret (314, 5=, T9) &7 dURT BAR 9T & ATISRT & SATaT

34

© Jain Vishva Bharati

For Personal & Private Use Only

% (37° Q.), °1 &9 39 U<ref &l T ded £ | AS 9 aIIHe F HH &l
I waref w1 23T St wed & | Al “demd Sia fhd gared & e
W& YT Bl & 1 (ST T wer W ASehTd ol S el @l &, 99 db
v gIoTETg % AT URAT He Ter % TE BT ol & |

TER & ATA-Alel JoTag § TaT & HT bl & | BTifh I8
‘G- & | qE | freer are-aren, oAy & A s gfear
AT T | A THH TSHII YaT B I ST FRHIET & | 400°C Tk T
e & Uz § GOhE & UYaT B Pl TEITEAT B9 2 | ST STOT 1 ot
TE A & | Al TH ATRT T QT FUW T B T EH I
TEAHT ATA-TT BT & & A & |

Tgl & & # a1 & R dad IeF aOHE d@ UgT o 9 |
Tg % foF TA-TRA & S F & J9HE & g YaT TE e A § | 99
ueref & | YTy & qErate B a5 e sed @ 1

P AT

STl et w SHA AT 9 fae i @ safr Té
BT | RIS 1 HART 2, W SUgeRd arae | &, af A yaT et
B S U stfosaemsiiar qare & SfR gl sar @ /IR H o %, )
I IUERT A FE AR Saamtear e € Enl ) S a6
SIAATIG TSl AT HIATT BT =T H < ST &, ST HTEROT JTqH
oI W YA T AT € 1 T YBR HB ward (S sfsaemstia )
% fog 9gd S Ao =@fen | fearaars & aver ERT e A gis
B | o Ll b B | e i R s e R A o B R e o |
St g2 femmaens & ofR siftes e et 2 & o s saamsfia
TeTef SATT ST Fehdl & | STl §U A it 317 T qOH T 1300
feift afcqas Amr @ 7

g &9 § I qMIET qeT ST &1 AT 3 T e 9T &
AN qeTel ERT ST ST B Tl &1 39 3T SarEl 9 o
AT ST HeheT T O

1. 3IffT @ T IeT qOHM W @ 58 T 2
2. SR TR qHR (1fiepor) ST aT9de W STer g7 O S € |

35

https://books.jvbharati.org



3. TR faotelt  STeiighd I &1 901 @Is 7 &, S °F a9
U B & T SRS & | Sadl &, 99 faoel a6adl 7,
HTHd! & | Y qd 98 aed d e fagg & w9 § fod Iga & §9
F o 71

4. THHE & AU H S AR H o 5UT F I e &4
(SiTerRIoT) & 1 e ATl GEq HO B 2 |

5. T SO AT ] a9t "flash-point” W RIS & T
ST 2 |

A 78 FI A 309 &, T & a1 W g o e et
-G W SRS & e qHrate BhaT g & S aT
Bl or e § o T8 Rk ¥ O o SRS o ST 7 A,
qq a% A yoafad El R | ey § a9 SR Yy T S of
FEadt €1

grqu I=F A W e €1 afe sitwiee T e, droang
foraer Feredt &, T T8 T |

1 Fres & orq @ faeEis G @ e
a1g [FPREIRD
=T 1062 =3t 9.
AT 1770 =301 4.
EUrCE] 3643 =0 4.
TAFLIh I 3TTh T qAaq 5500 f=30.
T 1 AT A 2 FHs =
AR T I ATTHA 4 g fen”

S-feRaT § et T ST Sl €Y H SO BT &, a8 AR
THT-Soll % T H BT &, fheq e a8 AET FI FH T 8
TR 3000 27 I T AA U had 1 T HIFd =T defa
T SOl BT B H TROMET BT 8, 99 Teref BT BT e H-eREs
3R TG & &Y H 2T & el S Hefd 3000 = § F daw 1 aw
F T3 21t 2, i dawt 92 I Soff gfq I e v 21 g4
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fskar @l afe gy Ruge ¥ afed foar mar &, 7@ 389 e &
FFAAT SRS & FFRIAE 6 Qe st [eiee & gwiad
@l o= 3T & J9T Soft fl SEeH 14 x 10° gfe e e
_EﬁﬁT%lmo

T YR Sac-3h3T Teh Tt 55T & foras saamsiiar aeref &
FIET Nfe T AR & a7 ey ST 3T GRSl & &9 H Sofl
F I B BT q@ AME G, FET HHIFAEE AT HEA B
Siferee onfe T for=T e 21 S8 SaeThar Sl B Yoaa At ST
% w0 H I@d & | AT, Saar STfE Hr Geheir 6T i g 2|

AR 3R T F =R

AT (fire) 3 SAT (heat) T Uh <l &1 ST waga
(ge=-Topa) & &9 H WIE B aTell Tamieh 5haT 8, Jafth ST ot hr
UF €Y &, A gerd-Rad S-St (molecule) I T & Aarr-Hedm &
ST # weref & fafeRa & & 1

SHT-TAThTOT T Tt

Tt fafeReot srerar SoAT fafeRol (thermal radiations) T weTet
BT TN BT &l & | T % Wremd & g6 qare &1 9T & TgHa
T & | T AT 9T SWTAEM (temperature) T T[0T T garef & Far
WW%IWWS@%@[W&T AIYHT (zero degree absolute)
H siferd qroA AT B € 1 g i fete & Sw -t garef @
/g oot & &7 § Brar %, T SHT-GA (thermal energy) & El
THT-SAT T I af ard W iR &

1. 9erel &7 AT

2. Yeref T HAE P WU |

weref & e aral SoTT-fafeReen @t o | fagg-geeE at
& &7 & B B, Sp AT & S weprer Ay A el ¥ | fobeg gear
TT-AATE (wave-length) ‘S9PNS’ TR0 I it § B9 4 3@l &R/T
feare & et | (7 TRT-AaE 8 x 107 F WhT 4 x 10 WX & & 2
STafh 9T YIS B RA-AdrE 4x 107 F 8 x 107 @6 )
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T BB A9 T 39 yER ¥
1. I ger guv@r ¥ gemer 7 i () § e e €

2. 32 AW Hl I{Ue el %, Bl S[ATEIhILT (vacuum) o
TEIRT & "l £ |

3. F o At § ot §, S8 WA T2 w |
4. I EE A QN F AN W A e o B
5. UERTST-A T Wi ST qEd SMfe e 2 |
6. BT o AT § IR St HA Bl ¢ |

RewA-aIege v 99 & STTAR T[T &l AT &1 HeRoT
f—ﬁﬁT%llo}

zq fagid ¥ 7e W= gar € & 59 99 o emaw @
it AR AT 8, 9 e & oigEr W sAr-faferer o
FHad i S AT T T AT YR B GIGAE GROE © qLT
I ife St a1 57 2, I & IAT-faferrer ofr sifer an faeita & 7
Toft werat & I fafeor gaq fead e € S gAY SR 3N S
TEOT BT Tl & | 39 UBhAT & g | O1q % TRA & 1 afhar w0
AT F FHSAT AT Tl 2 |

g | fagg-yae

o & O Aear w1 BT & IRl B @A [@e | g
SAF oG ATEh | & TR &, a9 aTedh H Qe (oscillation) A aTd
a?aqm‘f(waons)a%mawa?rwé?ﬁ@?ﬁ%wﬁawﬁ%w
TAFE BT ol B B AT A B aTe ST BT & 1 3Eh
IRUTHERT EHT & S 3R Sifers dig 3R STed-=a&d & 9 & | 98
ST BT AT Sofl SSHT-Soll o &9 § IgHA Bl 21

TH YR o1 (ared) § § 519 g 1 yare gedr 8, a9 S-St
TN IS AT & | T A STV FHET S § | T AhAT B A T
(Joule Effect) el T &, il SHHT SAMITHR S AHE Jhi+eh 3
foFar o1 faEd-smay oiR e & I B & 9 faemm faEg
feafa-erm, ST A & ®7 § ¥, & WA § IST-FHaAl w1 GIRAETT
feRTeT ST 2 | She-aad § I SOT-Soll [IE[q-UaTe &l A (FEe

38

© Jain Vishva Bharati

For Personal & Private Use Only

ST U H %) & T % ST | Il § | T8 9@ A (Joule's Law)
e & '™

=41 7o & SR Sed a1 & fhemdie | [ore are foea-vare
F U § SOT-FAl UaT BNl ¥ & Sont off digufer &A@
THT-GaAT G & A1 fafhRa 2l 81 39 YR Sitaiio & o1 |
oTd B TRA FA W T FAAA Tél &, Bad ST AU TG AT £ |
STAferd qOHM B X I TEATT] § Sofl Bl It Tl & &7 H
B AT B | T e B H TGt o SeHfod Bidl &, T el bl
fopar @t 2t 1 afe qroA frees-fag 9@ gga S g, ar eng e
T B SR A F A ol 8 afe e SR stftes Terr S ar
STIANTET J€ 9197 &Y H IR B AT E | 39 G Aihar § wel a7 oy
FE TaEig Fhar TE B, daa Hifas har & e & A o q
A SIR A T qO9 ®9 H qRUES BT & qAT Sl T Iei Bl 2 |
Hifcrep fohar &1 a2 o QOH Jge & | 9T % Hieed St
BT & 3R Il T e & AT & S YehTST SR IO bl SaArstt & &9
R o o 2 S s e A s |

o7 T TR BT a1g & HIaR @l &% ol &1 Ieid A &,
T g el el &, T & @, T onfe o 2 €1 g ang 9@ 3
BT &, T Y SO ST W9 U T A © AT Sy off I & ar
ST & | AR H e e @, a9 YA S84 G &l Al 8, TEaied
gftkan afed &t &, oM &1 wuRe T, T4, e ®9 H SR St wr
I 2T &, AT @ URaT & 918 2O9 T ST 9 9T el e |
Ig T B o ot wamatie fRar &, ang @ Sed fea daw Sifas
]%FEIT%IIOS

T B ToFIS a0 | YR B AT S & Rl UieRaT &l
T F9H Fhd © | 99 AR ¥ fIEg-vae gedr g, af fEg-set @
FOTOT SSAT-SoA1 | B & e O1q S qT9H I YR & T
ST & | 9 AT uihaT ¥ HE uX ot Saaw-far ar St @ g @
BT | AR 7 ghar 7 SAA: STagad e B aed # A
ST ¥ | TAITT SUERT a8 OX ff T8 YebTeT U SO &l Ieqor
B 9X |1 AR T gichar afed &l Bidl, 7 &1 24T S & q9ard o=
B At T, T # et 2 ¥
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A § T8 F FY q@A a0
1. B THEME FRaTT U B €, e 3o aedt 8, WA
TE A S U H g S § uefie Rugee g

2. T4 & S & 9T el ST aiH 9T 8 STEAT ure
B9 W o onTEe (S & w ) YeT AT 81 W EH araH
Gy & i & T&dr 8| 38 Uishar § ST a1 YeRieT o T2 B | a8
st @ fopam & B

3. HERE |G dYHH ) SR & a1 et AeEs
AT & 3R YT oF 2T & | 36 YhIT Bl “GIEh=a’ Hel Il & | J&t
A e 9% 2|
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7. SR R (Lightning)

TaFIEIe! H1 -frer w0 § - 9o @ wUTRer B
T e ﬁ'g?[ (static electricity)’ﬂ?f—ﬁ'ﬂ?{ (current electricity) 3T fag?[
T st (FRasieen) &9 &9 &t # faeq (Seesrier) &1 aRems
1 "ehd & | 9T ¥ 3@ I ¢ [99q @ 3T 39 H U GGt ga
® ®qH T | I Gierh T P BHE-aT TRel A e &
w0 H 9RO &R SR BE-AT dad digitas a1 e gRem &
W T WA FHST SN | eI foed S gt Sierer § fastar
% T H TR & T faEq & ST UROM el a% UHET 8, FEl b
i za@ f=I & & B

T Th E

1. Ra st # SR STaTes AT HaTed uaret | o Bl © |
T T IE U T H Al 5, T8 bad Wifiw AT Nk w9 2 |

2. YA€ (current) & ®9 § FaATIh I SAefATerh Farell § T fe
ORT YaTfed 2l &, a9 9 daq ugas ®9 § €1 aR § g8 arar
ferepq fopartt € a1 &)t 1 &1, 919 9% 98 aR & fio) &l &, 99 a 98
ST ST H et GIgiierdh A &, S & | I § Jaed faea-yams
o 31O 39 F digutes 2 |

3. TASIIE & et a1 fEg-smag & MREse ffE ger
BT E T fawa # org & Tt wET qur @ et g @ ufsear
% w0 # e fRar & afeq 2y g2

YT T AT

SreRsfia foEd (lightning) FT IHHT Y& W YA, ST AT
7 f4Telt & FRd & BT H AT A 8, B AT e | {=ifhd R
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fower &
1. gt = P o & oAt &
2. areat § Rerd fEg oAy SO B ¥
3. ‘13?«?[ T ATAERIT (atmosphere) 400 fhaMRT T HUX el

BT | 8% & TR MUY AR SRR HEAd ¢ | 39 drd gar
T SETROT &9 9T AT &1 fSHEior &ar 2

4. 9TEAl & A W & 49 U QiR e aw wr i |

YT AT &5 g FAT SN o6 arreRer | gar & @ it
HIo[E &A1 & TT 31T 9 AT &cleh T0h9T a1 Badeh v oMme ff Hioe
@A E | 9 % ® H G & Wi § SR a9 A € | s |
T A G HYT SMS Iod AIHE 1 AT e W) T & ' |
RO & "ehdT % |

Y& &l qele H AT 12 R e 1 ardieer Saeniay
FEA & | ITD 9LA AT 50 fRArier I el I ardreRer

T HEATT 8 | TR T &L ATATEE0T bl Sadrsihe Tisharsi
% fore forar &, foes forgq awe @t geard 2t 2

Y WY Taae el b gATad ¢, [ araaRer & A & & W
&1 faeq & HEd & | S TR W G Aqde § o Al SEnee
faﬁv_{“ﬁ(cosmicrays)ﬁ@-ﬂﬁﬁﬁ%lawmmaﬁﬁ
I € | 3 ST ATt § TR ¢ qd araraRel § "o gar Ud o Tt
T STIHIBT & AT & | SRR & Ao & foh oRam] § o (ar
drefie) forgerr & o 2, Ford aea] w + (4) e — (%) ST
AT T AT & | IR gar a1 19 g A gaws a9 o 2|

- AR ¥ SR A E, -t e P e dedr
A 2 | AT F SR & TR W I I6F fI@w W Ry ararawor
A g Gardh 9 A &1 (T8 9T § AT 60 fhamier Fm
gfed &iar ¥ 1) gt 1 GdE R I & FW B T & 99 s0dE
afehaT FW a9 ST 8 |

dfh I AT FaTed &, T T dTeet H ST [IEd-ad & He
FHET | S TEd 950 S B &, ST I AT & &9 F & AT 8, e
& U1 & ®T H TE | T ITad A ATATERET B BT B A9E SAderer
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% FHATAE el BI | G & qae W Al Sadeld Ui Bidl o, SHe
SR el & A % 6 H Ut Taagie WeREd & a4 S G
(Potential difference) &, 98 STa¥eed HET H 1N 2 40 F 20 S
aree FoTaT 21 Fehal & | S8eh! asTe & e foharied JIeT ararawer &l qer
# Utk e (AEd-a Fatid e ¢ | T9 &5 & {9 S &l SR Ewdr
2139 & & i N &1 FT SAIET 2 A1 €, S a8 g a9
S E

YTt &M (Thunderstorm)

AN gt W 9T % URads  YRAT Iwdl @l &1 I9h
EARE] HE-(HI0T, S JAT &1 & &ad § SUa-d, g A
ST, BT H S FP BT RS S U B YaT BN & S T
TFfE JEE & W a9 ©d £ g & AR SR & ararEer
% RO & HROT Uidfed 40000 UTHfaE @M AT aqfed-FisT
(Thunderstorm) Fel--el, fFH--fbell €0 § Iz @3 Bld %, [SEE]
ot 3T fE (Lightning) T 27 e &l & | SfEa ufd & &fes
H faga & w&-T-%E T THEE ST Edl & ST 7 T bl Sfarer
ST U = &l Bl & | 39 qHT & R SEEhaT AR g & Jrd
ST WAL AN B SR BT ¢, 96 qRUEEy & g ud
arareReT #i fagg-Rafa @ a9 wEer @99 g @) eren ey @
STEgE gt &% fore @ g &1 qehar 211

9 qEM H Rafq a9 ®, 99 W 6 fhane d@ a7 faea-
AT AT 0T JAT 2 F 3 fohariiel de FOT {gq-3Tmdet Al o7 aredt
ST BT S € | 2. A S A 38 W B T 39 €9 H Y& (ohar 810

“(i) o qut & aTEal § AAH 9 g I T T B @l b a4
ST TFRT BT & A SF U9 F O 3R KT A (ITeT)
T B € | gE AT YT B i UlRAT SET YRR Il & o
T HAY H T I Fe § R @ Ik fead § SR W
static (Fee) =TSt YT &1 St € | 3 ATt 3 et &l 312 &
T Hegd &, 99 98 AT FI HIT Bl A B |

(i) T &= ¥ 9T & dred 99 S9TeT AT F A & af I
farstett o1 TSt UaT & &0 ST &1 Febell & | 98 S8l YR

43

https://books.jvbharati.org



BT & S U X # {eX W AT UaT B @ |

(i) SR T FOT AN 7T AT el G W Ihe Bl € | adr
(+) &9 TN (A AT TAA) S ISH IF qEA DBl SA
e W Ihe Bld &d 2 |

(iv) =t Yar B9 @ T R it e () areat @ fafie aeat
! afe Tfa W), (@) Sragiias @ 9 W, () STty S
g UFl 9 YU 9 BT a% & o W, (9) ded @l
SfEEAT B I AET 9T | STAMA ®l A g A R
FA & HU Il 8 WA BT Bl R &l IO F A
T | IOl B Aq@d & THI B WET q9r 1 OH 99 g0
TA-HT |

(v) =t # 9 (@) : ge R & § aed & 39 fw
HIeTE T ATerehar OX forad ar e SR 0T Tef T STaATT-3TaT
Fieht @l B |
A ﬁ'ﬁﬂ-\'ﬂﬁﬁﬁ T AT (Potential difference) Ueh THT
IR AT &, T ATeal ol gq-fagre afe aepas 22 S & | 39 99
qEd T BT AT FHATARdT § I [qadid Ea-smaen ® e ¥ 1@
T Fehell | ST AT T8 BT & o FOT AL 1 L2l gall Ters
Sreant & ® F aed § Hig A ¢ 9 g9 afed-faEd (Lightning)
a7 faotell T THRAT PEd B |

“qrEa & A % fee | S FOT fIEE-emae €, 98 9T (Induction)
BT T W o fEd-omaer SO R € | gaft 9§ HE sedr g8
T F TE T I G AT (IS B g W@ B BT
FA 8, W TG dlees ST A & A 5, T6 IF IR F A g
Zrearst SHIM B SR el AT ST BT 8, Jel HIh B R W
firar 2, 28 & a9ud ar faoel 7 FShAT (thunderbolt) &HeT ST 2 |
ST F e s & A erfufea 2

‘e %1 e AT AT R e FeRr e o e
2t &, e For foregg-smasr gl & e @1 $iR FEewdr A & '
F 4z U=d 2 | F€ TR AR W Staier At &t § v o g,
g SEMfomE, afaor srdie, He STl S |
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afsa-fagq # v

1. ST edt faorell &6 smerer ® femamd & %, e fawfed &an
3R T 2| T B WA & Gl a9 fIEd-smae (Voltage) S 3=
AT A ar g b gt et J fow Yar o7 3 21 59 o o=
Fqeest ¥ T AP Bl WIS a9 A @ S faEd-ard & w9 H
Yehe B & | FaRIa-amT & et U i g © | T O o
e 1 g Ao PR () @ e E |

2. “Fregg-aTy WU e TS TaTe b e STaRT B & | ST
% RO 3T AT BT ATIhH BN (33T (300000°C) T ¢ ST £ |
9% I & TE 01 T O A & &9 ¥ fafved g fagg yare
A 2| ST UH HY H €7 H UH @ T g R T ag-antaa ar
TERAT-faoTell & T Je I3 dleedl &l g Reara-fed &t &t & |
TE BT U & 9Ied & S, o aedl & 9 F a1 9ed S Rl &
g & "endl © |

3.9 TH WA | S, AEeee SR Ja-aeT ST &
ST T&d & | T8 YehIT & BISH ol fafehor 2iem 2 | 98 Seldral-afedh
fafeReoT 5= AT T YRS & AT = <A i WHRT S/ Uar
AT & | &foren fagq-ar & 9 21 & 99 diees T 18 S &, a9
e T o iR &9 H Wb Bl & | 39 WSHT Bl oud & &9 |
S T e g SN & g 3ierngs 3 g it qeref et
BT ¥ 1 39 UihaT ¥ & A 3 BT o a% RIUPd g Il

“zq fEgd-am ¥ F-ET T8 S-I a9 9§ g |
TR geAT H T A & qAT TET BT A BT AT AT & | RO
ferea-ama (a9raTa) ST SISt & gt oX FRa &, ar off T § gl awgett
N AT AT T T Folt % HRT FAAT BT AT ST & 17

=1, farrd s s faorlr & fawg § fafed @ o Tamd 2+
“ITRd & A & R H ST g2 FOT fagq geAt @ |qas W ST

o foreId a7 ST 2 & | 39 MYl & eedeq arael 8§ & e i
SR FOT FE-3TaeT 1 U TATE S8 & SR YA & 6qE & S bl

ST qHER |
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SR o fIEq-yare S&dm & | 39 1 & GaNT &1 & 79 § & & Sl
T 198 99 o o fRa-oTaer YeRteT & A & e e = (173 %3
g fepdier/ afhe srafq @ us @ fharer ufa dfes am) &
T YT gaT faETE ST €| S9! a9Te & W # e TehIST i L@ ar
TH @ B e &, O e faor awer e wed § | faer @
T IUE § A [GEG-HAE T8 5, 8 20 BN F 40 BAR URTR &
TR JFFITEA BT & | T & {0 e & S ar 1000 e araw
ar fasTelt & aed # ad @ 4 vy @ faEg vare & gear #1 S
a1 fig & 9 g7 faerq UeT 2 8, ST TdId aard T 20 FIS
diee fTaHT &1 & | 37 UK 20 &R § 40 &R URqeR &1 fereg-yare
20 FHUT A & GEd @@ & 91 U i GRS Hl F9E A1 @l
faoTell” (Lightning) & 1 (TT & o0 e & ugam faegq 1 aeest
Faa 250 diee & Bar g 1) O wwa faear awedl & S99 /9 S
2, 1 g9 & 9aE & quEE 9 o IEET 8 A E | vE yee ot a
Sfaa Faw Uh Ak & eaRd Sy fa a9 @@ & A |

“gfe g i fgg-yare Rt aTot a1 99 @ iR | gfae &
T AT IR EHE FEaqel SR GHE ERateal dl dwie S
AR IR 5T & AT T2 &% &, o il & Sl €, 39 wed
gTHT T A & AR TEAGel W ISH A YHE F Sararegard &
UfERaT B ST & | 98 9 YaTaregard UA: A1 7 e § @l g
B S 71 afe sfade fEg-vEe w@g R a9 Jae feed & ae
AFRT-HIMIRIT (FIRw) T & Febell & | -l Farmasr fregd-vare
T /Y HEdT & HROT AT ATRI-BIAET T2 &l &idl, W IT6 &
fiog & o & (A arfowed & S € 1)

Afea-fgq wa staiFuT F dSEE Fi her e

=M. 3. 9 ud 2. faerd sran qen sifad faee @ aeg-gEe &
ST IE § I8 T B ¢

1. fasTel T @l UfshaT ot AT # Enit & | 56t s @
I HIA ATl RIS ToTarg, SUae & |

2. TooTell Tmee & (FERIST &) 1T TS ST Bl ST qTIH &l
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srafers i #ar €1 Y & § fOEme SaeHeid oA o g gad
ueref @ SIA-fag g & A 2 |

T YHR HART AT S bl fhar & forg SugeRt amlt o et
& Wi A @ A a1 e A U Bt § | arad a8 gel
for el TR & &9 | Sarst e ardl St @E agtah 8 1
ff 9 fasTell TRl & A1 8% BROT T AH-G8 i TRaT & w4 §
[ TSHE H AT il & | T HROT § Fawey (smereita fawwan ar
forpq) @1 deetas St @1 o § forn @ g )

2. S B AR “faTell GE FIE UehTeT 9 aTad g el
T T FA SAFI-AEICH Wies [T BT AN 1 Ff ¢ | 98 A T
TEIT IS T St # URoId TR & "Wehdll © | SMHI § 99 TS
TR S & A a1 Sl % o w9 § qRe @ 9§ e F
A wEhl ¥ qar afe sifeewE aed & 10

TAFIARET T A Sott & | fbeg o sepnefia fregg fRel w
el 2, = S=a qrome o Sae @y fafeRa g &, S saameie gt
T TETETT R ST & | el SRR & W) T8 a9 R Al &, Tl ShaH
g Fa9 ed W e § 9 Ao @ 7R Il € 91 9% & Sl bl
&l X I T . S b ogER fasrer @1 ot § s
B B ave F et g At deeE a9 A ¥ | wi-ad sa s
T Sl 9T ST BT TROTH 3TN & T & &7 § oY & 8 1 310 & T
TS & gedT & Wi qH A & | AT H A S e saeestia garef T
%, 39 g€ @ T & | T I AT A (Thunder bolt) & &7 |
gt W FRaT 2, 98 o SOt g ST A1 A9 @ IReT AR H ST
AT UETET BT FAAT B TG a7 o & 7

e 1 e e B N I T e A o e L O e s L
F & . . JT 7 forr &2

“‘FATAeRAT T SAAHIET (ionisation)  FaTee qaret # faed-yars
TE & b & | 7 T S arg ot YT e R werdl | o AR |
e T H o fEd-uare T2 2 g ¢ | A e faegd-gaa
(voltage) BRI Al W, %IHSW (ionise) S 8, ﬁﬁl’@fﬁ'ﬂ?{-m
A % wH QE B AN ¢ | Th ST At U I (SR SeA-are ar
gTl—g’-EIT‘SlT) IO e & S, foreRT STaseoT-aieed (ionisation-voltage)
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%W BT &, T STUETRT H dlcest W &l 37 9 bl Ik HISTE STAHT
(ionise) BIHT WATSHT TT Fehcll & | S8 ARG qeq ¥ foggq-ama &1
T BT TEE Aeal # el & wfRw g (@) @ wv A
Wﬁﬁ(discharge)ﬁwmﬁﬁﬁ%lﬁﬁwaﬁw,w
T A9 YT BT & | T YATE @l Al W T4 2 | S WISHT H UTorany
q Tt fhar ff T@e | oE ¥ 9uH 19 & qRady & abear @t
e

=S O | e IR Sy @ fr @ a gu foar
T GuUEEd o 36 ¥ 9t ofteE & 9T ¥ faey a= @
farstet @1 tresr wieR fhar &1 (I8 @ af & e fassy o= e
ST UTpfien ettt S STahIeT § dedhdl g3 fagg-ang an SoT-srs T
% w0 | femE T e & U uge gem § 1 98 eEW fgg-ear A
g g 171

AT AW H fas Al a1 G (Lightning) 0 |E d8d™
%0 TOMT R STUET & HMT AT 8, 3§ STUAT @l Tl 36 UEK
B &

1. 579 @ dreat & e faeg-omaer Rerd (static) Ieari St bt
T # fafted W €, a9 q% dad Ui At St g € |

2. 9 I TAFEIE AN &A1 & SAAHT Bl aoe § St B
2, a9 sogemmdE (Freg-geas) Saf & w7 § of dgufores e §
T 21

3. 59 98 St Al A AauH-afed el 8, saasia qeret
(T, e aTed) & T | golt ear (e siferier o 2 ) 7 St
T 99 Pagae &1 far afeq St amadr g8 fawrer & arer & S @
WY Yk & A & 3R ot afed J9awa a9 S & | Sel-et 9
AL qeTef T SA 5, F8T-qel g e e dohrd T
T 2

7€ 9gd W Ghe H or ¢ 6 wem-fag & o srafue dm
T ST ol &ar H Sfeier 0 SUafee qem Saemsfie qaret &
Irr ¥ w9 @t fasy @ afad d9ed a9 Sad € | S R
AT a1 FerTd W g AT F E I AT B
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8. AL 3R AT (A9FM)

Fad digias TR @ Fefa-eT e g8 saagrier R
SIA-TRAT i oI ® dSEaE g & w9 § ST S i ar
T 3T SR T T YT ST Gehell &

1. AR, TG, HUL M fIegd & Farae &, qar ar (Ie) & o
FATAE &, Tafh @rel, i e ong g & gamas € qar g (3e)
& ol garas 2|

2. THEL, TS, HUST ST Saafa e F ST 1 ART Ha
R §fter ST AT 2, WET S e |TEMRYT qOH U el T, Hhad T/
B 2| STt aeHE W AT afe St T e @ arg T g
YT & STt & qe fraeHis g ® awa & A g, e T84 |

3. T, e, gl (e onife) T & g €, o e i gfte
T I € qur SRS |

4, AT H ugrl T TAT & AT TH BT & qar IaH qered &
TEENE T § qead ST 2 |

BT . 9 & STER, “BIEEIHE 389 Tt 19 w9 # (CO, AR
H,0 3fe) qRafid eid & | a1 o7 369 S ‘3q-3@a9’ (T 3e)
ffa'q"ﬂ?ﬂﬁ%law-ﬂlﬁ(non-fuel)gwqﬁ%ﬁﬁ%IWﬁEFW
BRI 9T T Seadl € | 99T &Y R # ged g9 § T e B B,
T F I TER % a8 FO A TN H AT I & R Ear
T TS UERAT da T UST B & | (TREeE ) 17

foega & werel g @ feafa & o S &

5. O AR T T ST 8, SEEHT A | fhq ionised T H
fogq &1 A TR WAl § | SHFIAISHrd dl haT ¥ UM & Wi
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foeq yanfed &R eTEEIo-HTaRIeT &l STAT-3T fhar Sram & 1 3=
Freeet #f forerq T fear ar w9 (9fer) aredt i § smar g giae &
ST & ST 9gd 9% @Al 1 HROT a9 AT ¢ | 39 YER A B e
T A o AT ®, W RRAEnr a9 gehar €

6. AT ST Saesiiar qarel SiferiioT 1 HaNT 8 W I Sodl

%, W ED.M. U39 & I 'coolant’ & &9 ¥ & § forar ofrar & qen
'sparking' & dTaE Y RIS & TWE & BRI FAdT TEl & | (3

fowz @t forgga ==l T & SO | 3E T 146-152)
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9. g I UTRAT

TAdIh dod O 'incandescent lamp' eh&T SITAT s A
AT T? IHT AT YTHAT &7 IEH FATAHIT & IT e 7 SEH SR
T a1 7 wad e T (fftra arg) @t o Sl 2 enfe-ente gest
B T FHIAT TE & | Fr=fafad Seie’ & Suwey amnlt § I A
U9 e gfte | agd e by 0 ¥ | g6l % At sifaed w9 8
B SIS H B Igd B @ ¢ AR [ THHT QU A oA v

How are incandescent light bulbs made?—SU

The glass enclosures are made from a ribbon of hot glass that's
first thickened and then blown into molds to form the bulb shapes. These
enclosures are then cooled, cut from the ribbon, and their insides are
coated with the diffusing material that gives the finished bulb its soft
white appearance.

The filament is formed by drawing tungsten metal into a very fine
wire. This wire, typically only 42 microns (0.0017 inches) in diameter is
first wound into a coil and then this coil is itself wound into a coil. The
mandrels used in these two coiling processes are trapped in the coils and
must be dissolved away with acids after the filament has been annealed.

The finished filament is clamped or welded to the power leads,
which have already been embedded in a glass supporting structure. This
glass support is inserted into a bulb and the two glass parts are fused
together. A tube in the glass support allows the manufacturer to pump
the air out of the bulb and then reintroduce various inert gases. When
virtually all of the oxygen has been eliminated from the bulb, the tube is
cut off and the opening is sealed. Once the base of the bulb has been
attached, the bulb is ready for use.

What types of gas are used in light bulbs and
how do their effects differ>—SF, Westfield, NJ

The glass envelope of an incandescent bulb can't contain air

51

https://books.jvbharati.org



because tungsten is flammable when hot and would burn up if there
were oxygen present around it. One of Thomas Edison's main
contributions to the development of such bulbs was learning how to extract
all the air from the bulb. But a bulb that contains no gas won't work well
because tungsten sublimes at high temperatures—its atoms evaporate
directly from solid to gas. If there were no gas in the bulb, every tungsten
atom that left the filament would fly unimpeded all the way to the glass
wall of the bulb and then stick there forever. While there are some
incandescent bulbs that operate with a vacum inside, most common
incandescent lamps contain a small amount of argon and nitrogen gases.

Argon and nitrogen are chemically inert, so that the tungsten
filament can't burn in the argon and nitrogen, and each argon atom or
nitrogen molecule is massive enough that when a tungsten atom that's
trying to leave the filament hits it, that tungsten atom may rebound back
onto the filament. The argon and nitrogen gases thus prolong the life of
the filament. Unfortunately, these gases also convey heat away from the
filament via convection. You can see evidence of this convection as a
dark spot of tungsten atoms that accumulate at the top of the bulb. That
black smudge consists of tungsten atoms that didn't return to the filament
and were swept upward as the hot argon and nitrogen gases rose.

However, some premium light bulbs contain krypton gas rather
than argon gas. Like argon, krypton is chemically inert. But a krypton
atom is more massive than an argon atom, making it more effective at
bouncing tungsten atoms back toward the filament after they sublime.
Krypton gas is also a poorer conductor of heat than argon gas, so that it
allows the filament to convert its power more efficiently into visible light.
Unfortunately, krypton is a rare constituent of our atmosphere and very
expensive. That's why it's only used in premium light bulbs, together
with some nitrogen gas.

Incidentally, the filament in many incandescent bulbs is treated
with a small amount of phosphorous-based 'getter' that reacts with
any residual oxygen that may be in the bulb the first time the filament
becomes hot. That's how the manufacturer ensures that there will be
no oxygen in the bulb for the tungsten filament to react with.

Why is an incandescent light bulb hotter than a
fluorescent light?>—TJ, Woodbridge, VA

An incandescent light bulb produces light by heating a small
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filament of tungsten to about 2500°C. At that temperature, the thermal
radiation that the filament emits includes a substantial amount of visible
light. But the filament also emits a great deal of infrared light (heat
light) and it also transfers heat via conduction and convection to the
glass bulb around it. When you put your hand near the bulb, you feel
both the infrared light and the heat that has worked its way to the surface
of the bulb. The bulb feels hot.

In contrast, a fluorescent lamp tries to produce light without heat.
It collides electorns with mercury atoms to produce an atomic emission
of ultraviolet light. This ultraviolet light is then converted to visible
light by the layer of white phosphor powders on the inside of the lamp's
glass envelope. In principle, this whole activity can be performed without
creating any thermal energy. However, many unavoidable imperfections
cause the lamp to convert some of the electric energy it consumes into
thermal energy. Nonetheless, the lamp only becomes warm rather than
hot.

Why does an object like metal give off light
when it is heated?—ER, Fresno, CA

All objects emit thermal radiation—electromagnetic waves that
are associated with the transfer of heat. That's because all objects contain
electrically charged particles and whenever electrically charged particles
accelearate, they emit electromagnetic waves. Since all objects have
thermal energy in them, their electrically charged particles are always
undergoing thermal motion and their thermally induced accelerations
cause them to emit electromagnetic waves.

At normal temperatures, the electromagnetic waves of thermal
radiation are too low in frequency and too long in wavelength for us to
see. But when an object's temperature exceeds about 500°C, the object
emits a dim glow. By 1800°C, the object emits the yellowish glow of a
candle. By 2700°C, the object emits the yellowish-white light of an
incandescent bulb. By 5800°C, the object emits the white light of the sun.

How does a light bulb work?—DH, Casselberry,
FL (and also KH)

In a common incandescent light bulb, an electric current flows
through a double-spiral coil of very thin tungsten wire. As the electric
charges in the current flow through this tungsten filament, they collide
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periodically with the tungsten atoms and transfer energy to those tungsten
atoms. The current gives up its energy to the tungsten filament and the
filament's temperature rises to about 2500°C. While all objects emit
thermal radiation, very hot objects emit some of the thermal radiation as
visible light. A 2500°C object emits about 12% of its heat as visible light
and this is the light that you see coming from the bulb. Most of the
remaining heat emerges from the bulb as invisible infrared light or 'heat'
light. The glass enclosure shields the filament from oxygen because

tungsten burns in air.
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10. TY AES A GEHAT

g @Ee § fFd YR UehteT UeT foRar ST €, 39 fawa #§ "How
Stuff Works" get-e & Iucrel |TRIT &1 781 T&Iq fhaT ST &1 &1 T4
& WY Fde dEe, (e wge onfe & wm oW &, 7% off ' &
W

"A neon light is the sort of /ight you see used in advertising signs.
These signs are made of long, narrow glass tubes, and these tubes are
often bent into all sorts of shapes. The tube of a neon light can spell out
a word, for example. These tubes emit light in different colurs.

A fluorescent light, on the other hand, is most often a long, straight
tube that produces white light. You see fluorescent lights in offices, stores
and some home fixtures.

The idea behind a neon light is simple. Inside the glass tube there
is a gas like neon, argon or krypton at low pressure. At both ends of the
tube there are metal electrodes. When you apply a high voltage to the
electrodes, the neon gas ionizes, and electrons flow through the gas.
These electrons excite the neon afoms and cause them to emit light that
we can see. Neon emits red light when energized in this way. Other
gases emit other colours.

A fluorescent light works on a similar idea but it has an extra step.
Inside a fluorescent light is low-pressure mercury vapor. When ionized,
mercury vapor emits ultraviolet light. Human eyes are not sensitive to
ultraviolet light (although human skin is—see How Sunburns and Sun
Tans World). Therefore, the inside of a fluorescent light is coated with a
phosphor. A phosphor is a substance that can accept energy in one form
(for example, energy from a high-speed electron as in a TV tube—see
How Television Works) and emit the energy in the form of visible light.
In a fluorescent lamp, the phosphor accepts the energy of ultraviolet
photons and emits visible photons.

The light we see from a fluorescent tube is the light given off by
the phosphor that coats the inside of the tube (the phosphor fluoresces
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when energized, hence the name). The light of a neon tube is the colored
light that the neon atoms give off directly."
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TH YHR TG TIES F T aell AT S & 3@ @ & T8 BIERT
(i) weTef & ERT SEfeld YT 2, S 249 0 e i AR WA b
T H BT T (T8 BT YSrd S SHofl T T 8, df gl
(fluorescence) AT E, ZACT 59 WSS i UiElid @ee Hal Jr 8 |
St Mol <t § e T & awr) & @ T g # S@s
Fd 2 )

"Electrodes, tube life and sputtering

The electrode has the task of carrying current from the power supply
wires to the rare gas. Because it is continually subjected to the bombarding
of electrons and ions, it heats up, and therefore must be designed to
withstand heat. Since the metal is hot, it is highly active chemically, and
may combine with gases or impurities within the tube. But by far the
greatest difficulty with electrodes arises from what is known as 'sputtering'.
Sputtering occurs when the electrode, under the impact of the heavy
ions, flies to pieces bit by bit. The metal of the electrode gradually flies
off and coats the inside of the glass tube. This effect in itself causes no
harm, since the blackening caused by the metal deposit is confined to the
ends of the tubes near the electrodes. Eventually, of course, the entire
electrode is consumed by the process, but since the action is very slow,
the electrode will nevertheless last for normal life. However, sputtering
is accompanied by a decrease of gas pressure in the tube. This loss of
pressure eventually makes the tube inoperative.

The sputtered metal from the electrode absorbs some of the fill gas
in the tube. As the gas is absorbed, the pressure in the tube is reduced
leading to what is called 'hardening' of the tube. The reduced gas pressure
means there are fewer gas molecules in the tube and the electrons and
ions can travel greater distances before hitting each other or a gas
molecule. These particles therefore can build up significant speed before
they impact the electrode. The high energy impact on the electrode causes
a good deal of heat in the glass near the elctrode. Eventually the glass
around the electrode will heat until the relative vacuum in the tube sucks
in the hot glass, causing the tube to fail. In the early days, this sort of
trouble was very common; in fact, the short life of tubes (due to sputtering)
was one of the greatest hindrances to the commercial introduction of
tube lighting,""'>*

*The Luminous Tube by Wayne Strattman.
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6. 3 At Eraaskadl, TR, T 615

foree fored gufeusT, qeRae TR SUieT |
foreea qeRaeT BT dell, SEvordeSl faeH a6 A |

7. ST SHTEntd, qwred g9, 5/33

8. (31) mawl qodTe, ardtts, 5/24

(@) weEerm § ff A1¢ At 96 & IS § A WE - CSr
ar au rfeafoerar Ser o q g fear  gmmer forger
IHTET TEHREST §4T | § T SUUTAROTH OO & AT a1 Jeror ar
AT AT Fwo[ol AT SeRRT0T AT HOATOT AT [GHTETEs a1 gHehgol
T ZISET a7 | T I BIdd 907 IS 97 3107 qO7 G qof
S AU UEHTICAT SHTAESIT FeoTaRoTEer qRemfa &
E2 MG B RS ) G131 e 1 W E R | ) (o G | A R L GG )
%, Sae ge fer & fommn # feerar o fommn o wemar &
(gt ®) SO BT & | F Y aWEE B YT Bl fafae g
& TYET F, wH, e, faed, S, e, fQumerE, ghed,
TEUY WY F qAT & I, F, ST AR YA Bl T FT
T SR F R B E T SR AT 3T ST STHTawy
Fee uftomm &9 & oftorg 2 €, 98 |9 are-faear de g0
(Ye@UEM, 14/5/32, 37/30,34) S g &9, € g
(MT-3, 5 169-170), Tetaicis 5/24

(a) ITHET SH.AR. S, Cosmology Old & New (being a modern
Commentary on the fifth chapter of Tattvarthadhigama Sutra)

(1) Page 145—"Then further it may be snighda or r"uk ] sa; these
terms when applied to the elementary particles refer to the
positive or the negative charge of electricity."

(2) Pages 160, 161—"As mentioned incidentally on page 145
these terms s ] nigdha and r"uk ] sa appear to have been arbitrarily
used as the terms positive and negative have been used by modern
electricians to denote the two kinds of electricity.

One is likely to question as to what led us to identify Snigdha
and R"uk]sa qualities or Pudgala with positive and negative
electrification’s. In support of our interpretation we quote the
following words from Sarv"artha Siddhi (on S"utra 5.24)
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(Lightning discharge in clouds is produced by the qualities of
Snigdha and R"uk ] sai.e. due to the development of positive and
negative charges.)

A positive elementary particle combines with another similar
particle differing in energy level by two units. Also a negative
elementary particle combines with another negative elementary
particle differing again in energy level by two units.

A positive particle can also unite with a negative particle and
vice versa. Particles at the lowest energy level do not unite. The
union of the various particles of different energy levels may
form an odd or an even series 3,5,7,9 etc. or 2,4,6,8 etc.

A few examples are given below from modern science to
illustrate these combinations:

The heavy electron, referred to on page 87 f.n. has been formed
by the union of electrons, i.e., negative elementary particles of
matter. If we call negative as R"uk] sa, this is a case of R"uk ] sa
combining with R "uk ] sa.

In the ‘Science and Culture’ for February 1938 we read that
Prof. Eddington “from his theory, has predicted the existence
of negatrons” (negative protons) i.e., particles as heavy as the
protons but composed of negative particles or negative electric
charges. We are pleased to state that such a particle has been
discovered and it is an example of R "uk ] sa particles combining
withR"uk]sa.

The Snigdha combining with Snigdha is illustrated in the
formation of protons. Positron is a snigdha elementary particle
whereas the proton is a much bigger particle of the same kind.
We venture to suggest that a proton has been formed by a close
packing of elementary positive particles just as the close packing
of protons gives rise to nuclear matter.

Further discoveries of this kind have been announced in the
‘Nature’, April 16 and May 7, 1938.

Williams and Pickup have obtained results which tend to confirm
the existence of particles of mass intermediate between that of
the electron and the proton in the cosmic ray streams.
Photographs showed the presence of particles of mass about
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200 times that of the electron, carrying in some cases positive
and in others negative charges. One photograph indicated the
presence of a particle of mass greater than 430 times that of the
electron. Street and Stevenson (1937) obtained results which
could be explained by the existence of a negative particle with
mass about 130 times that of the electron. Nishina, Takeuchi,
and Ishimiya (1937) obtained indications of the particles of both
signs having masses about 1/7 to 1/10 of that of the proton,
while Ruhlig and Crane (1938) considered that there were
particles of mass (120 + 30) times that of the electron. This
leaves no doubt about the combinations between Snigdha and
R"uk] sa particles to form similar particles of greater mass.”

(3) Page 162—“The structure of the neutron shows that it is an
example of a snigdha particle combining with a R "uk ] sa particle—
a proton combining with an electron in close union....

“The nuclei of modern atoms are also an aggregation of protons,
neutrons and Mesons, and therefore serve as examples of
Snigdha combining with R "uk] sa.... In the formation of molecules
from atoms we again see the union of Snigdha and R"uk]sa
atoms.... a crystal of common salt (sodium chloride) is composed
of'atoms of sodium and chlorine. When it is dissolved into water,
it dissociates into positive (snigdha) ions of sodium and negative
(R"uk]sa)ions of chlorine.”

(4) Page 163—“Sodium atoms combining with chlorine atoms
is a case of snigdha uniting with R "uk] sa, whereas two oxygen
atoms combining with each other to form a molecule of oxygen
is acase of R "uk] sa uniting with R"uk ] sa.”

(5) Pages 164, 165— STEOMHM | (7 STEEOTH AT
g=ell 94 |) (The ultimate elementary particles at the lowest
energy level do not unite at all.)

In other words, we should expect to find electrons and positrons
in perfectly free state as well and so it is. We quote the following
from The Advance Text-book of Magnetism and Electricity:
“Conduction of electricity in electrolytes and in gases is effected
by positively and negatively charged carriers called ions. In
liquids the ions are free charged atoms or groups of atoms; in
gases the negative ion is an electron loaded up by having attached
to it one or more neutral atoms (at low pressures the electron
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throws off its attendant neutral atoms and travels alone), whilst
the positive ion is an atom which has lost one electron. The
conduction of electricity in solids is also effected by carriers but
the latter in this case consist solely of free electrons.”

Further in the same book the author adds that these free electrons
in metals are not only responsible for the conduction of electricity
but that “in the light of modern work there is every reason to
believe that the electrons in the metals are the essential agents
in the heat transference” also.

Also the positrons have been found to occur in a free state in
Nature. In fact their first discovery was made by Anderson in a
stream of cosmic rays.

The Jain conception of different energy levels associated with
the elementary particles of matter, viz., electrons and positrons
is confirmed from many sources. Referring to Pauli’s exclusion
principle, Prof. Born says “An electron gas is supposed to exist
in the interior of metals and to account for their high
conductivity. According to our former principles, we should have
to give each of the electrons a name, Edward, John, George and
so on. .... The extremely satisfactory discovery was made that
the new Fermi-Dirac statistics applied to the electrons in metals
gives much better results than the older theory.” As mentioned on
page 99 Fermi-Dirac statistics gives us a means distinguishing
between individual electrons having different energies.

Not only in the electrons but in the individual atoms also there
is some distinction which certain phenomena seem to indicate
but which science has not been able to elucidate so far. For
instance, referring to the phenomenon of radioactivity, Prof.
Max Born further says, “We may cherish the opinion that there
must ultimately be some inner reason for the fact that one atom
lives only a few seconds and its apparently identical neighbour
many years; but no one has yet succeeded in putting his finger
on the cause.” This statement clearly shows that atoms do differ
in some intrinsic property which Jain writers have been given
the designation ‘the degree of snigdhatva and r"uk ] satva.”

(6) Pages 190, 191—“The union of the electrons and the
positrons to form different kinds of matter is attributed to the
differences in the degrees of Snigdha and R"uk ] sa properties of
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these particles. As mentioned on page 160 f.n. the discharge of
electricity between the clouds has been attributed, by the author
of Sarvartha Siddhi, to the same property of Snigdhatva and
R"uk] satva. Referring to the phenomenon of atomic-interlinking
Dr. B.N. Seal in his book The Positive Sciences of the Ancient
Hindus (London), suspects that “the crude but immensely
suggestive theory of chemical combinations (of the Jains) is
possibly based on the observed electrification of smooth and
rough surfaces as the result of rubbing. (Mark that the words
Snigdha and R "uk ] sa have been translated as smooth and rough).
In S"utras 33-36 the laws of these combination are discussed in
detail and in S"utra 37 the formation of neutral atoms from
positive and negative charges, the formation of positive and
negative ions and as to how the same atom behaves sometimes
as electropositive and sometimes as electro-negative are
explained.”

(b) J.S. Zaveri and Muni Mahendra Kumar, Microcosmology:
Theory of Atom in Jain Philosophy and Modern Science, pages
159-160—

“The four additional touch are formed by combination of four
basic touch as follows:—

(i) The negative charge (i.e. r"uk]sa) is associated with
lightness.

(i1)) The positive charge (i.e. snigdha) is associated with
heaviness.

(iii) Combination of cold spar«sa and positive charge results in
production of soft spar«sa.

(iv) Combination of hot spar«sa and negative charge results in
production of hard spar«sa.

Thus, there are two classes of material objects (i) those possessing
four touch i.e., catu] hspara«s$a and (ii) those possessing eight
touchi.e.,a]s_tspar«si. Out of the eight varga ] n "as (categories) of
pudgala which intereact with the psychical existence, the last
four are chatu Jhspar«s Sawhile the first four are a«s_taspar«s$t. Outof
the last four categories, the category of «svasocchaw"as is
considered to be a] staspar«s$tiby some "ac"aryas.

The eight touch which can be grouped into four pairs refer to
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the following four physical properties of modern science:

(i) Hot, cold correspond to temperature.

(i1)) Dry (r"uk] sa) and gluey (snigdha) correspond respectively
to positive and negative electrical charges.

(iii) Light, heavy correspond to mass (density)

(iv) Hard, soft correspond to measure of hardness.

(i)  Temperature (Hot, Cold)

The first pair hot (u] s] na) and cold («sita) refers to the physical
property of temperature, which is the measurement of heat level.

The range of temperature existing in nature is very wide.
(i1)  Electric Charge (Dry, Gluey)

The quality of dryness and glueyness refer to the physical
property of electric charge. The qualities play an important part
in the formation of aggregates (skandha), just as positive and
negative electric charges of subatomic particles play important
role in the formation of atoms and molecules.

(iii) Mass or Density (Light, Heavy)

The third pair-light (laghu) and heavy (guru) refers to the
physical property of mass or density. According to the Jain
concept, this pair is acquired by a] s_taspar] s$ aggregates only, and
therefore, the catu ] hspar] s$ 0 aggregates are devoid of mass. They
are agurulaghu i.e. neither heavy, nor light. When compared
with the modern particle physics, it can be said that all
catu ] hspar ] s St aggregates are in the form of energy and their entire
mass is in their motion.”

“The param"a] nus have only two sparsa:
(i)  eithersnigdhaorr™uk]sa.
(i)  either«sitaor "us]na.

Comparing these characteristic qualities of pudgala with those
of subatomic particles - protons, neutrons, etc., we find that:

(i)  snigdha (gluey) and r"uk]sa (dry) correspond to the electric
charges + ive and - ive respectively.

(i1) while guru (heavy) and laghu (light) correspond to the
quality of ‘mass’.
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Our identification of snigdha and r"uk] sa with + ive and - ive
charges is based on the following commentary in Sarvarthasiddhi
ons"utra 5/24 of Tattv "artha s "utra—**...Snigdha-r "uk Jsatva-gu Jna-
nimitto vidyut......... “That is, lightning in clouds is produced by
the qualities of snigdha and r"uk ] sa, i.e., due to the development
of + ive and - ive charges in the clouds.

Similarly, the spar«sa guru (heaviness) and /aghu (lightness)
are to be identified with mass. A param"a] nu has no mass but it
must possess either a + ive electric charge (snigdhatva) or a
-ive electric charge (ruk]stva). All catu ] hsapar«s St r"uk] sa
compositions have no mass. In other words, param "a ] nu pudgala
and all catu ] hsapar «s St pudgala are neither guru nor laghu. They
are agurulaghu i.e. without mass.”

