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g 1 UTe | 39 Rl o STER %] 6l

lwﬂ%awés ThU/eiE o SR oI T € qen @t i
ﬁg:ﬁawmﬁ TUU & gF Al WH ok YHIRH Hy o
HTHE ¥ 3fEm oA el AR A S € den gt

o 9.2 wrdfa fog aftarh 3Tafad geRtel i fem oF foada faem o wrdt

I § o RS " S 7 (Fe 9.92)1

X-3T o WU q1 AT o T 1 (x-378) & ificiead, SuRgat miftd Sereat
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A A= qRATE o W g4 Tiedtd YOl o6 foq kel §31 qen Tiedtd o |l o
e Twet g7 et S € den 37 g 5 B fafae feofaat &1 fvem 2 g 2

9.2.2 Tl TUUN &l Wihd g

9.3 & g9t 7o € o w6 IS WHIAR ThI-GS TRl (a) Sferdel TYUT el (b) S
T, W efad g1 € A 0 Bl ?1 6 IRl 98 Hd € R Rl Swrel (paraxial)
g, @1efa 9 <00 o ya P o fepe o fagell W emufaa © 9en gea =1e 9 B H
T 21 WEfd Rl staae gdu % qen e W fag F R sifraia g © e
9.3 (a)]! 3T@ YT & T, wafda fortol s9er e o1 W o3 F o s1omfa gt
weid Bt € [ 9.3 (b)] | T F <40 o1 G&7 Biwng sheeldl 2| 9 FHia suef=
TRt 3781 ¥ hIE 0T A0 U UOT X SAafed Bl © af e feRiol g aret
o f693 F ¥ o ama a1 g 319 o Afvceed qa o fedl fog ™ sifvmfa
(1ren 39 fog 9 o9ERa Sl Udid) BT 39 T ! IUU K FHiHT AT Had
g (9.3 ()]

Y

(@

o7 9.3 7ada den SIA TUUT oF Hihd|

A0 & WiHT F A 4 P o e 1 g0 U0 BT Bihd g8 Fgardt © a0 39
S 31 fAfése fofan S 21 o1 79 T% <9 € o f= R/2, T&l R0 kT ahal 5
21 fopelt smafaa weher fopvor o qureRda w1 et o 9.4 # el w21

T ST C A0 1 gkl ohx €1 J&T 2187 o THiR T FehTl Tehiol W famm
HIT St o1 § M W TRl 81 dd CM foig M W o1 W stfirets g A wfifse
6 39 o1 € den MD fog M @ g7 o181 R & 2| 74,

Z/MCP = § @ /MFP = 20

A 9—@941 29@ 9.1
,tan—CDH tan =D 9.1)
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(b)
ot 9.4 (a) 3/@ad Te™ U, qen
(b) 3T TMed <901, W fordt smafaq
fSRT0T o5 TIEIdA R SATHIA|

0 o oY HH o fou, S for swef feRtol o fow W ®,
tanf = 0, tan 260 = 260
THfT G (9.1) ¥ W Bl ©

MD MD

D ~2 D

CD
AU, FD = 5 (9.2)

AU, O o o 7 o o, foig D faig P o6 @iga fiepe €, sHferg
FD =f Q@1 CD = R | 3: T (9.2) ¥ W Bl &
f=R/2 9.3)

9.2.3 TUUT HHHIUT

g fhdt fog 9 TRy B Yehmel foh¥ol TRadH aey/eTerdn oT9ecy o
Ty Rt ot foig R frerdt € ot = fog vedt foig 1 wfifae Feam
21 4t ool arede o 59 foig W erfvrfa et € o wiafas arafas e
21 saeh faudia, afe fopel o o =@l firerdl, Wy €19 &1 @R sg
WM W SH fag 9 uuia el ydia et € d 9 uiatas surEt e
21 30 YHR o o 1 qed qe/steren suedd g Tfd wfdfss

39 g #1 fag-T-fag qege 2 2|

B e I I Eer e
T ITRAE H &, ST Fiaess foig I % © IR 39 YR, TRt i <dur g
e o R a1 TR faig w1 wfafes W ed 21 qenfa, sreer § frefatea ol
o W g G S fRl o g B e
() Tl fag @ o orelt o2 foreor S g 18 o THiaE 2| et feheor 5o

% HiHd W o 2
() o feRTor STt forell eTeder gUuT o ashal ohs © TSI © AU SHel Sl o ashdl
g 9 W dia eidt &1 wEfda fRor sheet 19 9 qA: STfEd e 1
(i) e FeReor S fepel starer SdOT & YT WIhE W TR @ 1ol Suel <40 ok
& g ¥ ToRdl (1 3R ff2) gdiq eidt @1 wafda fro g erer o
AR T A 2

(iv) 1 fortor St ya W fordl ot o W emufad gt 2
TEfdd foRToT, Terde o Rl 1 aed e B

fo= 9.5 faa = fag A 9 fisher arelt @ foreor w1
o H T@HT fhu-3RE @il 81 38H Sede 59U g
s T f99 AB w1 gfdfad A'B’ (39 feafa 9 arfom)
Turen T 21 gt A e e ® TR fag A W ke A

fopeol &t Frremercht €1 foredt oft e o weft femeti & e femeol
feherdt 1 ea: afg fag A9 feher el ek fortor, stedat
?ﬁwgmmmﬁqéswﬁgxﬁaaﬂw%aﬁﬁgy
fag A =1 ardfass gfdafaa 2l

319 9 Y01 HHIeRL stere fod g (u), gfdafae 38 (v)
T WiRd g (f) o o9 Gy Fea w

fe 9.5 9, S WHSHI s A’B’F qe MPF ¥H&Y

Tora 9.5 fordl sreae <dv gry ufafas = &1 B (Iwefa ool & faw, MP &1 W Y@ CP & ofaad

foptor e
224

AT ST Gehdl 21) 37d:
B'A’ BF
PM FP

Rationalised 2023-24



ToR¥oT geh1iRTent Td
EEQINEICE!

it ~ APB = ~ A’'PB’, @010 191 A'B’P 91 ABP i ¥w&y €| 31a:
B'A” B'P o5
BA BP 9.5)
HHRTT (9.4) AT (9.5) HT o T T &H U ahm
BF BP-FP BP

= = 9.6)

FP FP BP

iR (9.6) H Al o uftaror afmferd €1 o1 70 fog IRare &l o] w4 )
T 2 o ¢ foF gk fog 9 00 MPN &1 3R 797 idl 81 39 TR 59 T &l
¥ fora STl @1 ¢e P @ foia AB, Wfdfsiss A’'B’ 9l Wih® F ds Tg=H o foig
&Y affaad wenre it fewn o fauda fEen & e S uedn 1 s@fay, 31 e o T
FUCHh BITT| 3T

B'P=-u,FP=—f BP=-u

GHHI (9.6) H STH1 ITAN HH W WW el ©

-v+ f _-v

~f _u

v v
— =1+

f u
T v g 9 A R BH U BN

1 1 1

P 7 (9.7)

IE HaY YU GHIFIT FHEA Bl

IE] o FES o Gl gfafse 1 G ot Uk mecye faerei afer €1 79 R
<Y1 o aw efT (m) w1 SfdfeE & e (W) 9o foie % Wes () % U &
&9 H g s 21 3

”

m=F (9.8)

h @l b’ O Tog aRuel o ST aR oAcdsh S19E] e foran smam| st

A'B’P 391 ABP, § = fher ©,

BA°_BP
BA  BP

fag oftUrEl @ W, 9% & S
—h_-v
h -u
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39 FhX

m=__2 9.9)
h u '

Tel W g YO GHIHT [GHIER (9.7) ] e M g [THiehor (9.9) ]
e AU gRI & Arkifesh qe Seie Wiatad o fety sgea= fepy €1 Wy arsa |
3faa fog 9ROl =1 ST w0 W, I Fay Ml <9 (Sfadd den $9d) g§N
e o Gt SO (=R wfdfee arsfass s @ o) W e B 71 e 9.6
T 3eqel q91 391 Y01 gR ST dfersi o1 TEA1 o fohiul-3Td <31T T &1 319
wF e HAMI L Fohd & o TR (9.7) 92 (9.9) 37 SSRU & forw sff 7y &

A’ M

------- : A N
A M : g
| B//\ B'

(a) (b)
211 9.6 (a) 21adat U0 grI wfafsa &1 o S fae fag P aen F o o= o @, qen
(b) STt g4 5 Ffdfsa 1 T

K
F

l:}

IETEN0T 9.1 A cfifee = 9.5 ¥ 39w sfaael YUl o qUekis 8 o e
e T fepelt STameett (erawedt) eted @ e fean W 21 <60 o W e TRl
foar F gdur grr = gfafdd T 6T =1 GHE IS

35l

19 Gie Gehd © R wfafeis o fofet o amen st R <1 Wy 98 7 g 5 we
o fom <do1 o 9 9 W AR e €, o 90 gR fae o qof wfafee e
Ay, sifeh GREd] YIS TGSl i B T B SHiTY Widters i <fioar S 8
@ (39 ST H ) |

IETEAOT 9.2 Rl srardet UV o qE&A 3181 W T HieEel ®iF W@l ¢ Sfud R
@ g1 Wfdfeia st ToAT J9T) AR HifSQ o e Tweme =i 72l 81 =0
yfdfsia =1 faepfa o o @rder wiF 1 feafq W fsfR st 22

T
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'
o197 § Wi o Wfdfeis shi T o1 FehTe1-TohT0T @ ST T | A 398 ok g
Taad THad | a9 o1 gfafde SH THad | ST 98 SH g o1 8N, A

B'C = BC| & @% & I &9 § T9e ohd ¢ f wiafaa § faepfa #i1 22 i‘g

3ISTEYUT 9.3 FiE %] 15 cm Tehdl 52T o 3Tadel 901 ¥ (i) 10 cm T (ii) 5 cm
T W Tl ?1 e fefa o wfafae =1 feofa, gefa qen smaeda ofewfed St

&

W U f=-15/2 cm = -7.5 cm

(i) /9 3 u=-10 cm | @ FHHWT (9.7) ¥ W< BT
11 1
B
v -10 -75

s o= 10x7.5
~ -25

yfafdd foa &1 faen o 309 ¥ 30 cm g8 W s

=-30 cm

yfafda smafifq, s den Sl 2
(i) 99 3 u=-5 cm T9 FHFT (9.7) §
1 1 1

v 5 75

o= 5x75
~(7.5-5)"

yfdfse 40 &% 6D 15 cm T R 701 B1 T8 giafes s 2

- _v__15_
AEHT m = 0 (_5)—3

g Widfes smefeia, snar den g 2|

15 cm

SREI

%

IIEAU1 9.4 T AN for a7 feret e R & 93 §) 219 2 m ofha 2 & el
S99 U0 ¥ feRdl 1ok i STOR 1R ST g2 <@ €1 A e 5 m s w1 el 9 qg
1 @1, ol SHeR! idisiel fehal =1et § Sgdl Yl BT Sefeh ©T6h (@) 39 m, (b) 29 m,
(©) 19m, a1 (d) 9 m | 2

'
Tdu) ST (9.7), § TH Wiw B ©

_Ju
u-f
39 Y0 & fou, FifF R=2m, f=1 m. &
,_(39)x1 _ 39

%)

u=-39m, V=557 " 10
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Hiife 4o 5 m s w1 TUREd! =l ¥ = €, 1s % 99E (u=-39+5=-34 m)
o fau wfafsa =1 feafa v eFlt (34/35 )m,

afd: 1 s | wfafde &1 feafq ¥ o= s

39 34 _1365-1360_ 5 _ 1 _

40 35 1400 1400 280

TRTT 5@ T TUUT 9 39 m A1 34 m % a4 § ¢, A1 Urdtee Hi e =@ ©
(1/280) m s !

T YR T2 @1 S Hhdl 2 fh 9 u=-29m, —19 m a2 -9 m ? g« 59 =
¥ yfafss 7fd T Idid BT 98 HAW:

Lms'l,ims'1 qen ims’1 gl

150 60 10

Ty e Teh STUed! el | e € 9 wreeh <9 o SH-Si9 fere S
Ik Tfdferd &1 =Tel | WA gfg Tdid ardl S| I8 qiEe et fer R ste@n
feom o9 § Jo1 1E ot Al <@ Hehell 21 A W W T el S ek 3{aferd! =t
Y AR U T @ @ A, Feid g ATl § 3l YR 1 UREeA S S Gehdl

9.3 3Uda

e foRelt aREEl AreAd T R his T fRTO-gS foRdl e UReR wem 9
THUA B, o TR H1 Tk 9T Tee HIEAH § o198 e € Sl @1 St 99 Wi
T A A YO w21 BE e R fRo-ge 6
ThTYT 1 TeRT0T g1 Tt shed €1 STl i WehTel i fehor
T WeEH § R e H fadd stmfad (0°< i < 90°)
TR T HIA B A A AAW o RIS W THoR
Teor w1 feen aitafda el Sl €1 56 IREReH i Feh7eT &1
YFd HEd &1 T J WA gR1 3Tqede o feteted
T gfqurfea ferq)
(i) omdfaa foor, sTafda fRor qen STaIyss o Sfaas
fag W arforeia, ©h € T9qa 9 B9 €
(i) o=l < memi o et o o, Sads o &t S
(sine) T STYSIA THIVT T AT T ST Teh Feh
Bl 2
st o I, @Y, AT IO (i) T SIS 100 (r) o 101 &
o 9.8 Y™ T 3Uadq el WEdA| il SArfcret feRToT e sToeifdd feheor e sifvets o @
6Fﬂ'cﬁ%l 3d:

JTeY0T 9.4

6y e

i

sini

sinr Ny, (9.10)

&l n,, T i 7, SR Teel WA o e SO WIEAH H1 S77adIE hed
FHERTT (9.10) ST9aH & ol & (777 o W W ST Sl ©1 A 3 A 4

78 € T n,, 1 W & I FT AR T (T T FhTT BT ROLEA R fAefe
BN A ®), W TE G HIo W R T
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THIEH (9.10) W AR n,, > 1, r< i, AU T9afia fhor sfoets 1 IR 42
STt 81 T S9N W HEAW 2 i HeAW 1! o H Y §ee (el Hey o,
TE) WEAH hed §| 3Uh fawia Al n,, <1, r> i, @ A o sifues 9 R
qed 81 g8 o7 feufa € forad snafad fero forght wem wream o o et g8 foret

e § ofuafdd et ¢l

NS : GHITIF e T SFHT 5cd o die Y7 34~ &1 i1 TNET/ §FH Ted
THTF ST T ZHF &1 I8 G99 & [ [ g1 Go GIegH 1 Zo99 57
G131 foieT A1e99 o S| 5cd § %9 81 (RIS T 5 qregd) d JahroT i

=T T A &) | ST & [T, Ryl &7 et aen
ST ARG @ e T SSTHI E STeT o SSFHMA T
d &9 BIdT 81 Sl ST JHIT Fcd 371k BIaT &1

afE n,, WA 2 k1 HIEAH 1 % HTde SIS
A n,, TEAH 1 1 HIEAY 2 o WU STqadE §, 99
T T § T

1

Ny =—"" 9.11
12 n, ( )

pilksiil
(=)

(e n, WEAH 3 T WILAH 2 o AU U € g 9.9 THIR FeE & W § erafid frd TEwT

@ 78 off W= € & ny, = ny, X n,, T n,, TEE
3 %1 WEAq 1 o HUel {uadi ¢l

e o I W saiia o IRfas 9o gia
W T S Tehd B TR TR wiE H, srvedd <
SAUYSS W EHe B (Ag-hid a4 wig-a1]) | o1 9.9 g0
IE A ¥ @M S whe € 5 1, = 1), st i fawor
Ifed 0T oF THIR et @ —emafad fenor o |rder frfa
freor o &g fogem =&l 8, Wg 399 ofafad feor o
TMe qifSerk foem &1 ST 21 s qEY Gukfed v 9w
off % for 51 9 R Forelt e 1 U S 391 wdtd et
g (99 9.10)1 stfciaed faen & fshe 9 o7 W 7%
T S Hehal € fof STt e () SrEfash TeE (hy)
F WY () o AU § fadifad s W g
Bt 21

9.4 UUl 2Miaier UredA

e YT TRt WehToTd: e Wy 9 Yehwra: foRer Aem
T THA LT €, T SIS W 8 I oIH IE Ay
H RIaftid &1 S § q e T AN § STuafid & S
21 39 T FI STaRF WadT Fed o

& IS GehT9T fohor e wreem 9 foret wieam | wawn

TR ToT A1 TTf¥eren fawemg—|

ENED

SN

(a) (b)
o7 9.10 (a) sfycsad, den (b) fods =¥ &
feru et TRUE)

FA T @ e Afeta ¥ R g Wt ¢, eeeend, fo 9.11 ® fRwor A0, B sTfaa
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U IV (1) ST 101 () W Aferes a1 81 -S89 1ol § gfg gl €,
ST o H off i Bt ¥, 59 T R R A0, % T e wior A
/2 (90°) Bl WUl srvafia Tt tfiers § ot tfres qg St © foh = < At
% STYS I T T €1 3 T 9.11 7 o1 AO,D g <@ o €1 AfK e
w1 H 3O 31k gfs 1 S € (3T & A R AO,) T T Hera T
BT g Srufad feRvor quia: wefda e St 21 59 quf s7aRe Wad wed €1 e
ot g8 g1 el TEfdd Bl © d HEG: S S W YR 8 S
zafert e g3 =R foamr o fasan =i 7 =,
WEfdd feReor e emafaa foror @ e diean i
B B qHY SR Ui TR e H YR
FTE T T g

A ©

I8 AT v T IR STIAdH HIoT
90° BT ¥, SW LAO,N, U gu Wi & e
% fou wifad i (i,) Feam € a & fem
[Ffi (9.10)] % SFER BH @d § f6 AR
Yo HIEAH h1 SUfeeh TTedih Teh | A €,
A FifF sin r 1 SARHTH TF TH B S, 37:

fom 9,11 woa W (o) @l fover meAw (A1) & sin i9h O 1 HE S O 2 59 9% g7 e
SIS W g A (T W §) ¥ fafe= ot e N R S Hehdl 81 98 ® i =i 39 R
smafad fRTon &1 ST9add qem qui STidies qXEdH| sini, =n,, 9.12)

{%h i ¥ 31T AHI o T Tiel o $T9e oF 729 i r] Tel fohan S Hehal,
3q: IS ST G9E Te| Bl

e WEAH 1 1 el HEAH 2 o WUl STvedleh e n,, = 1/sin i | ®RON
9.1 ¥ s W&l Hifdeh HIUI ! Geltag fhar T 2

ARUT 9.1 T UREIN HIaWi okl 91 o QUG chifdeh vl

1.33 48.75°

1.52 41.14°

1.62 37.31°

2.42 24.41°
quf A WIadT & fog Tk 99T

Qe YhITeR IREEAIST 1 STeehdl ST | IUTe O 29 a1 Hehdeh 1 FamT
hieh Sl Heldl ¥ YSRid fha ST Wehal &1 Tk shid ol Sieht Aoy e s
S W N S H gy A1 Rt o freted @t 5w R et feetse e it e
a7Ifere 81 ST Ueh R Gehdeh oAfoly ST $8eh FeRtul-gs & el sTet 9 Tia)
M @ foF W o I fHT0-49 1 9y =Heten K@i < 2

fRTUT-g i dfeht o 19 | 39 TR eifae ff 98 T iR @ 51a o6 9
TS R THAY| 1 3T 3@ I ¢ for 3o Aifvreh wadq (S 2 o 9w g
& &9 T fT@E 3m) qen e e (S 9 ¥ kel 3 W Tk g o ®Y

Rationalised 2023-24



EEQINEICE!

@@@

(b) ©
o7 9.12 @R 079 @ a1 ® Ui S1afeh WIecA &1 Y& HEAT (HA HT S
A T B % HRU TEH EH dlel UEdd i g T T ®) |
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9 5 I T Al TR@Ael d IAfeT T TER T i 30k SR 9 ST
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HIY foh Teieh a1 <19 € qr@ell il il § TohUY dl S8k gl Safes Ted
Bl 9% 399 UH € € S| fom wehiiren dqsti | e €

&I T 5 R foRor-gst o wheft oft Titen =1 3 31K 71 €1 38 foRdl & <l W el

9.4.1 Wi ¥ YU AR WIaT a7 3ok WRNTEhE JITIamT
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45° W FHH BT =T AROM 9.1 @ W Ble—{A’
T I8 UM € TR I & IHR o wid s (@ (b)
e firde o forq 7@ o 21

(i) THMF q: SSHA THIE Aqet 1, 9 ?= , ‘i"
A T Hohdl 1 e g0 I WaARA FA A M "B
% fou =ues ®9 9 SYE T S )

TRTITeR dgeti H o qui ofafs wads ©
TREEAT 1 SYANT fohan STan B 1 WehTireh < o 9.13 fowoll &1 /2 9 T W WEA & faw @
T T % TR HeeERs dge @ S0ed @ S J e 5w i see & fon e
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Tohd 1 <ol | hig foeis 1 =&l eiil| Jerm g 39

T 9.14 v v et yaiferes dq & W@ € @ TR ST S o TR SR o AR T8 W e
gGh! i ol efidler TRedA e 2 &I < T @%WW%'EHWQWW
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W 3If B €1 T b R g W g BF R o v

g o oficR SHR! e o SRV WRETdEsh TH Y Wehdl €1 39 UK Th TRl dg
VRIS TEY (TMES TEW) & T9 H YR fomar S wehal 7

TehIT¥Teh dqatl oF St (T8) 1 g TR W STANT fohal ST Hehdl 21 Th1TH
dqetl 1 92 T R Sgd Hohdl, TSR Sfua Ziuegd g we # ufEfia o
€, o U9 de SIfRT W YA fRaAl S €1 T ® TR yeRiiyieh dqel w1 suaEn
TRIYTh Gehd UuUT o forw oft fopan S Tehar 71 SSreRwl & fo, 3 el S
S TfGehT, STHITE qen ST o 394 Ydieh o foIu ‘s qrY’ o w9 | A
fohal ST B1 ST WET ®9 W SUGe e Wiied qgell ° 5 Ieedt ofg <@
BHI 37 e o qqail o Tasl T T e Siel STeH1 oM €1 39 qqsi &
T o Uk T ot o SR eI el B1 el o9 of fear st ‘o’ e §, df g
Y& T oF e o Foidl g3T §Heh wWad R i A W Th TR fo9g o ®9H
@ <1 21 39 YRR & TSl ol % g W dq

TeRTISTeR <iqail o IOl § Y@ STavEehdl 98 € foh 3ok it wel giEl 9 i
THT TS HT STFRIT0T o5 FH BT =) 38 Fards <8 werefl o sierd qeon fafime
foer gr = s 21 fafernt e dqel § 1 km & @ § FeRe o 95% @ ot
ffereh 9T 1 TG T G9a €1 (3TRT ol 1 km A2 o fagat & &g &
wAteh W fSIae Ufera WehTer oF HEROT 1 MY 3TN i §, 9 ifew))

9.5 ey Yt aom |l gRT e

e T B HHAA SaUYS W 3Te ok faud # e fhen 21 o w9 < ureed
AT o TMelld STaYl W 3T o faud ¥ faar & et mefia g3 o e1ed
GeH AT i THACAT WA S Gehdl € q1 STk U3 o Yo% fag W GHME S1ved
o el BT STIART e S Fehel B 1 Tiehd Sd0 gRI WedA i € it amaad g
W AT 53 o 9 fog W well qel o eEd erl €, 91 9% SEIfeT Ye3 o ashdl
&% § ToRAT 21 TH TEe Thd Teld T8 5N 396 R foaR HT qen 36 aee
Tl S 1 T HN IS e od & TMeld gl § R ureel e g
91 7 9 o7 TF T8 370 e gF1 91fell T e g8 g ffta wfafsa
o foau g3 1 oy, fhel <9 o < g=i W, HiHe €9 ° &ich 89 adl odl
% foT o9 Bt g5 91 3Heh UvEd o {3 9

9.5.1 T&dt Ml U WX 31Uadq

fo 9.15 o ahal 51 R aen 9kl % C & el T3 o T 319 W e foet
&g & fag O & wfafas [ T =1 s=nfafa oo € 21 werret foneol n, staed-is
o et Tieam 9 ATafad Bt n, ST9edish o el 31 Hem | Sl 81 Ul i
ﬂ'ﬁ,%ﬂg%aﬂw(awqum) 31 Fag 3R &t qa T § HTH! B o
& IR STETIRATER o] v Gi-iehed fhar <1 G| fasis 9 ¥ g4 NM &1 N
Y A 31 W T I A o T SRR A Tal W
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EEAINERCE]
_ MN
tan ZNOM = OM
_ MN
tan ZNCM = MC )

MN
tan Z/NIM = ——

MI
9 ANOC % ferw, i i 1 or: fort 0,15 <1 o 7 o T T F e
i= Z/ZNOM + /NCM I8 TR 3|
j= MN MN 9.13)
OM MC
T g
r=/NCM - ZNIM
MN  MN
M r=Ne T M -4
36 T o W & AR
n,sini=n,sinr
AYST HIV & B A & o
n,i=n,r
FEERTO (9.13) AN (9.14) ¥ (G r % | T W BH WIw il ©
n oo, _Ny-mn 9.15)

OM MI  MC
Zgl OM, MI 9 MC 3@ & it &t frefaq #3d 1 wwdia g ot &
STYART T R,

OM = —u, MI = +v, MC = +R
TTRT HH FHIHIT (9.15) W Y@ R &H W Bl €,

Ny M=y
— N (9.16)

THIFHT (9.16) T &4 foa qen ufafea o g o Aeam o uad=is qen Mefd
dfshd I3 h1 oshal 51 o Y&l o &Y W Heel Y Bl ¢ TR (9.16) Tt
ff YhR o dfshd el 55 o foT 717 2

ISTET0T1 9.5 91 | @ fendlt foig Gia o Tepret hiwl oh fepell Tiieitd gs8 W g 8

(n= 1.5 T Tehdl 5531 = 20 cm) | FhTel Tid 1 Hi9 % 8 ¥ 3T 100 cm T

yfafsa el s=m?

