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Teh1T¥Teh Hohd YuuT o foAw off feman ST HeRar €1 SR & fAw, 3% erdles oi;
S TfGeRT, STHITE g ST o 39 Sfeeioh o foIu ‘e UrEd’ % w9 H WA
fohal ST 21 ST WET ®9 § SUGed WEF Wi dqell ° 9 Ieedt ofg <@
BHI 37 e o qqsll o s [ T el Sl STeT oM €1 3 qqsi
T o1 Uk T ot o SR el il 81 el o9 o foare st ‘o’ v ®, o g
Y& T oF e § Foidl gaTl $Heh wad R i A W Tk R fog o w9 H
@ <1 21 39 YR & GG ol & dq FeReR dq

TSI dqel o i & yHE savEedl I8 ¢ foh 3ok iR wel giEr 9w
THT Y19l k1 SR g A BT TIET) 38 Fardst w8 uerelf o v den fafime
foer gr =N S 21 faferrt e dqel § 1 km & @ § g o 95% @ ot
Afereh 9T 1 WG T G99 21 (SHHRT ol 1 km |2 o Ragent o &id o
oAt W fIa Ufaera WehTer oF HEROT 1 MY 3TN i €, 9 ifew))

9.5 Meld Y&Si dem «idl gRT e

e T T TG SAYTS] W AYed o fawa § foa=r fman €1 ora B < unet
AT o el STaYl W 3T o faud | faar & et Mefia I3 o e1ed
GeH AT i GUACAT T S Gehdl € q1 ST U3 o Y% fag | A 1vad
o el BT STIART e S Fehel B 1 Tiehd Sd0 gRI WRredA w6 € i amaad fag
W sfiels Ie3 o 39 g W wefl qet o ofeed g §, 91 9 gHifey g3 o aghdl
% W ToRAT 21 TH UEe The Tl T8 5N 96 R fauR %t qen 36k aee
Tl S 1 T HN IS e od & Teld gl § R ureel e g
91 7 @ 7 TF T8 31o%d T 3F1 =91feT) T e g3 g ffta wfafaa
o foau 93 1 gy, fhel o9 o < 9= W, HiHe ®9 ° &ich 89 Uadl odl
o folu o | Tt YA q°1 39eh WA o F g W

9.5.1 Te&dt el U WX 3TUadA

o 9.15 o ashal 51 R aen 9kl % C & el I3 o T 319 W fRea foeht
a%] o 6§ O o Wlafes [sh1 To1 1 SATHIG g9 T 21 Wehtel fort0l n, qedqis
& fopell Hezm 9 aAafad g n, ST 3 frE S e e S g
off, %ﬂg%aﬂw(aww—ofw) 311 Hag 3Rl &1 gal § 6! Blel od
& Ifeh SEATTHATHR T 101 Hi=tehed foman ST Feh| fo9 &9 & g4 NM & N
Y A 1 W T hI AdE o T SRR A Fel W
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tan ZNOM = L
an = oM

MN
tan Z/NCM = —<

MC <
t 4NIM—M !
an = M \
9 ANOC % ferq, ¢afesion &1 o for .15 = T 1 g F A F e
i= Z/ZNOM + /NCM T8 T S9aH|
j= MNMN 9.13)
OM MC
T YRR
r=/NCM - Z/NIM
MN  MN
7o r_M_C T ML 9.14)
3@ T o | % SIER
n, sini=n2 sinr
37T IV o DI AHE b AT
n1i=n2r
GeieRTol (9.13) A1 (9.14) ¥ (9N r & HH W T &Y U Bl §
Ju My Moy (9.15)

OM MI MC
Z&l OM, MI 9 MC 3@t o it &t frefaq #xd §1 &g fog ot &
STYART T R,
OM =—u, MI = +v, MC = +R
TR | TR (9.15) W @R W BH WId Bl €,
N, m _Np—mny
v u R
HHRT (9.16) W BH foa qen yfafad o 9 o Weam o sTadHish ael ey
afshd g3 1 oshdl 5591 o T o &9 § GeY U el 21 et (9.16) fRd
ff YhR o dfshd el 55 o foT 71 2
ISTET0T 9.5 91 | @ feondlt foig Gia o Tepmet shiwl oh fepell Tieiia gs8 R g 2|
(n= 1.5 T Iekdl 5531 = 20 cm) | FhTel Tid 1 HiF % T8 ¥ 3T 100 cm T
yfafss el sm?
Bl
Tl W, FHIHW (9.16) W fKu g
u=—100cm,v=?,R=+20cm,n1=1,ﬂﬂTn2=1‘5T@ﬁ‘T{

(9.16)
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IS8T 9.5

&5 g e ®
: 15 1 0.5
—_—
v 100 20
AYAT v =+100 cm
wfifera smafaa wehrer w1 feen & &9 o I ¥ 100 cm T g W M

9.5.2 fodt v\ BRI STUe

o 9.16 () & forelt 3w oW g fafsa-Tam &1 sfafa swfE o 21 5w
Sffsia T Tl 2 =N H @ ST R ¢ (i) T ST g% foi O W wfafe 1,
I 2 [feT 9.16 (b)] 1 wfafsd 1, S T8 gR1 wfafea a7 o foe s fofa i

A0®
L ___
o}

(c)
o7 9.16 (a) foa =1 fearfg gon v <9 g fafta
yfafad (b) T8t Meld T8 W 3TIa (c) T e I8 T
e

Aqifq e ear © [ 9.16 (¢)] | TR (9.15)
1 STAN Teed TS ABC W FHH T gH 9w
B @

n, n, n,—mn

tor = (9.17)
OB BI, BC,
T WIS ADC o fau off 99 e =
YA HTH T EH W el © ¢

L BRL L Bl

DI, DI DC, (9.18)

fopdl adel @ o faw BI, = DI, | SHiehol
(9.17) e (9.18) I Siie W &4 Ww il @ ¢
n n 1 1
—+—=(n, —1n) +
OB DI (BC1 DCZJ (9.19)
uH eifde fag ed W ® @, OB — o defl
DI = f, 99 FHHI01(9.19) § U 81T :

n, 1 1
7= (n, —n,) (BCI +DC2] (9.20)

g feig Sl ama W @ faa 1 wiafas o= 2,
oG 1 BIHTF Fecd & qe1 U f R SHR!
HHT U W et 71 FRE o % gEeh I iR
< Py B ¢ Fau FI fag uRaet gr

BC,=+R, [fa39.16()]

DC,=-R, [ 9.16(c)]
THfeT THIRIT (9.20) i forar S Fehe 2

1 1 1 n,
?‘(”21 _1)[RT_R_2] ( ny, —Z] (9.21)

* e HITT 376 ADC & ST 3R o WA 1 G n, & S 38k Sl R 7 n, B
234 TG AR DI, T ¢ il g0 fa wehrel 1 fean & ferda feen & et € 21
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IEZUREAIRIEIREE
YohliSTeh I

IR (9.21) i G-HHY G o &4 | 1 Sl ©1 T ® 9 7€ G Shua
Skl Feaetl o IRel o SUANT g Afsd hiehd 3 o oidl ol Afseheda (fesmme)
FT § TR T A <H AT 919 T8 7 o A€ g9 fead ofdl W o 99E w9 9
] i €1 39 feufq § R UM 9o R, M I €, SH(AT £ U B 2

THIHIO (9.19) T (9.20) W &H W< eIal & :
nl nl _ nl
oB DI~ F (9.22)

H: Il ©ig-Hi-Tehed ¥ fog B de D IHI 81 ©IF oF JehIIeh ohs oh agd (e
M ST €1 fog IR 1 S9EM 3 W BO = — u, DI = +v | 31 dH &1 (9.22) §
WA W EH W B ©

1 1 1

v u T (9.23)

THieRT0T (9.23) WGl o forw uRfed gact g g7 21 Z=ift 7ef go 39 Sua |
g ffifa arefaes gfafss o faw oge= fovan 2, qenfu e g <A &) <Gl s1efq,
U AT STAqA TN I & YRR o Ufdfeal, Sredfees qen s o faw 7 2

I WA A € foh el Sueiel 1ere SwHreel oF o 3 Hhihd F ael
F' o9 o Jehiferh ohg O GHM S0 R &) TR & Hid HT AR e Wi #1 gom
ik f43 Hed € Seih U gl Hiwg fag e &l

il g o TRt foa o wfdfsa ot fafq 9@ &6 & fau fagia €9 9 g9 faa
o fhdl fog @ o arelt o8 ot I fRTol ooy e sTvead o ol gR 3ok e
(1 Terdt Wit Bt €) | qenfy, oreer § Feftad § @
g @ A Rl 1 =E FE FE B TS o o B
(i) a0 ¥ fehem arelt o fhor st @9 o g&F A9 o

TR Bl 7, Y o IvEE (ST o9 H) dF o

TR G Fihd F @ ToRdl €, el (SFadqa o o)

oG & YW e Hihd F U 199id Wdid gt 21
(if) o9 o YeRTIYTeh ohg | T el YT foRvoT eTerds
o e for foRet foerem o fria =1t 2
(iii) (a) TFEh 3T @9 o YUH A BT § BT oA
St s FehRTT i fohT0T STe o I¥ard & 318 o
iR T w2l [ 9.17(a)]

(b) fordt sTada o W 3Tk foda Wiy fag &t R
ST YA Bieil g8 hlS YehTeT hi fohR0T STUEH o 9¥=Tq

T 1 o FER T H Sl [ 9.17(b))] = 4 >
o 9.17 (a) T2 (b) ¥ 7 F=mi 1 HAW: IqA qen -
STaqe el o fere gt w71 e o 9§ fafve el on b o T o

R e &l WA 39 TR o {H01 3@ Tied H1 37219
FHE =M qe1 78 Al gty & =fen fh o9 g3,
TR (9.23), T SR W HE ®9 G A el 2l b)
&1 W IE oY IS Wl =iet T fondli o o g #79.17 (a
fag ¥ ora forwol Scafsa gt &1 3 @t foeol ofw 9
Y o qYEd U & iafad fog @ TR 2
Tqur Y Hifa oGl o foe off, foret <9 gr0 Saa= emmaedq (m) =1 wfafss o dEs
(h’) den T o WEs (h) o 39 & &9 § gRetd foman s €1 Wetd oo 935
oifq =gl «ff ferelt o & forq o/ wXerar 9 @ <1 Gehal ® T
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(9.24)

o 9ROl 1 9o 3 W BH € U © T I3 9 Yeael o g o He
(e ) yfafss o T m oFcAes 811 ©, Safh fRdl Sere (qen arsdfaeh)
yfafsa o fIq m sBocHs B 21

IETET01 9.6 FHTE SITR BA @M §9F n = 1.47 T0adHI% & Fid o o
ol 59 W ot VTR A ST} 35TF T 31 B1 K9 H1 USSR FA1 82 T g
59 S € Tkl 872

&l

59§ o9 o 31599 T o foIU 9 T STqadish, & o hid o STqddish o SR
B WET; n, = n,| AT FT B SR 1.47 T TH TR H 1/f =0 A
f—> oo U BN 59 o SR oiG 1™ 1 Uk THASA IS T Aid 1 1M FI0TRT
H o 59 S (STUFdiR = 1.33) T 8 Gehall I8 59 fergda e gk 2

9.5.3 «H i &

forelt o9 FT aHd I W IS 96l YT I IR TUE TIHRA HH i HifS
1 W9 Bl 1 TIA: hH GIRE S0 h1 IS oG AU T FI SAfersh Hied B,
Il o H efyafda feror efvERd et € U orEae o o
srqafda ez sromfa et 21 foreht <@ 1 emmar P 1 39
1 Tl @ uftifig @ €, fe8 9e fed ge7 ote & 99|
YR Yol H S YRIAE kR W Thik U W R fR R,
sfaRa =1 soEi| s =1 (1 9.18)1

3107 9.6

h 1
tand=—; AK h=1 tand=—
S S

auma:% (6 o o AH & ferw)|

ferr 9.18 fordt ofd =i erwa| o P=§ (9.25)
" I & 1 SI A SRS (D) : 1D = 1m ™' 71 37d: 1m Hehd T &5
o T &A1 Uk SR 71 AT < shl eTHdl e icish qefm SToaR! g it &rea
FUMCT Bl ©1 TH YR 5T h1g 5 Fafhcdsh + 2.5 D &rmal o1 Geiesh ofg fuifa
I T, 9 + 40 cm BT S o SUA 3G HT SAEYIHRA Bl €1 — 4.0 D &l
& oG ¥ qed - 25 cm W I H TEA G el 7

ISEI0T9.7 (i) A f= +0.5m B Ol & h! &ar &1 22 (if) Toreht Swiiier | =
<) efshi 1 ekl R 10 cm T 15 cm © 1 S9! HIkE T 12 cm T G
o hid T STIFHIF TG BT (iii) et STt @ 1 919 § Wiehd 50 20 cm
21 5t H 35U Wiwd T 1 22 [Ag-STel 1 SAUFdAIF 1.33 AT A-hid
STTedTs 1.5 2]

k3l
(i) <G ST & = +2D

(i) = f=+12 cm, R, =+10 cm, R, =-15 cm
a9 1 AYedAIR | A Sl &

33Tl 9.7
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IR (9.22) o ©H F I WA i o fQ £ R, de R, o foru forg wRared
o AER fafy= Tferel & 79 W@ | eH

1 11
51 (157735
n=1.59< s
(iii) 3 ® ®r= &% &9 & AT, n, = 1.5, n, = 1, f=+20 cm
T TR O F G W S

Lzo,g{i_L}
20 R, R,
34 *i9 % o9 & faw 9« ¥, n, = 1.5, n, = 1.33. ET

1.33 1 1

=22 (1.5-1.33) | ———

7 ( )|:R1 Rj (9.26)

T A GHIHTON il HATS i W eH T
f=+78.2 cm

9.5.4 HUsh H 1@ Udcl wi@l Rl WIS

TH-TH o ek H W f, 901 f, BihE Al o & gaqet
dd A 9o B R foar sifsu) 9F «ifae +iE {9 med
oG A% wHE O [ R fog 0 W fem @ (Fe
9.19)| Teen @\ fag 1, W wfafsa o €1 Fiifew gfafaa

I, ST €, 97: 98 T oW B % o eneeh fam
wif <hTd shYar ® den Sfaq gfafde [ 9 o=an 21 84 39 &
1 TS A1 @IfeT fh e o9 9 fafde &1 s, haw

Afqm wfafsa =t feafa i@ & & faw, 79n @0 R fo 9.19 U § W@ T v oG g

ey § el S e A e S B s i ]
G W T el 101 o SFTER YREfdd 8l St 81 st
G el B, T S Gl o YehT1Teh el okl WUl HIH HWehd €| W STST 78 hard
fag P g ffdw e 2

Tedl o A g1 s+ ufafds & fog

1 1 1

PR (9.27)

s B g e

1 1 1

PR (9.28)

HHIERTT (9.27) AT (9.28) i Sigd W,

—o—= (9.29)

TR A F T F f WHT U F fFH THRA @9 F god WA W,
11 1

vu:f
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3T&Y0T 9.8

aFeqa

1 1 1

7 71+72 (9.30)
7% eI "o H W e Aot o6 & e % faw o we @Ak g,

g,...qﬁwiﬁﬁa%a@ﬁﬁ?w—@%@wﬁﬁ’r@%,aﬁwmﬁ

gﬂﬁm{ﬂ#ﬁ:

1 1 1 1

—=— —t — ... (9.31)
S h fi S

gAd o Y H WHROT (9.31) i 39 Yk off foren s wekar ®

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

Tel P39 ofF TAISH &1 72 &al g1 2 T, gt (9.32) § SToRT-37er
eTati k1 sfSTfordt AT fean e €, steafd Gt o <ol e § 9 U% oA
(3T il o foTy) qen o U SRUNcHe (3fedd ol o foft) 81 EWehd B 1 |l
TS B8 a1 ST &\l oF STIHIRG S7qal STTaaid oF o< & H 98
eI © a1 3 widfss i devn § off gig o <9 21 il Ted | g o widfee
T o ok foe foia o= S 2, Gt (9.25) ¥ 7 siafifed € ff e &1 Fa
AT m, STEHT-STeRT T (m,, my,, my,..) & TS % TER B 2

m=m m,my ... (9.33)

TH R & ol o S W : SR, GEERieial, el qe o1 ehiferh
5 o ddl o fesme o suAn fhy S 2

3aTeY0T 9.8 (951 9.20 ¥ fu Tw &\ & AW gw ffda wfafss v feufa
A hifsT|
d

«—30cm —>

f= +10, -10 +30 cm

e 10
e 9.20

T Wed oW gr it gfdfee
1 1 1

vou fl

Yl v, = 15 cm
ed oig gr ffifa idfss Tk | o forg fog w1 wifq e w3 21 9% S o
o T R (15 - 5) cm = 10 cm T W 71 Fafa yfafde ardfas § W 7€ T

Reprint 2025-26



ToRYoT h1iRTent Td
EEQINEICE!

o9 o fore s far 1 e e €1 srerfd Sod T o o fare Rt et g
T Bt g

Ty, =
7% ST Wi g o o Al SR $Td T W 9 €1 48 fE o o e
foa =1 sfifa wrd w21

I v, =30 cm
sifem wfafare e <@ o T R 30 om T R @ 2|

K

S

[N Wcl

|

8 |

g

8°6 ln:21be

9.6 fusa § 3ty

f19.21 # frelt fism ABC ® Yanmet fohX07 o1 T[oRd gU <91 T @1 Teed otk
AB T STYqH 10T T ST HIVT HE: (AT 7, §, AR T FAF (Fid H A
H) AC W 3T IV r, T ST9a w01 a1 Fiq 1o e €1 fRiq fomeor RS qen
aufad oo &1 faen PQ & o= o IV Wi famerd #i § wEd &

B C
forg 9.21 &9 & HqeTR oA 9@ fordt wehmer oo
T T

=gt AQNR ® 1 %101 (Q e R ¥isf ) gHepior €1 gqfery 39 9= o o177 §
I 1 I 180° &1

/A + ZQNR = 180°

YT QNR @
r,+r,+ ZQNR = 180°
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T HI THROT i g W, T W 8

r,tr,=A (9.34)
Tt Tt § <Hl Bl W fase w1 A @

o=(i-r,)+(e-r1)

AgqG, s =i+e- A (9.35)

600_

araaT =y (0)
form 9.22 fFdt Hrqeer s & forw smqa o
(1) T Toa=re™ 07 (5) o S Uk AT

TG YR Torerer 107 39 v o e e 81 f959.22 H ardaH whivr qen

forere v o o= W < T €1 S U8 W Hehd @ b o419 ®9 9, shedl
i = eh! BIEH, TAH o= HI01 § & aSIEdl { % q1 34 YhR eh 3 AH B
T e TSRO (9.35) W { q e ! HuiHfa ¥ a7uferd 8, stfd, 9% { ¢ e i 3199
o aget o S 1 § sruftafda war 81 Hifaes ®9 W 98 39 927 ¥ Hafuq € fom oo
9.21 ¥ Y19l ToRT01 o 9 1 a19d SRAEd T W aE foeed S0 9 B 2
=JAan fomed D, W, frsH % #ie sTqafia R Sk STUR % WA @ S 8
T4 1w e @

8=D ,i=efmm aed & fhr =r,
THHTT (9.34) W BH W el §

A
2r=A3AYdir= o (9.36)
T YR FHRT (9.35) § 7H WE ol ©
D_=2i-A #¥@li=(A+D,_)/2 (9.37)

af foom o wred 1 sTgad n,, €

_sini_sin[(A+D,)/2]
Csinr sin[A /2]

(9.38)

n21
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T AT D, ! HIT FA GRI BT ST Hhdl €1 TH THR R (9.38) firem
& Y % TUadAI® o WO 1 Aty 2

B H01 o o e1eifd e fom o fow D, oft H1RT Bier B € 9o 7 W
Ll

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

" T smia/21 | A/2

D, =(n,-1)A

THeT qead € o uael frsH o weRrer o faee St | e €
9.7 WIS I

YT, et e fo=ml o wRred] qe 19! Uil 1 SUART Hch 3T TH1eIeh gt
s 79 feuea feu € ufieefl, sgafdeed, e, scvie, g gw
Tl yeRfiTeR gfral qen S % Seel € R BW M w9 9 S7En H @
&l are ® AR T Gad Hewqul YR g § @ uw @ o uefa 3 wd
GO el B1 el X o €H HiHe 5 o R W UG Toh €1 319 §H Yeussi qei e
cacopicacicabrcicaficucicaul

9.7.1 gauavit

T G 1o Wel Geusell wH WiHhd U 1 Th ANER ofF g @
(f 9.23) | 30 YR & ¥ i Yeueell o &9 | YA & o fau, &9 a1 foa
o fohe SUH Tk HiRd T N9l SEY HH U W TN Sl € 91 o o gEd SR
T I G W IR @ S B | U h1 A B R a1 den, syafida qen
st wfafse fet Tt <0 W s fof - S8 WeEs <@ goh, i yfafee
25 cm el FB AfEd T R 9791 =few) Afg e f « feom @ o suh gfafaa
I TR S | ety 9 fad £ | % gh W @ @, df uidfed Sl qen
1 g § FH T N I 71 Fafd T@d & fau feean smmte @, e g
(30 D = 25 cm) W el 8, W 368 45 W F a6 ggdl €1 S, U o W)
o1 wfafeis faforet = g <@ o forg Sfea s @1 =8l w <A feofaat seied
€, Teell o 9.23 (a), § 91 g T 9.23 (b) 9 () Wi

WA geaseit g fahe fag D R o7 gfdfaa & fou Wasw smasd m
e 11 gy g1 foRan s weRar B

met{t3)-3)
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A 7 %

TR
%\%

(a)

(b)
h 01'

«——> 0; \
N\
paans

3T W
NS

(c)

o 9.23 Wt Geusstt (a) e o 39 yHR feom @ T wfafee

foehe foig W e B, (b) foiel gru sfafa wivr, Fere foig W sfafd o

o HHH € 990 () fae oiw & Wiy fag W, wfafas sga ¢ € oifea
Ifa ¥ U 2
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ToRYoT h1iRTent Td
EEQINEICE!

e BN g URael o STER v RUTCH € qe UREnr § Deh S 21 3T:
ST,

D
m = (1 + ﬂ (9.39)

Fifes D TH 25 cm B 314: M@ 6 Id T o AT BIRd @ f=5cm &
I o 1 IR Bl 2

& ST, m= h'/h, T8l hiss &1 g qun v yiafsd & a9es 81 7 gidfss
g 3fafid Hior qen foi g Siafid Hior &1 o ST il 2, S 3% T ¥ 2En
o feIq D™ @1 St @1 (A it o 718 e o foe gro s W 3fafia i e
2, I h/ugm = foran T B1) Ushe-old W TEd i Sueie 98 ¢
%] 1 D! qo | Il e TRt 3@ HWd 8 ST 2l

I S yldfad Sd W ol © df g9 e T s 59 feefd § e i
AT w1 Reher ST BT | SiSTe foid s = h ) 38 foa g =51 W 3fafd
rfersham v, Sefep foa T off fe@rs ar &1 (form foneht i o), a9 & € o
&0 o &1 e o1efd 0 D W Tad €1 99 31dfid v ot &R

tan 6, =(%jz90 (9.40)
319 &Y ufdfad g0 <9 W idid Fivl, Safe f6eg u W @ 8, 9d F9 B

gﬁa%’zmziﬁuﬁﬂ%ﬁ[mﬁﬂﬂmﬁﬁw

tang = oML B ot g i W, et o o u=of W3

7

(8D
= 6, _f (9.42)

7 39 feafq & staed &) go ¥ w0 2, food gfafde frere fog @ ama
2, T (9.39), WY Widfes @1 STUeehd 3Tk SHEEe eidl © el Seaea
H 7R off STYETRd hH T YRR I (GaASE qe ) ¥ Faferd S s
o g9 7% AT R gfafde oma w e )

AEdfIh HIRd Al o |l o fau fhdt o geuse &1 ifusway srasH
(< 9) Tl 21 3tfureh 3aeq o forg <1 oigl 61 Suam foman Stan @, f5e T i T
oG o 99T R G (SQT) T 81 TH WY geuse whed €1 fod 9.24 ¥ Gy
geeell 1 HeRe @ <uiEr M 71 foa % e e ok o w1 eifugyasd
(objective) w&d & S foa w1 arcfas, Sofer, srafifa wfafas s 21 gg wfafae
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fort 9.24 TgF qaaell 5N Wiafad o 1
fto s

TR oG & fou foa &1 w1 w@r 21 38 TR A9 HI AR (eye-piece) FEA B,
S Srfaeh €9 ¥ WG GeARRl 1@ STaH oh ¥4 § & wieh AfaH STardd
st gfafsa ST #1 39 YR Bl @l Ufdfsa AT o wiwd fag & e
(FIE W I THP ) BT €, A€ AR W Tl g0 W B € W Afem iafars
1 TG W T o U ST B 2 e 3§ fefq & off i e Bt © o
R s gfafda fee 71 a1 sifim fee fog ™ a7 T, sifqw ufafds g foa &
e Sl ST 2l

379 TH Tged YA o RN STaEA 9w il o 9.24 &1 fhwr om@ a%
<o & for eifgvaes o wru (o) emaedq, srerfd b/ h, SR

mOZEZL

h S
TRl T W qRATOT T SUEnT feRen €

h h’
tanﬁ:(f_oJ:(f)
Tel W Tt wfdfss 1 G1ew © den foe 1 Gest h e ifigeass a wied i
f, T TEen wfafsa A o wreew g & e st €1 g L, eteifa, sifugeas &
fodt wiend foig qen e (®ishd gh f) o Tec Wiy fog o o= &1 g0 6l
T GeAEll k1 Zge oA Fed
Fiifeh Tgell Ietel it A1 oh Hiehd fag o Fepe ol €, SWie == 9
AT IROTH 1 ST B9 T YaHawl o oy sieh g6eh %R0 (HIvfiE) e m
W Y [FHeR1 9.39), et 3tfad widfas feret fene foig W oar 21 9

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

(9.43)
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IEZUREAIRIEIREE

YohliSTeh I

S yfafse a9 a1 & a1 AR o RO I STEHE [FHieT (9.42)] ©
m, = (D/f) [9.44(b)]

3T e ST [T (9.33) o STHR|, Sk Wdfde $Hd W a7 B, €

o) (2
offte =| 7 7 (9.45)

oy § o forell oiet g o1 el STl Wi i ok fory (gEifere gerset M
@l T ®) Afugeas qun AfH w1 Wi 30 FW e ATl FeER H,1 cm o
FH BT U 1 oG SN 3T Hie w1 {1 3G ok T LR €1 hH o el
a2 oGl H1 TevTHd Bl 2l

IR0 o fer, fREt f = 1.0 cm o 9599 f, = 2.0 cm 1 Ak 921 <o
T (L) = 20 cm o faU ga Gewsel &1 smadq

memm (2] (2]

=2—10x2—25=250
a1 fafir= #re S8 a5 1 weif o gfafde s gvaar o o § Aecgof
T 3 B Seh GerafviEl o, erfgyash qun AfeRt sgaterel oEl gR1 S S
&, frTor R ol & yeRferk famemt (Ji) 1 w7 w¥oh wfafasi i o § guR
fopann e 21

9.7.2 TaEVih

TR 1Ue A (9 9.25) 1 ITAN S Sl TGS ! hI0N STEEH T&H hd
o fore feran St 21 58 off U eifrgeesh qen ek AT et 81 Ry Fel W, e
T 37U AIGTAR HT Wik G A N STRT SR Ff hThT 3tk e 21 R
T o ¥ FAHh YR ARISTId H YW FIAT & 9 39 ok IR Gk fgd
WiehE W ST Wdfas sdr ©1 AT 39 Ufdfss i arefda wieh st e
wfafae SAd €1 e[ amar m, wfafes gR S R TaRa wior gaen foa gr o W
AT o R FAR I o o ST gR R foan < 21 e

a A (9.46)

=@ foufa o, qeeie &1 g9 #t @@ T S+ S

uifefar qeaeienl ®, 39 el o sifdfiert, wiael o9l 1 U Fe e € S sifan
wfdfes 1 Hen o1 31 21 Ut TIERiR 1 A Wikl U @il d S YRR ok
Teront ok feru feran S GeRdr 21 ST o fory, R U8 eefd W faEr wifeg
foreh 3fgeash &1 Wihd T 100 cm T A %1 BIFg T 1 cm 71 39 A
T STEEA &Ha

m = 100/1 = 100
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fora 9.25 el R (SHEIA) 1 AR IRE

3@ =l 1 I’ & a1 R fo=R Fifs feen arfas gasa 17 (1 foe
=M9) 21 A TN ST EYF § @ W W THR TdAq B9 ¢ o9 R 39k o o
JerRa-hI0 100 x 1' = 100’ =1.67° B

foRdT Erieia &R oF o) H &M 31 AFd &7 a1 SHeh! JhTel TURT &Hdl
q sEehT fasie arar e e ?1 YR GURUl udl R w9 ¥ qEEd ok
Afrgeas o &awd W R T 7 AR sifugeas &1 =g 9<1 T @ gue foet
1 oft Yeqo7 foham ST Tohell 21 Fa9RA erar stern ww & fawn # < vt fhe Y
aEget =l geased: fa= Uferd e &1 e oft sifugyaes & =re W A S 2
3T ; TR GRETIR | afd 3894 I% Bl ¢ foR sifvgeas o1 =g sifushan
TSTehel I B ATl AT9EYash o o1 Sifiehad =@ 40 ¥4 (~1.02 m) | 7
R kst ST, Torear e, G T3 erafieht ® 21 3 o o) reafersh s
B €, 31: 3% oA qe TRl o WeR ekt T whied @ @) gheh sifdie
3 9 WSS ok oidl i 39 YR M fob gfafael o aui fauem qen st fawum
T ol S Hicd don wEm w2

o 9.26 Tadl EEH (FUUA) HT FawRA NG|
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IEZUREAIRIEIREE
YohliSTeh I

Tt o ® T ey qiaeiehl ® ifgvae o ®9 W o9 % WM R 3feEdd
AU T SUART TRl ST B1 UH Rawienl w1 for sifigwaes <dw R ®, qwradl
[ () Fed &1 3d0 § g aof fauer &1 gran =ifer e/ < S e
off T A Bl € FAlh I HY o W, Jod 1Y UM HT U7 TR HH
it BT € 9 U0 Kl e KA W & Her I KT T 35k TH 6D & TS
FT TER S fHa1 <1 Gehel 31 Wl e B Tk GO L e et @ fR
Afgyaer <du1 TEeih H1 TFolt o it YehTeT R I idr B1 o7 AT qen
YeTsh 1 IH TAM W AT =T 0 YT o AF H STl oh HRU FS TR
U B S € (€ oY YeTeh o oed o foIg ST T fYSRgA S o Wige W
9 e ©)1 UE @ wE efa faene 200 $9 (~5.08 m) S o HIEE Yol
T, hfemifan # fohan man 21 Jersh Tk =1 fol o <du1 o Wiy foig & ke
d3d1 €1 39 GHEN 1 Tk 3T GO I8 ¢ foh WIHHAd € el JeRrer i Rt
31 U g fafad e fan s e &) u oHaeen fo 9.26 | @i M €, v
3MAA YhTeT 1 Wik {ad FL o foru fhdt Saat fgdiaes dur o1 Suam fohan s
g S o eifgvash (WAt <o) o fog W TeRAl 21 39 EuH Hl 9
ATShRE o W W FGIT 759IF (Cassegrain telescope) Fed &l TTHT Th A1
7% 3 & 3R qeviw o 9 wied T B 7)1 Raad H TeY 9e qOERiE ey,
AMHeg o B1 98 2.34 m I 1 Ui Wed! eeieh €1 3 st fehan e, R
iferer 1 T IR Hafterd fRan T 9o 1 38 IR Wit HfdewT G, STdE
SN AR fRA1 ST @1 B1 HER 1 Ho gl Wedl uich g, Y T STHEH
H Sk SREUIhT 1 A & FoIgeh Wedsh 1 =a™ 10 HiH 2

AR

1. 9Uadd 9HIERT Li = /17 S dAn e A o fEm sini/sinr = n g
At e ¢, Stel sfa fehvon, W fern, srqefda femor qen sifieis wh
& Tuael | BF §| TET W BI00 i, QA r, HH: UG 0T, TS T Tl
U R0 €

2. TuA w9 foxe werw | sAafaa feewor o o wifae smgaT &0 ¢ o
i1 & ok foTu squerd= 1o1 90°% 1 > i, €M TR Yol afiafes Wed el 2
R H Sgfor fiafter Ted (i, = 24.4°), Q01 qede s qen wlfsen, goi
3idfeh e o B Sl B | Yeh1f¥Th <, i oh dqetl & o1 i © o
R 3TYETd Y STYeiIh o TSIl shi Uaeil Ud ol o9 eidl €1 WehTeieh dq
o fordt T R W smufad yeRmr, ST oTidieh WEdd g SR R |
fehetdl &, WeRTHATeh o o §el 8 W UE Bl 2

3. @Y fag TRuE— rafad weRter i feen F "t 1 3R e qen s9ee
faradia feen & @t 7 SRET Fomee off St #1 Tt SREt gea ster wogd
o Yd/cig o YHIIR ohg § HIH S &1 x-2787 % IURGE! qen dui/ely o
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e 18] o ATHeiaed Hdt TS S=Eal Hesh off Sl €1 steige feen o ard
TE SeTgAl UM ol Sl 2

. YU THEH

1
v

1
+ R—
J
Tel wden o wHe: o9 g qen wfafas 3@ € qon £ <dor Y WeRw b RIS
(Wf=ehed:) ashal B RT et it €1 svaaet <qvr o fAQ f SEomeTsh
q 39 <07 o TN f A el 2

1
u

. Tusm =01 A, STUadAiE n, o fadt firsd o faq St n, stvedis o fohet

g H @ R
_n, sinf[(A+D,)/2]
27 n T sin(A/2)

Tgl D, =gFam foeer ®i
ferddt Telia SIS | Y [AeAn 1 (STUah n,) | Heaq 2 (3TIeriish
n,) & #AR]

n, n, Tny,-—-mn
vV o u R

e o % T g
1 1 1

v u f
G- G

1 _(-m)(1 1
S n (R R

R, T R, T o W o1 oshal Famd €1 foedt i) o for femmers ©;
I o & AU £ BT 21 oG T &Ha P= 1/f |

oY T &HAT T SIHGRR SR (D)2; 1D =1 m\

IR [, £, f,.. B 0 o HE et O ek W W@ B A 39 TASH BT gt
Hihd g BRI

1 1 1 1
—=—t —t+ —+ ...

