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Y B, T + 40 cm Fihd U & SUA oIF i AGTAh Bl Bl — 4.0 D &
% o ¥ acqd - 25 cm BiHd 0 H1 A o F Bl
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) wereh! 1 aehdl BT 10 om 99T 15 cm 1 SThT Wi i 12 cm B1 o
o T T STUGHIF TG HIU (iif) ¥l et ¥ 1 g # Wik T 20 em
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&
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WWWIWW%I
TR (9.22) % ©H 5 T AN HLH b AT f, R, TR, =6 forg fog aRe
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1
—‘ -1 (E_E)

n—1.5WﬁTHI
(iii) g ¥ %= % @9 & AT, n, = 1.5, n, = 1, f= +20 cm
39 YRR o9 I W U B

Lzo_s[i_i]
20 R R,
3H ®9 % @9 o fau 5 H, n, = 1.5, n, = 1.33. 39T

1.33 1
= 5 — =
i 33)[ R, Rz] 9:20)

f=+782cm

9.5.4 TU A T@ Ut a8l Rl TATS

TH-TW & Tk § W f, T f, Biwd 3 o 3 7aet 9l A 71 B W fa=R
330 HIfSw| 7 Aoy i e Ted 99 A % wied 9 @ e fag O w from 2

30T 9.8

Downloaded from https:// www.studiestoday.com




Downloaded from https:// www.studiestoday.com

(fet 9.21)1 ween o\ fag 1, R vfafda s 21 =il
yfafsa 1, aTeafae 2, o 98 T o9 B % fag e
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TR oY Y TR A I F SR TR @ W §1 we.21 wwh ¥ W@ @ v arel gw ffas

Fiifh o9 Tqel &, BH <A o6l % GRIRTR el Sl Gt Eull

M Hehd €1 WM ST 98 whe fog P g fafdse g 21
Teel o9 A g =9 gfafss & forg

1 1 1

o, u f, 9.27)

<@ o9 BN 99 W & o
1 1 1
;_U_lzf_z (9.28)

THHIO (9.27) T4 (9.28) i g W,

———=—t — (9.29)

T G H T HI f THihE O o R THA o & ged A R,
11 1

v u f
aFerfa

1 1 1
771+72 (9.30)

T8 eI |k H W S Ao o9 o e & faw o ww @Al g, f,
Spoo. FIRE AT o TgT W AF TH-TW % WUk § W ¥, @ 3 HASH HI
me@ﬁﬁ:

1 1 1 1

1 1.1 1. . 9.31)
f h fi fs

GO o 9 § THE (9.31) 1 TH YR o fomar s g ©

P=P +P,+ P, + ... (9.32)

Tl PTH ofF TS 1+ &Hal 81 e ST, gt (9.32)  STer- e
&SN 1 sSTOTg 2 g e €, stetd wefietor o <fEr ue ¥ e Ug e
(3Tt of |l o foIy) qen o U8 R (3Tadd ol o fow) B wehd €1 ol oh
IS FH Sgoa STaHE &TFdl o ST SAan STFEia o W i | Hersh
B € e A wfdfss 1 devrar § off gfg w2 30 € i ved o9 g o wfdfea
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331

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

W HifaeRt

TH YN o Al o GAISH G hAY, GeEsfeia, quef qen = Rt
I3 & orEl % fesed § 3w fRT S R

32101 9.9 99 9.22 ¥ fRu U & & AW gw ffda wfafss =+ feafa
A HiTSEl
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OI A T J \'1
\‘ | 4

!
4—30cm—p;| .
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fag9.22
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e g gr fafda gfafss o o o fo foe @1 b s & 219w T o9
o SRl 3R (15 - 5) em = 10 cm § W 31 7Tafy giafas awafas € g T8 T
g o fore enarht foa 1w w21 sl seE T g o forg faReot et gf
Wi et 2

a0 U, = ®©

Ft g & w2

a0 v, = 30 cm
sifem wfafe d o9 o I $IR 30 om T R @ )

9.6 TusH ® 3vada

o1 9.23 ® fordlt fisw ABC ® wenmel fohtor &1 e €U <910 TR B e ol

AB R SISV T ST 10T FHHN: (q r, &, SR TR G (Fi= § a9

H) AC W ST 101 r, Tl e o1 a1 fid F0T e Tl Frla fRTor RS qen
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Fg9s AQNR H & %101 (Q T R ¥ w7) Fwepioy A
21 Tafere 8 91 & 31 J HH AT 180° B A\
ZA + ZQNR = 180° / \
s QNR ¥

r,+r,+ ZQNR = 180°
T I FHHION T GO HE W, TH W 2 <

r+n=A (9.34)

et forerer & <Al werehl W faEerl w1 = @

s=(i-r,)+(e-r,) o 9.23 %19 & =R fom @ &t wehmr for
Fofd, 5 =i+ e-A (9.35) RISl

Y YRR fa=e hiv S0ad 1o T e e 21

55 9.24 § 379dA vl qen o= 07 o &= UM% 9 T 2| ST U8 @ Hohd
& for U ®U @, Sk (= el BIgHT, Tsh T=e I § & qGI&l ioh qel
3G TR eoh 3 A 2| I8 d2F TH (9.35) § (A e ! THHG § o7 ®,
e, A (e e shi STE W wEe fean s @ § sTafafda @ 21 difde &9 § =7
=9 deF 9 Hafd 7 fF 59 9.23 ¥ yehrwr o6t o 99 1 a9 SRfEd HE W aE
forer 1o W B 81 =aw foee D, R, feH o sieX st R sk
YR o HHIGL B S 81 2H U e @

8=Dm,i=eﬁ|ﬂﬁlﬂﬁl?q'€f%ﬁr1=r2

TRt (9.34) § BH U Bl © _ 80Y
2r=A YA r = % (9.36) %
' 50"
T THR T (9.35) § BH WK Bl © E
D, =2i-A, ¥ i=(A+D_)/2 (9.37)
40"

ok fosm & oe1ed 1 STYEdIE ny, ® @
_sini_sin[(A+D,)/2]

' sinr sin[A /2] (9.38) 30° ; iE; ; e |

U AT D, F1 W TR G kT T bl B 0 20 4;01 (i)eo“ 80°
YhR THHW (9.38) fired & ugred o Auadqies o e
o =51 fafy 2 o 9.24 T R g o fow emae o

B F & fow st e few % o D, o (9 7o Foer 17 (6) < A o A
ST B il € 941 BH WIwd B

0 _sin[(A+D,)/2] (A+D,)/2

27 sin[A/2] A/2

Dm=(n‘21_1)A

5! qeqd @ fop uaet Taed o epter o fa=iem Tl w5 E g B

9.7 fiusw g uitamur
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¥aq YT
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vaT T FEd ©, Tohet Fid o TysH W Tufad s @ qf Frid vee § % &l ]9
STt &1 ared § oo  gad uikedq gt €, W)y W IR W i gees 9l 59w
o B € : ST, S, e, g9, e, AR SR ot (3 afEeft 95 VIBGYOR
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Teh1el ok fa=1 quif | faared (splitting) i
UREEA 1 YREITT (dispersion) Fed & TR
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3TSThel TFZH VI3, hl SUANT 3Tfeeh STk &9
T eF o B B A 8 W s o Wg

""""""""""""" foremet e o depagachia WagH i ==t
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f s o it R €, f e
ff ey (S99 TeH) Shad T Bid-9 9N 2l
S JIfy Taed &1 @R <A1 19 T 9=

S M 1 o1 €, W At o sl o 98

o1 9.25 e o fired § T W v g s gd & 9 AR-foreg w1 farwer enml = fire feret wem
T w1 afe fofe S & amife foue §1 ae-ug R U1 S0 Bl € el T el Yo T

T T o e § & SUTkd T i g il B2

Teh TR a1 SFAd Fe@q0l FATHeh] T
H TS =g A 39 aR-T9a. &l 9 o for ga X o 3= 34 firsm & 9am
T o= Tirem foen 3R S8 Seie ek 39 YR Wl T wed firsw w1 fla fereor-gw
T forew W stufaa =1 (9 9.26) 1 38 YR ura giomHt i fertor-gst vora wenmer
T U T FE] AR T o — Tgel fUSH 3 v9d WhTYl Rl Wk HuSsh aul
¥ g fha Safs sae W sy 7 3= gAdaifea #es vod g | uRafdd
&1 30 YR, vad werrel T fafa=t ooff § firersnt s=ar €, S fied g gues o
fRw s 2l
el I8 HHE O v § Toh Weher fehwor, St fob i w1 e o wfenfia
fopan ST 2, o1 1S St 7El 21 aTEdfesh foho1 oqd: WehTel o TR TeRTOT i
U 2| hid o Tid | Y99 T R Y&F [hI01 3Een GEed oo | fave g Sl
21 faf=1 gorf =1 3 Rl Sta T etk 9 o1eR Fehord
g, @ ° T vad TNl Scd Hl €
319 B9 ST & Toh UehTel <1 a0l YehTel bl aresd §
Fag 21 21 5% SeeA § o e 9 aenesd & fm
(~750 nm) W SEfF ST wEw o qoesd &
(~ 400 nm) R a1 &1 IRET0 1 HROT 7TE 7 for femelt
AN T el o= alTesA (@) e ferg
f=-fo= g 81 S o TN, vad WeRre w1 ol

Fort 9.26 v FHRT o IRETT W FeA oo T HH el & Sk ST S A qe |
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o wmt wweam) 0 wmsAww 0 fwlews

ST 396.9 1.533
rem 486.1 1.523
drer 589.3 1.517
I 656.3 1.515

G § B AT §, @ ol G ST 90l STenT-3fer fagati W hiehd g €1 39
e 1 9ol faued wed 2|
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GO B B arad § Tefa § wehter s e aeed W R e et ova: frata
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%1 I8 39 dea 9 o fag 2 € R G 1 TR TUR UG ek Yo TeRT o 9 H Tge
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9.8 U & WY & HRUT FS WIehideh UREEATT
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el Tefa BT, Yad SIRd, YA T YA o GHI SRR hi ATCTH, SR, TS
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TS Wehfaeh wHehR €, T g9 wofi-wifa aifed © IR S9oh 31w 81 ook
F| 7l 3 W P 1 ed ikl i e § i HAl|

9.8.1 W
3T SIgHe H SUftyd el 1 93l o GIRT kTSl ok TREUT 1 Teh S 1 T
G & YR T ST hI AT GeH o R UREU, STHeA q Ak W o
TR 99 1 URE €1 IXeY 2@ ok g enevas wid 3 € foh g et
fordt T 9 (9 e ufy=e fafast) 5 =me @1 8 SEfe e o faudd 9
(T o e faferer) a1 B < €11 56 W B o S g ash S W
2 v 3HH de gd = SR Al

SR BT ST e o o 5 9,27 (a) W R S €1 g ol veRrer Gelvery ot
1 R W YO hd THA STuafid e €, TSk i Yo Wehr et i ques ()
Yoreh B ST 2| WehTSl shi Ie TSR (WeT) Heldl R Gedl ¢ Steifeh e aRieed ()
T 3Afeeh gedt ¥1 TR TvE ¥ ek TRl 9% o ofiad 0§ 2Rt € oI AfE g
T3 R 3 AR STuafid fRTor o e ST Sh10T Shifden ShiT (39 WEhOT §48°) W 3ify
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ot 9.27 TRUAY (a) 9@ ®1 9% W 3AUfad I HI fHON H1 9% g X AR YA qA Uk AR STANE WS
BT B, (b) 55 o SIS FeTY 1 Tt oh Sfiafeh RIade qel STqerd= w1 forafi gva foeh wro wrefies sxer
A T A (0) I ok A TR0l o < 9N Sl Wedd % wRon fgdtees SRS S R
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TR Yeih SRS o I W wret oot 3R Y S oof Jmer #1579 yewR werfhew
336 SEN A SO YeRH Al STe, TXedA el Y STuEde 1 qRund 2l

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

IETUREAIRICIREC
EEANEICE
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9.8.2 WY T Weh!UIA
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(IO Y AN TETeEd w1 =qel W % SR HI eidt 21 38 I FH I Fed 1)
Tt Rl € o wrms ke | fren ool waifuen wg@ et €, =it et vt @t
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JE e q?) o SMIE WSS B a<< A% fau, W ywivH g § St
(1/4)* % SITHAMUE e 81 a>> Ak forg, srefd a8 @es 1 yeivis a&g &
foTT (ST o Terw ol skl 51, SIS YRR ok ¢l U1 FET & 1) UH Fehioi
T g gt qoRsd e gHE w9 9
TR Bt 21 sHifee sed S a >> 4
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e B B

AT Jo A o Twa gd ki o w5
aTgHET ¥ BT STUETRd e i 0w
et € (1 9.28) | 38 Tehte1 | Hien qun Bt
TUIEH o1 AR ThTRT Y10 R gk &
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<o, St qen firs o quedt qe STaadt O ST U hich STk WehlTIeh i
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Ul wehifirer gRREl qen e o SR € R eW O &9 9 STEn H
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9.9.1 AT

91 9.29 (a) § 751 T T B BT, A W GEA o G YS T it a1 =
e %Ed €, ¥ YA il B qeaved 98 gael 9 i o aftartien § s fog e
®, W TRl 81 Yael o SRR i U Eha s €1 9 o " 36 YR Wi 3R
Thieh{d shich 3fteded () W ufdfea o1 a1 21 gfeved dfie dqsfl &1
Taelt et Bl 8 St 45 o 1w ok dfshd IS Wi @eh @Al B gieqeel H IIeeh
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T (= 2.5 cm) F& T W@ o fog vewel AR % fon (fagpen) g ofd 1
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(a) frhe 3fie <vge ferght =afa &1 R f5g, 551 o 9 80 cm W B1 39 o9 &t
STUTRIT &7 R BT S 39 SAfeRT ol 9gd X i agell i TR @A A
m?

(b) FeNus o T YR ST AR F1 Heradl el ©2 1 F g 5 1
TR 1 Syl FHl 7?7 HEUHIgdR S )

(c) SIS AT Gioh Ted T STOHT 9H SART =Edl 81 T hify T =4 22

&

(a) T9qd ©H HI WHT T = — 80 cm, &FA = — 1.25 T3

(b) | oTra | ool oW fendlt o] % AR I 521 a1 8, T I 9% G
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I TR T H THAT G AT TE € S 5 ek of | A %] whi STafid
3 fan B, 9 sferw S@n A 8 S @ T 9 aeg (v aeg o e
yfifee TRY) i A o R fg WA o ® T A ol gfieued W Wik
T 3@ 2

(c) Tere 3fie Iwge AT o1 T Fehe f6g 9T 25 om X (720e 369 off
) B Hehdl ¢1 39 990 (T H1 9% i 3@ o folT) o G191 T&ioh g+ oh
foTe, 39 g=a® ! 25 cm W 31 U W @A =M, Tk J&Ih h1 Taaad
TH B S wiAfed 25 cm ¥ ®H g0 T T o4 K 1 B0 Tres (ST
39 Wfafsa) e & 25 cm ¥ A g W fiod e €, T w9 9 39 WEA
@ B g1 2 e 3W TS =eE @ 25 cm H g W W@ 26 21 o:
o€ A TYH SANHT &l Ul TEE il @l

IETETUT9.12 (a) ¥ 3t Soger Rl safer o1 feve fog 990 @ 75 cm W21 39
T HY TS A FM B S 39 AR B AT ¥ 25 cm HT X W @
&I ] T A NG o1 37

(b) GNeh AE forE FohR SURIeRI oAfeRT 1 W&l il 87 &1 o 31 oh fehe
T TS HI AT B 22

(c) ST A TR S T ST =9 SR el ¢ T Hifor, UH 4 €2

&

(@ u=-25cm, v=-"75cm
1/f=1/25-1/75, &14@ f= 37.5 cm
el of | i SIFTER &1l +2.67 SEATX 2l

(b) GMeh oG 25 cm W @ a1 &1 el gfafss (75 cm W) 96T 21 39
Wi o1 wIvia Tgs foa (o)) o I WIgS o SR el 81 SHR T8
a1ef ® fop o foiar ot aTrei =&t s sharet faia o1 frene o <an @ Fo =1 oo
o g SfeTeel T Wik Hd o oidl Bl G, 78 i Wes o9 e o st
B € S far =ed o Se T o fehe f8ig (75 cm) ™ W@ <@ S

(c) Toreht < 3fic S =1 <1 SUferg T €, el SHhT A W ST el TEIR
TehTST-GST oh WhIch 1 Y Tk o SATHEROT & a1 © Toh o8 ofefehel =131 Tiiet
% 3feved W 30 G Y WIHET FT A 1 SRR G H A e W
(Frore 1 Tl % F@d o fow) S8 AR RO Wi R % f
Tt STfTeReT amar wnfew 3T ifue 81 S| safee g =Aft 3T St o
& @A o fou FIeH A U T
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IETUREAIRICIREC
EEANEICE

Tl AR AT W GeHSE %A Wiwd Tl Th AMER o9 g © (o
9.30)| 39 YR o T h! Y&AI o6 &9 H YA i o faQ, o9 &l faa o ke

SHY T HIhT 0 SAET Y HH g R @1 @ 7 ql
oG o O 3R A7 1 O W G W@l ST €1 U
1 o8 B Top fore o1 dien, syafela den s widfss
ot T gt WA o 7 3 WA 3@ e, st
yfdfdd 25 cm sF¥@l Fw ifed g W a7 =few afg
foa f W feora Bt S@em1 it ed W a=ar 21 qefy,
IfE foa f 9 7 g8 W@ =1, @ fafdd STt qen sd
1 g | % g0 W S 21 T e & fag feeaw
ARMRE g0, e foig (S D= 25 cm) W Bl ®, WG
TEY W5 W D e Ugal ¢ SHIE, W 3 WS
s fforet = g1 3@ o for sfem A ST 81 78 W
3 Feorferall <wfdt 8 €, weeht fo 9.30 (a), ® den g o
9.30 (b) 71 (c) ¥l

W geueeht grn frewe fog D a7 wfafaa o fag
g amads m e afterern =1 ey g T =0
Hehdl 21

R i

o9 BN o 9ROEl & SER v RUMCHS B el
AT § Dok SeR 1 37 A,

D
m = (1 +7] (9.39)

Fifeh DT 25 cm B 3Td: AEET 6 T i o Ty
WY U f=5 cm & UG AG HI AR Bt 2l
2 T, m = h//h, 9= hiss =1 9w qo1 v
yfafera =1 wrew 21 8wl g Sfafd =i den fois g
AR shioT =T o STUT Bial ®, STefeh 3= 309 9 3@
o fIT DR W@ Sa 21 (e it foF ¥ arsqa ¥ foe
TR 9 W HaRd o1 Fél €, 9 hy/w g o5 Tk e
?1) THA-oE WA S B Sueted I8 2 o awg @
D! Gorl ® 1kl fehe et @ H9d & S 2

*‘:1::332:\..

I T
|

|

|

frRe fag w|

<

<

N\
Tt
© ka4

o7 9.30 W@ YU XM (a) SMEHF 9 TH THR
feera ® for wfafaa fre foig W s 2, (b) foe g

afafta wir, frepe foig W efafa v & wam ©

el (c) T o o Wiy fag w, wiafas sga 2

Afer oFd Q@ T 2

#1999 yfdfee od T a9dl © o 79 e T w1 39 fufa § Y sy
STEHE 1 GReRe T BN HF SRS 5 ot 9 h el 39 f§d g0 49 W siaid
FAfereham v, Sefeh foa Ty off fe@rE 2ar &t (fomn forelt i o), 9@ eran @ s«

70 foia &l freve erefd g D™ wad €1 9@ sfafta ivr o grm

h
tan 6, = (B)z a,

(9.40) 341
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319 B Yfdfed g 99 W idid v, @k f§e u W W@, 9 e 2

6, D

m=(a)=7 (9.42)
g 39 feufq & sraedq 1 gom o wh %0 2, e gfafae feke fog @ ama
2, TRl (9.39), WY Widfea 3@ STiahd S SNHEE Bl € qe S
H 3R oft STURIeRd w1 3| YR I3 (GeusEl qen gueF) § Gafd sy ==t

o gq e AT R wfafes ema W )
SRt Wi SRAI o oEl oh foe forslt TR gaueelt @1 sifiehan staA
(< 9) Bl B 3t eqraede o forw & ol =1 v feran s @, 5 weh of|g g
o & 99 I I (SE) HIA ¢ TH G Qe hed &1 A9 9.31 % T
GeAgell w1 ey oN@ <wiE T 2| fo o wew fehe o o Wi sifigvad
(objective) &d & S fofa =1 aT&feeh, Sofer, Safda yiafss s €1 T8 s
T o9 & fau foa w1 wE w81 39 W " ® A5 (eye-piece) FEd €,
S STt &9 ¥ el el U@l sTaHE o €9
o e ek i stafda e gfafss s@mT 21 @
YhR TEcl Ieiel idfdd Ak o Hiehy fag o ke
(WIS TR A1 TGk IHR) BT 7, T AR W T 4

W g ¢ S sifam wfafde il ed W T % o
IR Bidl € e S Teufa o off iRt ke Bt @
5 R afs ufafas feerg =t @t sifam freke foag w =M
e, sifom wiafse g1 faa o wmer Sorer o= ar 2l

39 BH W YRR o HIROT e W S|
o1 9.31 w1 foptor @@ o7 <wiian @ for aifigeas &

~D " wror (Yasw) smaed, stefd b /h, SR §
m, :Ezi
for 9.31 Wgw geHsell g wfdfss s o °"hf, (9.43)

oo | el B 39 R 1 S9N TR @

h h’
ta“ﬁ:(TJ=(f)
Tl W' Tt widfed w1 @Es © a1 foe 1 GEs h e e it Wi i

f, € TEen fafss e o wiew fag & e aw 21 O L, e, sifigeas o
fodta wieny foig den Ak (Wiwd g f) o Tec Wiwd fag o o= =1 g =1

342 TR GeHRElt w1 Zge e wEd 2
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Fiifeh TET Sl Uidfed ARt o WihE g o Fehe o1 €, STie ==t o
WISl GROTH 1 ST &H Tl YeHaR oh foTg sieh $8eh R0l (v Tae m,
W i B [FHeRr 9.39), St 3tfaw widfss feret fene foag ™ o=ar B1 97 ®

m, = (1 + 2)
e 7 [9.44(a)]

Sa yfdfea 31 T o1 & a1 AT o SR IV eaEe [ (9.42)] ©
m, = (D/f) [9.44(b)]

T el T [T (9.83) % STIER], SEfE wfafdd oHa W g, @

wemn(2) (2
0" " e fo fe (945)

e ® T fondlt oict asg o1 ag ermade Wa 3 o forg (sHifery gengef A
@ T ) Afgeas qen AT w Wid i %8 e wifgul @er 9,1 cm 9
Y Hiehd T 1 A M ST Hic hE 21 TH % WY LAl ST i ok g
oS G HI LI Bl 2

IR o Ty, fohell f =1.0 cm o ATHgEF% f, = 2.0 cm & H{¥hT G901 Zg&
@arE (L) = 20 cm o T S gewselt &1 smaH

nemn (1) (7)

=?x2?5:250
a1 faf= R S8 ong *1 wdiftq off wfafda 1 svaar w o § gyt
AN 3 B SYfeh GersiiE o, srfugeeeh qun AfeRt Sgaterel oEl g e S
&, Foroh SR ol o Yentiireh faaer (J9) o o ek wfdfasi i 7o § guR
fopan T 21

9.9.3 V&

TR AYE I (Fo7 9.32) 1 ITAM T ! T3 ! HIVIT AT TH A
o foru feran e 21 5o off Uk tfigeash qen Tk SR Bl §1 IRy TRl W, AR
1 IUeT AT shi Hihd U AUk A1 HeRT gRek o kT Aferes grar 81 et
e fo9 @ Joe g Afigvas § 19 #d 99 g9 o AW 39 T
WIehE W aRdfaeh Hidtes Sal €| AR 39 uidies i St sk HiaH S
Hidfeis ATt 21 STae amar m, giafsd g s W Aaid wior paen o gr o W
AU AW W NG FIU oS A G gR fopan St #1 era:

m“;*7-7=7 (9.46)

T feuf o, ik 1 <ga ® AGE T £+ S,

wifefe qeeeteRl ®, 3 ol o erfafie, wfaetidt ofdl =1t Fre g @ S o
wicfea &1 Hem S T 21 STued! SUEeieh W1 SUANT uifefd U @iietid S YR o

[uny sakag1q/310 syouedauruonse//:dny
blbtd blalleK [ob bbb L ik

D

4

AN
(\(\J\ D ,/\
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ey o forT foran ST Wehdl 1 SR &
fo, frdt T8 SRie W faemr ®ifvg
S9eh aAfygeas &1 Wed 30 100 cm
o AfrhT 1 WIhd g4 1 cm B 38 A

it 3L e

m = 100/1 = 100
oe Tl 1 aR o g W foEw
I TSehT arefaeh goreha 17 (1 fie &1
=M9) 213 R ST §&eh ¥ 3T W 3
YHR T B ® 59 T gAeh o= ek
: YA 100 x 1’ = 100’ =1.67° ®l
ot 9.32 Wl SIEefeh (SHEIH) T SHEEN M@ et Tieia Raels o aR § & 3
A T A0 IThT YT GUSTT &THaT ae
THh! fadeT ammar styel faded 1 U WURY efdl W ®9 ¥ qIEuie oh
Afrgras o eFwa W e wd T Ak sfageas &1 =9 91 € @ e fiet
1 oft Yeror feman ST Weha €1 fae aran sveren Uk € fawn W < ercafes e i
g3t 1 gered: = e A @ e ot sfrgvaes o ey W e s 2
3T: FRTTeTR I | oifed S29d I7 el €1 R sifugvase w1 oA sifirehad @
ASTehel STANT B aTel 3ATUgvash ofF w1 tfushad =9 40 39 (~1.02 m) Bl 78
TR Fehel AL, faeahi=a, Sge To S | 21 3o o o feafers
T T, 37d: T I q fohAR o WeR fests W@l &isd & ¢l 59 SIfaieaa
A IS WIS o W9l i 3@ YRR I R gfafadt § 9ot fauem qen o= fawuo
7 ad, wga wfe qeun Hem % B

T &R0 ? R e el # ifigead & w9 H ofg & WM W e
TUU1 oK1 ITANT TR A €1 U@ SIewien] i o stfigeee <du B ®, wwredr
TR (TEH) wed &1 gdu § g ovf fauem @l g =it ger < i gue
off hTthT T Bidl € TR oIF 1 qoil W, God TehT¥Teh UMl o1 U1 STUeiTd A
I BT 91 5007 %1 shael RH W & W 3 i o9 SHeh TAHE 1D o IS
i WeW YSH fohal ST Wehell 1 TSl A I Th
gorse gHe 98 Bl ¢ foh orfigyass qdu et
7 e H1 el o fid TR I WiehTad L g1 3
feren T Af3eRT den Yeteh i SET T W B =@y fSed
o e ) RISl o T H TR % HROT FS FHN FY @
S ? (I ey YaTw o 984 o o §ATT T
AT fieRg W % e W R Fa ) | O @ v
> Afa fasmer 200 39 (~5.08 m) = & HSS YA
TS, hfcThitan § fohan T ©1 Yerh T s
o L iR o <du @& Wiy foig o e doa 21 39
9.33 Tl TERIEH (ShUUT) <A1 ST K irec T T 7 T 98 2 fF wrefad @9 a9
TS 1 foRelt 311 gl gro faeifd v feon Sw) vt & ueh sewen o 9.33 ®
Tyl TE 2, e Sufad gt Wl Wwiefad w o fou Tt Se fedaes <dm
1 AN feman Sl © S ore stfugvaes (Wefhes <dw) @& fog @ T 21 g9

344
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i{f\%lreh I 3T AfTHRSH o 9 T AU gwﬁ; (Cassegrain telescope) wEd
& 3T TH oY e ? TR o el § 98 wiwd ol g 21 9raed | 9oy we
TEYih e, aferig | 21 9% 2.34 m oA 1 huH Wedl eI &1 9wt
foran e, iR iferer 6t T iR afierd foRan TN Qe o9 TH WRE W wifeht
GEIH, ST gRI AT feman S &1 81 HER 1 9ol o8] Wad! iaeis edrs, e
T ST § oheh SRSURI 1 FTet B Frgeh Wads &1 =7 10 et 2

R3IREZE

1. YUEdT SHIR /i = /r B 991 39ecd & o 999 sini/sinr = n g0
& wel | B0 €1 Tl TR0 i, r A, HE: A 0T, TS 0 qe
IS 10T B

2. WA W 9 foxa e | smufaa feReor & faw #ifae ST 0 i o
107 ¢ 9es fow ST H107 90°% 1 i > i T T Yol STdRes Wed g 2
R ST ST Tad (i, = 24.4°), 01 Tekie fen qe 7t gof
AT WO oh e IIE B | ThIITeh T, i o qqail o a4 ed © 1o
R 3TYET A ATFAIH oh TETed i el IR 1 AU BIAl B WeRTIEh €
% frdt T fR R emufad yemT, S Safeh Wk g1 g o o
Freretal 2, YeRTiTeh o o g1 e W TE Bl 2

3. Al fag TRaret— safaq WeRteT i fem | Ardt 7 Al oA qen s
faudra feen & =t T AT woncHe <t S €1 weft St g ot W do
% Ya/ciE o 1T ohg 9 HIG S 1 x- 3787 o SURGE! qen dui/eig &
A 3187 o ATciaTe | T8 Sareal S off Wl 1 ereiigelt fen o wd
TE Al HuTES ot W

4. <O FEHEI

1 1 1

v u f
el uden vwHe: e i den yfafss g & qen f <dor &) Wiwd 30 B S
(Tf=tered:) oshal B Re1 ot Bt @1 sterdel <401 & fo f ShoTeHes
T I AU o T f G el @
5. =9 =101 A, stvecAis n, % foet A o fag st n, soed=is & feeft
e § e Bl
n, sin[(A+D,)/2]

Ny, = —=

n, sin(A/2)

T&t D, = foeer Him 2
6. [HHl el HRTS G STqerd [Hezd 1 (ST0adiss n,) | HeAH 2 (SToaich
n2)7=|'7“'f3ﬁ'{]
n, nm_nL-n
v u R

el o F o fag 95
1 1 1

v u f
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346

o

Y G

1 (np,-n)(1 1

o (E_E)

R, T R, 9 & Jw3i ! kel Famd &1 tfeerd o) o fore fommerh €;
HUER @ o fU £ BT €1 WY 1 el P= 1/ |

Y I &l 1 SI A SEA (D)3 1D =1 m

AR £, 0 fy.. B T o hE el ofF Toeh W W B O 59 HASH T et
Wi g Bl

1 1 1 1
—=—t —+ —+ ...

S h i fs

3 Al o HASH I FHA HA
P=P +P,+P, +...

7. WY T YREYU, TR T S HEeh vl § foared (faeed) e @l
8. A : 7 W TN 2.5 cm BIhE T 1 Th IUA AW BT 1 T BIhE g

o fterda feran s wehar © fores s sfafda wea gfeved w a=ar 21 35
T TH WA ki GHOT Hed &1 AgH A9 H, A yfafea gfeves ¥ v
ek B € (Frepe gfiesim) o forelt STt Teileres oiF shi SR et
; =g wfdfsa gfcted @ s w7 @ (5 gfiedm) @t sifaard genus o
1 STETTHAl Bl B SAfEgehal 1 YL SR A gRI Hd B
forelt TXeT Gewgelt &1 STTaefT &/mar o URAT m& m= 1 + (D/f) 5N =
a1 S %, el D = 25 cm, T 9 1 Teqqq T 7 T 39 o1 i
whd 30 1 AR e ed W aH 99 m = D/f TN R wge geHse
% foTT e &md mH m=m, x m, % N A fwar S ¥, 7w
m,_ =1 + (D/f) AT 1 A TN m, IFETIR GRI Sco= M R
wf-ehed:

m=L,D

Jo [

T [, TN f, R SAgEAh q AR HY BT A € 90 LI I
Wiy faga o e 1 g 2|

. Tordl LA 1 ST &ar, Fidtad g 73 W ARk o1 paen foa g =43

TR AARA RV o HT I B B

B fi
a f.
TET f, TN £, T AfgRash 9o AR w1 Wiehd A €

Taemute fau

3T fofg TR WRIeRA el oT9erd o fad |+t gwaf qen et o el oh
e == 2

fordht 3T df| @ f qe 2 f o a9 W@ fed e & arfas wfafsa
yfafsa-feafa ® @ o€ W @1 S gewa1 21 AR 9 w7 S @ w7 e o
widfsi el Wl €2 7€ Yo Sgdl Bl giaul § Srewdl €, with eH w@F whi ot
e WHE U HioA Bl & o hig wfafars farm forelt o ok arg o foreifor d

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

IETUREAIRICIREC
EEANEICE

9.2

9.3

9.4

& Tehdl €1 Tg Widfed o ael @ € 21 foia o foredt foig @ et wehren femot
Tenzem & ferdlt wfafsr foig W erfafia e srafd &1 STl €1 TRE1 shee
71 feortolt w1 forafia shean @ foem @ o foheol ear =450 ae wgadt & 3R &n
yfdfsa <@ &1 e oo yseiH o wHa o9 gfafsel gRsd <@ S gehdl
]

. yfafss a1 o fore Frafid aueds/eTaad ® STevashdl it 2| fagid 9 4,

ot g & o o oSl T o e fog TSR e T R
3 TRt SrfIt et ges, S fohel ek o S W eree idise el <@

. TR o qRETuT o HRoT i giafad s 1 BER W SR i aege o Tl

o fafaerar S W afad wehTer o Tl o Tereh! oh %Rl et Bl fenelt o
1 THATT FhTT H 3@ T T 90 Y H 3@ W 39 I o faud o
feretenel &1 3T | g 2l

. et T gemeel o faw foa o1 i wEs, vfafsd o o 9es o aue

B 81 TR st o e WeH e § ifen o gersel 1 SuE wd Ha
et BIE a5 ! T oA o 9gd (e (25 cm ¥ H HF T W) W@ FHd
&, Freeh weeaey 9 A5 W agl IVl Jdld Han 2| wiatae, e 79 2@
T €, 25 cm T W B o GeHsell o k! SH B o 1 T 3@ 9H
% T 25 cm T W T BT SR 79 97 9o 7 R §gd Bl B0 ST Ha

=

2.5 cm &S i s Bl HFa 36 cm ka1 51 o el ferel 300 § 27
em T R W@ R 00 ¥ Rl W R fRa T W @ S R sue gere
yfafaa T W w91 gfafss w1 gHh o) s o avi S aft deed w g
FT SR A W, TR BT mG 3R g2 w22

4.5 cm e 1 1 G5 15 cm HIHE 3 o fhEr 3T 901§ 12 cm § W&
B widfe st feorfa qon emae fafew) 0 i € S gE 1 <90 9 ) o 91
27 Tl HifT

FE 3F 12.5 cm HIE T 5 ¥ 90 71 fRdt geweft gr et 1 deft W ue
et g 1 nurEl TeTE 9.4 cm AN S B SOl 1 AYeiAIR F 22 W
o 3T 9% 7 ol o T R FREr 1.63 T9enieh % o1 %9 § Wi i
T g hl IT: Hhad i o o0 Gersen &l fhad S9vE= o S 8
ot 9.34 (a) 72 (b) | fepelt arufaa fohor o1 ervad= geien w0 & S oy o
HEI: HiF-IF T -1 FRYS o Afets & 60° 1 0 A 21 G

arq
& o ° .
RN 60° EQE
EIR -
60 Sl ur 45 A
(a) (b) (c)
o 9.34
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9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

348

e feRToT 1 YU HI0T 1 HIFTT, S 9 H SA-hia SHRYS o Afeers

T 45° 1 o S 2 [foT 9.34 (011

S ¥ W 80 cm TETE & G I 1 Al W HE B Sod W@ T RIS B

Y3 1 I8 & T ShITSIT TSTE aesl ol Wentel Tifd 21 Wehel 21 STl o1 STqeHieh

1.33 2| (Jca @i fag wehrer @ia Afw))

IS oA TRTA STUadHish o hid &l 941 T I THIR Fhe-9s 39 oA &

et wetem R emmafaq B 1 s 1 =Fam fawer wior 40° A5 T fiew

o wEiel 1 Srvedein F 2? fisH 1 e wiv 60° 1 AR i s

(e 1.33) H W o S @t yent & TR S o fore AU =gAan fome

IV T IR SIS

YR 1.55 % hid W IHI HeTohi i THM Fohdl 551 o SIS o FfHa

% T A 20 cm ®ohd T o oig Ffifa & F @ smifer aeRar e = g

g FhREI-gs forelt fig P W erfyaiia giar €1 &1 o 30 fqad g & 99 o

g PY 12 cm [ @1 9@ 21 4 98 (a) 20 cm Bl U 1 59 o9 2, (b)

16 cm WIhE U 1 37edel o F T, @ The-ge fohg fog w erfiafa wmm?

3.0 cm %+ ®iE 5@ 21 cm Fied gl & 310 ofF o TEH 14 om T R W@

Bl ofw g fafta wfafsa w1 oo S #=0 g @ 9 o ow 9 R ged

St 22

fRE 30 cm HIHE T & ST ¥ o Gk H @ 20 cm Wiehd g4 o T

Sh % T | T T o (R # W 5 32 7 7 s o

? Ul TEM? WGl Bl IS B IULN R

fordt Tgaa gausel | 2.0 cm Wied U 1 AMgeT o9 9o 6.25 cm Hihd

T 1 A A TE-T Y 15 cm T W o T R fom 1 sifigeass 9 fRae

T W @ 9 foe Sifam gfafas (a) T <=0 1 3feqad 4 (25 cm) @91 (b)

3 W a7 T Reefaal H gaeel w1 e amar I S

25 cm o W e fag &1 &8 SAfw T8 WY gareen foen stfvgeas

8.0 mm iehH T G AT 2.5 cm WIhd S0 &1 €, 1 ST Hich ATHETTH

¥ 9.0 mm T R W 59 1 YOI HIshed 5T il €1 S Gl o s gerehe

T 1 T2 gemeefl HY maeA w82

foreht B A o NTgTTS® ! Wik U 144 cm T AR T Wiwd 4

6.0 cm B WA 1 e e fohet 22 erfageas qen et o <t g

Tl 1 72

(a) Tondht Sermen =1 foremer gReliel o a1firgeare & ®ihd g0 15 m 21 9 1.0 cm
Wi U I AR T FT TR T, W A BT RO ST T 72

(b) =X 39 ST T STAN FXH I AR H | ohal ST A ATgTH 9
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(b) A% 3T T 1 ST 3 km R ford 100 m S+t HHR 1 <& o fog fman
ST € sifirgeash g s HiR o wfafss w5t S o 22

(c) 3Rk @ifqm wfafss 25 cm R =@a1 € i offew wiafse & @R &1 =i
1 22

foRet heE W ¥ 99 9.33 7 qwie 1Er < <dui 1 wan foan T 21 5w
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sin r= AC _ AC (10.2)
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hitp://www.Falstad.com/eipple/

358

sini _b 10.3
sinr v, (10.3)

IR THRT0T W BH Tk Heyul gRomd e g 81 AR r < i (e, At
AfTeta T SR Gt §), T T WA T G i WA (u,) Te HEAH H Fhrel
T T =0 (v,) | FHH B T8 AR ThTRT o Hi0eRT Hied i TR ok faada
2 S S o w1 o gEe | i, @ fagid w1 e w8 @) o 9 o frefa
o gehrer 1 =Tt i el Sl ?,

-
1 5 (10.4)

qaAd

C
n, = Z (10.5)

n, T4 n,, HHAA: HEFH | T AETH 2 6 IR 2| STqadHTeh] & ®I § THEH
(10.3) =i =1 ¥R ¥ for@ wahd €
n sini=n,sinr (10.6)
TE TIT BT STIAAT FaAHT [ BN AR A, T A, HEA: AT | q1 WA 2
H Wt i TR 1 e F ¢ #IR 9k I BC, 4, % 9K 7 99 [WAE,
A, % IR B (iR o FE STBE C d% ¢ 979 | TEaw ¢ 9 9% FTAY
E % f - 999 § & 9gam); I1a:

M _BC _ v
Ay AE v,
e
H _ D
2, = 2, (10.7)
S THeR § Siafifed & foF St o g e ¥ srvafid @il ® (v, > vy),
T TR G WL S =l H B S ©, Wik g v (= v/A) Sa1 & &l 8l

10.3.2 fater ey w¥ udad

3, TH THAA T oF foRel wreem # gH a1l ofuady W fomur &, stefq
v, > v, | TS FI Il F FHAE! FA T EA fo 10.5 F T FAFAR ST9afia qaomy
o1 0] S Herd €1 316 3T9EA HIU1 AU 10 ¥ ST BIN; QoY 59 o) off
nlsini=n2sinrlW@Wicﬁﬁﬁﬂ'ﬂwmqﬁwqﬂm%

_.on,

smlc—n—1 (10.8)

Az, AL i={ d9sin r= 19" r=90°| TEA, i > i o fQ g it Aeifid
T 9T T WA 0§ BT il HIvT hEd € T Shifaeh hivT ¥ stk el e
FIUT o faQ 76 iE o sToafad o o &1 BN 991 X 1 O STaR® WiEdd
B ST@m| qui STafie TEdd i UiEe 991 $Heh STIUANT i UieEl STIees 9.4
T #1 T o
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10.3.3 99ae U8 § Ueh @HAA qO ol UreaA
379 H U TUEds g8 MN R et &hivr i 9 sufad T 99det a1 AB W fo=mR

qIfad T
eI 1
: 5.
v : \(\,wc
il 2 b

WM 2 A "¢

U ¥ Hat

F \’\
/ Jyafad qm
Uy> 1y T

Ta 10.5 foret #reaw fSwes Q@ v, > v, W afaa T THae T8 1 3T9ed | et
W fres ¥ R g I 2

Y 21 A p WeTH H 91 1 =l S el s © 99 A ¢ awm ga fag B
Y C % A s | forg T g i fefyd s ©, a9 5h

BC=vr

WA T 1 o w0 o o g9 fSg A 9 e o o o ien S € (e

10.6) | 9 ST CE 30 7l W g ¢ 9 @i 7 @q9fl aaet =i e s 2|
Eesiree)

AE =BC =vr

a1 9 g9 i EAC e BAC W foeiR =% i g9 wrdn fof 3 wafmem € @i
THifeTw, 107 (e raer B (59 10.6) | 98 9ed w1 faw 2

A\ i r C
/A 111R1111E11HELLLLRLRRRRRRRRRRRRRRRRNRRR LY

TorT 10.6 TWEK® T8 MN §R 99qa 0T AB &1 TEcA| AB el CE %HST: 3T9faa el
Wi qT R el S 8

Teh R TEdd qel 3T o {720 sl ST o4 o av=rd e, oidl qem 9o

o AR 1 THA S Hehell 2| T TREAT 1 19l o T 1@ 98 T 70T HE

o YN T e 9 | faear € ==l 1 T2 off| T=] B9 ohadl Wedy def ST9ed

o 9T T o FaeR Hl auid wdl o 10.7(a) § &9 T daat 9 9 oA

359
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360

s
=

(a)

[

f

A

L}

A/

el FHAe T TR d &1 STeddn, i i § W19l O i el Y €,
IR A Y TN o1 et 9T (S whi= 1 Aferehad HieE sl IR 3l ©) Tl
sfyren facifad g goeh gRomHEasy fieg § 9 fehem arelt oo fo o <9y
STIER g s f= 10.7(b) ¥ 9 T 9act 39 oiF W SAAfGd g el JHad
T TR htd € SAMaiad Goael a3 1 Hed 9N o F oF Fad " 9N § Bt
Sl § qen et faeifad g 21 ofF @ ot fher arel a W g 1 St
B ¢ 3R gEifery qamy el g ST @ aen T fag F W sfveia e © Y g
ed 21 fo 10.7(c) ® Tk 3forael U0 T ek FHae a0 STt il @ qel uXede
W EH T Ted o I gl € S iy fag F W AfEhd et €1 g6 YR B9
STeda il qe I YN g ST9add aUl IUadH ! §He 9o o

ST fod=m @ ¥ 94 e ¢ o asg W el fag @ wiafaw & a fog o
o el WHA T & e §, =R o oft fepeon o srfeer =T ST SR < feg,

I LR -

r - 1

=L '\f L

\

13t K2 el

[ (C] M T RS

99 10.7 T 9HAA G 1 3TUE6H (a) Th 9aa <9 81, (b) Tk 39 919 g,

(c) Th TGS GUTH hT e JUUT gRI e

el ThIE I W, YT 1 Ueh S(eeh idferel s o foI Wiehd =l & af Tty
e W BT SIH el ThT0l B Y 99wl €, Wik shid § i = o SR
O STl G9E 31 B Bl @ TS TR o o R ok fehe 9 et e et
feptont o forg g 2

10.3.4 SR YN

B TET el =Rl o qum w1 T s T 4 Wi (SAUen Yerh) TiaEe @
q e e saA =Tl 39 o fau, A wiE wemm T 8 den 9id Ui 9
T B qd 9% o GO ol Yeeh qeh Tgee W @ik §T =ei usdl @ iR @ty
9 Aferen WA ofd €1 39 TR &1 ST T o UeTeh T Ugee W o arell WHe
i ek Sk UETH W o oTel WHA whi STden tfeh il 1 31: S Wid etk 9
TS € o Yersh g W W STl St | e gl 98 Sier gUrd heeld Bl
e, e | STeR W o R0l B ool 36 gfg o ST faeer T (red
shift) wed €, ifer, Tazd o Tv &3 H1 HeAad! qUIesd ol BR i AR fages
S 81 STd Wid Y&Teh 1 AR =ordl @ SHY UK i S arelt 9l s auresd §
ATt S B S €, s Hi 5@ HW I Aewr €T (blue shift) FEd 2

3O Tl & el 11 1 TSTYEh o T8 15 H a1 T | SToR gore
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ST FoRaT B WeRTYT Shi <Tel St gorl § & o ok fore g 3 A o wEn
Tehd €, TSeRT Wi eaf q@eii o ferg feman Sran 21 et o forenss afterda Av/
v —u_/cTh BN faan S B, S v Ve o T Ta-o 1 e B E
T Sirg aelt Y i fien # e ¥ @ WA Ve W A 2, v, F EAHE AT
2| T YN e foeem i oo Y ¥ehd & —

1)
LA ¢ (10.9)

v C

ST G At A B ST i 1 AT YR % A7 HT o § %Y el 21 Sen
TE 1 Afuss gened g W e ok forw, St SH =l o faw off 7 @ S v
I = & ke 2idt €, STegers & rifarhdr o fafere fagid 1 stavashdr g
B YR % U SfeR g9e Seene H 9gd "ecy ¢ T8 T ot o
-3l o AT 1 TR 2

IETEIOT 10.1 TR 9rve Foneht et &1 forg Tifa § =e =1feT e 76 589.0
nm &1 TieTHw @9 589.6 nm W fad 1?7

A AL
TA Hifd vi=c, 7‘/:—7 (v q A¥H %H giEdql o fao)
AL = 589.6 — 589.0 = + 0.6 nm
TffEToT (10.9) o ST © BH U ¥,

AV _ AL U

v A c

589.0

31eraT vﬁm5+c( ):+3.06x105ms‘1

=306 km/s
7d: Terelt 39 fd @ BHE RS @ R

IIEIT 10.2

(a) <& THAVTH TR & HIeAH 1 Gk A arell ae T Aufad gl 2, a9
TRETad o SAEfdd qH WeRTeT i S THM Bl €1 T SISy i ?

(b) 4 TR forer § WoF Hiead | T H © A SHR! ol § HH S 21
el | S S BT ql g WA S Rl HH Rl < €2

(c) TGRTST hi ORI STAURON B, YT i TSl T SAThel AT ok 3TH o aff o
e STl 21 o =1 @ S YT 1 IS SR H YehTel 1 <l sl feior
I 2?2

Sl

(@) ORISR T STUS, SITTd FhTeT hi I1el o RS STaaal o e ==
ol o6 G0 1 Ul €1 TRATgi whi [fer o T § @1 ST Hehdl § S w1l WEH

T°0T lnr2ibe

rA(1) TVETETS

361
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3qlg{0T 10.2

o7 10.8 () 5@ ® TEMA
el | ST w31 geAt
T Hag widl w! e
H
(b) ST & g8 W forat
I TS oh SIS o
fereena w1 e e

freadt (e foreamam) den
geqd] (stfirerad faeemaT)
Y@ g9 W F

362

(WeRTST) W1 G 1 Tkt JUITEd e Y Tohd B | Teh STETVT ietsh g
ST ThTRT 1 G SHeh e HI AR o sWER Bl 81 oa: faferfia
WISl H1 G URdd FehTeT 1 ST & e Bt 2

(b) T T EM & A ATt HS a0 o A W AR w §, T T G
1 =T R AR T8

(c) wie femmn & fret <t g2 emgfa o foTu wenter i <ol Thish &A%het | Tehich
9 | T I A WA & gen g Fuii| B 2

10.4 TN T HAT-Halg qUT Holl-3THAg INT

T AT W BH T aUN o SERUY gRI S SAfaehil @ e (Yed) W
fomm-famel 4T TRl AR BN, FAA FHa 11 I qGFAKS oK E 15 H
TRl o TogTd 1 foe=m fohan o arda § SAfGhIon 1 0% &7 STl o
fagra W anenia €, fSreeh SIER fod! areqw o g fafere fag w sFe @il g1
39~ GRUTH fead 376 | Jedeh o’ @ [aeraAl @ Giew I gl gl

T el S, T S, FT HeTH HE S S HI TH KRN H FW R A=
et T Y @ E [T 10.8 () ]1 9 STt w1 q1 a1 Sca it © aen feret fafyre
o5 W, T&& T g I foweuei o o9 ek T9d o WY 78 a_ardll S|
TE BT € @ $9 & Wil Sl Hor-Gag el sl 21 e 10.8 (b) ® ferdt K gw
THE W g (Fad g9) a9 T (fagfed 9) g9 7 # | w65 P W feer
forgas foam

S,P=S,P

FifF 3 S, P A S, P awR €, sHT S, 9o S, § 7@ p fag a& =wem §

TN T TN G S A S, TS, § THN henr H I it €, 3 P g W o wEw
AN e | agE

TH WK, A Fid S, g fret fag P seq= T

Yy, = acos ot

BN fean T ¥ @ W S, BN S fawer (fag Pw) st

Y, = acos wt

BRI TR B 3Ta: IR faeemas g
y=y,+y,=2acos ot

Fiifer raar foeemm o ol o gEEWias €, sEfee aRord dear e
I=41,
el I, Sk H T ek et i i et 17 W @ © € R 1, o % et
T I | S,S, % Tastds o fRHt ot fig W e 41 20 S Hiat B e
&Y Y AR I U el Sl € 3R 58 TH GOl Ffaeo shed B 376 8H fag
Q W fo=r & ® [f55 10.9(a) ], T5@er forw
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S,Q-S,Q9 = 24

S, ¥ frifad o0 S, & o1 ot ON T 3Ten ik X = Ueel UEet © ael
R & WA wen 9 B (o 10.9 ()11 AR S, g1 3= faeem

Yy, =acos ot
B A S, BN I foeerdd

Y, =acos (ot-47 = acos wt B
&l BHH 3@ LT 1 SYANT fha1 € o 2.4 1 U 47 o HeAld o G 2l
T foreemes R § M wen | € qen o R 4 1) SiR sHe Ho safiehi
B SR favew § g 7w AW fomn @ R e s,Q A s,Q, d (SS, @
S, e g8 Fefia war 8) &1 eTian 9gd i €, eiquE F@ia S,Q e S,Q
T e ¥, Yo a1 g Sca— TOReTa b1 ST o e e 2

319 B9 Tk fag R W fomr &6t € [fo9 10.9(b)] fiwes o

S,R-SR=-2.5}

S, ¥ frifad 76 WS, ¥ 3 ol 7l * STET 2.5 T 9% TEadt ¢ [
10.10(b)]1 &1@: 3K ¥ S, GR I fowem™ =1 A7 &

Yy, = acos ot

T Hid S, g I fereerad

Y, = acos (ot + 57) =-acos wt BT

8T B 39 deF o1 STAIT TR § ToF 2.54 %1 YU 5n oF shelial o | 21 &
foreenT ore foadia shonedl § € den ST e Th-gm Wi T T d € 9 I
et oI Bt B1 59 fare safaeor weEd B
TR A T Weag A S, 9 S, WAF well H FU HX © § 79 e a9 fag
P & fou sefe qeaR

SP ~S,P=m (n=0,1,23,.) (10.10)
BH I SAfehTon HIs BN qe RO diedr 41, B S P e S, P ek s fog (~)
S,P A S, Pk o= R w Fefid s 21 o R 3k g P39 whe 2 &
T,

1
SP ~SP=(+5) 4 (n=0,1,2,8,..) (10.11)

S,R-S,R=—2.51

(b)

o 10.9
(@) g @ W Hurst
faseor fomes fag
Ui 20 B1(b) g R W
ot safaeReor formes
o weiaw 2.5 4 2 |

@ B foameit safaertor yre R qen SR dear = 2R oFe, TR SR a9
fag G (91 10.10) o feorg oM ofifSrg &1 fareemi o e shefiar ¢ €; e 9 Wi
S, §N S fareema

Yy, = acos ot
Bl d G S, g e foreem
Y, = acos (wt + @) T
e it fakeme g

forT 10.10 3 fagat =1
fargmer Frh o
S,P-S,P Y, 1,
+ 923, + 302
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interference

hiip://phet.colorado.edu/en/simulstion/legacy/wave

T sfaeRtor o T sfifenr ¥ wam

364

y =y, t+ty,

= a[cos ot + cos (vt +¢)]

A+B A-B
=2 acos (¢/2) cos (wt+ ¢/2)|"." COS A +cosB =2cos (T) cos (TH

TRomH e 1 W 2a cos (¢/2) € $EfeT 59 fag W e et

I=4 I, cos® (¢/2) (10.12)

A =0, +2 1, +4n,... S GHEEHWE (10.10) FT T o GG €, 86 FOH
TR0 I BT qAT <ol STehad BTl S84 MR AR p=+ 1, + 3w, £ 5r ... [SH
THIRTOT (10.11) =1 9 o Hd €] & formelt safenor wrwd @i e <o g gt

19 I < Hd her-Teag 7 (1fd 3 vE | Ak A geat Frafid w9 9 oW
F= e @ E) @ forelt oft fag W e g THF & i T e qen gy fen
Hfaertor Yo et B0, stufq 9o o Tt 3 (maxima) @ ffESS (minima)
w1 feerfaat &t axertt qenfy, afz = geai v wara & W@ o €, @ 993
% T AR Yot ot Seer qen Ik welal 9Hg ok e Sgd ool U SKerd
@t Sfees den faferss w1 feufaal ot woe o @1 oot o SR qen g9 ‘o S’
e farawor 3@ </ U@ e @ @ g H eded diear wre entt, feeh Je e

<I>=4I <cos*¢/2 > (10.13)

&l vl s il Sfd el i &1 arsda § arfees 7.2 § suian T
g f 9 Jo ¥ & WY Agfeow &7 ¥ Sgadl © dl e SEd T
< cos? (¢/2) > 1 WH 1/2 NI 78 ff TesT{4fd ¥ o B, i wer cos? (4/
2) Agfeseh ®9 ¥ O A1 1 o Sie a<el ael 3iEd | 1/2 Bl gt fagei ™
ot e =1 9w g

I=21, (10.14)

g I % WY 3 Hi Sl T AR a9 ¥ S8 8, §9 HEd © 1o 3 wa
FHell-3THeG ¢ SR e TH Bl € al deard sheret g STl &1 arkad | e e g
2 9@ q STCNI-3T YR W e SER i IR w B

10.5 YeRTIT TN T HATARIOT qAT T hT TANT

319 FH YT AN 1 ST Hieh AfGRT W faar w3 3k 79 3 gfafssl w
eI T o g < wifgaw ofal 1 3w e (Fo 10.11), @ 86 1S safaenon
first feard =€t < Ue 39 929 o SN © TR T 9w (S8 gifeam w6 )
T I B8H arell Whel a8 |, 107'9s i hife o THT ARl W, TR
HeAl-UREd eidl B 37d: T T Yol Hidl ¥ A orelt Fehrer il | whig iy
hell Teel el Bl 9 3 hell-2TGag el ?1 S R vee e | fad=An w1 W
I T, WA BH W TR R dfigard gg ot €

Trofe o wifqeheme IE I 3 WAl S, 91 S, W SN B At a3 @
wHenedl ki A w3 o fU U S99 qehHieh SUAN il S/ Uk SIS IE
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SIURCAINED]
W giHEfex S, TS, (TH-TW &l 9gd Fhe) s [fodt ! '
10.12(a)]1 3% T& 14 gfafes § W& fwan mn 59 & ~ e |
< W § TR foma T o g aw S ¥ feest S, ’
q s, W firdt ¥1S, qen s, T Fen-wag wai wt wifq ww o s
w3 § Hh S, q S, Y e Ty o T & g =
Grd o ogea= el & a1 Wi S | STeeh hig ot ehell qierdH | I
S, T S, ¥ AN ATt Yl H Stk SH YhR I Hehl IR ’ ™
FHMN 36 TR T G S, TS, FAH Fel F o ST st zﬁ%ﬁsz S énjﬁzﬂg &
N : . : , Tt e
iﬁ%ﬂﬁwaﬁfggﬁzﬁwl o [ 10.8(a)] T wftd el = e P 2
39 YHR S, A1 S, ¥ I@io M arell Mot qw o=
10.12(b) T Hifd W GG’ W AR TS| Sca=1 | STfereha T =Aam dorn
&1 feafqal &t M $TgEE] 10.4 ® KU U fawerwor 1 ST ek Hi S Hehdl
2, 56l W e W@ GG [f53 10.12(b)] W Tk F¢r=s fag P foran s sifersras e
% G ?1 39 T o
S,P-SP=ni n=0,1,2.. (10.15)
G
ol ,,1*’
- = - v
I T A ST Ly L
'\l (a) (b)
T 10.12 =afaetor Yo S A & fag 2w 9w w5t e
3Ad
dy dy
(SZP)z—(SIP)2= [D2 +(x+§) ]—[]y +(x—§) ]= 2xd
W& WSS, = dTAMOP = x | ¥,
2xd
S,;P-SP=35p.sp (10.16)
I x, d<<DT AR S,P + S,P (S & H 7) ® 2D fereenfua =X < haret
T ffe & |ffase g 3T@ % ft d = 0.1 em, D= 100 cm, OP = 1 cm
365
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o AT (S YT TR T SUANT ek Afdh FAT o fag
fafere 7 & W@ ) =W W B
S,P+S P = [(100)*+ (1.05)%]” + [(100)* + (0.95)*”
~200.01 cm

TH YRR A BHS,P + S P &I 2 DY FRreefid s < @ erms
0.005% Ife Aafted gritl 39 Af-ehe | TH (10.16) B,

xd
S,P-SP~—+ (10.17)

D
TAE 9T (1773-1829) TH YHR FHIHW 10.10 % SFTER & Gl sAfaemo gu
it Aifeerfas, wEfafhas d
o T faems = 3 7gd e & U B S E=nl [T (10.15)], At

F oTE TEEmei W S D
foran, 99w 3R sif@ & x=xn=T;n=O,il,i2,... (10.18)
e 9K gfte fwen o gEd B G0 AR e forrelt safR g s & e @ S
AN T AT ) W WEA 4 )

S o b e x—:(n+—)l,3:m1°ﬁ
fagi ® TR R @R D 21 b

% Tr o SAfaehoT, gt & x=xn=(n+§)72 n=0,%x1+2 (10.19)
TR T[0T ST FHI0T TG el € EO S S h——

3@ YHR To 10.13 1 9ifd We W R qef 9 S8
oo <71 U Sl & 5o Fed &1 FHIs (10. 18) 921 (10.19) Tt § foF wrel
o <t fifet M S0 W € 9 < AT F€ den < fml % s T @ =

B= X=X,
AD

F f= ~ - (10.20)
T8 fiho-<ierE 1 v 8 Traan 7ed fag o (o 10.12) <@ & ==ifw S0
=S,0 T T n =03 T e (FHHW 10.18) | Al TH FHITS o a0 o Aead
A O ¥ oA aTelt @ W fo=R &L (A9fd, y-318 o Tf<e) @ 39 @1 | 9+t
g S, e s, ¥ T T R &7 IR & dwt weA fhs faerm, S fo 10,13 ¥ @i
AR Toh T {1 8| W W ATl U i Aehpid 6 3 o fag eq @
foF wh fomiy 591 S,P-S,P % foa oM o5 fag 9ot & w7 €1 5@ o a8 froars
AR el ot €, Tt <iw g e se @ A /2 w1 faum wEehe ok, e
RIS BT 379 x-y T | feerd fog P o1 forg wer 59 Wb 21 fF S,P - S,P (= A)
T s B % SR U 3Tfd TWeedehR 8N 36 WehR fihst Ued gifved &9 9
sAfaeer™ §; qenty =fg g D s < =1 e sgd v €, @ s %kl 85
T Treft Y@ =1, S R e 10.13(b) ® z@ifar me R
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LURCCAINED
d=0.005 mm (=5 mm) d=0.025 mm (=1 mm)
50 . - — — — — — — — — 10
S
E
>
50~ — -10
i i I i | |
-50 0 50 -10 0 10
> x(mm) > x (mm)
(a) (b)

forT 10.13 T Tl s, Ao S, BRI GG TR R (AT 97 10.12 ) S g AR R a+R=0 T et T
(a) T (b) TG & HHY: d = 0.005 mm T 0.025 mm & A (31 fosi D =5 ecm @AM A = 5 x 105 cm)
(‘sffafea’ U wee, 21 TN fear ufsafyi &.fa., =h feeelt, 2000 2 foran )

51 10.12(b) ¥ =wiT fg-forft woim & &9 o fom S &1 A i
il o dasres W @ 7, 59 SO Y@ 9 wei¥e fwan w21 3l s
Iq S Taside § Uil B d 91 BEN7 T ST Hd S fReEr TS~
Tt feafa s o fawe & T ® SR Q, S, 9N S, 1 HeAfag e

31 = B S/ QS B A ¢ £ 79 S e fhw qu 0 fewn H- S AN
$HT0T R THRT 36 YR A Wi S daeidfer ™ 7, a0 st s >
o8 O W = St foh daerds W B IR 9 S et g fog &

W U ¢ § Tawn iz w0 2, a6 S s S - feg 0 ¢
fag W fwere 3m, fgen o1 € for a7 dasrds @ @l ok 3o € o 9 fages swm gue v
e ot @ fF 9ia S’ wen fog Q qen g fife w1 fog O’ wh &t W@ A 2

39 D% I TH SMHH TaT* o Add A0 o IS0 H FHE H|

U9 FT T Ypiad & 29 97 7 T7 1801 § Ugel aR UFH WA a
STTEESTTR TN §RT gfeager aiieh § JRI7a o 3517 9d o T &1
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A/a® & qen s (3= died) 0 ~ ni/a n= TeiR FT SR

+1, 22, +3, .... W | I8 @ 3HH ? T HIon o 2

o ok e TS == 9 e €1 Ted v 0 W faER

L, &l YU b, AT T,

6~1/a (10.22)

a1, Tl =1 < e 9T LM @91 MN ® siie {59 gedish o1 3R /2 €1 9
LM ¥ s fog M, & fore «m MN ® fig M, 39 7R ® fF MM, = a/2 | fig
PR M, 991 M, & o= 991 94 gL H0 9 &% fTIUM,P - M,P = 6a/2 = 1/2
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A | M % o T3l o1 MR @ Sfed W el STeIss w1 Hhivig wes "5l
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(parameters) 5 SHIBR H SIEIIT Ao YaHaRN i JiHe1 o6 s ot i T FHEA
Bl Tk e, Wk ol o1 wfafom eardt i@ o fepe a@ma 21 gafae i foat
(objects) &1 fa¥iga aga 2ifue T W T2 fovan 1 ka1, 32 I 5 I@HL
fadifeq fran o1 wehar 81 g0 3R, U gemeel foei w1 oafia #a ¥ (S TR
T Bd ®) qen ST g fdfee s 1 5 e n R < and steran e gy
T o 3 ST i 3@ W B A g9 frdt Sifaa iy o fafa= amn w5 <m @
a,ﬁ?ﬁ%aﬁmaﬁqﬁswwﬁﬁﬁﬁmﬁmﬁswﬁ&ﬂ@ﬁmﬁ
YT 2

10.6.4 T&Tor UaTioTent &t Serar

T a BT &1 5R% (Fuia o) erean fox) fodt aaiaR ffor-gs g weia &
T, T~ 1/a T § YN faafid S 21 98 S Hhald 3eats i HIvi
TE B &7 Th §U z, FoM | oharet Toer o oo € faafda feror-gs w =ier
zA/a I T AT T8 A1 ek BT Tk z o fohe A ok foq faad g formamoo,
S o WES a % qod BN 3Hok foTT €9 2/ a i o9 a % a¥eR A &1 399
B 98 i 2 I et © ek I @ Sier W R w1 eroeRer wedes gl S
21 zHfer,

z=a’/\ (10.31)

TH T T 2, R Ber g et B, 1 o wfteeor o g wfenfig e ©

z.=a’ /A

T (10.31) T8 T 8 fF 2, ¥ 9ga ww il & o faed & s
foreqmeor, foho-gst o "R &1 g | Bl ¥ W g @ 2, Sl § 9 ae
A B S 2oz, § 9gd sk 3@l o o, faedw o wwwr faram,

377
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34lgiul 10.7

foRTor-yehTfeTeRt o HRUT faeRo &t ga o (31Hfd §Re o STHR a i gorl H)

e qelt B STl 21 G (10.31) St @ fof fentor-gentiimht aeresH o g4
A BT AR ST BH § 9y R

ITEA0T 10.7 79 T & U foror-yeriferent U et Tfiohed € <9 5 3 mm
el & @1 e 500 nm 7?2

32
> (3x107)

A zp=—= —=18m
A 5x10"

e SETEX0T YETETA hidl € o Uk 1 gRe o ferg off, foede faeamon ¢ e @t
Tertoli o e Suferd feman ST Wbl ©1 59 YR foRo-yemiymes! &g T aifkefa
o Ay Bl

10.7 gaut

T el S W forR ifee fE afest Tt wehet T € #i st T i fer
AT T 21 A 7H e o R Rl Sw-AE oTad] w9 9 fd HU¢ @ Th a0 I
T AN S+ fegn o g=nfia ' (Fos 10.21) 1 TE o Rl TR (10.32) g1

e fRan < ST

Y (x,1) = asin (kx - wt) (10.32)

t=0
t=At

A AN N N N 7
ANY/ SN/ EA\V/EA\V/ EA\V/SAV/.