'

Tl W, gHiHW (9.16) § fu g3

u=-100cm, v=?, R=+ 20 cm, n1=1,?l%1n2=1.51'@ﬁ‘ﬂ

G°6 lni2ibe
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341807 9.5

B U Bl
: 1.5 1 0.5
— =
v 100 20
AYAT v =+100 cm
wfdfera smafaa wekrer w1 faen & &9 o5 9 ¥ 100 cm &1 g W S

9.5.2 fardt o gRT sTuada

o 9.16 () & forelt 3w oW g fafsa-Tam &1 sfafa swfE w1 5w
Sffsia T T %l < =N H @ ST R © (i) T STt g% foi O W wfafe 1,
I 2 [fe 9.16 (b)] | wfafs 1, S T g1 wfafea a7 o fog s foa i

A0®
L ___
o}

(@
o7 9.16 (a) e =1 frafq qen swE™a <9 g fAfda
yfafad (b) T8t Meld I8 W 3TIe (¢) T e I8 T
YA |

Aqifq e e © [ 9.16 (¢)] | FHiHT (9.15)
1 ITAN Teel HAATS ABC R & W H W
B R

n n n, —1n
T M T

OB BI, BC, ©.17)
T @Y ADC o fau +ff 99 gferan i
YA W EH W Bl @

1 CZ

fopet adel @ o faw BI, = DI, | SHiehon
(9.17) 701 (9.18) =i Sigd W W W BIal € :
n n ( 1 1 ]
—t—=n, 1) | =—+——
OB DI BC, DC, (9.19)

M ofifeg fog ea W ® d@l, OB — oo @l
DI = f, T8 THHI01(9.19) ¥ U BT :

n, 1 1
7= (ny,—n,) (BCI +D02) (9.20)

o foig Sl ama W @ faa =1 wfafas o= 2,
oG 1 BIHTF Head & a1 U f R SHR!
Hhg T 9 Bl 71 fREt ofF o 8k I IR
T FHd B € Faun FI fog afaed gr

BC,=+R, [ 9.16()]

DC,=-R, [ 9.16(c)]
zgfere TRt (9.20) i foran S gehdl @ :

1 1 1 .. _n
?_(”21 _1)[RT_R_2J [ n, = ”1] (9.21)

* e HITT 376 ADC % ST AR o WA 1 G n, & S 38k T R 7 n, B
234 TG AR DI, S0l € illen g0 st wehrel 1 fean & fergda feen & et € 21
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IEZUREAIRIEIREC
Yohli¥Teh I3

HIHT1 (9.21) I G- GF & &4 H FHE 96l €1 T &9 § 98 G Sfea
Skl Feaatl oF IRel o SUANT g Afsd hiehd g o6 oidl ol Afehed (fesmme)
FE | ST 7| AW 3 9 9 9% ? TR a8 G ofeadt e W off 99 w9
] B €1 39 feofq § R UM 9o R, M I €, SHIET £ U B 7

THIRTOT (9.19) T (9.20) § TH W =il T

nl nl nl
oB DI T [ (9.22)

TH: Il ©ig-Hi-Tehed ¥ fog B @2 D IHI 81 <19 oF TehIIeh ohs oh agd e
M S 1 Tog 9Ruet &1 S9E % W BO = - u, DI = +p| 31 @M &l (9.22) §
WA W eH 9w Bl ®

1 1 1

P (9.23)

eIl (9.23) Gl % fau uffad vaet oig g7 21 F=ift I=l edd 30 S9d o
sr1 fafda sreafaes wfafsa & fow =g foman @, qenfa =e g <A & o etefd,
I qqT e 91 <Al 8 YRR o Widfael, ar&dfers qen A o ferg 71 2l

T IA AEYAF © T Fhd WSl S1efen SHATSdS o o a1 WiRd F ae
F’ o9 o TR o ¥ 9OF g0 W E| THT o Gid w1 3R o wihd w1 gem
iy fog Fed € SHih SO fgdld Biwg fag wear

gl g o= Tt foa o wfafsa &t frafa 3 @ o foau fagia w9 9 &9 fo9a
o fohdt fog @ o arelt o8 ot I fRT0l oy e sT9aad o ol g Seh 9
(sFoa et v B €)1 qefy, Seer o ffatad § 9
FE T 31 Rl 1 T HE HE ) HeS o <l 2
(i) a0 ¥ frehem arelt 9% o st o9 oF g&F A9 o6

IR BT ©, 379 o q9H (39 OF §) oF o

TR & BIFT F' ¥ oAl €, 7o (379qe oid o)

oG % qom qEd Bihd F 9 3199id Wdid gt 21
(ii) o9 o YHRITeR ohg W A alelt Jehrer fonor oTaeds
o e form foRet foerem o frid =t )
(iii) (a) & ST <9 o YUH &I WiHd T B T
Tt s TeRTT i fohioT STe o I¥ed & 318 o
TR T w2l [ 9.17(a)]

(b) fordt sTada o W 3Tk fgda Wiy fag & R
ST Welid BT G5 ShIS WehTST ohi Tohv0T STUad o T

T 3§ & FER T w2 [ 9.17(b)] aq f g
fa99.17 (a) T (b) § 3 TRl &1 %A S9a qon S
STaqe o o fee <t w71 e o 9 fafve el on b o e o

TR e 1 WA 39 TR o {H01 2@ Wiad &1 2199
FHA AT qe 78 Al FeAfud we =fey foh o &3,
eI (9.23), T ST H HUH €Y F AN B €l (b)
Tl W TE A AR W@ =T fon foreh foa o v
fig @ o TR SR BT R A | fal o 9
YA o 9EE T & ufdfsa foig @ et €
TG07 K1 Aifd oGl o foau off, ferelt ofw grr Saa= emerd (my) 1 gfafa o 9es
(h’) e fais o WIET (R) o 39 o &9 ° YR fohan S €1 Meird 9ol 935
ifq =gl «ff ferelt o o forg 78 WX & @ =1 Gehat © T

o7 9.17 (a) 3T @4, (b) odd @H H oA
aTelt gehRTeT foRTon w1 STRET|
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31807 9.6

o 1
ferx 9.18 TRt <\ &t vl 3@ P=—

236

(9.24)

o 9ROt 1 UIei 3 W EH I8 U © o ST SA¥ET Sfede o g o |
(qen anuret) gfafss o fou m uFeRes Biar 8, Safe et Sere (dun arfa)
Hfdfes o felq m SEomeass g 2|

ISTET01 9.6 HE SITR BA @M §9F n = 1.47 T0adHI% & Fid o o
ol 59 W ot SIVTeRT o ST} 35A T 31 B1 K9 h1 USSR A1 82 F T8
59 ST € Tkl &2

&

59§ o9 o 315¥9 T o ToIU S T STqadish, o ok hid o STqddish o e
B WET; n, = n,| FAT FT BT SR 1.47 T TH TR F 1/f =0 A
[ oo T BT 59 o 3 TG Hid I Teh TUAA e hi Witd H1d BT SI0ThT
H o 59 S (U = 1.33) T e ohdll F€ 59 Ferddq & gehdn 7

9.5.3 «H i &

forelt o9 HT aHdl 3 W USH ATel YT I SFTIRA T TIHRA & i HifS
%1 A9 Bl B TIed: A BT O H1 g ofF Sfdfad genter i eAfien Hied €,
39 o® H uafdd fRwor fqEia Bt € den ofedd o |
JTqafda feptor i et ©1 forelt o9 &1 &/@ar P i 59 %0
1 Tl @ uftfi e €, a8 9 fed qe7 ote & 9Wi@
T Yol I S YRIVE kR W Thik SO W R fRa R,
sifraRa = soEid s =1 (1 9.18)1

h 1
tand=—; K h=1 tand=—
S S

3186"5=% (6 o o AH o ferw)|

7 (9.25)

o T & HT SI THE SRS (D) : 1D = 1m ™' 71 37d: 1m e T 5
oH T &A1 Tk TSR 71 AT o shl &1l e Tcish qefm SToaR! g ht &rma
FUMCH Bl ©1 T9 YR 5T h1E 5 Fafehcdsh + 2.5 D &l o1 Geiesh ofg fifa
T T, d9 + 40 cm BT S o SUA G H1 SAEYIhd Bl €1 — 4.0 D &l
& o9 ¥ qed - 25 cm W I H A GG e 7

ISEIVT 9.7 (i) AR f= +0.5m B a1 & H1 el %1 22 (i) Toreht Swiiier | =
) efshi 1 ekl R 10 cm 9T 15 cm @1 S9! BikE T 12 cm T &G
o hid T STIIHIF TG BT (iii) et STt @ 1 a1g § Wiehd 50 20 cm
21 5ot | 3Uh! Wiy T 1 22 [Ag-STel 1 SAUFdAIF 1.33 AT A1
T 1.5 2]

'
(i) <9 &I &War = +2D

(i) =& f=+12 cm, R, =+10 cm, R, = -15 cm
oY 1 AYedAIH | HA STl 2
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I (9.22) o ©IH F I WA i o fQ £ R, 92 R, o foru forg R
o AR fafa= Tferel & 79 W@ | o

(iif) a1 & ®1= % ¥ * fAC, n, = 1.5, n, = 1, f= +20 cm
T TR OF A G W S

Lzo,g{i_i}

20 R R,

e Bl & o9 & fg W@ b, n, = 1.5, n, = 1.33. TWRIQ
%:(1.5—1.33) {Ril—é} (9.26)

T T FHIRLON Il FASG e W eH e

f=+78.2 cm

9.5.4 U H T@ Udel o1l ol IS

TH-TE o HUh H W@ f, T, BiHE 3R o & a0
| A den B W fa=m swifsw) 7 ifae &1 faq 1=d
A9 A WHE g ) fedt fog o W fem 2 (e

9.19)| T &g fag 1, W wfafsa s 21 Fifew fafse
1, STEAfaeh 8, o1: 98 TR ©F B o foaw snh foa =
ifd el Hear ® qen 3ifad gfafee [ T s9a1 21 89 39 o
& U o =1feT T v o9 ° wfafde &1 o= 1, shae
st wfafda =t feafa feffa =0 & fau, 7910 ®0 81 fomo.10 Wt @ @ @ we o Ew
T TES S @ Frer) AT R 1 fen, I TR et
G W T Gl 101 o STER YREfdd 8l St 81 it
A Iqe €, BH S ol o YeRTiyTeh el bl HUI W Hehd &1 HIF ST U8 hed
fag P g ffdw e 2

Ted 9 A g 94 Wfafde o fau

1 1 1

PR (9.27)

T 79 B 51 91 Yfafes o fag

1 1 1

PR (9.28)

THIRIT (9.27) Tl (9.28) i Sigd W,

;—Z—EJFTZ (9.29)
T ] Ol o dF I f BId g o fhHl Tha ¥ % god A W,
1 1 1

v ou f 237
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3T&Y0T 9.8

EOIR)
i 1.1
T (9.30)

T% cfa "ok | W FE Taet a9l o e & fae o = 209k S, S,
fyr... FIRE S % 98 ¥ AF TH-SW % GUH °§ W@ €, q 59 gaA B
gurell Wiy g B

11, 1.1, 9.31)
S h fi S

gOd o Y H WHROT (9.31) i T9 YRR off foran s weRar &

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

Ief P39 o TAISH &1 72 &Hal g1 2 ST, Gt (9.32) § SToRT-37er
eTati w1 sfeTfordta AT fean e €, stefq Gt o <l el § 9 U% oA
(3T iEl o foTy) qen B U SRUNHe (3fedd ol o ferT) 81 EWehd B 1 |l o
TS T8 a1 ST Sl oF SUHIRG S7al STTHaiid o F < & H 98
eI © a1 3 widtss i devran § ot gig #2021 il Ted oE g o widfee
TR G & fau foia o7 S @, Gt (9.25) ® Ig sHafifed @ fF GAeE #1 Fa
AT m, STEHT-STeRT G (m,, my,, my,..) F THAEA F TER B 2

m=mm,m, ... (9.33)

TH R & Gl o FeSH W : SR, GEERieiE, R 9o o1 Wehiferh
= % el % fewme H ST Ry S 3

3aTevur 9.8 (99 9.20 ¥ fRu U &\ & Haw gw fAfda wfafss v feufa
I it
o

«—30cm —>

f= +10, -10 +30 cm

e

ferr9.20

Y4l v, = 15 cm
Ted oy gr ffifa gidfss Tk o9 o forg fo w1 wifq el w3 21 9% S o
o T R (15 - 5) cm = 10 cm T W 71 Fafy yfafds ardfas § wg 78 T
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ToR¥oT geh1iRTent Td
EEQINEICE!

ofg o fore st foiar 1 e e €1 srefd S99 g g ok fa feReot et ¢
Wi e 7

Ay, =
7% ST Wi TR o o S SR oTd T W S €1 98 e o ok e
foa &1 «ifa wrd o 21

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

K

3

w wcl

Il

8 |

+

8|

8°6 lnr21be

9.6 fUsq o 3ty

9 9.21 ® fordht fisq ABC @ Whme1 foh01 i TR gU ST T4 B1 9SSl Thotsh
AB T STYqH 10 T TG HIVT HEA: (T 7, &, Sk TR G (Fid § a9
H) AC W A HIV r, T STGa HI01 a1 Fiq wior e €1 Frfq fheor RS qen
aufad oo &1 e PQ & <= o W i famerd #iv § weEd g

B C
o7 9.21 &9 & TR oA @ fordt wehmer foheom
T T

=gt AQNR ® 1 %101 (Q e R ¥isf ) gHenior €1 gHfely 39 9= o o= |
10T 1AM 180° B

ZA + Z/QNR = 180°

I QNR ¥
r,+r,+ ZQNR = 180°

Rationalised 2023-24
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T AT THROT i g I W, T W B

b= A (9.34)
et Tt § <Al wetehl W fame &1 A @

6=(i-r)+(e-r)

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

5Ol \ oo
4O%F e §
30° | s -
0° 20° 40° 60° ¢ 80°
3gaq shior (9

ferx 9.22 fwdt FysmR fism & faw smuds s
(1) Ten fo=rem &I (5) o &9 U UTH|

TG YR e 107 a9 v o e e 21 f959.22 1 a1 v qen

ferIet <h101 oh o= U S T 21 39 98 <@ Hehd © % oAUsh ®9 9, oheiel
i = el BIEH, TIH fawc HI § & A&IEdl { % q1 34 YhR eh 3 AH |
T e TSRO (9.35) W { qe e ! HuiHla § a7uferd €, stefd, 9% { e el 3M9W
o aeet fean Se @t § srafafda war 21 ifdew &9 o g% 39 e 9 efud € R e
9.21 ¥ Yeh1e foRT01 & 9 1 a199 SRAEd L W e foeed S0 9 B 2
=JAan fome™ D W, frH o #ieR sTqafia R Sk STYR % WA @ S 8
T4 e e @

§=D_,i=efom o & fr =r,
THHT (9.34) W BH W el §

A
2r=A3AYdir= o (9.36)
T YR FHR (9.35) § 7H WE o ©
D_=2i-A #¥@i=(A+D_)/2 (9.37)

af fosmt o wred 1 sTgad n,, €

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

(9.38)

nZl
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Yohli¥Teh I3

HIT AT D, T JA GRI BT ST Hhdl €1 TH THR HHR (9.38) fiem
o qeref o S{UEdHl oh HIGH hi fary 2

B 0 % o steifa e firem o o D, oft TRt Bier B € 9o B
=

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

M1 sin[A/2] = A/2

D, =(n,~1A

ZHeHT e € o uael fsH o weRret o faeie St @ e @
9.7 UHRIITeh I

YO, it e fo=ml o wRred] qe STved! Ul 1 START FHch 3T TR gt
s 7 fesmea feu € ufieeff, sgafdced, e, sweeie, g 5w
Ul yeRfyren gl qen g5 % Seewl € fSR 'W M 9 9 Suan H o
&1 e ® AR T Gad Heequl Y1 g | 9@ uw @ o uepfa 3 wd
Go= feran 1 el X W B WM 45 o 91 W Ug Yoh €1 316 B YeHsyl ae e
cacopicacicabercicaficucicaul

9.7.1 gauavit

WA EHH o Wl Geusell A Wihd ¢ 1 Th AER g g1 2
(f 9.23) | 30 TR & 9 &I YOI oF €I H YIM HH 6 fau, o9 wi e
o ihe STY T kT T 1o ST 9 Tq R @M S ¢ 7901 o F o g 3R
T I G W TR @ S B | G A HT AT ® R e s den, safida den
st wfafee fRet Tt g0 W s % 9 S8 WeaEs 3@ Foh, SUid yfafea
25 cm el FB Afd T R I =few) Afg e f « feom @ o ST gfafae
I TR ST €| ey, 9t foie £ W W g0 W @ @, df widfed S qen e
1 g | %H g0 N I €1 Fef @ & fau frrean e gd, fee faig
(50 D =25 cm) W el 8, WY 399 45 W D 6 TSl 21 SEHfe, W 3 W
o1 wfdfeis fforet <= g S@n o forg Sfea s €1 =8l ® <A ferft sl w8
€, Teell o 9.23 (a), § 9o g T 9.23 (b) @ () Wi

wa geaeit g fare fag D ) o7 gfdfaa & fou Wasw smasd m =+
Rerer fe1 gy g1 foRan s wehar 7

meteof - H-4)
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W e
[N
o
i :
l
<—uJT> \
< D >
N\
e
@
[ %
|« D S
(b)
h 0;
«— > 0; \
N\
D
FAd W
(0) H hs
ferr 9.23 et geusefl (a) smaede o9 3@ yaR feom € fo s
e foig W e B, (b) foiel gru sfdala wivr, Fere foig W sfafd whion
o THM ® a0 (c) foia o & Wiy fog W, iafes sga Q@ oifwq
Id 9§ U 2
242
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ToR¥oT geh1iRTent Td
EEQINEICE!

19 BN g URAEl o STER v RUTHS € qe URE § Do S €1 3T:
ST,

D
m = (1 + 7} (9.39)

Fifeh D @25 cm B 314: @ 6 Id T o foIC BT @ f=5cm &
I o 1 AERIHA Bl 2

& ST, m= h'/h, T8l hiss &1 @ qun v wiafsd & aEs 8| 7 gidfss
SN TR 1o qen fia gy Stafia hior <1 oft STuTd Bl ©, Sfeh S 3R 9 <&
o fIq D™ @ St @1 (A1 it o 78 e o fae g s W afafia i e
2, 9 h/ugm = fovan T 1) Uhe-oid W STEdE 13Ul U © T
%] 1 D! qo | 1T e TRt 3@ H9d 8l ST 2l

e 9 gldfad SFd W ol € df g9 e T s 39 feefa o &9 i
AT w1 Rehe T BT A SiSTe foid 1 = he) 39 foa g =5 W efafa
i v, Sefep foa Ty off fe@r 2 &1 (form forslt o o), a9 8 € o«
&0 o &l e o1efd 90 D W Tad €1 99 3fdfta wiv ured R

tan 6, =(%)z90 (9.40)
319 &Y ufdfad g0 <9 W idid &ivl, St fae u W @ 8, 99 F9 o

Wa%’=m=5@9ﬁrﬁﬁ§mﬁﬂmaﬁﬁﬁw

tang =L = L. 2 _ N g fog g siafia o, wafs fiiw o u= f w3
i:(FJ (9.41)

6, D
ne(2)-2

T 39 feafq & st &1 go o w %0 ¢, food gfafsa frere fog o s
8, TRl (9.39), W Widfed IEH1 STdemehd Afueh SINHEE Bl € 9o S
H S oft STdaTH BT T TR G5 (GEHGE T GU) o Felfed ST S
A 79 7 uen fF gfafes ema W )

arEdfod Wi Al o Al o fau fordt Wa gaugel o1 stfushan e
(< 9) Tar 21 3tfures a7 o foarw <1 <fal 61 Sy foran st 2, fo T ofg @
oG o 99 R G (SQT) Tl 81 TH WY geuse whed €1 fo 9.24 W Wy
gesell &1 e @ <uier M 2 foa % gew fihe o ofg wi eifrgvae
(objective) w&d & S fofa w1 arEafesh, Sorar, srafia wfafde ammm 1 g gfafs«
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for 9.24 WG geweeElt g0 Afafes o
[EauiEdireC]]

TR g o fau foa &1 F w1 81 3@ @ AT FI AFFT (eye-piece) FEd 7,
S Srdfaeh €9 ¥ WA GeAREl e[l SaYe oh ®9 § & wieh dAfaH Sardd
st gfafsa ST 81 39 YRR gl Sl Ufdfsa AT o wiwd fog & fee
(BIRH TR I TR 3AR) Tl €, T AR W Tl g0 W e @ S eAfew wfdfee
1 A R I o fAU SUE 2l @ qen 39 feafd o off st fene et © o
R A gfafsa fee 8t @ sAfom freke fog W a7 wrweq:, sifad gfafds qa foa =
e Il S 2

319 TH T YA o RN STaEA 9 &it| o 9.24 &1 fhwr om@ ¥w
<t & for eifrgyaes o wro (Wask) e[, sterfa '/ h, SR

=TT (9.43)
& B =9 qREr w1 I9En T B

h h’
tanﬁ=(f—oj=(f)
Tel W Tt Ufdfss 1 G1e © den fo 1 Oest h e sifigeass a6 Wiy i
f, T wEen wfafsa A o weew g & e st €1 g L, ereifa, sifugeas &
fadta wrepw fig qen AfeR (W g8 f) & TBd wiww fag & @ = w1 U A
T GeAEll k1 e e wed
Fiifeh Tgell Il Hiafsa i1 oF Hiehd fag o Fepe ol €, SWie == 9
AT IROTH 61 ST B9 TS YaHaRl o fog sieh 9ok %R0 (HIvfiE) e m
W I [FHeR1 9.39), et sifad widfas feret fere foig W oar 21 9 @

D
m, = (1 + f—j [9.44(a)]
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9 gfafad d W a9d1 ¢ d AT & SR FHI0Y TEE [FHeT (9.42)] @
m, = (D/f) [9.44(b)]
Tq: el AT [FHIHIT (9.33) % TIER], afw Wfafed oq W a9, 7

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

oy € fop Tt wict g o1 w1 ST W e o forg (gHifery gemset A
@ T ) Afgvash e AR F Wik I FH B WIfETl Fer §,1 cm |
FH HIhd T KT oIF T TAT BT w1 T TH F WA LR T FH o g
oS Il I AERTRA Bl 8

IR0 o fer, fRE f = 1.0 cm o &f9g¥a% f, = 2.0 cm &1 A5k qe1 <o
A (L) = 20 cm o foIT S YA A1 oTaEA

memm. (2] (2]

=?x2—25=250
= fafa wRe S8 o5 #1 Wit f wfafss %1 geaa @ o ¥ Aoyt
TN 3 B SR GeraiviEl o, eifgyash qun AfeRt sgaterel wEl gl 9 S
&, ek smor ofei & wenifere fordem (]1) i W ek wfafael w1 o § gur
fepan ST 21

9.7.2 TXEIHh

TN L@ A (o5 9.25) 1 ITANT 3T T SN Sl FHIVIA TR FaH FH
o fore feran St 21 5o off U eifirgeas qen weh e et B1 Ry T’ W, A
T 3T SATHGTIR 1 WIohd S AT e SHhT gRe ff shiwh! 3tferen erar 21 fomedt
T foa ¥ IR Yh ARIETEE H A9 FIA 7 9 299 ok IR 3 fgd
WIehE T AT Widfae el 21 AR 39 Yiatas i STeidd wieh Afad see
wfafae SAdT €1 STaeF amar m, wfafss gR T+ R Taa wior gaen foa gR o W
AUl o R FAR 0T o o ST gR ARl fofan < 21 e

mz;zz.FzTe (946]

= ferfd o, elew #1259 ®1 GO 2 £+ S

it geaefert ®, o el o sifafter, gfeit oidi %1 Tk Fe el 2 S et
wfafae i Frem S I 1 STIEd SRERiR 1 STAN qifefd TS Tl S YR R
Teyoii o fore foran S wehan @1 ST o fow, fRE T8 geeie W faeR s
fSrer IfTgeae 1 Wihd 3 100 cm T A &1 Hiwd T 1 cm T 39 WA

T SAET T
m = 100/1 = 100
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for1 9.25 Wad awih (FEIA) F1 HTEN NG

39 Tl 1 9/ & e R fa=R s e arafas goed 17 (1 e &
M) T F AR ST TREH T W TH THR T B ¢ S R ok o ok
YeRa-hIT 100 X 1’ = 100" =1.67° 2|

foRdT Erieia R oF o) | &M <1 Ard &7 a1 SHeh! YhTel TURYT &Hdl
qe sEeh! fasie armar el e }1 YR GURUl udl R &9 ¥ {EuE b
Afrgeas o gawad W R F 81 AR sifogeas &1 =g 9<1 © @ guet foet
1 oft Yero7 FoRa ST Tohell 21 FA9RA erman stern ww & fawn H < s e Y
aEget =l geased: fa= Uferd s 1 e oft sifigyaes & oe W A S 2
ST JRITVI aRi § aifed 3evd 9 el 2| o sifgeas o1 o sifesham 2
ANl SYAN BH a1t Ifgeash o w1 tfeshan =4 40 $9 (~1.02 m) B1 €
TRk ok AR, feantafem, T o st § 21 5o 912 g srefush 9
B €, 31: 3% o qe TRl o WeR ekt T whied e @) heh sifdie
3 9 WSS o oidl i 39 YR M foh gfafasl o qui fauem qen st fawuo
T ¢, 9gd s qu Wem wE B

o 9.26 TEdl EiF (FHIA) HT HIE RG]
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Tt FR0 € T oM el  eifigeas & €9 § ofg & TH W siEdd
AU T SUART TR STl R1 UH RewieRl w1 o sifigwaen <Uw R ®, qwradl
TEF (STEF) Fed €1 0 H wiE avf fauer 7 gam At Gew <7 i gmen
off 1T A B € Al I HY oI W, Jod THIYI UM HT U7 TR HH
it BT € 91 U0 Kl e RE R & FeW < T A9 3T THE TS ok TS
FT TER USH R <1 Gohel 31 Wl e 1 Toh GEI GHE I Bt @ fR
AT YU IERIH HI A o HIR TR Hl WIHGT hIA ¢l Td: T a2
JeTsh 1 IH TAM W AT =1 09 YT o AW | oTae oh R0 FS RN
U € S € (TE oY YeTeh o o o foIg ST T fYSRgE S o Wige W
a9 st ©)1 UW & yEm efa faene 200 ¥9 (~5.08 m) S o HIEe Yol
T, Shfawitan ¥ foman T 21 Yk Tk =i AR o gd01 o wiwg fog & fehe
d3d1 B 38 GHE 1 T 3T GUHH I8 ¢ T Gihid B aTel Feh1T 1 T
31 o1 g faeifaa < fean smu) U & uw seeen ot 9.26 H <wiiet E 2, o
AT YhTeT 1 WIhad F o fou fREt Suat fgdas du 1 Suam fhan s
g S ord sifugeas (worfiss <du) o f9% § ToRAl ?1 3@ SXEUIH Sl 3G
e Rer o M W W 33591 (Cassegrain telescope) F&d 81 TR Th Wl
7% 3 & 3R qeviw o 9 wied T B 71 aRded H ToY g€l EIiE ey,
AfferTg o ®1 98 2.34 m oA 1 SO qXEd e €1 58 sfta faman e, few
wiferet st T IR Saferd fepan T Ao o1 S R Wit Hifdehl TEIH, SE
SN AR fRA1 ST @1 B1 HER 1 G FS1 Wedl {euich gas, S T STHEH
H e TEEIHT HT A ¢ FSah Wedsh 1 =@ 10 WX T

AT

1. 9Uadd HIERT Li = /17 ST qAn e T o W sini/sinr = n g
A e €, Sel St ehtor, Tl feheor, STuelfdia fendor den tfieis T
& Tudel | B} §| @1 W B0 i, 7 QA r, HE: STAG 0T, TS T el
U R0 €

2. WA W 9 foxe mead | smfaa feRwor & T swifoe sgad i i o8
i1 & orreh foTu equerd= 1o1 90°% 1 > i, € W Yol afiafeh Wed el 2
R H S TdRer Ted (i, = 24.4°), Q01 qUede fosH qen 7t goi
i T o e SIEVN & | FehTI¥Teh dq, 1= oh Tqai oh o el @ To
R 3TYETTd H STYeiIh o Ug1el shi Uaeil Td ol o9 eidl 81 WehT¥ieh dq
o fordt T R W smufad yeRmr, ST oTidieh e g SR R |
fehetdl &, WeRTIATeh dq o §e1 8 W i UE eIl 2

3. Frdid fag TRuE)— safad werrer i feen F Wt 1 3R e qen suee
faadia feen & =t ¢ st wonees <ff S €1 gsft It ger ste w <o
o Yd/cig o YHITR ohg § HIH S &1 x-2781 o IURGE! qe dui/ely ok
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e 18] o ATHeiaed Wt T8 S=eal Hedsh o Sl €1 stige feen # awd
TE SeTgAl RO wl Sl 2|

. YU THE

_1

J
Tel wden o wHe: o9 g qon wfafas 3@ € qon £ <dor ) WeRw b R0 S
(df=Tehed:) aohal B R %1 oMeft Bl 21 sfeet UoT o foaw £ Somed
q I AU o fAIC £ UeTee i @

1 1
==
L U

. Tusm 101 A, STUadAE n, o fordlt T o faq St n, stvedies o fHet

e § e Rl

n, sin[(A+D,)/2]
ny, = —= :

n, sin(A/2)

Tgl D, =JAam foee i 2
ferddt TeliE HTTYL | e [Aead 1 (STUaalh n)) | e 2 (3TIerish
n,) 1 3R]

n, n, Tny,-mn
vV u R

e o & o g
1 1 1

v u f
G- G

1 _(mp-m)(1 1
f n (R R

R, T R, T o Wi ot oshal Al €1 foedt i) o fo femmers ©;
HIEH o & AU £ BT 21 G H &Ha P= 1/f |

oY T &HAT T SIHER SEA (D)2; 1D =1 m!