10. ST FREH, eaar (S, 5/9. 28 (S =T 19T, 913, 75
546 BN Igd, fgae o)

11. (a)

(b)
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HUTEETEES TEOT IO SIS |

HATER-IST-HIET, HO-HH g ggarae |17
FIqE-FIAETGOON Tddes gagoo |

ATEXOTTEHTT AT FOUIT HETheT 18|l

S fagd ®ien, -3, g 513 (0T 9T § 9Ed)

J.S. Zaveri and Muni Mahendra Kumar, Op. cit, pages 118-
119: “In Jain Canonical literature, its commentaries, and other
literature, most of the above eight important categories are
generally included in twenty-three types. Beginning from most
minute param"a]nu varga]n"a and ending with the largest
achittamah"askandha-varga] n"a, there are infinite number of
groups of pudgala. But it is possible to reduce the number of
varga]n"as to twenty-three by grouping them together from certain
aspects. [(a) Gom, J$tva-k"an] da, verses 594, 595: (b) Dhavala,
book XIV, part V, VI, s"utra 97, verses 7, 8 p. 117]

1. In the first category, there are free (unattached) solitary
param"a]nus, which form “A Jnuvarga]na”.

2. The second category contains composite bodies (skandha)
composed of from two param"a ] nus to the limit of “numerable

param"a]nus.”
3. We, then, come to the category of composite bodies made
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up of “Innumerable (asamkhy"ata) param"a] nus.”

4. Next comes the category of the composite bodies constituted
by “infinite (ananta) param"a] nus”.

All these four categories are incapable of being attracted,
assimilated and transformed by the psychical order of existence.
It has been emphasized that it is an immutable physical law of
the universe that the quality of associability is for ever absent in
the composite bodies constituted by less than infinitely infinite
(anant"ananta) param"a] nus. Only when the number of constituent
ultimate atoms exceeds the threshold of nonassociability, then
and only then they could be used by the psychic order of
existence.

This does not mean that all the composite bodies with larger
number than mentioned above possess this attribute. Some of
them can be associated and some of them cannot be, as we shall
see below.” (See foot-note 12 (b)).

12. (a) 3T dRAA, &4, 14/5/6, 726/545/11

T SMER-CIT-HTT-H9T = 3T IEOTRAT TECTITSTRIIST STagesi
STTEUTSTST T e |

(3T, FoTg, AT, A SR HHOT, T G FONG JeO-AY E,
T T SRR g € E | (S, Fon g, @3, g
524)

(b) J.S. Zaveri and Muni Mahendra Kumar, Op. cit, pages 119—

“S. 'Ah"aravargaln'a

The fifth category is the first one which crosses the above
mentioned threshold of associability. In this category fall
the groups of aud "arika, vaikriya, "ah "araka and «svasocchv"asa.
' Ah"ara literally means association. Hence, "ah"ara varga]n"a
stands for the category of pudgala endowed with
associability.

Prathama agr"ahya (i.e. First unassociable category)

Taijas (Luminous)

Second unassociable category.

o ® N

Bh"a]s"a(Matter essential for function of speech)

10. Third unassociable category.
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13.

14.

15.

16.
17.

18.

11.  Manas (Matter essential for the function of thinking)
12.  Fourth unassociable category.
13.  K"arma]na (Matter responsible for contaminating souls). This

is the most subtle category of pudgala which has many
practical significances.

14-22. These categories are of little practical significance and are
merely of academic interest.

23. The23rd category is mah "askandha i.e. the largest aggregate
which pervades the entire cosmic space.”

gqar 14/5, 6/9F 737/9% 513 (S= e i, @vs-3, 7
521, ‘afom g’ ® Iga) R gE @ WEe R oo SR '
g qRemT & g RO A 2, 9 el dl doTaEeeron e
E%a- % P
faega aviw & forg 2@ S R @i, 9 3, 9% 513-516
(arfor gree) |

g, 14/5, 6, 88/64/7  ““ITER-IoIT-HIHT-HOT-HFIZIGTTONST o
T Udeaat, UfOerTer, o Harel, aify defvseTETer | o,
faom FrfseUIeaaSiT STHETer ar |’

AT, 14/5, 6, 117/224/1  “JacaraaaTontedr Geradior geryaror
fr dfe anfezaauar | d a1 of arg dEEdRior sifrerony e,
gfermomfraEieRieEr | o7 7 "aaaernyg fOreefd, Fergaeate
fagr quon 7 (SR fgTeT I 9T 3, 9% 516 o g ®
Iga) |

TSTOAT 3 (IU97EOm), 92 12, G 7-38.

WA g (WEE), o 8, Sesd 1, T 1 “idfe Hd!
YT qiRoTr?” e fafaer aerer quer, § Ser 9grTaiRerT,
Hreraftomn, SraaraRoEr 1”7

TEI, qqH 8, TeH 1, A 42

AR O W GTAT HiTer JO0TT? TEET! YT TourT,
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19.

20.

21.

22.

23.

24.

25.
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T ST JUoraRomT, TR, THAROMAT, BEURORET, HoroaRom
FEl, qqH 8, IJIE 1, G 2
“QIRTAROMET of el ! GIRTAT ictael JoordT? TR ! Jidel qoorT,
FeRfcguarTaRorT, wfafeaugraien 1”7

FEl, 91k 8, TeAH 1, T 40
“HrTaRorar of Hd'! G BicfasT quoRT? TEET! geEfder quurd,
d Ser  ufifeaEEmaReEr e dffegsEmaRomr 1

AT g, o faera e, 1714

“gTeg-FeT- Bl - R - H e - He- B TAT-quIGa Ay v 7
e g, dord g+, 2/32

“gfa-sfid-agar: da: Frenyaseg ama: 17

(a) AT AR, TARTEAT (WA SFRTEAT), AT 10991101

“ugfeg AT Hgeson gafd AT 7|
feafeicar @ fageT Sqefaast @ =g 1| 1099
StferT @ SOl OREATT T g g |

e @ et fofadr sl g &4 0 1100
Higueragivi UegaT qed T |

deor STl fafaer Stoft g @@t 1 1101
(G Rregr=et I, WO 3, & 389, “difvgr=” # Tgd)

(b) SR g, T 45 AT g AR o AR
o, we oot Aifaer wat |

J.S. Zaveri and Muni Mahendra Kumar, Op. cit, page 12—

“There exists in nature 92 different chemical elements, that is, 92
different kinds of atoms. While some of these elements such as
oxygen, nitrogen, carbon, etc. are rather abundant, some others such
as lanthanum, cerium etc. are very rare. In addition to 92 natural
elements, modern science has succeded in making several entirely

new elements artificially (the number has become 103).”

TE, 9. 54.57
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26. (a) Gomber & Gupta, Pradeep’s Fundamental Physics (XI),4 /16,17

“Electrical Energy arises on account of work required to be done
in moving the free charge carriers in a particular direction
through a conductor.

Chemical Energy of a body, say a chemical compound is the
energy possessed by it by virtue of chemical bonding of'its atoms.
The chemical energy becomes available in a chemical reaction.

Nuclear Energy is the energy obtainable from an atomic nucleus.
Two distinct modes of obtaining nuclear energy are (i) Nuclear
fission (ii) Nuclear fusion.

Nuclear fission involves splitting of a heavy nucleus into two or
more lighter nuclei, whereas nuclear fusion involves fusing of
two or more lighter nuclei to form a heavy nucleus.

In both, the nuclear fission as well as nuclear fusion, a certain
mass disappears, which appears in the form of nuclear energy.
This is in accordance with Einstein mass energy relation.
Mass Energy Equivalence

In classical (old) Physics, mass and energy are two separate
physical quantities. In an isolated system, mass is constant, and
energy too remains constant. In the year 1905, Einstein made
an increadible discovery that energy can be transformed into
mass and vice-versa, i.c. mass can be transformed into energy.
One can be obtained at the cost of the other. The mass energy
equivalence relation as put forth by Einstein is

E = m¢c?

here m = mass that disappears,

E = energy that appears,

C = velocity of light in vacuum.

This is when mass is being converted into energy. Conversely,
when an amount of energy E is converted into mass, the mass
that appears is m = E/c%.

Thus, according to (modern) Quantum Physics, mass and energy
are not conserved separately, but are conserved as a single entity
called ‘mass-energy’.

This relation is of great significance in Physics. It has solved
many hitherto unsolved problems in Physics. Further, the law
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26. (b)
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of conservation of mass and law of conservation of energy have
been unified by this relation into a single law of conservation of
mass energy. As ¢ is large (=3 x 10* m./s.), ¢’ is 9 x 10'¢. Hence
even a small mass difference (m) can produce enormous amounts
of energy.

Most of the energy in the universe e.g. energy from the sun and
other stars is obtained on account of conversion of mass into
energy.

Transformation of energy

It is the phenomenon of charge of energy from one form to the
other. We come across such changes in day-to-day life. For
example:

(i) Inan electric bulb, electric energy is converted into light
energy and heat energy.

(i1)) In an electric iron, electric heater, geyser etc., electric
energy is converted into heat energy.

(iii) In an electric fan, electric motor, electric energy is
converted into mechanical energy.

(iv) Inahydroelectric power station, potential energy of water
is converted ultimately into electric energy.

(v) In a heat engine, chemical energy from coal/oil is
converted into mechanical energy.

(vi) Inanuclear reactor, mass is being converted into energy.

(vii) In the sun and other stars, mass is being converted into
energy, and so on.

Principle of conservation of energy

According to this principle, the sum total of energy of all kinds
in an isolated system remains constant at all times. This means
that energy can neither be created nor be destroyed. Energy can
only be changed from one form to another. The amount of energy
appearing in one form is always equal to the amount of energy
disappearing in some other form. The total energy thus remains
constant, always provided, at all points, we measure the amount
of energy present in each form (including mass—which too is a
form of energy).

Satish K. Gupta, Modern’s A.B.C. of Physics vol. II for class
XII, CBSE, p. 1198—
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27.

28.

“Stellar Energy (Energy generation in the sun and stars)”

The sun radiates energy at a tremendous rate of 4 x 10'® Js™'.
The stars are also radiating a great amount of energy. Further,
they have been radiating energy for several billions of years. It
has been estimated that the chemical processes like burning or
nuclear fission cannot account for such a large quantity of
radiation for several billions of years. Whereas no known
chemical process can be source of such a large amount of energy,
possibility of fission as the cause of this energy is ruled out on
the basis of the hypothesis that sun does not have the required
abundance of heavy nuclei of fissionable matter. On the other
hand, about 90% of the mass of the sun consists of hydrogen
and helium.

Thus, we conclude that thermonuclear reactions are the main
source of energy in the sun and in the stars.

J.S. Zaveri, Human Body : Design, Function and Development, page
57—

“The nervous system is the most complex system in the human body.
It co-ordinates and controls the work of other systems (of the body)
and through them controls the function of the body as a whole”.

(a) Ibid., p. 75—
“The neuron is the structural and functional unit of the nervous

system. It is an electrically charged cell, specialized in two key
areas of functions: excitability and conductivity.”

(b) 1.S. Zaveri & Muni Mahendra Kumar, Neuroscience and Karma,
pages 26, 27—
“The miraculous functions that brains perform depend on the
power of nerve-cells to produce certain electrical and chemical
changes. ...There is an electrical potential difference of nearly
1/10 of a Volt between the inside and outside of the nerve-fibre.
Similar voltages across the surfaces of all our millions of nerve-
cells provide the means by which messages are sent and decisions
made in the nervous system. Each nerve-fibre is a charged
system, it has a source of energy available to allow the
propagation of messages. If the fibre is strongly stimulated, a
sort of electrical explosion spreads all the way along its whole
length. This is the nerve-impulse which is the signal that travels
along nerve-fibres.”
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(c) Ibid., page xix—
“Every second, 100 millions messages bombard the brain
carrying information from the body’s senses. A few hundred, at
most, are permitted through to brain regions above the brainstem.
Of these, the concious mind heeds a few.”

(d) Ibid., page xxi—
“Much of our knowledge stems from electric stimulation of the
brain or ESB.”

(e) Ibid., page 3 —
“Today several disciplines are involved in the study and research
of brain and its functions. Physiologists record and study its
clectrical responses.”

ORI FHER (26, TEAeEE & 21 3EER, 2002 & STEaR |
RO “Argant fauaes TR 349 9ihar & IR B

1. gUR 41, 8, W 3 FEdIAT 0, 9. 6-8
Tony Buzain, Use Your Head, Pages 16-17

TSI qiaT (SAgR) (2Fe), 22 feawar, 2002, Ware uRfie
FHAT S BT fofad @ =t fE

TR S & IR § I B aTell Te&HT Afdeh faotal @l
T qh HIT TR AT Tl B AU 2 |

YT I &R aE b STl (TEI-SNAL BT 2 | qE T qHE 90 2,
AR TR T8 0T 92 & TRATTSAT T § T AT & | 38 2T
T A0 fiT g 0 fAadt €1 FAET & Ud g8 H W ara
AfEAT HAAT &R UF G TR w7 § IR 93 T AW &
TENE SHF! BIAd [Tl TS | 98 BT 3¢ A a THR MR
T SR foedy W & U @ | U ST ST uw % e U @ bl
HT G g AT | HET G B & AT § IR ST T | 96 IRaR arat
T 921 qfiea & 99 g | 99, I R fqataer & 9w & ) o
&1 B T e B a%g B uedl, a9 & SEE faue S |

S % d1E 9ol =l fh A & SR H fagq-yare s &ar or |
o 1 a1 g o fop B i & so iR @6t faoredt e g 9w
I dER UT TE |
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U 3 HeAT Wad & ¢ | e & S A9 Sfay | uA.
RIS I FATT AT o ded § S WA AW &7 U Aiee & R
# faSTell &1 e AT & | e ® T TEl a1 AR o 34
gadr & T 1 MeEd 5T | S & R Ugaet Sl oud ar
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S| T8 HeaHl & fau B o T2 | 9 & I8 FEt & ey
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33. EIRVT AT, 9 g Srear 97 S, g 1-4
34. Prof. Dr. GR. Jain, op. cit. p. 137—

“Following elementary particles are known to the modern science:
1. Negative elementary charges called the electrons.

2. Positive elementary charges of the same mass called the
positrons.

3. Positive elementary charges 1,850 times as heavy called the
protons.

4. Elementary particles of matter without any electric charges and
of a mass slightly greater than that of the protons called the
neutrons.

5. Heavy electrons.

6. Neutrino—A particle of rest-mass zero without any electric
charge.

7. Negative elementary charge with mass equal to that of the proton
callled negative proton.

8. Mu-Mesons—positive and negative, 200 times heavier than the
electron with mean life 107 seconds which ultimately decay into
electrons.
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Many more about 100 of them have been discovered so far.

As Prof. Max Born, Restless Universe, p. 266 has said “The
existence of first four is firmly established; two light ones, the
electron and the positron and two heavy ones the proton and
the neutron”. He further adds that “these are too many. For it is
likely that combination of

a. a proton and an electron will give a neutron
a. aneutron and a positron will give a proton
Either neutron or proton must be composite.”

Further, in the same book we read that the nucleus of an atom is
composed of protons and neutrons and the electrons and protons
which occasionally fly out of the nucleus arise from the following
transformations:—

Proton breaking into Neutron + Positron, and Neutron breaking
into Proton+Electron.”

35. (a) J.S. Zaveri and Muni Mahendra Kumar, Microcosmology :

Theory of Atom in Jain Philosophy and Modern Science, pp.
38, 39—

“Characteristics of Subatomic Particles

Fundamental thing to know about the subatomic particles is
that every particle of the same species looks exactly alike. Every
electron, proton and neutron looks exactly like every other
electron, proton and neutron respectively.

Mass : Particles of different types, however, can be recognized
by their distinguishing characteristics. Mass is the first
distinguishing characteristic. A proton has about 1980 times
more mass, than an electron. (This does not mean that proton is
1800 times larger than electron. A kilogram of iron has the
same mass as a kilogram of cotton).

Mass of a particle at rest is called its rest-mass. The mass of a
moving particle increases with its velocity and at 99% of the
speed of light it is seven times larger than the rest-mass. At
velocities above 99% of the speed of light, particle-masses
increase dramatically. An electronvolt is a unit of energy but it
is also used for measuring a particle’s mass (the energy that an
electron gains from an electric field of one volt is called an
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electron-volt). Thus the rest-mass of an electron is 0.51 million
electron volts (Mev) while the rest-mass of a proton is 938.2
Mev. It is customary to use the mass of an electron as a unit.
This arrangement makes the mass of a proton 1836.12 and the
mass of a neutron 1837. By this system it is easy to see how
much heavier a particle is than an electron. A photon has zero
rest-mass, and is therefore, called massless particle. (“Massless”,
is actually a clumsy translation from the language of
mathematics to English language.)

All its energy is the energy of motion at the speed of light. It
can neither be slowed down nor made to run faster.

Electric Charge : The second characteristic of a subatomic
particle is its charge. Every subatomic particle has either a
positive charge or a negative charge or is neutral. Its charge
determines how the particle will behave in the presence of other
particle. A neutral particle will be utterly indifferent to all other
particles. Two positively charged or negatively charged particles
will repel each other and will put as much distance between
them as possible. On the contrary, a negatively charged particle
and a positively charged particle will be irresistibly attracted to
each other and will move nearer to it if they can.

A subatomic particle can have zero charge (neutral) or 1 unit,
either positive or negative, or in certain instances 2 units of
charge, but nothing in between. No particle can have 1.25,1.5
or 1.7 units of charge. In other words, electric charge is also
quantized like energy, and all the charge quanta are of the same
size. A particle with mass and charge emerges as a particle
personality.

Spin : The third characteristic of “a subatomic particle is its
“spin”. A particle spins about a theoretical axis at exactly the
same rate, neither slower nor faster. The spin of a particle is
related to, but not identical to, our everyday concept of a spin of
a top because it does not have any well-defined axis. Like every
phenomenon in quantum mechanics, spin is also discontinuous
i.e., quantized like energy and charge.”

Satish K. Gupta, op.cit., p.4—

“Quantization of charge

In earlier times, it was thought that the charge on a body can be
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increased in continuous manner. However, experiments show
that charge on a body is always some integral multiple of a
smallest unit of charge, which in magnitude is equal to the charge
on an electron or a proton. The electron has a negative charge
equal to 1.6 x 16" coulomb and charge on a proton is found to
be exactly equal and opposite to that on electron i.e. equal to +
1.6 x 107" coulomb. If we regard 1.6 x 107" coulomb as e, then
an electron has charge -e and a proton has charge + e. Any
charged body will possess a total charge -e, 2 e, -3 e ..., if
negatively charged and + e, + 2e, + 3e, ......, if positively charged.
In other words, a charged body (or a particle) cannot possess
charge, which is a fraction of + e. This experimental fact is
called the quantization of charge or discrete nature of charge.

The fact that the charge on a body or a particle is always some
integral multiple of a smallest unit of charge (= 1.6 x 107"
coulomb i.e. charge on a proton or an electron) is known as
quantization of charge.

The quantization or discrete nature of charge cannot be explained
by classical theory electricity.”

36. Gomber and Gupta, op.cit, 1/32.
37. Prof. Dr. GR. Jain, op.cit., pp 10-12—

“Hydrogen Atom :

Diameter .... 1/200,000,000 inch

Weight ... 164/100,000,000,000,000,000,000 0000 gram
Electron :

Diameter 1/500,000,000,000,0 inch

Speed .... 1,300 miles per second

Weight ... 1/2,000 of the weight of the hydrogen atom.
Proton :

Diameter .... about ten times that of the electron.

Weight .... that of the hydrogen atom.

The central positive charge of electricity, the nucleus, has a diameter
only about a ten-thousand of that of the atom and practically all the
mass of the atom resides in it. The diameter of an atom is one part
out of twenty crore parts of an inch. The lightest atom is that of
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hydrogen having (Hydrogen is the gas which is evolved by dissolving
zinc in sulphuric acid and on account of its lightness is used in
filling toy balloons and also bigger ones. Water is a compound of
hydrogen and oxygen) a mass only one-quadrillionth (1 followed by
24 ciphers) part of one masha (gramme) while the mass of an electron
is even two thousandth part of this. The diameter of an electron is
five-billionth (1 followed by 12 ciphers is a billion) part of an inch
which is about 2,500 millionth part of the diameter of human hair.
In an eight-mile molecule the electrons are only 8§ inches in diameter.
These electrons revolve round the nucleus several quadrillion times
per second with a speed of 1,300 miles per second. (The concentrated
electric charge in the centre of an atoms is called the nucleus.) All
these figures tend to show that matter is extremely porous. This
porosity of matter was clearly understood by the Jain thinkers several
centuries before the Christian era. It is this fact which is expressed

by words ‘GEHARTHIETEASIRT (subtlety and accommodating power

of the molecules). It is interesting to quote in this connection the
words of Prof. Eddington, the great Astronomer Royal at Cambridge.
He says: “If we eliminate all the unfilled space in a man’s body and
collect the nucleii and electrons into one mass, the man would be
reduced to a speck just visible with a magnifying glass.”

In order to understand fully how innumerable atoms of matter may
be compressed in one unit of space (prade«sa), let us proceed a little
further and look into the constitutions of atoms as revealed by modern
science.

The positive charge of electricity in the centre of the hydrogen atom
is called the proton and there is one elementary charge of negative
electricity called the electron revolving about this proton in a circular
orbit of one 25 millionth part of an inch. (See Fig.)

The atom of hydrogen
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In the same way an atom of helium gas contains two protons and two
neutrons in the centre and two electrons. (A neutron is another
fundamental particle consisting of a proton and an electron in very
close union with each other. It is a neutral particle without any
electrical charge. The nucleus of an atom may consist of one or more
number of protons). Then there are atoms with three protons in the
centre and three electrons going round and so on, until in the heaviest
atom of uranium metal there are 92 protons in the centre and 92
electrons going round them in different orbits. In each case the number
of protons is equal to the number of electrons. The atoms of iron,
copper, silver, and gold consist, respectively, of 26, 29, 47 and 79
protons and electrons each and the number of neutrons are 30, 35, 79
and 118 respectively. In the nucleus, the number of neutrons differs
in different atoms. In the nucleii of Helium, Lithium and Beryllium
atoms, there are respectively 2, 4 and 5 neutorns and so on. In Figure
are shown of helium, lithium and beryllium. The sign + refers to the
proton and the sign—refers to the electron and the neutron is shown
by a small black disc.

The great variety of matter in the universe depends on the fitting
together of 92 kinds of atoms to form all manner of structures. These
92 different kinds of atoms consist of 92 different nucleii with
corresponding swarms of electrons.

We have just mentioned that on sufficient heating the molecules of
matter get broken up into the constituent atoms. The question next
arises as to what happens when an atom or atoms are continuously
heated to a very high temperature. The temperature within the interior
or certain stars is very high, the highest temperature estimated by
Eddington being about four crore degree Centigrade. What would
be the state of atoms inside these stars? At these high temperatures
the atoms begin to lose their outer electrons, i.e., the electrons which
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compose the body of the atom begin to separate from the atom. Such
atoms, in the language of science, are called ‘ionised’ atoms, and
the process of separation of the electrons from the atom is called
‘ionisation’. In some case it happens that atoms lose entirely their
rings of electrons, the atoms are then called ‘stripped’ atoms.”

(a) agetl ¥ W@ g0 G & 99 S URERe awed €, 99

foear & a9ee & fAu @t 87 T @ € IO Satish K. Gupta,
op,cit. p. 1225.—

“Metallic Bonds

A metallic bond is force, which binds the atoms of a metal with
one another.

The metallic bonding is explained on electron gas model.
According to this model, in metallic atoms, electrons are loosely
held by the nucleus due to low ionisation potential. The valence
electron of an atom can leave its positive ionic core (nucleus
and inner orbital electrons) and enter into the influence of the
ionic core of another atom. This collection of mobile free
electrons around the ionic core is found to be more stable than
the neutral atomg, The force between the mobile valence
electrons and Fositivey ]

together, wifich iy n ag metalli

Metallic compounds are usually crggeta ne in nature.

Lithium. . . lium.
They are gooc!-l conductors in solid state.

Metallic bonds are weak bonds.

Metallic bonds are non-directional.

2.
3.
4.
5.
6.

Metallic compounds are opaque to light. This is because,
light energy falling on them is absorbed by mobile electrons.

(b) T €T T AN WA AT 3 &9 H A & | (A
TRT 3T OEE 1) 39 Uerdt § O Thidh ®Y &, S
fasiode 39 YR 9aiE T ¢, a8, 9. 1259
“Solids
All solids have the property of elasticity and by virtue of this
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property, the solids behave as in compressible substances and
exhibit rigidity and the mechanical strength. Basically, all solids
are made of atoms and molecules but due to the different internal
arrangement of the molecules inside them, they are divided into
two classes, namely crystalline and amorphous materials.

Crystalline Materials

The crystalline materials are those in which atoms or molecules
are arranged in a definite and regular way troughout the body
of the crystal and possess a definite external geometrical shape.

A few examples of crystalline substances are quartz, mica, sugar,
copper sulphate, sodium chloride etc.

The crystalline substances have the following characteristics :

1. The atoms or molecules constituting a crystalline solid are
arranged in a definite and regular manner inside the crystal.
Due to this, crystalline materials have definite external
geometrical shape.

2. The orderly arrangement of atoms and molecules in a crystal
extends over a large volume of the crystal i.e. crystals exhibit
a long range order of the atoms and molecules.

Crystalline substances are bounded by flat sufraces.

4. Crystalline substances are anisotrophic i.e. the physical
properties like thermal conductivity, electrical conductivity,
compressibility, etc. have different values in different
directions.

5. Crystalline materials possess uniform chemical composition
i.e. bonds between all the ions, atoms or molecules are of
equal strength.

6. A crystalline material has a sharp melting point. It is
because, all the bonds between its constituents are of equal
strength; and on heating, all the bonds get ruptured suddenly
at a fixed temperature. Due to this, the change from solid
state to the liquid state occurs suddenly.

7. Below the temperature of crystallisation, the crystalline
materials are in stable state. Since a stable state is the state
of minimum energy, such a material acquires a state of
minimum energy on crystallisation.
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Kakani, Saxena, Chhajer & Lodha, Electricity and Electronics,
p. 2—

“Electron Emission

“The emission of electric charges from hot bodies constitutes
thermionic emission. Edison discovered that current travels from
a negative potential to positive potential through a vacuum.

Structure of Solids :

According to present concepts, a metal is regarded as a
conglomerate of crystals. Within each crystal the atoms are held
by interatomic forces in a regular pattern of space lattice. Each
atom in turn consists of a nucleus surrounded by moving
electrons travelling in well-defined orbits. Some of the electrons
in the outer orbit of an atom are not rigidly bound to the atom,
but are relatively free to travel more or less independently from
one atom to the another. These are known as free electrons and
it is these free electrons which are responsible for most of the
electrical and in this chapter, we will study the effects associated

‘ motio @Selectr@arges @vmg charges constitute the
1c cu

""""" ogks, Textbook of Physics
gl-@ ( d erF-onEteetrical Currents)
i 'chap er we will'study\the effects g5t mlth motion

ctrlc @rges. ]@ngﬁcl@ constitution the electric
nts

Direction of the field in the conductor
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“Suppose a conductor is connected to the terminals of a battery
as shown in fig. To understand the process occurring in the
conductor microscopically, we should first understand the
internal structure of a metalic conductor. In a metalic substance,
the valence electrons of the constituent atoms do not remain
attached to their respective parent atoms, but get detached,
leaving the atoms as ions. The ions so formed, are arranged at
specific locations forming a geometric pattern known as a crystal
lattice. The ‘free’ electrons move in the space between the ions
in a random fashion, which for convenience is shown by a line
in fig. In absence of an external electric field, if we consider
any cross-section across the conductor, the number of electrons
crossing it in all directions are equal. Hence net flow of electrons
across the cross- section is zero which means there is zero
current.

Now when such a conductor is connected to the terminals of a
battery as shown in the fig. an electric field is set up in the
conductor and electrons experience a force acting towards the
positive terminals of the battery. Under the influence of this
force, the electrons acquire a drift towards the positive terminal
which is superposed on their random velocity, e.g. an electron
which moved from A to B in a given time, now moves from A
to B’ in the same time. The drift experienced by it during this
time is B’, and one can now define an appropriate drift velocity.
Of course, all along the path of conductor electrons have random
‘collisions’ with the ions; as explained in detail later. Under
such conditions, net flow of electrons across a cross-section does
not remain zero, so one has an electric current flowing across
the cross-section.

Amount of charge passing through a cross-section of a conductor
per unit time is measure of electric current and is called the
‘ampere’.

Ampere : If the net of charge flowing across a cross-section of
a conductor is one coulomb per second, then the electric current
passing is called one ampere. If the charge passing in time t
second is Q coulomb, then the electric current is,

I (ampere) = Q (coulomb) / t (second)

Resistance : We referred to term “random collisions” between
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the drifting electrons and the ions located at the lattice points.
Actually, the ions are not stationary, but execute an oscillatory
motion about their mean position, energy of which increases
with the increase in the temperature of the conductor. Electrons
drifting between the ions have to move through the randomly
varying electric fields due to these oscillations and hence are
frequently deflected from their paths. These deflections can be
effectively considered as results of the “collisions” with ions.

Such random deflections suffered by the drifting electrons act
so as to offer a resistance to the drift motion. This factor is a
major contributor to the property called electrical resistance of
a conductor. Other factors that contribute to the resistance are
the impurities in the conductor and its constitutional and
mechanical defects.

2. Ohm’s law and the Resistivity

A German scientist named Ohm deduced in 1828 a law that
“under a given (fixed) physical conditions, the ratio of the
electrical potential difference to the current is constant.” This
constant is known as the resistance of the conductor.
Mathematically expressed, the law is,

R=Vi1

where V is the potential difference between the ends of a
conductor and I is the current flowing through it. With V
measured in volts and I in amperes, we have R in units called
ohm, Thus,

Ohm = volt/ampere

The constant R appearing in equation depends on the
dimensions, nature and the temperature of the conductor.

(b) Satish K. Gupta op. cit, p. 113—
“Conductors, Insulators and Dielectrics

The carriers of current in metals are free electrons and the free
electron model for the metal can explain some of the observed
properties of the metals in a qualitative manner.

The elements, in which the valence shell is filled less than half,
are found to be good conductors. For example, in metals such
as copper, aluminium, silver, etc., the valence shell contains
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three or less electrons. Since an atom has a tendency to have a
filled valence shell, the valence electrons in the atoms of a metal
leave the atoms and are free to move through the metal lattice
in a random manner. They constantly collide among themselves
and with the positive ions located in the metal lattice. They
have practically no affinity to their parent atoms. However, the
average velocity of free electrons in a metal is zero.

When an external electric field is applied across the two ends of
a metal, the free electrons experience force and get accelerated.
There is a net flow of electrons through the metal. It is found
that as the strength of the applied electric field is increased,
more and more free electrons cross through a section of the
metal.

The material which do not have free electrons in them are unable
to conduct electricity and are termed as insulators. In fact, the
same material may possess the following two properties:

(i) It may not conduct electricity through it and as such it is
called insulator.

(i1) It may not conduct electricity through it but on applying
electric field, induced charges are produced on its faces.
Such, a material is called dielectric. The valence electrons
in atoms of a dielectric are tightly bound to their nuclei
and ordinarily cannot detach themselves.

(c) Kakani, Saxena, Chhajer & Lodha, op.cit. p.2 —

“Certain materials, such as silver, copper, aluminium and nickel
contains relatively large number of free electrons are called
conductors; materials such as glass, dry wood, silk and porcelain,
have relatively few free electrons and are known as non-
conductors or insulators. Materials that have an intermediate
number of available free electrons are classed as semi-
conductors.

Work function :

The atoms and electrons in any material are ordinarily in rapid
vibratory motion, the velocity of their motion, being a function
of temperature. At ordinary temperatures the free electrons in
the metallic emitter cannot leave its surface because of certain
acts as a potential barrier.
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To escape from the surface of the emitter the electrons must
perform a certain amount of work to overcome the surface
potential barrier. At absolute zero, the minimum amount of
energy required to enable an electron to escape from the metal
surface is known as work function. This depends slightly on
the temperature. It is possible to increase the energy of the free
electrons in a conductor until they are able to pass through the
potential barrier into space.

Satish K. Gupta, op.cit. p. 1072—
‘FREE ELECTRONS IN METALS

“Electron is a fundamental constituent of the atom. A metal
contains free electrons, which move about freely through the
atomic spaces in a random fashion. But as soon as an electron
leaves the metal immediately an equal positive charge is
produced on the surface of the metal. As a result the electrons
pulled back into the metal and hence remains confined to it.
The pull on the electrons at the surface is found to depend on
the nature of metal surface and is described by a characteristic
of the metal, called work function.

The minimum energy which must be supplied to the electron so
that it can just come out of the metal surface is called the work
function of the metal.

It is denoted by the symbol w and is measured in electron volt
(eV).

In order to make the free electrons escape the metal surface, an
additional energy must be given to them. This process is called
electron emission and may be achieved in the following ways:

(i) Thermoionic emission: In this process of electron
emission, the additional energy is supplied in the form of
heat. The emitted electrons are known as thermo-electrons.

(i1)) Photoelectric emission: In this process, as already
discussed the additional energy is supplied by means of
electromagnetic radiation. The emitted electrons are
known as photo-electrons.

(iii) Secondary emission: In this process, the fast moving
electrons on collision with the metal surface knock out
electrons, called the secondary electrons.
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(iv) Field emission: In this process, the electrons are emitted
by the metal surface on subjecting it to a very strong
electric field (108 volt per metre)”

40. (a) Prof. Dr. GR. Jain, op.cit., p. 7—

“Modern investigations have shown conclusively that all matter
is composed of molecules which, in the case of gases, are
travelling in all directions with high speeds. Theoretically a
piece of chalk may be broken into two pieces, those two into
four, and so on to infinity. In reality, matter cannot be subdivided
beyond a certain point without loosing its identity. The smallest
particle into which matter may be subdivided without destroying
its characteristic properties is called a molecule.”

“No one has ever seen a molecule; these particles being so small
that even the best microscope fails to reveal them. The diameter
of a molecule has been measured to be one ten-millionth an
inch 1/10,000,000 inch. A drop of water is about 1/8 of an inch.

(b) Satish K. Gupta, op.cit., p. 1221—
“Molecules

An atom is electrically a neutral system. In an atom, electrons
revolve around the positive nucleus. The net electric field of an
atom even at a small distance from the centre of the atom (nearly
equal to107'°m) is almost zero.

Atoms of most of the elements do not exist as atoms as such.
When atoms come sufficiently close to each other, such that
electron cloud of one atom overlaps that of the other, they interact
with each other electrically. The atoms then, remain together
rather than to exist as separate neutral atoms. When the atoms
are held together because of the above fact, they are said to
form molecules. The molecule so formed is said to be stable, if
energy is required to split it into its constituent atoms.

The minimum energy required to split a molecule into its
constituent atoms is called dissociation energy. Atoms can
combine in many ways to form molecules:

(i)  Atoms of the same element may combine to form stable
molecules. For example, H,, N,, O,, etc.

(ii) Atoms of different elements may combine to form stable
molecules. For example, NaCl, KCl etc.
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(iii) Atoms of more than two elements may combine to form
complex molecules. Sucrose C,H,,0,  is one such example.

(iv) Thousands of atom may combine to form biological
molecules like DNA and RNA. They exist in the form of
chains.

Molecules possess extremely interesting properties. They can
rotate like a rigid rotator and vibrate like a spring. These
properties are not possessed by atoms. Just as discrete energy
states exist in atoms due to orbital motion of electrons, the
rotational and vibrational motion of molecule also correspond
to discrete energy states. An excited molecule returns to the
ground state by emitting photons of energy. This process in case
of molecules gives rise to rotational and vibrational spectra.

Bonding in Molecules

When atoms combine to form a molecule, they are held together
by the force of attraction called chemical bond. When atoms
come close to each other, the energy of the system is reduced
and it leads to the formation of bond.

A chemical bond is defined as the attractive force, which holds
the atoms together in molecule.

Concept of Bond

The outermost shell of an atom is called the valence shell. The
Greek word valence means hook. According to old chemical
theory, the atoms had hooks, which hold them together with
other atoms.

According to present day theory, the electrons in the outermost
shell called valence electrons are impossible for holding the
atoms together in atoms.

The atoms combine with each other by the transfer or mutual
sharing of electrons and in doing so, each combining atom
attains the inert gas configuration.

The outermost shell of atoms of the inert gases have 8 electrons
and are most stable.

41. IR Igd [T HE&AT 38 (a), (b), (c) F=HA B
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42. (a) Satish K. Gupta, op. cit,. p. 30 —

“Concept of electric field

Consider that an electric charge q is present at some point in
space. If we bring any other charge say q near the charge q, it
will experience a force of attraction or repulsion due to the charge
g. The force experienced by the charge q is said to be due to the
electric field set up by the charge q.

The electric field of a charge is the space property by virtue of
which the charge modifies the space around itself. As a result,
if any other charge is brought in the space around the charge, it
experiences electrostatic force.

Thus, electric field due to a charge is the space around the charge,
in which any other charge is acted upon by an electrostatic force.”

(b) Ibid., p.161— “The electric field is the space around an electric
charge in which its effect can be experienced.”

43. Tbid., p. 222—

“Electric Current

“It is defined as the rate of flow of electric charge through any section
of a wire. It is denoted by 1. Then

I = total charge flowing / time taken
If charge q flows in a time t through any section of a wire, then
I=q/t

If n carriers of electricity, each having charge e, cross any section of
the conductor in time t then

I=ne/t
If charge dq flows through a wire in small time dt, then
I =dq/dt

The direction in which the positive charge will flow gives the
direction of conventional current. Since the flow of current is
attributed to flow of electrons, the direction of electronic current is
opposite to that of conventional current.

Although, a direction is associated with electric current, yet it is a
scalar quantity. The reason is that the laws of ordinary algebra are
used to add electric current. The laws of vector algebra do not apply
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to the addition of electric currents.

Unit of electric current. S.I. unit of electric current is ampere. It is
also the practical unit of current. It is denoted by A.

1 ampere (A) = 1 coulomb (C)/1 second (s) = 1 CS™!

The current through a wire is called one ampere, if one coulomb of
charge flows through the wire in one second.

Note : In a metallic conductor, free electrons are carriers of electricity
and hence electrons constitute the electric current (charge on an
electron = 1.6 x 107"). 6.25 x 10'® electrons crossing per second
through any section of a conductor give rise to a current of 1 A.”

44. (a) Satish K. Gupta, op.cit., p. 1264—

“Distinction Between Metals, Insulators and Semiconductos

Metals are good conductors of electricity, insulators do not
conduct electricity, while the semi- conductors have conductivity
in between those of metals and insulators. Let us make
distinction between conductors, insulators and semiconductors
on the basis of band theory of solids.

A solid is a large collection of atoms. The energy levels of an
atom get modified due to the presence of other surrounding
atoms and the energy levels in the outermost shells of all the
atoms form valence band and the conduction band separated by
a forbidden energy gap.

The energy band formed by a series of energy levels containing
valence electrons is called valency band At 0 K, the electrons
start filling the energy levels in valence band starting from the
lowest one. The highet energy level, which an electron can
occupy in the valence band at 0 K is called Fermi level.

The lowest unfilled energy band formed just above the valence
band is called conduction band.

At 0 K, the Fermi level as well as all the lower energy levels are
completely occupied by the electrons. As the temperature rises,
the electrons absorb energy and get excited. The electrons jump
to the higher energy levels. These electrons in the higher energy
levels are comparatively at larger distance from the nucleus and
are more free as compared to the electrons in the lower energy
levels. Depending on the energy gap between valence band and
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the conduction band, the solids behave as conductors, insulators
and semiconductors.”

Text-book of Physics (xii), part II, pp 192, 193—

“All of us are now very familiar with the term electronics. What
exactly is electronics? After the discovery of the electron at the
end of the last century, its role in deciding the constitution of
matter as well as electrical properties of matter like conduction
has been increasingly appreciated.

We have already studied how free electrons determine metallic
conductivity and that why such conductors obey Ohm’s law;
viz. Linear relation between the current and the potential drop.
We also acquired some familiarity with conduction properties
of semiconductors.

Electronics (solid state electrons, to be specific) is the science
of devices, which operate by appropriately controlling the
conduction through controlling-generation and motion of
electrons in suitable solids. Such a control implies getting desired
relations between the voltage and the current through the
devices. Extensive studies have been made on conduction
properties of certain solids, both pure as well as those in which
controlled impurities have been added, resulting in a
development of large number of such useful devices; which
comprise the field of electronics.

1. Good Conductors, Bad Conductors and Pure
Semiconductors

Metallic elements located in the first three groups of the periodic
table are good conductors of electricity. These include alkali
metals, noble metals, aluminum, copper etc. These metals
conduct electricity very well because of their free electrons. Non
metals are practically bad conductors. They don’t have free
electrons and such materials have very large resistivity.

The elements like Si and Ge that are in the fourth group of the
periodic table, have electrical resistivity that is more than that
of metals but less than that of bad conductors. Such materials
are called semiconductors. The mode of electrical conduction
differs in metal semiconductors. In fact, semiconductors in their
pure form practically behave as non-conductors at the absolute
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45. (a)

zero of temperature.

Increase in the temperature of a good conductor results in the
increase in its resistivity, but increase in the temperature of a
semiconductor (within certain range) results in a decrease in its
resistivity. A semiconductor, irradiated by electromagnetic
radiation of an appropriate frequency also quite often results in
an increase in its conductivity.

The electric properties of a substance depend on its crystal
structure and its electronic configuration. A large number of
semiconducting substances have been produced systematically
by preparing suitable compounds. In this chapter, however, we
will study only two most important semiconducting elements,
Si and Ge; which have crystal structure of diamond.”

Kakani, Saxena, Chhajer & Lodha, op.cit, pp. 536—

“Impurities added to pure germanium or silicon will cause a
change in the lattice structure, which might add a free electron
or create a hole. The importance of hole is that it may serve as
a carrier of electricity and a free electron from a neighbouring
atom may drop into it.”

“The study of transistors is based on semiconductors.
Semiconductors which find use in transistors are silicon and
germanium, out of which germanium is commonly used.

“When an electric field is applied between both the ends of a
semiconductor crystal, the free carriers such as free electrons
and holes attain drift velocity. The electrons drift towards the
positive electrode and holes move towards the negative
electrode.”

Satish K. Gupta, op.cit pp. 3,4

“In 600 B.C. the Greek philosopher Thales observed that when
amber* was rubbed with a woolen cloth, it acquired the property
of attracting light objects like feathers of birds, small bits of
paper, pieces of dry leaves, etc. In 100 A.D., Dr. William Gilbert
was led to the conclusion that there are many other substances
like amber, which acquire the property of attracting such light

* Ttis hardened sap of a tree similar to a pine tree. In Greek, the meaning of amber is electrum
and probably the words like electric charge, electric force, electric potential, electricity and
finally electron owe their origin to electrum.
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objects after they had been rubbed with some other suitable
substances. For example, if on a dry day, we comb dry hair with
a rubber comb, the comb acquires the property of attracting the
small bits of paper and dry grass. Similarly, a glass rod acquires
the attractive property on being rubbed with silk and an ebonite
rod on being rubbed with flannel or catskin. The amber, the
rubber comb, the glass rod, the ebonite rod, etc. are said to be
charged with electricity.

The woollen cloth (in case of amber), silk (in case of glass rod)
and flannel (in case of ebonite rod) are also found to be charged
with electricity.

The electricity developed on bodies, when they are rubbed with
each other is called frictional electricity. It is also called static
electricity as the charges so developed on a body can not flow
from one point to some other point.

Two kinds of charges

From experiments, it was concluded that frictional electricity is
of two types. When a glass rod is rubbed with silk, glass rod is
said to have become positively charged. As said earlier, the silk
is also found to be charged with electricity. However, the nature
of charge on silk is found to be opposite to that one glass and
therefore silk is said to have become negatively charged. On
the other hand, when ebonite rod is rubbed with flannel the
charge on ebonite rod is found to be of same kind as of silk
(when glass rod is rubbed with it). Thus, ebonite rod becomes
negatively charged. When rubbed with flannel, while flannel it
self becomes positively charged.

Historically, charge produced on a glass rod, when rubbed with
silk was called viterous and that produced on ebonite rod, when
rubbed with flannel, was called resinous. Actually, the concept
of positive and negative charges was introduced by Benjamin
Franklin. Experiments proved that bodies having same kind of
charge repel each other, while those having opposite kinds of
charge attract each other.

In the table given below, if a body in first column is rubbed
against a body given in second column, body in first column
will acquire positive charge, while that in second column will
acquire negative large :
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The name of the body, which acquires

Positive charge Negative charge
Glass rod Silk cloth
Flannel or catskin Ebonite rod
Wollen cloth Amber

Woolen cloth Rubber shoes
Woolen cloth Plastic object

Obviously, if the two charged objects are from the same column,
they will repel each other and if the two charged objects are
from two different columns, they will attract each other.

Additive Nature of Charge

The total electric charge of a body is equal to the algebraic sum
of all the electric charges distributed on the different parts of
the body. Due to this property, the charge is said to be additive
in nature.

We know that mass of an extended body is equal to sum of the
masses of its constituent particles. The electric charge also
possesses this additive property possessed by mass. However,
the additive property in the two cases differ on following two
accounts:

(i)  The mass of the particles constituting the body is always
positive, whereas the charges distributed on the different
parts of the body may be positive or negative.

(i1)) The total mass of the body is always non-zero, whereas
the total charge on a body may be positive, zero or negative.
Conservation of Charge

Just as in mechanics, the total linear momentum of an isolated
system always remains constant, the electric charge also obeys
a similar law. It is called law of conservation of charge.

It stated that for an isolated system, the net charge always
remains constant. In other words, it may get transferred from
one part of the system to another, but net charge will always
have a constant value. In other words, charge can neither be
created nor destroyed.

Following examples explain the law of conservation of charge:
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1. We know that when a glass rod is rubbed with silk, glass
rod becomes positively charged and the silk becomes
negatively charged. The amount of positive charge on glass
rod is found to be exactly the same as negative charge on
silk. Thus, the system of glass rod and silk, which had zero
net charge before rubbing, still possesses zero net charge
after rubbing.

(b) Tbid, p. 161—
“Some Useful Facts

1. The charges developed on the bodies during the process of
rubbing are due to the transfer of charges only from one
body to other.

2. Coulomb’s law in electrostatics holds only for stationary
charges, which are points in size.

3.  When the same two charges located in air are placed in a
dielectric medium without altering the distance between
them, electrostatic force always decreases.

4. A system of charge is said to be in equilibrium, if the net
force experienced by each charge of the system is zero.

5. Electrostatic force between two charges is not affected by
the presence of a third charge in their space.”

(c) Ibid. p.4 (J&T TH ISTEXT & ERT SH THAT T 2 )

“A polythene piece rubbed rubbed with wool is found to have a
negative charge 3 x 107 C. Estimate the number of electrons
transferred from wool to polythene.”

Sol. Here, total charge transferred, q =-3 x 107 C
Charge on an electron, e =- 1.6 x 10 C
From quantization of charge, q = ne
Therefore, number of electrons transferred,
q -3 x107

n=—=————=1.875x 10"
e —-16x10"

46. (a) Gujarat State Board of Text books, Text book of Physics

(Part-2), Std. xii, pp. 1,2—

“The discoveries and the early understanding of the electrical
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and the magnetic phenomena, developed independently of each
other. The pioneering experimental studies of early scientists
like Oersted, Rowland and Faraday established the connections
between the magnetic fields and the electric currents. A complete
synthesis of the two groups of phenomena was achieved by the
theoretical works of Maxwell and Lorentz, the synthesis being
now called the electromagnetic phenomena.

It was this deeper understanding of the electromagnetic
phenomena, that led to the identification of light as
electromagnetic waves. Further technological developments in
the production, propagation and detection of the electromagnetic
radiation’s have revolutionized our global communication
techniques.

1. Oersted’s Obeservations

In the, year 1819, a Danish school teacher named Oersted
discovered that a magnetic field is produced surrounding a
conductor carrying a current.

If magnetic needle is suspended parallel to a conducting wire,
the needle experiences a force deflecting it when a current is
passed through the wire, showing that magnetic field is produced
in the region surrounding the wire. Direction of the field is
such that the needle tends to align prependicular to the length
of the wire carrying the current. These observations of Oersted
were presented to the French academy by Arago on 11 Sept.,
1820.

2. Biot-Savrat’s Law

Within a short period of two months of this discovery, Biot and
Savart made a quantitative study of this effect, and on the basis
of'this study deducted the law relating the strength of the current
and the length of the conductor with the strength of the magnetic
field generated.

Satish K. Gupta, op. cit. p. 391—
“Magnetic Effect of Current

In 1820, the Danish scientist Oersted discovered the magnetic
effect of electric current. Oersted’s experiment led to the
discovery that when electric current passes through a conductor,
magnetic field is produced around it. If a strong current is passed
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through a conductor, then magnetic field produced around the
conductor is also very strong and the earth’s magnetic field may
be neglected in its comparison. In such a case, magnetic lines
of force near the conductor are found to be aircular.

When electric current is passed through a circular conductor,
the magnetic field lines near the centre of the conductor are
almost straight.

Laplace’s Law or Biot-Savart Law

Laplace’s law is used to know the magnitude of the magnetic
field at a point near a conductor carrying current. This law was
first experimentally confirmed by Biot and Savrat and for this
reason, it is sometimes referred to as Biot-Savart’s law.

(¢) 1.S. Zaveri and Muni Mahendra Kumar, Microcosmology ... ,
pp. 14, 15—

“Discovery of Electromagnetic Phenomena

In the nineteenth century the first persons to go beyond the
Newtonian Physics were Michael Faraday and James Clerk
Maxwell. This radical change in scientific outlook was brought
about by the discovery of a new type of force which the
mechanistic model failed to describe. This was the
‘electomagnetic phenomena’. In fact, Faraday was the first
person to bring science and technology to a turning point by
producing an electric current in a coil of copper by moving a
magnet near it. The colossal technology of electrical engineering
was the result of this fundamental experiment converting
mechanical energy into electrical one. At the same time, it
formed the foundation of the theory of electrodynamics. The
fundamental difference between the Newtonian laws and
Electrodynamics is the concept of field of force, i.e. an electric
charge produces a condition in space around it so that another
charge feels a force. This was a much subtler concept than that
of Newtonian ‘force’ and eliminated the existence of ether. It
produced a most profound change in the basic concept of physical
reality. It was Einstein who clearly recognised this fact 50 years
later, when he declared that no ether existed and the
electromagnetic fields were physical entities which could travel
through empty space and could not be explained mechanically.
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Ultimately, it resulted in the realization of the electromagnetic
nature of light.”

47. Satish K. Gupta, op. cit. p 736

“Source of Electromagnetic Waves

A stationary electric charge produces a static electric field around it.
A steady current implies the uniform flow of electric charges. Since,
a steady electric current produces a steady magnetic field around it,
it follows that an electric charge in uniform motion produces a steady
or stationary electric field. Also, an accelerated charge should produce
a magnetic field which varies with time and depends on space. Since
an electromagnetic wave is associated with a magnetic field, which
is dependent on time and space, it follows that an accelerated charge
is the source of electromagnetic wave. The most common way of
possessing accelerated motion is the possess simple harmonic motion.
A charge oscillating harmonically with a frequency V produces
electric and magnetic fields at that point, which vary sinusoidally
with the frequency V and then produce electromagnetic waves of
same frequency.

The variations in electric and magnetic fields in an electromagnetic
wave are perpendicular to each other and to the direction of
propagation of the wave. As said earlier electromagnetic waves do
not require any material medium and they can propagate in free
space (i.e. in vaccum) with the velocity of light.

48. (a) Ibid., p. 579, 582—

“Electromagnetic Induction

As said earlier, in 1820, Oersted discovered the magnetic effect
of electric current i.e. when a steady current flows through a
conductor, a magnetic field is produced around it. In 1831,
Michel Faraday discovered the effect, called electromagnetic
induction, just converse to the magnetic effect of electric current.

When a coil made of copper wire is placed inside a magnetic
field, magnetic flux is linked with the coil. Faraday found that
when the magnetic flux linked with the coil is changed, an
electric current starts flowing in the coil, provided the coil is a
closed one. The charge in magnetic flux linked with a coil may
be caused by varying the strength of magnetic field or by the
relative motion between the source of magnetic field and the
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coil. In case the coil is open, an e.m.f. is set up across the two
ends of the coil. The current and the e.m.f. so produced, are
called induced current and induced e.m.f. respectively. The
induced current and the e.m.f. in the coil last only so long as
the magnetic flux linked with the coil keeps on changing.