=—+
f L S S
3 TGl oh HASH 1 Ho &Hdl
P=P +P,+ P, + ..

7. THTY %7 GRETU, GRTST KT A e aull | faures (famed) g 2

Reprint 2025-26



EXUREIIREIREC

YohliSTeh I

8. fordll Ta gemsell 1 SaxT &/@ar o URAT m S m = 1 + (D/f) 5 =K
fean STl B, 7el D = 25 cm, T 39 1 STeuqH g € 91 F39A oG i
wihd g {1 A% gfafee sFd W aH 96 m= D/f & e S gawestt
o fau smad™ emar m &t m=mexn10a5§WWﬁFm?|ﬁT%,qﬁ
m_ =1+ (D/f) AR F1 AT qo m, AGTEH U S A R
Hfehed:

L D
m=—x-—

fo  Je

TET [, T f, AT A(gTash qo T H WhE I & 9o LI I
wihd fageti o o &1 b 2l

9. gl TXEIT H1 STaE &Har, Fiatad g 45 W SN HIv 7 fod g
T SHAfd IO o HT UM Bt 2

_B_L
a f.

T f, T £, RN SA(GTAE T AR B HHH I €

m

faemuie fau=

1. STUaA fog o e qe ST9ead o 999 9t geal qe1 Jieadi o Il oh
fore o= ©)

2. Tt 39@ <@ @ f qoN 2 f o o= W fodt 99 o awafas gfdafsa =t
yfafea-feafa W @ o€ W @ 1 gewar 21 A 9F R g S o = R o
yfafe o8l wdl 22 I 9 agdl S gfaen o S €, it g6 wE oo
IE T T HicA Bl € Toh g wiafas fomn feneht o o arg & Freifeora
T ohdl 71 W Wfdfas df el @ € 1 e o forht foig @ fofa werren fereot
fesnzem o fordht wfafsa fog w0 erfuafia it smoafa & St &) weT oheet
7 foReont i forafia wwan @ o8 @ P fRl AR A5 9 et € @i
70 gfafss 3@ &1 R oeR TeEl o g o wfafeel s s <
ST kel B

3. Wfafsa o4 o forw Faftd qed=/eT9ede 1 STevaehd s ¢ fagid &9
o, ferelt foig @ Ffa @sft foreol wer €1 widfeiar foig w o=t =ifew) =& smor €
fop o forel srfafid et g, S9 fomedl geae o g8 | eroel widfss
TRl <Ed|
4. TR oG IRETY o SR T Hldfss o €1 TAR =R 3R 1 aeget o i
H fafaerdr 59w erufad hmer o 0 S Geehl o SR B 21 Rt o
i THATT Fehrel H @A W TA T TR H @A W 3IY 9% o fawa o
forcTeRel € 3T Sy el 21 249
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9.2

9.3

9.4

9.5

9.6

e 35
60° <l

Rt T gesel o forg foa 1 shivia wres, gfafad o hivid |Es o auer
B 71 R oft o sl UeE wX § Hifeh o1 geueeft w1 SuEn Hd I
TRl BT o] ! T 301 o 9gd [1ehe (25 cm ¥ o FF T W) W@ Tod
g, FrHeh Were®y 9 459 W 9 HIU SHaikd Hal 2| Uiatas, {E 79 <@
Thd &, 25 cm §A R 21 for 1 geweft & sruent 5@ B 9 i W 3@ IH
o AT 25 cm T W T BT 3R 76 T8 S0 7 R Sgd Bl HIV SR Fa

A

2.5 cm HES H1 H1g B HHa 36 cm Tehdl 591 o fordt e1ada gdu ¥ 27
cm T R W@ R Id0 ¥ R W) w1 e g W @ s swe gere
yfafee e W 9| Sfdfes i e IR WEs 1 9 ST i Jide i <g
HI AR A WM, A RS H FG AR g2 T=?

4.5 cm e F HE G5 15 cm Fihd g4 o6 fRE 39¢ 399 ¥ 12 cm T &
21 wfafse 1 feafq den o faf@u) 0 2@ € 59 g€ 1 <00 @ ) A S
22 Tl wifs)

FE 3% 12.5 cm H9E 9% A 9 9 71 fRd gemael grr st 1 qelt W uel
forelt g€ =1 e TeUE 9.4 cm W S B Sel 1 STYSIAIH F1 T2 ST
o 3T S T Sel o T W R 1.63 STedHih % 3 59 9 Wi T
R e Dl IA: Hihiad H o faC gerseh &l fhaT S9vA= & S 8hm?
o 9.27 (@) 92 (b) & Foreht smafaa foror 1 erveds <wrian o0 € < o o
FHL: HiF-GG G SA-91g FRYS & Afets T 60° 1 HI07 A 21 59
mafaa feRoT o1 3T9edA 0T G FITT, S Sl § Sol-h19 TaRIYss o Afieia
T 45° H1 FW I & [ 9.27 ()11

arg

o 5
60 el o /o

(@ (b) (©

forx9.27

S | 9 80 cm TEYE o TREl o T qell W g B dod @l T | 5ed o
T3 1 o8 &S ST SHITSIY, FSTer aieel sh1 Wehtel Tl &1 Wehel B STl o1 STqedoh
1.33 I (aes =i f6g weprer Ga wifa))

1 Tysn o1 STueadaleh o shi™ 1 o1 &1 FI§ THIR FhE-9 59 oA &
fopelt hereh WX eafaa e @1 fasw w1 =gaw T o 40° | T fiss
o w1 1 suEdAlE F ? fasH w1 gerdA wior 60° ¥1 AR firsw w1 S
(sTvedR 1.33) H W@ A ST a1 Wb o TR g1 o6 foe 9 =ad feree
IV T IR FIST
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9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

IEZUREAIRIEIREE
YohliSTeh I

UFAATH 1.55 o hid | Sl Wetsh! 1 T okl T35 o S9&ma oy fAfid
F T A 20 cm BT §0 o o FfHd w3 € d srufar aeRar B @ e
T gehe-gol Rt fag P ifiaia gian 21 K o 59 i o9 & v o
515 P 12 cm R W1 @1 1 A 9% (a) 20 cm Whd T 1 39 o9 €, (b)
16 cm WIHE U 1 3fedel ofF 7, @ ghe-ge forg fog w sifirafa gm?
3.0 cm S HFE 5@ 21 cm FiHd U & SFae o F o FF 14 cm T W &
21 oiw g fafda wfafde &1 oo #IfSw 0 ga © v fag o 9 ¢ g
St 22
fRdT 30 cm HId U o 3901 ©F o HOeh | @ 20 cm WHH U oh T
oG o HANH ¥ 91 G oG (FeR) 1 wiwRd g 0 82 7% o i o
? 1 STUE? oGl 1 T w1 SUan Hife)
el e YameEh § 2.0 cm Wiy g 1 AT o9 791 6.25 cm Wiwd
T 1 AR o TH-TR W 15 cm T R o 21 TRt fom i erfrgeaes 9 et
T W @ 9 fF @i gfafed (a) T 32 &1 Seqad g8 (25 cm) T (b)
3 W SH? T Fefqe § gamesl 1 e &l 9 wieg|
25 cm o WM TR fag 1 & =Afe T8 9ge gaaseh 9 Afgeas
8.0 mm WHd T qe1 AR 2.5 cm BT T 1 €, 1 STHM Hteh IEYTH
¥ 9.0 mm T W @ 5@ w1 oI Hikfaq FT oIl 71 <Al G o el gerehe
T o 22 genaell 1 e e @4 22
et BIS WA o AEYIF FT BIRT U 144 cm T AR T Biwd g4
6.0 cm B WA &1 aei aran fehet €2 sifugeass qen e o ot gersd
i = 72
(a) Terdt Seremen =kt foreetl A o 31fgedsh 1 %@ 90 15m 21 3 1.0 cm
WIHT U HT AE Y95 K1 TR 2, A A T KOG ST o 72

(b) I T L&A 1 TN FSHT T AR HL | fha M @ AF5eaw @d
g THfHa =i o wfdfers o1 o419 o1 82 =g %1 o4 3.48 x 10° m aefl
= %1 e i 5o 3.8 x 10°m ¢l

TUU-H 1 STAN 7€ A= T o fag wifeg fen

(a) Tt st qUur o f qen 2f o o9 W foa &1 arsdfas gfafss 2 9 R
EErI

(b) STl U0 R Te SN Wiafsia san @ i fora et feerfa o el =2 v

(c) 3T =40 I Wed AR H Biel whafda, 901 & Yo 9 Wwd & o=
EECIRS

(d) sTEda U o Yo T Wihd oF o9 @ fod 1 STAET qen a1 dfed
T B

(e : 78 A AI! drerTorda fafsr g7 37 wfafeai o 07 o=t w3 |

el Hun T w9 R el g U i 21)
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9.16

9.17

9.18

9.19

9.20

9.21

9.22

fret O & ST Y8 W W Th B O H1 50 cm SeE ¥ <@ S 2l
15 cm e SRR = o [eoh ol B9 o J53 o THR {97 o 45 o o= Wt
34 fog 9 @A W\ 39 9 fhadt ) Ko 3?2 S &1 svedars 1.5 313
I ek T srafeafd | e wwar 22

fr=fafea gv=i o s fafau :

(a) To 9.28 H STYaHIF 1.68 F g hid | 1 TRl ‘YehTeT Afereht’ (TEe W1E)
1 ST TS ST T €| AfeAsh1 1 Sl e 1.44 {qeiish oh g1
1 &1 2| ARt o e W afad TRl o ion o1 i, fen forg fos
H iU SrER Afereht & et goi wWed e ¥, 3 e

(b) A UET T &I STEROT 7 8 O 1 ST A2

fax9.28

fRdl M * TH AR W T foFd 9 &1 7 98 AFR o 39 9 FW

3 m T W feom e 1 R W gfafes g w3 21 56 o S9e o

HAfRan Wihd U 91 BT =MfeT?

ot T 1 o/ | 90 em W@ T ¥ TR W R 39 9 5N IH TH-TW

¥ 20 cm R Fearfal W w@eRr, < wfafae s S §1 of| Y Wiy 38 9@ St

(a) TR 9.10 % = <l o HASH 1 FHET Hishd g0 39 fearfa # I wifse 5@
Ik G el G €, 901 A ThH-3R ¥ 8 cm T W W F 7741 S e
HHIR FhRT G i o o 3R am? = 369 97 o fau gl wiehd g
ot oft w9 o sTIR 22

(b) ST =7l (a) ¥ 1.5 cm o1 *I$ foa 39t of| 1 3R @ 21 foe =i
39 ofF T T 40 cm B 1 G & 9 SR SqA I qe01 Hfafsi 1 SRR
A i

60° 3TTad IV o fIsH o Hots W fRE g fohtol i fFg ®iv W et

FHAT ST foh TR T Fersh W hae Ul A wWadd & =12 fasw o ugred
1 Ui 1.524 2|

FE w1E e f59 1 mm? e o ot & fgefsa ffan 70 €, %1 9 cm T W
@R fohdl TaEie @ (9 cm Hihd g0 &1 AFHEN ©H) g1 3 35 & fehe
T@HL 3@ S 2

(a) &G N Scq=1 S (widfee-grgs/eaeg-ges) Fa 22 e gfafae
Weeh ol 1 eThel o © 2

(b) & 1 IV SEEH (e amar) w1 82

(c) 0 (a) ® oTee &l (b) | SEeH o SRIeX B2 T wHifery
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9.23

9.24

9.25

9.26

9.27

9.28

IEZUREAIRIEIREE
YohliSTeh I

(a) A 9.22 H T ! FHIE e ¥ fohaT T T @1 ST dMfk a7 i Tfehan
H9a AL Al o W I 3@ S Heh ?

(b) 36 TS0l § el (wfeifer-Hgsy/aeg-qes) N 2?

(c) 1 3@ YhH W MG, M el oh SR 82 T whife)

A 9.23 § IF] A1 SMAHE ¥ oF o< fohadl g0 BT @NGT Ak ST

yfafss o 9% o 6.25 mm? & 1 Ydid 812 N MY A o9 &l 97

o AATUH fTehe TWHT 37 T ol GEI= 3@ Tohl?

[T — 2199 9.22 ¥ 9.24 Ui fRUst Ot | eqaelq qen fwdt o =1

AL & (SHIUT TEEA) oF S T I TIRd: HSH H el Hil]

frafafea geai o s -

(a) Tt o gR1 3 W Fafa vl eTad® o R Ica— STt gfafsiar g
F5 W SHARA 107 F S Bl 2| 99 TR R e1elf § S s o o
AT Y Il 22

(b) Tt emaees o9 9 I@d THT Yelsh 3194 3 &l oid § 3T Ty Tl
21 9fE Y 3o ¥ ) NS o ST A = HIg e ufafda 8 sem?

(c) Fordlt Tt gerell 1 Tae &l SHRT Wiwg T o FhAMU et
Ta BH SATRIYH SO & 9 i o fIT &7 | HH Wihd g8 o 3
oH 1 ST HA Y HF Jehal 72

(d) foreht Tga Qereelt o SAfvgedes @i qe AR oiF SM 81 1 Hiwd g0 &4
F B =few?

() WY Feu=Rll EN I@d WA HaTqd < o faw AR =+, A w frod 7
B ITE o T W EH =feW A2 7 92 +rh1 o s= i 7€ 37ed gl
et g =few?

1.25 cm ¥ g4 1 STFIEeae T 5 cm Fiehd g4 i AR 1 START Hich

Fifesd HIoiia e (e awar) 30 X Bl 21 39 Ggs Geussf 1 THmESE

Y HT?

el T oF ATMERTF 1 B g0 140 cm T ABET 1 B g 5.0 cm

1 R H TG I G ok AU A HY @ emar F G St

(a) ST 1 THESE FEM 7 (3fefd ffan wfafde oHa @ aear 7))

(b) sifaw wfafsa T <9 1 erewad T (25 cm) W =T 2

(a) I 9.27(a) H a0 & o fau Ifvgvas o9 qen Afaent o o= gered
i 7 27

(b) A 3@ LA 1 ST 3 km R e 100 m S+ HHR 1 <@ o fag fan
S ® A AfEvaE g aH HAR o gfafae w1 S w82

(c) afx sifqm gfafsa 25 cm W o1 ¥ @1 oifqw wfafss & dHR #t S8
1 #?
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9.29

9.30

9.31

fordlt Sheie oA o o 9.26 ® <9IfT 1@ < Ui w61 & fRan w21 5w
A H A AT TH-TWR W 20 mm R W T | AR 5 Sq01 KT ke e
220 mm B T B YT T Fehal 51 140 mm B a1 3F7d R @ et foa
o1 3ifqw wfafas sef sm?

forelt fioomHiet 1 el ¥ I THdA U0 R defed emafad e (fo 9.29),
TN W THTRT AT T A SEd Bl 21 HeaHe H e § yarfed S
YR YO H 3.5° 1 GRET0 S FHIA T U % G 1.5 m T W W W
TR YR o qUEdl fog | foha1 foemas ghm?

y 3 N

A 4

v

< 1.5m

o 9.29

o 9.30 ¥ = FHTa @ (3T9EdHS 1.50) TRt THae 3991 oF Horh W TR
T %1 A o UG W 9 T €1 HIS B G2 e Hih e 3 W €, e
o Y SR T FHUHT W GHR GEFEISG B STt & o GE B Al w
I gfafed gt fefa w0 € o) 39 feufa o g€ 1 @ @ g 45.0 cm B1 59
1 T FAN 1 e S 21 T T 30.0 om WG S 1 S R SAGRA AR
1 82

©
¢
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©
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10.1 «fier

T 1637 H S - YT o HI0TRT Hied i TRIA fhal qe THd o 90 &l Fea
ol 50 Aied 9 fRdl STaT W YhT¥l o TUE qf T9ac- o Ml &1 e
F T B Hivek ded F e T & Ak g w1 o (ruada & wwa)
AfTcia T AR Gt &, 79 TR AAH § YR HT A1 AR G SEE oA
T YRS ok HivTeRT Fagid w1 AU YT TE 92T (Opticks) H 3R sifares
fosrfa feram 59 qash &1 IR TRIFE o6 HROT hivThT AiSd 1 97 TH: =2
1 fe= S 2

T 1678 H = difaesnfag frfest eetid = g & o fagid %1 wega fma-
TH A H g YT o sH A fagid W foeR 3 7 <@ iR @ died qea
AT YA BT FAISH T HATYS €Y Y AT HL Tehl §; T, T TR hdl
2 o ared o gHa afg aw rfiele o1 @R gt © df ST }IeA | YR i W
T BT 78 Y19 o HiUThT i i STANT hid THI shi T FAfer o fauda 21
T 1850 ¥ ekl gRI fohT 7T WM g1 S@ien T fR e o YehTer i A oy H
TSl 1 A W HH T TE YR a1 Higd i U w1 gfie &1 )
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HE&HA: =27 oh YA o RO T TSI hl Hesl 81 SRR T fohall 1| TEHI
Tk FHRO e off o foF yeRrer fafd # THT X HeRat @ oI e wegy fRan mn fw
T o Uk oI5 W S fg qoh GeROT o foU wea Wiem oy STaveshdl gl 1 ey,
9 A AT A T 1801 H ST AR FaEt ufas wAm R a9 @' e w9
¥ wIfoTe 81 T foh A W WehTel 1 Wehfd aRTed €1 Y9 WehTel i aXueed i Wial
TR SR 9% W T R T ST B §; S0 ok fIw et WehTer i qudEd oRTe
0.6um €1 YT T i TR B B o RO (T AN qe WGl o SAHR
I o H), TR Hl AN WA @etl § T Il g WAl S Hehdl &1 T8
ST WehTiSTent o STeoR & ¢, Toreen fawa o g9 erear 9 o == e o 2|
IrRda H YHIRT ki T wrREr s qoresd w1 qRfEdd w1 gol ®9 9§ T /e
& ST FeHTfITeht e € e fohTur i Sl WeRl o SH UL 1 it IR
H € Ted aeed 1 7 I #1 AR Yo g 2

T 1801 H 29 I g T 7T SAFGRIOT YA oF 9T, STETH ST 40 99
Toh TR TN o6 SAfqhor ao faad et e YA fhy Ul 33 9arm &1
TIHT0T Shelel WehTYl o 71 WISl o SR T Halwsteh &9 9 fehan s Tt 2|
TG YR ST YAl o NI HeF ek al fagra weli-«ifa wenfad &1 T e
BT 1| T TSt HiATE 3T A=Al o ROl off, 5ok ST9R o8 @wen i o f&
T FeT ok Tty ot wresm it strervashar it €, f R, geRmer @t frafq o <
Tad & Hehd! &1 SUHT A e gRI Yokl Feiet 9fag deagesa fagia
T T R 8l U] Hagaet A T qen geehed o fami o1 ol S 1ol gl
1 Teh U Toenfa fepan iR 57 WHfieheon o1 SUENT ich Sl T WHITU ocd=
foran, fra@ S=id dgagesia W ¢ & fde w1 gfgsgaro w1 Hegee a1
GHIRTON T STANT FX ok MRS H, JEaeeish d aXTli o o7 w1 TOHT T 1T 3R]
I U R G o1 R A8 Hgifceh I, WS 1 e o WY T o S1ed e
21 3HY S e Trend frehren o6 g7 o/av & dgageasia T €, 36 TR
Herdaet o STTHR Teh19l ot qRed-siiet foga aen gaenta & 9 Heg 8| qRed-sie
faga &= gua qen fKpeam () o IRedHeie gashra & Sca=1 hidl € qel
Redeiie Fehta & T den fecheerd W ufiad-siiel faga & Sa e 2
URedeiier foega qen gasa & fafa o of Sgagesia aam (A g &) &
0T Y Tk

39 LA™ H BH AU 87519 & 1951d o qol giaded R faam-fomst &3 td
T q 3T9ee o Il Bl a1 3| ST=] 10.4 a4 10.5 H 9 Afaerwor
1 GRER 19U KA1 S AR o fagid W oenHid Bl S = 10.6 |
g0 foed w1 qiEe W faEr w0 S eRie-FHd faga | e g1 ofd o
=% 10.7 H B9 ¢a01 o o1 H fomm-fomet &3 S 5@ 97 R nenfia € o gepmn
T ey dgagaenig adl g
* I G 1864 H HeAS A SEIAgaRd qil o SIfedc i wfasarit #1; sueh wIh

T R (T 1890 H) B4 T 7 FANTRNCn § ed Ul Ieq i | SRR 9%
TG T ARG 7 e I TN 1 TR ST foha
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10.2 g130g T fagia

[AYAH TH T i IRATYG 1| 51d &9 FRdl od SaT o qrad H T Biel Tk
thehd & e Hfaed fog @ wRY R a Shordt €1 53 1 Y g T o @1l Sier
T IRA T a1 | e T &0 W Y3 hT WIS IR Serdl i ST
1oh ot faretor srfereham &) Tred: 39 YR o 9 o @i fag TmE %o ® Sem
Fd & Fifer F 9d ° guE 0 W T gUE Fo § o w08 gl faget w6
fag o1 e FEA 21 ST: UH T B UF GHH FAl o6 TS F T H WA oy 1001 (o)
foren S &1 o I o T T WG W AT F SR gedl €, 98 AT H AA  figwia @ Friea ad
FHEA B T T Fell qEMYT o oAdad =erd 2l T SIERE Mea |
Ifs w fog-aa geds fen o us gum ) scafed wear € @ sq fagen W T B
1 farguer, ot oA gaM ? 3 S Uk 9 %ol o %had & €, el gid
2 du1 gd o 10.1 (@) ®1 wifd T el 901 9 gidl 21 Hid @ 9gd At
T W, el 1 Teh BI 9 THAe HET ST Hehal € AR ed Toh dodel all oI
gt € [ 10.1 (b)]!
379 A e = 0 W fopell a0 k1 3mepfa = @ 1 B o fagid gr e faneh
9% o HHA ¢ W GO i 3Rl A T Fehd &1 37d: egid o1 foagia area o
Tk S T € S Rt T At qim i enehfa g @ Rt 9% o e
W B UMY T ST A0 6 Tehd &1 EY, Th SATHRG 001 o aR § foam o oy L
IR W AT F\F,, t = 0 §7d T T el GO & TF 90 Hi G & afﬂ;o{.;giﬁﬁi:ia
(fo 10.2) 1 313 7= & fagId o STER, T 1 Ui fog ua fodiae fasia mwm’mw
1 H[ 2 Sl 3 faged @ B Al e @ @ fa 9wl feme W w0 o o w2
T & Ffee gF areft 31 TR i ue: fodiae e & 9 9 S S
2 3R 3fE & 39 weft el W U swEtTs wovie g wiE e fedt A % gwa
W R i AR fefa g @ S @)

'D, 00 D,

forT 10.2 F F, icfia @m0 &1t = 0 999 R 60 w8 (0 % o @)
F F,d frfed g et fadteoss firmet &1 sieror e 9gd ge aum
G,G, Tl I HI &1 T T
D D, faemm & &

;A B¢ = 7 THT T AU 1 AeRid F1q T Aed € df e e
T & Y 65 T or 5o & et ©i=i, Sel R o W9 § 981 &1 = &l 257

Reprint 2025-26



% Hifaet

F Gy et shedr 21 4 g9 31 et el ) T St e Yan i, @ e t= ¢ 99
W 1 AR ferf wra gl o 10.2 W G, G, 5 SRR T2 a@m g ef

s % o $20 21
ATAA, SW Aied ¥ Th A9 21 oW Th qv™ @ off o et @ 9 o 10.2
i D, D, SR 391 1 €1 B9 7 e T ke o ot w6 fem o el afirmadt
S T AW Ak BT © 9 W i fEen § g% I B €1 39 9w doww @

Ci _"'“‘_I Ca BT TvE A i erufeafa w1 wwen wrw) qaunf a8 a5 Feu gdarvsHs &l
D, [=<MD, ? A ISl 1 Sureta w1 eiifucy ara | uw etfues ufrs @ fasrd
P SR S S Hehal B

T4t fafy g en iy o fagid 1 syan fedt areem o gufia g9 ol a9ad
Fo G T o GO 1 AR A A o g X Tehd B (o 10.3) 1

o 10.3 e fagia o1 SUa &id g¢ |Hael il
for 10.3 T @R H=fa STTEAT qeT UTEa

B el Toh HHAA alT

wmﬂfF 10.3.1 99ae @M T UEAT

t =0 UH FHAE T 3T TH B o 9GId Sl START T9aA oF (8l Sl Fed=1 i o fa¢ &1 91
T AUIG G, (T AR SifST PP HIEAH | d1 HIEAH 2 ki YU HH d g8 i Fefud s € (e
1 UF @ E) @l 10.4) | HHE ST o, 991 v, HE: HEFH 1 Gl HETH 2 H Fehe Hi = i i
AA, BB, .. S FF, Wﬁ%lﬁmﬁﬁ%%meA&A’Aﬁwﬁﬂﬁﬁﬁm@ﬂﬁﬁﬁ
W GG, e ¢ ST STTHR ST T G EY AU A €1 HHA efiforg BC g wer o ferg
qorr fepoi = frefun OO BRI feran TN wH @1 e

FT BC=v, 1
3Mqfad aT
A i B
2D T
Uy 1
qreay 1 ;
p A r c p
4\ -UoT
e 2 r AN
.............. Sqafad
N ;

forT 10.4 T IUq@ UM AB WIEAH | T WEAH 2 Hi YR
T ol g8 PP W I | &AW gY 3AUfad el 81 gHae
T Svafdd Bl @ 991 CE  1udida aimy ol et
F Bl v, < v, & TRIET 7, 70: Suafid ad
258 afiyers 1 3R gedt €
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FUEfd T 1 3Tepfd A S o fow gq foag Ad v,7
50 1 T el TR AWeAm H wied ¥ (S weA ¥ @ &
= v, ¥) | TF AT CE 55 C @ el W =i e i qat s
fr&fyd ¥ €1 9@, AE = v, 7 1 CE 3i9afiq e &1 fefaa
FOM /@ AR W s ABC 91 AEC R fa=amr &% df gd
T B

BC vy
(10.1)

AE v,T
“AC AC
el { 3N r HHI: YA HIU 9 TG R0 21 Ad: BH
IS B

(10.2)

sini _b 5
sinr v, (10.3)

SR FHIF § TH Tk Hewqul IRomm ww g 71 A
r< i (e, At fmwor sifcia it iRk gedt @), al S wem
H YR T T A0 (v,) T8 HIEAH H YR T T =1 (v))
Y hH TR I8 YN GRTT oF H{UThT Hied i N[ oh
faradia ® iR S o g o s = <gitan, o) T 6t gt
el B o19 AT ¢ Frafa & gepmer 1 =t 6 el s ?, 9,

(10.4)

n,=-_ (10.5)

n, 91 n,, HELT: WEAH | GO WEAH 2 % S(UGAAE
YAl o ®9 U GHIHIT (10.3) &t = &R 9 foa
Thd &

n, sini= n, sinr

frfzsm s=dw (1629-
1695) T Hifdehias G-
SIS, TTAS Ta JeRmeT oh AT
srecicaR L ciisEcaltsic
2IZ1sT 3777 g2 (Treatise on
light), 7= «ft 9e+ & 1=
T 21 TH e W qXedH
3R ST9erdA o SAfdfe, @t
hagEe gu Y -
e 1 GfshA Al ot w7
G BT W THLAE T 2|
Tee St 9 R e TR
TS We-3Tad T a1 fagersor
Fea fohen SR gert g8 wfea
wa faswiy a9 3=iR
wf-gerl &1 gel safafa
Jd i

(10.6)

TE T P STAGT Gl 7 BN AR A, T A, FHEA: WEAA | q1 A 2
¥ wohtT 1 qTeed 1 fEfad %% € R A I BC, 1, % TR § 99 3 AE,
A, o IR R (AT Al FE TBH C 7 ¢ T | Tgaa € @ a8 FTA Y

E & ot ¢ 999 o & wgem); o

A _BC _ v

A, AE v,
SPEI

U Uy
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efeeRtur, e, Juad, 3HIE a9T Sl THTe o1 a9t

http://www falstad.com/ripple/

|

SR FHIR § Sfafifed § fof S a1 g wemm  ergafid 2l ¥ (v, > v,),
A T q =Rl 1 =1l %W B Sl €, AR g v (= v/A) St & @l 8l

10.3.2 foareT "ream WX 31uaas

3T, Uh HHAA qUT o foRal "read ¥ gF a1l 3vaad W foem &Y, s1ufa
v, > v, | TS I Wi & FEETET H g EH FoT 10.5 W TR STFER Toafia aem
%1 Tl T TR B1 3 TEdT HIU GG FI01 Ll B qUd 39 9 off
n, sini=n,sinr| & Tk H0 i H 7 TR0 R GRAGT FR FHd §
,

sini, =n—1 (10.8)

Hd:, A =i qosinr=1dqYr=90° T, { > i b feIq HIE I ATeifcid
T 9Tt T S| RNV i T Hifreh 10 e & Q1 Shifsh 01 § Sifereh |l Araa
vl o5 fore &9 &g off Tuafia o w81 sRf 9 a1 1 U STARE Wadd
Bl Srwm| qut STaftes T 1 e aun sHeh STUAN i uiEEl SR 9.4
o i T off)

10.3.3 9Uqd S U Uk UG X ohl RIS
379 1 T Wadsh g8 MN T fhet #ivr i ¥ smufad T 9ad @1 AB R fa=m

STafqa qama
eIy 1
B
U - \(vvlT
i

w2 A ¢

Uy r ek \/\

N E

forT 10.5 faxa weem formeh faq v, > v, T smafad T wHaa @@ &1 {9eal
THAe a1 Afedd § X qg Wt
I B1 A o HEAH H A 1 =l i EUd S © 99 A ¢ 9wy g fag B
Y C d% oM o ¥ fau U g i fefd wa €, 99 53
BC=vt
wrafdd T &1 i s o faw s fag A 9 B o ¢ e e @

(fo3 10.6)1 7F ST CE 39 Mt W fog ¢ ¥ S T wa=fl wwaa i
frefua &t 21 Trseaan

AE =BC =vr

19 9% &n H19si EAC a2 BAC W fomR &% df &0 arddt fop 3 wafmem 8 iR
THifera, shior { 9o r e 2 (Fo 10.6) | g% TWedA 1 fam 2l
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TerT 10.6 Wad® I8 MN G 99ad a1 AB &1 W41 AB 21 CE HHeT: 3TMfad aei
TEfad T e S €

Teh R YEaT q 3T9ace o 99 i SF o o 9v=rd sl <ial qen g9on
o IR i FHS S Fehel €| T TS i Y11 o Tel WF 9 T T i
o YR W 1™ 9 | foar @ ==l &) T ol Tl 89 ohdel TEdA qefl ST9e
o Y T o SRR 1 avi w1l f97 10.7(a) § &0 T 90 959 9 o
el THAS T W AR % §) T, RiifE wiE H GH a9l B A9 #9 ©,
X AT g T 1 e 9 (S hie i SAfeehad I Sl IR Hd §) Fod
arferer facifad g e uftomieeey firsm @ sl e el m fast § s9ii
STIER g S| f 10.7(b) ® 39 TH Udal 39d oF W 3afad 8H arell d9ae
T W R wd €1 Sfad THae 9 1 HEA 9 oF oh Gad A 9 ¥ gl
ST @ e weitush foefad giar 81 o § wreR feher orel aeT | ohy W sreeH
21 € SN SHIfeTy Ty Weltd g S © 99 e fag F W SAfEid e € o sl
Ed g1 51 10.7(c) H T Tedel 5901 T Ueh WHae o St Bl @ 92 weae
W EH Tk TMeltd T 9w el @ S Giend fag F R AfeERd et €1 g YR e
IS S qU ST UV gRI STYedA qel Wedd i WHH Fehd &

aafad gtk [ ¢ I
T A RREEICLD ’/\ HHdS T
= = \ r =
R R 7
\ [r—
AN

T @ e

(b) T

(a)
951 10.7 T 9HAA T T 3T9EH (a) Tk 9adl 999 g1, (b) Tk 30 <19 g,
(c) Toh HHAA UM 1 3Tddel U0 g JaaH|

SR foe=r ¥ g 9 2ia @ & oawg W frd fog 9 vfafae & 9w fog o
o el WHA Teh &1 el 8, = Toe off foRtor o srfeer ran s S & for,
el WhIE I W, WeRTI ] Ueh STd(ereh Wiafarsl s o foIt Wiehd il © al =ty
% § BT ST orelt Trtol B 99 9 L ©, oifeh e H T =l o SR
O ATl T9F 3o €1 Bl © a1 foh o9 o fhR o e © gt <o ot
feont o fere =i 21 261
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IITETOT 10.1

(a) ST& THONS Tl & HIeHl Fl gk A arell Hag W Aafad g 8, 99
RrEfdd o STuatdd Sl TehTel i STgiaEl THE el €| T ity o6 ?