AR £, Sy S FIRH T F e Tael oG HIh | T T O 39 HASH HT A&
Wiehd g BRI

1 1 1 1
=t —t —+ ..

S h L s
3T Tl o FAISH i Hel &
P=P +P,+ P+ ...

7. THY HT GRETU, YIS T A GEEw auil | faures (famed) g 2
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8. fordll Ta gemsvlf 1 SaeT &/@ar o URAT mH m = 1 + (D/f) 5N =T
fehan ST €, 78T D = 25 cm, ¥ T F SToqq 0 € T F39¢ o9 I
HiehE Tl B AR Yiafes ed W &4 96 m = D/f BN fhe e gewsel
&WW%Wmaﬁ m=mex%¢gmmﬁmwé,aﬁ
m_ =1+ (D/f) AR F1 AT qo m, AHGTaH U S A R
Hf=Tehed:

e 2

Jo Je

TET [, T f, AT A(gTAsh T T HT BT I & 9o LI I
wiha faget o e &1 b 2

9. [l TXEIT P STaE &Har, Fiatad g 45 W SN v 71 foed gy
T SHAfkd IO o H1 UM Bl 2

m=L_Jo
a f,

TET f, T f, AT SAAgTAE o AR FT WG AT T

faemuita faw=s

1. STUaA fog X 9 qef ST9ea o (a9 9t geal qen "ieadi o i oh
fore o= ?

2. Tt 39 <@ @ F qoN 2 f & o= W Tt 99 o awafas gfdfse =t
yiafea-feafa W @ o€ W @1 1 gerar 21 A 9E R g S = R o
yidfe o8l wdl 22 I8 9 agdl S g o S €, it g W i o
TE T T HicA Bl € Toh g wifas fomn feneht o o arg & Freifora
T ohdl 71 Wg Wfdfas df i wen € 21 e o6 Rt foig @ fofa wemen fereot
fenzem & fondht wfafsa fog W erfuafa et smoafa & St €)1 weT ohee
o1 fereon i forafa shean & 5 @ oo fortol gaR 45 qo el ® SR
&0 yfafaes 3@ U €1 fRd oo yee % gmg 99 wfdfest gRoed <@
ST kel B

3. Wfafsa a9 o foru Faftd qed=/eT9edy 1 Tevaehd 8t ¢ fagid &9
o, ferelt foig @ Foefa @sft foreoil wer €1 widfeiar foig o=t =ifew) =& mor €
fop oy forell sttt oot g, S9 fomel q&aeh o g5 | eroel widfss
TRl <@
4. TR oG IREYY ok SR T Hldfss o €1 TAR =R 3R 1 aeqat o @i
H fafaerdr 59 W aufad gehmer o 0 o ekl o SR gt B Rt o
i THIT Fehrel H @A W TA T T H @ W 3Y 9% ok fawa o
forcTehel €1 3t iy el 21 249
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9.2

9.3

9.4

9.5

9.6

250

<hld 35 60° EAE]

Rl T gesel oF forg foia 1 shivi wres, giafad o hivid |Es o6 auer
B 31 Ry oft T el SH R € it o1 geuef 1 SuE H g
TRl BT o] ! 79 7301 o 9gd [1ehe (25 cm ¥ o FF T W) W@ Tod
&, fraeh weresy 9 459 W g HIU SHaid w21 giatas, 59 & 2@
Thd €, 25 cm 0 W 1 For geweeft & oMkt SH B o 1 TR 3@ IH
% T 25 om T T T ST SR 76 T8 UG W Fgd Bl R0 S FHIT

ALY
2.5 cm HIES i T Bl HHs™! 36 cm dehdl 51 o6 fhHt faqar <91 9 27
cm T R W@ R gd0 ¥ R W) w1 e g W @ s sus gerse
yfafes T W | gfdfes 1 e IR WEs 1 9 ST AfE Jidewd i g
FI AR A WM, A RS H FG AR g2 g2
4.5 cm 9ES H HE G5 15 cm Fihd g4 6 fhEl 396 390 § 12 cm T &
1 vfdfs 1 feofa qen sraedq fafew) @0 gia @ @ g€ 1 70 @ @ o 9
22 aui wifs)
g F 12.5 cm H9E aF o ¥ w0 7| e geweeft gr1 s Y delt W ue
forelt g€ 1 el TeUE 9.4 cm WA S ¥1 Sel 1 YYSiiH F 22w
H 3 ST % STel o T W fRHl 1.63 ST9edHih % 37 59 9 Wi T
TGS FI TI: Wiehiad L o fa gaaael i fhaa S9v= & S emm?
o 9.27 (@) 921 (b) & Toreft smufaa feror 1 ervad= <wrian o0 € < o o
FHL: Hi-Gg G A9 FRYS o Afets T 60° 1 HI07 ST 21 59
MAfA T T U VT 1A HIWT, S Sl B SeA-hid STRYSS o Aeial
T 45° H1 F: S & [f7 9.27 ()11

arg

o
60 ST e 50 S|

(@ (b) (©

o 9.27

S | 9 80 cm TEYE o TREl o T qell W hIE B ded @l T | Sed o
T3 1 T & 1 hiTTT TG dosl o1 FehTe1 id 81 Hehdl €1 STl w1 STedieh
1.33 21 (9es =i f6g Teprer Ga wifa))

1 TysH o1 STuerd-ieh o shi™ w1 o1 &1 HI§ THIR Y- 59 oA &
ot weth W mafad gar 2?1 s 1 =an famer ®iv 40° A wEmn fisw
% wered &1 ruadAie o 27 fusH w1 srwads ®wio 60° 21 AfE e w1 S
(sTvEdIR 1.33) H W@ A ST A WehTe1 o HHieR g1 o6 T 9 =ad feore=e
10T 1 IR Hifaq)
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9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

IEZUREAIRIEIREC
Yohli¥Teh I3

SAYEiHIR 1.55 o hid T I TeTshi shi THM skl 521 & 39Fmd o fAfHa
F E1 A 20 cm BT §0 o o ffHa w3 € o srifar aeRar B @ e
1S Fehe-S Tt fog P W eifaia g B1 hiE o 59 SIfie g o uy o
o5 P9 12 cm R @1 9?1 47 98 (a) 20 cm WisHd T 1 396 & €, (b)
16 cm WIHE S 1 fedel ofF ®, @ gehe-gl g fog W sifirafa gm?
3.0 cm %+l ®FE 59 21 cm Wiehd T & 3190 ofF o T 14 cm T R W@l
21 o gr Fifa fafsa o1 aof i) =0 g @ s foa ofg 9 g eed
T €2
et 30 cm ®iRd T o 3T ©iF o |k H @ 20 cm WHH U o T
oG o HASH ¥ 91 G oG (FeR) 1 wiwE < 22 e o S o
% 1ol STUE? Gl 1 T w1 SUan R
el T YausE § 2.0 cm Wiy g 1 e oF 791 6.25 cm Wiwd
T 1 A G TE-TR T 15 em T R o T R o 1 sifgeass @ feraet
T W @ S fo sAfan gfafda (a) T 39 &1 Sfeudd g (25 cm) 97 (b)
3 W SH? T el § Gamesl i e &l 9 wifeg|
25 cm & WM e fag &1 & Afe U0 9gea gaaseh e Afvgeas
8.0 mm ek T qo AHH 2.5 cm WIHE G F1 €, F ST Hieh HIgeash
¥ 9.0 mm T W @ 5@ i Geawe Bk FT ol 31 Al Gl ok el gerehe
T o 37 gemeEl w1 e armar w77
el BIE WA o ATTEYIFR FT BIhd U 144 cm T AR FT Biwd g4
6.0 cm B WA &1 e armar feheart €2 aifugyass qen e o ot g
i = 72
(a) Terdt Seremen =kt foremet A o 21feeds 1 B 90 15m 21 3 1.0 cm
wIkE T T AR W FT TR R, A A BT R0 e 22

(b) < T L&A 1 ITAN F&HT 1 AR H | fha M a1 T5ea @id
g Tftfa =igmn o wfafes o1 =/ 1 82 =%6 1 49 3.48 x 10° m o
<HT 1 el w1 551 3.8 x 10°m 21

TYU-FA T ITAN I8 T HIH o [T Hiferg fom

(a) fordlt staqa qdor o fqen 2f o o9 @ foa &1 arafas gfafss 2f &
Exnild

(b) e <01 GRI Hea ATl widfas sa1 € i fore w1 feerfq o fefR @

(c) 3¥ YU NI Wed AR H Biel ghafdd, 901 % Yo 9 WHd & a=
RIS

(d) Taaa YU F gd qA Wihd o e W fa &1 et qen sy yfafaa
ERniid

(e : IE A 3MUH! dAsrordra fafyr grr 37 wfafdal o 07 = w6 o

e O 9= W fohwor sl g 9w 1)
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9.16

9.17

9.18

9.19

9.20

9.21

9.22

et o9 % ST Y8 W WE T B T ® 50 cm $9E W <@ Sl 2

15 cm | SR hid & 2ok 1 B o I3 & THIM 04 9 55 o o= W@

3T faig ¥ e W 47 9 forat R i 02 w1 s 1.5 71

I [ i srEreefd W s €2

frfafed geai o 3w fafay .

(a) To 9.28 H TYaHIF 1.68 F g hid | 1 TRl ‘YehTeT Afereht’ (TEe WIEW)
1 ST TS ST T €| AfeAsh1 1 Sl e 1.44 {qeiish oh g1
1 &1 &1 At & 311 ¥ afad fhol o i w1 uRer, fen for foe
Y 29Iy SIER Afersht o iat qoi Wedd g &, F6 Sy

(b) IfE IZT T STET 3MeR0T 7 B o 1 I B2

oz 9.28

el &M H TH AR W T foFd dea &1 7 98 AR & I9d 9 W

3 m T W feo gme 1 SR W yfdfeE 9 S {1 56 o Sue o i

SAfRan Wihd U 91 BT =feU?

fordt g 1 o/ | 90 em T @1 T ¥ TR W R 3T A9 5N IH TH-TW

¥ 20 cm R Feafal W w@eRr, 3 wfafae s S §1 o Y wiwd 38 7@ St

(@) 9% 9.10 % < ©iHi o FaASH 1 el wiend gt 39 feerfa o Fd wifs s«
Ik G&A el GUT €, 901 A Th- ¥ 8 cm T W W F 7741 S e
THIR FhRT G i e o R am? ) 39 97 o fae gl wiehd g
fordlt oft &9 4 SwERt €2

(b) S Hal (a) H 1.5 cm S 1S fae Iual ¥ &1 AR @i 2| faa 1
39 8 ¥ T 40 cm 71 I <6 % 7 SR eI ST qen wfafee w1 SRR
A i

60° 3TTad IV o fIsH o %ot W fRE g fohtol o1 fFd 1o W et

FHAT ST o THHT T Fersh W hae Ul A wadd & =2 fasw o ugred
1 Ui 1.524 2|

e H1e e 59 1mmzm¢wﬁﬁﬁﬂﬁﬁmwé,aﬁ9cm{ﬁm

@R fohdl TaEe @ (9 cm HIhE g0 &1 IR ©H) g 3 35 & fehe

T@H @I el 2

(a) &G gN SO S (widfee-grgs/eaeg-gEs) Fa 22 e yfdfad
Weeh ol 1 eThel o © 2

(b) &F 1 v SeelA (Saea awar) @ 82

(c) 0 (a) ® oMee awl (b) | SfEeH o SRIeX B2 TR ity
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9.23

9.24

9.25

9.26

9.27

9.28

IEZUREAIRIEIREC
Yohli¥Teh I3

(a) 319 9.22 ¥ &F i FIE ¥Me | fohat g W T@1 ST qIfr & oh SAfereran
TS AT &A1 o WY G W1 S Teh?

(b) 39 ST | e (Wfafee-aresi/aeg-arest) = 82

(C) 1 9 WhH W ME, STae &1l o SRR 87 T Hifer)

AW 9.23 H I 91 MaHF ¥ & g fohat gh S =ifew @ifer R

yfafde H &% 71 6.25 mm? &A% T Tdid &7 1 379 Tas g i 4o

o AATHH e THT 37 M ] GET= 3@ Fohl?

[T — 199 9.22 ¥ 9.24 Ui fRUsT Osst | oqaelq qen fwdt = =1

AL AT (SHIVT TMEEA) oF s X ! TIed: U H el Hil]

frfafed gvai o s -

(a) Tt o gR1 3 W FARd V1 MaE® o gRI Icq— STt gfafsier g
¥ W HARA 107 S Bl 2| 99 TR R e1ell § *iE s o g o
ST Yo T 27

(b) Tt emasie o9 9 QT THT YeTsh 3194 5 &l Ad W Tl TRy Tl
21 A Yok T 3 1 11D @ SC @1 R F0NE g giatdd 8 smem?

(c) Fordlt ot gemell 1 ae &l SHRT ®iwg T o FhAI it 2
Ta BH SATRIYH SO SHAl 9 L o fT &7 | 6HH Wihd g8 o 3ad
oH 1 ST A Y HE Ahal 82

(d) foreht e gaweett o STfigeas oid qen AR oF S € 1 Wied g0 H
F B =feu?

(e) WY Feu=ell g1 I@d WA Halqd <9 o faw gwr =+, A w frod 7
B 3HY FB T W TH AfE T2 73 720 AR o = *1 I8 79 g
et BT =few?

1.25 cm ¥ 34 1 STFIEeae 991 5 cm Fiehd 54 i AR 1 START Hich

Fifesd =k Ioiia e (aTae awar) 30 X gl 21 9 Ggs Geussi 1 THmESE

Y HT?

Rl T oF ATHEYTH ! B g0 140 cm T ABET 1 B g 5.0 cm

B W H G 1 @A ok oI A BT A e =1 € St

(a) ST 1 THESE GE 7 (3fefd offam wfafde oHa @ e 7))

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

(a) &1 9.27(a) H AW &M o faQ ATETaH | o et o e gered
i = 27

(b) af% 39 GEEIA 1 3T 3 km R @ 100 m 3= HHR i 3@ & fag fowan
S B o SATHEYHR g 9 HAR o gidfes i S 4 22

(c) =% eifm wfafes 25 cm Q w71 € o oifqw yfafde o R =t S=e
1 2?2
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9.29

9.30

9.31

el eI e o 94 9.26 W WT 18R < <qui 1 W=mT fohan o 71 3w
e F <A AT TH-TR W 20 mm R W@ T | AR oS <401 BT kel
220 mm B T B YT T ehal 51 140 mm B a1 3THd R @ et foa
=1 3ffam gfdfee el sa=m?

forelt TioamHiet 1 el ¥ I THdA U0 R defed amafad e (Fot 9.29),
U1 W THTRT G U A SEd Bl 1 HeaHie Y el § yefed Hig
I YO H 3.5° 1 GRET0 S FHIA T U0 S G 1.5 m T W W TR
R YR o qUadl fog | fohan foemas grm?

A 4
A

v

1.5m

A

oz 9.29

o 9.30 ¥ = THTA @ (3T9adH 1.50) TR THae S99 oF Horh W fohet
% %1 WA o UG W 9 T € IS Bl G2 e Hih e e W e, el
o TR SR T FHUH TH YHR FERITSG B St @ o GE w1 Al hm
oA yfafes g ot feafa W & 991 39 feufa o g 1 g @ < 45.0 cm B1 59
1 THL JANT 1 e Sl T T T 30.0 cm W S F1 K HT TG
1 22

©
¢
 favl
©
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SEIECEAIEIED

10.1 qftrewr

T 1637 H a1 - YehTST oF hIUThT Hieel Sl TEIA foha a0 a o fam i =
o 59 Hica 9 fRdt STaTs W Y191 o TEde qef ST9adq o Il St e
1 T 2| iR Wieel 7 Ui TR foh AfE wehter w1 feRtor (Srded o wwe)
Afirciar ki 3T gedt §, 99 SR HAH § YR HY A Ak g e =g
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e BRT
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n, A n,, HEY: WEAH | G HETH 2 o SuedAi
AYSdTihl o ®9 H FHHW (10.3) 1 79 7R @ fag
THd
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W AfaeRor & fag st 2@ wam

|

@ &y formeh safqewtor ura g qen ufkomd der v ghM o, fRE W ages
fag G (fo110.10) o foaw w4 wifSig &1 fereemami o = selial ¢ €; 9o 9% G
S, s/ S fererd

Yy, =acos wt

= Wi S, 5N Seq fereero
y, = acos (ot + (b)%ﬁ"'l'l

T afomdt foemas grm
y =y ty,

= alcos wt + cos (wt +¢)]

A+B A-B
=2 acos (¢/2) cos (wt + ¢/2)|." cos A+ cosB = 2005( : jCOS[TH
RO e 1 SIEM 2a cos (0/2) ® @faT 59 fag W dien et

I1=41, cos®(¢/2) (10.11)

AL =0, + 2w +4m,... ST GHH (10.9) H I o GO T, e T
TR YT RN A Aol AThan M| 8 SN AR =+ 7, + 3n, £5n ... [S
GHIHTOT (10.10) 1 91 o ST 2] T forreft safaerzor gre eim den disar 3= erfh)

19 AfE < Wiq Fen-Teg § (fd 38 wEm ¥ Al 9 gt i 9 9 W
F e @I R) @ et off fig W Heaiar ¢ A o Wy TEl agem qun e fEeR
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2 59 T ST-3TeR YT Hid fRE SO’ & eRIRE &

10.5 WeRTST aTN T SATAeRI0T a7 T Rl TIIT

319 TH oISl N 1 IYART hich SAfTHR R faar w311 afs 9 1 gfafss w1
W & foaw < Fifgam ofdl 1 swEm w1 (e 10.11), df & i safiho
first @ & <M U@ 39 e o HRw € f T 9me Ea (S gifegn o)
Y IAfed g arelt et @l °, 107'0s i Hife o T el W, AT
SHefl-qRed= Bl 1 37d: q Tds FehTel Gidl 9 S arell wehter a | g ffver
el ool T Era1 e A hell-TGeag e &1 S o veel erss] o faewAn i S
T ?, TH B W RS W Aot g I 2
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grefe o AfTHReTE 2AE A A WA S, WM S, WIEOM e s
B St @ w wenstt & fEfE w9 % fau T s g5
ekl STAM %1l S Teh ST W W glafox S, qen
S, (TH-TH & 9gd fehe) T [ 10.12(2)]1 3% T o
3T gfafes ¥ wsra foren T 9w < Od © yeRIivE mﬁqﬁl
fefa T o wehTe T S W FrRerR S, e S, W iRt #1'S,
qAM S, A Fel-Teg i w1 Aifd FE W € Fhifwm S, o il
S, ¥ frer ameft w1 a6 Tk @ 9 WA § oI B @ o1 10.11 9% < wifeaw o < gfafosi
T WA S H =M His ft el giekda S, q41 S, | 3 ot T T F ¥, faar 98 T
Yh13T H Sk TH Yh R 1 shedl IR HOT| 39 YhR ST Hid T T S S e Te S
S, A S, A Hell H oY M Fefd o TR T M F
3T H [ 10.8(a)] X hiud geai +1 wifd wen-Heg &

TH YHR S, A1 S, ¥ I B At Mefta a6 fo 10.12(b) &1 sifa T
GG’ W Al sl 3= HEM | iR e =Aaq deaar w1 fefaai st 7o
T2 10.4 # T U fogeluor s STAN ek 1 S Fehal 2l

S,

forT 10.12 a7 Ued 3= w0 & faw 9 AT $1 SEee

%ﬁuﬁﬁwﬁwmmﬂﬂ%awgﬁmﬁ=ni,a?m

D

x=xn=nfTD;n=O,il,iz,... (10.13)
M 3Ed AR B fomeft safqeto g ok & ured B e
xd 1
—=|n+—= |4,
D (n 2) A

1 AD
x:xnz(n+§)7; n:O,il,i2 (10.14)

% e o1t & ar= =il

70 YN T3 10.13 &1 4ifd We W 7w qen i o feears 37 i) g
F T Fed 2| FHRTOT (10.13) 920 (10.14) =304 2 T w1t aen d fims
TaH g W 2 265
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d=0.025 mm (=1 mm)

‘ 10—
. | - ’r 0—
2HE I (1773-1829)
wd fr foRies| o 3 5ga W@ o
| | 1
-10 0 10

F AR TEES W HE
AT 3R 3fe wfewan o gEd ——— x(mm)

aﬂ?ﬂ@?ﬂ#ﬁmwﬁm forg 10.13 X1 Wikl S, 921 S, g GG/ TR W (g fo 10.12 )
sym%s@#m&w ST g S g AR T fiEe e,
i =1 gsffer fom <1 d =0.025mm % T D =5 cm T\ =5 x 10° cm) (‘ tfafesd’ @

Wﬁmﬁw,m* ek, 2 T fear ufeater o.fa., T faeeht, 2000 @ fermm @)
T T T FHIOT & T 2

10.6 faad=

Ifg &0 fordlt STIRaER a%g & gN S Al B w1 SAMyEs @ @ 79 e fw
ST B o &3 o GHIY SRt o THHE I-ar] 9 SEw qe1 S &5 3T
21 U foedT ® aftEe & wR e 2| faadd uh wre sAfieieor § S gt geR
257 T | AR AR SToEER] % faER § T 1 aTesd ofeid 91 © sHifen
& 2fe Sem & Jaol o e & W o1 G TE) S ved 9t gE st
o1 RIS et stern et 1 Fifvea e faada 6 uftse o
HROT Hifd &l 21 aree | S g9 fordt CD 1 2wd @ df Sud 1 fefed= g 6
FROT & fEes 2 21 o g9 foads o uiEed W = &4

10.6.1 Tehed it

I1 & FANT o foae o, g6 el € TR T "ol Tkt T T Wi i @ s
T B, TET W FehTYT Toaniia g 81 47 o vedd o, R gEneRdiet f =
ot onfael &, o &a | g% o g1 o Ty denivt fosi qen fafed o fawafa
EI1 81 98 iH 9 Gt SH &5 YA hidl g Yald gial € Sl eH ol i e
F 21 T qWEl *i = faadd sed 8, sheel qU1 ¥R o SuF 4 & 3fEd ®g
Y U e 2| M, I FF % TS § Frel &1 o1d w1 gL SHH! waf awn
1 G I € eneerd e 2
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& I oF YA ki ThHAU] &G W R
feferdt 1wk Wil That fordl g wieenfia foen
ST € it T sife (Siren) e fear vean @ forwe
e W e & erdal ¢ $8eh S SR ShHNTd S

4>L

M,
T e & B € R do FR  weR w WS Mg
%N% 2

4 Bl ot @ (1 10.15) | S8eh! g93H o fog
51 10.14 2fEw, e o SieE w1 T 7l LN
R AfedTad Tg a6 g9 RO g9 i gwiE
T 2| e WehTeT 31 @ T WR W ST gl

21 forlt o1 wem fag M R forT 10.14 e wHe ol g foada o

fag M & oA arelt 3R 7l & qa &
Af¥eraed "el t@ W 1 fag ¢ W et 21
e WR o ferdl fag P W digar 9@ s @1 S e
==l Y ook ©, P i fafa= faget L, M, N enfe @ sieq
el fafi= o e e gHide ud sifierd MC 9
101 @ ST g5 W S Wehdl € [fo 10.1471

el ¥Ron e € o ol 6 aga @ s 9w o fentsa
fopall Y 37K g P W S+ok ANTEHT b1 Sfed sheflad o |1
et S 79 folt W e @ o fafa= 9t w6 fgdaes
Bl %1 T HFEN | oid 2| Siifer, STt aumy il o ae
o THiR B, 91 3 Eid T & el § B B

TR Yeror <wiid 7 R e %1 e 3feas 9= 0
W & 9 W fgdiaes St 0 < (n+1/2) A/a W & et
Il n 1 AH Se W AR w4 Bt St 71 ffEss (s
Hed) 0 =~ nA/a, n=+1, +2, +3, .... W | HIEUE qel
3ok | ditgrar U o 10.15 # g9 7w )

et den foadd § o F@ T, W He™ § e
RereTIst 1 WS o GHa 4 &) ARl § e forem-fawef
Bl @1 21 39 oy § e w3 o ufag BEE
e S fEfoes | 1 el B, I8 Sl oot @)

TR ki AU

el ENERCE]

(@) (b)
o7 10.15 T o/ gr faeda o fag

fSAstl T TRISIUTS den digdr faawon

378t T FIE 4T AR T faad= & &= I’ F1 Garvys &9 g gRafvd
T&T X U 81 8 Shaet SYANT %1 §¥ 8, §7 qiHl & dre #ig geae agl
weyl sifie sfaX 7et 81 A2 dR 4 &9 Al G Sk e GHd & I e
Shael o Gid &id 8, A1 ST |1 sqfdesrRl Gid, a9 i e ard 9o
&1 Al FEd &, clehd IlT ST GEAT Tga 3AfHeh &, UaT Faid glar &

foF faad 913 Gr: IqANT Tk Srar &l

+ Rard WIEHA i 1965 1 ifceh! 1 Aeet [EhR el S Soh aelied Sgaias! o

Hifersr 1 W e T
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% Hifaet

e 10.16 T wHa T3
faffa & o o 1 =ref
1 ThSAl TH Fed g
8 ot § 9 3@ - g,
e foerds o <widr 21

http://www.phys.hawaii.edu/~teb/optics/java/slitdiffr/

Tahet Tt faad U=t o1 gaw asia femor

|

268

fefer v o, &9 s 3 =ifet ff R W o 9ren oA ardd ¥ Ul
fort =1 fog g0 SAeau 9 S99 d9ren Tehd e faads Yed 7, qun fgferd
faeor Yed 2|

10.6.2 Tehdd Tt faads et @1 sracie

T for faads Ued i @ g @ vedsHe €9 9 T 2| STavasd ST
Afereptar =R o IR ST Hehdl B < TR IS AU Ueh YRSV hi™ i fogd o
(Fergt =i o ol Sl 1 Sl YSH HL) | S selel 1 39 YR Tkl S ©
foh Soh TR TG &1 31 ST oh o= Teh Gehivl T3l a1 g% Serar 9 S qen
Suferi & g oft fohan w1 wehar ® (1 10.16) 1

ol ! freme o 9aiR Faw, S 3if@ o ara| af o9 =99 98d © o
ITHT ST HY| T B ASE q° AR Y Tl o b THESH ¥ <w qen
e del o Wy Yed famr M =ifew) s gt o€ W fufa (S S W
Bre?) aesd W AR 2, o pw 1 gwid et qen et o forg fireet o swEm
T firsl stfere Tee &1 S Afg St fheet e & @ it 6t g § o 3
1 fipsl erferer <1t <@ ST Hehel €1

79 AN |, o oW U 'S 1 yfiest e w1 ® (e 10.14) 1 99 1 o | W)
(37 % o) W Ve 1 HiwE H@ 2

A YIS 9, Th IS 1 Herdl o ugfatem &1 o=t § f5ferd wet s gt
2| e dq 1 A o YA H SRTH o oY T8l 1 Aifd 2@ S Wbl &1 A ok
g W, ¥ W TH B HI0 S el Th SO STYER S 9id ¢ e Rl sHentel
I T3 (ST ok fIu Uk wiEfenet i widt) W gH 1 W €1 gi-gehe ok
e e g WA A - T A5 Rl affd g Fehal § qefl sed el ot e el
Hifer g (1/2)° 1 HI01 T R

HfehTo] el faedT d ehrel il a1 GAlGaRor gial &1 af% I8 37§ ie Seq=7
*Xd GHT T &7 ° wedl € al <19 [ Scq F3d GHT S &7 § agal 81 Sl
d g a9 ererEr g 81 gidl S el Geer & fagia & 9T gl

10.7 gaur

Tk sl St W R ity o aifest T@es TeRer T € SR gHent SE faw fier
TET T 21 AT 7H SR % FR 1 Sa-He sTad! ®9 9 T ¢ af Tk 9 3=
T AT S +x e o gl g (Fast 10.17) 1| Tt @2 61 SR (10.15) g1