Thus, electromagnetic induction is the phenomenon of
production of electric current (or e.m.f.) in a coil when the
magnetic flux linked with the coil is changed.

Magnetic Flux

The magnetic flux linked with surface held in a magnetic field
is defined as the number of magnetic lines of force crossing the
surface normally.

Faraday’s Laws of Electromagnetic Induction

The results of Faraday’s experiments on electromagnetic
induction are known as Faraday’s electromagnetic induction.
These laws are stated as below:

1. Whenever magnetic flux linked with a circuit (a loop of
wire or a coil or an electric circuit) changes, induced e.m.f.
is produced.

2. The induced e.m.f. lasts as long as the change in the
magnetic flux continues.

3. The magnititude of the induced e.m.f. is directly
proportional to the rate of change of the magnetic flux linked
with the circuit.

(b) Text-book of Physics, op.cit. pp 39 to 52—
“Electromagnetic Induction and Faraday’s Experiments

A scientist named Michel Faraday discovered in the year 1831
that a change in the value of the magnetic flux linked with a
conducting coil gives rise to induction of an electromotive force
in the coil. The emf generated this way is called the induced
e.m.f. When the bar magnet is near the coil, some of the magnetic
lines of force are passing through the coil; that is ‘some magnetic
flux is linked with the coil’. Now when there is relative motion
between the coil and the magnet, the amount of flux linked
with the coil is changing. When the relative motion stops, there
is no further change in the amount of the flux linked. So we
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conclude that, “when there is a change in the flux linked with
the coil, there is an emf generated in the coil.” The observation
that a faster motion of the magnet gives rise to a larger deflection
shows that the emf generated depends upon the rate of change
of the flux linking the coil. The current resulting from this
“induced emf.” is called the “induced current”.

When a Current flows in a coil, magnetic flux is produced due
to this current and the coil now acts as a magnet. Which face of
the coil acts like a north pole and which face becomes a south
pole depends upon the direction of the current in the coil.

Thus, we see that the direction of the induced current and the
corresponding direction of the resulting magnetic field is a
consequence of the conservation of energy. This leads us to
Lenz’s law which states :

“If an agency generates an induced emf through its action (such
as motion of the magnet as illustrated) the induced emf would
be such that the current produced by this emf would generate a
magnetic field such as to oppose the action of the agency.”

3. Faraday’s Law

Faraday gave the law relating the induced emf in a circuit with
the rate of change of the flux.

4. Self-induction

We have learnt that when a current passes through a coil, some
magnetic field is created so that the coil itself behaves like a
magnet. The magnetic flux produced by the current in the coil
is linked with the coil itself and when the current in the coil
changes, this flux linked with the coil also changes. Under such
circumstances also, there would be an emf induced in the coil
which is called the ‘self-induction’. The value of mutual
inductance of a system of two coils depends upon their shapes,
sizes, their number of turns, distance between them, their mutual
inclination angle and the material on which they are wound.

Text-book of Physics (Part - II), op.cit, p. 94—

“Electromagnetic waves discovered relatively recently—only in
the later part of the 19th century. It was the result of the synthesis
of various facts and laws pertaining to electricity and magnetism,
like Gauss’ law, Ampere’s law, Faraday’s law, the closed nature
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of magnetic field lines etc. by a British scientist James Clerk
Maxwell in form of Maxwell’s equations. These are the
differential equations which interconnect electric and magnetic
field parameters through differential equations. Examination
of these equations in terms of symmetry between electric and
magnetic phenomena also lead to the famous contribution due
to Maxwell of the term called the displacement current a term
which provided the missing aspect to complete the symmetry.”

(b) Satish K. Gupta, op.cit., p. 731—

“These equations govern the behaviour of electric and magnetic
fields. Maxwell showed that these equations predict the existence
of electromagnetic waves, which propagate through the space
in the form of varying electric and magnetic fields. He also
showed that these waves are transverse in nature and travel
with the speed of light.

1. Gauss’s law in electrostatics. It states that the total electric
flux through any closed surface- is always equal to 1/e;
times the net charge enclosed by the surface.

2. Gauss’s law in magnetism. It states the net magnetic flux
crossing any closed surface is always zero.

A direct consequence of Gauss’s magnetism is that an
isolated magnetic monopole does not exist.

3. Faraday’s law of electromagnetic induction. It states that
the induced e.m.f. produced in a circuit is numerically equal
to rate of change of magnetic flux through it.

In this form, the law states that the line integral of electric field
along a closed path is equal to rate of change of magnetic flux
through the surface bounded by that closed path.”

50. Tbid., p. 731—

Nature of Electromagnetic Waves

“From Faraday’s law of electromagnetic induction, it was concluded
that a magnetic field changing with time at a point in space produce
an electric field at that point. On the other hand, Maxwell’s concept
of displacement current led to the conclusion that an electric field
varying with time at a point produces a magnetic field at that point.
This symmetry in the laws of electricity and magnetism leads to the
conclusion that a time varying electric field gives rise to a time
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varying magnetic field and vice-versa. Maxwell showed that such
electric and magnetic fields can propagate through space with the
velocity of light and were called electromagnetic waves. The electric
and magnetic fields in an electromagnetic wave vary with time and
space and are prependicular to each other and to the direction of
propagation.”
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(d) Dr. GR.Jain, Cosmology Old & New, pp 130-136—

“Manifestation of Pudgala (Matter) take the form of sound,
union, fineness grossness, figure, divisibility, darkness, shade
or image, sunshine and moonlight. (Tr. of Tattvaratha Sutra 5/
24). Commentary—" ...the division of light energy into two
categories: ' Atapa and Uddyota, is based on scientific
considerations: ' Atapa is the sunlight or light of a fire, or electric
lamp, etc., and uddyota is the moonlight, the light emitted by
the jewels or the phosphorescent light of a fire-fly (Sarv "artha
Siddhi, 5/2-4). The former predominates in heat rays and the
latter in light rays. The efficiency of modern electric lamp is
only 7-10 % and that of arc-lamp 15% (in the tube light lamps,
the efficiency has reached about 60%). In other words only 7 or
15 percent of energy is converted into light and the rest appears
in the form of heat. Thus the light given by these sources has a
much greater proportion of heat than light, and hence the name
' Atapa. The same is the case with the sun where only 35 percent
of the radiation appears in the form of light.
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The efficiency of the tiny lamp in the body, of the glowworm is
99 percent of light rays and 1 percent of heat rays; hence the
most proper name given to it is Uddyota.”

52. J.S. Zaveri and Muni Mahendra Kumar, Microcosmology ..., p. 15—

“Electromagnetic Radiation—Light

“Much earlier, there were two theories about light : One which
Newton favoured was that it was composed of particles called,
corpuscles, the other was that it was made of waves. A proper
theory of the propagation of light did not come until 1865, when
Maxwell succeeded in unifying the forces of electricity and
magnetism. Maxwell’s equations predicted that electromagnetic
waves travel at a fixed speed. Thus, light is a rapidly alternating
electromagnetic field travelling through space in the form of
waves at a fixed speed.

In due course, it was established that radio-waves, light and
X-ray are all waves forming the electromagnetic spectrum, a
tiny fraction of which—the visible spectrum—is visible in the
form of light. This remained the accepted and proven theory of
light upto 1905.

Einstein’s theory of light was that it is composed of tiny particles
called photons. A beam of light is analogous to a stream of
bullets. To prove his theory, Einstein referred to a phenomenon
called the photo-electric effect, in which when light impinges
on a metal surface, it sends electrons flying off. If a photon hits
an electron, it knocks it away just as one billiard ball hitting
another one knocks it away.

It was also found that the velocity of the rebounding electrons
did not depend upon the intensity of the impinging light, but on
its colour.”

Visible Spectrum

Colour Wavelength (m) Colour

Wavelength (m)

Violet 3.9 x 107-4.5x 107 Yellow 5.7x107-59 x 107
Blue 4.5x107-4.5x%107 Orange 5.9 x 107 -6.2 x 107
Green 5x107-5.7x107 Red

62x107-7.8x107

54. (a)

(b)

Ibid., p. 736—
Hertz’s Experiment

“In 1865, Maxwell had predicted the propagation of
electromagnetic waves in the form of varying electric and
magnetic fields, which produce each other. It was concluded
that the accelerated charges the source of electromagnetic waves.
In 1887, Hertz experimentally demonstrated the production of
electromagnetic waves by using a spark oscillator and then
succeeded in detecting them also.

Text book of Physics (Part II), op.cit, pp.94, 95—

“From Maxwell’s field equations connecting the electric and
the magnetic fields vectors 'E and 'B the wave equation for
electromagnetic waves emerged, showing that the disturbances
in 'E and ' B can jointly propagate in the form of waves. It was
also found that the velocity of these waves in space as calculated
from the electric and magnetic parameters was exactly equal to
the velocity of light—strongly suggesting that light is a form of
electromagnetic waves. It should be noted that all these
deductions were logically deduced using theory only from the
brilliant formulation of electromagnetic field equations.

2. Experiment of Hertz

Althougth existance of the electromagnetic waves theoritically
deduced, an experimental demonstration that such waves can
be produced in laboratory remaind to be achieved. It is said that

53. Satish K. Gupta, op.cit., p. 739— ! ) ’ >
Maxwell himself was very much desirous of being a witness to

“Human eye is sensitive to only visible part of the electromagnetic such an achievement during his lifetime.

spectrum. Different types of detectors are used to detect and study

the different parts of the spectrum. Thirty-two years after the proposition of electromagnetic field,

equations of Maxwell, Hertz demonstrated production of such
waves in laboratory.

55. (a) Ibid., pp. 98, 99—

The follwing table gives the wavelength range of different colours
of visible light :
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“Characteristics of Electromagnatic Waves
“Electromagnetic waves have the following characteristics :

(1) Atregions far from the source the electric and the magnetic
field, vectors oscillate in the same phase.

(2) The directions of oscillations of the electric and the magnetic
fields are mutually perpendicular; and are in a plane
prependicular to the direction of propagation of the wave.

(3) These waves are non-mechanical and of transverse type.

(4) Their velocity in free space (vacuum) is given by
c=3x10*ms"
Light waves have the same velocity in vacuum as
experimentally measured.

(5) The velocity of electromagnetic waves depends upon the
electromagnetic properties of that medium.

(b) Satish K. Gupta, p. 735—

Properties of Electromagnetic Waves

A few important properties of electomagnetic waves are as given

below :

(1) Electromagnetic waves propagate in the form of varying
electric and magnetic fields, such that the two fields are
perpendicular to each other and also to the direction of
propagation of the wave. In other words, electromagnetic
waves are transverse in nature.

(2) Electromagnetic waves are produced by accelerated charges.

(3) Electromagnetic waves do not require any material medium
for their propagation.

(4) In free space, electromagnetic waves travel with a velocity,

c= 1=3x10°ms"!

£~
m

i.e. with a velocity equal to that of light in free space.

In a material medium, velocity of electromagnetic waves is
given by

v =

£~
m
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where p and ¢ are aboslute permeability and absolute
permittivity of that medium.

(5) The electromagnetic waves obey the principle of
superposition.

(6) The variations in the amplitudes of electric and magnetic
fields in the electromagnetic waves always take place at
the same time and at the same point in the space. Thus, the
ratio of the amplitudes of electric and magnetic fields is
always constant and it is equal to velocity of the
electromagnetic waves. Mathematically,

— =c
B
(7) The energy in electromagnetic waves is divided equally
between the electric and magnetic field vectors.

(8) The electric vector is responsible for optical effects due to
an electromagnetic wave. For this reason, electric vector is
called light vector:

Text-book of Physics (Part I1), p. 100—
The Electromagnetic Spectrum

After successful generation of electromagnetic waves by Hertz,
scientists were convinced of the reality of electromagnetic waves,
thus a study of the electromagnetic waves of different
wavelengths began.

The X rays discovered by Rontgen in 1898 were shown to be
electromagnetic waves in 1906. Subsequently, the spectrum of
electromagnetic waves has bee studied over a range of
wavelengths covering 10°* meter on the short wave side to around
10" meter on the long wave side. The electromagnetic radiation
is continuously distributed over the entire region. Our vision is
limited to a very small part of this specturm covering the waves
with wavelengths of 4000 A 8000 A, which we recognize as
visible light. Our eyes do not respond to the electromagnetic
radiations out side this range.

Modern's A.B.C. of Physics, by Satish K. Gupta, pp. 737, 738—
Electromagnetic Spectrum

1. Gamma Rays—Highly energetic radiations.
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X-rays have frequencies in the range 10' to 3 x 10" Hz.
X-rays possess a high penetrating power.

Ultra-violet rays. Ultra-violet rays were discovered by
Ritter in 1801. The ultra-violet rays are part of solar
spectrum. They can be produced by the arcs of mercury
and iron. They can also be obtained by passing discharge
through hydrogen and xenon. The frequency of ultra-violet
rays lies in the range of 8 x 10" to 10" Hz.

Visible light. It forms a very narrow part of the
electromagnetic spectrum and its frequency ranges from
4 x 10" to 8 x 10 Hz. The visible light is emitted due to
the atomic excitation. Human eye is sensitive to only visible
part of the electromagnetic spectrum.

Infra red rays. Infra-red rays were discovered by Herschell.
Infra-red rays are heat radiation and therefore all hot bodies
are the sources of infra-red rays. About 60% of the solar
radiation is infrared in nature. The frequency range of infra-
red rays is 10" — 4 x 10'* Hz.

Microwaves. The microwaves are produced by oscillating
electronics circuits. The frequency of microwaves lies
between 10" — 3 x 10" Hz Hz. The microwaves are used in
radar and other communication systems.

Radiowaves. Like microwaves, radiowaves are also
produced by oscillating electronic circuits. The frequency
of radiowaves varies from a few Hz to 10" Hz. The
radiowaves are used as carrier waves in radio broadcasting
and TV transmission.

Eelctromagnetic Spectrum

Name

Frequency range Wavelength range

(Hz) (m)

How produced

Gamma-rays
X-rays

Ultra-Violet rays
UV)
Visible light

Infra-Red rays
(IR)

© Jain Vishva Bharati

5x10°-3x10" 6x 107" - 1071 Nuclei of atoms.

3 x 10" - 10" 1x101°-3x%x10°* Bombardment of high Z
target by electrons.
10" — 8 x 10™ 3x10%-4x107 Excitation of atoms and

vacuum spark.

Excitation of atoms, spark
and are flame.

Excitation of atoms and
molecules.

8x10"—-4x10" 4x107-8x107

4 x10M—-10" 8§x107-3x107

111

Heat radiation 3x108%-3%x10° 10°-10" Heating.

Microwaves 3% 10" -10°— 1023 -3 x 10! Oscillating currents in
special vacuum tubes.

Ultra High radio 3x10°-3x105 10'-1 Oscillating circuits.

Frequencies (UHF)

Very High radio 3x105-3x107 1-10 Oscillating circuits.

Frequencies (VHF)

Radio frequencies 3 x 10"-3 x 10* 10— 10*
Power frequencies 60 — 50

Oscillating circuits.
Weak radiation from a.c.
circuits.

5% 10°—6 % 10°

57. Satish K. Gupta, op. cit, p. 739—

"Infra-red rays were discovered by Herschell. Infra-red rays are heat
radiation and therefore all hot bodies are the sources of infra-red
rays. About 60% of the solar radiation is infra-red in nature.
Following are a few sources to produce infra-red rays.

1.

Nernst lamp. The filament of Nernst lamp is made from the
mixture of ziroconium, thorium and cerium. When a current is
passed through such a filament, then at a temperature of about
1200 K, infra-red rays are emitted.

. Globar. It is basically a rod of silicon carbide, which when heated

to a temperature of about 900 K by passing current, produces
infra-red rays.

. LASER. It is used to produce monochromatic infra-red rays.

For example, He-Ne LASER gives infra-red rays of wavelength
0.69 x 10°m, 1.19 x 10° m. and 3.39 x 10° m. CO, LASER
provides infra-red rays of wavelength 10.6 x 10° m.

To detect infra-red rays, thermocouples, thermopiles, bolometers,
photoconducting cells are used.

Properties :

1.

Infra-red rays are electromagnetic waves and travel with a speed
of 3 x 10* ms™.

. Infra-red rays obey laws of reflection and refraction.

3. Infra-red rays can produce interference and can be polarised.

. When allowed to fall on matter, infra-red rays produce an increase

in temperature.

S. Infra-red rays affect a photographic plate.

For Personal & Private Use Only

. When absorbed by molecules, the energy of infra-red rays gets

converted into molecular vibrations.
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58.

7. They are scattered less as compared to the visible light by the
atmosphere. Hence, infra-red rays can travel through longer
distances through atmospehre under the conditions of smoke, fog,
etc. Nitrogen and oxygen gases are found to be transparent
medium to all the wavelengths of infra-red rays.

Applications :

1. Infra-red rays from the sun keep the earth warm and hence help
to sustain life on earth.

2. The coal deposits in the interior of earth are the result of
conversion of forest wood into coal due to infra-red rays.

3. Infra-red rays are used in solar water heaters and cookers.
4. Infra-red rays photographs are used for weather forecasting.

5. Infra-red rays are used for taking photographs during the
conditions of fog, smoke, etc.

6. Infra-red rays absorption spectra is used in the study of molecular
structure and then to check the purity of the chemicals.

7. Infra-red rays are used for producing dehydrated fruits.

8. Infra-red rays are used to provide electrical energy to satellites by
using solar cells.

9. Infra-red rays are used to treat muscular strains.
Ibid., p. 740—
“Ultra-Violet Rays

Ultra-violet rays were discovered by Ritter in 1801. The ultra-violet
rays are part of solar spectrum. They can be produced by the arcs of
mercury and iron. They can also be obtained by passing discharge
through hydrogen and xenon.

Properties :

1. Ultra-violet rays are electromagnetic waves and travel with the
speed of 3 x 10* ms™".

2. They also obey the laws of reflection and refraction.
3. They can also undergo interference and can be polarised.

4. When allowed to fall on metals, they cause the emission of
photoelectrons.

5. They can affect a photographic plate.
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6. Ultra-violet rays can cause flourescence in certain materials (Tube
Lights)

7. Ultra-violet rays can not pass through glass but quartz, flourite
and rock salt are transparent to them.

8. Ultra-violet rays possess the property of synthesizing vitamin D,
when the skin is exposed to the sunlight.”

Ibid., p. 740—
“X-Rays

The discovery of X-rays was accidentally made by a German professor
Rontgen in 1895. In laboratory, X-rays can be produced by using
Coolidge X-ray tube.

Properties. X-rays have the following properties:

1. X-rays are electromagnetic waves of very short wavelength
ranging from 0.01 A to 10A.

2. X-rays travel in vacuum with the speed of light (3 x 10* ms™', as
they are also electromagnetic waves.

. They are not deviated by electric and magnetic fields.
. They affect the photographic plate very intensely.
. They ionise the gas through which they pass.

AN L bW

. They cause fluorescence in substances like zinc sulphide, barium
platinocyanide, calcium tungstate, etc.

~

. Like light, X-rays can also cause photoelectric effect.

8. They travel in straight line and while doing so, they cast the
shadows of the object falling in their path.

9. X-rays can undergo reflection, refraction, interference, diffraction
and polarisation.

10. X-rays can penetrate the materials that are opaque to visible or
ultra-violet light. They can easily pass through paper, thin sheet
of' metals, wood, flesh, etc. but they cannot penetrate denser objects
such as bones, heavy metals etc.

11. They have injurious effect on human bodies. Exposure of human
body to X-rays causes reddening of the skin. The long exposures
result into surface sores.

12. When X-rays fall on certain metals, secondary X-rays are
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produced, which are characteristic rays of the metal. The
secondary X-rays are accompanied by fast moving electrons.

60. Text Book of Physics, op cit., pp. 97-98—

61.

"This discussion shows that, at a point where an electromagnetic
wave is passing, the electric and the magnetic field vectors oscillate
in phase along mutually perpendicular directions, and are both
located in a plane which is perpendicular to the direction of
prepagation of the wave.

To be more specific, these oscillations have the following meaning.

If at any point at a specific time, the E and B vectors have zero
values, their values will increase with the time along two mutually
perpendicular directions, then reach their maximum values
simultaneously and start decreasing; again reaching zero. Then they
reverse their directions, reach their maxima and again decrease.
This way the field vectors oscillate along mutually perpendicular
directions, remaining confined to a plane which is perpendicular to
the direction of the electromagnetic wave, so long as the wave is
propagated through that point.

It should also be noted that in this process, the kinetic energy of the
charge oscillating between the two sphetes is tadiated away in the
form of the energy of electromagnetic radiation, which propagates
in the space. The frequency of the waves generated is the same as
the frequency of the oscillation of charge between the spheres. The
expression ¢ (velocity) = A (wavelength) xf (frequency) holds true.
Thus, if one wants to generate waves of 300 meter wavelength, the
frequency of oscillations should be

300 x 10°
f

Seven years after the experiments by Hertz, Jagdishchandra Bose
produced electromagnetic waves in the range of wavelength 5 mm
to 25 mm. Around the same time an Italian Scientist Marconi
succeeded in sending and receiving electromagnetic waves over a
distance of several miles.

Satish K. Gupta, op. cit. pp. 1059, 1060, 1062—
“Discharge Through Gases

A =300=

"The phenomenon of discharge gases at low pressure is of great
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importance, as it provides a great deal of information about the
structure of atom.

At atmospheric pressure, dry and dust free air is found to be a bad
conductor of electricity. It is because, under such condition, air does
not have free positive and negative ions. The ionisation of air may
be caused by heat radiation, ultraviolet light, X-rays, radio-active
rays (alfa, beta, and gamma-rays), cosmic rays, etc. However if a
potential difference of about 30 kV is applied across two electrodes
held at a distance of 1 cm in dry air at S.T.P,, then a spark is found
to occur between the electrodes. The value of potential difference
applied across the electrodes depends upon the shape and size of
electrodes, distance between the electrodes, state of dryness and
pressure of the air (or the gas enclosed).

Discharge tube. A discharge tube consists of a glass tube about 40
cm long and 3-4 c¢cm in diameter. The tube is provided with two
aluminium disc-electrodes. It contains the gas through which electric
discharge is to be studied.

The pressure of the enclosed gas can be reduced with the help of a
vacuum pump by connecting it to a side tube.

A high potential difference of the order of 10 to 15 kV is applied
across the electrodes with the help of an induction coil. As the
pressure is gradually decreased, the following phenomena are
observed, as explained below :

1. At a pressure above 10 mm of mercury. When pressure of the
gas is above 10 mm of mercury, no discharge passes through the
gas. If a milliammeter is connected in the circuit, it will not record
any current.

2. At a pressure of 10 mm of mercury. When pressure of the gas is
reduced to 10 mm of mercury, the discharge passes through the
gas between the electrodes with a cracking sound.

3. Ata pressure of 5 mm of mercury. As the pressure is reduced to
5 mm of mercury, the discharge broadens out and becomes bright.
It extends from cathode to anode.

4. At a pressure of 2 mm of mercury. On decreasing the pressure
of the gas to 2 mm of mercury, long luminous column from the
anode up to almost the cathode appears. It is called positive
column. There appears a glow on the cathode, called negative
glow. Between the positive column and the negative glow, the
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gap appears comparatively dark.

. At a pressure of 1 mm of mercury. As the pressure is further
decreased to 1 mm of mercury, the negative glow leaves the
cathode and another glow called cathode glow appears on the
cathode. The space between the cathode glow and the negative
glow appears dark.

. Atapressure of 0.01 mm of mercury. As the pressure is reduced
further dark space increases in length. At a pressure of 0.01 mm
of mercury, the whole tube is then filled with dark space. At this
stage, a stream of invisible particles is emitted from the cathode.
Such rays are called cathode rays. The portion of the glass tube
opposite to the cathode starts glowing as the rays fall on it. This
glowing of the tube is due to fluorescence produced by the cathode
rays.

. Atapressure of 10 mm of mercury. As the pressure is reduced
below 0.01 mm of mercury it becomes difficult to maintain the
discharge and at a pressure 10~ mm of mercury, discharge stops
to pass through the gas.

The discharge tube phenomenon has been utilised in making
fluorescent tubes, neon signs, flood light mercury lamps, sodium
lamps etc.

Cathode Rays

When a potential difference of 10 to 15 kV is applied across the
two electrodes of a discharge tube and pressure is reduced to 0.01
mm of mercury, the rays known as cathode rays are emitted from
the cathode. These rays are independent of the nature of the gas
in the discharge tube and their direction of propagation is not
affected by the position of the anode.

Cathode rays ionise the gas through which they pass.
Cathode rays can excite fluorescence.

When they fall on certain substances, the substance start glowing.
The colour of fluorescence depends upon the nature of the
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A.K. Shaha, Combustion Engineering and Fuel Technology, pp. 67,
68—

"Here it will not be out of place to glance at different successive
beliefs and theories put forth to explain the wonderful phenomenon
of 'fire'.

The existence of fire was known to people from the very primitive
age. The ancient Greeks in their legends indicated that Prometheus,
the mythological creator of human beings, brought fire to the people
from heaven, stealing it from the altar of the Father—God Jupiter.
From this myth, however, some hints led to a more authentic
historical accounts, according to which the existence of fire came to
the knowledge of the primitive man during thunderstorm. Fire
descended from the black clouds, the primitive man saw a tree set
ablaze by the lightning; with curiosity he ran to the tree, stretched
his hand to the beautiful bright tongues of the flame, but in that
moment felt an unbearable pain. The flying sparks burnt the front
of the skin, wraped around his waist; with surprise of a beast man
fell down to the feet of the burning tree, worshipping it as God.
Then he brought the burning wood to his cottage, kept it with care
as the gift of God and tried to get benefit out of it. Some time later
primitive people learnt how to create fire themselves with the help
of flints. Fire brought to the man the rudiments of culture. Fire heated
the primitive dwelling during the cold season, lighted it in the dark
evenings, whereas food taken from the fire was hot and tasteful to
eat. For all this primitive man, naive and helpless in his ignorance,
considered fire as God and offered sacrifices to it.

The cult of God of Fire passed through the entire ancient world of
Heathendome; Egypt, India, Persia, Greece, Syria, Rome. It survived
even when people rose to the higher level of cultural development.
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In the old Russia, or as it was then called Skythia, there existed also
the cult of Perun, the God of Fire and Thunder. Even to-day Fire-
Worshippers are dwelling at some places of Afghanistan and India.
Such were the great bounties that Fire brought to Humanity. And
with the development of culture fire began to render more and more
benefits to the Man.

In the Middle Age people have already abandoned the worship of
Fire as divinity; the scientists began to study the phenomenon of
fire and came to the conclusion that the combustion of a substance
is the escape from this substance of a subtle and imponderable
element, which they termed as 'Phlogiston’.

TE, p. 68—

“After about 300 years, with the development of expeirmental
chemistry, the scientists, amongst them, the famous A.L. Lavoisier
(1743-94), came to the conclusion that combustion means
combination of a substance with the oxygen, with resulting
evolution of heat. Finally, about 50 years ago, experiments showed
that in the absolute absence of water-vapours, combustion of a
substance does not occur or occurs with great difficulty. This means
that combustion is fostered considerably by the presence of steam or
moisture.

With further research on combustion still due, it may be said that in
the process of flame-less combustion, or perfect combination of gas
and oxygen on the incandescent refractory surface, the surface shows
negative charge, which leaves room to believe that combustion or
combination of a substance with the oxygen means ionisation of the
reacting substances."

&, Page 28—

"Fuel is a substance which, when burnt, i.e., on coming in contact
and reacting with oxygen or air, produces heat. Thus, the substances
classified as fuel must necessarily contain one or several of the
following combustible elements : carbon, hydrogen and hydro-
carbons."

TE, page 28—

"Fuels may be classified in various ways, i.e., (1) according to the
physical state in which they exist in nature—solid, liquid and gas
eous..."
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T, page 128—

“Chemical reactions among substances take place more quickly and
intensively, the closer is the contact among the reacting substances
and the larger the surface of contact. The duration of a chemical
reaction depends upon thermal conditions, which might be created
either before the beginning of reaction, or during the reaction. All
chemical reactions, in the present case combustion, i.e., combination
of substances with oxygen, are based on the above mentioned
principles. Combustion or combination of substances with either
pure oxygen or oxygen contained in the air is realised in practice
with the help of different contrivances, the so-called burners.”

&, page 129—
"In order to get a high temperature and a short flame, it is necessary
to have, prior to commencement of combustion, a perfect mixture of

fuels with oxygen. Thus whenever we are to burn either solid, liquid
or gaseous fuels, we are to mix them with air in gaseous state."

Prof. Dr. A.K. Shaha, Combustion Engineering & Fuel Technology,
pp. 121, 122—

"Tere is specific flash temperature, at which each kind of fuel ignites.
In the table, the ignition of flash temperatures of various fuels are
given :

TABLE

Ignition Temperatures (At Atmospheric Pressure) of
Gases, Liquids and Solids

Substance Ignition tempe- Ignition tempe-
rature in air rature in oxygen
Degrees Centigrade

Hydrogen (H,) 580-590 580-590
Carbon monoxide (CO) 644-658 637-658
Methane (CH,) 650-750 556-700
Ethane (C,H,) 520-630 520-630
Propane (C,H,) — 490-570
Ethylene (C,H,) 542-547 500-519
Acetylene (C,H,) 406-440 416-440
123
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Hexane (H,,) 487 268
Decane (C H,,) 463 202
Benzol (C,H,) 740 662
Toluol 810 552
Phenol 715 574
Aniline 770 530
Methyl alcohol — 555
Ethyl alcohol 558 425
Propyl alcohol 505 445
Isopryl alcohol 590 512
n-Butyl alcohol 450 385
Amy]l alcohol 409 390
Ethyl ether 343 178
Glycerine 500 414
Acetone 700 568
Sugar 385 378
Cylinder Oil 417 320
Pennsylvania crude 367 242
Gas oil 336 270
Kerosene 295 270
Acetaldehyde 185 140
Benzaldehyde 180 168
Lignite 225 —

Wool 295 —

Charcoal 350 —

Brown Coal 370-450 —

Coal 477 —

Coke and Anthracite 700 —
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Prof. G.R. Jain, op. cit., p. 125—

"The range of temperatures existing in Nature is again very wide,
and what little has come under the measuring rod of a physicist has
revealed very striking contrasts. The temperature of ice physicists
call zero and the temperature of boiling-water 100 degrees
(centigrade). The temperatures of bodies colder than ice are called
minus temperatures and mathematical calculations show that the
lowest possible temperature in Nature cannot be less than minus
273 degrees. Mercury hardens into a solid mass at minus 40 degrees.
Just as the steam is converted into liquid water on cooling, so is air
by artificial cooling converted into liquid air at minus 190 degrees.
Helium gas in converted into liquid or solid helium at minus 269
degrees. Some other interesting temperatures are :

Gold melts at 1,062 Degrees

Platinum melts at 1,7770 "
Tungsten " " 3,400 "
Temperature of burning charcoals 1,300 "
Temperature of electric carbon arc 3,500 "

Surface temperature of the sun 5,500 "

Central temperature of the sun two crores "

Highest temperature estimated in stars by Eddington is four crores
of degrees. (See The Internal Constitution of the Stars, by Eddington.)

If we probe into our own atmosphere we find that the temperature
gradually falls as one goes higher up until at about a height of 11
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miles just over the equator temperature has a value minus 55 degree—
a temperature well suited to petrify even mercury. Further on up to a
height of 23 miles the temperature remains steady, beyond which it
increases to that of spring season, i.e., about 30°C. This is enough
to show that temeprature of things is measureable from one point of
view and the infinite shades of it, it is impossible to enumerate. The
extremes of temperatures existing in the regions of the Hell are
expressed in the following verse of Chaha Dhala:

fiR &9 @ T 9 S, T o SwTar e )
100. J.S. Zaveri and Muni Mahendra Kumar, Microcomology..., pp.

53, 54—

"We have already observed that matter and energy are two different
manifestations of one and the same cosmic entity, instead of being
two different entities. Matter instead of being immutable was energy
in a frozen state, while, conversely energy was matter in a fluid
state. The liberation of energy in any form—chemical, electrical
or nuclear—involves the loss of an equivalent amount of mass.

Liberation of Energy

It is well known that most chemical reactions liberate energy,
simplest instance being burning of coal. The chemical union, in
this case, is that of carbon and oxygen in the form of molecular
fusion. When 3000 tons of coal are burnt to ashes, the residual
ashes and the gaseous products weight one gram less than 3000
tons, that is, one three-billionth part of the orginal mass will have
been converted into energy.

Thus oxygen (O) + carbon (C) = carbon monoxide (CO) + energy.

This reaction would give 92 units of energy per gram of mixture.
If instead of molecular fusion of these two atomic species, we have
8 4

a nuclear fusion between their nuclei ,c'? o'® si
6 +38 =14

energy—the energy liberated per gram of mixture will be 14 x 10°
Units, i.e. 15,00,000 times as great. In the liberation of chemical
energy by the burning of coal, the energy comes from a very small
mass i.e. loss of mass resulting from the rearrangment of the
electrons on the surface of atoms. The nuclei of the carbon and
oxygen atoms are not involved in any way, remaining exactly the
same as before. The amount of mass lost by the surface electrons is
one thirteenth of one millionth of one percent. On the hand, nuclear
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energy involves vital changes in the atomic nucleus itself, with a
consequent loss of as high as 1/10 to nearly 8/10 of 1% in the
orginal mass of the nucleus. This means that from 1 to nearly 8
gms. per 1000 gms. are liberated in the form of energy, as compered
with only 1 gm. in 3 billion gms. liberated in the burning of coal.
In other words, the amount of nuclear energy, liberated in the
transmutation of atomic nuclei is from 30,00,000 to 2,40,00,000
times as great as the chemical energy released by the burning of
an equal amount of coal. Whereas most chemical reactions would
take place easily at temperatures of a few hundred degrees,

corresponding nuclear transformations would not even start before
the temperature reached many million degrees."

Gomber and Gupta, op. cit., p. 8/1—
“Concept of Heat

We know that when a piece of red hot iron is dropped into a beaker
containing water, the water becomes hot and the red hot iron piece
cools down fill the temperatures of the two become equal. It appears
that 'something' has flown from red hot iron piece to water. This
'something' which flows from a body at higher temperature to
another body at lower temperature, when the two are in contact, is
called 'Heat'.

However, caloric theory failed to explain the production of heat on
account of friction. For example, when we rub our hands against
each other, we feel warm. Similarly, when two pieces of metal are
rubbed together, heat is produced. The famous paddle wheel
experiment performed by Joule also led to the production of heat
by friction between the rotating paddle and water.

These observations led to the Dynamic theory of heat, according
to which heat is a form of energy called thermal energy.

Every body is made up of large number of tiny particles, called
molecules. Depending on the nature of the substance (solid, liquid
or gas) and temperature of the substance, the molecules may
possess :

(i) Translatory motion i.e. motion along straight lines.

(ii) Vibratory motion i.e. to and for motion about the mean
position of the molecules.

(iii) Rotatory motion i.e. rotation of the molecules about their
axis."
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Gomber and Gupta, op. cit., p. 8/101—
“Thermal Radiations

Thermal radiations are those, which produce in us the sensation
of warmth.. They are emitted by a body on account of its
temperature. It was established later that every body whose
temperature is above 0K emits thermal radiations. The energy
emitted depends on :

(i) the temperature of the body.
(i) nature of radiating surface of the body.

The wavelength of thermal radiations ranges from 8 x 107 m to 4
x 10 m. They belong to infra-red region of the electromagnetic
spectrum. That is why thermal radiations are also called infra-red
radiations.

Some of the basic characteristics of thermal radiations are :

1. They travel along straight lines with the speed of light.

2. They require no medium for their propagation i.e. they can
pass through vacuum too.

3. They do not heat the intervening medium through which they
pass.

4. They obey inverse square law i.e. their intensity varies inversely
as the square of the distance from the source.

5. They can be reflected and refracted according to the laws of
reflection and refraction of light.

6. Thermal radiations also exhibit the phenomena of interference,
diffraction and polarisation as do the light radiations.

The only major difference between the thermal radiations and light
radiations is in their wavelength. Whereas the wavelength of
thermal radiations lies in the range 8 x 107 metre to 4 x 107
metre, wavelength of visible light lies in the range 4 x 107 m to 8
x 107 m. Thus thermal radiations are of longer wavelength or
smaller frequency and hence smaller energy as compared to the
visibile light."

Text-book of Physics (XII Std.) (Part I), pp. 161, 162—

""(2) Convection of Heat : In fluids, the heat-transfer takes place
mainly by the process of heat convection. When a fluid is
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heated from below, it expands and hence its density decreases.
So the hotter fluid comes above under the effect of buoyancy
and the heavier, cooler fluid sinks under the force of gravity.
This way, the entire mass of fluid gets heated. Hot and cold
air currents in the atmosphere are due to non-uniform heating
of the atmosphere and the associated effects of heat convection.

(3) Thermal Radiation : Any substance radiates electromagnetic
radiations of differnet frequencies to an extent that depends
on its temperature. This radiation is called the thermal
radiation. Energy associated with the electromagnetic
radiation of the thermal radiation is called the radiation energy.

In a given thermal radiation how the radiated energy is distributed
at different frequencies depends upon the temperature and the nature
of'the radiating body. For example, piece of iron when heated, first
appears dark reddish, then as it gets more hot it shines yellowish
red, and at still higher temperature, whitish.

When we warm ourselves near a coal stove, we absorb energy
contained in different frequencies of electro magnetic radiations,
being emitted by hot charcoals.

Here the heat energy propagates through radiation.
Stephen-Boltzmann Law

In the year 1879, a scientist named Stephen experimentally showed
that "the amount of energy radiated by a surface, in the form of
thermal radiation, per unit area per second is proportional to the
fourth power of its absolute temperature". The same fact was
theoretically established by Boltzmann in the year 1884. The
statement is known as Stephen-Boltzmann law.

The amount of energy radiated per second per unit area at a given
temperature is called the total emissive power. The total radiated
energy includes the entire amount integrated over all the frequencies
of electromagnetic spectrum. So according to Stephen-Boltzmann
law,

W=eQT (6.36)

Here, T is the absolute temperature, e is known as the emissivity of
the radiating surface, Q is called the Stephen-Boltzmann constant.
It is a universal constant and has value of Q = 5.67 x 10 Watt/
metZ.KAt)u
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TE, pages 199, 200—

"In reality, the electric current in solids is due to motion of electrons,
so one may say that a unit negative charge has an electrical energy
of V Joule at the negative terminal.

We have also studied in the previous chapter that when the electrons
acquire drift they experience collisions with the positive ions
oscillating about their mean position; and the energy acquired by
the electrons is partly handed over to the ions making their
oscillations more energetic. This increase in the energy of
oscillations of the ions is manifested as heat, causign an incerease
in the temperature of the conductor.

The heat energy released in a conductor on passage of an electric
current is called the 'Joule heat' and the effect is called the 'Joule
effect".

If the potential difference applied across two ends of a conductor is
V; it means that when a unit charge passes through the conductor,
an amount of electrical energy equal to V Joule is utilized.

If Q coulomb of charge passes through the conductor in 7 seconds
then the electrical energy utilized in ¢ seconds = heat energy
produced during this time.

"Joule's Law : "The heat produced per unit time, on passing an
electric current through a conductor at a given temperature, is
directly proportional to the squre of the current."

The law is named after the scientist Joule; who also gave the
conversion from Joule to Calorie; which is the more usual unit for
heat. According to that,

1 Caloric = 4.2 Joule. The number "4.2" is commonly denoted by a
symbol J and is called the "mechanical equivalent of heat"."

1 @t forar § arg w9 SO @ TEEts Rt ae & fae
B Ao TRomH & fira w1 2 21 3,

A.K. Shaha, Combustion Engineering and Fuel Technology, p.
74, 75—

“Theory and Mechanism of Combustion

The combustion of a gaseous substance is the combination of oxygen
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with the combustible gas. The intermediate stages through which
the gas passes from its initial condition to the final product of
combustion are termed as mechanism of reaction.

Usually, a combustible gas consists of carbon monoxide, hydrogen
and hydrocarbons. The mechanism of combustion reactions of these
elements will be considered separately.

Carbon Monoxide

It is a well known fact that in presence of water vapours, carbon
monoxide burns quickly and intensively. In absolute absence of
water vapours the combustion of carbon monoxide almost ceases.
This phenomenon can be explained as follows : at the first instance
the water vapours are endowed with the high electrical conductivity
which helps to increase the process of ionisation : secondly, steam
molecules colliding with those of carbon dioxide (CO,) obstruct
radiation of heat by carbon dioxide molecules, which are formed
during the combustion. In absolute absence of water vapours, there
would be a considerable loss of heat due to radiation and thus the
combustion would proceed slowly.

Hydrogen

It has been finally established that hydrogen burns first in preference
to carbon. According to Dixon, a struggle arises between the carbon
and hydrogen for combination with the oxygen.

Hydrocarbons

There are two hypotheses regarding the combustion of hydrocarbons:
hydroxylation and peroxidation.

The essence of mechanism of hydroxylation, according to Bone, is
that there is an initial association of oxygen with the hydrocarbon
molecule, forming intermediate "Hydroxylated" compounds, which
in turn burn or are broken down thermally.

The combustion of gaseous hydrocarbons takes place by an
interaction of the hydrocarbon with oxygen, forming an
intermediate unstable "hydrogenated" compound.

Two examples of hydroxylation of gaseous hydrocarbons are given
below :

According to theory of peroxidation, worked out by Academician
Bakh in Russia as early as 1897, the first product of combustion is
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not the hydrate but the active unstable peroxide, which in course
of further reactions acts as a catalyst and activates the molecules of
combustible mixture."

(a) Satish K. Gupta, op. ct., p. 741—
"Earth's Atmosphere

The gaseous envelope surrounding the earth is called earth's
atmosphere.

At sea level, by volume, dry air contains 78.08% nitrogen, 20.95%
oxygen, 0.93% argon, 0.03% carbon dioxide, 0.0018% neon and
traces of gases such as helium, kyrpton and xenon. In addition to
the above, air contains water vapours, hydrocarbons, hydrogen
peroxide, sulphur compounds and dust particles. The composition
of earth's atmoshphere varies very slightly with altitude. It remains
same up to a height of 100 km but its density goes on decreasing as
we go up. The earth's atmosphere has no sharp boundary. It has
been divided into a number of regions (or layers) as shown in Fig.
They are as explained blow :
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1. Troposphere. This region extends up to 12 km from the surface
of the earth. Its density varies from 1 kg m™ at the surface of
earth to 0.1 kg m™ at the top of this layer. All the water vapours
of the atmosphere are contained in this layer. In this part of
atmosphere, temperature decreases with height from 290 K to
220 K.

2. Stratosphere. This region of atmosphere extends from 12 km
from the surface of earth upto 50 km and it forms practically
clear sky. The density of atmosphere in this region varies from
0.1 kg m> to 107 kg m™ and the temperature varies from 220
K to 280 K. At the upper extreme of this region, there is a layer
of ozone between 30 to 50 km from the surface of earth, in
which most of the atmospheric ozone is concentrated. It is
responsible for absorbing a large proportion of ultra-violet
radiation radiated by the sun and this layer protects the life on
earth from its harmful effects. The ozone layer is also called
ozonosphere.

3. Mesosphere. The resion of earth's atmosphere between 50 to
80 km from the surface fo earth is called mesosphere. The density
of the atmosphere in this region varies from 10~ kg m~to 107
kg m™ and the temperature varies from 290 K to 180 K."

(b) Text-book of Physics, (Std XII), Part II, Pages 100, 101—
“Electromagnetic Radiations and Earth's Atmosphere

Electromagnetic radiations passing through different media suffer
effects like scattering, refraction, reflection, polarization and
absorption. The effects produced by the electromagnetic radiations
of different wavelengths during their passage through the earth's
atmosphere are of particular importance to us.

The following points are to be noted :

(1) As you go above earth's surface, density of the atmosphere
goes on decreasing, but there is no sharp limit to the
atmosphere above.

(2) Upper layers of the atmosphere are partially ionized; .i.e. they
have atoms ionized to electrons and positive ions. This layer
is called the ionosphere.

(3) Layers of the atmosphere below the ionosphere are mostly of
neutral atoms and molecules.
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(4) Molecules of water are mostly confined to the lowest layer
called the troposphere.

(5) There is a significant amount of Ozone (O,) gas in the height
range 30 to 50 kilometers.

(c) Satish K. Gupta, op. ct., Pages 137, 138—
“The Atmosphere and its Electricty

The earth's atmosphere extends upto about 400 km above the surface
of the earth. The electrical properties of the atmosphere goes on
changing, as one goes up from the surface of earth. On the basis of
these electric properties, the earth's atmosphere has been divided
into following four layers :

1. Troposphere, 2. Stratosphere, 3. Mesophere, 4. lonosphere

The electrical properties and the phenomena occurring in the
atmosphere are mainly due to troposphere and stratosphere. The
troposphere extends up to 12 km from the surface of earth, while
the stratosphere extends from 12 km to about 50 km from the surface
of the earth.

The earth is good conductor of electricity and at low altitude,
atmosphere is poor conductor of electricity. The small conductivity
of the atmosphere is due to the ionisation produced by the high
energy particles of the cosmic rays, which are constantly hitting
the earth from the outer space. The conductivity of space is greatly
influenced by the presence of dust particles and by the humidity
conditions. However as we to up, the conductivity of the atmosphere
goes on increasing. At the top of stratosphere i.e. at a distance of
60 km from the surface of the earth, the atmosphere is quite a good
conductor of electricity. The electrical phenomena in atmosphere
take place between the surface of earth (acting as one conducting
layer) and the top of the stratosphere (acting as the other conducting
layer), which are separated by a thick atmosphere of varying
conductivity. The two layers form a spherical capacitor of large
capacitance.

Now, we state a few experimentally observed facts about electrical
properties of atmosphere :

1. Atground level, there is a downward electric field of about 102
V m™ all over the earth. This goes on decreasing with height.
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At 10 km above the surface of earth, it becomes quite small,
while at end, it is negligible.

There is potential difference of the order of 4 x 10° V between
the surface of earth and that of the stratosphere. Most of the
potential difference occurs at low altitudes.

. Due to downward electric field at ground level, earth has a
negative surface charge density over the surface of earth.

The negative surface charge density of the earth is— 102 C m=
Total charge on the surface of the earth is — 5 x 5 C

The top of the stratosphere has an equal positive charge i.e.
+5%x10°C

....the potential difference between the earth's surface and that
of the stratosphere should be

5x 100V

However, the observed value (4 x 10° V) is much lesser. The
explanation for this difference is the fact that the intervening
air becomes more and more conducting as we go up.

Due to the downward electric field, the positive ions
continuously flow into earth and the negative ions ascend. The
current flowing per unit area has been estimated to be about 3
x 1012 Cs™'. In other words, about + 1800 C of charge is being
pumped into earth per second.

As such, the negative charge (= — 5 x 10° C) on the earth
would get neutralised in a few moments. However, it does not
happen at all. It is because of thunderstorms and lightning
flashes occuring world wide.

Thus, the top of a cloud gets positively charged and its bottom
negatively charged.

3. Due to separation of charges, a potential difference of the order
2 x 107V to 10® V is created between the earth and bottom of
the cloud. (The bottom of the cloud may carry a total negative
charge between —20 C to—30 C). Such a big potential difference
across the 3 km thickness of atmosphere creates an electric
field, which is of the order of 10* V. m™ to 3 x 10* Vm™ in
upward direction.

4. Due to this high electric field, air gets ionised and becomes
conducting. Towards the end of thunder storm, it allows large
amount of negative charges in bursts along narrow pathways
from clouds to earth.

5. Inthe concluding stages of a storm, there are about 200 flashes
or bolts in a storm, each for 2 x 10~ s. Each bolt carries negative
charge to the earth and about—20 C charge is deposited on the
earth. There are about 100 bolts of lightning per second through
out the world.

6. The peak current in each bolt of lightning is about—10* C s™'.
After each bolt, the thunder storm gets charged again and is
ready for next bolt. Thus, thunderstorms make—1800 C of
charge to flow from the earth every second, which just counter-
balances the steady inflow of + 1800 C of charge to flow from
the thunderstorm free regions of the earth.

107. U T HN IEETT FH AR WL HIAAT ¢, 2@ Text-book of
Physics (Std. XII), Part II, Page 172—

"Problem 1 : Average surface charge density of the earth's surface

Steady condition of earth's atmosphere. It can be explained on is 10~? coulomb/meter?. If there exists a potential difference of 400
the basis of the follwing experimental observations volts between a certain layer of upper atmosphere above the earth's

surface causing a current of 1800 amp (assumed constant) to flow
from earth's surface to the atmosphere, how much time will it take
carth's surface charge density to become zero?

1. On the average, about 4 x 10* = 40000 thunderstorms occur
per day world wide. In other words thunderstorm occurs every
two seconds in the world some where. It lasts for about one
hour. (Radius of earth = 6400 km)

2. During each thunderstorm, positive charges are carried upwards Surface charge density o = 10 coulomb/meter?
to a height of about 6 km above of the surface of earth, while

2
the negative charges collect at about 2 — 3 km above the earth. Surface area of earth 4 © R
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108.
109.

110.
111.
112.
113.
114.
115.

oo A =51445.5 x 10" meter?
Total charge Q = cA =107 x 51445.5 x 10"
=5.144 x 10° coulomb.

=5.144 x 10°
1800
=0.2857 x 103
t = 285.7 second.

[A note : Thunderstorms continually going on at various places
on the earth convey electrical charge to the surface of the earth

maintaining on an average conditions described in this problem.]"
2. J. 5, AUHIT 7@, I 8-10

TORTA F9TER (S), sTenemEme, srefarates i aded,  4.9.
2002 H ‘fEERadl’ w@HW H YHIIE =T, fqerd '@r &6
TE SRS STl 98 AN IR | Al Bl g | I |

=t 9, 9 I5a a9, I 26
T, IS 12
TN, I 37
TE, I 25
FEl, I3 31

WWW.Strattman.com/articles/luminous tubes. html.—"The

Luminuous Tube" An illuminating description of how neon signs
operate." By Wayne Strattman, Page 1
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TRT-THTET
ST T faaEs § 9 waifa e & A @ R seedee
1 faoredt S onT H At JSe TE ¥ o TdasEel & T &
FHROT FEl TSHA H A BT & 3T FeT 7@l eil, 39 o § %o
yiferar ¥ | It SRt swfea ®)

U9 1. “ET ST F & e, I, TH HN Gardr g @
T ¥ | s s 9 o faoh (:FlowofElectrons)aﬂﬂaQTSﬂ'{
I % ITET Y19 TEY o] (Photon) T afewH faeg Eiar & qam
o At | gra @ ool o7 a9 ddl ¢ 99 AN g aR § ar
ST HIE AN | SH [T YA el ag-Ee i STel S 6ehdm ¢ |
1 2 F8T BROT BT I AT GSaT & | HROT {47 el a6 Ity et
1 el | ST &1 AT BT & a8t AR H1 T g 2 & | 9 e |
IO gebTeT Y U S B B g 3 9§, mEd g § 9qne
ARt (953-9) FEER, a8t arg & e o g g 21 it fomr
FRT & HE Al & Wl | T& THATE BT Joqd (qgr= & 1!