(2)

—> vy x1)

T=

MAAAAAAAANAAANAAAAAAAAAR,
VUVVVVVVVVVVVVV VYV VYV YUY

— > !

(b)

el?.’

—> y (x=0,1)

o 10.21 (a) o Tt S &1 S0 ¢ = 09 ¢ = At T e frefig w@ €, 5«
Teh S 0T +x faen o dafia gt 21 (b) ok foreends x = 0 o THg-fo=ror =i
Frefid & 2, Safe T s a0 +x Ren § g9fd 8 @ 21 x = Ax W foremmy
1 Hg-foeror dgr- 3 IR foenfua = smam
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TSI o

e @ T @ (= 27v) FHI: T T SAE A1 HIONT e Ffad Fd &1 59k
SAfafa,

2r
A=—
e (10.33)

T H Halg e w1 Fefid Sl 81 39 TR 1 T o TR i == g7 e
11 1 TCIYEH o A 15§ & ok ¢ Hifh fagend= (S y fen o s
?) T G i X9 ok ofedd €, BW Sy owl W et €1 @i &, i
fereemae y feen & 2, geifee 58 Wi y-yferd o shel A 81 it S wels
fag Tk W @ # A W €, a0 i Faehd: yfed a1 el Wil ¢l g6
Ao, S W x-y 9 § € Wi et 2, gHifery 38 g@der gfad @ ot el
EIIES

Tl YR B9 x-z T H z-Yfad T 3cq+ hieh fhdl SR o &dd W =R &
Tohd €, frment fagamme o &

z (x,t) = a sin (kx- wt) (10.34)

TE S Evash ® fh [Eieon (10.33) @ (10.34) ¥ aft] @t
Yaend: yfed a0 SFTE a0 Bl €; 1eifd SR o Wedsh ferg ol fareenT wee @
el w1 TS9N oh e Bidn 81 3fdq:, 9K S oh U oh ol i STcAd 3TeU SHAIe
T Agfessha: S_al S @ 86 STYfaq @ U< BT 39 YR Ueh STyfad avil oh o
T, THa o WY, Agfeweha: axordl @l €, JEft 98 Ued qul §eRor w1 fEen
% ofead &l 2

WIS i TN h1 Wepfd STWE eidl ®; Srefd Heid & @ Wehrel @ 9 Hag
fora &1 Tee T HeRol 1 fEu o daed Bl 21 36 U WS Ueiiss 1 ST
H{oh TETd] § YT fohan ST Hehel 81 30 Taell wiiies et whe 2w e o
YleRiss Hed &1 eiiss § U i Uk osl JEen el @ S U fawy foen o
el el B | dferiag STupe ki faen o srfew faga wfew (w=ia gt wehrer o
U Gag) EfG € Sl 81 39 WehR AR i Ay Fehel ai UH dioRige |
e Bl Al FehTeT T @ efferd e St €, e faga wiew dfeesg et w5
e Te o STEY Srer a8, 39 490 &l Wiokiss %1 IRa-37e7 (pass-axis)
ed

T YR, ST fhdl WURO G (SE TH WiETH ©d) 1 YN ueiizs i
foret ¥fie P, & W@ &1 8 @ 98 w1 S @ foF sEet doan smeft 8 Sl 21 P,
! IHM W UG H0-9S W FE 9919 @1 ugdr FAifeh araida diear feer wdt
2| 319 W TH GUEY WokisE P, i P, ¥ TR W@d 2| STUATIER, o7 § 1 ot
TR S gl sherel P, © 2 WG B4 § ¥ 8 ST TG 316 P, % AN HIP,
Y S o1el TohR1 W T Aehia Y96 92| T fefd # P, § qronia diea Py 9

379

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

W HifaeRt

380

34lg{ul 10.8

WG T W T I © S €1 S 39 feefd 9P, % 90° W W € @t @ P,
QY oA areft e qol e o w1 € (Fe 10.22)1

P, P,
C M>Lt
P, P,
(@)
(b)
o7 10.22 (2) A eSS P, TP, W BT ThRT H1 IIHA| TCIHA % 1 6 0 Th
firen €, 519 37 < 1 101 0° | 90° Tk RGN Bl ¥1 £ T TR JehTer S T
¥ dieiiee P, ¥ @1 W1 § G 9% B0 % W gRafia T gl (b) S T

rerizel @ wi| B @ @ faga Gty 1 oFaer Uit Yaur qekiee e o T
wieeh B Tgamom faga @few o <o = <wiid €

ITNE TN 1 Ig TR T O THA ST Gohell © 16 qieiiss P, ¥ A
TeRTY 1 P, %1 TR 378 (pass-axis) o ST 4a01 &1 Sl 81 3 P, 1 WRa 374,
P, &1 WG 3781 ¥ 0 HI0 I 2, 79 Safeh Yfad Y-S feikies P, ¥ TRfaa
et €, @ P, ¥ Hek Ecos 0 (P, %1 WA 3181 o 31w WA BFT1 36 TR <@
T WieRise P, (A1 okisE P,) i YA € @ diodr T YR SRert

I=1000529 (10.35)

T 1, P, W o o TR Yo FehTT 1 ot 21 36 Hew @1 fe| (Malus'
Law) ed €1 ST fora=r <uidr € fon tsh deikise 9 31 oel Wehlel i diief, Safe
ot =T el B1 TN dreRiEs TR d S dioRisel i uIid-3tei o e o i
! GRS ek gl i ufad diodl o6 50% ¥ T 7ok FrRifa o gahd 2

Trerigel i 4u & =, fagst o el of # digar feifa & & 3w fwan
I TR 2| dreise! 1 ST HIRTHT hERl qen 3D (o) wafas v o
off feran s 21

IATEI0T 10.8 5 < TG Uieikizel o &= H UieRse w1 Teh dradt 9iie 1 SHm@n

S @ A RHG WehTel 1 el § e arel URerdd whi ferere it

T A fF Wom WiewEe P, § TS & 91 ffod YR 1 e [ 3 q9

WSS P, ¥ T o o1% FehTRl Y dorn g,

I =1I,cos0.
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STl I 6, P, T P, T WRG-318} o e S v 71 Hife P, T P, HGA § S5
TIRG-37&fl o S I (/2 - 0) BRI 37 P, © FifHa e ot wehmr et <o s,

I = I,cos”6 cos® (g— 6)

=1, cos?0 sin26'=(10/4) sin?26
37q:, I @ = /4 o T arofia gehTer S diterar stfiread gr

10.7.1 WU & GRT gaur

STERTRT o Teh |1 el 91 § 3T 316l YohrT ! 59 Uk HAd gU dieiise o 9 gt
@ W ® @ fod St qen wedt g8 @ <t ?1 9 oW Fw T afews g @
M o1 o kel & TSTEH gest o argred o S1uetl § ThUeRT (FRivi o HRo)
ot fen s <t R1 ewrafaa g o v siyfed @ [ 10.23(a) 11 faget o gr
1 o ot ok s o i ggiten T #1 el sror foe o qot W e i g
B (1yfad weh1e H 31 A § hIE Hoa-gaY T 21) ufed o o foRa & ok
e § eruet H soleid 39 <l fRenedl § i wgor Y o € geA gd i fgen o
90° W @A B Uk HeTeh hi ST €| Tsa: a9l it fgefiis sion o Sk @ia
€, 39 etk 1 faun o oot fafenfia el s aiifen Sk ool o1 1S STIIEY ek
& B 219 & g wehifoT farfenvor et gefifery fagedl @ weqa feren wen B 7 fe-aat
& oded Yfod 21 THE SR § YHITOT W9 ok YAl shi AT it 2

smafad GR gt '

(eryfaa) Tafa T
N o
W
TehIOTd WehTT : .
(ygfaa) ;
e
ek i 3R

(a) (b)

o7 10.23 (a) ST @ el YR FehTer BT Yol gF @ oW ANy siyfad @

(fS)g qen =1T) | U FeitehTerh 319] fa@mn T @1 7€ 90° | IS o el o wead yfad

RISl (Shact fagett) 1 Ui et 1 (b) YT T YA S URSE HeAw ¥ §E
0 W WEfdd ® (FEfia o sruafda femtor o ofeem) |

STU[3T o GRI UShIST oh Weh{UI oh1 T ST HL.al. T G 3ok Heailial o
BN el # 1920 o < | fRAT T o1l T &l ¥ 1930 H 36 &E o fag
iferehT ok ool QEHR § GEAITG feman T ol

8'0T lni2lbe

381
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e TehTEl & HIEAHI ok SANYSS W AUl Bl ® Al 98 @1 1§ T 5 e A wWeied @ S
? AU P AN UG B S 21 gH W Felfod T 99 W fER W o qe g9a € o e
<90 § FoRE T W ufad B oTell Tshaviia YeRTeT sh1 Tk fRTo-gsl (Fdg TEIE: wWed €) gof

®Y 9 YOIHT B ST G 1S IUedd | 81?7 TR e 8 R 39 g9 o1 37 'l 7

o=

]
..

M

i

P
AW P >

HIH L

H

W, Teh HIROT TANT oY G Sire L {6 1 Bl €| Uoh ©IeR, Teh 3731 e (polarizer),

T frem qon T wE1 <@ie U e w6 i sefiem w1

TE GId H IS FehTRl <l Yok | WA el o ¥ f4H i Hde W e 0 i ¥ i

B 3| 319 Yok i G SHT| A 3@ 5 g o U fowy W@ (alignment) & forw

firem W eufad 2R aTen gehrer gof &9 9 Urfhd @ S € 9o T o 9§ hiE gehre wafia
& Bl TEia v g wie 375y B S 8

382

10.7.2 URTEAT o gRT auT

o 10.23 (b) T IR H1e7m S STot | WEdd 1ol i <ien 71 T8 i it
fag e =101 Hohd hd € fop amufaa qen wxafda o | S € e Hieg €1 g nd
e U feofa wega 1 @ e wafda fomeon, srafda o o wwehion WS
21 ST § e SeieRT Tefdd T S hid S| T8 HILIH a7 ok fafentor, sefd
yafda @ o e < fEensti ® wor &) 9o wafda i i e & qHiR ¥
7g feen # fd wafid @ & S AveE T < g, s R e g
W FehTer fe-del o oieea W@ yfed ® (fageti o gr1 @ Tw) | ghent Ste
TG TR 1 fordt favemes o 9 gl 3T el YTl hi <W@eRT hi S Hehdll
21 v foreetue 1 1et, foa-aa1 # (Srefa sues 9 ®) B9 @ Rt die
BT

T qReelt WerH w1 SE W S RIS Ayfad g safad e ©, 99 At
sToafad e qEfad ol Th-gH oF St WHRIU S o, @ quafad gl
qufd: yferd eiar € aen sHen o Wik SMvde aa & wead gl 81 59 TR gad
3@ T So WEfda @ Svafid w1 W edded © a Wefid 9T T gof gfaa @
21 39 YT § AT HI0T hi FX HI0T msdﬁﬁwsﬁ%@ﬁﬁﬁﬁm‘&%’l%ﬂ
2@ T T T i, IO WA & svadish 9 Gefud B it = 7/2 7, T
e o TE| 9 e e

_ sinip siniy

sinr sin(m /2 - i)
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_ siniy
_cosiB
W g 7 778 FEd 7
3EEI0T 10.9 TF THAA Hid o 58 R Ayfad el amufad g 2
39 0T feran BT =ifee o™ for wrafia on safaa feeol Teh-gm
R daad |
TA i+ /2 % TWER 8H & AT, tan iy = p= 1.5 B =160l 364
iy = 57° I B0 2| UE A1g ¥ A o FWYS W =L B0 B

=taniy (10.36)

Tl oh fW, FH9 90° TR Y1 o TehiU T FEL 101 T TUEH ol oo
fopan 21 79 fafyre ufiftafa &, foe@ & & 1 dagd sesl § 9 ©% g & 9 2l
I HION W, S &l Sk T B € W Tk Seeh SO e § yeiel eidl €1
S ekl W whig e ol W &l gl © ifeh 3 U eryfaa fRo-gs ok <
e SIZehl @ SO BId &1 5 UH WehTel i FeRdlt S v § 9 <@ s @
@t o 1 3fees don fAferss fer <1 &, wg qof 3 & =1 Ul 39 YER <k
WehTST <1 37T Yfed FehT9T hed B

3T, 39 feufd 1 Iuem 1 9o HL| 59 I HIEH o HAAWYS W T AYfod
ThTYT hT FERTOT-GS R 10N TR AU BNl €, U1l sh1 chael Ush T, Frgent forg
&5 WY AT e o ofeed ¢, WEtid SR 316 4% Tk 37%8 Yo (Polarizer)
1 3TN 3ok, ATIAT T o Aaad TRt oF fIgd el S Joiaan gefeh &L 3 qel
T YRTT 1 T HI0 R 50 & I8 W Afad FU¢, 96 19 Wade faeiga &l
3@ A G FehT9T T U1 RETHA B

TE A I TH T€ Hohd Hd g YR e fop opo aftsread uelt & fent
A Sheel T THGId R &1 S Hehdl 81 STed &9 © HWeH o fog gad wed
TR q STaad S IREAI 1, feRT g9 TRt FeRIiTeRT o SMHR W 37 9
T ST X goh o, TUH TRaAT G @1 foh $% U YRIThT oh SR TR+t Foe
S HeRen B1 TR ee o ok Tgfed wan o ool e S for weRifteRt o atemeA
1 T W ol 3d W B pw et fowel S9 faads, fade, gaor qen feo
TRIRTRT 1 Serdl a1 ool TRl Tl sfeqr | oM 2w fr vt o wEw
BA-BId o1 1900 €. ¥ fFg ¥R T W@ 3 U fagidl s s fEam

|9
1. T @ fogia o @ fo frdt amn w1 gk fg fadiaes X w1 g g
2, Sl el o THI YTHR Teh T S
2. TEINE I A1 €Y I8 Sderd! @ foh 7o qu fediaes o W S STeR 1 e
TSl i el e X FeR Y et @ at T @l el g €)1 fenol qe
T TN o weed eidl @ qel A el et ot fertor @ faen o wHE gl 2
79 fogid @ wWads den ervads & g9 a9 o e €

6°0T lni21be

383
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3. S T 37 ] Y Al FehTel G U € g Rl i e § dl Wl o SreARm
1 fagid @0 B €1 59 89 T 95 W 37 Tl 5R Yo i dtear 1 fa=r
w34 & a fafere dreaeti o @ o sifdited Tk safqeRtor Ug wrw e 81 0y
& W qeft Heequl gl @ s Hen oied I el €, S hae qeft g @
Sefer Gl T SR TEE 8 9 3k s U feR Helid® Bl

4. YAl d el 2E I i fgfed § we Siate s W gt € feht o
Yerhdl 4/ d Bt 81 Wi, il o1 Heafsg qen shda < b w dieft Y@ o B
21 Tk 912 YRR 1 Fid S fARE W A/d @ fesk v s 2, RS w6 faea
T

5. WIEE a® TF THa B uF fedq e 2t @ foed uw St sfeas g 2
W + 4/a, +24/a, S HIOT T H Bl € T Tk e o SR &fior e
Tl 3fems i €1 fooc™ foreht geeft & wivita fasied w1 A/D e it
R 31 €, SRl DGR k1 A 21 J dR TSk ot b1 g 00 e gl gererd:
stfereamdt wfafaa aTE ST YR, U GauRen SAfHETE S n STueiieh o HIem
o Wiehd 55 W 0124 9 7, < aegel ok st 1 i 4/(2nsin /)7, I
Jih-31k gk kM, Wik Gerselt w1 faded @i €1 faada yehmer ol
Gehour w1 G fifa s 21 T ved & foade o SR gehre woia e
YR Y e a T Tk R0 Tk i /4 el @ S BT 31 e 2l

6. Wehfae TehTl, S g4 U W FehTe, S1yfad e ¢ ghen ot 97 gen foh erquey
T o foga afeer 9= & w9a, gad: a9 Agfeswa: it dya feenst § & g
B UieRiES Shadl U ¥ewh (T A otel oF THIR) 1 IRfed s &1 aRonH
TS Wi @ ¢ffaa e Gaad Yfod ®ed €1 4 36 YR o YehI9l i Th
TR YoRizs ¥ ¥ @ ¢, 91 18 21 ¥ gHA € @ foar o 1 e qen
s femeré 3d €1 yfea wehme weh fafdre Sior (99 5= #i0 #ed ®) W
YU o g 9 YA o SgHEE H /2 o Y10 gRI o S foRA ST Hehal B

faemona faw

1. T g G 9 o gt fenedl # yuitd gt §, Seih Jeh1er s Weniot feReon ok
Y H Fed g @ T o1 R/ Tagia ¥ YT o FEeR o |t ua o faverso
S GUEH o T BT, I e WA o YA qe Sfadfie i STevHshdl gl

2. T 1 HECl G A Ty = Wil o ST sh1 SATHROl €, S A o FEn
o <9y SFER Gorh qen faaeh <A 8w 2

3. foada aftre o fertor wehiferent =1 it oRenfia eidt @1 1 =g fekeee
TEgeti & faveT & fou gemai¥mt qen Rt w1 Tara w1 S o et
wresd g fwifa gl 2

4. srfyeter safaeRor qen faada g essd M, 99 9g o @At % faw «f g
&1 W 0T URER hael ST W, S YR ol @i, fafvmea 2

384
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TUT-YhTIITehT

=

10.1 589 nm WA 1 THaAvg JH©l a7 ¥ WA 1 Tag W Aufad e 2l
() TR T (b) STYafi WhTel ki qRSEA, g den =1t F g2 S &
A 1.33 B

10.2 fr=fafad semst § g am &1 eepfa @ 272
(a) Tt fog wd @ STo@Ra wehrel
(b) Suw o\ o Frifid wehrer, frees ®rhe fag ® %iE fag @i w@n 2
(c) Torel S¥Y AR § T A6l YehT¥T T %1 Jeall NI STERITHA (intercepted)
HMI
10.3 (a) i™ &I AYEHIH 1.5 T hid H Fohe1 w1 =1et &1 erit? (Frafa o gerer 1
= 3.0 x 10°m s ®1)

(b) o1 = H YeRTel 1 =, TohTel o W1 R R ot 82 9f% e, ot oo den
ST W @ H-| T i o Tien W e e 872
10.4 47 % e wam o fafel & s+ 5800.28 mm € 91 W 1.4 m &1 T W
@ T B S S s we wgef dw RS o i Y g 1.2 om A T 2
W § YA foRT T yehTer i dIRE S i)
10.5 =T o gt g4 o, 4 s w1 Thauiid Rt ST i W, R % T (65
T STET TR AR, TR I Aol KR 81 39 65 T qeh1e1 it fteran fepat it
SRl geriR /3 772
10.6 97 & fferdt wom o =afaw<or R &1 9 w3 o faT, 650 nm @2 520 nm
TOTEA o JRTRI-G 1 START feha T
(a) 650nmw¢mﬂwwwmﬁwm@@m
il
(b) hia Sfeae | W a9 T 1 T HITTC &l I et o HROT e
fiFs 9O (coincide) BY Bl
10.7 & 5 v § 0% 9 W @ R R T T H1 Sl =l 0.2° 18 T
SYGAT fRT T FhTer T T 600 nm 71 AR T AEAATE IUHT A H g
= S df TiFT 1 hivie SIS @ g2 Sl w1 Tvedish 4/3 Sty
10.8 97 ¥ ®ia H THA (transition) & I =X HIOT F1 22 (FA HI
STIERHIR = 1.5) 1
10.9 5000 A T %1 YHRI Th THAA Wedish T W AMfad il 81 et

WhTST T TR TS S 9 82 UAH hivl ok e WM o fore wEtda T
smufaa fertor o wead gRit?

10.10 39 T 1 ke Hifoe f5eh feu feredt 4 mm % TR % §R& a2 400 nm
T o yehTel ok foTy feRtur wehTeTehT Wb 9 | o] el 21
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10.11

10.12

10.13

10.14

10.15

10.16

10.17

ITfaad T

T IR | BRGISH § IS 6563 AHT H, o W 15 A 1 stferer-forem

(red-shift) T &1 gedt T TS @ TR &1 A1A H1 e B

ot e (S W) | e Y =1 fatd § yehrer i A 9 aifusk §1 =ged

o et fagid g 59 e w1 AfTeqamh Y i W) T ot § YR HI A

IR G ST hich 59 Afaeaolt it gt gg? afk T, & v o fesor 1 wE-

fahed yamE B

9 e 1S | ST g € foh wrie 1 fagia wed iR etqer o gt & forg

fha R Arieeie 1 st fagia &1 swant #eh yeae fd § Fe (deduce)

HITST o6 Todet <dor & g Tt TRt awg <1 wfafse st s 8, fgent gdo

A o, fi @ =i @ T TR A R

T GR0T kT A1 bl GAIAT B ThA A p TAIfd Rk kT G T

(i) 9 T gepfd,

(ii) SeRor &t fem,

(iii) T SR/ Uerew Y I,

(iv) TOIEA, T

(v) €T 1 A

T -

(a) Trafa ¥ yerer &t =,

(b) TRt Tmeam (WM 79 o1 STet) § YT i TGl 390 § foRT HRebl W AR

HT 87

et T o egfa fawemmm & forw efer &1 g7 fr=fafea 9 feafei | -

for1 ® : (i) O formmeen | qen Sere Tfa A @, 9o (i) Wid fd ¥ g veh

formmmarEen ® 711 S@fw g & fau efer o ¥ Hfved €9 9 fafk |, 33 39

feorferal & whgEE 71 U@ = T2 T HifSw) 9@ o ged € f 3 g faed

HeH W W T o fae ot g feefaal | qofd: wheEE Bi?

5 79 #, 600 nm T F1 THW FE W, Th T W WA st 1

ol e 0.1° 31 < fafl & A e T 32

frAfafed goat & s S :

(a) THa Tl foad wem ), flt 1 <irew ot e @ AT w2 W
et e ST & drest qon i i ok gufad Ht?

(b) TEferd Wi o, yoiw forlt o1 foec, safaertor U @ forg g weifed 22

(c) TR FId U M o1t 19l o A H 5 Tk oY JaehR a%g @ Sl @ at
IR I B F WA TH YA {95 K@i dar g1 v wif w=i?

(d) = foeneff T 10 m = Fet faaiw R R 7 m o FR R 21 AR A7
3R FehT9T Tl TR i a8 o%g o FeRRl W g Fahell © df R off 3 feremeft
TH-TWM Hl 3@ TS I T 7 99 | ST W ey R gER
W 7?
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TUT-YhTIITehT

(e) TeRToT YenTfIThl, FehTeT o wieft Y@ & I e Rl Gehoo W S 71 faeeH
TS (ST YhTET T W Uk R/t =1 o o 9l 7R gfera feran smo)
T HheTHl 1 THRA ¢ Y 0 ehifireh! shi Hehou TR o5
gfaferal et feafd Tem 3o S o™ U1 i THeH o faT TM: ST
o o S B1 gHeRT o sfifae B2
10.18 3 e F = W 2 AR TR @40 km F 50 W F| T 2 A
@ A | o Al fRE TerEl o 50 m SW W g ol 1S9 e @
1 rfuehan TR A HiSE, St HAR o we T wate foeds e o Seft
Eik:edl
10.19 500 nm T HT Th MR FohTel-Gs Tk qaelt ot o ik @ qen 1 m @
W R R foed Yo @ S 21 g8 <@ T o veen HiEs e % o
Y25 mm 3 W T 7w e’ wm i
10.20 frAfafad yeai o s G ¢
(a) T8 Y S9E R IS 9Tl aFFH TR 9 T € 9 g9 weft-weft Sehfasm
% TR} W o # feerd gC I €| Tk Gefad SRt geE
(b) S & o9 g1 918 § WM g% ? R faada qen safaeor e o dion w1
TIRoT T 1 SURYA gt @ %1 Wi YR 21 39 fagid @i
Ak 1 22
10.21 THd R faoeda Yot =) gaafa & &fed 7 7 ni/a w0 R doq = 21 ™
& (cancillation) %1, 5 %1 SUga 9wl o sfewt Tenfya wifer)
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SETT 11

[Ifh 0] qAT 5
Eal-GICOT

11.1 Q{ﬁﬁlﬂ

T 1887 W oEeeshig TR0l w1 Scaf ud g W foEQ gaee o Hewad
HHIRTOT A T o TANT F TR i TUIF Tehid i ST9AYd €9 § wefua fomam
Ifret vrare o aifem =Ror W foresH-Afoen § TH § %9 < W faga- e
(forega-fowsi) W TR S0l § e UfieTias @isl g1 i1 o g0 1895 |
X-fopeol &1 @ie qen W S IHEH o gW 1897 H w1 ME SoleiA i @i
AT -G i T | Hie 1 Jeer off| @9 0.001 mm IR F &9 o T
HH E W A€ YA T F Y 5 seieRiel o i, e g faresia-Afas § fw
R forega &5 Tenfid fepan S €, wen fogsiq gt 21 chelie o 9r@ shiw W wfadie
I Bt 21 < w1 U1 shie w1 Yepid W HER A 8, SH-—drei-shie o fou
Tq-8 W1 1| 56 Fiaia s HRoT SH Tafehtor shi |1 T S oheltS § 37 W@l ol
A ahele favl 1870 # faferm e o g @isht T off, fe @k # 1879 W 77
gerr T 3 fovol i o =oH orelt Sur-eash wul @ U 9 o+ ) fafew difes
T S AET (1856 — 1940) 7 36 IRehedA1 i gfe &l S8l HaT 7 q8alt
TR fagsH-Afdh o IR-TR WER dead faga @ gas &7 & wenfud #
WA AR WX Sheite—Tehor Sl o o e STiferh e [l Saw 3R S
1 ST (e/m)] T fwa11 7 9= T TR FHO1 YT o AT (3 x108m/s) K
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fafeor qen 5= &t
51 Wi

AT 0.1 ¥ WL 0.2 TH a7 ¥ =oid &1 TG E | e/m 1 Wihd 7 1.76 x
101 C/kg &1 7& f U T T e/m 1 UM helts (Scaeie) o a1 Srere urg
o oS-t | 9 79 1 gepfa W F9R T Heanl 39 Yeor 3 hefrs-fhor o
1 Grfaehdr i1 gl

T SH g9, 1887 W, I8 U@ T fh 6 e ffvea et wreTH
TR g FeRtfora ed © df s o aTel SRUl-SAa i o1 Scafsid B 81 36 ¥R,
S o Tfed et & S a9 TRH R ST A 3 SRU-Sa | &
Icafsia ®d &1 N o FI e/m =1 A Sa1 € wrEn = e o Shetg fahem
HUN HT AT T YR 37 Y01 + I8 Tenfud o i fop 2 |eft o, =ity fa= <eme
¥ 39 gU o, YHfd § THA 9| SN 98 9, 1897 H, 3 HUN & FoiFT AH
T IR gern 5 3 5o o Hifers @i s@aa 216 o fagd o Hogd W 37
Ygifass qen Wi Yeroi o gR0 Toieeia S 39 FAHK @is % fa 3= 1906
o ieel R 99H foha1 @11 1913 # it ifderfam sy, faferssa (1868-
1953) 7 3O W A o URYE A9 o foTT do-9% 1 91 Ugeieh FanT fha|
I e T T doi-fageh W SaY 939 U g 369, 1.602 x 10710 C =T i
ot B faferen o v | = yeenfia @ e o6 dgrenay #ardisd 21 v (o)
AT SATUFIT AT (e/m) oF WM W, ToaA 1 ST (m) AG TR S Tl

11.2 AR SdESH

70 WA € fF ergetl § goa soee (S0 Al 7)) Bid € S SeR! et
o foru STRErEl B €1 qenfi, 9o seleeia e 91g-ges § 9 Tl e Tkl
s soiaeid H1g § 91T A © A1 SET IS €9 STO% Wd Y ol § SR e
1 A9E U1 T BTG HT ol 21 39 FohR Gokd ol o1g o Hfie) el ok
AR Tl ok G Uehehd @ 7T BId &1 IRomHEEy Tah o seiee fSEeht i
TE YU ! ATHYT HT Hoh, U IS W We 3 U &1 F: Tl hl UKg
T3 § o bt o T e fafiea e St bt tevashal gl €1 59 A
S I UIg T FHE-FoT HEd &1 TH WURUGA ¢, % §R oFe Hd € AN eV
(SR oiee) | HITd | Uk Seieid diee Tohdl Seieeid i | diee fawaidt o
BRI @ U W W S k1 W 81 3 1 eV = 1.602 x 1070 J

IR SHoll shi $H TS 1 T GRATY] qeN ekt wifdent & feman S 21
HE-HEH (¢,) T & ON 3R T 53 1 Upfd R ek e 21 oo urgeti &
HE-he & 9 9RO 11.1 ® &y 7 &1 3 99 At € it 3ok 7 gaiE
A W gd e e e )

ROt 11.1 § 98 oA fwa S "Wehdl © TR wife ™ w1 shrd-thor SeeaH

(4= 5.65 eV) © Salfeh W2 1 =AdH (¢, = 2.14 V) 2|
H1g & 5 ¥ Teie S o ot gerd il sl =Jfad STewae: Sefl 1
et o ww sifow fafa & g < 51wt 2
() a9 IS : IUYE ATUA oF NI Yol SoiaeAl ohi qAT ardrd el &1 S
eohdl © e foF o o1g § @ o1 el

389

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

390

AR 11.1 FB &qeli o wrE-therd

Cs 2.14 Al 4.28
K 2.30 Hg 4.49
Na 2.75 Cu 4.65
Ca 3.20 Ag 4.70
Mo 4.17 Ni 5.15
Pb 4.25 Pt 5.65

(ii) & Sogor7 ; fRdl o1g W o T U Yee foggd & (10° V.m! &t wife
1) TAFHAl ! UG-8 & ael ol Hehal B, 91 o fenedl Ttk W #)
(i) FHTV-Tagd Scasiq : SUYHRI S 1 Teh1el ST fohell €1g-I53 W ugar €
SRl b1 IS BT @1 A WIS SeieR ¥ geieia (photo-

electron) HEA %'I

11.3 YermyT-foaea guma

11.3.1 &T o ULETOT

TehTeT-fagd IS &1 IREReAl i WIS 24R9 g (1857-1894) o §NI 1887 |
YR TN S FANT o qHA i TE offl Spfor-fags (spark discharge) %
S A A A o ST e e A 2da Y oae A S i
hefte i fohdl a1k ofq @ qUeTH FohTeT o 5 WS i W Tg-SoeRIS! o U
= dieedl Spfen e 8 S 2

T-T55 T SHH oTell YohTel o AR ol 5 o1e gH gl HeEd ©,
i T W Al UEH Ll 81 S H1g-I58 TR Y1 uedl € dl IS o HHig
TR Afa fafrtor & ugted o g3 H oA ST oF TR0l i IR A o
forn ool srawifa ¢ od 1 ufad Uehel 9§ STevEeh Sl Ue i o qvE,
TR UI-T53 § STeX IRae # 31 S B

11.3.2 TGO 99T TS o Te0T

foeeen gTe@iad au1 fhfad oA 3 1886-1902 o &= YehRIoEd Scas i
Tfere 1 sy R

T goraiel (g aigehren) arelt fordt fraffad i & el & Scasier ufze ™
TS fafeRTon w1 emafad e WAl (1862-1947) 7w fob uituy § U
worg g & (Tt 11.1) 1 S & Te fafenton bt ekt 7, 99 € o yere o
Tk T S THE § G Bl © TR ST qUeiT fafeht Scdsieh qigeht C W e
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fafertor dqen g1 =t
&3 wepfa

B €, Selei Ifgent § STeR o1 W © e foa &5 g e Sk qigent A
1 AR AT B wd 2| Faifad si= w1 el § seleHl oh aTe o SRl HRIYeTg
Bl B1 TH YR U, ScHsieh o IS T YehI¥ TSH oh R0 a1l IHuY ¥ YRyere
Bl B ETolee qU IS WU igeht o favel, SMufaa Yentel shi Sgfa qen
o oF WY YRR ¥R H uRedd w1 st fama

BTeTeie 7 1888 W TH 31eTA i AN ag1 3N Teh SRUNATyrd f5/eh 4fgeht =i
e fargaselt 9 g g sem dfera femen for St dfgent =61 qxeTT wehTer @ ferdfora
foran T @ TR ST Saw @i e gEeh SAfafed S& U Sl e ufgen
I TS FeRTer @ TR fopen et @ wemafi g ) e airen B e
ThTST W G TR R W, 39 afgent W uFeE Y iR eifisk @ T g vern |
35 7g Tt Fenten for W weRTel & 9@ @ e ufEent 9§ wmomefa wo
3R 2 T

1897 ¥ ToiM &1 WIS o U¥Ed I8 (v =& T f st ufger 9
SRl O IS 1 hIeh STMAfdd TehTYl 21 SBU1 AT o R0 SIS Sl
foga & R G Ufgeht i AN wohel S € gerdied g ofiFre | @e off ufea
fopan o ST Scsieh qfgent R Tk o =ad 9 9 A g 1 IS FehTe
vedl € d g A g Scafd T8l gl 59 Frad =aan ergfa o dge srgh
(threshold frequency) %&d € U1 SHehT UM Scsish el o T4 i Fepfa W
ek e 2

7g e T o ok, Shefiam, Sifiem S s urgel § 98 99 chad %8
TR Y ST R ok ferw e B qenfy ehferem, wifeaw, diefim, difsEm qen
Telfean SIEt R HIqe 399 Y9 o g1 off I 9ore <eidt €1 S T yhr-gast
Y7ol 1 RISl W eI foRan Sl @ o 3 S Scafsid Hid 81 gele Hi @S
% ITEIq T SRl 1 YHINTE Seideld A8 2 T 78 ufee Y- faga g
FHEA 2

11.4 Yeh19T-ToRIq U9 hT UTHIRTeR 3TeE

o 11.1 ¥ yoprer-faga UemE o i STee oh foT SUanT | % T8 oHeree i
<yt T 2| THH U Teifad e/ i el ¢ e T yehei-geel ufeent ¢
3R TE o1g UEeh A B1 A S ¥ TR, e (window) W ¥ UR Bl ® @R
hTO-Fat UfEeRT (SeSieh) C TR Ugdl Bl IR Fards Teet (Shiw-"elt | gfEd)
Y qETT fafeRtor UR 81 ST € 3R wehe-Hadt ufzeht C i fertfora shear 1 afgen
C ¥ SoiogH Scafed Bid € S Ufgent A (FUES) W §el g S fagd &5 g7
TeRs T foIT S €1 C e A afzahient o st faweiaR sl Sl g sH=1g T i @
HW@WWWW%IWCHWA@* @WW(Commutator)
o g 9SS Hehdl €1 TH WhR Scsieh Uigehl C 1 Gl W Tieehl A 1 ToSITER
¥ AUl U1 fI9d TR T S Gehdl &1 W WS UgehT A, Scaish qigeht C
qT | S B T Soiaeid STt SR SATh A BT Soiaeil oh IS oh IRl
forga 9 o s aTe S gl € o aftuer § weh foea o wenfud & S 21

oofoxd/ais/ea saoy mmm//:dny
Inrelie 14 blkk bRb|-131%K

@B\ [unysorsAyd/s3oal
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ToRIel o WY o faWeidl 1 U diceHiel & gm 3
Ry Tiuet § yarfed g aTelt Yehifieh € ohl HieshiuHel
o NI WIUd 8| WeRTIiTeh e[ € ol WUTEsh Tigehl A o1
fawa st ufgsht C o e gRafdd sieh agrn stera
TSR ST Hehdl €| Sl W1l i dleidl q Sgra i ot
gRafd feran ST Heral € 9 foh Scsieh C 3R GUEH A oh
st fawarat v el aiafid feman S 21

70 o 11.1 &1 WAfiTeR SHacen &1 STA YRR 6
% (a) fafwzor &t e, (b) sufaa fafewor =t emfa, (o)
afzmeti A 991 C & o= & fauerR, den (d) ufe ¢ &
Teref 1 YT o Wi Rerde o SAEAEA o oI Y Wehd B
IESH C W TSH a1l Yl o AR H IUg fhee stera
i e T f9=1 qOTesd o Yol o1 SUANT oY Tehd B
TR A i ISk § U 1 S8 §U FehTRT i el
uREfda fman s Wk 2l

11.4.1 TRTIT-TORIA gRT O YehT9T ST Tteral ohl THTE

GRS A i Scdsish C 1 gl | T o fa9e W @ s @ e

|
E

TR i digar ————*

o 11.2 yem-faga o) SR wehm
! dierr o S U]

C 9 IS gl GUEH A i AR SAhid B &1 afaq fafwon
1 i den fava ot feer Tad gu, WenmT i digan i gRafa fwa
E ST ® SR ROt WehTer-fawd G R Wedeh WX W91 ST €1 98 qre
STl € TR WeRTfYTeh X STt WehTeT w1 el o T gehd: sl
? St fop fot 11.2 ® Wbt &9 o <9iian T R 1 YRl G Setsia
B arel Ui Hehe golaiEl 1 W& o STHANUE! €, 3T: Seqfofd
g aret Jfd Wehe Fh1foIeh Sciaeil 1 G&AT 3Tafad fefehior &t disar
& GEIE! 8

11.4.2 Wah9T-faga amr o fawa &1 awE

B UEW UZeh A Wi UlgeRt C I go | fRe o fawa W @ ® SR ufEe C
=i fafyem emgfa v den Fifvea doan 1, o v 9@ wd@ od 21 TR em iz
A @ o7 fawg 1 dR-oR afafda s € IR g aR aRord yee-farm om
%! A9 &1 98 U1 S § TR genw-fogm o) o9 () fava o @iy st 2
fEeR A o U (fvEa oA fave o fow ww uE feafa en s @ fom wowed

ST SoleRi Wiz A T UETd 8 SId € qe Wehei-Tagd € Swead el St @
Hefq Hqw 8 S 21 A en faw wire A o e fave 1 AR A g §
q wehTeT-forga o &Y Sedt| YehTeI-faga ¥ o 56 STuan "M hl g R Hhed
g1 Hgw U 39 fefa o Gd @ S Scasieh Tigehl C ok g Scdtsia et yentiiren

SR GUESH UEehl A W 8T W 2l
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e B9 UfZehl A T UfZehl C i qorl § Tk R0 (Hee) fawe o € @R 9
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fafertor qen 5= &t
&9 WPl

-+ efereh SoMceh i ST €1 S dfgenren
e T ST e T A !
TNl Shael D 3T STl aTel SO &1 HUESh A 2
Tk TS U €1 T8 I T TR WehiieTeh - o oSt E
Y FHH Bt Sl © 59 qo o6 qg TRt A W R L>1L>1,
fawa v, % fret fifem deo ik v i L >
TR R Y TR @ S erdfaa fafEr # T - I
Fife st 3 o W A e T Bt e
FU (Fs%) fava v, 9 | qHRe-4r1 99
& STt 8, sTaF (Cut-off) swerar FRIs faroe Frnet Tﬁ
(Stopping potential) #gerar gl —~ 5

TR Soiael & g VAUl R SAmen Wit ¢ Hed faNE —

2l ‘ET@@' ST Feft FoRTIF et A forT 11.3 et fafeon &1 fafim domet & foag
AT 7T | R ferEd S A9 ¥ e @ 5 THTRT- N qe Ui fave & w= el

i fave stfueran Sl ool TehTfeTeh Soiee,
et Seaam wfast S (K ) 2, wfaefia
HT I T H 7 AU
K_=eV, (11.1)
319 W 39 WAR i 3Tufad fafertor o6t Teheme emgfa Wy 3= e I, a0 I,
> I, > I,) o forg <e Tehd €1 80 718 i & © T o1 dqw «sti o A7 9%
STd &1 399 Ha g @ o ermufad fafsror & diaar & orgur o wfa dehe eifues
ToRA Seaferd eid &1 W il fawa o € wan @ 5 ok 1, dieran o smafaa
fafertor & foro & 2, S&n fF fa 11.3 & W% & g <wifen T 21 39 YEK,
st fafewor 1 g (e emgfa & faw fRish fG9a sqat digar @ @as g
21 TR Rl |, YeRTIITeh SOeR i e TS Sofl, i fafeor w1 e
et Tt et 21

11.4.3 TRt fawa w snufaa fafewwor =t sgfa &1 wwra

319 eH eAafaa fafeo ot smgfa v IR Fe fava
V, o T HaY 1 eI HOT FH YR fAfehTon T
w1 fafir= smafeal W STgH ¥R 9 T & diod ECANREEC]
i FEEITST i € 3R HuEt ufzen favd & @
TehTeI-TorE YN o UREdH w1 SFeIrE e €1 aiomH
ufed & o 11.4 # guitan @ 21 ed evfad
fafertor &t f9=1 emgfei o forg fRieh fava = fa=

T

|IF MR

v
HH g W HW H1 TH & AE W e 81 St Vs W Vo O Tl dfgent faws —>
Tor T Sl s fafRN @ gl W Faefy ¢ Aew (4
21 smufia fafror &t =R ey & faw FR Tor 11.4 smufaa fafezo 1 fafa= st o fag
foe7e =1 A AU T B | o 11.4 8 gt T Ten wermr-foRr um o A et
T & 2 R AR emafeEt vy > v, > v, oF wE H 393
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W HifaeRt

faa
(Vo)

@ FRIef fasrat 1 1 Vog> Vo> V,, Bl 21 388 I8
FHafifed & T amufad weemr &1 smafa e atfues
BT, WehTIeTeh Soiaeidl ohi Seaqy TIfdsl Sefl Sa-t &l
sifyer gRM werea®y, $% g0 ®9 ¥ Uk o fag
aIfyer O fava &t savasar grf Ak g9 fa=
ugel o fore erdfaa fafeor =1 smafa @ik defem
et fava o <= oW S a1 B9 T d@iel @ urw

H1d B

V>V

St fafET Y eTafa () ORI € S TR R 11,5 W @i T gl

U I8 <e0idr ¢ T
() freh fawa v, & KU gu yemr-gost wied &

ot 11.5 T T g wohmt wadt v % forg fore, smufad faferer &1 emgfa o @ Haswd:
srafaa fafertor =t smafa o e fed fase v & offig = 31

394

R | (ii) ek T frae siqe smafa v, B 8 fowes fog

R fave 3= g 2
T U H < qem Aaffed € ¢
() FHIRT getagil i S=aaq Tfas il safaa fafeor &7 smafa & @re awd:
YRafda gldt & Sals 7€ g9 digar W 9 78T gl
(i) emufad fafehor &1 smgfa v & forg, STaleh S9eT A7 3%k ST v, @ 9 8, HIg
YHTIT-forga oot Gud T8l @ (diaar ity gid &7 feefa 4 o))
TG <[IqH deh g v, hl gcll aTgfT wEd €1 g8 fa= urgen o fa
fa=1 gt 21
=1 yepI-gadt vl wehTer & forg fafv= srfewand <wid €1 Sfatew, fe
A HTR HI g § s o 21 T & yeRw-gad gered fafae qunesd &
kel o fau fa= erferan <o ®1 S & forg, R § e weRer 9
TehTOI-Taegd Ue B ® Sefeh g el ofidd T o YehTel § I8 g9 e gl
o ¢ o S % gl wE o e urn e © R At srafaa fafeo ) smafa
Sgell smgfa @ s B S @ qt fo feRet shTot-vvs o Aokl TeRTel- e
IS YR B Sl €, 79 ot S/ eafaa fafeor sgd 6e @ o qe W © 6
107% ! HIfZ o 1 360 HH T9F H Ic@S IRA B Sl 2l
319 B9 TH ST H 9ui fRT T yEifien oteron e Yaron o1 Fei gk <
() fre R T yerm-Hae v SR eufaa fafwtor w1 smafa (Seelt smafa @
fereh ) o foTu, WeRTeI-Torqa e SMTafea WenTeT okl diierl o STshATAE il ©
(foa 11.2)1
() T fou U yepe-wadt qeref 3 eufaa fafewor w1 emafa o fo, Hqw uw
arafea fafertor =1 diora o STgehEa a8 St ® Sefer Pt fave diem
R freft 7 g @ (Fo 11.3)1
(iii) foret feu @ yerror-wadt usred & faw, v fafved <gan sfas-smgfa gt
2 for9 3gcll amgfy wed €, fSEer A9 T Sl 1 HiT Scasi el
Bl = SArafad Wbt feran off dig == 9 = <@l smgfa o SW, R
fava sTuEn goad: Icafsid Fehlfeeh Soiaeidl ol Soaad Tast Sl SAafad
fafereor &1 smgfa o @1 Waskha: sdl € W 9 THH! digdl ° w@as g
g (o 11.5)1
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fafertor dqen g1 =t
&3 wepfa

(iv) geher-foga Scasa fom foddl wra-ww=a@ o (~107% SHA¥al ®8) TH
qreerfores Wikl ®, qa ot St eafaa fafeo wi ercfuss Hg s s R

11.5 UehoT-foed qama qem wehtoT o1 o fagia

TN T R Yehfa IS=I9al ARl o 3id qeh 3T=8l a¥@ TIfa & T8 eff| Jahrer
o - o gu Afqe, faecy qen gau & "ot & w@iefas @
Gerrereh ®9 | oA 1 S et ol 39 o o SIHR, YRt Uk SEageeh g al
?, S fore Ud Hawia & 9 oot s et @ den e st e o thelt gt
®, &l St b1 Had Toawon eian 21 31 g9 I 3@ o o gt w1 gg - fesm
foel S o U Tq veher-faegm Scos Geel Yerol i S Y Hehdl €l

FhTeT-fogd S oh qOT-TAAU o STHER U o U8 (Wel fafexor w6
fROT-qS Tedl €) W TS SR fafehia Soil i Had &9 § @i i
&1 foraft erferes wenter w1 dierar g Sav € eifires e qen geshig & ok
A BT gRoTEEEy, diaar St stfues s SO & st goish gereeid
oh GRI Sel-STARNY ST =gl 39 foaul o ST UR, Yl Seaeid i Soaaq
Mfas Soft gt | gfg o @Y Sl =eT) WYy €, 9 YRRl i A6t 9
ft g, T T dg fafeor feor-gs (v g9g /) solael i sl g
TS ] H gAY B S 3o d-gs8 § W e o faw savEe fead
ot @ Afye g safee, T [Eel emgfa 1 sifc R 'l =nfew| @l
fagra =t 37 rpfoaal @ STH9M 11.4.3 ® U T 9eqon (i), (i) Q0 (iii) <1 e
oty et 21

M B M @A B fh q-Tesm H, soleeid gh el ol Had STasiyu
fafertor & R T R e T Sk Th 9 Gen ¥ goe Sl et wid
&, o7 Wi soie Ui SohTE THT W ST Sl Sgd HH BNl T TUEl ¥ 98
Sehe foha1 ST Tehal € o Tohel Soioi o ToTq shd-whe ol R & &g § el
ferel o o foIg Tafe Sl M o e Se e SR i 3tfueh wHg o wehdl
21 7 frepd off Barr (iv), TSEeh STTER TehI-faed Seasiq (SHT) dreatfurer e
2, o faorper faudia ©1 Her o, a-foson o grn wehTer-foe Scdsi oh 3Tl ol
TN T SATEAT &l &l G|

11.6 =TEETET Al YehT-fasla HteRor : fafervor o
ol FaeH

T 1905 H 3TeE AEHEA (1879 — 1955) 7 YehTeI-Toe[d U &t =A@ o6 fog
SYAgaehd Tafhtor @1 Tw Hiceh &9 9 791 oo wedrteq o 5@ foor o,
FehTeT-foed Scaeiq fafreor § Haaq Seii-stawnyo & gm &l wian fafwwor i
fafeer seredl @ o et 8= fAfH0 BT o & Farer wen 21 fafHtor s
& Wk FdeH i Sl hy Bl €, S8 h wiieh fEeish B 3R v Wehl i sghal
YehTeT-faga ga |, T soraeid fafehion o U Faien i Fei (hy) STEenid s
21 A o 1 T8 SrEeniiG Feien seia o oy orq w1 Tag ¥ §re kel
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oo JMFRTEA (1879 - 1955)
T 1879 § AT § IeH THeR T
WS e SEHSEA T T
fava o siftepfearl o weifus we™
Aifaerfag o &9 H H A &1 ST
fererereRTl STfes e 3718k T 1905
T Y1 O ifdeRd Sieas o
TR g S/ 3T T eneras o
WehTS! Feliel (3T TIe el Sl 2 )
1 HROT i TG fehall 3R TehrT- S
e o ST &I hi AT i for g
fafereor =1 faufaftea @ fagia =t
T TehT| 37T T I | S
s a1 fagia fowfaa fean
TSEh! o au a1k FErEE g g8
AR 51 5o1 & anfvaes fesror w1
forvamicaree e SUeTs HIAN 3Th
A ST A suferear o fafere
fagra =1 5= faam €1 1916 © 38
ST o AT TG i FehTiem
TR SMEREA & B o eyl
AR € : S S i RO S
i FHitoek fafertor fFm & ww
Fehfoaer o= § W o1 TE 2, e
o1 Wfcien Hieey e sTyFes serieht
o1 IR Teran, ot T o Tort S
T FIH-FIRAD! A FAeH-AAeh]
Y TEATIAT hT STAEAIHS faweiso|
Ygifrr St § T AR A
TeR-faea wvE & faw 1921 # 3%
e QR ¥ TG fRa T

o e Frefas sevas St 9 et il @ (-, ¢,) @
IS oo i feenad Tifas e en

K._. =hv-¢, (11.2)
3 qeal ¥ oTeE Solagl o Scard B IX ST TS
Tl oo fushad A @ w1 B 21 oA < f R stgfa ok
TehTET hi diadl, Ufd Fehe STufad Wwierl &1 gean g Muifa
Bt 21 e ggM W Ul Hehe ScafSd seleHl 1 HE Sedl
B qenfy, ScafSia WeRTivTeh SoioRil shi 3Tfeshad TSt STl Yedieh
W &1 et g fifa B R
TR (11.2) 1 ST T Foh9T-Tagid GHisno] Fed B
319 TH IE 3T Thd B foh fohE Wb 7Ie WHfieh<or ST 11.4.3
¥ fRu yerwr-faga gae @ defyd a9t geon # W e
IRepd €1 W WA il B
o THIHIU (11.2) o IER, U&I0T o &Y, K., 37 v |
Paera: faRk et @ R faferor =1 digar w sk & et
B UE TEiAT g B eHifeh SR o Toeo o, ehi-fagd
JITE Tehdl S g fafehiol o Ushel Jaiey o STanyo o
S eiar €1 fafewwor &1 dear (S st Farent S gen ufd
TRTE ATl i SohTS TR oh SIS €) 59 Tel Wishal
o foru a797a 21
o TR K, U1 AR &I BT, IO (11.2) H 9% idfiieq
? for wenror-foma Scas qeft Hwa € S
hv> ¢,
e

V>V, el

(11.3)

HHIRIT (11.3) & 3TIER, HA-ald ¢, 3h A4 74 o fag,
eI oI Scdold it oh foTT STadeh AaH 3Tefa
3Gl A 1, 1 A AT TN 59 YR, Th el g
v (= ¢o/h) e o et @ oo =8 smfa W i
HehTeT-forgd Scae Tod 7 7, =R fafwwor ) digd $w ot
F AT A g8 IS W R off [ | T wR)

o 3E fomror o, fafertor &1 <o, S/ SR ufefia €, et Fare
1 A U 3RS &Hel Uid 3RS THA o ST Srdt
21 Toraht srferer S o Sl saer Suesd BN, Sat €1 SAes
T W SeieR{ Sl Fael il SFERNTo w SR gHieT (v>
v, o foTQ) o1g & aeR 3TM a1t SRl ki TEA I &l
aferss =il zwd 98 wTuse ® wrar € T sl
v> v, o foIQ genrer-for@ o1 dfieran o SR AU et 2l

o WA o fomm §, ye-fogd yame A U seiee % 5|
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51 Wi