=Iad e <1 et <

Y (x,t) = asin (kx- wt) (10.15)
ST QT (= 277v) THHN: T 1 STEE T 01 S FRefia id 81 gheh i,

27

1=
- (10.16)
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t=0

t=At
<«— \L—>

//
Ao N N N NI 7

7/

y \\\\Z// \\,/’\,/, \\>///\,// \,//

—_—> X

(a)

—> y (x,1)

T=

MAAAAAAAANAAAAAAAAAAAAND,
VVVVVVVVVVVVVVVVVVVV VYT

—_—> 1
(b)

8\5’

—> y x=0,t)

TaT 10.17 (a) o TR S 1 HAW: t = 0 99 ¢ = At T oo Frefud = €, &
Teh S T +x faen § G=iid gt 21 (b) Teh foene x = 0o qHI-fo=or i
el a8, Safeh Teh STeshid qui +x feen | S=iid & @2l = Ax T oo
w1 T -fa=wor org-n < SR faentya 1 S|

T Y Hag auTesd i Tl id 21 59 Yo 1 a0l o W= %1 == 8
Hel 11 F1 UEAYEE o A 14 W FL ok &1 Fien fawenyw (s y feen
o SRR ®) T el 1 KN o ofded ®, ¥H Sy a¥d wId sidt &1 WY
&, Fifen facemem y faen & 2, sEifere 8 9 y-yfeq o0 wer S 21 6w Sl
1 Yo g Tk e W@ | Tl i ®, 9T i Paehd: Yfad @@ wEl S €|
gheh SAfAier, S Hed x-y I § € Hifha @l 8, TEifes 38 g9der yfaq @ ot
el Sl B

T YR B9 x-2 A B 2z-Yfad T 3= Hieh fhdl SR & 9 W fo=m &
T €, Forgent facemd= wre g

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

g Sacll SAEvasd € foh [THieheon (10.15) @ (10.17) § dftra] @
Yaera: fad a0 Sy X Bl €; Ui S o Yok feag o1 Toreea wee aw
Rl 1 TE3 oF wleerd Bl 81 3idd:, TS SRI o U o dcl i 3Tcd 3Ted e
H Igfoeha: 98al STl 89 $7gfad a7 9 BrMt| 39 YehR Ueh 31gfad o o fag
fereenT, woe o WY, AEfesda: axordl Al 8, Taf 98 Fed T GERo7 S fem
o Seerd el B
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TehTST i T i Fehfd ST wel Bidl §; reffa wufid el Wi Wiy @ § Heg
fargd & Hd X W= 1 TG0 o aed Bl €1 3W T Wl ez 1 ST
ok Tl ¥ YRS el ST Tehel €1 S0 Taedt e SiEt 9ie et it o
Yiciize Ed B Ueiise W T[S w1 Uk el §Een el € S Uk foei fgen ®
ferierg Bid €| Uferierg ST0yeti shi faen o ey faga wfew (W=fd et wehmer awi
Y Gag) AN € Sl 81 39 YhR A% HiE Sfad Jenrel @ U8 Ueikize W
aafea erdt o FehTer A Y@ fed e et ®, o g wiew dfemerg stope w6t
oo faen o ST Sier hidr €, 39 TG0 &1 Weikize 1 wRd-37¢7 (pass-axis)
FEd T

T YR, Sa TRE WHNO G (S T Wiegq o9) 1 YRR deiiEe &
foret ofic P, & Wika &1 @ @ 7% <@ 1 @ T gEent dear enef 81 Sl €1P,
I AN W AT fRO-GS W hIE Y96 81 Igal Hiifeh TRa droa fEer W@t
1 379 TH TH THEY UekiEE P, B P, ¥ Ted W B STHATIER, o7 ¥ T o
G 1 gl sharel P, § 1 WIRd BF | %W 2 S| W 3™ P, o YA HP,
T M el FhR1 T T ek 1d 99 9| Tk ferfq o p, § urwifia diern P, |
WA B R T Y B St 81 5 39 feufd € P, 1 90° W YA € @ TP,
Y oA arelt e ol e i gRafhE @ g @ (Fest 10.18)1

P, P,
L | !\
P, P,

(a)

(b)
TorT 10.18 (a) & WeRES P, 941 P, § B/ TR 1 TR GIITMHG 319 1§ 0 T
iR ©, Sfa 3ok &= 1 101 0° Y 90° Tk URATId Bl &1 &4 W@ fF Yo 59 T

& dieRize P, W <@ W1 @ 79 9% HIU o WY UREfid Tl Bl (b) ST gehTer &

Heiizel 9@ uifta gran € al faga Gfeer s IR TRt Yau dieiise o1l % gHiw
e 2| fgamomr faga afew & e 1 gl 2

SR JART BT A TR ST § A ST Tehahl ¢ o Wieniee P, ¥ g
TeHTET 1 P, %1 TR 318 (pass-axis) & SR a0 & S g1 A P, 1 W 27,
P, %1 R 318 ¥ 6 10 I €, 79 Sk Yo TRRI-GS GeiiEe P, § awd
et &, AP, ¥ TR E cos 6 (P, ! WA 31&7 o ) WA BRI 36 Foh Tl
TH UieRiEs P, (A1 UeRiEE P,) &I YAW § oo T YR Skent

I=1,cos’0 (10.18)
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T I, P, ¥ oA & UL Yfed YehTeT S Aol ¢ 38 Herd o1 f1e| (Malus'
Law) Fed 1 STed foemer <9 € o T diekiee § 3T arel YehreT i dierd, sTafad
el w1 SMeft B1 TN UioRiEe W@ 91 I UieRisel i WRa-21ell o & o i
1 TS ek diodl shi Sfed dodl & 50% W Y deh EfE Y Hehd 2

TreRizel 1 49 o =9, fagat & e onfs o doar fatm & o v
foRa S Tkl 21 Tieiizel 1 ST BT oy qen 3D (Femar) Safes s
o off fran S 2

IETEIT 10.2 59 J hifed GeRkisel o e H aEs i Th dred e i gamn
ST B A YR Yol shi dierar | M el URede i e it

A A Go WeiEs P, W TRA o 1% yfed W 1 e [ €1 T g
Weiss P, | TSA o o1% k191 i dftgral B,

I = I,cosé.
&l IV 6, P, TS P, T WiG-378f o o= o1 ki 21 ik P, TS P, it & ok
W37l o sT= 10T (/2 0) B 31: P, | fiftd & ael Wehrer s e B,

I = I,cos”6 cos” (g - 0]

= I, cos’0 sin®0=(I,/4) sin’26
37d:, I O = /4 o AT IHT G i e fereman g
R
1. TR & gl adqera & o o o g fag fadtees i o g g 8, S
ST S THT TYEE Th O S €
2. TENH H WA BY I8 dqaidl & foh 73 a0y fgdiee 9 1 3 AR g1 S|
TeRTST 1 =T feen W et T et @1 @t fgdiaes @ el et 1 fRel qe

A T o aed Bl & 9 A e fRE off v ) fewn o w9E g =
39 fagid o weds aen STqede o ga | 9w g €

3. & T 1 1 W Afersh Yol Gid U & g 1 Ui hed € ot a3l o STeAmo
%1 fagid @ il 31 <9 89 T fog W 39 il gR 9H1 1 dfoar w1 faen
T ¢ fafkre deristi o 2w % Afafien T sAfdenon g o e 81 W T
w5 et Heerqul il 8 Safeh gHeRT Sigd I T €, S ohaw At el @ S
dl 1 gl IuH & qen 39k e U feR welid Bl

4. YUHdl d dred G A w1 G @ gam siae w1 st e g et 2

5. ISR a®! Th Thd 3l T faade ted <dt @ foaw w sheia sfeas g 2
W + A/a +21/a, 3R HIOH R I S € 91 37k e | IR &ftor g
fadtoer sfears & 2

6. WIehfdeh TehTel, S T © W TehTl, SYfad e 21 58kt 31ef 7 gan foh ety
o H foga afeet 7rae o 999, gad: a1 Agfessa: a9 9va feemew o g gehar
21 UioRize hecl Teh e (b faf¥Tse 3181 o HHiaY) i YRITHA shedl 1 IRomet
ThTST ! TG Yfad 312l Hae Yfad wed B1 6 T YhR o Y1l i Th TR
TeRiEe H ¥ <@d 7, foreht 3181 210 9 I ® df i & < Sfees qen ffeTss
fe@em 3 2
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Taemuie faua

1. T fog o o ot qeft fenent o vafka gidt €, S weher i gewiol o o
&Y H Fad g <@ T o1 G FHgid ¥ YT o SesR o |l ual o faerso
1 U o faIQ SR, I A1 Tt oh YA el ST hi STavdehdl gl

2. TN 1 HEUl q A1 TEy =1 il o STEml i Sl , S 4T % WA
o <uiie sEr Fardt qen fommht < 8 wehar 2

3. foads uRee 9 foeor gepifyment =t aftean aRefid eidt 81 <1 sgd ey
TEgetl o faves o fou gemfimt qon el i gard S S off wehTer i
wreed gr it Bt €

4. Sfferenier SAfeeRor qen T T Seed o, S 9 | eaf o forg oft € € g
SJET0T TSR Shelel STTEY l, S WeRe Ak ki, fafvrear 2

™

10.1 589 nm TRE 1 THAUNT FHS a1 4 Sl H Gdg W A e 2
() TRIEa G (b) ST Y19l i qOIeed, SMgfa e =1l a1 g2 ot s
eI 1.33 B

10.2 Tr=fofad senetl o weish a0y 1 Sfehfd #0182
(a) Tt fog W & eTo9fa gl
(b) Sve &g Fifia wehrer, fiwer wiehw fog W iE fag o wan 2
(c) foreht ST AR W T o1t YehTeT T 1 Geall 5T STaXfd (intercepted)
|
10.3 (a) ™ 1 eI 1.5 2| e o Fehe 1 =t o1 grit? (Frafa & geprer st
e 3.0 x 10°m s B1)
(b) o1 shi= H WehTe 1 =A, FohTel o W1 R 39 et 82 f% &, @t ofrer den
F § G - a1 A e W o e 8
10.4 47 & Tt wam & fafe o o= %1 50 0.28 mm € 991 W 1.4 m 1 54 W
@l T B HEE € fhe ud wgel e iR o ot &t g 1.2 om W T R
TN § ST fRT T YR H aETRE T it
10.5 47 & Tgferdt wam &, A s 1 Uehenita YehTer STEN T W, TR o U fag
TR STEl Gela A R, TehTel k1 el K ST 21 $9 fag W wehter 1 e fehert et
el 9di A/3 2
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10.6 I & f5fe’d v o =afaeor fiks ot 9 & & faT, 650 nm 91 520 nm
ATREAT o YRSt 1 SUAN feRan T
(a) 650 nm T & Tt W R T < st 1 S sfeams @ i 7@
EAlE Ll
(b) hsr Sfeame | 36 —gHqw T ! T FIC ST IH Teeaf o wRor e
fiFs WU (coincide) Bd 21
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!
W 1 1 o

fafepTor qen s

Eal-GIeCan

N~

11.1 e

T 1887 W dgdgesd ROl 1 Scafd o GYEAT W foRA eshed o S
HHISRTO A T2 oF TANT 3 YT i TUIF Tohid i ST9AYE €9 § enfud foham
Ifreel STl o eAfqn =R ° foesH-Afas o T6 § w9 g™ W farga- e
(fora-fags) W g T=mol ¥ %2 Ufasias @Sl ggl ©H o g 1895 H
X-fRtol ) @ie qen 9. 9. e o g 1897 W I ME SoleR i @i
THIV]-GEAT 1 G § el 1 eeR off| T 0.001 mm IR o W9 o A
H <E W T8 T T TR TH <) sl o ote, fSer g ferasH-Afae § fw
W e & Tifua feran <1 8, Uk et g €1 chelie o wEE i W wiad
IO Bl Bl A HT W R B Ui W AR @ 7, SH—HE-Hhig o fou
T8 T 1| 56 Fia<iTa sl HRoT SH GfehTor sl 71 7= S helie § 37 Tl ol
3 Sl vl 1870 ® fafersm goa & g @St T off, fvgs 9k o 1879 ¥ 7w
g T 3 Rt for @ Jer areft - sreE w7 o) 9 5§ fafew difaen
IS 919 I (1856 — 1940) o 30 URHETAT i Y &1l SLSl. HE 3 qgelt
IR fogs-Afdes & 3IR-UR WER dead fagd td gasia &= & wenfyg &
IR I O eheite-TehTor shull o o qen arufereh srereT [ @1t ereeT 3R seme
1 UM (e/m)] Fd fomam g arn 7o fF A H1 YR ok AT (3 X108 m/s) H
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fafertor qen 5= &t
50 gepfd

AT 0.1 | T 0.2 T4 o ¥ =eid &1 oA H e/m w1 Eighd HH 1.76 X
10" C/kg &1 =& o U T foh e/m 1 W hefte (Scasih) o qaied s1er ¢g
1 Taes-ferent § 98 19 o1 ehfa W et 721 ean 39 9eor 3 shefre-faor o
T TRl i G

M SE GHA, 1887 W, F€ U A1 ok 59 o fHfvea engeti s qweTH
TehTeT grT fehfoTa shed € il R o ATl SRUT-STEfYI 1 Seafeld el &1 g6 WehR,
o o fAfiea ogetl wl S=9 qI9 e WA R S © Al A Ho-Sefi| o
IS T 1 T FHUN & AU e/m 1 HE 31 &1 9 7 foraen for shefre fem
U T 11 38 FhR 37 YeT0n 3 Ig Tftd 2 fean & 3 geft o1, =afy fo=r somed
T 3O g O, UHfd | 99 &1 S, AEA 4, 1897 H, T HUN i Fora2iT AH
feen iR ggren o 3 5o o difers Gl e €1 TG | g o Gaed W 3
gifaer don wrEifiTe eron o 5N Solaei &1 39 FAAEN @S % fau 3= 1906
¥ el TEhR Y foran a1 1913 W it difderfar sru, fafes (1868-
1953) 7 Toa W AN & URYE W9 o folT daa-3g 1 9 Yseish A fwa
3= 78 A foF da-feg® W Ay 939 U g &9, 1.602 x 1010 C T ol
Totis B fferen o WA < e yeenfia Y G o dgdenay Faidind €1 e (o)
o 3TUferd STETT (e/m) o WM 9, TR 1 SEHEM (m) INd fwa <1 Feh

11.2 soEE SsH

&1 WA ¢ for engetl ® ged goreiA (01 STEfYI 0T) B § S SR ot
o foTu SeerEl B €1 qef, gert Seleeiq W 1S ¥ el el kel Fehd|
I geERl o1 ¥ STeT oA © ST IS o SER WK Y ol © IR serail
1 A9 Y1 T SAHTHd H ol 81 39 YRR G Seia o1 o iR el ok
Y0 Tl o G Usheht T 7T B 2| GRumHEey fah o g foEest S
TH AT 1 YA H Foh, U IS W @ M UM €| T TSl hi g
T3 § STl ke & fore wek ffvea =gan St 1 steegehdr eidt 1 39 A
Sl i oTq 1 HTH-HerT Hed &1 39 HHURUEAT ¢, o gR oK Hd © 3R eV
(3R diee) § HIOd B U Soiee diee fohdl soiee i 1 dice faweidt o
g @fRd U W W Sl w1 HE Bl 36: 1eV=1.602 % 107°J

IR oll 1 TH SohTS o1 WANT GRATY] el ekt sdifaent # feman S 21
HE - (¢,) ©1d o TN AR 38 53 AT Wehfa W 1R e 2l

I1q o I3 ¥ Sl IS oh folt o SeiaeiAl ol =AdH STeaeadh Sell 10
forddt oft W iifoes fafer o gro & <1 Rl @
() @I IS ; IUGE A9 ok g o SRl bl TATE ardtd Sl &t Sl

Tkl ¢ forad fop & uig 9 omex o7 o)

(i) &7 ScgerT ; fRdl o1g W @I T U Yod foegd &3 (10° Vm! &1 @ife
1) SRl i UIG-TtS o dEL o Fehdl ©, Sl o feRelt Tk wm H)
(iii) FoRT-ToEd SeqsiT : SUFeH STE ohl FehTel Sfal ferdll €1q-Jta T el & al el
H IS Bl %I EIREONSIEG 3@3@7""{ 19T 3?7337% (photo-electron)

FEAd &
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11.3 YehRmT-Taed gore

11.3.1 % o UAIUT

TehTeT-ToR[d IS 1 IRERAT i @S 39Rd gt (1857-1894) o §NI 1887 H
AecEeh I T o AN oh GHA i T oft| ThferT-fagsi (spark discharge) &
SR AT qUl H Scrd o 39 Y Sl § gde 3 we Ufkd foran R
helle i Tl ek U W TS FohTeT o g EIw i W elq-3eie2iel o IR
= dlieed] THie i 8 Sl 2|

HT-J%3 W =HH ol FeRTY ok ARG HO o 31d 86 Seieid &ed ©,
1 T FE H GEEdl G FI1 S| 5 UG- R FRI TSl @ dl I53 o GHIY
TolaeA eTdfad fafetor & ugtel oF g8 ¥ HAIeHe STl o STRYUl i IR i o
e ol Sraeifa X od &1 Sufdd el 9 SIavEs Sl Wi i o gveE,
TARIA Tg-T53 | el IRaY | 37 W T

11.3.2 TTeE 9T TS oF TeTuT

foeeen getatad aen frfad e 3 1886-1902 & & YhRIfaRd IS i
Tfere 1 sT=aAwoT feham

<) TRl (ug ufEeel) el frelt freifad wie = el o Scasis afeet W
T fafeReon @ emufad wE W A (1862-1947) 3 wrn TR ufy § wm
vare g € (Fam 11.1) 1 9 & wei ffereon i Ueht T, o9 &) U yare o
Tk TN S THEl | A et @ foh St qweHT fafentor Seaster afgent C W adfaa
B 2, SO UfE e § AL o1 S § aen fogd &% g eeT WUTEs ufEe A
1 S ARG 81 S 2| Taifad i w1 Tefl § ScigeHl oF YaTe o SRl ¥RIYeTg
Bt 81 39 FhR W, ScSieh oh 53 W Yh1Y US4 o HRU &g IRUY H HHIyEre
Bl | eTelele a1 efiE - HUeeh Tigen o faval, Safad WehTel shi e el
diardr oF T YhIT O | e 1 1A foa

TR 4 1888 | 39 LA 1 M agM IR Uk MR 5k ufeaht
s fargaesft @ g e sem uferd femen for St fgent st qeiT oot © fertfora
foran T @ R ST Saw @i e guek oifafied W& U el fore ufge
1 ST FeRTel § Ferefora feren T df T uEfi g | TSR ufeent ol queT
TR W A TR e W, T fEeRT W eIy R SAfien g T g e 9
3T 7e Treeptd fepren fopr wrET TeRTeT o we W TSR 9fEeRt @ RO ol
Ieafd B B

1897 ® TOHRM *t @S o WwHE Jg ffved & wn fF Scse ufrer @
TARIAl o IS 1 R SA(Gd ThTY 21 B SET o HIROT IHAd AR
forga &5 I SR SRl 1 SR eehel S ©| ioreied del o e 3 9 off Ui
fopan o ST Scsieh afgehl W Tk o =gad 9 9 9 g b1 IR FehTT
Tedl @ Al IS ff e Scafsa &l g 39 e =g st w1 3gelt sgf
(threshold frequency) F&d & Gl SEh1 A1 Scasieh Tieehl o U1l &1 Yehfd W
ek e 21
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54 Wi

g I A foh TSR, Shefiem, TrifiEm SEh o urgeti o 98 99E sheed %H
TTeE Y TS A o o e 21 ety efiferem, wifeam, wefiem, e qen
welifeom S &R oIqd 598 YT % g off 7 g g9t €1 5/ 37 gH-gae
g7 1 YeRTST W eI TRl STl © o 3 Soiee ScdiSid i &1 Scie i @il
o T S SolaeiHl hl FaT¥Teh Soiaeld A1 T2 11| 38 URere JerT-faga gard
FHEA B

11.4 Yem9T-fa=[a qerer ot Uit eTeae

foa 11.1 ¥ yohmr-faga yare o Ui SteoeH o foe U=t | o T8 Sqasen i
<1 T B | 39 ek Taifad shis/Ferdst i Toil © fSa Tk Yehie-god! ufeeh ¢
3R T o1 Iz Rt A 81 Ed S | T, T8 (window) W IR gl @ SR waet
TehTST-Hodt IRt (SeEsih) C R Ugdl B1 URGEIH Fads el (shie-elt W Hfgd)
T YT TafeRtor UR 81 Sl © 3R eheI-Herdl ufzeh C i fertfura s =1 fgen
C ¥ S ScafSid Bid & S UfEehl A (FUES) W ol gR Sca— foagd &5 g
T3 HL AU S &1 C a9 A ufEenie o die faveiat i e g S W S ©
HW@WWWW%IWCHWAQ? %WW(Oommuta‘[or)
o g 95el S Hehd 21 3H Yo Scdsieh Tieehl C 1 qorl | UEehl A %1 SS0ER
¥ el U1 fae W @l S Hehdl €1 Sl HUEeh Ug T A, Scdsish Tieehl C
T H oFIcH B T Soiae SHeh! 3TR STh{Ud BI7| Soiael o Scas o IRl
forga aitue & T Ware Sca= Bl © o uitae o weh forega o wefia 81 S @)
TTRIS! o e o Taveidl ol T dieeHiet o g R gRum ey qiuy ¥ yered
B STl FehTTTeh SRT <R HIEshIUHTR o GRT AT & | ehifereh
faga ¥R &1 GURSE UfsH A F1 fava ISt qfght C 1
o ey UREfd ek SI@T SAE Sl ST Hehdl 81 St

WehTYT 1 <iteran den st b1 off uRafdd fopan o a1 € weEw-wad
S fF ISt C iR WUEE A % a9 favaiR vowr e
et femam S 21

g9 fod 11.1 &1 Ui Sqaee &1 SYINT YehiieTeh
R o (a) fafexor =i diwan, (b) emufaa fafewor =t
agfd, () Ifgartsti A @ C o &= o favari®, aen (d)

B %)uA
qfgeht C o TSt Ft UHfd o T IRedd o S1eTId '
AU T Tehd €| ISt C W YSH ol YeRtel o A o M

ST fheet st i wia e fae Tt & TorT 11.1 vehme-Toea w9 o teqeq
ThTST 1 ST T ehdl 2| Th19 Hd 1 Sedoish 9 fore iy e

1 deTd EU hTST 1 drerl o1 IRafdd feman ST Hehar 21

11.4.1 YeRTIT-TaRIA &RT WX WeRIYT ki <rerdl Rl THTE

TUEH A i ScESih C i qorl § T ¥ fave T @ 5 @ f5ed ¢ o seafsia
TR WIS A i SR SHTHd Bid &1 Safdd fafetor 1 srgfa qen faswe =i feer
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TR i dgar ———*

o 11.2 yermo-faga um i gepmn
1 diodr o o9 T

et fasa

T@d gU, WhIN 1 digdl 1 qiafda fran smar @ SR qfome
TehTYI-Toed & <l Gedeh oI W11 Sl 81 I8 I Sl © foh Wehifiren
¥R ST FeRTSl <1 dleidl oh @1l aehd: sigdl @ o fop =t 11.2
T WA &Y § S T | YRR U Seafsid e At gfd dehe
TS h1 W& o SHAMAM B, 37d: ScfSla gl aret gy dehe
YeHTfYIeh Seiaeidl &1 Q&I Srafda fAfehTor w1 e & GEgar! 8l

11.4.2 YemIT-Tagia amr W fawa &1 gwE

TH Tgel UEeh A I UfEeRl C 1 qor | fRet o fava W @ §
IR ufgeht ¢ i ffvea gt v aen ffvsa domr 1, & g @
e w9 21 R B ufEe A % oA fave %1 fi-oR afafda ww
& R sk R URomH YehTeI-fogE T i HIGd §| 9€ 91 S @

o ThmI-fe ¥ o9 () fawa & Wi dadl €1 UEeh A % U e o
fave o fou w UE fefa on st @ 59 w99t Sl selee@ aizet A W
HUE B S & a1 YehwI-fogd U S=aa 81 St € AUiq g e S 21 A
&0 faed Ufg et A o ok Tave ol 31 31fues g € at wehrer-ferqd & =1 wigd|
eI Toed 9N o 3H Seedd | il GgW OR7 ed & Wqw ¢ 39 feufd o
G © 5 Scqsieh Gieehl C o g1 Scafsid @t Teh1iiTeh selaei Ues uigeh
AW YT A 2

ThRI-H —>

319 TH Ufghl A W UfEH C &I oI ° Th

1 (Heeh) fave o € oI 30 -+t st

SRUTCHe hid SId € | STl Tieehiati shi Y seelt

S B A geieR WideRiid Bid © 9 shadd 5o

T Sl AT TeeRe €1 HiEsH A T T I

L>5L>1, & T8 RN T TR FehTTeR -4 AT W o gl Sl

~ IIS T 59 7 T 9% UiEe A W w0 faea v, % R
— 2 0
/——II fafeert deor 3iR T Shifdeh WH R 91 T 21 S

amafaa faferzor =6t we ffvea et & foro ufzem
A R & 0 fEaq B9 (Hek) faye v, s W
YT -IRT I &1 Sl €, 3%k (Cut-off) 37al

-V,
+— T3 faud

et fase (Stopping potential) &zl gl

woTet izt fave — TeHITYT SeieiT o g Wil Y e Hief

forx 11.3 sfaa fafwwor =t fafs= dieamst & fag 2l %?Wﬁﬁmﬂmwww
FehTfTeR - I el Wiz fave & <fte e et T B T ST 99 I B € S

278

et faver stfurran ot aTel YeRTiTeh goreer,

SRt Seaam 7w St (K_) ®, 1 Wfaehfia s  srawen | @ svefa

K_=eV, (11.1)
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a0 Wi

319 BH 9 AN Sl STfad fafror &t TeaHM ergfa W S=a et 1, a9 I,
U > I,> I,) o foT <iet gehd 21 29 98 A1 w3 € foF o190 99w aRieh & 4 e
wTa €1 389 Fd g @ o ermufad fafseor % drear & orur o wfa dehe aife
TSR IS B 1 g e farve sam € war € e 6 1, dieran o st
fafertor o forw i =, St fon foret 11.3 o 71 ok gra <wifn 70 €1 39 YR, S77afed
fefepor 1 T Ffved smgfa & ford R forwa sqent digar @ w@ds gidr 81
VIsal |, GehT¥Teh Seiae ohi Seaad Tfast Sl 2dfda fafewor st diear w AR &t
H 2l

11.4.3 e favya w smufaa fafeor =t smafw =1 vaa

9 &9 Mt fafeto =t emafa v IR FE fave
V, % Hed Helel T STATH 1| gH gehmer fafewo
1 fafr= srgfedl W STYT YR @ T & digar
%1 gEEed w € R guEl iz fave o
qrY YRII-foe@ oW o 9Rada &1 318 &
&1 gromt afted= @t fas 11.4 9 et w2
7 emmufaa fafezor &1 fia= emgfaal o fag fRisdh

B

faya o f9=1 A9 W 9q« ¥ w1 TH & AE Vs Voo Vo O
U Bl 21 SeETSd SRl 1 e Sdfdd ¢ Wew fawd

qurgl qfgent fawa —»

faferton &1 smgfa W sk 81 smufaa fafwwor o 11.4 sufaa fafezor =61 fafa= smgfaar o fom