TR AR ERT ST [IET-9aTE 9 & 3T Ugal &, 98 91q & dr
AU AT & RO qT © | g @ garasmdr gaa forg frer
T fggyaE & w0 F 9@ A gEgd ofX AR @l St drar
SIS aTg & YT § SR @ | R faeq @ aned &, Sifedie ar
T A N RN | T UAT AT b R o e St ar arg)
STVET TSl AT B, T BT & SR 7 FIiesT |

Ted df faeq 0 afe qeeE a1 i & ®7 F A9 o SR R
IaH g T & o0 20 TR T dredi-eh STER T&Id BT 310 3T
H SIIET & | TG ANHAE G G WL € § q1G % {41 A
% AT T STEHR fRaT 7 & 71 9% arg AT (31 yrorarg) &
T UHI UgE W | THIT 8 W 8, 99 9H% oW | dehd &
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sfiaa @i felt o R s T2 foram o @eear | 9o § SifeRio &
o o= ag @ ARaE B W AT A 8 B Hehdl, it a8l
Suftga o= ag ffera 21 aft aredom, smie enfe ffera arg &
TE-foRaT qRE BT df UF a1y & el TY e ofife i g3 S ?
Tg df 50 & AT YART & SR 9 S & "ehdl & foh fAfehar argait
F A g3 ST & | T8 A8 T A o FART AT G F wArer e
2, ff Wq FE & | HifE g # i, wAnRd off T2

U 2. “TEl IS FRAT HT ST & Wl & [ ‘aed & e A1g
Trofe 21 3R footell & Tt Uehrer = &ir & o O 9o & 32 I &
agE feotell 1 gt foed 8 W 9§ qed § JeRier @i el ey’
U] T ST S(Ad el & | TR BT TE ¢ b I & el AN Jehe
FH F o gATor § arg #r sTagdeRar el & 39 UHIT 8 9gd ST
g AT T § YT A AR 1 faRredl arg, 9o & 2 A W
FET TR B F e 99 B S ¢ | TG el Bl 5, A8 A TR
B HHl & e TG A Bl g0 T S AT STt g3 e,
A 272 S W AT § T A §U SATET a1g & BT g5 A 8,
T YR & B SUdE d1ad d9s qahd ¢ |

RS -G & SR 9 Sfifad &ar & | fobeg samer gt &
HIS-GTT 1 IYANT A H AT AT FET I S8l JoF BT HRT AT a7
THAT & | TN YPR &1 A & a8 AR SO & T & | T8 9
I 2 | foheg SMmagaesdt & tfers arg &1 aamd o & 1R 31 Sl 2 |
Gh ARA F AT G & A 21 A 9 Sad gY G W UE i SATaT
O S W 98 g & A ¢ | SAY el & HAfd qET aoad |
IR TE ST TH-HTH GHS e 20 ST G AMfcheh SehloT g Td1s
T 3 919d B 9mEE O | § A

T T AT Y AIE b giee & TG & AT VT el o bl
T o5 amR § § TaeEEel TAR B 69 A a6 227 goT @ af arel
& QiR A & G & 9o B {haTie ofd AT & | SEfey 22T g3l
T GBI TE ST | I H SR 91 § a7 3T U gael draY ldr
T 1 38 S # frare wed ¥ | W @ S # & dEIeT w
A EE O 9o H UgFdT € | 99 ged | R fharie 7 fasr
%N YATE UgAdT & a9 98 fhaTie TA & AT & | I8 TH gl S B
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2 o5 Tt WepTeT ST BT | e A1 @7 o1 3420 . & A9EH W
Tl & T 5860 /. ATTHH W Iqad & (SRaw Fefer gt -yt~
faspmentar, U 57) YIS ao & fhare § 2760 §. AOHM T &,
et aote & o | faotar & T § 78 9 e T8 2 ) i 2
TU 9 # A1eX & Ufadd a1g & A & are qanT ofY fasrr @
TEl AT F8 ST A B § fRare @ S ¢ | SHITT 22T B3
e ehTTT TE B 7

TR O UG Tl | ged A e H Atk A forar
SR fR 3 g 6 @1 Yae fohar T, S UeR WA qara § o
@1 T T B |

FE il AT TH YR P T B HY DIBR H Tl &7 I
FT TR B TRt SR & 2 e, af fR 9T & agd s ag
storar fadrelt g & SEe g M1 A9 WG &7 BW UH AR I
AL Sl & EUTOT I TS
I. g6 ¥ FTEA P Iq@ G AT T &, IAFSID ol Gt
Ud IS H EUARG B © | 98l wagad (T8F) © & T,
itk el e T8 & |
2. TS L S GA AH H A T B, a8t qv i
faer 2| 98t 98a A ATt ag | &Y i A g3 Sfar?
FEA: X H AR BN I BMT AR IO H qaa 9 fohar #
SIS AT a1g T IS TIwe el ¢ |
3. faoreli-gare & sta gfaqmer (Resistance)'&ﬁ?lT%,EﬁWﬁﬁﬁ'l‘q
I 2T & AN FIEE-Sat dr9-Sett § gea W @ | e
H STaRe SATET BT ¢ | A9 N AT ST & SHIHI € |
BIE TR &l STUT Tl dR STk STaRier YaT hea & | 9o i
AT B ¥ AR T B 8, A &Y H e st
T BT & | A1 BT AR 5 HH A YaT HIAT B, IA: T8
& HH TRA AT & TG [Tl T JaTe SEE o & | SR
T ST T T STY&T AeH & | 3D ar (Filament) H
forIq wate &1 aRadT SeT-Sell SR YIS § e
BT & | e @ fadis Sa1 89 § 98 qrrad: e
T EP
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4. 99 Rl T® (AR) & AHM IqE SaeE-ag dh ugd
T 3R I ST &l &aT § TAEi-eE T &1 e fHa
ST A7 98 T Tehell & | 39 T Il hAT § aTT T Feh19T YaT
BT B | 39 T GRS Orad uerd & Siegs
TAAT B |

5. oig # FEgd-am yaied 8§ S8 o1 § a9l Sl gt
Al B TE A SEH SEEd i WO aRar 31
fogg-yare & S a9 Y1 2T € 399 dX | dmas (67)
veTel I T B bl & AT {Uaea? died &9 § 9 qebal &
ST W (Fuse) | 20T & | 9o § fhame fomm foeet 1w e
% 9IS YT LT B |

6. TAFEIE doa* & GBI & Bl &

(1) . (Vacuum)
(2) Tferg | ar
fafa % @@ gu dmes fhame (@) § 919 fEg-yare 9&d &, 7@
IHF AL & HROT IEH AT SR YT A1 YT B & | T8 A bl
oifer ST <t FoRa 2T ¥ | @l AT T WIS & ST BT U ST e
FHROT fEd-uarte & q 36 garas waref &I STkl Ud 3o ardshe
(@R 300 it &1.) R ot fo et weptr-foneot e e e 2
T BT I O STl Ufedd § S\ or ar fafd (vacuum) ®
foheTHE T@T AT T | Wik 2 -4 arvdighd 8o Sarl 9 SHaT
AT AR T R B T | IHBN B B & org iR TG wr gEnr
foram | aredieer & fhemie gaer S @ @l A ¢ |

9fF acd § T H UG F E W@ P, I H a1g H
STagawRd & T 2| fharie w9 feer ffra @ fraw smar & @ e
fuse BT ed &, I9 9o wa: g0 1 & | fhadie fuse B9 & ot
# dfcest 9 ST | U AT § 1 S | IR 9 /e 31 S g,
T I O g F A A1 & v Wi A gioE T w24l g

U9 3. “TT TgAAEE IF S & q9 9HE X & AN § A
A 1 2 e 2 e T e et o e R F e B | O 2

=g Hae § fregd @9t g 51-57 W @ o Tl
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TS JgH B ol Jgaarse | fhdl off YeR & arg &1 ga & &
TE el | a9 & REr & SFgER A1 BERE H ATRsIE B
H Tl IEH FET H FAR 2 Sl & | TEd | SHFse & qaed
T SRS & W GIHT B F WA § § Sfear WA g9 H g
TR o (Rl S & YT & BT 1T & i UhAT | e TEaEe
H SATeRIIo T A 1 qaAT ST & al SRy Sl Uehar 06
& T8 & W | a1 R TgaeTde § BREE H HeEd R ay
ERET

&, T e @l a1 I8 ¢ o 2gd 9% Sl & aul e &l
UTRAT T YR E1aT &, UET a1 Fél & | W 299 H J9-91d gl
TER B 8, 799 A1 eIl & q9-a9 S &l afhar =y =g &
Tl &1 uw fRafy UHT o S € fF cgaemEe & TR WNT @
BIER STFRISI U8 & e & &9 7 GRord & ST 8, a9 2gd a9
UT T & SR I6H A1eS § FET & Pl g fe@re o @ g 0

TW TA WIH WNT @ YA 10* H TgI-ATeS bl qihar bt qegor
AT TE F T e wEE T R o f qaa: 739 e § wE w
o ST 2t foa 81 Bl & | S g9 § W &% H aard W HeRd-aw
(I o7 & H 9R) H ST ERT SRR fhaT ST & 99 oF 99T
SegT-arae fafeRor § TRTEI are qeref Yehiard 8§ 2ga ®l Jeh1sT
U BT & | 36 a1 g o TS fohar or o SuH o ‘sqeir (e
gE) BT 5, 96 HEA Tl Aug IS & A B OCTERr ae
‘Frear A RO HT UGRAT H & UROTM ¥\ IEH X F Arg AT
SATRIIST % TS T Bl STIIT & el & | T8 “BIEhTd T SR
AT AT TAT T 1 T AT RIS BT &, T & FIEA P I |
ZHfTT JSHI TEl 2 | STt faeyd et gar & e ST, J ge,
e dieest oMfe & HROT AR YaT Al &, Tafh 2ga | it a0
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EDM: Principles of Operation

ELECRICAL DISCHARGE MACHINING (EDM) is accom-
plished with a system comprising two major components: a machine
tool and a power supply. The machine tool holds a shaped electrode
which advances into the workpiece and produces a shaped cavity.
The power supply produces a high frequency series of electrical spark
discharges between the elecrtrode and the workpiece, which removes
metal from the workpiece by thermal erosion or vaporization.

The basic components of an EDM system are illustrated to the
right. The workpiece is mounted on the table of the machine tool and the
electrode is attached to the ram of the machine. A DC servo unit or
hydraulic cylinder moves the ram (and electrode) in a vertical motion and
maintains proper position of the electrode in relation to the workpiece.
The positioning is controlled automatically and with extreme accuracy
by the servo system and power supply. During normal operation the
electrode never touches the workpiece, but is separated by a small spark

gap.

Ele_ctrode Dielectric Fluid
(Cutting Tool) / (Coolant)

Transistor

7 Current Limit o—&_
L] ] KON

iy =

D.C. Power

EDM Supply
Machine Tool

Arc Gap

Basic EDM System

During operation, the ram moves the electrode toward the workpiece
until the space between them is such that the voltage in the gap can
ionize the dielectric fluid and allow an electrical discharge (spark) to
pass from the electrode to the workpiece. These spark discharges are
pulsed on and off at a high frequency cycle and can repeat 250,000 times

147

© Jain Vishva Bharati

For Personal & Private Use Only

per second. The spark discharge (arc) always travels the shortest distance
across the narrowest gap to the nearest or highest point on the workpiece.
The amount of material removed from the workpiece with each pulse is
directly proportional to the energy it contains.

Each discharge melts or vaporizes a small area of the workpiece
surface. This molten metal is then cooled in the dielectric fluid and
solidifies into a small spherical particle (swarf) which is flushed away
by pressure/motion of the dielectric. The impact of each pulse is
confined to a very localized area, the location of which is determined by
the form and position of the electrode.

Both the workpiece and electrode are submerged in a dielectric
fluid* which acts as an electrical insulator to help control the spark
discharges. In EDM, the dielectric fluid also performs the function
of a coolant medium and reduces the extremely high temperatures in
the arc gap. More importantly, the dielectric fluid is pumped through
the arc gap to flush away the eroded particles between the workpiece and
the electrode. Proper flushing is critical to high metal removal rates and
good machining conditions.

Because EDM erodes metal with electrical discharges instead of
with chip machining cutting tools, the hardness of the workpiece does
not determine whether or not a material can be machined by EDM. A
relatively soft graphite or metallic electrode can easily machine hardened
tool steels or tungsten carbide. This is one of the many attractive benefits
of using the EDM process. Rather than machine a workpiece before heat
treating, it can be EDMed afterward. This eliminates the risk of damage
or distortion which could scrap an expensive workpiece during heat
treating.

The basic principles of wire-cut EDM are essentially the same as
diesinking EDM described above. The major difference is that instead of
using an electrode with a complex shape, in wire EDM the electrode is a
simple wire, typically .006" to .012' diameter, which follows a horizontal
path through the workpiece. Instead of using dielectric oil as in die-
sinking EDM, wire EDM uses deionized water.

DEVELOPMENT OF EDM IN THE MIST

This paper examines the machining properties of a new EDM
process which takes place in a sprayed mixture of gas and liquid. It,
namely EDM in the mist or mist EDM, does not require a tank for working

*Dielectric fliud is usually kerosene. (See next page).
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fluid like in conventional EDM. The most distinctive feature of it is non-
electrolytic machining even if electrically conductive water is used as a
fluid. Therefore, water or water soluble cutting or grinding oil can be
used for working fluid so it will become easier to combine EDM with
traditional machine tools.

EDM BY POWDER SUSPENDED WORKING FLUID

This paper presents some effects for finishing electrical discharge
machining which uses powder in working fluid. Appropriate powder
use gives 0.8 umRmax surface with the area of 25 cm2, and also shortens
the finishing time extremely. It is verified in some experiments that
powder suspension brings about stable EDM even under micro-electrical
condition because of large gap distance and good dispersion of discharge
current.

THE PROPER CHOICE OF HYDROCARBON DIELECTRIC
FLUID FOR EDM APPLICATIONS, A COMPREHENSIVE
COMPARISION

The commercially available large variety of dielectric fluids for
EDM applications mades the choice rather difficult. Are there any
advantages or disadvantages using one or another product? This paper
describes a comparison test of 35 different hydrocarbon dielectric fluids
in machining various metals using several different electrode materials.

*STUDY ON HIGH-QUALITY FINISHING BY EDM WITH
NONFLAMMABLE DIELECTRIC FLUID

The use of kerosene as dielectric fluid in EDM is very common.
However, from the point of safety, kerosene has many problems since it
can cause a fire. Some studies were reported on EDM with conflammable
dielectic fluid. EDM with nonflammable dielectric fluid has an advantage
over EDM with kerosene because it is free from fire and its rough-
machining speed is faster. On the other hand, it has a drawback in that
its finishing machining is unsatisfactory. In this report, the authors aim
is to improve the efficiency of EDM with nonflammable dielectric fluid.
The authors have found that the carbon which is made in the EDM
process is responsible for the poor quality of the finished surface. Because
it is electrified, the carbon adheres to the surface of the workpiece in the
EDM process. The adhering carbon disturbs the machining stability,
and degenerates the quality of the EDMed surface. In order to improve
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the machining capacity, the authors developed a new machining circuit.
With this machining circuit, the voltage between the electrode and the
workpiece is kept about 0 V, and the electrified carbon does not adhere
to the workpiece. The performance of finish-machining is greatly
improved.

*INCREASING THE FUNCTIONALITY OF MACHINED
SURFACES BY EDM WITH A SILICON POWDER ADDITIVE

In EDM a very smooth finished surface can be obtained by adding
a fine electrically conductive powder such as silicon to the machining
fluid. Since this process produces an extermely corrosion resistant and
microcrack free uniform surface, it is thought to be very effective in the
finishing of dies for plastic molding. Increased effectiveness against
corrosion is particularly needed for molds in which corrosive gases
develop from plastic compounds.

In this paper, in order to investigate the effective application of
EDMing using a powder additive in the plastic mold finishing process,
surfaces by Powder Additive EDM were compared to those finished by
conventional polishing.

*EQUIVALENT MODEL OF JUMP FLUSHING EDM (Ist Report)
Proposal of a Model Represented by Electric Circuit

In diesinking EDM, the jump flushing is generally known to be
useful to clean up the working gap. However, it is very difficult to adjust
the jump parameters efficiently such as an amplitude and an execution
timing of the jump motion with progress of machining. Because, in this
process, optimal values of such parameters change widely with progress
of machining and to adjust them an extensive expert knowledge about
the jump control is required. Therefore, if a numerical equivalent model
of the jump flushing EDM can be framed, it will be very useful for adaptive
adjustment of the jump parameters. This report describes a newly proposed
equivalent model of the jump flushing EDM represented by an electrical
way. Increasing process of the machining products in the working gap is
converted to the charging process of a condenser in a DC electric circuit.
Efficient jump timing is able to be computed from the rising time of the
terminal voltage of the condenser to a threshold value which corresponds
to critical density of the machining products for the safety sparking.
Results of computer simulations based on the proposed model show that
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the machining characteristics of the jump flushing EDM could be
reproduced sufficiently except for the very early stage of machining.
Besides, it was found that approximate optimal values of the jump
parameters could be computed easily.

*EQUIVALENT MODEL OF JUMP-FLUSHING EDM
(2nd Report) Influence of Duty Factor of Working Pulse

This study aims to represent the characteristics of the jump-flushing
EDM by a simple mathematical model in order to realize suitable
selections of jump parameters through computer simulations. In the
previous report, we proposed a basic model from a consideration of
similarity between the increasing process of machining products in the
working gap and the charging process of a capacitance in the DC electrical
circuit. As a result, that model showed validities to represent a change in
machining characteristics and jump parameters with progression of
machining. In the present report, we propose an expanded model in which
influences of duty factor of working pulses are taken into consideration.
Computer simulations based on the new model showed that suitable jump
parameters and rest time of working pulse are able to be estimated. Further
expansion of the model will be possible by considering influences of
peak current or pulse duration in the similar way of the duty factor.

*STUDY ON FLUSHING FOR EDM (1st Report), proposal of 2D
Small Vibration Method and Scan-Flushing Method

In EDM diesinking, an excess of debris is often produced during
machining in the gap between the electrodes, reducing the removal rate
and damaging the machined surface. In order to remove this debris,
various methods such as fluid injection, jet flushing, jump motion,
planetary motion and self-flushing have been used or proposed. With
there methods, problems such as navel removal and idle time exist. In
this article, 2D small vibration method and scan-flushing method are
proposed as new flushing methods to solve these problems. By using
these methods, better machining efficiency and better surface accuracy
can be obtaind.

*STUDY ON FLUSHING FOR EDM (2nd Report), Analysis and Simulation
of the Effect of Jet Flushing for EDM

In the previous report, we developed a dynamic jet flushing method
which is called "scan flushing". Experimental results clarified the
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effectiveness of this method on the precision of machining over
conventional jet flushing method. Although good resluts of the scan-
flushing were obtained, several parameters may influence the process.
To help to optimize these parameters, a computational method to simulate
the process is proposed in this paper. It was confirmed that this simulation
algorithm can represent the distribution phenomenon of debris with good
correlation with the unevenness of the workpiece surface produced.

*SURFACE GENERATION MECHANISM IN ELECTRICAL
DISCHARGE MACHINING WITH SILICONE POWDER MIXED
FLUID

The surface generated by electrical discharge machining (EDM)
appears to be generally mat finish. However, the machined surface in
EDM with silicon powder mixed fluid becomes glossier and has a
smaller surface roughness than that in conventional EDM with
kerosene type fluid, which leads to the omission of hand finish lapping
of metal molds. The quality of machined surface significantly depends
on the kind of workpiece material, but the surface generation mechanism
has not yet been made sufficiently clear. In this study, the effect of silicon
powder mixing on the surface generation mechanism is experimentally
investigated, analyzing the shape of crater generated by a single pulse
discharge, the surface roughness, the machined surface and so on. The
main coclusions obtained are as follows :

1. The gap distance in EDM with silicon powder mixed fluid
is larger than that with kerosene type fluid, because of the
lower resistivity of the former and the influence of silicon
powder arrangement in the gap.

2. EDM with silicon powder mixed fluid leads to smaller
undulation of a crater, because of the smaller impact force
acting on the workpiece due to evaporation and expansion
of machining fluid.

3. The more the precipitated carbides in the workpiece are,
larger the surface roughness is, since the carbides come
off because of crack propagation due to the frequent heat
impact during EDM.

4. EDM with silicon powder mixed fluid results in the stable
machining without short circuit between the electrode and

the workpiece.
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T&  fob A1 fhamde Yepter 3T 2, a8 T 3 & ®9 H Yeh1gT AT &7
FIT T AR 82

IS TGO § T B @ 2 b U9l 7 W 9 a1 Wier HY
forn 2 o faferg arg & aiffw &6 frar &1 &1 |, o off oroelt o
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IO 2l & A Y el T TRE IHH SIS @ 99T g BT
AT &, S 7 e gt & 9 &, 7 & 9T gite § | Fendfa: et o
HHAT & I H QO AT FWG A8 & | THiaT IeH fae e
SRS SRR ERT IR 3= &R Gl & I8 el Tad 2 |
JRm w1 o fafa &, uerel-grar € | gEi Qi QrarEeteT e
g e &, R ot 7w fop oud srafire w0 # faemm siteior
o & 3T AA bl fhaT & ol ST/ &, Tad BN | 999 9 df
Tg TR HEAT BN fh aed A maaer (afa) & &, a8 &
& | geet ot qawEn ST g & fR AT, S ante Mfeea arg
go H zafere e Sr & O it qof @ § g6 & 9 s
STTRITES 91 21| 36 YR J81 i e @l 1o & Fei & | ffena
g I ST AXE GBI T & |

MR H IR0 ST § fUges & &Ror e &, 7 6 39w
A & BRI |

& 9@ § Mafd (vaccum) FE fpam San, aet fferg ag @@
A 2, forad @ @ e T 2 R off 77 A R ae S
SATRATS g9 Sl o, foeil T bl W B8R ?

et § givR’ & arg &1 yaer forar & wReq St ved & arg & aut
TE Ay B gErtte e off T9-wiee 9o &, SO ae § i &
TAT B T HIE TG & T ¢ | Y A T R €1 ety
ftherrife 1 arofieReor Behar & quT fharie FuTEq giEd T )

PEATIHIS T S FTUROM I &l srgemren § = 21 awqa:
T @6 | A AR G 8-28H W g0 ¢ | by ¥ AR Faer &
RIS 1 ATferd a1 giad T8 & | e & STaR Hafdieer e
S T gaed & Sl g, 98 Mafq weenar &1 gar (Air) #
SRS T fIer It @rHTfaeaar exil & | T/ Faf @ § i
o & e | Afe TEa A W H w o S €, 99 o U | e
Y e S ® )

997 8. % =W (Joseph Pristly) M & J=iifes 5 1774 |
SATRIS &0 SY 1 | AErgdE qar 8 BhaT & fau Sifeiioe
Stfvam & | T fastT T QR AT 6 ATE e b 2 faa wed
g ‘geg H SffeiioM T2 8 & 98 %9 YHIATT & "l 57 fheg a8
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T A TR & B | Hifh TEE G G- § it @
A AW 8, 7 § B A TR aE | @ |

&, AYfp d12q & [HE & ATEAR Y&Id | U 41 e @A
e g fam e & | SifeRiee T B W ot AR g | g
ERGIES

'Info Please Encyclopedia' H IammT 7T & & "Combustion
need not involve oxygen; e.g., hydrogen burns in chlorine to form
hydrogen chloride with the liberation of heat and light...'

ST T B R § SIRIS Rl BT STa%de el 8 | Ieelr
% TR W ERENE a1g FARA # ST § | 399 BEEeH aaies HCI
TN BT T | SF GHT T q9T YR S~ Bl & |

ORI Jafidl SEAeEE § Y el e &=,
aqrT 5§ &, (sfed) TE. oL 3@E (M.Sc., Ph.D.) 90 & fh

g 1o v B ) e U e i s e s M s e
C+2F,— CF,

BIEEIN Tl 3 aelife] & Sfear 21

H, +F, - 2HF

H, + CI, - 2HCI

el AR STedr & TR IRl T &t § el 9 dlied qar
TR % a1 H e 2

2Fe + 3F, — 2FeF,
2Fe + 3Cl, — 2FeCl,
Fe +S — FeS" (WFT-5/9% 227)

TH T ARG i Surefa 3 |ifsaq ot FAii ag H e
Hifsaw FARES ST 8 |

2Na + Cl, - 2Na+Cl-

T YR 4 B9 3@ Gohd & [ Sferdio &f Iy & off o &,
RITT B I, ST @ I, T I~ B I fhar & Ferel 2
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AT g § SRS 7 8 W 4T A S arg &l qed & d8dd
I B H AIE @l gfte | o @iE e @ 2

TR UEH fE SR sty fae 6 ae-fea & v § wE
SR TR | AT ¥ gad: hagad AT EA-FhAr H CSfedie
Sfvarfar 7 B AR, TART & A eEse onfe & e @l
gfehaT 3R SHY SO YRS 9 TRET & yihaT Us fafdne wEmatis
ofthar &, St g i @ itk § e ) 5Ee SieR W M
AT | SRS @l STaEr B TSR el fhar S aehdr | gad
I T Iod § AR & YHIH B BT | SHY B drar gshar ‘I @l
amg R a1 & & 8, @y & S9 ygeedr 3 w=d ©ier fhar §
FART-FR arelt fafaree fomar ofr @t 728 2177 R @t “sitriiesT
% T ot ST @l 7 B HON FE d% GG e 87 A & ar o
T IAMT C &, T T G497 ST & T79d & 981 & | 9ed & g o
a1 o2 B foh ot Fii a1 Tl & e are har e & TE T Ay
qr e W § St SR § off Su, gehyr onfe 8, W Siierier
TE B | I A § YA U & T aed § Sfel S qardt i ufshar
T T, qAT St of TE ¥, 981 TN O Gehal 87 3 T I
T T

TS 9. “THY U WEd P a1 T & foh JATIRIT H WS A ATl
e F oY U & HB fA9E H Arking IR-GR BT & ¥
BIA-BIE fFAmiar a8 ST Bl &l 2 | Arkingwwuﬁg@'
AT & @ 9 9 AT &1 g8 a1 ISRO (Indian Space Research
Organization) & P.C.E.D. fa¥mT § SRR Tg-91ed & G § 2fRER
Iemfviep ot A e SR ot FRsiend dmdmn (SEfoe st
S.F.) ERT &N UTe g% ¢, 980 3Tl a1d | Sffeior anfe & fed
PETEHS § A HIARE & A [ @6y ARHE S ST &l
¥ | gty # off deamse § Arking 9 B % forT et &
FHOR IR FHAT USAT & | aEdd § I el AT ARABT Qe
g ferelt off T #, foRdl off R | T e & war 2 1°

TR e A9 A1 39 d91d N GE H & 6 Arking § SO
farmfat (Spark) qaa: aIfiT & & 781 | ael fagq-uare @ fewt &
formdt % w7 # fafeRa & w1 & | Jrmadsr § e @ fafneer &
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THAT &, TN T& el T & | I8 a1g T 3T 8, THIfe e
ST T ST T & T8 | gl W ued AR Pl AR a8t ag
T ST BT TG TN BT BIJ HT TE 2| T & & F o
et famiRat EDM WSie § 3@ | | ST =18l @ |ehdl, ith
T&t SATRISTT 1 ST & | ISRO & JTifvent 1 geast “eareh off =12t
%, fobe o iifcres ottt fafeheor =11 & 9 a1 1 & I R B )
Y W JrEde § SR @ s g # B yae 5
Fenfvepar 1 uRarEsd ¥ SWaRagR # HUT B W Thh aqrg A
HAA AT JAWE BT I B B GA & | T T 9 29 & SR
W SR 7 & e & R W e fag gar @ 6 ' A it 2
AT 7 SIS had “ATdTeRoT T8l ae &, 98l deb e & | araraRor
YT &l A § baAd 400 fhardieX T & 2| (37 aral @t =94t & o
gqg[%ow

79T 10. I gfteanior & foam &Y af auiskg § STt § S
B AT foorel SR aER # F yaid e arer oot & @ § B
ST el & | ST e 1 Sfieh T6Y U ST ¢ | auikd § aneal
% T | I B ATl [Tl dr SNHIGER |t & 8, g9l o © |
Iz d ffdare o 8| 391 FET 5@ & ER SXEmEA of & A1 g
I P A AT (ol BT TE BET fSoTell ST 2 & | St
TN & | A1 B g F STHIgT & S aATell {SoTedl, TXaTs & Hieam
T I B aral faoTell, Sei-ad | 3= B dral fastal Srerar o
Tt ofr ufsham & ST & ATl fetelt, F+ft o1 e U S & 2

Kite & Key experiment & dTel S~THIA Shehelisl <T@ JSTTivieh
F 1752 % a9 § 9er e X fohar & R Sty ® ST B arll
ol ofR aPR § ¥ U9R &9 aral SodEel  JF aMl U o &) 98

AR 3T ERT IT &l AT Fehell ¢ |
Franklin Institute, Philadephia U.S.A. "He did make the important
discovery that lightning and electricity are the same."—/[http:/

sin.fi.edu./tfi/exhibitr/Franklin.html']

Thehal o HATTAR SRS § B aTell (STl Sadeldiel & & Uk
YR 1 I © | T8 Tl 3 ERT Hawdt STeand |
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Info Please Encyclopedia—

"...Which proved that lightning is an electrical discharge,'—(http:/
www.info.please.com/c16/people/A0858229.html) Science Encyclopedia
RESED H Electricity Chapter (TE 228) ® FamEm T fF 'Lightning is
a form of Electricity’ STQﬁ?L SR fooiell T8 A H S TE
THR |

29 YR e 7 gfte § a1 SeTar & S 2 arell faea o)
IR | F UHR B aTell SO U 8 & | 39T (AiYad eir ¥ 1 @
1. Sraardes’ HioRr F ol T g | gamr € & g ataa-stm
0 g R foEm wé aear | gafay dee gftewr | faeq @
STeRT e T BIE SATHR el & | &, TAT ST HeT I el & foh
sTrepTetiar fE iR wamaa @ faEg ¥ aF U € | At ey gfte
T SR BT [ATell qollg & AT TATIATT ST i footar off Fig 2|
(TFaeeg wifge, @1 5.7.2002 § & AMYR 35q) 72

3 i HI i | B 5 3 o e e | s o e
forere &7 a6t g ¥ 7o 9 f 3@ g% € 6 smansia fasiel (lightning)
aﬁmﬁﬁ?ﬁwwwﬁischarge'mm%lﬁm
IR off faorell (3aeiad)) fh YR & el 81 & o,
lightning, sﬁwﬁrwaﬂﬁaﬁﬁﬁwﬁaﬁ?f@a—ﬁgﬁ (static electricity)
anfe Tt e i Tttt @ ufshansti & W S=aX &l aHe T BN | 25
hebelF, 1. SI. UH. Plowl, THEEAGIear Sfe gRT T T Ho 3
& N GWSAT &R 6 3 e gfde & I @ us Ad 2

AR fad= & &9 gar 9o § fF B off et 9 &6l & o
foTia, Tehi~2g S T R &1 a1 Gaf+5a 5ig 1 SR 99 &g fag-a
T TEN, W onfE S w=e foeg & w9 E, @t vt & ga ek ¥
AR # garted faed-amr 376 Teiderat &1 & ang (S o o) & HAead
g T & | Rad foe & ww F off 28 faeg sraa sawm 7
T | 2t yces o ot faea & afome & g & 9w W@ E ) o fafy
F streprefir fasTel Lightning S &Rt T8 &, 1 o dhad d) dra
foRd & e Fel a6 | erme R ar |t aeret @ afed deed
AT BRM | 9 69 BB JohE Tél o, it b e @ ufshar
H Sa d Ul T g, WO g9 g8 78l ¢ f ar A
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TAFEET ol 9T T AR | &, 9 I STa bl 56aT § T &, SAferg
e ASHT TE AT T el | SR foeter ofR o faeter #
AT o 3, fawtar oft | 2. Sradide Her & I  had Fel Bierd
Erar 2 foF faerq @1 ote o § @e U ¥, W IHe fafee 't a6
. PO HY THRA? A A faeq v & 2, afed deee & g, ar
O earr @t fohastl o SaeT TaNT 89 | AR 999 & ST | Uk 3R
STE FI SAUETSA T T THSAT 9 29 Bl B FoX & Fohdl &7 |
ST TR T &l ST STToT-ae &1 ST0aT & U & | & 3iR 76
ST @l STUeT | U & | S & ST &9 I SR St Ige ggiere
T 3TUET § TUeh & | UF Ueh T oI F S1oh! Uehi=d Uehall {14 o<1 Tqe:
STHT & | 6 AET &R foh ue 2l gu W fagq & faft afome |
el AR dSHE AT T B hAT Bl ¥ 3T el TE Brr?

e 11, “9dareR, R, weRarEr, Rt ari 9 & qEn
S AT SR et @ ffdae ' § dew g w=ew & " 2 |
eI SR foredt ot T fRdy & 99 S99 e ara gefaa
forre Erfied aite & SR & Bd & AW § ST & & fow fyga
S PR § did & aER ARE & [afdne @ & A 21 3R s'
A T THIA § g A q Tgara S § | S {Redt faste et
R Wit T e TR IHHT THM & I TgaraT @ | 30 Gl IRE
FEIfad JHa § 99 AT & | 39 aEd J af g eer-were $iY
IeTTiveh TG & | AR H TAST ik U B S X SR faoielt o 37
e § 7 fAoita AET? gE 9 e & T8l | i S SR
ool 31T S iR | STedT 9 91 &, w-el 7 off Jar € o9
& 99 NH el g & 9 § § 9HR & W & 99 56 dR &l
Tehs dTelT STEHT T STt ST 8 | dhelfi-ahedt 7Y oY e € | 3|t Jeen
& U o I SR § I B ATl Tl aetid & I8 ave ar |
T YA B @ o off S8 sEen § |9id & $

Te gfkan faaega saasraier S & & | awrEd e Saer & ¢ 6
ST fasTel Yo UehTeTed BNl 5, U9ATq AR H GAN X a8 T
TAFLIGET BT EET TR I & | FAafh T IRE H AT F
I B ATl fIoTall Jal 3E9T Sadeiel & @ed § 3= it a8
¥ go9 & fhardc ¥ yamyr @ey § fGEE T 31 39 @iE ST aiE
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& AT q SO B el FE e RS ofR st
faarett <M1 1 @eT uE & T U R S B st fat o
aolia & &\ zafe sod a9 HEW faerell s o deke o
ey & & 98 fag B B

RIS faoTett & Jehe™ & 99 & foIT S Earthing fokam S
T SE YR #T Earthing TS SARG-%aed aE & $HEM faod &
THAH & Fa9 % fou fomar Sar & | st farelt s orfér are & &
AR & @l & a9 3¢ SH dR & 919 9 Hl IFF WEY F AT A0 ar
TE Toq T YR B & T 1 T8 I s F Y9 gR g @ 2
T W AT faoer o) Fhm faoell (electricity) & @ 3
TR H THEAT & feare &t § | At st foer @ it arr
T § v9R e faoel  gaaerer off deie & & 72

T AR STl AT STRIST H e ATl feagq A o,
HEhepd TR arell e A s1erfs ar aeora qen S (S e §
THE &Y fuve geit w AR fears & €, 2 Meteor ®@1 a1 8) &
T e STer it Rt § |fad dedd € | T 3899 99, 7 ugdnq | faer
2T YT H FHT ST T (S-S 6T HoRd &9 S AR ol T
T Tl RaT AT o1 T e g fOEa-aett & ®9 F S A
T 1 ST @ AT T e e faE -Gt T JSeRrd el /T S Heb |
afe S8 qeEE A o, @ R a Soage Al R deeE AT
T2 | fohe UET T ¥ | SIS ST T F Paw WgAies ot & |
TG T AR H F Ol &, q9 W 98 daq Ggiid 9 8, 9 T8
UER-ETed | S &l a1 SR fagg & ‘St § Sa= sadeh
a1t &1 | SR fastart (fassy) @ afe dedr dad et | faemm
SATRIS & FEdNT & Saemsiia Taref &l STard §9d & 71 26T | 99
FE A WG SART & S @ 80 A1 & earthing &1 ST &, 9 34
Tl d9H™ FEl WHAT S |ehdT, it ar & HidX ToRd q9d SHH!
TeehITae IROTH &l BT | T a8l e AT g8 A & W € SR A &
FET YR AT T BNl © | A I8 JSwrd B, af [ w@d an o S
ST | 3a9T YR voltage &M WX o dR SHIfMU <@l Sordm b @l
TE-RaT T AT T |

IR ESE ¥ IO f9ud 99 9% ar ® g, 98 off dgfes
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(freifa) 21 AR & aeX 99 el g1 # 98 Saemsiia qeret & 99 #§
ST AT W ST €, a7 g€ S YT oY Hehdl © | 39 WK, dR |
ated fasel SR Qo AR H FHE ATel [aotall T HaTHE 98 T
& AT 2

e R § faoel TR @ ¥, 99 AR # uws A AR e
TR § ¥, 39 U FE SR AT FEl  SHHT SR 2 | A AfeRT insulator
W @ 8, af dR aral fSotell @l shic Ia8 Jd9T él | g a8
eaﬂhingﬂ?{@%?ﬁ@fﬁwmaﬂml

ST E9H & IHHIT Bl GHI ATl GATE-HE 3 GROHE-He
TEl qHT T b gA-3T9E F MR W qEEeh 3T T94T 319 94
o, aT IE Hel dh G 87

997 12. Bl UX 3 iere SXATET bl TEal § ST Seldrargier
I I AT & Tt GFRAT UEY B 2 fh 3T & U & yare i e
% ST AT A & T XaTeT g T § goam & | 36 699G @
I3 &4 ST (Dyanamo) H @ 8T < ATl I5ehi & drd Coil 4T a7
T el § | 30 TR H=aiT 3 (Coil) 3R A7died @ &
19 U Y T S T I B ° d8l Sadier UaT el & | 9T
T AT TG H AT TS ANl § FAAT & | STH-919 ETE ST o |
AT % S A e § TE) 7 Feadi 1S s e & et
T | S-S FEd S SATET A { g § I9-99 AR @e e
G F yad q6 B % ERT gEehid IROT @i (e ) aT &
FHedl & | - A fthes § SFafeerd 3 dig—q 3% BrF § a7
q 9ad g YT B § FIh @MY A6 F Hdl & au-ad waTaT AT
H IAFIEET IO Bl B

Tel U IR a1 & § T & fF gaerd [ (Magnetic lines)
off T, BT, S, e, YIST, T, 91 TS Pl e, SATHATER
ZEEIET & E | JIhT W@ WEEET-IaEeEEy e € | i W
ol =T & & ST BT aTeX TRl b |ehdT | U T qBE a9 (=
) w9 FUS (5H) FN BISH A6 TEl ehera, Taih Ak @
T T & A el €| SAfaT 98 W (4) @ T Eemt
ETE & & | SHTTAITAR S ST S & Wiy § 2T Brr-aear]
fepad 2, e avte & wfafede-wier sanfe foe o g €, S8 g
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dedad § ¥ Zee gasd @ feadl § 6 feer a9 @
TEgash de Bl ST SR Wi Foball & |

Tgl 3R U% A e § @ b i ofY ador S ot At ¥ |
W] G HE W g (WoEran) eref Al HIr & a1 98 ST Wfrerr
uerelt & AT STAYd HUO I HIAT & & | Y bl A el 2@ ar
T T BT & SR TG AT & dr T SATET B & | S6 awE foRer o
uerel T Fred & fow R off R @ vfa & § T e, dfh
fAfyaa ger @ e 2 S 2 arar fafare st & SugE a9
FeeFiT e R SaeT ot & T AT & ST SATeT /9T I BT
T 3R Afed g ST ao § Fedl € SR Sl e Ia
B B | = AT B MY, JIEE TRl B B B Az 3R
FHfed TR T Al B OlE & ATAR Taaeriel I el © |

T AT ST ITaREd BN 3l geehid (@ STET B ¢ |
I 95 BT TER@TT Hedl el AT SeFIEIeT =T Fel Brl | o
W@ SR FrEAET A & G A q9or T2 ST a1 gahid W@ e
TE | T BT TR AhET o AT FE ALk o T & T TS bl
T | SET YR wIRIT T SR g @t & 9 g auer e a
g T Fedl &1 I I B A TuOr SAAT qof F err & ar
FHIE AT doll & FHed & HROT SAFIEIET ST I 2l & | S
FE HYOT HE BT & A A ared - wed & Taagre wu
IO B B

TeFI e H ot 26 YR B GfEhaT § SIS ST Erdt
%1 'The World Book, Encylopedia' § 7= SM&RI 3@ ¥ 98 9
STET T BT |

"The stonger the magnet, the greater the number of lines of force.
If you rotate the loop of wire between the poles of the magnet, the
two sides of the loop "cut" the lines of force. This induces (generates)
electricity in the loop.

In the first half of the turn, one side of the loop of wire cuts up
through the lines of force. The other side cuts down. This makes the
electrictiy flow in one direction through the loop. Half way through the
turn, the loop moves parallel to the lines of force. No lines of force are
cut and no electricity is generated."

(Para-6, Electric-generator, Page 146, London)
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m%qﬁﬁﬁaﬁ@mﬁ(Dywamo)ﬁ’ﬁﬁW
FHeSFIT T2 (Coil) BRT Ya TUO IO~ & & TIehid T el &
3R TAFIEIRT S BNl € | 36 T8 U YR & TU01 § A e &
HROT Hl SAFERIST ol JSh ey g el & | i wwaom g
% W UE § S1EE ST S @ Sl YehR ST T &, ITH AT ST
(e gfeafa, g-25) ¥ o ‘Hafaagise tar féa fradr &1

AT A &% g & HE 0§ N TR S E A FEAT H Ador
IO B E | FEd YBR & %p a¥v ¥ sifed SEt & arg At
(=Storee) Uer Bl &, i SifehE & ST @ef S & & | Tqie
5T YehR A1Terg & @l 21 A3 § USHAT R3S, hIehid qehles,
it SR T & M & A9 aredt B A O b SW (Fifeam AR
AT ST BiEhe & ZE0T § Saet g g8 adn ey, urefie,
FARE, TEMHT qehIES 3R e 1 foreor g fa w g & &
e, 1852 H R & geemy @) fearaar & aarqel avor § Soe
B ATl AR TOllg & SE YhR AT & oY FaRgd W X
e Bl AT ZaT % HROT T e #§ T &0 s I
%mg@aﬁw%@aﬁ (Magnetic Lines) ﬁm%mm%ﬁﬁ@
Tl HYOT ZRT I Bl 85 aledh Suidgiaie! Wl aTe doehid Sid wed
¥ U wfd 2 B

gfe auvT & AT 7T SaFIAIe S el el df eXaTed a¢ & a9
off 78T fastall ST BT ey | 0w T el &ra | 3ty ‘Hanaadiesy’
TE ENT TEOT ST SRR & S aTe q9id dedh @l Ud ThR
FATIT AT & TE H T TAFLIENET BT FHEL FIAT & S |

T8 UF a1 99 e 3 A © A & aer S g ®
THT FIE B I o7 T8 AE & O W § v E Aty A
T2 & & | Fifh W ¥ faa, geer, qar sanfe ot a9q | qer frgr
& g2 I BT & UET W Suged 9t 1 37 AEl B qohd @ |
it FrEr @l TR |, =@0d, diar sanfe § § | =21 S &l |ehdl
T | U SUdE AR T e AT & & Hehal ¢ [ ‘Hp fafine y@mn
1 T2 g & S erar & ¢ S & S a arelt fafare st ardt
e e @1 A weAdl & UET & SfefHed A €| 96 UER §

168

https://books.jvbharati.org



N T TAT e THST O qWT § A B At /@y Aol ol
AT €1 2 1 i B H e § S T YaT BN 8, 9% B
SAAHT ST T 2 | FAT G YR & ARHR SAia g F & ST
e & vEr oref ff SuE SEAaE 1 el foRaT ST ek | FRiifen aeor
& fomr ot T wepter STR HEIRIET T o "7 § e dow At
T H ASHE AT 8T I B & € | T SudF ST ek
IO & HET AT & T HB TER & AR Sa q6 § I
2 2 | o werert § ador & I & arer TR, aTedhdT Ste orer
e A e € ST auver i @eT ' UEr & srefaed
‘T & HEREEfE a9 ERT STEAERI A A E  OET Mivad
B 2

7oy X & " ¥ U% AR 9eR & g6 § SO g8
fITell &l TORR T EOTRE | ST SaeE g # AW e ard
T2 0 T | R ot oo H TR Sl 7 el a9ed & S
R IR & 9aH & 918 o | STV Tt g1l # qarn © X
JraUSr TEEART....” AT (TSt AT LA T & {26 FAYBIST, T=UHIT,
S T GBI, SR, AR P TR AN JIHBE ST e T8 2 |
U S o Qe § T BT & | 3AfT S a8 e B
AMET | IHHT T TeT T T ¢ |) S gar o veref St YR &
IWTAT, ST SAME A&7 AT &l 96 arad dehe & q9e |7
fopat < gfte & waee gredi # ST ST @l qed aeaemgs | 9T
BT ¥ | AR P g giouf & 253 g § o 386 IR & 9
g &l o E 12

W UEd B9 T 1 GEY i GHE |

0T T FAY-FAferd T AT ol & 2 org et & i wig |
U9 H FUT 7 S e FE BT GAS [RAT AT &, q8 TR TET H /O
TE ¥ | Ty ueref A O, TR A1 AT w9 g fofe A HeY
(matter) FET ST & AR YIS, AN AME Soft & G e St
(energy) e SITAT & S U & JETATRAHIT A Z2T & &f & &9 &,
R off = Torerf @ fa=iar & SMaR W WX SR UASH @ ar
STAT-3TET AT % &9 H W@ ST & | GIbiT & (magnetic field) FF
[T HeX & & H 7 BT Sl & &9 H Bl &, SaerT g9 a1 e

169

© Jain Vishva Bharati

For Personal & Private Use Only

el ‘gueREe i oo H Herd a1 Awor B Hife F E e

S T afvia Sed-aferd R Ted: 9eHE T a1 et
N AR M & TE T IGT AN & & F a8 TE & |

TEIA 997 I B 36 UBR @ Fehdl & T {Sorell St dad
T F & B &2 T IO B B BROT U e wed-agferd’
AR & T W S faSte SO # & 3d add & | 59 WAl
gftedt | fomm &e e

() fooTetl S e T TLIhT T T WX SMeniia & & a1 Féi ?
(@) faoTelt 3= 89 & UgATq 9 dfead dehd ¥ AT e

T UTaR-g1ed | {Iofall e & 39— &l 9l 8, SaH
T (Taeh) FI Aol & A & folT q a6f Same & S R s
T | g9 W Mo AR § e S & S § | 39 an ik § gud
T YT AT friction el W TEl B | FR[G-OeoT 7 afskar § g 7 &
frq-gaaE &9 IO BT & | TH @0 g9 & IAEuE &
STTHIST (Space) H T YT AT &, HIE a&] AT TaTe 2l | I Bl
1 ot i et # & &1 A vl gered @ wfq & e guer a9
(oL A £ o O £ | Lo e e | el A o L
b YT TET vere € 8 e, gaie 9 garel e /e ar aeor
I FAHT TG Tl & | O, T AT qF T GG AT HeX AR S
9 I A AT T & ST bl FHEHT SN | ST T U &9 |
AR T S B9 I 7 31ef & He & | qeref § a6t erar &
T & ¢ o w7 g gad ar aver @1 sty ded-agerd i @
Sl § AT AT AT 8, 98 o Ted: &l 319 YTt & ard & arel
qYOT § & T 99 AhHh YR Bl IR TIET | 3RO &l el sl
TS § I B Al i o fad-agfed & |

T I AN A & {0 R it Tieh bl STI=mT S "ehd
T 1 TR G | e B gAH F HE ST Al & (S NS Felehr)
fopar ST & | W ador & faerq @ Safd T8 @ S |

wyee: e & 2 | fopeg e & oo 29 & ueanq s faegg = st
el & & S0 7 Y6 a9 qng Aty st @ fEar @ S €1 weg

170

https://books.jvbharati.org



A o= 9IS @ Siia Tél i | 6T Yehr fEamsr= el gu AT fagq
@ | d9HE el 8 |
foregd T B & o Al &, R Hed ar aor a6 g6 & 96
ST, SR
1. UfEE-gad 9o # daq S& iR ufeE @ qEwEte e
foeg ST et & 1

2. Wl T A § had I & ERT (I gare B et
fopar s & 1

3. AR A H QR Soft &l wid § F AR 91 aor feq et
e A A T P
4. IEAT (A7 =2 oonfe ® @ 2) H off vt 9hear 3w
forrq e 2l &, Head & e
T A9 qal # yAE: Hie fear @ T8 ) 39 g g
IO H & e e o &, Ear-gaa of & | 9w Raew & an
T &, W for fae @ ifaa &, var wee # @ el T8

TS 13, U@ F b §Y A SR H YehIeT, TH TATE AR
& WA T T F T @ W A a8 ol qreX AR ey
2, 9% arq fidare w=ew § it S B A ¥ 1 39 i B et
(gt AT Sia) & w9 7 e (Ter-561) 7 7 5t Eamganiet
J AT &1 g8t g areR A faeme g9 | a8 @ 9 b 85U
FATT MR W AT A A1 UL S[@r A1 al g e dael
foemie-yerTar-TTel 3=t & 2 |

T YR dga™ D.C. (Direct Current) a1 A.C (Alternating Current)
T e | TR Bl & 98 Gl ara @l SaTeT YT § Sie
arg & T B Al 38 Gl Al H F YL (Blue) T HT TR BT
THEFE § T AT ke ENAT gl fam@me Iar & & | S & SfEuE &
ATATERCT H HEAT GfRaT & I~ &1 @ UG S & HIRoT, 9w dX
W FE B T H, daaq A.C./D.C. TR Al G ar’ § ), 98 el
R & THF, Y T A T Heherar gan @ &ar &1 ga dies
AR H F AA doll F YA U Sae el At e
AT ST € F | ST ST ey $69 & §u § o & arg &
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& P YHIT b EET H femrd I 2

T <fter 3T F THOTgEE A.C. U e § yEi & @ 39 A
% W § I | @ U fharie | ool S & a8t e Swir-gehisT
TS b B 21 SiIE Wi § A0 T & F2 b a9 & )
et BT AT 22 BU & a1 AfE U A i oG ofR SHH ¥ Saarer
TER B & A SaH F gty & w9 # fammiar feadt g2 fard
g1 T UBR TARIER! q9h Saeey & fGE Bl & | aread # =
Y ATl ERT TS S B FHE & [0 gaT s Bl Sasashdr ¢ |

o TR TR | FEAREEAT § o7 areRag i
H qETRISA: dfedwl daRfedis<igdl g Sadi (WIT-2/1/114,
1. 1/1/40 HEHAR) THT & & BRI qT TAAROTIAIEAT § W~
afe: o A, S wafew (2/5/45) STIfq U@ F Tl g8 ST
arex ¥ faer feard &t &1 fRe off oer & aF gerdr & @ UE dedt
gamEn & fh 1@ § ol g2 AfT § 9wl § I°T SUA-UhieT-are-TRHT
T T FE feas 39 € R f o § g & BROT a8 ded
e A T U giaa fRar ¥ 1 I8 YRR TET § e G ¢ {6 A
# ¥ yarfed BT SHaEEel § YebIST e qeeT Al § TE fom u¥ off
ST | T 7% fIETT YR & Gerrhl & & | ST IH! e A &
TIHT T Bl & | SHU T qoa AT & 1

T2-T3 FFHl T T Y B9 ar § § A.C. a1 D.C. IR TR
BT & 99 9% A9 ¥ TER BN & 999 39 IS aEY | AT yuir
H TR &N gU TTRH bl AT 4 gATS Sl & & | auf & @ & o9
TG A1 A.C. I D.C. IR a1 Gl ara § B 80 Wl HAA~T asl
A # GAE I E | A8 T AR T8 ar g e

BEEIM AT & G AR A9ele § AT W o 39§
TeRTST-ERRET S Bl &1 € | 97 STt | o Ay | Al (g
TEME) STET &l 3TH 8 HH dledst darel aray H YH1eT & @6y | Sadg el
TER Bl g8 fear & & 7

T TAFE B T Jaot F off a1g & FEt § werhr i
IO BN €1 2 BN el e ¥ I8 919 il W Bl
ST 2
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...show our Van de Graff producing sparks. The Sparks are going
from the big domes to one of two small spheres that are on telescoping
grounded poles.

The sparks are produced when the voltage on the domes gets large
enough that it ionizes the air, turning it from an insulator into a conductor.
This does not all happen at once, but it does happen ver quickly—a

typical spark (or lightning flash) lasts less than 1/1000 of a second!