(b) & YTyl foRet § WeM Hieqq | Tfd Hdl € dl STh! A | HH A BN H
ol § 3 HH GRS T G H=RA Sl 1 B hl S 82

(c) WShIST St T STALRON |, YehTST i el o1 SATher a¥7 ok 79 o o 9
Topall ST 21 918 0 2 S WehT9 1 WIS STEHNON H YehTel 1 <ol ol FEior
LT B2

(a) IO T SIS, AR TeRTT i Ta1ef oF TLAVET STe@al o6 |2l 3T
fsan o g1 @ U B e i e o w9 H @ S Gehdl & S ST |ied
(YohTST) 1 TGRSl AR U o H Fehd & Teh SAATRT otsh 5N
AT FehTST 1 ST IHeh Qe shi Mg o SR gidt &1 o7 feferia
WehTYT 1 AT AUl FehTel i S o SRIeR Bl 2|

(b) &I TCT g o S aTeh el qUT o @M W AR &t §, 98 a9 F=
Tl T W R T8 Hd

(c) TR femor & foredt <t g2 ogfa o fotu wenter 1 Yol Thish &% el W Uik
9 | T HE 9l BieA H1 gen ga i g @)

zZ»a »z

10.4 qCN kT FHol-Halg a7 hHoll-3THag IANT

T IS H B9 I a0 o TR gR S Afaww & foam (Ted) ™
forar-foel {1 ST AR BAN, BHA HaN 11 1 WSHAYKF oh AW 14 |
A N TR o fagia 1 fae= fohan ol ard | SAfaeR T o1 S &5 SR o
fagia W eeiia B, fS9eh 31 uR frd! aresm & wah fafsre fig W eMHe @l gr1
3= GROTHT fereeaT 379 @ edeh R o [l @1 qiewr 9 gl gl
N Qg S, S, F hew HE S A H T SR F SR IR A e
A et nfa X F (99 10.8 (2)]1 3 ST Y 2 T S FAT & qen e fafore
N o W, y&% T g 3T foweoi o &= weldk 999 oh WY 8l a5l S|
A TH FA R A A X I F FHor-Fag w1 o g1 fo 10.8 (b) H R faw gw
A N HHE W YT (Fad g9) 91 T (fgfed 99) g9 T ?) U fag P faem
® foreer e

o7 10.8 (o) 5@ ¥ w9

el § huf K S g S, P=S, P

ﬁmgﬂ%? T Tk gfAl S, P S, P 9WeR ¥, 3@iaU S, 9o S, § 7% P fag 7 =wem o

el THA T O qe S AR S, 9o S, W UM el ¥ e g €, 3 P fag w ot wme

(b) 11 o g3 W TRt e 1 2

T W A & AR el § g .

fereem w1 e foraw 39 TR, I 9a S, 51 fhe fog P W S fagemmm

freast (= fomemad) den

g@qﬁ(ﬁwﬁ?w)
Tt v E gR fem M R A W S, 5N S fawered (g P w) st

262 Y, = acos ot

Yy, = acos wt
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I YT e 2 qfome) forema g

y=y, ty,=2 acos ot

i deran facen™ & o & warufas 8, safae aRord dear eft

I=41,
Sl I, U TId w1 9ok dioal # FEfm #d e @ R E R, & F
T 8 A | S, S, % casttis o fRe off fag W de 41, 2R ST S
1 TS ®9 U TR0 0 §U el Sl & AR H e Gy s7fqehior hed €
a1d &9 fog Q W famm & € [fo31 10.9(a) ], fomer forg

S,Q-S,Q =21

S, Frifi i S, & o ol @ F T A < TR W ¥ qen
R | A e 9 B [ 10.9 ()11 A€ S, g1 3= fareemd

Yy, =acos ot

B S, BRI Icq foreeis

Yy, =acos (ot-4n) = acos ot B
Tel @ T2 1 SYANT foha1 € o 24 1 Ui 47 o hefick o | B
T foreemem fore & WA el | € qen e fR4 1 B oiR 3o S sfaenor
T SR faversw | 6 ' W foen @ fR gfeis,Q A s,Q, d (s, @
S, = i fTefud % ¥) 1 oTian 9gd e €, oaue F@fd S, Q 7 S,Q
T L €, Uk X G Sco ToRTT T ST ST WHM B

379 B9 U fag R W fa=m #xd € [fod 10.9(b)] fSrer fog

S,R-SR=-2.5\

S, ¥ frifa o7 id S, ¥ o1 o1l 0l H STE 2.5 7% 9% Tgad ¢ [fo
10.10(b)]1 37: A WA S, BN eI fowenes &1 w4 7

Yy, = acos wt

A9 Hid S, g S T

Yy, = acos (ot + 51) =—acos ot B
TET 8 TE qe 1 STAIM {1 € T 2.5 1 TR 51 o shefiad o Hd g1 <H
foreenmae are faadia shemmetl ® € qen <HT foRemT Teh-E Wi | R I © a1 I
dern W et 81 3H A SAfaehr wed B
TRIYT: A% I TG Hid S, TS, THH Fell § o HX ® ¢ a9 et a9 g
P % fau Safe geim

SP ~S,P=nk (n=0,1,2,3,.) (10.9)
TH WO SAfehor 9T g qen aftomt dea 41, 31T S P aen S, P ok &4 g (~)
S,PTAA S, P& dig X 1 fefd wiar 21 3o R afk fag P39 wew B 6
TR,

1
S)P ~SP=(nt35)4 (n=0,1,2,3,..) (10.10)
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s@=T"

(a)

SZR =

S,R-S,R=—2.51
(b)

ferT 10.9
(@) g Q@ T et
Afqeror foreer foag

T 22 21 (b) fig R W
farmstt =afaertor foraeh
o v 2.5 A% |

fors 10.10 37 fagen =
férguer fres fora
S,P-S,P ¥, #,
+ 9, + 31 &
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http://phet.colorado.edu/en/simulation/legacy/wave_interference

W AfaetuT o fen Sfifenr 3@ v

|

@ & foameft =afaertor ured g den gt dier 3 B o, fRE TR aU=s
g G (f9910.10) & foaw o= <fifsie 3 fazemmi o o= i@ ¢ ¢; 79 9 9
S, 5/ S fererd

Yy, =acos ot
=l Wi S, 5N Seq fereere
Y, = acos (ot + ¢) T
qen ot feoemas R
y =y ty,

= alcos wt + cos (wt +¢)]

A+B) (A-BH
COS| —
2 2
RO fereTaT 1 M 2a cos (¢0/2) © 39 39 fag W diear gt
I=41,cos”(¢/2) (10.11)

A $p=0,+2m +4m,.. SN FHH (10.9) H I & G 2, e Fu
FTRTOT YT BN 2 ol STehad gt §88 SR AR g =+ 7, + 31, + 51 ... [S
GHIHTO1 (10.10) =1 I o G €] BH el safaentor wre e qen diskn 3= g

19 I < Wa Fea-Tag © (Afd 30 A § afg I geat Fafid §9 9 W
= a1 @ E) A TRl ot fag W A ¢ T o | T wge qen g feer
AR Ye 9 g, Stefid e o WY 3feess (maxima) 9@ ffESS (minima)
1 feofaat F&f secih qenfy, afz I=f geat e Far@ T&1 @ &, @ 95
o e SAfaeRol Yo oft SEel qe AfE welial TEA % WY 9gd o 9 aged €,
@ Sfeeres qon TS @ fefai off o= o @1l dsit 9 aelt qen g9 ‘oo e’
e feraor <@ ST UE eran €l ed A dier Wi entt, frEeRt /e e

I=21, (10.12)

9 T o Y 3 Hiud Gl 1 Helid dsit § 98edl ¢, 89 HEd ¢ 1 3 9
FHeA-3THG & 3 /& TH Blal @ q dioaid shelel S Sl &1 areds § UE a9 Bl
2 5@ T -7 YRR G R SER i UHIRE w4 B

10.5 YRTIT dCN hT SHTAeRI0T a7 T Rl T

3T TH YRR T H1 ST Feh Al R =R w301 9k 70 < giafosi
YeI| i o forT < Hifeam ol 1 39 & (o1 10.11), @ 84 &hiE sAfae
it femré =l < T 39 qe o SRl € TR U 9 Eia (S gifean o)
U I 8F arell Y19 @ °, 107'0s @i whife oF THF Al W, RIS
HeAl-Ted B 81 37d: & Tas Y Gidl ¥ A St Geh al § hig v
FHel Gl TEl SIa1 A A heA-3THeg B &1 S 5 Tt =] | fad=mr &1 W
TH1 T, T BH W e R dfioard g it
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aUT-YhTIITh |

grefe o AfqeTel 2 A A WAl S, WM S, W IR e s
B At A H wenstt w FREP[ w6 o faw T 3T ~~
Teiieh ST il S8 T STIRERN R W 3 rarsg S, aen
S, (TH-ga i agd k) s [fod 10.12()]1 3% T colg
=1 o & v e T R T A e W o s
feran T o weRTe A S | fhae S, den S, W R €S,
A S, T FA-Hag Gl i i FE FW € HifE S, T
S, ¥ Fher ol Fehter T T & g W ¥ e B §

Lk

o1 10.11 3% < Hifeaw «fv <1 gfafosi

T HId S H ST hg H el IRerdd S, den S, W 3 el ! YW FW ¢, doad I W aen
b1 | Stk SH YehR 1 Shell IadA M| 39 YR <A1 Fid W& W AT S s T &

S, TS, T Fell H oY M Fefq o TR T ¢ P
ST H [f5 10.8(a)] = iy ggai i wifa sen-Hag g

TH YRR S, A1 S, ¥ S B Al et @i fa 10.12(b) &1 sifd TR
GG’ W AR TS I M| SAfehan qen =an o i feafaai i o
=% 10.4 H U U fagetou 1 START ek w1 S Fehdl 2|

G
P
S, JC x
* l
d 5 >Z ,
1/ y
S,
D
G
(b)

forT 10.12 ST Ted 3= 0 & fou 299 o7 1 e

%ﬁwﬁwﬁmmmﬁﬂéawﬁﬁmﬁ=nl,mh

nAD D
x=xn=T;n=0,il,i2,... (10.13)
B HA SR BH forefl SAfdwto g1 o=« &3 I & S
xd 1
fhaadu =2,

D (n+2) OIS
1 AD
x:xnz(n+§)7; n=0,il,i2 (10.14)

o The At & ur< =il

39 TR f1 10.13 &1 Hifd We W e qen < o femerd <) i o
F e Fed o1 GHIH0T (10.13) 9201 (10.14) =31 2 T el qen < fims
T g W E
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d=0.025 mm (=1 mm)

10—
0_
MY 97 (1773-1829)
& T foriomT| =7 7 9gd W@ o
| | |
-10 0 10

F o TS W) wE
T R 3fe wima @ qEd ——— x(mm)

SR T A O A o7 10.13 3 Hri's, a2 S, B GG R W (3fEy fam 10.12)
W%Iﬁmé}?ﬂm ST g3 hgR gN S T TR U,
Ragid =1 it fepan i d=0.025mm o fat (D =5cm @A = 5 x 10 cm) (‘ 3qfe’ T,

W%W'Wa_ Hesh, 21 e fea ufsatfyi &.fa., 7 feeeft, 2000 & foran 1)
T T[0T <hT HIUT A el €

10.6 faad=

Iz 79 el STaRael o%q oF R o dTcl DN 1 SAMYEs <@ df g9 udd faw
ST BT o &7 oF U9 G0 o THHE T-ar 9 SW qen < &89 3T
21 T forerd™ T qftere o Hwol gl 21 faads T g sAferer © S gt gehR
%o a1 8| Fifeh STTUeRisT STaleRi o fordR W Yehtel 1 qUIesd 3Teid Biel § gEifae
= Sk Sfam o Jaroll § foada o Wwel 1 S Tel R IS qent, BE i
1 RITTR T S eIkl tern GewsiiE 1 ffvea faeise fada w6 uftee %
0T Hiftd el ¢ ka4 s/ 29 fpdt CD i 3Ed ® 398 O foedd 99 o
FR0T & @l 2 71 e BW faady 1 uftse W ==t w4

10.6.1 Tahet Tt

I o WA ok faee W, g9 el @ fF Tk il twe o AU g w5 @ we
HA 7, STl W YR fIEid € 21 37 ok gl oft, gRfyeR gamshdiet fod e
ot onfher &, & oA o 9% o g1 ot fob wepter Weniol fosi qen fafei @ fowafa
BI1 €1 98 HiH © YT SH &5 T Yoy Hidl g1 Taild Bil 8 STel eH ol shi en
F3d €1 T gl i 5 faadT wed €, ohad 9T URen o 3UEN ¥ € 3t '
T 9 Gohd 81 TR, 3Tl *iH o a ¥ fohdl o1 o1d i gQ STeh! waft @i
HT G IS € 3w e 2
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SE T F YA Hi UHAUT @ G YRR
feferdt =1 Tk @ehiol wehet Torll gru wfreenfyd foran
S ® @ Uk ste (=g Yed fiwrd vear € e
e § ed & ST €1 38k JHI SR AT e
TH o &7 e o dam FE Y e W dasd

o1 10.14 <fay, f5ad o ek #1 tha &l LN
R cdad Ug alel THIa 0T st i eI

aUT-YhTIITh |

w7 B Wt (f99 10.15) | o0k 99 & fm. H ’ .

T B forafdd TerTer 3T W@ U IR WX SAafad sl

21 ol 1 7w fag M 2 for 10.14 felt Tt fadt gm0 foads o

fag M @ o areft ok ot & a1 &
Afiyefaed el @ W & fag ¢ W fuerdt 21
e TR o fedl fag P W digar 9@ s 21 S wgd
<=t A ok 2, P i fafa= fager L, M, N enf @ <ieq
arelt fafa= 9o e WER gqid e sifadd MC |
101 @ ST g5 W S Wehdl € [fe 10.1471

R o R e TR R
feran ST 1R fog P R 3k e i 3faa et o |t
et smul g9 ol W g @ o fafy= 9mm &6 fediee
Hirdl o1 € SR | oid §| siifeh, Srawdt @ il o ae
o HiaR B, 91 A Eid Tk § el ¥ B &

WEfiTeR Yeror <wiia € foR dfieran w1 e St 9= 0
W B qe1 TR fgdiaew sferss 6~ (n+1/2) A/a ™ & feht
I 1AM S W AR 4 gt et 21 e (v
W) 6 = nA/a, n=+1, £2, +3, .... W &| HIEWUTEH qe
THoh Hd g e fo 10.15 o s9iw Tw )

faercor qen foadd § # @ 2, 3@ Ay § o
uRereIet 1 @is & g9 U € St § wan famm-famst
BT WM 71 39 G § e WAt 3 ot ufhg wEE
A S fRfserd o 1 el €, T8 ST feerered @)

TR ki SATHIT

w0 ¥

() (b)
o9 10.15 TFa ot g foed & fag

fErsil shT HISIUTE A2 dierdn feraeon

37T T I 4T SAIHIVT TAT faad o i Sar Pl Garvys &9 T TRafya
7T T T 81 T8 Shael SYANT HT F¥T &, 59 Sl o dra FIF gere a9
wecaquf wifaw s 7T &1 42 AR ° &9 ek I siferw %E Ghd & Ik o
el O Gid 8l &, HH TiSTg 51 safdewRT Gid, a9 9 et &t aRomd

foF faadT v1ss gr: 399nT fohar siar 21

* oo IETHA i 1965 F1 AfdehT A1 Ao ERR firell St Sk adien dEafdsh! o

Hiferr 1 W e T
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o7 10.16 ©F A f3l
faffa @ & fou S =it
F THSAN THh ed ag

o ot & 9 @ W ©,

e foeda de vl 71

268

feferd 99 o, &9 w3 2 =ifet f 1@ W o1 e 9ed ard § g
fardt =1 o g SrAmiqu ¥ o9 ool Tkl T faada ted @, qen fgferd
faeor Yed 2

10.6.2 Uehet ot faads Ued 1 staciie

Tl fod faerds e i o & S v ®9 9 W 71 SEvash SUHU
Aferepter = o IR ST Hehdl T X TR IS A Teh URSYF hid 1 fagd aoe
(Ferght €te dq o1et ol 1 THI USH FL) | AT SAS HT T YRR kel Sl ©
foh S7oh feRR THIGE BF 3R ST o o= Tk Ghivl fordt =1 I TRerar @ ST qen
3nfaat & g ot fvan <1 @ ® (99 10.16) 1

ot 1 fhemie o Wi WEy, S sif@ o wme) afg 3mg =we w8 €
IR ST H| Tl T = qu AR T wHiaar o e SEEeE 9@ < e
i Sef & Y Yo famrE 31 wifew) e wedt ot w1 feafa (S S w7
Few) Tl R Flk &, 3 2 0 g9l ore qen ot & fau ek o 3w
¥ first sifuesr T 81 STEW Afg A ffeex Sued & df el w1 gor | o
1 firs erferer <) <@ S Hahe €

9 WA H, g 9o| Gia S 1 gffent few w1 @ (9 10.14) 1 799 #1 o " TR
(51 ok ) W YA I BiwE HE B

aIe T W, T &i€ &I Terdl § Uit &t o= o fgferdt sel s wehdt
21 wod g 1 AT o FAN 1 A o foTg Tl i wifd <@ S wehr g1 & o
g H, T W TH BRI HIV T el Th T80 STIH I Fid 21 e fohd =HehTe
3T T3 (3T ok AU Uk TrEfohe &1 W) o g w1 wWeadd g1 gi-gwe &
1 He & WA | - T A R afd g Tehar @ qen sod el oft e faeth
aifer g (1,/2)° 1 101 1T B

ST T T & FehTeT Soil o1 YAGRYT BIT 81 f% I8 7aTa [T 341
XA GHT TF &7 ° wedl & al 319 e S F3d GHT ST &7 § agdl 81 ol
o HiE a1y S1eEr §1 et gl S et Geerr & fagia & eTgpe Bl

10.7 gt

T el St R foaR Sifere fom &ifast T@es aeer T € SR gHent g faw fer
M 70 21 A 81 SR o Fi ol SR-A1< 27ad] ®9 § Tid U al T @1 S
R AT S +x Fawm § wenfka et (fo 10.17) 1| T o’ 1 TR (10.15) gN
EECRCDIES IeC

y(x, 0 = asin (kx— wi) (10.15)
STET 2 @ co(= 277) THHIT: T T STEE a2 v egha fefua e €1 sue sifafi,

1=2"
- (10.16)

Reprint 2025-26



aUT-YhTIITh |

t=0
t=At

R N NN m»/‘/ﬁ\\ Va
AN/ EA\Y/A\V/ B/ EA\V/ S/

—> v (x,1)

0.t)

T=

MAMARAAAAAAAAAAAAAAAADD,
VVVVVVV VYV VYV VYV VYV VYTV Y

(b)

8\5’

— y [

o 10.17 (a) o Tt S 1 HHW: £ = 0 A4 ¢ = At T oo fF&fug &% 2, &
T SAEHE T +x faen § G=fid gt 21(b) ek Tomen x = 0 3 qHI-for=ro i
el il 8, Safeh Teh SToehid qil 4x fGen & G=fid & @2l x= Ax T foreemH
1 gHI-foeror arer-a JE AR fowenfyq. g1 S|

T W Heag queed @i Fefud oidl 81 30 YhR %1 a0l o Ge0T w1 W= e
Fell 11 1 USAYES o A 14 ° Y g 21 e fageraa (s oy fem
o Ifal ) 0 G0 1 G0 o ofded ©, B HYE @ U Bt &1 |
&, it fawems yfaen o 7, sHifere 38 wa: y-yfad o0 et S 21w SR’
F1 ek oI5 T W @ | T #dr ®, a h1 Waehd: yfad a1 wer S )
3T e, SR Hed x-y at | & Hifa wdt €, gHifae 6 gqaer gfaa @ <t
el S 2

T UHR TH x-z T H z-Yfad T Icq ich el SR o &d W fo=m &
Tohd €, forgert faeemaa g g

Z(x,t) = asin (kx- wt) (10.17)

Ig Sqcl AEvasd § foh [T (10.15) 99 (10.17) @ dffra] g
aera: Yfaa o srqge o et €; erefd SR o e fag o1 fomeme | aX
TR0 1 RN o ofead BT 71 3fqq:, % i o FUF o qel i Tedd ST SR
o Igfesshd: 98al S @1 BH S7Yfad a7 U arft| $9 TR Tah 31yfad auT o fag
foeTTa, g9 o WY, Agfeshd: I8l T@dl €, e 78 ged a1 =1l i e
o oleed Tl 2l
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ThTST KT M 1 Fepfd STy Bl §; 31efd H=fd e Wy @ ° Gag
faga & dd X G0 A1 K90 o daed g 21 T U it Werige H1 S
ek Tt W YEISTa foRal ST Hehdl €1 ST Taell wifidsh SiEt ¥ 2wt et foee
Jieiiee Hed &1 Ueiliss W SR i Th el @ et @ S G foni fgen
el el 81 dferiarsg 1ol et faen o erfeen forega wiew (=i gidl wehrer o
Y Helg) STERiod e Sl 81 39 YehR A€ hig 1yferd Jehtel ol T dielkizs W
e Bl af WehTer T Y yferd e st 2, fored faga wfke dfedeg stopet o)
Sead faen o SR e A1 7, 39 X9 i UieRige w1 URT-3747 (pass-axis)
Fed 2l

39 TR, S fREl HUR 9 (9 T HifeTq o9) 1 YR Ueikize i
fereht ¥ffe P, ¥ Tftd 1 A e <@ W @ T sHent fo omeft = S 2P,
T FAM T I FRO-91 T HIE 99 T8l ISl Fifch TG dierar feer W&t
| 319 T Th GEEY WoRiEE P, % P, ¥ e W ¢ SUHER, oY ¥ o o
FhTYT 1 gl oheel P, ¥ €1 Wi BF H %W 2 S| W $1€ P, o YHH HP,
W M ATl ohRT T Teh IZh1 Y91 G| Tk fEifd | P, § qReiHd o P, 9
A BH W T g @ S 81 T 59 fefd 9P, 190° W YN ¥ o W@ P,
T S et e qoi diterar i qRta e <ar @ (F 10.18) |

P, P,
P P, P,
(a)
(b)

fax 10.18 (a) T TIERES P, A1 P, | BT TR 1 TROTEA| TRATHG 3791 1 6 0 T
i €, ST STk ot =T <101 0° W 90° ek TRETdd eial 81 &4 W@ foh Wertel el Tk
& dieRize P, W @1 W1 § 79 9% ®I0 o WY URafid Tl Bl (b) ST geRTer &
reiizel ¥ wiita g € faea wfier @1 aeEr i gau deiise e % SHia
w2 21 fgamom faga afser & <o *i g9 2

STRIFT JART BT T TR ST § HHA ST Thall ¢ o Weniee P, ¥ qHd
TeRTET 1 P, 1 TR 318 (pass-axis) & SR a0 & Sar 71 AP, ﬁmﬁaeﬂa
P, ﬁwﬁﬁ@ra@ewm% @ Safh Yfad THe-gs danEe P, ¥ arfi
%ﬁ‘cﬁ% d P, ¥ UCHE cos 6 (P, ! TG 781 & 3ifawr) WG gl 36 TR 51
WWPI(WWPZ)HﬁW%ﬁFﬁWﬁWWWﬂ:

I=1, cos’0 (10.18)
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aUT-YhTIITh |

T 1,, P, ¥ o o TTET Yfed YT W o €1 39 Herd o1 fe | (Malus'
Law) Fed & SWad fad=r <9 & for s dieiize 9 79 et YehTeT <kl o, Safad
o 1 oMt B1 T UieRise W a1 ST Uierisel 1 Wifa-3tel o s= o i
1 GRS ek ool sl Sfad diodl & 50% ¥ Y % i w gehd 2

ieiisel &1 ¥4 o =eHl, fags! o wen o # dear f=fa & o s9am
ol ST Feha €1 TIeRise! 1 SUART BRI Sl qen 3D (Femamdt) =t i
o off femen S @1

3STEYUT 10.2 5 3 16 Terise! o a1 § HoNss Hi T qel ¥ie i Fam
ST € W IR W o § B A gfedd i faeee sifsw

T A 5 T GeliEe P, ¥ oA % 9% Yfad FehTer kT e [ 21 9 g
HRRTES P, W T % A% FEE F T A

I = I,cos®8.

STl IV 6, P, TS P, 1 WRG-374i & <= a1 0 | i P, T P, hifed € 36
WIRA-37al o S 10T (n/2-0) BRI 31q: P, ¥ Fifid 8 a1t Wehme1 s o er,

2 2 (T
I =1,cos"0 cos (E—Bj
= I, cos’0 sin’0=(I,/4) sin®26
31:, SV 0 = /4 o AT AIHA YehteT i ol SAfehan |
ESIRIE|
1. TS o Tl s & fon feredt T ot vk T T awii w1 9k e g, S
SeR T THT TWEE Th W T 2
2. ETENG H1 T B ¥ Sl © o T o fgdEen o e e B S
TehTel i wrel fen W fasf 72 et g q fs o et et 71 Rt

Tl T o e B € e A et et oft foRwor =61 fawn o wEE e 21
79 Togid @ TEda qen T9ed o g P W g 2

3. S I YA I Y Ak YRt Wi T & g R U i € o A ok sreAmi
&1 fagid @ il 31 <9 &9 U {65 W 39 il gR 9 1 e w1 faen
A 2 i ferfyre deraneii e = o St T SAfaenon 18 9re gl 81 W T8
W At Hequl BT € S THh STEd I T 7, S Shaet qeft i @ ek
il St STgiaal TEE 8 91 39k S Tk R e @l

4. YUl d @l IHE A w1 G @ wHe siae w1 st e g et 2l

5. WIEE a® TF Thd T uF faeda Yed @ & fowd s s sfers e 2
el + A/a, +24/a, A H0T QI €l & 91 37 9 § TR &fior e
fadae sfeass & 2

6. WIehfaeh hTel, S8 Gd W I Yehrer, Tyfed g €1 shent o1 g% gan R Ty
T ¥ faga et A9 oF 999, gad: q01 ARfooewha: 99 §ya fenet § g g
21 UIeRise Sherel Tk s (T faferse @787 o QHiax) w1 UG hedr 21 o
ThRTYT T TEIF Yfad tere THae Yfad Fed ©1 S 39 YHR % YR H TH TR
HieRige ¥ 9 @d ¥, TSEent o1e 21 9 Swal € a e & |1 sfeass qen s
fegaé <9 €
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Ta=mona fawa

1. T o Fia 9 a gl feenedt & yuiid et €, s Rt i Gehtot feReoi ok
®Y § =eld gU @1 T o1 90 FHSIa © YT o SRR o et ual o faweror
I FASA o AQ B9, 97 a1 Tl o JANT a0 STdefe i STevashdl gl

2. T T Aol 9o A Ty = Hidi o ST 1 AR 7, S AT o En
Y gory SFER ward qen faareh < 8w 2

3. foada uftre 9 foreor wehifyrent =1 aftdimn oftnfoa @it 21 < sga Feree
TEgeti o favies o foru Qe qon qefimt w1 wamar 1 Hied of werer
e gry freifa @t 2

4. fernier SAfTRTOT o foa Fue ST TR, S o | s o for off 2 € g
S0 UREST Shefel STl il S Wehrel i 1, fafvreean 2

A

10.1 589 nm TR 1 THAUNA YHET 91 W Sl 1 Gag W A Bl 2
() TR e (b) STTaTda JehTel shi qUIeed, Mg e el @1 W2 et o
e 1.33 B

10.2 frfafad geneti § geie aUm *1 3epfa @1 272
(a) Tt fog 9@ 9 oToERa gl
(b) Sua1 o ¥ Frifa wehrer, fgeh wiwg fog W 1 fog 9 @ 2
(c) Trdl 3T AR | 3T ATel YhT™T UMY 1 Jeall §RT STERA (intercepted)
7|
10.3 (a) i 1 UG 1.5 31 Hid | Yehrel &1 = 1 wrft? (Frafa o weprer 1
=M 3.0 X 108 m s 71)
(b) o1 shi= H WeRTe 1 =eA, WohTel o W1 IR 99 et 82 =fE e, ot ofrer aen
ST A W wE-w 1 i ok fed W e e 82
10.4 F7 o fgferd wam & ffal o o 1 €0 0.28 mm & 91 W1 1.4 m 1 50 |
@1 T 1 e € e e wged < s o o g3 1.2 om AT T @)
AN W SYEN TRT Y YehTeT 1 aTeEd J Shifey)
10.5 77 & f5ferd v o, A oeed 1 Twaviia g STET i W, W % T fag
T STET TR AR, TR T el K ST 21 59 g W g1t 1 e fepet grit
ST "R A/3 €7
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10.6 I = fgferdl wam o sfaemor {1 9 3 o fag, 650 nm 91 520 nm
TOTEAT o FeRTRI-GS T SUEN fRAr T

(a) 650 nm TR o far W R AR I ffs #1 Fia sfea @ 0 3
EISI

(b) Sheia Sfeae @ 39 =ad T 1 T1a BT &7 S TRt & HRoT e
fiFS WU (coincide) BA Bl

273
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11.1 sfiem

T 1887 W dgageshd ROl 1 Scafd o GYEAT W oA geshed o S
HHIRTOT AT BT oF TANT 3 TSI i TUIF Tehid i ST9AYE €9 § eqfua foham
Ifreel STl o eAfqn =Ror ® fosiH-Afas o T6 § w9 g™ W forgya- e
(forga-fomsia) W yrEifits 7ol | *E Ufaerfas @St g2 e o g0 1895 H
X-freol &1 @iw qen o S e oh gm 1897 W w1 TE ToeRM i @il
TRAT]- ST 1 THSH H Hiel &1 TeeR off| TS 0.001 mm IR o W9 o A
% T T IS YA T o U & seierel o o, feen gr fasH-Aferen H T
W farEm €5 Tfd feRen S ®, U foreid gl §1 ohelle o WR{E v W e
IO Bl B A HT W R 1 UHia W AR F@r ®, SH—dE-whig o fou
Ha-80 W1 1| 5@ Fiadifa 1 HRoT 3§ fafhior sl 7 7= S ke 9 31 Tl ol
3 Fele vl 1870 ® faferom goa & g @ist T of, fvgs 9k | 1879 ¥ 7w
e o 3 FerTol dieran 9 wer orelt Fur-STeeht il i R 9 = ) fafew difaew
M SISl SHEA (1856 — 1940) A 39 URehedaT i gfte &1l SS9, A 3 qeelt
TR foas-Afds & 3IR-UR WER dead fagd wd gasia &= & enfyg &
YRR AR TR helie—TRTor Ul o a1 qen smiferer eTe [ steifd oy o) gemM
1 UM (e/m)] Fd foham =g arn 7o fF A H1 YT ok AT (3 X108 m/s) H
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fafer¥or 9o 57 &t
50 Fefa

A 0.1 W R 0.2 TH O § el B oqud W e/m 1 TWigd HE
1.76 x10'' C/kg &1 7€l U T T e/m 1 9H HUiE (Scdsieh) o ugred
el urg o fagsH-Afas § 9@ T w5 ypfa W ek T wn g e 3
Shefre-fehtor il &1 Wifdeharl i gl

e SE GG, 1887 |, F8 RN A1 o W& v fHfvea engetl &l qweTH
TehTeT gr1 fehfora shed € i hH o el S UT-STEfI 1 Seafeld eid &1 6 WK,
o o fAfiea orgetl w Se9 a9 9 WA R S © Al A Ho-SEii| &
IS T 1 T HUN & AU e/m 1 AE I &1 grn 7 foraen fof shefre fam
U T 11 3T YR 7 YeT0T 3 Ig Tfad R f&an & 3 geft o1, =afy fo= somedi
T 3O U O, UHfd ° THH | LS. TIEA A, 1897 H, T FHUN Hl FeiFT AH
fean iR ggren o 3 o1 o difers Gt oe@e €1 el | foaga o Gaed W 3
Tifaer o Wt Ueron o gRT SoideiA &1 39 FdRR @9 % fau 3% 1906
¥ el [EhR Y& e T 1913 W st difqerfamt e, fufas (1868-
1953) 7 SAFEH W AT o URYS HIIF o AT da-38 1 9 YS¥ieh FA fHal
3= e T T da-foigeh W SIa9 T Tk o 3E9, 1.602 x 10719 C 1 gof
Tolish 1 Tafers o waEm o g7 weenfua o o fon dgdenasr Faidisd &1 ST (o
o 3TUfeTd ST (e/m) & WM W, TR 1 SN (m) T fHa S0 T

11.2 TARM S

T WA € TR engetl W ged Soiee (U1 @Y H0T) BId € S Skl wretehdl
o foTe SOeerER B €1 qety, ge Soleeiq WH: -8 o STel el ket Fehd|
I Soiaei o1q ¥ 9 AW © A1 ST TS €9 SR WK Y ol § iR sorael
HT AT o R SAHAT FL A B TH YRR G TS ©1g ok Fa Al ok
Y Tl o G Usheht T MU B 2| GRomHEEY fah o goiee[ foEent S
TH SHYOT 1 SAAYd HX Foh, ¢ IS H o M U €| oT: TSl hi g
T3 § aeR bt & fou s fafvea =gae St w1 eravaehal gl €1 39 <
Sl i oTq T HTH-HerT Hed €1 3H HHRUMAT ¢ o g o Hid 8 3R eV
(3R diee) § W94 B U Soiee dice fHl Soiee i 1 dice faweidt o
g @ I W WS Sl %1 AF B 37d: 1 eV = 1.602 x 1071°J

IR oll 1 TH $ohTS o1 WANT GRATY] qen Ifehig sdifaent § feman < 21
HE - (@) 91g o TN AR 3T 53 AT Wehfa W TR e 2

I1q o I3 ¥ Sl S oh folt o SeiaeiAl sl =AdH STaead Sell 10
forddt oft w iifaes fafer o gro & <1 Rl @
() @ ISt ; IUGE A9 o g o SRl bl TATE ardtd Sl 1 S

Teohdl ¢ e fop & oig & omex o7 o)

(i) &7 ScgerT ; forelt oI R TN T U Yoo faga &7 (108 Vm! &1 @ife
1) ARl hl UIG-tS & AR o Fehdl ®, 91 o feRelt Tk wm H)
(iii) FoRTT-TIEd SeqiT : UG ST 1 TehTel el TRell €1g-Js3 T Tl & al gogl
ED| 3’6&? Bl Bl A YRS Sl Y% Seieeid (photo-electron)

FHEad &
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11.3 YehroT-foeld gwmE

11.3.1 % o UAIUT

TehT-ToR[d IS 1 IRERAT i @Sl 39R4 gt (1857-1894) o g 1887 H
Aeceeha T o AR oh GHA i T oft| ThferT-fagsi (spark discharge) &
SR AT qUl 1 Scfd o 39 Y Sl § gds 3 we Ufkd feren R
helle i Terelt 3k oUW TS FehT¥l o g EIw i W eTg-3oie2iel o IR
= dlieed] THie 3t 8 Sl 2|

HT-J%S W =HH el WY ok ARG Ho o 31d 86 Seleeiq &ed ©,
1 TGS T H FEREl Y Hl B 5 U-Y53 T kY USdl € dl I53 o WHg
Seraed smufad fafeior @ gl oF U | YFcTs Al oF YUl i IR i ok
U o1 eraeifa X od € Sufad YRS ¥ AEvIH el 9w B o IvE,
T M-S W wel uiest W o7 Wi €