IR agfa o fau feht faaa &1 9 efus qfgeht fava qeon yehmr-foa u) & st= eTeral

R Bl 2| fas 11.4 € 98 9 2 @ f afs
S vy > v, > v, % HH 9 8 Al R fave 1 w| v, > v, > v, B 8 gEs
Iy Tfas e 3a1 &1 e BT | Hereewy, 3% qUl &9 9 ek oF fau sifuen
el fava =t eTevasRar grit Ak g0 fa=1 wrgeti o fore safaa fafezor &t emgf
3R Hafua Feh fawa o o= orw @9 @ 59 T G YEn oW et © s R
=1 11.5 o <@ @ 2
Pl e I T
@) Fr fava v, & R gu yemer-wodt uqef &
fau, enufaa fafewor #1 smafa & @y Wawkd:  fed
Rafda g 21 ferer
(i) T Fifaa freaa s emfa v, B & fomss fag (Vo)
el fave =1 2 2 ron
T Y&l § <) qe sfafifed ©

Vo

() FFITF ATl H1 STIdq Tas Foif Safad 0
ferfe<or 1 smafa @ e Wawa: gRaldd g &
S 98 $qHT digdr W [ 78T gt

safaa fafewo &t g (v)—>

(i) sufad fafexor @t srgfa v & forg, Sl T %11.5@1%@@%%@?@&:%@@
T S ST v, @ F E, B THEI - ST fafertor &1 smgfa ver Wy FR fasa v, &1 afied

g 78T & (et e g #1 Ry 7 97)
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TH J[IdH 3qh S v, k1 3gcl! mgfd HEd 21 98 9= wrget o feg
o= et 2
for wpTe-Tad el Wt o foru fafue smfwand <wig §) Sfafem, R
el HIR T Jorl | 3tfereh ot 21 Tk & yehrer-Gad gared fafu= et &
T o fow fo= efean <eiar 21 SSRRm & fau, S ¥ e g o
TehTeI-orgd WHe eia1 € SR B S1eral el U1 o WehTel W UE YHE Tl el
o ¢ o S % ol v o we uren e © fR afy safaa fafwor ) smafa
el amgfa § ofusk 81 Wit € qf fo fepell shiei-ugen o el WeRTe-ferm
IS YR B S 7, a9 o S/ enafaa fafeor 9gd He el o/ ¥% w6 @ R
107 % 1 IS % A1 THY FHH THY § IS YA & S 2
39 W TH S9N H Ui fRT 7T qrefie @eron ue veron b1 Fei qww <
() Terel feu T wemm-HeE Uil SR erufaa fafeior w1 smgfa (get emafa @
Aferer) ok Toq, FerToI-Toepd o SMTafad WehTer &1 dierdl o STIsharardt eidt 2
(fo 11.2)1
(i) foret fEu T wemrer-wadt wered i emmufad fafertor i emgfa o fow, @gw om
arafea faferor 1 o & SgehEa O Wt @ Stefe PR fave dem
w faeRk 7@ e ® (fe 11.3)1
(i) foreht feu U yeRmr-wat usred & faw, we fafvea =Aan sias-smafa gt
2 59 3zcft amgfy wed &, 9ok 1= YIRSl o1 HI ScqsiA el
g1 =8 smafad wehTet feram off g @ 7 71 et ogf oF W, T
fava storan qoad: IcafSid ehlfoTeh SoaiAl i Sodad Tfdsl Sl 3dfad
fafertor &1 smafa o @ie Washd: 9gdt @ Wq 98 S9! digal § @@ el
g (fas 11.5)1
(iv) JheT-foga 3casia fam fedl wa-uv=d & (~107 % AU FH) TH
arceroes e ®, q off S emafaa faferor @i sty e e fEan S 2

11.5 ThT-Taga quma qem Yahi9t ot @ fagia

TRTIT hi T Yhfd Il IAeal o 37 qeh 7=t i Tonfud =1 T8 off| Y1 o
T-fast & g AfqHRTT, faad= qen gaor &1 el i wWidfas & darises
w9 H e i ST ght off| 39 Fosl o S8R, Yh1el Uk Jefageash g ad €, S forep
TS ahg & W st o et © aen T s & § thelt gt €, ol sl
1 Tefd Tereeor 2ia 21 316 B9 € @ foh 2 Wbt o F8 qun-Teson feel st
T fau 70 gehwI-foem Scdsi Heeh Yarll w1 e Y el 2

TRTRT-fered SASH oF qT-TesuT o 3TER o1 o U3 (el fafeeor st ooy
el ¥) W i soia fafehiia S i Had w9 § fewifia wid &1 fa st
WISl I digal B Sad €1 oifes dgd qel geehid e oh 1AM '
gfomaaey, digar foat eifue st 3aT € sifus Tos sAsRE & g|
Sl - 3TERNEUT BT =ifeul 39 fosu o ST UR, YhIfeTh S i Saad Tfdsl
Tott diadt § gfg oF @ e Aifew) ey g, 9% UEW S et w9 of @,
s e de fafeo fro-gs (vt g ®) seal w1 ga vt st e
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fafertor qen 5= &t
a0 Wi

H gHd TR S 3R U1q-J%8 W A e o fau stavas feaw et ®
aifaer M afee, U <eell ermghn @1 sifeaa =& g =nfew) aXn fagia i
T UNIfoAl © SN 11.4.3 § fSU T Qeqon (i), (i) qM (i) 1 e fomy
g 21

3 T 2F WA B o T-fa01 °, soaeid gR el 1 Gdd STeRie
fafertor & R T W e 21 Sk Th ot Hen | geiae[ el e i €,
31d: Ufd Solae Ui ST OFd § STaviiyd Sl 9gd &4 el T AT 9 I8
ATl el ST Hehal B Toh Tohel soio oh foIT shrd-ther 1 IR T #1q © el
et 3T o T T Sorl SEM o e HS ereren iR it eifen wHA o HeRal
21 T8 Frerd ot Yeror (1), FTEeh STTER TehRI-faed S (SRTHT) diceiforek Bl §, o
foarepet fada €1 Heiw o, a-fo=1 & gro ehmel-foga Scdsi o o1cdd ot el
FT AT &l 7l Hehdll|

11.6 3TEWRTET ol YhyT-fagla wHteR T : fafervur o

Sl Fded

T 1905 H 3T0ae STEHEA (1879 — 1955) o YehT¥I-To=[d T+a i = o fag
Sgagae fafor 1 Tk Hifes w9 W T4 feer wEdrted fhan 5@ oo
TeRT-foRa IcsiA fafertor § waa Seii-stawiem & gu 7 wranl fafewo =i
faferer sepreal § o1 Bl e—< fafBYr 1 Fofl o Fale] el & Tafenor Sl
o Yceh Al i Sl hy Bl ®, S8l h Wil feerieh § 3R v Wehiel &1 e
TehT9T-fagd g ®, U Soiae fafhor o s Faied &t e (hy) STenfud S
21 A Sl 1 T AN 20 ST o TeIq ®1q 1 ae o ol Fohel M
o foru freran erevaes el o eI gl @ (HE-Te, ¢,) qd Scafsia el
1 Afereray Tt St g

K_=hv-¢, (11.2)
31fereh qgal W SAeg TRl o Icaferd g W k! TS Sell 3T Afershan
qH 9 %Y Bl 2| e < o e s o weRrer w1 e, fa Sehe sdfad
WEH 1 "en gr fHaifa et @1 diear ser W ufd Hehe ScdfSa geteil &
A Fedt 71 qefd, SR TR Teiael i SAfershdn TMfas ol Yedsh HieH
#t Sl gR1 Feifi et 2
TR (11.2) i SMERET 1 JHI-Tagd GHIF0 HEd €| 36 86 I8 2@
Teohd € for fohe WohR 918 Weiehor ST 11.4.3 W U yehwr-forega gome o Heifera
Geft Yeroll ol Tk WXl Uo URShd @7 W WA L 2l
o THIHTU (11.2) o TGN, U&I0T o &Y, K,_ &gfd v T Mgehd: FeR ot
2 3fR fafertor =1 dieran w fasit 72 et 81 T safae gen € it srgerE
o faor ¥, yemer-foeqd g9a Tshd SR g fafetur o uwd s@ien &
SHETITOT § Ieo= Bl 21 TeIfentor sl e (St it el w1 W& uid gt
EShel Ui SRS WHA o STIHANU €) TH Uel Uikl o foTy SrGd B
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ITeEe MRS (1879 - 1955)
T 1879 § ST ¥ 370 TR TH
T I e SEHAEA 3T Ok o6
fava o sdifawfadl & waifus @em
fifqenfers o &9 H 9 S &1 IR
foremeRTdt SRfe e S T 1905
H yeifera o9 wifaerl snues @
ST 3T 38 319 Jerd weds |
WehTYT SFelieT (3Te IS el Sl §)
1 HRT 1 Tl fema iR TehrT-oiga
YIS o U A0 Fi AR hi 59
fafertor o1 Ferufafted @ fagia =&t
TS 1| ST T I H I8
FeAt wfa 1 fagia fawfaa fea
ot o a6 o] FEmEs g g8
AR TS go1 o anfversh femror =
eI e IUctes HIA 3Tk
T ST | eAufershar o fafime
fagra = = faam &1 1916 H 38
STUfEIhaT o =AY fagTa i yeRiferd
TRl TR o F9 o7 Hewy
IANIEE € : SEITYA Scdsi i RO S
ik Fiorer fafrwor fom &
Sehfeeh e 1 WEqd i T €, fergal
o1 Bicreh ey o smyfen semfeant
1 IRY foman, fondlt T o Tofet <
S JdieH-HieAeh! Tl FelicH-AfAeh!
T T T SIS fageryo|
Ugifeer v § 376 AneE qen
Tehr-fogd w9 o ferw 1921 § 3%
Tt EHR | grrta e

o Fifem K, 01 T T SN, Teiieror (11.2) ® 9% Aafifea
2 T wehr-faga Scas asft gva € 5
hv> g,
e

Vo= % (11.3)

IR (11.3) o 3TIER, HE-Hald ¢, Afeh 7M1 o fog,
TR Soiaed ScafSd hid o folu STaede =JAad stefe
@A TR v, T A AT BN TH YRR, Th gl
Vo (= ¢/h) fda W Bl ® SO &9 emgfa W OHIE
HehTel-fergd Seasi we e ®, =R fafwwor ) diga o ot
Fi A T A 9% U W TR off A T 1R

o H femror &, farferzor s dieran, Sie SR uRefard €, il Faia
%1 T 9 ghTe & U SRTE 9 o STIRHIAN erdl
21 et etferen wem o St aeier Sueted e, Sal € St
T § geleid il Jeliel o1 e S SN sHien (v
vy o ToIT) o1q @ 9L 3T ol Seisql 1 T Ia &
sAferh il SO 78 T B S ® R & ov> v, ok fag
TehTST-Tergd ©RT el o STHHAE! Bl 2|

o STEWREA o fomur o, yhr-fagd yue | U SR % g}
WehTSl S ek A o STESIUl Tt T qiehan gl 21 7e
Hishan drcerfores Bt B1 39 WehR, dlterar reifa fafentor seier 1
e =) faat ot g1, yemr-faga Scas drerfors & g
Y ol | IS ¥ e T2 31 SRR go wefHen Tishan
Tt Wit derd @ et ae feifa g ® o frda saee
TH WAk Fishal (T Tohel SiaR g1 U kTRl FelicH ol
JEIMOT) W 9O o G+ O SRl 1 Wem ¥ g
WeRTI-Torgd &I o R <1 fredfior g 2

GHIHIOT (11.1) 1 STAN HR, FhT91-Toregd T (11.2) i 39
W foran S wehdl @

eVy=hv-¢,;:a& fau vy,

V>, @l

ser@n v, = (E)v_‘b_o
e e

I T Hewyul qRumm 21 38 I% ynffe et ® TR v, o
faeg v &1 o T W W1 ?, 5@ gl = (h/e), S Tk uere
H1 gpfd W AR T& w1 1906-1916 % weA, fhafaswd =
JMEREA o YohmI-foga THieto 1 eenfud & o fag
WehTT-oE[d THE T GANT et SJ@er w11 fo 11.5 o <9y egan,

(11.4)
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fafertor qen 5= &t
50 gepfd

3T Tifeqq & fau g Ter 3@ 1 A | e o JA A BT ST T IEA
i feerish h 1 TF fUifa fowan on % 99 wiie feeris & 39 9 (= 6.626
x10°4J s) o Tiehe o 9 foatga &1 fa=r 93 o A foven T ol 39 yR @
1916 # Tl 7 TEwRREA & YhrRT-fag[ THieil &l STH@Md & & TWH |
ST oA i wenfud feman

TehTYT F1eT i ARG TS h A ¢, o °F (S = FAM 9 9Id A °
Tt Wd ©) o fefor o Suaim @ gehr-fagd gue & S o fee
ey T Tafesa = gehrer-faga Tt ot 9t aiEsa 9 & &R arget
o fau fafewor-smgfeat & fawqa ww & fau genfaa fwam

11.7 WhIST &l UM USHfd : WIeA

yehel-faga gae 3 39 facteror e & g foen fo e fhdlt 5= o @y
A TR H 59 YR SRR il © S 98 Seiel St Sl o Uehe (T yeie
H Sl hv ®) S R
N YRTYN Sl o Felied 1 el w01 W FHorg foha1 ST Hehell €7 SEHIARA Th
eyl aRem R wgH 5 Jente aeien i W (hv/c) W e TR ST Gk 21
Foll o TI-H G w1 FTEd A S99 guh € TR YR FoieH i H
Y Gorg a1 S Fehal €1 3@ 01 H1 9% W HieiT T4 23 T GH o w01 S
IER i T, TH. F19eT (1892-1962) o Feid o gr1 X-fortuli & Yeniviq o wamT
T 1924 [ g fopan o Sgifaes difdent o FATEH qen wehei-fagd g
o 3T o fou egwEd w1 1921 | Hifde! 1 Aee YR g fHAr T
fom[a o Ho STew q YhTel-ToRd uyee W fRu U wE o faw W 1923 |
faferr &1 fifeehl 1 Aisel TR g foman T
TH SEAgahd Tafnol o Wi oo s Gy FEEr @ g ©
G) fafero & go & @iy s fean o, fafehto 39 Yo e &3dl & 7 I8
TH S 9 o 8 5 WieH wed 2
(i) T W & S0 E (=hy) Bl 8 3R G p (= hv/c) T =1 ¢ Bl 2l
SEl ¢ WY T = 2
(iif) Tk T eafa v, teran qUresd A, o Gt el 1 S E (=hv = he/A) 3R
o p (= hv/c=h/2), THEaH B € (Tafertor 1 digar =@ st off )1 fomeht
& T qUIE o YRl i el @M W ohed fehdl KT T &5 9 o o
o Wehg w1 He € ggdl & (Al W 1 Sl THEHH Bl 7) | 3:
IR &1 Seit fafewor &t diaar w® AR T8 F
(iv) Wi fogd SeeiF e € @i fae@ qen gasr asi & gr foefia &t 2|
(v) WIEH-%H0 Hug (S8 o WiEH-goeeH WEg) W ol ol a9 el HaT wierd
T&d 2| qenfy, Tt wog § wieHl 1 gen off §ifaa el © gehdt 21 Wie
e e Hehdl © el Tk 1 e giod 8l Wehel 2|
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IETEYUT 11.1 6.0 x10™* Hz 2Tgfd o1 Tehavit Jehrer fohdt o oF gr1 3ca— fepann
STl B1 SeHsH &HAl 2.0 X102 W B (a) T foheor-ge & ferelt wiei 1 S
ferat 22 (b) Wid o gN 3Ed dX W 9iq Yehs fehad HieH Icafed eid 272

'A
(a) T&& WIS Hl ol BN
E=hv=(6.63x103*J s) (6.0 x10'* Hz)
=3.98x 10719y

(b) A B o gRI Ui Yohe Scafeld Bl 1 G&N N & df fheor-gs o Gefta e
P 9fd Wi s E o N T erft fs9@ ff P=NE | 7@

_P_2.0x10°W
E 3.98x107°J

= 5.0 x10'° ®Ie gfq dehs

IEEIOT 11.2 I Sifmm o1 wE-%wed 2.14 eV ® d URehe I
(a) Hifsm 1 et Sgfa qun (b) Safd TehTer o1 quresd, A Yepiiyreh € i
0.60 V &1 T& fedt fawe et 3= foan Sl

'A
(a) 3T 31era gt sMgta o fere, smufaa fafezor &t St h v, & e ¢,
A B 21 3
vz O 2.14eV
= oo R 2198V
h  6.63x10°%Js

-19
=2.14><1.6>i3140 J e l6x10™ Hy
6.63x10%J s

T YFR v,=5.16 x 10'* Hz W &7 gl o fau, 18 Y1 geiae
Elﬁlﬁqﬁﬁgm%l

(b) SHfSIq YT TeiaeHl i Soaad Tfast et e V,, feafas it (Hea-fava
V,, o gRT) o g9 g 1 fearfa | wehiferen o 9 7 S /1 S w1
TehT9T-Targa TRl 39 YR ©

he
eV0=hV_¢o=7 -9

JYA A= hc/(eV, + ¢,)

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

_19.89 x10*Jm
B (2.74eV)

19.89x10*®J m

= =454 nm
2.74x1.6x107°J

11.8 T ht AT Yahfd

YT (A9 IR R Jeagaehia i) &1 §a whfa (qR1-s01) , oefae o gd
FeE § T MU ST gW, TR ®Y @ UHe B ol YR i AT W
SAfeeRtor, faada qen gao 1 ufeeret § giteri=r eidt ?1 gEdt 3R, wehrer- o
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54 Wi

T qel e g fo Sl SR WA @ S g @,
fafeRioT 50 YR SRR wLdl 7 o AH I SOf & T teffa
WA | S Bl 0T el a-Tesor § 9 A feRe w=n
Taee § gaifus SUgH T, q@ FAM &1 gHfa W ek 2
IR & o, s+ = 9 fordlt g &l @A 1 guikfad we
H <A € Fesor Heequl B1 A oG gR WehTel S THS Y WY
T HI UHA I T ¥ wedt-wifa featad fmen @ 2
TR THHT YATRIS qe st (e ) gR ST H HieH
o101 1 evashdl gl €l

TF AR WA 7 sear @ fa afe fafewwor w1 g9 wefa
(T qe1 1) B A T GHA F FO (IORA, W o) o
W—émamm%ﬁ%?mlgmﬁ@m@%ﬁaﬁ; I
e ot 2 el (S S=amw ¥ 39 E foreeR < 31T g S §) 1892 -
(1892 — 1987) 3 T Fsfieh et i W fom s wepef & 1987) el siifopfere, forett
T T SR GRRefE § A Gew 0 weRia w g &1 501 B adl HHid 1 Hiaenri
SHA I8 deh T Toh wepta wafta € @R < et wdifaen w=et, 5o RIS 7 e e
el ], 1 9t T e B Y AR T i | A B e G 6 O
% 5o 1 of G R R AR 3 AT F o A p | G (o o o R

. 1, SR | : TR AehT wed
01 o WY LI qesd A T YR g9l S "Rt € $1 v 9 e e o4

PR U (11.5) 3 fot 3% T 1929 et TR
p mv 9 guitaa feean
&l m 0 1 SHHM 9U1 p TUHT 1A ¢ FHHW (11.5) FH
3 Ficil &1 Gae AR §o7-aT o AR A 7 FiTel RS HEd 2| FoA
84 TEY 2 9ivell o GaY | TOe g GHIRL (11.5) 1 a1 3R, A 90 @
A& © SElh T SR HA p 01 K1 fafkre @ao 21 i e h A o
F AT F 2
THIHTOT (11.5) T Sied-01 & oI Gerd: Uk qiehed © TSt qehgta
Fael YA o g & T S Gehdt ol qefy, a8 @A J9ek 2 6 a8 TH Wed
% g7t WA e 8| UH WA & fou, S fF g < €,

p=hv/c (11.6)
ESIGL

ab
3:
—
(09)
O
\}
|
—
©
0]
)

==
<o

=4 (11.7)

Feffd, TH W &1 2 el airesd S SR (11.5) W fee T @ S|
Ak Tefertor o TXTesd o THM il & qe Wi fafeRtor 1 Sl aen He
F1 Tk F9eH 2
Teed: GHIHIU (11.5) o 5N, A T AR 9 & (TS m) el Afeh
TSl U (T8 v) ok fAU Blel TN ST ok fAU, TEH 0.12 kg FHHN &I
e St 20 m s ® = G T W, B T el quesd % Wed ¥ qiehed
o S "R B 285
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% oifaRt
p=mv=0.12kgx20ms'=2.40kgms™
_h _6.63x10%Js _ o
E /1—;— 240 kgms ! - 276107 m
e e Teed T B ¢ R ae fR W ) W g e #1 7E SR @
& Topet ad BHR e Sfre o q-wew o7 T <widt| gud 3R, Sre-weHiad S
g (Sub-atomic domain) ®, HUl 1 T A0 Feequl @ q4 WO A 2
g I 11.3 (a) TF TR S 5.4x10° m/s F 9 @ M W @ 8,
2 (b) 150 g S99 &1 Tk 7% St 30.0 m/s HI 1T § q L @ 7, 9 eI ]
S Sieft qTae @ ghh?
2 &
F () TeieM o for
B A m  =9.11x 103 kg, o v=5.4x10°m/s
5 AT p =muv=9.11x10"°" (kg) x 5.4 x 10° (m/s)
> p =4.92x 10" kgm/s
% 2 Fielt TeE, A = h/p
2 _ 663x10°**Js
N - —24
: - TR
= (b) iz & faw
5 F|E m’ = 0.150 kg, &7 v’ = 30.0 m/s
E 5 qo T
S p’=m v'=0.150 (kg) x 30.0 (m/s)
I % p'=4.50kgm/s
E@ 3 Sl TRt A= h/p!
Flvéi _ 663x10°" Js
’E < « "~ 450x kgm /s
s .
= = A'=1.47x10*m
TS o fore 3 sl qresd X-fontor qresd & guM #1 Wy 1] & faw 7 W
Lo a o SRR o e 1071 T € S Wi "o sy wiH o faeed Sl 2
|9
1. Tl soiag ol o1 @ STex ke o faw =<[am St 1 €1 1 S -thor
Fed T UIg-TS W SOeR-SS o T oTeveas e (FHE-er ¢ @
Afueh) i ST A STE Yl foed & S7efen ST A o FehreT g
fafefa 6 o G 1 gt 2l
2. TEWI-fREE UAE HE § S g % TER 9 WEW F W s &
IS 1 IREE B FB U WETH Y9 @ gfafmar sd § sEfeh
TYI-YhTel o foau oft gorel &) wehrr-fore[d g & Yehter Soil i Agd St
BT Bl €| € Holl o TR0 o F1IW o1 UTei shidl €| FehTel-forga Scdsi
p— T drEIfvre Ufhal © SR THeh e fafire wew B )

Rationalised 2023-24



fafertor qen 5= &t
a0 Wi

TeRTeT-Tag &R (i) SATafad YehTer i oo, (i) 3 Seigerel o ste o TR
favaiar, iR (iii) Scdsieh o ugrel sl Yepfd W R et B

Yok favra (V) (i) Sfaa Febmer &1 s iR (i) Scasiss gared &1 uopfa W
feft wean 21 errafaa geRrer w1 fre ) g2 st o faw, @' gt g
T feft 7Y e 21 ek fawe o1 Scafsla soaeil %1 Seaan Tias Sl
9 Hafd =

eV0=%mv§a=Km

ww fifYea emafa (el emafa) v, & A S w1 eifaae 7,
TehRTT-fogd Sfsid &l =il = STafad WehteT i <ieran oot off s1fres =i =
I

FeAfaeh! T-TagTa ehTe-foRIa YoTe oF g @i k1 SAe TEl Y el
THe! fafertor | S o1 Had staenoor 1 =01 K_aht dien ¥ @i, v, oh
e 37 39 Ui 1 drcetloTeh Yehfd 1 e el e Hehl| ST 3 39
AN T AT YRR h BISH- TG0 o SR W 1| T8 TR YT, ol
o ferferer Yohel @ o1 €, TSI el S1eel Wi ed 21 Ui HIe i Sl
E (= hv) 3R 9T p (= h/A) a1 2, St fo safaa genrer 1 g (v) ®
R ed ® g sEeh! o W R T ) o1g o I o Yo ferg St
T SR % g WIS o SYeeioer ¥ g 2l

TR h YhT9I-Toed THfiehor Sl GReqvr oM & Grd @ o ff ong o o
m@mmmﬁmm%uwmw%mwﬁ)
FIEH-S1 (hv) T @& €1g HE-HeM ¢, (= hv,) o X o e Bl 2

%mvgﬁ=Voe=hv—¢0= h(v-v)

T WehT9T-Toreld THfiehtol | Wehrwi-fored wore o el oiero Y ST Bl
faferera & germ Ifels gehTer-foegd AoHT = MEwREs & yehmT-fagd dHie
1 G fopa IR wish-feemisr (h) o Fend WM i wiw fopan| 3o MEers
SN afda oefaeeehd fafehior &1 o1 feen Wie vl (ki) Teiiha gal
fafertor =1 & T B € : 901 a9 U WE & Wey W g8 Feifa g ¢
TET SAUEN HU o &Y H I JAMT o IR0 hi G93H o fau gaffes suge
2139 qob o Ty o faferor qen waiel wepfa & wufta €, og@ 2 it o g
(q=red ) I A NG A Y TR qwE ugrel-woi @ S[E @ i
wRrel T e 3 Sl W Fed T

T o1 G Gefed 2 sitell wIks (1) 39 HaT p ¥ 39 YR Feud ¢
A=h/p | T 1 54 2 Sitvel Gaw, Fored @ Heher (1) SR w1 Gehew (p)
aftafera €, § siafiss 21 % sifrelt aesd gerel-ah01 o STe9T qe SUh! Ui o
s 21 I8 Wefewdl: Shael SU-THITUES HUN, STE — geAd, qeH e
(37 S AATd FAT 1 Al ok ®HROT) & foau & afEms (el o
AT A o s KT 50 HT Hife F1) 21 927 I arEda ¥ 7 Ty
aEget o fau st g gfafed Sfted § faerdt @ iR wrae w1 e o

faeTepal sTe ®, Sigd Biel 2
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% Hifaent

288

Wfer wdlew  fouwd ume fewmit

TR h [ML2T 1] Js E = hv
SRED
IRAEED v, [ML2T=AY V eV=K_
fagqa
- 9, [ML2T2?  J; eV | K_=E-¢,
e
et v, [T-] Hz v,= ¢,/h
sgfa
3 St A (Ll m A= h/p
UL

foemuita faua

. el urq o go g 3w 1ol o ge € foh o o1g o Wi w e fava &

farld A Bid € (F€ oheel Ueh HiAehed €)1 d g o a1l e o fog
ot el Bl &1 3= o © e 5 o T SAfaiie St i atevdeRdl el 2l

. Torelt ong o @eft g solaiAl 1 STl guE A Bl o T 9w H stopet o

S, T U T 919 W SRl 61 b iy Sl foraeor g 81 ¥ faawor 34
G Herae oo | o= g @ 59 e T o it fagid o eteeE o
UE T €| 58 I9g T 119 oI5 o ISAHAl § S, W Foan b1 Gee 59 qe
Y ? for soioe Uiell o eTdei o THgia o1 SITE Y 2

. Torlt ong & o sotagiHl oF STl foaeer o hROT, o ¥ 9l 7 o fore seeei

o g 3TUfed STl 9= soieeil o fou f9=1 2t 21 S=aat STl orel Sorae Al
%I 91q | TR A ok AU A Foll arel sl &I g B wH il i
1 IR Bl B HE-Ther o1g § ol e & foru fondl setae™ & g
Tiferd =Aam St 2

. FeheI-forgd W o Heiftra wET § oheer Tl ofdffed 8 o %1 o @ weRrer &

31 feman | STl o1 TSNl hy <1 fafee gehreal & e 21 98 foetgpet €1 Q@
Fed o GHA Te ¢ o g U8 ol § & § S u&e &1 Fei hy 7

. TR fave o geror (sHeRt e W eafeiar SR ergfa W fsien) e faea

YHTE o qUI-Tee0 SR wieH-fr o sfte foriaes fadeeie 2

, qax=%é;§mﬁmwwd—maﬂafﬁvfm%ﬂﬁaﬁwnﬁ%,m

FHA-HT v, FN FE HdRT T T& eI ¢ qefa, TR FT G-
ifereraan stefquf & iR o1 % AT F SR B 2
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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

fafertor qen 5= &t
53 Wepfa

™A

30 kV soRMl o g’ 3= X-fheoll &1 (a) S==9aq gfa @ (b) fetaw

AR YT HIfeTy

Hifsrm o1q 1 E-he 2.14 eV 81 56 6 X104 Hz Mg &1 Y1l €1q-953

TR 3AMfad Bl €, Selaeil ol YehllTeh Scasi erdl B

(a) SafSia soiael &1 Ieaaqq Tfas e,

(b) FREh faua, sin

(c) ScafSid YenTfyTeh Sciael i S=add =re fehaet 272

e fafyre v o genrer-for gue w1 3fqeh Sieedl 1.5 V B Scafsid TRl

SRl 1 I TaS Sl Tl 87

632.8 nm TR HT THAVT G Teh EAaq-Ta o o gR 3= fohan

ST 81 Sedfsia wfem 9.42 mW R

(a) TSI o fRYU-GSl W Ycdeh WISH i ol qefl Hell T hifaig,

(b) 30 fou-us & g fafefa fordt @ea W siaad forae wieM ufd wehe
TER? (T U Sy o FRToT-9 w1 39 IE UHEEH € S @ed o
&eThel W HH €), qel

(c) TH TTEEISH WY i Wi oF SeR Hafl Y i o fau ot o =ma
o Fa T ghm?