-2 I R @XE | I aear &7 fommd 92 A
W H BIE T 1 T A & | 5T Gt W T areest (=ea gama) aga
I ST & qF T€ STTHUR I 8T Bl AR (SAIMATESS) F T 8 |
(TRET] 37T YT, U ST SATET Sae i 9T ieh STerdT AT
T TIETIR IT AT & S8 THE I e aTell ATl STE FEd
# 1 (e e, 9 S5, o ST ua. e, 36, 7 42)
fSTEd ar stadies § § ared 9 Sl 2 | I8 AT JEd el g ek
T HHS & ARG AT | g8 fammiat s e 2

Only one spark can be produced at a time. Although sparks can
come very quickly. Each spark drains the electricity off the domes and
the machine must then recharge itself. In this our machine differs

somewhat from a lightning storm where the cloud has such a massive
charge that most lightning strikes are actually two to ten or more strokes

using the same channel. [http://www.mus.org/slm/toe/ssparks.html]

U% THT UH o [ Bl 8| ik kAT Sgd oW el g |
Ty & et 1 fererq aiferT St &1 S & | R 98 g @
F AT AT TSAT & | THMAT ATATRYT H SATHIT H I Bral fotelt § 9
T | qWTad | 39T & (o {9l 819 & 99T 9red | a- Ssarer °nel
BT & b 9T g footelt & w2 § 2 § 10 9 THaN 39— B B,
ST U & yaTe § ded © |

QWWQWWWWWWW@[MMS%W%
Tren, & faEduaTe auvS UE 3 Helhd TIRd, Saae e &l dedd
ST w9 F R b o e 92 99qq &) faw § @ g
TAFLIEET e § T ool F Tl 21 & | T dicest 9g AW & arg
AT F o1 oMy foe i & e § arex e A 21 gdifee ag
ASH SAaeaeyd & & 1Y
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T {aea A T@ 9 o g AR & IR 0 A | S
%1 fohar A el § | a8t R ‘dayas A €)1 3afae 98 ared |
He o1f & | 39 ufkar ® i @ fopar 9 w8 &

fearaars (Fa W) 3R o= dtet | S YT &3 1 & "o
2, W 99 T Il | TS T &, a9 qob AR YT & Bl | /o
i ¥ @ g2 79 w2 | A faea i @ siftaa Jmen S aear
&7 7 | 3 SE YR AR H o faEa-uare # o ‘i @ sk
FE ¥ | ‘TS AR B SIS (AT ) T T B STIE
TE e |ehaT | St Gol TS arR | Hier g4 & 9§99 a6
HiehT foet ST & SR 39 A1 & afe saawsiia garef &1 Fan o
ST AT AR YaT & SO | STIeRr B gar | St oty fafemrer
T &, 98 ‘T’ H & w9 &, e faua § a9 teq 99t # gh 2
TR @ G § B AT T & Sar SN |fhe ¥ IO Wi &
AT BE A Al Gl dR & G- AT 0 &l (ST anfe |
) % AR § S &1 &, I T @ df (i fea-ges
T & & H St 1 AT WA B, A D G § e qared
ST & SR Jfeh et SieRier (A1 S7iei) Jio & a9 S deT & St
T AT AN T AMH & | IF GO & qel ASHIAH A Bl IATT BN 8,
ST T |

T I8 g3 o Gol A’ § I Al [Ed-anT S| A &
Uk § A & 99 AfS wagaw H fhar afed 2 & oo sasaew |-
Tt BT HIRT f, A ST UaT & Hehel ©

1. S gere

2. S (SiTaRi ®1 & I &)
3. SoF A9 (Saieh)

4. eI

Te df 39 a1q & fag war & 6 faeg @ 7 of &, 9 faema
AT 21 W agEe "qart § T U9 w aedl ©| sae g8 o
feprer 6 foggq & iR faeara ot & &0 & fodt oiftr et 2 ofiR
TG § Th 5T A SRI H W@ AR & @ & 9 ¥, I e ¥ aw
ar TR T e W ¢ foh fearaeng @ faea aiffe gt @ oir o ot
q TIE T W IS & A & | & [TEd H IR e qanT
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e W 1T A o= St & &9 H BT ded aed ¢ | faEa-aTe st
STIH GIeih ol &, I8 Sofl Sed HIFT U AR &7 H Fad
el & |

99T 14. “9RT TR AR H § TER SRl g% SR anad §
AT ST 21 a5 aTedhdl A OTer SHH BT & o9 IEH STl
AT 3@ &l e 12w | i arendr @ Wil ST Wi d8H™
ST T AT E (3T R BT T J W= 39 GhR B &)

B 121 B | R B B o B 3 o e B VAT e | IR
| gEife | oA, wrge, AT I, 3, W 9ite Tgd g a%
TR AT W& & ST dF 3o, ¥ a9e | fefe foha gam siga amr
off qUET & TR AT & | AR B STAR oA AT F Facdl Tererrarar bl
7E IO W qUUSTE § | 3T T8 AU dedd S @ & Uh
YR | Faf qTERETey AT §hH-aY gafe # faw aig ueier (TR
= i< BT THT giie) arelt (7 i arr i & for) a7 e wedieER Al
(@ O Tt " & foiu) SeEiier qwiE wd 2 )| e W BN W
ff I AR fUEerdr T8 & | T TET TR ATl S 3R, B
MG | 6T U B0 AR § & A 98R & # T af a9y 39
AT T ST GO & [Uae A | T e 8ot Tgase o
off ST & | qAT BESIH ATl G AT AR H F 500 F 800 THRR
AT AT T T SAFAIET THR A § A & | 3R IH g ar
TR H R fFT R # § 78R & | S0 o 98 qid H R i 56
T N THSE HaAT ATGHICD of T S, e e Jm | R
S | TR ATl IR SdeEel df e 6 AT W d O9 & a8
A T A ST /e | e wEe Swrar SEE e & )

T SAFGIET AR g WET & &1 300 § 800 THR
AT STl oEH § TR 81 @ 8l U8 g 2ares iy & afd 98
1 TgF B A A I & a8 UT A Al &, HIFAT a9 A | A
I LS AR TS i Aolalh § IS a7 U3 & af 39 U & gd
TR § F TER Bl 5% SRl ST U Wid Al & 3R U H S
A 2| UET a1q G.E.B. WIEATHI-3EAEE & SE THIaY harHrs
T 9T | 399 TAFIGET dehE Alaaey & g Bl B

SH e ¥ AT A BESIH AR & A A T BT GAT X AR
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H 5/6 i QT § ST AT 8 I STe T | SEHw df S2-91
I Wil | STESR TR & SATEIE 2 1 & W@ I 7S Bl @ | O
THT H STRT A bl 3T TG ITENE AE &l SAHHT Hiwi H aF gl
21 98 sid W SAFIERT B GehE ST @ | fag w E 1w
FRE | SWNT § T arell % aie a1 Tege TR aTel Serr b
T Sl ST T "R § B | 99 feid Tel ®er S e |
ST AT ST AT (T EIA 1 Wl bl TS A~ HH IWIAT ATl
HIHeRI-3TRERIT SeATS &l STRT &bl o7 fAofta A a2t |

ST & ‘3Tl i Bramfer (8/702) 7 g/t gRr qar e rmgs
F 3Tl el gEammE’ (3/2/105) UH TRl ERT ST & Y ol &
aﬁgﬁaﬂwémﬁﬁﬁwﬁmrwﬁwﬁmﬁzﬁm
AT 85 AN &l AT AT & | o wEegEEniet 7 fetEiR (mo592)
T H ARH™ T & | YHR a0 & | 34 foeamd’ (=guw) ‘i
& T S qEIE YU YR TARN & IHb! GEd W S qqE T ST
% A & 8 | ST | garal e W Al aTet § 36k A&7 Uehe w9 §
TFEl e | UAT @1 & S AN g1 TE & | Al o e (=gy)
AR Sfia wed & | o sTTagaes 2o, araraReT e qmr e W
foRa ek R i s e o e s 2l B S o 4
TR & off 3@ # faaar & 2| safae fefgRa sEr aer #§
TR ENdl g% faetalt @1 qated (953 5, 43) faeara am & st s
wEq # W TR fHar S Fehdr 8 1 a8 o # ga 78 e | g
ST~ -1 STl & & | ST T SHeh! ZF W & HHeht ST
T | 9 Afehe B W T #i Femiat e & ¥ | I & o
fhamve & a8 YepreT 1 ot S BT § |

TR MG & T T F TaFare Feermiear s off ¥er et &
T W § UH R & 9 BT ARE el A &
@ § gil fa d@ Al &8 qe-ar feEr o & 8 | 98 A Mfved
w0 ¥ g B & 6 sAaier e Sawesy & T

High D.C/A.C. TR foed & yaiiRa 2iar & 96 §of ar’k & |1
e T R @3 BU AR HT HILT T8 2 AT d1 98 O o ot
BT AT U AT & | ATS SAFLIST ASehTd SHid 7 & ar Iae el
FHTCT e B AT &2 SAFIEIST T qAladT af /I & el qebd | FiTh
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TAFLIEIE | SN 9 FH FT 3T Té & | TAfeTT Iwrast 419 HH &b
T AT ASH AT & T § & ITHT THHR HEAT ANE AT & |

29 Yo STEHT T HIael ST M HAT SAFIGET 310 Hd ZRT
ISHET H & UH GAHT YR ¥ 9E 9 g e ® % o
A # fewrd 42 A feeg o & g # omd & s
TAFSIAIET I T8 B BT Gl A H F YU (=Blue) T T YaRIT
fearg 3ar & foF o avvreg aifie S & 31 gE 91d =W ondt 3w
T |

T YHR High A.C. T4l a9 & waR el & 99 gd
TS & g3 9T I Uhed GHIT 1@ H ST o U 9k 9 § 98
TAFIET drofiae 37 | AR UebT9T TET BT UROT HIA E GEL AT
T ol & AT 22 o 3 2 | Aawd o i o # @ g yaene
AR doflad & F o W, S sote wen f fam
T 2

T Wb ST Shrell AT BIE-SIe ATl § Shiferd & S & St
YT ST TSI Tl SerehariTer e STerdl Ao ST Hagaia
(Sensitive) &M & HROT AisT-ar A M fraw @ g &
eI -STT-TeIST-SWIAT-TE SIS Uehe ek STUAT ShrEdaT Ial &
AT | U YBR & SARTER ERT G YR &1 AR HB & W H &
U B TEHAT & qe A o] YIS & & | ARG arararen/ A AT
amlt foed & st do | Sadeier § 9 faemiar eij fawme en
F Tg9a fopa & Afoaal &1 & & 2 diie afde § Hew T #
STRT T &l FeATd off gutas & & 17

TR AR F S fEd-yare g &, 39T uRad| IeT & &9
&l TehaT & T fhaT ST Fehal & | ST & AT 3G deh 3T q4T JShE
% T W T & q9 I JShE I ST el Al A Fehdl | R G
TOHT T TET Tt T qebal, al TH Bl [Uae AT & | 389! =t &q
F gk &I GA IR H & U AT Hie Fe W Saeie gared e
AT AT @ ST & bl 8, foheg 3EeRT ofef a8 Y o ok am H
JIEH i TG ASHME &, 3 78 & | el A UaT i & o 9
SAfvard Tes stmagas e | e of T @ Tt en g € g g
7 foead it uedt Yhe SR &9 § 2 ¢ X 91T § $W A T &
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T &, iR oy &t & (STar ofdT i T 8/702 & @@ arad
1) footelt & R & iR g @r T e © |

we % fawm § off en 99t & g% €1 w9 & S
stfcraemsiia qared W ot @1 BN &, W U onfe @ o & w9
TE AT ST | 9T Afhe B I @ o IS & I & ari
e e 2 €1 SH% fomr 71 9ife |fhe 2iar 8, T S @ ¥

Tl H Teh & A1l g S FHLAT BN feb TR % ®7 H fereq
& uftads @1 gfrar ot g famr it et w2 B, v @ @ fagg
T dledst dTal &, &8 URITa aTell i< &, T el a1 faferae A9 &
w0 H 2| e off et ued § fRu T ¥, S 99w saansiie geret
(%2, Uz, et anfe) SR ot &ar (Sifaiior ar Sfieie) 3T &1 a9
I AN ATl g & W e § | Sl U Aél e, aet st
& B "l |

IWTAT S AR B I &, 99 fo i (@r deem) § off swrar
fererm Bl &, i ST S STaH gt &, ot & 1 faegq @
IoTEr H UReds 9 ‘e UeT TEl #Y IdT, 99 ad [ a9 o
ST Uere ST SRS Gl @l "IN 7 |

WA ¥ AT qIsdT & & i ST &l a1 T IaTeeo
T ST |ia8 FEIS B SAAH B AHAT T &

TS 15. I F [aoTall & Aread § IO BT Gh1eT T Seldr el
T Wi JIHIT SaEaed & 2 | THHN R TS & o IS+Tb 3eeahior §
FAE TAFLN FT TE AT T F A 92K § § THR &Y TheH
T A 41 % fhare § § TR Bl ¢ a9 S8 984 &9 e 9
T TAFE T TS A A= § B F q&AT SqHT I q8q ol B
g H @ g0 fhamve H Sf=T JueT BT ¢ | 39e YRy agt
TEIST ST T @ S B 8 | UHT IS wed €| qEr g
TEOTGS 3R SR & dafiaadfze ae foar &1 s8s oan
T ¥ YT BT AT IOT THI AT § T F I g AT AR
TETE T, A e U Mivad B § | @l R Ay & qore
feregq-weprer & Y@ BT e & | yebter, Y, aTedhdT TEe SR &
T[0T SEH T b e & ¥ | e g & gua A @ A B
F I & IHd U9 H @2 W@ A B g T B STHT B & B
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T 9 % AlE I Pl A W@ Y AT I, FHRd T MG TH
& I 2 | YRS O & SR I1¢ a9 ddh HUST W@ AU ar
IR T TRE & Fedar & 1 ff 98 Jd A dr 21 T a9 q@or
fIoTell & YIS BT A9k e H g B & 2

T TR U | IO TS HISH B EH HAT: TG

1. frame o faRa-vare & 9a9T &1 Jei-e b YR S9E &,
IHF! forgd =t a0 A gF ¢ | (T, JIH 9, TG IR 98l 98 '
B g & o ST F o1 & IRt b fEg-gare & faeg-enaer gn
ST ST ERATART T AT 8, foras STe &1 a9 dear 21 39 ar
Yo UETel | ATIH Y T SSHT-FTRT thebd Yed €, T 9 2500
feft 9. A% AT 9¢ ST 8, o HB U SeT-Sol 59 A & '
Fott # fafeRa et &, 5% &9 99 & 91t & w9 H @ ¥ | 39 IR
T & I B HOu-FHfET AR FEAT 31 Tel & | 9 T8 Jardr S
TH & SHFISE & T | Te T9a of T & | g, T e o
% IR W A fIEd-ehTer & AR T8 A A qehelT itk I o1 A
& 3y & off ¥, W gd 1 AT qohiash & T 1 G & Sy # off o
& S @ HUST A AT & | 3T T gI B A9 & A9 a7
STOT? §6d 93 @1 HUST IS ded i ST § a1 &1 & Sifadiio 9
AT 2, A 399 a7 BT GBI HE F JSHIAS & T2

T T ¢ o FE-Sett &1 Uebter-Sott H qRace dad qgiiedh
gRade 2, (afe sifaier onfe ured 7 21) | 38 99, w5 a1 o fohdt off
Ugref o YIS i TRE UIGAfeeh & AT BT | AR H el o J9T &
T ot faste grr w2 ¥ | g o1g gaes e @ Sode #
YA AR § I ¢ | THH Bel JuOT H1 AT TEl | 9T I STarTerdhar
% T4 W & W gh o |

S SR gehIeT H YehIST T IOT FHE @, W AW ARy uiRar fiae
&, TAfaT Ye1eT SR 1T U T2l € | YIS 0 oI 39 T dhad I
% A AT € | Yot d e 7 faea-gee a @ A4 e | e
SR M ST SR T 1T GIgiiad & & | GhieT § aTedhdl w
TOT BIT AT &9 T Teh1eT 9IS & ST A | UHT A1 39 3T H 2 |
TE

FHIST ST & | Afe qaie &9 H TH & ST 31K AR bl
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T U ST A7 S Gehal 8, ST dhad TRE BT §, SedT T8 |

99 16. “Tod | wNiUT {hamoe § 98 & Sial 6l S q
T g e Bhrae ot FE St €1 it 39 Srerar fhar of veR &
St & ot SrerET et SRR H qenfe HHAST a8h & ST Sd
1 TR | UHT IS G H A § | TS @ 39 qMEA BT A T
ol kg ARy a1 SRRy ar e Begir (99, gaed
2/3TE93 3/4F 17) waad {o geil, Sia g & S Higed YR &
YT B & SRR & € § bR € | g e e s & fog
AT T B 1 T, e, B2, NI, Wiked, Uad, 3T, 8, Jd,
e, TeR, 32, B, HUS, WR, HE@, G4, WA, T, @,
THITET (= IS ®9) B 3ME 1 310 S8R & & § afafda &
2| 399 e Sia IO B g faetE 3 & § | sife & S T,
weher anfe fafaer geref @ oo A E=eT I 9 I B 2 |
zqfaT fha™Ue 3Ae § qOHE Sial &l ST 71 Tehd & | ard |,
YARERS HI SUGF a1 F & FEdRE e B qdear s
F & 0 Uk "ew & S e g g0

TR GIAFAM & BT G ASHIIH ATl ST & forer & eherer
FAT 1 Hicrared fehadr & 6“3 S =4, TomeR, St & SRl §, |t
T Frerar e H SRR Sid & €9 § IO~ & Gehd & 7 T69 I8
e Y TE fepear {6 T S feamave & off S & "ad ¥, 9w
&1 SifeRiTe 7 el | a1 df g2 @ T sifteeetties sfa @ aife & fag
ST Al e, e ufd ved e @i | SE A & faer e,
dhel 3Tfe Saameiia qeret § off stfiaentiaes Sita &f 7 9 9 Fehdl
g, 7T aifemias T & SRy & dadl 8 |

qrad I8 B3 foh T4, TR, B2 A BN A9HE & Sid T IR
% w9 § i qRafda & derd €, et d9wE #i Safd & fa stayaw
AR gt G B | G q% T 9t G E Brdl, 9 79, Ahel, B2 MM B
ATHE T I Fehdl | AT ST Terel & T 0 &dT 8, W o
T HavA (38) Foram ot 72 & a9 q@ 7 faotfa weref €, foeg @
Tra ST et W& AR] B 8, sfaemsiia gare i T, wifh
ST TeTd HagEE & U g €1 S Saameie uere € o
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Sq @ ignition point' YT &l BIT, TEA-TRAT el Y bl 'S &l
(3fferfior) 1 Smmgfel o smagae F H 89 W & F SaeEsiia B g,
T & qMET T SoaeH S AT € PO

U 17. ‘T G B A § o feEaeeiaslt O T €9 9
Fed £ foh Aot:-UeRIRIRF AW | (5/24) S1id dee™ (=< &
ST M) SR SHHT YT (= A (IT) = FHEH geb1an) T
A ARG E  Te I § | THT I | df A YR G & 8| I
% AT Y W STlT YRS & Hadm & UET el qET S Fehl | 36
TE MEATAR, THEAR, FIHAHAR a7 G5 & FER 6 &
TEE qE (AT T 1 aed bl GT-TH ATl w awE qel
St we & fag 2 217

TR T B AR F ARIEREATITER T T JIHm
3R THE YIS I U~ UhdT AU e & | T8 UehdT aE ¥ |
RT3 Jeb1eT & QT Gl & Jaiesed 1 vaim & 39
STYET & U &, AT A 2, 7 6 AR R yehr U € | awared 9 g
F & g1 BT G I T Iaqrn & 1 3 fave @ faega =4t o ues
28 & I H &I AT |

79 18. JAARA-FERA § o WEaganien | #a1 &

‘TEI FATECT-IEE QU AR |

TR ASHIT JTHEOT IR W’ (M. 121)

T YR G dIeT d9hE % SUANT Bl IOl & | FeT, quT,
TERTIST ehTAT, THIAT BT, TehTT SdTie Tey § 79 & SuarT § |
THR Ig S SUEnlt e ¥, SE yen faeii-saadEier off o
Fraf  ATET U g Bl € 1 39 YR d9hr SR FHEm e &
T, W, TE, B, TET A TR WES, AT H FEH B H
FEM faSTa- S bIe Feila 9 e & g Bl & | 7 faea-yena
T (I3 51) § TATT SR ST T&T ERT TSh FeT &g 2l & T
T TSHEE H FROT A1 © | AT I HEGROHE & qd H
Fentae A H SARE [ w & U @ 2

QAT U e © 6 o aeg @1 e et e dar & s
ugref Pl IE qE] b @EH § A HEAT AMCY | S B Tl el i@
AT & SHH ST & T H TR BT AT | TS & @807 S8l @ oo
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g S IS &1 S &9 & WIER BT A0 | JeeheqqIHieH 7§ ‘A g
fr o w1, PRqarEmit? Teor wond’ (3., 9., . 304) 36 YER
TEA-UI-YHIIE TS Bl JSHE A & 0T & H aaqEn T 2|
(3 = et # I T  gfqure 2 ) wed § frEg-uesr §
JSHE & SRS &N § H GRS, AT, TEhd df WL & H
T B & 2 ) zafie ¥ dueE Sfid & w9 H & Wi 92|
AT TS I LT & FAG & AT |

T FRA-AE 5 4t IR e | o el & 6 st
T IR & 30T sl & 9ed § T Bl © | I T I I TR iaeier
T IUTAEAT IO (. 44 ) | 79T &5 = 7Sl AT 1 37Uem §
Iz 1 gfad § | TAfa AR T, G RE AR ST
& UH/A A&7 el feard & § R ot e (ST & dR Wi
T T, S T YEhIST, ST, JER T TR, FAYHI, T i A,
TEYHI, AOT 1T IIE) A ARY e ita & @ | giad s
2, T8 S A9 qek WEY el & 98 9 aUeR ¢ | fheg 36
SFaTer T et # TR, GRS A AIHE S b A&7 o hl HaAd
g I a1 g WA H & SHEER ¢ | ST @I & SR W Aedd
TeTef T YT MIa e &l Qe @aen & 2 S |

ZAfT Fae [ & & SMER W 3ol same i e &9
H FAT T GAEH B UH B4 2 AT AMMey | Fifch I ar S
& Foff yaref 7 TAFEH-IeA-gg weT ¥ & @dr &1 a9 R e
S T gEAT SR S B Fold el A ? AIed BT gk faemef S
2 fF H,0 = Water | = & frgra & STHaR 991 & &SIt &1 §2,
Fefel a7 BT TS Uk U @ TEe URaT & & | 3R | uaen
FRE ARTH § AT AT & W@Ed § yaffd w7 st faored off
Y A3 & S & TR UF qXE 4 ol &l W< &l ¢ | 38
e ¥ afe wa= faan fohar e @t St &t st &9 wei /e | faem
% aTef H STEAT WIS % A (4G & IR 9 af 5, A S
# a1 Sl & s werty e T8 e Y

TR O 9 | G, ST, TS, AIH SR AT
% S & DieR 6 g, fhg 3 & e ee-aio 8 W et &
ST E 1 H,O (T SrefRord | 8l a9 a6 Teid 8, IR B 0
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T foftar &1 9 % H,O &9 § &olig a1 fofia srawem # sy 8t
SATAT | TAfTT Siae & @&on & SMUR W Jer yaref @eiig a1 fsia &
ST & | AT AT § Hola SR A del uaref s & S |
TRTST, IHT, STeehdl TG Fold AT o7 & @07 16l o "ebdl | & had
At TOT € | ST JepreT, IS, qMEdhdT B gY | e A
SAferd & 1 gt o EieR fRar & iR geueTer, T @ S anfe
YT R A & araeiE of stfer €| daor 9@ B g, S v
I H I B Ul a7 | A FET qerer foRred ware # of &, O =9
TEIT & He Wehdl | ATAME T4 STTeAT &0 Hel Sl & [
e T bt A", T BT GBI, AT & A g A A0 &
T [ & ST St a7 foita €, @ e R Siem W o™i
e It | G e e G | o S | 6 B | | o | e M B
(fos=) @t aferrar Saa! forg wafa & &, Sga! =@t &0 &2 9% & | Sad
74 AR A 96 Afed TE 2| TH UHR SANHAES dl |radr &
THEAH AT “TEOT TE bl AT bl TR & TehIST, IO, el i
anfed S & | FEell ST Afey, ST STHaE Bl W TR &
q FH TE e |

TAFET AR AT & FE0N Bl FHAAT AR STHAAA AT BT
fageror STEd & | ey FFER & YR W 2 I8 vl # Fear & 7
3T ueTef A © A1 el | THH A A1 GATed @ ad el Ay oY 7
wigartedr &l | 2500 a9 g S Refaar off, 39 MR W &R &
ERTAA R SN T AFTES &5 M dehar & | 9 af 24 78 Rafoar &
aRyed # FHET HEAT SR 2 3T g 7 ARG wied A1 & Aa, af
FY Tg oTa w o wted & fawa § fafe-fage @ gfqaes smm
| TE YBR ST & fau § off qHeEn e faser @ anderr
T FHHHL IR B H 41 SR e ol d@ qgad | e s"en
FEANT et |

S B AT AR SFAI Bl A B AT, JIHT A T
TAFEEET | T ¢, o9 of § €1 ar # yaed fagg-an e @
ST & Wl &, ST qh S STAT Bl kAT P e o o7 Iuga
TR AT A2 A | AR 1 SadsIde! &l Sugdd HAnT e 9X 3ueT
FRA & forg off & H forar S |epar €1 39 oMY ¥ 9 7 Sardt 8, 7
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UST AT B | SAEIAIST & BRI SUANT Bl &, St i Ry @l fohy
S|

T & MR T T SAFIST Bl A g TEF fobam o Fapar |
e T&, T, YIS 3T SIS & @& 7 foar e df e
ST Wty S ST A, T T ¥ | A ony-ar wrfefy §
& 3 HEt H IqHT SUANT fRAT AT FhAT &1 9T At § TR SUINT
HA TG SAFIEIS T AT 8, T G o, T T L & | TG,
AC, Bh  omfe ¥ e 32 Yar et | faega-Stt at Tf-Sotl, eaf-Sott
e & qRads e ¥ | 31 @i e | S G T8, 98 SedErel
T T AL BT & SId SAdIEel &l S & &9 H ®AARd f6ar 9y
(& fod & 9= & &7 H), sr T8 |

U9 19. “Tl UF @A a1 AW § W@ 9 ¢ 5 B o awg
9@ § T ¢ gt e & a8 T4 T8 @ aehdr | B iR o
STeTRep T % Yl & 9T & | T g geer it 27 a1 e g
Il 1 U SAagFd 998 &, TAfay aof TS JEure & qeri § Jad
B & HROT faEq-uehTeT digmferd & UEr ©ieR Rt ST qF o s\e
foyoftaar faeg 781 2t | zae faudd S gaurat 6 9o | e 3eer
fFaT? g% 99 @M BT & | SHHT ol oI &1 & qehdl & | ZafeT Jet
ST T BT AT © A

T YR T BT Gb1eT A1 fetta &, fobeg o &= o o &
T\ I gq L N Gl N BT Wi TE aweware qEn SR
(ararfq == o1 wehten) Foifa i gu ot avsfarentd gediie & it &
TN &1 ovEl =iedl TEfaer geARE Sl & SgEaaEEd dl
TR 2 | TauTgs AT H SHeaiiRgRett & 9aar & & “ageang
FGRET ATOIHIES Jeid Fad, AT Afd-SdraRdha-ag-
TN TA-TE: T SEaaAm’ (08-23/3891-2/FF-540)

zad fafad 2ian & % o=, e, am, T, S sante &1 gehrer
ofr STaamder &, Seid--THeH |riel | TaferT T Yehlisrd AivT geTe &l
off 1SN QTR & S & SR W & U 9@ &l & | Taomes &
T UE AU AETR YA ST T (1/15) TET et S
ZeTte uir qreY yedie ST & 9 w9 § qar 7 | gqiie SeE
AFT % ST T IS § Y1 Yahe Bt & var (Afyad g 2
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TH YR HIET AT T 4§ G & TR H QihR 6y @ ar wel
ol YeRIST e AT Fehll | YebTST FeAfTE ATk SATHAT o FI9W bR & T
YU BRI & T AR o sfsfiaiemrame 5 gHfvad seEm
THTT ERT qaraT 81 & @ I I ‘uETenierfEaRg
SAERTaSTSTSSiaHiEar (3. FEf. . 118 gi) |

FAYHIST 100 gfaed ot &, fhg a8 Sl & Mepaan & @8 ar
ISR TollT G & & UHT 9q9 T B0 (M. 44) Tpr F o
TR TER 7 W T § Iq@T 2| gF b X 9 fHebear gom
T YISl T GAHSATA YL & Al & SAAUAHEH & [aaTehied Bl
ST ¥ | STTAUTHRH T 9ed GAHEerTd Yedibr & ofiat | & 2rar 2 |
g TEeTg A J off TaafRgRol T e s g qam 1 3w A
9= ‘[EurRe WIFATSEIAY JREERTaREa (23/2/540 gf)

Soufie = feita &t 7 &0 g e o fow=r € 71 ga @t
BN AT TSR T8 Bl | T T IR F 519 & T T a8 G Dl 897
TR GhT & | IR & Tl T I & STar JER H WH &, T Gt
Shifaa TR & &1 2 &, ga iR § 78 | zafere F S @ & e )
g I AEAREES S ATl § o farwEet T A SHaR aaqe
& SIUSHT HEWERT AIfoEed, SanReqsReRIgarad Hafd’ (37ed=-1,
e . 118 gfy) srarfq g@Er &t TOH Sa & 99 & a1 T8 e
T 1 Sa & YA P a8 AU W@ & & | ik 98 Shagdd SR § &
@ i e 2

Hﬁmwﬁwwﬁmﬁqmﬁﬁﬁriﬁﬁ%ﬁ
oA, JER AN fe@re 3 a1fey | STarETee | it
qr W T H TAEl & AN ST RO
AT (T STera-Tgfem . 118 Jh) reriq a4 SwHRem
ST % YIS & & SR & | I JIT |IA & g W &l 98 a
AT 2

T | AR T8 & U I A1 9 © | o 2 ienyeat
& wigd & H Iureaas et Tere 7 e ' F qanmr @ F
‘gEICY AT GROM: | 0ger:’ (FiehyenteT, &-5/7.182) SFefq ek
H Sd B aTell ST Y e Sl @1 aikem 2|

WG 2R & ot SAvaRagRaft 7er 4 of &1 2 % ‘g8
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TR TR oG €sl: TRl Taehest: STear
AT AR AR AT PIATR TR E eq i erT &’ (9.9,
13/329M-4 IRT g5 607) |

qaaq 6 ‘wmeni g/ fagfda sfide avg @ el & ag
Afiepra 1 & wast fopar AT AR P A § | v e e 6
9T [T g0 ARTERE & JaM Al YEHE IS Sial bl 37 gl
T H BT & ARG B AT 7 2 AvaqRet 7o & Suga
9T ERT Wierd eidr & foh e H et Sl &l St T T ST el
T THH TRATYTHT AT BT YIS FIF BT & SAAT LB AT H & a8
N

el Terdrsl qrad g8 € f wmadgs &0 e ®
‘gferdTgEITATCeasiam... AT ®ed & dad ‘JrrdimeneensTyemr.
. AT 8T T4 & | SEe ot g% gan {6 fsia g % gt Sor
Tasf et afess Aol gediehrar gefe Sfrdt 7 IoT Tl W § BT & 13|
YHR T H SIHT H A AT ST Tl FT S S & ¥ S o
& AT & & g8 IwT Tl S B & U faeg g & 1 29 9T st
T ST S 2 al ‘WA e TenTaeuara’ T fasraoT gedtem
T AT AT Fhal |

T BT T BT AU B % T H AEaara MR Ter
T AU geg It | ‘ST IqHEnh’ (15/48) UAT Fehl T H S
IWT WY FIHT H A & I IGHIART Bl & T8 It ‘Tel HiE
IO TS IRATT 39 o YT b7 ST & U g foam & 1 qar a8
AN T gREAgEE’ (19/50) T€ FERt Wb H Al EHIGE T
A & T8 YA Siat Hr IuT Wef & UHT a9 ¥ |

TGS | AT § HAEnRgRel FeNe 4T Ry
IOTAROTHI Sqaraaser (98-9, . 150, I 225) T8 Heht ‘Th
%0 T g8t @ A 1 uRomH B U giad e 2 ) gay R g
for T @ w@rfas ST gedie Sfat wr e F |

WA G & 10d ITTF & TAL e Dl AT 7 STHasawg et
TR o T el & foh “IRhTon Jguuraarst ageraeiaiey’ (3. 496)
ST X § U & % IWTAT BNl & | T YR YeARA SA1a 1 &
& IO uRem | B @ | fheg S & @edn foer ar asi ser
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wgi-aTe Tt & 2 |ehal | TE AT faeha Fiad & &1

Tel UF IR a1 HAT AETF & fh Wi # ‘R 9 WA
AT 7 T ST Sooaier dafT THIAT ? HTelaTs ! e ST
e e Tl @ A @ Fuas, 36 T 3w Faas, 9@ i = o
s afe afé 9 of O e W SRt e aHEr (S
1/10/380) THET e ¥ ST T Weh1aT T &, TE BT GBI e 2,
A T TUTAT & TAT 0 ST § G AT R TR Gorl b1 ey
fohe off T foeftar &1 U werel & &9 H JAIQsar B Sword {haT T ¥
ey ferotelt geonfe fopelt qart watel @6t Swera 7 fopam a1 afe faotedt
TATS vare Y feita 2 TFTaET il a1 WG # qas1 e
J SHe! eer s forar & | weg fastelr sente @ 9] et g
w7 ¥ I e R | a8 91 e |

3 U A, doedr a8 g ol deiasar & gl wl
UHET Hh BIS ATaT dl S & & | 9% dd § | af Jellaedr sl &
SR 7 & Ao @ Bied arar siE, e e gwe g 9w et
THTST-TRHT 3Te I B 6 | T 9 S & HehR & (o1 af aed
H YeRTST STErAT T IS bl YaT & Tehdl &7 it ‘| IwT gioms
ST & I & IO B & U ot B (JRe-59) SATERT A
% AR @1 ¢ | 6@ § A I 3 &l Wi SFerar T2 | gedi™
FIRE T Wity BT ST & GedT Tt 819 31 g GITaT ol & & 72 |
T & [ 7 Ted 5T Y™ S o a¥E AAU-ATHEH HT 3ed, Tar
T, |07, T5 o [ A1 I TS Bl TXE SeId-ATeRH T 3ad fohat
aod H & AT | TafeTT gAY, TR, T BT T TAIE B
TE a5 & YepIT bl (oira el /T A1 §ehal |

STAYATHRH, TEAAHRH, TAAIT 3TIAT IOEAHHERH & ST
% far o fordl 9R & A1 TEH-TRIST TATfe T It T & B
T ¥ faw foemmiommerg W, gerer e # W TE dehd |
(g & smmlag W gEN B UH A S A & A
ST faorel off e faemamiommeg 78 21 #=bie 98 g=ao,
AT 31 q ANH & JJAR JSHE Sa@ed e g f&eral
It H Sfia &1 g of afnfad & 21 e g ored a9% & 9O
e | freafom ga ( + UTARTE) ST Ee ST 0 € I
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RIS fatelt genfe @1 |ffad @ Sfad & 1) o= o 98 79
% YA & [T qTAT] T T X T LA ATed &l aee HivEd
THI T T H ST 3T I &1 A SR T AT AT SR BT
TS | foheg amfaear I8 e & | Taiay RS § IwTegst AR
% I&T AT dIEY ARAHE Sl B Sl q8 @ER BT W@ | FHih
‘TOT-TAMEATTRAICATE, A’ 5 T Jeeheqq gl (HIT-3/7T. 2146
ghy) & T FIER SUREE THEH & Ied § AR g B
% W 9 g B0

TR T @ B GAF 9T % qE TEIT § ST TR g @
T % SR 39 fawe @ faega 99t W oge ¥ 98l 98 ' f
T ot fF areq, oo enfe @i anfe Jafas du-afom € s
el § 39 YR ST GHHET BN |

FEYIH 1 I8 qHST & fob A0 Gite & qoAa: ar S AR gg
% fafqe Jart & & Tadt &1 99 299 & AR S SR 9t &
fafaer Samm & @ @i fafae ger &1 & | @i & 56 fafaesewr i &
gfte el AT 2 | g 3R JEiTel &1 GART STaearufdes (qafads) 2 |
HIRT A UBR FT & 1. B, 2. IR, 3. SWE | SWE  STER, aTf, 74,
TEZATEM: 94T ST1E IUHR Akl [ TR T =) &9 Jie &l
Tl et # Sfa ofR geura @1 |anT My a9 ar 81 | AW ar
T T gared g T80 AT S AR | A AR g deed &
TS & IHT U4 Geh1ST & foT0 ASA T STIAu-ead a1 STHHeRH Hel
T RTHER & FepdT &7 S1d & S ATeH 3¢d § STl 8, 98 3% N
& T AT & | AT & YT B YhIT 3R IO Bl aret o
& AR T HY e AT a1 & & ar fhY Serrier @ ufear
T I |l TR &9 gATas gard (97q) a1 geEemias S &
BT AT gEd A S b ¢ | fIed @ S a9 aw T @it
&, AT FT AT H AR 39 U BERER 9m e i
&, 1 R TIean | A & ATARH Bl e RFHER JHT SO e 9
S 2ef faremr aftome & st (fsffa) geeret @ aiRoms & @igta
T @ 8, @ Y o0 fau daq Sfia & & 969 FHeR 991 @i %
T BAM?

STEI-STET S T SN @ ST, & e & &9 H &, J8i-agl a8
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TEH HT 32T @, U Afvur A Sea a9el w1 qHEE Ay |
foheg Tei-aTel qEd UF &9 § ¥, g8t 5 diguire uikeme & wier
AT AMRT |

S 391 % STER IqaTy T i YR & RemHT § IR i)
fisr afRRonst # SR w9 H S @1 wg 2 &, o afae aieme
¥ S ®T § daq Gigiiars IROHT & BRI BT § 1 S Sad
feoqur Hear 41 F gEFarT It (I 128, 129) & i wre w0 &, I
A T AR BT THIT & I UG ST Jaaral T47 § | T2 3= &9
H ST e Al AT ST el | 997 H TR ST 3= & 9 &l §He
T ST K Y T, TEferT gerT ST @ @wer e & drgter aRkent
Eaie I R | B | 0 M | B e o)1 e e o e W i M e
SR faTelt & SeTaeh @, 0 off frsr afome s anfen | W) areet
@ AT JATgs qRoEE F W ¥ 9 R S et aRerst
e A | wEl ST §7 YedeNE | A Jate a9 dr g §
= Jafes & W T 2, Rt T4t ' e g6 2| (FE gET W,
JI9 THMT)

zafay a8 fam aqarr stra T2 2 6 T & 2/ 9o B9 W
& qET I MG HET F |

U9 H I WAl 1/10/380 & e § T & R Sria qEel §
@ 98 QIR & | AT O 2T o ST e | et & 780 © |
S o O % FHES Al BT g % &R gel-gaer JE S
RO SEIE e & 17

7 Iwrg TE & T-Ed T 2|
s St qeeS | fom@r & A 0 STl At Bl § | 3d
faur 7 etz GR % wzee™ 1 aft & Sga s@e dgq T §
AIE Fa FAT g, O 9 o [T )
wTRiead g ik, I o Aforfa e 0
AT I TehIeT B & | 399 [IEq &1 S el &, a8 99
Tel UTEfiTe el & | g o & § foh St gEud Weer e &1
T & BRI IET & qob &, ST GBI BRA & A€ b T A T £ |
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eI, AT, IEEE, BT I 69 YA & AT & |
- -E - - G- TS TATA G =S |
(creaefenfeisr 5/24)

WETARSSAIAT Y&l BT d § a1 |

FUURETEETET JRIATOT J AFE || (SAECIET 28/12)

STFIHR G 1 T & | I8 S1d & ERT IJEId eIt F-LHR Tel
AT | TEIT GG 1 A&7 & | 98 S % BN IJerd Bleht YebIal I
%, 9% s (W & & | IETal & 9RO Sig & JAET § 9 8T § A
@ § o e & 1Y

i Ia T BN AFT MU, TR a1 Sl & aaqwe e s
SNt &1 AR 9T ST e oY | S B & Ad S99 acE Bl ard
TG fodt & ¥\ {9 S gaer auie = @ fear?

997 20. IAFIATET Bl FSiTa Id 9T SN UTS HiA-ar 824

FE5 COY | 0 oo M e B o s e B F B o O o i s [ 0
ATHE B, 99 T S & 6 7 fnlta fg e aren smm ae
FIT-AT &, B T B2 T UBR e Iarrder fetta e, ar adst
BRI &R FE 91 S H gfauried e o (@@ )’ T as &
gfcraer & =1 g8 T2 et o Gehar & fh “afe seadiEer gelia g, ar
I H I8 qe S Yiauiied 8 Sar’ ? 39 UhN & A dh-ads O
T & fRE TS W UgT dehd &7

& ST foma 3T & I8 T8 BT 91T {3 ST § U -9 9
I & Fofeieh ST WX I8 95 T STA foham 511 | foh Sereririer
Tl & a7 Saae el Mo 8 |

T U & AR R ferea-waa e (qEe-Ter
1 faer § o faaae fhan o, 9 3w smenfa & 21 (39, 9o 9T
T I THM) |

T fqemem & aRbea & feme-wer-mef ofT Soeridel @ q|mar
g e T BT & T SRIIST e Qe o Hifeeh IO & | S STt
# fre-wer-wel & TR W& WHIY] § 6 & i G i qaqrn
T ¥ | g 9T 9 & wewyel € o S o ofiR fas at  ad
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waTet T T § Re-wer-Tagl STar FOT (Negative) ST & (Positive)
TAFE® AT Bl & AT AT & | SHE TehT SR AT SAH JAT0T
TAFEHIET I fstta AT & fofe &1 Fepam 27 9 9 o SR ¥ &/ uror
% & 9 faEd @ S F EER F FGT AJG J5n T o g
I T IR BRaT T SR aTeRt aee & & g fohar & {6 @
dignfoes ofe fF geR ofia 2T 9ga &t @ 3fR &t wrofr =& uror
It S g @ Sof § & SHfad © | 3 SMa W FE W A Hie R
TE & A o Y T o H AT Wi AT drefed qRemE
%, Tt 2| 2 & fafeer aftoms eafs, webner, i, geaeha, IoT St
& w7 H B &1 ard 781 ¥ % T an Gifas Sot w9 § g6
& WIFAOT-EET S o Ghd & | 99 Jh SAddiel hl SamIoT
FIFAT ERT AR BT & RO TE PN, T TP a8 UIGAferh of o |
Wﬁﬁﬁﬂ'ﬂﬁf@ﬁﬁ"ﬂ?{(staﬁc electricity),a@%ﬁﬂﬁwm
&Y fogq T SffeRie SR Saamsiial qere & o # 2 ard ‘S’
&7 fErg onfe erae o # it 21

ueT 21, “ETifR SfafgiR aiRe # e deed & AW e
¥ | waeg o Tt e & At # wE off faetelt @ A ar S
el e | 38 faudid fosta @ Fysa | E6iia 8 &l Seoid STyt
7 fegars Freesel’ (W 358) T gl @ qun st § faegas
Fregas’ (. 36) 37 9= 2 e & | st Rearen # gt
frraaEfs  fgemieant Svafien wafw (. 359 gf) qan MeFyRaearen
# el SR HeaiiRgiRe wera 7 W s ' ol | foar
& for ‘Taggent-age: deeern femaa: @i (T 42 gf)

SISl HEwd &I U d1d I8 & [ ST A ad 5 Felhd @l &
T & Uhad X I8 SANDE & S q91 3 &l el & A & 7
AT ¥ (9999 § qIX TP & A BT E I8 A1 AN o (o0 s
| ST H ST R N 7 ‘JETRA: STARvSRI:
A’ (1/16/163) TET AT & AT ARSI § ST T=aoIerE
7 ot AqERRYRN Here 7 gaan ¢ fF gEa: s@:foeer (S
1/33 + T=1. Te-1/31 gf) HGTq Thed @ a4 &U @6 & Tl sete
T g TR St B ¥ ¢ Ao ot S Rel et S
¥ aRuUeEgREl s qfF: (T 32) TET FEwt T dle &
Tl H SARADE ST T SR [FT & | qeeiaRgr 3 4t sR°EgRet
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HeS | ‘e s:foegia’ (3.9, 8/18 gf) UAT HEwt ST aw
SR Udew @ a9 I e & T & Hiaw § A ey S| e
g Uar gfad e & ) SEfere aet U9 TR @1 @ Tl B gEeT (Tash)
T & AT T TG F QA W@ G AT TEdt w g |

fiefEfa & o T &7 § ot wEagEniet 2R wer T e
o ‘szmmEYr agaeE, fRegaE Feesel (. 36) Stafq e @ i &
e T H fgEd § Wi A deeE B 2| oiatgRe § o o
RIS 5 ‘SEAREY agues, faegas Fesssi (T 359) T
FATIT & | TETAR TBTARTATATAT 7 ARt = ff ‘Feehmaantienesm
fgaifersa Jwafi®:’ (. 75) UET e I B I TRE & T WRT
F fead st qen fooilr sanfe Aeafas @i sifbem a9 &
T T Y qAT § |

‘T AT Foutiel AT SMARN, T T AGFEE (16/1/662) 36
TE WA & Ja-TaR Sel SR a9 § o7 € 9gl agse ar
T =8 YR % faE STER T e § A fom ageweet smferrmy
TS’ (91~ 16/3290-1/q3-662) TH YR Ia10 AR ‘Ag & fomr
AR Tt e Fepell’ 28 R & HaTfaeh Uehed A1 Bl goh TRH @le b
HETHT Tl & W H, 3¢ &0 WEl & 3Tl & Hed 9N H, e &
HEl & qL 9N | e A BT A ... AT BT G & | T8
AGHE [hE YHR YGeRM? A9 9T | ST ard arg & ar feare
TNfE T e/ afrafer/Stadie &ir € | Safay S au Tan are
& 9T WA B qA WNT H qEa ST (e onfe Ter ey off
ST STarTs & STeRle-s1eeha 7 ¢ UH) arg 1 ARad &g & 2 |

| @G Al ar fafaer arg & amer 9§ giErdr-sriErdr
TS YBR A § T o U T St fokier e Star ¥ 1 et
A qU Y TR (M) AR b g3 Mol H fhar W gBR § R
gferard/Sae (FehrEe) el & qehdl, UH a1g w1 gAY & qhdl & af
GrEel/ O ged § JeTae SufaETdl arg & 99T HF e 8 el ?