WehTSl o Ueh aeieH 1 ORIl Uel WeifHen fshal gl €1 98 Wik drceroren
Bt 81 @ WHR, digal Huiq fafemr sEia & gen =R e ot e,
TehTel-faegd Scas areifores & e w1 o ° ScasH o faete @l g ifn
ot et gferan o&t @it digar @ shaat g7 fuifa e @ fo fRas ol
30 WUl gfshan (T Tohal SoiaiE g1 Ueh Yeh1eT FaieH oh1 STaRNoOT) H 9N
o TR ATl TSRl B e W € Wehm-foEd ORI o aienr s freior g 2

HHERTOT (11.1) T ITANT I, Feh1el-faga FHeI0T (11.2) i 39 F&R foa@n s
Tkl B

eVo=hv-g,:% fag vy,

gl V, = (EJV—(I)—O (11.4)
e e

Tg s HEcUl uRond B TEE IE Wi eidl @ R v, % faeg vk 9% T
Wl W 2, f5ue o™ = (h/e), St T uaef &1 yepfa W faslk 7@ s
1906-1916 o He, Taferra 3 AEwRRT & YhRI-faga FHeEm ol THud e
o oIy FehTo-oE[d WHe W WA i gEen & fo 115§ <9y SER, SEe
Tifeaw o fou W TRe W1 1 A H e o A1 A bl ST T SHH lih
oo h o1 WA fAuifa foran o 97 A wie fEads & 39 71 (= 6.626 x 10
343 s) o Tiehe o T foopa 81 f1 ¥’ o Fa fhan T ol 36 9&hR ¥ 1916
o fafetehe 7 STEwRRA o YhTel-faga THhivl T ST HI oh TIH | IHh!
Heaal i Tenfua feham

TeRTRT el hi IReedHl T8 h AT ¢, o AF (S 7 T & 9 91 9 7a
W ¥) o Ui o ST 9 yeRe-fagd 99e o STEErE o Tesul sl wiehN
1| fafesr = yeRTer-forpa TR 1 ST UREISar © #E eRig uige o for
fafertor-emgfaat o fawga ww o o genfaa fw=n

11.7 YIS st HUMA Wehid : Wl

ehTel-faga uE 3 39 faaeor 92 & gEivE fohen o g et o0 o @iy
I T5ha o 30 WehR SRR hidl € S I8 aeliel Sl Sl o Uehe (T wede
% S h v &) &1 o BN

I TR ST o e i fRdl F01 § Gag a1 ST Hehal 87 AEHIET Th
eyl uRomd R ugS o YehTel ed i Ga (hv/c) W Heag TR S Hehar 21
Foll o WE-HY GaT H1 F=G 99 59T o Guh ¢ TR YR FeieH i %
Y Horg a1 S Tehel €1 59 01 1 A% H Bl A9 3 T FHI o H01 S
IIER i T, T, FHiIT (1892-1962) o SHIA o gRI X-Th0 o Fehivi o FT
¥ &1 1924 ® g g Foran wm dgifaes difaRt § GneE den vene-fagd g
% 7 S o fIu SEEEA i 1921 H wifde! 1 Aed [WERR S fhan @
oI o T oTew 9u1 FerI-faga 99E W feRT U wE o faw | 1923 H
fiaferera o1 wifaehl o1 Hioel R 9eH fman |

T Agdgad Tafhtor o HieH ool w1 SR FETER © g ©
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() Tafro & 328 & @ o= TR o, fafto 9 TR e8R &l § 09 98
QS § o B 5 wied wed 2l

(i) TR WIEH ®1 ST E (=hy) Bl @ 3R §aT p (= h v/c) 91 =6 ¢ Bidt 81 Sl
c YeRTYT 1 =1e B

(iii) T = smafa v, stemn qenesd 4, o |ft wieAl &1 3 E (=hy = he/2) 3R
o p (= hv/c=h/J), THEaH B € (fafetor &1 digar = it off =) | fereht
& T qUIEE o YR 1 el dgH T sheaet TRl XU T &% ¥ e At
U ehs il i GEAl B agdl € (W B Bl ol THEHH il ©) | 37:
RIS I Sofl fafehor &t digar | ek 981 St

(iv) Wi faga Sse e € iR fog@ den gawa &= o gw faeifia
T g

(v) WIEH-h0 Heg (SIE o BieH-sciee §ug) W ool Sl a9 el AT SiE
@d & aurfy, fet weg o Wi w1 gen o g T8 ® gehdl €1 wie
SN & Hehell € 1a1 Teh =41 HieH giod &l Fehel 21

IETEI0T 11.1 6.0 x10'* Hz 3 1 Thavh JehmT fhelt TR & gR1 3cq— foman
S €1 SesH a1 2.0 x10° W B (a) ThTeT Thor-gs o fepeli wie &1 S
fordt 22 (b) 9id & gF 3Ed 9 T 9fa Sebe fhdd ®ie Safd e o7

T
(a) T&® W[ h Sl gl
E=hv=(6.63x102*Js) (6.0 x10'* Hz)
=3.98 x 10°°J

(b) =f% B o gN Wi Tehe Scafsia HieHl 1 G& N © o fopor-gs o Sefita e
P 9fd WieH St E o N T ent 598 fe P= NE | @@

_P_2.0x10°W
T E 3.98x107'°J

= 5.0 x10'° W[ 9fq ke

N

33MEL0T 11.1

IIEIOT 11.2 AR H@fTH w1 FE-wer 2.14 eV © @l TR i
(a) Eifsrm =t <t ST qen (b) SATafad ehTeT o1 qIesd, 7S FehTiereh € i
0.60 V =1 T& Tl fava et 3= foan Sl

A
(a) i steran It Mg o faw, smafaa fafwor Y st h v, ®F B ¢, F
ThE T 21 o
_ b 2.14eV
Vo= 0= -
h 6.63x10*Js

-19
=2.14><1.6x_3140 J s 16x10" Hy
6.63x10%J s

3H YFR 1,=5.16 x 10'* Hz T ¥ gl o fola, ig Jahivre seiae
T B 21

(b) Scafsia T el #1 S=aaw s el e V, feerfos st (Hea-fasm
V,, % BR1) % 9 T &1 fefd § e o g 81 S 21 SRR w6
WehTeT-Tere wefeRtor 7 2

3380l 11.2
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51 Wi

eVo=hv-4¢, = % - %o
YA A= he/(eV, + @)

_ (6.63x10*Js)x(3x10°m/s)
(0.60eV +2.14€V)

~ 19.89 x102*Jm
B (2.74¢eV)

19.89x10%°J m

2.74x1.6x107"%J

SEEAUT 11.83 399 &5 | ST 1, died-gt U1 99 offed 7 o Y19l i aiesd

HHY: T 390 nm, T 550 nm (SEd qOesd) qe1 @ 760 nm 2l

(a) T &5 o T WehTe o ToIq WIeH &1 Sl (eV) o B (i) s e
(i) el 1 1 efiEa aCTeE; 99 (iii) ol T8 (h = 6.63x 1072 J s Tl
1 eV = 1.6x10 *9J)

(b) WhTeT-Hasl uarel o fou groft 11.1 ¥ XU 0 wE-%erl o A el (a) I3
o (i), (i) T2 (i) 9T 6 IROTH] i START H A FY FA AT I¥A TR h
WY S T TR ol FehTel g g 1 G Y Hend €7

'

(a) SHfad WieH &1 o E = hv = he/A

E = (6.63x10°%J s) (3x10% m/s)/A
~1.989x10% Jm

2
() T e ok few A, = 30 (?(ﬁsafrévi fa)
. . X m
A WA S, B, = ~390.709m
=5.10 x 107'°J
_ 5.10°107"°J
T1.6x107'° J/eV
=3.19 eV

(i) Hei-gt FehTT % T, 2, = 550 nm (STEA TWLEH)
. 1.989x102° Jm
e WA S, E, = 500 109m
=3.62x1071°J = 2.26 eV

(iii) T FHRT K AT, A, = 760 nm (I WA Fw)

. 1.989x10%° Jm
ST Wied Sofl, By = — o0 oo

=2.62x109J = 1.64 eV

(b) foreh yemer-foera gfea o &l o o smafaa gemer o1 E 1 °H yga ugret
o T -Wher o | o THM I1 3Afeh BT TIfeT) 81d: S 9Tl (E = 3.19
eV) % o wrl R T areft - foed gfe o weRTer-Tot ugel, Na (1
T ¢, = 2.75 €V), K (HE-%eH ¢, = 2.30 eV) T Cs (FH-Fer ¢, =
2.14 V) B Fahd &1 T8 Jfe Nel-a¢ Joh¥T (E = 2.26 eV) o folg geher-
e Cs (FE-He ¢, = 2.14 eV), & ST ¥ & HE HT That 21 T,
IE JfoR A1 T (E = 1.64 eV) o fau Swa ol ° o et Jenmr-wos!
T2} o YA § HE G HT TR

C'IT lni2lbe

€11 lni2lbe
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400

11.8 ¥ &ht AT Wehid

ThTET (AR AR TR Agaeeeh g afRor) 1 g el (qR-h01), S a1 g
seEl H fRU U SR g, TIR ®9 9§ U BNl el YRRl i Tl Y
R, foerd= qen gaor shi ufeeTet o giener e 21 o 3R, wehr-foea
e qel FHIETSA G fSE el 3R G w1 a0 Bl §, AR 36 UEKR
SRR A € b A g HUN % oS ereifd Wi W W @l % Stee
Ta-feao § @ HH fRd W& 5 guen o gelifus Suge €, 98 WA & uEia
W e B SR o T, ST T @ fEe oeg w1 2@ Wt guiifad we |
T € Fesor weyel ¥1 A i 5N YT I UHA HT HIhE hI ki URRAT I
qr-femor o weft-wifa foafaa fman mn 81 g s@e weene qon et (e
%) ER STANNU § Wi o0 &1 avadd Bt gl

T @I Y¥H € 3ol @ Tk AfE fafertor =61 §a Wepfa (qX7 aen %07) ® @
A YepTd o U1 (ST, W 3A(E) ot qI-Sa eq01 WS shid €2 T 1924
o T WIHTE AifdehomiiTe o foee T st (e S=aRo ¥ 38 ¢E fae ? 9
TN W ®) (1892 - 1987) 7 W Tasfier ufishewm w1 wqa foran o wqred &
T o1 SugeR wfifefaal & qvr wgw o1 wefeid #R gewd 1 36 98 qoh e
foh gepfa Tied € @R < gt diften genel, 5o ud Sofl, 1 off gufha e g
=g 9% fafertor =1 ga @eron 8 @ goa w1 oft B =fen) ] sivel 3 et feme
& @ p & HU & G IS Wesd 4 T YR @i s gt ®

ﬂ:%:% (11.5)

Sl m U 1 FEHM U1 p THRT WA 1 THIHOT (11.5) I 7 Fiveh B gay
3R Fe7-aw o TUE 4 H 7 Gl WTEd FEd &l 554 H 5d WEY 2 siel
% Hay H T B FHIHIOT (11.5) i o 3R, 1 T o &0 ¢ Saih < AR
T p U F fARTE U 2| wig ReRiE h S AW S GAHd I B

GHiehIOT (11.5) Tk w10 o forq gord: Tk ufisheqmr € fget qehdfa
ohelel WA o gRT € TXEl ST Gehd! 1 qefy, I8 <@ U © o U8 TH Wi
& g o HR a1 €1 Tk WiEH o faw, s g < €,

p=hv/c (11.8)
ESSIGi

h ¢

;=;=l (11.7)

A, T IS HT 3 Sl aesd S gl (11.5) 3 e T ® SH
Sgagae T At & quRed o THM el @ qe i At #1 S aen gean
1 T Feq 2l

TIRd: HHIGIU (11.5) o BRI, 4 T AR ORI &0 (S m) FAIan e
e U (T8 p) o fAC Bl B I[E o fAC, T 0.12 kg FHAE Hi
g St 20 m s &1 =@ W I W2, B T Sl qesd s werdl ¥ qisher
e <1 kA 2
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51 Wi

W T (YT Ue) TehTI-fogd quE 1 T eu Teifinid Sydn 21 98w e gfE @ S geRe-sel
1 AYA-Soil B a5 It 21 39 wefi-shelt T 1 oft Fhed €1 T Wi A H Th SAH-aeHehR Feh-Gadt ¢1g
gt C (SESih) et © 3R T dR 1 99 (<) A (FUE®) T faifaa wig o1 ads 9od § ot 8 2
T o o gwie eguR et smer aRge o uh Seu-fawd o B qen AEsiHis (LA) o @it g fhar st
2, -t afent C o @M R, Yhe-Had) w5 (c) i Tk Tael W Sod i fad T W fager § S
21 9ed % Th W 1 W% B 5 v € fed R g
I JoTT Y Weh |

S SUEH GO 1 Y1y Scdsieh C W USdl €l
SR IaEfd B &1 A THIRTS Soiae GUEe TX SThiid
& W | FRE T O § S HEHIUTER B S w1
WeRTIYTh YR AT i St 2

T YR O Yot § qRed" w8 Jeh1imeh &
o qfed Y Tehal 31 98 oW FEE0 O % AR 9k
RS W R H ST H oS S ekl 21 e
fafertor o fau ot Tie AewEe % YERT §al H1 SUEN
TR Herer qituel o fepan St 21

SAITeh Tl |, WehTel Shi diorl o1 AT o Tl STwnti
o YehTel Tl 1 ST R ST €1 BIERThT ShERl | YehTel
Yk WehTST Hel hT SYANT AITGd FehTeT 1 Aorar 7O |
F 2| e gR 5 § YR T 1 J9N gR-ThE
ferga oRtger o BT B1 GR 1 3R Sgd U AR §RI TR
Ul W T a1l 1Y G S B Tehd 2| FeRR oRT o
TEME T T I8eTd 1 YA §R @ie o fag \eX &l
YR H H A1 A oIS W R ST Wkl €1 g1 STANT
39 UM Ffe ob T | off e St € SR fRvor-gt
I e TehTae, Wil RT0T-gl o IR feRdlt SAfeR e1een 9% o ST o SRl S il €, % 3ifehd hiaT 1 gEfery,
TehTel el TRl SeiTE W WAl A ATt SATRE i O hed W WAl il €, 9% o faunet e ° Th-us
Yok FA i il TRl STANT A 2 dgs arell 1 qgw o forg fehan wman 81 v/ off fafeon o
o491 1 SRifoa foRan S @ o Uk T S S gk 2

R T §, GETHT b9l (S1599) i Had Fov-gR W T Feh1e ¥el W Sl Wil €| hig oAt S
ER ¥ YA A © 98 Yh U W IS o1l FRRR0T-GSt ohi STeRIfe Shiell €1 WehTereh TR -+IR1 | a7ieh ik aReds
1 SYANT Tk T 51 o S § R R S R ifi-uerd d, o9en | Sugs T R g yehien ot w@fa
X fRT S 21 T o W geRe fafehor e 9 W ved ¥ T9Y U faea ud steren uw Aiq @ iRl S
e aRkger ot & S § $iR g8 Tk Sdee-Gohd oF €9 § Hd HET YRY H A 2

ThTel Tedl T STAN e To=0r § e o ecae qen Sofifee e W 399 oh shHEIETT (scanning)
SfefeT TEROT (telecasting) W Teran STl 1 7T TN SEIT | ©1g w1 =iedl | Bt e aen foxi o @

T off foren S 2 ‘

p=mv=0.12kgx20ms ' =2.40 kgm s
h 6.63x10°'Js
p

— _ -34
= 240kgms' - 276x107m 401
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Tg T s B © R ge fRd Ao w1 dim @ e @)
T& FR0 ¢ R e aqe R 3fe Sfem § @r-wge o7
Tt | TH IR, Fa-THIves € (Sub-atomic domain)
H, O 1 T AU Heaqul & q WO A R

T TR (S m, 36 e) T faummeren @ ws fava
V g @Rd fopan srn €, w1 TR Y| gelei= i Tias Sel K
30 R faEa & gr oy T (Ve) % SR B

o K=eV (11.8)
I~
QC . 1 pz
S ?JI%TK=§mv2= , fore
| 2m
% o e 2 Wil (1892 - p=J2mK =2m eV (11.9)
o | 1987) Wit sifefaw, R 9 SR 1 2 Sl quIeEd A BN
Wﬁwwﬁrwwﬁwﬁ h h h
,{E melmﬁaﬂmﬂ A= p ZmK JZmev (11.10)
AFER §R Feq-AMAhT & TH .
o i ferg % w0 H e e h, m 7 e & TiE® TF & LAY @ W g9 =1 99
T, S A R iRt ed T €
T ToiaRl S T B H WS . - L227
_% o foTT 5 T 1929 & et TR N A (11.11)
QW e e &l V o fave %1 diee § 9H B T 120 V @ a9 o

o, FfeRTr (11.11) © 4 = 0.112 nm 9 Bl 31 I8 aUes
T e e B S
T8 78 Hohd fHord ¢ fF T ol 9 et wwe w1 i X-fR faeda S9
foptea foads ganl & @l S Gehdl 21 B9 STl NN | < sivell s ufehou
o W TXET0 T UM T SeiaRd S QUM Yehfd i @i oh fad ] Sl
i 1929 H Hifder! o Hiod JWHR W qEAIRa fepan
SeA-qu foAu A geSEent o SifAfieaar fagrd i uitshd ®9 B gHIfaOs
fere| 59 Togid o SR, T% & 999 W e seiaei (Iudn ig 3K &) &1
feorfq wa Wam gl 1 URYS ®9 W /O GG 21 BH € g SAffyEaar (A
feorfq o fafey it o aAff=mar (Ap) T o fafesr & gt €1 Ax @2 Ap
% UAES 1 Tk TR G gt ©, S a* (ST h= h/2n) 1 i &1 B
2, a7t
Ax Ap =~ (11.12)
GHIHTO (11.12) 39 AT 1 SFAR < 2 ToF Ax T 8; TG T A p ol eFd
B =T fS o Tt 91 1 B 56 UehR A Ap I B €, 9 Ax 3T
HEIEE, A Ax T Ap I 7 B S foh 3Rt URwE £ wife T Rl
79 AfE U seia A= o p (31fd Ap = 0) B, 9 3 Sl Hag ok 5w,

402 +  TF oifuE RS fa9E ¥ AxAp > h/2 YW B R
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T quTeEd (1) fifved g e e (we)
TR 1 a1 1 TR Gyt T § S 21 S
Tiehdl ST § $He 319 I8 goT TR Solee M %
forelt Ffvea &= o Tt &1 g ST, seen! feerfa
arfafy=adr sma B (Ax — 00) Tt ifAf=mar & fagia
% Y WA 2

I : S o W19 T TRIY-T8T Ul TR
o forega &l Bl T8 Toh q1-Uohe o &4 H AR
o e fHfvea &9 o forega gian €1 S9 feafa § Ax a
& Bl ¢ iceh aT-Uohe oh o W T sehT hig
R W B 1 SRl 98 ot S =T fo afifia
foraR ®1 fRdlt qT-Uehe &1 qUTesd THA AT Bl
Tz fordlt shsts quresd & sy forega aoTesd 9
ER IR

q, ] Sc o oY o gN, Toa o AT &
oft T faeR & — Ap & ffv=aa = ifafveaa
o Hay ¥ ruferd 21 a8 (Syuta g < T
?) ¥ ¥ Tyl 1 wehal @ foF a-tese faaw 2
el GaY U SH-Tf ekl SRS o 91 ggsiant
srffyead-day 1 IRy &9 § YT Sl Bl

s 12 H, 3§l day @ fed wE) |
IO o IV HAT o FEICHIGT W AR hi
RheuT T FHeAAT S TG ¢ AT

o3 11.6(a) H TH ToFifad qw-tehe qen fo=
11.6(b) ¥ faftsa wmeesd o fou fagga @@ =
- gwitan T R

IETEI0T 11.4 (a) T M S 5.4x10° m/s &1 9@ ¥ TG #R @
TIUE &1 T g S 30.0 m/s = 9 R H G R, 9 I

(b) 150
IS IR 2R,

W o
(a) soiweM o fag
SHMF m

fafertor qen 5= &t
51 Wi

=9.11 x 103 kg, o v=5.4x10°m/s

‘”\/Av v/\\/““
A AN

VARV

(b)

o7 11.6 (a) T SO 1 aT-Uhe foeon feneh
fog o s o ol i 39 fog W seraRA i ek
e o WY Hel e o T @1 a-tene TRt shs
qaTesd o M qiesd & forer (3T 39 WK R

Sirell Gy o gRI, Ham & faer) o WY o Wl
qftoma:, we frofs o siffyadar (A oIk dam o
arffyeraar (Ap) ¥ 9e1 ?1 (b) foreht sorei o fafvem

T ¥ O W Fo- Gyt sehter H forga g ?)

T ST W Ap =0 3R A x> ool

2,
3

T HIT p = muv=9.11x10"°" (kg) x 5.4 x 10° (m/s)

p =4.92 x 10724 kg m/s
3 sl s, A = h/p
_ 663x10 " Js
492x10 kg m/s
A=0.135 nm
(b) i & few
E m’ = 0.150 kg, 37 v’ = 30.0 m/s
q9 GaT
p'=mv'=0.150 (kg) x 30.0 (m/s)
p'=4.50kg m/s
2 el @es A= h/p’

¥'IT lnr2lbe
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% ifaRt
6.63x10 ** Js
=  450x kgm/s
- A'=1.47 x10** m
E T o ToTw 3 sitvelt s X-feptor auesd o quM @1 W 111 o for 7 W
o MR o A 10710 TAT & S YR HiOA i W o foerehet ST 2
ISRV 11.5 Th SATRM, Th o-H01 G Teh WA 1 s ot T9H &1 3719 9
fohd 01 & ] Sifvell RS = e?
&
forelt 01 & forg, 2 witelt Wes 4 = h/p @l
wfas e K = p?/2m
A, A=h/\2mK
G e e St Ko o e o @ W 3 sl aeed e S o e
- % SEHAIA g W ((H) 3o ¥ 1836 T 9Kl & T2 ok (3He) WM
E Y IR T 9E R
3Tz o — HUN BT T SACA TR FAqH B
el 30 9 W foER e sfaa g foh feeh o (SI9 gelee), § Hefud gea-aw i ot
21 areqd |, et qen gou qun Ao o g9 Ul i Uk a%qa: e Hifae wHe foshie
T B T&! 2| FaIeT-ATAR! o HeH TR (Fod 98, 3TeEe ST AN ®E 34) 7 9 a0
TEY HefUd Hehour el o WY ogd THA qoh WY {hA1| o7a off Faiea-Aiteht i TeA Hifdew s
Tferar wier o1 fas o1 g3 81 390k eid B Y, SoA-aU shi Hehodl i €] Tohewdl o 1Y MfTR
FieR-FiaHt § Mg TR W ufere fRar mn €1 39 g6y ¥ T qeoqol Sudfsy 9% ® fR v
o d (1882-1970) A FoA-T o AW 1 Teh WiHehdl-oa@ Geg| s8oh aR, femdt fag
W FeA-T T dial (A 1 o) 9 {65 W T 1 WiHehdl-se Feiiia s 1 wifehar e
1 31 Wifehdl 9fd SR STFAA ¥ 3@ WK, AR fRdl fig WA @0 w1 oW B A 1AIZ AV
34 foig & =R R AV o FaH § 39 %01 o UC SH w1 Wikl 21 ofd: fhd fafime & o
g Foa-aX 1 ol Afw B, 99 ST ol W SEl ol %A §, Ul o U S i Wi
itk B ‘
TR0 11.6 T FU1, SolFA 1 37U di= 1 31fersk =met | 7ifd Y @1 21 59
SN HO A R Sl R w1 geeRit # R Sl aeeed | ST 1.813 x 107 R
- HUT o FEHEM T TR HITSTT G HUT Hl GG
&
104 T T g HU (FFAA m AT S v) BT T S e
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l:ﬁz
p mv

SIHE m = h/Av

FRMA & FFEE m, = h/4, v,
T 9@ ¢ % v/v, = 3T
/2, =1.813x 107"

)Le ve
h Ul <l SSFHMN, m = m, 2N

m=(9.11x10" kg) x (1/3) x (1/1.813 x 107

m=1.675x 10%" kg

39 FAAM 1 HU WA A 2 B Fehell 2

fafertor qen 5= &t
51 Wi

9'IT lni2lbe

IR 11.7 100 V o fa9eiat g1 ©iia el Seierei § Hefed < sivet

T 1 Rener SISy

FA O a9 V=100V

2 el qeresd 2 B
A:h/p:1‘227 -

Jv

nm = 0.123 nm

1227

~J100

TR @ Hafid 2 sfell quresd X-fRor qUest i e 1 7l
11.9 Sfa@q qar SHT w=im

L'IT loi2lbe

TSR I T Fhid TR 9 T gaued WS, SfaeT 9¢1 TauE. ST % g
1927 ¥ e T ®9 4 S, 2 % g 1928 ¥ Htud w1 T off| g7 S=iteh]

3 s % Froue e ©
YHIUH o g1 faacds g9rE 1 Yeqor
foran om @S, SfaEa (1881-1958)
AR St e (1892-1975)
foree o g SRl o foade &t
YR @i o fae 1937 § 9g
Y G Aed R g R
sfoga qen SR &1 wEfrew
e fod 117 § 9 TR
T T ‘3o T R € S U
ST g F 1 o gt €, e W
ATy feaEe %1 o9 B gl 39
#q fawa (LT, d=b) ¥ ™ fHa
STl 21 fet S== dicedr st Wi
(HT 9=8) g1 Suge fasma/aieedn

o 11.7 Sfaaa-siR sereeia faada sremen
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% g
o T W qq G ST el shi Ufeseh o7 ek cafid fRAl Wl Bl R
Tk oo TSEH TEeh w1el o Wi Uael 9% B €, § wiRid ik T uad
fohTUI-4ST o &9 H WHARG Y foran S 21 59 foho-gs o uh et feeea
% TS W el S ?1 e o wAget % g soiae g feemedl o yenifvia
g &1 frdt fgen o weifofa gl feReo-gst w1 ol o Solee G
(Huresh) o gR1 WYl STl €1 WY ! JREhR A TR S[HE S Gehdl € 3N
T GUE TeanHiet o WY Hatsa Y G S €, S e i sifeRd s 2
oot o foeiu wues § 7av w3 ool golde R-US Wi died
FTHHA Il €1 TH ST 1 Teh Tl wis H qReg # A B HYEh
w AR "0 R fafv= fefae & e, yeifola seiee foRto-gs &t diea
= F faf= s1aer wiv o "H % fau (AYET YR % HI0) 9 AOd B, S
= o e SR Rl goee foReor IS o e o1 1 S @1 Fhii SoeR
S 1 qFd (1) ° ThIvH S0 9 o WY IRadq i fafy= oo fawal & foae ura
7 fefran ST 2
8 O fava o 44V ¥ 68 V o TUE & faIU 39 WA & Hu= R T
g S-SR T % afome 1 <9 T ®1 9% URn T % U deur faed
i Ifeus & W TH Yoo R, ©Re a9 54 VGl Yt &0 9 = 50° W
% TR fam ®, ywe B 21w fafere fen # frer 1 9 ywed frea &
2 TRATTST oh WHH ISl 1 Wl W SelaAl o HUIHl SAfehiol & IR0l gl 2
5 TR oo™ " ¥ FeI-TX 1 qOIeEd 0.165 nm W fwRar Tl
E 2 Sifreft qeresd 4 [0 (11.11) % SWIM W] V=54V & foq seeei &1
g /1=h/p:1'j;7nm
h 1.227
é /1—\/5—4 nm = 0.167 nm
Eéﬁ a@: 3 Sl e o dgifae Ao wEW g W HEl § SwE weAi @
s S-SR Y9N 39 YhR YIERTel ®Y H TSR i qUT Fehid qe < el ey
E;@ I gfie FA T TR R WI-IHA & fon fme T f5fed v o gvey soeeq
EE T T - I T 1989 H YR §T § TR fohal T ¥ 1994 #
avég S U (S TR B ger § o <8 o T A §) e e
Ei fihsl W 1 ST T B
Z T sifrelt w1 ufiehoul snyfTeh Feien ARt o o ® omur @ R TEd
R S PR R R PR R G s e T e e o
@ o geeH S i § f T ¥, S yE-geue w1 ger § S
v fa9e o RO TH 9gd 991 GUR 2l
406

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

fafeor qen 5= &t
51 Wi

Q9T

Rt s i o1g © TR FehTe o foTe =Iam St i o1g 1 hE-TheH
FEd Bl UIG-TS W TOR[-SS o [0 STends S (FE-wer g ¥
31feeR ) oh1 ST I Tefa Yol faga &1 e1efen SUge T o Y™l g
fafefd 0 @ § <1 Thdt 21
YhT9I-faga qoa orgeti @ SUged g o YRl ¥ & i W sedRHl ok
S HY RES B P U WA Gh @ Wdlma wd ¥ wEih g
TTI-Th9l o forg ot Gurel &1 yenme-faea g9 o Wehter Sl 1 agd Sl §
T BT 1 € STl oh TXEI01 o 198 1 UIer hidl 1 FehTel-forge St
T AeiioTes Uikl € SR sHoh o fafime wem g 2
YhT-Toea o (i) Sdfad WehTer i <o, (i) I seigRiel o se o T
foarat, SR (iii) Scasieh o Tared @1 Yehfd W e S 2
e fava (V) (i) Sfaa wehmer 1 smgfa o (i) Scasier vl &1 wHhn W
Frefe sz 21 e wehret i et € g8 et o forw, aw skt dioan w fefe
T 1 | Vo fava o1 ScAfSid soiae] 1 S=aad TS Sl o Heud 2
eVy=—-mv’_=K__
ww fifvea smaf (el smaf) v, o Y S ouig o sifveEm 2, RE
YRl o Scafsid =& gian = STafad wehtet i o fohat ot sifere =i 7 =0
FAHRT TI-TIGIa Yeher-faga Uama oF H©T A0 i AR &l Y TR
THhT TofehT0T | St o1 Wed SrRioon o1 fesor K_aht ol 9 e, v, oh
affres 3R 58 Wishan 1 AcerioTe Wehfa o1 SAMe el o Wehl| SR A 39
AL 1 AT YhTRT o WS- TaoA0] o SR T | Tk SR TehTel, Frsll
o fafaer Yorel @ o1 2, T sl s1eran Wiei #ed B el Wi i Sl
E(=h) 3R EaT p (= h/)) B 2, Sl o s wehren w1 3mata (v) W fsi
Y B W ST Ao R R T | g o IS § yeh-fagd Scasid T
TR o g Wi oh STERiel § B B
STERTE h ThTel-fagd efehto Tl TReror 19| o Gd © o ff org o o
TS o G FER SR A #1 S i e (o o)
WIeH-Fs (hv) T @& €1 FE-FeH ¢, (= hy,) & R & TER B 2
%mvgﬁ=Voe=hv— $,=h(v-v,)
39 yehel-fagd Gl @ gehl-fagd w9 o @eft e w1 sren g 2l
fafeiera & Yo IRETS YehmT-Taga ATl A TSR & Yehrl-faga SHteh
1 Gy Tera SR wish-Teerier (h) o @1ened |7 1 Wit R Sod SRR g
wafda Segasha fafHr &1 H0 steEn we i (wpfa) @i g
forfertor =) 50 UHfd B ® ¢ O 9 U1 WA % wWed |1 e fFeifid g @
for T T U1 o ®9 H UM YN o YR Sl T o fog Faifie Suge
?1 39 e o T fom fafeheor dqen u=red yepfa & wufisd ®, oz 2 sl o wged
(w=red ) R T S AN G R T Tred-shi ¥ e A bl wared
T AT T S T FEd
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W HifaeRt

9.  TiqHM U1 § Heled 2 sivell qesd (1) 38k Hol p ¥ TH WehR Wefed © ¢
A=h/p | 918 1 24 < Sl Hae, FEd a0 ehed (1) 3R w01 Heheu
(p) Gftfera &, ¥ sfaffs 21 2 sl qoresd ugie-%01 o A qef SEeh!
Teha W T €1 T Wielehdl: shael SY-URATUEeh Ul S — T, W
3T (37oh SEAHM 31eifd HaT 1 Tl % HR0T) ok forg € afida (foreeet &
A GHAA o S HT G0 HI HIE 1) T AT F7 s B 39 T
a&gel & fau S e giafe stod § foerd € ofk 3w %1 g %
faretopet =T €, =g ®ial B

10. Sfoea-<Rk o qon St 1. e o gR Soiaeie faede YA qen =g o e
AT A TeeEE 1 AU-Wehia o Hetua qen g fme 21 uered @ wi g
Sitetl IReheTT, died i T Fell 1 Hehodd s FHA S 2

difier wder ~ famd ume fewmf

Tfer
ik h [ML2T -] Js E=hy
Teerien
IRAEED v, [ML2TA7] v eV=K_
forva
Fr- 4 [ML2T2]  J; eV K_=E-¢
e
<@t v, [T Hz v,= ¢, /h
STf
] e 2 [Ll m A= h/p
o

faemuita fawa

1. T org & 9o ot 39 o1l o g € Toh A o1g o iR T feer fave &
St TREE E] 2 (Fe A Th GiTwed 8) 1 3 1 % a1el e ok forg
e el B ©1 S ¢ § WeX S ok fory, St S i el il €l

2. foreh org ® 9ot g soveRil 1 S wHA e et fRel e SR H sropes o
S, T 2T T 9 W sl %1 U ffved e ot g 21 9 faar 39
= Hergere TR 9 fo= g @ 5 e i ok TSt fagia o sremE |
g o £ 39k faug | 1 918 o weEswH ° S, Wy F 1 Hew 39 qe
T 2 for oo dieht o STuesH o THgid 1 ST S 2

3. ferdlt o1g & Ho seieil o STl (o0l o ShRUT, g W Sl 3T o forg geieq
o g STiferd ST o=t seieel o foe f9=1 2t 21 S=aa o1 arel sorae

208 I o1y ¥ T T ok fT wH el oot seieeHl i gaT o % sifafted e
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

fafeor qen 5= &t
51 Wi

I SAETIRAT Bt 21 HE-The o1 o STex Fieher o forg fohdt saee & g1
rufer =g St

TehTO-Tarega wore § Welferd WA § ool e STdtited € o 554 o WY b
T = T & Tl o1 STl hy 1 oo Al o g 21 Te foerepa
2 UE e o THA e € T wenter TR HON @ & 2 o wee i st
hv Bl

FRILh fawe = Jeror (Eent dioan T sifedRar @R erafa W i) v forg
Y o - T 3R wieH-fammn o = fofas fadesne 2

wng%mﬁmwwﬁ—Wwa@ﬁsﬁwrﬁWw%,m

FEA-AT v, F1 HE ATH Fe TE EA &1 A, TEeA-qET H T
difehean 1efqul ¥ IR %1 o 3 o SER B T

IR

30 kV oMl & gR1 30 X-TReon &t (a) S=uaw emgfa qen (b) feam

TETRE I IS

HfSTam o1g 1 wE-Her 2.14 eV 21 5 6 x 104 Hz 39 1 Feh1el &1g-753

T Mfad Bl §, Soiel 1 WehITh Scesi el Bl

(a) SEfSia seiaeHl sl Seaaq Tast S,

(b) Frieh fava, eiw

(c) Scafsia FehIfiTeh Soieeil ! S=aaq =l feha 872

e fafere yam o yerer-fagd 99 w5 sfde dieear 1.5 V #1 Scfstd yehiieh

SHSEHl 1 S=UaH TS Sl fehal €2

632.8 nm TURE &1 THavl Y11 Tk Elferaq- i oet & g 3= fhan

S 1 Seatsia vtk 9.42 mW Bl

(a) YT o fHIU-US H YA WISH i sl qon AT U hifag,

(b) 39 fHu-uys & gr fafefa fodt @ea W oiaas fvaw wieq ufa dae
TEAN? (T8 AH S o fheo-ga 1 STuee #1e THUAM § S 7ed ok
e | HH ©), T

(c) U TEEISH TXHV] Sl Wi o SRR HaATT YTt i o fag fopaet ot =t
T T B2

et & Y® W UEHH A YI-YRE F1 FHoll-Afew (Fie) 1.388 x 10°

W/m? 2| o fohae Wi i o Hiex ufd dehe gedt W eufad e €2 7

oM o foh gd-veme § Wi #1 #fi|d wWiesd 550 nm 2l

YehT-Taga UAE o6 Tew WA H, YT Sgfa o fawg siaw dicedt &t A

4.12 x 1075V s 9T Bldl 21 wiieh feerieh o1 /M qiishiora it

TH 100 W Hifead e (efa) it feomedi & wehamm st fafenfia e 21 o

%I T TQ oS Ml & ohg W @1 741 8 Sl 36 W equfad Fifead & dqol genmt

1 SN LT 21 WETH Feh1el 1 a0eed 589 nm 21 (a) Afead v &

I R Wi 1 Sl Rt 82 (b) el @ fRE W WiEH Y fay o @ €72
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W HifaeRt

11.8

11.9

11.10

11.11

11.12

11.13

11.14

11.15

11.16

11.17

11.18

11.19

11.20

410

et o1g 1 eelt Mg 3.3 x 104 Hz ©1 4fE 8.2 x 104 Hz 3af &1 bl
g R STUfTa 81, a1 JehrT-faga Scas o fag sidw dicedt I it
et u1g o foIT - 4.2 eV B1 F T8 o1g 330 nm TWIeEA o St
fafertor & faw wehmeT-foregd ScasiA 3m?

7.21 x 10" Hz g %1 9™ Th &g-US W 0d 21 39 I 9
6.0 x 10° m/s H S=aaq T ¥ S ScEfd 8 © 2| Soael o Yl
ScEiA o g geft sgf @ 22

488 nm T 1 Yh19l Th AT e o Seq=1 fepen STl @, 518 weprer-foreg
WS o SN H A S 21 S 36 TSl o YehTel ] Scsieh I S
e STl © 9 WeRTiSTeh Seial &1 FRieh (3fqer) fawa 0.38 V B Scasi® &
a1} T HE-HEA HG B

56 V fawaid o R @Ra sl i

(a) Fam, iR

(b)  sifreft wmesd aftewfer wifsm)

& IO e s st 120 eV ©, ST

(a) Ha, (b) = 3 () ¥ Fivelt woreed 27

Hifeam o Tzl S 1@l o WehTel o aiesd 589 nm B T TS e s
Hifve 8

(a) TF THRM, 3R (b) TH =g H1 T i WA THE B

() TF 0.040 kg So7|M &1 geie St 1.0 kin/s &1 =1a § e @1 €, (b) Th
0.060 kg FoH %1 715 St 1.0 km/s 1 1ol @ =1 W 7, 3R (¢) Th Yoi-H00
ftgent 598 1.0 x 10° kg 3R S 2.2 m/s 1 =1t 9§ SFHA 81 @1 8, 1
2 st aesd feha g2

TH TORA R TF WieH &% & 0= 1.00 nm B

(a) STeT Ha,

(b) I T Fell, #iR

(c) o= 1 TIfas st W@ BTy

(a) =i = forg Tifest it o forg ? sieft aaresd 1.40 x 10-0m &rm?
(b) T =, S =1l o @ Ardig e o @ SR Rt 300 K W et st

3
em‘ng%,aﬂ%ﬁ%aﬁFﬁW%viaﬁW|
Tz TR1ET FF Segagasa e &1 aoree suer Faien (W) & aes &
T R
=g ® 300 K 19 T T Tg2SH 9] 1 2 sfivell quresd feha gim? 78 7 fo
0] W A9 R AU % =t o qeA W IRAEE 21 (IS 1 WHY] FAHA =

14.0076 u)

(a) U Tafa 7ell o aifua chelle o Scafsia eiae@l i SH = i e
Hifey fSEd 3 ISt St e | 500 V o favaict W W T THiE ¥ Th
&1 TSl o o YR el shi SURT Y $| Soiag 1 SATUTRIR Sew
aid e/m 1.76 x 10! C kg! 21

(b) HoES fawe 10 MV o T Seiseid &1 = 1 e o foT 3§ 3 1 TR
H, S (a) § B H A T | F AT TH G P o IW &2 59 G Bl
fFE YRR QYR ST Gehell 272
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11.21

11.22

11.23

11.24

11.25

11.26

fafeor qen 5= &t
51 Wi

(a) T THST Sole fRor-ge e geieeie @t = 5.20 x 106m s ®, W
T G &5 1.30 x 10T fu-49 &1 =rel o weed ol Sl 2|
forto-qs gr eRfEd 99 &1 e fhat entt, afk e o e/m %1 9H
1.76 x 1011 C kg™! @I

(b) 1 {59 G 1 (a) & UGN § @0 T 98 FET o TH 20 MeV TR
foReoT- ] Forn T O S T R §7 A T8 A R
Y GINEA TR S Henan @72

[F1E : 1= 11.20 (b) @2 11.21 (b) k! Suferehta ekt qh o 1 &

S 59 g5k o favE o 9 21 9 W I 39 fog W e 39 o fow wfmfaa

Toan T % fop 99 i 1 @19 (@) § SUEN W @ € o "ga Se Wl e

Fetell W Y T& g1 I8 S o6 fo foF ‘9ga S=a = stean el @

0 37l 22 ofd # fau 7y R 1 2]

Teh g T TSTEet Wues 100 V fa9d ™ #, T %9 <@ (~102mm Hg)

R EEGSH ¥ W MR Sod H Soiag Sigdl 81 Th gashig & fSeswh a9

2.83 x 10T ¥, seiai o a1l &1 12.0 cm 5701 o it shenl o afsha e

A1 21 (39 A 1 @1 W Gehell € iR AN N AR R0-gS Y gersE

1 Rl Hieh SR SIaR TRl o ER1 WehTYT SeaSi ok Wihd Hid ©; 39

fafy =1 ‘aftspa feror-gst =eft’ fafy #ed 1) sfihel @ e/m %1 9F Feifa

HIfT)

(@) T X-fotor 7ot fafeeor &1 % daa waga fomer oy aes
fr 0.45 A W 2, Sc= ol 2| fafertor & freht wie &1 Seuan sl
et 22

(b) 39 (a) o S ¥ I ST for fFE Fife Tt @F diced (SR &
foT) 1 39 el § STavTshar 272

T @ (accelerator) WM | WSl (e*) o W SeiaRAl o Sea-Fell GHgA

R, T fafdre e &t e $a St 10.2 BeV & saaH-itae I o

R STt 1 A y-Theon & Tl o &9 & &1 St 81 qeieh y-fenor @ weifea

T o WH F g2 (1BeV = 109 eV)

AW T oTelt & GO BT Ahe U € Hehdl 81 Yl WEAl TE S

o e sifeifts wie B ot T T ) o e A T

Faret fF gAR A7 Cwierl & fd’ = e B Tehd, 9o g YT W -Eh

= A B

(a) T 98I T (medium wave) 10 kW Emed & 36, St 500 m a@resd &
et T Sl e 8, % g ia Hehe Scarsid Wil i HE

(b) Tretaw e w1 vad e f5 ed <@ Thd € (~1071°W m2) o T
T N W T wR A A e o e f e
ghel N 0.4 cm? 3R vad W9l 1 SfHd eIgfd Wi omre
6 x 10 Hz #ifu|

TH 100 W IRE (Mercury) ®id ¥ S 2271 A Tes &1 WETH gehmt

T HiferseT org o i g O @i fafeia s #1 afk fReh faae

~1.3V B, 1 ¥1g o ®E-He I 3The HisL| Th He-Ne TR 5RI Scq—

6328 A & I=a dioal (~105W m2) & el YT o T YhTeT Hal fohd TR

ST Ham?
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W HifaeRt

11.27

11.28

11.29

11.30

11.31

11.32

11.33

11.34

412

T 18 A9 ¥ S 640.2 nm (Inm = 109 m) e %1 Tehavf fafmzo
e W Tifeem 9 ffd vewe-wad wwel w5 fafeia s 81 FRE s
0.54 V Wit STt €1 HIG F TH Ae-Hid § 9= {1 S 1 39t 427.2 nm
Fof-Ya 3E gehTer T i fafmfia st @1 TR fRi aeea @ s
Th URE U, YhRI-fagd ScaeH @i eTgha FeRar & eteE o fog wh
gfaurse & 8, Fifeh Te qa-Tagd & W (UV) 9 ol BR @
i@t SefSid il 81 Tlead YTl Ul o BAR WA §, URE (Mercury)
Hia i 7= aui-Tanet &1 & fea T
A, = 3650 A, A,= 4047 A, L= 4358 A, 1= 5461 A, 1= 6907 A,
ﬁﬁ%ﬁaﬁmﬁmﬁﬂmﬁﬂé
vV, =128V, V =095V,V, =074V, V, =0.16V,V_=0V
(a) =i feee® h &1 |9 3@ SIS
(b) =g o fou el emgfa qen wE-wem &1 ST Hifau)
[Fe : ST SAihel W h %1 9H A L o foIu 39kl e = 1.6 x 10°1°C =t
SMETTSRT BRI 39 TR o ¥4 Na, Li, K o7fs & fau fafaes 3 feg &
fafeea 3 3T qa-9= T W WK e o5 WA T ST HL SRR & TRW-
forgga Aot Wi Weatua fohan e 521 9o § h o 911 oh foIg gereh o gaH
Sueil
Fre1 ungedl o -t 1 whR fRT T R
Na: 2.75 eV; K: 2.30 eV; Mo: 4.17 eV; Ni: 5.15eV | g8 wigsti § ¥
HH YRS ¥ ¥ 1 m R W T He-Cd oRR ¥ 3= 3300 A T o
fafrtor o fou germr-faga Scasia T8l 2m? ¥ H1 ¥ & Fwe 50 cm Tl
T @A W F F
10-5Wm 2ol T YehTeT Teh WIFETH TehTeT ¥ o6 2 cm? &% o I8 T &l
B 7€ qA o foh S 1 Gifeam 1 qfa WA Tufad S 6l st w €,
T fafertor o5 q-feaon ® yerer-fora Scas o folu sTmawaes 9w &1 sTehe
gﬁﬁqmgé?mm—wwwzevﬁmw%lmwwwﬁﬁmﬁ
|
X-fertoti & o steren SUgH dieed ¥ @iid seiaeml 9 frea-faads v feg
S Hehd 2| HH-HI S ek it Heg 87 (wffors ger o faw, St o forg
e i 1A wifs, i fom Serk (Sifeq) o SfaR-aEm] Saen w1 Hife w1 )
(m=9.11 x 10 kg)|
(a) Tk =, fret s St 150 eV §, 1 3 sifret areesd wrt swif) sk
& o e 11.81 ® @0 7, T Sl b1 TeieRe -4 fRed
fored wa o fou STged €1 9 THM et 1 U 2 FRo-gs 39 wEn
= fog wmm w9 7 3UgH B2 T HISU (m = 1.675 x 1027 kg)
(b) W % THRT @19 (27 °C) W S =2 W 2 2 sivell quresd 3 ity
T YR T HITIC foh 0 T Ao =g i =<eH-faadd Tar | S
o oM ¥ U8 SeR0l o Wi ardiha fehar S €l
T Toiae YeAeelt | 50 kV dicedl oh gRI @Ra seiaeHl &1 STan fhan S
B1 37 oAl W 92 < Sl aesd W hiftaw) 9 o= a (S o e
BN, X)) 1 e FHA feran S, seregi geueefl &1 fade ewa 1 gem
it WehTST T FANT e aTel FehTel Geaael 9 o wehR Bt 772
ot St ot s SHeh gR $© TR | e 1 ST Tk Sl GCEET % SRR
ST ST AT B WA q <[ B Fareh (quark) AT 1075 m A1 59
off 1 @aTE o o Y9 T 21 $H AT H] FYH 1970 I o IR A, Th
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fafertor dqen g1 =t
&3 wepfa

W @A (Linear accelerator) ¥ 3t 359 sl saiaeAl o6 [hT01-TSi o
SYANT GRI, RARIE, W T STHIEhT | Sie T4 ol $ seiaq fheo-gsii i
Foll 1 HIfE T SAF MU (AT i TR Fo7dH it 0.511 MeV 21)
11.35 W o q9 (27 °C) 3R 1 atm T W He WHT] ¥ IS & 3 siivefl ames
M HIT R 5 qRfeerfal o saeht gor < wemge & o eifea 9 @ s
11.36 gl o1g § (27 °C) W Th 39 1 TEdl 2 sirelt e uftehfer it ok
TR ol o1g § S Selagil o ot AT gere | RIfSTE ST @R 2 x 101°m
fean w21
[ : 1@ 11.35 3R 11.36 Tai¥iq & ¢ for <l gmr ufifefa o
Tedtg eropel ¥ g2 W Yohe o1-arfieardt §; et g o setaia @ Yok yeret
w9 W TH-TR 9 Afgerdt &) ae gun © el et e tw o et
I I TEAH B Gehdl ¥, fREt o1g H solaei 1 TH-gE ¥ STen TeaH
&l T Hehdll 39 gl o % go Ffgdead ¥ TR e siftent & erfues
3I=9 UISHHmA ° W]
11.37 1= w1 & S 3T :
(a) TE foer fomen 7o @ 5 W @R =12 o i Fameh W ey e g
g [(+2/3)e; (-1/3)e]l T8 e da-9g vam § =i & yehe Bia?
(b) e/m Fam =t Fn fafimed 82 €4 e qo m o o & erer-sren foem =i
&l H?
(c) ¥ UMM @ W e el @ Wy 9gd HH I W = YR H <l
Iz,
(d) Tk o1g 1 T e wE-wer e 81 A smafad fafmor weRavi Bt
qoft WeRTIYTeR St WHM TSl oh T Wed i e 3T &2 WeRTiieh Seieel
T Teh Sl TereRoT A e ©2
(e) Ueh ST i Trsll A THHT Tl 3T T IF-T Ht gfa qen 5ok
TR o WY e YRR wetid B €

h
E=hv,p= —
A

G A 1 GF @l G T H1 €, v % gH (3R TEieT welt = v A
1 AHF) 1 w1 difaes wew T& 81 #=i?
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W HifaeRt

Ry

11,1 T QAT HUT F IAS-UCTE M FIaard

RISl 1 B2 € FI A WA ] e THA qoh TR HL1 @I S| TR AR A Teet, STk e At g
o YRH % T W & AFCTRT GR1 HHAS WA ThT T S e G, Yokt 9 €, 59 He o gifoes Hied faskiid
o o) o Y foRelt off v ® i e faeRfad w99 78 @ EvEs ¢ T I8 39 v faeme gt wafin
eI k1 AT Y ok | T, Tedl St B Yhtel o faug § T o YeTon 1 Hejuur Suge &

3 T9F T TRTT o6 O | SiEfed g— (a) TR 1 XA W@E 99 W T, (b) FHAA a1 el g5l ¥ qe,
(¢) ] ALl o TS W TqacH, (d) fafa= aoi o yehmer &1 faeu, (e) 3=a 9| wget 9r qfeest o fou
3faa el st wfimfsa foran am S o faw, wia 3 9 1621 H e1uer o famt w geeg fman fifafeaa & a
Y € 3 ShT A WohTST i wTeT Shi WO 1 WoIeT TRl ifehel o UHT ohed | oremed @1 o ohoel 71e Tkt rebret
T o YRSl 1 WTeT ST WG T G W atfues 2

TRl IR | Yehtel o I Hied YA fRU U WeEdl vl o yRfae ekl | ST 3 ufaaea femen R v
Ol Y o1 ], SEfeh T 1650-60 o STH U BTHE 4 Fqd Teha feh ehret ol § 51 €1 ST R TS S Ueh SRieR
Hiew o foeH T sterdT SR qeR! BT ST el ¥ €, T 1660-70 % ST W =2 T TR o HiveRT FHsid
o1 SR fogia o &9 o foar foman qon s9en! TR § Toh1e1 o ek TON ki AR i TE| W oh & W qef
Ul oF &Y § Td H 91t 3 Hisd Tk T o foergpet Tl 21 Afe <l € A wehiet o gt s o 5t s
W H W &1 T A H o fRdt i ot s wfed em

AT S TRl | 37 Hisal o o H1 SR TS ¥l W 1669 H, IR e 4 o faedl § yehw
o fgeTuad &1 @IS &1 a9 309 81 T 1678 H B0 7 3707 1 THGIq o STER W SEeh! A1 il $Heh aaS[R,
T G i @ off eifes gHg qo g2 1wkt Hied ifue faveEEa B S @1 9o @ Hied hi orden st
ECERERIES CIRE!