RRI-foR[d UaTE o TH TAN H, Y g % fowg Sidw diced & ga™

4.12x 105V s 9 it 31 wieh feerier &1 A qiehferd shifs)

fepelt urg w1 <eelt gl 3.3 x 101 Hz 21 3 8.2 x 101 Hz 19 1 Fehrl

o1 W Afaa &, @ hr-faga S o fau oide dieedr A it

fopet o1q o foTq Hr-wer 4.2 eV 21 1 98 91d 330 nm qUIeE o s

fafertor o fere germor-faga Seas <m?

7.21 x 10'* Hz g &1 YN Th oG-I R Aufad 21 39 I 9

6.0 X 10° m/s & I=aa8 Tfd U Soie Scafsld & ® & gelaeAl o kel

S & fau dgelt st = w2

488 nm TUIRE 1 YehTe Teh AT e ¥ 3= fopan < €, Fr weprer-farega

HHTE o STANT | A Sl S| 56 39 SHH -3l o YeRTel i Scesieh W 3fdfad

o STl € d9 YehTiRTes Soierial o1 FE (3fae) fawe 0.38 V 21 Scsish ok

Tl T HE-hed AG H

(a) TH 0.040 kg Fo7HM %1 i S 1.0 kim/s &1 =1 § 91 @ €, (b) Th

0.060 kg Fe7HM w1 7ig Sl 1.0 kim/s &1 =1et § =1t W 7, 3N () Th el-H00

et 590 1.0 x 109 kg 3R St 2.2 m/s 1 =1el @ SiHd 81 @1, &

3 STl qTeE TR gim?

g W3 Toh It fafeheor 1 qresd goeh Faied (HieH) o auresd

& T 2
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3T 12

N G M ¥

12.1 iRt

STl ISt qe Y1 i TRAUET Yfeheul of UL B hItT WIed UhHAd &l
T ¥ § 1897 § fafew ifishfamet S® o, <HEH (1856 — 1940) 7 @l &
fora fawmst wart g1 9@ foren for fafa= aai & o & Suftea womars
AR Goesh (Toie) @t s & fow gulden am 21 qenfa, ) e o
SEd U H I B 1 THAT, T o HKOT 6 bl Frewefad e % faw
TV § AIEE STER o SISl AUl oifch W] H oIS e e
TAR FT AT N T2 T VK H, WA HT G F 72

T 1898 H Sl S. MU 7 YWY & YA Hied TEAd fRAN TH Hied 6
STTER, TTATY] T & A& 9Ty H quiean ushauH w9 9 faafia @ den o srefie
TS T8 ik ST YRR 37 Xenfd S8 frdt dast | i1 39 wiedt w1 fasma
w4 Y @9 e Figer el T qufy W] & fave § o & eremai 3 S fa
=M A ¥ afvld ®, F8 g9 foh WA § Selegl qun o a1 faaeor 3
T Hied @ wgd 9= 2

T\ WA € o wufia weref (S 9en s9) den g T st Al R g
fafertor Seafsld shed & FSTaw aeh quTesal 1 Haa foaeor foemM e @ @afy St
ot o= it €1 =1e e T 5 = faferor wArpRt qen sruEh & <ol % SR
BX1 €, S Yok TCATY] S7eFE 1Y) ohi 319 I o TRATILA =1 peA o @1l e ool
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=i fopen o Feifa gl @1 gmeh fauda seren o w1 T
fertfera Tt gr1 Seafsta wehrer steran fereht dradia et o e
it T, S et Org e1een IRg-ared WehTel H sheel e
fafaer quTeed eidt €1 eh TiaeH | =Heh il (@IS %1 T S@el
feré <t 21 U T § Tt % qeA siader A g g1 e,
Scafsia fafertor, waTpeti steren STustl o &t o= fehanetl o
uRomeE &, dfeh safteTd waTvEti % R HHE ST Hehdl €1

S TdTeAl oF URA H g 9% TIud © T o foh gew
e ScdfSia fafrtor w1 T sifqernefieg Tieed g g1 See
% e, eEger Taed Ted @i 1 U = el @ fored
Yt & st w5 smiferss feufaal Fivea gt €1 g9 qea 3 ot
TCA] T A G 3R sed Scdfsia faferor o W %
o9 =fse Fau 1 3K Fohd fohaml T 1885 H WM Siehdl aFR
(1825 — 1898) 7 WHIVET TS § IcHfsid (@1sTl o T i
et o foe e W sfas g3 W e S greee
T W T acl §, B9 S0k TeeH %1 39 1A ¥ for 9
3T |

S, S, A o Tk qge U B ST TEE (1871-1937),
F9 fedfaed aei 4 S@fsd Teh-F01 (o-H01) T TH FI0
FH H = 9| AT T G T SO0 HIH F AT 36 T
1906 H TR §RT UehI-hUNl & YehlUiA | Hafod Teh Faraeht
W WA foRal T FE i gE gee 9 1911 H 89 MR
(1882 — 1945) TN TR AEEA (1889 — 1970, S 20 THA
B o o1 fS=eiF o1l T w1 SWiy of agor wET &7 off) H
el egesg 12.2 W TEe! fa@R o oI &1 T 2| suh
ROTH 1 S 1 Y] o TIHE & TE Aied &l 59 <o
(T8 gemr9y 7 AIfye1a wiger <t el Sl &) | 38eh 3T @R, fondt

I TS (1871-1937)
[eftie # S, i ifdhfermr
=i feamfaa fafawt w sumit
wrd fowan 3=l dewhR-, @
Ster-ferton 1 @i 11 higs qiet
& Y HE H SR Az
&1 ek fagia weqa foham 3=
Aifem 9 e arel fafewwon =t
e foran forger aftomeasy
fifewa 9 oRkF # @ g S
It 1 gEeenfis {1 Uqet o1g ok
Tehi T Uethl-fohton o Jehivl |
I qETfvaes A i @it i
3R W] w1 T e g&d
fomam| sS4 fes o Gf-Tehe A
1 STIHM ot T

TCHY] HT el AT G SRS KA Teh A AT H Hehfsd grar & o
e FEd € 3R 30 AR IR ol SH YRR URGRAT W 2 S g o WRi

3R U7 ufirH % B

W] % TG SEAM 9 Rl FH WA §, WIS F AMaEE qied 9 faen §
Teh 9] A 1| T STk R I8 AR &l 1 o Foh! foh TV Shaat fafasa
(discrete) TUIE 1 Yeh1el & o SETSTd il €| BIESISH Gl Ush Tl AT
fEd T e[ qu T 9 B e, e aesd o U Sifed e sl
Ieafsia il €2 T o Felliden] oo |, gt e o R 3R Sl U@ €
TR el € S R T & AR @R ' ufehm e €1 denfa, g e R 5 Hied

1 WHR HE | o T9R HisTEa 2|

12.2 UEH HUT YehiUTT TAT UTHTU] T TGRS ATTTHRT HiSA
T 1911 H TIHE & FAE W T, MR T 5. TeA 7 F TAM fhu)l 3966 g1
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frafa o U T v # feartfes 9 2iBi 9
I@fsd 5.5 MeV il ardl ool o THh
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fop fot 12.1 9 <wifan o 21 o=t 12.2 ®
TH AN o oyafted T ) s T R
Aeiferea dia 2L4Bi ¥ Scfsid okl oh
T It fRT0-got 1 oI i e & T 9
TR Y WfEa foran T 36 fRTor-g &
2.1x107'm TR ol Tt W & HO
T i o fede T % g

T O GYFR 1 AN TR T fSed T

S dcwEe *1 WS T Tk geuRel ol

TehIfold UCHT-h0 TS § THTRT aHH T

oI AT AUl TEPY S h Bl A G
R Gersell g1 3@ ST Wehd € 9o gehifola o

o 12.1 TER-AREeT G0 G S SO O T 58 g o faawor @1 gev w9 % Fer
el # T@ T 2| (v o H 9w e R < w0 2) & ®9 H 7o R S gkl B

Foatf R A
. ifier & ferg
! LT I FehToH
. [ESURNE] : ’,
o E [ ' A1) e [ —

@%Wﬁ\y/
i T T *Q§
(gewsel)

oz 12.2 ‘IIS‘I{*‘-IIHPS'1 TN 1 SHEAcHE o

TEd B WF (AT 8000 H 1)
& fau fauwda faen & g

fom 12.3 ¥ foreht fouw wmaiauat o fafy= shion W gehifold spel Uewhl-hUl i

A 1 WU 3o <En T @) 59 fom o g e fag weEn W wra sitenet

1 el ®ed & @ik Had oo dgifdeh qaiqaE € S 39 e W uifd € TR

] H T GeH e q SIS A1 21 9gd ¥ Uehl-hl W0l Ul i R Y
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TfRT o T el ST St o qsft

107
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AT Rl A foT SHeR o7cdd GHIT 3T Hehdll

sifen faeig =Ml 599 Afaenta oRT] o
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WIHE oF U] F AR Aied H,
THIY] 1 Fe HACR T SHAT STfEeRE
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ST W] o 9gd B 9 3TFaT § Hehfgd 0 20 40 60 80 100
B § T8 e wed & den soee el T F 6 (feift )
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160 180

F9 TR € T, TR 6 W AR FA oz 12,3 o 19,1 7o 122 F MR-TeT g Yga Jm
o e A €, I QA NG b I rmen & el v W dewwmi % wew F fafa w o w
AT TE =FH A T TIEIE F FE A e WA Yool S (fargetl & €9 #) | TWHIES ok

g foh T &1 9s o9 10° 5 m¥™  Fifeig wied Wi S g gt alien & W v

107 m & Fehar 1 TS fagid & ER @ U T B

TCAT] T HES 1070 m AA S €, S
ek o WSS 1 37UeT AT 10,000 ¥ 100,000 T 5T & (e 11 1 Hiferent
TSAYETh &1 FA™ 10, AT=8% 10.6 3@) | 39 TR, A9H F oiaeq 119w o
ST &1 3TU&T T 10,000 ¥ 100,000 T R K@E <M 39 IR, T
offe 1 STTIEHTIT W Wielt | I o e o SAfeeRa YT @ietl e o RO T8
THFA STEH ¢ T iferehat Tetht-v1 Taell o1g =1 o=t o o faeifia gu smex =i
el ST &1 Qe STl h1E TethT-ah01 119k o 99 3l € oal W faemH v
TR et 38 9 R0 YR R <1 &1 TRAY] S T 3T Teloh B ok hRUl
TEH-H0N T FAT J1e T Sl Ui |

o 12.3 ¥ yeffd Yehivie Siihel &1 faveur WIEIE o TRAT] o A9
Hied gr1 a1 ST Hehal 21 %60 U= o @gd qdqell 8 o SR I Hedl i ST
ekl & foh 36 T 1 IR T THA -1 Tk Y 31fush o) Fenifvla e gl e:
fopedl weh fer o Wehifold UethT-h0T o WeiT 92 1 Ak HIHT €1 Tehl-H0l
S o] & e € 3afe 31 W < TR, 2e, YA € 3R FoAAM Eferm
A o FoTHH o aReR &1 W0l o IR 1 S Ze ¥, Tl Z TCHTY] 1 T
FHE B, S @0l o fog 79 €1 Hfeh Tl o—h01 % AR @ 50 AT Al
€, o7 T€ Houl T THETd 8 Toh YehlUH UehH oh WHA TUi-A1eh fEer e
21 3 Afumome & YR R Uethl-hv 3R «FERE TfTn & qe feer o
GfehSUT 91 o SheliH- oM Al =2 oF T oh fgdia o g Ueh-hv1 o J&d
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4 e, r

2

1 (2e)(Ze)

(12.1)

&l r Ueth1-sh 01 &1 e @ T {1 R et Teth1-h01 TR ek i fret arett
@1 % IR 81 UeHI-h0 W AR Sl sh1 TRATT Te {20, TethT-ah1 o e
1 AR AR HTH o1l 9SG R H o WY AR uiefdd gt wdl 2

12.2.1 UGHT-RUT HAT-UY

TeH-v1 5N SREd Ve v, §og & Hog W, bW FR e 81 gue gae
UehT-HU1 o YR 9 Gier 1 s o % 4 sifefsia 3 # (Fe 12.4)1 &K
T UethT-sh 0T o G o Gog el b 1 foawor 39 yehR @ fop gt faf= feemert

/

34
Tb @ T TS

forT 12.4 frdt o Tfyes o6 Fat & | TeH-H0T H

HEY Y| Heg qreed b S Feh 0 H1o 0
#fa fot o gorfe Tw R

¥ fu=t-fa=t wifaeraen | wshifvla grar & (e
12.4)| (frsh g9 o |eft *o1 & 9 99E
st St Bl B1) T @ e © fo fus o
Y HE TeH-HU (FA HEE TEd) STw
TehITOTd BIT B | Yol Heg i Teafa o wog e
AH € 91 TehT-sh01 W 1 3R gafere
2 (0 =n)| TEr UEA o Uk HE e foi,
T3 01 ST Aferferd Tedl & qen foeig aga
+H B 7 (0 = 0)1

g qe foh 3Tufad o1 § | Shad T Sh
I € THUFR A9G Aldl 7, T8 Gred il @
o gas oz &1 fafd § o ot tew-won
1 HeN 9gd FH €1 399 9 g § f e

1 SSIHM AU U AT T84 DI A | Honiad €1 T FohR TIhIE Jehiuid
Mk & TIEST hi STAUMET A HI HT Tk Ifewmed Free 2

IETEIOT 12. 1 TR o TIHE oh AR Arga |, s (5 @ 1071° my)
gd o g1 2, frgeh ufta: e o1 we (551 =~ 10710 m) ® T afighan s
€ S8 geelt g o W SR uRteH et 21 AfE 9 aiear w1 fomrd se srqur
A et S ferelt wamop & Bt €, At @ geelt eroet aredfaes feufa ) emden g
o T BhTt A1 X el gedt o her w1 e e 1.5 x 10 m B1 gd 1 e

7 x 108 m ®F T2 71

T TS o hel i B qe e 1 B 1 SguE € (1070 m) /(1078
m) = 10°, 27ifd e[ o el 1 B, iwes &1 B 9 10° T At 21 4t
T o =R TR el o e i o g &t B 9 10° A1 sAfus 81, o gedt ok

T 2
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IETEI0T 12.2 MER-TEeA FA § 7.7 MeV o {hdl T 01 i Toui-Afaeh
T &o7 W o T formmeeen # oA 9 ved qen faen wiiemy | @ weaad gl
1 7?2

T J8 & UROT 98 © Tk Wehivi WehH 1 TuEd ofafy § fenelt o S Ueth-hul
AR ui-foes ® P A Tl G Wl ¢ Uew-HUl SR AHF HI
SFAIRA | Yel 5 1 GRfe Ak Sl E, 91 o &foes w9 | foemreen 4
H R IR Ak st E, 5 TR 21 IRIF il E, STH Teh1-Ho1 i st
St Ko 3t aeR 21 offw St B, 9 1 forepd feotferst st U & 21 featferst st
U 1 G0 (12.1) @ 9Reher fhan ST Thar 21

T AT fof TewhT-F01 o b 3R Tl o s o o= g0 d €1 5T -0
a1 form fog W feerd 2, 9 St Wea™1 & FRAGER, E, = E,%1 38 JHR =1
fehanl S Wehell ®

1 (2e)(Ze)  2Ze

N 4ne, d : 4ne,d
37 FHTAH g0 d =
_ 27Ze*
4ne, K

Ihfdsh il oF Ueh-0l H U WM arelt ifashan ifast el 7.7 MeV 1@l
1.2 x 10712J 81 Fife 1/4ne,=9.0 x 10° N m?/C* 8T e=1.6 X 107 C,
% WY, B9 W B

(2)(9.0x10°Nm? /C*)(1.6 x10°C)*Z
- 1.2x102J
=3.84x 10" Zm
gt o ugred ol w1 WE] wHiE Z = 79, 3HfaT
d(Au) =3.0x 10" m =30 fm (1 fm (& HH) = 107'° m)
37d: Lot iy 1 B5e13.0 x 1074 m ¥ %1 21 g8 Uferd qiome 9 wga sifus
Tt & @t € ifer Lot Tifvres it arsafash B 6 fm €1 39 faEia w1 wRo
Tg ¢ fon Tivan €= 1 S0 Uethi-hv1 de Lol w5t et o I o St
a1fereh 21 9 YR Uethl-HUl Tvi-A1ueh i areda | U fomr &t ot ifa =61 faon
faudia % oiar 2

d

12.2.2 THASEA-HTT
TRHIY] T TIRIS A9hiT Hige foed sl urond giwferd €, WA i TH
foepdta Sard el o &9 H fafa o €, foger ohg W agd oier, 9 qen o
Tafyra Afes ©, St yqt-aroet wifeeiier feer wmemesl ® sod selaeiqi @ fory gan )
UFGRHT R BT S A2 e oF die FEeRewd ST 9 F, Sa W ST
& T oI W@ o o sTewaeh Sifehsl 9 (F) UG ohadl 81 370, BT5g e ]
o Tfaefial feer e o faw

F,=F,
1 e m?
4rme, 1° r
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3qreor 12.3

3T he-T5a1 T SerarRA-of | Hay Bhm
e2
r= 3
4neymu

TIESISH oh THIY] H Selgei i TIiast Sl (K) qen feerer feefas st (U) g

(12.3)

K=1mp” = e’ qa U = — e
2 8me,r 4Te,r
( UH =uress Tog gfea e @ for feercrgd sor—r fRen & ®) ord: geege wHm]
H soiae &1 5 ol E,
E-K+U=_% _ €

8negy;r  4me,r

e2

- _87'[:801‘ (12.4)

TR 1 el S SRS B | T8 e Sl ¢ foh el Atves § uieg B
I E ¥R BT 1 Soidre Aldeh o =R SR &€ %hel H T8l gl

IETEYUT 12.3 T 5/ I8 91 T fof BEESSH A 1 Th WeH a1 Th
TARMA W YUH H o AT 13.6 eV Foll i fEvdhdl €| TESSH WA o
Hefia- o qen seiee 1 o gienfad ity

T TIZSISH WA | 3oie i1 el Sl €-13.6eV=-13.6%x 1.6 x 10 J
=-2.2x107'® J 3Tq: THIHIOT (12.4) ¥ BH W N

e

E=— =-292x10%J
8ng,r
Y FHefig-f5en ure e
€ (9x10° Nm?*/C?)(1.6 x10"°C)®
8ne,E (2)(-2.2x107'% J)
=5.3x%x 10" m

IREFHT hTd TR T AT, FHIETOT (12.3) § m = 9.1 x 107! kg e ufiehfera
T T €

e

\J4me,mr

12.3 TWHIUAT WaEH

3ee% 12.1 T Sooa fhu o ER, T+ da sifienefoe weaga-fafetor swfsa
HX €| ST HIE WA T 1o o e e W, 9z 39 foRE o) verfea
ek, ST 1 Sl € dl Scafsid fafehior @ Seen wrw e @ fad e fafime
s B el €1 TH YN o TIagH i ol Esh TeEH HEd © a1 S el
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H e BRgeH g St e . ——
TRy < T B 3 fore gered
o ISt ah W I A,
9 &1 9= S & fou [HRGe
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656 nm
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% &Y § H L Gl gl 5 g9
WehTel FeRglt T BIeRR TRe € de
TH TFHIE §R I UehTST &1
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B o0

faveivo wed & al WA ¥ %9
i Y@l fe@rE 3t 1 A e
@ aRErgd: ®9 9 $9 quesAt

|

I FOf

gﬁk{%

TR ol

& qeedl Bt € SS9 19 &
Segsi e TaeH § ¢ St
e 39 N9 o gl w1 Hgeive Waey HEd Bl

12.4 TR WHM] & A- WA

AT S TIHIE GRI Tl Hieet § g8 o foran man § ok qeang
% g H AWk Bl © qe URERHl H Teide R § Sl a9
& S 9R 9RER § e @ SO e #ieh 39 Hige i
faerfaa feran mam qenfa, S feafael & $9 gas@ iR 21 7
T T St o RN ST €, Seifeh HIeh-goter o § STy
U1 B & RO, I & el d-a9 g == ik it 21 &n
ST © foh IRehR T2l o SAdt shiE o ofAR RoT | el €, 3R
TH RO k1 Yhfa fehdl @1 Fonfushl Segesa fagid &
STHR 12 @ SRR H01 Sgagas a0l & w9 § fafew
I Tl B 3: @Rd Sl i Sl A =l =nfeu)
TR 3 H 3 T T W T aen 3fad: Tifvs o iR

fora 12.5 TEgNH o TaeA § S @l

e g9t efere @R
(1885 - 1962)

ST (fos1 12.6) 1 7d: U9 WAV TRt 6 g Hehdall 36
i, T Sgageshia fagid & S ER Uikt seiagHi
2R SR e W H st uREE-aaf % TR
Bl 81 ST TR Gitel 9 W e A4k i A A & d 5ok
HUTE o SN T YHR I gfadl R ufEfda @i
TFoEey I YRl i oAga off fRax ufafia gt =nfeu)
3 3R TS Had WagH IcfSid i =ifet St arad § dfe
gh Teen o foqiia 21 TIaa WIS o1 Hied shad aeil
1 Th Tee] feaaral € e ot € o sretient fomm wwam)
T W AT F % AU T 1@ el
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ITeY0r 12.4

TerT 12.6 T &1 HIE @RA Sera= el ge Hieh
qffa 99 W A T SR - T S|

IATETT 12,4 FATHHT SGagersh i FHGId o STTHR, BTESISH TH] | Fiei o =Rl
3R IR geia R ScaTSTd WehTel 1 URfWeh STgfa qiehferd sits)

T SSEW 12.3 9 ¥ SAd ¢ fh BESSH WA H W % W’ @R
5.3 x 107" m & 5o 1 e | gfteer geteeia 1 a1 2.2 X 10° m/s B 31:,
e % W) SR IR Selaeia i g ®

v 2.2x10° ms™

" 2nr " 22(5.3%107 m)

~ 6.6 x 10'° Hz
FATTRT Seagah Fagid o S9N g9 S & fF wferm soiae g Seafs
YA IE TN hT AR, THRT eh o =R ST IRGHHOT A oh SR | 37
IcafSra gehRTeT 1 YR egfa 6.6 x 10'° Hz =it

e 9R (1885 — 1962) 7 WIS o Aied | Tt foshraeia Faied qiered
o foarl &l S F® TR fhanl fied 9k 7 1912 H 8 7EH deh "IRIS i
THNTRIE § T feRa o qe 9% TGS o AAGH Hed Hi dudl o R § [
e Avasd o1 SWa gfaen ¥ Safgl aR 4 1913 H sy freren f6 waify
Jgaeesh i Tagia, 9ed 0 TREe %1 e w | gem € qety 5@ fagia
I TR SR o YAl H Y T R S Gehdll I8 TI & A1 TR IRATo-H=
3R THRT AT TRH U GeY GHeE ok foIu Feifaent Aifeht 3R dedgesh
o TqIfud fosidl 9 oe fo=ed &1 eTevdehdl orffl 9 7 Fafde! Td IR
FleH Hehe 13Tl sl T hieh diF AT o6 &9 § 791 fagia w&qa foeam 24
() =R =1 9gen AT o T fordt WAy @ FiF goiaerd (e vt Hene o
ferfetor Feif Scafsr ohT forT TREHHTT F3 Gohal 21 98 agaseshia fagid o
ST ok faodid 21 38 ARl o SITER Yeih WA i e v T
arereend & TS =18 ® Wehdl ® 3R Uoieh Horg eraen o ffgd et e iy
Bit 81 37 Herfe el i U] i fEer srawend wEd 2|
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() "R 1 SO AR T Tl wenell i uRwnfyd war B1 39 iR &
ITER gelaei 14 & R AR Shaed 37 wensil 4 & TRHHT Hal & [oreh
fore @Ivfq G w1 GH h/2n P YUIE YOS gl @1 Sl h el s
(=6.6x 104 s) | 37 URHAT T U Teir 1 hIoig Tor (L) Faifed §1 evefa

L=nh/2n (12.5)
(iif) SR o R ARTEG | T fagid | wiie qen eTgHerd g faskfaa urfves

Faieq UReheuIeT i I fHa T 39k STTUR &8 SoiagiT 379+ a9y &Y

O Sfovifaa sifafeweot e @ G e Soif arell el d GeHav HT Gehdl &1

S 98 UGT 4T & d U B 3cqfod gidr & f9gsT I GRivs e sfaq

eI T Foll @b IR o e gl 81 Seqfoid Wieid i gl 1 ek

5717?«’??/7?/7?\ :

hv = E -E, (12.6)

& E, W E, Wi R sifqm smensli a1 S0 €, E, > E, |

T (12.4) H BEgH WA o fou fafa= st feafqat =t st 3 w3
1 SR T T ©| iR 38 HHiehtol § Soigei el i T390 r 1 Sfevgehd 2l
r &1 A IRekfad ® o AU, Seded o hIvg Fe § Hafud 9k o T
AT Felie e Tor qideel 1 WA &L

79 YN fordlt wurferd n™ wen 1 foar o gldt &

_ ﬁ(i)zélneo
rn_ m o 62 (127]
forelt BTESISM THIY] i TR STaEen | Soiae &l od Sell, THIHI (12.4)
T weftg e &1 9F ufaeenfya e W T B ST gehdt B e

o) )3 )

me*

E =—no——
31 By ERCpTE (12.8)

FHIHTT (12.8) H fadishi o6 HM W T g4 9« g

2.18x107'8
E = _TJ (12.9)

THU ST IA: A o TIF R TEM e (eV) H e i St &1 ik
1 eV =1.6x 1070 J| THe0l (12.9) *i [: 36 FhR for@n s Fehal ©
13.6

E =- eV
n 2 (12.10)

fordt a1 fqaE SoaRia &1 Fa Sol o A § HONHE fog 59 o1 &1 G
2 fop soielq, TCHY] o AT 9§ Mg B 3d:, BReiSH WA § Selee i A o
(N TESSH ] | WeH §) 3T g0 ok fIer i o o st il STewashal gl
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12.4.1 Sl @R
WA T FSl H A Fqq (3R RUTHESE A1) Bl € S

/ IS (AR ryepy soag AT Y Fhea e (19 n=1) § IfeHo

AT R n=23.. % fou, Sl £ & e 99 %7 e 5 €, 37: ol
s el 1 SR STH W henel & Sl Stk gl Sl 81 TWH] i ZHad
n=d | . o ¥ o e e FEd € e H Sl < e €, del
n=3 ., IOmEM, A B (SR R ) i ke H ufhEm s €1 e