‘JEdl T T AES Shrhah aeior qarener (M. 968) Uar
FHER TIITARIER T A ot A=t 3 Sifiaae & ae
AGFHE FHT W AT AT A TS 2 | FAf T yER & g H 4 7B
fafeaa R & arg @ siftae 3Tk yar df At v g @i & i, qE
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% I &% HAWRT, I SANMS H ARMHAR T DepR T a1 181 7t
W"Mg

TR o, foefl qon e e i foefi
AT, STATE T AT, GO AT, S T AT, S9TIhlidh
T, TEBERYAT AR 371fE) H 3 S &, S0 ol JU0Taol, ST
e Sl # wfawfed i & w@wT & & qee o T &, 791 B8 f
T 2

JERT  FAraUerrid saar-farfed 1 a1 e ot & &1
# yfoifed 21 g8 off ot 1fi & awe & o1f § @i onfe &t que W
IO BN B

A AT D FIAR AT TR BT T3-2347 TR T3HE Bl
T § 31 99 TR % SMUR W AR & o1 YR gqmg E

1. g™
2. 3™
3. forsr

gt & A yER B 1. f9EE, 2. =@aEr

e & afad & W & 3¢ N W AT FR W B AA
AN ST A {9 lightning) | I AT Iehe M9, T,
Sqaeiie qerdf @1 foemar T SieRie & TE 4 Uk Bl
TR SAfRIS TET T & ¥

IR e i H S, Sarar-ied st onfe @1 FwmEs 2

forsr Jeepr # g (T F & fepee arelt et snf )

AT e § I g/ 9% BT WIS, dRaal, 9 gl ud
AT ERT TR & TE W Pl g ST aeqy qn I, Higar g st
TJSHA & | T G, q0F S5, e 2 & AR

“oT=T) SfIed, BT ST FU T fRA Sl @ S el S
el 77

A ST1EH, HETY SR G H S qE & 8, F Td 9A-gerad
T ST & Ieafa-siial & RR € | 36 99T I AT SR SE-aRor
Jar AT F @ma, AT F i SR sfF-ww # g e W IR
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SARF-5TET T ST T ST Fehal & | GO 4 S 59 5 &, 9 F qara-9ea
0 STUET | -l & R & | 39 UATq e A ey §
RO BN W S ARA-iEl T SR el S Fehar © 1

IR el ST FehelT B2

“TTTTe | T, T, T, T, T SR FEe ¥ O wig-wee
ST § GAI-STa % R § | SHe 9T e A SAReT
RO B W S AfF-SlEr BT Y el AT Aehar 17

‘o) TR, Trer St =, oI O, W, g A, [, ST AW,
G, T G, TG AN I TG T2 [ SAal BT ST BT T Tl &2

‘M e, =, A, |, G SIR T I T UOT-SiEl & SR
g\ Ty iy, T =7, T I, T A, T P AR T AE I 9
TIR-YETIT 0 STl TE-U10T Sfidl & SRR ¥ | SH% ugEnq e
graq -8 § IO B W g ARA-Sidl 1 SR el S qehdl © 17

“T! SR, @, AT SR MEY 3 foh Sfial 1 SR el S
qepaT &7

‘A ! SR, T, AT SR el QE-Taia-0ao &l STe
UhfeE At gRT o SRRy # uRerfaa of ®, areaq datm et g
off iR-ygrT ® aReria &1 SH® g9arg 3 e araq Se-ET #
RO BN W I AR5l T ¥R FeT S Fehar & 175

- § e o 7elus | 3 Gl & ATl 36 TER
wE

ORI STTATISH | IROMHATE ST dg@d STal a9 Targans &1
foremor % | 28 far=d 1 YA a9 SR e SNt A | 2 2 | e
Frade b ARz | Wi aRid Sidr &, Jobd 98 a9 au

ST & 1% 3rer o e § 9o BT ¥, 98 SF 9 & 91 a-nd Bl
T B 1 T8 A H Had § 1

d T ST aEid-oid B KR 9T, 98 SARET § IR 8t
SA-STa T R & ST & | I8 IAadt 991 § | I8 9ar-gaTe & Uh
fres 21 #E ot 727 U ®Y H FE A | SHE WA H YA qaq

194

https://books.jvbharati.org



Tfcrsfiet 2 | 56 FaT= & TR A ta-oid, STeR-sid, Jei-oa oY
THHE-AT & R ARG & HR-ET F 98 A 2 |

Tg-aRad | &M AT WETR S a9t A R 9 9 §
off faerelt & 1 o1ff & |9rT & gt & g Tor-fagw @ grgwia 2 2
TH ARSI el AT © | I STAR 9, a1g 3R A # qrehe o7
TE B |

qTeRs T[0T GEATILSAT & iaY YT 2iaT ¢ a1 STagdr & H? g9 U
I AR AR SR AR H wade 2 | AT @ Aq @ 6 e
TN B W HE &% THES IEATT] JoIh-Jae; & A & SR o Teronda
BT (ThehR) I FAW B 2 | 3F AT BT AW HqIIeE’ T |

e 38 wa w1 fadier F € | SR Fe § o afd ge & At
TRHATY] STERT-3TAT & U, T AT =7 T 1T 21 8 747 | GaRT uRerogsit
% e | U qHY &l °HE 1 AT AT 92 | b 9 A W HE
% T | 7 & AT ofR e ST=aX TEl aTaT S | 39 <@d & 89 i
UEA WA & | THIAT T B AL SR TR i FE AW S
Tepdl | HS-IEA] I TE qa\ @A 8, [ ok drg-ara H S
foz-va & €, I faed s1f &1 a9 & S & SR 89S 6 §9
aRacH & S & | 3] A7q & AW e §

S a9 § qArER ST aRem R w6 fag e g A,
T, T SR WY I & A € | T TN Y @i aet
U T RACH 2IaT & | e e § IR & 4 § 8 arar aiads
TR qREcT & | 9T q9T Ge-Rhel 6 g 9o @ g,
THiaT el fHEN & TRATOST | &1 0TS ST | Wb U el T O
ST & | 6 ATt & fau e U faga @ S S Sasash
T B

T G, 9T 7, e 10, FF 229, 230 H Stfaa gl &R
TERIST, AT I fohe YR & ehall o, Iqah! T fHes &

‘o) T IR 9T o AR I STAMIG e &7 SgEtad
A &7 T B &7 YA B 827

““(chTeirerdl) ! & e E 17

AT - ST I WY e T ST e & 7 Sgatad
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I B2 a9 B &2 gUId B &7

‘AR ! g TR 7 dSiaiedn &1 e fham, a8 ¢ S
A H et &, uned & SRt wred 391 # fRelt 21 gg rei-oet fredt
¥, Tei-aet Sas STt qed W a%] B ST B &, I B
2, T A € SR TR e & | 3/ YR I SHfa g W 9w @i
AT A ¥, SR Bd &, I B & SR e e & 175

Hiiar

sTrestia g @ i @ favaa |faa @t &1 ey o &
SER AR (agad) I ‘Tee @ fba & Rorad siferiier (3ror arg)
& T e BT TS TEhaT Bl &, I aul 36T & S

FaER g | 9 |t AfEar § 39T 9ihar S 3@ A 8 | 56
T  foh St T | a9 & & folT Torang & &9 ardr siteriiener
1 <& R (Fagae) @ U Sifared e 2t & 2

Ty qeE Y oS # o Stewt o | foedrr g3 uw W
T 3 erd ¥, gd: qE SR H & Bl €Y & 7

SIS e e o | A LU e A | | B A A
ISHE P AT T G TR & & | T 9a1ed T qeh SABT BT T
T &, O T Afad a9 & & | SR WY Sidio @ Sgfd &,
T T GRS & Fobl, 91g H ST BT T8 I AW I S & A6 |

e AT & g SR & GEFeaw . AT ARG Sal &R JaRT
R & &0 ¥ ‘Affaq AT & JETa & &9 § g M0 E | T/ IR W
AT W U% g WIeE, U9 IfE qar s ERT GO @ e W@ @ 98
T SAfeRT TSHET Fel TAT 2 | Hiifh T T et At & g9t § 9, a9
I | AR 1 GAT FIAT A7 | THH FE A A & o el |t
ST T qE T2 ST 8, T Al JoEE B € H W@ AW & | AR
afer BT AR % FF e & HROT & ¢ | T T I T F | At
TEl T | afe @ T & SEl B q9h T A, T W B WO
aferd o1f 781 &1 | S gd & a9 ol St & AT S § | 39 ard
H T AT IO AT AS N GE AT AL S Febal | TEL Tt H g w0
AT reIieres & SR SHE TR B aTet wared off dignferss &1 & sifet ¥
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q, YT T i él & | A € T o uerd @ehel, Se, [T,
SR o7 | S/ T et AT St 9 €, 99 99 A ¥ TR
fopu gu werel off atfer & €1 gF | a9 B At gt @ |/de av o
Tered e A T & & ©, AR Tal a9 |

e @ gE A1 A o A F W fohu o €, ot & @ g
T o 2| gaft g8 TH BN F @ 99 9 2, R ot 3 a6 daa
Trgd ¥, S TR e |

g areqd gaTT o 3 afe deed & Sfia i § & Hehid e
g1 Set = St b SieRdio At worary e &, 9t O sifad ® g
2, foheg Tt 22 sifedio 8l faacht, 3 Sfifaq w8 ® " & safg
T @E H M & ® F ST @ a9 I GG & TG b A B
qeqeh S 18 qGT T4 T Ie TT9-arg T Bl @ | 3 &Ml § U &l
ff T M W T AR & &7 § S ® Fel Gohd | a1 T Al b
iR dodr &1 SIfaE AT STUET § THST 8N 9T q9 e T A &
AT 39 AT dewE & W H qATT T & | HF AW G UEd U
ASHE & A o sifie 7 e w1 &1 J70e a9 e W, T
ST WeT G UET Hehd & WX AT & STHIE H g Siifad el ®
Tl | ST AT ZAT foh W T T I ae AR | 92T &M, 79 a
ST |

ST & ATATRRI ERT 38 @I AT q&1 A & q70eh 4
fed B W SRt 9dTT 59 qeg & 2 o #d € % e At deea
% T TET Pl WIBR BT & RN foh Afaa d9hd & Siia sAtadios
% ST H SHTId 6l 16 dohd | T el & AL 91T O el sl
T YA T U 14 &, ST SATaa &A1 Tad a1 & | -7 S gfaee
B T, A1 T 90T Gfad d9H & &9 § Idrar A Febdl 8, W a8 had
TH U ¥ b GeaRITde Sl T 4T & HeF R 9 YA el @, S
Fad AT H oTg HN @A & A T 2 | e AR b I Bl AR
T qreY eRTel ST, Al 6 YA w6 8 SO, e g9 At e
ST |

3T U BIAT & HEA R O STRiIo (A1) I Fehell & AT T8 2
zg fawzr & ffyadar & @ wed & B2 feaw 72 & a8 qvaa 78 2

197

© Jain Vishva Bharati

For Personal & Private Use Only

Had Tl BT TAE! BT & SR & §Ee H W@, 99 9N §
SIS &7 Jd9T & & 981 qehal| 9 &g & Mol § ff 9 9
SR T JAST &1 2T, T @le & Tl § SHebT JagT 1 [IsT TR
FAT &, T O 9 | fIsme 3R 591 39 7 af SR & & [ e |
3 vard ¥ e Y Eheedl 1 A9 §eWF E, fheg offeie ar
YTOT-a1g T YT SHIAT FEi & Fehell b Ae & TSI (Molecules)
% 4/ R e 4 SATRie &1 WAV Ui 6l & 9l | 98
Tt Trg & 99 weEate Bhar &, o amer Rafy § 98 e S
T @ FRAT § B AT qaatIe Bhar § STEAT @1 "ieea (H,0)
e % AR & T TqEfes Bhar B3 &, a9 @ 1 St &
e a9 g & e S an e sieangs & w9 H gReme
grar 2 | fheg @ ufkar of dhaw @ael Bl & | M| & o STEaT @
TAT TR e 2 |

3, T AR A a1 I &9 H Gert H1 e g6 SR w
% o 21 et & iR g T@ gard (314, R AT arg) 1 G e
AT | Tet a o e 9 o1 I STArRestt yerat # feRvot v off A
e TEf &1, had Tde W &l SAHT YA BT & 1Y had Wi gfhar
T gE T8 el | Ga STH-aa i STUe I THST Tod & | A
% Heg I H AR St @ sifde U w7 § A R a8 weden
AT o6 AT T gAT qE HiaR BN & B, T SARH-69 8, 7 faem-
T, TR T qoh-a9d |

LT AT FoAl-qT AT IRATIE (sub-atomic) 0T HT G ST
q 218 vared § off TR & oA € | TEfeT T, We, =T S
T STEET I, YehTYT, SAFLIAICT, eaf 3ME Soa-aiai & o geret o
Tas AT T @ FeTeT Jaer g €, foheg s ot e o
SATRATS a0 AT &, T80 &1 Febdll | SAfRiIo l BIght 377 a1g
(Arggior anfe) wel &, dr o 7 ffterg ¥, gafoe it s @1 G
H e T AN &b qaq drg @ {1 AR TE A, BN YA B A
U & BRI & STEIT Bedl B Bl STaThdl ISl & | 36 I
AT F qUIT AT WA | B WA B YT F T H ST B
TTUETAT % AT qHET el 2 |

ITAMRIF SeT g IR SISl 4T Hedd 9 S &l
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TEEtE AT a1 HavaT @ UGhAT & Ghdl & 39 9MEd W %
MR WX |ioRT qodhr IR SAfa a1 dregufer TiehaTsti s Jerehahion
ST F B bl B |

e d9hE a1 AT e d Uik § a (SIaiag d9),
YeIST, S et ofR i I ani e 21 o afg &g
T geref 2, fE 1 2, U YeRIsr | & df 38 |ied a9 i 0T
# TE 7 A | FET S faetel @ €Y SR faeil & dtes a9 & dr
# 2| fastelt & e # yga dle & ar [Ea-gare & HReT T 9 AT
&, T BT TR Y AT &, q°T Gall a1 & AR & aqre fHaet
SACEYNT qeref i ST & T ST UaT Y Fehall &, X a1 & ar (S
FATF &) § fIEq-uarE 9ed W G a9 W 989 B eldm & SR
YT e BT | i SieRiier 1 o JIr SE} & qehar | SHfay Jut
qierd ASH & ST IA~T i Bl Tehdd |

AR F SR

1. 781 a9 ud YHIr & g w0 AT F A9 o ¥, g o &, W
T digiicrs gl siferR & F

2. gd H AT F T AT aAfed 2|

3. AT T Fe & a1 Id §E T@ WA 8, W AT 2|
4. TRH qEAT I A ET AR BT TS B2 AW & G5 AT 2 |
5. TARRA WIS AT & F99% g2 & a8 1 & |

6. e Hl aaawﬁﬁaaﬁgq static electricity q’l‘ﬁWﬁ'ﬂﬂ
STAST ATl dTed, 3 foq ST ATt ared afed demd el € |

7. 7@ & ey faeme fferg T ar frafa § faa ag-gosa
(filament coil) ¥ fIEId-yaTe yanfed & a@ A9 T YbIT YaT &Il &, |
SHTRAIT & o1 o g% i 2| T SR a1 S faoredt & e
et 31

8.3 3. O &% AAR  “9ET H Ukl &5 3¢ A1 e (Ae-31awh)
B FIEROTAT ST9=a (reduction) BIAT &, SRIZIM T2t | afermy ot o
STTRATEST B1T & | Wl | 71 @I8 3Tk © a8 fas § FeO AT Fe,0, %,
IoH e Sieie Sad & et Biad &l Il Tehdl & | Wi
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= 9fhaT § had B & T B B gier dedd 9T T 8, o e
LR gee a1 Wel # At dedd & 7%

“THEHT FHROT & fh BB e UTH Bd € S Ied doshd WOt
TETAT &, STaad Rt & Tght 39T YISl T o & &il & | e
ﬁ?ﬁ?ﬂﬂ%ﬁ%ﬁ(refractow)’ﬁ@ﬂﬁ?ﬁﬂ]@ﬁﬂ?ﬁwaﬁ%
TfehT T & UhIST YaT el T | 98 o 9 # & a4 &l & | oY qwo
W G ST &, a9 B HE H Wl a9ar &/9ehdT 8 | |iel a9 & fag
eI H Ie A9 W HB TEEE TERAT ST TR 5, ST 39 I
T I YT ANE SAH & A1 SR T bl AT & | ST Y et
T FEd SR ', Afed At 9k O dEd & e § & 2
WE-3TI%h &l ATETT (reduction) BIAT & 7 foh T S & B arer
SHTerdTeRoT | ZafaT I8 R Te-31aeh 1 STaT =el ahadrdr 17

“Tq qE ¥ 9T el SUl qE Al dehd TE & WY g-ud
H qar 22 afem dee 8 2| I wra § off dier-9E | wer a9
ST T | ;S8 AR W@ g el T & foh WEl & Hed &l S
& i dSHhd ¢ 1 39° 999 aTdl w@ie dl a1 TRY TR & qied
ASHIT TE qATE TAT 8, Hifh VAT Iwr@ el 8 |

‘g AT T T A6 BT qrad debd & & § G el ol
&, 1 SHH! BFeR & W H b HET & ae bl avE & wHe W g v
HIAT ST FebelT & | HFeR & W & e § S Sff ofet T&1 &, Tl bl |t
ST AT T 2 | (T8 SR e 3Hifene geae 2 T Saw Sttt
T SUATET ) T RIS (&) & STa el ihat &1 & afe Jsae
1 IR & [0 U AETd 9Od & € H AW T 8, Sae-9g &
TR SAFAES AT TH WA H qarn & “arg & fa i @
Bl |7 -G &% W AMHE A1 BT a0l SATIEs & S d
afed e () & Afart & € | o Steriiee (841 a1 ror-arg)
T UihAT (T ) Tl dSehd Ul 8 & fag stfamar gofar & 17¢!

“Sg T N A T @7 ST & AT ThAT & AT it @
HH H fe (FR-geer) S YR 9 H hArTe aR TR BT TS
YT HYar 1| faer (electricity) & YaTg HROT AT [T STR=RE &
AT % (AT JTOTaTg & ST ATell S BT SEH ST & 1) 3 fan
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T & o STaar aed s1fed 2 8, 59 q Sae fhare qomEg & awas
H Rt S el g 17

Td BT AT AR AR & aRX § Fadr A IHl bad
i Sard & | T9-fhes g § o g qrorarg 7E 2 | fard e |
A yrrErg B TEé fear S

& AHMHAH 41l qae 4 IEg & q90% § o W &
He iy F SifeRdihd el el & AT e o omdar wf sufa § He
TIfer & it EraT TeaT 2, T8 S @ el AT § | it e |
fopar ‘qee @0 fRar & ¥ Amemer SitefiRyE iR geAfmar w9
HIE H I ¥ | hagE THEHE’ fhar ¥ Ay Sor #r sared
T 2

9. 2. J. 99 & AR, “ANH H UHT PHIE ITET T A
afer der H1 fTEH ToTary &1 ST 7 2rar e | R e fag
Mg ¥ T AT A o i R @ HATfae UToT-arg ot T SuEnT g
T EE e, SR, Sarer, JHT S, ST, ST, Fe-amferd o)
e et fed, stet, St e gTorenyg @Eard & €9 It
B B | WE AT AT ST bl kAT § St st i oy’ @b
IOl & HROT qGT SF& AT AOHA WA qaredt &1 anT
e & wRT Afed qedr w Sy @ Rafq o A ® )

“FE &I 3 AF & T ET | dle-ork § dle 98 a9 o aean
o1, foheg SHeRT AT |fxT G9RTT & ISR H A e & | FRR AR
£z 3 W 1 S faaar ¥, SeH o Jel 999 gu garef an e T
T BT G JSHIT & IATT AT & b Iqb T H Al AR
FI & Afad ek AT T 2| T & g8 w ol sifed deee H
JAET T E |

“zad TE Tepd eharar @ o der a1 aifiea § dhae gaher
N I T BA-HY & ! Hiod JSH el a1 adl | J1ordrg T
T BT U AE9TH I & | a1 o STa Bl a8 qqraieed Bhar & w9
ﬁiln(ﬁ

10. =F. . 5 oY tfers oo e g0 fo@r & “afe amoeng-g
FrATEReT § A A g0 @M H (S T ar e & 2), qE A & ar
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T AI-9TMoRT | TR I TG T 9 Yol a1g i SR e a1 ag &
YERIYT AT T&, Wk TE AT T YHIT GE UST FEl BT © | T8 IEH
ST Self-sustaining (FdTd) ATI-YHIY TET 2 | TE T ST 3 30T
& foeTa T, AT THE! a8 TS e BISdT &l & | T8 aTd T {He=n/gre
FAT T ST AR BT 7, A7 gF b WA F o 2 FepT 17 37
Te Uz atfery @1 aoft § & %)

TS 22. WA H T T FY F G i ATARE i T
H T STITEAT AT (S ATE) TAAT & TAT AgHE F AR T
A2 T E TG & I 0! TR AISFREI FA T
AR FA FU qAIRRAIT? AT ASRIT e dSahIT
FEARAY (WM. 19/3/763) TH GHR T4 BT @6 & W § A
AT T ATg T YA A g BN YHIIHE I § Sasad
g BT AT B H FPle AR fT@ens T@ a6

TR 1. AYHE I AT TS & T & qAT I8 JSHE Dbl
TY&T G&T & | TH 919 & of T2 Fag 2 @ T fagquare dee 76 g,
Fiifer fagg-yare Mfyad w0 & ag & g7 2 | fEg-yare § o seeee
07 E, 98 a1g AT SR & A (0,) B e e ¥ | At
TAFE-JATE T JSHIA AT AT AT ARH-T65 a9 B 2 |

2. S BT &9 WX i BT T Sk 9 U drSl < H g
AT 2, Fifeh arg (TeriIo) T gar Mo § € erar | afe e arg
T § A9 TE BT Fhdl ol IAH T b BN YA AT R gEH
el | BAm? foheg S dus & U Bl S A9EE A 8, 98 A8
AFEE § T &, T Al 98 b1et HiF & T § dqed Y_INd e g,
W g1 N YA ST GET & X A el |

3. T ANH-aE B F a9 Bl & 99
(i) s/ & &9 ¥ [IEa-Yare &l d9%™ F 7T A |
(ii) <% & YT Bl qSHIT T T AT |

(iii) TR BT GeAAT BT AT BN YT F TH IR T THAT
ST {6 SRT S @ AR TelET €, FEh gar At St & w9 H
arg a8 1 fauT TE

WA § S B SARMEAT B o1l e & | T TE SAai
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gfte § AGHE & Sl SIS § TSHIA & SN Dl TR ATeh
TaTEg

Us 23. 9 TR T SiRT & "l & g, <, e,
T e § S I YaT B & 98 g & SoMUR W I efdl & adn
ZEF B HH AT SATET AR 98 off F9 47 e et ¥ gt i
Follg AT ST FehaT & | fobrg Saagier § o foRelt ot g & 2
SMEYAHAT el L&l | aF e S o YR aolia |1 ST bl 22 SeM
(gus) famm df s it Safa-Rafa-afs fra yer & a9 &7

W= Je iRt Sfad TE & | ifh qHE YR @ i @ g
(T GUF) I AEERAT B VAT HE AW T F ) g s |
IO BN ATl SR w ION B ST Bl © | U SR
ferotell, SAFEI, Tea-Th19T TS TET JSHE & Sial & fog go
P SAEHAT T Ael Bl | Fifh T8 J& A 2

ot TerRERTTeEE T § o Prerell 7ew 7 Surizen gamer
(4/12) TaT FER FoRfEd oW Bl gE AR w9 H gamm g1 s
TR A SREgRR R 7 o R = ge
A (e 4/12 g T8 FeaRt Taied oif &l J& sAiese
ST AT & | QAATRE Haew e I H 7 = qameEr I
T Fma-Ara-sed JER-gEne T el ¥ (S 32 + gar . 221)
TIfe w9 F S SAfEE g & YR qarT € I e fa
& ARTEET qAET T | AAaT SRRt aeRen §
e H ‘gEn= fgeRa:’ (. 32) fard wwn i @ g
SARTEET & T B F qaEn €| Efae st ey, saagei,
Id & [AMYE § I B aTel YepTsT, Se-UehIsT &l i [-eHT
(IS, W T Tl A B MG TS LT B & BROT IS
sifey fag el %1 38 R o & fomr seer safy, Rufy, afs
TG feare 3 & BROT AFHHER faoelt aRe g8 AfEEE ST
ey g 2§ 16

TR Peemmed T evdwtas 9t § fom-feq s ar
BT el 2, T8 ST § Ui @ o et bl Jam 2 | SHedare sme

Rl 5 U et (AT ) -4 1 5 ER e e 1 B O G El | e
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T ATl faTE & &1 STebiefi T arell/ g arar faEg 8fY
TAFAIL & & H JARaN Eg-gar w e & Gug 9 ged @
BT o S Gl & | ] HAT § dF T8 {45 B ¢ o seeeer an
Tea-geRyT AR FE & A ffRees o 7, 7 faEq (Lightning) &9 S
2, T ¥ % SMUR W A arel Ahe 21

U9 24. T Ao &I A1d e & fF Sfragfte @ safa o fafy
off faftr=T YR & T &1 e © | a9 g, ure, gaes w6 Sragahdl
A o TR & fa@rs o &1 T & AR W AT, Jedl SR AR
TS oM SHTeRIS & TR W SAifad &d ¢ | W 989 Wi Jwmead
E (1) o B H § SifRdoH odr g1 (2) Safe wedr o 6 oF
ST Weht ST &l & | O & aTex &1 | Siferiior qafed A=
# B9 W o afe wed w ael F areY e S ar 98 #Y S © |
U F SRS 2 g o af | afe @ O § gamr 9 ar
T T T HifT ST % qAF T AT & | (3) Taih Hedh A SHaar
IO AR SR THIA GMT S8 T STTeRIST Qe S Tedt € | 360 TR
q Sifier &1 arad o g S FeRdm 8 |

TETS | ST T 6 A A g T E | A g it
AT FSHA St § g (1) AT, SFRE, duh, I, dhel St H
AR T Gl ATaraReT # § SEEE U & e J6T gal & SN 9¥ S
ST feehIT T Wehell & | Zafery J&d § ‘Serl g2 WiHal, SPRal
TG &% FUX IS BT 1 TG IAT W@ AT Al BB G99 | I8 F1 g5
ST &7 AfE AR & Ared § 9od § a1g Ugd @bl & Al W AR ST
% 1 | F el I Feb UH arg & HAS F1 Al g8 Aol @ el ¥
UH U9 %1 hIs STARI & Fel &l | Hifh T ThR &l Tgid & e
U TSR AYHA ART-IAEE B &f & U7 ST b ATl & STIAR
FE AT & | AT Gl BT § @ FY SR & AR W A B
X T G qEH ASAl I SHad TEl @ qhar? agr aer § w©
SRS & STER W THg 9 341 31 A i @l T8 qeh Siiiad Tel
T GHAT? U GHET T BIEHT el T | GHET T T af &t
TEl Bl HAM G H HA Ueh & BT A1eT 7! qenae i @ =
FTERGHT BHS T bl (A1 T % SR HSdl S % ferg o= H
H SIS B ST B T Al & | T AT Garl el | § &
g fafsr siteier e foreT et & | 34 YR Hider anfe g
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ATATEROT H RIS & ATeqH § FAAdl & | b ded & [haroe |
I BU YHI (= TMER JSHA) & 77 T8 &1 1 Gohall & (b

(2) a7, TR T FIRE & fTTEvE | S gY St & St
Gl &1 & dad AT o8 R H § U8R &l & 99 Rk & "
T FAIAT T BT YBR F qal ST ad g & BN AaT aod 7 R
Y % ERT ST SR et qepdt 2 | STUHT Fotaar ST T & forg,
Sta-Fafe & fofT Seauerter STa IR arg &l e gaid & 9
FE A T IA A1 gHEd & B I T aad are &
arg fafess e & W g2 oI stoe A g @ R o weER & o
FHE & T AL

(3) ZET YR B &l AN, Teieksieh WSl &1 AN AN Gel
AR SR A JFIH T H ST ST a9 Tl & | 2] e
AR & off T gfte & &9 9 o7 99 & T 2 | 8T 9 22
TN W, fhamve & I T & HROT, Gl &9 H UST 7 B d Ao 9
FEEYHIT I FSia TE FHT qohel |

HB WA Bl AT UE E o IR B o & foe sierie arg
TEY 2 | AT TAdT g2 AHE SIS & S T ISl W@ W gH
ST | g g H (5 32) B SieRiio fSHT ff ST @ "eRll %,
IHF I e fe@m & § | R o ‘offeriee & faer omr @
T S a1 1 H U aR §F 99 o, dT T&Id § UAT % 9 & 6
HEE, STIE, I &1 T, BT TAME J S A 3a Bl ¢ 98
2 ARl B | A8 ST A ATg ERT ST ST ST T Fehell
| ZafeTT 38 W T N g H ST AT 9 YT e @arg e
A W AT SR TE AT & EReT g A €1 W S
fotelt, s, femuayr aie d 9f (3. 68) ¥ 9@ SEn
gefed = fReeas i & | fReas sifver @1 staem st aemg
@ H SRS & TE VAT AW 0 STl T ¢ | ST
& STATET qE SUART a1 § o T ST AT S W bl & U
AT ST FHAT &1 A H A SRt oI Bl & a8t arg erar & g
TATAT & | el SARABI EIT & TeT SATRAITT e arg & & U 8
TATIT & | SARTT ‘RIS el e & I | AR S I el &
Tepd' AT el el AT bl |
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U SR A& @l d1d IE & o ATEIoH, AW 9iRE S9aT ag |
SIS a1g & YHT %B T HE AT A BT & &1 I8 a1
TSR A (REReT T R, 91T S, e garaer
3 STEHETETE) A & Je&ask | 2. @Y. o W& (M.Sc., Ph.D.) ZRT I
TE ¥ | T SIS BT NG & AT & 98 a1 T |

A2 ARE a1g AR 8 & HROT Rt ot S=7 qrome
R WE F IAFE AE AT JAT ThS AIRE Bl e A= ALl B,
ZafeIT & 98 T G99 d% 9o § JRIT-TRET 9IRE B ST B |
PRt a9 Whd €1 I8 9 e (9595 412) gEIE § O
(sfrreht) T, TE. 3 | T w9 A ¢ | 369 g4 (I 28) H gan
AR Famoe § SRT F @ A1, A 7 A, T8 o7 qed H A2
e I A1g N AR o faee & fagra & ogER o fae
qEI

TH YHR ¥ AR & # ST a1 AEgee AR AR 9 & arg
o | SAHBIT BT Gohe B H/STA~ B § FErdl B & | BIE a0
A ATg TE FE TE B qehal UAT A T & | HBA SFIA H
IR T A &t & fobeg oW & & offeiioe faer @@ & a8 39
TR YAl & | I YR Sel T & a8 ag ¥ g8 a9 wed
fohrg a7 TE | TAFIAI & AEAH & S AR & S1d IO SR
YIS & T H I BN & I A b forT are Y gl gar gfaga
£ | W UHSH A e, A ARE & AeEd § A arel gar sren
LIS, AN E6q arg & AR aF Teoht & UHT %e b & | U
AW H B AR, WEAioRre, SWatRe a1 giRfade T

T B

forst arae @t @ gel uw arq s e | e e fF e
& AR, 97 § W g% 21 & HROT aed U e & v ¥ A2
el | e BT I B § arg SUART & UET S wre A
T U o § 98 wedl | R SITMINER, ShHEd & fau ag e @
TET § @ T €| a9 e S | A0 g6s fou sy aEed &
fagT & SER, 9 & gfate {6y 70 e arg S S arg aet
BINR & & | o1 AR & T 9o YhIgT § fomErE 3 F g 9o
# arg faed B | 98l ARTIHER §9id d8hd & 30 e 9 fhdr
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oY YehR T STHIEAE &l 31T | TET I BT BHRT 39 & 179

IR AR A B AT Hedl, Gl BwS| § Yard Weu w Al
T & MR T I F8T & foh a/ Siterdior & famm off oty & g ae
% a7 &1 TWendl & AT Sifad & Fehd & ¢ iR argett arr sifi @ ufear
=T 21T ST 2id 80 Y 99 &+ § I8 316 %8l a |vd &Rm
foh “ arg AT Yehe H H Heradl B & 7 T bl T YOI gt
Tz ¥ o STeRT BT RIE STAIST & T | UEd 99T H IS ME aAri W
& foega ==t &Y g% ¢ | AR & e § R off uer @ arg
T e qgd Hebell |

@A A S I Pl FR-EA AT AR I ARG ol STedd
FEl &, UHT A T BIE SAUR FE 8 | UB A qed Dbl HeE A
AT & T & | e 3 o siferdior & foar o= &l arg o stdem
AT T&T 38 a1g Al Y AR & ATeEH § 9T | e AT € |
O U R a1 Aggioe | Ao &1 He-T-58 A0 H BT
AT SIS F & ST il HET S FAT ST &7

foargrs zam # fftra 41  SifeRfisr & SwoT SIq-faerd &
SHEHAT BN A AT fordm Y A MY 98 SieRiie %d dh ad &
fOhaTHE 1 STATIT? YRS & A SIa=-5haT el 80 T aed &l
TR T STEIUIT T& AT ?

I S AT AEEeE & & aed & fhamee B Ja § qerd
AT HF TG ERM? Saih F arg ek 1 9 ot 98 &

1. ¥ el & &1 i I | B
2. F aRR & HIEAW ¥ HiT &1 98l UEd el ¢ |
3. 7 3N, Ao 3nfe & T2 T oI JAadl & |

g9 25. “fagm df e @t @ feia dweat € ISt &r
RN FEH &, TegA-DNT B Ve (= @M ARY) Feht &, Tl B
YT (=9 ) FEHT SHHT & dl FI7 E7 SHHT SUANT T ohdl &7 T
s & U aelE-ei, Jea-3T9ed, Ug-31ud, T-3TT TRE d
AT gaw 27 fa9me grT 39 9l U9t & AT wet I e

aul & SRR aRads @, e R § fea-ufate
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Rads 2 wd €, S W@ §Ul 9T BT U TEl B qhA BT DBR
HAT B, TH oS & faeie &0 Sifeifesds AMH o8& THIHTT AR
QENT e 1 A o Io1d Tt W o (ewned o ud w0 gfte
AT gU WS B, A Tt i, STiit~=g waret & 97 & & |
2T ¥ HHR Feh qde BT adl b a STeHE qEe fhar &g
% fohe IR & 9p-2vs T 27 39 9T &1 g gt § @i e
FE FeAT-gArd ST T AN & 00

T AW IR {9 § WER FEl a6 T e 8, hel adb
FE e AU AT H U T ST A fawa € ) aeeg foRdt of farr
o HiiET F ARE T F 7 qE agTF & O s gfteahror
HT YINT BT 3T Uehiivaeh 3T & SMer W fowa 7 2, 99 7 faug
fogq & afaa-atfaa &1 & a1 weref & 9eg-aTved Sfe &1 | ST BH
fordlt forg w fasmer &0t gfte & foam @ &, o sae o @ &Y o
B I8 ([ @) FHIHOT TR TET qF 1 A0 B TIA H
® P, 3 T B

A AR § & 39 faug # sy o e fear er fR o A
STNTH-JHIOT ERT T2 8, 39 {Iat &f SHEwERiier 7 otder F8f 8, W
o fawat W emm § weear @ 3, % faee & g § q9ee @
HINST B | BIg Mafey F&i ey afed | |rer & {59 smamsti & o q=F
st # ffde &, o7 omeam A gfte @ e & # Fe faee e
TS BT 8, a8l SHH I8 FHERl THEHR w6 “as e
afteadsiiar &, Sa% faarr § fea-gfafes oftads 8@ wa 81 e =
Of T P YT Tl B qhel Fl WIBR HIAT & Hel qh ol 87

el qh TATAR-1 & Siaed &1 997 8, [asm J dhaa a-eafaea
% SiaeT Bl HihR T 3, AT TREET & SAad H TEl | TaieT a9
a5 & SR WX =R 4l & Sae-sTiad & S 9 B qdd
g7 W g, UM, oA, a1g & @ auee | afe e aenihe e
TET® Bld &, a Hl ST WS T IE Fal ak Ik &7

A AT & UF SR IS P YOl IAmt SEenl SHEvIEl
STETRR AT 3T gAY 3R ST & SR W faeq &1 |faa s we
T BT BT T T AT ST Tl 7

& 7 95T &l 3T AT S8% qHIET SIER e 9
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T YA £ SR 7 & ST et @l STEhR H H a1 Fed ©, |
B STTH-JETAAT 0 STYaT fIsT=-ueaan & &y & | 89 3TN & STTER
W E EA St aer e & SR 92 S8 g w A
I foFAT 2 | SIHERI IS qedt B ediht STdeeh (Fe)
FHAATA! & STUR G g &l T i (g & &1 99t w1 T8
g & & forg ware & fop wifvadt udf q@iwet & e & 9o gu faer
T ST I L 2RET I Y & el & TR T IS bt STr-siferiedt
AT & el AR |

TS 26. “T PrepTasTaTierd ST H 9Ter &7 ST 27 3K a8
off fIST % ERT ST T 8 A H1? T FATBIAT ST FHAAR &
foh 32 T qgaT A T & forg fasm @1 gewr o a2 fasm
% SMUR W ANH H e-Ei &l Sa9ashar 8 i qedr fasm &r
T ERT AT ST i ey AT §del e & TIEq Ioe & F
A 1T & FH G B AN € @ § | Safh e & ar ar
S % |Tee ff FASR € | fasm & ares feae o gam /i T 2
Al 3% BN ITIEd STl &l AIAThR &1 6, UHT His qeqrar |
T 2

U T [ b AT B 9 ©BR FET R 6H qags ff
I & YR W M | BFAM &G 98 df WA & A9 JIaR
oftertae fae @t e ST get | 3EH fagar o R wer | & S
Tl 2 |

AT | A BH & AT STTEAR Bl Hl BIERT SR I AShM
T el & A9 & TR BT TAR BT T Jigwar & Fae 21
IET I -SRI o 3R A AT ST |15 & IR |
ST, HH, TR, Wb, [ie | o= i, e, Sfed, 9aR, e, o,
TIRE | | UH WY T B A9 B GIUE! N MY a5 & e el
¥, SH® SMUN T FAsIhed SMearfAd STA-ad awal &l ATq=r-sa=T
Tg df e Al g1 U M0 990-9a1 S7fe &9 & Gl &l 9 W@
SR AT gE 1 999 o ®Y § gEtud Mo e H een o
AT & el Bl AT | fhET Uk UF AfRT #1 Sgan, 1 e § 3@
el &, I AT B | AT JGAT € | B3 g ghaana af fhe
Al i arad o @1 %ad Fas dIaRT WEwT & 8 WO /e 8l
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el B 179

T MM &l BHEEM B e T8 eal, W o faug § omm e
#iE faum-fde T2 wear, Tet faee a0 sy sEunen | fawga
WS BT FI-A-4q & 1T el as Sfad erm?

et fosme & & % U9 fadee =6 Sude & © ¥ o ameg
g5 & T T & B | S ST W &H 9 1 @it & feem
T 3 9¢, AT SO Hel A & Uid R ST B FHHT STl 87 dfeh
qed-4 UH faug S AW § A Hhd € H AT AT YT F
T AT & | STl Sl &R qel T i SeRAl 2 ©

WO T A AR, T EW: Huany |
giFE 9 I, T FRE: IRIE: )

“T AN IR & 9T T ¥, T iU onfe & Ui 3w &1 e
I JIRTETT &, THBN & TUT AT AW 7 et AT wiE fawm &
FFRETd & Tel, T JART § YA HiAmdelie Jaa W SAreiid
3R e ARt qet B qifa waeT w1 § ar 8, ar off 5§ uar
& yeslT T &7

A ‘TAFLEEr H faug @ v § e # atdaq & T2 8, awt
Y ERT el 37 Hebdl e {959 GRT Yexd qaH=,/ HuTel STaemon
BT TR AR SHH @eY H [qea & ear [ ‘aer’ &1 949w
AT AT & | ST A9 & FE, 3 T S fagrt qur g faamst
T Tepet THT A1l T {951 & STER W T HT I G T Il
F TR H A W g FAT 5, g8l SR TEr A w6
FAS-JOIN acd i {5 & GRT A9 i BT BT Tl & a1 Tst o i
31ergT B T E, r ae Sfua wE B 1 59 veet off garar @ ® gds-gei
qd A e el uRyuEd H q9S & o0 e S Ui I |rierdn
T & fd 3TRgT e |

210

https://books.jvbharati.org



ST, TR TET  SWaIEl 9T 87 A9 © A et 7 St
ﬁ@é_{ (lightning), TR ¥ FaredT f?l'gx‘_[ YaTE (electric current) 3R BN
HWWW%WQﬁ?ﬁmﬁgﬂ(bio—electricity)E!%TFI'OB
T &, el a faagsr onfe fawer ar ffyed & & fast 6 sraemomnsi,
fagr=dt iR yartt & fa T @93 1 @6 &, Sa- UH e g
FE  ge o oy # & fMidare B Sewend a|fa oie g, a8 S|
TR H yerried & | 37T {9 3 o Yamt & aedfs § B are
HaeHT, W o7 T T Y faar 2 | 399 o ol § e smer-wa,
TI-HE, HYA-He, Ufre-aa onfe T g # yfqwfed @ e
P AT T3 H TR giaem 2 & 1 @ # B Uy Jenie aat
%l SUTCHAT %l STEIHR L ? TIT 37 FART § o qefa-uoiid a0 & gfa
T 45T 3T gag &Rl | 367 YR AfS g Fenfvien sier onfe gy gedt
anfe STt @ Stiac 1 J9e § iaeT enfr, T #7897 I & A

TS 27. “GHY UH Hew & dA1d UE § (o AR, ATERIRT
FIRE T F qare sife i, sifee st aive gert @ et
AW § TR 2R TEqa fagawer § g of fadems w8 €1 gEga
(Sehee-1/3TE. 5/32M-1/7M. 10 | 39) 3R Saaemas (92/24-44-45)
G H AT qalideh T | AR S T8l Bl 9 9t g1 W q&d T
B T B WHR B & | gF & T 6T & a7 e SR i
& AT E 1 T e At A w7 & & w2 ) e i & St
TE AT qAT SR BN T ST T % RO Bl AT W@ GRS
AT TN % AT Bl FA SARADT Tt A | fobeg ottt fosttar
i & U & W me-ure aam e 5w st = e & w5
¥ e yepr & Tifex o S @ear &7 omenaR foAr ot wYet &
ot forg-gertsr &t fFoiia €9 § T A # AfeR STds a
fore ybR & foret wepar g2

TR O G P AT TR § i AT § #iE Smafa T2t
2, I8 & TR (A Ree-wer ToTerd) v off drgfee aforee @
fopar-wq TR F | el oty 27 9, oA’ anfe & Wiy & T
U I qigitere RO & 2, S e, Wi oK g d
Y H TG T e § QA @GR & SR ot Ree-wer ay
TG 2, I8 ‘TAFLIEEY BT & & | Had @I JT HIIT-TIIT T SR 2 |
THT YRR I9aT (3T o aRTom & GEiTa) & qeaee | Jude e
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Tt & off SAFEIET BT NGTTerehar weil-wif g 2 ol & 1 39 fomr
0 Tat ff B9 U 20 & IR H B b & | T QIe Bl AT B
AT T & | Rever-wmer 1 o FoT-o foegq & w9 # a8 9
Tg T B A foh S @ g & qo 9t o7 i e ¢ |
- | SeRefia faeq &t St aam aret g are (e Sed
fopam ST gt % 1) 38 e & YATOT € | i g9 H Aot qEe g SR
UITA-Eh & ffor § g e fve-ser @01 &, 99 faem & oan
Tl AT T (element) % T &I FLAT § F7 AR o fogq #r
& g YT &1 9 3aT T AT 26 fie S &, 99 R i e
S EHR T H? TEH e o dom ar sitgag 7E6 )

TT, AT 3TFE 1 e forees o weli-wifer aarr @ fF wor-a
T, ferg-graea AT et fafeRer oS &l STRERRT o STUH STeaTarat
F wega fomar 2

A SR AT fIS YIEd: 3 S STAuROmSt & qHA
g3 i ufkarett & forg S faegd, smrvsa enfe @i sametad s
2, I 5 a9 H s & forg o agd & ke @ faw aear @ 6
&Y TN YT ST o 20 e fawat 1 oo bR & e {35 o
ST A fae & & UToT-ufehan, STHMUSHE qROEE (I d9A &
T & g9E) & & § B AT ST o SRSt H AR Afs
IR A gfeeTer & @ 2 |

997 28. YT AR Sk S AR T & AT fore (ST
% IYHTN ®T &, IH & BB 9T T Al d9HE A & | UET qEAT
# @ St 877

TR THI HN AT AT § FE WA SRR AT q8HE T2l
FATAT & | T UEITereh RO AT 997 & &9 F &1 T&Id {61 & | Teh1sT
aTE G T &N, TEAT B &, TR 1 &, AT foregq a1 &r a1 Afa-simt
FE TE NG & | 38 w9l B AT H Fel avd Ael aarar ¢ | UE
Reafr 7 HE ITHT TERI &l AT & ATUR T 39 Fied oo™
HIF ST T I STTEROMSAT b BTed - AT BT AT Ta7 § &I
HET  Hel a Stad &7 9 faug @ aeger e e ud a6
forgT=dt 1 arefosa Wd T 9 oed ¢ | (3 affare-)

o STl It & e SEd €, 9 /T O wERmet § W
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T E ¥\ 28 YRR 9= SN w9y off daa geeE-fagy o
& EPa 8, 99 T TSR AR J W & w9 H A e 80P

fasme 9 ToieeM, Wi offe & g9y § 980 W &9 H 0
Tt T U AT & | BIH-UeTeY] b e GehTaT-Sol i 318
T T fhE YR ST FHUEY Ud qOT-EY Yk BT 8, 39 el
T & d1E Fel T AT I8 ST el Tl [ g€ Told & | Rle-godaih
kAT H WIS &I GEHITas Bl T & T Sde & fafeRRer @
fafery aman & 17 STt & STa gd @ R @ e @ fHeia-gretes
AT & TAT IqHT T AT aoF TE T, A S (B H) SIHBNAD
Tt & SR IR Tolld AT Saida™ bl HT 38 SR 9 Tolid ot
ST 60 HTWIAT T & @O T & | GI-Fhot aret Wi iR JeT,
T A7 AT & YR B B Hl T A-UidTd They-aa AT
T 5 gf & werer 1 wael off avd AT =R

U9 29. ““STEATH WNT 1 SR ATEET | SHAT STF-FHTRT
BIEHT Ycieh e BT Fe<d BT el o 1 & | G730 82 7 9
e off WERey & a1 BIe-92 Y% AIH Bl BIST EEh & |
UG AH AN YO Hi Al & faEg uew a6 fGE 2 9
IHF! FIRTEAT P BIEAT YA AGEd B HdA a9 Al & | qguRI
YSSiate & faresr #§ 9 sIfeE & e 9eemey @w e
TR AN & & I a9 S 2 |

WA § WA SWedR @R FiaErt S  aid & &

A | GRA SRR TS | U7 JRE HSRRIRIT o, HRlhRaay
AT AEHAAIT AT TEEACTRT 39 1. H § JRA SFewE sias & of
o . AN . i R, .
: .@E'['.'gﬁfi””. .@.”'ﬁ""“”.' .'.“'E""
T TR TR (WG 91 7, Seait 10, T 307)

T AP I A ATl ST Tga & GBI, TABA TATS
STt Bl T FY B & | U T FETHH 9 FA &, ASTAREERAT
Y I BN A ATl JAT I FRE Bl AT B & ERT [TegqueptsT
B IS FA A Al ARAT H AS & A & e g
B & 177
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THT YR TR, Sq1aehiierss, SarTea, sfrerme, fsfrergemfor,
TSRS 37 § i Afee & ey gt <y ure & "

T 3N JeEE @ Zar B G ' geemey aqm g,
I T H S Al R HH | del ST 82 SHI JBR dJoh
B AR H AT, ST § Feavardl, sudeiias o diaor
e & ®T | ST giodiied R ¥, 9 B SRR e 27 At ey
(ZEFSRIE) ot SSr (3fH) B g & A1, A 98 WX off a9 an @y
B S | TSI R ® § A9 a9 dehdl & SR fha w9 H T8,
=g faega =t &9 Y g & | TAIAU STel ST dedlah €9 e B
2, gel SHr A @ wifd & wer-sTe W & | | W Sel-Sw dad
digfees TRoEE & ®7 F €1 ¥, qei-aet SRR At 91 an] el e |

U 30. “YRIT Iod I TRET & HROT SHbI aTeT &l T §
S AT ATgHE & Sar o A Bt & qEr b § @i & wR
I ATl Ih TR & et bl ff e 2 & 17

TR AR T B WA F BRT TIET H qAE W WY H S Al
g & St b fEEr &, a7 6 R o e gared % e o anfe
T B O Tl H A ATl g & Sl bl fear A g

AL T A a1l T it f &\ ade S ard & gie ¥ qas
T 1 3EH ol &, FIRG, STHITEd, F4T, AT, HE 3 arar ardr &R |
(Sram dE & o  Famr T, 3 get w ff 9 Erm) 3@ Ued 33 @
I, T 216 |

99 31. ST FEg-yETe & 7 e Eir € a1 | aue e g
%, afer daa fogag-gat @1 fq S § wOReT & @, Jel At
ST I FRTeT AT e Bl &, AT /I el dd O &7 IeTeene
Ha § =fed a1 =72

TR E 9 F A9 9 (IEd-vEE g9 # sqdsie e &
e i &1 3H9 wet fi SIf a1 A9 wr HE A I T2l
2 | 39 fafe & a2 e b g daw (i) dienfes aRoe & )
T T2 S ST B A= St & Tl &, 98 G arat =921 7 foegg
N Foft & Fe ¢ | afe g @ e ot § uRems we & ataa
qoHE 2, af R R & off 2F awlt a1 ok &7 afam JsaE
AT BT |
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R F forega-Fat & wanterd i snfe ant~=ren fpar § S BE o
TS 1 feorrerr TE B, A & uSy § off et U ferrer < 2, 9w
e T

U 32. “ATEE ® TRRBRR % SO Il g3 @lee, A &
STRIE-3TIXE & AT Fecl-garl & 3R IqH T ol Tadr @ee aref 2t
2| Ta% sramar Zifved, e, Sy s off IEH @ gU A 2
T AT AT & q9 SEH § HB e ol 957 T & & A & | FE qN
T A & TrdieER & fau & & w2 g saaEie senfa e
(sirarzer oY), G, FEEX, Feergaed I aA Al § qHE w9
TR Al 2 | 9H iy b o Bier i 7 & R o a8 Tt @
IS BT & & | G e HPRed &l g 91 i T Bl & |
Zafa THHT VST B & [0 Eefich 3R Ud %7 SUANT fohar ST 2 |
zafere get off e forrerT 2t &, ag we & T 07

TR TARER @ ol ® v e fag 8 W o 3 5|
qreFl FT A1y W AT B Fhd ¢, TET AT SugE el ¢ | R
|reEt & gAnT # fR off R @ fEar i, #iia, srHifed ' § T
T WETeI, AHI, AT i oRresT 7 21, UF Arest w SwnT |9y @
F AT T H, T8 AR BT U9 & | S0 Hd GRT GaTiard Jel &l
YANT Y H UAT el W AL BT, TAT g€ a5y FEl € | "I a1 A
TRl & SUART & {0 TERT UgET HY, IHH A1Y Hl AT Hy A2
I, Herd, oel STS ff &aer & faug & | -1 919 oo €, T a1
FAT A1Y B o0 TE TE T | 52, &, B, W BN ST B SR
W IR JANT-STYANT s & qehdt |

ZHT Y HIEH 31 1 GART AT Jee | AU Gl giaer
& fom e € | S uve, B onfe a9 @ gigen & fae i e €
I 2 HIH, ASSEIRY, THEHE AT & FANT 47 Jeed AR 3o
gfaen & faw wxd €1 At woem, = ofe @ Sw |y e 8,
I A & TR, AT AIEH H AY Bl A aall A § IHRT aT 6
% B T ? (DM T 9iehar H fagq-Sett &1 e & w9 § uRafda
BT o Urgiiees TROM & | 81 % Jehd @l fARTeET 1 ' g
TAGH H AT HA F UAT B I FEIEAT T S )

R A § AR It & fagd-So er @ S § 1 3EH o A
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drgifere aReME & 2, |fead aewd &1 6T T8 a9 |

&l Areh onfe H IHT Bk €, O T 98 Siadd w6 o 6 U
H IR T TET AR dIgiies 9RomE U E, Sel T ar s Ua e
& o faeEr oo dad GGt €, I S &RT g T8l /T S
TepdT | TR Y H gite & T aRomEl § S SR g w1 "anT
fordt-1-foreft &0 # 27 g9 @ | fobeg SweRt At e @ ® f o
w0 H T qRoEE § Sftg @1 anT sraed ® | (foRga 99t 9ed 23 % W
H @0 S g T )

U 33. “UH AUl U I8 & foh quwell arvyg-avedt 9| w
SN AT & | THH ST AT ST I THIEHT B 1 & a7 I ol
@ BT T2 HE T &2 GG & ITANT H a1ghrT i GRIEMT dF T
& & | Jgud fohal 9 S0 &Y U8l e &l | g8l e et 5
Ta U 9@ T SUART et arg fop forg e €7 g ara awer § 2
ST | T T S(E-R USSiaehrd &l 81 1 @RT & & JerEd
T & Brar?