THHT Toh SFOM: BT A U HiSe HT T off T SHd: Y G o HHATAH HiAerefel | =2 1 99 o

11801 H A 7 o7 f5ferd v gm0 safaseor A o1 & fovaml 59 qREe wit Sre shaa T fHsid 5]
& 1 ST Tehelt @1 78 f e e e T foeds U ot aitere ® TSkl sare shae o fagid g g =
Thdl 2| IRd § I8 YR & 99 H Yok fog @ i e Al eeie o fgdes w1 wnewfass ey @15
TARTH h! TRTRT o hTUTeRT TIGTA GRT AT &1 i S Wehall| ST T 1810 H Yav1 i UREe &l WS g2l 3§ i
1 oA ot oW fagid g € wWfae ®9 W HY S Tkl 21 T YHR NG k1 X THGid Swan § o w4 qen
=Je 1 Hivrw fagia gegfd & =en @ w7 fufd g9 amem & vl a9 =edt @

IEl YA H YR A TG B o AU H 3T WA TR Tl siftes uRRls W ) fata | g
1 = 1 HH 3x10° m/s S TRa1 T SIS G 1860 W, Bl 3 Sgfagaiched oh foTq, 39T WHieh<ol g shi qell
e Ia foman T fon SO 9w S Gl Seagae e aReeATe Y Hemd S WR GHIRON gRI S h1 ST Gl
21 3t & Herore 3wt R T den et &, Sgageshia @l o w9 | foa e (Frafa) § geiia g s
Thd 1 TG T T k1 AT TR R d TR Hgifaeh I 2.998 x 10° m/s W U T8 HH BT WEfTR 7
Y fepeal e Sl € o Wehmel SRpagaeRta A | S €1 G 1887 H ST A I i k1 Scufy 9o WgwH i wEield
el 56 TR o X THgid 1 U 98 SHR YSH Tl B9 e Wehd @ foh SToNEd| YIiesl WehTel oh hivrehT Hiew
T qA IS TR YT o R fagIa i e

T 1850-1900 o THT o st Hifaen! Tk farctopet for &, o1 qon o4 Heifea uieeiel W o<t gen § yam
for Tw) sropfa fgia qen SN St fagTa qen Hiew famfad fre T fo=is Soherr qde, sheel T w1 Bighl
e qfereTIstl i =ATe Hi
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qifere

yosh g, TRt off ara W medt el o fafwior Scafsd S 71 98 o S ged A fafeeon i el
off Tt 21 H1E o S S FW S Al et fafenli i el w3 ot 8, 39 e wed g wifdewt ¥ 7e fag
A 1A TehEHM T 1 STAEROTST i Wi €1 Teh e7eet sraemon @) foheht aeg g Sefsta fafenor &1 diemar qen
TR WIS & o9 9 T Uh i FH07hT TWazg Hed &1 37 Al o Hig oft fagia Hiomn @eaea %1 ¢ @™e =men
T T T

T 1900 H, wish 1 Tk a1 fa=R G =i &er, 3fE 70 7 o fR fafeo @ o w9 o gad 9o $ 9
Tl o Uehe o &Y W IS 10 §, 9l B SHTO0ThT T i S Y Tehd §| Witk 3 WF T Fae el Yok W
TRTET 1 SIS IS T STEINTOT kT U1 AT S8 T ol oJcq—1 foha <t Ted Waed o fow Tmqd 21 7
T 07 Terson 1 U Soter- o fason ® fogeh orER fafw u wu 5 Aifq scafsld e 2, 9wk @ @ i
T Il 7, T TR @ Tk w0 k1 il Srerefyd g 21 geeh rfafte, sae difaes sttt i gfaen § et e w
Hd Teh TREAT i SATEAT i o AT §H TA: TR o 0T Fo=01 il @R H o ? 99 SAfTREr a1 faeaT &t
qftereistl 1 =N BhN, St =ren wften diea R A& i S wehd|

feR S &1 T 1905 § SMEHeEA 3 YehmI-foR]a uea st sAren Yehtet o wivrent fesor gr1 &t feat 7 frecta
B9 W ok ol o TeIw o1 Fesr 1 SUE ik S|l W T fafime Soet w6t oA ®il it o s
fafae &= o 92 TF W o 3 <H IS S oA @ Hige § 7 gl shdel U1 Hige g € i S Hehdl 2|
T 1923 W RIFqe o WAL U X-FehT01 Wehioi qamT ot shor-femsion o qet o @ ) g6 SRl w1 gfeen @i #iR
w1 T

T YRR 1923 ok ifcenfasil e feefaai o1 9 o @ 99— (a) TR 1 Bsie Helol, Wed qe STued
St wftereATd et e wforhT Hiew stedn 1 Hied S o € 1 ST Hehdt 21 (b) Afashor den faadd St e
Tt aftered off fment saren wivrrt Afed g/ &Y 1 ST Hehdll, 38 ohael a0 Afed g1 & THe S Gehdl 21 (c)
HTouTeh1 fafertor, JerTeT fergd 9Tel, Qe Shimuee Yehivi SIEt s RIS St =ared o Aiged §RI 76l i ST el
TTh! SRS S HUehT HiEa GRI & i ST Tehell 21 37 f&fi # fopelt 3 ek &) fewqoft 1, for Sam, go@R qen Jehar
o Tl | TehTeT 1 I AT SRR HT & T HICAN, JETAGaR a1 VaR o & § 78 @0 i witd 7R &l
& a1 ARl 1 N YehTel i &1 € el |

T 1924 | = SCA 3 TH -1 o 54 Togia e e fored 3wl el foh sheel ehte o hie & el
Hfeh 5o o w99 AR qen st o off 59 e B, et 3 R0 R ifd SHeRR e © SR FHeft o
ife| SN ST FoFHM, AT, WA (0T o AEUN) I AT GO qe g (A ok fafire @) 9§ Sigd aen
Tk G Ta Rl O 1927 W, Sfee qen Sfae ot SR A Srer-ater wEnT gRI g9 R geiee @ sl i
SR il & TS qresd € sivel o Hee gR I HH § WAt Wt €1 ST FAN ™ Sl g seeei o
foe W enenfia on e wAmET % fafa e 3w Afen w1 |t s e v @ o= S S =g 9en e
o it faads A fRT T qen s ot % Sl o g w1 gt g T qOT-h0T ki gad 1 ifdkt o Tenfud fasra
% ®9 H gfic ol 36 f951d ¥ o o Gal ST TREeell & &1 S T81 S Skl dicdh 3ud HUl ° Faria
uReRET i oA § e 2l

AR 101 7S 1 FIS Ygifceh SER et 21 2 Srell 1 e spael T [oNcAsh e © a2l Wi 1 Tt
W ARA | WAV Sa0R A U il wh FEm on, el S et fagia w1 ek e on gw we ? oS
off 9T feRT T ST 3 Sivelt o g W el ol wife difdert 36 yhR 9 %l T g u iR 38 yEifie gfte
T STETAHRAT T §, Tk T AR gEafad wed o foau 3t daifaew SeR w1 off savaehdl €1 58 e I Tkl
o faerfad feman o wmem 1928 H fets 7 1o faferwor o fagia w1 faefaa fhan qen eesent qen aich = 1930 T
TH 3 MR UM TRl 1940 o STl | SHMM, o= qon ®ieaa 3 suehT SR sifue qftsheor fopan den fagr
o S oft s <@ ¢, 3 T e 3wt fagidl 4 ged w9 @ wO-H01 §99R 1 Tk Ygifies SHR S Rl

Tt e el waT el g, 98 SR erfuer ool gt W1 @ ® qen 5@ foolt o wEes 9 W R e o
T S wfed gon € SHeR! Helyd ST 9 @ ok v 59 9 5o Eqfie ot 8 S =ifen) o difae) o axdae fagrl
o Tfass frerd & wotaEy g9 78 9 Tehd ¢ o fafe= gt | qen sweft sty o fafa= g | Seegas
faferor den <57 o U1, 91 94 HU1 S € 1 WERia e B
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12.1 ofiewr

I=al STaesl qek uSte 1 RATvetT ufieheu oh @Hed § SRt Wied THiAd @l
T A 9 1897 H fafew difshfommt SiM® <. IHET (1856 — 1940) 7 14 &
forga faes v g 9 R fo fafy= 9 o wemget o Suftem womeas
AT Toesh (gorei) Tt waryet o fory gouiden um § 1 qenfy, o) @ o
FgA T W IIEA B 2| THT, T RO AR B e w @ fag
TN # o STER o 3TERd Bl wifeq| Wfehd AT HOHAlHS S qefl
TS T SHEN 1 87 T R H, T kT T A 72

¥ 1898 § S, W. IAEH A WA 1 UEEN Hied YA Rl TH Hed ok
ITER, TTHTY] <hT € SAE9 WA § quiqen TehaHH &9 9 faafia @ den o srafie
Tl 598 dieh SHY YRR ofd Tenfd € S feRdlt et ® i1l 39 Al i e
w9 A w7H YET Higer el T qUiu wWE] % fave ¥ 9% % sremEe 3 o R
Tq e | aftfq }, = qwitan for o) ® soleii qon oF etee w1 faao 5
Wt Hisd ¥ wgd = 2

B Sd @ fop oot ared (319 e <) e @ T gt arol R e
fafertor Scafsia oxd & e o el o1 ad faawor faemm i © =afy 3t
erard f=1 et €1 78 wwen 7 foh 7 faferor wearoget den vt & <o % SR
B €, S Yeieh TTIY] SFerEl U] ST SO WY o AR A AU o | g aredt
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= fopen o FRifa g 81 gmeh fawda seren o T @ T
ferfera el g Scafsia werrer sreren ferelt aradiea Hfernt o forga
IS T, SI9 AT WET 31ere URE-aToY ety W oheel Tfve
Tarferer qeesd eidt €1 7oh TieeH | SHehiel (@ISl i Tk g@e
fere &t 21 U T F wEopE o Hex sfauer st e 21
Icafsia faferior, waTopsti steran Supsti o o= ST fopanew ok
RSy T, St saftera TATS & SRl H S el B

I vt oF YR H g I8 Tefyd g M o fh uesw
Tea § Scarsia fafmeor o1 T sAiienafies Siaed B ¢ ST
o foTy, BrEgioM Tiagd Hed W@is &1 U S=ad edl @ forad
@ o et et feafaar e Bl 81 59 aen 3 fead
TTHIU] T AR T SR TEH Scdisia fofR ol oh TeRH &
o= wfTss ey &1 3R Hehd fohall ¥ 1885 H WM S/ehd aTX
(1825 — 1898) § TXHITEY BEESH ¥ SfSId (@13l oh THE i
S o ToT Th el e W W e W wegen

3T RIS (1871-1937)
it § =, i ST
fS=in Aeamfaa fafeon w o
FE fwan s=iv dewm-, @
TR ot @i F| Higw Tt

Tsh RO T4 O ¢, 9 SOk TiagH k1 39 1A § RN ¥ & o e 9 3R et
TSR | 1 e Tagia w&a feram s
I S 2T % T A WY B TR TS (1871-1937), YW § fher o fafeneet i

Fo edufoed a@i ¥ Ifsid Cehl-H0T (oS0 ) T TH TN
FH H K &1 TH] HT GE HT ST FHH K A€ IR T
1906 H WRHTIST §RT UGWI-HUN & YehiUi W Heferd Ueh Feliasht
WENT e feRaT| e Y e qe ge 9 1911 § 89 MR
(1882 — 1945) T T HEeA (1889 — 1970, S 20 TH™
B 9 qen TSl 1t Tae &1 Swiy oft ugur &Y &l o) |
fran ogesg 12.2 ¥ ol faeR o =aen =t T 2l TEe
RO T TR 7§ AV o TIRE & TR Aled i 4 &
(T8 @] 7 A1fenTe Fiser ot el STl ) | 3ok 3TER, Tt

seae fowan fomer aRomeasy
Fiera i oRF ®1 @ g8 s
It 1 e ?1 T g o
T T UehT-THLol o ghiv 9
IR wHIfvaes A Ht @Iel Sl
IR W] w1 TEE Hed T
foraml 3= faes oF Af-Tehe AR
1 SFTAA e

al,
—
@
~J
p—
|
[—
©
o
=

THIY] 1 el ST T AR SoAAH Uk GRH IEAH W Hehfad @il © o
T hed € SN 38k W R goeR SHI YR URehHl i € S8 gd % wrl
R TE IR i 2

TRAMY] o 59 SIHE ®Y F gH A §, T H1 ATHE died 39 fen §
TS 9 I | AAMY THh GRI I AR el 1 S Heb! foh TR Shae fafaea
(discrete) TR 1 FehTe & 4 ScEfSId il €1 BESISH SEl Ush TXel AT
e T ol del T die B, faniy st w1 uw Sifew S %l
Icafsia Y1 B2 AN o FeAridsh! Teson §, goieei e o uri iR die U@ €
Ufiha e ® S iR g % =R S e aiteRH S ) 9enfy, 56 3w fo 59 Aiew
! R A § Fo TR HieEa 2|

12.2 TUTHT T WhiUI qAT UTHTI] ST TEIERIS ATTHeR T WIS
T 1911 ¥ TIHE & A W TH. MR A1 5. AeA 7 F TN fhu)l 3766 g
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TorT 12.1 TER-9™Ed HvH YA HYul 39w T Fafd
g H W@ T 2 (39 faa § uw e T <9 @ 21)

I = S
M4

o T T W H e 9 2iBi |
SR 5.5 MeV st aid o—eh0T o Th
TS ol vae Tl gt IR e shEn T, S
& fm 12.1 o <wfn w0 21 foa 12.2 W
T YA o oateyd fes w1 gl e R
Hearifaed Fid 2LiBi ¥ ScfSd o0l ok
T ot FRTo-gst i o &1 €2 & 7w 9
TOR X Wfad fwan @ 39 fho-gs =1
2.1x10m HrE ol g= W AT B
TN Yehifoid ool 1 fae Are o o
T HO W= 1 JA fohan T o T
S TewTEs 1 W TH Tk YauEn ol
Yehifold UEHI-hUT TR ¥ THTHT FHHIC
TN FeEl YRR SO H B A W
Gerselt g W ST Gehd € o ganifola o
FT T o IR T YeRIU 10 h He
% ®9 H 1ergA fma ST weRa 2

Ydedl &aul Yyl

st & form
ORI T | IO TR0
N W—g’:«l : =
ORI hT [ ] A% ) i3
o5 @ o s Y4
' LA B 4

o7 12.2 TER-UHET Yo 1 SR e

o7 12.3 7 foret fou avaiawa & fafy= sion R Jehifvid pel Cewhl-hon i
T 1 Wl e g9 T B 5 o o g e fag v o ure st
w1 Tl #ed & @Ik Had oo dgifcsh JaigaH € S 39 e W aHiia € R
TRATY] § Uk GoH W9 A1 YA e €1 98 9§ Uehl-sh0l ol 9=l sl U
ST &1 gEeRt e ® S ez el elanl eiufad Uew-shol | 9 ohead 0.14%
(TFTHT) o1 1°9h HI0 W SAfeeh Fehivi eial 8 qel 8000 UehI-shol § | T4 1
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H faafya & & fau, 37 W agaq fus
YiqeRrdor o7 T e 3 STfees ol aef

10’
T B el € A T T AR G x
e THHT -3 THh g W a1 Joh ‘

Hohfgd 81l qa A 3Tl g3l UehH-h0l e,

AR i 9 T sHh 3Tcdd WHIT of Hehell

sifyen faeiw gm 598 AfYenta wReTy] ok

ufeheu &1 gfie B Bl € wRo @ f%
CIHIE | 14 %1 @i 1 5 e e 2
TIHEE o T o AMIRE Hed H,

10°
]
\

T T F CACE qAT THRT SHA

:

15

2
%amww#w&v@mﬁ%w “\

=

E

¥

—e-]

FEAHM WA o TEd B W S H Hehfsd 0 20 40 60 80 100 120 140
Bl @ 59 e shed € e Soieee ey s e

160 180

F® R EN T ToH, T b SR AR P fiz 10,3 o 12,1 0 122 F TER-TTHEA gR W W
¥ R o €, S S G H I sreen vt v w0 Qs 3 e A e w10 w
3R TE TR O B| WIS % T A I YRR Fehioi s (fagel o &9 o) | wwiE &

e & Ty &1 98s o 1075 me  Tifeta wied Wi 3 as uEifies wdei o wer Hat

104 m & Tha 1 Tfas fagid o STER T@d gu v e

TRAMY] TGS 10710 m WA S ®, S
e o TIEST 1 STURT THT 10,000 ¥ 100,000 T 5i€T & (e 11 1 Hifeent
TSATHh 1 HAE 11, Ao 11.6 3@) | 30 TR, AM9H 9 Sia[ 9w oh
e I UM TS 10,000 ¥ 100,000 T X K@E M 39 IR, WA
offer o1 AfershTer T et &1 TCATY] o iR sh1 ARt 9T @ieft B o RO T8
GHgH EH € foh Iferehat Tethi-hvl qaelt org w1 =t o o faeifia g smex =
Tieret ST €| Qe ST h1E UethT-sh01 F11eh o THIT 11 € o 98l W fEemm o
forgd =t 38 oS 101 W FeRifoid T a1 81 TRATY] oh SR 3T getoh BIH oh ROl
TEH-HUT R TAw G919 &l ST/ |

fo 12.3 ¥ wefeld yhivia stfihgl &1 favavor WIHIE o W] o Afashi
Hige N fora ST Hehal €1 W0 G o agd Udell 8 o ROl FE HeqAl Hi S
Tehell ® foh 50 T 1 IR T THA -0 Uk § Al IR gehifold T i or:
forelt wh e W Tehifola QehI-h01 o U&IT T 1 9ol HIhT 21 TehI-h0l
B WA o e ¥ gHfey 31 R < TRE, 2e, YEY € 3R FoAHM Eferem
TR o SIHM o SIE 8| TG0l o e i A Ze ®, €l Z TRAIY] 1 AT
Hish B, S @l @& forg 79 B1 Hfeh w@ol-1feeh o~ o A9 d 50 T AR
?, 37d: U€ HOUA HE THET ¢ o TR0 WA oh G Tui-Aiyes fEer wdl
Bl 3 SATYURONST o YR W Uethl-h01 SR AR ek o qea fEer dgq
JfeRtuT 9 o Sheltd-fa qen =ged ok Tid ok fgdta fom g dewh-wu o va
Ty w1 A fha ST ehal 21 T8 o 1 TRAT 36 YehR ek fohall T €
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1 (2e)(Ze)

= 2
4re, r

(12.1)

&l r UethT-ehUT shi e § T B TR 5o, QethT-ho1 IR 17k ol e areft
@l o SR 21 UeH-H 1 W ARG o1 1 TRATT T {490, Teh1-sh01 o A11Heh
1 IR AT H o1l q°1 ST QS o WY MR IRetdd gl @l 2|

12.2.1 UTHI-HUT TAT-T

UehI-h0l R SRTEd JaiT 91, §6g o Helg Wree, b W (R o 81 9o yreer
eI~ 3 TR 3 Wfew w1 A % oy § sifietei 58 @ (faa 12.4)1 fo
T YTHT-H 0T o G & Tz W=t b1 faeRor 36 &R ® TR S fafa= faemet

/

@ <& TS

foa 12.4 et 9 sk o sperm & | Teh-01

420

T 9| GEE WA b AR Y10 Hior 0
R fomr o zwfe T g

¥ f-fia= wfaeraret & weifla grar & (Fas
12.4)| (frst 41 & |ft o1 &1 19T gHE
Tfas St @it 81) 7€ <@ w2 fR Afus &
THY HE CEH-HT (FH G qEa) S
wehifola e €1 weet weg whi feefa o wog wree
=IFH & qe YethT-hvl 19 i 3R wfafara g
2 (0 =) WU WEA oh SA¥e WE o Ty,
UCThT-hU1 ST Safersford Tedl & qen fae sga
Y B 7 (0= 0)]

T a4 fo emufad o ° 9 hadl T B
9T € THUHT (GG SAledl B, 98 Gred i @
fr v T o e F S A e
1 T Igd HA g1 WY ¥a g g f A
1 FHUE agd B AT H FohiEd 21 39 TER

TIEE THIUH I & |5 i STIHHl I S H TH i 9 g

341807 12.1

IETEIOT 12. 1 T o TIHIE o AMAh I Aiead |, A9 (B e 10715 m)
o & wgw 2, Torees aitd: soeei o et (Bl ~ 1070 m) o & wfishan s
? 59 gedt g % AR SR ufehan w21 Ak §R uReR w1 femnd et e
o it St feredt qAToy A Tt €, df o geet eroet arafass frerfa wi smden gd
o U BT A1 e ? geslt oh et Y B e 1.5 x 101 m #1 gd 1 e
7 x 108 m 9 T 2

BT TN o el i T aen Aifes 1 B 1 eue € (1079 m) /(1070
m) = 10°, S1efid eI o el 1 B, iwes &1 B 9 10° T aiferes 21 4t
T o IR SR geA o el i o §d i e 9 10° A1 Afu 1, @ gt ok
He i B9 MM 10°x 7 x 108 m = 7 x 10'° m| I8 Yoot &t arsdfass waia oo
Y 100 T ik 21 ora: 59 fefa o gedht g @ wga sifuss @ =

TE8 78 ot 9 g € foh WA # eAR UR UReR Wi aTien wgd iU W @t
TIM R
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IETEAOT 12.2 TER-AET WA § 7.7 MeV o €l T U1 Hi Tui-1Heh
o7 R o foe formmaeen ¥ oF 9§ ved e fen giiee s & 98 9Hiaad 4
1 872

T 81 GEA UROT 9 § o Weh1UM TehH i Weed srafy § ferel ot S Qethi-shor
AR ool 1 e AR el GHed Wl ¢ Uew-hl 3R AR A
AR W g dF A1 AR AR H E, w01 o &iforen w9 9 fammeeen §
R R TR A I E, % TR | ARAH Foll E, S Gehr-Ho1 i st
St Ko 3t SR 21 st it E, 9 i e feerfest st U € @1 feafost st
U o1 GHehtor (12.1) ¥ uReher fehan S Sehel 21

M AT o CehT-h01 o s IR w1k o g o o9 T d T S o-FH
s formr faig T feerd 2, 7@ St W1 % FRMEER, E = EF1 38 ¥R =7
e <1 Heme € ¢

1 (2e)(Ze) _ 27e*

- 4ne, d 4ne,d
31 qeiaad g8 d Brt
_2ze®
4ne, K

YIhfaeh Hidi o UH-hUN | UE SH el SAfeehad Tast st 7.7 MeV 31era
1.2 x 1072 J 21 i 1/4n,= 9.0 x 10° N m?/C? et e= 1.6 x 1077 C,
o6 T, BH W B

~ (2)(9.0x10°Nm? /C?)(1.6 x 107°C)*Z

- 1.2x1072J

=3.84x 10" Zm

T o q1ed WUl 1 T HHIG Z = 79, THA

d(Au) = 3.0 x 10 m = 30 fm (1 fm (& FH) = 107'° m)

31d: Tl ek i B 3.0 x 1074 m ¥ %7 21 98 Uk qiomm ¥ wga stfus
Tl &l @l ® Fiifeh Lot A1 whi arsdtesh 55 6 fm €1 39 Tl w1 R
e T for qefiaem €= it S Toh1-hv1 de ol i feenei o A o St
affereh €1 59 bR Uothl-oh0T Toui-+1Teh ol oeqel | U for &1 eraet ife st fewm
forodia T o 21

d

12.2.2 TASRA-RYTT

TRANY] T IS AIf9hia Aisa forad enfaesnt uwomd gfwfad €, w=am] &1
fagdt S el o &9 # fafi@ e €, fach ohg W 9gd sia, 9 qen o
Arafera Afes 2, St Syo-erot Tifeefier feer shenetl # s gotaiAl @ o gan R
TRGRHT I gU TAFRl qe T oh e feRdEd SV 9 F, e i 3T
Fe H I W@ o ey ST AfTehsl 9 (F,) TR i 21 ST, BIEgSt WA
7 wfaefier feer e o fag

Fe=FC
mo’ 1 é

r 4arne, r

2 (12.2)

C°CI lni2ibe

Kyduwres

An-oe wed Aydyoeanno-mmm//:diyg

Wy 9sna[onu,/snajonu,.

2ebie o llbh kil Sihie)

®
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% ifast
37q: Hen-F3en qen seei-aT | Hed B
eZ
= 4me,mu” (12.3)
TIEGISH o WA § Toiae= 1 TIfast Seil (K) qen feerdea frafast i (U) =il
K=lmv2= e’ U = - e’
2 8ne,r 4ne,r
( U omcae fog gfed =i @ o feeragd oot —r fgen 9 2) oma: eggier o)
o gl i ol Sell E,
E-K+U=-% _ €
8ne,r  4me,r
62
- 8ne,r (12.4)
TSR B ol Sl RUMCHS T g A <Al € TR golgeM e
¥ ufeg 7 AR E i g1 df solaeid Wi % WX IR 9% ke W el
AT
IETEA0T 12.3 FAT §N I8 9 741 fof SRS TWHIY] &l T WeH a2 Th
AR H Yk i oh ToIT 13.6 €V Sl i SAE9dehdal 21 TSN W]
FHefta-Fa1 aon seag &1 AT IR it
T TS TWH] H Soiag %I %l Sl 8-13.6 eV =-13.6 x 1.6 x 107°
J=-2.2 %1078 J 37: GHHI0T (12.4) ¥ TH 9 M
__€ _ 9ox10M g
8ne,r
Y Hafa- e urea B
& (9x10° Nm®/C?)(1.6 x107'°Cy?
- 8ne,E (2)(2.2x107'% J)
o =53x 10" m
| OfeEET R SR BT o, R (12.3) Hm=9.1 x 107! kg et TRewfaa
= FHHA ©
E v:\/éhTiW:Z.leO6 m/s
12.3 WHUET WeEH
IR 12.1 W Ioo@ fhT STIER, Y& dc tfaeneriieg wegq-fafetor safsa
YAl B e IS WHUST TG S1ere oo T e W, W sed fegh o weted
Hich, SCHISTd T ST € Scafsia ffehior ¥ S W gl € o o fafire
422
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qH
Tyl W i Y #d € o 12,5 TR 4 ——
T WEUEEd gEgeH gR Scafed - . g . g
T <wt T 2 o e v £ S W S 0
% I e ey & srEE, o o 3 8 =
9 1 TeH % & fau fBRfGe
% &Y H e AT Gehel 21 5 TAd
TehTe TRl T T BT o € qen
B TURIHIS R U Fehrer s L : .
favelwo %3 ® At WA ¥ Hw AR R i e S
s Yt feard 3t #1 3 e AN ,
Yart TRysa: ®9 9 9 s Torg 12.5 TRISA & Waed ¥ IsH W@
% qeIEd Bdt € S SW 19+
It osh Waed ¥ qE Sl B 98 3@ 19 o wwie w1 eraenye Wy
FHErdl B
12.3.1 WeeHr vl
T IE ST HR Thd € Fof fordlt o foreie © ScufSia wenmet 1 engfal s frafha
Ted <ol eTEgie U TR T € SR SEfaT SEeht
T Terdd Bl 81 qenfy, Teel sfte e ufia weeH } . . - ;
T T e § R wH e w e T g g & E £
W1l ST TG Wegd < P ey ageE & W = S ¥ g 2
Yaist & o9 # g fafe w1 9 wed w2 (fa c R ©
12.5)1 368 ¥ Y% W= | TazHl 801 wed T T ,l
1885 W e+ & Teh Thol 31eATTeh ST Sfehel a1 (1825 |
~ 1898) 7 BIEISH TaZH % LA T H TG TR Bl TECA st — =
Soft = <@l T 0N 1 AR 4o wed @ (Fo 12.6) 1 - g

e T HT T T, 656.3 nm et @I H,;

486.1 nm T F A& Sl @ H H,; 434.1
nmaﬁ%ufaﬁéﬁfnﬁahﬂ%@aﬁmmﬁmw
R ST 21 S-S qeTesd Tedt S §, @] 9 gt gdtd B § aen Seht
e =hH B St @1 ST A 3 {@nst w1 Uik qnesal o o s W e
(empirical) g3 A1d TR ¢

1 11

e R(z—z—n—Q) (12.5)
Sl A TR qen R U T € 8 Rear-faaie wed €1 Tl n o qois 7
3,4, 5 T & Tohd &1 R 1 O 1.097 x 107 m™ 21 3T FHRI0T I a4 G
Fed

TR (12.5) § n=3 HFEHL @1 H H1 q0ed o R Gehd &

2

1 1 1
—=1.097 x 10" | ——— | m™
Pl (2 32)

TorT 12.6 TESSA & SESH WaRH § GRSl

423
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=1.522 x 10° m™
agfd 4 = 656.3 nm
n=4wﬁmgﬂi@HBEﬁﬂ@ﬁ9ﬁﬂmsﬁTWna€ﬁfmﬂﬁ{t.ojeh{er‘-lﬂugw’
1 TUIEE WTed T Hohd B n=oo oh GUISEA A = 364.6 nm W, SIU71 &1 G o
I S | FE TR GO HY THAH A 71 T8 G o W g v Y Ko
TET <Y, heael | W Had Seed fe@i < 2l

BIEGIoH oh foIq Tezd w1 o= Sl oighA, UeH, siohe, $e i ot @i @l
b1 B, T8 <1k witerehatetl & 8 9 € ST STl 21 5= Foret g g et fepan
S ®

Fﬂ?ﬁ?&?ﬂﬁ:

%=R(1i2—n%) n=2,3,4... (12.6)
T Ot :

%=R(3L2—n%) n=4,56... (12.7)
ECTAE L

%=R(4L2—ni2) n=>5,6,7... (12.8)
BT gt :

%=R(5i2—n%) n=6,7.8.... (12.9)
e S0 § IEfa Tieed Y@ W &% § 3R aeE ue sehe S |
e YEd Weey & a9 § oW el 2l
1:1‘6[?%1c=wlaqwizlwmeW%ﬁﬁ¢mﬁﬁ(12.5)aﬁm
ﬁ@@&[éﬁ‘ﬁﬁ%@&lﬁ{’ﬂﬁd@lﬁ(ﬁ*dl%l

I O S

v—Rc(22 nz) (12.10)
HHIHTT (12.5 -12.9) o T Gl ¥ had o @ (TESeH, THH T
Eiferaw 31k fga: smafa <lifoem) o wiegal &1 & Frefya fman st wa 2l
TR (12.5) — (12.9) ST € Fiifeh 3 gregior TATST gRI Scafsa st
ST T S ool qIesl & aR H Saardt €1 ey, F 9o shaet i
& Q1 SHT 1T SN TE] aqeld Toh BIESISH oh WeeH W ohael oo gl &l =i
Yferd 1 St B
12.4 FESISH WHUT ST & Gise
TRATY] % WIS gRI Wl Hisd | g8 | forn e © foh oxwm) o ohg o e
BT 2 q URERH hd SoieR fEeR § 9tk 99 & el §R uRER § B B foee

424 ST hich 39 Aisd ! foefaa fwan o qenfa, g9 feafadl ¥ o Jagd @
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B TG O Tocd o o SN Sl €, Selfeh A Heh-gel o

T AT U1 B o RO, 96 oh HAd-TIH § A=A R

BI 81 &H Sd € o IR R v § Sl g o TR @Rl

Bt B, 3R 39 ©RO T Y AfehE 21 FATHH SEHgaR

fgid o S9ER S @ a0 SgagasE @l & &9 §

farfertor ScafSa &tar €1 o7d: @id Soae i ol (Rt =l

eI T 3T T AR WIS T TR =R qA 3Tda: e o

fir Smom (fat 12.7) 1 37 T80 wReT9] Tt 6l g 9ehanl $9oh

Afafiert, Fonfieh! agaeehia fagid & SHER Rt seia

T ScEfS SEgeeshd Al w1 g aiehuu-angia & sXeR

Bt B1 S geiaT |ite UY T e AW w1 S} 3 ? al 37

SHI0TF A7 IR 39 WehR ST Mg FRaX aiafdd eit horaey

SRS FhTeT Y eAgfa off FRaX ufkafda gt =ifew) ofa: 3= u miﬁf:;l?w

T TagA St e ey S o o Ui s Wan % e o St SR

faulid ?1 TId WIS H Hiedd ohadl N HT Uk UEe]  FaieH Rl % SHR W EEesH

e & forment 21ef B fon Seniien! foaR OeTy] W1 i AT WREIY] % WM I AW &

T ok forg gafe e 2l ek o F9-98 Hisd o SR
R I=H AR fa@et @
w fogia wga feam @) A
FACH-AART 1 FhoTAHER

1
;
1
E

A THETE i faRIoeht S o
(ETeIor forgia 1 wegfel 50 o B
) AEA TR

ESECG]
o
T 12.7 AT &1 T @RA T 91 5 Hh
i 991 W AT T ST &I 3T ST

TR 12.4 FATHHRT Jeagaha Fagia o S8R, TReSH WHv] | Wiei & IRl
3R e seai g Scafsd Wbt 1 Ui st itehford s

T SSRW 12.3 § BW WA ¥ T eEgSH WHN] ¥ WEH % W’ @R
5.3x 107! m &1 551 it hen § ufiehl seiagi 1 9 2.2 x 10° m/s Bl e,
W o WX SR IR e i g €

v 2.2x10°ms™!
2nr  27(5.3x10™"" m)

~ 6.6 x 10" Hz
FeAfeh! S fAEIa & SHR g6 SFd € fo aferm seleeil gr Seafs
AYAGARTI T 1 ST, SEehT T o TR AR TRHHO A o TR 21 2
IR URTeT T YRS g 6.6 x 10'° Hz g1

¥'Z1 lnr2lbe
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g 9 (1885 — 1962) ¥ TIFIE & Ared § Tt fashraniial sarten uferedH
o foaml &t Sigst T8 TR fFa1 Fied R 7 1912 ° %3 ALl dh [{IRIE Hi
AT | e1eE fRar o qe 9 WIS o AIRTRIT Hied w1 dud o aR H gl
e e d| ST gfasn § 3ael Ik 7 1913 ¥ frapd famen f& =y
Sgdgaehd g, ged Wi TREETsl 1 el S § Wed € qety 59 fagid
! RATY] R o YAl § WIE 7@l Tl ST Hehdl| I8 T B A1 o oS
3R SHRT AT ToeH U Hee THFH o foIQ Senrfen! AT 3R agageshe
o TIfya fosTal § STa fo=e i STeeashd aif| aR) - Jafden! T8 IR
FATeH HehedA13T sl YA Hhieh A MR o6 &9 | 3101 fagia w=a foraml 3
(i) =R 1 Ugen AN o T ot Wy 7 FiE sotaeiT Afvwa Tt #Hamst §
ferfertor Sl Sefsia fohT T UReHHYT F7 Gohal 81 98 defageshia fagid &
AT o faulid 21 56 AR o SITER Yoish WA i e fvea e
e € TS 98 @ Hehdl € IR Yoieh Hod st § ffed oot Sl e
Bl 1 3 Hefaa srareenati shi TRE] i R et wed €
(i) SR w1 O AR 3 Tl heneti bl qRwifia sear ?1 59 e ok
ITER Soiaia A1 o wIRT 3T Sheer 37 wersil d g1 IRewA0 el & ey
fore wivie AT &1 4 h/2z 1 QOE O @i 81 Sel h Wi s
(=6.6x 10°%4J ) | 37: URERHT STd U LA ol hIviE HaT (L) =eiifed §1 e1efd

L=nh/2n (12.11)
(iii) TR o e ARG | A f951d | s qe AEHerRd §) fawfaa uRfvys

FaTeH UReeTIst ol T fohan T $9eh ST 9R #13 goiaglT 379+ a9y &9

T Sfovifaa sifafwivit e T TRT 57 Soif arell e § GHA0 F Gl &l

S 78 U1 FT & d Uk Bieid Scdfiq giar @ forgent St grive ud sifam

sl w1 il o ST o e il 81 Seaford Wieid i gl e ok

gRT §1 St &

hv = E,-E, (12.12)

& E, T E, W SR i sreenstt #1500 €, E, > K|

TiRoT (12.4) ¥ BEgeH wAm] & foru fafa= st feafqai &t e 3 &
1 ek o T B Al 39 T § geaeia el Wi B r bl STrerEehdr 8
r ol HM UREfAd & oh U, SoeRe o iU Herl ¥ Hafud 9k o S
AR -FaliHIRTOT Wfse T AT HYd E1 HIvfE Go LEre §

L =muor

FATCHIHTUT T R o TR AT [FHIHIT (12.11)] o STIHR 10T Helll ok
A | h/2n % qUleh O e 2l

nh

L =mur, = on (12.13)

ST n Tk QUi 7, r Hefod e n & B ® 9en o, n' we § iae soeei
1 =T B SIAd Hell I noh WH o SFER, 1, 2, 3 ..., G AR R T €,
5= ®e1 * geF Faeq eI wed B
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Y]
W(lQ.B)@vnﬁmrna?ﬁﬂﬂﬁH%
e
vn_\/4n80rn'rn
TH HHIHLT (12.13) o Hief FANS 3 W 8H v, qfl r, o g f= sk o
B ¥,
poLle 1
" n4ne, (h/2n) (12.14)
e
. n® (1)247'580
n m o eg (1215)
THIFTO (12.14) 3@ 7 foF n® Fen | solae &1 wefg-=mdt, o n ¥ %9 @
S B G (12, 15) 31 STENT hieh 3TaidH el (n= 1) 1 §gst 77 TN I
foran 1 gar 2
. h2£02
nme
T R o HEd § SR Wohd q, 5N el i €1 39 Tehw,
h%e,
Cl0= 2 (1216)
mme
h, m, &, T e AT WG FH R a, = 5.29 x 107" m W= 21 81 FHihor
(12.15) 9 98+t @1 S Hehel © T wefl =1 Beonsi o n? o @ gig et 2
et BTEgeT TXATY] Wi Tl STERe § Seied i el el THR (12.4)
o wafta e o1 wF gfaeenfid w6 W U ®1 ST GeRdl @1 g
= () 555
" 8ne, \n*> )\ h ) \ 4ne,
me*
stoEn E, = snZent (12.17)
T (12.17) § Fdien] & A9 TW@H W 8H 9 g
- 2185107 1218
TRAUT ST W §ol o M W 3eia diee (eV) | o i Sl €1 aifeh
1eV=1.6x 107 J| g (12.18) ! YA: 3@ YR for@n =1 Fehal ©
Enz—lif ev (12.19)
fordlt et | TIfaHM Soiaela 1 ol ol oh oAt | HUNKHS Tog 9 &1d o1 Tideh
2 T goree, T o e § Eg 21 3, TR WA ¥ SeEg w1 e 9§
(N TSN WA H W ) 3d 3 T e & o faw st & sTrawashar g 197
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HHEHOT (12.17) — (12.19) 1 ST 36 sheu W a ¢ o goiegi= 1
e g €, TEfd gkt o el o 1l Hend HEd: e gt g1 (e
T Gd o ok o Tt oot o i el sensti | wiqu €)1 denfu s
ffcerfersi erics @thes (1868 — 1951) 7 I8 swiian o1 fo afE oxitg whear o
yfqaer i frferer &2 feon sme @@ ot 3 g Seiga weamst W Ot o '
Y o] Bt 2

AU W IO ol (RTTd : ReT ST siifaee

iferert o eremEE o fonelt 7 forel TR W BHN URe TR o SR Aol W Al Sl 21 FeieH it

T forRis &9 § TTH] T TEA I A FH U TH HiSe H1 O9Y WM ¢ @i H01 o R

Sori-faferfid = o senfaen! fagid o fauda, IR gr1 iy S el 1 wifaeit faaR T Sudfsd

21 9R A ffyea wensti o aferr soiei=i oh shivliE Ho o SieHiw ol & (=R &I § w&a fma

TH YR THY] I G 1 Ig Teh AH-FANGRT Fo=07 o
e, Fie AR o Gt o WY eH WA 1 GEET ST A oS qHe €1 WMISTR A

YHISHIOT ok Bl A TTAIY] o | WAl oh STeh¥U oal o Rl 376G Soiael ol ail o §g9 FHuifa

ferami
AR Hige W fohel goeRie 1 el AR o WX SR g i T 1 9N U {1 W a6ied

FRT o STIER, &H forell TV # sciae™ &1 7id @i fhdl Hv=a 9y & WY 95 T8l L Hahdl

TH ohad TiAe o =R SR fepram & et ffvea am o soiee o foem &1 wifesa o IR |

91 Y Tehd B| T8 WIehel Tohol-3eioi i e (S8 shefeh (ffaeel) sed €, ¥ STqaITa i S

Gehell B1 € e ohelel goie o e W R e 7
3d: I8 SAITEF ¢ fF 79 o7 q Hed H geH FR I I :

o TR HigH Sholel Ueh Toiar - WA/ o foIu oY €; 30 Hisel W Yeieh hell o foT Soll o1 Teh
1 oM B €, S ge saien e n R R e 21 ot v T ¢ R foRet goteie sl feer
e § Helg ol Toh ol THIT/SEA | ohael n W (9 3| Tggeieri-TRAT)/3eH o fog
Ig g e 2l

o TEIISH S THIYEH o fIT W INTETR a0 WHieRIol %1 gl F18 a1 e wEd §, AHs
o =R R fafe=r el o foprel g 1 Wifashal w1 90 4 o T e weH & 21 59
Hifdeed 1 aX Aied ¥ oo o foq aRefia e 9 i goHar 781 2

IETEI0T 12.5 10 kg FT & 3TE 8000 km 551 &1 T & H geall &1 Th
TR Yk 2 h § o @1 78 WA gC foh SR 1 hiviig gam 1 i, St
TR ST W AN &1 & f59 vhR & 98 ereiet & e ¥ fRdt soeeE %
T 71 ®, STUE 1w HY FAICH G@A A i

TA
TeRIOT (12.13) ¥ B9 9 ©

muv, r, = nh/2n

3480T 12.5
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T

&

T m=10kg T r, = 8 x 10° m| ¥FA gL STIE T 7ot HA T, 2 h Tl 39

T = 7200 sl

ard: 97 v,=2nr /T
ITUT D1 HET I FeH G&A
n= (2x rn)2 x m/(T x h).
THl 1 giqenfya W,

n=(2nx8x 10°m)? x 10/(7200 s x 6.64 x 10°3* J )
=5.3x 10%

&g ST o Suwe &1 T & foTu saien Hem il siftie 21 arda § g stfue
Faer G % TTU Faieriiehior el o GROMH Fefien! Side! & TR o 99 2

12.4.1 S &R

WA T FSl SH GHE ZHGH (ARhdd FROTHS 7)) B € 5
TR ST A ol ehea el (319 n=1) § TRGHAT il
B n=2,3... % g, Sl £ o FRUe 99 9 e S €, 37 el
el h AR T T Reqet § Sl e Skl St ¥1 WA Y ZHaT
st H R F7ag S7aTeel hed © Soidgi i Shofl =Aad Bl §, el
g, A B (AR B @) T e | ufeRH s e
TR 1 Bl (n = 1), E, ~13.6 €V ¥ 37: TEEISH WA T e
31X ¥ e ! K A o oL STewaesh g7ad et 13.6 eV
B 30 TEEISH WA T 777 il A hed gl G % HiSe oh HUR
R W W SAEAA Sl o JrEfTe A W SHH e dl Wl B

FW F A9 R, AR TGS WA 310 ey steeen §
T B 5ol g THIY] T e S WehH g St W il €, e
o€ I Y Y A Sl IS HY Fehell € Sl Solegd Wl Swd
el Tk g o T T B §1 99 o8 WA S9fer sraer o
FEAM B FHRI (12.19) ¥ n= 2 & fau; w1 E,
~3.40 eV B 58eh1 31l =g e o o ] ® forelt goteia
I THH! TECl IS STl H IS i oh folg Tawaeh Ssil
E,-E =-3.40€V - (-13.6) eV = 10.2 eV &lfl| 3t &R, E, =
-1.53 eV A E, - E, = 12.09 eV| ¥, TEGISH T Hl
T9&! R e ¥ (n = 1) THU UG STeeA (n = 3), T
IS T o folT 12.09 eV ol &1 SAavaehdl et 81 98 %A
TE YR W Serdl W@l €1 3 Sieia Sfeeensti ¥ e
AT e STt arereen § araw IR weha ©1 39 qih § 9% T
HISH SCETSTd shidl 81 58 TehR, TESISH UTAIY] i Sulsid STl
TEM W (AU noh dg4 W) I WA § I i w@ad
FH & o TevTsh =g el sed 2

TR (12.19) ¥ SRR STEGST AT i TRl saeenst
F1 Sl &R @ fo (12.8) | <wifan w7 @1 g&a Faieq & n

G'ZT1 lnr2lee

FA 390 E (eV)
A
/ Aag (MAfa)
T
© 5
-0.85 nz32
-1.51 2:3 3ﬁ'\5'a‘
3TEETT
-340}————n=2
TT=aw saeen
136 =1
forT 12.8 TEgSE WY & fag

FA-ER SRT| FW &F q9 W TR
] | SAaeM TRl RIS T
freTay st § sadla il B1 STReISH
AT i AT e o fag fersdt
ToaRA S fTAH ST ¥ 13.6 eV
Tl 1T SUeTs I wifFwl (&
@ A St sraeensti st Sufefa i
et 21)

+ TRl soiag 1 E=0 eV U oiftsh o off el Sofl el Tehl 21 TE qomel # setagiq
TS Bl 81 39 YR E=0 eV ¥ W 57 12.8 ¥ ST SUR Sl Srareensii &1 Uh

Hiaed 2
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TRt STerenat Tl el o AR HH § 3Afehd hial 21 39 T § Seea Sl e
T (12.19) § n = o0 o I 8 1 SHHT o 0 eV B| T8 AT h! I8 Holl
? S ek ¥ goreF O @ R XA T R (1 = oo) 3 9 foum # 21 e
STy fop TS STEeensti &1 14 n o 9g7 W {HE TR TH-I9 37 Sl 2|

fopdt weaTy] o fafaea ol @l o eifia i dieft gfie @9 1914 & e theh den &A@ & 1
I TE| IR IR o AT o TIIEH ] AT, ard W faf= fas Setien o eiaed e &R fwal
TR I ol gREfad & o fay 39 W uRad! diadr o faga &= e U seleel 3 R o
TAE ¥ W fRan qen UR o CATI[S i SO Sl SiaRd Y SN U qeft G9d B Gehal § o
TAS I Soll, TR o 3G ol R 5 golagi= & a1 399 S fedl fea et @ (Faa <fam)
o o el AR, F AfH T IIMEX0 o fole, IR ok foret R gu o1 Tl aen et el Wil ° 4.9
eV 1 Sl W 2| A 1T ot fTaent ot 4.9 eV 1 369 ferh €, TR 9 TRl € @ 9 ok
TRHY] 1 IS T T oTel e W Holl ST Y Fohdl € A o &R T ST 81 Hehell
2 [fei(a)]| T aTel SeieRia i TiaS] Sl SaAt &1 W @ HH 8l Sia

N

E, E -49eV A=253 nm
4.9 eV MMy, MM, MM,

(a) (b)
IS gl o | fafetor Scafsia ohteh ey teen T arad 31 ST [fes(b)]| Sctsd
faferco &t quresd anft .

_hc_6.625x10** x3x10°

E 4.9x1.6x107"
e Ao g ek qe S A <@ TR IR o Scis Tieed H 39 qURsd o A T 1@l B 8

o A H fafaen Sl @il o qe faeRl e i Scsi o TohH i Wi gfte & fag ther den

TS hl 1925 H 6@ RERR § gEIfAa feRan T
12.5 TESISH UTHIU] T TET WeeH

TR o Hied oh gard ATIUE o TIER, S i W] Sod el refd et
FareA e n, €, @ fre St feorfar ot aaed ST n ® (n, < n) H SHAOT T
2, 79 ol & 39 S B M v, F TF W T 2, qE

A

=253 nm
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hVif= Eni— Eni (1220)
En, 3R En, & faq afie (12.16) F1 W 6 W
me* [ 1 1
hvlf_Se(%T[E_n_z] (12.21)
sy, = e (L1 (12.22)
U 8eh®\n} n? '

TR (12.21) TESISH TR o Taed o foig et &1 31 21 39 way o
a8 & n.=2 R n=3.4,5.. A W@ S, @ T da AR Sof % fg
HHEIT (12.10) o H5¥ Ufafdd & Sl €1 369 gq feent i R 1 4 9@
Y Thd € S TH THN ® :

me*

R=%375.
8¢ h’c
et (12.23) W fafe= fedienl o o wfaeenfa & ™, &9 i § fe
R =1.03x 10" m!
T T AR ST G W W AF (1.097 x 107 m™) @ 31 ke 81 Sgifae
T YEifiR A o 39 OISR 7 dR-Hied Hi TR Ud YOEEnenl Hyfe
Eald
ﬁﬁﬁnfﬁniﬁwgm:m A M, E (V)
A aRomd 9w B € foh et W)l o
e gehmon o, fafv= fafaea smafaa o

(12.23)

RIS ST BId €1 BIESISH THeeH § ST 0

n=5
n=\A4 \ emﬁaqwq

I n=2 R n=3,4,5 M F aegeds 085 '

S S
ft TR T e S on =1 R n =23

n=2

-3.40

el

R

anfe; nf=3 3R n =4,5.. T qen
HRAUN oh AEIEd 8l Hehdl 21 39 St
HI UEEH ard H TShifus WY ok
v g5 TS Wgie, ST, W9, Sehe el
e SO o AW | S ST @1 59 Sifre
o A&l SeraRieh Gyl fos (12.9) ®
eIte T 2

& TR $=d ol e 9 e St
fearfa & o1 & A wieH Scafsd e § aen
TS TEH i 3HE @ S gl
21 27 St Warsl & SeqeT @ wed

-13.6 y Y

=am staean

B ifen STel sh1S TCATY] I i STt
L © et i o'l e @ S TRt
ol o f= oot frufa 9 s=2 et

oty

fo 12.9 @7 Wagn o @ o ot "0l 437

% HRU 3T BT B
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432

3J1E0T 12.6

feurfg & Herqo o fou sfrorwas Bl €, O 39 UshH 1 79U hed B 3d: A
Ted TRER i gl o Wi frdt foxfera 9 9 o o eerd e T
Y favelfta fory S € af Gad Tiega o i Sz st fenet i i fearg
T 21 i Y@t S sttt B il Wit © S A o wEpe g steenfid
#I T 2

BISSISI TRHIY] o TIFgH o1 AR Ared g &l T TIiehiv] Ueh TiawRIel 78
IyAfed o 97 eyfTR Fied fagid i Wfd &l sTafue drfsa fhan o1
1922 ® &R w1 Fifeert # ool R W TG fShan @

IATEA0T 12.6 Rt o1 1 ST Fieh BRSISH Waeh i dEHA 9ot § oM =R

TegH Y@re w1 a0 Sl ufehier it

T e 9= 39 YR =5 fohan o 2

TG S0ft %1 Fer =R TEnsd i W n,=2,3,4,5 ¥ n = 1 % WHA b TN
et 21 7W S € R
4

—— = — —-19
883h2 =13.6 eV =21.76 x10"° J

3d:

lif= = m
21.76 x107'° G = 1)

2
n;

_ 6:625x10%x3x10°xn? 09134 n?
21.76x107° x(n? -1) T -
= 913.4 n?/(n’-1) A
34 H9g | n.=2,3,4,5 Heefid s W g9, wR difed qeed W e § S e
TRR € @ by, = 1218 A, &, = 1028 A, A, = 974.3 A T2 ), = 951.4 Al

x107 m

12.6 HIT & FaicHIeUT & fgata IRWE
2 A GRT W TRTOT

TR G YEId W] o Hied o 9l TR § Had: 38U AE qa sifien
I UST T ST 1| $Hoh he o STTER I o =R S IReRHT hid 3o
1 HIV T e € (FAAL, =nh/2mn = 1,2, 3 ...) | SV 4T % Haa
o€ 7 A I € S h/2n % qUTeh O €2 SR gRI AU Wi W hid o <
o gvea 99 1923 § Tk WidE difaes dwien o9 % sivell 3 39 9HE @
7 gl

T AT 11 H ] Siel ol Uiehedm1 1 SAemee fhan o fSiaeh o @R, 5
F Y ol W T WY A R H o 9.9, SR 9 T TE. SR g
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1927 ¥ Wi QX 0 Ser2l o1 ahT Wopfd i e e TR oEE /
N

e

T gt o ek TR fob Solael™ &l aR gRI TEaifad SHhT JThR el
T, T HU-TUT o ®9 H @1 91 el S § 79 ! a4l o 93,
0 G off SIS SrarEena W Sy R S Y Hehdll €1 Hal 11
o foIg ifent 1 TG o 21eA 15 ¥ gH Sd § T fopel afa
SR o fafe=t Tl R e eh, ST fafie qeresat & So R
S Hehdl B1 UMY, el 9@t @eEd fagme ® et @ e i W
g Bid € den St er) ST qe w81 ghen o1 @ fon fameht
T H, T T 9t ST S R g S H Uk TR ST H aen ad

(o

A | T 1 TE el §U, Th qOREA, ] GO, srere hig off qurfen ‘

TeAT ht T o TR Bl 3T A H T H el o e
T ¥ AR BT & TN S0k ST WA § ¥ B S E P

Y

40

1 0" F e § TR T R o g A U g (97 12010 TR Fa H T

. ST T RS M R TET W HE
™ T 2, FAL e e
2rr,=nd, n=1,2, 3. (12.24) T &

o1 12.10 ¥ forelt e el W ek foun=4 2, wh st
U1 T A T BN 36 TFR, 2nr, =42, 561 A n'™ Fa1 H 9fEhT F g sy
1 2 Sitel aURE 21 1eAE 11 9, 89 A € A = h/p, Sl p Seiai[ o Holll
uferr 21 A el Y = Rt Wi AIe § 9gd A §, A TR mw, B 5
R A = h/mu, BT 0T (12.24) ¥ &5 W< 8T ¢
2nr, = nh/mv, ¥ muo,r, = nh/2n
TE RGN TEGd SO o hiUg ol Wi Feied Wiaed ® [ G
(12.13)]1 8% 12.5 © g9 @ § for e qeliehtor gregiorm o] o Sl &l
der fafaer wmenstl 1 =@ ® &1 R €| 38 YHR 2 Sivell i Ui,
TReRTH S o HI0NT AT oh FAICHIHIO i aR R F&arfe fgdta sfpeia o
foTU, ST T el B 1 SoleRiA T aelifed ey qefl Sl fefaE, Seieei i ol
Thfd o HROT € R hael S AW 96T & erafterd @ Tehdl 2
TR-Tisd fed for gfaftaa wer vy fesor (A1fs & =r 3R Te-Hgen hem)
Hfnfer B, Sregiorad THIIST ™ (Tshel Soieei) o g Terull, §ed ® ¥ Scdtoid
] SROTHe SN fafenon st sgfeai i sfaa wfasgamf st 21 qenfu g9
Hied w1 B T F T W FI ¢
(i) SR-Aied eEgSHEd WA o o € Suge ?1 fg-soiagi wam) 9 diferem
o foau ot 38 fowaia =€t fohan < werdnl egiem e wamgst o foau IR Aiea
1 Th U 3 Sera= arel THETST o faveryu o feu 33 & o 79 fou
MY, TR IS Thordl Il e Z| hicE g8 € o Ucieh soiaei chadl eHEm
e ¥ & & g g Wt sele 9@ oft e feRen e 2
* BTEGISFEH WA o W] € S8 o AT +Ze T AR IR Tehel Soiaq BT ©
el Z Wiei WEAl 1 BTgEIST U], ekl Tt eiferd, g st eftform gents
BIESISIEH THTST oSSR €1 59 TRAvet o sifues Sfeet seiagi—-saaeH 3
fopamd &t o A
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SR Higel oh HEUUl H gl qel HAEd ek o e g oot giwted 2|
T solagHl % Hed fagd 9o wihel TE © S foh ag-solege wanget o
AEYTH ®9 Y Yhe Bl 2

(i) Ty IR-ATeT TSSO THV[S gRI S YT &t sTgfae i 9&t
wfersgaoft shear €, TRt off o Tiaga o srgfaal 1 smifee dioast w1 s
T R U1 BTEGISH ok IS TaeH H e 399 g i diaan &ftor gt
, Stafeh gud srafal skt o vt gt 21 4 S g 82 Wit Yaror <@
& foF o Thuu T 1 3rden sk wiwd €1 aR-wied fafy= gl
fafay draasti =t saren w60 § sramed 2

AR-Tigd TAY] 1 Rk o WA i € q9l $EehT Sifed WATE o fag

YRR Tel a1 ST Tehal| Sifeet TAMst o fore g Faien Afeht | oenfa uh

U ey Fagia shT AT A BN S UHTY] G BT 3Afueh gof fos T e 2

gt sfig-Tg aTet AR a1 3o WISHhH i ot SIS ST&l ogd ¥ T Tk §R § Ja9 Hich qeft
feamel & S @ B Sk heH AFEIH & qo1 STk s= H IS hon-Hed TE 21 qHU AR gd oSt T
o Afenl o1 Gorafterd A€ #d gC G| 59 9 % weH TH-g 9 firen €1 7l 5@ o i <fau

T WG S At A fRE ged ¥ Sea qen 9 9 e
IS T § e AR 2| uienlt et ey, (LASER) § ared ® ¢ S e
fafersur & 3ET 3T GRT FhIT Fa4 (Light Amplification by / é{?wj Z
Stimulated Emission of Radiation)! 1960 H 8o &M o ey
e &, 360 T o dreifirent & |sft & o wow o foren| st N

iR, e e, Stefae, SRR, v fafwhe, St o (@) forelt e ¥ Tl S
Y 3Hh FAIIAN B W T hS oIE T &l o Bl © fRT &l oo an
0.5 mW Bidl 21 % UfHel ot ed © St Gohdeh &1 Hifd R Tl 200 S S
2| SToiRe Tofe= emaisti o o STeed © TSeRT ST SiE S| (b) R Tl
ISR ST STFET SAHIYE hi U o edshd oh foIq eial 21 3fad: o U8 el o € S 5o =1 off e
HI oS L FHhd B

ot Gid © gehter, T o Uehe oh &9 W Scarerd gial 1 el S Wi § S el el 3eh
TN 1 fago g 21 fafe= aom & 18 whon day off 8T 2ian sHie, TE R, At e g § o
TSRAT B 3Ted oSt o faeaiia el € e o b1 WiEs S oh 91l dfl ¥ oedl B o Wehe § Uik
Yone o1 TR WA THH Bl 21 G o Uohe Wi 3iHa wiere i Sgd Atk et 21 gHent a1 € T
e THE A oh foTT STee shell WE Heil il 81 S8k IROTAEEEY OE GST ohi STIEX0] QY ¥ &l il 8l

I ferelt diq o N oA & 1R qeieh TRATY] [ e sh1 FeRTel Scdfid s @l €, qe fRet e g
BN S ol diodl NIoh STehAadl Bl €, STeifeh oieX id § 98 NI & STIshAMU 81 78 W gC
foF N SThT 31fueh 2, B9 o §ohd ¢ T W i 1 o108 ok § TRT 31id 0d 8 9l 2

S e e o sTaRer At =gw W T @ 3= Ik IS W Yyt i I T 3R T 91 @i
e geelt W ARl 3 Tk i e g 3Eeh! AR e N9 SgH W W@ 40 g wefda e ged
TR 99 T80T foRa 1| qUEfd oreR G 1 |gST Al S-S H o Sl §HA 1 AT T S ST
AT F (a) TER YT T TG HH STIE 941 (b) Yoot ¥ =gHT i g, 4 &

-
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QRIIT

. O] el THeTeRT S SEEH Bl € SR SHeTs TRAT] | €esT 3R Romes

I e q9H B 2

2ZrE-Hiee ¥ TRA] e i el B 7 e goleg ofd wenfid et 2
TRBIE-HiceT § THY] T TAlfeh $eaTH SR TR el HEY Tk GeH
Tk § Hehfad el © (WETd: TWHIY] % WigS %1 59 gRel |O) ae
TR 3T IR AR Uk w2

TRYW] H WS I A FH § RS ok AR Hed § d A
HISEAT € : () SR STER TRAMY] R ¥ Fiifeh A9 o ¥R AR T
B a Selagil 1 |itel 92 T e Y SR A 31 S =) T e
o T o1 @eA Sl 1 (b) 7T fafe= deil oh TRAmgeH o sifeefien
AR I I SR Tl 6T Gehall

ToIsh dedl o TRAMY] TR e € SR ety TiegH Scafs ed €
TegH ¥ feorem waiR YEnel w1 gy e ¢ o ae Wagd #ed §1 T©
TH-GTEAT o e § STEnd gee < 2

TRHITS e e STt go et Wen St s 8| fme goft o
ferght Y@ i g i T TR % AR ok ®Y H oA fhAT ST Geha B

AR §RT IS Ieet Taen e WSt o wfae i A A

fo fieg W) 3 TEgNHER WEUET (Thd IR) o fou uh died

Ao fRal S=iH i SR Ta fRT den Flen AR w1 g @i

(a) el BTEQISH WY H IS Setaei Tl forfenor Sioil o Scaroid o fHfve
wefrenl (=2 et en wed ®) o IReAT #d B

(b) ol wen & € fSeh forg shiofia Wam h/2n 1 1 quiieh oS el ©
(R &1 FaieHipa Uiase) | safd L = nh/2n, Sl n TF qois 2 5
FleH & Hed

(c) TR ARFET & HER HIE seiger 0 U faffde sifasmolt wan 9
=1 TTeTae STl 1 el § HehHUl Y Hehel &1 UH i § Th B
IS B & forment st arfoes ol sifom srawensti w1 Seiet o ofa
o A Bl E1 S BIeH Wi g (1) FE g gm S R

hv =E -E
Hﬁﬁmsﬁmﬁr&ﬁﬁmaﬁwﬁﬁam%ﬁﬁaﬁmwﬁa
Y1 €, 39 Teufq o SoieR[ n © I=9 9F & wen § Ifdia e el

E +hv = Ef
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8. I HaT o FAIHIHTOT Yiaae o IROTHEEY, e[ AfHe 1 G
et fafire Bl @t wensll H 2 i 81 TEeeH WA % fT SEeR 7H §

. ﬁ(ﬂf‘lﬂ
"lmN2n) e?
HA ol o aifed €

me*
r‘=8n2$§h2
=-13.6 eV/n’
T, n =1 Foe, TTan e wEdw 21 TEgSH WA § TeTan st
Sl 1AM -13.6 eV 1 n'oh 8 TM (n > 1) ST fareensii o T &1 TRArg]
T I sTaEensti W, SR WEVET A seeRHl ¥ Weg N e 3tad smafa
% HIZH i eI Hich, TEud 2l
9. ? sifrelt &Y URereuT, foh ToiaeiT 1 TURs 4 =h/mo Bt €, 3 q1-07 o
S WY T STANT Hich SR H FEied HEAA HI AR H| HET JDHR
STUTTHY TR o W § TRt e shi RfY aearesa o quf urSii o S 2
10. IR Hied TRSNHEH WAET (THhd SoaeH) o fau & Sugs 21 =@
To-getaia W] S Eiferam o forg «ft faeanfia ==&t feran s weman| =7 wiea
TEEISHEH TS @t sTgfaal st smifard doreti @t off s T& W
7|

Taemota fawx

1. IEEA Hied 3R WEIE ded Il € sremh o s 7)1 e aied fer
TYA Y 9 IRAER B, Sl WIS Hied Hefd soeel o dgages
fafertor oF HROT SArER e B

2. \R A wvig gan (T sifigEa) 1 & Faierienor = frman, R o af
o1 & T2 e € T haen i Tor i fom T € et 7, SR gReR
Henet o fou wIvie Wam U ogd WEheR Ui @1 e e s
e & 2l

3. TEESA WA H 9R "ied W e fauv, siffieaar fagra o e s
ol 9% MY e AT gRI Wiceenfaa < fan mr o e 9 it swend
3 &5 € el 3eEE o UIY M ! Al Sgd At B Fehdl

4. 9R 9fER =t fearfd o fu=t, ST Te-7 & e ey 5o, g iR v
T o 9 et a9 (Fifh T H FATH R ff U8 % 5o9mE | 95
aifersh ®) T &N g kY €, TFA-SeIaRA H ST foRan o wRT S
o1 T AR TSIk S o o qod §, i a9 qen Rt afemT
H WM wife 1 21 8 w7 TR U7 T A F A= et 9R) wed
Tg-SATL WAST o foIu Suge T 2

5. g fafere wai #1 ufcheun weh 9 soae fafefa 7@€ &, )
Fdien fagia 1 g Wil R~ & Aied | ohoe Th Fdied G&Al n aftmfed 2|
o fagra fot Faien Fifet sed €, IR o AfFE &1 g & 21 qenfy
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aeen Afeh! (e =aueh w9 9 7)) H, IS a9 S R e T &

FAleH YA o G &l SIell| SIMER0T o W, hig STaeen IR Fdieq Seme

(n. L m, TN s) ¥ sifeterfom 2, Afh gs o fawa o fau (segeH

TRAM] P Aifd) Sl oheet n W IR S 2

. ¥R FAenT STUETS o6 faepdt, IR Aied | el Seiaei o oTq+1 el §

TReHHOT ST T o1 Tt 1@ 1 g W e Tee e | T @ o

gt h <o TS < wefta el 1 S B 81 Set Fied Hems

(n¥ n-1 &, n 98 981 @1 W) o TLA WHAUN | I o TH THH & S

2 S fr arafer 2

. ¥R o1 Akl Higd S $9 df FetEent difdst o Teqel W qo 9

ayfer ikt % Telell W UG T, TReTH SRS SEH WA w1 st

Y Tesn el htan Wl o areqe W aeien ek § 9w i @ S 9] "

T o gorgd w9 § fa= €1 Rt afg R Aiew qof w9 @ die T R @ ' m

THoh a) # Tafaa o g €2 qefy SR Aied  STE o H a9 B

HRT T

(i) =€ Hise el i SR T SR 2 eifeh fhe ot eEgiem Sy
1 o Gl foeeti i s Wi 2

(ii) BFH TR iRl 1 TS Fehouiel w1 W ® S9! 39 Higd o
THEY 2

(iii) Hieet el B foh oo wfqeaaniont i e o, fore wohr forelt Sgiferes
Rfcrerfa=i i, wefi-eft o TG THENA BT AR SUET HT A
=1feq) afe fagia a1 diee H1 wfesEmh W& 9 Je @ € @ o
1 IUTA T TS THE I AT HH H1 TISA HET A6

L™

12.1 Y% $99 & 7d ¥ U U Hohdl ° 9 Tt fahew @1 =9 ST

(a) 2T Aied H THIY H GBS, EIHIE Aled H WHOEE 9Es
£ IR g 1
(eTUeTRd T At =1 =&, STUeNga wIH FH)

B) e ¥ frqq saeen | soeed el 9§ B § SEE ...
o golagiv, 9ed 2 9ol I S 2
© eeerennn. W S o Fenfieh! WAT] 1 A g e 2
(e HAfed, TIHIE Aied)
d) TR T o S H o o G e g € et

.......... H o1d U FoFHM oo g 71
(A Hied, TIHIE Aied)
©) eeerennn. o H] o UG | T SeUHM et Bl gl
(TIHIE gied, A1 wiga)

12.2 TF cifSy i w@of o=t o T W 39 gEGSH St Udel I & STAN Heh

TR UEHhT-h0T Teh10H FANT e i SEE U il €1 (g 14 K 9 e
a9 W W e W 21) 9 fhw aRem i arden wd 8?2
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12.3
12.4

12.5

12.6

12.7

12.8

12.9

12.10

12.11

12.12

12.13

12.14

IRE St H ferme et Y@t w1 g a2

2.3 eV Fell St forelt Wy § < wrel T o ek Y a1 8| Seater fafsheor
wt TR o B A A | T Se9 WR ¥ T W H wehm e 87
BIEISH THTY] 1 et sreen ® e —13.6 eV 21 36 o1ae | Soiag i
TS iR feafas St o eit?