11.3.2 ETAAE q2T Si9Te & W&uT

foeeen greEied qen fRfad o e 3 1886-1902 o o9 UhRIfR Ioas i
e 1 3ol fohRa

<) TRl (ug ufEeel) el frdt freffaa wia = 7ol o Scasis afeet W
T fafReon B emufad wE W e (1862-1947) 7 W T Ry § wm
vare g & (Fam 11.1) 1 9 & el fefereon i Teht T, o9 &) 6w were o
Tk TN S THE | A eral @ foh St qeeHT fafentor Seasten afgent C W adfaa
eI ©, Selee Ul § WTel 31 W @ el TR & R oA WUEe qieen A
1 S AR 81 S 2| Faifad = 1 el § ScigeHl oF YaTe o SRl ¥RIYeTE
Tl €1 39 YR U, SeESih o I8 T Y TS oh N1 ol IRuY H RIyers
Tl B ETeleied Ul WIS § WS igeht o fovel, Mufaa Tenrel shi aga qen
diardr oF W9 YTl O | e &1 31 foa

T 4 1888 W TH (e 1 M g I Teh HUMAer TSk ufeeht i
e Targaeslt @ g o sea ufera femen for St afgent st qei oot 9 fertfora
TR T @ TR STU SAew @i T sHen ifafied w1 Wk sTEfvE foren fgent
1 GETH FeRTe1 § feRfurd feren T @ e weEfiE B wE) e afeen i e
TR | A TR e W, 39 fEenT W eIy 3R SAferen g A g e 9
3T 7e Treeptd fepren fopr WreT TeRTeT o wre W TSR 9fEent @ UM SOl
I B

1897 ® TOHRM *1 @S o AWM Jg Ffved & e fF Scse ufrer 9
SRl o S 1 ek ST JehTel 1 BT STET o hI0] SIS el
farga & g WUEe g ent shi SR vehel S €1 ST ql ofiAe o @re off Ufera
foman fof <9 Scasieh Uizt W U Foa =q9 o9 9 w9 g w1 e FehTer
vedl © dl i f g Sl el g 59 frad = gt i <gel nghy
(threshold frequency) F&d & Al S&h1 HH Scasish Tieehl o U1l &1 Yepfd W
et sz 2
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54 Wi

g g T Toh SR, Shefiem, SrifiEm SE o urgeti W 98 99E sheed %H
e Y T T o forw g =1 denfy ehferay, wifean, drefire, difsem qen
Flifean S &R H1q¢ T99 YT o g S A8 YE @A §| S T JRr-gaq)
g7 1 WeRTSl W eI TR STl © o 3 Seiee ScdiSid i &1 Seige i @i
o T S SelaeiHl hl FaT¥Teh Soiaeld A1 T2 a1l 38 URee JerT-faga gard
FHEA! B

11.4 YIT-faem uuma o1 wrEifies steaad

o 11.1 ¥ yohmT-faga Uare o YR SAeoeH o foe U= | o1 T8 Sqae i
9 T | T U faifad si/aenes s ol © FEH T gehre-gee! ufeeh ¢
3R T o1 Izt A 81 Ed S | T, T8 (window) W IR gl € ST weelt
ThTeT-Hodt IRt (SeEsh) C TR USdl B1 UGS Faids el (shiw-eft W qfgd)
T YT TafeRTor UR 81 Sl @ SR eher-Herdl ufEeh C i feRifura s =1 fgen
C ¥ ToeRH Scafsd Bid € S Ufgehl A (HUesh) R a9 5 Sca= TR & g}
TS HL fAU S &1 C a9 A ufEeniel o die faeiat s el g S W S
HW@WWWW%IWCHWA@W %WW(Commutator)
o gW 9%l S Hehdl B | 59 YhR Icsieh Uizl C 1 ol | UiEehl A i SeSIER
¥ el U1 fade W @l S Hehdl €1 Sl HUEsh UgehT A, Scisish qieehl C H
T § AT B T Soiael SHeh! 3TR SThTUd 87| SeiaeHl o Scas oh hIRul
forga aiue & T ware Sca= B © o uRtae o weh faega e wenfia 81 S @)
TATRIS! o e o Taveial ol T dieeHiel o g 1 gRummEEy qiuy o yered
B STl WehRTITeh ©IRT <l HTEshIUHTEY o G WIvd €| Wehli¥Teh
faga ¥ &1 GURSE Uz H A H1 fave ISt afght C .
o ey UREfdd hich SI@rT SAE Sl ST Hehdl €1 St

WehTYT 1 <iteran e st b1 off uRafdd fopan 1 eha1 € veEw-gad
S fF ISt C 3R TUEE A % d favaiR voEr e
et femam S 21

g9 ford 11.1 &1 Ui Sqaeen &1 SYINT YehlieTeh

o ¥ () TR B A, (b) ST R ® K T T e
agfa, () IfgatsTi A @ C & &= o favaria, e (d) _ ua

qfgeht C o TSt &t Thfd o T IREdd o S1eTIA ok

I T Hehd B | IS C T S ol Wkl o A1 o Ehade

S et el TiH ®ie @ fa= quresd o o 11,1 T 9oE % ST %
ThTST 1 ST T Fehdl 2| ThT91 B 1 Sedoish 9§ g fore wRifiTE S|

1 aeTd EU ThTST 1 drerl o1 IRafdd feran ST Hehar 21

11.4.1 YeRTIT-TaRIA &RT WX WeRIYT okt <rerdl Rl UHTE

TEH A i ScESih C i gorl § T ¥ fave T @ = @ f5ed ¢ o seafsia
TR WIS A i SR STHTHd Bid &1 Safdd fafehtor 1 srgfa qen faswa i feer
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TR i dgar ———*

fora 11.2 vom-faga o) &R wehm@
1 diod o o T

et fasa

\

@A gU, WhIW 1 digdl 1 qRafda feanr smar @ SR aftom
TehT9T- e €0 ol Yedieh SR |G Al €1 I8 9T S € TR qeniiiren
¥R ST WeRTSl <1 el oh @1l aehd: sigdl @ S fop fort 11.2
H W &Y § S T 1 YRR U Seafsid e At gfd dehe
T H1 W& & SHAMAM B, 37d: Scflq gl aret gy dehe
YeHTVIeh Seiaeidl &1 Q& Srafaa fAfehTor 1 e & GEgar! 8l

11.4.2 YaIT-Tagla amT W fawe &1 quma

TH Tgel UEeh A I UlEeRT C 1 qor | fRet o fave W @ §
3R gt ¢ =i fafvem smgfa v qen ffvsm droar 1, o g 9
eI id &1 TR g9 ufeent A o o fawe & -+ giafda s
T 3N Y ar aRond geRTe-faga o1 S A9d €1 9€ U S ©

o FehTo-forga &0 o (o) fawa o @i st €1 ufeeht A o T FivEa om
fava & fou w UE feufa on s @ 9 W 99t el soiee@ Tz A W
FUET B ST & 91 YehwI-Togd ¢ S=aq 81 Sl ¢ Uiq g e S 21 A
T T UfE et A o ok Ta9e i 1R 31fueh sigid € al Fehrer-fergd & =1 wigd|
TehI-Toed 9N o 39 Swed | Sl GgW &R HEd & Wqw ¢ 39 feufd o
A § S ScHsh Ulgehl C o g1 Scarsid W TeRTTR SR HUTesd qi et
AW YT A 2

ThRI-L —>

379 TH Uz k! A W UfEHT C &I o1 ° Th

U1 (Heeh) favwe o § o1 58 - stfuen

SRUTCHe hid SId € | Tl Tieehiati shi Y seelt

S B A geie WideRiid Bid © 99 shedd e

T Sl A TeeRe €1 HiesH A T T I

L>5L>1, T & 9N T o WeRTTeR -4 S o Bl S

@ ; T S 7 TR 7% Uzt A R ®W fave v, % e
/——11 fofirer dienn 3R T shifdes M R A T @ S

smufad fafertor &6t weh fAfv=a et o faw fgem
A R & T fEam B9 (He) fa9e v, s W
YIS -IRT I &1 St €, 3%k (Cut-off) S7al

-V,
+— T3 favg

et fas (Stopping potential) &zl gl

et afgr fas — TR Telai o g Weol hi AT Heh

fera 11.3 smufaa fafezo &t fafy= dremret & fag 21 o1g | Seafeid |eft FHRIe serEe T S

JRTITR- 4T qen ufzaht fawa & o= stera| TSt & B YRt O 99 Y B § S

278

et faver stfirran ot aTel YeRTiyTeh goree,

et Seaam e St (K_) ®, 1 Wfaehfia &  srawen | @ svefa

K_=eV, (11.1)
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54 T

319 9 9 AN i 3Tfqa fafhor &t TeaHM smgfa W S=a o I, a9 I,
U > I,> I,) o foT Se Gehd 1 g9 98 A1 w3 € foF o190 99 aRieH & 4 e
wTd €1 389 Fa g @ o ermufad fafeor % droar & orur o wfa dehe eife
TR Seated Bid © 1 IRg et farve san € wean @ ot fo 1, <o o sifad
fafertor o forw i &, St ok o1 11.3 ® 7 o g <9 T RS9 R, S7rafd
feafexor @t weh FAfvea srgfa o forg fRis a9 9eT digar @ @a g 81 s
VIS5l |, GeRTRTh Seae ohi Seaad Tfast S, 2dfda fafewor o1 diear w AR &t
FH 2

11.4.3 Tl favwa w smufaa fafewor = amgf =0 garg

9 &9 3t fafehto 1 emafa v IR FE fave
V,, o HE HaY I AT w1 FH R fafemwo
&1 fafr= srafaal W 3T YR ¥ T & e
%1 gEEfed w € R guEl i fave o
1 YHIT-fag@ o o 9fRade &1 Te999 &
&1 giomt ufted= @t fos 11.4 & <etan w2
& errufaa fafeor &1 fa= smgfaat & foaw fRied

o

I H

faya o 9= A9 W g« ¥ H TH & AE Vo3 Vo2 Vou O
U Bl 21 SeETSd SRl 1 TS AMfqa ¢ Wew fawd

Hurdl dfgent fawa —»

faferton =1 smgfa w fsf 21 sufaa fafeo w5t fer 11.4 mufaa fafewor #1 faf= smgfaai & fou

IR agfa o fau feht faaa &1 @ sfves afgent fawa qen geHr-faga um o s sTeral

SRS Bl o1 fas 11.4 9 98 9 2 © f afe

Sl v, > v, > v, % HE G & A FRe faal w1 wm v > Vi, > v, B 81 sad

oI TS St SaHT &1 A BT HerRaEd, $% qUl ®9 | U o fau stfie

el fava =t eTavaRar gt Ak g9 fa= wrgeti o fore safaa fafezor i et

3R Hafua Fsh fawa o o= orw @9 @ 9 T G Yen oW et oS R

=1 11.5 o =@ @ 2

Pl e I T

() freh fav v, o foo g weewad wwe %
fau, snufaa fafewor &1 smafa o @y Wawd:  Feh

fEfia g 2l favs
(i) wF Fifaa frea s emfa v, B & fomss fog ()
e fava 31 2 21 o e
=7 Fei ¥ < e AR ¥ W
() ¥ gl H Swead aS Fof Satad 0 s fafwor 1 s ()—>

ferfe<or 1 sy @ e Wawa: gRaldd g &
el T8 gqHhT digar W [ 78T grdt

() STIRE FRFTT F omafy v & forg, waf sggr (o7 11.5 T R T TR HeE el o fo s
A S ST v ##?‘W@“W—ﬁgamsﬁ ferfenor =kt e v ok wer Fieft fawe v, st wfiered
(4] ’

g 78T & (et s g #1 Ry 7 9F)
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TH [AdH 3qh e v, k1 I8cl amgfd HEd 21 98 f9= wrget o fe
for=t et 21
for wpTe-Tad el Wt o foru fafue srfwand <wi ¥ Sfafem, R
el HIR T Jorl | 3tfereh ot 21 Tk & yehrer-Tad gared fafu= aimesd &
wehTel o fore fa= erferan <o @1 S<EXw & foly, R § W e |
TehTeI-ergd WHe Bia1 © SR 8 el el U1 o WehTel W UE YHE el el
o ¢ o S % @l v o we uren e ® fR Aty safaa fafwon ) smafa
SEell emafa @ ek B Sl @ al fo el ehTel-uve o dehtel YehT-faed
IS YR B S 7, a9 off S/ enafaa fafeor 9gd He €l o/ ¥% w6 @ fR
107% ! Hife o a1 360 HH GO § I@S YA & W 2
319 BH TH S9N H Ui fRT 7T g @eron ue veron b1 Fei qriw <
@) fordt fEu Tu yemo-gadt uel SR amufad fafetor &1 smafa (el smafa 9
arfereR) o TeTq, TeRTeI-Toregd & Tafed Wehtel <1 <ol o STHAAE! erdl 2
(fo 11.2)1
(i) T fou U yerro-Hadt uerel AR eafaa faferor 1 smafa o fog, 99w om
aafea faferor 1 o o STghEa O Wt € Stefe Pt fave e
w feRk T e ® (fea 11.3)1
(i) foreht feu U ywmr-HaSt usred o foaw, v ffvea =mAan siaw-smafa gt
2 59 3zcft amgfy wed &, T9eh = YhiivTh Soiaeil o1 HI ScasiA el
g =8 eafad geRTer fraen off dfg @ 9 g el ergfa O W, e
fava sTord qoad: Icafsid GehlioTeh STaiAl i Ioaad Tidsl Sl 3afad
fafertor 1 smgfa & @ Waswhd: Tgdt @ |G Je TR dgdl 9 6 el
g (fs1 11.5) 1
(iv) YhTeI-foga 3c@sia fam fodl wa-uv=dr & (~107 % A9 FH) TH
drcerfores Wikl ®, @9 off <& emafaa faferor @i st e e fEan S 2

11.5 YehwT-fa=Id UHTE q9T Yeh¥T ol a1 THegia

WehTIT 1 T Yehfd S—IHd] IaTeal o 37d qeh 2Tos! aie Tfud 2l T8 ff| Yhts1 o
T-fost o g AfTHTT, faad= qen gaor &1 el i WIdfas & darases
w0 W oA 1 S geh! o 56 o o STER, WY Teh dEagaeh i i €, S faem
TS ahig & 9 st o et © den e st & § thelt gt €, ol s
1 Ted Teor eia1 €1 31 B9 78 W o o Yehtet 1 g8 qwn-fesn fumel g
T fou U YeRmI-faem Scasi Hath Yerull i Sare Y Hehdl 2

TRTeI-forgd IS o TT-FoA0T o 3TER o1g & I8 (STel faferor 6t fhor-gat
el ¥) W i soiae fafeniia S i Fad 9 § fewifia wid &1 fa st
WISl I digal B Sad €1 oifes dgd qen geehid e oh 1A '
fomeeEy, diaa fSat sifes et 3aT & eAfus T Taee[ % g
ol - 3TERTEUT BT =ifeu) 39 fosur o ST UR, YT S i Saad Tfdsl
Tl dodn | gfg o @Y Sl =fEu WY €, AR YRR Hi egfa i o @,
T At de ot fro-gs (vete g ®) sewl w1 ga vt s
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fafer¥or 9o 5 &t
50 Fepfa

H mmed g S 3 OTg-UsS § A feher o fou stewers w9
atferep BTl gEfere, U <Eell smgfa @ sifide 7@l ' =nfewl @ fagra &
T UNIfoRAl © SN 11.4.3 ® fRU @ QeTol (i), (i) qeM (i) 1 e fomy
el B

3 B wH @ ' fh an-femor °, Solee grh e ol Tdad STawiyur
foferTor o Q¥ GETT R Bl B S Tk St e § gela Sl e Hd
31d: Ufd oo Ui ST OFd § STaviiyd Sl 9gd &4 el T AT 9 I8
ATl el ST Tehal B foh Tohel soioi oh fIT shrd-ther ol IR T #1q © T8t
et 3T o T Tt Sorl SEM W e HS ereren iR it eifen wHA o Hewal
21 T8 Freerd ot Yeror (1v), FTeeh STTER TehRI-fae S (SRTHT) diceifvrk Bl §, o
focrepet fada €1 Heiw o, a-fo=1 & gro ehme-foga Scdsi o 31cdd ot el
FT AT &l Bl Hehdll|

11.6 3TEWRTET 1 YehyT-faela Tt or : fafertur o1

S5l Fded

T 1905 H 3T0ae STEHEA (1879 — 1955) o YhRI-To=[d e i S&AT o fag
agagae fafror 1 Tk Hifes w9 W T4 fer wedrted A s@ femor o,
TehT-ToR[a ScsiA fafeRtor ¥ waa Seii-stawiym & g7 7l wran fafewo s
faferer sepreal § o1 Bl e— fafBY0r 1 Soff o Fale] el & fafenor il
o Y% FieH H1 Sl hy Bl €, 8T h @l i 8 SR v Fehel &1 ergfal
TehTeT-fagd U ®, U Soiaed fafhor o U Faied & e (hy) STaenfud S
B A ol 1 T AN e Seia o ToIQ o1 1 e o ol Fohel 3
o fore Freram savad S § afuw B © (FE-eH, ¢,) 79 Sfeld solde
F1 Afereray Tt St g

K_=hv-¢, (11.2)
3 el Y A Seigel oh ST M T Sh! TIfdst o1t 319 Stferhad
qH 9 % Bl 2| e < o o s o weRrer &1 e, fa Sehe sdfd
B T e e
T Tl B A, ScAfSTa TehTivieh goiaeHl i SAfeRan Tias ST Yelsh Hie
#t St gR1 Feifi et 2
TR (11.2) I HEERIET 1 FHVI-198d GHIF0 HEd 2| 74 86 I8 2@
Tehd € o fohe WohR 98 Weiehor ST 11.4.3 W U yehmwr-forega gome o Heifeq
Gefi Yeroll ol Tk WXl U URShd @7 W YA L 2l
o THIHTUN (11.2) o TGN, U0 o &Y, K, &grd v T Maeha: FeR st
2 3fR fafertor =1 e w fasi 72 et 81 T safae gen € it srgwrE
o fosor ¥, yemer-foeqd g9a Uehe seeed g fafetur o uwa s@ien &
SETTOT H o= Bl &1 Tafentor shi dieran (St it el w1 W& uid gt
el Wi TR U % SHEEO €) TH el Wk o for erEia
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3T MRS (1879 — 1955)
T 1879 H ST § IeH AME TWH
R T A ST TS qh oh
fava & ifqwfadl o gaifus 7o
qifcerfae o &9 H S STd &1 SR
forerareRT Sife Ser Sk T 1905
H ypifed i\ wifaert et @
TR 3T 3= 3T T TNeras |
TRTYT SNl (T IS el Sl 8)
1 HROT 1 Fqgel fera R SehTei-oiga
TS o I AT ST AT hi T
faferzor =1 fafaftea @ fagia =1
TS 1| ST T I H I8
s i 1 fagia fasfaa fa
ot o au o] FEmEs gie g8
3R & 557 o anfveae foeron &
forvardrcaes Ted ST I 3Tk
g Tees | eAifarRar o fafire
fagra = s faam &1 1916 H 38
STufereRdl o =AY fagid i YRR
e e & 8 o HeEyul
ANTEM B : SENA SESH BT RO S
ik Fforer fafro fom &
Sehfodeh == o Weqd 1 T §, forea
1 Wifcren Hieey e STyfHen serfeent
1 IRY fonan, fondht T o Tofet <
1 FAICH-HITh! A FACH-AAhT
T GEIAT 1 SAHHS averyo|
Ugifoer dfdet § 9 areM e
Teh-fagga wwE & faw 1921 # 3%
Tt R | grra e

Fiifr K, o1 T T enit, TEenor (11.2) H 9% sfafifea
2 T - Scas asft gva € 5

hv> g
e

%
h

V> V,, S8l

(11.3)

IR (11.3) o STIER, HE-ald @, o 3Tfees °H o fag,
eI Seiae IS i o folu STawaesh —IAan siefal
gl 3 v, 1 A 31fee B 39 YRR, T Jgell sgh
v (= @/h) e ¥ e & fed wH ol W OHE
TR Tae Scae Ta T 7, = fafewor 1 dfoar $o o
Fi A T A 9% IS W TR off A T q=)

7q fomror o, fafsreor &) dieran, S o aRerferd €, st aeia
%1 HE&A 9 g1 &EThA U $RTE 9 o STIRHIIA erdt
2| fort stfures wem o il Fae sueted 217, S &t atfue
TN § Solae Sl deiel 1 SEYiNU HUl SR gEfau
(v> v, o ToT) ©1q | aed 37 ol Seigeiql &1 el Sat
& erferm BT TEE 98 T € S € TR b vs v, o fa
WehTeT-Tergd SR el o STHHAE! Bl 2

3MERTEA o foaul §, yehmer-fora yae o U solae™ o gr
TSI o T FAISH H ST G Wik Gk it 21 7
Highe drceiiten el B1 39 WehR, diteran et fafentor s s
e =k fat ot g1, yemer-faga Scas dwcerfors &1 gl
W ol | s | faetd T8t 3 Hifeh 71 Wt SR
Tt Wit e § et ae il g ® fF fhan saee
39 WUfs Fwan (T Thal Toiaei g Ueh YehTSl Fd1ey
JETMTOT) W 9 o Ghd O SRl i Wem ¥ g
VeRTI-Torggd &I o R <1 frefior g 2

IR (11.1) T ST FHY, ThTeI-Toe[d AHIRIT (11.2) i 3
W Toran S wehdl @

eVo=hv-g, ;& fau vy,

Vo=

o - -2

I T Hewqul qRumm 21 398 g% gy et & TR v, o
faeg v 1 oo T Wa @ B, fSent gel = (h/e), ST uare
F ghfa W PR & A 1906-1916 * Tem, fafasa =
JMEREA o YhRI-fogd Tt &1 efud & o fag
WehTI-oE[d THE T FANT et SJ@el w11 fo 11.5 o g9y $9anR,

(11.4)
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fafer¥or 9o 57 &t
50 Fefa

3T wWifesm & AT yd Wt @1 #1 TAM "IN e % G 0E H1 ST HT ST
e feim h &1 AF fif@ fean o 98 9 @ femiew o6 39 AN
(=6.626 x 10724 s) o Tiehe o1 59 faergpra €t f9=1 ¥’ o 9 fohan o o 5|
YER H 1916 § fAfcIeh 7 SRR o YhTel-Toe[d AHIhIvl 1 ST i oh
WM W IHHT T ! T&AMa o

TeRTET FIel i GREAETT T h T @, o AF (| 3 YA 9 9 99 |
Tl Tad ®) o fuitor o sua o gehe-far@ 99 & e % o
ey T Tafes = gehrer-Taga St ot 9t aiEEal 9 & &R arget
o fau fafewor-smgfeat & fawqa wWw & fau genfaa fwa

11.7 WehTIT Shi ShUTT WeRid : ThieH

yehel-faga gae 3 39 facteror e s yAifa foen fo e et 5= o @y
A T3 H 39 YR SR il © S 98 eial el Sl o Uehe (T weieh
I S hv ®) 1 a el
T YT Fo1 o FA1eH 61 FRl F0 § Gag a1 ST Gehdl 22 AEHIET TH
eyl aRomd R wgH 5 Yehte adien sl G (h v/c) W Hag foha S gk 2
Foll o TE-HY G H1 FTEd O S9HT Yo guh € T YR FdieH i H
Y Horg a1 S Fehal €1 3@ 01 61 9% W HieiT T4 G2 T GH1 o w01 S
FIER hl T, T, HI2A (1892-1962) o TG oh gl X-[h0T o T 10 b FART
T 1924 § : Y foran | Sgifoes difaent o AnmEE qen wehrei-fagd g
o 3 o fou eEwEd ®1 1921 | wifdeh! 1 Fee qWehR g fHar @
foR[d oF o STeRT qe YehI-foRd g9 R fRT U % o faw 99 1923 H
fifere &l Wifdeh! o1 Fee [WERR 98 fhan @
TH SEAgah i Tafnol o Wie e s gy FETEr @ e ©
@) fafertor o goq o i == T o, Tafertor 39 YR =9eRR 3d € 91 98
TH &l § & © 9% e wed B
() TH WIS ®T S E (=hy) B B SR G p (= hv/d) 991 =@ ¢ Bt 8
&l ¢ YeRTel w1 = 2l
(iif) T Fifv=a smafa v, steen aeEd A, o |t WAl 1 5 E (=hv = he/A) 3R
AT p(=hv/c=h/A), TEAH B € (fafror w1 diear = s of )| e
& T IS o WYl i dlerl @M W heel fehdl ET T &5 9§ o o
U Wehg WA 1 He € ggdl & (Al W 1 Sl THEHHE gt 7) | 3:
IR &1 Feit fafewor &t diaar w AR T8 F
(iv) Wi fogd SSEiF e € @R fae@ qen gaw e o g faefia &t 2|
(V) WIEA-H0 Heug (S9 o WiEH-soee WEg) W ol ol a9 el HaT wierd
T©d 2| qenfy, Tt wog § wieHl %1 gen off §ifaa el ®© gehdt 21 Wie
SN B Tehal © e T 7 Wi gid & Fehal 2l
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IETEYUT 11.1 6.0 x10™* Hz 2Tgfd o1 Tehavit gehrer frdt o o gr1 3ca— fopan
STl 1 SeHSH &HAT 2.0 X102 W B (a) T fheor-qa & ferelt wiei 1 S
ferait 2 (b) Hid o gR 3 4R W 9fd Tehe fehad Hie Scafea eid 872

TA
(a) TIH HISH i STl gHt
E=hv=(6.63x10°*Js) (6.0 x10'* Hz)
=3.98x 10°J

(b) @fE Eid o gN Ui Yehe Icafeid FieHi =i H@ N & o foror-gs1 o Saiid e
P 9fd WwIe S E & N T g0t S99 fF P=NE | @@

_P_2.0x10°W
E 3.98x107°J

= 5.0 x10° ®ieH 9fa S

ORI 11.2 Ik difdgg &1 wE-wed 2,14 eV @ @ Uieed ifee
(@) Hifam =1 <eel g qen (b) SAfad T 1 qUIeEd, AfE GehTiymes & i
0.60 V &1 T& el fawe et 3= foan Sy

'
(a) 3Tdeh 31efa It Mgra o fore, smmufaa faferzor &t St h v, & e ¢,
TAM B 1 o

2.14eV

Vo= fo_
h  6.63x10%Js

-19
=2.14><1.6>i3140 2 e N0 11
6.63x10%J s

T YR v,=5.16 x 10'* Hz W FH g3l o AU, FiE ehiiimeh sorae
=& B 2

(b) SHfSIq YT SeiaeHl Sl Soaad Tast el e V,, feafas et (de3-fava
V,, o §RT) o 99 g 1 fearfa | wehiferen o 9 B S |1 S w1
TehT9I-Torga THieRtl 39 TR ©

he
eV0=hv—¢0=7 - 0o

YA A=hc/(eV,+ ¢,)

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

~19.89 x10%°Jm
(2.74€V)

19.89x10*J m

2.74x1.6x107°J

11.8 ¥ &l AT Yehfd

T (ST AR R SEagaen T fafshon) #1 5d W (qT-H00) | adue qen g
FeE § fRT MU STerEd gW, ST ®Y 9§ Uk B ol YR HI a0 UHd
SAfeeRtr, faada qen gaor 1 uieeTel ¥ g eidt §1 g o, yehri-faea
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54 T

JOTE qe HIeT e A Sl @R AT w1 SFa e ®,
faferol 39 YR aRR F € &AM 78 w i o T stufd
WIH § o 81 T A q-famer § 9 i fedt gE @l
Tz o difus SUgE €, I8 WA a1 Upfd W ek 2
3T & faw, 3o T3 9 fFE a%g &1 <@ *1 guifad w2
H A € Fesr Heequl ¥1 A oG gr WehTel S TR Y WY
FE HT GHA I AT § efi-witg faafaa feen w2
TR TR YARIS qe vt (e F) gR ST H Wi
BB s R o) B B

T I Ye U€ S3dl § TR Afg fafeor 1 g gHfa
(qET q F1) © @ A GFH H H (SR, U afe) o
W—ﬁmawuﬁ%mﬁ?mlgmﬁ@m@%ﬁaﬁ; P
e ot 2 et (S S=amw H 3 % formeR % 3T g S §) 1892 -
(1892 - 1987) 7 s fasfier uftreum =1 wqa foran foF wened o 1987)%@@%'@
T O SYgE TRRfE § A wge o gahtd 9 gwd g1 504 Pl adl HHiG Bl G
3T TE ek & for vl qufd © iR < ue ifass gwst, go1 WWW'%WW
Te Sl 1 ot THHG @& B =fe ) At fefeRtor w1 ga e WWW‘W*@
g s R G

. T, SR S s -t wEd
FHU F G I e A T geRR g9l ST geRdt € $1 4 79 e e 4

PR U (11.5) 3 o 3% T 1929 H Ret TR
p mv 4 gritaa feean
&l m 0 1 FHHM 9U1 p THHT A1 T FHHWT (11.5) FH
3 Sl &1 G SR §o7-aXT o qUIRE A Sl & FiTel aRed ®Ed 2| 54
24 TEY 2 9iell o GaY W T g1 GHIRIO (11.5) T a1 3R, A 94 &
AT § SR T X GO p U HT fARTE AT 2| Wl i h I el
F AT F 2
THIHTOT (11.5) T TS0 o foIU gord: Uk qiehed © TSt qehgta
el FAN % g & T S Wehdl 71 qenfy, F% e Uuek © TR U8 U WM
% gW o I B 8| UF WeM & fau, S fE e S €,

o
g:
—
0
©
N
|
—
O
(00
=

p=hv/c (11.6)
ESISL

h ¢

;=;=ﬂ (11.7)

Fefd, TH W &1 2 el aresd S g (11.5) g0 e T @ S|
Ageeh i TRt o TReE o THM il & qe Wi fafeRtor 1 ST aen He
F T F9eH 2
T GHIHIO (11.5) o 5N, A T AR R & (T m) Iqan Ao
Tl U (T8 v) h fAU Blel TN ST ok fAU, TH 0.12 kg FHHAN &
e S 20 m s ®1 = G T W e, B T el quesd % Wead ¥ qiehe
o S "Rt B 285
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286

3algul 11.3

p=mv=0.12kgx20ms'=2.40kgms
P 6.63x10J s
p 240kgms’

IE TR A D 7 R UE FRG) TR & O 9§ el 21 98 SR § fE

=276 x 103 m

Ty FEU AN e St H qr-weer 7o e < | SHd iR, - AUk A
(Sub-atomic domain) ®, HU &1 T A0 Feequl @ q1 WO A 2

ITEI0T 11.3 (a) TF [ St 5.4x10° m/s 1 =l € fq 2 @ %,
(b) 150 g Se9M &1 Tk 75 S 30.0 m/s HI =1l § Tq L @ 2, § JEI 3
aﬁ?ﬁaﬁéw‘wm?

k)
(a) TR = forg
A m  =9.11x 103 kg, o v=5.4x10°m/s
a9 R p =muv=9.11x10"! (kg) x 5.4 x 10° (m/s)
p =4.92x102*kgm/s
2 et ame=d, A= h/p
6.63x10°* Js

 492x10%* kg m /s
A =0.135nm ke /

(b) 7T < faw
=AM m' = 0.150 kg, = v'=30.0m/s
q9 Ham
p’'=m'v'=0.150 (kg) x 30.0 (m/s)
p'=4.50kg m/s
3 vl aieEd A= h/p’
_ 663x10°"Js
~ 450x kgm/s
A'=1.47x%x10"m

Ter o foru & wifelt aesd X-fapor amesd & q9M €1 wig 1% o fog e we
o AR o oreT 10710 T @ S 9l | skt wie ok faetepel Sl @)

Q9T

1. Torell goie i o1g | 9 fehter o foq =[a| ol i ¢1q w1 1d-Weld

Fed Tl Ug-T W SoRA-IEeH & A STavas e (FE-weE ¢ 9
3R ) 1 UG AU AU Yot o & sTore SUge eTgfd o YehTel gRI
fafeRa & 9 G =1 gt 2

2. TR YA Hge ¥ SRE 9fa & TE § WEW 9 W o &

IS 1 IREE |1 FB U WETH YR @ Al sd § sEfe @
T9I-ThTel <k forw sft QU €1 yehTe-foga wee ® YRt St kT ogd Sl §
BT Bl €| € Holl o TR0 o F1aW o1 Urei shidl €| TehTel-farga Scdsid
T dreeIfiTeR WihAl © 3R 3Her e fafire wer g )
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fafer¥or 9o 57 &t
50 Fefa

TehRTeT-Tagd o0 (i) Safad YehTeT i diordn, (i) < Soigerel o s o T
favenay, 3 (iii) Scasie o ugref &1 gepfa W e w2
Yok favra (V) (i) fad Fehmer &1 s iR (i) Scasish gared &1 9shfa W
freft ear 21 errafaa gerer w1 fre ) g2 smgfa o faw, @' g@et dig
TR R &Y e 21 ok fawe 1 Scafsid gelaell &1 S=aad fas s
q Hafd 2
eV, =-muv2_ =K_
ww fifYed emafa ([echt emafa) v, & D S oeg w0 eifuae 7,
YT fogd ScafSid el 2iar = Smafad WehteT i dierr fohat o stfersk =i =
&I
Feafaeh! T-TagTa gehTe-foRIa YaTe oF g @I 1 e e Y el
ST faferor | Sl o1 Hd SteRioor 1 fosror K dierl 9 T, v, o
e 3 30 Ufshan shl deeaiivTer ehfd shi SAMEAT el oY WehT| SMERIA A T
AU 1 AT YL h HIH- =0 o TR W HT| TS TR THhTR, Irsit
o fafes tehel @ o1 2, 5= Faier e1ere Wiei ed 81 Yoeh IS shi ol
E (= hv) 3R "7 p (= h/A) a1 2, St fof 3afad g 1 a9 (v) ®
el ed © g st e W R T w1 u1g o 7% W Yo T St
T TSR o g WIeH o Yeeioer ¥ gl 2l
TR 1 YhT9I-foe]d THiehor St GRemT o & rd @ o ff omg o
W#mﬁzﬁm@wﬁmm%lwmmﬁ%mu@ﬁ)
FIH-% (hv) T @& €1g HE-Wer ¢, (= hv,) o X o e Bl 2
%mvgﬁ=V0e=hv—¢0= h(v-v)
T YohT9T-fore[d THfehtor | Wehrvi- o wore & geft oiero Y ST B 2
fafetera & germ IfR[s gehT-foed Aol 4 sEwREe & ehml-faga dHie
1 G fopa 3R wish-feemisr (h) o Fened WM i wiw fopann| 3o Mg
BRI Yafdd Sefeareh i fafehor sh1 01 sferl Wier uit (Fohfa) wiepa gaml
fafertor =1 & Tl eI © : 90T 9 U E & Wey W g8 Feifa g ¢
TET SAUE HU o &Y H UH JAM o GRomg i g9 o fau gaffies suge
2139 ok o Ty for fafenor qen uief wepfa & wufia §, ofeq < vl o qare
(q=Ted U)W A G AT Y TR fqw el @ S[E @ i
w1l T SterE el WA Fed 2
e o1 G Gefed 2 sitel Wk (1) 39 G p ¥ 39 YHR Fefud ©
A=h/p | 9= 1 54 2 Sitvel Gaw, Foes @ Gehe (1) SR w1 Hehew (p)
gftnfed €, o sfafits 21 < dielt aresd grel-ohv1 o a9 a0 SEh! Fehia @
s 81 98 Wefehdl: shad SU-THIUa U, S — SR, qrerd e
(37oh SoA™ AeIfd AT &1 @l o wRU) o faw & uimg (frea o
THUST HHAA o o= i Tl T HIfE A1) T qefy g oared H S L
TEget o fory s W gfdted steq o fierdt @ ok 7o w1 e e
faetpal sTe 7, 5igd sier 2
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Wfeer wdlew  foud U fewmit