14 qeeR oft TEVERRG FeNS 7 AT SRR § aaer ar
ATHOIOT AT ST AT 2OT AT ST A1 1 AL a1 7 G 1 Gowon
ATSAT (3.9, 4/4) VAT Fewd T R AT I & SFId 4, ST T
E, A7 98 BN, W & 9NX I ST dred i fREl Y =T bl B
Y, A BT FE AT AT-TIT-HAT § BA-HBA-SAET Bl 6
YR B AYHE BN & B AT FAS & | 14 qHER o qEagarniet
HER o Ewe g o

o 1 A R Aqweer I |
sfemon 7 @i wewht arewes W’

(Mg 13 17374 170) UAT Fedt Seid dieon  udr
TRE P, AGHE FT AT F EF F €Y F, UEAT BRI QT @A
# TawE & E07

TR UG & F0H T aIgEE B EARTEET S 8, S 6y & forg
IR, AT, J4T, ard, A a7 & | fbeg STel dar g &, aet
T F AGHE W GG H FE GET FE BT | AC G B AYg
AT AT = Y T STTHIET Y, AT FALF T8 &Y H1 HRAT ST | St
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Y 92 & qel T PIE Al A gaen & o dar Fer, ar sed
ATY I AT SEHT G el ¢ | 39 fedf 6 1 e © o a8
qral B HIW B 99 F e 9 g@ @ wEAr T R, AT 4 0
STAIEAT T &Y | A PBIE AT AT 5, A1 39 FfYEd & 2w @, 7w
e | 5 e fear Y et i | wiee, O, a9, wee, sie
3 @1 fmfor ear & SfR |1y & 3 W A1y S g5 (ef) omer,
U oS & WY H T HET B, o @Y B BIE AT TE @@, WA
qrY & AEl § 9 Gaeh Uil [RHT TR bl HIEHT &1 AT AHEeh SAFAreT
off 21, a1 |1 AT BT AR a9 2 | A & vl & gy § ) Il
ZAT T A F SHH AT § AT B G AW T BT B AT
fearé & 2

=98 FEl o1 T K 2 R Ay | we fgg gt g awen
FHAT &, T TAGHT SR 7 STAEA HET | 708 7 2 faregq it &; arer
q@r o 1 eita 2 %, W SEe yan |91y & fau Seer-Ram @ awd
21 3 e faEq afaa o # oFf ¥

o9 A TEE ST giaen & AU e =T 5, a8t arg w
FHAAT & AT e 7 T/ 99 &1 TR fomaw &l &1 afe a1y e
AT U T STHIG (WA, AT, HEE) T Y AR Areme 9§ aet
feor &1, o arger @1 foRTeAT @7 AW ANY F B AR i T
BT 2 T arge @ fEar § Ay ar Sufafy fR off wv H Mt
FE 2| 29 faum @ a9t vew off @ o gar 21 afe St dEr aqar &
FET AMY I @A & AEl Headl ol 6 eI nfe H AT B e

zafery wree 2 {6 forg fomar & amy Bresvor-Bram & ser gem @
&, SEH A9 AT P Tl AT | P ST SUART o forg fF e ar
TN YT & IR SH del argerd a1 T8 a1 3 i W Sl
fear 2l 2, a1 ST UIT eE P @l § | A | IR T BA 8,
T FAAT &, T STAIGT FIAT & Al SHHT &IT Tl T |

ATEe, AL S o == W 27 & I ¢ |

TS 34. ‘Y UH e &l A1 I8 ¢ b ARt & Suant §
A T ST STHHE Sl b7 fGRIeT 1 29 oerar & O T ¥
THFEE H SRy H o 95 AN SwHE Aty o @ Ear &
HEIRIY @1 geam & & | o #Aemfeat § 30 qiues Xaed & A1 g
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ToreIq SeawT 1 AT & et 2Xares & diier arai & wral weterdt i fEar
BT ¥ | AR & Al § wEET Hel g "etadl & dibde wiE 9
AR ¢ T & AU FHOT Gedeh B:-311S °HU & 3T} § S8 aidl i
AE T & | ITH F e A Meberar & | e & e § 9gar g
LG L 1 o e e A | o | T e Tl |
AT S~ BIl | 3 YT b1 (6T T U9 SAFLIET Bl SUART
FHET A I AT AT & | T SAFIEIRT & S H fEar oY
& T B % HRUT 58b AN § of fEEr #1 I we w9 ¥ fm
AT

TETT H AT T IR & & A Sl i 6T | wafehd g0
AEh-Tee-hI-Bed TN T ST Saqad~ a4 &1 & @i od
S ATY-ATES WE R UeR § # b &7 UAT ®E al I
e Hewd e YR 9w ® aear 2%

TR S Y U IS A1 BT AT TE Y Feha, T aerety
a1 T, ofed e T 2 | ZHIT SMer ofe ot Jea-Hur= 89 9 &
Y & B & | STER b WifT & T8, T, I, T, S0 e
oft =t fomr e mE & a1 3 e # off fastelt @t v
IV T TR ® H BT & 2| afg faoredt i safa # wenmey &
SR 9 SHeh SYANT &l TS HHT o0 af {6 faordr & demar 9
frer= Sa il 1 W SUANT A HE H Thd &0 B IHR da
AT onfe Jeeet i giaer & e Teeit ZRT 9gad & O SHw Ay a1y
HT HY A ? AR H T8l TS & e &l &ar &1 fopar 5= @ndt
TN P, B, SEIGT &9 F SOH T2 &, B 9o & T | & an
TERT | e I AT AL % I T HEh, WES A BT A Al
|reg Bl T T a1 B [EEdt & foe MR de, =5, 7 (Sure)
aTIfe T 219 ATE T T TE T ? T&T qh TH-UAR F g ©
% UTEAW € TAR BT & A SO & df Bar & ER eH-Uar e
fafeq @& BAT? W Y qRIS-HEYT SMfC H T are fRaAT |re @ e
T o & WiE e i FRAT o WY e i Al oe-uEn &
fo e Sfe 1 RE |TY & el & ol [T STOeT AaeTgde SuasT
T H AT B A S WEH S Y ot Glaew & faw @ F
Tg a1 I6T & & S qEeh BT qE0T S7fe e Sroer g & faw e
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¥ 1 T Q- § A1 e, HIG, AT ®T F He & Gebel 8, 7
AESH A & AR 7 |

S |1 Ui el T 9T B g & H-UaR Y & | Tt
T qEIH-HEOT ST A GgiEl w0 T H qhd €, T B G 8, |7
IR SATHIGT T TR © | e 30 T H I el Bl qrad awen
H H FHA & ar [ gH-3UeT UF YAR & Hd P 36 YR Hl el
T TR ? TRIH-IET SR A1E, AL AT & AT 1Y %l Feraam T
g\ ffaa & dam-eadf & fage e & 99 Ay aH-uEr #, a8
FBHT F |

AT e ¥ AR A A A F E e i e
& Tl 3H YhR B E

¢TI H A

Halree SR aRad @ T & @ e faudt § e qewr @t
iy oreE ¥ wier, LuReitE, fao onfy @p v fawm ¥ ew
SIS FASHI & ST TN T &, IAH A1Y qe8d 1@ df I8 & T
TE BT | qEEAT 0 AT W A & e SR ST, 36 &F
T IR YA W H FIRR B bl A |

THTEAST B o & TSP TEl & | Y b1 g off T fohar
ST =0T | A 3 Hrat H ATy YO T TG & Al 98 e qel
T | T8 WA IE AR T T do Afev {6 T Ft § GRow ar
T &0 foT E w® & T8 Fhar | aEr & UE omd ygtdt €,
o |1y 1 JeR N aed T & qwe o fue, = M |
FaeRt ST Rafq & e 2ar 2

TS N TANT JEAT: A aTell bl YA & |1 39 9 ard al
IHH T T TeEIAT SRAT BT & | THBT U T B AT IHB! YT AT
TFEl AT AT | T 3R YO & e 1 T A9 & a8 qhdl © |
fohed, 9 WX I TEl ST Wehdl, UAT FEl HAT ST bl |

ot ygfoat # g ffe awar 21 o, i a9 & 99w '
g SR @EER & Rafq § qea ff #el 27 afe g oF vgfaat
fored 7 & O g8 I Sl § STU STUhT AT Fehar & 17!
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U 35. “T% R Hew & 919 o TE ¥ b Ao (= qeia)
JeE & o e femE 3 ¥ A TAwiEer ofR aeawsner #
fsttaar @1 feaa smdst @i 59 YR § & @edr &7 orqas @t
qr UHT FIeR el B GehdT | A1¢ @9 % U Iqqe qre Qe ZR
TRt <t 0 Fttaan 1 St For T8 &1 Wt Al BRI ATY-ArEAvS
WA 9 A HT ITANT-ITHIT IR AR § TG W Ghd T T
& foTT a1 2|7 9 ek 3 Shaas™ & g g drard & 9l bl
feitar ST 80 o st @ & g @y & 39 TEE- e
I BN G H SIS TRl & | Al daaeE & e fEe o
AT TE AT BT Sl b U @ Al Se-amdt ¥ e a=ww
9= &t | Uar qeda T8 9| UE Bl W T @ & g gt
A I qET B A B ge AT wiasEed § s a1 S are
I HEF-A § Sifa e FE AW q arar del aegat o
off IEIT T & SO ERT I AR 8 IUART 6 Ol I8 Jae
FUTEAT off | UE TAq G BT AR B SO | AT GeATeT
B9 7 AT S 98 Ul ST 21 8T o 39 a9 @
ST 2l 7 | I8 THE "ol AEAREEN § i 7 T TR
q @ 5

RTARATEIRIT HTAd: TTG:ET0T a1 | 61 9 TS asTas--a
TIE IRAEAA, T BRIRIGAAAT 7 TIER-IIHIRId | 3@ @ 9
FESTrEATY HTAT THEd: WISy qeried T
FEATTEM! WA AN, SEAISTRIHETE BT Jeede
T Y AANST qEFiGh AiEsy qIearang il ygrudy s dar
(SRR sTerae-1 geAtREAm. 13 & gi)

zq 31fd oo Ufqefas X i STest & A9 aHel @y,
YRTT-STEehdT TS doehid & WeloT forad feame 30 & S/l Seiaaiel
I, fogquetsT #1, TAdIEE W SR qed areaai &1 SA@nin
T P b &7

=Y ey feerar & foh dhaae gr feita @ § Mivad g
T Y A A gt ¥ e w9 frg T 2 99 S8 a6d & w9 H
FTER BT TET T AT Ta=i &l 7T & | Aqad (o qoiia-ioid
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N FIER q4T (o &3 & T 291 fg haetste &l g o Sasr
JAA FHAT G BT & | S STUAT ¥ dhaas & g d gae
e g BT & a1 "egfE a1 I d@ & e | o A s
gaaE g9ar & 21 AR fau af gaswa & & g99 sarer
fIsaaaIdT-SuTeadT-HORETdT & UET gfad # & U dr gaer
AT ¥k, 4d & SUANT | ey @eg JHe & are, St TEd ad g,
FE A Hadr B A GEE T q@ o dasr 9 e H START
T & | STIAT S STHTHIION &1 il & U Heangearet « fietaia
§ qamn ¢ | ¥ W@ 98 e

‘I geliaedt e w1 i foes g

d Haeh & YT AuEer gE owd |« W (M. 524)

ZHIferT ot fopdt o webR & orfifaa varef & w@ew aiRe fawa
BN GHT G G HT o [T LA & ST S0 T [Geeaai,
TE SMURYT 3R Jae FHTT 2 |

A H IUAe qER ST IR SIWEd 4d & " |
IUFT YBR F foram-famst wRd gU e a1 ‘SoEerer ST aeawehteT
TRE Follg AR &l & U [iYad ©7 & A1 g2 § | weadis-aree
A -T9E-9EIq ARGE Al T8 qad § Aeedd § SHHEaR [
F S 36 A G AN & qa, TG I b1 dr e bl gfee |
@A BU TS, S R A & ' & fFfvad # @s et
Sy |57 & fagrat bl ot W foraren & SfaR €9 § Fan E |
I gfte F AR e @ o soedrd oY faEm O @ g
T gela atfeE ¥ ¢ tar fafey w1 @ 9 e 8

TR e e @ ataar-fsitaar w9 gn fafed et &
ST R SIS A qehall & | ST I T AT TR0 St are J897
s & fau st grr fide wafet & waw a8 o
TS % fo10 rE HfeT T 2 foh fog (Sieiidl) oo &g # it
T | E% B4 TN H AERE AT agEE AT SEEE AT A FE AT
&1 fEar & gl & A W 2 "l SHa o o wdE gn ffde
FAI & SR U FEHifr R S bl & | S BT-uEl a1 9
TANT g FI fORTEHT § Teed: HROTYA ST §, o9 & faetet &
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Arferd d@r i A 0 FRTEET 1 HReT a9 & 2 | THifa S areg
T @ faorell % 99 @ Fam, T R’ § gqan o) 7 & gqd g0 &
ST Y, foheg el GRT STOAT iaem § T T vEt & | 98
TU ATY I AGHE B [RIET H7 G HY AW A ? AfE 7 F A
IHE STTAET d& HT M, AT AT T A |

S ATy St IS T8 e €, 9 afaa () €, vt
TR, [, ST, 9RO 3R Siid &7 99 2E8Ri & MhN W H ¢ |
zq faug # <fssrarand 3§ 95d ' w9 § gfaured f6ar & 1 (3, feoor
[E&AT 42)

Zdl SR W ORI gHET T A1 A7 F RO g b St
AFEHT TeoT fohaT ST & | % anfe ' § off SF-a1 wa ey Rafy
7 afoa 2, feg Rufa & sfea &, o fofa & &g sert-o@m
Faiteat fraifa @ 7€ ¥ | S @E § grr danferd =92 @ g fafed
T T § | 9 A ggfadt qar | @, {6 s 99 9% 3% awd W
ST &, e W1 AT e ey § I gt B TE & qeha | T4
IR WX HIEHh, e SMC & YART AT &3 &l B | [EET AT
gfgem & faw @ ; g wresd & A H1 9T T F AT B AT Tl
T, FESA-(o TEe M BT Yeb1ST 0 | @ & AT |1 0 a9 T2t
AT, THAY T YHR & HEl B TG 4 S 96T § Haagds
foram mm 2

“gTeR () TN Fe g b SwN ¥ MR w|e I &
qTE ST TET BT &, TE Hac B AYS (Zoge) fea & are off dadr
THHT ITANT B &, ST A AT & A0 217 T8 IJIT &
e T YA & Mo &1 FAIfdl W HaT & 999 I Farr
| fg-fawas saamen @ S fae w&ga i w8, @ et '
# 39 f4g FYd €1 39 a9 & SUR & FEer § @ed ¢ 1 (T8
TEd T T HY G © (o el q% U B T 8, a9 qd 32
ST T & JHIT % &9 H SR H € | =R B g qe Té
%l)w

U 36. “TustEf/ & ‘& |fkgwE= wodEr (M. 521) TET
FEt MVEAEET £ Jq1E T8 U SR d1d F81 Aard €9 § qe
ST ST & | Ty @ T AT AT ST gE e A At 8
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T AT’ 8 91T 1 9fS QT & AT SR BT FHE T & 9
gt a8 I8 AT I & BT & Tl IF AT Pl AFTWeoTH={oh HHae
2 &, FEl b stferawerorfiee | 38 gitewir § R #d 5u #e
Tl & o ST 31k STRT JHIOT TS ERT fohell =afert ahT “giereriar
3R e webter ST &Sl @ @ fo 1 2 W o e |eig & AT
foeltar? =& g @1 it i € A UF JRIET W H HISh-aree
TG T IYGMT HH & dehd ferrer-fHfers wdeer & ar 21 5a-r
T ar e & &1 enft a6 St get fem e o ¥ o aret &
TAFLIET SR TeAIPI TG bl FoiladT & Tr=er | 9T ff I
T &, F g qug g%

TR FEAGIH AT ST & forg T & R & | Suge wmy faee
q T qe eI T2 & {6 SR S S H dad qigieh
Rome & 2, a9 e 97T & U S wel §7 T8l a6 dee-aEd
oTfe &1 Ty 7, 39 U i IW e fear @ € fF Ak g
FA-FRA-STAINGT F oG @l & af O S Hd AN ardr J=r
ST

U ZEER § 31 ol 1 SeR ST fage e wam & aear
T 1 Ao e & e | off giepr T farRer @ e Stue faae ud
T & BT § | 3% YR W ieT-Xed gt & |1y HioW anfe 8o
FE E | SHl YR UG YET H o 99 7% i T & R CgaaEien
e Tl &, a7 ST SMUR W vl fRar o SR &
HA-H TN H T8 FEATET &, ST (91T dieh & ABTHERT Bl & 938
e § R fhar ST, ot wel sty &7
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raidiation is visible light and for an object that is about 2500° Celsius,
about 10% is visible light. The light that you see from the bulb is the
visible portion of its thermal radiation. However, most of the
filament's thermal radiation is invisible infrared light. While you
can feel this infrared light warming your hand, you can't see it.
HAT-2 Because only about 80% of the electric power delivered to the bulb
becomes thermal radiation and only about 12% of that thermal
feoqoit-srm

radiation is visible, an incandescent light bulb is only about 10%
energy efficient. Other types of lamps, including flourescent and

1. g Fgifersret, fed e ar i (fade smf), 7 15

2. 9&, I 17, 18, 19

gas discharge lamps, are much more energy efficient."
3. 9cd # T & AR & g Fi b A g, q8 i vEr @ . T g, O wgd T, 9w 102

. | agifasEst, @ IEd 79, I 19, 20
. JIH 9T H7 {07 44 (a), (b), (c) TR B
W F @ (Fee F )
"How does a regular lamp (light bulb) work?

A normal incandescent lamp contains a double-wound tungsten
filament inside a gas-filled glass bulb. By "double-round", I mean
that a very fine wire is first wound into a long, thin spiral and then
this spiral is again wound into a wider spiral. While the final filament
looks about 1 or 2 centimeters long, it actually contains about 1
meter of fine tungsten wire. When the bulb is on, an electric current
flows through the filament from one end to the other. The electrons
making up this current carry energy, both in their motion and in the
forces that they exert on one another. As they flow through the fine
tungsten wire, these electrons collide with the tungsten atoms and
transfer some of their energy to those tungsten atoms. The tungsten
atoms and the filament become extremely hot, typically about 2500°
Celsius. Tungsten wire is used because it tolerates these enormous
temperatures without melting and because it resists sublimation
longer than any other material. Sublimation is when atoms
"evaporate" from the surface of a solid. The gas inside the bulb is
there to slow sublimation and extend the life of the filament.

Once the filament is hot, it tends to transfer heat to its colder
surroundings. While much of its heat leaves the filament via

N S v s

(a) Satish K. Gupta, op. cit., p. 736—

"Hertz's experimental arrangement consists of two metal plates
P, and P, held parallel to each other and connected to two metal
spheres, S, and S, through thick metallic rods R, and R,. The
distance between the metal plates was about 60 cm and the
separation between the two spheres was about 2-3 cm. The
spheres can be slided over the rods, so as to adjust the gap
between them. An induction coil is used to apply a high voltage
of several thousand volt across the two metal plates. When the
discharge of metal plates takes place in the form of a spark in
the gap between spheres S, and S,, eelctromagnetic waves are
radiated. The waves so radiated can be detected with the help of
a detector made of a circular coil and two metal spheres S| ' and
S,

convection and conduction in the gas and glass bulb, a significant R, DETECTOR
fraction of this heat leaves the filament via thermal radiation. For
any object that is hotter than about 500° Celsius, some of this thermal P.
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Explanation. The high potential difference across the metal
plates ionises the air between the sphers S, and S, and allows a
path for discharge of plates. During the discharge of plats, a
sparks is produced between the spheres due to the high potential
difference.

(=5 % 10" Hz). It results in oscillations of charges on the plates
at such a high frequency. Therefore, a highly ascillating
electricfied is produced acrass the vertical gap between the tow
sphers. It, in turn, produces a highly oscillating magnetic field
of same frequency in horizontal plane and perpendicular to the
gap between the spheres. The oscillating electric and magnetic
fields constitute electromagnetic waves of the same frequency (
5 x 107 Hz.) and these waves are radiated from the spark gap."

(b) Text-book of Physics (Std. XII), part II, Pages 95-97—

Here, Q, and Q, are two metallic spheres. Joined to them are
two metallic rods M and N with some space between called
spark gap S. The rods are connected to the two terminals of an
induction coil to provide high intermittant voltage. The spheres
Q, and Q, act as capacitors and the rods acts as inductors. This
arrangement threfore, acts as an oscillagling circuit in which
atternately Q, and Q, acquire positive and negative charges
which reverse in their polarity each time a spark passes across
the gap S. The process repeats itself rapidly with a difinite period.

The electromagnetic waves generated in the process are detected
by another spark gap arrangement R placed at some distance
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7.

8.
9.

10.
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from S. The spheres Q, and Q, which can be adjusted along the
rods M and N are slided so that the circuit of the gap S is in
resonancw with R. The electromagnetic waves generated at S
are then detected as sparks occuring across the gap R.

When a spark passes across S, a stream of electrons pass across
the spark gap from the negatively charged sphere to the positively
charged sphere, reversing their polarities. In this situation the
direction of the electric field at C and D will be reversed. Thus,
at each passage of spark the polarity of charges on Q, and Q,
reverses and the electric field dirction in the surrounding region
also reverses; i.e. the electric field oscillates.

Further, the stream of electrons crossing the spark gap constitutes
a current. This alternating current in the spark gap generates
an alternating magnetic filed in the neighbourhood. Application
of Ampere's right hand rule readily shows that the resulting
magnetic field is perpendicular to the electric field.

According to Maxwell's electromagnetic field theory, these
electric and magnetic fields in the neighbourhood do not appear
instantaneously. The influence of the oscillations of S spread to
the neighbouring region with velocity of light. Thus, at various
points in the region around S, the oscillations have phases which
depend upon their distance from S.

(c) <@, g9 W, feoqur 54, 55
<d, g9 A, ooy 61

http://www.edmtt.com/articles reports/edmprocesses.html. by Dean
Brink, President and Technical Director, EDM Technolgoy Transfer.
EDM: Principles of operation, Part I, Different types of machining
processes that use EDM. Pages 1, 2, 3

G.E.C. Type K Oil Circuit Breakers, by The General Electric
Company of India Ltd.

Circuit Breaker

Type K range of oil circuit breakers have been designed for use on
systems upto 660 volts and for normal current ratings upto 1200 A.

The circuit breakers are of fabricated sheet steel construction and
specially designed for installations in situation where reliability and
robust construction are essential.
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All circuit breakers are subjected to a series of routine mechanical
and electrical tests to ensure proper and reliable working in service.

The circuit breaker has double break contacts, the contacts being of
spring loaded multifinger type engaging with a moving crossbar
and giving high pressure line contact.

The trip free operating mechanism is self contained and all working
parts are adequately electroplated. Gaskets are provided to prevent
oil throw and to seal off dirt and dust.

Mechanical ON/OFF indication of the breaker is provided and
connections are available for electrical indication.

All circuit breakers of the same rating are interchangeable.
Isolating contacts

The main isolating finger contacts are of the self aligning multiple
plug-and-socket type with silver to silver contact faces, and designed
to ensure high-pressure multi-line contacts; they are mounted on
robust insulation bases. Secondary isolating plugs and sockets which
are spring mounted to ensure self-alignment are provided for
auxiliary and control circuit connections.

Interlocks

A system of mechanical interlocks ensures that it is not possible to
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make or break the load on the isolating contacts or remove the breaker
tank and top plate while the circuit breaker is ON.

Trip Coils

Any combination of over current, earth fault, under voltage and shunt
trip coils, upto a maximum of four, can be incorporated.

Over current coils are adjustable from 75% to 200% of the full load
current and are fitted with oil dashpot time lags having an inverse
time characteristic. The settings of the overload trip coils can be
adjusted from the front of the circuit breaker. The dashpots are fitted
with a padlocking device to prevent unauthorised alteration of the
settings.

Earth fault trip coils are available with tappings to suit individual
requirements.

Current Transformers

The current transformers are of air cooled ring type and comply
with the appropriate British & Indian Standard Specifications and
are fitted on each phase within the circuit breaker.

11. g geifasrast, @@ Igd o7, 7 24
12. @81, %5 25
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13.

15.
16.
17.
18.
19.
20.
21.

22.
23.

FE, I 26, 27

"A light bulb also has most of the air sucked out of it. If it did not,
wire would actually burn up instantly. When a light bulb 'burns out',
it is because the filament slowly vaporizes." [url:http.//
www.madsci.org/posts/archives/May 97/864507907.ph.r.h tme.]"

. T, IS 27

"Inert gases such as nitrogen and argon were later added to the bulbs
to reduce tungsten evapouration, or sublimation."

[url.http//www.geocities.com/bio-electrochemistry/coolidge.html.)"
FE, I 27-30
FE, I3 31, 32

FET, U85 26 (7 9T 7 H IgA)

FE, T 32, 33

M, TIF 9T BT qadr TART (T8 42) |

qf Agifasast, @ 36 779, I 33-35

FE, T 36, 37

TE, 5 37-43.

(a) Satish K. Gupta, op.cit., p. 502—
“Magnetic Field and Magnetic Field lines

Magnetic field. The space around a magnet (or a conductor
carrying current), in which its magnetic effect can be
experienced, is called the magnetic field.

The magnetic field in a region is said to be uniform, if the
magnitude of its strength and direction is same at all the points
in that region.

A uniform magnetic field is represented by equidistant parallel
arrows.

The magnetic field of a bar magnet can be plotted by using a
small compass needle. It is found that the magnetic field
produced by a bar magnet and a current carrying straight
solenoid are identical. Fig. shows the magnetic field produced
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N S
by a bar magnet. It follows that magnetic field produced by a
current carrying straight solenoid is identical to that produced
by a bar magnet. The magnetic field lines do not exist in reality.
This hypothetical concept has been developed in order to
visualize the strength of magnetic field in different regions and
the effect of magnetic field. The regions, where the magnetic

field lines are close enough (crowded), the magnetic field is
considered as quite strong there.

2. Usually, the strength of magnetic field B is simply called
magnetic field.

Magnetic field line. The magnetic field line is the path along
which an isolated north pole will tend to move, if it is free to do

»

s0.
Text-book of Physics (Std. XII) Part 2, Pages 39-42, 48, 49—

“The large scale supply of electrical power for the household
and the industrial uses is through a different process—
conversion of mechanical energy to the electrical energy by
means of suitable generators (turbines) in power houses. In this
chapter we will learn about the principles involved in generation
of power in this way, viz. the electromagnetic induction.

1. Electromagnetic Induction and Faraday' Experiments

A scientist named Michel Faraday discovered in the year 1831
that a change in the value of the magnetic flux linked with a
conducting coil give rise to the induction of an electron motive
force in the coil. The emf generated this way is called the induced
emf. Fig. 1 illustrates simple experiment which demonstrates
the electromagnetic induction. In this experiment, a sensitive
galvenometer is connected in series with a conducting coil.

In fig. 1(a), a bar magnet is held stationary with respect to the

231

https://books.jvbharati.org



N_S]
V=0
1=0
G
1(a)
—r—e NSl
1 —V
G A
\/
1(b)
0
V=
1=0
6N
N
1(c)

— W s

“Q

1(d)

coil. No deflection of galvenometer is observed under this
situation. Now if the bar magnet is quickly moved towards the
coil, with one of its poles facing the coil, the galvenometer
records a deflection, showing that some current flows through
the coil. It is also seen that faster the magent is moved, greater
is the deflection of the galvenometer. Similiar effects are also
observed if the coil is moved keeping the magnet fixed. Again,
deflection in opposite direction is observed. When the magnet
is moved away, to that recorded when the magnet is moved
towards the coil. If the galvenometer deflects on one side when
a particular pole is facing the coil (say north pole), delection of
the opposite sense is recorded if the other pole is made to face
the coil; when the magnet is brought near the coil. Also
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whenever, the coil and the magnet are stationary with respect
to each other, no deflection is observed.

The above results can be understood as follows. When the bar
magnet is near the coil some of the magnetic lines of force are
passing through the coil; that is "some magnetic flux is linked
with the coil". Now when there is relative motion between the
coil and the magnet, the amount of flux linked with the coil is
changing. When the relative motion stops, there is no further
chang in the amount of the flux linked. So we conclude that,
“when there is a change in the flux linked with the coil, there is
an emf generated in the coil". The observation that a faster
motion of the magnet gives rise to a larger defiection, shows
that the emf generated depends upon the rate of change of the
flux linking the coil. The current resulting from this "induced
emf" is called the "induced current". To cause the change in the
flux linked with the coil, it is not necessary to have a bar magnet.
If two coils S and P are placed near each other as shown in fig.
2; and a key connected in the circuit of the coil P is switched on
and off so that current alternately flows and stops flowing
through the coil P, the galvenmeter connected in the circuit
Wi 1T]S alternately shows a deflection on one and the
other sﬁie. Fupther, if a steady current is maintained in the coil
P and the twolcoils are moved relative to each other, then also a
cugrant isandieed in the coil S. Here, it is the flux generated by
the curreit in the coil P that links with the coil S and a change
in that flux causes an induced emf in the coil S.

2. Lenz's Law

We have yet not said anything regarding the magnitude and the
direction of the inducted emf. This direction of emf and the
resultig direction of the induced current can be inferred from
the considerations based on the principle of conservation of
energy and this leads us to Lenz's law.
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When a current flows in a coil, magnetic flux is produced due
to this current and the coil now acts as a magnet. Which face of
the coil acts like a north pole and which face becomes a south
pole depends upon the direction of the current in the coil.

Fig. 3 shows a cross section of the coil. Looking at the coil if
the currentappears to be flowing through, it in a counterclockwise
direction, then the side of the coil facing the observer is its
north pole. If the current appears Clockwise then the side towards
the observer is the south pole. This is made clear in fig. 3.

Consider moving a bar magnet with its north pole towards the
coil. When the magnet is moved towards the coil, if the induced
current is such that the side of the coil facing the magnet becomes
a south pole, then there would be a force of attraction between
the magnet and the coil, and due to this force magnet would be
further drawn nearer. Thus, the induced current would be
generated without doing work. Heat? energy can now be obtained
by connecting a resistance to its circuit, without spending any
mechanical energy. One can see that this violates the
conservation of energy. So, when a north pole of the magnet is
brought near the coil, the side of the coil towards the magnet
must become the north pole, so that the induced current resists
the motion of the magnet. It is the work done is moving the
magnet against this force, that gets converted to the electrical
energy and can be used, for example to generate the heat energy
as I’Rz. Thus, we see that the direction of the induced current
and the corresponding direction of the resulting magnetic field
is a consequence of the conservation of energy. This leads us to

3. Faraday's Law

Faraday gave the law relating the induced emf in a circuit with
the rate of change of the flux as "the negative time rate of change
of magnetic flux linked with a circuit is equal to the induced
emf in the circuit.”

4. Self Induction

We have learnt that when a current passes through a coil, some
magnetic field is created so that the coil itself behaves like a
magnet. The magnetic flux prroduced by the current in the coil
is linked with the coil itself (fig. 8), and when the current in the
coil changes, this flux linked with the coil also changes.Under
such circumstances also, there would be an emf induced in the
coil which is called the "self induction". If the number of turns
in a coil is N and the flux linked with each turn is ¢, then the
total flux linked with the coil is N¢.

The parameter L (i.e., total flux due to unit current) here is
called the self inductance of the coil. Its value depends upon the
size and shape of the coil as well as the number of turns. It also
depends upon the magnetic property of the medium of the space
within the coil, e.g., if the coil is wound around a soft iron core

(after ensuring proper insulation) it attains a very large value.

Lenz’s law which states : 24. S WIS T ST T AN 6T H FAER B E, I & e o
“If an agency generates an induced emf through its action (such HOT AN T ST ET § FIER B & | 7 a2 Bl QidsImeT § =
as motion of the magnet as illustrated) the induced emf would TR ST T

be such that the current produced by this emf would generate a

magnetic field such as to oppose the action of the agency.” Satish K. Gupta, op.cit., pp. 1093, 1094—
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“Dual Nature of Radiation

The phenomena such as interference, diffraction and polarisation
were successfully explained on the basis of wave nature of light. On
the other hand, photoelectric effect, Compton effect, etc. can be
explained on the basis of quantum nature of radiation. For instance,
in photoelectric effect, when a photon of radiation strikes a metal
surface, it gives up all its energy to a single electron in an atom and
the electron is knocked out of the metal. It carries a part of the
energy of the incident photon. In Compton effect, when an X-ray
photon is incident on a free electron, the electron recoils along a
definite direction with some energy depending upon the direction
along which incident photon is scattered. From these two effects, it
appears as if a particle (photon of radiation) is colliding against
and another particle (electron). Hence, it became necessary to assume
that in photoelectric effect and Compton effect, radiation exhibits
particle nature.

The various phenomena concerning radiation can be divided into
three parts :

(1)  The phenomena such as interference, diffraction, polarisation,
etc. in which interaction of radiations takes places with
radiation itself. Such phenomena can be explained on the basis
of electro-magnetic (wave) nature of radiation only.

(i1)  The phenomena such as photoelectric effect, Compton effect,
etc. in which interaction of radiation takes place with matter.
Such phenomena can be explained on the basis of quantum
(particle) nature of radiation.

(ii1)) The phenomena such as rectilinear propagation, reflection,
refractin, etc. in which the interaction of radiation takes place
neither with itself, nor with matter. Such phenomena can be
explained on the basis of either of the two natures of the
radiation.

It may be pointed out that in a particular experiment, radiation has
a particular nature i.e. either it possesses wave nature or particle
nature.

De-Broglie Waves

Radiation behaves both as wave and particle. In 1924, Loius de-
Broglie put forward a bold hypothesis that matter should also possess
dual nature.
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The folloowing observations led him to the duality hypothesis for
matter :

1. The whole energy in this universe is in the form of matter and
electromagnetic radiation.

2. The nature loves symmetry. As the radiation has got dual nature,
matter should also possess dual nature.

Thus according to de-Broglie, a wave is associated with every moving
particle. These waves are called de-broglie waves or matter waves.

According to quantum theory of radiation, energy of a photon is
given by E = hv
Therefore, the wavelength of the photon is given by

h

A= T (p is momentum).

de-Broglie asserted that the equation is completely a general formula
and applies to photons as well as other moving particles. The
momentum of a particle of mass m moving with velocity v is m v.
Hence, de-Broglie wavelength is given by
h
“mv

This is called de-Broglie relation. It connects the momentum, which
is characteristic of the particle with the wavelength, which is
characteristic of the wave.

25. (a) @ et H fagq-uare & yaed &Y TEEtE g9Ea §

‘TAFIAERE & g EEtE Jefal #§ faEg o e
T E | I 9us & fow 3@, Satish K. Gupta, op. cit. p.
346—

“Chemical Effect of Electric Currents

If electric current is passed through a liquid, it may or it may
not alllow even the passage of current through it. In fact, on the
basis of their electric behaviour, the liquids may be divided into
three classes :

(1) The liquids which do not allow current to pass through
them. Form example, distilled water vegetable oil, etc.

(i1) The liquids which allow current through them but do not
dissociate into ions. For example, mercury.
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(b

(iii) The liquids which allow current through them by
dissociating into ions. For exmaple, salt solutions, acids
and bases. Such liquids are called electrolytes.

The process of dissociation of a liquid into ions on passing
current through it, is called electrolysis.

Therefore, passage of electric current through the electrolytes
produces chemical effect.

Electrolyte

The substances, which dissociate into ions and when in solution

form, allow electric current to pass through them, are called
electrolytes. For example, acids, bases, acidulated water, salt
solution, such as copper sulphate, silver nitrate, etc.

On the basis of their behaviour towards the passage of electric
current, the electrolytes are of the following two types :

1. Strong electrolytes. Those electrolytes, which are more or
less completely ionised in their solutions, are called strong
electrolytes. For example, HCI, NaOH and NaCl.

2. Weak electrolytes. Those electrolytes, which are ionised to
a small extent in their solutions, are called weak electrolytes.
For example, NH,CIl, CH,COOH and H,CO,.

Electrolysis

The process of liberating free elements from an electrolytic
solution, when electric current is passed through it, is called
electrolysis.

When an electrolyte, such as copper sulphate (CuSO,) is
dissolved in water, it dissociates into ions.

Consider that the copper sulphate solution is taken in a vessel
and current is passed through it by sing two electrodes and a
source of e.m.f. The electrode, through which the current enters
the electrolytic solutions, is called anode, while the other
electrode, through which current leaves, is called cathode.

On passing current, Cu™ ions drift to the cathode, while SO, ~
ions towards this anode. At the cathode, Cu'" ions discharge
themselves and copper atoms are liberated at the cathode.”

Satish K. Gupta, op. cit. Pages 212-216 (Voltaic Cell, Daniel
Csu, Lechanche Cell) "In voltaic cell, for each Zn"" ion so

=
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produced, two electrons (2 e") are left on the zinc rod. As more
and more Za"* ions enter the electrolyte, the zinc rod becomes
more and more negative. Also, the concentration of Za™ ions
in the electrolyte goes on increasing. The H' drift to the copper
rod. On reaching the copper rod, the H" ions extract electrons
from the rod and form neutral hydrogen atoms. Asa result of it
copper rod acquires positive charge. As more and more H' ions
ions discharge at the copper rod, it becomes more and more
positive. Due to positive charges building up on copper rod and
negative charge on the zinc rod, the potential difference between
the two rods goes on increasing. It continues, till the potential
gradient along the electrolyte between copper and zinc rod just
restricts the drift of H" ions to the copper rod.

Daniel Cell
It was developed by Daniel in the year 1836.

Construction. It consists of a copper vessel containing copper
sulphate (CuSO,) solution. The copper vessel itself acts as the
positive pole of the cell, Inside the CuSO, solution, a porus pot
containing an amalgamated zinc rod and dilute H,SO, acid is
placed. Whereas the porus pot prevents the dilute H,SO, and
the CuSO, solution from mixing with each other, it allows the
H" ions produced in the porous pot to diffuse through its walls
into the CuSO, solution. The amalgamated zinc rod is used in
order to avoid the defect of local action from occuring in the
cell. The amalgamated zinc rod acts as the negative role of the
cell and both the CuSO, solution and dil, H,SO, serve as the
electrolyte. However, the CuSO, solution serves as depolariser
also.

When the cell functions, the concentration of CuSO, solution
falls. In order to keep the concentrate of CuSO, solution constant,
the crystals of CuSO, are placed on the perforated shelf provided
along walls of the copper vessel.

Action. Inside the porus pot, the dilute H,SO, acid disociates
into H" and SO, ions. As them rod is dipping inside the dilute
H,SO, acid, some of the zinc atoms go into the solution as Zn"™
ions. In each Zn™ ion going into the solution, two electrons are
left on the zind rod. As the concetration Zn™" ions in the solution
increases, zinc rod becomes more and more negative and the
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H" ions dilute through the walls of the porus pot into the CuSO,
solution.

The formation of ZnSO, on the porus pot does not affect the
working of the cell, until crystals of ZnSO, are deposited along
its walls.

As the Cu™ ions deposit on the copper vessel, it acquires
positive charge. Due to building up of the positive charge on
the copper vessel and negative charge on the zinc rod, the
potential difference between the two poles of the cell goes on
increasing.

Leclanche Cell
It was invented by George Leclanche in the year 1865.

Construction. It consists of a glass vessel con (NH,Cl) as
electrolyte. An amalgamated zinc rod dipping in the NH,Cl
solution acts as the negative pole of the cell. The use of
amalgamated zinc rod avoids the defect of local action from
occurring in the cell. A porus pot containing the carbon rod is
placed inside the NH,CI solution. The carbon rod acts as the
positive pole of the cell. The empty space in the porus pot is
filled with manganese dioxide (MnO,) and charcoal powder
Manganese dioxide is used as depolariser. The use of charcoal
powder makes MnO, conduction and thus, decreases the internal
resistance of the cell.

Action. The electrolyte HN,Cl solution dissociates into NH,"
and CI” ions. As zinc rod is dipping inside the NH,Cl solution,
some of the atoms go into the solution as Zn"" ions. For each
Zn"" ion so produced, two electrons are left on the zinc rod and
hence it becomes negative pole of the cell. The NH, ions are
repelled by Zn"" ions and they diffuse into the MnO, and charcoal
mixture through the walls of the porus pot. Inside the glass
vessel, Zn"" ions combine with CI" ions to form ZnCl,.

On diffusing into porus pot, NH," ions extract electrons from
the carbon rod making carbon rod as positively charged and
producing ammonia and hydrogen gas.

Whereas the ammonia gas escapes from the cell, hydrogen gas
is neutralised by MnO, producing manganese trioxide (Mn,O,)
and water.
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Secondary Cells

A secondary cell is one in which chemical energy is converted
into electrical energy but they do so when they are charged by
passing current through them by some source.

These are also called accumulators or storage cells. These are
of two types :

1. Lead acid cell or lead accumulator, 2. Edison alkali cell
Lead Accumulator

It is a secondary cell and is the most common type of storage
battery used in automobiles. It is known as lead acid cell. It was
invented by French Physicist, Gaston Plante in the year 1859.

Construction. It consists of a hard rubber, glass or celluloid
container containing dilute sulphuric acid as the electrolyte.
Each of the two electrodes consists of a set of alternate parallel
mesh type perforated plates made of lead. The set of plates to be
made the positive pole is filled with a paste of lead dioxide
(PbO,), while the set of plates to be made the negative pole is
filled with a paste of spongy lead (Pb). The positive and negative
plates are kept separated and insulated from each other by porus
separators made of rubber, plastic or glass fibre. This
arrangement of positive and negative plates is placed inside the
dilute sulphuric acid and connected to the lead terminals
provided on the hard and rigid cover of the container [Fig.].
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The e.m.f. of each cell of a fully charged lead accumulator is
2.05 V and a lead accumulator of each six cells produces an
e.m.f. of nerarly 12 V. The specific gravity of the electrolyte
(dilute sulphuric acid) is a fully charged lead accumulator is
1.28. However, when discharged, both the e.m.f. of the cell and
the specific gravity of the electrolyte fall. Whereas, e.m.f. of a
cell of the accumulator should not be allowed to fall below 1.8
V, the specific gravity of the elctrolyte should not drop below
1.12.”

26. Satish K. Gupta. op. cit., pp. 1092, 1093—

"Photoelectric Cells

A photoelectric cell is an arrangment which converts light energy
into electrical energy.

Photoelectric cells are of the following three types :

1. Photoemissive cells, 2. Photovoltaic cells, 3. Photoconductive
cells.

A photoemissive cells may be of vacuum type or gas filled type. Let
us discuss the working of a photoemissive cell.

Photoemissive cell. It consists of two electrodes, a cathode C and
an anode A enclosed in a highly evacuated glass bulb. The cathode
C is a semi-cylindrical plate coated with a photosensitive material,
such as a layer of cesium deposited on silver oxide. The anode A is
in the form of a wire, so that it does not obstruct the path of the light
falling on the cathode.

When light of frequency above the threshold frequency for the
cathode surface is incident on the cathode, photoelectrons are emitted.
If a potential difference of about 10 V is applied between the mode
and cathode, the photoelectrons are attracted towards the anode and
the microammeter connected in the circuit will record the current.

The chief advantagen of this type of photocell are that there is no
time-lag between the incident light and the emission of
photoelectrons and that the photoelectric current is proportional to
the intensity of light. The cell is extremely acccurate in response.
Hence, it is used in television and photometry.

The current may be increased by a factor of about 5 by filling the
tube with an inert gas at a pressure of a few mm of mercury. When
the potential difference between the electrodes exceeds the ionisation
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potential of the gas, the emitted photoelectrons ionise the gas atoms
and now a larger current flows.

Applications of Photoelectric Cells

Photoelectric cells have a variety of application in industries and
the daily life. A few important applications of photoelectric cells are
as given below :

1. It is used for the reporduction of sound from the sound track
recorded on one edge of the cinema films.

2. Itis used in a television studio to convert the light and shade of
the object into electric currents for transmission of picture.

3. Itis used in a photographic camera for the automatic adjustment
of aperture.

4. Tt is used to compare the illuminating powers of two sources of
light and to measure the illumination of a surface.

5. Itis used for automatic counting of the number of persons entering
a hall, a stadium, etc.

6. Itisused for automatic switching of street lights and traffic signals.

7. It is used for raising a fire alarm in the event of accidental fire in
buildings, factories, etc.

8. It is used in burglar's alarms for houses, banks and treasuries.

9. A photo cell is also used in industries to locate flaws in metal
sheets.

10. It is also used to control the temperature during a chemical
reaction and that of a furnace.

11. A photocell can be used in determining the opacity of solids and
liquids."

27. (a) . . 9N, T4 354 @@, T 13

“eptelr foe ¢ (AR-9Ed) ¢
Bl Afcedh & H TG em.f. Had 397 YR Bl Bl &
T & |end & | A foe 3|l el & & e 9w et o wehd
g

(b) &, I 28, 29
“FfT T ST ATT-SAT AT TRI-ST el BT g, AT faea-gar
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T YT B9 16T 19 T Y1 Sl & THH af ST 3, kT At
& I SATT-3AT 2 |

‘“gedt AT ‘AR § T e-aihar (STTaRiTeReT a1 e
BT AT T | TET el @7 GIhaT | A1 T TRIST T Sofl dar
BT B

‘TR ToRIa-Sott fohdl TR & H garasw (conductor) &
IO F YT Bl & (SRRe), A fRet o JdieRt ¥ ‘qama-eiay
(potential-difference) e R S %, 9 o g (Tr/
USMIES) 91 & Geret & S a1k & SfdY 9 (SEiemue) o7 |

“Tet ag Wt fam & Sfaa & 6 atea s & a
qifd & ‘Y-Sat’ a7 I Sor-aral § off IWiad & e
Tepdl & 7! S GA o YT & 1T YT BT 8, SHY @I ST
T AT A & (Ff IoHe), A Tl & offe | gF hl A9
g @ -t o o gt & (8R &) P g
A T2 AT Hageed Jad & | Tl F 1 I8 GH H TEN qie
2?7 TS fI99uT & SR W Al 36T ST B8R STél’ | T&r
YR fSoTell & YaTe | aT9 UeT & Tehdl 3, AT eTel i JTashd
¢ qahaT &, al W7 G B THI-Gor b Wiiew T ofr St
Folt &1 bl 2|

Had =9 RO I {6 A af § TR B e €
YERTST UaT B T AT &, GO YR bl Soll, ST GERl bl TRH
F T 8, ‘afaa AT & A0 (category) H BHT ST T
T\ S gd @ AT F g, U SR gaT A & A g, au
& el &, faotar YT & "t 7 |

“IE (a) fafeor & St stavaRd foRot aet ugad €, ar g,
aTg SR A B TR HIAT & | AT a8 faferer amr gd &
YIS T SEva R0l T |t sifee 8 ¥

“zq e fasar i &1 WS @, ST |rEwer St o
HEM 1 B ATl ol &1 g0 o7 (T ang-fastedt =2 &
ATt T 60-70 fasrd & faorelt @t St & gfadr & urar
T e fAe-Solt YaT e @ 1T el SaTaT a1 St @
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28.

29.
30.
31.
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AT B 1) T SATT HET Uerel & daw qut afed s 8, T
B A S U B AW E | SFFAT ST qeof H g
SAfert St e 2 g g 817

Satish K. Gupta, op. cit., pp. 215, 216—
“Dry Cell
It is portable form of a Leclanche cell.

Construction. In a dry cell, a moist paste of ammonium chloride
containing zinc chloride is used as an electrolyte. Zinc chloride being
highly hydroscopic, it is added to ammonium chloride in order to
keep moistened. The paste of NH,Cl and ZnCl, is containd in a
small cylindrical zinc vessel, which acts as the negative pole of the
cell. A carbon rod fitted with a brass cap is placed in the middle of
the zinc vessel. It acts as the positive pole of the cell. The carbon rod
is surrounded by a closely packed mixutre of MnO, and charcoal
powder in a muslin bag. While the MnO, acts as depolariser, the
charcoal powder reduces the internal resistance of the cell by making
MnO, electrically conducting. The zinc container and its contexts
are sealed at the top with pitch of shellac. A small hole is provided
at the top, so as to ammonia gas formed during chemical reaction to
help escape the cell.

Action. A dry cell is only a modification of a wet Leclanche cell.
Therefore, the action of a dry as regards the chemical reactions that
take place are same as in case of Leclanche cell.

The dry cells are manufactured in different sizes and shapes to suit
particular needs. Irrespection the size of the cell, the e.m.f. of the
cell is nearly 1.5 V. Its internal resistance may vary from 0.10 to
10 Q. Further, an electric current of about 0.25 A can be continuously
drawn from a dry cell.

i FeifeoTEtl, I6 Iga I, o 43-47
FE, T 47-51

(a) ATET =it HETErSl, faE « At ar S, S AR (W),
fedar, 2002, g5 15, 16 W W& 7/229, 230 F 35T

AR g ¢ g SR A
sifeer of sy sifear fa dren simmEfa e Swedfa e qdfe

245

https://books.jvbharati.org



T ?

gar sifer |

B el B O e | W e o L 3 S RGeS O | e
T ?

FIARTE ! HES AN qg-oedl FEgr g9 g T @
foafa, <8 Tar <F Fudia, sifE sife = of @1 Huafa afé-ate =
o o ferr o arrem s, Seeidfa, qdf, Tl | oo
FIAETS !

T e fa awrer sirTEfd, Ssodfa, qafd, TuEd | (reEg
7/229, 230)

W | T ST Qg T A A STAMIG e o 7 Sefod i
¥ T B 27 TR R 27

&, B 2|

W T B-g I IETA 9% H AT B &7 SEad
A T2 A B &2 I B &7

FIART | HS ST T AT T &S (6T, 98 3 ST
T T H AR &, wisd # et wigd <97 H ARt ® | 98 Set-wi
el 2, ai-aet e Stfert qare WY a%g 1 ST & &,
I R €, T BT § SR IR R © | Hrarars ! 39
YR I A qaure ot a5 B ST F €, S B

7. T, 8. WO, 9. U, 10 e, 11. goaio, 12.
HIATOT, 13. HE, 14, HEAO, 15, F@EE], 16, YO0
HIATT GeU ITBTEETT RO |

(c) IET R, 94 Igd o@, I9 19

(et 1/9)
Hiarr R geadieTaT, fagar-faiion e aHTT-
eEAaEeeTaRdarSaear  fafreddsadte fasmar
TSIt I | 911 (9.9, 1/9)

IR SIS T 3T FSA-saTelT AT & | T8 S ear
TN UF g (@l ar anme fayfa) & ot F gom 7

19T & STTAN T Flsg A HRON § IUA BNl & | ST gortl
TSART BT HET & B A Tl & | HSITT T & STaemg
BRI € G SR ARG | ofirar ar off & St el € Htere
SR faqe | T89% a1 &R feharie | Srafted a&g & we
R ST |l €| 38 YR 9B ¥ a% AUE o femam S
Tepdl & | 30 &N ¥ MR e i by o @ €17
‘et g ® deiiaear @ REEEy 5= Fer W B (M.
T 642 TEREEY-EASUEATEHd YA qeTaei-
Aivq ST qaagaTEedierd 1)

32. 4 Agifasrst, 0d S@d 79, §S 51, 52
33. 3T Wews, 9d Igd a@ Y 15, 16

“STET T UF AR I ¢ o T # qeme gw w7 § uRerd &
AT 2 ST AR F T AP & H IR0 B & | A e Heshr
I STHTT &I H A € | 519 29 & STIAR a8 Jaird &l TRomd 2 |
ST SR I T AROTH &, I & gehter | gEe 1 R & |
WA & F 918 ] THR &

g, < & € ofR g e B 1

e oo 2 & 3aH faed &1 A T 8 | U9 A 2 @
TE B | A iU gg ® SIferd Qe YR R 8, aud e
21 u Rafq ¥ g anftq 78 a1t 6 oA+ areswan &, g
%, A9 2, 98 afea & S 20’

(b) HTET G, 9dd 15, g 121

“ISHITT ! FHOT WIE AR §HOr S e ud o .
TRl SEfT of ST ! Tl Hafgmer 79 aEn qOi .‘ﬁwﬁ!mwhq?gamﬁ?
T e & O SrefE ST IevE SO, o el 1. S, & T e See | g S
2. WY, 3. TR, 4. HWATUT, 5. AW, 6. 3TV, H BT ?

246 247

© Jain Vishva Bharati For Personal & Private Use Only https://books.jvbharati.org



34.
35.

36.

! far AT qeTer gH IR, TF STEET O gy
TR | | AUl I (WrEg 5/237-238)

! o foF H e o Aty sfeswr &

&, Mam! foF & S ofR af & sfesr 20

T fohd STUET H?'

e & § g9 I BT 2 SR gEial @ aRer g e § o
Tl § I YT & 2 SR YTt 1 URvET S BT & T8
T uET H V

fo # gelfemt & dus & gerat @ aRemT v T €1 g4t
fomr # S & & | i | iy qur ST uehte aeqel & T
# gt BT UReMHA S 8 ST

T STTATIS | JeT SR STIHR Hl 3T Sueme § feaor fhar
T & | A § g Bl A TROMA B & HROT AR SOwR
T 2 | IR & STAR YEiTe i 9 gt & ity gafeor
T Yeptes I 1 19T © | fead gn gemen watd, e
Hafd? I JETAURIT: g A e | (1.9, 5/238)”

g genfasast, @ Igd T+, I 52, 53

A.K. Shaha, op. cit., pages 121, 122

(R w5 & foo <@ ool o &1 ggw weT, ser guw, fewer
3 10.)

T, pages 120, 121—
"The limits of inflammability

There is a particular limit to excess air or oxygen in combustion of
each kind of the gas and when this limit is surpassed the gas becomes
non-inflammable. Similarly there is also a particular lower limit of
deficient air or oxygen required for combustion of each kind of the
gas and when this limit is transgressed, the gas becomes non-
inflammable. Table 3.8 illustrates both the upper and the lower limits
of inflammability.
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TABLE 3.8
Limits of Inflammability of Gases in Air
(At ordinary temperatures and at atmospheric pressure)

Gas Limits as per cent by volume
in air
Per cent Per cent
lower limit upper limit
mixture mixture
Hydrogen (H,) 6.2 71.4
Carbon monoxide (CO) 16.3 71.2
Coal gas 7 21
Coke-Oven gas 7 21
Blue water gas 12 67
Blast-furnace gas 36 65
Methane (CH,) 5.8 13.3
Ethane (C,H,) 3.3 10.6
Ethylene (C,H,) 34 14.1
Ethyl alcohol (C,H,OH) 3.7 13.7
Benzene (CH,) 1.4 5.5
Pentane (C,H,,) 1.3 4.9
Ether (C,H,),, 1.6 7.7

37.
38.

39.
40.

For Personal & Private Use Only

T agfastst, @ SEd I7, I 53, 54

e g, 524

T - - T - H - e - 9B TT-SSau =g 11”7
[T - Q- R - | e - He - BT AT d-Saa=asd Iaie
aafe 1]”

qf ggifasast, @ I8d T+, I 54-57

Sra g, e, 1/5, 6, 8

‘TSIl T 151

(@R T TR T @ R AR
)

AT - AT -3 EIETHIET: 1611
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41.