Tretan sreen o foomM T BEgeH WY T Wi i STEgiiug i € S
T n=4 WX a6 ST HR 1 81 B 1 aesd qe g S i)
(a) IR TS HT YA Hoh fhd TEGNH THY] H n=1, 2, TN 3 T N
TS I 916 URehfad STl (b) 370 ¥ Yoieh &R o fou wefta erafy gfiewfed
Eais

BEGISH THM] W FaRad Solagia-hel ®i B 5.3 x 107 m B1 when
n=2 3R n=3 & Bt = 872

HW o A9 R T g W 7 12.5 eV ®1 saRH IS #I T6ad Hi T
ot TRl T Soft Sl gni?

TR Hfed % AIER @ ok I AR 1.5 x 10" m = & waEm A,
3x 10* m/s o Hefa a1 ° IfeA It geat i Afernetfies Faien S
FITC (geat 1 §FH = 6.0 x 10%* kg)|

JTfafed 1=

Fretforfad weii o ST < S eTueh] e Hieel iR WRHE Hied | ofd

THgH 3g IS e § Wedw R

(a) ¥ 2fHEE Hied § Uael @l o=t ¥ gHifvld oo 1 qEEAt i
faaror ST, IR Aied R YEIHING I o STedd HH, T THM STerE
arcfere =gl 872

(b) <HEA Afed g YA U9 UM i FIoehal (7@ a-hvm &1 90°
I HI0I W THUM) TIHE Aed g GAATTT 7 § 3T HH, TS
THM el STt 772

(c) o1 w1 7 Tad gu, 9N 5 98 I T @ R R wier ¢ ok fo,
A" HI0T T IR o~ Bl TS ¢ oh SFIHAUIS S| ¢ T T8 sk
Frefean @ woha < 22

(d) ford aice § -0l o Udell T W TR0 o qTE SN FehTUH HivT ok
R Bq TEUHIUN HT SUT HET qUTdA Terd €2

BEEISH THY] § SAa TG e o Hed [ocnuvl, Had-Shuo | e

107" 5 Uk ¥ W T TH AL I TG 1 Th dhiedsh SUM e ¢ b AR geire

T Wi eyl R a5 Bl fohdll e TTHIY] § Yo IR el & oo

T STTHAM TEY| 37T ARSI STR |

ST T TR TRHY] TR n ¥ ®R (n— 1) R RS il 8 Seatema fafenor

H 3MGFA 3G HIeh UK HITSCI n o Aok A 2q, IR T a7 1mgfa, seiae

1 el | qREhHOT T FeliEeh! g o SR 2l

Fenfaent €9 H fopelt wEm] § soiae e oF =R IR fohelt off wen # 1 wehar
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T

Bl 79 TEd wEve wge fhaw i g 22 WA oo g wgs Wi
e TH TR T 91 i T 22 TW U A 9 i 3 JiHg WH] Higd,
S T YIEAYE W UGl ®, A% TgeH § el gd Soie W el ol eret
WS | Yd 3 F TR B, ST S0 i oh [T &H Ho il @i
pa o T e wfafafy sk 39 % 9o o8 oo 1 fomn ot #iE afen urw
Bl ®, TSRt T, @ WAH] o H| WES (~ 107°m) o SR 2l
(a) gt fmtent e, m,, 3R ¢ @ o= & fomn o afer &t a1 Hife) ST
T q | Fuifia st
(b) =" TET T (o) o 9 oo waveE famett o qi@mn w) wife § S
B B 3@ SMfafta 39H ¢ Widfer 81 TXg RE[e w1 St SifeeRdal
aFTIfetsE & (non-relativisitic domain) ® 2 §&l ¢ # g uferd
feht =&t 1 6 Teh A AR I ¢ 1 TN AT & WA Fgs 1 9
W & fau ' o=’ 3 & fau 9Ra foeren 39 v @i faais h @
el R Tgel & enfaswie 81 T ol SR w1 geHghe 3 wewH % h, m, @R
e % T ¥ € WEl TAIY] TE W SR 7: h, m,, 3R e ¥ E T Y
formn areft fereht fer &6t = HIfST iR gfie wifSe for o gemas q9m,
e o gEt aREnr w5 HifE & 2
12.15 TESSA URAM] Hi YW I oTaEel H TAGE hl el el oHIET
-3.4¢eV Rl
(a) 9 37 ® gl Wi Tfas ol oo 872
(b) 9 37ereen | soieei @ feerfas sl o 22
(c) =fs feafast s o I TR o 9o H aRads & fgan S ar w fiw
S H ¥ HE-F IW gREfdd gm?
12.16 4% s &1 Faiediw ifeia (Hivia Gam = nh/2n) Fia &1 9o Faa @ @
7§ TR TG 1 WM H o A T =fe) 99 76 YF o 9N ST TSI hi HaqeH
o FaleHiIol o fawa § st ==t F T B ?
12.17 vom aR-B @R =i ereglo wary [srfd &g wE] fSed e
207 m, FoFHM HT FHOMARE i (u) T o =R/ R oA 2] H e
3TETN S i YT HA HT IR HITS)

439
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13.1 ofaawr

st St o B el € foh Weeh URATY] b1 SEel A eiehi 9ok ohg § ehigd
B ST @ ST AT 1 AR S B A w1 Shel WIgs TCATY] o WSS i ol
o TR S BT €1 -0 o WehiUH Heell WA A 7€ e e € fom e
=1 T, o) 1 B 1 ge | 10 T 9 off e e =i gwen o ®
TR T ST AT o I o 10712 T o o9 21 TR Il § she dl TAT]
o arfererterd: fom Tom € 21 9K &9 WA 1 HES @ Hall o W o alel
T A AE T9H T FUF o TS oh Wies T @I S qenty, qXE] S e
Ul g9 (99.9% W i) iy o & wHifEd e 2

TRATY] ST TS oF EEY 1 AHE hi ft T = 22 A TH Bl 56
Fad F-F &7 F WER 59 TR I €2 39 3129 ° g9 39 TR ok Tl
IW GISH 1 TG ST gH Aehi o fafere qoi, SH—s7eh Wes, o
Tofac &1 == % WY T eag A, fTeet @ gomd SE i
REeAtes w1 off foeem

13.2 TIHU] FHAN TS A9k & @

TRHIY] T S hElU™ 1 ge | §gd U el 81 SSEl o foy, e o
AT 12C T SN 1.992647 x 107 kg ®1 a1 SIS TR 1 7O o forg
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EIEED

feretium wgd glaursTes A el €1 37: AT SeAHHl hi oFe i oh fag
TSI 1 Ueh 31 HI5h WA o2 T 6 W %1 THIY] S Ak (u) HEd
g1 THeR! 1°C WA o FHH o aRes 1712 9 9 oFed i B

37d: TH YR o 3TIER

'2C 9] 1 TIHM
12

lu =

~1.992647 x10™*° kg
- 12

=1.660539 x107%* kg (13.1)

T $o99H Tk (u) H o e R fafi= aeil o ) 5o, sege
TRHY] o FSAUM o qUl U o fehe UIT S §1 Wy 39 FEW & oreh el
aruarg st 8| S o o, SRe s IHT] S| 35.46 u Bl

TRATY] FeAHT <1 el HOH, STHH IuishHATd (TeHe) grI fhan S 1
AT SSAAE o WG H Tl =ordl € foh Tk € el ok fafi= bR o UE aRerget
o1 e & TSop TEERe 01 df §9F B § W g SeIdHl | SR el 81 T
& a ®1 U WA gonfaa e Seaael § S el €, Hee el ©

7 (A = eTeEerd w1 wed & weeent €, 9 AW 3= gHfo fen W B
AR qeal 1 e GO A F el Tk B WM W U S 7)) | W ua = R
Yok dcdl AR ®9 U hE THEAR] w1 fHeor | fafa= aaeenteni &1 wme
gl dcd SEe oh WY SEerd @)

IR & T, FAKA o 3 GHRUIE 7 oo SoIdE %AY: 34.98 u T8
36.98 u €, Sl fon BB TRHIY] S o Ul U & WieTehe 1 3 THET(eh!
1 GYel SEoR HAY: 75.4 TS 24.6% | TH WA, Th{deh Sl UCATT] 6
SH T HEEeh] o1 YIRq-3719d €1 3Td:, Wiehfdeh il TTHTY] <1 SoTH,

_ 75.4x34.98+24.6x36.98

100
= 35.47 u

€ WE © S S 1 T SeEEE 2
Tl o foh TaQ Toieh < BRESSH o i o TRt € fSeR S

1.0078 u, 2.0141 u TH 3.0160 u Bl o Beich BEGISH WA et Fmder
g 99.985 % T, 1 AT, W healdl 21 Th T o1 SeqqH 2,

m, =1.00727 u = 1.67262 x 10" kg (13.2)

g BEGISM TWET] o SME 1.00783 u H ¥, 39Y foRmM U goiae o SoqqM
m_=0.00055 u H! S ¥ W FHHM o SR Tl BEG S o T I THE R
TiRem wd ZEfean weemd §) gsferm i s 8 % Rl wehfa | el
o R SR ERE g s ¥ it s E
Tfyen ® o AW WAl 1 €l el Bl Wi W Uehish Hol e Bl © 3R T
Tl SO €| Tee 98 TaeR o T i o seieei B € W aeien fiagia W snefia
et o SHTXOT S W=l i FehR Tean | forelt aeeTo] o @it soieei SHeh AR
% A AW ¥ 7 SR ¥ fr RR T & T o ot 3 seret w1 wen 441
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IHh AT Uik Z, o SE Bl 81 37d: TH0] § TolRiAl b1 ool A (—Ze)
3Gk YH & Hel AT (+Ze) o SR Bl 7, FHifen TR] faegdia ®9 9SS
Bl 81 safey fohet qxaTo) o e o Wil i HEA, qead: $Ushl TRETY] i,
Z Bt 2

ST Bt @I

Fifer i & 2Eferm eegem & & gaenfie €, 398 O g% & Al
T TH e B A1feq| Sifhd Seged, SYEIREW T 2rsfeam ok AIfyeh o ST m
o oqud 1:2: 3 B sufew ggdifiom w grfean o ifiel o e o eifaftaa
FS ITEA T o T e 37 FHEAR] o AT | foEme I{EH o
T I HET il Y-S0 o A § e i df HAI: Teh U9 o A
& S Bl B1 98 924 ST shidl © b qRAropet o Aifeh! ® wiei o stfafie
oA WA aren 9% 3[EH Tl TR gA " o6 Ul o ®9 H &l Bl
21 39 UReme &1 g, 1932 §, S <efos g i T e @ Sw
Sftferm Afaswl | Teh wof (Yot o1, dfeem Aifas g © e fawa
o gH e SEM § == 1) i GoR Hi S S, 9 3 e SeE fafweo
3fsia g §1 g oft wan mn fR 3 s fafwon, difeem, weE T e
S T AR ¥ Tl ST W 9l (e &1 39 9Hd 9% 9 U
wE I[EE fafe wie (faga e fafeon) & o) e @ "am weem
el &1 v W W ogar 9en TR oAk F /e fafeer wer o oan
T TTR! el 34 fafewon &t o W Sga Afue sidl s afRkforam et
Tl HUI 1 99N ¥ W eid &1 39 99 o gueE & 94, 59 defaw
q GarsHe @7 § BA fRan, 3 houwn H gHifed o fo Sem fafewwon #
T U YHR % IIEA FH0 B & TR gei7 hed ¥ el ud gam geem
|l &1 3T #, 3B TH AT HU HI SHAE A HE H AHAT WD DI,
S8 W@ & SoHE oh TR SRER U T

9 TH I H FHHM FAE deidd | WA €1 9 R,

m, = 1.00866 u = 1.6749x10*" kg (13.3)

= & @S o fau wefaw #1935 o Aidd R ¥ gt R
T T R W % fawia wF ge =g swerd B 81 9w uw W, U
TR @ Th U (31 g FU) % ®9 ¥ aifyd @ S 81 gueht Sl
g AT 1000 s Bt g1 qety, WHE o il 98 womh gar 2

a1, mgll?ﬁ#r T frafafea uef T Hond gl 1 SUIIM ik THAE
S Fehdl %I

EE

Z - T FHF = WA ®I qel [13.4(a)]
N - =2 9&q = <Al i He [13.4(b)]
A-ZHH & = Z+ N

= Ml T WeHl i Ha qe [13.4(c)]

e T =g % A feerm v w1 st ST fma snowea 21 e
fopdt T § SffeRraie G SURl S GE@ A B R

et Mfwhta gefa o1 faew i "ond fog 4X g7 WRRfd fRer s R
SRl X 39 yofd &1 TEEtE e ®1 SIew o for, wol-ifae i Hehd
197 Au BN Idd W E1 TEH 197 Jfaedia Bd § fd 79 We T 118
=2 B R
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EIREY

@ TRl 9 o GHEfTeRl 1 GET ) el 9 99SRT ST Gedl Bl
fFet Ru MU a@ F et % AR § Ut @ gen a 9EE et €,
WY I TH-TW ¥ LA H gEm # g § e e ¥ egdifew 2 S
TESSH 1 Th G €, THY Th WO TS Uk g2 Sl @ 39k gl
T Tfesm 3H | Tk Wied TE ] <2 B 1 9 W@l o 32 HHeenfish
B 2 S gorm Semstl % WE A =173 9§ A = 204 % Bl ¢ T8 BH
el € Wl goh € T el oh WA U Seh s foerd W R
# €| i, THeente TAEt % gorrRie o M el € S qEEtien
=EeR Hl Th S Bl © SR TEfOY S ofed HNUl W U B WM W
W @ Rl

W wefi Tfvw 5 SoomE G@ A 99 B © GHYIRE e Bl
S, Tk SH T SHe THOIR €1 TH Afw ST =2 ¥@n N 96
B A T wHE Z fa @ gEggitie wEa 1SS, 19 Hg ue
197 Au TR €
13.3 =fyes @1 9Es

ST BEH A 12 ® @ €, WIS JE Sl Setie o feeie wre) Aifies o
T 1 IREET TE TITAT il TR o Fod W TR TF Aded 3 @l o
ok T UCH UM oF FHIUH | Hafd UEs T fohanl 37er JarT § 98 < g3T
% 5.5 MeV Tt il o TeWhT HUN T W0 Afhi oF Feheser T8 &1 o T
4.0 x 10 m 81 Tl = A ¥ -0 o Fh1UH i TIHIE A T8 HehT GHSAT
o WehTula o foTQ kol eheli@ 1 Ffaensor ol & STREEN 1 i, SHIcHe Ao
iy o Fifed eran €, e o1 arfass @9 4.0 x 1074 m ¥ %4 g =

If 9 5.5 MeV ¥ 3Af® ol & o -0 YA HL Ot 9k 01 ACTRT
% frheey €9 #1 T IR FW @ W SR d uivH ey W At
gl ¥ gaifed B o SR TR gN fRU U qReerl § W| AW §sd
MU TIHE o INhe Tehl HU1 Td @0 ATkl o FEe o SO o
9 o A9 Y wollm Uiiehsu 9ol R eneiia #1 SH g0 oh gW o W
T o Uikl ® oTH dTel R T eF o €, s sl o fau
¥ frepd feren ST Ghar 2l

T YHIUH FAT ek SH o0 oh T TR e T4 el o1 fafa= a@t
% ST BN H1 T B, T qcl o AI9hig W ofeid uRYsd ¥ 96 faRy Ty

Tg T T TR A 59 e % Aifas S B €

R=R,A® (13.5)
W& R,= 1.2 x 10"°m (= 1.2 fm; 1 fm = 10"'°m) @&t 1 2 & s =1
e (S R® ok ST AUE €) SodH §@ A o ST 8idl 81 o%d: e
o1 Tl T et €, srerfa, weft Afeht o forg soet wm A W R T e 2
faf= s 5@ fo@ o9 & 59 #1 95 1 W& B | AMIH 57 F1 T
2.3 x 10" kg m™® & Wi=ehe Bidl 1 WH TSI 1 g | Sl 1 T8 A 98
s Bl €, SI9 Sl o foTg sedl sherel 10° kg m 2 € Bl ©1 59 924 S ST
T guen ot S Gl 2, FifE T8 €1 Ted & 3@ gk § for wrem) erfekiem: i@
Y figd ran 21 g warget ¥ 9F s o 9€t Ol | Red e e 2
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3418107 13.1

33lg{ul 13.2

ISTEOT 13.1 AR & F119F 1 99 55.85u Tl A=56 2, ST AMHHT e
[ RIS

'
m,, = 55.85
u=927x 107 kg

THHA 9.27x107%¢ L
s (4n/3)(1.2x107°)° " 56

=2.29 x 10" kg m™
=2 AR (T @ Hifqent fig) § ugiel w1 Se 39 e o WY o g1 98
Terian @ foF o9 q)I @ %o 39 Hie ook geiifed &1 T ? T =g e s ae
Tk i TWE BN H 2

13.4 THAAFE-FSA qAT TAMHHKT FIT-Fsll

13.4.1 THA-Ssl

SMERTEA A v fafite eufaerar fagid oF oUR W I8 IR foh 8™ et
& T 0w ¢ fafire smifirerar fagid 9 vet @' O S on foR Rt siffeman
o S Td Sl STeTT-3Fen T Bl €1 TR SIS 1 ¥ <wiE foh SorHe sheel
i 37 T T SR B TS S o 7 e, S e, e
Y Hehdl § o TITda TeRH eid o1 i SoAEH W ®idRd e i Hae 2

THeh o0 R 4 S ufs SoaHH-Sel Sagedd Sa o 98 ©

E = mc? (13.6)

Tl E, S99 m e FAqed o1 @ Ua ¢ Tata § wenret w1 9 ® fwen wfeene
9 3x10°m s~ 71

IETEOT 13.2 1 g T_1e o TAGET Sl i IReATe HiTag)

T
S E=10° x (3 x 1089%J

E=10°%x9x10'%J =9 x 10"%J

9 TR, A% T 7 g i oft Soit § wwaika fmar S a6 S i fowna

AT g B 2

STEEEA o SHAM-Sel da i JEes gite, e, el seieeH
3 B & H @IS T FUN ok o g arelt Akt stfafwenstt o stemem o w
T 21 foreht srfafran & st gter M Q@ sty @ fe ol goaam 9 Hag s
I ft ufterer § |iferd ot d aRiTer Sl 3tfam Sl o Se Bidl 21 I8 oo,
iRt T uREafie s fopenstl ud Mt s @ wwen o fore Hewyut
Bl FEl T FB AT w1 favE-ewg 2

13.4.2 TR SATA-Fhall

A 13.2 § B9 2@ of foer =g wd W2 1 o 21 oa: 98 eniferd € T
e 1 w38 foeme =il T Wel % Sl o i A Tm o aE
B SR, T So9/M M, T<9 $m ¥ %7 T S 81 S ok o, ey

AR T =
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%0 @i | THH 8 WM T 8 =i §l I,
8 =2 &1 FFAF = 8 x 1.00866 u
8 W H FHIH = 8 x 1.00727 u
8 TAFRMI 1 SSHHAM = 8 x 0.00055 u
THfe SOk T 1 Tifad F998M = 8 x 2.01593 u = 16.12744 u
T SUihHAd o WA gRI U 16O T THIY] FoAH 15.99493 u ¥l TEH

Y 8 TR 1 TN (8 x 0.00055 1) FeH W 10 & i 1 JEfE 7H
15.99053 u 2l
3T BH U R SAHASH PO sk 1 SHHM, 3 Hewh! o el FAHH

¥ 0.13691u FH ¢l T o M TS 59 H<eh] o THTH & 3T AM, i
Zeqq &fd Fed ©, SN SHH W 3@ YR ¥R [ha1 Sl € :

AM =[Zm,+(A-Z)m, |-M (13.7)

-t w1 e @ 27 U W SRR H S-S FHgeddl fagid
Tt sgfent fasran 21 <R, Sfardior ¥R T Soo|M 59 SIeehl o SATMI o AN
(Sraifia sraen W 8 WieiH Ud 8 =i 1) W A eidl €, ferdior ATWeh 1 THqed
Foll THoh FZh! ! THGET Helal ok AN ¥ HH Bl ¢ AfK A Afeie Ay
FH 8 Wedl T 8 g H fom@fed & =© @ ookl ¥® AfaRa =,
AM ¢, 38 9 1 Y&H HT BN 3en fIU sevaes T el E,, SedHE afd
¥ frafafed g g wefud gt 7

E,=AMCc (13.8)

SETEA0T 13.3 T WY FoAHH Tk o THqed sl %1 O T8l 5ol 3R fi
MeV ¥ F S| T STAM Hieh S0 i 5odM &fd MeV/c® H o5 Hifs|

&
lu = 1.6605 x 1027 kg

THh] o1l o HEI W URETdd % o ol B9 THhl ¢@ W 0N hid § T UM ©
5 s
AT it = 1.6605 x 10727 x (2.9979 x 1092 kg m?/s?
=1.4924 x 10°'°J
1.4924x1071° .
= 1.602x107"°

0.9315 x 10° eV
931.5 MeV

A9 1u = 931.5 MeV/c?

50 & fITAM = 0.13691 u = 0.13691x931.5 MeV/c?
= 127.5 MeV/c®

- 180 ! 39% wewl | fawiaa w3 o U sewasw St 127.5 MeV/ ¢ Rl

A o A T Wl bl H-IE AR, FREa Ses 1@ $eaHH e T
TF oA S q $H URA HAE, Sl o BNl TS TSl AE, AAE T 445

€'€T lnillbe
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FYT-Froi el g1 IE g fRdl ATk o ATH-HUN ol -3 Hl
B Tl BH 3T HON kI pel ol E, T&H B el Ty AHh Fl EH 36 FHR
e & T, R off, T &1 doA-ssn g8 o dardl & ¢ T fRe Afes
o Jfgerai WeR faradt o=t @@ 4 92 21 fYE ok Hoi w1 Se vl v
T R afas ST WO FYF-Se 9 g, E, ;S R aifaw w6
FYA-Fe1, E, TS 399 fqeam fFsia w1 @ A w1 g 2

AE, = AE, /A (13.9)

B0 Ui i Sua-Se wl TH AF Gehd € {6 T Tl ifues i @
ferAstil W gUeEpd S o fory v Sied Sel €l

fo= 13.1 ¥ 9gd 9@ 9=l &

16,
8 12(\ .O

forq wfa e sied Sl B, T
o 127

100
)\

L | ey y A T A ° T T T

MN

o—| T U H 'H fHfafEd @& |
fergie gftemi=r & & —

$oLi

(i) Hegadt gegAE F=meT (30 < A

< 170) & fou, wfqa =feemi
TYA-Fl1, E, |, 1 HH AR

gfd AferAsia duA ST (MeV)
K

w9 H fa @ 2, ererfd g
Ui o T YREfid el erdl 2|

446

o7 13.1 5590 9= & Bod o ®9 H
wfd Ffererat S-Sl (i) Bk TR (A< 30) T&@ TR

50

100 150 200 250 T A = 56 & AT M 8.75
S wE (A) MeV &I sfisad 79 T A =
238 & foru 7.6 MeV <wifdl 21

AT (A >170) JHT o forq &
E, =1 A HeFed o] shHleh
o AER] w e W SAUaTHd
FH B 2

T9 YR fre frehel @ g Tk €
() =Te o1 TRl & T Uia frra F8 MeV e Sci= i o foqu waie geret 21
(i) 30 <A< 170 TE ¥ Se-Soll sl STERAl TH G2 1 UROMH B & Fifyaty

o7 o7 T T B B 1 o Afueh ok i feera et feremit w femm wifs)
TE AT TH-USH F had 39 A § GAId S S 3HR AR T
& e ¥ o1 ¥ AR #E e fera g0 fafire =feeait & Tfywta 9
% IR @ eifuss < W 2, at 78 o Tifsh ) sur-Set i afes off
yuifaa =& &M A et v o Wi 9 & afRer § sIfusad p
=JfFTar B TR B, A SHh! dUA-Ssll p ok STIRATIAG! BTl AT foR foRet
T Y dUF-l phe R, SET ke Tk reior 2 frment fommd o€t € S oot 1
Bt €1 31 A B0 il i HE T A 1 6 =g, d ge9 i %
TR T % TS W T A i, R e s S
AferehTer gfererai 5Ok iR Td a1 IS w1 S7uen, iU w1 deH-Sel W
A 5 1 HoA TG TG @l T I: W fFrd S-S e Tt
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EIREY

? 9N 3Uh1 Gf=ehe B plcsh SR 2idl 1 k! k1 o8 707 foreeh ol g
fgeh kol ST Tiehe o Rl b1 & gwIfaa el ©, AT aon %7 ggia
0 FHEATA T

(i) Th FAfyd q AMfae, W9 A = 240, H1 Ul FfaeEid SuE-Se,
A =120 % 7w &t g § H7 e 21 o7, AR A = 240 FT HE A,
A=120 % < ARl H 2l ® df, 378 feeraia sifoss gear @ ufeg & 7
ST et € o 39 wishan W St fare BT ¥ fae g St et B bt
Tecqul GuraT 1 ifieTert il © frger fawa o &9 erqum 13.7.1 § <=
Exul

(iv) oo HIT FF § Betoh T (A< 10) Folf¥d 2okt Th 9 ATk s €
W BN W T8 W AR F W e seA-se, g A # o
e s St W ek 2t 21 shent a1l I8 gen fon affo e W o s
fehmr ot ot W Sifrsh Sear W S B 8T Gorg i 59 ufshan | oft Sl fargert
Bl Tt g BT ol o1 Giq @ o fawa | w9 e 13.7.3 ° ==t i

13.5 9T a

o€ ool S AT | gl w1 Tifd et wman @ sE guifed welid ot 1 S
13.4 % g9+ <@ T of9d sormm o Aifre o fog afa —gfeemi sua-set o
8 MeV ? S TTHIY] 1 Se-Ss1l %1 ol § gd ek 81 37d: AWk § ol i
TER 1Y @ o T T f9 TR o vifeReell SRt aet i SavEehdl 21 T8
I T Al wfedenel g wifeT T (yEfiE) de o ote ol

iRl S § A Ferelt g WAl Ud =il <l o AP o gad

S W A @ Wkl T I8 e § <@ o € 6 i et qud
Sl i STERAl 1 B ol 1 oY WE Wepid ¥ HHH S Wehdl €|
TTRTT ser well o pe Afrcrerl w geu § F & T ?1 Te s

1930 ¥ 1950 & o= feru o fafe=1 gamT grr o ge 2
() TR e, STERN o o= O aTcl ShalH 90 T8 SaHMl o drd

feerfast ST (MeV)
S
’_J—/

T A TeeEThNU Wl Wi qorl W STcfush wifsreiedl g 2

TR e o 1, T & R W o d o el e \//
-100

YRt e W AT T B 2 U8 sEiferT Hwe 8 O ®,

Fifer TRTFT 91 Serd g w1 go § FAfHE god B

1 2 3

r (fm)

eIl St A Felld o i gl § off e7edd el g 2l S S —

(i) —IfrsT oF = ST TG S HrMIER ¥ AU il R 37k o
M el R o el ¥ FeHT I 8 ST 21 39 RO, S

Tearfas it S77ep o= 1 §U & Hed
% ®9 4| r, ¥ 3w g T W

AU I WS o ARl H T B wgwar’ i Rfd o1 S ® e e e S

Sk aRomaEEy 4 =faemi sea-el a8 S 1< i

W g gfaerdur 9| SRyl S

=1 s ot 3R 370 o= Y 58 | Had N AN TF TRFT i gaer qm S S A
s fot 13.2 ® <@ 0 21 e 0.8 fm T g 1, W fefas o % g B

Fofl o1 HH IAdH BT 31 3R 1 =g gan for Ak Afuen & o=
Tl 0.8 fm ¥ 3tfue Bt € 1 3 51 TR0l 9t 2id § 3R 0.8 fm
Y = IRE o forg 3 wfesdor st B 2
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(iii) =ISA-"J2, =LMH-TIeH T YIeH-HeH o did T aret AMTehTd o e
THM g % 2 €1 ARt wot faga e e e el
Feid o 1T SFUar e o Tedld | w1 Jifq Afushig Sa w1 S 9
Tfordta w9 & 2

13.6 Yezafeeaar

ednifoead 1 @IS TUH, Sohicl 3 T 1896 H HAME 1| ATkl shi 399 FehTel
T fohIfiTd ich ST FFaeifid U Tpesifid 1 777 hid gU oohid 3 Th Tk
oRere | REEE-UREE qothe o 9 ZHel W I TN S & a8 ST
IR 1ol TS H ofue TS| 39 Uohe 3R hiiwfiher WiE o = Tk =i o1 Zhal
W@l T THR &g T I @A oh a8 Sd WIEHhe wie i Saad fhal 741
Ig T T TR A wie wel 9g gent off| a8 foRelt UE =S o RO geT B S
Aifier @ Scafsid g2 BN q il e AR wiel A Sl 9 Y HIEwhe wie
T T T B

o ® fru U yEnt 3wt fa Aeanifaeaa ww i aitee @ o
STl e &fad B 21 39 USTNfHeT &9 wEd 21 U § o UER %
WW@%%
() o-&@, s dfeem Tt ((He) scafsfd gm €,
(i) P-&m, FEH geta@ e aisigq (™ 01 fSEeht Sequ dl seisi o ael

&l Bl € W e S soei[ oh foadid Bl ©) Scdtsid B 2l
(i) y-&m, T5EH =9 o1 (100 keV 272 #fereh) Wi Iedfsia e

TTH T YR o & W ST 39ATAF § fa=r foan smam|

13.6.1 Ifeantfeea graar &1 Fem

fopelt dfeaitfea A o @ o, B 1e@n y-a/ 81 @1 €, T e S @ 7 T
g ¥ afad g aret el w1 wen, T ¥ faemm g Ayl w den o
FHEEIT et B AfE e u T § Ayl ) gem N @ SR At Ha § AN
Tk & 81 © B @

AN
=N
F1edl, AN/At= AN (13.10)
el \ AsTfe - Rerier e faeeT-Remis B
At T ¥ fEu T g+ AT S S o gan uREdd § dN = - ANI ST,
(9 At — 0) @ NH ufiad =1 T g

N _ N
dt
« AN &Ifd TIfTeRT ) EE@ B, 37d: SHH WA God UHIHE Bl 81 dN, N ufad
2 IR T & oft Tog ° gea €1 el 9% FOTs § iR, g N R § AN aifr
B 9| ® 3R (N-AN) 99 a2
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EIEED

dN
ST - adt
S,
T THIRIOT T A1 AR THhAT i W],
[an ),j.dt
i = ) (13.11)
HUAMIn N —In Ny = -A(t-t) (13.12)

TEl N, forelt argfem® & ¢, W eanifaea il ®1 9@ 21 ¢, = 0 W@
FHERT (13.12) 1 JAaRErd HE W,
N

In— = -At (13.13)
0
foe@ = o @ €,
N =N,e™ (13.14)

&I 39 AN 9 98 ¢ T fagd soa G0 fRe =R st e e e urer e
FHM A T 1000 T&dl i 3 (T el fowgia Seen 9] & W= Biv) 1 eqm
e TE M H R A Tl o W i (W) @ S e
ekt w1 &1 Tk qola: T e, 59 Heaiifre-ear 99 o S9Er g €, S

TR (13.14) 1 e fohan T 2

el T T &F@ X RU Tehich 99 | &faa B arel e w1 Hen s
Bl AWE R de wmEiaue § e BN Al AWkl i §E AN R, @t dN = - ANI

YA TR R e =amen gt

__dN
T odt
THERTOT (13.14) &1 36T i W,
dN Tt
R =-"3 =iNye
AqYAN R =R,e ™ (13.15)

e eqifaa erFar 9w o TaE § [T T . (13.15) &
leldyu djusij | ek (13-14) ikr gl ¥=d: R = AN,

t=0 R & < 8| ferelt Ffi=a o (R s W R 3@ WA

It AR 1 Gen N9 e w9 § et e B
R = AN (13.16)
Heamifora Tl 1 Ten &1 g |, forell T 1 e
FAferen AT WI9A TR © 9 SHeR Weh = A9 G
(Wfaeaar) B 56t SI W waheet (Wieh Bq) ® S eafee

& e B dohiel i wyfa § ffvea foar e 2l
| Soe 1 @1 | &1 ufd Hehs €1 U THY W #gd

(ydfter Ci) oft G oo § @ S SI A Bq § e w5
9 gefud 2:

1 |8 = 1 Ci=3.7 x 10" & 9fd §&€ = 3.7 x 10'° Bq

TI/Z 2T1 2 3T‘Irl 4T1,2

———
BEE

o 13.3 featfoea yefaal 1 =REmieh!
& Y T, ., 999 o5 UEd & T8 Y

1/2

FH @ ot W S B
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faf= eai-ent =1 e X & atfees Toa=ran gt €1 59 707 i a1ef-37 o
STHR W A S gk 81 fRe feA-Tfsw w5 ed-amy (7, ) I W R, e
3EHT FEA, IR Hea (A 6 N)) 1 st (awhN/z)l%'mlw
(13.14) %, 999 (=T, ,, 99 N = N/zr@ﬁm

In2
1/2 = A,
_0.693

7 (13.17)

Tl (13.16) o FTER, T: A T4 N, T, , 999 | 7 8l

Gﬁﬁ%ﬁm&ﬁsﬁwﬁaﬂ%ﬁl‘é;ﬁwﬁl
T IR Gafud eE SfHa-3g @) 1 sk W off g
(13.14) ¥ W fepan =T wehal 21 foRelt THAaUS W b+ AL H
& Mfw R(OAL= (AN eAt) T1 370 § T9ft (T qoh o
; T €1 37 37 |l TRl B FA S t AN e B A7 T
?§34)ﬁﬁ§(186% 2 o o Tl 1 Sfed hret w9 9o o e 1 Sfeq w1
Sferf T e A Ed | SO B 81 ST S ST M W e % fa se =R
¥ veu fachl 1896 ® 0 b1 BH ohel WHA O H oo Tk o foTT AN (e HHTeherd) X HHe
Aot g AeAntferer &1 @S t=0 R UG AMH] H1 H&A N, ¥ A1 1 S 37

<
ap)
o
I~
O
Q0
—
=

Y @I s uf feR gl .
ST ST T fave AN, [te™dt
fore ufka fopan, fomeh womaey f=°N—=ljte‘“dt
qeali— eaq wd drenfem— 1 0 0
TR0l FUa I g8 g T THIh i HiH W
St off 7 < e e r=1/4
W gC : Tl 1903  wifent 1t 2
%% fau ok gmu 1911 . o |
TR % fer ST IROME H TH HET H TH THR Yohe HX Thd T
In2
2= T, =tin2 (13.18)

T e qa (S T 2o @ oRiftEn) et snd-ag fova &t
g (ST 15 3Ra 9¥) i Gl § 9gd U 2, hIh! GHI veel € famfed e ok
T e Yl | Ut el B wIeiieh, Sk AR Attt § stviepfads w9 9

SCURA ToRaT ST Tl

SETEYUT 13.4 &G0 B @ 25U Y, o474 ok faw s7¢-371g 4.5 x10° 7 2
28y % 1 g T ! WA F 2?

&

T,, =45x10%y

= 45x10°y x 3.16 x 107s/y
450
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=1.42 x 10""s
ferelt reenfier o 1 kmol H &S] G o s) WA &1 &1 om: 1g,

2550 Temmpey w1 e, 1
238x10°°

92

kmol x 6.025 x 10%° 9THM]/kmol

=25.3x 1022l
- &Fdl € R T,
R = AN

_0.693  0.693x25.3x10*
ST T 1.42x10"

1/2

=1.23x 10*s™
=1.23 x 10* Bq

IETEYUT 13.5 B-o19 5N, TEfead whi a1d-37g 12.5 94 21 25 99 &% 5
ITEfea™ o Tk T 1 fohal o791 SAforsfed @m?

T ORA & SFER 12.5 99 918 I3(CaH o T 1 Yo AN S| 3T
12.5 98 H 39 38 &1 TR 3TN AN 14 WFT S=MI SA4: 25 91 9% U5
Irsfead o fordlt T o1 14 sifoamfed 9w @l

13.6.2 UTHT-&T

25 1 *ATh ¥ &/ Uew-2/ 1 TF Wefod S0 21 59 wiwen § dfeem
Aifueh (iHe ) SafSfd =i 2

o U= 5'Th + jHe (13.19)

Towh-&a ¥, Scaifed faeest TMiier &1 SEAE-9& &9 8 a1 o A9 hi
T ® 4 HH B & TN AT SHEIH 2 HH B0 ¢ HHEG: e g i 4 X
% fameTst i A4y WO 3 TER FHR F §

72X = 55Y + JHe (13.20)
HEETEA oh SeAHH-SHoll THgeTdl Tael [FHl. (13.6)] A1 Sl TR&0 ¥ 98 T ©
o 9 W & Shad &9 IRl 1 Hol SAHM IR AT oF SoUEH | Y
B T ferfd & € Gua ¥ 5o ¥ A8 SR SR] Y Mas ol ok €9 H ST
B 2| AEE FEAE w1 Y W A8 A9 e 1 wehan € 76 29Th den jHe
1 Pl FAEE aEdd § 2¥U o FoAHE 9 HE E )

YR FHAM-Ho TS & IR i el FATH-Ssl 1 S T Hishal 1
Q-HF H [qH2Ts Foif FEeAd 2l Tewhl-ar |

Q=(m,-m,-m,)c’ (13.21)

TSl 1 T8 M 39 URA § SHd o as Sl AU SETEH R et TS el
(af yRfrer Aifier X feem &) off 21 wred: fedt Soed i (S9
Tewl-49) & faw @ > 01

C°'eT lnrdlbe ¥'ET lnr3ibe

451
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33150l 13.6

IS0 13.6 & Ao wHm] germm fau 7§
28y =238.05079 u  *He=4.00260 u

Z4Th =234.04363 u !H= 1.00783 u
B7pa=237.05121 u

TEf Yot Pa dcd WeUfRME9 (Z= 91) 9 o fag 2l
(@) *’U % o-& § IS Il qRepterd Sy
(b) =RMeT fF 25U ¥aq: W S Tl Y dehdll

&
(@ U =1 Vw5 THiR (13.20) % STIER B €1 39 Hfhan § Srst it

ED forg BEl % 3
9= (My - My, - M) c?
T B XU T siiwe SWied g H wfaeenfud s |,
Q = (238.05079 - 234.04363 - 4.00260)u x c?
= (0.00456 u) c?

= (0.00456 u) (931.5 MeV/u)
= 4.25 MeV

(b) afk 25U | U 9 1 wa: IS B € A &E-iHaA 39 YR ferei-
28U - ¥Pa + |H
I I§ Uishan F9a B @ 596 g,
= (M, - My, - M) c?
= (238.05079 - 237.05121 - 1.00783) u x c>
= (- 0.00825 u) c?

= — (0.00825 u)(931.5 MeV/u)
= - 7.68 MeV

Tt UiHA 1, FifH, BOTHE ©; 37d: T Tid: &fd g1 §e9a el 7
28 R | TH W IS L o T 6 39h1 7.68 MeV st T&H
HET B

13.6.3 ®eT-&9

dier-e@ o fordt ifirr @ U ToldeA (B—&T9) SAYEl Uk uiteig (BY—&) W
Td: ScESH Bl B p—&Td qel Br—&d o W See T R

P % Ste +v (13.22)
?Na -2 Na+e' +v (13.23)

A e gl (13.14) @1 (13.15) o R € €, food fo g umgfea et &1 o
Tkt fof A T e afrd 2 g 39 e ai-amyg (T, ,) W SR S whd
2 ST o Ty, ST &R o fog sii-amyg wEen: 14.3 A qen 2.6 a9 €
p—&T W Solagi+ oh Scasid oh T1Yl € Teh WA (7 ) ol off ScdsiA giar 81 de
p* & H TS o WY A (v) w1 ScEo il B1 i solaiq i gor §
9gd FH SoAAM (F9ad: ) 9o SFERTE FU e B 3 31 FHI % Y ke
efior et fomen e B1 A fo foran ford aief ot wgd <t wen (geelt off) W
R T Gehd B & HRO1 © TR 5T HYEA 9gd hied €l
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pr—ae B*-ql & el W SeaH W A el Seerdl €1 et | e h1 Wi
%% Z, 1 e 8 a1 €, Sefeh pr—erd § 1 %W € Sl 81 p-&r | gof st
TR A T T H FART T

n->p+e+7y (13.24)

Srefeh Br-am H WA %1 <2 H IR Bl 7

pon+e+y (13.25)
Wi 1 T, A % FOEE ¥ FA T, o Wl W e
= § & (WL (13.25)] et A & AR A wIE R, B
Seifeh =2 1 FieiH | &/ g e H ot Hog € (9.
(13.24)]1

E = 1.17 MeV
13.6.4 THI-&T '
E = 1.33 MeV

WA % GHE, e ot fafie e wRog 8-

hd

SN STereen qo IAfSd STaeend| gTalifeh 3ok Sl oh
e A srcafuer fafa=ar gt 1 woEifvess S Wl @

B0 .
Ni

28

FHIfEA eV 1 B 8, alfeh TR Fofl Tl § Fofiati w1 e
SR MeV S HifeH 1 Bal 81 5 I Ifom s 7 ”%E‘LW ;ﬁq:ﬂj:;iﬁﬁw .

ST STareen e Srafe e § Henfid gl €
TR o A ST W o AL o GHA S R B Icdrsid Bl 2| T8 TH-&1
FEAM 21 T8 FST (MeV), FoR X_THl o aReR § &7 quresd are fafeon 9
Hefurd Bt 21

T fodt T foRTor T ScESiA, TethT ST Sier-e7g | fasreast Afyer o
I ST © @A whi STaeel H el 1 Sxfed A1k SaieTg feee | e Wi
yferan H T WIS 196l Tk 9 31k Wil (FHIR R0l hi 3TaEe |)
IS W Bl 1.17 MeV a1 1.33 MeV S 1 THT TohT0l o shHaR Scasid
AT 3T S0Co THE o f—& BN ,oNi M9k § &fod e &1 ufshan o
vefkid B 2l

13.7 TfYeRta et

= 13.1 9 z9il T gfq fasi[ S-Sl E, 9% W A=30 T A= 170 =
Tk @ T 9 Bl T AT | Ui feretstia S-Sl o1 STER (8.0MeV) B Bk
fehi, A > 30, STel 9N TS AR A9hi, A > 170, STt 91 |, S| €6 Ted & <@
o ¥, Ui Ifetsi S-Sl 8.0 MeV ¥ wH B1 AR ser-Sit ik 21 df 39 sferd
T S8 AR 1 ol oA A BN URUTHETEY A g W hol S-Sl
e e foRe Sy SEA-Sell arel AT | ®WdRd 8l 9 el el e sl
fordt Wi =ifyres o ° o1 91 9 sifues weAthes geamH wel (faded) sAYen goreh
TRt w1 fRe ari e § HAeE (SorE) i ufRa § wE @ g @

HIgel T Ui S TRUe Sl Fidl | et qHEfen SAfafmard e 2|
Tl foget e aTell Sl soieei dice Wi whife w1 el €1 Safeh femdl Tyt
TR |, MeV iz 1 Soif fage eidl €1 37d: 554 1 99 91 o fore, Tamafes
il 1 aTUen ARTRTE Gid @@l T el foged i B SR o foig, 1 kg
fram o foaed | o 10" Tl Ot Bl €, Sefeh 1 kg Hiael & <84 ¥ 107J
ST e Bl 2
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13.7.1 fa@s=

Wiepfaeh Agamifaed el o SFeen ARl W = AhE HUl S WeH, g2,
UeHT U7 37 o YR U B orell F1eha Yfsraeti W e 27 | 2 Yo ot
2l

foge us weayt ggH-Ie TfusE gl 21 faged o saetma: 5@ g
g grefr 25U W =2 9 TeR SUdl Sl § @ 98 I Heafqe SoFHE ot

92

Tfiyerta wel § foafed & s @ :

IN+5°U 52U 5 Ba +5Kr + 3 n (13.26)
=& fran o wreAfes gerHE ol iHeRt o e g off S B Wehd ®
o+ 55°U = 5°U = 5°Sb + §INb + 44n (13.27)
Th I S R

IN+2°U 5 Xe+ 2Sr+2;n (13.28)

3 ferafed Scar Weamifaea ek Bid © 3R 319 oo o P-& ol ¥ el
@l & S 7 T o ® Tl we ww A el W)

w1 s 5 fagied sifafwan o feaa st (Q -uF) Wi foafea =i
200 MeV &1 #ife 1 eidl 21 gHehT Mehor &6 Fefad & &
, A foh T AME FT A=240T IR I8 A= 120 % § Tl ¥ foufed g
| T

A = 240 7fiw & faw E, @1 7.6 MeV 8 (5 13.1 @)1

A =120 9 fagfen Tfaw & fow E,, @97 8.5 MeV 2

- Ufd IfemEia S-Sl w1 |l T 0.9 MeV @l

Id: SeF-Sel § el dfed 240x0.9 A1 216 MeV 2l

for@ed w1 "eqstl & fomes Sl 98el &F-3cuRl a9 =gl i Tfast el o
w9 ¥ GaAfad gl ¢l 3fd H T8 AU o FoA hi BEIANG el SOl o &Y H
uRtford & St €1 fena Rueed o Aifvenig foeea e 9 fagd sae g 2|
wa] 99 H fage g Al ged St sifEta i fowe 9 €@ sa e 2
I AT H TH o faear 9 g7 == il o it fuaet &g % w2

13.7.2 TiweRa Ruay

et (13.26) @ (13.28)  dfvfa faae @ wh a1 weeqol g1 Wi e 21
O L N
2.5 =gl 1 I B ¥ T8 U UM § il pw fa@ed wee # 2 =i
N FB H 3 I ki Scufa et 21 A il g2 o= e feranet &1 geeTa
T ehd € a1 3R ot eiferk =il 1 Scatd el Tehdl 81 THY Uk @ sAfafman
1 A It 21 T8 foraR weues TAeR! wH 3 @ ol g 56 geen-sitatma
=i wfaa w9 9 FeEha fhan Se at g9 T wrEh S fid @ wehdl 21 s
e # =8 2 31 AR gwen sfafwa sttt @ S @ s faesTed
forTereRt Sort ol &t ekt €, St fon fopelt fvehia a9 & ghan 2

BTetiten, Terelt g@ren arffeman =i dift e & T @R gfaen B, S fop =l afvla

T AT @ B W ® R R =g (qrde =) gR g =g T smen 23U |
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IRA H TRATY] STl hEHH T YEAT . SH SRR 19 (1909 — 1966) & g H W L=l it
o WY & Bl T TH IRIF, Tfqerias Suefsy Ted IR AMfueha Rugex (79 AHeh) &1 & Td
frafor o for 4 e 1956 | 191 &1 I& fohan sod Haffa a1 $em iR <ot 1 qh i @
TS TR T o1l $9eh 918 H Sl el 1960 H & el sfedl RuaR (CIRUS) o1l 40 MW &
39 fiueer ¥ yrafoe faw o9 %1 e @ 9 9d Hed i e S R T o ST U |Et™
3 O T Wit ARt faem o fafa= o o fomga it 61 Wieied fhanl wriwT o Ted < SwTeRl
1 fafire ITaf@l | Tk o Il | WRel WEa| 94 i T 1 i, {56 9Ra o 69 g
qhh (RUaRR oF Jad 9Y SoF ¥ ST fo@ea ug 3ok ety Arifl sl 3T i) 1 J1 Y9
foran o1 A i e R vty o forg o& fopy e, S wnfirer @ wfern, gfvfan (1, 11 ws 100), yo wd
SHIET| ST <91 o1 qeel a1 ey Ruset @ &8 U-233 i o shi ale S&mme v T 81 S 9
Y T © MY-Ruset &1 mefies Sevd e S el ®, o A9 fae e qeheieht o faia= vell ™
vy o forg gfaen we@ &0 21 vy Ruee fafe= gaeenfenl & Scred & ot 93 gia € fees fafe=
el s, ety Sy enfe o s 2

s 1 A Sevd Y& W € FE @I ® o6 <9 o g we el fashte o fow giftra w
oy faga vifsm 9o 1 ST IR TRTRT qehien! o Gt & § SAeafeR o= STQ) = o <9
o YRR I |, IR | WAk Wi S e w1 S S gaT, SHY 9% Hond el fR @Rl i
TSR i wgd HiiHa €, T AiEH o WeR T wen § €| SHoh STER € AR < A AMWehid vl S
T T O =00 H QA B ATl AISH SR | UEe =)0 H Uiehfaeh A i $¥F oh €9 H TS 9”5
! TSk oh &Y W Fgo TR ST 21 RUeR & 7ufire sl g|iiie e @ o oi-EH-239, T =0
o e Ruget § $o o1 19 & 21 37 Ruged &l e g5 Ut safan wed € it 379 S@en Siwa
1 ST T o ToIq didl =2 1 STANT Bl @ (3F: Wesh shi ATl 7€l eidt) 3R 3 i S ok
A, 759 T &1 $oF @d w@ €, ST ik fageeial wel (wEifEm) & 5= ot <9 €1 dea
=01, St <relentfere Aol o fedme o Gaifuss Hewaqul 8, U9 did woie Rused & s&da W i @
St eifiag-232 # fagewia RfEa-233 § ageit ik ff eeh forg fosiy &9 @ o= e et gt
o e fohT STa|

et YA HTEiehH o TER =T § ToR W@ ® SN AiEH o SyanT Geeh R =1er & fo off skt s
Bl o1 1 < A Wi SEYE T Soa| gue i, 9 Ster Seared, Ruge i =, i we w=e,
T $er gAEETeA 3R, Wi dehHiel W U W o foran B Hefifed Wit Sot sl (PHWRs) S 391
H fafe= Tl T SAIY Y ¥, UEe w01 %1 Yuidl w1 Hehd Xd €1 HRA e AT vkl ¥ ek Wi
STl T SeUIe R @1 °1 Nused &1 ToA1 U g S o gay | faega gren wey qen ear fafwmwon 9
Tore et e S o Sl @ ue, IR IRET] Sl hrEiwd i TEeE gl

faged =t sar1 wifashar 21 fawed ® et dig =g2iq o fag@eT gfwan & 1

T et oft frehet wehd E ‘
25 o faged # Iefed =2 #1 S79d It 2 MeV Bt 1 3 =27 v T

o 51 HeA 7 fan Se, e ifwert | fopen for fomm & Rugex & s frva

S €1 i iRl @ 3 dig gl & faw s@en A (chain reaction) &1

TC e § g fa@eta Ui ot wga fuss AT 1 sravEehdl gt @1 e 455
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Il 1 BeToh Il o WY YeATEY Welg g Higq fehan Sl B area ®, wefoeh
& AN A <t foh Egier oh WY WeAre ekl | =i e fer gl S € aen
U Sell Wi 5N W off St #1 7 feafa awh € @ s f fodt wiqee e
1 Mol i 3T FR T el o 9y AH-9EH i Zgehil 3: ueed |, dig
It i Higd w ok fau fowea Tifasl o5 e gerch Wil [5= stavces
(moderator) Fed €] w1 AT fehan STl 21 W WA e ol YaHgsh Siel, W
I (D, 0) T Jh1ge & S TRAMY ST % (BARC), Tog oh 700 g o
W&mﬁmm%ﬁ%l%ﬁﬁ%@mm%ﬂﬁm
o eraHs o ®9 W A WSl 1 SYAN Bl 2

STHH ok YA oh &R, fohdl TR W Fodd =gl o g1 fo@e &t 9@
w1 39k TUse TR W el =Ml o g1 fa@edl &1 9@ & W 9, K 61
T T W 3 8 Wehal €1 59 FU %! U #R% (multiplication factor) ed
%1 g8 Ruger o =i *1 gfg W 7a 81 K = 1, & foe Ruat 1 ygfa wifb
weardl € S feer wifer Scured &1 wgfa o forg tfessh 21 K o1 9 T 9 sifesh
T W foRa < qen Rugex &1 ifda § =Rt (exponentially) 8 ¥ gfg @it
21 K1 TF T &1 S o 999 7 21 T Ruaer sfaswiios g S aen fiweses
o foenie ff & wendl 81 991986 ® Fohtt o wifact KUt # gen faenie 39 gag
e o1 TR0 Al € fon Aifgenta Ruaet § #iE gefe fohat fammereni & wehdt 2

fopan < fagamn hefqem S =giH-eawives v § a9 f795% @8 (control
rods) g1 feran S 21 Fiseh wel o efafier Rused o e oei i o wge foman
ST 1 3 T8Ik B! whi SAEvehdl Ugd W Ruat # e 1wt K1 9 v
4 TF 9 FH R S Gl 2

Whfdeh &9 H U S Al FAEm H g 28y gweenfie si-foasa e

B v& 3EH fopdl =52 1 W8T (capture) BidT €, T ia eatfaa wifem
Saared = foranedt | e @

238 239 239 -,
w U+n - g,'U 55" Np+e +v

http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx

9RA | AfeRa vifed waT

239Np—>§f;9Pu+e v (13.29)

TR | w3 =gl o YR © faged e gewar 21 o 13.5 | ardia =g
ferged W anenfia ferdt Ayt Rusey &1 aiefidha arey gwfan T 21 ot &1
IS AhTY @ =1 &% 21 568 I 99 gU &9 § $o dcd @d 8 T8 So,

Wiehfder &9 | U S aTel U= 1 STan 285U ¥ g agd JAem ot 8 "ehdl
21 %ig ® =2 =l 68 % & Ty 7 (moderator) offl &4 81 WR H ¥ g
(leakage) =i U o 1T shTs T Wade (reflector) ¥ B gidt 21 wsh wgfea
viderer g1 faaed § el ot (I51) & FReR geren simn @)1 fawafea feanfs
IRl o TATE o Uk o TeIT Ul ol Bid B | 56 W oo ¥ eifehies fefeno
i W A M 31 & ToIU U hore o1 STANT fehan San €1 =il o Sraeio s
T4 &9dl aTelt Bl (S foF Shefiad 1w ) o SuE ¥ fuaex 1 &g fohan s
Hehdl 2| et § I T FRI §o9 o) TG 1 STt @ foag f A

=
C|

4 i\
\(&ziﬁ /5\)
Q 4
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RNCGED —\ R
I’ L > IqfeT & 9™
5@: =:::::::::Eﬁg' f’f‘(m S
| _ gdew ¥
‘ N el
‘_

Torg 13.5 AT =2 fo@ed W aneifa freht Tifventa Ruse #t wefted wwan

1 SIS eIl €1 T A9 § ez i YA fagd Scared el 21 et st wifemt
et &1 wifa & T Reget @ @t aon § frdfs Sar fered €1 W
Tfrerta Frefel o faereor & a9 e < =iar @ e 3 Weanifaea qen
TR Bl ?1 RUat & G, 39 W@-1@d qen <afad oq o fog fagga
e ey fRd W €| WA TE] St kel W oF gRen yed fafre €
Heartfoea srufirsel i %9 Gfepa qen steusial g § gRafdd & i Garemst
o FEFI o TOU U Wi SUgE FISHl o et W e =l @ 2

13.7.3 TR GATF-a/l | FSt 17

foa 13.1 ¥ <9 T SeA-wsT ge g ot <urtan 7 T 9fE <) geteh e et
Teh STURITRd Sg] A oGl el e eidl 81 $H WihA i ATYHIT GordT
ed &1 TH e I ol foHreeh Afufmaiet o $o 3w e Ky R

IH+ H—>2H+ €' + v+ 0.42 MeV [13.29(a)]
’H+°H— He+ n + 3.27 MeV [13.29(b)]
TH+7H - {H+ |H + 4.03 MeV [13.29(c)]

arfafeman 13.29 (a) ® < Wi e T <72 e T difsrei s § 31k 59
TR | 0.42 MeV Sl Farerdt 21 eifafrar 13.29 (b) & & 532 faeaas diferm
1 gl guetih I €1 fafwmar 13.29 (o) ® J gy faoe w dferm w
Teh Ui o 8| GoroH o TeTu &) Tifeh! a1 3a SAfeeh Ir9 37T SAeeae © e
fr SToh o= eTeRfia oE-TEE Y oot Y Goh| et JFl A
ek AR §, 37d: Sk s19 hald Ffashdor B 37d: ST held STaY UR
#H % fau ggfad ol et Tevas 21 59 holld SOy i Sl el U
ST Ta AR T e W s et B1 Semw & fou, T e 9
<9It ST Hehal © o < Wil o foTy 7Ie SteRugTl (barrier height) ST 400

WY oY NU/ASIOUNNU/SAIAIIOR/NPI MBSIUUDY | 78S//-dNY
Hbte LEIW-LIe Dotk Y 1o 22k kidkyll

@,
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458

keV @1 1feren awremd Tient o foru statiegar oI off etfues i feret weiq
9 o gl g el TEdiY S IR i o fau waie S 8x10° K ard W e
B Hehdl 21 39 A9 1 IR, G (3/2)k T= K ¥ K% AF 400 keV @A W
o <1 Hhat 2

HS St ST A IqH HH o6 fa T Toram wa-ge ¥ g =
ATl 99 59 °1d 1 ¢ b 54 1 10 a0 qeh &G/ ST 5 ok T $6oh 01
T AT AU TG o RN, Skl STERY i UR 7 I SU| 39 UlRA i arg
AT Gerad wed B

AR o ;T | Frid ST 1 a9 AT Gorg 21 gF o shis i a
T 1.5 x107 K B, S o ol Sotl o svoll o HotH o forg streveres 1At
Y FHE FH T T G H B Al Hoad ufnaet § oiha el ¥ Sy
atferer et aTel W i o €l

3q: Y AR 1T Gorde 9gd So ard T < W € 8§ Tehal © S @19 el <[
1 Ut feorfaal et aRi o Fawn | € Sy €1 )i | Sl S ara-Aies
GorT o e 9 @ g 2l

gd # B arell Horm stfufwar s agern wiwan @ S srgiem difaad |
et 21 31d: G o hig | BEQeH $A B FIZ-FI2H (p - p) T 59k g1 T8
wfeq e B, frefofad sfafwanet & === g oFe fan S wehat B

IH+ H—>2H+ €' + v+ 0.42 MeV (i)
e"+e > y+ y+ 1.02 MeV (ii)

H+H — He + y + 5.49 MeV (i)

H +2H — jHe+ ,H+ H+ 12.86 MeV  (iv) (13.30)

<ol arfaferan e o foe o8 avas € T weell oF rfafswramd <-<) o) &t
3R 36 YR ] goToh giforam Afiek fierer G ey o1 T Afies 9| 3R
T 2(1) + 2(ii) + 2(iii) +(iv) W faoR & @ Fa g9 g,

4 H+2e — jHe+2v+6y+26.7MeV

T (41H+4e’) > (3He +2e7) +2v + 6y +26.7 MeV (13.31)

;IR BRGSH WA AR T iHe WA SN € R TH WRRAr
26.7 MeV St e erdl 21

frelt dR o 3id: Teel § oheel Elfadd w1 € o TE g S9-sd wie o
BEgISH (Eiferam o o5al ) FH Bl 8, HiS 31 e ol &1 3HH aN 319 e
o Tl Hepfad gl & Fad %I &1 99 9g STl 21 4 IS & a9 10°K a
9 S @ Heed &t o gA: g @, W 39 9R gfaad e o uiafda g
TH W 1 Wiehal § Hord" g1 &S S| WAl ool <ol ol S 8l Sehal €1 T
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FeA-Sett ash (o 13.1) o 3 R feeg 9t acai o1 o1 39 wfshan 9 &1 &
Hehelll

gd I g A 5x10° 99 T 91 g SFIEME @l W @ 5 gd & eik 5
IS T ek S @ o T Seveh BEgIeH Suiey €1 $Hoh UYEId, BESISH
ST %k ST e G 381 B ORI SHH G ST o oF Ul Hepfad B
S gd *1 i %1 a9 sem| 3O g 1 el Ao e o fed g
&N 34 (red giant) H URafdd & ST

Th RAFEE AR o foed § T 0.9x235 MeV (x200 MeV) S faga eidt g, 4
AT 50 kg 225U 1 Yok Tiweh fo@fed &1 g @ @9 4 x 10'°J S Iea= =il T8 St
20,000 7 TNT o THqed € S Tk Hel faehie o foay waiw 81 a<t oo § Aifqehid S i
rfata fe T faemiz e 21 6 3T 1945 %t g5 | Ugell aR Tk TH9] IR
ST TR T SRR 7 ST ok IR e W s sy 9w i fasmie 20,000 2
TNT o HAged ol Aeaifoea Seasl 3 T &0 ® 3,483,000 farfaat aret wex o 10 &
foretidier &3 &t = #X f@1 378 66,000 T T, 69,000 T U, X FI 67% 9 Aferw
TANG de9-T8d & |

Horga srfufwane & fog smavas S== a9 fawed 99 g Saa= fhan <1 "ehar @1 1954
H 10 T 2T TNT & faehice &Hd o FAqed Helaehie &l T&lo fhan & 3 99 e
BIESISH o FHEATReRT, SYEIfEn o Sifeam o1 Go=m gidl €, gggis o4 %ead 81 e A7
ST @ foF 3a wferenelt AifveRta s wenfia & feu Tu € S HeS TH 9ed €O W T ax
geal | Sfia 1 THET H Gehd 2| UQ g fasew @ 7 fath gedi o1 adaE sfted T el
ST, S s9eh AeArtfoed TulTe M are ¥9d o fag of geal T Sied v a a7 81 ©H
27| Hgifass TorET 9 SMUR WS UREYA ST Sl € SWehl UNfeR (prediction) 7E ® R
ek ol AT ¥ 0 IR & S it WeArifaea eufite aed w1 aE agHed § i
AR gd 4 geeft *T AT e ot geft fafwon it sraenifya &Y ol

13.7.4 THafaa ama s o

fordlt a1 # B9 ATl Aru-A9ERTE UiRa 1 EWaOl T qu-Aieea gl § fwan
Sar 21 fre Frifa Sorm Ruaex &1 g T S69 &1 10°K a9 & 909 o
T T Tl W S SR B 21 39 A W SeH eToHeh STTEAl aell SeieRial
(ersan) w1 g g 21 g 39 aY H I W % fory whig o Suersy el
®, 37d: T @19 I S= W@ Th AT 81 WRa 9ied fova o % <9 39 Hey o
iRl o TorshTe o WATERd B 1 3 WA o Hhel B W, H9e ® foh Horr Rugs
A I A AatEg wfed weE R geh|
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3101 13.7 Tr=fafea woi o S dif .