Rui|

ik h [ML>T -] Js E=hy
feertien

IRAEED v, ML2T=AY v eV=K_
faga

- 9, [ML2T2?  J; eV | K_=E-¢,
e

et v, [T-] Hz v,= ¢,/h
ST

3 Sifreft p) (L] m A= h/p
e

faemona fau=r

. ol o o g soiei 39 o1ed W g ® foF 9 ug o i U feer fave @

faia TAAH i © (FE ohael Tk Hieehed )1 A g o aTel e ok fog
e e Bid 81 3% ¢1d W aEl 9 ok forg sAfafie st 1 SAreredehal gl 8

. freht ong ® @eft goa solaiAl 1 Sl guE A B R T SR o stopet &

S, T ST T 919 W SRl 1 b HfvEa Sl foaeor g 81 ¥ faaor 3|
g Hagee faaor 4 fr= e @ T8 ey el & wfas fagia o eremaa o
Ug Toh &1 T Ud W 1Y 9% o ISRl | S, W faidn w1 Gee 59 qe
W 2 fop golae dielt o 3TTerSi o THgId o1 STEOT Hd

. Torelt ong & o setaeiHl oF ol foaeer o HROT, o ¥ 9eR 1M o fore seei

o g 3TUfed STl 9= Soieeil o foe f9=1 2t 81 S=aat STl oel SerareAl
F1 H1g AR S % A FH ol Al see w ger ¥ F9 st s
T STETIH Bl T FTE-Ho o1 H STex e o fou ot o & gM
e =Aam St 2

. ehI-Targd W W Wit WA sherel T8l SAdted & T %07 o Wi Yo

31 feman | STl <Rl STESNOl hy <1 fafeed gehreal & e 1 I8 foctgpet €1 Qar
e & GUE e 2 o YRl U %l ¥ o © T gk & Sl hy B

. TR fave o geror (sHeRt s W eafeiar oIk ergfa W fsian) gehmer-faea

YuTe o -l 3R WwieH-fasm o g fofaes fasesie 21

: qax=%éwmﬁmwmd—mmavﬁsﬁwsﬂﬁaﬁaw€a%,m

FA-AT v, B FE HfFE Tew@ T& a1 &1 qofd, Tl B Ao
ifqerdar s1efqul 3 ofR o1 o T o SR BT T
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

11.9

11.10

11.11

fafer¥or 9o 5 &t
50 Fepfa

T

30 kV ToiaRMl o gR 3o X-fRo &1 (a) S=aaw egfa den (b) fretam

TR YT HIfery

Hifsrem 41q 1 - 2.14 eV 81 6 6 X104 Hz g 1 Feh1l €1q-J53

TR 3AMfad Bl €, Selaeil ol YehlTeh Scasi eidl B

(a) SEfSia seiael &1 Seaqq Tfas e,

(b) FREh faua, s

(c) ScafSid YenTyTeh Sciarel ! S=add =rel fehaet 272

e fafyre w@m o genrer-for g &1 3fqeh Sieedl 1.5 V 81 Scafsid FehliiTeh

SeR Al 1 Ieadd TaS e TRl ©7

632.8 nm T 1 THUT FehTe1 Teh Eiferam-Fa e & g Se= T

ST 21 Sedfsia i 9.42 mW R

(a) YT o fHU-YS | U Wi HT Hel aul Helll Y SHiferg,

(b) =@ Freo-4s = g1 fafewfia ferd wted = eiead T wiei ufd e
TEHN? (T8 g AT o fhTor-4e i STIE w1 THEHAM § S e ok
ghe ¥ %9 ©), a0

(c) U TGS TLHTY] ! Wi o sRTeR HaT W i o fag foraet oF =mat
H e ghm?

TeRl-Tagd U9E o T WA H, Y9l STgfa o favg siaw dicedl i g™

4.12x 105V s 9 it 31 wieh feerier &1 A qiepfera Hifsw)

fepedt urg w1 <Eelt gl 3.3 x 1014 Hz #1 3f 8.2 x 10 Hz 19 1 Fahrl

H1q W 3TUfqd &, @ Fehrel-faga Icds o fag sidw dieedr 9 shifsu)

fopelt oTq o Ty hr-wer 4.2 eV 21 1 98 91d 330 nm TUIeE o s

faferor & fere yermr-faga ScasH <m?

7.21 x 10" Hz 3gfd %1 Y9l TH UG-8 W Adfad 21 36 76 9

6.0 X 10° m/s & I=aa8 Tfd ¥ Soie Scafsd & ® & geiae Al o kel

S o oy Sgelt egfa w22

488 nm TR 1 YehTe1 Teh AT R W Sea= fepan e 8, o weprer-ferega

YHTE o STANT | A 1 81 56 T S H -3l o YeRTel i Scdsieh W 3fdfad

o STl € d9 YehTiRTes Sorarial o1 e (3faeh) fawe 0.38 V 81 Scsish ok

1o} T HE-HEA 1A F

(@) Tk 0.040 kg F=7|H 1 9ol St 1.0 km/s &1 =1d 9 =t @1 €, (b) Th

0.060 kg Se7|M &1 7ig Sl 1.0 ki /s &1 =1et § =1t W 7, 3N () Th el-H00

STt FemM 1.0 x 10° kg 3R St 2.2 m/s w1 =1el ¥ SiHd 81 @1, &

3 Siireft aiesd fepe @im?

Tg quifsy for Sgagata fafemtor &1 quresd gaeh Faien (W) o aues

& FUa B
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W 1 2 12092CH12

I G M, ¥ S

12.1 e

I=EEl TSt deh Y1l i TRAET Ufieheu of HYA H hItT W& UhHAd &l
T 1 T 1897 | fefew difqenfasi SE® o, oA (1856 — 1940) 7 & &
forga faas warm gro 9 foran fop fafv= qi o gt o sufted womers
AR Goesh (Toiee) Tt WA & fow quider e ?1 qenfa, ) e o
A T W I e 2| T, S o R eRT ) e w @ fag
T H oS STAY ol STevd g1 AfeUl Sfehd AN § AT STeR qefl
T Bl R 1 §7 W VSR H, WA FT GEE 4 72

U9 1898 § W, W, IHEH A YAV 1 YSeN Hied YEfad fhanl 39 wied &
STTER, TTHIY] T & S TR H quian Tehee &9 9 faafia @ e o erefv
Tolae W dih SEl Wb fd Tefyd & i ferdt aeast | <fiel| 39 Higet i feme
w9 H @9 GfET Figer el T quify ] % fave § o5 & ererai 3 S fa
79 A W dfld §, 7€ <9ien TR A0] § gl qel ue STeel ol faeRor 5|
Wi Aied 9 ogd fa= R

T S & fop weta aied (S e ga) e 9o W gl adl ) dgageshig
fafertor Seafsfd e & e srer qaresal o1 Faa faawor foemm e @ saify st
et o= et €1 =18 e T T w1 fafertor wArupEt e srujet & <ol % R
Bl €, Sl Yeieh URHIY] STl 370] <Rl 39 T o WHIEH A1 SAuEti o |y g et
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== forn 9 Fafd g 21 swer faudd saren o 74 &)
fertfera i gr1 Seafsta wehrer steren fereht dradia et o ferga
IS T, S8 e | S1eren YRS-arsq Yehie | kool ffye
fafae qreed et €1 eh TagA o =wmehicl (@el &1 T @t
fearé &t 21 U T § st % qe siadel A g 81 e,
Icafsia fafrtor, ST STean AUt o &= ST fohaneti ok
RoTHEEY T, dfeen SAfteTa WATTST & RO 1 S Hehdl B

el et o URY € I8 Tenfud g T on fR e
e Scdfsid fafertor 1w sifqenerfies Tieed g €1 ST
o oy, eEgieT TagH Hed {@sl %1 Uh S g g e
Y@nsti ok = i e fefaat fHivea g 81 5 qe 3 T
THIT] 1 Sfidier GTEAT SR Y Scatsid Tt o e &
e =f e daY &1 SR Hohd fohdll ¥ 1885 H M Sidhd aFR
(1825 — 1898) 7 THITHY BIEgeH | Scdfsid (@sll oh THg ohi
il & fau w W srufas g3 s fman J sEgee
T HICqH T el ©, B THeh TeeH 1 39 e U faen 9
ST H|

Sl S, IHEE o Tk A7 W B e Tle (1871-1937),
Fs feafra dal ¥ S@fsa Teh-H0 (o-hoN) T Th TN
FE I | A Y G BT S0 HH o6 folw 3= 9
1906 T TTAMRT §RI UeHT-HUN o Yehiv & Helferd Teh Ferfasht
W e R T YA o g Uee 9 1911 § €9 MR
(1882 — 1945) T 3T HREA (1889 — 1970, S 20 IHA
BH 4 qun fo=iA o1l T 1 SWfY off Uew &l i o) A
fopaTl =% 12.2 ® TEe! fa@R 4 oI &1 T 2| @k
RO hl AR 3 T o TIHIS & TR Ared ol S =
(S8 gewr9] o7 119 Higer it el STl 8) | 38eh 3T @R, fendt

I TS (1871-1937)
efidie o S, 37t fifaRfemm
foein Aeaiufaea fafemon w st
w1 fwan I=iA TewR-, wd
Ster-forotl i @iet 1| g Tiet
& i 1 L SR AT
=1 snyfes fagia weqd forem S=i
oifem o e arel fafewon =1
FEgq fopen foder aRomaE®q
fifepa 9 oA #1 @ g S
e 1 gL ?1 gqt o1g %
qh! W UehT-fopeon o FehIol &
IR YA AT i @il
IR WHM] k1 YT Hed T
foram s=ein s o |fere dree
T STIHE ot e
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T foq=1-fo= wifremarent @ werifofa g @ (Fom
/ 12.4)| (f&st g9 o |eft *o1 &t T gHE

E—

34
b

O T Y+

1

forx 12.4 fFEt ar&t vk o paArd & § TEhI-SH01 61
H&T 9| g WSl b 3R FHIOE v 0

294

fast St B §1) @ <@ T ? R a5
qHg ®E UCH-HU (HT b U=d) Afaw
yeRIfola el 1 el T k1 feorfa ® gy wree
[AAH € 9o Uehl-h01 W 1 3R gafere e
2 (0 =) HWuE WE o Afus A o T,
T~ 1 ST Aferferd Teal & qen faei aga
F9 B 2 (6 = 0)!

g qeA foh 3Tafad ol § | o Th Biel

i fomt o <wife @ 2

AT € THUHT TG Aledl B, T8 Gred il @
for ger dug & feafd § 19 arer tew-on
1 W 9gd F9 ¢ T 9 e € fR Aifaw

1 SHHM A1 YIS A 9gd B I H Hohfad 21 30 YR TWIHIE TH1vi

Tk o WES H STEHH A HE 1 Tk VTS qET 2

Jarevor 12.1
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T ™ 11 § < Sel ol YReheu T 1 TeeH fhan o fSwe
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& wreed, e ¢ ot quie wem w wresd & aue @ o=
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o1 12.8 H fortlt IR hell W fS@en fitn = 4 2, Tk 19w 6o a@ geiih
T ¥ TH WER, 2nr, = 44, Sl A n™ e § iR i g el i sl
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@Y 2
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2.3 eV sl St ferelt qeem] # < s W Hl Y T 31 | ST fefertor
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Fretae sreeen o @M Tk SESIST WA T IS ol STasiiid il € S
T n=4 TR T SU T 3 &1 B HT qREd qe1 g A6 wife)
(a) 9 HiEHA HT ITAN Heh fhdl TRGH WA H n =1, 2, T 3 I W
AR T A YRR hifSUl (b) 390 ¥ TF &R o fag swafta eafy aRefaa
FifsT)
TGS WEY] A AdtdH goa-shel &I BRA 5.3 x 107 m ®1 e
n=2 3K n=3 % Brard F1 27
I o Y W IEE EEGeH W HHEl 12.5 eV i geie[ IS i aHeaR! i T
o et & ol IS B I?
TR Hied o ER I & @R AR 1.5 x 10'' m e & wan ¥,
3x 10* m/s o Hefia a7 W Uik St geat &i sifaenaifores Faien ¥&a 9
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13.1 yftem

el 31 ® T el © R Yok TRATY] T ST SIS elehl S8k hy H Tehfad
Bl W € 3R TRATY] 1 A9 S B A 1 pod g WA ok TEST i g
T Th! HH Bl 21 Q-0 o Fehiv Heell YA A U€ wefi fhen € o Afues
1 o, T 1 B &1 ge § 10% T4 @ oft % e =ifew) gwen o @ fm
ek o1 TG TCATY] ok 3T o 10712 T4 o o9 1 SR 9Is8) | e al CAT]
H srfurshierd: faa T & 21 9% 1 TRA] 1 WET TG FEl F IR ok IR
# Tl Tfes zad T o o 9 o wree o1 e < qenfu, WAy ot e
Gt SoTHM (99.9% T eifue) iy & € gHifed g 2

TCH] 1 G o FHEY 1 AMHE H1 o B = 22 AT U@ R A sHeh
e -1 €2 3 WER o6 YR 2 €2 39 A U eH W WehR o el oh
IW @ISH 1 FAE 31| §H A9ehi o faf¥me o, SH—s7eh e, A0 el
i 1 == o WY Y Gag dednfrad, faged @ Hopd S afae
e i ot foeem

13.2 UIHI] GHHM T AT sl QLo

AT 1 FeAHH fheiu™ i ol | 9gd %W Bl €1 SSEl % oy, e o
AT 1’C T SSHM 1.992647 x 102° kg Bl g SISt URME 1 A ok forg
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feheim agd Gfaersie A el €1 3Td: AT SeTHHI ol o hid oh oIy
SETHA 1 Uk = WISk WA {1 1| S8 W 1 URHIY] SeAH HI (u) FeEd
E1 THeR! 2C WA % FHH o aNes 1/12% 9 9 e i 2

37d: T TR & STER

2C AT kT SHHH
12

lu =

_ 1.992647 x102° kg
12

=1.660539 x107*" kg (13.1)

Y] FHE AE (u) B e & R faf= adi o W] soomM, SRgieH
WHY] o ST o qU1 TS ok e UIT ST €1 W 39 T o e geEeed
e ff ¥ S % AU, S 1 9E] §eHE 35.46 u g

TRHIY] SeAM ol ALY WO, FoHH duishEardt (TeRHIe) g fhen S ?)
TCATY] S o HIOA § Al werdl € foh T &) qed o fafie YR o T aeEme
o1 e © TSer TamEfes o1 § SHE B € W 3ok Sl | S Bl 81 T
& q HI Gl WA gt TSeeh STl § STat eidl €, HEHe HEeldl ©
(A 9% ety b1 ored T W wHeenfren €, W@ Am 3 wHfere e e @
Fifer dedll w1 3Ted AR § 3 Feft T & M W A S ) | 9 G g e R
Seoleh el IO &Y ¥ hs HHeeht o1 o 21 fafa= aeeenfenl 1 amer
IEAd A SSei o GTY aRed 2l

IR & T, FAT & | GOLte § 5o §99F HuY: 34.98 u T§
36.98 u ¥, Sl foh TESIoH WA SoadH o gl Turel o Wi-The B 1 57 qHeet-ien]
1 WU SEerd HHY: 75.4 T 24.6% T 39 YN, Whfdeh FAI- AT
ST 3 HHEehT o1 YIRA-371Gd €1 37, Wiehfdeh Sl qHTT] <l SodM,

_ 75.4%x34.98+24.6x36.98
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& A € S SRS 1 AT S B

Tl q% Th Wad ecieh acd eEelSH o i i wwedtes ® fSer gerHm
1.0078 u, 2.0141 u Td 3.0160 u €| T8 BIeh BEgSH W] et dmder
agerdl 99.985 % ®, ol HIHeh, W Heawdl €| Teh FeiH i Foq9H €,
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g TEEGISH THT] o FAAM 1.00783 u H W, TUH fo=MM T Toided o FoadM
m_=0.00055 u FI ¥ ¥ W SHHM o SR Tl TGS o SO I THeenfeh
memﬁ%lmﬁwmﬁéﬁwwﬁﬁﬁ
T S SR Sk faferEl g wEmeenet @ ffifa fy S ?

s & o SEY WA %1 & B B1 W W Tkl ot A9 gl § R T
Tl 01 81 Yee I8 TR o o e o soieei[ B © W e fagid W snaia
Teh! o HRUT T H=IT i THR &2 7| fonedt wemm] o et seiee SHeh s
o STET BId | W WA © fop forel O] o AR o Wl 59 goiel hi e
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Yok TR Al Z, o e il €1 37d: TRAIY] | SelaHl i el STET (—Ze)
3Gk YR o el AT (+Ze) & SR 2l €, Fifeh TCAr] fodia €9 @ 3IEH
B B1 gHfere forelt wam] o Tifwes W Wi ) W, aead: Sl IRHTI] ShHieh,
Z =t R

LT & G
Fiifer ggifiam e Efean srgnm o & et 2, T O yoie o A
o TH UM B =1feq| wifrd BrEgieH, SYARTm Td gefeam o Afenl o S ml
H eud 1:2: 3 71 z@faw ggdifem ud gefeam o fushi o e & sifafie
FS WA T ol AT AW 37 FHER] oF AR H faedE 3| rifase
T I U I GEH-SoAHM o WIS H ¥ i ol SHHY: Tk TS & W
o T Bl 1 98 ded $ATa hial © b wRwmveti o Afien] § Wil o srfafie
formm wH aren 98 I]EH $A ol Th qo "Ee o U o &9 H OEl OBl
21 39 gRemed &1 gfie, 1932 ®, S <efas g0 & T =M <@ S
Sfferom TfgRi W Tew FON (Tt Fu1, Eferm g B § e fawm
o B9 3T S9N W == 1) HI SBR H S €, o 39 5w S fafwo
Scafsta g €1 g8 ot arEn e o 3 serde fafwtr, €iferm, e ue e
Y T AR ¥ THTRT ITY YA ael e 71 39 Y 9% 9 U
e 3 fafe wie[ (foga gaenta fafewon) 2 <) s ©@ Fom weeo
fradl &1 JE w3 W gda gen R Ak I 3|7 fafewor wer % .

Ed
B @ AR el 3 fafeRwon w1 gor ® Sga At Bl s dIRfeem Afyent
W U N HT SOR 9 WC B &1 T G o g 1 g, o wefaw
3 GdoSHE €1 9 g fRA, 39 wouw ¥ uWifed e fF SIdw fafeon #
Th U YHR % SIEF KU B € N 2T hed B el Ud Heml G
e 1 ITART A, I T AT H H FATH T FH § TEHAD WD H,
59 9o o TME % T ek U I

e TH T H1 FEH STcfus FAeiefal § Sd 81 98 €,

m_ = 1.00866 u = 1.6749x10*" kg (13.3)

L H W F fau defaw #1935 & Aeed [WEER ¥ gEifa e
T T g WM % fawia TF qe 2 swerl g 81 aE T Wi, T
TARA T U Wfed (379 9ol 601) o &9 H efdd g S g1 sEent sied
A @MHT 1000 s et 21 aerfy, AfHw % fiw qe wowEh g 2

a4, ﬂg‘wﬁ = freafafea uef e Hord fogl 1 SUA wieh THHArE
S gehdl 2

Z - TH] HF = YAl i HEA [13.4(a)]
N - =ZH &1 = =2l Sl GEA [13.4(b)]
A - SEH 9= = Z+ N

= =eHl Td UMl i Fal G& [13.4(c)]

W Td =2 % AU faerard sk w1 st swEn fRar W1 "eRdr ®1 e
forddl T § feer GEm Sl S H WE A gl Rl

foreht Mt wonfa =@ Tfas & Hord o8 4X gR WRRfT fFn s 2
SRl X 39 g w1 qOEtie o 1 SSeRw o fou, w@ui-Afas i Hekd
197 Au BRI FEd A §1 T 197 JfaeE B § S 79 W T 118
2 T Tl
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wTd B Hfeh, THENeh TR & selaieh fome WHH B § SRl THEtTh
aer i TH S B € SR sEfin SRl ofed Orofl H wh @ wH W
@ S 2

W gt Tfvs e some 9@ A 999 Bd § GHYRE dedd B
IR, Af9h SH T SHe HHHINS 2l Q@ Tifyer fSeRt =I2iM S N 99H
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S B 1A 12 | 3@ ®, WIS o8 Sl Asfiter o e A Aifves o
I &1 IRERETT T T il W{IHIS o6 Folld R IR Td Aded 7 @l &
Feh T UTHT HUI o Yehi0H § Hafed Ufag TarT fowam 37k Jar § I8 ¥ gal
% 5.5 MeV TIfdst 31t o UeWhT S0 i w01 AIfaehi o Feherer wga 1 gl T
4.0x 10 m e @ B WA F o -H1 o YRV I ETIEE 3 I8 THEH THAA
o Wehivi o fTU Shael Fettm 1 Ffasyor So & STRarE €1 <, SFHs e
aifsr o ffed gran €, ek o1 arafaes @8 4.0 x 1074 m 9 w9 g =)

I 9 5.5 MeV § 31f¥e® el o o -0 FAN H Al 4k 0 AT
o freey w9 # S0 I FH B el iR a9 YHvH Stey W AR
Tl ¥ yifad B o oiR T@IE gN fRU U qfteerl @ 9w WH SEd
S| RIS o IR Uehl HUT TS Tl Aif9sh o ¢Fee Jod ol o
¥ @ Gl YE hel WideRtul od W oeneiRd €1 9 g0 o g e W
EIHIE o UReherl § M Ol S TR EH oW €, WA Wigs o o
o frerd feen ST Gwar 2l

T YehIUH TN Hch S o- 0T oh & T e 7T Seteel o1 fafa= aal
& W DR H T €, T qel o AR g ST aRgrsa 9 9@ fhe T

I U@ T TR A SHHE GEAl o AR i B o

R=R A"? (13.5)
W&l R,=1.2% 10"°m (= 1.2 fm; 1 fm = 10'°m) 38a1 o1 2 & s a1
A (S R® o SThAMI €) SeawH W&l A o STHHMId! 8idl 81 37d: e
1 ¥ Ta B ©, ateifa, |l e o fow gment 7 A W R @ e 2
fafa=t e 5@ o T o 59 %1 95 H WE B 1 AMARTT S F1 S
2.3 x 10 kg m™® o Wi=Tehe TIdl 21 W IE1ei ot Gorl | Sl o1 I | wgd
Afrer i1 8, S Sl o felq =l sharel 10° kg m €1 Bidl €1 39 e i @
T guen ff <1 Ul 2, Fifh TE 70 TBd & 3@ Ioh ¢ b ) rfurenier: i@
¥ o e 81 g et @ oW gor o €l 6l | R e e 2
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3dTe0r 13.1

33lgul 13.2

IITEIT 13.1 AR o T14F 61 TSI 55.85u T A=56 ¢, THH] AMTHT B
AT Hifg|
'A

m,, = 55.85
u=9.27x102% kg

T 9.27x10%° 1
AEad (@r/3)(1.2x107'°)° 56

=2.29 x 10" kg m™
M IR (TF Tl ikt i) | uared 1 o 50 ¥ & W9 qeria g1 98
Tuiian & foF 39 AR @ %o 39 € 9ok Seiifed & T ? R eH R W u ae
Tfsh *1 WE FIeR H €l

13.4 THUAH-FSA qT AR S-Sl

13.4.1 SHH-SSl

STMERTEA A o9 fafdre smufierar fagid o STUR W I8 <3 foh SHAE 1l
& T o0 w9 ¥ fafire smifirear fagid @ Teel 98 A S o fo feRdh sifufsman
H S T Sl STeTTT-3ferT Terd B €1 T SR 3 T <9 foh e shed
Foll o1 THU B & S EH S-Sl 1 Foll o 317 B, ST Soff §, TRt
F GHA ¢ a1 foada g srefd S i gorHH § wuidid & o g9e 2

THeh U SEREA 4 S WG SoqdH-Sel Gogedd Gay o o8 2 ¢

E = mc? (13.6)

el E, So9HM moh THqed ol & Td ¢ et o Tehtet o1 o € TSt wieene
T 3%x10%m s %I

IR 13.2 1 g T oF AT o1l bl GRep{ed ehife]

'
e E =107 x (3 x 1082J
E=10°%x9x10'*J=9x 10%J
9 YR, AR Tk T U=1ef i off S ° TWaRa o S af s99 Fei i fowna
e g Bt 2
STERTEA oh SHAM-Sell qa i UEfith gfte, =gfererail, Tfeehi, seraemi

3T B & H @IS T FU o o g drelt Akt stfafwenstt o eteH o wl
b1 21 fordlt erfferan & il geeror fam @ eifvrg © fo aft soqmm @ dag s
w1 ot gRererl o wftnferd w @ grfies Sl Afad Sl o SUE Bl B T8 Gehe T,
Teh! T IREARE T ohaneti Td AT SAEl 1 99 o faw dgergul
21 TS S P AN B forvE—eeq B

13.4.2 THRHIT FqT-Shall

AN 13.2 | THA <@ ok Toer =2 Te Wiei 1 & 21 37d: ¥ sTuferd § fm
TfYTeh 1 SATH, SHH 9= =2l TH e oh SSHMI oh el AT Tm o e
BN AR, TR SHE M, 989 Tm 9 FH U S 81 S0 % fau, ST
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%0 I | 399 8 Wl W 8 =g 21 e,

8 =ZHI 1 §HAH =8 x 1.00866 u

8 Ml &1 FHH = 8 x 1.00727 u

8 TRl sl SFHM = 8 x 0.00055 u

THfey 180 o f9eh 1 suferd 59 = 8 x 2.01593 u = 16.12744 u

T SUIHHATH o T R W 80 1 A T 15.99493 u Bl T
Y 8 Tl 1 FFHM (8 X 0.00055 1) MM W 160 o AWk 1 Yl a
15.99053 u #l

3q: TH U € R SHISH 160 A T FHWH, THEF Hehl o Pl FAUH
¥ 0.13691u FH ¢ F o SHAH TS UG HUeh] o §ATH & 3R AM, i
FoTq &7 Fed €, 3R TR UM 39 YhR oA feRan Sl €

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

sAaH-aifd 1 1o 1 22 A W SAEREA F1 SHHH-Sel qagedd fagia
T gftret fomar 21 <ifeR, SHeRAST TR 1 S ST SI2shi o ReH oh AN
(erafud staeen & 8 Wl Ud 8 =J2i 1) W W Bl §, SIS M 1 GAqed
TSl Heh SIS 1 TG Sl o A W HY et | AT 3T SfeRdieH e
H 8 UMl Td 8 =gl H fowfed & =© @ el ¥ sifdfem e,
AM &, 38 e 1 Y& HTH! BT $hen Qe T8 el E, , SeqqH &ffd
¥ frefafad e grr wefud it §

E,=AMc (13.8)

IETEAOT 13.3 T WHY] SS9 U & GOged el 1 91 U8el gt 3R fi
MeV ¥ J1d SHIST| S8 TN ek 50 T 59 &fd MeV/c® H o4 Hifoy]
&
lu = 1.6605 x 10" kg
THH! o1l o Wl § URafid Hid o fT B0 $Uh! ¢ @ 0N %id @ TS UM ©
foh 3ok
TGS S91 = 1.6605 X 10727 x (2.9979 x 10°%)? kg m?/s?

=1.4924 x 10'°J
1.4924x107'°
1.602x10° ©
0.9315 x 10° eV
931.5 MeV
FUEl 1u = 931.5 MeV/?
50 & faTw AM = 0.13691 u = 0.13691x931.5 MeV/c?

= 127.5 MeV/c?

- 180 1 THF Tew! § famfm w1 & fau sevasw s 127.5 MeV/ Rl

IR FS =Ml T YIHl ! qE-919 ke, Ffv= eew @ se9m™ aen @
THE SR WY q3H YR HAE, S JoK MM TS FS AE, AHE H 311

€°€T lnr2Ibe
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FYT-Foll FEAl 21 afe 'Y TRt e o AMHh-H0l 1 S-S HE
B @ BH 3T N Hl FA FHell E, T HG BT T AAE HI EH 3H TR
e T whd, et off, a1 deA-sei g i Sadt & 2 T fee s
¥ fererai WeR fardl o=t @8 ¥ WS B AAE o HUN k1 e vl bl
T R eifus SWER A9 Fya-ger gfa fEra, E, 2, o fo Tifaew =+t
qeA-Ssl, E, T8 399 fagam Ffeas@ &1 5 A %1 g 2

AE, =AE, /A (13.9)

TN Ufd i SuH-Ss ol UH AF "ehd © fh g feedl ifwes 1 gEen
feastii § gdrd w3 & fou srewas sigd st 2l
o 13.1 ® 9gd ¥ vk o
10 faw ufd feeriT se o=t E, T
“C e E o 3 121’\ N 107 2387 1 WWA‘&WWW%'
/\(’ ° - | 39 U% ¥ ¥ fmfafaa @em
2N forgie gftem=r B & —
Sery () Head geH M gt (30 < A
< 170) = fou, 9fa —Ffeem
i qUA-SS1, E,, 1 A @RI
2L2H w9 4 foa @ €, steid s
I o @il gRafda Tal g 2|
0 50 100 150 200 250 WA=56Q;1\TTQF’WWT 8.75
SAH HEAT (4) MeV &1 SIfdaq AH T§ A =
forT 13.1 S99 9@ & %o o ®9 H 238 & T 7.6 MeV S¥iidm 2
i fererai S-S (ii) BIp TR (A< 30) T 9
feht (A>170) 3 o g &t
E, &1 A HeHed G SHHIS
o IRl i o | STUehd
4 2l 2

gfd =IfFAst 6 Ssll (MeV)
N

79 YR F1e frehel @ oge Tk €
() o ot TR § d Wi R $5 MeV sivF Sa i o oy i Heie €|
(i) 30 <A< 170 % T § SeA-Foll ! 3=l 36 94 1 UROH ¢ foF 71T
T o7 WIE Fc7 B B 1 9 ek oh iR feera et i@ W fomm whifem)
T 3T UH-USHH o hadl 31 Faasil ° gIfad s S 39k AR 9
o URER § ot €1 Ak FE o feerat 5q fafre =fiea o iyt 99
o IR @ eifush g R 2, dl 7 foamei Aifus &t S-St 1 afe o
yuifad & wom A fed wifas o Ty oo & 9 § eifeerad p
=JfFeTar Bl Thd B, Al SHHRT SHF-Fell p oh SAHAMTA et A6 for forsht
TF HT S-Sl ph®, & k Tk Fadis © et fommd o€t € St St 1
Bt 1 379 AR g Rl ol WA SRl A 1 W S, ol 399 e o ofia
Rl 1 TF-Sell Il &l Rt ik, foRdl o € Afwes H sifteRim
feeri e fiel Ted T 9 T3 Y ST, R kT S-Sl W AT I
312 e TAE 0T & B I A SR sA-S e edt § 3R swe e
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M pl o SRR Bl €1 A9t 1 o8 07 Ffdeh SR i e hafet 210 fahe
o e bl & Teler el €, AYFIT Tl T g o7 HEeHar B

(i) T offerer W IR, S A = 240, #1 ufa i SuE-Se,
A= 120 % TfYF HT I H 9 Bl T 3T, AR A = 240 T I AIF,
A= 1207 T Ty ® Z2a1 © 1, 370 fFerar sifue gear 9 uieg i e
it e € o 29 wiean o St fomer Bt 98 fage g St fae 8 i
el HremT i Afrersd war € fomes fawa § eq e 13.7.1 § ==
Eaull

(iv) T HIFTT TR ) goteh MWF (A< 10) HaAld 2ot Teh 9/ AT oA 2
TP B o1 39 9 AR 1 Ufd =feerdi SuA-Sel, goioh ATWehl i U
e e St 9 3tk €t €1 Rt 219 g g ok sifem Freerr o mor wRfue
e 1 gor o eifuss Sgar o sfua €1 78T Gorg 1 38 wieea o ot ol fagea
et I g w1 St 1 G © fomer fova | ww emgam 13.7.2 ® == w4

13.5 TR oA

e o S TRAT] H geeeEl wt 1fa fafa s @ R guikfea st s 81 e
13.4 % &0 3@ T liga so9mm o s o forg wfa e S-St o
8 MeV & il TWHIT] 1 SeA-Foll ohi ol o agd Afush 81 31d: =19k H o ol
TER Y W o fau Tk T SRR o wifeeedt STy ool 1 STavasdl 21 I8
A T A YfRTeel 1 e o (eI Uieii o ofte ol gfaeRdor ael
Y aAfueh gl Bl Wel TS =gl I i AIfYe o g&H oTEad |

Y 7@ G| BH I Ted € 3@ b € foh i feerd sud St w5

=T 1 37 Sl 1 oY TE Yeptd © HHS S Hehel €| AT o
T ocl o F AT I Haw § = K @ ) T 9= 1930 §
1950 o d= fehy Tu fafe=1 =i g Wi gem 2l