(G aq Aled U ST qETH:) AeaTeag e 181
G w aw d)

APAR T IE] B GO A § G B ATl GH &0 & NS
@G a5 & FaEuE # BT O, S @& B 99 § St
FAT T AN A I YAE BT &, & AT T )
“3FeAT, Al AR STEYAT A I [EemHE 217 16l

(gfa S @EoT FE & 9 AEOT ST YA B[ &, IH AT HeT
ST 2 1)

g B e A o B B B | B R S 2 e G e
078l

@ S& g @ e e )

AT e, 94 g o, IS 14-19

foerq : wfm @

e g fasrelt @ g ) 3] fawg # & usT Sufterd &

1. faorett aiftg & ar =@ie

2. foorelt |feom & ar sifee

= fqug W favsael Sl § fTER & smas® ¢

AT & g enf uig 1. Saeeeiiddr, 2. SeddT, 3. dm, 4.
YIS, 5. ThSTTeRd |

T § A AR 2 a8 Saemsfia o ® gEEr 1/5/11), 3 of §
(GERTEN 1/5/12), S8 AT (FIET 1/5/13) 3R gebrar ot & | (e
1/5/14), WTh-gifeRT o & (G@Er 1/5/15) T o 98 i &,
e &1

ol AR e Ags-a9 § Bl & | AgE-a ¥ 9 Jeia
AR T8 2 | G § I pre AT o & AT B ATt
ST A W R (I 1/5/38)7

T W B ATl AR, AT & TART & qHT FHeher ATl s
S e ofR fsita aifter 2, 39 & faegq of iy ofir foffar aifir
T I8 QiR & | B B 6 ¢ | awad | sifaq o e
FoAl &, OF M B YA & | TSHAAWEE § AW ATl qelia
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At & B 17

‘o I, AR Ay w=

T O A A S AT G 0T SRR Ao
qzauear | (WEE 14/54, 55)

AR AEARHRERATHIETT, TISE T AGHIET, e ey
4Ad  GATAO  AQAAW gY@l JUIAt |’ 3@
TR IEATOHEAEad, qvard 9 qauaaiRmi et
AsaEaRi | (wrag S 14/54, 55)

s i

TR AT TS, TAEH YFATOTFRHT |

q TN FHYPOT AU, SPASA qd TR | (I 5/1/7)
3 ST &2 S Afed SRATY & T Y T T@d & | 39 ard
H JAd g0 F faer-faedieat %97 thad B ¢ | F Forep % 99
T § =T

S

T SRR AT SR T o 7 @& 09 9 g9 7"
T 3O AT, OISoUTY fEETeier FHIEOOTafE | & goT SReTaRoTarn
TR FAarsgRtet 4 SR (EarT 91, 9. 128)

T ACAFRAERGTAT YHHgaR, Taey ey,
ARFASATRAT YA H2d, O T TR WeRETEeh are
TEEET | (AFART g, T 129)

T e, Ay, FReAst: @ gt e
TEEIHT g WAk | (TP, 9. 136)

ATCFATANET 3 TSl AT SeEe | (I, 9. 137)
Tk | qTeX AFT TE Bl | T % BB WM % I & 37 el
HEREEIR R R b e R R R s ie s cap i
I & | BART A & 38 AR &l e el @l S e, itk
FEl AR N A FEFREE & AR § IO a9 § 987 A
T B |

Yefred qe srsdrad sa 9 o faAT we @ ST @ I B
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TP IO ABFT F BT 81 I8 e o1 2

H T Sy T A, S Siif HeTeEi |
FAGAAIITR T, TN Tearel T T 097 || (IR 5/1/10)
B AT 2 foheel & ot | frem aiger 9= oree u § Za
T E 1 (Tt | Mepraer) quiita &t wifq (SRl &) dR) @ adr gg
TIAHN § IS AU HA & AR YA £ |

STRA oI FEIfd, e 99 o Hed |

9% o2 9 faRd fewng, @enfesit sermh fme o (GEE s/1/11)
STgd A HT HEM HAUER Uk AHEE © | 98l g FUFER 2,
foreRt UR U o B g faene ) aet S, e SR fower
feqmaetl & fRaR T Ser 21

STON-3TRT

T FTATIT STION SFOTERET | (T, 9. 129)

ORR o TR 37 FTAl ST AT SARAwE [ 2| a8 sread

T 2

T TETT AqUIstae, AT T gauoe |

AT T HFOT JOT FHSV, MU SFEGFRATH || (TR 5/1/12)

THHT HT H TR A ThelT AT & | T8 T R FFiaar

I TE ST g BF AR H A T ST & | AXAeht & @ B

TE TN T AT 3R HET I HIH aTell & | T8 HH %GR

T 3R AT I 2 |

TR SRS FARATT, AfE FEee Radfa o |

A e Rrgashaearen, 7=t 7 dag @ e 1 (GEEE 5/1/13)

XAl AT AR | AR fesmett § AR SRt g St

ARHT HT AU € | F AT FEd gY 98l U3 B ©, o AR & g

T g TE St wefer |

T T a9 AqE qAE, qAEH GROERRH |

q TSN HYer Ui, IPAFA FAFAG I | (TR 5/2/4)

T e 0 Aifd Tadr g2 fe Sl 9 W 9ad g0 F Jod W

FET A HI &1 d a1 § T 90 € SR q g0 qU F 9qd
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& 2
(1) e 3tf SRl
[ g .. T g FaaEaem |
FfTAeATIISY SO & S |1, Tew ST qEre |

(ot g, 9. 135)
TAT AREEUT AN A1 Y | (A I 135)
IE T FT LG0T § | TR Gpd €Y ¢ TG | TE G FHaAd
IwT & & &, fohg ot & ot ora or stfers ST ®
(2) A MO S WV
q & gagT i JO O G | (G g0, 9. 135)
TR T FT &l IO Y X el B AH- & forg
foasr &
TR o e, S AT gl qui |
FERR Feg Fofaeot, o 7 wdfe aq@ata | (qEEr 5/2/8)
FET U & S faegw i @1 v &, o e O /e e
H T BB FHEUT-5EH HIA & | THUIT I I Pr AT 3ffer fam
T, T IR B Fred & AR YT W AH o ¢ |
et
(1) T PR, ey FHRFEFsRE: @9 Tt ST
TEEINT AT WAl St Ay, femeE & swRemdE ar
e | (e 9P, 9. 136)
IR T JAET & A AR O § & yeatad anil ¢, Sad g
3agA & faeperar &1 W @ i e 2 &)
T oror P HEd, St Jwr st StRgl |
frEfer e T, steww @ RREE 0 (G s211)
T ST ATAT U HeT JET & | IqH ST T3 T ST STt & |
FET T Y FH Al WOE AR-GR F e g0 |9 w9 ad
T
TET IT SO &, T afe |
Y IO SUET, AT 541 90 || (SAACIT 19/47)
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T | oA TE T

el FGHHRY, TEUR SR |

AT TAARH, TEFRgEl qUiaat || (STREAOnT 19/49)

U & U H, AT g2 A H R Bl ST SR R A A=
STTEhaA YT B3N H = I YehraT TT & |

|

T I qEERIE R T ade: @t g i e (Jeegh,

T 459)

SRR ST & UohR & B & ed X a1eT | 3 & arer S
T | TE | Fel S A B I €, g8 o S| & fore
7, fpg IR S AT SR yebTerEa qgel & fau §
HETGAMTHHTE, H6F TeRarqgy |

FATAGATT T, TEYAT AvTET || (ST 19/50)

TET TR FAT AE-E AR ASA-ATAHT ST Hed A4 B arg H H
ST TR ST T4 E |

A Swar, g a7 T

TET Rl O TGN, IR st | (STReSentor 19/57)
oAt FRT SiR was gen H 9 @ Aifa it #r Sen g2
feramatt & STeman SR weprr T E 1

‘et

I faeRer @61 frepd 98 ¥ faEa-aot @) 30 Hrefade e o
el ST AT & | ST AT & YT & qH doilare-gawT R
& 9@ § e ardr s & AR wer 1 Febdr 8, a9 & faEg
I AT FHET S Fehell © |

S A § B aTel St bl A T T T A A ey @ St
I ART FET AT FHAT & | S ASAALAT B o THATSH & S~
St A & IR S T H B ATl ot qEATILSAT &l et Sate
T a9 & faeg &1 oore TRt F S St st E 0

42. TY & Tqe S e T 39 fGug 6 9gd & W
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%, od o gear & o & g, SRy HEfEr oiR
ZEET, U5 341-362 H YHIAT & | IHH AN, &, ST, &mon
SR Siid I UiT FEER I Gl T § | A4St Y U IG5 &
(I3 341-346

o 1

&l
1. OO i 9 qg, T gigedd T o
Y AfE & qed, Ma ager fHm
2. SN, d, STOM, 9RO, Sid, 99H S |
T U gaeR axidl, S SRS B |
3. UM B e H, 99T g a9er |
WA T Qe H, STRHES 1
4. for § Siq 99er #, 29 Ak © F |
Hfcrar wTorafa quil, afer St gg S o
5. gg @ g R, s Uo7 g9 Hied |
HAERAT SAFIuTH, da9% I8 I ||
11. qoTTSiharsaTaull, Tras Hiefl @ |
feor wiie foor enf=, Sfiq a@er gam
s ey o foRanfean & @, 21 F 24
&
AT AN A q@ 7 G, WA | U7 SRy A |
o7 § ST F9aer MeW gt I, 96t 7 & 77 Aife |
Y parfear & T T 1, FHT Y -2 |
T Hfe Bfe 7 Fraus &g, dar T fowom @i
|ry | a0 fewmm 2, sgHe av 99er |
g9 IR A1adi sid WX A dl, fares T8 8 o
Zel ot @ S Faer § Wi ager g fqor § 4w T
Tl | G qEER At g WS ar for fawees 98, fow gy

1. 3197 5/124, 2. 99€R 10/6, 3. WL G 8/301, 4. @R 5/96
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e 0T = g foqor § for < E | 3 F g gdqer | areer
J Y 1Y A1 B2 0 | AT i Sror  FeAr i e T Hie |
T GATSTET e oIl TG qIeHT H Tedl T HEl
SETHEOT Y, “STOHUORH FOT |
Safad Ao, SEtad f@oar gom
TRE <ifE T, aaert o faeerd |
Tof A o, SR BET 0 [ 2, 9 S, TS, 9]
7T 381 fuor el strameRd! faor gy g@er § el ol § v ar
qTq 5 R T foane | fom s gfeda ary smoen Jeer § e
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FIER G H T e FeEM o IS
FAfaE o ¥a! J9ER YU TRMET! UEfae J9eR U9, o e
AW, g, AW, TREW, T |
TET | T ANH R AEOT qq8R qgedsel | O O |/ A AR
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| T gu R, oot J9er ggde |
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T A T AN R, FE ¥ a aren e, awReny q9er
TEeT |
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TEaiEaaer UgdeHl, o JeT STRTHC, Yot SO, SRUm, e |
TE-TET | AN FU SA0M TROM T TET-TeT IR gt |
| formrg WA mmataEr wHom e
T YATaE J9ER a8l Afe-dfe ‘Aar-aar afe-aie ARRa-stanad
T I Ol S SO SIREY WEE

[FEE O 8/301, T9@N Q. 10, 39T 5/124]

el U9 99eR § 4RO J9eR I S 99er fUvT wall | e qw
SATER I ATE A7 AT ST J96R | a9 T8l | T S Jaer AT ol
UF A He B
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T JIT AET BT T HeEr §(B)
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“Hraggraanfdfafram: a e 1o

(@ o Rafeer o gieRfa Fe )
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AN A TR 8
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Prof. A. K. Shaha, op. cit., p. 286—

EECEKIEERIID| I

"It is to be noted that solid bodies and the majority of liquid bodies
can be considered as impenetrable to rays, i.e. are opaque. Rays
cannot penetrate inside these bodies and cannot be emitted from
within. In the opaque bodies, radiation, absorption and reflection of
rays occur only on the surface. Gases are permeable to rays and rays
can pass through them freely. Some of the gases such as CO,, H,0,
CH, etc. are endowed with the property of radiation and emit grey
radiation. However gases exhibit the property of radiation and
absorption in respect of the rays of particular wavelengths only."
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74. Satish K. Gupta, op. cit., pp. 1085-1088

“Photon
A photon is a packet of energy. It possesses energy given by
E=hv

where 7 = 6.62 x 10 J s is the Planck's constant and v is the
frequency of the photon. If A is the wavelength of the photon, then

c=VvAi
Here, c=3x10*m s is velocity of light.
Therefore, E=hv= h_kc

Photoelectric effect

Hallwach discovered that an insulated zinc plate connected to a gold
leaf electroscope and charged negatively lost its charge, when a beam
of ultraviolet light was directed on the plate. In order to explain this
observation, Haliwach suggested that the metal surface loses negative
charge due to ejection of electrons from its surface by the ultraviolet
light. The effect was termed as photoelectric effect.

The phenomenon of ejection of electrons from a metal surface, when
light of sufficiently high frequency falls upon it, is known as the
photoelectric effect.

The electrons so emitted were called photoelectrons. J. J. Thomson
showed that the photoelectrons were not different from the ordinary
electrons.

Laws of photoelectric emission. The various experimental
observation led to the various conclusions, which became known as
the laws of photoelectric emission, as explained below :

1. The emission of photoelectrons takes place only when the

[frequency of the incident radiation is above a certain critical value,

characteristic of that metal. The critical value of frequency is known
as the threshold frequency for the metal of the emitting electrode.

2. The emission of photoelectrons starts as soon as light falls on
metal surface.

It has been found that the time lag between the incidence of photon
and the emission of electron is less than 10 s.
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81

3. The maximum kinetic energy with which an electron is emitted
from a metal surface is independent of the intensity of the light and
depends only upon its frequency.

4. The number of photoelectrons emitted i.e. the photoelectric
current is independent of the frequency of the incident light and
depends only upon its intensity.

Einstein's Photoelectric Equation

To explain photoelectric effect, Einstein postulated that the energy
carried by a photon of radiation of frequency v is 4v. According to
him, the emission of a photoelectron was the result of the interaction
of'a single photon with an electron, in which the photon is completely
absorbed by the electron. We know that to remove an electron from
ametal, a certain minimum amount of energy w, called work function
of the metal, is required. Thus, when a photon of energy /v is
absorbed by an electron, an amount of energy at least equal to w
(provided /4v > w) is used up in liberating the electron free and the
differeace #v — w becomes available to the electron as its maximum
kinetic energy.”
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AR (T T ) ST Y- FS-98 IRTBAT ¢ | qem
OfERAYT % G | ST We T 9 diel var HeheRperdifedr o gt §
FAA R T ® T 94

“ATAROT o TUMT hifd, ArERredr gt 39 foar woifd,
wfeme’ f (. wrer mam 224 7o)
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T fcEpAYT & aTg -wEre | Sel drge-A (Seran) Té
ST 2 g8l e |TY HEd e | Afe IUrHd § Aree, dr@, e,
T a1 &, ATeX AT T T & Al W §  SUIH & Sfe URal
SR AT FW ASC 7 AT T X6 ATY WET @A™ H HT R |
ITE & qTER e A I T 7 & SR U | by e
=T B AT UXeT Se bl AT e 7 2t 39 Rafq § |y wEd S
F it e HH & gad arahe (R TR FHad) TeAH, TohT
A FE R U Mg @ gt § 9o € 2 9= @ @R
k3e3

“GAATIRENAT AT 2107 N Her | STt afegrr sian fafafafrd
FEO T A ey | it smfa el S’
(Frefreramesr 224 07

ST (IST) ATl SUTA § GRERr & 918 Gt § 9T 7 &
3ad oo afe arg-aredel wwad die @ #d € ar A9
(Setra) ot forrerr Bt & v Fsieeft § s w9 § o 20 o
T T AR HITTT

‘S gOT A fERiest (T 209)

Frsfrererafet onfe & swded sl & 2/ g 2 & & ae ar
T H AU X & S IS HIGT GBI (= Photon) IATAT & AT a8
o faotelt &t v, €1 & e |iaa (= aeiia) 2 & | Iqa! faremr 7 &
THe% e Iuga fasid UeR @ |raer-sen-fafe greEeR wwEd §
TE

W%Wm@m%ﬁ%g@%Wﬁ(Packetof
energy) ¥ | WIZM (A7) ERT YebIST 99T & | Wi & UebieT & &9
# gford 2rar & | qom Tedee () SR weE (G & 99§ W
T B | aFITﬂ (Photon) & T¥I& H 3 & EﬁTriTﬂ (Eelctron) 3=
Tl F SMmAfrd (Charged) &1 S 2, smafua ﬁﬂTﬂBﬁ 1 il gares
(Flow of charged electrons) T T ATATERoT fHeld & YehTIST-SEHT TIRE
% T H A9 (Photon) T IES HIAT & | TAT YHIST & Fa ard
e (Photo-electric instruments) & &RT  YhI9T &G aﬂTﬂ (Pho-
ton) T & {99l (Electricity) & T § ®UTIRT &l Thd & | S
%N YATE (Eelectricity) 7 90 ¥« & | WM af sa¢ 4 gaq 2 | fagm
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% gfte | T o wIa | § Feheran/aTet BT YRSt Wi & | qer
Frsfrergfot anfe et @1 gfte & tar yerer ffdare & & wfia & )
I AT AT TET BT (= Photon) Folia & T T S 61 gaq 7=
TET I (= electron) & ST ScIFEIET Aoilg &l el &l debell?
I FSITEar 0 HFAT I a1 &9 i ? Hifh THIT-SOT-aT8 TS
AT SR & TEOT 2 | T T/ g BEeq Ay S § § 6N
T TR | YhIg-SwIdT o deer T &9 9 femE 39 & ¥
ZHfTT UGS S TRId/qH! B ERT SR TR e a1 q9=aa &
§ 1T AT TAFIEIST T AT JShE ST & w@ed § & fAfved g ¥

AT QT 1 g & [T SIF &A1Y WIEdl 0 HIauseT Hf Uh
He@qol STasa® FhaT &l TSl & | wraweT & fafr @ e
st FEf-gif, st sanfe owef § foer & omar &)
AATHFGRR T | 14 FeR SvEagEaret 9ere 3 foar @ i
“3TZ JOT BT B A qal e’ (SR 1372) starq wraweer
% [0 ST @ |rYst @ Bik FAE < AT ITh HW & FH TR ST
STAT WES IS AT (9Tl BT TehIT ST AT HIAUT i b Sold anaq
fOhY | TISAT BT TERTST AT HIOT T S 9RIX o ¥ # 377 ar Setated
HIUET &l AT I BT | &0 ATl | febeq] faIsTell 61 ebrer ar <1 a6t
YT (IATAT) TAME TR & FHUX U2+ U AT HICUEYT bl fohar der &
FHEAT TS ¢ | T8 FHICRIET EETTd el & | SR & S 2l JaI,
e TAME TS & AT HIAURTT F1 =t Brar F&f # ®1 FRoT 950
e 2 fh 3ad sifa & Sl @ farresn et & | e & St
% foRTEMT 1 M1 U UK &1 AW | I HY WIEd a9 HIauser
FA B I auE B S £ |

= ybR & iR & off wraweer & fafr s g foaar & 5
‘T YT Feaaret B Ais T o PR (M. 643) steiq wrawEe & fog
T qug A S F B gL T a1 AT &, SN SW A 92
qr |y W e R S 2 | SHat e # AEvmarst T 9
g forad & {5 “afe g aotal g ot a1 = f#: et a1 et o
=tV raEt & forg S T Ay e & S0 AT
(STTetT) U &, faRTerr 8 & 2 e dt utas o wfi e |
ST & 1 ot ZroTErdst 7 IE g § uEd § A9 (I9en) B 9
Fh D! qAAdT & IR H g e a7
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ARG § 20T & [0 ‘faegeiaiar (3 41/9 104) TaT
g fagoer & w9 H A ¥ SEHl el # 4 e o
FIEgREt 7 ‘fagia e TR e umRa O RgaeRat: |
g Rrert Arewiita war:’ UAT dedd faetal gl 8 a9 =9
fam & off Tl 4 T € T qamr & | 36 o fag S & R el
T YIS SR SR U U2 A TS g i FaRrer il & | 3eeh aref
Tz g 6 faorett, dian, Aee 9@ Tenfe & qayd Safwe # S
YIS BT & 98 a1 Feiig e & & | foheg fawren, aew, 1 sanfe § |
T YIS X qh Gl & dg Hf ol & g 2 ard 9% ® S
STRTST H T BU arewl § & U SREnd el & a9 & 4, 9, e
e ganfe § & i &Y axard IR @ il ¥ SR g8 ol & e
2, fofta Féf v

& &I a1 o I8 ¢ foh Hafaar gawer § fae™ & sHe 9
AT ‘AT FHeUgiET’ UAT Hewt AN s  ARTEE & SHar o
e &l SenifoRIiRon weret 3§ wRa & &1 g s@ &t
T % [T Geq s 1 SAagashdr Tel aars | o SAf=ea & S
# FoT gfeg T STagIRdr aaTE | AR w | @ # S ¢ b e
T TR SaeEEy & & W ST SRR & ST SEeT Sl el ST
T T ff fTeE Slieew & & U @R & | 957 989 JhE @
TET TS U B

I ®l YR9TT & SR fER 6 e af aer § 9 96R 8l
W@ TARERE S AR B GG G @ET ¢ | 99 9@ B
e e, fhare § § S@fd eiar gaT St YR S8 & fHadr ©
TE WIS TET T | T F off BN o 9gd & geT e & e
*F AR UH e W, S YheraEq € 7 off fErm & oeEr
st i & Tar onft stavasgfaafyy, afeafae, ffrerfr,
sTafEfR ofd & =i & &1 &9 S 9 ¢ | 36 T8 Qe ol
AR § T ST GaH BIEH EET AT & IF YR & W g @=e
EA % fau geT gfg l STHd STasashdl & I8 @I 2 ¢ |

A A THT & AER W R & aE TR o
Foftadr g Bl & | EiferT & ot eRvegRe weren & g9e faEe
ST W T qEERgs® A & I 9ad ©
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“TRRT T TR HIGOT AR 38 I |

foooTs SoncT vl TR JEaE |’ (T 1707)

S AT T A Sl & g AT eEnt w o e §
SHITT 60 BIZHT LA HIE JAIOT & & | ST ST 1 ST e
H, S & @ & GUAYEE QHR & (o0 R gaeeid @&
Gl

Ty TOTER A ERT T g2 FTeST R yaeRi gn A o
3T 95 & Ted, o AR wEmg ¥ T FROT ¥ I al
e qefeE qarart 3 A e & Sal & e & oy T
ST % verelt iR uRwret v fdferd, wre, gfef, S, e, feor,
ufoTeRT e @ ATEAT | S wiRe geuref fRar ) o e
ST ST SR Wifecd & STaaad § dRe e Wadl SR ToTeR
WA & AT T Ugad § Miyawan, Feaar o) gimar & g
THIferT T off g S g yE 2 |

TeHE & faug ¥ qangEEh § aaeard siftmaeeel T 596 &
T GraX A1 qave-Iaue € § T A 2 |
oY % SRE H AT @1 BAT B, IH FIET H a8 -1 ;Y b ATl GehI
G 2 | A AT (ST WEq IBId STR qShE A TF & & d
AR SR T T e B | aTeY SRl SER qRe § Jemd
% S @ & S €| S UET 8 ar 9re UehteT (Photon) fe@ET W@
MR | Fifeh ATEARFRIS & ToH STed &l (Hgiea o ot wEagamst
HERS

‘Ul SATSFRIT Iewl A VS TET IO |

TR ASFRIT TG J T @ 0 (T 123)

TH YHR & S qqT4T &, 9% STIER dl U auf § Sawd &
S SifeE & Sal B W 9 99 A F RHE & ST 7Y Al
T 2 | AR S & afe eifor T & ar g wel ¥ e o
A AT SR 6l BT & 96 999 Gd J0d & d1e & AR | © g0
Y T GHIY S8 TE} T AU | G & Hebl| a7 G0 & SIX ST
qrer Y YeptaT STEl ugAr dnfeu Jv’
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Ig T 9gd awyel © | feeg Wl gy drfhe-faRmior sft
REdreist 4 29 T &1 9gd & Fdie, JRRETd oY SINHER
Sare femr &1 F Fed € 6 e & X % 9 H W gY A9k &
A T AT | a1ex ehad € 99 auf & a9 | o & HRoT &
I AT THeh, SUT, ATl BT T HE BT A SIS ST A
T 2 | b T o g SRS TTE-Hifeehe®y l ar darel & g
ATATEReT # Bt 50 T F AT ALK € | ARART T H SARdd AT
fomm €0 I ST § ATt et S | q9 A T § G g fafire
T, SUAT ST ST TOTeT BT F Ty 07 & & ot 96 <1l s
H & g IR & I G SHI § & A ¢ | Siforged TE At
AT T I T GRT & aoll  feha STt | F d9Eed (Photon) dhad
gt § FHI FEl 2l | il 3ehT IRomT fafime yehr @ &
AT T F T B BT aRemd 38 oAt § TE % |

% YBR H G G GHR b ANTHE Hl 9T g S U
g | T8 ¥ ) e & IR W 9Yg ¥ o9 S @l @ a9 39
ST I ERAT BT AT e AT Gebll | T8 [T FHE bl THT &
AT T faetrer T aReT H H FEEAT FAT © | SAAY AHE B
o0 SThIa WHEAA e Bl & qaoE 4l A & A9 T95 &
U & ERT e B Heball | 38! YR JEagR a@rd | A & a9 G
T ST YIS ATER Tl & SET A B BT AT TRETT & U=l § 2l
g | S & T Jeee WEheR 91 & 98 a1 9 &9 4
TS 1 ¢ | ARTE™ P A @ A H F I §T THH AR
At & fo wft gER & aE o 0 @ ¥ OF A ueer e
T AR Has wdal F TE ol § 1

T STE-Tale-3Thed B & SUXI AT 3R TETwaaaTd
ST =t REdeiEst 7 far 2 I @ a3 i Rede it
HIE e AR auid qaeh T4 SR
TEad U9 9 | S 9 e |, T a: e qued, aaqaw
AUl | e T e qrene Rt g
AAAEAMRIIgar sy [Aveld demE 9 FaraiemEmar f&eem:
FIAIIFTAT: TARFTA | T = A ST freamafig srerm: aRerRie,
FEaAETar 5477 (AT 5/24)
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qEaa ¥ ot Rl #1 a9 95T & d9e § | SEmea
o {STell T 19T W1 STHER a9l § FEl &ar | {99 o a1 @
RIEUR ST LU R R 3 BT e M £ | S R R G
SET B & HROT U ERT SHEBT 19T & Fehall & | FE a1 TH Teh
U 1 W EF B QW ah ol g YhIST = AT (I d
Zefed IfHE™ g WEY B F STl faoredt @ wifa S@eer A
UM & BT e & Hehdl & 98 a1d giRaEa | @ ¢ |

A T H W HB BN & W@EA § G A AW 8 a9
W UM ST F FE ST SOl e e RO Y ol & | SHeb
g & T fasio geR @1 arg F/EEH B W FB H ST )
USIIRT 37T BT H hdel SATG W Ui, STehlerd, e,
28, TR Tafe § wOEeE ST Wvdr & a9 A 9§ W uHl @
Wicehra fehaT ST AT T8 STHT U ERT 2 SuTeT faehire iR e =eq
RO T Tl & | I8 91 o B f5is & draia At g o S
ST Hebell & | SHCT g1 T YehR o 16T dSHId i A1 Y FebT &
T v faw fag w8 gy

fIsT & AATER Y1t a1 BIeM (TST]) TET & | Bl &l 19T
T F AR B HebdT | AU S T YRIST 18 Ted Garar & e off
SR TR ERT ST I el & Tehar AT Rrgaemmoiasht &
I & ST ER o Jd &

3 TAFEH-AEN-gaM B M o] @ died & fau o
ISR [ETT a9 T & | Wik Sadrale al 31T T Hedh & | 3] bl o
# 9% 95d BT & | TR () & off BieE (9 O ofd gad
T T & | SHGT T BRI ST 19T S & Fehar 1

2. YT AR TE

RIS T ¥ 3E SN ¥ STEAfd W@ ad foEr g
HfeErafastastt = STur g SN g9 ¢ aeiiees gfte & H e st
7 = {82

7 & T YHT T A &Y W B ©

“YTTEAT WA T §T ST T €1 ek ad i g €, qenfa
ITHT A T AT e &9 § ST & | S8 st § et
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T AT e Y& fhaT, T8 O SHiaeen § qeHita qHeEr SR S
ff I aae g Faar e @ FEe W E S W 2

SHa-fasme & & §, S ae-Iet AT S 9 T S ST ArTe
T 39 EFR fhT S &7 T@ 6 Fehd | S 18l I8 % STAN,
T iR geeafa & sifaRed gei, 9w, i ofR arg # o S ar
ST & | T ¥, | T b SR U Tél, I Ik GG i & STER
I TR W Sad @ g B fE Sasa® § | gl 3] qi
B T G BT T e 27 e

EE I A B e el o o e o el | e B e 1
Fod Afedl § Hiaug witaat gafed g8 €1 ST Aradrel & et &
T G T & | AR W S SUTHE TR T | e (oF)
SYART TE BT &; T o ATg-FET & fog sIfEEr @ ae st
ST & SR AT TMF T & AR AR § off S ey 2

ST ST Jfcgeteh oI HTE-F91e § U1 3R & {6t 4 afe
Uk () T YIS B A, I YHIT § F TR B b qHG qrg-aredr
31U YRR ol TR 9% (GT) a7 HF I | @S od & | 36 R, 9T A
STTETY T R YB- 9T FATAT AT & foh JetaT Joled & ST 310 SR
W YA & HRYT IHH! GG & A & | 3d: Uk, aTe T8 HHIT Hl el
T HATIT BT AT IA M, BT BT T STl BT &7 THHT TR 3T IR
T U, AT TR HEe B SUGNT KA1 A & | g, T, U, |6,
AR S & YBI BT oitg /T 747 2

TEA AR o7 faere # 9gd 7 @nt g% ¥ e oem W #p
TR oot & weg, ATaed, Hivac! Safe & YebieTl &l efta 7w &, df
R areafaes fafq @ar 2, 30 W A9 ad-amet $fY ST & SR W
fomI? T SME9T® 2

S eIt & AR 2 & r-fae ittt § | ue iRt
T TR &

IO FA b BE W E (1) g, (2) Fe, (3) W I,
(4) X Faw, (5) TN, (6) IR ATEX| ATCRAT HeAUG] AR
ot ERVEGAEEH ¥, ‘TIRETTE G B IRT F A g & Sen
R AT 2 o I 527 1 Y qeAT] Rorqet WA i & SHe
oA eI A H FHEL BT o, A-aT THIST % YT bl d Al
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& IROTH-oRT ST IEATOAT & G &heell T FHTdST G&T AT
fedia @t # 2iar &, ge1 A A0 § T (G AR ) & 9
Qe TheEl Sl I fhu T ¥

AYHT & STaT B IR TS G&T & | A & Sl & S Bl araT
goft § Tar T i s, aweafaer, g, A, fit,
TGifea i o §9 I9 Gl & R F AR AR TS W E
‘TR H g 4 i W J ageEd & e (3AfE)
STTereh Fad TATT & | HROT TATT 8T I e & (b doliehrd Teaet &l Tevl
¥, I gIe el & g £ |

Al R sngfd foee W w9 § qamr § 6 gy &
(i), e ‘I a1 AT &, Il i aXe d8d e &; erdlih
g, S R eEgem, SieioM oNfe S8 9gd &p AT ¥ wW
Hifeh BIEEIS & Uk 3] H Teh Foidei, Teh WIS 3 U g Bl
| SiTeRIST & U 319 H 16 TeTF, 16 WM SR 16 =JgIH I € X
g FeT AT AL & g H & IuA 2l o, Forg d=ien qrer
H el HeT A ¢ |

T4 g § TS & FO1 (W) B AT TE FwE A
R TaRIST S & AT TS, SRl I MG T ARTRE /AT
feT; 37 faotet & aed # 99 &9 Fgg-yate TRd &% &, a9 T
oIy ® AR TRA S T & Ied &, SHl 99 I At § i @
iy Bt &; o 99 TRA AWl & WOllg wET A &, b 9Hl e
Yoaieldl SN, AR <l ST, SO, RISt § Hieal oo, T | eh
ART-HT TTE B & AR FeT A 2, Fig I § e B T
T AR TE FET AT Wl |

FERET & JoH 4aehY & GO AT & aqd Sesk i
e & arer oifiT & wig yeR gam €

(1) SR, Fra anfe; (2) faegq enfe wif¥; (3) saman srafq sifi
I B AT wered § fafee awr; (4) AR SO e A gerd |
dere saran, o sifeg @t S 8 oiR (5) T (Ram) # b gU e
% %97 f& T et o 2|

T UHRI H wel I GBI B gl Al qdrn T 25 o geerer
TR TH IWT T Y, ST & Tolld B & TET ST N & FotiaeT
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T e AT & | T el H AR @esr g o
2 3R Fard € fop o T @9en 99 9% Sifad & 8, 99 a@ & YhT
A &; fhrg I S gg B 9 % a8 YRS el aar refq See
YT BT, T AT N G &, 3Nk 4T AXE dalrd (FSHrd) T
Tl BT 2, q9 & YR erar 2 | 3 awE wella ol a1 S a6
R & IO BT 2, fohe 9o & 1S F€r 2l U A7 &, 6 wifd sife
AT B & IOT TSt § IR & FATq IO Tt IqEb qAAA BT FATOT
T EAF & o AT P A9 AT TR BT Folia AT IUFART
T 2

‘FuAERTR’ | gITgdeR o srvagRelt aar € f R o |y
qr A B AR, R, R, Al S, g8 o, faor, s
TS &I STAHT 81 arey, THr it # =, o9 s@nte & Sfaae 7
T, T I @1 wet T e, - gerer @ it @ faser 1
AT, T UET AT & Yoaterd | BT AT Iheg T AT AR fopedt of
TR & AR I FAAT AT TE, Suha a9 FRaTT gl | e
SR T oft U fRaTT 6T @ 2, I/ STT A "IN, St 31 | fhar
A ATl B AR B faRreET A | & @ g

Tet et off v e 9E & o deewe Zm St gt ags
(arg-aredt) & SR WX U A9 i ORI Bt | 76 At
Tt v fader e Eiar & fo6 i ar e () e e, e ar
ATEAT I AT T AT T YO AT IUSH T el & Febel, &9 SFea
T et B AR w8 g av 98 2 afe v g
IS WepTeT & ST BNl 3T 37 YehIST & AT & YR W 02 § §g
I, A SAfEaT 1 FRgOr aTe e @ forg Ut S @ I @ IR
W T T G @ w B gere faue gret # e g tE
faem @t swiftd =7 ara @1 My wr € 6 o, Sad & g o
IWTAT YeT BT &, /I 2, S8 e T UG & IT oI § Saah! fear
Bl &; b YTyt & |oa T B & HROT S8 Arg-areAl &% SR W
usq & fEar TE e 2

et g9 Sufad & ¢ o SR A7 Sqmn T4 g, SHET (THIT H)
ST A § FEl W JeHE H THIEL Tl 3N & ST T Felid
FE 2 Y T |old A9 I TR B SR B JE 557 39 W IS
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q IR & B
QAT HfcoTeh TURTEESI Iy & e 3 &fmaeh & Stforamdd &
3R A9eT ¥ 29 91 %7 geed g B ¥

ued : Afe argAre # fosner onfe # fawelt @1 gt & ar
HAfER T A T ?

T : TS A [Aaam ettt a0 o0 47 [aeadgasast &
L1 1 B s e R s [ s e s o ) e o o A | 4
foram & fetelt a1 wemter & ar Siferar e 8, frar stforam-ge B &,
FHIATETT BT T BT 2 |

s ¢ g & GBI H 9 TS & YHIT i L9 Biar & 4T
TE?

T : IS T T T8 T YT AT 87 T ek TS & TehIT
% TS FE BT &, foheg SR T IR T YIS | @ & ar &k
TAME & YHIT I TAT Bl 2, UHl WO 2, 3R WX HeE
et § o THT 991 T4 S

o & 149 919% ¥ ERACTEE A SmteaeER & e
. = FTaER 7 e JaEar YT & @ A 8 | g8 TR
TSR BT H ¥ | T8 TR B AT 41 3R 42 P IR F =9 A b e
T BT & TR SET §HT T GBI Bl Fold HIA Sl TR 6 g8 R
THT Yol eIl & | JEfU “TeE qamaat’ UehoT i g e | UET B
31ef YT BT T2l &; fob araTad <t weiveras ot 7 g gy | THar
forga ==t &l & | AR 39 TR ¢

YfCTERAOT 61 foFaT e aret wegea (e 7 Jee) forpq, wdia genfe
T A & IR A7 IR IR T B AT qgd IR |9l B Al I gEieEd
T TS E | FET TG O YR oG o | ger frg
¥ arafq A, yfoskaor onfe # afer g=i @1 Tt T8 & anfey |
a1f, dus onfe a@fed 29 &, S9ET W & HT AR ‘HdE
TraEal’ 3T mens # faEd a= € o Saew ol STt § e
el fase W9 §, S e ©; T ArieR-aiosAeT a6 BRage
AT IHHT TSl T Y FHAT; A SBhR Arrard R 3 fgd
& TIoTell 1 ebTer e e & | o1d: S8 99 & foRer off uehR &
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AT 1 yebTer | &, TE A gafd g2 Rl UET STH B |

A0 SR e qAEdl’ & JRER T & ThIT | U SN b
TERIT T TT BT & AT TE 2 29 U9 1 I & q9g ot 24l 9
F == A B

J ed & o o, g T & foe @ o & At g & Ierer
(Tqgfm) 41 &l &1 %; fobeg 9% omfted ¥ O & 7 o S g8 &
g 5 g, o & ety & A @t B ¥ feeg see feita B &
ferrerr (Sfra-féam) wwwa 78 21

U SR == A B0 T YT S e G AT Arer-aeta
Y AT IBT &l BY GA-T% & YISl I Fraadl & a H Qi1 Iureerd
F & I T AT iR ot STEREgRa B a9l BT SR AR
Fed & o g4, Iv% e & UehIeT 1 GhHaTe (qeide) A SuER
Y &2, aE: 98 qold A8 ¢ | G, I 31 & e & ggnd whed
gt BN § At € fbeg ey it @, s U et @
(T2 ) ST ATHHH F I &, A ITh IR T B W A IO 7,
THT ST YhIST S & STaih HB-Uk Siiai &l (gF §) AT 907 HH B
I BN H I ST SRR, T B W AT IO GBI I §; oA I b
TERTT 0 TS | ferre @ 2t

Tgi g QiehT Sufeard @1 S & 6 afe e & & o faw, e
TAfE & Ty & e F o fResm St 7E ¥ e wer =@
it faetell, diueh g &1 if=em ®9 T T | oX & e B
IR AT gU W A’ & AFR Fed § 6 sifee § sa
T T IeT e & SR JATRE 7 B § A7 THEH & Hl 3e7 T
&; Fifh S & gaman T € 6 STt areY gy B & Ay
THEH H IeF BT ¢ |

S Y9 IUTEA BT Toh E19eh TS T Teh1el gI-1eerd a3l l
YT (o) e & ST T o e & 98 fhe ave e S
# e o gateEs W ded © 9w wmef & wem art S
Tifedast T & Ied Tl FRIGAHRT AABIAH S1a & STH-a &
foream & Gt & o Siffepma &6 oo 1 B9 | SR SHe Stfosged B
I & U & & H GBI AT © |
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A St qEEEE MO FT I8 SAFH Sat S IeEwaE g
Fr g g & fau T e g7 &% ure § faass faes % o
T Zas fou fear off sife anfeer &1 s =@ faar 31 s
TqeadaT garr & % sfe & g et am uer & o 9 o
SIerpaY T a1 A1EE § | 99 I § e gaH arg ok arg § f siferk
& TH GBI & 9T (WIeH) i SARAHE | HeT A2 I8 U FA=<T
ol gem B 1

A 2 HT UH ST 60T Fonsli & & H | awpomat &
TE: S 9T IAC M E 1. AEIRS, 2. AR, 3. STENH, 4. 9,
5. WY, 6. YT, 7. A, 8. HH| T X AXEH H BIF
TAE ST T AT I SFaTfias 2o & IETd @heet & o= 21
3 3R R & R Afchas 0 & qera wheelt & e 2 | SR
TAfEEAT] AIEMYHER ATY & AERE IR T & o7 TR o
YA A & | T ST ST Gl T oot 3R BreoT §9 F&T IR
T g & | WSRO § YA (97e8) UaT Bl | Sardregara-antom
SYIRT 9@ o | foRar S & | 79 & fmir v foem e | A=anen
1 UGN BT & |

TNAHNTE Gl I H T T GG £ & [T bt
X o, A AR qrex AT sferies afon § wwifase &l 2 |

If¢ & Y1ST Bl Afad AT TSHA AW dl SHBT GHTEST FTE-d16T
2oft F e &rm; fobeg faste =1 9aman & 6 webtar & o ST 9§
;I8 o AT H FHISE AT UL & X o O &l 3
TS & AT GET a § W@ W FG BB Fel I e ¢ | Fai A
H W fF SUgE el aemstl % qEd W Iad ST
GEAUROMT aTel &; 3T: Yo |iad el & UAT A1 68l 3T qGehda
T & |

T H Far & 5 faoar ar duw e @ Yy B W,
feaoT o foFar sifram-ga &t & orgiq avgoa: ek e &=
T |

Tq 1 1 AT § SO g § 39 YR AT & | GO ol 98
A TGS A ERGAEE F TE T G & © VAT weadn o
AT ¥ JAT T | SR A & 6 S g U AW R
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AU 3 A1 | Hel 7 39 a1 &7 G Suder T8i o |

et a1 @ o gfceror e feRamstt # <iuek a1 fostal Sfe @1
eReT, R Rt AT A WX US & I9e foRar sTfoem-ga ael B |
THH HRT e & o6 U & sFosr # fran o w9g e W feam
e us, UH 9 | A HEl | TR ST A A YLH Al SATHT B
%, o foafaa & Sear &; 3@ 98 o wehter & @rer 99 aeqy s
feamdt uedt €, so@ R & # gman &l 8, o R e A &
T H YIS I TR AR &, IT G AT foTell T TehTeT ZoT a8 ‘3Tt
TAT THT G AT ST &; AT b1t A AT &9 STl Brar a6
FHUAT SR TN STHIGT HET A1 BT (U 5, o7 TR Her ff
SUET TE | AT & UE gRfeata & wrer & o ot e Sraieh
T a1 BT faerer onfE @ YT & HReT kA siftamge E ¥ 9w
AR AN © |

e i fasmr @ oo # g us g
AT (SAFIAHIH Te2) A B SR aeT H e agHvse (TeHeni)
# FE UFR @ ET-gEe a8 €| IdE O, G b T Frg
3,00,000 f5.AY. ufq Fbs & 1 F A FAT 7, Bad DI HHY-GE
(sola=t) ar o 9§d SATeT 2l & A1 98d 9 | THT BROT ¥ IdE aT
TN TE BT 8 |

TH YR I YT W Siad @A S arel Y AR & IR
R AT YR S [gq-geaeid ad qdl § | A 89 3 aaqel
FoAlT A o dr {6 S & HSehe & S |

% 9 AR ¢ 6 gde wolig gered o emiite iR wifaew
EATTAR, ST SATEATHS I SAIAR, T WR H§ & Fad JhR #,
Il A:RfEl & (SNf, W, e, Sa, S, SEe) AR Saddr
Tl ¢ | 39 fagr & SaR W& 4 @ el A e et
T 8| UaW § T W FE @il 8% o | TE ol S 2 )

T T9f H GR A I8 & 6 U & w9 § fEg-geEeE aidt
BISHT SIS ST T T & 3T Tl YbR & Yehel | ofig &, uar
AT IUGHT TE © |
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T HaH e I8 Tl & b AY-GHIS i 9 & GBI FH ST
F G 4T &, 1 U g A9 & forg HY g7 o foran & A |y
qr @Al @ Al S TE A qohdl; fheq S fRET & a1 &
AT SUGHT Tl & SR qH Al qedt Al P o A e av g
B T 39 T STt e AT ST STHIE e Hf Sy e © | |y
& U & fepead el JeR & =X &l STal g2 il a1 9% W
ST IIRATTCTeRT el il bl |eTaal & STqT s i |1 7 &Y Hifh
TET Y T SEH! STTAGHT &1 ST & | Tay I8 ail |0y & fog ar &g
& e TE BT S JAT IAH UGN (SWE) 9T T 2, T
Irg: T A & o7 U S BT ST B 0 B O BT B T
& Juftad & BT | Fel df dad o A R e & SER W®
YIS Tl & STIaT TRl T U @ FHIN B U a9y g fRar
T E
(Feee : grdeRITas g, BIRWEEgh; qanes Je, e 2,
BB TAGHT TOT | SR e, SHATSTan; S999; a8 qrtal
YT IHE b A Farved e, O uH. Hegw, . dheem)
[SreferR : e, 88]

faoqofy -

EwEE G d R

srmoien fBfew difeawrrs deeant an |

HATTRTE STHT S TIAIETE U151611 0T b gher & STomer
JrEffde HEEt & AR & g § ool FRq g0 Samr & g
Sifer: TgeTfl T&T YTeReTT Hedyievl el 7 ey | (HE &
AR AfE Sl 1 QT & a9 SBled & oy a8 B TET HE W
FHIAET HT WF TE & 2 1)

Tohe, ITTeROT | & AT A1 TSR e § S Ted
7 =T ARRTT e % ‘SEoer orE @& &1 e qa & (1) et
% AN, AR BT G, AT A PHrATET P gT AT Bl w9 &Y,
Tq qE ST AR BIAHT Q07 Y TG HIAET H1 W T 2l 2 |

(2) qET oref STagAE G I AHT H JaArAT FIAT A 2
T R et o SHagmardet § ot afirer famamor
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g HIT H ARTRE/ATERT B AL H el AT YR B AR &
Y H I el S | AT Teg B H ol udiauds HE Swod 9
T E

ST a1 o § e ot S { 'R e ¢ | foheg fad
o7t wferer 21 ererifer FfoRma o= e # gty @ it TE
AT T 3T STTiS 9 & fad aref § var T Ry T2 g
o gepIeT  SIfaRIas S & ®9 § T & 8, G YehIsl &l auid
HIA AT a9 SET UTS /3 A AR A & fehrg ST A1 Fa1T gY
ST T SR & e § fedii ot @l Tl T & | 9 g ahatermad 7
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RIS 1 (faogor)

1. g gentasast, g qeia ar i, 75 79-99

2. ﬁﬁf :fﬁghﬁlﬁ\—rﬁﬁﬁ, S g9 I g@"’{ (Jainism through
Science), I 21-28
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qRIT 2
92 Ja

\ngﬁm fost 1 991 92 qa Tl (elements) T 'periodical
table' 7&1 TeH & fow feam o w1 &, d yde 4@ @ § © g
TAGEN MG I HE@T q&AT WAT-HR 37 BT R faor Iuaed & |

ATOMIC TABLE

APPENDIX IT

A S A W|G F

T Y T E|R A

(0] M |[O T1]|]OM Number of Special

M| NAME B MG |U I Electrons in charactaristics

1 (0] I H|P L Each Shell

C L C T |or Y
No.

1. Hydrogen H 1.008 1 Unique

2. Helium He 4.0026 VIIA 2 Inert gas

3. Lithium Li 6.939 1A 2 1 {Alkali & Alkaline

4. Beryllium Be 9.0122 oA 2 2 Earth Metal

5. Boron B 10.811 mA 2 3 <{Bomn and

6. Carbon C 12.011 IVA 2 4 Carbon Families

7. Nitrogen N 14.007 VA 2 5 Nitrogen and

8. Oxygen O 15999 VIA 2 6 Oxygen Families

9. Fluorine F 18998 VIA 2 7 Halogens
10. Neon Ne 20.183 VIIA 2 8 {Inen gas
11. Sodium Na 22.990 IA 2 8 1 A&AEM.
12. Megnesium Mg 24.312 oA 2 8 2
13. Aluminium Al 26982 IIIA 2 8 3 B & C Families
14. Silicon Si 28.086 IVA 2 8 4 B & C Families
15. Phosphorus P 30974 VA 2 8 5 N & O Families
16. Sulphur S 32064 VIA 2 8 6 N & O Families
17. Chlorine Cl 35453 VIA 2 8 7 Halogen
18. Argon Ar 30948 VIIA 2 8 8 Inert gas
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A S A W|[G F

T Y T E|R A

(6] M |]OT1]|OM Number of Special
M| NAME B M G|U I Electrons in charactaristics
1 (0] I H|P L Each Shell

C L C T lorY

No.
19. Potassium K 39.102 IA 2 8 8 1 A& AEM.
20. Calcium Ca 40.08 A 2 8 8 2 A& AEM.
21. Scandium Sc 44956 1B 2 8 9 2
22. Titanium Ti 47.90 IVB 2 8 10 2 First
23. Vanadium VvV 50.942 VB 2 8 11 2 {Transition
24. Chromium Cr 5199 VIB 2 8 13 1 Metals
25. Manganese Mn 54938 VIIB 2 8 13 2
26. (Ferrum)

Tron Fe 55847 VIIB 2 8 14 2 TheTriads

27. Cobalt Co 58933 VIIB 2 8 15 2 Second
Transition

28. Nickel Ni 5871 VIIB 2 8 16 2 Metals

29. Copper Cu 63.54 IB 2 8 18 1 Third Transition

63.74 {
30. Zinc Zn 6537 Im 2 8 18 2 Metals
65.54

31. Gallium Ga 69.72 mA 2 8 18 3 {B&CFam.

32. Germanium Ge 72.59 IVA 2 8 18 4 B & C Fam.

33. Arsenic As 74922 VA 2 8 18 5 N & O Fam.

34. Selenium Se 78.96 VIA 2 8 18 6 N & O Fam.

35. Bromine Br 79909 VIA 2 8 18 7 Halogen

36. Krypton Kr 8380 VIIA 2 8 18 8 Inert gas

37. Rubiduim Rb 85.47 IA 2 8 18 8 1 A& AEM.

38. Strontium Sr 87.62 NA 2 8 18 8 2

39. Yitrium Y 88.095 1B 2 8 18 9 2

40. Zirconium Zr 91.22 IVB 2 8 18 10 2 First

41. Niobium NB 92.906 VB 2 8 18 12 1 {Transition

42. Molybdenum Mo 95.94 VIB 2 8 18 13 1 Mettals

43. Technetium  Tc 99.00 VIIB 2 8 18 13 2

44. Ruthenium Ru 101.07 vIIB 2 8 18 15 1 Triads Second

45. Rhodium Rh 10291 vIIB 2 8 18 16 1 {Transition

46. Palladium Pd 1064 VIIB 2 8 18 18 Metals

47. (Argentum)

Silver Ag 107.87 IB 2 8 18 18 1 { Third Transiti
48. Cadmium Cd 112.40 m 2 8 18 18 2 on Metals
49. Indium In 11482 1A 2 8 18 18 3 B & C Fam.
50. (Stannum)

Tin Sn 11869 IVA 2 8 18 18 4 B & C Fam.
51. Antimony Sb 121.75 VA 2 8 18 18 5 N & O Fam.
52. Tellurium Te 127.60 VIA 2 8 18 18 6 {

53. lodine I 12690 VIA 2 8 18 18 7 Halogen
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A S A WI|G F
T Y T E|R A
(6] M |]OT1T|OM Number of Special
M | NAME B |MG|UI Electrons in charactaristics
I (0] I H|P L Each Shell
C L C T |orY
No.
54. Xenom Xe 131.30 VIIIA 2 8 18 18 8 Inert gas
55. Cesium Cs 13291 IA 2 8 18 18 8 1 A&AEM
56. Barium Ba 137.34 A 2 8 18 18 8 2
57. Lanthanum La 13891 HmB 2 8 18 18 9 2
58. Cerium Ce 140.12 2 8 18 19 9 2
59. Praseodyntium Pr  140.91 2 8 18 21 8 2 57to 71
60. Ncodymium Nd 144.24 2 8 18 22 8 2 Rare earths.
61. Promethium Pm 147.00 2 8 18 23 8 2
62. Samarium Sm 150.35 2 8 18 24 8 2
63. Europium Eu 151.962 2 8 18 25 8 2
64. Gadolinium Gd 157.25 2 8 18 25 9 2
65. Terbium Tb 158.92 2 8 18 26 9 2
66. Dysprosium Dy 162.50 2 8 18 28 8 2
67. Holmium Ho 164.93 2 8 18 29 8 2
68. Erbium Er 167.26 2 8 18 30 8 2
69. Thulium Tm 168.93 2 8 18 31 8 2
70. Yitribium Yb 173.04 2 8 18 32 8 2
71. Lutetium Lu 174.97 2 8 18 32 9 2
72. Hafnium Hf 17849 IVB 2 8 18 32 10 2 <{72 to 74
73. Tantalum Ta 180.95 VB 2 8 18 32 11 2 Transition
74. (Wolfram)

Tungsten W 18385 VIB 2 8 18 32 12 2 Metals
75. Rhenium Re 1862 VIIB 2 8 18 32 13 2
76. Osmium Os 1902 VIIB 2 8 18 32 15 2 The Triads
77. Iridium Ir 1922 VIIB 2 8 18 32 15 2 {Second
78. Platinum Pt 19509 VIIB 2 8 18 32 17 1 Tr. Metals
79 (Aurum)

Gold Au 196.97 IB 2 8 18 32 18 1 Third Tr.
80. (Hydragyrum) {

Mercury Hg 200.59 Inm 2 8 18 32 18 2 Mtals
81. Thallium Ti 20437 1A 2 8 18 32 18 3 B & C Fam.
82. (Plumbum)

Lead Pb 207.19 IVA 2 8 18 32 18 4
83. Bismuth Bi 208.98 VA 2 8 18 32 18 5 {N&O
84. Polonium Po 210 VIA 2 8 18 32 18 6 Families
85. Astatine At 210 VIIA 2 8 18 32 18 7 Halogen
86. Radon Rn 222 VIIIA 2 8 18 32 18 8 Inert gas
87. Francium Fr 223 IA 2 8 18 32 18 81 A&AM
88. Radium Ra 226 A 2 8 18 32 18 82 A&AM.
89. Actinium Ac 227 2 8 18 32 18 82
90. Thorium Th 232.04 2 8 18 32 1810 2
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A S|AW|G F

T Y| T E|R A

O MO I |OM Number of Special
M [NAME BIMG|U I Electrons in charactaristics
I Ol 1 H|P L Each Shell

C L{C T |or Y

No.

91. Protactinium Pr 231 2 8 18 32 20 9 2 89-103
92. Uranium U 238.03 2 8 18 32 21 9 2 Actinide metals
93. Neptunium Np 237 2 8 18 32 22 92

94. Plutonium Pu 242 2 8 18 32 24 82

95. Americium Am 243 2 8 18 32 25 82

96. Curium Cm 247 2 8 18 32 25 92

97. Berkelium Bk 247 2 8 18 32 27 8 2 93to103
98. Californium Cf 249 2 8 18 32 28 8 2 Manmade
99. Einseinum Es 254 2 8 18 32 29 8 2 eclements
100. Fermium Fm 253 2 8 18 32 30 8 2
101. Mendelevium Md 256 2 8 18 32 31 82

102. Nobelium No 254 2 8 18 32 32 82
103. Lawrencium Lw 257 2 8 18 32 32 92
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