(a) T TR stfafmmeti o Tt (S f 9w 13.7 § U @) womfs
TR (3T o AT 2H, + 0, 2 H,0) % &9 ¥ Hgfed €2 afg et
fora w9 ® A R TRt Hfera i

(b) I WA SR =gl 1 TeA, Fosh Akt aifatman § wife @l ¢, fohelt
e st § fohe YR goadH, S § (A1 SHRT o) aeerdl 87

(c) MM foem ? foh ohart et foren o € S-Sl Tk SR W SRel ST Hehd
& Safh TERIh TRl W e weft el Bl 1 98 el STHeT 1 THeEy

T

(a) el TomtR sifafsran o wgfem sm 1 fefd o fF sifafswan o e o
Tl R Tl A o TRETe 1 e que Bl @) R waEtn sifafmen
o wsti & got waeE | ufadd o g @1 W] R Tfrekia sifafwer o
eaaeor o B Tkl 21 37 AR AR § ek e o WA 1w
1 TR BT a1 ey, et sifufsmen o WieHt qen =gt
Tl 1 Hed g w9 ¥ Wi @l ¢ [ard ¥, st Sl o giEed
o =g wor ot gfvea g 78?1 o%ga: Sl W 9o el ‘SR e’
Tferd e ¥ 79 2 v W et ot oiR foem e w1 ] vt sifufmans
[ foh qefiehtor (13.26)] & WeieheoT o ST 7R HI2H1 1 GEATd qen =g
%1 et gUEH-goE B9 § THA B

(b) &H A & T ek w1 SeF-Soll &1 AR o SAAM § FOMHs ANEH
(SeFmm &) g ©1 < foneht Tifvseta sifufsran o dieiHi don =2t <91 1
Fed wiferd et €, 97d: ifufsman o ] SR =g qen WeiH 1 et fawm
TAUM (rest mass) 9AM Bl €1 W e Aenta eifafmar & arf ok o
TfHehT 1 F THF-Soll ST o T SR o AMRI i Hal dLF-Isl 5
GHM T STE9aeh el B1 37 Se-Siat o1 e 9ehta Sifafshan o raeif
B Al 1o Feher Sl Sl oh ®9 W Yehe BT 81 Hfth SeH-elt 5oAAM
o I 2t €, o7 B ed ¢ foh fohet Afenta sifafwan ® <M1 #i o e
T 1 AT S % BY H GRefdd & S @ (A sEeh faaia s e
TAUM o R o ®U H Rafdd g W 21)1 3 ®9 § At sifafwan
THAM-SST o S ETIAT T Teh S B

(c) FATH-3ell ok 37Tl i gfe ¥, fagiad: ws wamfe sifufwa wifvea
srfufsran & gued 21 fond TamEfe sifufeman o saenfia sremn frerer ot
St TfafeRan o ST TR o T[S qen e St et (ATt wEl)
T et o R 1 TR A 1 ek TEETE deF-SHort off ot wwm
YA ] % el SAHH H HBUHS ANEH (FHH-eIfd) i =widt €, ey
&H Tkl Frebrer wend € fo fohelt ramafen sifrfsran & ST 3R o ARt den
ST o hol TATFI BT AR Holl oh ® H Rl & S € A1 el et
THAMI oh 3R oh ®U § qRAfdd S GEIfae e STt €1 el feRdt
Tt iR o o soome afaa w1 g Ayt e o "o
ToAAM &Il 1 qor | e o T hH erdl 1 WHE ©9 § qET GR ?
o U@ Wi e T (S g T @) T feRell et srfufeen § i
FATH-FSl 1 A FROT &1 Bl

3dTEY0T 13.7
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EIREY

Ik
Yok WCAT] H Uk A9 Bl B AT oAEfE g 71 Aifen w1 e

] w1 B @ 10* T S e €1 WA #1 99.9% W A gorHH
ik ® gHIfEd e 2

. TRETE o ®R W FeAEH, TH] SoUHH SehTedl (u) § A W © 1 g

o STIER 1 TV F&HME SHE (1u), 12C % T AT & F49H o 1/1239
AT o SR B R
1u =1.660563 x 102" kg

. s | weh FRERTE o1 e @ f59 =2 wed 21 ST SoFHH e Sal

& g & TS e

. Tt e Y TRA] e 239 qc & Weivae e § 9 Sl g et 7

ST AT A, WHIvEe Tk § WAl Ud =2l i et WA % ae gt
®; A=Z+N: Tel NI § foemm =i w1 wen Hide w2

T AT YA LA Th FFARE (nuclide) 1 2 X GRI o9k 3 €,
Sl X 39 THEfIsh Jelfd 1 Hohd 2

UM WEY] & z, R fafi= =g 9o Noh aee GHe e e
g1 3 =pise TSeh foTu SoTaM S&T A %1 5 99 € GHERe a2 o feh
foTu =[gi G& N 1 9 HHE 8 gEggie wee T

HfUreRTer e q1 A1 ATeeh FHEAIR] o THL0T B4 B dedl o U] FeAWH
IGoh URATTh! o FEHHMI kT 4IRT AT €Il 1 el WR W dqeqd FHeeeht
1 el Sgord 9 T

. TR 1 MR AT STl T Bean Faffia &1 <1 "epdl 21 seree

THTUF W o SMUR TR AR kT 1 S T ST Gehddl B1 T8 I T ©
fop Afeent w1 o fefoien oo @ =@ et 2

R=R,A"?,

el R, = % Fdish = 1.2 fm. I8 <1 € fof Tfireh o1 oMt A R Fsf 7
T AR FE 10'7 kg/m> H! HIE H1 eral 2|

. Afeh o 3R P TE WEH oTed Wl Yo AHEE 9 57 99 e 2

TR 91 =Jg Ta Ued | faug T8l

. T FoFaM M EHEN 3194 319di o el SoAUM S m 9 %H el ¢ ek

3R 3Heh STaEl o SoANM! I SR FoFHIT &ifd HEeldl B
AM:(Zmp+(A—Z)mn)—M

SMEHEA T FHEM-Folt 1951d E = m c? 39 SHE 3T Hl He1 & €9
T 3H YN oo il ©

AE, = AM ¢?

TSl AE, T &1 q47-Fsi weandt 2l A= 30 ¥ At A = 170 F9H
TEA o T § i i@t S-Sl 1 5 o R €1 98 e 8

MeV 9fd feeai 2

. ARt gfshensti | i e THEfTe qfihaet i et ° e 9 A

T Stk Bl 2

. Tt TRt wiehan &1 QA ® ¢

Q = 3ifeq nifas et - Ry wifas it
TATA-F T o HNUT, HE Tohd B Tk
Q = (FRF9F FEHHL 1 A - AfaH SEEET 1 A
Afeanfoeam a5 wieen & fad & € yoifd o W, o 7 g, et
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I ek TUMARA e S &, Sl o-forol difermm o i €; p-feeol
TSR € e y-Terol X-fereont, § oft Bt aeed ok fered geehia fafentor €

11. feanifaea emar &1 F= 2: N () = N©O) e
7T 2 aie steren foren feemian €1 fopeht Weammfve @1 sdf-amg (1, ) 97
T 2 5 Sh1 el WET NSkl URIUs O i et @ S ?1 eiea
A 98 g9 ¢ fSH N o1 R | T ¢! T 99 @ S 2
Tl/2=nT=Tln2

12. 5 ¥ g § Aq A A gEa § Sfd A § Ratid e € a
Tl Tt et 21 forgea o ww 9l ifves < B el o fawifd e st
€ saTme, 25U+in -8 Sb+ % Nb+ 4in

13. 7 724 foh fomied o foam =2 79 e € Sud a1 St B ©, @en
sAfaferan o) GIEA USH w21 9 YR o S 8 ol Yedsh g,
U foEe 1 YA HIl ¢ AR a9 faene o itEtn geen sifafwa
IS F Bt 21 R Ta Ruger & 7@ Fefa wo fer ) ® e ?1 fuge §
22 Ifg U ke FTAA 1 TE @S

14. 9o@A § gk A Aoy T o1 Aifus 99 21 g dfed @it ani o
BIESISH Wehi o1 e FHep] § Hora Sl 1 G 2l

AT SAHM M] u TEAT] A1 AR SATH HI

THE FH & 10 FoHH U | Tk ]
A T, °C U] % FEH
FF 1/123 99 &F K 2

foees = &= A [T s
IERGIED
T T, [T] ) a5 g foud feanfoea o1 &
anelt ® S R
feamdfaea R [T] Bq T feamifees @ &1 tfFead
T &1 TfeRa o
Taemuia faua

1. AT o4 1 e AT o Igs IR TR e el 21 IRHIY] S S
39 fom &1 e 78
2. TOFRM YHIUH GRI FIA i T8 AMH HI A1 1 AH T HU1 JH1UH o
462 SR T 1 1 T B A o fa=t arn e 21 U el 2, i, soe
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11.

EIREY

WehTU e o S foreror | yoifad g @ Sefh Tewhl w1 S 39 SY
=T T DT Fo4 | FHed Bl

SMERTEA §R XM T Sl 1 THGETd! E = mc? T&R¥Id ot 91 o 1% 31a
BTH TAUM TG0 TS el WAV o gUe Tl @ A @l e, a9
FEAHM-Soll &0 o Ueh Tehishd (48 ! & ohid B 1 Wepid | 8 o ora:
g © de SHehT faverata yaior Afeh T ifden § arE S 1 SeeE e
Sl ! FAGEA o 1A, AT S Ta 3Heh Wik Wi o €9 § S9An
1 R B TH E B ST ek, fepdl TR Wiwe (e e
srfufepan) o Q- 1 TR T e SoawHi o &l § oFe fndn ST Hehdl 2
(9 feeri) S-S 9% i Ypia T < @ for ol AfrwT
AfAfemad Herel & S &1 getoh ARl o TordA § o1 Teh R ek o HIeAfteh
TEM ol &1 AR o fa@ied § @l = FWehdl 2l

g oh ToTe geteh Afwehl o Taie IR el oMl aIfeq difsh o Sl fova
eI %1 IR Y Hoh | I8 SRV § o Tora o fou, afeg=s 19 it Sieedshdl
gt 1

g (W feera) S-S ok Had © iR THd ofR-+f € ufeds s
? Wg T *He, '°0 o1t =oeisel o fau R g &) 98 W] w1 @e
& s § off St WA 1 faEEE S Y=o G S 2l

&M < T Solagi-uiTSig T HUI-Uiaehtl 70 B S7oh SoAHM THEHM 2
Tk ARl o URAT WHH Wy faudia wehia o g €1 (I 9@ T e
4 Tk SoldA U UH N Th WY AW © dl UH-gE 1 faei
(annihilation) #X 34 & 3R y-foHor BieHl &% €9 & Tl U8H HW@ 2
B-&Td (STHRM ISH) H Toiae o WY Ieafsid g aren ®ur Ut-=gfet
(V)3 3o fada p*-am (e Seael) ® =fe (v) Seafsa 2 21 e
T TA-SIfE w1 g HO-HAwU T Bl 21 FHG H FAF HU1 Bl TH
WiqeRoT Bren 21 a9 G-WiEH S Wie[ 1 Wiqehur €, F e =iew?

Teh o I TR 81 ® (n — p+e +v)| TRy, T WE T g WA
T & T TE T TE BT FRO I8 § foR W 1 5oHHE =g o 5oHE
1 ge o ofrel w9 el 2

TI: Ut A1 el Sesi o o1E M1 Ieqs BIdl €| TH BIeH Seafsd Hioh
I Ao I (ST e | et eraeen # oftear 81 Uetht see
el ISt B UTE IS AHE SE ST § © Hehal 21 TH & AHH
Y (Y o ot 13.4 § <9 71T ©ONi o FehTo1 ) T TR0l 1 HHaR S 36
A 1 T JAOT ® T AR H off T € e fafae St wR g 2
e T % ST 1 Hge 1 Bl A e & o = T
il i TEA 1 STIA RIS 1:1 BHT AfeT) SR AITehi o €Afae o fog 98
STUM 3:2 BF AfeUl (WAl oF Hel T arel Ufehtor oy o FREA o fog
aifereh g2 okt STaehdl 211 ) S Tenforer STTUIdl ohl = T ael R STERlt ert
1 51 et | =g o1 SeH h stfvehdl SR 21 e |, (Wl ol o) w6
THETehi oh T STHT 10% B TEl €1 31 ek i &9 W e H S+
S 8 (3 TRl R TE IS W o, p, d, n TGS 31 N o F66 gRI S S
B1) | ereerl wmenen fova | el o @it Sl 1 o Sraeiiehd R S €l
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464

13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

IR

A & YA A wH § FrAfafaa eihe e fa syanh fag g
e = 1.6x107'°C N =6.023x10% 9fq e
1/(4ney) =9 x 10° N m*/C? k =1.381x10%J K

1.6x10713J 1 u= 931.5 MeV/c?
3.154x107 s

1 MeV
1 year

m, = 1.007825 u m_ = 1.008665 u
m(iHe) = 4.002603 u m_ = 0.000548 u
(a) efiferm o < Torelt woeenfehl SLi Td 7Li T Sger 1 Wi wEel: 7.5
TH 92.5 €1 T G o SoT9H HAN: 6.01512 u T 7.01600 u £
SHferm w1 TTATY] SEIHM 1A RIS
(b) =R 3 =1 el Tt OB e U'B 21 3766 5 AW 10.01294 u
T 11.00931 u TS &R 1 WA 9 10.811 u Bl [°B T& L' B &1 aga
A hifoTg)
it o e comell ettt Sgerd ST 90.51%, 0.27% TS 9.22% 2
T THEATRT o TCHTY] AW AT 19.99 u, 20.99 u T 21.99 u Bl A
1 ET A FEHE T BT

oA A ('2N) HT FEH-F MeV H I HIT m, =14.00307 u
frafafad siiwei & SR | J5Fe T 200Bi Ml &1 -3 MeV § 3
HIMY m ($Fe) = 55.934939 u m (29Bi) = 208.980388 u

T XU U fech %1 %oHH 3.0 g B1 SE Sl i U] HIfGT S 39 s o
[eft =Jl Td Wl hi TH-IW W T A & fou Tevashs g wWerd & fae
M oo f faeeer guid: S2Cu wAmEH @1 S R (S5Cu W FemN =
62.92960u)|

frAfafea & o et adewo fafe :

() Z°Ra™l o-&F (i) 2>Pul o-&3

(iii) 2P p-aa (iv) 2°Bi &1 g-&3

(v) §C1 g-aa (vi) 5:Tc =1 p'-&3a

(vii) 20Xe 1 SR AFTRT

s fednifaea gt &t suig Tad 21 fhad 999 o 9 gHeh! Ufee,
yRf¥e Ufeeer &1 (a) 3.125% T (b) 1% ® ST

Shifora segE e i WM Tfaead, gfd am w6 faw 15 & ufa faee
€1 7% Wferorm, Tordt TRt '1C o We-we e A | faemm feanfas
12C o RO FX B S B g B W AgHed o WY SEE! o= fRar (S
SIS Fferd Qe 1 S W@l 8) T 81 S €, 9 SHen! e we
B I B S €1 'AC w1 9@ etefg (5730 a) SR A Y At T e
o YN W gHeHT Gi=Tehe 31 1 TMT 1 S Hehell 21 TET qWed o= § Fge
B Al 14C wetERT (dating) TSfa w1 fagia 21 7€ AR fF Aiesiee!
ﬁw%{:ﬁﬂtﬁaﬂtﬁzwg & i e ufd o wrea €1 fy o e =t
[iTehe 3T &1 AR HITT)
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13.9

13.10
13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

EIREY

8.0 mCi Hfsraar 1 eArtfaed & 9 w3 o fag SoCo &1 fohat a4
TR M7 0Co T @1¢ig 5.3 = T
0Sr F U 28 I 7| TH WEEAEF o 15 mg BT e T F 22
Torof o e 197 Au TE IO o TR 17 Ag Wt ARt B o S
1 Gi=Tehe AH A HITST
(@) 2°Ra T (b) 22°Rn T9h! o o-&7 H IS o-H01 %1 Q-FF To Tferst
S @ IS
@ &: m (2°Ra) = 226.02540 u, m (22Rn) = 222.01750 u,

m (3*Rn) = 220.01137 u, m (21Po) = 216.00189 u.
Wedaemge 1'C &1 e Frfafad GHiwtor & SIER e €,
6 C oy B+e'+v: T,,=20.3 min
Seatsid qifsei 1 ifeehan st 0.960 MeV 2| Seam Ml o feferted o
fag g ¥
m('C)=11.011434 u @ m(}'B) = 11.009305 u,
Q-T I AT HIfST e IS Uifsiei i siferhad el of AF § $Th! g
B
25Ne 1 14, § IS o T &IfId B €1 39 4-841 ok ot TR fafen
IR SRS Teiaril oht Stfehad TIfast Sofl 9 HITT m (23 Ne) = 22.994466 u
u; m(¥Na) = 22.089770 u,
fordt iyt stfafen A+ b > C+ d &1 QUF f=fafaa wdis g/
Renfid e €,
Q=[m,+m - m,-m]c
el U U e, iR fom $e99H (rest mass) 21 €T MU SiwEl o
YR W warsy fop Fretforiaa srfufmarnd womerdt € =1 oAt
(i) JH+'H -7 H+/H
(i) ZC+ZC -2 Ne+;He
U T ] g 3 YRR €
m (H) = 2.014102 u
m (3H) = 3.016049 u
m (12C) = 12.000000 u
m (% Ne) = 19.992439 u
ol {6 B9 5 Fe AfWes o6 31 WAM stagal 28 Al H faee W fomm &1 w1 s
#1 gfic @ 7 foee G9a 22 59 Y| 1 Q-HF 1A Hich 701 qeh F&d Hil
f@ & : m(%®Fe) = 55.93494 u T m (% Al) = 27.98191 u
29Pu & forged o1 9gd F9 20U ¥ faer-Ser 81 9 faees foge st
¥l 180 MeV 813K 1 kg TE *5Pu & @it weA] ferafeq & at et MeV
TSl faqe gm?
fFE1000 MW fa@e Ruaet o 3nel $eM &1 5.00 o6 H =0 gl Sl 81 YR
T o e 25U on? 7 RS o faeex 809% T shretd T €, ekt ot
Tt 235U o o W 8 3o g8 8 aa 25U ese shae forees e
# € o g R
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13.19 2.0 kg SZERTH & Tarad § T 100 91 1 foea o ferat 3T wehifera warn s
TRl &7 WerdA Stfafema e ot ST Hehdt ©
H+>H— jHe+n+3.27 MeV

13.20 TSI o THA-TMEA HY THHR o oIT FeAd ST F1 SHAE A HITw)
(Hehd-FaAt™ 1A i HaE H HF 3 TJLH o o O o1 39 Fard
TR et o SRISR Bl € S Teh-SER i Gueh | @ S W Sk s YR
FI1 1 98 9F Hehd 2 R €2 2.0 fm g9 e a1t g8 et §1)

13.21 FH&T R= R AV % ¥R W, S o TehTa 57 1 o T TR 2
(wrefd AW FreR T a1 B) 1 W@l R, Tk i § w6 A s 1 gorHE
e 2l

13.22 et wifqes @ B (WifSgH) ScasiA &1 Tk 3/ Siaant giwen & 59 see
Rl (Capture) ®ed € (W WA i AR Hell, S9 fm K-wen, o
ek Tk sold IR #) odl ® SR T =i, v Scfsid w2 |
e+ ,X—- AV +v
TIME T =fE B Seustv Sl @R W o19Ad € al seiagi uRuey o sewdsh &9
¥ oTAd €, WY THHT foem ST el

ITfafad 3T

13.23 3ad IRt § Hferey 1 e wH] SoEE 24.312 u i o 1 7w eiea
M, oot TR Hoh THETehT hi Trdel Tgerdl o MR W man 7)1 Frfifery
o T TR T Ik ¥ 3W WK € — 22Mg(23.98504 u),
2 Mg (24.98584) TF Mg (25.98259 u)| FHfd & wrt Fifees & 22Mg
1 (FHH o SER) Fgerdl 78.99% Bl 3T <Al THEAeh] 1 agerdn &1
feRer il
13.24 =2 JUFRIT Fell (Separation energy), TRHM o SIHER, 98 FHoll & Wt
ferelt e § T =32 I FohTer o fory, etrereeres gt 21 et T g effenst
1 T Hp ,,Ca T 27 Al AT H1 2 JHFRTT F A B
m(3Ca) = 39.962591 u
m(4ca) = 40.962278 u
m(26Al) = 25.986895 u
m(27Al) = 26.981541 u
13.25 it wia & wiewra & < e =gaes ffea € 2P (T, , = 14.3d) T 2P
(T,,,=25.3d)I TRTH 2P F 10% &7 I 2l 21 39 90% &FT W HT
% o e oo dten st BT
13.26 T faftre aRftafw@ §, th TfHE, o-F01 9 31ferm FomE arer Th 601 St
<o &I g 21 et em-ufimeret w faer St
228Ra — 29Ph+ 14C
*2Ra— *gRn+ ;He
T ST &1 Wfshenel o fofy Q-7 w1 TUMT hifSY 3R Wie o ST Wfehand ol
@ gt ¥ He B
13.27 M9 =i g1 28U % faget W fomm wifs fhedt fomis wfwan o werfie sie
466 (Primary fragments) % e-87 & YO Sl g Scdfod J&1 sl ae
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RURED

40ce T P9Ru T AR Ww B € fawed ufww & fow Q% AW @

aReher HITST SAETaH SAiehe 56 ThK ®

m(*8U) =238.05079 u

m(*9Ce) =139.90543 u

m(%Ru) = 98.90594 u

13.28 D-T afafsran (ggdifmm-difesm d@emm), 2H+ 3H— *He+n W fa=m Hifsu

(a) = fau MU siihel o SMER W sIfafwan o fagad s &1 7F MeV ® 3@
Ediiy
m(*H) =2.014102 u
m(®H ) =3.016049 u

(b) SFEREW T grfeam IAT H o @9 1.5 fm 7 it 39 stfafsean
o, T A1 o6 TeA A Ffaehsol § IR 9 o fag fohaet ifast st ot
ATEYThl B2 ATAThaT YR e o forg 7 (D qen T i) =i fohe g ae
Hftad feran s =nfew?
(Geha : Tondt T foran o forg smawass fast et = Soram fran  dome
HUl w1 SfEa ardE TS S = 2 (3KT/2); ke : dieesHH FEdie qen
T = TH dmM)

13.29 i <t T eE-a H, e i fafwor smgfaat wa poshon b ifeeran fas

FE w i) fean @

m(***Au) = 197.968233 u

m(**®*Hg) =197.966760 u

1.088 MeV

T T

0.412 MeV

198
80 118

o 13.6
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13.30 I & FAXR ¥ (a) 1 kg TESSH o Hagd o GFF faqe e &1 qIRebed
FHifSu) (b) fogied fuse # 1.0 kg 2°°U & foded ® faqgea ool 1 afwed
HIfST| (¢) a2 (b) To o faqgaa seiisti &1 qar it

13.31 oM oifST & 9Ra 1 @&d 2020 T 200,000 MW faega wifsd s+ =1 21
TR 10% Thia vt Ga= o o &1 21 | for Ruget 1 siea swem
Terl (SoAn i Torega o Rafda e @1 emar) 25% g1 2020 o 37d % gAR
<9 1 i fora fo@ea oM &t sawaeRa Mt 2PU ufa foges safsi
Fst 200 MeV 2

468
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c A A A
SEHAlclesh gl eh]-

14.1 yfirer

TE et 8 sorai 1 et yare wra fwan s wek, geft seiaeite aftmet
F Hold = @S Bl B T 1948 H IR &1 @i ¥ el uEt gfaar
sferertera: Trafa Jferd (= area) of, S9 frafd s e 9 sows; e
(wIe) de ke B ¥; Trare e F soeee—heie, wie du fire ' €; g
ToIl 9IS (SRHART: 4 1 5 Soraiel o W) | ol frafa Aferet & seraeii st amgfd
T q helis g H1 ST § a1 3Heh foIfi= gelaeiel o st aieedl o uRafdd
ek falad | 3 geleil w1 Al were W fmea S @1 Sfau-seeeiel e
(inter-electrode space) g scdcrx;Tﬂl' & YdE & foq fratq smavaess Bran '% SRR
T gererie 794 9 | o1 o S{UST W ThUeHT ST Sl @i Fehd 81 3 ikl
o SoieR hael el W TS w1 3R YaTed s Hehd & (3Fld Seiee shad Th
& feen o vefed & wehd €)1 €t wRu @ fr UE il ot SemeeE ared wed
&1 frata Afernre @ o Ffral R o o<t Bt 7, stfuss wiferm o1 Sy et
2 a1 Y=o § HEd: S99 ateedl (~100 V) T STevaehdl gt ¢l S5k Y &
TehT SoeRTel 3TUeTTehd | el favaaear ot &4 gidt 21 ey Sig-srawer
a7¢faTeTH sdclglvl':lch? (Solid State semi-conductor electronics) <hl El'l's;“ﬁ'c[ ]
1930 ¥ 3§ 9™ ¥ fRan T T o 9 STEwen STdEeeh U1 S Wi |
& G Bt © foF S0 ST oeh! o1 H&AT qfl Sk YaTg 1 faun w1 Fafia
fohal ST Tehell €1 WehTSl, SO AT 7o UG dieedl S9 Sk el st
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o T e i He uRafid T Tehd &1 e 39 91 1d 98 ¢ T s
gfaadl AT aTEhl HI YR q YAE @ 3G o R & F 2, ik e
RN € arelt fafd Afesmeit/aredt § Tfaue seeeEl w9 helle ¥ W fRar S
ol qen fraffad T steren fafa o yanfed &= S o SAderers gfeaa o sl
A Srera SAferen Taifad T 1 STevaeRal TEl gl 81 T€ R | Bl el €,
HH IR 1 U HIAT €, HH aeedl T HH HIAT €, SThT Sita wal Bl 8 3R
g1 favaarear sl Bt 21 snyfer feral o at fraifaa Aferenmet o fagia w
FE HH el helie fhtor 2l (CRT) fSmeht Swam Jefifas @i qen sheget
e § fran S JrETeET SRt (Solid State electrons) IRT o Y
Har foaeee fhed feawd (LCD, 38 fhted Teel) wiFiedl g1 ufaeentya &1
T $1 sreirer PR A S T S W S © o ae T vk A
M aTet et (ofE TehEe PhS) o Tk fehed fS&eh W1 «1g 1 U Hueh g
gAIfs o, &1 3T A WM & Ggae oh €9 H fRAT S TR ol

frefefaa erguart o g9 ereferers difqewt %1 $ qo eEurmst 9 uied
FHAW gl FY TEE (Junction diode) (2-3Tariel i fa) qen fgyeta @iy
(Bipolar junction) 2SR (3-3ciagiel ! i) St o arelureres il =1
o | T R % ST B T A e wRue a6 )

14.2 oTqgeTt, STeTehl qeT 3TeeTeTehl sl IRl

TTehdl o 3TN UT
forega =Tetsha (o) S1¥aT YfqEHdT (o= 1/0) o TU&T HF o SMHR W 31 U1 1
=1 9o § enfieror fopen S ®©
(i) g7 : ST Uikigehal gd ®H (A eihdl dgd i) el 2
p~102-10%Qm
o~10*-10°Sm™
(i) 37efermeTer @ ST URRiEhal 1 =Tetshal eTgeH qen fagae waref o i
Bt B
p~10°-10°Qm
o~10°-10°%Sm™
(iii) fFgaRrgt : THRT FfaRiEwal Sgd Ak (3TeaT TTerhdl 9gd HH) e T
p~10"-10""Qm
o~10"-10" s m™
SR U T p G & o HH heret i 7 o Goew & 3R KU T aiew &«
off ST Tehd B o, fargaielt ugred qen sierehl o die 9% e o forg wfiven
1 G T & A T GOES T 21 hw g o oft ¥, S S-S w 39 et
o 3 9]T, T Bid S|
Y FeA § gAN ofd STed=rern] oh SAeATT W ® S S YK oh 81 Hehd Bl
(i) @rfca® s7efaer® (Elemental semiconductors) - Si #AN Ge
(i) FIfrs Srefareie - SR € -
o 3&FMEMH - CdS, GaAs, CdSe, InP, 31|
o TR - TR, Ak (Doped) STy, |
o HE(® FgA® (Organic polymers) — TeaEUd, TeUel, Qe
ElIEe!
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SfefETerh SeieRgii-ehl — U1,

el qen W afkae

ASThel SUCTS AUy Tef=oreh gfrdal difch sef=Ters Si a1 Ge 3R AfiTw
e el W A urfid €1 Wy T 1990 % 9% Hrefeh st 3
STHATCIoh TEETeh! oh1 SUANT SHich e ALTereh! gk 1 fasm gan fSag wfas
o fIQ oot goaRiieh! qen Tfvash Solaif-ehl o1 WEfiehl o WG9l o Hehd
firerd B1 39 1A § B9 ohoel STehTeien SrefEreish, Taiuet difcren sref=retehl Si
A Ge o 31T ek &1 Hifga @ difcaen Aef=reren =1 faa=m o foe el 5=
I SRS i e R T © 9 fed-A-fedt w9 § atfuentyr At
e W A B
Tl o8 o ATUR W
IR L] Hied ok AUR Rl faged wEr § 3Ueh fRdt soiaeid &t el 39
ToraRz 1 TRYHT el R e et B1 W STe AT Toh-SER ok TR STt i
3G T W T A A Th-TR ok Tt e g W €1 o Ferety wamst %
TRl ! STl ey STefesh Te-9 37 STl € 37 7ef ek foh Th-W i &
ot &1 Hek uRumaeEEy R S W Toieela w1 Tfd T yopfa Rt fage T
& ToeH & TG 9§ Tt 9 8 S R

e forteet o “fieR Toieh Seleia w1 31Ut fgata Teufa et @ qen forel =
TR % 91 3K o e 1 Yo Fened w9 H UH S0 AL Bl FET FROT ©
o e TR o FHo &R F9=1 B €1 3 Fa= ot & fSe STl st Sad afterdH
Sl st B gl A2 i ad E e el fr [ e el o
TR HIfe &, Gas@hdl 9 (Valance band) FEadl 81 SaSehal S€ & W feod
dg ! W d€ (Conduction band) wed 81 for ferdlt stfafera wotl o, weft
HISehdl Zela HaISThdl 9 § ©d 21 AR Fer o€ § ffeaq W e 9 %
Ioadq &R 9 off 9 ? 9GS 9T o Sord STEE § He o€ § THT &
Tohd B| WG wTer s e g 81 W e T s qarsehdl ST o stfaeAtua
(@ehdl) YAl © dl SOl TdsdTgdeh $eh e S Wehd &1 UHI iifcoeh =oTeh!
o g 2l

I e oS qU1 FASRT 9% o §i9 e R () , @ AR o
o Tt Soie UREg B § qef =er o€ H i o gole Sucied el el U
1ol i ferEiel a1 a1 1 W WA SIS % $ SO STel el Ww Hich
GISehdl S a1 <o 9% o a1 o1 R 1 IR H Hehd 21 d9 I SieR =er
o H T8 S © qe GAISehdl o€ § e Sl T S Y 30§ S o goiee
S Hehd &1 39 YRR I8 UiHA 9o 9% W geledHl qefl Harsehdal a H et
BN o Il =Ter 1 FHEA S w2l

3R, 379 g9 I8 foam &Y fof N wHmeH arel Si s1eran Ge fhea o o §
R a1 81 Si H STeraH e, e e (n= 3) Bl 7, S6ih Ge W STeaH e Seft
el (n=4) Bidl 81 SToh! STed well | 4 3oeiq (2s 3R 2p See) Bid €1 31:
9 fored ¥ @ ol i el 9EA 4N g2l fRdl ameaw wan # eifushan
T 1 WG 8 (25 + 6p THRI) BNl 21 3 4N HAISRAl sl & fog
I TS TR 8N B A 8N fafaed ot & a1 a1 2 Fad oS a7 Gehd © e
e fr=1 el § T 81 Tehal €, S foreat & qramet o st sfEl W ek s
2 [‘o/E = o fagia’ — e <fEa]|

Si A Ge o fohtea STerhl  TEATVET o o< &1 3RA W, 37 SN W 1 Fsll
s 3 At # g2 W 2, foen o= o v B, (791 14.1) 1 9o @ &
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AT o T YF WAN Ao see § qoi: o e S weema de g
21 379 e FH 4N Tl TR & & 3% o7 98 Fed €, 991 98 WH Y W gofa:

fopa ot €| W STedt he o goli 39
Afqea (1 IRERe fHar) &t Taifaes

e 2 o 1 WS I €, STelfeh Al Hel A B b
Sioo Jo SRl i ST SyHIfad @ Hehdl 2l
s W —s 3afeTe Si A Ge fheal o soiaei ettt
1 THFH o 1T BH oheel STeiad hell o Selail i Seiiell § St W fa=m o &1 & egaehd 2|
Si o foTT STEIaH el qEd Hell @ (n=3) Sl Ge oh [T STRiqd el =iefl el § (n=4)| 9 &
ool 1 TR el H SRl i ' 4 B (2s 3R 2p 3oiee) | TEfaT fRed § aed sl
Tl H&A 4N B TE| STRIaH el W goeil i AfUehan G99 §& 8 © (2s + 6p ToHRM) | TEfT
AN SO § ¥ 2N SO d1, 2N s-37aee (Hafia Faied G @ 1= 0) | 811 3K 99 2N SeRT ue
6N W p-37eey] | BTl TTeqal, b p - Seiei STaeery e it s/ fost o werd <ifed s o fe@mn
T R UE AT B9 9 YR o1 Ushel WAIST i feefq @ (fas w8 A

T AT foh =8 TR Teh SIS o Tolg, Toh-S o @R fiene ST 3R shed 21 fafir= eamoget
o TSRl oh e TETh TSha1 o ShOT STEH Hell oh 39 SelaRHl i Sy uiieidad g Tehdl & (93
T o2 Tehell €)1 1= 1 1 6N 1oy, ekt Sttt IRy H forgen ameti o fog wedum off, ot et
Th Foff §¢ et € [Tt o & B]I S8 ¥R 1= 0 1 2N 1awry, et St forger aeemope o
fou gegy off, 97 ot Uk 7 Fof dg W 2 Wl & [ & & B il geurigds 6] 98 9w
s ¥ Th Foff Fver g YU &l 2l

TRE[A ok e SO o T g BH W, aU, Tk TH & 3Tl € 5 T S TH-gR A oo
FHU S B SO AT ol X bt Ferd et Sl staeen 9 ol eI Sl Wil bl Hed Sl
e o i A= =l S 21 3w &% H (e ¥ 85 C), BIF Heil AT el w@ar IR FRT a9 =i
Fe STaeTd fufya g St 8l

#aq:, afx wApE & e w1 g0 MR wH @ S, @ Fei S iR 9 faws @ W @
AR T Foff HT E, § gUF & 9 ¢ (o & & D @)1 g st sraeenstt w1 gyol e
8N B R @ @ S o o st e T R (Frew ok S el S ¥ @ wew ¥ 4N ) |
el el o 7 € o6 freet o § S st € et (@) €, fe wEngst § 9 e gt
TR (4N) B

Tl 78 o (S Ggioehar s el €) ula: 9X g3 €, ik $ud o yuia: @reft 81 Fud
€ %1 T d8 FEd B
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i 2 21

3 o o Tagra
T HH AT b Si A Ge fohedt § N
TRATY] €| Wik TRATY] oh gotereiql el fafi=
‘ e — - el # fafee e i At e awE
S fererfird &1, ieiid Th-ge § Atk S
[ e " W, @ zom S @ g T
’% foRted H TXHIY] TH-TER o 9gd e (2
5 ¥ 3A) B ¥ IR THiAT ToioRA Th-TW
E‘ Y R Frehead! T el § W uReie
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fo3 14.1 few) 398 =reM o9 § a9 fem

Sl TR B E, % ®7 § q¢1 Skl d€
oI Hel WR HE, % w9 H @0 T L
E. % W a1 E, o 4 399 TH-3W &
et Fiere 98d ¥ Sl & ST M B
HeASTehd o ok IS aen =eH oS i aet
% a9 o AU H FA A AU (A
Sl AR, E, ) Fed €1 T8 e wwed
wehfa R el e €1 7w siferk, i stere I
Bl Teha 21 3 fafu= frofal =) fos 14.2 0
T T ® qe A= e ferer=e i TE R
FavuT I : 98 o3 14.2(a) ° 3@ T
frafd & ded o B o9& U uig w1 feufq @
e =rem e e w9 9 9 € qe Gasthd
e e w9 @ o @ sten =er o qen
TSR sig fdeaa 21 Sel SAfqeAd giar €

Iioral deA T aay
CIiiiiiiiiiin ANgEe
________________________________ E,

En
_______________________________ E,
Cinniaaroiniiiinin aNeEe
S
saq: favme den |
Frereed, Yo STerEel
2 gowRAl | W@

g 14.1 0 K W foreht srefemeres & oo e o) Tk,
I o€ 59 =er § wed §, § oraq: foere gen o,
rcafien fere ol srereend gt €1 freren S 59 gt
T #ed ¥, ¥ ercafus fiehe pfd: ot =it st gt &)

ASTRdl oS ¥ Toe e ¥ wer o€ | S "ehd g1 98 Teefa fagd =em &
o srcafier S | goleid Sue Y ot B1 S/ HaASehdl de AT w9 9§ e
B € d Solaie sUeh T WR 9 S &R a% T shich fagd we ol G99 &
Td Bl SHIT 39 TR o USiell w1 WY W s1eE =oehdl S= gl 8

N =
B |E ¥
® e

e

(i)

‘/ﬁﬁﬁ
E Eg >3eV
i3

e
(b)

o7 14.2 () ¥gs,
(b) Targeriel o (c) erefwmerent & Soit def & st 3@

TRl T e

473

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

W HifaeRt

THIUTII : 39 S0 H S Tk s 14.2(b) § <wifen o 7, 7@ frofq # o
ST E, Ao €1 € (B, > 3 eV) | T §€ § FiE some T8 8| o: FE foea
e TE T B S 3 A A e & S s T st w &
et ot g 39S Q SoieAl & HaSeRdl 98 | 9o 9% i SR I T8 R
S Gehelll 78 fagantel il b1 S

THTOTIIT : I Terfd 14.2(c) ® <iieht 7€ 21 36w oRifd wg oy o et
(E, < 3 eV) Bl 81 7Y s el & o HR01, FH o A9 R, WWHWW
%ﬁmwaﬁﬁmﬁﬁ%ﬁwaﬁﬂﬁaﬁvr{*w e dS § TEd Hehd
21 3 SOl (Fafy e § w0 B §) = o § i o §hd B o1d: ST
o1 wfedie San eAferen el g T fagaieh g=ref = e 2

TH N | B HIqeN, Setehl ol AefecTeh] shi Sqeh aiiehul fehen €1 ST
ST | BH STd=reien] # <o Wishan o fowa ® W@

14.3 3 sref=meish

B Ge 3R Si 1 Ta® WURU SIEWN ol et Sofh (Lattice) o1 fo 14.3
o fe@ré T R 3 S 1 R S T hEd B 1 Ueieh TRATY] uR o1 FreRean
wETEt gR1 R gl ®1 &W WA ® foh Si 3R Ge § WR HaNSThal soieiA B
21 o foreea A o Y% Si A Ge WA U TR HAISRAl selal § 9
Th-Teh SO i 3T =R Tehean WA o T G@9fiar i i Jgia T
% A1 TN Y Fehead! WA o Tk Tl hT WY ot il €1 FEt wErh
SeaR T Gg9arst a4 (Covalent bond) a1 Garsrhar s7a (Valence bond)
Hedd &1 UG A ST Wbl € b S WewiiSa Soigeid S9 Welfud qATI[ST ok
o -1 Tfd i wd €, TNEH 9 ggar ¥ 99 ' €1 o 14.3 § feai W
Si A Ge &I G H1 2-farig freq0 fo 14.4 H owards €9 9 f@mn
2, S wEEAST §¢ W Tt ao 3dq 2 o 14.4 T ey e @ foed |y
22 T B (el dy w9 gy ®)1 uE feufq et @ W€ odt ?1 S-S A
a1 8, 3 SOER 1 IR S S W B o & e
T ¥ FD oA 3¢ W A ® TR ¢ (FH soE
TR T W AN I ®) | HHE Sl (et Seih
% S THI[S I YuEl T Y SAFHIS HT 2 € 991 94

O csiTaGe

x W U Re @ & St €, S f 14.5 () | fe@rn
B o SR (SO — g) &l W Tehersht 3 €, 98l 9%
TS AT (+ g) T T ekt T SIS 3 &1 THA €TcHeh
| oW AN 7€ R T U 8l (hole) el €1 el HHrEt
YIS STEY Al Tk ST o HU Rl e FIRR

HI T
v St sredeTerent (Intrinsic semiconductor) ® Hekd ToraRAl
‘fMl"" 1 W& n, B@ F1 WA, n, % IR B €,
- e L=, =n " (14.1)

d-fardta R S frea g ey s gmﬁqggmqwm%ﬁmgﬁma;
A @ HEA: 3.56, 5.43 3 5.66 A 2 Y- g 0 T ) HE o R 1 W U gl & o
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5 14.5 () § fe@rn T 21 el w1 i 5 14.5 (b) §
ﬁ'@’rqa'ﬂ‘@l gfted feranr < Tk %Hﬁéaﬁmﬁaﬂiéa
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TEEAST 94 T 2 ¥ TH 3o e @M 1 (319)
o g Y ST Hehell 21 39 Wb, T T g o €IS,
BT T 2 T B T e I 1 | Tk SeleRie S TR
AT AT &9 § T Bl ToH 1 9 TH 2 T =l
TR M T R S seee= URy W o gew o [fem
14.5 () =f@T], 9 @ & 70 & 39 FRaA A
gftafea & ?1 g soiag™ old: wdsdrgds =eH
TR o ® W T Ll € 3R U fagd &9 e
™ TH oM U (1) I T TR W@ R S we
forted ¥ El o T STIRG 99 BT 99 F14T Serai i
1 STEAfae A R SR THeRT AU HT & o et
1 T ohoel Teh Tes 3UME 21 fopdl areafae fareat
o foga & &1 fRa1 & wosaEd I8 B RS
faa #1 #R T FW T TW UER TH A W I
Tirerdt €1 o1 § e =T SeleRil o SOl el
U [ T B G0 L S AN WOl O L R -

I=1,+1,

RIESRIIGRIRSHC ISR
f__.:fjjji'.‘:fifj_'.i .'.‘.11‘.‘

0 0 ------- e
------------------ .Y
) G" """ "’Q@" """ @, |
..... 8. ;
¢ N { ¢
) o *

oI 14.4 Si 1 Ge F1 @A F1 J-favia raeems

Freqo foed et @0 W weEaEst ey fiam T @

(|t 99 s g, HE I 94 ) | +4 98 Si 1 Ge
Fralt e i 3T e 2

(14.2)

T&T A 37 A 9 9% € o =Ie soeeEl qe B o Soa B ok Wie-wie
7.9 1 YhY Bl € e goeei eiet o 1Y 7.1 eid § 1 S §
AT e o I B 1 T Sk AT h1 X o SRR Bl €1 36 G A

1 R0 SeERAl H1 el ¥ Geg T 2

(o™ el oF RO
1 Wﬁﬂﬁgﬁ?ﬂ'—r)

¢ > o |
° -o ------- SN @ B O
.....
¢ Poe L
; » Coe
N @. @
° -o ST O °
...........
e Pe Poe
Si AT Ge
(b)

ot 14.5 (o) 799 0 W S S & HROT LM 1 W T a1 F6H S o S B 1 SHILIh
U (b) frdt gier &t Wenfaa i fa w1 Wefteha Frewon = aret ST 19 o Weddsh §Y (T 2) | Th
TR IR Bl T 1 W Eel Sl § 3R S T W T el Sigdl B

TG YHN WM 1 ¥ TIF 2 dF Bl 1 S T i g 21
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Eg
Ev_ EV
(a)

W Aifdent
% o 14.6(a) # @MU AR
+E; E, T=0 K W & I sref=urerer fHd
E T T fagaQet 1 wifq HeeR w2l
) E, T& i F & T e wRm
) l =9 @ (T> 0 K) R FS eraA
IS Bt HAS ST § = S

¥ 7= €1 T> 0 K R ard swifs
TR e o8 § R 9 9
TIM 70l Y ofd &1 gHiferg fenelt
(b I enfares @ e 9T oM™

T 14.6 () T=0K W % i srfumae fagadet 51 «ifs smmer 99 14.6(b) § TMT STTER # 21
HI 2l (b) T>0 KW ¥R At Se= Seiei-glel Il R o (+) T D sole = o8 § <
ToeHl o el ot € 9o fe 9dq (0) gell @ el s 2 T A TR W HAST o | e
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380l 14.1

qq TAE G W 9@ B B
e

IETETUT 14.1 C, Si T Ge FI S@F (Lattice) T THE Bt 21 fFT ot =

C fagaieh @ S Si 9 Ge 39 €= (intrinsic semiconductor) &7

TA C, Si T Ge o WAV o IR S{Ud Seiae hael: 5, qrd qen =ge seai
o B B 37: T WHS ¥ Ueh TOaRi i STel TeRTe o folq emeweren Sl
(T et E,) W8 FH Ge o for, 389 aferss si o fo oft s atfersn ©
o foTu ghftl 39 R Ge 9 Si § foeId =e o fau wods soiaei ! den s
Bt ® SEfh C | 7@ g gt 2

14.4 3T =R

forelt =1 areferereh w1 =Tetehdl @k A9 W R Tl €, W He-ad W gEeh!
<TeTehdl gd W el 21 36 &9 §, i ft weeyul gorerien e S areurerh
TN ToenTa &t &1 S Hehdll 21 37d: k! =etehdl H GHR HEAT G99 Bidl €| T8
3 arefererhl ® STgfgal w1 STEnT Sich e S R

o Tl g st | IS S g oteued W H S 6w W wid
e (ppm) ® TireTE St @ O SEeh! =ershal § % T gfg 8 Sl €1 W WhR
% URIYl W1 STURT STEAIeTF (Extrinsic semiconductor) 31eal 371?17? 7T
(Impurity semiconductor) F&d HECIE] GTSI@ ET| Wﬂﬁ'\"ﬁ%" Thfsa &< a5
(Doping) @ YA el © a1 g WA 9fFge (Dopants) Head |
TH YR % 1Y &I F1=7d (Doped) 37ef=rere egd €| AuHseh TH e =ey s
o st Usied o Sas ol fagd 7 Hi 39 had fohted § 9gd &A 4
srefTereh TeaTY] feafaat st € S wifeul 39 W S o folt U Sveves v I
? T erufrsrr o 1] qen erdferersh uqidl & STUEtl ST WES oIS GHA @

=g HASTR Si AU Ge o |G o TIT 31 WehR o 7THge STaN fhT S 2
() o= G (FEASER 5); S S (As), TEHAT (Sb), TR (P), €l
(i) £ TaeER (HastRar 3); S €feam (In), IR (B), Tgfafem (Al), )
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STefaTeTeh Solaeii-eh] — U=,
RIESRIIR It TR

o1 &9 7% faa=m &t fw emfuso g/ fow i
YR AfTeishl § STEY am@ehi ol T | Ufedd - S S PO, S
Bl & FSTEer SRl 39 srfereiss &1 =il uRatdd . ....... .- ....... .-—. ______
B Sl ®1 Si FUEl Ge e GROM o wged T 4/'7 et (o5 i)
(rf) & wew ¥ THifere Bw emfgm & fow frehe 0, L 00T ¢ .
o R el diEd o oh dcd w1 =9I g€ 31Ul . ______ @ ______ .___.'__ ‘ il 5, BT AT 7S
FI G A TEAUE oA gC kN € fF emfwgm 0 e e ey TR e
foRT ST et oel < RATY 1 WEW Si SO Geh e 4 e
THY] o WSS o AT SeR B Uk 99 UE © “' ""_'"'"'
ff WA & fou swEm B A B w0 o0 T T
JoSIeh e STIMHA o qvEd Th-ge) 9 JUd: . L Lo
= YR o < ereferern gl 1 i e € (@)
StemT @i < fean e 21
(i) n-UeT & efenrciesn
M ST TR B9 Si A Ge (FASHRA 4) & TH QQ{Q s
JerdSR (FASRA 5) a9 STufHEG Y S O @ O 1T
ot 14.7 ® fe@mn 0 1 54 +5 Gaisihdl &l de
Si o Teh T <l FiaeATid hieh ST T T80T OO0 O
HT © A 39 SOl § 9§ =R, feead =R
o AR @ & T 8, St dree soiaeH (b)

WW@T{F{EHW@@W%'WW forT 14.7 (a) 998 TAST Si A Ge & TEEAST @1 A
%ﬁﬁvwma;maaﬁmﬁwm (As, Sb, P, 31f%) 3 sraffsor ¥ 1 n-srd=Te®|
WW@B?W%%W%'W (b) N-YFR 3 T T RO T IR
TROTHREREY $0 SR I B T o I ST fqor v sfeeerrdt < < fee st 1 e 7
ST Sofl 9Ed HH B 8 IR WA HE AR gifefio oy oo 139 S 308 dag 30w %
T TR oh Serh | o Td i o fag Ja Ty e T
BT 21 I T T, 39 sl ol W § g
w3 o foau S | ~ 0.01 eV qen fafeas |
T 0.05 eV el =fEul gHeh fauwlia foret = eref=rers § wer a0 W R
TR i T oE W TMIROT o forg (SHfEe o o 0.72 eV qen fafeesi
T @ 1.1 eV) ol At 39 YR Yadadiesh sTufise faga = o fag w
arfafiert seiaia waT a1 € 3R gEifee 58 g7 379fs (donor impurity) &d €|
3Ty XA R foed =e o folu, Iuere YT U Seiaid &1 §& Jad §9
Y aqthger W PR w1 98 e & A R R T st guen o Si
A GRI 3T Yo Seiaeil i G&A (A S | giell o §1ef) | drg oh a1y
wgd 4 ghg et 2l

fendlt sTafHa sreferersn o =Teteh Seisgii 1 et WAl n, TSH o AT 92
st oT (7T BR1) § STa=1 SRl o ShIOT Q1 Blell S el WA n, shael
=Tt Gt G ST 2iedl o R Bidl €1 W Biel o GG S Y gig gl
1 TE o gig o RO 8l W €1 THeh URUTHESEY el i HeA W SR S €
S B

T YR STUA % 3fHd TR Y AIe soiael i G § gl i §eA &
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o O S

.

(b)

o 14.8 (@) Jg&iuast Si
Ge & et | st we
T (In, Al, B 31fk) &
3TafFsor ¥ S p - YRR A

sieEh| (b) p - THR o uared
T WROTTA YR BH el

A 890 S Uk Yefrat

srfafied EomcHes STew & WY

yfaeerdt It wE] St ReR Hig

T SHY Helg Brel i @ 21

o 8 gfig 1 T Tehell 1 o7 TuGSR STATHgR %G1 STafHA g

. W e A9 erfeTe § soie dgaee HEY dige a9l B STeurd

EY FEF o S &l T 36 YRR o erfererhl #I n-FHER @
7T FEd &1 fhE n-yeR o snfsrers o fog
n,>>n,

(ii) p-9#R F Irefencish
p-THT h1 efer 6 S € S Si A1 Ge (SqUEESt) ® gU-1I1 1

(14.3)

© frEEsh ergfgAl; SW- AL B, In ofe srafufya w1 ST ¥, St

o1 14.8 o fe@mn w0 21 eafHse | Si A Ge I UeT TH Wl
ToaE wH Bl ® 3 sfery 9 IRAT] 9 3 9 Si wWHE ¥ §y
T Hehal B, Wieh =il ST §Y oM o fou v seeRia Sueied
T € o HRO WA g T § Gl L el Il 37 s o
qon Y frepeeer T o ot S H Tk R sveran gt B @ o e
14.8 & <wifan TN {1 TR Seteh W USIE Si WHY] B o T W Th
TR =TEdl §, fehe o TRHI] o STel el 1 g sl 59 T i
T o U e R Gehdl € FTHE SHoh 10 T R Tk el S STl
Bl FE gl WoH o o Sueied T@al B €A <9 Ang o 98 © o,
st fasidE wEr] et Si UHTY) o W19 Seiaeid i SISkl Sich
GTed : UM AT 8 Sl §, 91 5ok g Garst ¢ U 81 9
#1 zafaT emo o ¥ 9 p -usred % eTufhge WA # 0 Fag
TSl o WY Tk BUTCHS EY H1 %I el Sl 8, <@ = 14.8(b)
 fearn T 21 7 T € R T 78T WA (N,) T B 31 81 98
Bl S ST Biell ok SAfaiiert € Sfeh =ei seiarei=l sl &id apeel =l
S €1 21 39 YR, UE uerel o foru, Biel sgEeush S ael soieeid
AoUH I diesh ¢ gHifey e sgyfs 9 sfaism 4 srefwrch
p-JR & 37efeTeish hEd B | p-FHR o oyefereran] o T Gars gena,
39 W e w1 WEN n, ST Hon, B W 21 T p-UER %
arefererahl o forg

n,>>n, (14.4)

M 2 A 91 9% 7 T 5 d UF 95T BT ISl ST 3@l

& Fifep STfaRer vl AIgeh! W Y BT AT Serh H I il W SEv
&1 G & & G U fa9did sidt 2
ST STl H IgHeIH ¥ 98ehl %1 UGl oh RO A9 gRI 3o
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YT TEhl o foIu SgEEs aEhl 9 fier & aifue aeeR B € 3R 39 TR
d T B S B SHfC SUHYH Tk YR o 3 ¥ aTeehl i fherd 9, i
a@@;%awmaﬁ%,m&lmﬁmmﬁﬁaamaﬁmﬁm
F Bl

A0 g ARl AT Sl o G g Bt @1 W srdererhl o
TRYT W I SR o RO SR Sl staer (E,) qe el STfEA & wRo
Afafed et st (E,) S 2l 21 n-YeR & Si sd=esl o e 98 $@ e
S WR E,, 0% S H qlt E, W B T B 2 70 39 TR Y S 399 9gd
HH Soll i YR BH R = S H JAT H I T e qd T AR el THT]
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SAefTerh SR ent - U,
el qen W afkae

AR 81 S ¥, W Si ok A 3169 (~107'2) T € SEiehd B 21 3 T
14.9(a) ¥ T 31HER =e s ¥ tfuemian goia < 1gfgal 9 & o 21 5elt
TR p-THR o SAH=Terhl § TET Sofl ®R E, AT o€ & 31 § B R 8 8
[f= 14.9(b) 3f@T || 9gd W Sofl IR &H W Ff Fa I ¥ FE TWRAE,
% TR W HSH W oAl ¢ 3R SH T ! FOMHSF A F:2 a1 21 [fasheq &
®7 H W W UHR F w7 Tohd & fF 957 A ol ki YT T BA ol TRE,
Y IS oS § T Y Gehal 81 Hol AT HiH W el SO 1 N A B Sk
B e W1 3R M €1] WH el a9 W SR el IRHI] SIS S
& e WA o § eret o9 STd €1 79 YR el a9 W gAst 9 H gl w1 s
Y@ &9 § ruge el o oR[fs o wNol B €1 ardiy ar o ikt |
SRl d Bl 1 Higdl 39 YRR ¥ i Sl ©

nn, =n’ (14.5)

Ty ST faeXo g9y &9 9 i-ehe qe IRenfeqd 8 W T8 W &1 9
wrgetl, fagaRiferal qen erefererhl (491 qen eruged) § ofal whi THEH W Werdw 2
C, Si a°1 Ge 1 Fiushasti § iR $9oh =oH qo TS sel o o= Sl 3w
W FeR e B1 R (SEHS), Si d° Ge o foly el Sl HE: 5.4 eV,
1.1 eV a1 0.7 eV 21 Sn it =% 9 o1 qc 8 W I8 ©1g © Fifeh 9ok Feh<ol |
ST AT 0 eV Bl

-

P
(1]
(L]

0y
([

-

(—— 3 — — »
K~}
L~}

E

iz

2

na N NE -AT
o e

"
re vy

¢

y._ e - Ly I

Th e < sﬁwwu -8l g
T AT AL o 9 TR

o7 14.9 T> 0 KW (a) n-&%R & ef=rces qen
(b) p-¥hN o 3ref=Teieh 1 S el

IETETUT 14.2 AH oAifog foreht 315 Si et § 5 x 1028 @A m® B
EEASt As ¥ 1 ppm Higdl W Srafuis fohen S €1 el qen el e
uftehfera it o € fF n=1.5 x 10 m
T M T, F8T ard S 1 e W S SR (n,~10'° m) stafasm
Y IO SoIaAl HI gor H g 7
E'FI'FHQ, n,~ N,
gﬁnenh=ni2,ww3ﬁ#@1
n, = (2.25 x 10%%)/(5 x10%?)