I Sroeen 9 oot (n = 1)E—136eV%|aa BIESeH I i s

n=2 Wﬁg@ﬁ%ﬁaﬁﬁaﬁméﬁmWWWISGeV
T 20 TESISH WA S 77T il 9 hed €| 9 o Hige % SER

W YT HH SAEAA Sl o G g 9 SHH SETd W@ 2

FHH o A9 TR, AR TESSH W] STIH Fam stareen §

Ted B 5T g WA SO o S FehHl g1 Sl W il 7, e

I SRl ®Y Y Sa Tl A BT Wehel @ S el Wl 5=

FHeqsl dF TR o T Tat B 21 qe o9 WA 9 s |

FEA ¢l FHHE (12.10) n =2 ¢ S E, , -3.40 eV
%|m$ﬁ%§wﬁ€mmﬁwmmaﬁm

Frefan srereen wEell IfSr feren § 3WfSid i o foq stevaes S E, - E,

n=1 =-3.40 eV - (-13.6) eV = 10.2 eV rfl| T YR, E, = -1. 53

o 12.7 TEgieH T & fau eV TN E, - E, = 12.09 eV 372, mmﬁs’ﬂﬁ

Sl-TR S@| HW o qT R FTEGOH WW@(n-l){H’ﬁB’ﬁﬁﬁWn 3), T I
TH] H SeleR[ SO AT g w&mlz.ogevmaﬁamwﬁ?ﬁ%%wﬁrw

AT sawen § wrdid i 21 sEeer SN Herdl dl Bl 5 Sdfed STeees 9 geie fh sro e

TIAY] T I B

& fou fadt  Soll oferee | o199 X Wehdl €1 39 Wi H 9 Uk Wi Scated

el I A S @ 13.6 eV Bl B1 9 YRR, TESISH WHTY] k1 IS SFerEen deM W (e

Tl STIvT IS HA =R (IS nh 91 W) I YIHII] Y 3sodeA & WA wH o fag

Tt A S seens o suftfy w1 SOEH FAAH Sl el 2

ECIGICAD

AT (12.10) § AfTRed TR TRHATY] hi TR STeeensi

1 el W @ ot (12.7) § 911 710 1 A F6iH & n

Torf STeensti i ST o SRR H § Fifend Hidl ¢ 39 s § S=udq o1 sTaen
THIERT0T (12.10) H . = oo o T & 1 SEh1 Hoil 0 eV &1 T8 WA 1 8 Sl
7 v e ¥ o I e [ R @ TR (r = ) 3R 9% form # #1 e
Sy for ST sraEeneti w1 $SC noh 96 W fhT TR TE-IE 1 Sl 2

12.5 TEESHE UIHU] T AT Waed

9R °F Hied o qad ARG o STIER, Sd iz W] Iod el feerfa fSrweht
FieH T n, ¥, ¥ T i feafa et @aien §@m n, ® (n< n) ¥ FohA0
FIA 2, T F % T SR F A v, aﬂ@qﬁ?ﬁaﬁm% difen

hvlf— ny— En. (1211]

1
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T n, oM n, A OF € o7: TER qEq IR W e 2 e ww
o Aoy Heaav o, fafa=r fafasa srafeal o g scfsa B 2

& SoleR e el feufq § 1 el feufa § o9 © 1 Wi Scared B §
AU AT THRH 1 ek U S Bial 2| 37 Sl {@ehi i Seqei7 @
T 8| TR STl hIZ LAY B i STagifia il & et Steh ot Setl & o
fordlt sotee@ &1 f1 oot feorfa 9 S=a oo feufa § dehmor o fau emavas et
2, i 9 WohH I EEITY HEd §| 37d: A Had UREL i SAgiaEl o Bl fomu
ferfera T o oA o e foret Seeier 9 favefid fhe S @t Haa ween
o ardied Thegt srawifa Taet w1 goit fewr <@t @1 ek e 39 sgiEr b
i€ shedl € S T o ATEt g a1 T €

TEEIS UHTY] oF TIFH ol 9R Higel gRI T3 T TIseiehyvl Ueh UfAwIemett He™
SuAtsy of f9ee emyfeh Feied figid 1 Wa i FAfUS Wiedfed fohanl &7
1922 ® 9R 1 Jifcehl § Feel R ¥ gt faman @

12.6 X o SEIcHIEIUT o g ANTEE 1
2 STt gRT WRIHIuT
AR §R1 Td W] & Hied o |l AR | 99ed: TEU PR w6y e
SIS U1 BT o1 91| Sk heF o STTER AR o =R SR IR
FY TereRI T HIUE o Falfed € (AL, =nh/2mn =1,2, 3

) | i T S e o T R E A Ry 2 o o 82 /7”
AR BN 3191 Hied WA i o I8 a8 9¥Erd 99 1923 § T HIEE Y " b4
Hifqer o= qeH 3 Sl T T FHE # g gl
T AE 11 § < Sel bl UReheu 1 feeH fhan o fSwes
ITER, 54 HU oF gorA ot a1 SE der weffa e @1 Hie
SforE qen T TE. SR g 1927 § YEifieh 9R W geleRl Sl au
Tehfd o1 FeATdA R TR E9 < Sivelt | doh fRa foh soe™ ol AR « 0

BN WEAIeId SHeh! IR Hell |, Teh HUI-q01 o ®9 § 3@ ST =1y
SR H T Il N oF T, RO a1 o STAR STeensti H ST
T Seq= Y Wehell €1 HaN 11 o foau difdent 1 eaqws o e "
14 9 g9 M4 ® T foreht afa =it 1 fafa ol W wdo w5,
3 fafa Tl w1 ST e S TR §1 AN, FoA T W g 12,8 gAEw Fa F v S
foremm ® urdt 7 e o)l W foug Bid € deon S SR o STO T 9w wuitd v wel uv wmen @ ufify
T 1 T 1Y © fop forelt < o, st o @t SR s @ g F =R 3 st wree
S T IR S H a1 919d o7 H qF Y T el 54, Teh alTes, et
T weed, Ao HE ot quis wem & aesd & auet @ o=
TR B TN H TEd % qvEa S9H H SATTH gl @ qefl Sk ST wisen
T ¥ B W e B i n™ e e # afee o RS seiee gR e w5
iy § T & T A g 2nr, A A
2nr, =ni, n=1,2, 3... (12.12) 301
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=1 12.8 H forth SRR el W fS&er fitn = 4 2, Tk 19w 6o qen ggiih
T 21 W URR, 2nr, =44, Sl A n' ha § U W g oA HT L S
e B 1A 11 9, 89 A € A = h/p, STEl p Seieiq o FaT &1 9Rwm 1 Afg
oo h1 =ITel WeRTT k1 =1et © 9gd A €, A T mw, B 39 TER A = h/mo,
BT FH{HTOT (12.12) | &5 I 8

2nr, = nh/mv, ¥ muo,r, = nh/2n

I IR g YEATEA SoieR o I G 1 FaeH Wided & [ S (12.5) 11
FTeIE 12.5 | eHA <@l € Toh 98 HHieheor BRge WA § Sl T qen fafes
e 1 AT H T SEN B 36 GhN < Sl 1 IHehes 1, THenl seia™
o HIVIE AT o FACHRN i G- gR F&afad fgdta e o fag saren g&ga
FHIAT B S 1 Fled HETd g ST LA, SR 1 T Yokl o ROl
& SN ohael ST ST X € Srarked ® Wehdl 2|

a-ied o R wfafted wem v fasmor (Aifaes o 9Ri 3R Te-Tgwr Femd)
Gitferd €, SEee e THIIE (Tohel eeei) o q& e, ged &9 9 It
A SROTCHe 3feriitta fafertoti &1 srgfaat =t sfaq wfasrarmf w81 qurfu g9
Aied %1 F9 dmd &) T A F9 T
() dR-Hied TESSHEH THIET & fory € Suge ?1 fg-soiee wE) S difaan

o foru off 3 fomaia =& fohan < Tl TegeHaT THET o fou IR Atea

I Th O 3Th Telae arel THIVRT o faveor o foft T &% o 9o fog

T, T IS TheId W e 5| HicE g8 € foh Heleh golari sheel SETeT

s @ & T W g Aol oA @ ot s TR e R

aR Tigd oh GEUU § Seia qe YR e o st foea o gftmfaa 2

o TR % WA A A W R W R s A

AEYTH ®Y Y Fehe 2l 2
(i) T IR-AlCA TESSHEH THVS §RI Scfed YISl i Tgfaal i Tl

Jferraroft e 8, R ot o2 Tiagn & st =1 emifares diaaiet 1 smen

TET FR Ul SRS o SchH WagH § $ 399 SAgiaal i digar efor g

&, Srafer Tl egfaal it o weret Bt {1 U@ A i 82 Wi Yeror <wid

€ fh o a0l T 1 erden sifers Wi € dR-wigd fafa= ghwol

fafa draaet =1 earen wE o swd 2|
dAR-ATed WHY] %1 URshd o Wqd il & qe @Rl Siieel WAmEt o forg
YR THIOT & Tohal ST Hehelll Sl WA o fow g6 Faien At W 4Rd Th
U ot FHgid ST STANT HEAT BT S GRATY] TTEAT BT 3t quf forst weqd e 21

+ BIESISHHE TCHT] o TCATY] B TS o STEY +Ze T AT AR Tehel SoieR el @
el Z Wi WE €1 Bgers IR, Wkl STt giferm, fga: smafa ehifeam senfs
BIESISHEH AT o SEEX0T € 51 ARt § i wifeet oieRi-saae S
forand =&t o |
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. ] el AR S S B § SR gHfery qRer) H ereeT 31k SomesT

1 T 9 S 2

. 2ET-Hieer H I e W et U § e e S eiud g

. THIE-Figer § TR 1 Gaifes §oa9H 3R TG Fel FE Teh ged

e W Hohfad Bl € (WEUd: WA o WSS 1 <F TSIREl H) e

TAE 3Heh TN AR IR i

. TREW] &1 GEAT H A FH B TGRS o AMGEF Aed § I g=A

HiSEA B : (a) TR ITER WAV 31fEer § sFifen AMweh o =R R THd

TU oI el o1 Affiel 9ol W AR h1 SR AT 371 S e TE v

o Tifred w1 WeA il €1 (b) T8 fafer= dcli o wArgEti o sifenertirn

AT T Y AR Tl HT Fehall

. STfreRter qe o wRATY] Tl B € SR stfenerfiie Teen S w2

Tegn o T TAiR T@e s g g © 59 e Ween wed €)1 76

THI-GCEAT o T § et gea & 2

. oRETgstl g1 Scaferd ae Ty qei wHTeT o T St AT S

faw iew R 3 RSN WEVRT (THA o) o fau s Ated

TEAIfaa fohan 3= 1 ARFEIG wiqa foru qen Fien At &1 g Wi

(a) foreh gegom W ¥ i€ soiee fam fafato F=i & sasi o ffvea
Henetl (58 Tl hen wed €) o ufehaon w2

(b) omh wen o € fSeh fofq v Gam h/2n &1 1 quiish oS eial ©
(SR &1 FaleHipa Ufdse) | 3efa L = nh/2n, Sl n T quis ¢ o
e e HEA HEd B

(c) TR ARTEIT o SATIR HIE S 79+t Uk fafafdse sifaeolt wan @
=1 TTeTaR Foll b1 el | HehHUl hY Hehdl €1 THl i W Tk HiH
IS g © frment Svsit IRfeh iR eifem srereensti w1 Seiet o
o SR Bl 81 Seareid B i g (v) e e g @ R
hv =E -E

aﬁéw@%ﬁa@ﬁféﬁmaﬁwﬁam%maﬁmwﬁm

3 2, 39 ffq § gee n @ S=3 7 & %a ¥ fdid e 2

E +hv = Ef
. HIU(TT HolTl oh FelHIeRTul Hidael o TRUTHEEY, Seiei ek i Ieha
sharet faftre eoneti ot anst § € o 21 eSS WA % fou g9 HE ©

n?\( h Y 4ne,
r”z(gj(ﬂ) e?
Fe ol o Feifed ®

_ me*

" Bn’alh?

=-13.6 eV/1®
T, n =1 L], TTan Foe Fedrd 21 BEgreH WA § fretad srewen
Tl 1 HH-13.6 eV &1 nah o8 WM (n > 1) SUfoid STareeaii o Gid €| IR
T IfoIq STeRensti H, SO TXATIST A1 Selail | Weg g s1eren 3fud eTgfd
o IS 1 SFEiid Sk, TEud Bl
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8. = el 1 Ui, fF oA 1 TURE A= h/mo B ©, 3 T-01 &

St el k1 SYANT HXeh S KT Feifed Hestl HI AR F1| HET FAHR
Y TN o A € TSRl <hedl ot IR qereeAt o qof Torsli o s 2|

. AR Higd TESINHEE WHNE (Thd saw[) o fou € suge 21 39

fg-saael TTATY] S Efeed o fag off faeaia Tt ffen s aan a8
iee gEg ey THTS &1 gfaal &t smafers diaarsti & «ft samen
ERECTECIGI]

faemuia faua

. A Hisd 3R WIhIE Higd a8 SRR a5 S B 1 e Hige fEer

F@ ®Y Y R 2, SEfE RS AlsA HET oA & dgagasa
fafertor o R el B 2

. AR 3 i wam (fadia i) o1 & aeieiRor i fhen, fret oiR ufer

1 0 TE1? e € fom h e v Ho e T weh € el €, 3 g
Henetl o fory v Heml Uk wgd Wi Ui €1 o fgd At
Tates € 21

. TRESSH W] H SR Hied ¥ weftd fomen, siffieaar fagra o | st

ol % STk FeH AR gRI Wfcreenfud i faan o ford <) 6t hamd
9 &5 § Sl Soa[ o WY S 1 Wikl agd S B Wkl B

. OR ufEr i feofa 9 fa=, <ef 18- & e et ad, gd i gesw

T% o el T[ocash vl 9 (e 3 &1 599 fordt ot I o WM 9 98
St §) HT STUE TEA HH ¢, TeF-SeFL FI ST A FROT T
T 1 AT SelagH-ATh IEd et o o ¢, Hifch a9 den gREr afemr
o T Hife 1 &1 T HRU 2 o U8 99 s w1 W el IR Hed
g -gerR WS o oy S T

. oo faftre Fef w1 dieew #h o9 soiaeH fafefa 78 #d, IR 3

Farien fagid 1 g Wil ) o s § shael T FeeH F&1 n Gt ¢l
T fagid fo@ Faten AT Fed €, 91 o AR w1 gfic Far 21 enfy
Falen AR (e a9 ®9 9§ 7)) |, i oy Sl T Hed T @
FAICH ST o WA TEi eIl S3e0T ok faIu, hig STaee 9R Faied qemsit
(n. L m, A1 s) ¥ sAfqcreriong €, Afh g worm fawa o e (eeger
TRATY] T i) Sl ohaed n W R w R

. U] FAITEhRT STUETe oh Ufdepdt, IR e | fohell soiere o oToHT sham o

IReAHOT T AT o1 Tt T 1 ST 9 IS Heel T 1 SR 1@ i
agfa h <R faafs <1 weffa S &1 SR g 81 9t Farey gemei
(n¥n-1d%, n 9gd 981 oA W) o J& YA § I o TH THM 81 S
& St for arafera 21

. IR 1 QiR Aied S P @ FAfgnt Gifdhl o TEgel W au $9

MYk Hifaehl & Teqstl W MeIid €, Wy TEeeTy st 1 of
Tt Femror T e Wt o o W aeied AT ¥ 9w e @ S SR Hied
T o7k qerd ' # = 21 fR aft 9] wied gof w9 9 S T R @ 7
THeh o1 | foufqd == g €2 qenfy SR died #1 ST o e o 6w
FHRT
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12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

(i) @8 Hied shad d ARFE R Ui B oifer i off ergiem weed
1 T Gt forRivaret w1 sArE S B

(ii) B FATEeht Hifdent 1 f57 Fehedmen i diar € 37 39 Ated o
TR B

(iii) Wiea guiial B foh o wlasantorml &1 amen o, forg yor foredt Tgifas
ffqenfort =i, wefi-hefl Fo TG THEST 1 AeRI: UL HI A
=few) afe fagid a1 Aied 1 wfasrerh y&@m 9 9 @t @ 9 S=ifies
1 IUTRTd i TE TEENST T A HH T YIS HEAT AMET

HEYH
Yk YA o Ad § U T Hohal § 9 9 foeheq 1 =94 wifse

(a) 2fAE9 Oied ® URAT] T WEW, WIGIE Hied H WHOEET HEA
£ SO B 2l
(3TUeTTRd HThT Aty =7 =&Y, oTUaNga wTHI FH)

B) eennen.n. o fretan staeen o soee ol 9 g B © SEiE e
H golag[, Ied "2 9t 3T Y T
© eennennn. TR eenia ferd senfient T w1 T g e ?)
(e Hied, TIHE ded)
d) TR T o H o ST God o g € it

.......... H o1cid STEHM FoAHM faavr g 21
(IrgE Hisd, TIHE HEA)
@) ernnenn. H Q] & YFERE 9 1 SeAuE gdifde e 2
(RIS died, I giga)
T efifere o ol o= & T W 3 BESSH &1 Ydell IS T SYAT Hieh
3M9eh! UCThT-H01 Teh1UTH T e ohi ST IIe il 21 (STEgieH 14 K ¥ ==
Y W S B S 21) A foRy qftong 1 erdan w82
2.3 eV Tl 3 Ferdll wAT] W ) STl Tl 1 YUk T 2l 8 Scafera TRt
1 g 1 it Ak WA H golei See R U T TR A HwH i 22
TIESISH TCHTY] 1 FTeTad ofee | Sl —13.6 €V €| 39 3% | Sela i
Tfgst 3 fearfas et = 2if?
T eraen o TR T eTESSt WA Tk IS i el i & S
T n=4 TR T A w34 &1 B H s qe gf F@ wife
(a) IR HIEA HT ITAM Hoh fohet BEGSA WA H =1, 2, 921 3 TR W
Tl i et URehferd FifSL (b) 378 W Yoish WR o fou weffa erafy afefea
EalE !
BEGISH AT H SFiad Toe-whell &1 B 5.3 x 107 m Bl el
n=2 3R n=3 % B T 2?2
HW o A9 W I BEgeH R fHHl 12.5 eV 1 geia[ IS i aHeaR! 1 T
form aTeEAt & ol IS B I?
IR HEed o IHER I & AN AR 1.5 x 10'' m = & wanm H,
3x 10* m/s o H&fd I W URehmn &Il geat &t Afenefrs Faien den 9
HIFT (gealt &1 FeIHH = 6.0 X 10** kg)|
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BN W M ¥ A

13.1 fert

s e1ear | T el © Toh Ucieh TRATY] 1 ¢F1A9T SN elht 39k ohy § Gehfd
B ST € SR qRAT] kT ek AT 1 A9 kT et WiesT TRATY] o HIesT shi gl
T HIHT KA B Bl -0 o kiU el WA o @@ WS TR ® o e
1 T, e ) e 1 gemn § 10% 0 @ off %0 e wifew) gwen oref € fR
TR T TG TRATY] o A & 1072 T4 & A9 ©1 SR 913l | g al T
o srferepivra: Re T € 21 AfE g9 TR 1 WIES 91T el o A o ale]
F T dl Tk 8d T o7 o o o W o fgEr 3 qenfy, TET] 1 eRe
ol S (99.9% U iferer) ifew o & gmifed e 2

THTY] 1 GO o WHEY A A9 w1 A hIE G 22 A U\ @ g6eh
g F-F €7 3 TR FFE FhR 2 T2 T +AF ¥ ©9 36 YRR & JEA o
IR @ISH HT FAE | g0 At & fafire o, S9-3h 9Ee, SFEE qen
Tofed 1 el o WY 39 Heg eatfaeed, faeeT td G S| AR
el T off fae=m w3

13.2 TIHMU] A TS A(HER hi WA

TRATY] 1 FeAAM fheliur i qor  §gd 9 el 81 S0l o foIu, e o
TRAMY] 2C 1 FAHM 1.992647 x 10 kg T 3a1 BT AR i Ao & forg
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foheiT wgd GleerSer Ak el €1 3Td: WA SeTHHl i o i oh eIy,
TN 1 Uh 374 W W& {1 TRI1| S WISk sh1 URHY] SeHM T (u) Hed
&1 THeR! 2C WA % FHH o aRed 1712 9 9 o i

3 39 URAW o TTAR

2C TWHIU] k1 SHAN
12

lu =

1.992647 x107%° kg
B 12

=1.660539 x107" kg (13.1)
TR §HH TE (u) § o w3 R faf= adil o ] sogH, sRge
A % FSAHM o YU U o R UIT S §1 W 39 FEm % ere el
qarg it € I ok oAU, FAdH HT THY] FFHE 35.46 u B
TCHY] ST T Fee /IO, SorHH JuishEATd (WeHieX) gR1 feRan S 2
TCHIY] ST o HIOH O Il =erdl ¢ o T &) qc o fafi R ot aeeme
1 A T forer TEEfe o7 @ THM B § W 3 $oAuEl | Sfal g 1 T
& T ®1 T T Fofaar 5ok SoAEl B TR B €, TEEIT heeldt §
(T W% eEEietT w1 ot &t o wHwentes ®, @€ AW 3= s@fee e T @
Hifer deall 1 Ted gRoft § F gt T & T R 9 S €)1 90 | war wen R
Tel%h el AR ©U § he GHEehT w1 fq901 21 fafem=1 wmeenfehi 1 wmer
gl dcd SSei oh |1 Sgerdl €l
I & oAU, FAdA o 3 gEeenfin ® e SerHE A 34.98 u U
36.98 u B, S & IggieM WA S| o ol Turel o Gf-ihe 71 37 qeeentieni
T WU g FHY: 75.4 TS 24.6% T 39 UHN, WHfdeh FARIA TRATT
YA T gl %1 9IRd-Siad T 3T, Wkl AR TTHIY] hl SeHM,

_ 75.4x34.98+24.6x36.98
100

= 35.47 u

I I ® S FAA HT A S

Tl % foh WaW T@eh dod eIRgieH o ol M wEedteh € fSen g m
1.0078 u, 2.0141 u s 3.0160 u | Fe¥ ook BESISH WHIY] TSeeh! Hder
Tl 99.985 % B, I A, W HEal €| Th HeiH 1 FoI9H €,

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

g BIESISH THIY] o FeAHM 1.00783 u H U, T foemM U 3oieei & SoomM
m_=0.00055 u i ¥ ¥ I FHAM o SRR 2| TGS oh T & THeeqfh
mewﬁ%lmﬁwmﬁéwmﬁﬁ
Y S SR M fafuE g vanmenenstt § i ferg s 2

e | o Ee Wi 1 € el §1 Wl W Ushish ol S99 il @ iR T
TR U1 | Ted I8 faem o fom Tifen o soiee Bid € W aeien fagia W enefid
Teh! oF hRUT 36 AT i ehR T 7o) fohelt Tmmo] o |sft seige Sueh e
o T8 B €1 BH Wd © fon feRdll wATo] o AfWeR o oed 9 goieHl shi HE
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IHeh TTHTY] Sl Z, o SER il €1 3Td: WA | Selal i el EN (—Ze)
IGok A & el A (+Ze) o SR Bl 7, Hifeh TA] foagda &9 @ 3=
21 21 gfery foRdt aeAro) o Aifush H W Y G, qead: ST TCHTY] i,
Z =t 7

ST Ht @I

Hifr <gifan td ZrRfcan RgieH o & gLt €, 70 ¥ yde o Al
o T W[ g =il Al g, Sgeiiem ud grfeam o e o geaami
¥ oud 1:2: 3 B gHfoy sgifRem wd Trfcan & Aifusi o e o eifaftaa
FO ITEH 5 A TA MG 37 FHEAHR] o Aen! § foemm STEH o
TS 1 WS 1 UEH-SoA9M o ARl H ¥ ¢ dl HA: Tk TS & HEh]
o T Bl 31 98 e SATd el © fob qremvet o et o wiei o erfaftea
foem™ ®A A U8 I A U Yo Ak o Ui oh &9 # OB
21 39 IRemed &1 gfie, 1932 #, S wefasw gu &1 T = <@ e
Ifferm Tfaewl | Tew FO (Tew wu, dfaam TifeE e ¥ S fawm
T T STl SAN § W H) i SR H Sl B, @ 3T hw ST fafemion
ISd Bd &1 98 ol qrEn e Tk A Se T, gifeem, s e AgesH
Y Befeh eh] W THUST ST9 YIEH Wl e B 39 WY a% T TH
o 33EE fafe wie[ (foga gasa fafeon) & o o= Tt e weem

ol &1 TR S W A =@en TR Ak 3|7 fafeor wem o oad

Ed
B 1 TRT Sell 34 fafRon &1 qo ¥ wga eAfus et o aRfeaw et
W U T HT SR H TC &9 &1 T GO ok qOEE F G, S Aefaw
J HdsEe €T ¥ g fRAl, 3W wheqw # wifed ot fo SIdA fafewon #
% U YHR o SIEA KU B ¥ N g9 ded € Seil TE Gam weqm
a1 SYFT Y, WA T@ T KU KT FHAAE JG B U THAA WK I,
9 Wil o SaHE oh TR aUeR il Tl

o9 TH F H SEH s aeredd § W €1 9 R,

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

<[ w1 @ % fau defaw #1935 F A9d [WERR W e R
T Uk o W o T U ge =g ol el €1 9 Uk Ui, T
TSR U U FiagieAl (39 gl hU1) % ®9 W & el oar €1 sueh! st
S @ 1000 s et 21 aenfy, MmO iR Te wmh g 2l

m,@wﬁmmwmmmwwmmﬁ
S Gl @l

Z - A FHAF = WAl i GE&A [13.4(a)]
N - =2 9@ = =2l & 9@ [13.4(b)]
A - 59HH &A1 = Z+ N

= FRAI T e # g wen [13.4(0)]

Te Te =g o o e v Hw o SwEE w1 w21 e
et W] ¥ faeE W ST FNE e A w6 €l

et fusra geifa a1 Tfas &1 Toha fog AX g WeRid fwar s 2
W&l X 39 USIfd 1 @At fog T SIew & fau, woi-afaw b Hehd
197 Au B T A €1 TEH 197 =fFeEE i § S 79 Wed w118
=2 B 2
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e frdl a8 o wEeenfTR] 1 SEAT 1 Wodl 9 GESEl S gehdl Bl
frt fiu U 9@ & gERentieR o MR § Wer @) "Wen d 9 e ®,
WY I TH-TR G A K e & gfe ¥ fam @ € sgdfem 2y oS
BRSNS H1 Ush e §, 3UH Uk UieH T TH 2 Bl 81 THh W
Tt grRfead SH o U WM U % <2 B ¥ 9 W@l % 32 Tmeenfish
B © el goomm Hemsl 1 WH A =173 ¥ A = 204 9% B 21 IS BH
WA & o ok € b el o TEET 0 Sk geieie o Wi
T €| Hien, THES WA & selaien o THH g € Skl TEEtTh
ZAER f Th S Bl € SR TEGTY S Aed HNON W Uk B WM W
@ S R

T gt e 6 goHE e A 99H B © 99YIRE dead B
3T, AR SH T SHe WHWING T1 UY ek TR =2 T N oA
e dfepT W] wHE Z f § gEgeite wead €1 Seend, 18Hg T
197 Au THE S E
13.3 -rf¥er <1 AEsT

ST T ST 12 H 3@ T, T 98 Sl SRt o fei ) ifuss ok
TR Sl IR T TTAT il TIHE oF gAd T IR TF A6ed 5 @0 &
Feh T UCH 0T oF TehiUA © Helfed 9fg T feha| 3ok T § I8 T g3l
& 5.5 MeV Tfast St oF TewhT U T T&l TRl o feheser 9= i g @mem
4.0% 107 m 21 @l &1 R A or-FN o GHIUM HT TIHIE T T8 AHFL GHAT
foh geRTo o T Sheret et 1 Ffawor o & STearE 1 S, o eree
aifsk ® fafed grar €, s 1 arafasw Qe 4.0 x 1074 m @ w9 &1 =1z