(i) YeRTT e, STeEN o did O dlel Shalid 9] T SeaHMl o o
A ol TeeeehtUl el i qoil § Sfcafees vifeened el 2l

fearfast =1 (MeV)
SN
——)-/

Yfaertur del T ST T B 21 9 st Hwe 81 U ©,

TG S T F, AGF F AR e o A= T AT el k
100

—

Hifeh ATRTT oA Hed ol bl gorT B FAfw goed B € T 2 3

e Y] §ie Al Shelld ol &1 gl | o 37eid et gl 1

r (fm)

(i) AT oF o= T TR FS HRIMIR ¥ A A W 37 di = for 13.2 T Tifwewa g
T A ATED T I Y T Y A I TE B, Sy (0 Tl ST A= e
Sor o W F AR T el 5 Hgd’ w5 R on e & 0 ©0 A ¥ S g @ A
orereh TROTHREEY M e S e @ ST S e o E T,

o1 Terfast il 3R 3ok sTe o1 50 © Heiel 9 aell U STufiehd
s o 13.2 ® SRifen T 1 e 0.8 fm W feufrw
Foll T HH =AdH BT 7| 3HRT 1 g gan fon A At % o=
U 0.8 fm U 31ferk il € A & et SR 9 B § W 0.8 fm
¥ w9 g o g 3 wfsmdor 9 e €
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—
1
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(iii) =[SH-=IH, =H-TIeH Td WeH-HeH oh sfie o alel Aehd 9l o1
T URA o e & AW o faga smae W T2 )
FAm o a9 S1ee e o e g &1 Aifq i ae w1 wE WA

it w9 & 7

T WS = (1867-
1934) Teig H S

¥ team faeftl 1896 # T
ohte gR1 eanfaedd #1 @iw
I A ok 3 ufd frer ol
IR STHYEl TS favemon &
fere ufka foran, fomeh woraey
Tai— eom W@ wetEH—
JAFRRLU] HYT g o8 YeH
At off foe 1 il qEEhR
U §C : Tl 1903 | sifaent
& fau ok g 1911 ¥
TEAfeRH o fou)

13.6 3Ifsaufeeaan

eanifoeaar 1 @iVl LU=, Sehiel 4 T 1896 | HANTEET 1|

Afiehi i g9 T W TORIOE w1 Flaeid TE

RIS I Y Sehlel J Wk Uk UREel @

PRFTFH-TR R Tethe o $ THEl W T FhTel SIeH & 91

ST 3T e TS H ove K 29 Yohe 3R wiemnfee wie

o o T TSt HT HST W1 T TR H3 5 9k WH & IR

9 TS w2 hI Sded R 7o 9@ I8 R T U wie

el o Tt off| 7 ferelt Ut =i o sRoT gan = S Afies

Y IcEfdd g2 BNft qen el & iR e SF 98 W

HIThe @i dh UEH TS B
. # fRU U yEen | g9 fo Feafeaa At

uftere © foew sremd Tifes afad g @1 39 eandfad o

FEd &l THA H 9 TR & feanfay a9 aa ©

@ o-&, foem diferm Aifaes (‘He) Seafsfa e 2,

() P-e=, fEd soEe s1emE wisie (T8 T e semmH
Al ol & SR E Bl @ W A9 Sk gl o
fomda i ©) sl & €

(i) -2, 599 I=9 I (100 keV 3@l 31fieh) wieH
Ieafld g 2
T Y% YohR oh &F T AMTH YT | fo=m fan
Sia

13.7 SR S

o= 13.1 9 9l T 9fq sty suT-Se E,_ 9% H A=30Td A= 170 % a4
Teh oS WU 9 €1 TH A H Ui SRS S-Sl T 3R (8.0MeV) B geteh
e, A > 30, 916t 9T T 9 9, A > 170, 9Tt 9T H, S99 Teed € <@
o €, fd ferAsi S-Sl 8.0 MeV ¥ A B A% de-Ssil 31fersk 81 dl 39 sifera
e S ek 1 el ST HH NN GROTHEEEY I i A el se-Soll
e Iy fhdt eAfte dem-el arel AIfYeh ® ®9aid o df el Sl Toged g
forelt Wi Afer o6 X A1 I W sife At soH el (faged) siear gash
TRt 1 foret Ol e o HeE (HerH) i gl | e @ e 2l

Reprint 2025-26



BIREY

HIFel Tol Uiy S qRufier Sl Hidl | Soerdt werEfTe sAfafemand g 2
el foqe B aTell ol Soiae diee i hife i el ¢ Stk fehe T
Ui &, MeV hife 1 Soif faqaa gl €1 o7d: 51 %1 GHH 9161 o e, It
Gidi sh1 37U 9T Hid el T ST ferer hid €1 SETedul o ferw, 1 kg R
o foraed | @ 10" Solt U Bl ®, SR 1 kg HE o <69 @ 107J el
e gt 2l

13.7.1 fa@s=

Urepfash eaiifeea el o ofean ARl W 3= A9 &l S Wie,
=g, TehT FU1 1 o YR | B aTcll AHhE Gishaet o & <4 9 18
EUEEICE RIS

forgen s Hewqul =g2H-URe AT giwan 21 foae & Smom: s ford
e gt 25y R =2 9 YeR @ Sl @ d 98 <1 AreAfis SeAHE

92

Tfyerta el § fawfed & 9 ¢ :

N+’ U 5 2°U - ¥ Ba+5 Kr + 3\ n (13.10)
7t foran o meafie geauE ool iRl & e g oft Sooe B W ©
N+ 28U - 2°U - 1°Sb+ INb+4.n (18.11)

T 31 3T ®
oN+ o U — 1°Xe + 55Sr+2)n (13.12)

3 foafed SaR Weanfres s g € oIk 50 a9 qoh B-2/ 1 %A <o
wd & 59 7 T oid § el we yrw A el W)

Pfram S e 1 faaea erfufwan & Frjs St (Q -7F) wfd foafed =i
200 MeV &1 Sife 1 el 31 THehT SMhe & Feferd i ©

T R TR TR B A =240 IR T8 A= 120 % < Gei ¥ forafed @ 31 @

A =240 ek o fow E, @9 7.6 MeV © (fo 13.1 )1

A =120 910 fawifeq Mifass o fow E, o 8.5 MeV 21

. 9fd feera dUF-Se i @fed o 0.9 MeV #1

q: S-Sl H el @ied 240%0.9 3l 216 MeV 21

forge w1 weTist i foeed sl 9gel &F-3cRl e =LAl i TAS HSl ok
®Y § HeAd el 21 3fd § T8 SAHUE o Fo ] B Sl SO o &Y §
Rt e S @1 e el | At foeea st 9 forE Seae g 2
T 59 U T e oTelt ged el At s faged 9§ € 3o gl 2

13.7.2 AR HAga-a/l | sl o7

o1 13.1 o <rtan v S-St oo T off <wiian @ T Afg S wereh ik e
Teh 3Telhd ol AR SAIG al Srell e Bl B1 39 iRl Wl AYHTT Gorad
FEA 2| TH qE F1 Sl foEes sAfAfmaet % 5w Seew ant fay
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'H+ H—2H+ e +v+0.42 MeV [13.13(a)]
*H+2H— jHe+ n+ 3.27 MeV [13.13(b)]
H+2H — SH+ |H+ 4.03 MeV [13.13(c)]

arfaferan 13.13 (a) ® < Wi e T <72 Ud e uifsrei s § 31k 59
UiRA W 0.42 MeV it Frarerdl €1 siffeman 13.13 (b) o 3 gg2 ferr ifersm
T TTh] TR o €1 SAffean 13.13 (o) H < <72 et w difesm
T JI T €1 o ok for &1 iRt 1 3o eifursh o o1 strevae € frad
o 37ep o eTRftid o wEE fYET o wE w | glelith <Al A
TS AT &, 37d: Sk a9 cheid WidehSUl Sl o1d: 10 Sholid Sfele UR
FE o e ggfad S e oTavad T 39 hold STeNid HY HaE awl U
AR T ARl w Bemet W AR wd {1 SR & faw, uw e o
T S Heha @ T < WieiHl & fT 9% StekiUguen (barrier height) SIS 400
keV B @1¥reh Seed ent o foiu sraivguen X off siferes =il fonelt wief
T H Y gRI Helld 3TeRiY Hl IR w3 % foa gafe Sei 8x10° K drd o 9T
& Gehdll &1 TH 19 1 Gfehe, G (3/2)k T= K ¥ K& 91 400 keV @ ™
ERIES ECCT

Fell Rl ITANT A 3091 hid o foQ TMfveta Head Ta-5e4 9 81 =A1sul
LAl a9 5H &1 1 2 6 54 1 419 99 qeh o9&/ ST S ek Th 36oh 01
A 31O AT TG oF HROT, Shelld STERIY i UR A FR S| 39 UHAT R arg
TIFTT Yoo Fed

AR o 3fd: qeel § Tl Sl o1 Gia @9 A9 TE HoreE 21 g o hie w1 dd
T 1.5 x107 K €, S o 3iiea Soil o ol oh Gerad o forq sfagesh 1A
A9 § TR KT T Td: GF H g ol Hored gimae o oiea Seietl ¥ ¥y
AAferss ot ATt WA 9mT o B

31d: 19 AR Gera ogd S=d a9 T <6 W & 8l Tehal & AR a9 T <@
1 et Feefaat hoel dRY o AT W & Suoed 1 ARl § e S - At
Terg o W o & g 2l

g o B Al Goraa sfufwmen uw ageR wiwan @ e wrgee dfae §
et €1 31: Gd o i | BRESSH $UF B §iZH-912i (p - p) T € 5N T
Hfed g =, Frfafaa sfafwaet o aq==a g0 =Fed fonan S ehal B

'H+ H—2H+ €' +v+0.42 MeV §)
e"+e - y+y+1.02 MeV (ii)
H+1H — SHe+ y+ 5.49 MeV (iii)
H +%H — iHe+ H+!H+ 12.86 MeV  (iv) (13.14)
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et sl R & fau o7 oeves © foF teeh dF efufrand -3 e &
3R 39 YR ) Boioh SIferad Afeh THeTeht War gifeam &1 Teh A1 aq1d| 3R
T 2(i) + 2(ii) + 2(iii) +(iv) W TR *X a1 Fa 491G g,

4 H+2e - tHe+2v+6y+26.7MeV

A (4 H+4e’) - ((He+2e) +2v+6y +26.7 MeV (13.15)
IFd: IR TGS WA fAae T% He WA SN © iR W WhmaAr
26.7 MeV Sl e 2idt 21

fopedl AR ok 37d: Yed | ohew diferaw w1 & o T g S-S we |
TEgSH (e o o5 #Y) %W Bl 8, i 3T e @l 21 SEY q 39 T
o SHIU Hepfed Bl @ S shig 1 a19 g Sl €1 7% shie 1 a9 10°K e ¢
S A 9| & foRel I 8 @R, W $9 9R Eifaad sred | giafda s g9
TR 1 Uik o HeAd g1 o€ SoAHM W&l arel dcdl sl S €l Hehdl 81 T%
FeA-Fet gk (1 13.1) o o R feom 9@ qeat 1 fetor 59 gfsean 9 72
Bl Fehdll

g T Y A 5 x 10° 96 € q1 TE SHH oA S € foh gd ek
5 3RE ol qoh S W@ o fU SIevdeh BEgIS SUeisd €| §Heh JYHd, BIEgISH
T ST T STCM 92 gF ST 8 | 39 g ST e oh Rl Hepfad B
o fSEd gd Y e w1 a a3 S9E gH 1 el SeRer o o e
T4 TH et 39 (red giant) § GRafdd g1 Smem|

13.7.3 It am fvesta @@=

forelt AR H B arelt ar-ATfeRTa gfshal o1 TUIARUT Teh ard-ATentd gfod o fohan
STl 21 fore it o RuaeX &1 329 Afaea S99 &1 10°K a9 o o0 |
TR Y T W SA RO BT €1 39 919 WX SUA eFTcHeR ST 9o Seieel
(AT <1 fagon g 21 S 58 9 S W o o 1 a5 Suesd el
%, o7d: 39 19k S WA T TH ¢ 9RG Gfed fave o @E <9 39 ded o
feral o T o YarERd €1 37 T o W BH W, S9el € o Horr R
AN &l T A i 9gH T "

ISEI0T 13.4 Fr=Afafed goai o6 W 9T .

(a) = T sfafwanet & et (Ser fe 9 13.7 § fiu ®) vEEtes
T (ITE & fAU2H, + O, -~ 2 H,0) % &9 ¥ Fgfem €2 afx 7
fore &9 H A1 IR FHEH Ffad gl

(b) =% Fieii 3R =g =i W, Yok Aeh T arfafemen & wifera @t €, fomelt
et afafswan § fohe YR Seaum, S § (A1 SHR Soidl) aeerdl 872

(c) T R ? o oheel TR e § € godm-Setl Toh SR | agel S Fehdl
& Sefer TEEtes e § 98 w9t TEl e 21 ¥E e e 81 SHeR
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'
(a)

(b)

(c)

3TeYor 13.4

foneht TomafeR stfufshan oF wgfera g &1 feafa o for sifafsran o TR o6
Tl IR Gl qel o AR i wE geH et 21 fehdl wemEte sifafwmen
o WRATET o gl HaSH | uRedd @ err 81 Wy Rl Tifenta eifufmer §
ALl oft B Tehdll B 31q: AARTT tfAfHan § Y dedl oh TRATYSH i TEA
1 Werd €T STavEs el R eleilie, ARt fufsman | e qen =gt
Tl i GEAd Yok ®Y U G el €1 [arEd |, oTeiush Sl o uResd
¥ =78 o ff giafiea g T 81 o%qa: ol e 9 et o g’
Gferd @d €1 BH 3 fave W g8l e @R formR el i ] et srfufsmensti
[S9 foF THiehToT (13.10)] § TRt o S SR HieiHl ot Geard qen =g
%1 A gUh-gos 9 | g9 2

B WA € foh ek 1 S-Sl o1 AT % SoAEH § FUMHS AR
(5oTuH &ifd) = @1 <fer fohelt ekt siffshan & Wil qen =g ST T
FEATd TRfed et §, o1 stfuferan o S SR =gt qon g 1 et foRm
T (rest mass) THM Bl €1 WXq fopel fwentd stffsran & sl ik o
el T Spel S-Sl ATTTHAT oF SR TR oF AR i FA dEH-Fsl oh
THM BT a9 el 1 37 SUF-Setish o Sl Arwenta srfufsmean § s
B Ireft st Fehe aelt STl oh ®9 § ohe BT 81 Hfth SEF-Sell SoHEM
o I <t 7, o7 W shed @ foh FoRelt Aifenta sifafewen § S 3R & e
AU 1 FR ol ok &Y § URafad g S § (A 39 fauda et g
TAUH o 3 o ®Y ¥ qRdidd g Wl 21)| 39 ®9 | kg rfafwan
FAUF-Fll o 3 EIA0T H Th SEE 2

S-S oh 3 el i 3t 9, Tagiad: woh et stfafsnan Tifvent
arfafsran o wuey 2| fohdt wamate sifufswen § sesifia steen ferer ot
Sl AR o6 AT 3TR oF TRETLSTl Qe STUsT i qEmEfew (Tfvwta &)
T Seiiel o SR 1 TR FHIA 2| e THEAE S-S oft ferdt
e 3] o ohel SN H RO AR (SerHH-&fd ) whi g9iidl €, gt
&0 frehy fehrel wend € o ferelt Tamafer stfferen o <Y 3K o aeamogedi den
IS o el FSAHMl H1 AW o1l o ®Y H YR el Sl § A1 Sell b
Al o S oh ®Y § uRafdd geh GHIER B Sl €1 g, TRt
AR AfafsRan § Ford seme afadl w1 aiEmn Ayt e o dord
SoAu i@l i ol § h @@ T HH el 81 9 ®9 H TE URon €
foF T Wi @@ ¥ (S W T ?) fF fEe wamte sifafEa § wE
FHANH-FSl h1 S EIRI & 2l

.

TRATY] i 551 @ 10 T BIE It {1 WA HT 99.9% U Aferh FeAHE
iy & wmifEd e 2

2. THISN o TR R SHH, THY] FeAHM ThEAl (u) H A ST @1 R

o STTER 1 TWHV] SH9H 3HE (1u), 2C & Tk W] o Feq9H o 1/129
AT o SR B
lu = 1.660563 x 107" kg

1. Y% W] | T AN B 1 AMHE SHERE g 1 e i e
318
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10.

11.

12.

EIREY

e o T FREfE w1 g € o =g wed &) SUhT SHHE SRt Sl
& B ® fSa W i
Topeft el o1 TRHY] WA Z 9 el o WHITVeeh e § Wil et W gt 2
SHAM &A1 A, THIUEe A4 | WAl T =gl ol el HeAl o aUal sl
2 A=2Z+ N Tl N9k o fomme =gl w1 gen e s 2
Teh IRTT TSI Fefe Tk <FAEE (nuclide) 1 7 X gRI o4 hd &,
SRl X 9 TG S &1 Gohd 2
UM 9] G z, W faf= =g 9@ Noh FJFise gaee head
&1 3 gaeree e o SomM 9 A 1 U 99 8 gaFiie qen o ek
foIu =124 S&n N &1 5F 99H 8 g9 wedd 2|
AfUehTer el & A1 3ifereh qHEenfeRl o T g &1 el 1 AT SeHH
SHoh THEeh o SoAAMI 1 9T A7 eidl ©1 STel 9R | dreasd geeent-ieni
T Trdel gt 9 2
T I AR R IEhT Tk e fuffia &1 S @kt 21 SeieeH
WehTUT TN o SR TR AI9eh 1 B2 S 6t ST Gehddl €1 7@ I T @
fo fuesnt &1 e frefafed g9 @ = 2t 21
R=ROA1/3,
W&l R, =T Fdish = 1.2 fm. 98 <@l 8 fo ek o1 oed AW fsf e
I S FE 107 kg/m> 1 HIfE 1 Bl B
sk o R = TS FieH T WE Yoot 9T o gRI o B
AT 9 =P T W 9 faug T8
AT FAAM M EHI 19 STaFdl & ohel SAHM Tm H HH Bl 81 ek
3R TG Tl o FAHH hT AR FoFAM &ifd FHEA 2
AM=(Zmp+(A—ZJmn]—M
ST 1 FHATH-Is1 (9510 E = m ¢ 36 SAM i@ il Holl o &9
¥ 39 YehR oFe h{dl ©
AE, =AM ¢’
Sl AE, T F1 e7-3r weard 21 A= 30 ¥ dH A= 170 T
TEA % T W iq feeri SeE-gsl ol HH o e B T @ 8
MeV 9fa =feerai 2
AT Ffohaneti | S[Et Sl Tt Ffhanstl i qorl | o+ 39 aia
T SR B 2l
ol fvrenta wfman 1 @-9H @

Q = Afqq nfas e — yRfew TIfdast et
SEAUH-SsT GLETUT o HRUT, HE Hehd § Toh

Q = (IR AT HT AN - ATTH FHHE T A1) >

eamifeeaar o8 afteeT 7 foed < 7 ysifa o ifes, o =1 g an p fehwot
Scafsia ieh B 8 Sl €, el o-foheol Eifem o At §; p-forol
ToIa € ae y-fepol X-foholl, @ oft Bt aeed o T gaenta fafereon 2
e gadl ¥ SiHd s A ggar § |fud Aifes o uiafdd g @
St foqea Bt B e § w9l e <1 ok @l | faufsa e e €
3N, 25U+in »1% Sh+ 9 Nb+ 4.n
Gorg ® gtk ek fieiet U 991 Ak s €1 g afed weft ari |
BN ] o1 e ARl | Goram Sl 1 Fid 2
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1/2

witer ~ fomd TR femuit

[M] u T A AR FHAH I K
F o6 foTT FeAH A | T A
AT TR, °C W] oh FHHH
% o 1/128 9M & U 2

[T s

[T] s ae wug oy Aeeafeea a9 ok

TRl HT TN URMIS & i

et w® S R

[T Bq w feanifaes & =1 tfead

1 A

fammona fau

. AT g %1 T e o Frgel W R e et €1 IRAT] SeAmE S

39 9| &1 9 TE) Sl

. TR YehIU GRS Wi TE e 1 51 1 WM Qe U1 YehiU ok

SR T 1 1 TS 52 © o fa=1 aren 7 21 U sEfn ©, i, gt
Weh 1ol ek ok STaeT faaeor @ guifed il @ Sefe Yol w0 3K 39 S9
I HU AR 554 ¥ gfed e 8

ST SN SHM T Soll 1 FAGEA E = mc” Y&feia fovy oI o o1% o190
BH TAYM WU TS el WU % gUEk Il & A9 @l e, 9
S-S TXETU o Ueh Uehishd [714W hi oI ohid 8| Wepid o 7 e o
GHTe © e ST faveraa FHIor ARty ifgeRt § e S 7| geeE e
Sell i FHgead o a9, AfAHE el @ 39k Wi Hd o €9 H 3TN
1 MUR 21 3@ F9 1 SUAN ek, fRE AR wfwa (a@ ereren
afufsran) o Q-9 o1 IR TE Afad S o 9al § o5k TRl ST Hehdl 2
(9fq feraia) ser-Seit 9% 1 Ypfd Te Il T fop Fomerd it
rffepand S € i <1 etk | o Tordd | 91 Teh R ek o HieAieh
THM ol & AI9R] o forged ® <@l ST Hehdl 2

oo o foTT gateh A1TWeh! § Tai< IR el ol =1feq difsh o hard favd
3ERIY 1 IR Y Feh| &1 HRO1 € Toh Herar o oIy e7eg=a 1d & fegdshal
Bl 2l

TEfy (i faermia) duq-Soil o Tad © iR 3od ool & ufkeds s
? W TTH *He, 160 % =qoazel o fou frer g &) 78 ) +1 @e
& g o off A1 T w1 TR 1 YHOT /A S 2

& < foh SoieeA-UiTSig Teh SHU-Sidehol T 2| $7oh SeAWH THEHM Bl
Toh YA o URE THE WY faaia yeid % e 2
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BIREY

(& 9 T © TR 1ol Ush gl U Wb Uiferei Weh |l S € ol Teh-ge i
foeltF (annihilation) X 34 § 3R y-feT01 WAl o €9 H St 9&H d 21)
8. fednfaedd sk o srenfae 1 TgeH €1 gofeh el H Tfae & fag
21 Ta Wl hi HEAT Tl ST I 1:1 BHT =feT| R AIfRi o T
o o I8 ST 3:2 BT =feul (Wl o Hel TR aTel Uiiehyul o 94Te o
e o6 o sifveh g2l o1 STERaehdl BFiTl) 3 Tl STgami &l 7 @
et TR ST € §1 T Rl | ggHi sterar WieiHi skt stfereher B /1
o W, (Feft i o) I SHeT R o | SRTSHT 10% € Tt €1 o1 s
FOM TG Y FETRIA § TE S € (3 L A geifed W oo, p, d. n
A 31T U o T G o W €1) | STt weeentes fove o e o

e ol | ot steeiferd fRT S 2 ‘
HEH
AT F Y BA H H FAfafad st eues faw syanh fag =it :
e = 1.6x107'°C N = 6.023x10%° yfg @/
1/(4ne,) =9x10° N m*/C” k =1.381x10*°J K"
1 MeV = 1.6x107'3J 1 u=931.5 MeV/c?
1 year = 3.154x10" s
m, = 1.007825 u m_ = 1.008665 u
m(4He) = 4.002603 u m. = 0.000548 u

13.1 S AfHeE (‘2 N) 1 geF-3si MeV 9 Fd Hifslg m =14.00307 u
13.2 frAfafad sfiwsl o SHR W 5Fe U6 *00Bi e &1 d6d-3s MeV | 7
FST m (Fe) = 55.934939 u m (22Bi) = 208.980388 u
13.3 % U U fogsh %1 go7mM 3.0 g €1 SH Sl 1 T FifC S 59 faweh %
[eff = TF Wl Sl TH-TH § Te Hhid o faQ Tewae & 9ied o fag
7\ e R faee pofa: $Scu weEmet @ e € (Scu @ gemm =
62.92960 u)|

13.4 w0l o HEEe 197 Au ol IO o HHEAIR 17 Ag o iRt B o s1gua
%1 Gi~Tehe A AT BT

13.5 f&dr My aifufen A+ b — C + d &1 QAW fr=fafad weieor gr gienfya
g E,
Q=[m,+m,-m.-mJ]c*
el f5u MU gemE, AW foim §e9| M (rest mass) B f&U U atfwsl o
YR W waEy foh frefofad sfafmand soaed & =1 s
() JH+’H —=? H+*H
(i) ?C+C -2 Ne+;He
faT T ] T W TR €
m (?H) = 2.014102 u
m (?H) = 3.016049 u

m (12C) = 12.000000 u
m (2Ne) = 19.992439 u 321
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13.6

13.7

13.8

13.9

13.10

A o6 89 SFe A9 o & GHM stagell 28 Al § foreed W foe=m =31 s Sl
1 gfie § 78 fage wd 8?2 39 WH &1 Q-HM T1d Hieh 101 deh T&d il
e 2 : m (¥Fe) = 55.93494 u T m (2 Al) = 27.98191 u

2%9pu o foee o1 9gd F9 250U ¥ faen-ge €1 i foees fagea i

94

ol 180 MeV 13K 1 kg I *9Pu & w+ft wa] foafed & ot fohat MeV
e fae M2

2.0 kg SEIEH & Gergd ¥ Tk 100 o1 1 fagd ofq fohat 3 yehifyra
S Hehdl 82 HoraA eafafsman feed o S geRdt @

H+>H— SHe+n+3.27 MeV

T EYSHI o SHA-TEA i THHR ok [T Helid TR hi SHaE A hiTer)
(Hha-pelim 3TaRY i HEE H1 0F T4 S o o9 FF a1l 39 heli|
iRt e o SRIER idl € S Teh-S ol Gueh | @ S R S ae SR
BT Bl 98 I Gehd ¢ TR g2 2.0 fm g9 e et g e #1)

T R= R AY? & STUR W, T9ET foF AMTRTT 509 F1 T e 31 ©
(s1efd AW fAst 78 e @)1 7=l R, U fodis € ud A i # geE s
T 2|
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2 (

YR S Toh1-
gred, gferaar qen
T gy

I W M ¥ S

14.1 gftrer

TH gfear S soeAl o1 fafa yere wra fan S gek, 9t seieeife aftget
F gAYd T @ Tl §1 W 1948 H R &1 @IV ¥ Uedd UH gt
rferentra: fafa Fferrd (a1 area) off, S9 fafd sEe e < soiRie; e
(wIe) TN Thele T §; TrEe food 9 soiaee—heie, wie 9o file ¥ ®; 32
qen Yale (HHI: 4 91 5 SoEISl o W) | fenelt freifa Afersmt & gl 1 ey
Teh q« whefle gRI 1 Wl & 91 39eh fafi= Soiaiel o s dieedl o ufafdd
HTeh feld W gl 1 Rt yere W feRen S 1 au-seieiel T
(inter-electrode space) ﬁsﬁa&:ﬁﬁ’éﬁm%mﬁaﬁ SIEREED %)l?ﬂ% I
TTAH gelerRA 79 U § oY o STU[SH W TehUhT ST Tl @i Fehd &1 T Jferaal
T Soiaei cheel helle ¥ TAS &1 3R Yafed i Hehd & (31efd seieei shael T
& feon o yanfed 81 wehd €)1 9ET Rl @ o UE gfekE il WeRoan ared wed
& Frafa feemel @ ot gfemal R & =€t gl §, atferen wifekd s SYHIT wLt
& a1 e | W S dieedl (~100 V) Y SIavashdl gl 81 $Heh i &
TehT SHoehRTel 3TdeTehd H qen faveaiaar oft w9 gidt 21 ey Sig-sawer
a7efaTeTH Sﬁ@ﬁc—lﬁ (Solid State semi-conductor electronics) bl 9139#:[ B8
1930 ¥ 3§ 3N9™ ¥ e T fof i 3 oTawen Ad=Ieieh aun ITeh! A |
I HATT el € foF S STae el S W@ den ek Ydae i fen 1 fata
fera ST Tehdl B | WehT¥T, o1 N 3TeY STIYIeR dieedl Sid Stsieh fehdt sreferers
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H fqe sTeett &t g ufEfda wY Tehd €1 2 1 9 91 e ® T sredrers
il o e STeehi 1 YT A YaE W 319 & i} & e 7, Safh e
W B Al frafa Aferereti/aredt § Tfae seieiHl i qaw Shefte W e e S
ol 9o f7affaad T stuan fafd | yarfed w3 S ol STHEes g § aed
AT S1ere Aok Faffid € w1 steeeehal T61 el 81 98 ShR § siel el €,
¥ iR 1 STENT HId! &, HH dicedl T HTH Al €, STeT S ol Bl 8 3R
Tt favardiaar o=t et 21 smefeh Ffeal o af Fraffaa Afererrent & fagia w
F wE deft helie fRwor <gEl (CRT) fent s efifas def den shegex
Hired o foran San %\' SITerEeN E@W (Solid State electrons) aftger o e
Hor fasae feea feom (LeD, 53 fhea wsel) Al g afaeenfud &t s
W 21 erduTerd il i SR 9§ e W @ oft 9gd Yoot WeRfa § Wg
S de et (fE FehTEe PbS) o Tk fhed f@eh e «1g o1 Ush Huh fog
ARG o, o1 ITAM e a0 o Tg=e o &9 § fhan S g1 ol

frefofaa srum o &0 erfurce Gifdwt w5 F9 g sEuromet ¥ ufieE
HAWT qo1 G e (Junction diode) (2-30a2iel i Jfa) qon fgyeta dfy
(Bipolar junction) T (3-3aagrel &1 Jf) Skl $o rdwras Jfwal ot
o N T AR T S T A g st w1 Ao s

14.2 oTqedl, STeTehl qe STeiETerehl Rl TGO

STSTehdl o TR T
ToreIa =Tetehal (o) ST¥ET USSR (p = 1/0) o AU A o STUR TR 3 G&1e0 61
=1 gR 9 effereor e man @
(i) g7g : ST Wil 9gd FH (STl Helhdl 9gd i) el 7
p~102-10°%Qm
o~10*-10°Sm™
(ii) arefermeran : Sh! UfqREIshal A1 Tctehdl eTget qen fogaieht ugref o &= =t
Bl B
p~10°-10°Qm
0c~10°-10°Sm™
(iii) FaEgaUIet : T Ufadiershel sigd Sifesh (7o STetehdl sIgd W) B ¢
p~10"-10"Qm
c~10"-10"Sm™
TR YT p 9 6 & HAH Sheiel HIf AH o o 7 1R KT T 9w o e
off <1 Tehrd B org, forgariedt wered qen srefarerhl o die 98 #H o forw gladieshan
1 GO I & I T 9SS T T FS T A off ¥, S S-S o1 39 A
T o1 Fe7, T B S
T A § BAN w9 s1eEeien] o 31t § B Sl e UK o 8 Hehd o
(i) @rfas 37efaTeTh (Elemental semiconductors) - Si AN Ge
(i) FIfreh =i - 39E &
e 3IFMEME - CdS, GaAs, CdSe, InP, 3Tf|
o FHEMH - TYRH, WA (Doped) Jeiearid, 3|
o HEMH §geteh (Organic polymers)- HieTarsye, dieiiufTet, Sellemim S|
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AYATTH ST Th]

- 1Y,

Ifear den Tl gRue

STohel STt TSN STef=TeTsh Jferaal difcoeh S1e=meish Si a1 Ge IR A
FpTe 7 STefaTerRl W & Sia ¥1 W T 1990 o 9% FHrefieh e 3R
STeTCIoh SEeTehl b1 SUANT hich o TedTeish! Jfoadl o1 fasma gan fomm afas
% TU Sgeth SoraRieh! qen STifUerh Soiaeieh! ki WENfTeh! o WIgelid o Hond
fierd 1 39 319 | BH ohaiel ST e, TRt difcaeh st Si
AT Ge oh 31T deh 81 HitHd W@ difcrsh sTef=erenl st foemm o fow ==l f5=
YO AR 1 TEdiferd fhan e @ o ferei-a-fret w9 o atfirenter Aifen
TefTerRl W AR] BT )

Tt o€ o IR W

TR TN Aied o ER fRE fagaga WAy °§ 3ueh fRdl Solee i el 39
TSR 1 IRYHOT el W R HI B1 WG ST Y] Th-TR o RS SR g
3 I od ® A O Th-ER ok STt ke g1 W €1 ord: ket wamst ok
TAHRAT T TRl HeETd AU UG-G o7 S & 3R el % o Th-gR *l @
oAt &1 ook URUTHEEY R S H Teiee i G it Yepfd R fage T
o AR HI T ¥ Tt 9= 8 S 2

ol forteet o “fieR Toieh geteia i ToHl etfgdia Tefa et @ qen forel &
TRl o TR SR o e 1 Ued Jened ®9 § Tw @l el el T8 Rl §
o eieh SoieRe o il & T Bid €1 3 Fae Sl & S st o1 Had afterds
BIl @l & FHoif ol k1 Fmiv i €1 o Sl SR S Garsshdr seiail o Sl
TR G &, GAShdl §€ (Valance band) F&adl 21 GaSehdl sig o 39 feord
o€ &1 F077 9 (Conduction band) %ed B fam ferdt srfaftem ot o, |eft
HASTehdl SoieR HaNSIhdl S8 H @d | 9f¢ = S H o0 &R = o5 %
Teaqq &R 9 off 79 2l GAiSRd 9T o TR STEET ¥ He §€ H TET Y
Thd &1 WEd: =T st R g €1 W 96 T8 S Hasehdl o€ i stfaenfua
(Thdl) I B d SASR TAAagEs $eh WX ST Gehd 21 UET Hifcsh =eteht
o g 2l

IfE FTe oS TN Gl o€ o o9 g [ (3faUal) 8, 9 Gariehdl g
o Tt seiae aiag B € a0 weH o ° $IE g seiee Suoed Tl el I
wered 1 foregaiel o1 <1 B1 WG GASThdl ST o F9 Solaei oel Sl 9T ik
Gl SI€ q1 =Te 9 o aie i Ffe i IR H Hehd &1 q9 3 TR e
o uEE S © qen Haehd o § e Holl T 3= A o e soiee
S Hhd 21 39 YHN I8 UiHAT der S W gl den wasend de H ffsewd
B o R Fe 1 GHEA 3T FE 2