~4.5x10°m3

G VI lni2lbe
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http://hyperphysics.phy-astr.gsu.edu/hbase/solids/pnjun.html

p-n G STEE 1 FmtoT Qe w et

TRE fgwr (sTvar)

B foeror

14.5 p-n 6%

p-n "4 (p-n junction) sga Gt e @S9 e, R oK w1 g
THE B I ik gfdl o faveo o forg Wik o seer ol wHel ST
eyl 2| 376 T U€ YHEH o1 YA w1 ok fRelt Wik s fmior o9 e @ qen
el 9 dieearell (= ara@ oft hed €) o 9e o 1 G fohe TR =eer
F 2

14.5.1 p-n G w1 o

p-UHR o fafeeia (p-Si) d=es &t udel gefaw (Awr) W faur wifsm)
IREE Y | TGS RfG i 37 7 fHaet fhdt p-Si vefest o s 9m
*In-Si § IRafda fran 1 wepar 21 fRet srdurers w1 fefor w6 @ wga-d@
Hisrard €1 31 TefereR H p-8F TH n-& G p- Al n- &5 o o T e S €
fordlt p-n wfu o fmio & gm 1 Hewyl gfwand & € — @R (Diffusion)
qeN 379aTE (Drift) | 9 I8 ST © o foheft n-ehR o atef=reres | goraeial 1 digdl
(Wi TehleR 3TFA | goiariAl o1 WEAT) eiell i |igdl i qorl | At el g1 5
R p-TehR o STHTCTR | Bl i WISl STl i HIxdl i Jorl | STfuh Bl
21 p-n G o T % TG, 991 p- TE n- okl o THU W EWigdl qeor
(Concentration gradient) o HIOT BIA p-PeTh T n-Helsh (p—n) =1 fagfia g
& 1 SAEH n-Helsh ¥ p-Telh (n — p) 1 AR foaid ek 81 STaw ki i 59
T oF SO EY W Tk foER ¢ venfed et Bl
el i oie= p ¥ n 1 AR fa@ia e € @ 9% I 1w T et <
n-eH T BS 1 8| FE A <@l (U SEw) TR SR o WA g ae g
% HROT et il 81 SH-Si9 3o n — p %1 AR foaia g S #, @i -
TheTeh TR A W1 (3 YA TE-STS &5) Teh W foefad 8l Sl 2l
Tl YR, STl hIE Biel Wigdl WUl % 0T p — n %1 AR fo@ia g g @ 9
A IS T AR WE (RO STERT) Bie a1 © S e g g1 S-S g
faafid &4 8, RUTcHs ew (RUHS: TIE-=1s &%) %1 % WA G o
p-Thereh W faehTia Bidl Wt €1 Wik o i Wotehl W faeRfid 59 SH-=TS &5 i
grd! &7 (Depletion region) ®ed €| 7€ $UfeTy ® Fifeh Soiagi= qen et o §fy
B SN-UR SR T § 9 o € o S8 o SOl o &5 ol B1E T 29 § (Fam
14.10) | 39 BIET &3 i HISTE HEhIHI o THI T i hife
< coit fry 1 BT 81 WM S n-ther T SH WE-SS &5 Al p-

—> Tl TR SRUTCHS TIH-=1St &1 M o R0 9y W AR
e EY Y FHONHS A 1 R T fogd &4 3= & <t 2
9=0-04 - 39 &7 o N WY % p-THherk Sl Soieg n-hed 1 AR
044 qql Gl o n-ThoTeh w1 Blel p-Thetsh i AR T Ll Bl 59
N Tore &1 o I A AEh| HT 5H T i YHE FEd B

< T A TH TR TF ST 4 S R um % e g g,

o7 14.10 p-n TfF =1 # 9fED vanfEd B SARY 3 3t § (fF 14.10)1
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oY &7 faeiia g o €1 39 foga & =1 doan o 9fg eid € fraes
ThoR®Y STUETe ¥ § ot gig gt 1 9 YohH SH GHT qh wordl @l
? S a To6 3 A1 ad (Torewor o e S{uere un) 9iE § g6
&l B S| $9 WehR Teh p-n G oF Sl €1 Wrere § pon €@ W
HE 72 fagd ¥R/ TEl Bl

n-&3 § STl S BT T p-&1F § BIcll ol Wit oF HROT 1 &
1 HfY o AR-TR T fawaiat Ica=1 8l =l 81 59 fawe =1 ¢e 39
YR Bl § foF 98 a9 oEel o R yare @ foiiy e € e
Ty HreEEE i frofq Seo B St @1 e 14.11 ° iy
e | e 3heh fl o st faeiat <witEn T 1 n-uered 3 el
Wy € den p-uered A geeeH AfSa Ry ¥ 39 R p-ueied o @
n-we oA 21 S faWE n-gF ¥ p-aF w1 R soieel &
1 Yehd 1 A9 3 © 3 29 999 1 U AfdehT 999 (Barrier
potential) &d 2

e0e®
So0d
P [Sl=h:l0) n
coed
(Slel: o)

—_

o 14.11 (ai_éra‘fg = o

(V = 0), (b) T foelt smog o dfy

%1 faval

IETEIUT 14.3 F1 p-n FfK 591 o T 87 p-ThR o Aef=meish w1 Th 91 i
n-YR & AeEed ¥ Aifih 9 9 GRS X p-n G 9@ R Gehd 22

A TSI &S o 92, =R fRa 8 wHaa 8, sia-ure ffed daud (~ 2 | %
3A) U #El R GEd el SR sEfiT WHTE R W i Gyeh (e

Tad Gueh) G9d &l S YaTed g et oS dreehi o forg df e fafess=ran

I TE FIER HU

14.6 31EETew SES

eI

— » B |-
st e [f99 14.12(a)] 99 9 § TH p-n §fH — ecsd ~

e @ forgeh fodl W enferss ok 98 B € @R g A o

TR IS ATl aeedl SIS ST ok | 39 I o ]t fHiTat
B3 B T TEie i YdiecAs ®9 | 99 14.12(b) §
et feman e 21

T ot feen afturet o o ER fogga um &t feen gren
Ut (Equilibrium barrier) @i <idl 81 (Sefs s@e
sfefier srfad (Forward bias) 8) fawa =i s@ie &
TRl TR e dieedl V STger hich uRafia fehan S Hehan 2l
p-n G4 SEE F o foneht amaa oF wrmewen ¥ feafa foa

14.11(a) 9o (b) ® <9l 7 21
14.6.1 3T s@ W p-n G S

(b)

THEIS &1 Tl |

& fordt stefeTeis S o < fll o o 1S aTel Sieedl VEE YRR STIUIE i

St & o S8 1 o9 il p-thorh W qU1 01 2l n-thotsh § IS whid

2 [ 14.13(a) 91 (b)] @ =¥ SmAre Frafyd w8 2l

STIGR SAfLIhTY Sieedl uTd 3Te=Ters S o BrE & o faRl W e € qen
TR & p-THeh AU n-TheH T AT TG B (39 HRU T 2 TR B

ot 14.12 (a) s1efame™® 8@E, (b) p-n Y
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I &5, 98 & W&l IS AEW T 7, I FaY n-helh ST p-helh &
HiRIe w1 qor § STeafiren el €) | SR dieedl (V) &1 fen st ffda
(built-in) fawa v, o faoda it 81 g9er TRomHwEY, BT TR F1 A
azaﬁ%amﬁfwwﬁwﬁaﬁ%[ﬁam13(b)]|wﬁﬁ1¢w
F geret Aferwt =€ (V, - V) B 2
qﬁwaﬁmm%ﬁﬂfwﬁmwm@%ww
Bl ST, de Shadt d & STEY dEd S Sedad el Wl W o, §gd HH
e ¥ G 1 IR T o fo eTevas St U s Ui, 3T A faga

R YaTfed il afE B9 ST9ge dieedl | 1ol gfg T S qf Ufkreht S8
HTHT T S qo1 31 T o areehl il Y IR % o oy savas

an // 7 Fell U @ S 39 YR fara o | gfg @t S
SYIH Seedl oh HRU, ToERM n-Wwold gET & UR WY

oIT 14.13 () U 9@ o

p-TheTh W TR ¥ (el 3 steuiw o ¥)| T YER p-werd & el
‘Hﬁiaﬁqﬂ*wnmmmmqgﬂd% (STel 9 ereure aEe 2)| S
TP W EH alel 39 UshH Wi eI dlesh 31d:&ul (Minority carrier

p-n SIRH m (b) Teres forere injection) ed &1 G 1 HH W B Hesh W, W Y Aefed e
(1) formr s=d &, (2) et 5= STEehl ! WKdl ! qoil |, STeq9l dTesh Figal § #ecqul gig e Sl 2l
aieed % fow, 91 (3) 559 =0 g wiEgar YAUl & FRU p-kas F WY SRR fERd @

Hieedr o fow)

16088
6669
b 9969
6669
‘0000

r A
&t &t
wwn

p-Woleh o TR IR W 9ET W €1 Tl YR n-thelsh i Wi ok

form @ faafa et n-wherh o SR R W T 2 (5 14.14) 1 A

Theleh! TR STAYT STEeh i 3§ I o RN fagd ¥ Yalfed &M ot
n Bl el SRR SIS UN 1 HH Bl faETor ¥r qen gee e

&wgﬂqﬁmmwwm%lwmmqﬁqmm:ﬁaﬁw
o g Bl

14.6.2 YYSITSiITeh 999 o p-n Wi TS

o 14.14 sufefors a9g o eeqisr S TRl ST @ o g f9U o | &2 9 dieed (V) 39
e AT (Minority current ¥R YT L ® T o2l o oF 2N 1 n-wersh | 99 Rl

injection)|
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e i p-hersh | Sied € [fo 14.15(a)], A SIS = gv=ifie
AR (Reverse bias) H&d € ST dieedl i fuehl fawedm
srdeTersh o B & o T R B B T8l STuged dieedl whi ke Afuent faue
1 faen o THE B 21 390h URUTHEEY AT i e 9g St © qe Bl &
=1 e ¥ fagd § gReds e o wRo gfs 8 SR 21 wesaien sEee § g
ferewt S (V, + V) =t € [(59 14.15(b)]1 T8 n — p T 3R Seiaeii o Jare
H%panﬂﬁ@?@ﬁ%%ﬁ@?aﬂ?ﬁ%lww TS % SuffR SEE
I gor | 359 feufa & fowror um et w9 8 S )
oy o foaga & =1 fen el gt @ fop K p-wetsh W goeRA @19 n-wesh
W et T Ao T i gua gfy o freke on S, df 3= 3k SgHET
4§ 9 fa S| SAv Sreehl o 39 3T9ETE o SR fagd ¥ 3 B Ie
HYEE YN FB pA HifE 1 Bl &1 THeh Tced i B 1 R0 I8 ¢ fh 376w
TTEHI Y A 3Tk AU Felh ¥ T oF I AR IgHEIH HAR hl AR B
21 eTufefreR STarEe H S19aTE N (T pA H) off Bl ® wg g8 ot areent
% HRO U (mA H), 1 qer § T gt 2l
TS WY ¥ (Reverse current) SYgad aieedl T 3Tty 91 &1 gid|

Downloaded from https:// www.studiestoday.com



Downloaded from https:// www.studiestoday.com

ST goteriehT — wef,
el qen W afkae

TS ! i Wi & Ueh ok ¥ TER ol deh TgaM o fau @
dieedl € TA et 81 UR STgge dieedl o qRemd g1 HifHa el g
WY T8 G o S Bemehl W STeU dTeehl i Higdl o R Hifd gt €l

TEEyes 9EE § Rt wifae qweki¥es (Critical reverse) e
ok Taegaem gred ®9 | dicedt W ek 7 St 21 29 dieed w1 9o
gieedr (Breakdown voltage, Vbr)?%ﬁ%l Se V= Vbrﬁammﬁﬁ'ﬁ
o1 H It 9 gfg it B1 T8l 9 o 99 deed | oed gfg w0 W
ff o1 W ercafien qiedd @ Sl B A uveieiin o ol feRdl e
ufwer g a7 (B S g fifdse fifan o @) @ e difim
q fohan ST @ p-n G T 71 ST A T IR I8 A 9 9 sifien
B W ql SAfade BF o SR SEIE T2 8 S 8l UE 99 o B Hehdl B,
e e Swfien Sl g € de SHikies ¥ SgEd 9F o 3t @l

fordlt sme o VI Sifvenafire (STIUgE i T dicedl o Hed oh
w9 H ¥R 1 fa=wor) o1 $1eTd w6 fore ufmy e o9 14.16 (a)
qen (b) § @ T 21 erEie 9§ dieedl %I TH GRRmER (A W
feen) | e gl Wi @ TSed sEie W Syge i TE dieedl i
qfafda foran ST Tl ¢ atcedl o fafe= o) o foT o1 &1 919 e

N

O O ]
|

it

v

—_

o 14.15 (a) AR 99>

4 sMre

foran ST 21V SR [ o = T W, S fad 14.16(c) ¥ f@mn TR, ure
Bl 71 o AR, sl arg "o o forw g9 fieliier 1 ST e ©
e (SIE fset ST9T o SHeman T o) Sufea U eites ® Sefer foada
AE W HH U H AT S U Tk WSS 1 IYAN R S =1 3 e

(b) Tzafefden s o
JferenT fae|

@aﬁwﬂa V)
N
>y I (mA)
I/I A
P n
A
frefidie —]
() 100
7 | fer 80
/|| 60 —|
oW
40 —
@aﬁ?aﬂa V) 90 —
190 50 5 40 20 L/
, 2 0.2 0.4 To” VY
1) " 10 —
A 20 —
HIEhITHIR
(nA) 30 —
NW'\ | I (uA)
RE () (c)
o 14.16 &5 p-n 94 TAE &1 (a) SWRRTS T4, (b) TARKREE a=™ o V-1 et o
AT o yAIfiTeR i, (o) ot fafae ere & gfawdt v-1 eifirensforss) 483
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33E{UT 14.4

(14.16) ® 2@ Tehd B fop Uil a@@ o R4 ¥ &0 39 G0 % 9gd ¥R-¢R,
T 0GB W ek foh SIS W aieedl U fHived w9 SAfes 7 8 sl
39 AfenafiTd dicedr o A% SHEE 9E9 dicedl § 9gd oig-dl g gig e 9
SIS U ¥ Hieleh (SRErdieR!) gfg B Sl €1 98 dieedl agat aleedr (Threshold
voltage) &1 F2-34 dicedl Hhealldl 21 39 dicedl &1 91 SRAa g™l o ferg
~ 0.2 diee qen fafaei erie & fau ~ 0.7 dee 2

YTEETiTeR oo H TS o fAT € §gd T (~pA) B @ qe SEE g
o T oA TR o+ @t 81 39 §dlY §gW 4R7 (Reverse saturation current)
hed Bl T D ToRiT Wil |, §ga A Iesiaiien S (S dieed) W EN
o e gfg @ S 21 SEe whi 59 T fehan whi foeem S g 14.8 | w5
TE B HHRYT SeYF Al SIS WdlY Haw e &% ok 3 Sudn el ey S 2

TR G T foee 97 K@ € fF p-n SEE 99 9 9 49N % YA i chdd
e & e W (el wmEw) it e €1 uesteiien 9 g i ge
o sufefirer Ew wiediy 8 eidl €1 3@ U1 1 ST YAEd (ac) Sieedl &
femeehtor o forg feman 7T €, f519 rTel et & o T ¥ SEel o forg '
T I Gifqew TR S 7fae gl wed €, 1 dieear | o qiEdT AV aen
foga om0 ¥ o1 ufied= Al o’ o &9 H R w2

AV

r,=—
4= (14.6)

IITET 14.4 Toreht faferents em@ie &1 VI stfrenarforen fa 14.17 § <9 T 2
TS 1 Y (a) [, = 15 mA T (b) V,, = -10 V R uRsfea sifsa)

I(mA)

30

I :

-10V
&

0. 050708V

o3 14.17

T TS ATHer T 1 = 10 mA ¥ [= 20 mA % 9 Wd @1 &1 Hifd 7
B S qo1 fag @ ol ®, B9 i o T o1 UIeH i gU Wiy 1 gieher
F HHd B
(@ 9% ¥ I=20mA, V=0.8V;[=10mA, V=0.7 VR

rp, = AV/AI=0.1V/10 mA = 10 Q
(b) I AV=-10V,I=-1pA"

3d:

r,=10V/1pA= 1.0 x 10" Q
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14.7 Wt TrEe & faeswt o 9 | Sryan

fordt wfy sl & V-I sifirenarfoen o B9 97 3@d € T 9% haat A+t faga em
velfed B 31 & Sa o7 Ui aafed g 81 3a: Al frd srie % fa W
FIE FoATE! aleed] STUGE hi STl = oh chadl SHI AM | IR H ¥ YaTted
Bl 59 e sk arafad 1 e o 59 0T
I WeTer! Seedl o1 fetEehor s | TR S ® qen
39 %@ % foru 59 aftue &1 3w #W § 39 Rwwr
FEd &l

g e & fad W &g geadt (ac) dieedr SviH
o Haifsa A gfauy R, o W1¥ I S ¢ @ A8
% o0 W haa ac a9 o 39 A= ° Tod ere
Jufefirer aEfed €, Tk TIEAM aieed! gier=r gt 56
YR 1 fogga afaer o= 14.18 o foga 9Ruy o o
T ® TR eref-ar ReesR) aituy wed 1 T i
fgdtos et =fifia A 9o B W aifed ac dicedr &t

g Lt Bl o A R Sieedl ¥FIES B 7 @SS
sl arfed il € 9o 98 foe@ o w1 =
Bl S A R dieedl RUTcHs el © dl Sreie qeeiiien
Mt B © IR o foga wrer @l s gvseien
qE9 H TEE HI GIW YU ¥R T0F et € a9 g9

SR 1 o fIq g W ST Hehal 21 (SEE &
T WS dieedl 1 AH JEHER i fgdEe Hedl W

R, % tf@: dieedr A R e

RTER ac Feed 3 g § F s o e @iy o0 1418 (2) ST e i, (b) e

TR Uiy oS | gferd ® Tehl) .
3HfAT ac dieed] o YA =% | oS qfalie R, A
Y forga om0 wefed B0l IR g ot 14.18(b) ¥ <9IiT @R ffd sieear wra g
TR FBUMHE 3Tefweh W o[d o/ U =&l 8| 37Tl eFTcHeh 31df=igh ¥ gH T ffa
Sieedl wrw B 39 Wb, Tl seedn Fuft st off afedHia € wg 7€ shed T
& fon & wfeefoa € &SR0 Resrt wead 21 S e ac T % ohad T
&l arefess o Tl aicedl wiw B E ©, 3: 3@ qRuY i o7ef-av [Seen] weEd B
o 14.19(a) ® oMU T 9Rgyr ® 3 SIS &1 ST Hieh Tk T aiae
e 1 T 8 98 ac ¥ & ¥FkHe Td RN ST €l st o aeged
feseepa it dicedr o gt €1 sehfere 5@ uRay =61 gof @7 R wed 21 5eH
T SISl o n-Helh! i Toh WY FAMSA L 3 & a1 Trid i SEEl & 39
3wt fog aen TawR i fgdiaes Secht & v fag & o= 9 fohan s 2
31d: fordt gui a1 fewest o foau TEwiR &1 fgdos Fect o 7 ° &
sfuifrhTet f1g (Tapping point) &M a1 STl © @IR gHifery 39 ZrawhR =i 7e7
fehTEl TG (centre-tap transformer) Fed 81 St foh fo1 14.19(c) ¥ =
? fF 7% eEe g f{edd dicedl ot fgdigs Secht O W diced i ohad
ameft & R YAF SEIS Sheet Y Wk 1 TR0 Hdl €, W I SIS Fedradt
ol 1 TEehi0l X0 B1 39 YR SHES! oh SHARTSS ferg qen wen fepred s
% 319 Frshredt fag o ot o fefa dicear gof @@ et aieed @idt 21 (s

485

Downloaded from https:// www.studiestoday.com

gftge @ Fraeh ac 3k frfa eea &



Downloaded from https:// www.studiestoday.com

% ifqe
e TRt
f ——————— 1 T@E 1 (D)
BT,
' ey
ST %&ﬁﬂﬁ
N @ v
SN
< : oy i
2 /N /N,
: BN
. ®)
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fot 14.19 (a) Tof T fe=si afy; (b) A W
TEiE D, % ik B W e@E D, &
fRu T ferer o @ ®9; (¢) qoi @
feesrl oftae 9 Wi Y & R, W

Frfa sicedr &1 el

ST o qoi @ feesrt o fow & o= afme o
B & FSteen fow weg frenrelt Srawhiei & sewgend
&l Bt W W IR SRS A8 | AF efea fordt
&) Hey FIshTelt o A W fast dieed ¥Hces 21 I8
e ® fF 39 &0 W el SETd 8 % %R0 B ™
dieedl RUTHs Bl € S fh fom 14.19(b) o
T T B A TS D, SRR aeE gt
foed =TeM w4 & (SEfR D, TwERkfn ae 39
o HIOT AT 81 hIaT) | 3Td: 39 A AeHew o
TH fod 14.19(c) H MW STER T F7id =m0 (qen
e ety R, o fadf W frfd sicedn) o @it 21
Tt YRR fRHt 371 &0 W, 519 A R ateedl oS
Bl ST 2 99 B W aieedl HAeHs 2| 3HiaT SRt
D, =e &l i, TR T D, =ed S gl
39 YR FEet ac & HomeEs o1d =5 o off frfa
10 (qenm R, W ffd sieedr) ferdt 21 59 7R, 59
¥ T SBUMCHe: a1 &1 31¢ =k | (37efd, T
vsl H, qof a1 o wwa H) frla dieear et 2
T, fa dieedl 1 90 W i o fow Tg o1
T feeer 9 sAfues <8t gty 2

TH YR U< Sedhd aicedr o8 SaswEa (Half
sinusoid) ST =1 Bdl 81 Tafy 98 Thien sl
? T Eh W T T8l grnl THeHH sieed 9 de
frfa o st o g fefa <fHeett o fodl o (R ok
vd H) T IS e gAd w29 21 36
% ! H o oy ols giatd R, o ofishn | i
Wk off gafer feran s g #1 =k 3 e ac
3fHferrsn i AR fFeetT Heh Y de dleed J&H
A did B, 37d: 3% Ttheed ®ed Bl

319 g0 fheed o S &t ffes &1 foe=mm
HUN| 56 G o 0 W dieear § gfg 8t @ e
2 d1 % AR 8 S 21 At uiue § wiE « e we
T& & @t 7 feega frla %1 e dieed q e

Tl 21 g uue § $iE o ® 9 98 @ie ¥ gl fa@fsa e ol © 9 36
Y W ezl %4 B ot 21 e ffd & st el = W we fiR el e
Sieed! deh SAafe gl © (Fes 14.20) 1 Gt o ol W dieea & et g &1 <
Herfis &1 i@ ¢ den uRuy | o gerel giiide R, o 9y qoEwe 9
7% HEd &, W R 31 B HTelish o1 I ek B % fow C 1 " A
B =Tl ofd: Sl few fheedl &1 ST 9 W §r f7fq dieear faseshd
dicedl o fray 7 & frehe g1t 21 T weral o oareh ®9 H gH UK & fhoet
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o7 14.20 (a) TuTis freex o @ qof 9o1 fewe, (b) ¥ feewid &t frawn qen frfa sieean

14.8 fafyre yaiem p-n d@fa s@E

TE 9N ¥ B9 %o UHl girdl w1 faeem w1 S 9o w9 9 G sEie € Wy

et o T sgw o fag faman @ 21
14.8.1 IV TEE

78 T Tafre yaiem sleree e @ fdeh a1 3ok atfashies .9 o A
T @ T 21 TS A &9 § uvaEfles e § yEifad s o forn fesea
TR © 1 SHHT ITANT dieedl TEae & ®9 § fohdl Sl g1 99K SEE &l Udieh

o 14.21(a) ¥ <wifan o 2

SR T |4 % p- 991 n- A Al i STEfde sTafiya
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&5 Tt ael (<107 m) Biar € qen Gy w1 faE e o 5V
Tk ok oY JYEaiyTeh ST e W o e1fd 3= (~5x10° V/m) gl 2
ot SR e/@e #1 1V sifemafoe foa 14.21(b) H swiar wn R
3o 78 <ten T € foh S ruged avsiiien 9 dieed (V) 9
TS T S aiced (V,) 3 99 8 S @, @ uftuer # fawga aw o
wgd Afersh e eidl Sl 81 4 39 A 96 e © o 9eH dieean
V, o T¥E, TSR dieedl W i "iedw Uiedd fey fa €
AT U IO 1 ST Fehell 81 S R H, IR A 9 yarfEd
B Aol ¥R o Sreafiren uitedd B W ot SR dieedr e Tdt 31 9
TS o 9 U1 1 STAM faga Yfidl i dicearsti &1 FaEf@ &e
o feran S @ den g @ frad dieedr W farE W Bkl 21

3T 376 I8 TS &1 YIH L TR o9F diced W foga o
S ol 9g Sdl &1 89 S ¢ foh Tal9 o Seisreil (1o e
aTEhi) & p — n T4 Bell % n — p 3R TAE & HRO Bt 21 S &
veeffien @ H gig g €, |y W T & qecyel 8 S 81 s
TERTR TR Sieed V=V, faed &9 e p-herh W e
T[S ¥ 37 ISRl STl ol Sl n-Hersh i AR @Rd o, T
o fou v gt 81 F81 soleei WoH o THT Uik $ee U o forg
S e €1 e faga &5 % R g wArst ¥ seeil
IcfSid g STiafier &g Scsi s1eren &5 STEAA whedrd Bl &5
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Sieed ¥ gfg B € @ R, TN SR S § veted fow@ Hw

o off gfig & Sl 21 THE S SEe o T W aieedr | wig

e R
B % IL %
°

®  «f ofiedd gu B @ R R W e ® gfg @ 9w 2

e ahm“c» THHI FNU A ¢ T A9 &9 § S dieed ad @ B, i

R, (V) SR /e 4 yaifed a0 o gRads 2 21 36 YR 3 fFraeh

g 14.22 dicea f99® & 9 ¥ SR

488

THEE|

3460 14.5

®  Siced Wedl @ @ R A1 SR SIS ¥ yaifed R uw st we
St 21 SR ST o fel W dieedr § i oftedd 3¢ fa R,
o ol W faverd 2 s 81 39 YR faeh ez o e ot
fordt off &t stean gfg o RO, IR SEE o AU W aeed
H fo &% 9RexH 3¢, R, o O W qagedl 1 fefa g 2l
TR B TH YR SR SIS T aieed] (e i Si e il g1 7Y fevaes
Fieedl o STHR & SR SEE qe St wfalies R 1 SEE ST g 2

IITEI0T 14.5 Foreft SR Freifia fer smyfd # fismn & foq v, = 6.0 v ok @
I S T ST fHa1 STl 21 S o/ BT HA 4.0 mA Tl ST © a9l St
e dieedr 10.0 V #1 Svft wftieeh R T HF @@ BT wfew?

& gt Sfliers R, 1 A 39 YR B =fe foh SR S/@le 9 yafed ¥/ die
SR Y o § hTthT Afueh 811 e ores die e o forg fopen T 81 R e
%1 T A U 1 Ui A HIA AMCY, A [, = 20 mA| 37 R W Fafed
U 24 mA ¥l R, % fl W fa9a9@ =10.0 - 6.0 = 4.0 V | 3699 &5 W=
€ Rg=4.0V/(24 x 107) A = 167 Q| a7 FfEw 1 38 fhead 7H 150 Q
21 3@:, 38 faQ 150 Q 1 Soft wiiers W el eam i, T8l giaieen
% TF A gl gd Red THH Hedl el TEdl, Fe 98 ey i Tyt ¢ fw
YR [, 1 O §3d € [ W FIT stk g =T

14.8.2 ATEIgoiaeitie | it

B 919 T 98 <@l € TR erguge agd fewl o @iy srfuers sEie R weR

R Y &1 39 N |, B9 U9 st el o faua ® aremem il R

O ATEeh! o1 Scafe HISAl (TeRTRTH SdoH) §RI el €1 56 YehR shi wft gferai

I ieizaeie gl wed 81 gH ffeiad siegeain gl w1 sty

T T HA|

() YFRT T S (widerEs) TS SuEm gty Hohal (famaet) o
TgeA ¥ (Y19 GgF) e 2

(i) Y%7 Scqieh €rEIE (LED) S T Sl shi WehTel Sooll § ®UiaRd hid 2|
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=TT el et — qeTY,
el qen W afkae

(iii) Pictaiceta g, St vaferr fafewon =i faga o \\‘hv

FOARA (FR ) w2 Lk}k
(i) wieterts R
HieEmEs ot T fafite wEieH p-n G e € e : |
T TREE fagwt B 2, e wee-fR e | uA
TS Wehdl | T8 UTEEeh SEE W yEed ern @1 s e
TETSRS (hy) Fofl, S o stedamers & St St (E,) p-FeT n-ted
¥ ofash €, % W (FRTT) B WS B § @t e /| A
o IOl S HRO] TeR-Blel o el I B B '
TS 39 YN ST 9 & T e-h Tell 1 S SrEiS (a)
o Bt & | =1 3ok THig g 81 i o fogh e % TS,

HROT Sela qe giel GA:GAeH 9§ gd 9Ue @ S 2
foed & 1 e 39 TR Bt € R 309 n-Few R
U1 Bl p-Thoteh W TE=d €, TTEeh U T emf Sca=1
Bil B 9 gEeh WY HIE aEl oS WA Y 3d € i ‘\/ e
g o0 yonfed B ol ©1 9 TR fagd ow ?\\_%
R St WeRtel i der W R s (e :_/
T AT STTAfTd WehTRT 1 el o STRHIAT Bre @) 1

Tg ST U Yeror foRan ST Wk € R A weefefiE s s v
SIE B Al WehT9l o1 diiean § uiiec o @iy fagd uw o (b)
e ST R B #1 T S R WIS T L1y 05 () g a4 v weem
STy fEe o Hge o oy e (b) farfert vt dhremisdi [> [,> 1,>1, % forg
(wiEEgE®) w1 wifq fRar 1 gk €1 foF 14.23 ® resfers A
et hicierE &1 [V sifenafoes st w19 o oy foea
Ry e <t =

IITEUT 14.6 I8 7@ 2 T qvafafines o &1 on (~ AEH ) &1 ger §
sfefimen s w1 an (~ fied UEreR) sifie e © @ iR widerEE @i yeEtiRen
e | FeIferd i Wi A1 RO 82
TA n- THR o THEee N R | TR, SgHes Akl ol B (n) STeds
Bl S p § 9gd Al B (n >> p)| W T Y€ e W, S FohR o ARl
# Wem ¥ ghg ®wEe: An @1 Ap ®, 6

n=n+An

p’=p+Ap
Tl W n’ q4l p’ wE: T fafime ydw W ogeeeE e e "Wisdd @ 99 n
9 p SH GHF ! 9 GiEal € S HE FEw T e

9'FI loidibe

* &I 34 A 9 e € 56 BE e-h I S % o o1 28 9 Sl (TeRITTeh Seiem,
T SUSE fR) @Y wE TS T o:, S hIE 3OS q g gl g €,
qr gt (fafeeolt qaatsm) st e (eifafeolt gaatee) & &9 | e gaa gt
21 I8 e 9o p-n GfY & frmio ) fafy @ fsR et 81 LEDs std=rerst %
Fefor o fIT GaAs, GaAs-GaP S eref=rers STanT oy i € f5mw faferon gafsm 489
1 FoEd g 2l
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W HifaeRt

490

3aeVl 14.6

% @ o6 An=Ap 3R n>> p | THAY SgHErh aehl § fH=ds W (An/n)
I AR (Ap/p) I o W SET HH TN SAEIN W W A€ e Fhd ©
o TRTOT-YEl oF HRUT STETIY A6l GRI ITaiaren 9 o ¥ = o,
sufefier aEE W o fa=ens SfaR 1 erden st STHFl A S Hehdl 2
AT, JohT9T i <ol e o o widerie & aiaa 9 waikien aa feafq
¥ 39 fFa S R

(ii) UeRT9T SWSieh STaIS

€ Ueh AT AUMHET p-n T SIS Bl @ St Ui a=g § T fafmon
F1 ICTSH F 2| I8 SIS RS STER0 | o€ B § difeh s9h g et
fafewzor (JepTer) e 31 Hoh|

e SIS SR TEfed el @ Seei n —> p Wi 3R (STl 3 ey aeh
) de Bl p > n W1 AR (ST 3 STediy aEw €) 9 W S| G sl HE 0 ST
STEH! o1 Hisdl HTEE] 1 Wigdl (3FUid S hIE &G T €) HI qo § AR
Bl STl B1 39 YohR Hier T oF < Wotehl, SToie oEeh] ohi SATehdl Bl Sl @ St
Gy ok fehe aTeehl o 1y TS 81 S &1 GEiterd el R il oh w9 H Sl
TRt Bl €1 Scafsia il shi Sl oS A=l o SXeR el 30U o %A el 2l
9 SIS I U oW 3ed Bidl B o ScHtSid YehISl w1 ool %9 el 2l
Y-S Ul a0 o gig it St @, e w1 e § o gig g St @ 31k
g Afershad el St 21 9ok 3 e« § stfueh gfg g W wehte w5 e
R ORI 21 TR Scsieh SRel (LED) %1 36 YR Srfad e S @ foh gient
1Y IS &Il Tfhan |

LED &1 V- sifsenariores fafersri= |t smee o sifienarfores o 99 e 2l
WY ! Bl dieedl go | el iU qen geieh avl o fog et fe gl ©
LED =1 U9 %S dieedl 9gd &, Fdishiash ®9 § o9 5V el 21 37d: 98
HEL St =1ey f 39eh IR $=9 qvEiiye dieedd 7 B

U9 LEDs St e, drell, A, 80 qef =iell Gehrel Scafsid ot Eehd 8, aeir
o Iyt €1 S5 eref=rerhl 1 ITEN g9 LED o il ® gl € SHeh1 S fauet
FH-U-FT 1.8 eV EH 1T (I Fh1¥T T Tagd! IR T 0.4 um ¥ 0.7 pm
% id 9T 3 eV U 1.8 eV e Bl ©) | ATk 1ei=iersh Nead SEEe-hehEs
(GaAs, P) @1 ST fafe= avif o LED & i § @ 21 GaAs, g P,
(E,~ 1.9 €V) %1 ST @@ LED SH # 2 21 GaAs (E, (E, ~ 1.4 eV) il ST
e LED 9 § 21l #1359 LED o1 984 &9 8 S7ai gg¥ Feam, =R 5 o,
WehT¥Teh HER oNfE ® e Sl 1 vad LED fershfia shed o forg fawanfia srqgam
fhT S ® €1 ¥ LED W9eiw ol =l Fioeenfia s Fehd &

LED o ¥ vIfekd IR qroeie ofal shi gorn o frefofaa oy €-

(i) =1 TeITe dieedn qen eTuangd wH |
(i) 3 fopan, T\ B9 o fou =5 9w 2 =nfeul
(iif) ScAfSIa FehTeT =1 o =He 100 A 9500 A, 2726 TR =3l | 28 @ (W

oo ®9 § &) TH-aUT YeRTl IcarSid il 2
(iv) 31ferer 311y den 453
(v) g SAT-3TR " B9 1 arma
(iii) @IV 9T
YR 9 g1 ®9 ¥ TH T p-n 9 B & S gR-fafwon & aafad 89 W emf
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SAefTerh SR ent - U,
el qen W afkae

I FHA 21 TR WRrEEE & fagld (weEedd gure)
T &) T F 2| e 3a Bl SR 2 R HIE e S
ST el 1 Al qe EWiY w1 esthel UR fafenton o

I B T STkt Ak T Sl €, TR RO T8
E‘Jﬁ/

for 7o) wfa stfies wfed wra & o B 71

1 14.24 ¥ T& W p-n G ER ot @0 TR g

TATT 300 pum | p-Si Teforen off St ® e

RAPAT

T&h e W n-Sihl Th Taqelt (~0.3 um) Ta faeron
Ufehan g1 o Y ST €1 p-Si o T Theteh T RS ¢l

o1 Wo (TvE et TR St €1 n-Si Hae o 9 W g

p

%

TR seaeie (Metallised finger electrode 37efa wfee
fire) fraiftd w@ B 98 310 Gueh & wifd 1 i 2

? qIfeh To1 W geh1e oY § Srafad = e
TehY T4 T G- HA g emf Sci— e Frefertaa

(a)

Q

—— Ty Tl

& gt wfsmansti & wRO €, F A uRRAd € - S, gersh den 9ue- (i) 9fY ok
e T (hv> E, % T19) % F101 Seae 81 (e-h) el 1 ; (id) B &

% foea & o HRU golal 9 Siell T gerehe| YehTel it
gAa n-heleh 1 3R qf ed p-Whoteh shi 3 o 2;
(iii) n-Thelsh W TE=A It SR 3T ek g WIE R =
& q1 p-theish W TEEH Al Biel Uve §ueh gRI U8 feh ST
2| 39 YR p-Thoteh eFIcHeh 1 n-Wheish RO 8l Sl @
TS oy Bielaeedr IS (I) B B

& o 14.25(a) W ST STIER FFE a6 A FAfa fhan
S W A ¥ T R G I Fefed gt 81 fo 14.25(b) &
forell O T 1 it [-V Afienerforer aeh @iten T B

e 9 Ag 91d 98 ® TR 91 9a & [V sAfienarforen w5
Funier el o =9 wqgefyr | @i T €1 SR RO IE § TR
R O i fo@ o =& ofdl 9 IE ofte 1 fagd o)
argfel e 21

IR Tl o i o forw emeel ueref & ®q | S st
1 o B TS 9T SHaUd 1.5 eV o e gl 21 9 dell o
fomfor o for g 2 are) srederers e SR Si (= 1.1 €V),
GaAs (E_ =1.43 eV), CdTe (E =1.45eV), CuInSe (E
1o4ewaﬁ%|@1ﬁaﬁazﬁnfm%mwﬁaswés
T g weifed € ¢ (i) 9T a0 (~1.0 9 1.8 eV), (ii) &1k
TS STEIOT &l (~10% cm™), (iii) Sgd =rerehd, (iv) e
Terel T IS, T (v) AN S ST, AR Sl e
B IS G o USRI i STERAhdl Ta1 Bt | Shig ot Fehrer feeRt
Fo1 9 HAaUd 9 e 8, ST 8 Ged g1 9 gal @

—feaer fRe

EGEEES
8y

n
p

(b)
wifcreh fire ¥el o &6 1 SEd AT A (<15%) S fog 14.24 (a) wH wled pon Gy O O,
(b) 9k 9t w1 af=sg g9

A 4

(b)

9% qRYY Y[

o 14.25 (a) T gfasdt W& p-n 94, (b)

AR o F1 VI ATenafoe 5|

STANT STl W STENT B Al sl gfeEl, sfafer Al qu $w horpeied
=1 farega amgfd o faw ot fopan St 21 98d T8 W AR ST o1 S i o fag

%W N o hidicdd Uell Tl SR U 1 e 2l
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W HifaeRt

IR 14.7 TR Tadl o AT Si 3R GaAs (e 76T ot wgred o= 872
T BH Wiw B dren 9R fafemtor Tee o 14.26 9 @ w2l

A

o fafwomn (o)

N

1.0 1.5 2 3
hv (eV)
foa14.26

v

FAfereham digdl 1.5 SoeriA oiee o U9 B Fehe-S<sH o Tl hy> E, |
AT U SFef=rershl TSeT 9 SaUe ~ 1.5 e aice a1 399 ¥ &,
& fow OR el o SR i <&l 381 B 1 e ¢ fafees &
T E,~ 1.1 ev (3o diee) FafF GaAs & fog a8 ~ 1.53 oM
diee 2| ared H, STveilehd e STy Uit & SN0 GaAs (U o
siqel 3 W o) Si ¥ T e 81 A ¥ Cds W Cd Se (E,~ 2.4 €V)
S wErell T Ol TSI o o7y B ER Sl o charel Sed Sl S
I SEIHIE L Tohd & S Sl o Teh Hiefeh | 1 hiE SUAN &l B 9|
T AE 3o € R ¥ PbS (E,~ o4sﬁazma1c—t')é@wﬁaa’rﬂ%°r
ST R, S SRt & Taed o qegedl Sfeass v & fam
hv> E, ®1 Wfaed ¥q= #2730 @ w0 d@ 9 fafEo &
STyl T OR S 1 FU Wa R & v @ Sn Sk
o o1 3Hch U & ug=T Wiy & oF HRU ToiaRe glel o et e
o fU &9 =ed © T U191 S99 ohae Gy & | & Bl

14.9 w6y ifees

T 1947 ¥ TR o AMTHR 1 99 9 A JArRmen U.S.A. o 3. aREM
T TI.TE. NS i Sl B1 T8 AT TH fog geyeh T ol gt Gfy
TR o1 fashR 1951 # fafeam wishel 7 ] p-n Ml &1 TH-3W & 799
'-h(’1°h| Elﬁ SUISERN |°h°|| qT
& Tk had Gy e A0 o, 39 had el ey Sl Sal ol Wy
Y o WY -G TR 1 STaShR gam ae U 2Tl ol [0 9 9% &
492 o foru 52 er@ fgyeh i 2=t (Bipolar junction transistor, BJT) ed €l

33E0T 14.7
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SAefTerh SR ent - U,
el qen W afkae

e W HiE gifq & T q@ oFf 9 BIT ek & wed €1 ik AR st
el BJT e &1 Hifid 8, sferg en fom feredl wfgrean & BJT o g iformee

% HT &1 STI H

14.9.1 IR : GOET a91 fohar

fereht Tifereer o i erafiafia & B € St firetens ot e o </ p-n Sfeml s
Bl ofa: o ¢ fop oifsreet foet 14.27 W <9T @R < YR & B 2l

(i) n-pn THRTRT - TE n-TFR & FdaTH & JF TS (SHSH q
HUESHh) p-WhR ok =Tersh o Th @s (3MR) gN 9o T Sd 2|

(ii) pn-p TRART - TTH p-TFR & FdTF * P G (ISR qe
TUEH) n-YHR o AL=eH & Th @S (UR) g Jus hT S 2|

o9 14.27(a) ¥ T p-n-p T n-p-n fa=ma & Zeerms e 9T
o g1 fre oifsrer & Al @l ) deE f=-fa= gt 81 Seh srafis &R
off f9=1 81 1 p-n-p 991 n-p-n ARTET =i Fefud 3 ol e gl
H [ 14.27(b)] 91 o fog Zifeex o vonied &g o =1 fen suid €1 =
giferedl o wie aof < g e E
o 3G9 (Emitter) — I8 99 14.27(a) § IWMT ATIR TR &1 TH 3R &1

e Bl 1 98 HeAH WSS h1 WY STy S el €1 U ATt |

Jellfed &1 o foIu Sgaeas a9 e i Tcafes A1 § gl s 2l
o 37HN (Base) - I8 %519 @ Bl 8| U8 37Id Yol 9A HH STIHET Bl B
e  TIWEF (Collector) - I TE IS N UM fohT 7T IgH&TS AT ATEH!

o H(YhTY AT 1 TUEUT Hidl &1 TUesh Hhetsh LRI SAHIS eidl © W

e | I8 ScEsie @ =l Bl B

B TE U€ W@ b ¢ Toh TRE p-n G % weRor § G o R-UR Th
BIET & o S @1 TRt et H Scasieh-3NUR Gy qe STuR-SuEe |y
TR B & od 21 R et i e womredt i "W o forg w9 & whE
T 9 gIE & w1 YRfa Sl S g Se TR 2R o e ffiel W 3fea
dicedl STIgeR i Sl € df iR o fafa= aei o are e T W@ €
Zifreet 1 s fr=-fae gaeHl o fog fm-famr wer @ fpan St 21

TRTER 1 ST T ®9 ¥ < YRR ¥ FRAT ST Thdl B Hol €9 Y gHH]
SMa=hR Jaefsr =1 9ifd & 0 o fau fhan 7o on St fdt famar =61 eafida
Wi S T Bl W TH:-TH: THeRT o o w9 # ot gHH STEnT T S
T TH 3 Al €1 UehTal of fawg § o1 ik U8 Sren R e wehw it
! AETHG Hiop A TRE Thidieh Fehrd shriftad oy s 8

Gy BY U8 S 1 TG 1 oF el o vadd audd S 9eH
B T 30 Scosion-3NeR Gy o Sufkfires o, qen SNeR-Gomesh |
o ek S § yaefe w1 A s e 21 59 frofa F o 14.28 § o
TR B FHA: V,, TV, G ST Hd G A 1 21 57l e i 59
T U T foRa Sl € < 38 SHRT Gl SO hed ¢ BH Scasieh a9l TR
o o elieed] W1 V,, o WiTeesh Qo1 SR o i 1 steedl 1V, g F&fd
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ERSEED Hilgch

@

EREE IR < (5

‘Lemrm

i)

(b)
forg 14.27 (@) n-pn
IFTEX AU p-n-p IRTR
1 S e 3K
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e n-aag%rr{ e F € o 14.28 ® A fogd W@ vt <fia
R T AT €, Shafeh ek o= <fiet s scafsien
p STAST oo oI WoEh § welfo €1 o: 3 < o e 6 sk
o> fopei O Ve @V, BT Fefaa ot 21 37 ftwet fome scasi
iR o 1A oo SIS 2fifer gl €, S0 SUR 9ol ISt o o
i i N I AR A W NV, A WEE IE & A
7@:3& o—» G fore war W1V, 8N et e s 2
L. ' e 3TEY ofd B AT H N el o v o fawg o
«—— Vs re Vep—> [k Il wmm S Sceih-sTuR. @iy W swfkfie
° A dl SMUR-TAEE Wiy R vl safaa ?)
IIV II‘}V SAfF SIS Sl § IgHEIH dhl Hi =4
o @ “ digal et &, fEd 8ol p-n-p Rl # den seieq
- n-p-n T H SEHETE G B 2| 3 SgHETsh aed
nsEsE 8% n-HuEE YR &5 § STcafereh TN § Yo Sid & SR STt
: : U A KA WG W erufHiya e ®1 of: o8l W
34:—:_? o IgEEI Al H G w9 Bl ¢l p-n-p TR
- p::: -~ MR H Ffh T8 n-FhR 1 e ¢, 37 TgHeH
AP iy Al B e TR B PSS @ e § W w el
VI, gAY o RIS BTl 8T SUMEd Sia i A H&A ! 04
o | FE\:\ T o §1 T STUR-TES | TeEreRes e a g,
wEn 1, 3, i vm sl s o % e a ¥
Ve Ve oy o @ TR R FEE § TEE S ) R
| o Sufeer @i o @ A Y A A TR G w
i il % fore ST 2T 1 S T e ¥ st o

(b)

fora 14.28 9@ dieed &1 YA ¢ (a) p-n-p
IS @ (b) n-p-n IS

494

o9 Y o U Gy UR ek GuEs i e W wgE
A §1 SN 1 ZEAY qaen 9™ Sl 8 difeh sl @
H JTARfieR aafgd YR "uesd 9@fY o e weR
MR 2fiTer | 7 SR 9fY @ 9R T ol

el I < A Yok & e ® T sl sraw
B % R0 Teh ged YR Scesish-SHR G § Fa9l il 2, W SHoh SAfhiel 9
1 Gor TeEiEiven SEfad STUR-waEes EfY w5t iR uig faan S § qun SER
Y M Sl U G W YeeT i Al U w1 Tk §gd Sl 39 € gl 81 afg g
SAUIYTeR ST §fY ol TR T drell Blel U A1 seis A i hAw; [, 99 ]
4 frefid =X 1 sl a2 SEre ¥ yafed e ¥R 1 A I + [ BN B T8
W € o SoeSieh W I = I, + [, IRg SMER ¥R L << I, + [, i [, 31 Stferehier
R et § STeT T w1 o9 HUTesh W =el Sl 21 37: SR R Scasieh IR
1 Teh §gd B Y Bt 2l

BT W ISk H YO I A1l 4N SESIR ¥ 5 IR Bl 81 6 FohT
YR =fia o Frid oL, 2 9on Sores =fiqa ¥ friq o 1, 1 o@: 3R RKe e
Tk ¥ W ¢ [aen fo 14.28(a) W fr@iw fem o @i erqmEm ga o
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ST geiiehT - T,

el qen W afkae

ISR T [, HIESh U [ T STER € [T A 1 St
I = I+, (14.7)

T R I ERE I~ I

Tl W el o T 1 T 1 fHeRr Tg U w1 e o e 71 W sereE
1 T w1 fEen o st e o ek fawdia B1 39 bR feRdlt p-n-p it ® om
IcOSieh 9 YR | FA9 B 8 Sk n-p-n TR § ORI SUR U ISt | 799
HIA 2| ISt | AREiY ®g o0 w1 fEen @ <wid 2l

et n-p-n TMTRR ® SgHeTs Q1 STTUIE dTghl gRI ST T g oF foreror
p-n-p 2t o 9 & 81 Wy o 14.28 # 9T SIER ¥R o 99 Th-SW
o ek faudia 21 o 14.28(b) 3o TgH@Is a® @ fe! 3Mgfd n-¥hR &
&5 g 1 STl 21 3 Ul p-WehR o SR &% 1 IR Hid & AR GUEd W e
F TS 9N I, 3] &1 I foorwr ¥ &0 7 Frehd frevmar wea € R oo
FT iR aeen § oSl SMYR 914 T &H Uy o ®9 § 71 il © Safh
HUR-GUEsh G = Jialie oh &9 H Hd wLdl 2l

14.9.2 U1 <iferee uftag fa=ma qor <ifer srivenafurs

et it § ot A 2fiFel Sueisd Bl B—3cqoi% (E), S8R (B) 91 GUEF
(C)1 31a: forgt uftwe & frawyfia TaieM 39 YR & gF =fee i 379 ° =18 T
(E, =1 B = C) Traw qen frfa o sufrss et safen fadt v =t fr=fafaa &=
fommrel § 9 frdt = fa=re § gafsm fean s geean B
SYIT3 IStk (CE), YIS 3R (CB), A8 393 Gargs (CC)
TTSTEt = 3ok o9k SYANT SHAMTS Scosish CE fa=me o fepan S € e
T ST =41 i Shaot 39 fom qe @) Hifi Wi 9 n-p-n fafae afae
1 ST AR WA B1 BW SO el g el qe & Eifi Wil p-nop
et ¥ SIEER hid 999 STel foed oMyl &1 Yol Schfdd s et 2l

el 2IRTEe o1 STA CE fa=ma o ahed €« oo e qen

Icqsieh o e e Tl §UEe 99l Scdsieh o = Bidl @l $
YR IS afeed] ¥V, GRed o e U ¥w L o ic , SR
URedH BT 9T SITeTEifih Sheetdl 81 Tt TR HilEeh-Scsih n " /@
sreed vV, ¥ WReR 3wl wEE G I, ¥ whedd e i R% A B e Vg
aAfirenerfoTes wedrd B1 oY 7€ 3N & ffa sifienerfirs s Vo N, V- ' L
YR o o WY e oW H off 9feds g 2 Jz_
F 14.29 & w0 M ww ST W B o oot e frem
n-p-n IRTEX & e sifenarfores qen frfa sifvemaforer 1 e e e
e T S wehl @ stferemafores o stez % g wftaer-sgawen|
C,, tufe=re o feer sfurenerone =1 s1eqem T o for pro
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YR HI [, T SER-Scqsiesh dieed] Vi, o e h
(T ) Wi S Bl V,,, T I, w1 el &1 stemem
T ok oy HUEsh Ieesih-areedl V,, &l Fad @
S 81 gu w39 g froe eifreneries ww
o el ® o i wid srEeen WOl e
HUEH-ScHsIh alieedl V,, %l 51 ek Tl S 2
fr smuR wuee iy wwefkfoe safaa @1 I
V= Vg + V@€ Si 2t o foq Vv, 1 A1
0.6 9 0.7 V& 2l 3T V,, 0.7 V & TR ek
B =feTl Jf V% a2 uReR H it 1w
yads &9 H frar S R, om: sifueiel THE @
STUR-TTes WY 3= Teafifieh amafad Wt 21 o:
Vo WH @91 3V E 20 Voh WE § W@ e
sifurenarfors T R ST wehd ¥ SR V| 95V,
o gfs & &9 7 Jaid sl &, F9H I, W F479 707 81
THeh IROTHEwY, Vo faf= |H o forg frem
ARTCTEIOrRT o ok TR TeigH Bid 2| o Shaer Tk
faaer sifiemsifors frerffa (@f=m1) & gafa giar &
o1 14.30(a)  fdt Ziforet o1 wredt foen afienefores
Tertan T R

I, %! Trd T@a v, 9 e o6 e I, H o
1 Yagu1 et R Ffa siforenarforer o foRan ST weRan
B 7 T= B R 5@V, | oY 9fs #W § @ S
&9 ¥ BIA YN 991 STUR &3 ¥ Soiaed ¥/ 3 | gig
It 21 3Hoh ROTHEIEY [, e [, S H ST §9
¥ gfs #t 71 TH0 = wefefd B € fF ww ¥ 9

Bt € @ I, 7 o gfs Bt 21 1, % fafi frad w1 g v, % di Ei T
=ehl W g Tl atfireneriores wrat g €1 3a: fo 14.30(b) H ST 6N SER 4R
1, fafe= wmi o fore fam-famr forfa sifremefores @@ 2
T - ferer qen fofa stfrenerforent o Was @l w1 swEm il % 59
eyl ac Jreel & qiee & F U @R fFan <1 gehar 2
@) A wferty (r) : 39 38 YR R e s 2, fod soes-sasis
ATl (V) T SER-3csieh slieedl H IRed (AV,,,) o TROTHEEY SHR 9/
¥ gfomdt SR (ALy) % I 1 W iy wed €1 9w wRedE (ac
gierie) & aen 39 Faw stfiyenafirs g aar St o S g @ 6 gqen /e
ISR o1 g=Ted ¥ % Wiy qiafdd B gl

I; (uA)
100 — V,=10.0V
80 —
60 —
40 —
20 —
| 1 | >V (V)
0.2 0.4 0.6 0.8 1.0 Ve
(a)
g 10 [ SR (1) |
E 8 60uA
50 uA
E 6 A 20 A
B 4l s0u4
= 2014
2 TOA
0 2 4 6 8 10 12 14 16
HURH W ISR Aledl, (V) (V)
(b)
o7 14.30 () v&ul fow eifiyenafores qen
(b) gt ffa stiiyemerfimer|
AV,
ro=|2Y8e
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AL SeieRifeh! — U,
el qen W afkae

(i) Ffa 9o (r) - 39 39 YR IR e ST €, fom emem e [, W
HUEH-ScEsiA dlcedl H SR (AV,,) 91 HIEsw & | aRomH @ (AL) &
ST w1 Fri gfae (r) wed €

r, = (—AVCE J (14.9)
Al '

I

frta sifrenafores = <wid & foF s 7 v, & o1fd @ 7 o fag I8 @
Faerd: gfg Bt 21 38 HRU I8 © T suR-wuEe |y uvafies safhd T8
? dun i wfera sraeen ® Wl B arke o, Ifeel HWow e § € ae
sIfeaoTeR o $9 9 H, 9 1 ST Sieed V. (=V,,,) 51 e feran s 21
SV, %1 | SER-FUEH | hl Tk STafHd i o fog sfreesh sieed
¥ s1fueh 81 8 @V, W uRadd o Wt [, W 9gd %H s et €1 i sifrensafoes
o e 9 o T 1 e fid gRRY r) e R €1 gieer o i g
i GEIA: AUR-GIES WY & a9 gR1 Fafa fean s 21 frfa aiy o s==
GRATT (100 kQ HIfE 1) B w1 HIR0T 56 STEE 1 TR STafad g 1 5od
e off T el @ T i erfenerfies o emfiver s W e gifeeer Haw
e # B, wfadiy Sgq A oA e 2l
(iii) T aEfeh UM (B) : TH TH TRR IR R S €, Frd wued-Sasie

e (V) T TS 60 H ufew (Al 3R TR o o wiomst afteds

(AL) % STIIT I ¥R Jaes oM (B Fed

Al
Bu = (i) (14.10)

Ve

30 oY e YR fe ot hed € qe gHeRT WM STcAfieh Bial €1 9 g cheet

I, T I, 1 ST TG Y q 89 2Tt 1 de p 9T B €1 37
I

Bae=1- (14.11)
=t 1,7 I, e o feeha: 9 et 8 9o 59 [,=0 8 & I,= 0B T, B,
TP, T T T SR B E1 37 Sferewrer gfeheri o fa B, w1 s e
S HRA Bl Vi, A L (A [)F ufteds o e B, q9 B, I H efrer qied
I 2|

IITEUT 14.8 951 14.30(b) # =wq U fofr srfremerfors @ foreht zifet o6 B,
TT B, % HH TRHI HIST SEfeh V= 10 VE T I, = 4.0 mA T
T

[ Al I
Bac (AIB ]VCE ; Bdc - IB

V., T I, 3 T Q9 W B, TP, HAH HI A B b [T TH TH THR
3T 9g Tehd €1 [, % & T O ¥ FB F7 7o TS Aok 1,5 3 T o fore e
T stfremaforrl W e FW €1 AT I, = 4.0 mA. (I= 30 T 20 pA F faw
STfeafoet 1 W FINY V= 10 VR &9 W ¥ [, % 3 77 T H 2|
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GEl

Al = (30 - 20) pA = 10 pA, AL, = (4.5 - 3.0) mA = 1.5 mA

2, B,. = 1.5 mA/ 10 pA = 150

B e, BT A M LA 6 fAC A 1 V.= 10 VR I, = 4.0 mA 3 T&I&H I, JH
%1 STIAM TS STe@T =991 fhT T 31 SAfemarfomenl o fag g, % a1 7 T
FIAT T TTRT STHT A HIC

34lg{Ul 14.8

a7, I, = 4.5 mA 3R [, = 30 pA & fom
By = 4.5 MA/ 30 pA = 150

T I, = 3.0 mA Tl I, = 20 pA & fog
Bu =3.0 mA / 20 pA = 150

W ¥R B, =(150 + 150) /2 = 150

14.9.3 e & Jfem & w0 4

IUENT fohy WM ot o= (S9 CB, CC @91 CE), E-B a1 B-C Gfeml o o2 @ aer
IO &5 S8 Sideh, Wit &5 a1 Wqw oh SR W IS 1 U Tk e
% &9 G fomar <1 Tohar 21 991 R &1 ved & 99 % 9ok © 8H had CE fa=rg
o 1 Hifa @a qen forsht gfaa st el yoelt st wHe o fore 39 gfed o ee
&7 YT T dF € ST & Shisd W@

N

viY Vaa;‘r"

Sidch Sy A

"U"‘ , &>

v

i

4 IR 1 YA 3ideh AU T STael
o feran STl ® O UE Uk & i Wit e sha
21 zHeh foadia foreht Zifreex =61 T werdss o
w9 Y ST L o o 39 9ishg &7 | genferd
T B
(i) 2RaeeT faesr & &9 &
%W f99 14.31(a) ® S9N CE o™ ¥ 3M6R
FAfad 2R o FeER 1 faver ek e
&1 f= o ®9 § Y 99 S T S|

39 it o frae qen fia vel W forais
dieedr R w1 SHEIT I W EH w e @

Vo= LR, + Vi (14.12)

e

V= Voo IR, (14.13)

TET T V,,, 1 de Faw sieedr v, e v,
1 de fid Sicear v, Wit o1d:

V.= IR, + V, @

Vo= Ve~ IR

Y T W T V.3 I W A Fed WV,
o oo gfteds B B fafessi oifsee o v/ 7

®) V, % WM 0.6 VH FH B ¥ iR sidh
TorT 14.31 (a) CE fa=m@ o snuR smafaa Zifsrex e e & Ao 1 v e 2
(b) SToT stfereraon ¢
AHa: V, =V,
— e V.1 A 0.6 V & stferk & S # q gifreet wfwa srren § on s @ o
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T Giwa erowen § qon Wihd 1o ¥ G oTewel H HhuU 9gd I el gl

STET, 379 B0 9% W ok Tifver fem &1 Aifq e & e 81 59 a& VR
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m)%ﬁm%wﬁvaﬂmmaﬁw%ﬁagamw aﬁﬂqmﬁ‘-ﬁrﬁrﬁm
wﬁ%mw‘ﬁé?ﬁv 1 W §Ed W, YA o A e g 21 v et
e FE T e § T A A o8 e o’ i ferfd § wed § o o e
G feorfer § wen ST # 1 29 feem o W e T %) SO 97 W @ fR
I TH @ (FH) A 3I=a (AUH) TAEA ! TN HI ek a0 Fga Taeeq
& qRIEN TR w1 fRer ff=a dicear ¥ = stuer W w9 | gReafyd &
B T e Tehd © Toh iE @y Taw it o fow o o 31 § Sefe $ea
Frarw ifsre =1 ‘fa= a1 1 31 21 31 vl © 29 39 39 YR 9§ ot % e
& fop 2ifree =1 fean T oy fraw s== ffa WM e @ st 2t &1
T g=u Fraw oy frld weE s @1 o o T uftuy 5@ weR fesmea feu
S € for oifereex et off wiera srereen o &1 @

(ii) ZTRIET vasls & w7 &
i 1 yad® &1 Aifa ST § 9 % fag g9 v den V% o I % i
&5 1 SYAI K| Y gk o Maeh A 1 g Few § afiedy o |t frig o
TfeR 1 X B T I T a8 RO il @ SR R 1 A V.- IR,
8 IR, 1 & wrw ¥ R - ﬁﬁﬁﬂ%(:l«:uaﬁmﬁﬁamaﬁmﬁq@%ﬁ
%wﬁﬁhﬁmﬁﬁﬁaﬁ%awﬁﬂhﬁﬁ?ﬁaﬁwﬁwmw
%1 9k 79 7 7 fom AV, Ten AV, frld qen frow dieedie § ofew aRtedd € @@
AV/AV&%W%@@WWWA FEd 2
a&\'w%ﬂésqwﬁg%wﬁmv =1 1S Frad 9 7, at qiuy
AV/AVWW%CEW%@%WW|@W@W
E@A ?Wa%uﬁﬁmﬁ%ﬁﬁamma@aﬁﬁwﬁqwm
Y Fehd

7 9 © fo fofd sieed V= V- [LR.3W:, AV, =0 - R.A L,
g6 YR V,= [,R, + V,, ¥
AV, = R AL+ AV,
W, AV, 1 A AILR, % TH &1 o § TI09 & §AH €, $7q: 39 CE Yad®
(fo51 14.32) ) diced @fed o1 39 o o] T Gohd 2|
A, =-R,A I,/ RyAL
=B, (R./Ry) (14.14)
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U

TET .= AI/AL, [FHHT (14.10) §]1 30 JHR FaH® o I H ST HH &
o Zifereet o g &% o Wass 9w 1 STEnT fan <1 bl 81 e 1 Th
yad® (CE-fa=ma) o €9 H 3Tl S99 # fawr 9 ==t fean s

14.9.4 TfTEI-gads® & w0 W ( CE-fa=rma)

TR 1 yaeder o ®9 § YeIfod i o foq 98 ofavash § foh 9 g9eh gareH
fag 1 sk Tfhd & o HeA § el R e ) AfE g0 S 9 o Aaeh W
o HeA ok fag o GEIE V,, 1 "7 6 L 96 de SER ¥ L e gl den
TEgEd WuEs A I, ot @ 8 STl de dteed Vi, = Vi - IR, fad @
V., @ [, % TeIeM 0 JaHfsh & oo fag & fuifa s )
. I SRV, o Tt Sofiehn ¥ fopet fet o6
I ) Tid ! HATS Lok v, SAH I RIS Y ST
R el de STHR TEE T SR 3l STER-41

Vee B S THe IRUTREEY §Ee U I, W
E SEehg e searifud B sran s fla aieedn
Vo AR H ol degedt died S sl §g

C
IBL v, H HIEH ¥ I, o HH T SR TR SR
11

TG g0 de Sieedisqi &l 376%g hich 849 a9l
= qen frfa & ¥ W ac oRedAl &1 99 T B

fort 14.82 CE ZiRFe ¥ 71 T et R e & S R & TR et ac

500

T fgaR 7S foFan 21 SA9% ®9 § Yl 1 ST Y faee ol yatdd s
o forg feman sren €1 w1 wffete ot 14.32 # <91y @R g9 et ac faw fame
v, (TR Yaftfa T 2) i 9V, (do) R STearifaa o 21 fiq i e qen
qfy o e W foRan S R

et off yoreler =1 foparfafy =1 oo § @HgH o foT 9ed 89 98 A @ TR
v,= 0| 7@ fid o9 R s fom &1 syE #6 W, 76 ww e 2

V =V +IR, (14.15)

Tt yeR frew o & fou

Vop= Vo + LR, (14.16)

& v, I T, @

Vet 0, =V + [ Ry + Al (R +1)

Ve 8 e w1 freen wfewier (r) (ST (14.8) *fau) qen [, o afterq |
Heg foran T Tkl Bl 36 TR

v,=Al;(Rg+T1)

=rAl,

I, ofee § [ H it oftecd g €1 &0 S (14.11) % wfenfom vt g,

=1 & wifq w=a f, I 39 JhR IR HW 8

AL i,
P =31 "%
T ac YR @l (A) Tt Fed E1 e frfa sifrenafeg & e a9 | g 1 AW

B, Tehe B 21

(14.17)
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ST SRRl - T,
el qen W afkae

ek V1 7 7T § 1,55 R [ H 9iEdd vV, 7o vfiies R, % i W
s & IRed Seg=1 e 21

T UfER 1 T (14.15) B 39 YR 1 S FhAT 2

AVoo=AVop+ R Al,=0

S AV, = —R, Al

V., ¥ aiada frid sicedt v, 71 TR (14.10) ¥ &6 W< & @

Uy = AV = —f, R, AL

yaHe H aeed e ©
_ Uy _ AV
v, rAl
=_ﬁacRL

" (14.18)

SEUTcHe g 8 Trefid o © T ffa dieear shen o e aieedr o forada 21

2ifsrer sifiemetfors &t SWigd e | g9 I8 RN fF CE fa=ma o
afer g, 2l 81 38 T aee Afer A, +ft < o ww wfa Afer A F e
wfer g dieedl oifed & [OFhS o &9 | oFe R Tehd &1 T ®9 §

A =B, XA, (14.19)

I B, TMA, T AH 1§ ek 2, 37 6 ac WfE afed e s 81 qenfy
B 98 S g =fey o et wiE wifs s g T8t @1 fria W 3= ac vt
o T aTeraes Sl oed g Y i ST @1

IITEI0T 14.9 o 14.31(a) # for[ eMYfd V,,, ¥ OV 5.0 V d& aRecH fan
S W 21 Si T F T 4, = 250 MR, = 100 kQ; R, = 1 KQE T2V,
= 5.0V 21 98 WMd gU foF W Tiforeet wyw sreen § ¥, @V, = OV A v, =
0.8V, (a) I8 =0 TR R URehTera shifeng fo W Zifrer Hywt stawen | w89
ST (b) 39 YR V, 1 98 7 foree gifee farm o1’ 1 wifa & wam (o)
V, %1 98 IRER T HifT foeent g fea= it ' qen ‘feamr o1 1 feafa o
T 2

T

faan gam € f Wgwa |V, = OV, V,, = 0.8V

Vee = Ve = IcRe

I. = Voo/R. = 5.0V/1.0kQ = 5.0 mA

38 I, = I,/ = 5.0 mA/250 = 20pA

o fra dicedr g W st dqwr 980 S ©

Vi = Vg = IgRp +Vip

= 20pA x 100 kQ + 0.8V = 2.8V

T e dieear forae = gifereet sfaes fefa & @ 2

V, = 0.6V, V,, = 2.8V

0.0V @M 0.6V, & 9 2oy faw ot ' staen | @Ml 2.8V A1 5.0V o a4
g fa= o1’ sraeen | @l

e S, S I, 1 HH 0.0mA § 20mA o5 si= IRafia g 2, @ 2ot |iwa
ST ¥ T 81 39 IR H, I, = pI, 7 B €1 Hgwan 9rER |

Io< Bl

6'V1 lnr2ibe
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33Ul 14.10

IETEIUT 14.10 fFdt CE-Tifer o & faw 2.0 kQ & Sc@sier gfadier o forg,
TRl W 2.0 V &1 A7F ST 2Tt 1 o/ gasE 100 21 9 de i SER HR
1 AA faea g/ &1 10 T & 8, @ 2.0 V & emufd v, Sofishn § gt
HiRIEe R, 1 & 9 81 =feq| W Ffade o fl W de favemm o wResfea
HifUl (st 14.32)1

g fifd dc sieedl 2.0 V 8/@: ac §U®® ¥W i, = 2.0/2000 = 1.0 mA 37d:
SMER | e Al fo e o/ iy = i, /#= 1.0 mA/100 = 0.010 mA

dc ¥R ¥ = 10x 0.010 = 0.10 mA

FHEHIT 14.16, R, = (Vi - Vi) /I, T8 AFd 8L % V. = 0.6 V,

R, = (2.0 - 0.6)/0.10 = 14 kQ

dc §UE® HW I, = 100x0.10 = 10 mA
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A Ifyshad AF W 7, qo1 o1d R eife el 9 gehdll |fw 39 GuEs
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=(2n\}ﬁj (14.20)
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GHEIRA YR Fiers BT e T YhR o o gRUL (S8 RC) =1 TR01 ufiuy
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Tt st | o yaefer!, e S gt aRuel @ srusht 9fted @
o1 3T Sieedl tuan fagaumsti o fame gaq e aRadHra deedisti Stea arisT
% &9 H 9| T WK o Fqel ol Had 1ed ey et hed g1 Tt 14.34(a)
o ww U & el STgEy fae guier T 21 fee 14.34(b) § Tk R a0 ®9
Tt T © T dieed o oherel fafaed A &1 §9a B 39 YR o farel @l
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Tfaefier 1 gor ®§ Il %W € qen ad W R T 21 gt 600 K ae
300 K W FeThdlsll 1 &1 SO 87 9% WY R 39 aTew WiEdr n, 1 A
el 59 YR = Bt © -

EQ
n, =n, eXp(_ZkBT)
Gfﬁnowﬁﬁ’m%ﬁ%l
ot p-n G TEe & 9 TR 59 YR oA TR ST Gkt @

eV
I=1, exp(szT —1)
ST I, i SOhAA HgW 4N Hed €, V e o Rl W aieed € 9en 7w smff
AR o fT0 oFTeHes e qeEEie oo ok foU SETeHes @1 [Srie 9 Yeted
T 2, I, TS i (8.6x107° eV/K) € 791 T WA A 1 aft fxeht fu
T TEE & T [ =5 x 1072A TN T = 300 K €, 7@
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ST SRRl - T,
el qen W afkae

(@) 0.6V el dieedr o fow swfefores o @& erfie
(b) I TEE & o0 R dicedl &I T 0.7 VH 3 af U | kot gfg =t
STE?
(c) ek ey femam 29
(@) afz gvafefrs dieea &1 1 VE 2 VH < @ YR 6T AE R B
14.14 9! fo3 14.44 ¥ < ol fau e 2| 98 <9iiEy i ufiaer (a) OR W2 &1 «ifa
EER HIAl 2 Sarh 99 (b) AND T2 &1 wifd %18 & 2

forT 14.44
14.15 19 fiu U fa5 14.45 9 gafsa NAND 72 gaifsd 9iuer &) ea@e 9ron

T
Ao— >o—4Y

o7 14.45
o7 39 U9y gRI 1 M arelt gened qeh Wik w1 ifufqeior swifsmy
14.16 379! = o1 14.46 ® g9t oaR afgy &Ky g 8 9" NAND 72 92 2l
T g gfae gR1 kT S arell aek "iwansti w1 stfafauior wifsw)

R.—1| ™~ i—'l ™~ [ S B e

() ()

foa14.46
14.17 o 14.47 % &g 7 NOR 72 Jo RuY &1 T grol fafey @i 3@ ity
BRI STIferd ek Wfewansti (OR, AND, NOT) i sifafqeifta sifs)
(gd - A=0,B =1 @@ 58 NOR 2 & @ A 3k B, 0 & 3 36 ¥R
Y =1 I 38t ¥R A 3R B % @ Gl & A Y oF 99 9 #1f9w) OR,
AND, NOT gRI &1 S| HRON & qorl ity iR ¥l foehed gt shifsma))
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14.18 o 14.48 § <30T T haed NOR W ¥ 9 IRUY i HIHH HROM 91301 A1
qfterl gR1 STMfed ek wfewansti (OR, AND, NOT) @i ifufasifia wifsw)

T

Iy — s
- 1
-

— D
\V\
ro ey

@ o7 14.48 ®)
14.19 TF & Y99 U S0y Qi § g1 Yasfs Saifed fhT MU &1 9o o &t

Aieed dfsd 10 3R fgdta &1 seear @fser 20 21 9 9 Hevd 0.01 diee €
T gemad Hoha @1 Uil sifsu)

514

Downloaded from https:// www.studiestoday.com



SHEIT 15

TR &

15.1 ofiyewr

TER g1 % Y90 K1 R B1 T GOR 1 gdS Wi, o =R S o GOR %
3T T ©, S FRAR B gEreh o STRH-Ya i STeRashdl ol ST hidl
2| frdt g%a 99R & foru o7 stavass © fF U wd w3 @ fRd wdam
o 1 FHEA 8| AFE FRE & T8 9ISl @1 ® o SueRt " Sifa ¥ g R
T § IS4 €| e FHfETTEeh et | SMYfeh shiel ek, TER | SYANT e arelt
Feh-7 st wE fafie i @S S o forn yaereie @R, aife S9R w6 T
T4 Sfeaaisti o &1 H dadl STevasharst % gid 8 Heh| HaR JoTel & foehrd ol
Wd T ATl SISl U Suaterl & fovd § S g enys ¢, fo wnof
15.1 % 9&qa femen e 21

sMyfie IR *1 S 199 qan 20 vaIfRa § W SRE 9% 99, T
A, St AT qeT STeiasie UEH ot o H1d g STefl M| 203 Iasdt & wed
=T A o Y 39 &% H {1 i Tewid 9 9 91 Ydid et g1 A
T § BH gd O 99 Hequl SydfeEl 3@ Tehd B 39 3TeAT h1 Sevd WER
1 fishel, Srefd §9R % €1 (Mode), Wige shi Saedehdl, 3R T&H-HigeH
o T qen Seareq 9 afifed g R

15.2 HOR AT o SIS

HER G Toitel Sqa o Sia o Yodsh =01 H o1 21 WR GER h1 hig o Fehta
B, Ui HOR SHa€l o I SAeeeh el BId o— U, Hiegw/aeel qe SAREl|
fos 15.1 § foreh SaR oo o SAU% &Y ] solieh 3@ g e T 2
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1989-91
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WU 15.1 FOX & 3eTE & O U@ SUAEEr

MG TR ! fordll T TH
Y T W g=d & 59 I S
T GEA1 @Ie SR <A1

Yot wh, . A qen W
HIe=M g ST &1 SAMTERR

IRl T et e TRIf HegeE
BN A 1 STfaTshR

T OSLE. §9 den St ARl g}
AR o dR kT Ee

IeAfoe YERO (S A 99E)

TREY % YR Ygen dedl e
It (eTerFtet 9H)

ARPANET Y&l 32 i |
™ (J.C.R. faaeisy

ST TS T g SRR R
&

for s7-<it 7 World Wide Web
1 IR TRl

IE A S 7 TR oo diEe 1 aeemE ik
oW o fagm-Tud o o= fHfvea gen |
Bl ST aTcll ohi SHEE a1 WANT fhar o

TGk INUMHES®Y STHERI g §eW de o
SERISHS g §e adl FREEhl g Wy
T HT WL TGN HT HE HIH HH & T

Helfed wFa S o 3fde™ o 9ad e
ST B4 oTel TR R T

Ig AR g F9R o T ¥ 9-dR g HIR ok
T H TH HA SM ot

BBC g1 99H Selifersi TERo

FAFIE 9 A Theg 1 SFAUNOT 1843 H
U S

ARPANET 9T T8t o & fasm gra
Teferd ohi TS| 39eh 3idqTd H2oeh § HAIfSd Teh
el ¥ THsd T e H THIaRd st TR

URYRE AR FEeeqes si gl | dq ekl
R e % a1 9&il §

WWW &l T8 fauTersh favaehiy o6 591 |
S TR 7 TG I GRS B G99
gaw @dl §
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|
T ()|
foa 15.1 fFdt =aUe 99R =g &1 <dle @l

fordt TeR =aen § Ut frdt T o W stafed g B, S e et
T W (T AE Q) e Bl € q el T UE difaes wied € S 3% T
TR Y GRS Ll B = T FohR TR e o FehR W Fsi ohte 21 78 ufes
e SRR F HARTG F a1l Tk R S1d] Shadl o &9 H 8 Gehdl © 21d] 98
FAR (TRerd) ot € Hehal 1 Ui 1 SETE gEAT Wi N Scie W1 et
et 5T S % o S w A URER e 1 AR B g w R
a1k FeTer 1 T St 81 d i THSTE, 36 Haw i U 6 <A ¥ yd foga
fel o ®Uda T a1 B Sa hiE Ut faee =ee o offew w=ia g ©
T =Fet | 37quid] o SRl faefid 8 Gl 21 gHeh sfafie e fama o s
(Noise, @) Toer Strar €, wereaey iyl Ut farer =1 fasd ®9 W s 21
AT 1 T W a1y e B B1 T8 39 gul-Tae i g
G heeh 39 Tol S~ FHTel ol TewH Wb AT ®Y W o € dlfeh Te9 Weeh
W1 TgAE S Hh |

TuR o § gol @7 2: fog 9 fog 9 HeR, 991 qEr

fog ¥ fog 9% weR fafy o ws wewat U qon T Pt o <= o Haree
(Linkage) ¥ eieh S=R Bia 81 39 faft o TR 1 Tk S0l Sofithi saeer 2|
TEeh fadia, waro fafy o el wehat Ui o aegedt sgd 9 el e €1 wer
fafy gR1 GRS feAt qon efifasm B

15.3 THaREIeh HoR awrsli o SUudnT g aret
Tl greTeet

e qh eH FD W (IR) S G G, U, e, =, Jes (9), iR

T ofifaa & 9o 71 Ak &0 frefafed ga seseet o oiifead & S o o et o

TR EE i HHS STEH & ST

(i) ZFISTER : i Flerd S STl o Toh &9 hl fohdll TR €9 § ufRafdd X it @

I ST FEd 2| g TuR oreeeneti § e wE: UE el ¥ SHesr i

Brn € TSRt =0 @t fran sreren fofa fagda &9 o e 21 el forgeta Zioeger
i 30 WehR IR fehan St 8—UE g St o wifaer =) (S, T, &iet,
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NG YR O HT STEIA
el Ten el S € foh 9
T S STgeTerh W aYd-
JaHRE T oh WA A
YT o 9 H ST HH
oIl vBel Al A1 = A fafes
ufSeRT 13 SerRIfrE o 27 Tegist
1995 ok 2k H ¥ o FefvT
foRul 13 fEaR 1901 1 AT
% Ued 9AR % GOR 9 & a9
T o oifuw wed WE &
afash o s H 27 Id
1899 & Iqer GRSt *Hi
FHrfargt o o TE YT |t
TH o1 99 7 T stfasest
IUHN T SNfTRR ferem forich
g Sifad gifor W«
SRt efagen wfafswan
I Yfaa fohan S Tehar e
Skl H THIGA Ty @i

a9 ofE) & T fiid W qeged foeda fama & =1 o

Fulafd T A B

(ii) fver : Yol o folu Suged dgd ®9 § ®UdRd el i

frer o1 Gehd wed €l

&= o @ 77&T (Analog) 3«ET $7H1F (Digital) &

Tohd §| STIEY ot diced! 1o ¥ o Gaq fa=w e €1 9

STfyarta: a9 & THe O 9Tt Ferd gid &1 59 9T (Sine wave)

T qol e fare gt 21 weft o ey farel B e s

TN FeTe o URI W YUl THE ST Hehdl €1 et o st g

v Tl wepfa o orgey faret i €1 sishta faeer o gid & S

AR fafde 7 I &Y Gehd €1 A1 gorient 8 fowga &9

T ST B arelt fgead gsfa § fodt e o e /1 'R

Bid 21 0 7 dieeal U &R o deged € ql ‘1’ 3ed dieed- N

TN % agIEd! Bl B A HOUR o T Syantt sgd o shied

ysfaal €1 39 Hem wonfedl oF Sugsa A e fgemer

Hifed <H (Binary Coded Decimal a1 BCD)* <l ST

fopan e 21 e, st qen fHfyer waron i fefd s o

AESeR 9 9 @UT HAHE HIS “American Standard

Code for Information Interchange (ASCII)** 2l

(TSIl FehTi¥Teh fmer ff 9o g )

(iif) 7@ : T W BEN o 39 s el @ 7 S R
TR o § G391 faretl o Juur qon g o faeiy
1 JAH B Bl T S HT ol Fid HE ok el
e it feord & genan 21

(iv) 95 « Uftrs woreht w1 faier =1 e e =9l 9
BIehY TOT T TG UYEI SR o fIT Suge Sl €

(v) et : i SRt =Fe o frld W aw faee 9
SlSAT W9 el shi W i €|

(vi) &fforar : meTm 9 G=Rol & 99 fame &t geerar | afa
w1 efforen hed 2

(vii) gaef7 : € fordl soiaeife uRuyg 58 wades (]

S 14) FEd §, % I ¥ faee oM (IR weRawy

ITeh! o) ® gig S w1 gfeman 1 SR oo ¥ effurn o

RO BH aTet &7 w1 afaufd o fo yadH srevas 21 stfafie

o yaaran o foag sTewee et DC foa |ia 9 g faea

B yaE, Eiq qun @ ok wie SH M W R S © Sl

el 1 yereran, STuferd gereral § ool @ Sl 2

+ BCD ¥ forelt 3 &l wiat: =1 fgenurd (0= 1) foei g et feman S 21 S<reor o
o geTera yomet § STl 0, 1, 2, 3, 4 F 0000, 0001, 0010, 0011 TAT0100. 1000
% g el & &1 1000 218 & fefd s 2

** <ffeh ShIEX Shael ki i €1 TUS Thel ¢, 3T: STkl o T H R TN T AR e B
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GOR Ha&]

(vil) TR : FE G A1 W6 ok siel i € Aferhad S 8 el qeh el sl SHeRT
e Fererdl § W feRan St 2

(ix) ®< HIerE : d% HerR ¥ TUN add 39 g e § ® f59 W g Sy
weferd Bl € S1erel SR o 39 9N | el € fraw faet s g srgfet
foeme 2|

x) HIgHT : SN 15.7 H U MU &wRoN o 38R = sgfa & 7o o=
(TR / gaew) i Atk AT T Uit 8T fohan S Fehanl SHifee Ui
R, = egfa o w3 faett ot gemst &t fordt 3= amgfa &1 1 W
HARIG HTA S 7 ST G o Ak HY A IR BT T 5T FRRA
1 Aiger Ted E| S foh I ==l 1 e Aiger w8 WK o e § e
&9 ¥ AM, FM @21 PM &&d &

(xi) foArger : 39 Uishal ol S ITHUTEt 511 A a1 9§ YA &1 gA: mia
I St 7, fomiger #ed ©1 7€ Higad o fawlid wfkan 2

(xii) Y7Eds (Repeater) : Jeds AEl dun U &1 GaSH e 2l
TR U @ fare =57 i 7, S8 yafda s € den 39 i w5
T: U Y 3 B wefi-mell A oreen a et engi § aftedd oft e <
R Jeishl w1 ST foel 15.2 W 9T o1qER forelt §eR S s W
foreaita o o forn foren ST ©1 IS R SUUE oredd H SfaRe H T

forg 15.2 99R & W@ ¥ gfg & o wads =y &1 swEn

15.4 el it Ss-=ies

et TR oo ¥ H<w faa i o, G, 399 1ol el SAiehel ©l
Hehdl 21 37 Tarell § qeieh o g T 9= g €1 forelt fe e fger w1 g=r
iRl i TS FehR 1 GER SEE] Wfeq 98 39 g o R e et € W
IHeh ToIu sTrewaeR |1 ST @)

ok fredl o fTT 300 Hz © 3100 Hz %1 ST | SUge |1 Sl €1 37
arep faat i e et §9R & faw 2800 Hz (3100 Hz — 300 Hz) o€
=g =feu |1l o UwoT o Ty A o5 g 9= gl o W Sca i oh
HIT, T 20 kHz &1 o€ SISE 1 Sevdehd el 81 g &1 967 IRE 20
Hz 9 20 kHz a% 21

Tl & wERT (Yuv) o forg difed fame #i 4.2 MHz S digE @t
IRl Bl 1 TV faell o gva qen 9e4 1 e1agd 8 @ 9 Seeh Ul ok
T 9=: 6 MHz o <ie afefed 1 St 2
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1.5

firset 3T es] W &9 ohael o1ed farel W & foer foman 21 g famer fom
15.3 # ST AR SRR a1 1 3{hid o eid 81 T€ a1 S Fehal € foh
STFAHR T 1 A5 (faare) v0,2v0,3v0,4v0...nv0311§ﬁ|'5ﬁ3|ﬁ3’3|13|_9|ﬁ'q
T ok AR oh & H Rl ST Hehell 81 F81 n T quiieh & T8 o7d qon faeafia
fohan ST Wehal € T v, = 1/T, 81 39 924 1 A & {0 T & @ H qo
g (v,); 91 Efd (v,) + fgdfta qomgfa (2v), go1 e (v,) + fgda qomgfa
(2v,) + T TR (3 v,) IR T F 39 W | Te T 2 TR SAIAHR T H
amﬁwﬁwﬁ%ﬁqﬁaﬁw VO,2VO,SVO,4VO...,31T&{T=Iﬁ
HARTIT B 1 AETIHRa B, S g8 et g € o o & el e
=few) qenfa sAeRTia wrEt oh

e

(

d b @ fo 3=a Ut oF AR

FE R = S A 1

0.5+

pp— o e Hiftd 8 S| 56
(b) g ST (1) gfomeEey sty T ofta
(© T ST () + TN gor o fawtyq @i

0.2

0.4 0.6 0.8

WT[U I (2v,
(d)%mﬁ(v&i ] IfE o =S ol At € fop

T | T e A
gehdl © o G I HIE
NG & et ® qen el e

s TorTet g 81 S 2

—
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o 15.3 7@ o @@ qen swent [engfet o w o THH FRO I8 § fo S 3=

STRIATHR T T TfeTshed| Tomgfa Bt ¥ /T w9 ok forg
G AMEH 31 & FH Bl B

15.5 UNUT HieAH S S-Sl

TR frrent =1 € wifa fafa= ger & oo @ & fog frm-fae de-seE =t
SATEYTRal Bt &1 Y0 H WHG: S Ry W STl WieH-ar, g SThTe, 9
TehTT¥Teh i Shecl &1 THIER Shecl o9 ®U ¥ SYANT B ool qR WIEAH S e
750 MHz ! SS-<1S Y&M dl 81 39 YR sh1 shael WHIE: 18 GHz g
G e yefera i 21 e X w1 AT ek ek SR W il o T T
IR (P Ted kHz ¥ F GHz d%) § G gial 81 39 g e i arferes
15.2 ¥ @iy 3199R R 9 famfsa =2 fafay gend wem ¢ o forg swafeq fwan
ST &1 dqSf w1 AT ek Wehi¥eh HER, Agfa aiE@R 1 THz 9 1000 THz d
(9ew a0 | TS ), GO R ST 81 Uk YeRidieh dq 100 GHz 9 stfues
I TR dE-HeE Y Y Hehdl €l

T ST g o TRuTHEeEY, Segd & fafq= se-<esdl 1 srhe
fopan T 21 eTgfa oMde w1 SdHM SHEEd 1 HeleH AaURd HER g

(International Telecommunication Union 3T ITU) st 2
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AR 15.2 %% WIE a7 HOR gfa g

T AM J9R9 540-1600 kHz

FM JHR0 88-108 MHz

Settferer 54-72 MHz VHF (31fd 3= a1gfa)
76-88 MHz vV
174-216 MHz UHF (90 3=9 3Agh)
420-890 MHz TV

UeeR HisTge e 896-901 MHz HieTEd ¥ SUR WIE o fog
840-935 MHz YR VI § HigEd o fag

IYUE HAR 5.925-6.425 GHz EEINGED
3.7-4.2 GHz AR

15.6 SEAYAHT T HT HoRT

e M 1 ST A A FOR § T R W Ui g @ et v aga-
ST i R e 3, < st S T el g g T fe e
T R g €1 S-S Sgaeesh i all U @ X Bl Sl @ a9-99 gkl
el 4 it St 1 SEageehd aX o WeROl 91 THAUL i g e FHId
FXd Bl T8l R gealt o TRl Ht Gl 1 GHeE ot gyt § it dga-
FIRE TN S GO H gH! Giehd gt 21 Gnelt 15.3 ¥ aeHed w1 59
ST Fagt 1 Ffar faero fean w2

15.6.1 -

forel &1 3=a <&l 4 fafefa @ & foau ¥ &1 aes faea =) @
o GO (9 W HH ~ 1/4) B =80 oist airesa (et fre srgfet) & fog
T o fifcer WES 92 B § 9 3% ges % Y8 W el Heh §gd U ol
S ®1 A SAEH-AIgfod (AM) FHRO H - Seafer wol (SfeR) a6
S IYFN YOO T 1 ifd BT 81 39 YhR o WAl § Foe o gERe W
97 <1 Werel TG Bl ©1 WOl i 39 faf i g T Geon dhed § 9l I8
T gealt i g3 W o et 81 g% a¥ gedt o R 94 9 YAt @ 39 W
T URA Tt © qe gealt gRT Sholl o STl o ShRU ql &ffo1 Bl S 81 gt
o gfg & Wy g @ w6 eftoran o doa @ gfg wid 21 erd: Uit i ST g
arelt SAgfa w1 Afehan T Ufd wfed 9o S9! g (F® MHz ¥ %) ™
e e 2 591
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Aro 15.3 IgHed & fafi= aag qun s deifia dedeeend a1 o
s TR

E, (99d9 H#sd
T A1)

F, (A
T HTT)

F, (HEmRR)
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E<|

<

10 km &1 & @ #fd == g (2 GHz
qh)

65-75 km shae e = smgfa wafda; g s
qeh HEd IEfd den I=9
S ICINRIRCENIIEG)

100 km el e TSI TR T e, =4
amgfaal wafdd

170-190 km o & T, I=a gl 1 An

s # F, % ST H g FF 3= F,
iy foei= Toh TEoH

T ¥ 300 km f&F & 1 @ @ I=9 AgFA TN 1 &IATgEh
T 250-400 km W, foRive U & 999
15.6.2 =W a0

%S MHz ¥ 30 9 40 MHz & 3Tgfd 9RER o tfyes g o1 e, fea @ &
AFTHSEA TERA R H: Jeall W A1aE Wied o ROl G € Ul ¢l 59 YhR ok
G011 SF1F TR G0 hed € AUl THeRT SYAN TR FERO Hene gy e S
21 TH IHEA HEd 1 HRU T2 © 5 Tk qaT ST 31efe STafyd ol STefee
T | B 1 I8 MR | Yol % 53 W ~ 65 km ¥ ORI 400 km SEE dh
Thell 3 €1 e G W S Seiige fafehtor qen weT foRol 9 o Hoek o et
& d o1 o @10] At B ST €1 3Heh Stfdafiek sTeHee wE wal o fawife e
2, for foear @ wroft 15.3 & <wifan w81 3eeE & 9 g (SE) WA
HYA B AIHSH 1 T 9 dd W sedl 81 e Seeal W 9R fafwor d
B & Wy Mt B o T e B 1] Suoed B B 4-T53 o | Fefy srfaeh
Higal () HBT Afeeh gl €, T fafsrton =1 daal 1 BH o SHIor 98l S
¥ a1 81 Ay, /e el 1 5o [RAfqd W A e o See W U S
& e Wd, 3 MHz ¥ 30 MHz UReR &1 sgftal o fog wedss st wifa
1 w8130 MHz © S%9 g o1 dgaegeehia i, SaTHed i e hich
TEATIA T STl €1 I8 qiEe o 15.4 ° <t 7€ {1 dgageeha ol o sk i
uREe e woeey 9 gedl % g W 3R Hig & St €, WeRlehl o ol
AR Ted o Tge & 21

* T ot afee 9 g w1
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AR e

W
W*Z

o 15.4 =00 T G901 GRON 15.3 § U@l &1 9RO A T/ 7

15.6.3 3ATRIIT A

SIS TN R FEROT S XM o THROT o1 Teh 31 &7 81 SAh—ai, Yuu-uai
Y - TS ok TXeT {d T W T il 1 STeRTS aX el SuAn gietEy
A= g=ror [line-of-sight (LOS) radio communication] & 91 & 91y SWE
HuR ¥ ot feran STt 81 40 MHz 9§ #1fes STl W SR shael i@ (LOS)
e S=ror g & w9 81 3 gl W UGS 1 WIgS STUeTehd Biel el € e
30 geal & U8 W Y qUISEAl i HEE T Tid foRa ST Wkl 81 LOS Wehid
H9R M o SR, fo1 15.5 H I9MT STTGR, geat sl aghdl oh HIROT Wit @ fonedt
fag W ererifua g St €)1 =fE e w1 fafast 9 W ur wen € @ et T
IR 3Tfee S R Tfya fman S =feT @ifs 98 LOS T =61 si= | Uk T |

Tora 15.5 ST T gN 3@ WOl

I ok T b, HAE W, @ T T8 0 wha ¢ fF fafas w9 gh d,
A9 d, =+2Rh, ¥, F& RYeE ® ahal B2 (T 6400 km) 71 d, &
ek WA BT e farfawr off wed ®) fod 15.5 % waed |, geeft o5 I @ h,
TA hy, S8 A I AT o o= Y st gfee g 39 TR oI it ST
Tehell B—

dy; = \2Rh; +2Rh, (15.1)
T&l h,, ST T = SR 2
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Ao YERYT, HEhida-fas don §eeee HER 39 GOR YUl oh
STTETU] & S ST T TEROT &7 1 SUART it 2| 755 15.6 T 316 deh a7 ==
1 afulq fafay fafual = aww fean w2

f}u, =
“f .s"' ;‘ _;t ’Z’ g’vx r.
_..&.-r;- T

LA BFS v St e c

ﬁals.sagﬁiﬁﬁwwﬁéawﬁﬁrﬁuﬁfWI

IATEYOT 15. 1 frel HR o 3iid W Tenfyq v g i =K 32 mden SIhmmeEl
T 1 9 50 m 21 LOS faen o Harwsier Tar o fog g1 T o o=
1 atfushan g8 @1 82 (geelt 1 5591 = 6400 km)

il

dip =2x64x10% x 32 +1/2x64x10° x50 m

=64 x10% x/10 + 8x 10° x4/10 m

3aT8I0T 15.1

=144 x10%? x+/10 m = 45.5km

15.7 WEAT qAT TR STATARHAT

St o wee 9of e S gt € R et e oAareen w1 SRTA GeAT Stere TR
et o1 3t T 21 T el o1 STTHR dE R ft hEd & S STeRas &
T 39 g1 et g frefud emgfa o 1 ffiée w5 2, S g=m 9 g0 weE
foran T 1 oA w9 W 1S ff el Tkt ST w1 916k el gidl, o o T
gt aier, 758 farer s =g wed €, § thell eial 81 4 oS &q 5o e
(Audio frequency 1 AF) & &l goraiten fomea (et amur o emgfa
20 kHz ¥ %4 21) ! forddl ofd @ w1 g8« e & dfrg e =med 21 e,
TE A H T 3 HE-HME F FHH € S BH TH HH ¥ Uohd & 91 8H 59 W
524 %Y IR W 2
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15.7.1 VST 1oar TRIA &1 9es

fordlt firer =61 Ot o o fore = fordlt T8 o ORIt ) STrevaehal Bidt 71 1S
T3 39 foe ®§ w9g o Wy g are 9Redd sfud 9§ Hagd X Toh, 39
T o2 saves © f 39 U &1 9w 39 e § Hag aues (1) o ger
B (T %0 Y F9 /4 7)1 20 kHz 3900 F1 e Se@gasa a1 S aues
A =15 km Bt 81 T € o 39 ofelE o qorig 9Es & Qe i e qen
yeferd O G9E T8l 81 37d: UY SuR-ss farel 1 wien gyl seRiie T8 8l
It Yoy argfa S=u (SIeond, A% v=1 MHz 8 @ 4= 300 m) &, @ STgs wem
o T 5T YO HoTd B Hehdl B 3T: §AR 7 ST SR §8 e § fAfgd
o &1 frdl 3== T srgfaal g9 § yd ®WARd (translate) FIT Ht
HTFITHT Bl 81

15.7.2 Tt Udr grr wwret vrfea fatetor

forelt Yl W (TS = ) @ e Al fafetor o1 Sgifaer stere e <uia € TR
U g fasRa wifem (1/.4)2 & SThAurd! et 81 58eht aredd =g @ fop dd =t
UM warg o foru, aesd 4w ed W (stea ergfa W 9fg BF W) fafela v
o gfig e St 21 37 fereht ofelt qeesd o SuR-dg et g gt wifer fafercon
W et 81 37 foRe 3= ol o fom B S=e wife wifeT @R sEifee T qen
2 YUl o fory S=u Sgfa o YA S STEvgehdl <3l B

15.7.3 fafa= aftst | ura fament =mr fagor

AYUR-dE Gohdl o WY FHARU (IN0T) ok favg ThH o wEwqul dch iU
SR € | e agd o oafe Th & T9a sr=ia
@ T Al T € 4701 hE U S-S geA fare

AR ol o - F T fa e ¥ - S T

o T R T A e s e S e gt O |

7 o &9 | 3=9 Agaal W Th & HaR o ST hi

3R Hord i 7, T yoier T291 favat o gwor ok fag

Agieal 1 Tk o eted fma S 2 (@)
SR Teh I G & FF =7 19T & goT SR o Teu (¥)

I G A w1 Y90 @ qF foRdl =9 egiad RT H U

BURY T9TF &1 Tg UG YiHal 39 GHR F1 g T T
TR foF ®UART et & 37 G4 GETIeT #1 GAEv @ oo aq
ST geT fae | GHifea o T’ R o {89 fohe 3== \ /

gt farer, 59 a6 @ ed €, 1 Weddl od €| 9
gfohan fTEer g1 aTed O o WY YA hl Herd foRan (b)

Sl € HGeT hEeldl €| ageh a7 Tad (SHreehid) S1ere o7 15.7 (a) SO 20 (b) T8 (7o)

e % ¥4 H fo 15.7 § T AR & Gehel B st fome

gt e e aress a1 i 39 YR fefud foean s
Hehell Bl

clt)=A,sin (ot + ¢ (15.2)
el c(f) e daar (Sieed Aot ¥W), A $EM, o, (= 2ny,) H0Ma SEhd qen
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¢ T8 T T ARTAE hell Bl HIgeH i Wiehan | 7 < el | 9 aeeh o
o fordlt ol T WA A, o, T 1 H e ga et g et fean s
W%lsﬂ%qﬁmqu?ﬂﬂwésu@ﬂﬁﬁ% (i) == HigeH (AM); (id)
e Higer (FM); el (iii) wuwmmémﬁﬁawsﬁmhwén

~ AL A A

1

mit) O/\M/ o

15 3

e W'»-A'A'AVAVAYAWA'»-v«ﬂ¥l¥lﬂw'A-«A

remne TR DA
NI T A

1%1315.81%?@%@7%14@? me,
(b) Higerh T (c) &M HIgeH, (d) 3T HgTH Tl (¢) Fell Higer

T YRR FeRelt TR ok M eyl TieiT B ©: TS S, TS Sy srere g

<rer, den v fefa (S =g & omam ¥ gfg =1 fivee o & & e s

?) fo= fe=15.7(b) & <ian T B 316: THE HgeH o ol YR ® : (a) T

@M HgT (PAM), (b) &% 3faf¥ Hrge (PDM) $12fa < S Hrger (PWM),

o () Tt feafd AIge™ (PPM) | 36 3T&9 o Sidiid g9 STU- <= ol STATH HIgeH
q & difa W@

—

163&sim=259&cnt=358
— w

59&brch
(@] ,_.

c, () T

http://www.williamson-labs.com/480_mod.htm
OP—‘

:
5
:

http://iitg.vlab.co.in/?sub

)

15.8 2EH WIge™

T Wige | dgeh Ol o SIEE | gerl farel o SER uiede gl 21 Tl W
st e faa o1 Argas e o ®9 § ST Sich, 89 S "iged
Jfsham &1 T H

A AT c(t) = A, sin mctmafnaﬁﬁﬁﬁaaﬂ?ﬁ%,am m(t)=A, sin o, t
geh fore stemn Ww i fefiq wd @ SR, o = 2nf, "W a6
HU SR T q9 A fae ¢ (t) B 39 YRR e fRA S R gl

¢, t)=(A,+A, sin o t)sin ot

=A, (1 + An sin comt) sin o t (15.3)
C

e i, 3 3w Tarer wrgfer fomer o sfafase 21 5@ fom 15.8(0) &
2@ S Hehel ¢ T (15.3) § B9 98 for@ gehd

526 ¢, (t)=A, sinW,t+mA, sinW, ¢ sin W,t (15.4)
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e u=A, /A, TG ki €1 fFaET ¥ a=me & fau e ¥ g<q W
S B

Freptorfiedt He¥ sinA sinB = % [cos(A - B) - cos (A + B]| &l ST (e 84
THEW 15.4 % c,, (f) BT 39 FhR R HT T ¢

c,(t)=A, sina)ct+[’l2i cos(w, —com)t—“TAC cos(w, + @, )t (15.5)
T R (0,- @) T (0,+ o) B FHRN: (757 79 i qa=n 3= 9vd sgiy wed
? 39 TR 3@ Al fama o, ST # aTesw a1 & WY Qe 3w,
TSeht gl @ oo fa=1 el ®, 3k f9= wvd de wed ®, sfafos gidt €1 fot
15.9 # wrgfera former =1 ergfa wega <wifan @ )

. -o,) o (©+o)

ofeT o

Torr 15.9 et s Agfora famia &1 3Tm 9 o & 9 |

e qoh JHIRd SgfE (aresk i) Tate RE W S # arfer ared S
T TR R Afenfyd | e, fafi v Tk ge W foe aren wge et 8 wehd 2

IETEIUT 15.2 10 kHz 3gfa den 10 V fRrer dieedr o 991 fariar &1 suam fadt
1 MHz T4 @ 20 V R sieedr &1 aes a1 i qigfod s o femen @ 2
(a) AT Gohih Qe (b) SCI=1 UIYd g H Iy

A
(a) HIgTH Hehish =10/20 = 0.5
(b) T¥E ST (1000+10) kHz =1010 kHz 21 (1000-10 kHz) = 990 kHz = &1

G'ST lni2lbe

15.9 3" WIgfed T sl ST il

T WIge S i o fafae g7 el Tehd €1 fo 15.10 ® =ofish 3@ o gHaht
T T GeohouATcTeh fary e T 21

m(t) . AM 0T
\® X | =nf fem y(©) S| o T ohiEd s
. el } | ¥ T e
A, sin ot /T\
(T ) Bx (t) + Cx (1)’
fTHd) A, sin ot

CIEED)

o 15.10 AM foat o 3w & T Wel "igas &1 sl el 597
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TRT e x (f) 1 3T FA & foa Agersk fa A sin o t Y 9EE faa
A, sin a)ctﬁ e S 21 =9 o x () = A_ sino_t+A_sin a)ctaﬁ A =t
frem g, st fop ©F eRfass g 2, 9 TORd €1 39 TR S Tl ©

y(=Bx(t)+Cx?*() (15.6)
&l Bae C frdish 1 39 TR

y()=BA, sin o t+BA_ sin ot+

ClA? sin’w t+A? sino t+2A A sine tsino,t] (15.7)

=BA,, sin o t+ BA_ sin ot

CA2 CA? CA: CA?

+ 2 + 5 cos2m,,t -

+ CA A cos (o, -w,) t—CA A cos (o+o)t (15.8)
Tel W, rerrofadia Gl sin2A = (1 — cos2A)/2 997 sinA sinB o fau e, {59
el ofi SYEN fRa ST g1 B, 1 SUANT TR T R

FHT (15.8) TF de T C/2 (A%, + A?) o1 sl o, 20,. 0. 20,
w,-o_, o+o % 6HE g SH F T 15.10 7 9 @ 23w fmEa 6§
TR fheets | oA € S de 1999 9o SR o, 20, 790 2@, o S
IBLETUECTCD @,, O,— O, wc+wma@ﬁﬁﬁuﬁwﬁawém%|wwé’gw
fifee =1 il o1 WHieRToT (15.5) o S| &9 2l ®, 37d: 98 Th AM @ gl 1

Tl 78 Sooi@ T G ¢ o Argfer faer i wH & ufta & R W
Hehdl| HIGTTeh oh1 STTHA Teh Yokl Yorefer shial € S ot =l eTageesh viferd weH
AT B | 5H T WIS HIgferd el shl GX0T fohell SUert W1gst o WS ol feman
S S e 15,11 ® <9y egER g = fafeia & 2@ 2

cos2w,t

m(t)

- | X
T
@
FEhl 0
IR
o7 15.11 Ift 1 sAlR-2m@|

15.10 3T HIgfd T & GgaT

el W R | Uit w1 efior e S ©1 ora: ifemet U ferelt e qen

ek 1 ST Sl &1 WY N, G 1 g o fog aesw gt s e

fopelt mem Sgt (IF) =01 W Sg=H 9 gd e egia o uftefda % o €1 wgiea

* Hg IR fhet = q =4 gfal 1 fehor #% 31 © qen gl o T ST H
T 3 2
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IF 25 S EED
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RF

T 15.13 AM fael o dg=e *1 sil-3@| y-3181 o fag difges afdr deea
1Al YR 8 Tkl B

rgferd faret, fraent &9 fo 15.13(a) | T9iien 71 7, e 9 7o St
2 forer weresy (b) ® Ty SFER e wre g 21 fawe (b) 1 78 o &
o farat 31 faa m(0) #1 gH: Wi & e 3@ @39 fa=a (b) it Toey 999+
(St Tk W RC 9y gl €) ¥ T S 2

39 A H T HOR A YR SaEAISH %l FS qa Gheqist o fomg §
=i 1 81 5UH B Teh fafiTse WehR oh 3TEY Hige—3TaM Hige (AM) o fame
o off ==l 1 €1 HIger oh 3T YT AUl 1T HHR oo & o aefen uR
¥ Heyut ikt 21 39 &9 § wfafed o= Saemge faw we @ ®@ 2

IE dh EY SN W=l kI ho go GO Heeensi o € difg @ 21 5|
A i T HH G IES TH SR MYk T i TS 37 GaR Faeensit
1 Ferh @ =ed © e AR S Sfed o gee & RH-TRE % e o
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T EE 1 GR FER H HUS! ST STAN T © B TH Haw o Fauid fehdl et g sfeet Jeaen

T HaAIfed < o efersh Shegedl o ST X URR BT ST hT SEH-FH TSGR I SFTE W Sl 2

IE 1960 H 3R T T HAWHER & T 1990 ¥ AT fohan T w9 o w1t 399 fowwies 3fs g8

? S oot 9EE b1 FReR foedr o1 @ R 3Heh Frefofaa ey €

() F-He : I8 3-He WY HT ITAN Hich USTTHA/ATE Al o STEH-YIM 1 Gl Y=
21 B9 1S 73 foraeht 39 ISP's (3202 9al YaHahdl) o g T3 IH aTel o I8 9 §hd &l F&l ISP
SR o B9 H U UM SR WK I 1 1w

(i) FET TTHT : HEA TR HRHH (FTP) 32T § I8 T e ¥ TH FHe Tl HEa/HIeei
TR T 1 A YEH L 2l

(iii) FoE FTES a9 (WWW) : T8 S St g § sied o forg o iRk o fafvre ge wufed o €
1 q EE & AU 9" el YSH H ATl o g1 IS oSHEE UEH I & AR A, st
SRR FTed (NGO) 1 his Al off 3197 fshamshamdl o foma # Hifd te@n goa 3T o fag
AT o1 STH  Tehd B | I8 SN 8k SUNiENE o fou geiw (g % ofieR) @ 9t 21 9ga
Y g 359 S9 A, T R Gafed deree w1 gEl T STHHRI U i § AR HerFdl i
B 9 1 Ueh 3Tedd VTR T8I0 g3 SR & S Tordl: &1 & WIEfiTeh SHehd < o foig sitrg HTML
(BTEW R HhaTq oitasl) w1 SUANT Hich 99 o Teh J53 i T T3 § Wig <l B

(iv) =FH : Soiaieh WIEAl ST ohfee TS o1 SUAN hieh T oh YA g SATIN 1 W=id HT,
-iad wedd 21 e fafay Scare) wa Yensti o yfdfad) ol SweRt fafir=1 shufrl o dewee g
Ik SRl Td et o fawd ® e W R o 81 9 SR SAUe) Ay 9§ awqatl Hi A oed
TR Y Fehd € ShaTal a&qy el AU el STeh R el e’ el g URH HY A 2

v) SIIEIT-T9919 : GHH Tie o oAt g 21ed R gU W9 gNI SIsid i =2 (Chat) I Sed B
<2 79 ® gffea i ff safa diepifos 939 W ok qid & SW S Gl 2l

ST (FAX)
T SRR T 39 w3 o foe foredt fafea wamn =1 foma axg &1 (wfdfea & &9 # fom a5

T ifd FEY) wHee Hr 21 A fae R SHt 9fSe (S0 FAX HeiH) a9 9 @7 9 IelithiA i
e gR A S 21 Hise W g o uvera farell shi FAX A9 ot fafed wamn 1 wfasfa o g
TRafda T <t 21 e < G 9 e © T FAX wei, Tt feer fafa wamon 6 wfdfee g/ e
, Sofifas =t wifq wifaefier a&qet o fdfee 8@ &l X Hehdl

HieTger 2wt

TreTga eI i IRehea T Tegerd 1970¢Wﬁﬁﬁﬁaﬁﬁ3ﬁimwﬁsﬁ{0ﬁ:mw
T2 TN 3 e Y S SATHUNT o STTER WHE Hel &5 1 Sfud S % wel ¥ 9 od 21 A
ey ferdlt STt 59 Flarser 2citwiT Rafa i (MTSO) Fed © W ohisd T@d &1 Toiel el o 1|
wF e v Ofte & SR a9 @9 wEd ©, de 9 Aeasd REed (R SioeEra | 99 B ®ed §) &
S e GG UG F S GAH hE T 9 a1 FheiHier s 39 o % &7 g & S
Ui 1 FE W AR w2 F S e REe fh T 99 SE % 89 § ol fRe o1
&5 § W1 @ dl I SAERTS © {oh 39 Hiasel SUHR o1 SH oF R W MG a1 ST 39 ety
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TR TAR 1 e Go1 1o Hewl (S S dieedl a1 9N % &9 H
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2. Torelh TR oo o Wi ol Teheh—HYTeh, SUTOI-Te, qe AR g ¥
3. FOR FaEN o I Wew@Ul YRR STEY qU HE FUR 21 STIET HAR H

10.

11.
12.

13.

TEIRE 1 9 ATl GO oA ®9 W Had qed gl 8, Seith 3ehia G
o o fafaem steen e w1 o g 2

Wersh TR Torel o1 Uk Sngh URER e 21 e wew foret i de-wieE
1 qe 36 S-S ¥ g € S 36 G el | sfafdse e waew
o[ ok foTq STeede Bl 1 SE bR whig o sAreeiier HuR-ogaee g
o ohael feRdlt TR i € Uo0T 1 TR YSH i © SR $6 i 39 G
SN 1 SE-HIEE HEl Sl 2l

= gt i ot < 7 wufta & foRan S TR 21 o1 39 T fae
wfkar 4 AgEE @ed €, o 5N R S=9 emafa & are faa W
ARG feren ST 21

HIgeH W aTesh el o o el S8 TR, S 1o shell, Wigesh
STer T3w Faet o STy qRafid 81 9 1 aegaR fafe argferd wm w5t
3T Ao (AM), g Wigferd (FM), STera shefl HIgferd (PM) @ Had
]

T G T G0N 56 TR 1 S 2 ¢ T AW HGe (PAM), TR

ey Wger (PDM) e T4E HIeE HIgeH (PWM), 7o &e feerfa arge
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@t R e How o fae faral st s ¥ e giaaa o gr fafeia
feren v @ 9= U wed 71 A fafrfa fome demgesa @ o w9
THIRA B © e Soh WHROT i ferel i geat qe gHent arHee Feifed s
B 9ol o Y3 oh iehe Aga eI A IS A ok &9 § Y@ 2l 2
TS JEROT 5 MHz G ae € ST e 2

gedt o fopeel 21 fagall o oita oot g8 1 WeR STeHee g AR ai
o e gR W9E B Ul 81 36 WohR Wi al okl oA a3l whed 21 oM
T T FERT RIS 30 MHz ST qeh €1 81 Wehell €1 36 A9 9 atferes
g ot SEAgesh A ql e ®Y 9 SR TN o 9§ FHid gl el
SRR TN T ITAN gheE HaR 9o STE HeR § e B

g HIE T h, SR | S a0 fafeRd i 8, @ SHh IR d,
®1 J2Rh, SR = a1 ST 2, A&l Ryt i 5 21

AW Hgfer foa % (0, ~,), @, 0 (0, +0,). FERE g S
TR et qon areesh X i fRet eifae g W g ek o e
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S[E S 21 A Y IH AN o FS Ui &l Gehd &2

2. HIgeH W Ykl ® T ergftal [ qrwdsie ®Ed €, a@eh a0 g o <l
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3. W HIgTH W HIGH gethish 1< 1 1 SUANT Tehal ST €1 7% 4> 181 & =0
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SRS

15.1 4 TN & SYAN gr fafast of 9R §eR o fau fefataa st § 9 sE

o emgfa Suge w2
(a) 10 kHz

(b) 10 MHz
(c) 1 GHz
(d) 1000 GHz

15.2 UHF 9R&R &1 gfal =1 78R 99 fhees g g 82
(a) g-awi
(b) =\ WA
(c) I A

(d) T T
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(i) T w1 Had TH=d YSH & H|
(i) = = fafae =xoff & w9 & frefia w@ 2
(iii) fgememd wgfa =1 swEm w@ 2
(iv) <IHeTe o W-Ey fgenu wgfa @1 ot STE e 2
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(¢) (), (i) T (iii) ==Y (iv) 7T&T
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TR WM T G a0 S i 1 gaen et 81 98 <eise & afg wiE v
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Emission spectra
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Monochromatic light
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Work function
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Black-body
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Luminous intensity
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Transistor as a switch
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Wavefront
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Wavefront plane
Thermonuclear fusion
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Energy generation in
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Fast breeder reactor
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n-type semiconductor
n-p-n transistor
Ciliary muscles

Back wave
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Atomic number
Atomic mass unit
Atomic hypothesis
Atomic spectra
Transmission
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Side bands

Lateral shift
Dispersion
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Total internal reflection
Full wave rectifier
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Photometry
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Photo sensitive detector
Photoelectric effect
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Bandwidth of
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Specification
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A Minimum Swachh Vidyalaya Package
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