3T, 379 BH I8 foamr &Y foh N TRHIET are Si 312fe1 Ge fheat o gaeor #
I 211 21 Si ¥ RIaH HaE, T Fell (n = 3) Bl ®, Safeh Ge H STeraH e <ieft
HE (n = 4) Tl 21 TTh! T Hel | 4 el (25 3R 2p ToiwH) B 21 3:
79 fheal § ol soleAl 1 ool WEA AN g1 TRl SeaH whem § erfishad
TR 1 TG 8 (25 + 6p ToigH) BNl 81 37d: 4N HaAlSThal ool o faQ
IS TSt T8N B 3 8N fafeerd St & =1 d g Had S o Fehd 8 Al
1 f9=1 oef o 9ue € g @, S fred o et o e gfat w fask
LT B

Si T Ge o Tsheea Seteh] | TRATIST oF o1 ol SRAT T, 37 SN &R 1 i
de g Wi # 32 5, {5k e S SR E, (99 14.1) 1 9o & €

Reprint 2025-26

325



_________________________________

________________________________

foT 14.1 0 K W et srefeneass o o= o =1 feufa,
90 o 58 =er ST #Ed €, § ofdaa: fawna gen o,
srcafues e il staeent Bt 81 freen o 59 wHiswa
oT wed €, ° orctus e quld: it Sl srewend et €

TqIhH o T I WAN FISehdl serdel |
wufe: for et e gaiewar de g 81 3 W
S AN ol W B € S% =/ oS Fed €,
qM I8 Y A W guid: e g 2l

o 14.1 @) 399 =er § 9 faw
Sl WX B E, o &9 H qo1 TASha 9 |
oI HS WX N E, % TG H 9@ T
E. % W A E, & A< 399 TH-g@ 6
Atk fepe agd ¥ Sl T 9T M 2

GaArSTRdl o€ o Y qe =er o i qel
o o9 o A hl ol de Haued (I
Sl ST, E, ) Fed €1 T SHaua =l
Yopfa W ARk wear 21 @8 aAfueh, | st
I B gl €1 39 fafa= feafaat &1 fom 14.2
o ggitan T @ A A9 gt faae T @)

gaeor [ : 9% o3 14.2(a) # SRR T

fearfa & wedl ¥ 21 9% U uig &1 frefa @ e wem ST oy w9 9 9w 2 den
SRl o YR ®9 9 o @ st = o qe1 Al de ifdeard &1 s/a

AT BTl € o HaASThal 9 § Tl Tl 9 =ieH S | W Hehd 81 7e fefa
faga e o g st Sem | soee Suesd %Y A 21 e HASehdl 4%
7ifereh &9 @ o il @ @ golaeid sHeh 1 &R @S9 W a% Tid ik
foea <o w1 g 91 34 €1 sEifaT 59 YR o qgrl &1 wiaiy s steren

TreTehdl 3= Bidl 2

Afqear
/Hrc—ﬂ e
ElSE
E E. ‘ ES E (Eg =~ 0)
| 5| B
’E( Harstehar ’Ef E¢ -
= i
@ @ (i)
/ﬁaﬁ
‘E Eg >3eV -E ‘ T EC
T E <3eV
' E | & ? !
) ¢ v . E
E TSR Al ’E: v
¥
) ) ©
ferT 14.2 (a) =Tqs,
326 (b) Tereaiedt e (c) et o ot def & " |
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AYATTF el -eh! — TgTed,
IRl qen el qRae

THTOTIT : 39 Foht0l § S o fost 14.2(b) & switen wn 7, 56 fefa & o
SHRAE, afwm%E>3ew|wé€ﬁaﬁs‘séa€Hﬂﬁ%‘rﬁ|m e forga
e TE T S AT S A S 9E § o Sl stadel S St B &
frdl ot qrfe IS @ SoieRHl i HAlShdal S § wieH o8 i AR IWfd Tel
fohan <1 bl Te fagaret el w1 SSE 2l

TRTOT 111 : 9% Tearfd 14.2(c) | <wiiedt 7 21 39w wew uRifrd wg o S e
(E, < 3 eV) B | o 9 Siael B % FRU, FH & T W, FS FoH S
Fe ¥ T Tl A SR E P Sl S T R R o e § e T
3 el (Tt ST T W B €) SIer o ¥ T S Hehd 21 31 37fareeh] ol Wi
a1 e el e o feregeriedt wsrel =1 2 R

TH S9N H THA UGS, FcTehl qe STdIeish] w1 SATdeh SiiehT feha @1 el
STIAF H B STei=rcten] # <o Wishan o foma ® i@

14.3 I areferetes

B Ge 3R Si 1 Ta® HUR I ol k! STt (Lattice) T fo 14.3
o fe@re T 21 5 st i ER SE T hed §1 Yeish WA =R 37 FeRean
e gRI R gt B1 gH Sd @ TR Si 3R Ge W WX HANShAl SoieRiA B
21 sHs! fopeeela T o Yo% Si A1 Ge WHIY U WX HAShdl gelaRql o
Y Th-Ush Soide &l 0 9R fiehean WUl o |1 Gewrfiar a1 &1 9gia
WAl © 9 U YA [eheed! WA o Ueh Soigei 1 TEW i i €1 TE
eI SO ZeT Geadie a8 (Covalent bond) 31 Tarsrahal 34 (Valence
bond) FEAR 1 TH WA ST Gehel € T 1 Tewiford soisei 39 Hefua wamet
¥ 9 ST T P 3 e A

foa 14.3 ® fS@E T Si A Ge 1 W 1 2-for freqo
o 14.4 ® oo &9 G fK@rn @1 €, S Gegdst §u W
FAfH I < ¢ o 14.4 TF ot fomor © for oy 22
& T (Tl oy W gu €)1 U fefq fre @9 W @ e 2
SH-SI9 19 9gdl €, 37 SoaeHl il IR e Sell 9 gb
o ® 9o 37 U $ solag T wR O B Fehd ©
(gFd ol SRt de | ANEE i €)1 S S

fortectia e o 5 WAURET 6l JAEl §9 H ARFRT B
[ T q W W G Red @ S S €, SE fe 14.5 (a)
H e T ¥ ge e (STEW - q) SRl 9§ e

A B, T8I 98 YW &I (+ ) T Th o TIH Big <l
21 GHET YA AT ATl U8 R € Tk 8l (hole)

FEAI | Bt T SIS ST oIt Tk 37979t G FH07
1 TE TR HLl Bl

I91 arefareteRt (Intrinsic semiconductor) q Herd S@T{T‘ﬁ
% &N, %ﬁa‘fﬁu@r,n o S BT ®, et

n,=n =n (14.1)
Q%Tnﬁéﬁrousqoqusd%l

AT T TE S T e & ST SR & e g o T e S
T o foF TF 1 W T 8 © S 551 14.5 (a) § @ 0 21 2l &6t i =6 fo
14.5 (b) ® f&@w g @ gfted feman 1 Gehar ©1 A9 o1l o1 3R o GEdarSt s
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o o WM 2 ¥ T soae e IH 1 (39) H %
ST T B 3W FHR, TH TF T & 917, T I
oo g e e 2 TR B AT 9T T 1 H Uk Sl o T 34y
' """ " """ "' ---- . @ ' S &9 H f 81 T 1§ TIH 2 R =l T &1
RN SUATTG S fop <1 goa Wt T go o [F 14.5 (a)
@@ @ o e e, o8 de T # 59 f § wfmt T
P Pt i T B T T UIq: TdagES =Te Sela{ o
RN, PG SR, S N SAV o dfm ®Y G Tfd T © SR T foEd & oM W TH
----- °--- o ToFE W (1) 31 21 TR © TR w9 wef e

o el ol T STYRA 9 M T F1Yd seieeHl Fi

ﬁaﬁ@smdﬁ@wﬁr—%ﬁaw edfere T g 3R gweRt aviT e o fo el
fren frgd Fiet a9 T weEEs sTE foan o ﬁﬁ%@wmélﬁmwﬁm
: - . forea ¥ faga &F &1 fhar & woasy 98 8

(Tt 99 =9 U, Tl <21 99 ) | +4 T98 Si A Ge HT .
fiqd Hg F @ w4 B SRR favel &1 SR TIfd i ©1 39 YR T B
' a1 ot 31 S ¥ 30 We seeel oh

THROT TSI SR [ Gl Bl G L T AN WOl N [ e -
I=1+1, (14.2)
T A °F A 91 e ® 1o =rer seleiql 9o el o Sca= B o We-HiY
T7:Ge 1 YR i & e Toiaeiq giet o | gA.giord B 81 Hrereen §
AT AR S S B shi <X Ik GAHANT i X o SR Bl B1 30 A HANH
1 HRUT TRl 1 Bl | Gog HE B

o i o .

° o ------ TN O -
L@@

] i s

> Lo
L8, T@ T

L) )

o i

. o i
Si AU Ge
(b)

TorT 14.5 (a) &0 A9 W ST Hol oF SR UM 1 T S qAT AT A o 3= 8F 1 TAILIH
&I (b) fFE Biet &1 Henfad S Tfa o1 Weliehd o = a1et o1d &1 o Weddist s (T 2) ¥ U
TOHR TR B WM 1 W Fell Sl SR S T W UF B siedl 8

328 TH TR T | § T 2 9% B H1 SN T | S 2
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o3 14.6(a) ¥ I AR
T=0 KW HE S ref=meies fomet
fagatell =1 i @R & 2
Te qg el & B TSR R
I=9 @ (T > 0 K) R FD saiaed
I Bl HAST oS | e o8
o 7ged 81 T > 0 K W ard Sufstd
TR e S | e w9 9
T Tl 3 oid 8| sHiferg ot
I rfErers w1 Sel de M@
fo 14.6(b) ¥ 3T AR
21 3HH o soae[ wed § |
Teie T &1 A FE W HAS o
Y AU qul gHE g o wEl
T B AT

¥ T €1 31d: T WA’ ¥ UH goiaeq i o] e o T erevash St
(ST 1 E,) F9 FH Ge o o, 389 @ifereh Si o forg ofR W afersh C
o feTT TR 39 YR Ge 9 Si ¥ To=[a =1e oh folu, W@ seiareil i S |efsh

B & Stk C § 98 T Bt B

ITTETT 14.1 C, Si T4 Ge F1 SeAs (Lattice) = GHH Bt 21 Tre off =i
C fagaieh € Sk Si @ Ge 99 €= (intrinsic semiconductor) &2
A C, Si T Ge o TS o IR dfed Seiaei hel: fadia, gt qen =wgel wan

14.4 Ut NS

T Selaeienl - TSI,
IRl qen el qRae

P -~ o
L L
E; T E. T
E, E
(a) (b)
o7 14.6 () T=0 KW & 4 aref=mers formus #1 wifd =7@er

FI 1 (b) T>0 KW =N ariiE 3= el -8iel el T I (=)
el W1 Trefd @i & qen fe 9 (0) el =t e s )

eI ol

I°¥T lnr2ibe

et =1 areferereh 1 wTetehdl $Uh A9 W R wdl €, W He-ad W gHeR!

HTcTehdl Sigd i Bl &1 36 B9 H,

IS ol HEAqUl Sciaien R 3 STeETeThi

g forerfaa =& it S Tehdl 21 31: Sh! =ethdl  YUR HTAT G Bl 2
Tg 39 erefrerRl o SrerfgaAl w1 SwEm ween fhar S 2l

o fordt I st | S SUgH SR SfeTed WE § S® % Wi wid
fafera (ppm) o foeé S 2 af STt =rershar § w2 T 9fg e Sl #1398 YER
o URIAl I 37UFSAT S7EfAT (Extrinsic semiconductor) 3Tl 37{17? 37T
(Impurity semiconductor) F&d &1 =ifesd EIN | el wauﬁcg:iw Tafya e #@g7
(Doping) a1 UMY HEcAdl € el g WA 3795 (Dopants) Fead B |
T YR o T i 71T (Doped) 37efarcre hed €1 Tafdse Tdn e =feq s
o s 9o o See i fagd 9 H 39 had fohed W 9gd A T
sTef=TeTeh aeATY] fRfal sl &1 SRAT =1feu| 9 9T i oF ot Teh STavdeh I I8
2 T sruftsrs o o10) den ereferersh usref o STUETl T WSS RIS THM I

<Iq: TR Si 3UET Ge o WIS o U 3 YR o eTuffisis ST fhu o )
@) o GASE (TN 5); S8 AR (As), T (Sb), HIEHRY (P),
(i) T3 @R (et 3); S 3feam (In), <) (B), Yefat@d (Al), el 329
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fo Lo P 319 &9 I fad=m & fR stafason g
----- N N g g oy T o e A 51§
° ------ °' ------ ..-. ------ ﬁqﬁzﬁﬂw%%mé?ww 31%?%11?1?:?;

1 R N R . ~Tefehdl TR € St 81 Si el Ge

R VS U L W ™) o % el W (o) % weea § sk
_____ . ., q;;ﬂgmmm mmﬁﬁﬁﬁméﬁaaﬂﬁﬁ

T o T 1 T TS STUM I g qel

[, SRS, SO S S S T e T hid © o Srafisor fohy s

_ _'_. ___’ ITel e °h URHTY] T WIEST Si 32l Ge o6

R T TRHTY] % TES % T TR R e G

(a) T GG T STAMHH o 99 Th-SER

e Y qud: f9=1 YR & T Aefarers g=iel

e foror s & Fort i 19 feem e 2

QCQ/Q i} (i) n-TeR @ sTefemcT®

04——3@3@1—’[

T ofifse foh 87 Si a1 Ge (HaSTshdl 4) i
Teh Y=EdSeh (Harstehdl 5) I ¥ TqHi3a
S| o 14.7 9 fe@mn @ 21 S9 45

(b)

SRl oTell Al Si oF e A ohl Hfcreentud

T ST T T2 Al ¢ 1 39 el

forT 14.7 (a) 91q9 TS Si 1 Ge & TS SR TTHI] T ¥ =R, fehead ar fafaew st |
(As, Sb, P, 3T%) & STUfg0 | 991 n-Aef=reis | Y S ®, Selfeh Uieel SeieiA Sieh A

(b) n-YFR 3 T2l 1 RO FIH I ¥ gl 54 g Sel @l ¢ UH gHieny ® T
frequ foad gfazerdt 3rar o fer s &1 shaa Th Yo gl o forg oy o Wi o ot =R
Ffafte guel oA STEY SN THY Hag s % TR TCAIT] o YISl IS o W §| 3ok
1o fe@mn T R IRUTREET 36 3R i Ho i o AT

330

AR A H agd HH Bl © 3N
Y el Y R I8 3Tefwcrh o ot H Gt T shid oh fefu Tt 2l 21 S0l
o feIT, 38 gieriA i TWHTY] © o i oh fofg SHfem o ~ 0.01 eV o fafernta
o T 0.05 eV Sell =1fEy| 9ok faqda fordt 491 srefererss o wver a9 W R
TR I AN S ¥ TFAl & fau (SEifEm o o 0.72 eV qen fafasi
H @ 1.1 eV) el =1feu| 36 YR Jawdrseh sTafase fog@ e & fau &
Afafier seiaeia UeM shidl € @R gHifere 38 377 379 (donor impurity) F&d €l
Sy TN R faga <o o fau Suee &Y T Seiaed &1 §& Jad €9
T erafagor W R e 21 T e o qg W feiR T et ghen fada Si
] GRI 3q o Siaeiql i 9= (9 &N | gl oF 91) § a9 & 9
ogd +1 Jfg Bl 2
forelt staftfsa srf=rers o et gl 1 el W&l n, JAET o AR de
it RO (S7HT BR1) © STT=1 SeiaAl o R A1 Bl 1 A WEA n, shed
Freft B 5T S el RO B §1 T B 3 T 9 W 9y somer
#I e o gfg o HRO1 Bl S 81 g9 IRumHEaEy el i Gem ° iR s
SIS
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AYATTH Telaei-eh! — TaTed,

39 YHR UMY o Ifed &R § =eieh Soiaiql ol e § giell i
T I o W gfg H S Gehdl B 37d: YuGAh STUfHseh o WY
srafasgor g1 W fardt 39 srefurers | soiaei aggETed eV e qel
ISt S7CTTET SFT IS I W 2| ST 39 YRR o AR i n-
YR o 37efarcrh Hed 21 fhdl n-gshr & o=k & fog

n,>>n,
(ii) p-TFFR & 3efenciar

p-IHR 1 AT qd o1 8 96 Si AN Ge (IgLHArsh) § qu-111
st erfgal; S9- Al B, In ofg orufufym =i <t &, <
ot 14.8 W fe@man w1 B1 erufgss W Si A Ge i TUeT Th @l
TR A B € AR STy T8 WA oA SR W Si TWA[E 9
T Gehdl B, ifehe =il 3R a4 aMM o folu STawash soieei Suesd
T EH % HRU e S oA H gt T8 8 a3 HrEase wE
e <) Frereer WA o o= &y § ueh Rfe sreran et g @ o o
14.8 & <¥ifan T @1 TR Seteh IS Si WA giet oh T W TH
TR =TEdl €, fehe o TRATY] o el el 1 IS solae 39 Rfed i
A ok T FIE R Gohal 7 o0 STk 3197 T W T & o7 Sl
B I gl A o fau SUes ®el ?1 eAH 9F arg o 9% © T,
Fraarst fasida TT] TSt Si TXHTY] oF WY Seiaeid i HIER! hich
T : FUMCHS AT 81 a8, 9o 38k qeft gars s+ R &
& THfeTT Tremer o § g p —garef o STfase W] i T Heg
Bl o WY Woh FLUTCHS 3G9 H1 IS Hel Sl &, S 91 14.8(b)
 feren w0 21 7% T ? o T 77T W) (N,) U e *dr €1 7
BIel -9l SIa Blell o SATdiie § Selfeh =T gelail 1 Elid sheel =l
S €1 ? 1 39 YR, TR ueie o folu, Biel SgEETeh a6 qeil Soei
AU ETH dedh B sEifey Braes olfs @ erufufya o erefrers
p-JFR o S7efaTeisr Fedd &1 p-FHR o 37efarerasl § A e qfshan,
IS W TelRl R GEAT n W Hon, @ ST R 9T p-YhR ok
srefaTeTeRt o forg

n, >> n,

(14.3)

(14.4)
[ 37 91 91 I8 © 1 [hEeT Us GHY BUIHF ISEIal ST I@dr
& i SAfaReRT SEvT aTeshl W AE9 1 4T Sieish o aHishd wiet
W &Y BT AT & & GHA TF fa9did gl 8l

FfFar qoT WA qRAY

° .@ @ J "'

_____ . ~. v .
TR U
@E e
RN
N T .. T
o~ P QUURREPR o) A4

..... ‘@o'
® ® ¢

()
T g

(b)

o7 14.8 (a) wqg=arst Si
Ge o ok | st wel
7@ (In, Al, B 37f) o
SUMHAT ¥ I p - FHR A

R | (b) p - YR o U_1ed
T TR G B arel

TS 890 S Teh gl

Afafed SHoTcHeh STEY & 91y

gfaeerdt FET wE] i R wi

A ITY g el I @ 2

St STl H IgHEAH U d18eh! i gl o RO A9 gRI 3=
YT STEehi o ToIu SEHET aEhi U fHeM o aifirs 3eR e € 3R 36 oK
d T g W §| Sy SuiHYeh Ueh YRR ok iR YN aTeehi Wi fHerd o, S
TEEES deh o S &, I T H U9 AEh| h1 S Higdl 1 TH H T

F 2

SafaoT g TRl i TSl S WA YHIfead el 81 *el siEern] o
ThY0T § <[l SRl o HROT AR Sl Teree (E,) 92 Urel SRl o R0l
A St st (E,) St 2t 81n-TeR o Si ste=resi o e 9 S | g
Sl R E,) A% o€ HI Tell E, § B A B § 1 36 TR Y FH soiw[ a5

FH o1l 1 YR eH W AeH o€ § Jo9 F S &) Fel a9 0 SAfHhie <rar wH]
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% HifaeRt
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ERCEAIER ]

ISR B W €, T Si o 31fd 3169 (~10'2) WA € eieha B &1 37d: fos
14.9(a) W 39T HUR =Te s stfushien soieq < 1gfgal 9 & om 21 seft
THR p-UFR & efrerhl § 7 o1 &R E, A 5 & o ¥ 9 FW < €
[fe=1 14.9(b) f@n || 557 w7 Sl oMt 89 W st wASh o€ ¥ FE sOREE,
o TR W HSH W odl § AR SH Ul 1 HOTHS A H 3 21 [fashed o
9 H g9 3 THR H FT Thd ¢ fF qg7 FH Fol F YT G BA Sl WRE,
Y HASH oS W T HT Fehal 1 Holl U hid W Seiei S i R A § waieh
Biet < T 3R 3T €] WHT hel qrd W SATeRIY Ul IR SrEHiohd el S €
T G o W eel o9 S ¢ 36 YehN el q1q W EAST o€ § Biell o1 o
Y@ B9 § Suget srdweihl o SR o Rl B 81 ardy g | st o
TRl AT Bl 1 WKl §9 YR ¥ i Sl @

nn, = n? (14.5)

Tl SUE e g9y &9 § Wieehe qo IRefeud € W T8 Wl &1 9
e, Teraufert den erferersl (A9 qen STugedt) H Sfd i THeH ° Hedw 2
C, Si 1 Ge 1 HieRierharsti § 3fa¥ $7eh =rer qe Gas Seif o ste Sl Hadel
W fAuik w1 wEA (SEHS), SiqUl Ge & fAT el et FHHI: 5.4 eV,
1.1 eV aen0.7 eV 21 Sn ot =19 J9 1 dcd © T Ie oI € FAifeh 38eh Feheo o
Tl SAA O eV T

~
=0.01 - 0.05 eV

(@) T>O0K
e ICIR S EERECE SRR | (b) T>0K

T T TLAE o 9 S
919 14.9 T> 0 KW (a) n-Y&HR o Af=rcisr den
(b) p-YhR o 3TefeeTeh 61 Sl S|

IETEAOT 14.2 AH ofifsie fordt 35 Si ffead § 5 x 1028 @@ m° 21 ™
EHAST As ¥ 1 ppm Higdl W STafHisd fhan Srar €1 sela qen gl i wen
ufterfea Fife, & @ fF n=1.5 x 10 m|
T oM T, 7T qrdia S 1 S ¥ 3 g (n,~10"m) st
¥ SO TSRl ®1 o § oy )
o, n,=N,
I n,n, = n?, THAT T B He
n, = (2.25 x 10%)/(5 x10%?)

~4.5%x10°m>

3TN0 14.2
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AYATTF el -eh! — TgTed,

Ifear den Tl gRue

14.5 p-n wfy

p-n G4 (p-n junction) sEA @ TR el W@ srEE, TR it w1 g
THTE B 3 I iRl o foveiunl o T | oF SUeeR Sl WHEEl ST
Heequl €1 79 B0 U€ THEH 1 YA w1 foh fenelt Wi e fmior ohe rar @ qen
TR S dieedielt (2 /779 off %ed €) & 999 § %1 GfY i R =aer
Fl B

14.5.1 p-n Gy =mr fwioT

p-THR o Tafds (p-Si) Ad=res &1 gdet defaw (W) | =R S
TSS9 ° qaHaSe sRIfg F 37cd A i fohslt p-Si qefaent & o am
1 n-Si # uRafdd fhar <1 wehar 21 Tl erefererr @1 fmin w1 &) aga-d
et §1 1 geferent ® p-& e -85 91 p- 91 n- &5 o S T gt Gt 2l

feedt p-n Wiy o fmfor o @9 <t gyl gfward eidt € — 9o (Diffusion)
T 3794TE (Drift) | 9 T8 a8 foh Tt n-YehR o atef=ieren o geteqi sl @igdl
(U Thish AA | SelagHi 1 G&AT) Badl w1 Wigdl w1 g o iferh gt 71 gt
YR p-UehR o TR § Biall ol Tidl Seidel i Tigdl ol gorl § Sk sidi
21 p-n Gfu & fHfor & g9, 99 p- UE n- Bodl o AU W HiEd geuw
(Concentration gradient) o T BIeA p-%cih T n-Helsh (p—n) ! foafa B
& AU TR n-thelh | p-etsh (n — p) i AR THERa eid €1 ST a@hi Sl 3
T & FROT WY W T IO g/ vefsd B B

S i A p W n HI AR fa@f@ g € df 97 A dis uwk st
n-thelsh T BIS A1 8| T8 AR @l (U AN =R AR o WA g S g
o HROT et B €1 S-S geein — p 1 R faafd e s €, | % n-
el T YO Wi (1 s S-S &%) Ush WA ferehfdd 81 St 2l

THl YR, 56 %hIE Biel Figdl FUIdl o RO p — n 1 3R forafia gn @ df I
T OIS Uk A W (SR 3TET) Big <1 € S e gl 81 S-S g
foafid g9 €, RUTcH® SEY (EUIHe TE-9S &) 1 Uk Wd G ok
p-eish R foehfad gt St &1 @ o SHT okl W faewfad 3@ Tg-=t & #
4! &7 (Depletion region) %&d &1 78 THfeIT @ Fifeh soiae= qen gt <t |y
o AR-TR SR A | 97 o € o T8k Yo TN oh &5 1 g1 H <d ¢ (Fo
14.10)| 39 BT & ! WIS AIZHHIR o 99 9T i FHife
%1 it B1 WY o n-Hels W YT TIE-TN & al p-
TeTeh T FRUNCHe TIE-=TS! &1 8 o ShRUl Gy T A

TR fgR (37uaR)

;

‘nse-Ayd-sorsAydradAy,/:dny

Pl U1sb lojhk 1 SlpIe Ky v-d

Q
0O

[y unfud/sprjos/eseqy/npa-ns

<—— 3o faeRm
-

SO W HOTHF STV T SR T fed & eI & S 2 Sooe

TH & o HRO1 HfY o p-Heish 1 R n-hersh i SN = Sooe n
aq G o n-Helsh 1 Bl p-helsh i AR Tq Hl 81 39 c0a®

forerd &1 o HTOT STV AeHT FT TH TG B ST Fed B R
TH YHR Th U8 ¥R S o R un o faada w g,

yafed B SR Y <t @ (o 14.10) | forT 14.10 p-n | a7 F wfEm

RN W, Toror o S=41 Bl § 991 STvee W e e gl
S-S fawor wfswan sidt St @, |iH o ST WereR] I AUkl Ster & fereaiia
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ifehT

O O

___>I‘V h*__

(SISl
0000
(SISl ) n
0000
SIS )

(a)

V.

—_

o7 14.11 (o) =9 9= o
(V =0), (b) o fordt smag = gfa

L/

(b)

=1 fava|

|

0008
0000
P 9% n
0000
7 0000

Hueh

P p ™

B 9 B 1 36 e & w1 e § gig et @ fSreh woresy eTvere
o H o g S 1 98 YW S GHA O woidl @l @ S %k 16
3 <A uRE (TR o/ G STqeTe ¥R uErer § wHH e el S
TH YR Tk p-n G o St 81 Sreemen | p-n G W HiE F2 fga
YRT 81 Bl

n-&F ¥ Sl & B q p-&F | Blall 1 Wi o &R IF
&5 1 Gl o IR-UR Teh fawaiat Sca= &l Sl 21 39 favel shi e
TH YR it © o I e areehl o SR yarg o ferier e @ foreh
ey e 1 frefd sa= e o @1 fa 14,11 ° @ 6
e ¥ qe $Hek Tl o ot fawarae < T B n-vyere A seieRa
Gu ¥ e p-ugid 3 geldA S fRT B1 3 YRR p-usie o @re
n-ue ¥AHE €1 iR fawa n-g W p-g H SR goeeEl w1 T
Sl Yk 1 TAH HIA © 3 9 fa9e 1 A AT 999 (Barrier
potential) FEd T

IETEY0T 14.3 T p-n GY I o {89 p-U&R o AL ol Th g1 Hl
n-R & e 9 difes 9 9 FAld # p-n G 9@ S Hed 22
A el FiE off ugl, =R fRat g guaa 8, SAR-mHay e e (~ 2 °
3 A) 9 #El R R el IR safiT WHTEE R W i geh (e
Hqq Hueh) Hea TS M Yafed BF aTet 1o areehl oh fore |y uek fafessrar
FH TE FTBR HM|

14.6 3T SES
s eEe (99 14.12(a)] a0 ®9 ¥ TH p-n 94

S g O € e fE W e w92 e € @it e S

god TR IS AT Sicedl ST i ST HoR| 39 gfe ok q <fifa

B €1 T SHE i Wdlshed &9 § T 14.12(b) |
frefa feran o 21

TR &t fen aRuret o Tg9R forga um &6t feen ame=n

UfereRT (Equilibrium barrier) i <31idt 81 (Sefeh smig

smfefyter a@fdd (Forward bias) 8) fawda =i e/@ie &

Tl W aTeT siieed! V Sy ek qieidd el S Hehdl 2|

o 14,12 () ST P, (0) pon 59 iy e w1 o foret a3 ereen & feerfa for
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SATS T Ydieh|

14.11(a) 92 (b) § <oi=h T 2

14.6.1 33WfE¥eR 9@ W p-n G s@IE

S forddt ereiarer S/e o 31 fdi o a9 i @Rl dieedl V 3d YR STUgad i St
€ for 928 1 oM 2l p-hoish § 91 B0 il n-esh § Fafsd s € [fe
14.13(a) 91 (b)] @ 8 S7ff7h Frard Hed 2|

YT AT dieedl U Teferss <Ee % B &% o ol W gk § e

T & p-Thelsh A n-els T YA 09 Bl @ (ST FROT 9% § T g
&1, I & el IS e e €, 1 Ufakie n-hoteh 31Udl p-Thoteh o UfcRiel o
qo | Tcafersh Bl @) | SggeR deedl (V) 1 fken sfd i (built-in) fas@ v,
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AYATTF el -eh! — TgTed,

Ifear den Tl gRue

o fauda gt 21 3ok IROTHEEY, gl WR AT HReR M S ® qen
et S 9 & S € [ 14.13(b)]1 SwIffers a=@ o gt fy
1 HAE (V, - V) Tl 2

% I dieedl o ¢ df Ufeshl fawe 91 99 9 Shad §9 &1
Bl ST@, T2 shad o B 3TN a6 Sl Soadq el &R W ¥, 9gd HH
T o WY i IR ST o foTT STawesh Sl Wi ] 9IdH, o7 %Y faRa
R YeTfed el AfE 39 STUed dieedl | STl Ifg = < df Ufeeht g
FHIHT TS ST qe Al T& | agehi 1 94 IR & o T sTavas
Fell U B ST 39 YR foea o | gfg 8 S

3YYH dleedl oF HRUI, IR n-Thold il &F Hi IR HT

pwmq@ﬁ%(wémm%)lsﬁerWéﬁﬁ

O O

— | W |je—

1
N , < - 3
14
TR AT TR Fh n-HAs W TG € (Sl o Aeq9 a9 | e o

T | B 916 39 UehH Wl STCUIY A6 31d:&9U (Minority carrier

(b)

injection) Fed g1 Tt T T W & Herk W, W W G AR TN fug 14,13 (a) i e o
el 1 WIS H1 o1 H, SFedrel Srech Fadl § Wew ol g 8 ST 81| o e, (o) dere e
TG Gigdl YUl oF HRUT p-Wwoldh &t Gy o fEAR fomfa g (1) R S, (2) B S
p-PeTh o T R R UG S ¥ T R n-werh H W B B s e ) v e

Y foafia B n-%eis & T R W wgea ® (F 14.14) 1 9 Setenl W

STV TR F TH MG F B0 G GN VeEd B ot 21 g e % fer

SR SIS ¥R 1 WM Bicl faERul ¥R qefl Seiareid foeor o SR :0000;

RO S T A B $1 S MR S O o freiferr § g 2 P §§§§ . }—
‘0000°

14.6.2 Uv=l<iyTeh a=d ® p-n Gy SRS PSR

9 et ereiures e@e & < il & o= & 9wl dieed (V) 3@ ;ﬁ;m ;T

bR 3T i & b oedl o o 2fHiFel 1 n-wersh d qe1 Hol T

fiiTa &I p-wer | Sied € [ 14.15(a)], T P & WaRRF  furg 14,14 swiefors @ o seao
W (Reverse blaS Wﬁ %l W m <hl ﬁw ﬁw CIREY 3]'(—[‘8{C|'U'[ (Mlnorlty current

aTef=TeTe o BIE &5 o ol W g §1 Fel ST ygad dieedt i fwm
Ufeent fasa 1 faen & 99 Bt 21 3Hor aRommaEy Ufeent &1
SIE o St @ U gt s i =ier # foaga ® ufed| g % %R gfg e
STt @1 gefefie arEee W g Ak S (V) + V) €6l € [ 14.15(0)]1
I8 n — p hi 3ﬁIS@FETﬁ'a?EEﬂ§'HaT;)—9rlaﬁ'3ﬁ1fﬁﬁTéF'Hﬁﬁ?EFIRTFTEFRﬁ
2| 38 YR, SHE o SRR 9 ®i qor o 39 fefd § fam uw sty
% HH B 9 2

Gfer o faga & =t feen U B @ f afg p-welsh W goeH 31edl n-Hew
R B A Agfese fa Fd THa G o e 31 W, At 5= Sk SgEeEs
& H 99 {2 SO SN STEehl o TH STUETE o SRV faEd ¥R 3= BN Ag
YETE N S LA IS T Bl B| b STTed | B o1 SRVl I8 & foh 7191 oreeni
T T ST ST otk W T o SO 3R IgUEIh Holsh shi 3R R €1 SR
TG H TYaTE O (TR pA H) off Bt § Ry I8 o7 M arehi o R N
(mA ), I go1 § 99 2t 2|

THIE Yd ¥ (Reverse current) 3TIUIE dlcedl W T R &1 gl
3TCTIYT ATeehi 1 G oF Tk Heish ¥ SR Foish dh JgdH o Tt o dieedl &
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% Hifaet

OO

0600006
LR

P ececese n
LR
CEEERE

4+—
@ 5
/ 1
— N
(b)

o7 14.15 (o) AR I=9
4 sEiE (b) WA 9@ o
Uferept fasral

e Bl Bl R STHgeR Sieedl o Remd grI Eifa el it Wy 7 |
o M Telehl T ST ageh shi Higdl o HRU it Bidl &

qyaffyTs s o fRdr wifds wwafcfte (Critical reverse) aied
% ToRAe 9Red &9 § dieedr W R T& F3cdt €1 39 dieed &1 997
gieedr (Breakdown voltage, Vbr)Wﬁ%ITﬂ V=V, 9 Ee weElien
o/ H a9 9fg et {1 96l 9 & 9 e | oed iy F W
oy o ercafier qiedd el Sl 81 A uveiiien o ot feRd @
R g Ed O (S8 Scresh g ffde foen wn ©) @ = wifi
7 fohe ST @ p-n G T 1 ST A T a) o 98 31900 91 9 31
B ST df fdde 8 o HRO SRS T B Sl 1 U a9 o 81 Hehdl ®,
w eRite S SEfhd e & 9o Swifefin M STHd e 9 st 2l

forelt e@e o V-1 STfenafins (ST{Yge &1 T8 dieedl o %ol oh
®Y § 9RT 1 fa=mor) o1 21eea & o fa uftuy o o 14.16 (a)
Tl (b) § fe@m@ T 2 SEiE © dieed ® UH GRREEe (A 9
i) | ee) Sigl Sl @ e S@ie W STIge #1 T dieedl i
Yftafdd feran ST Gehdl B Sieed o fafs= 9l & fou am 1 96 e
foran STl ©1 V3 1 o5 e Tk Uk, S| e 14.16(c) § faamen e 7,

T B 71 S ST, ST S °19d o fore 89 fHefHiel &1 ST S
g Fife (S fuse sy o wwsmn T o) e uw i @ et
foudd a9 § 9 910 F A9 % {0 Tk HESHIAHRET 1 STER feE S 2

G M)
\J
N I (mA)
L1 A
P n
Val
HEATTHTY —
(mA) 100
80 —
/i/i‘ | =kl
— 60 —
+ (@)
40 —
HleeHe
@A 20—
100 80 60 40 20
1 1 1 1 1 I I I I > V[V)
[N v 0.2 0.4 0.6 0.8 1.0
> T 10 —
P n
7 20 —
HTEehTTHIR
(LA) 30 —

NI\;\ | femr 1(ua)
- '+

(b)

(c)

o

fora 14.16 5 p-n T TRIE &1 (a) URRTE 99, (b) TWARRE 9@ ¥ V-1 stfaenafors o
336 I o AT UfuY, () frdt fafaesi sere & gfaedt V-1 stfremerforen|
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T Salaeiel - TSI,

T qen Wl qRae

9 991 (14.16) H 3@ Fahd & R smfefores oo & o9 ® ¥R 39 999 7 g
-, ST 0, Fgdl © ST ek foh Srie W dieedl T Hfvea o @ eifien
7 Bl WU 39 Afqenefres dicedl oh 9% SEE dEY dicedl H dgd Aig-H g Jfs

FH U TEE uN # qide (Faiet) g @ St ?1 g dieed dgcl dicedr
(Threshold voltage) @1 %2-34 dicedl Hhedldl 2| T8 dieedl &1 AF SafEd
T o foT ~ 0.2 diee qen fafees= g@E & foag ~ 0.7 diee @1

Ty I W SEie o fau o) Sgd wH (~pA) Bl @ qen e aied
% WY T Feer o Tt 71 T gy '\‘Tgf'-?l' YT (Reverse saturation current)
ed B T P v wenl |, sgd Afee gveieiies s (9 deed)) W EN
o ek g 8 S 21 erie it 39 favm fen ot foee o eganT 14.8 | @it
T ¥ WHEROT Sy el SIS Wdld Hqw G & o AN I @l fRy S 2l

FR G T g 98 fK@rh € 7 p-n SEE g ®9 ¥ 9R % Y€ i hdd
& e o (ewffyen sEw) it s 21 vl s gfaiy s ge
¥ swffrr a@m Uiy w9 A €1 TH O H ST TS (ac) Siced o
feseantor o foru fomen o ®, 599 ovred et | wwemen T ) eEEl o fow 'n
T 3 Hifasw T 59 7o gfmiy wed §, i Cdicedl o @ qiEdT AV qen
farga om0 o s URed AIeh '’ o ®9 H G S 2

AV

Iy = AL (14.6)

ITEIT 14.4 Tt fafas= e/ie =1 VoI sifvenafirs o5 14.17 9 <910 7201 2
SIS &1 G (a) I, = 15 mA 9 (b) V,, = -10 V R qResfea Hifsy

I (mA)
30

10 vevenny

-10V
®

0 0.5 0.70.8V (V)
— L - 1pA

o3 14.17

T S/le AfTeetfoTs &1 I= 10 mA ¥ [ = 20 mA & i< Ocl 3@l 1 Sitd A
T S qa g @ Tordl B, 79 o o e %1 UeM i gU WRRiY 1 g
FL GHd 2
(@) 9%  I=20mA, V=0.8V;I=10mA, V=0.7 VR

r, =AV/AI'= 0.1V/10 mA = 10 Q
(b) IF A V=-10V,[=-1pA®

Ad:

r,=10V/1pA= 1.0 x 10" Q
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% Hifaet

14.7 G SIS &l fTe&RT & 0§ 3F{UaT

et @ emie & V-1 tfienafores § &0 a7 3ud § % 9% Shaa aoft fagd um
welfed €F a1 € W 9 STufkien St e 81 o At fhe gme o i W
I JATEd! alcedl STIIIe i ST =eh o ohael Sl AF | qRYel H ¥R Yalfed
B ST e sfkfre arafd B1 @i % 39 0
SN YA Aieedl &1 o w0 § fhan s @
Al 39 a1 o fog 5 afger &1 S s €S9
feet wgd Bl
g TS o fal W &g Jamad! (ac) diced AvishH
o HAifSa e gfaly R, & |19 ST9YR 1 SI¢ d dlg
o o W Fad ac a9 & 39 = o oo eme
smufefores smafad €, T TeaH dieed! Sftei=R el 58
TehR 1 forga 9aer fo 14.18 o forpa 9fRue o <okn
T & TR oo et uftay wed €)1 e i
/[, fadaE gt =i A 9 B W afed ac e ®

N\ :
\/ \/t SR A B T@ A R dliced AR BN E Al SEe

smufef¥ten TEfed i ® qen 98 foRg &R o1 =ieH i 2|

‘ ﬁjﬁm:‘ WE A W deed ®OHE e € A Srie Wl

R % ufd: deed A T o

9" § SEE 1 HgW WY N T0d g ¢ ael g9

®) AR Tl o foIT g 7 ST Tehal 21 (SFIE i

o 14.18 (a) a8q el uige, (b) fesd Tdd 9o dieedl 1 91 J9hrR &1 fgdtas heel ™
uftuer § Faef ac i ffq deeq & R ac dicedl &t a1 ¥ w161 Afus g1 =ifen difeh

338

T B

TS g ¥sH § GAHd T wonl)

THAT ac dieedl o YT FEEH H @ie Jfale R,

Y foaga or varfed gt 3R g6 fost 14.18(b) ® <wiiT R frfa dicedr 9 gl
TR RS 3TE=h | foe[d o U 781 8| STl HTcHeh 31d=ieh o gd e ffa
dicedl o gRi1 39 WehR, fria dieear @mfy ereft off afed i © W=y e Shee T
& faen o wfeafod g & wR0 fiesrt wear #1 Hid 5 ac T % had Th
& srefuss o Frfa Sicedt W &1 W R, o1a: 39 qRuet wi o7ef- Ry et FEd €
o1 14.19(a) ¥ 3@1T U qRay W I SIS 1 SUART Hich T UH TRy
e 1 T € 98 ac 9% & TR TH RN <Al 1 el o aegedt
faweshd ffd diced W eidt €1 sehfee 38 ufuer &1 gof @7 faesrt Fed 1 38
<l SISl % n-TheTshl i Tk T HATST T o4 € 91 Tl ol SEEl % 3|
3wt fag g TawrR #1 f5dias Seclt & we fag & o= 9 e s 2
3d: fRrdt gui @ el o fau gawiR &t fodias gect o 7 § &
sfoifrshTet fa1g (Tapping point) Y& feran ST € SR EifeIT 30 JHwIR il 767
feehTdT 2TAHER (centre-tap transformer) gd &1 S foh o1 14.19(c) © =
2 fF 7% eie N fedd dieedl ot fgdias Seclt O W dicedl &I shad
el & B1 TAF SIS Shael MY Tk kT R AT §, W I SIS Ferwdt
=i o1 TS0l *Xd €| 30 YR SHEE! o SuA(s farg aen wea fepredl Trawi
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& 39 et fog o sfte ure ffd sieedr qof @@
feesi dicear et €1 (em @ gl qw
st & fou T o= aftuy of i © fowes for
ey FThTE W 1 STavaeshal &l grft Wy 39
TR SIS =Afen) | 7 eiifore fordt &or Heg frepret
o A T faer sieed ¥ 21 98 T ® foh 39 &
T Al 3THTT BH o $RUT B W diced oM &Il
2 < T o 14.19(b) o <wifen T 21 3@: <@Ee
D, swfefoe arw g faga =o€ (Safw
D, TeEfIeh SEE BH o HRU =l Teél ) |

37d: 39 ¥ AdEeh | g6 9 14.19(c) H =MW .

HIER T Tl o0 (Fen «re gfey R, & fol ™
fi offeedr) 9wt eidt €1 35 YehR ferdl o &1 W,
& A T Slieedl SBUHs €l Sdl € a6 B W aieed
AT BT | SEfeTy SRIE D, <o &1 shidl, wifh
gEie D, @IeM *d ¢l 39 YRR fERf ac &
ol d =k | oft fid o (Fen R Wl
dieedr) fHerdt 21 39 YK, B4 9T 9 SR
T E o1l wm A (ererfd, SR vl H, gui )T %
T o) i sieedr e 81 T, i sieed =0
U YT A o T I8 31ef X feeahid ° s1fereh
T8 qiuy B

T YR U fesesha dicear s1ef someshia (Half
sinusoid) STHfd #1 Bt 21 Tt I whien e
2 g 3HH A T TE gian TeHH dieed 9 de
fofa are e ok fer foefa =fifea & foi W (R %
v H) I S GuIRE SARTd Y 39§l gE
1 & FE F AU e uf@y R, & Sviiwd § g
Tk ot TS feran <1 Tehar €1 <k 3 eifafied ac
3fHeH137 I X fheetd weh Y§ dc dieedl U&=
Y Fdld B €, 37d: 3% fheet ®ed 2l

319 B9 fhee § G st ftrekt i faa=m

AYATTF Telaeieh! — TgTed,

T qe Wl qRae

e et

- ; TEE 1 (D)

| H :I[?'Z[ A X

' Ay

e I CI O Y
= Yy

AT T &Y
A

() | i
el s o o |
EE| o ajor] 5w 15 v 135 e
- FRSVEER

S = i i =

>t

(c)

o7 14.19 (a) T @ feswrl 9fmer; (b) A W
TEE D, % 3 B WeME D, &
few Mo frawr & @ ®9; (¢) o a @
feweett gy o §ig T e R, W
fid aieedr 1 Y|

F| 5 G o fol R e § gfg 81 @ e € at 9 mafv e S 21 A
gy § #E 9l die 7 € df 7 fKeda fufa s R dieear 9 stefv T
21 9% guer § 1 dig € Al 98 @ie 9 e fordfsia B o @ 9o seen ol
W oieedl wH 8 ol B e frfd o emed et wen o @e fRe et farer
dicedl deh S gl 2 (Fest 14.20) | Suifis o ot W aieed § S 8 %1 X
IR 1 i@l ¢ den uRay § ol gl giilde R, o Wiald UAwe e
HTeT% Fed &, W ¥R a1 ©1 el 1 0 AfHew e o fau ¢ w1 A 3t
BH1 =feUl o1 Henfa faw fheedl &1 SWM & W 9@ f7fd gicear fgesa
dicedl o foray 9 o e Bt ?1 foa werEl | =amae w9 | 6 YR % fhe

IFEN T S 7

339
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.— . rd rd . \/ \/ » t
I
_t
ac —C R, dc &
ﬁ EE S
45
N ° ° E 4 v .
T
(@ (b)
o7 14.20 (a) Fa1fa free o W qui qO1 feaid, (b) W feesit &t fawr den fia ateed

o e

6.

10.
340

AT

. et IdHH S STEE] SR SolRie foEl; - e, IR,

THIFA URuY Tefe § W ger uae €

3TerTel eell shi TTeteh LT Tal URATY] HTEA Gifved et € for fean o fagm
qR1ef foRpauret, oTg steren STe=e Srml

TSl 1 IfeRIvhd 9gd F9 (102 W 10 Qm) 7, fagerieh el 1 frieemar
Tgq AR (>108 QmY) €, STefeh srefererni i iRivsmhd arget iR foeaaed
weiell % weA Bl

peferern i (Si, Ge) W & WY Ak (GaAs, CdS 1) €l

IS e A stdTere’ Feed ©1 ST ekl (TAEA SR Be) i
Iufkerfa wered 1 S’ o1 @ SR A FH SHeH o qRUTHEEY 9w B 1 A
sTeTeTRl § TeiaRl T WA (n) Bel % WeA n, THM el §1 Ee Sawsh
®Y 9 YAET GFEY o Sele[ R 2

Y6 SAHTTRI H ST 1T oF * STAHH0’ § STe¥ AM8ehi i W& IRafdd i
S Tehell ©1 WY efwTerhl i STagedt st HEd €1 9 T YN (n- TR SR
p- THR) & B 2

n- ¥R o H€Eers 4 n >> n Sefh p- ¥R o SEEe 9 on >> n
T

n- YR o AeEmers § Si 12l Ge w1 GuHES WA (I6@1) S¥ As, Sb, P
TS o QY A0 § e feman ST 8, STeifeh p- YohR o1 et Si stera
Ge I @t waEm (U S¥ B, Al In 3 o erafqso 9 wrw fawan
S 21

Tt Tt § non, = n2| 39 SfafEd e quiean faga Serie E

ered o < o= e AT (HAISEl 9 R = o) ' ©, N see
@A &1 GO I F1 S A6 o€ F1 B9 T STUT HH ¢l GASHA ST

Reprint 2025-26



11.

12.

13.

14.

1.

14.1

AYATTH Telaei-eh! — TaTed,

Ifear den Tl gRue

H geft ol WX qul € Sefer wrem S quiaan Rea steran s1fyes &9 9 gfikd e
Tohd | fRdl I o =M dT ¥ ToieeE T A o fau g wd ® i
TR o foTT STREwT i 21 Sethdr 1 EH Hashar d€ (E) o ¥ $iR
e ST (E) o dc o e Fisll- 3T qu'{ﬁm‘{ Tl 21 TSR 9 9
TATLA oA, hTYT A fagd el gRI e e o Sfei fohT S ehd €,
S ereferesr o wenfed oM H UREdd Seae @i 2

foegd-Telt 2 E,> 3 eV, s1demer 2g E, = 0.2 eV ¥ 3 eV, Slfeh #ge o fer
E =0 2
g

p-n Gfy geft sreferern gl w1 9o 71 W9 T Gy St © A solei st
Bt fed ST S IS i TF ‘R W o7 S © S Gy faw due’ 7
IEE 2

e STIIIH dleedl i qRafdd hich Wiy fava Tures ot aRafdd fwa ST dehd
B SR a5 (n- B S0 & HOMEH fR F IR p- Tl 92 o oFIHH
R 9 Hag 8) o Uleest w0 &1 St B, St qeeieimes 9 § g € 9 2
a7: ferdll p-n G SHEE § Sufkiih @™ R 1 7 AU (mA ®) e ©
Seifeh TR STEE R 1 A 9gd %A (WA H) Bl

THIE i JEd (ac) dicedl o et (et o i Teh foen | yfqafed
FT) B FAT H A1 S Gehall €1 He fere SUgE fhoek o AR ¥ R o)
dc dieed W HT ST G

Ta=mona fawa

STl | et d€ (E, st E,) feepforenfta 2, fwe aed € f6 3 o o
fopet farfyree worm o feera =&l €1 St THY AIeT €| W9 9 Tk o e © T
E_ %@ E, W @t @i 7T § 7@ 3% A% Ao o Fel Wk a6 W AR
ARl o€ ol &R % YT W ol =T

difcreh arel=erhl (Si 31261 Ge) H iR p- refarcrhi & srafqgehi %1 30 & &9
o gf-fease oteh 9 i 2| AT steETernl § wiel WEHis o s o
e ateiETerh oF YR W off TRede X Heha €1 SN, ey GaAs ¥ Ga
3R As 1 o9 1: 1 8, Rg GaAs H Ga-J=R el 37261 As-TeR el Hasl:
Ga,  As,, 3199 Ga,, As, , & Thal 2| WEG: Q6 w1 SUEfq sefmerhl o
il A HE R B R e 2

T

el n- 9HR & fafasi § fefafad § 9 SH-91 9o 9 272
(a) TOERH TEUEH aEd B IR et WA sfis B
(b) SORM TCUEETF dEF ¢ AR qEEas L] SAUTHYHR 2l
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% HifaeRt

14.2

14.3

14.4

14.5

14.6

342

(©) T (fgeR) sIcqder® ded 7 IR Tagast WHv] STuffss ¢

(d) et (foeR) sgues aes ¢ iR Bt wwm) sftses #)

v 14.1 ¥ KU T sweml § 9 -9 p-ThR o Awmern o oy e 82
e, Taferen= i S, T § =) Gt gois ¢ Sh! faear s
oE e g YR HaAShdl SR = o8 gr € T §, S hH: (E). (E)g,
T (E),, & TR & frafafed § & HF-9 wHem a1 82

(@) (E)g < (E)q. < (E).

b) (E)e < (E)q.> (E)g,

© (E)> [E)g > (E)e.

@ (E)c = E)g = (E)e.

for S99 p-n &4 9, T p- &9 § n- &7 1 iR foEfa B@ 2, i

(@) n- &% ¥ o ol S ST A &

(b) ¥ faweiar & wR0T |y % IR T w2

(©) p- &7 H TA-TiEdl, n- &7 § TIh! Tigar 9 e T

(d) ST g+

S p-n G W R 9EE SygE Rl S ?, 99 9

(a) fawa Gueh sem 2

(b) EHETF dEH YR H YA L I 2
(c) Tawa Uureh 1 7 HT 1 2
(d) SWe o 9 i T

aref et feseentr ®, A% feren emgfa 50 Hz © o i srgfa a0 82 oo fraw
Tt g qof @ et *1 ffa gt == 22
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I
]
T oF 3SOT

.
T 9

9.1 v=-54cm |YfeE adfae, Ie qe A& 71 gfdfed &1 92 5.0 cm ¢
SH U f, v oo; u< f ok foru gfafea smardt s

9.2 v=6.7 cml & = 579, sufq gfdfaa #1 BT 2.5 cm B HAY F w - oo
v f (WY BHE ¥ T Hf T&l 9gar) Safh m— 0

9.3 1.33;1.7cm

9.4 n,=151;n, =132;n =1.144; 584 sin r=0.6181 1id r ~ 38° W<
I 2|

9.5 r=0.8xtan i @M sini, =1/1.33 20.75, & r G99 9 g &I o= e
€ A -9 SHATSS ok fAw wifaw w0 71 EEE = 2.6 m?

9.6 n= 1.53d 5 ° f5sw & faup, = 10°

9.7 R=22cm

9.8 =&l o enwrd qen wfdfsa arfaes &1 u=+12 cm (5@ Tfedt iR 2; smnardh)
(a) f=+20 cm | Ufdfe Irefoss & de &9 ¥ 7.5 cm W A 3R 71
(b) f=-16 cm | fdfee ardfeass € qo @F ¥ 48 cm [ AT 3R T

9.9 0v=_8.4cm |Yfafea e qen R 71 F% TS H BT 7, e = 1.8 cm | S
U—>o0, 0 f (AfFAf W W & a1 S&feh m— 0) |
1 ST, W7 o] 3fedel o (f=21 cm) % HIhH T @ €l €, q6 SEeh! Hicifers
od ¥ 10.5 cm R T § (T W T T 1 R Tert ¥ FIE Wi Fehat €)1

9.10 60 cm HHE T H FIER |

9.11 (a) v,=-25cm ?‘MTL=6.25 cm 9 u,=-5cm; v,=(15-5) cm =
10 cm 9=t Bt %
Jo=u,=-2.5cm; MEHT &l = 20
(b) u,=-2.59 cm; AT & = 13.5

9.12 25 cm 30 W Uffad a1 o fau A &1 Hioia sard
S k= 22em=227cm: y = 7.2 em
2.5 11 ’
gk T = 9.47 cm; AT & = 88
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9.13
9.14

9.15

9.16

9.17

9.18

9.19
9.20

24; 150 cm

(a) HIVF @ = 1500
(b) Hfafed &1 &9 = 13.7 cm

aifed afomd 1 o forg YT o FHIehoT a0 U1 i WET T YA Shifsy)
(a) f<O (37aad g9u); u< 0 (foa arE W)

(b) f>0F faw; u<0

(c) f>0 (3T gUU) AMu < 0

(d) f< O (TEad TUON); f<u<0

9 5.0 cm SR 33T g Wdld e Bl Tg TR gww TR0 oM@ gn <@
ST Gl & R S wiE o eeh & fafq w fasi T s (S e
ol o fo)|

(a) sin i’ = 1.44/1.68 f5&® i’, = 59° W= =@ 2| oI SMARH A
i>59° 1 S r < r__=31° W e[ gl 3, (sini_/sinr )=1.68
@ i~ 60° 9w Bl €1 TW YHR WU % URE 0 < i < 60°

I |l Sufaa foRRon w1 uey § uul ofafeR were = (AR wew w6t
oot ufifd 2, St 5 9eer @ et ®, 99 i W Fre o ury & o
AT IWH! deE o SIIUM FW MUiRa TEMI)

(b) AfE FE a1 TR F& T, Wi’ = sin'(1/1.68) = 36.5°| I, i =
90° & fam r = 36.5° oM i’ = 53.5° &, S i’ ¥ feF T TW THR
[afeR & et smmufaa fweol (53.5° < i< 90°)] Ui a1fafer WEfad i

TR M a5 o o4 e g s ok foe, o wien 39 feufd # wden v fag

ATEdfersh gl YSM T8l HLdl, S £ OF s/4 9 S g

3d: f  =0.75m

max

21.4 cm

(a) (i) WM AT foF g T JH-9S 918 3R ¥ 98d 39d od T 3Tafad
HUBIIE|
f,=380cm, u, =—oco ¥ YK A T v, =+ 30 cm| Jg Ffafsa T o
o ferq enarelt fae &= ST 2

f,=-20cm, u, =+ (30 - 8) cm = + 22 cm, f5HE v, = - 220 cm
T BT €1 HHIR afad fRo-gS <1 o |t o e % %R 9 216 cm
R Fordt fog @ ero@iia grar vl g 2
(ii) A ST fF FE TR THR1-G9 9 2R § 98 e oF T 3Tafad
%ﬁT?\IITﬁfI=—ZOcm, u1=—oo@l1;|Tl?'I'€l?ﬂ% v, = - 20 cm| T8 Hidfes
TR A o ferg Atk faa o S 21 f, = + 30 em, u, =— (20 + 8) cm
=-28cm, ¥ v, = - 420 cm W B 21 FHIG THE-TS < A&
T3 o Aeg fog &1 9% e ¥ 416 cm X Teom fog @ sfowwf@ =
wefta glal 21
e ¢ fop ST 30 R Rk e @ o of o o forg oIk guiat g4 emafad
21 }1 GrY &1, BAR UG $IE U WA g GHIH T8 @ S qeft u (qqv) &
Al % g, (7T @ fAfeaa fradie & 9al 5 9o 811 (fer & feris f, aor
f, @ < S o ot g g8 R (AefRa gid &) T Bk g8 ki e,
iy 39 o= o forg srefqol wefta =& e
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9.21

9.22

9.23

9.24

(b) ul=—4OCm,fl=SOcm@ vl=120cm‘;|T‘?r%ﬁ?lT'§|
Tedd (3UA) @9 o HRUT L w1 U@ = 120/40 = 3
u, =+ (120 - 8) cm = + 112 cm (T 9D

112x20
cm U BT 2

f2=—200mﬁ v, =—

e T (3TFAA) W o HRUT SEET 1 GRATT = 20/92

M@ 1 A2 9RETT = 3 x (20/92) = 0.652
iafad 1 WS = 0.652 X 1.5 cm = 0.98 cm
afz oo o sT9afda foeor g etk R shifas HI01 i W TUfAq i ¢ df, gee
Foh W HAITHH HI - TE (60° - i) B R
3 i =sin" (1/1.524) = 41°
d: r=19° 9 sin i = 0.4962, d2M i = sin™' 0.4965 ~ 30°|

11 1

(a) U+9—10,3Tﬂﬁv——90cm
a1 TRE = 90/9 = 10
st gfafde # g o &1 &% = 10 x 10 X 1 mm? = 100 mm? =
1 cm?

(b) & &mAl = 25/9 = 2.8

(c) T&t, frdt oig R smae den fohdt ahifTer o 1 HIviE ae [ s1eran
s erman] < faet erfumond @) i e a5 o wivfE s (ST
o wfdfers o amefefa B W gfafae o sHiofta west oF swek & 21) 921 359
fearfq & o o w0 WES (Sefh 39 e f9g 25 cm W @ S ®) , 6
ST Bl B1 39 YR, e 1 GRAIT | (v/u)| Bl © 9 e
(25/ | ul) Bt 1 oheret e T gfafed ke fig | vl =25 cm W @
ehael et <A TR g9 e B

(a) wfdfse o ke g (25 cm) W s W siferhan e emar wr gt 21
3d:
u=-7.14 cm

(b) @A 1 gfmmor = (25/1ul) = 3.5

(c) Sad™ &mam = 3.5
B, e amd (SE gfafes 25 cm W ST §) TaEd o 9T o 99
Bt 2

A& f(6.25/1) = 2.5
v=+ 2.5 u Ad:

1 1 1
+ —_—— e —

25u u 10
3?941?1 u=-6cm
vl = 15 cm

st wfdfsa g fehe g (25 cm) @ ot 9@ 9@ @ de 58 A o T/
3@ Hehdl
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9.25 (a) I gfafsa 1 FRder Aest o5 & e 4§ o<1 off €, @1 oft wfafee &1 Hoi=
gl 9% o I TEST oh GHM B ¢ HE AEdE O eA 3 w9 o
TEAl L1 € ;A e ofg T ® df o9 25 cm @ % g0 W T @l
ST Gehell; SR G B W EH o kI STUETHd Sgd Fehe W Hehd €1 9%
fishe 31 o SHHT FIUIT e 25 cm T I FT gol § el afuh g 2
TAR UG e T 1 Sqes w1 T e 2

(b) ©, 98 offeT | Bl B, Fifh 45 W AR I &F W Haid o ¥ el
B g 71 AfE yfafds 9gd W E O I8 99 T g €1 [Fe ;S|
I oW W TUE @A €, @ JUH 9% g T W AR w07 qen 36k wfafsa
BRI 79 W aRd &0 99 &I B[]

(c) eI, Td B Bk T o ol 1 fored s e €1 vo erfure wergol
I § foF A 9 Wiy T %1 FW@ § @ 79 faer (e qen o) T
ST 21 o7 SFER H, M9 fendlt Tt ST g ¥ 321 31fersh shi el e
T 9 Y G &) qenfy, et famer Geifua of| orelt & swEn 9@ 59
1 1 10 T 3Heh Hi=The ek § g1 Fhd B

(@) TRt Afe 1w STEEE (25/1) + 11 (f, cm ®) g € 5w 79

v, 1

lu l (luyl/f,)-1
I B © S ek B € A 1wy |, f, @ e st 811 gamee w1 suEm
31fa fishe 1 oegal 1 3@ o T foven ST 81 97 1y | 9 F T SR
TEIER £+
(e) Rt o sifurgeae o gfafsa i ‘Frie g’ Fed €1 9%g § o1 areft @sft
forol sifugeaess @ sT9adq o e ffe R 9 et €1 or: TR A 9
@ & fou 7 T oret fearfa €1 af 5w st o B ARt & Sgd & fee
@ 1 AR aga STfee TeRTeT T SATURET TR R ATe e gfe-aF ot =
ST A &H A9 75 S FH-gRe W W@ a9 TAR 45 & qacit Fl &Fhd
-5 o &o%a ¥ 2Ifye o1 99 8 @ gAR 97 Ifhgyas 9 Auafad
[eft forton 1 AR & | FRTH-gRe &1 Wi WM |M=a: sTfageae
TS AR & SR R R war 21 9 79 TR gaueeft 9, sk Tk fm
T YA A kI TR 3@ § Al A U AR o v et gt 7 o feseA
¥ ofafifea &t 2
9.26 M oiifery for geueefl wmr= swan § € srefq gfafeds 25 cm W 21 AR @@
IV STEEA

£, W W fg el 71 G figeash w1 oTae

348 5u, u, 125
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9.27

9.28

9.29

9.30

9.31

fed u, =-1.5cm.; v,=7.5cm; lu | =(25/6) cm = 4.17 cm WS Bl B
fgeaeh Ud ARt o o9 g8 (7.5 + 4.17) cm = 11.67 cm BT 16T STdfaa
SMEYT I 3 o fau o%qg i 2fgeas ¥ 1.5 cm X @1 B

(@) m=(f/f) =28

(b) m= £{1+£] =33.6
f. 25

(@) f,+f =145 cm

(b) HHMR W Faf@ iU = (100/3000) = (1/30) rad; 3FIETIF R T
gfdfer @ &afa 197 = h/f); f, = 140 cm| <A 101 o6 HAT 61 ol HEH T
h=4.7cm§|T‘?I€ﬁ'dT%l

(c) AT 1 3Maeq = 6 sifom wfafee =t 3= = 28 cm

2 YT (3TaqeT) §RI SR T yfdfers S gdur (I9at) o ferw s fa| @
T LAl 1 eFd W @ foe W e areft Tl Rl 9 <99 €110 mm R
HieRTd BT | BIE YU o faw e fom &t g8 = (110 -20) = 90 mm TR B2
TAU T BIRE T 70 mm 71 S0 G KT ST FH R g9 3@ fw wfafe s
T ¥ 315 mm R @

wEfda TRl gdor o sl o | SN w0 W faaftd g 1 ot d/1.5 =
tan 7°; d = 18.4 cm

n=1.33

T 10

10.1

10.2

10.3

(a) TEfdd YT : (FOTesd, sygfa, =l Safad YRS % WHE ©)
A =589 nm, v=5.09x 10* Hz, ¢c=3.00x 10°m s™*

(b) TUafdd YTl : (3T, dfad g o TAE @)
v=5.09 x 10"*Hz
v=(c/N=226%10°m s’ 1= (v/v) = 444 nm

(a) el

(b) HHaA

(c) THAe (S el 1 Gag 1 Th BN &5 Mo FHAeAd il §)

(a) 2.0 x10°m s’

(b) &, Hifer srvedaie 3R gafay qeqq § e &1 =re auresd R e s
2 [V #E faire quesd a1 g &1 W@ 9 fen @ e g9 Ry T
YT 1 A TIel JRTY o T o Hehd &1 1 379 86 S & foh ST TehmsT
=1 foreer i & fiom o ara yehm @ sifue i 21 stfd n, > n gEf,
vad TR 1 S fod, ol a9 it i @ T e 2

1.2x10?x0.28x107°

10.4 /4 m = 600 nm
4%x1.4

10.5 K/4

10.6 (a) 1.17 mm (b) 1.56 mm

10.7 0.15°
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10.8 tan'(1.5) ~ 56.3°
10.9 5000 A, 6 x 10'"* Hz; 45°

10.10 40 m
AT 11
11.1 (a) 7.24 x 10" Hz (b) 0.041 nm
11.2 (a) 0.34eV=054x10"J (b)0.34V (c) 344 km/s
11.3 15ev=24x10""J
11.4 (a) 3.14 x 107'°J, 1.05 x 10?% kg m/s (b) 3 x 10'¢ wIE/s
(c) 0.63 m/s
11.5 6.59x10*Js
11.6 20V
11.7 T, Fifd v< v,
11.8 4.73 x 10" Hz
11.9 2.16eV=23.46x10"J
11.10 (a) 1.7 X 10% m (b) 1.1 x 10 m (c) 3.0 x 10**m
11.11 A= h/p = h/(hv/d = c/v
ST 12
12.1 () ¥ foa= =&
(b) A HiSd, TIHIS Higd
(c) TS Higd
(d) HEA Higd, TWIHIE g
(€) Al Higw

12.2

12.3
12.4
12.5
12.6

12.7
12.8

12.9

BIESISH T 1 A T T THHRT 5T 1.67 X 1027kg 7, SHfer mafad
U 0T 1 SHH 6.64 X 10727 kg B Hifeh Wehivl B el 0T o1 KoM
e ek (W) o Tty ® shfee woael Weg W ol et arad el
M 78 U@ & @ S8 foF IS Bear, fammewen § 2w 1 i 9 THaw) ™
YR YRIUH o 0T TR Tl

5.6% 104 Hz

13.6eV;-27.2eV

9.7x10%m; 3.1 x101°Hz

(@) 2.18x10%°m/s; 1.09 x 10°m/s; 7.27 X 10°m/s

(b) 1.52x107165;1.22x107155;4.11 x10 155

2.12x10710m; 4.77 x 10"1%m

Fﬂ%ﬁ"f guit: 103 nm 921 122 nm

IR 99: 665 nm
2.6 x 1074
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AT 13
13.1 104.7 MeV
13.2 8.79 MeV, 7.84 MeV
13.3 1.584 x 10%° MeV 31l 2.535x10'2J
13.4 1.23
13.5 (i) Q=-4.03 MeV; SEARIE
(ii) Q@ =4.62 MeV; SRS
13.6 Q= m(55Fe)-2m(;5Al)= 26.90 MeV; 3TH7E
13.7 4.536 x 10%° MeV
13.8 TWI14.9 x 10*y
13.9 360 KeV
T 14
14.1 (o)
14.2 (d)
14.3 (o)
14.4 (o)
14.5 (o)
14.6 AW & faT 50 Hz ; g0 T & faw100 Hz
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