I B0 5.5 MeV § 3 s o o -H0 TN HL Al $9oh @0 AIHHI
& ey T # 3 SN FA T Twh R 99 THUE ey WH AfHEE
I ¥ wafad eH R iR W g AT MU ufeer § W@ W Sk
S| WIHIE o URAE U HUT T W@l Akl oF e g9 O ok
e o A Y hol™ Fiaedul dd W SHia €1 6 g0 % g e W
TWEE & werl § I 9 AR TR TH @ €, TaEE s o fawa
o fred feRten ST EeRar 2l

TH Y19 JAN Hieh TSH o-F0T o TAH W el T1d sergeHl &1 fafe= et
& SR BN 1 T B, T qdl o AMIHE GE o Iigsd ¥ 9 Ry )

g I T R A o gen & Afas w5t e €

R=ROA1/3 (13.5)
Sl Ry = 1.2 10"°m (= 1.2 fm; 1 fm = 10"°m) 35 a1 2 fo ifores
I (S R® ok STTRAMUT €) ST G&l A & SThAMI! idl 81 31d: e
1 e T e 7, stefa, geft ifret o fore saet 9 A W ek T e 21
fafa= iy 5@ o o1 o %9 #1985 F WE e S| AARTE FA HTTAA
2.3 % 10" kg m™ o WiTehe Bl 1 W T=1el o1 Gl | Scel o1 7€ A wgd
fferes a1 8, S Sl o foly =Fcd sherel 10° kg m > €1 Bidl €1 39 e ol STE
T THE St S Tkl 7, Fifh I% TH TES & 3@ qoh ¢ foh AN SAferhivr: iR
T fiod B 81 T WA ¥ W 5o ° o<t Ao | R T g 2
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3qlgiul 13.1

3q(gul 13.2

IR 13.1 AR o TI14F 1 §F9H 55.85u T A=56 ¢, THH] ATHE T
[T Hiferg)

&
m,, = 55.85
u=9.27x10?° kg

ECUiE] 9.27x107%° 1
s - @n/3)(1.2x10 ) 56

=2.29 x 10" kg m™
M TR (Th @il ikt fig) & ured &1 o 30 ¥ & 91 qeria 21 98
Turten # foF &1 R W %7 39 O qe Tdifed € T € R e R e T aR
A #1 WE TR I €l

13.4 SHUME-FS qAqT ATHRET FIT-Fslt

13.4.1 THAME-FT

ST 7 310 faftre smufeshar f9E1d o6 STUR W I8 IW0E o FeA9H SHell &l
& T o0 w0 7 fafere smifiea fasid @ veel 9w A S o f R sifufsmen
H SAM TS Sl STeTT-STeRT TR 81 ¢ W] TR = T8 <9 o 5o7mm shaa
Foll T ST &Y 7 AR B0 FHH-Foll I Sofl ob 311 G, STt it H, qRafda
F Ghd ¢ 91 Talia v ereid St i SomE H wUaia s off e 2
7ok foIu SRR 3 S g SATH-Sel gugeddl GaY fEa 9w ©
E=mdc (13.6)
&l E, 59 m S 9uqed e ¢ TS ¢ fafd o g 1 9 7 e wf=ehe
oM 3x10°m s @
IETEAOT 13.2 1 g TR1Y o AT o1l ol GRepfad hifeg]

T
IS E=10° x (3 x 10%2J

TR =T =

E=10°%x9x10%*J=9x 10%J

34 YR, AR TH W =l i oft S | ®aika fha S ar 36 el s fowna

HET o el 2

R o SHATH-Sell Gael 1 YR gfte, feremit, T, soei T
31 B B H @ISl T O o ore g arell Ak g Afafswanst o sterad | |l
b1 B fondlt erfafran o Sl weeror fem @ sifvym @ for afE soomm @ ag ot
w1 o afiererl o wftnfaa & d grfies S ifam i & auer Bl 21 98 Hehoud,
e i TREIRE =4 fhnetl T Tfventa sem & ¥9eH o fau meeg
B T A h AN HT Tora-agg 2

13.4.2 AR S-Sl

AN 13.2 H T 2@ fon s =32 T W o1 o 71 or: Te endferd ® f
TR 1 SHM, 39 faem™ =2l T FieHl oh FHMEl o el A Tm o Sel
B AR, TRIRTT FoHH M, T Lm H FHH T S S| S ok o, ey
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180 w1 fl THH 8 W TH 8 = 7 I,

8 =Ml 1 TATH =8 x 1.00866 u

8 WMl & §FTH =8 x 1.00727 u

8 TSI 1 FSIHM = 8 x 0.00055 u

T 18O T H1 STUfE 5o = 8 X 2.01593 u = 16.12744 u

TSI FUIHEHTI o FART GR W 60 T THIY] FHE 15.99493 u B 38
Y 8 SRl 1 FHA (8 x 0.00055 u) B2 W 10 = THF 1 YR 7H
15.99053 u ¢

37: 79 U0 § foR SRS 160 ek kT XA, S8k U<kl o HA FAHH
¥ 0.13691u FH B| THh o FoIHM TH $Ueh SZh| o FoAHM o MW AM, i
FoTHI &7 hEd €, SR THeR! U 39 WehR o fehal o @ :

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

SoH-1fq 1 31 N 22 T W STEREA H SAHH-Sel gHdeddl fagid
AT gftreet froman 1 <IfeR, STeRAST TR T X9 U Seshi o FoAHMA ok A
(Sreiferd seeen § 8 Wl Ud 8 =42 1) | HH Bl §, terdisr ek 1 Tuged
Sl SHeh el 1 THAT el oh AN W HW el 1 4K I AeRdIoH e
F 8 TeH TH 8 = § faafed WA WE @ A we sfafe s,
AM ¢, 38 9 1 YSH HT Bl THeh fAIg Aewesh T il E,, $ordH &t
Y frefafaa g gu etud it ©

E,=AMc (13.8)

SEEAOT 13.3 TS W] SHUM Uk & Gaged Sl 1 9 Ued Sl 3R
MeV ¥ F1d SHIST| ST ITAN HTeh 60 1 57 &fd MeV/c® H F HifSy
&
lu = 1.6605 x 102" kg
THH! Sl o AT W qREfdd i o foiT B9 SEeRl ¢ W TN hd € T U ©
o saeh
TSS9l = 1.6605 % 10727 x (2.9979 x 10°%)? kg m?/s?
=1.4924 x 10'°J
1.4924x107"°
= —————¢
1.602x107"°
0.9315 x 10° eV
931.5 MeV
FUA 1u = 931.5 MeV/?
50 & faT AM = 0.13691 u = 0.13691x931.5 MeV/c?
= 127.5 MeV/c?

-~ 180 1 THF Tewl ¥ A w % fau sewasw s 127.5 MeV/ Rl

IR FB =AMl T WAl i TE-919 e, = sTeEe 16 5emE are T
AR TN S @ TH UK HAE, S GH Al A8 Hel AE, AR HI 311

€°€T Ini2lbe
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o

TS wedl ¢ A% ¥ fREr a5 TARE-FHUN F STCRT-STR FE
g1l B9 3 R 1 e el E, YEH HTI BNl T A9Eh Fl EH 36 THR
drg &l "ehd, fe o, Tfss 1 sSeA-oet 78 af st & @ R fee it
¥ faem WER foat ot We ¥ 9 71 A9 o HUI *I oo\ vfed &
T IR Afw W WY FYF-Fon gfd FfFdid, B, ©; S R TifaEs wi
S-S, E, U6 399 foude st S e A #1 S 2l

AE, =AE, /A (13.9)

&0 9fd faer seH-Se H T OAH "R € g fRdt Tifee @i ogges
Sfastil § gedhd w6 o U sewas sigd St 2l

o 13.1 ¥ @gd ¥ Af9eRl &
faw ufq feeria s ot E, T

~ Q0

SQS

*Fe
P

Mo oy TEME 9@ A B UF K@@ T 2

|
|
[
:

_—

e s —
fai gfteri=r B & —

(e}

(@) HeFerl s Hems (30 < A
< 170) = fau, wfa =gfeems

SeF-39l, E, , 1 91 SRR

gfa IfFAsta F6F Ssll (MeV)
'S

w7 F @ T €, stefd weg
FHIH o WY URAtGd T8 e ¢l

312

o 13.1 S99H 9& o Hod o ®©9 §

50

100 150 200 250 a% A = 56 % foTT N9 8.75
SO e (4) MeV &1 31fidad O & A =

238 & folu 7.6 MeV =3Il 21

i et S-S (ii) BTk AR (A< 30) Td W
=Rt (A >170) T 6 fag &
E, &1 A HeHedl qUHY] SHHIS
o ARl @t qaT | STdaERd
FH B T

39 YR T frehel @ oEe Tk €

() Te ot TR § 9o 9 e $8 MeV sivF Sa- i o g vl vee 2
(i) 30 <A< 170 % T H SeA-Sell 1 3TedT 36 924 1 IR0 € FoF F1feptT
T o7 TR T B =1 9 ek o iR feerd ferdlt Ffaemit w faem i)
T I UH-USH o Had 31 Ffaastl o YAIfad SR S g9k TWhT Fa
& TR ¥ T €1 Ak FE o fer =9 fafre =feee & Afawa 9w
& IR T oifush T R 2, 9 T foameia Aifas &1 S-St 1 afe st
guifed T8 ®am At foedt Afae o Afaea 9@ oF 9RW H sifueshad p
fTa Bl hd Bl, A THR] S-Sl p o SAIHAIAN! BN HAT TR TRt
A 1 F-3 pled, el ke i § foaat ot ae # 5wt
Bt F1 o1 A B0 Tl Y e T Al A S, S8 Afe % fiet
R - TR T R P, B 6 S A W e
et 38k Fi Td € T IS h STV, A Y SeH-Sel | A I
el U 0 Tdl Bl 31 Wi R S-Sl (1 @l § 3R gkt ke
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HF phe o SR 2l 81 AfeRi 1 o 07 fSRdeh Rl R ek oheed 7o fahe
o ARt Bl & wefer el €, AT Tl T Ggi o7 FHEewar B

(i) T orcAfers Wil AfYE, W@ A = 240, w1 Uld faeEiE S-S,
A =120 % AT &1 o1 o %7 Bl 21 31, AE A = 240 HT g AT,
A=1207 < el § 221 7 1, 370 faemi ifus gear § wfeg 2 T
2fird ean © T 30 wforan ® St fogaa el 98 fa@e gR1 Soft faged g
e qul FaTeT i AT & & foraer fama o &m0 ergemt 13.7.1 ® ==
Eaull

(iv) FeaT I fFm < gorsh TR (A< 10) Fafad B T 9 Aif9s s 2
THA BN &9 39 ORI AR T U it S-S, getch AIfWehi i Ui
ferTai e Sl 9 SR B ) TR 31ef 9 gen TR sifam Fem ® o e
e Y g o efues ggar @ Sfud ¥ el gorg 1 38 wieean | off St fagea
2t =& gd w1 St k1 G © foger fovm | ww egan 13.7.2 ® ==t w4

13.5 AR o

€ 5 S T gl skt i fEfa war @ sA guifed wetw 9 81 e
13.4 % &0+ 3@ T i|d somE o Tifass o fau ofa =feei S-St o
8 MeV ® Sl WHIT] 1 Se-Ss1l shi ol § 9gd Aok 81 37d: ek o ol i
TR e W@ o T Tk fa gehR o Sifeaemelt Sendor st i STeEshdl 81 7
e 31 SAfYeh fRSed! 81 =ifeq foh (&ATafeTd) el o oe ol gfaerdor sa
Y Afeeh Yl Bl Wl T =2l M oh! TAHE oh GaH AT |

1Y T@ Toh| B9 U Uee € <@ ok ¢ foh Wfd Jford s el i

STEAT 1 T Sl ! o] TE Yehid @ TH S Wehell €1 TR a4
T Jal o F Afgasl i geaw o = i @ 1 9 99 1930 9

1950 & st ferT wTu faf=1 wami g o gem 21
(i) TR o, STERT o " O el had 9 T8 5eaqHl o did
LSRR e ke e 7 | £ £ B2 1 1 A Y

fearfast =1 (MeV)
S
’J-/-

TR S o I, AR o X Tl oh ot o arel b ;
YT 9 R SIS FE B 2| AT TEAC T 7 U €, 100

>

Fifeh AMHHTT o el aell w1 gorl | Tcfesh Joe 8 2| T 2 3

TS0 Siel dl Sholid St i gerl § ot oTedd et g 2

r (fm)

(i) = % 919 5 e §5 TR § ofuE FW W I @ (97 18.2 T T g

T I EE T T Y et Y B I $15 p, ahgw (0 o

3eh o9 i 34U o Hed

o 2 e % A el 7w # R o e & ¢ 0 9 ¥ o ol o w a
foraes aRumEEy 9 =feri S-St Fad & S 81 AR T I E W rg ¥ FA G

1 Feafas ot 2R 3ok o= 1 g0 o Gefer <9 el s afepa
a1 o 13.2 ® Swien T 21 T 0.8 fm H g r, W feafew
il 1 A JAqH Bl 813U 31 e g3 ok AfE e o <
T 0.8 fm ¥ wferek Bt € df 3 I SAHT I B © AR 0.8 fim
¥ &9 A o g 3 wfshor 9 € €|

ik
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(iii) =JSH-=I2M, =H-e Td WeH-TeH o o= o arel A9t ae Tl
TAE g & B €1 AR gt faga s el 12w
FArd o 98 S1een <A & e | wt 9ifq kg Sel w1 S W

Tforda w9 72 71

T weSiae F= (1867-
1934) Ui H S

¥ wgen fieftl 1896 # &
ot gRI feA R F @
J T iR 3 ufd frer gl
3Teh ATEHHl TS fawewon o
fere ufka foran, foroer wemasq
qi— feaq wd dienf=m— 1
YR HYE A I8 YA
AetTeR off f8 <1 Aieiet qEhR
W g : Teell 1903 | sifeh!
& fau @i gEu 1911 #
AN o fag)

13.6 Ifeamfaeaar

Aednifaead &1 @Y TTH. 9ohc 4 T 1896 § TN |

qfieRt #1357 gHE A fawifia weh SA yfeifa

THTRIET 1 S1IA hid U Sohdel J Ueh Uueh UEel @

RfF9-dIeRem Gothe o hw Thel W I Fh Sl & 9]

S ITh1 Tl BT | U fa| 39 Yohe 3 hIawhe e

o S Tk <1< HT ZHST W T THR FE FS Tk WH o 915

el TIERNTthe e i Soerd foman T df 97 e T foR e wie

FTelt o g off| 7% ferdt UE =it o wRoT gan i i Ak

T 3cafdd gg Bhft qen @l S SR A S 9%

FIe @i q Ugd T8 el
a8 H fRu Ty 3 gwirn fo fednfreaa ww Tifvew

uftere € forad el i aifd g 21 58 g g

FEd &1 Tpid § O FHR o Aeanifaa em e € ¢

@) o-&F, e gifeem e ((He) Scdtsia e €,

() P-em, o soR 1o wisieq (T8 o foeht semm
@ TR o e € Bl © W SAEN Sl TR o
foria g 8) sfsia & 2

(i) y-&g=, 99 =9 S (100 keV igan 3ifie) ®ieq
Icafdd g 2
T Y TR °h &9 W ST IqSgErT § foem fRan
ST

13.7 AR Sl

o= 13.1 9 =9l TQ 9fq =fesiy sua-ssi E, o H A=30Td A= 170 o &4
T oie GUIE 9 ¥ TH AN § Ui oA S-St oTHT 3R (8.0MeV) 1 geteh
i, A> 30, 91t 9T TS 9 ARIRT, A > 170, 916 9T §, 991 B9 Ued € <@
ok ¥, Ui st S-St 8.0 MeV ¥ ¥ 71 A S-St afren < f 39 st
e S s 1 hl SHH FHH SN IROTREEY I HE FH Fol SET-Holl
e Ak fordt sifereh deA-et aret e H wwialka & df o et foged g
et Ot fres o6 QA G sifess WAt gomm wei (faded) stean gtk
Rt w1 ferelt R s & wAeH (o) wt gfka § | @ e R

Rationalised 2023-24



EIRED

I Tel YUTerad S8 YRR Soll Widl o St Tt Affenand it 2|
Tel foqe e ol Sl seiaei diee i hife 1 Bl B1 St fehdl At
TRA §, MeV Fife 1 Soil faged Bidl €1 37d: %4 1 THH A1 o fore, T@mEfT
Tidl <1 STdeT AT Fid @l T St foed e €1 SR o T, 1 kg TR
o faged @ oIS 10" Sl U Bl ], Sfeh 1 kg HiF o 84 ¥ 107J Sl
T Bt 7

13.7.1 fa@sa

Uiehtaes AeAqifaee eF o STl Tl W I AMWRE HI SE g,
=2, Uoh! %01 MG o TR W &F drell A19eha gimanet = e 34 9 12
GorETd St 2

forae s Heyul =geA-Ute A giwan 21 faae o saeion: s fhd
e TrENfR 25y W g2 W YeR HIE1 Sl € Al 98 < H1eAihe goHH 9

92

TR @el § fagfed o 9l ©

oD+ U —5°U =56 Ba+53Kr + 3n (13.10)
T fopen o WA SoAUM oTel ARl o fae g o Sa @ e ®
o+ 55 U — 5°U — 51°Sb+INb+4;n (13.11)

T I ST T
on+55°U — 5’ Xe + 5351+ 2,1 (13.12)

% fagfed samg Aeamfoea Afas g € iR T8 qd % B-87F T HH e
@Al & 59 9 T 3id § Rl @s gw | gl Wi

frm S ik 1 fagen erfufswan & Frjsa St (Q -AM) ufa faafed =i
200 MeV &1 hife &1 Bldl &1 THeHT Tehel eH e wid © :

AT T U AR A A=240¢ 3R T8 A= 120 % I Gei # fofeq e 81

A =240 e & foe E, @9 7.6 MeV © (fo 13.1 @)1

A =120 9 fom@feq M o fow E,, 191 8.5 MeV 21

. gfq Ifeeait S-Sl w1 fed T 0.9 MeV 2l

3Td: S-S § el e 240%0.9 ¥ 216 MeV =

foea =t weTistl i foased ol 98l sE-ScaRl a1 =gl w1 fas Sl 6
w9 ¥ HaAlad el 21 3fd § TE AU oh 57 1 BElARd BIRl HOA & B9 |
fifora @ S 21 A R § AR e e @ faed s g
WA 59 W T e el ged Sl sttt s faged @ € S gl 2

13.7.2 AR GeraT-arl ¥ st o= 1

o=t 13.1 ® <uifan wn S-St a9 e off <wiiar @ for afg < ek ik e
Teh 3TURTRA ST IR STG df Seoll Ter it €1 59 Wihan i 91T Goraa
FEd T TH WE F1 Sl foHeh Afafmansti & Fw Sseer ot fiw T #
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'H+'H—2H+ " + v+ 0.42 MeV [13.13(a)]
2H+2H— 3He+ n+ 3.27 MeV [13.13(b)]
H+ 2H - ®H+ 'H+ 4.03 MeV [13.13(c)]

srfuferan 13.13 (a) ® < Wi Mot T S92 e T difsrei o © 3R 59
TR H 0.42 MeV STl fsherdt 21 etffenan 13.13 (b) ® < gg2i T gifersm
T oIkl GHENR o €1 2afafRar 13.13 (o) H < <72 et wh difesm e
Tk i o B 1 Hoad o fora 3t ikl <t ga stfres o9 311 eTevash @ o
fF 37 o9 oThftd o TEE YR S99 w1 H Foh| Bl aHl AT
YT TN §, 37d: Soh sTel sheild WidehtUl BITI| o1d: 19 sholid Sfaiel UR
#H o fu Tgfaa o1 g STavash @1 39 hoid STy il S el e
AR T ARl w5 Bemet W At wdt @1 S<ewr & fau, 7w e o
<9I S Gehell © R < WA & foIT e SFefiegTl (barrier height) SR 400
keV 21 31fersh MaweR) Afirerl o feru staRiergTman o off siferer gt fardt wier
9 H Wil gR Felld 3TeRY hl IR w3 % fag wafe Seit 3x10° K a9 W e
B Tehdl &1 9 19 k1 GfeheM, 97 (3/2)k T=K¥ K1 91 400 keV @ T
fepan S wehen 21

Sl T ITART A I A o fau TfiehTa Herdq wqa-5 o g1 =feu)
YRl o 36 o1 1 € foh %o4 1 A9 qd ek G S S qeh foh $Eeh Rl
A 31O AT TG oF HROT, Shelld STERIY i UR A HT S| TH UkAT HI a9
TIHT g hed B

AR ok 3d: UZel | fiid St o Gia a9 AR 1T Gorod 21 gE o shie ol i
AT 1.5 x107 K €, S foh 3fa St o sholl o HordHd o Tl sTagesh Simitd
A9 H TR T T TR gE H T a1l Home giwae ¥ oied Seist ¥ oy
Afereh Sl ol WieH 9 ol

3T: A AMTHT TeAg= Sgd $o a9 T <& R € &1 Fehell & 3R 9 T I
=1 U fefaai oheaet aRi o Sfa¥ § & Suered B AR § Sl S drq-Aeh g
oo o HiEmH 9 € B 2

i H TN Aol Gorad sifafwer T sgeR utwen ® e ewger difeam o
et Bl 31: Gd ok i | gEglSH ¢F ?1 iZ-91e (p - p) T TGS 5 T
e el ¢, frefataa sl o wqeea gr oFed fohan S Skl B

'H+!H—2H+ € +v+0.42 MeV (i)
e"+e = y+y+1.02 MeV (i)
TH+ H - He+ y+ 5.49 MeV (iii)

°H +3H — iHe+!H+ H+ 12.86 MeV  (iv) (13.14)
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EIRED

et sfafran g1 o fau 98 aTeves © foF teel dF sfafwand -3 o) &
3R 39 YR ) goioh gifera Afeh fiereht S ifesm &1 T A1 aa1d| 3R
79 2(1) + 2(i) + 2(iii) +({v) W fa=wR ®X d@ Fa ga=E ghm,

4H+2e — 3He+2v+6y+26.7MeV

N (4 H+4e’) = (3He+2e7)+2v+6y+26.7MeV (13.15)
IFd: 9N TGS WA Ao U {He WA SN € iR ¥W Wik
26.7 MeV Foll e €rdt 2|

frell dR o 3id: Y2l § oheiel Elferad w1 €1 i e g S-S wis o
TrEger (Eiferem & 9gel #Y) FH B 8, IS 3T B ol 81 THY qR ST e
o SHRU Hepted Bl © TSR Shig o1 A19 =g Sl €1 97% SIS ol a9 10°K ek ¢
S G &t TR g B9 @, W39 9R gifeem wee | uiafdd g 3w
ThR T IR § Helad gRI 9 S0 H&A1 a1et del i SHA 81 Jehdl 81 g
FYA-Selt o (T 13.1) o ¥ W o 9t @l &1 i 59 g o &1
Rkenl

T T g A 5x10° I T 9 g STIAE A S € foR g A SR 5
IS T ek T T ok [T, STeveh BIESISH SUeisd €| S6eh U3, BIESISH
ST %k ST a2 3 31 B RN S5 3 379 T o U Hepfad B o
e gd &1 shie 1 99 S 399 I 1 Sl SR Hher ww fed g T
& FM4 (red giant) H qRafdd & ST

13.7.3 Tafaa aa Afaesa Seae

fRdl AR & BIF ATcl A9-AI9RIE TiRAT ST WAl Th q9-ATAehE Jfed 9 fhan
Sar 21 Tt Triferd Horm ot o1 Seva o €99 &1 10°K 919 o 909 |
TR Y T IR S HEAT BIAT €1 B9 19 W SUA eFeeh TP e sereeiHl
(o) T A BT B0 SR T8 9 R S W o fau i aeg Suers e
®, o7 39 19 I S WA Tk FHIA 21 IR Gfed favd o ¢ <9 39 deu o
ferrell oh fershTd & WATERA B 1 S Al oh Wl B W, WA ¢ Toh Herr Rua
TS ! T I I URM S ||

3STE0T 13.4 FrAfafEa geai o S difse .

(a) ¥ AeRTa sfafmaet o e (S f 9m 13.7 § U €) ot
THT (I & fAU2H, + 0, 2 H,0) & &9 § Fqfed €2 afx 72 @
fre 9 o A1 3R TRl Hgfera i)

(b) =fE Wi ek =il &1 "en, g et sifufwan o e wd 2, faeht
et st § e YR Soqum, S § (31 SHH Seidl) aeerdl 87

(c) Fmr foem ? fof kot et foran o € somm-Sofl Tk SO W Set ST Hehd
& Safer TEEtE e | 98 w9 T8l el ¢ UE Hel e 8| WAy
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&'
(a) Toreht TamEf eifafshan o Sgfem sn i feafd o o sifafsran o TR o

T AR gl ae o et w1 e quE el @1 R wEEtn sifafman
H wEt & got AsE H e O g /1 W] R frerta sifafwer o
Aeaaeo i B Tehell B 37 AR AR § e qcd o WHAEH T G
1 Gferd B STaeIh T B wTeliich, eRTa Ifafshar § g den =gt
T 1 TS ek T W GIed @l €1 [od |, STt Sl o qRAgd
¥ =g oM ot gifea g T8l }1 o%qd: Sl SIe 9o el ‘SR e’
Gferd Ted €1 70 39 fawg W Fef o oIk famm e ] ikt sifufemanei
[ foh Fefetor (13.10)] ® Wi o ST 3R FieHT 1 TEamd qem =52t
) e guH-goE w9 H g9 8

(b) B9 A ¥ fiF A HT SuF-Ss &1 AH & $A9H | BUTHE ANRH

(c)

(sogmm aifa) g 21 i forel Rt siffspan & et qen =it < Y
et wferd et ¥, o7 arfafshan o ST SR =g qen Wt 1 ot fawm
S| (rest mass) THH Bl 81 W ferel Tt stfufsman & arff @K &
THehT T ol SEA-Foll STkl o AT S o AT hl Hl ALF-IsTl o
THA B e e 81 5 SeA-Seiiei i SR At stfufwar o st
B Arelt s1eran Frehe drelt STl oh ®9 H Uehe Bl {1 itk S-Sl 5oFAH
¥ e <l €, @7 €H Hed © foh fohdl et iffer o S SR o et
THAMT 1 SR S o ® W qREfdd 8 Wl @ (A1 36k fauid el el
AU o SR o &Y § gRafdd @ Wt 21)1 39 ®9 H ArasE sifafman
SHUF-SSl o A FYAROT H Th SET 2

S-Sl oh SR i 3t |, fagiad: T temEtE sfafea Aty
arfufsan o wwey 2| el Tamaten sfufman o sreeifia steren Ferer aret
Tt sifafsran o6 ST 3TR o RETU[SH qen S1veH &t et (et el
e Sist o TR 1 T KAl 1 ek TEARTR Se-Seit off ferdt wm
e 310] % el FTHA H ST ANEH (SerH-aifd) i w8, gafan
&0 freare fertel gerd © R Ferelt Tramafien arfferan & <A o1R o RATopsti qen
S o el M 1 A Sl o ®Y § Rl el ST @ A Hel pe
SHAMl o R oh ®Y § uRafdd e gEifas € S @1 el fRdt
THEte fafshan § S S &fadl o1 aRemn i e ° gerd
THM &R 1 g H % A T FH e 8| 9 w9 H A 6Ron ©
foF T T B © (S 9 T ?) fw e vomafe sifafea ¥ i
SATH-Sel 1 AT FTRO T Bl

9T

1. T Y] H T AW B 1 AHE UG gl 1 AR i e
] A B @ 10* T B et €1 WA 1 99.9% W i g
s o gHIfEd e

2. WHNET % TR W FHEM, WA FoAHM ShEAl (u) W A S 21 IR
o STER 1 TV $FAE S&E (1u), '2C % T TAV] & ZA9H o6 1/129
AT o SR Bl B
lu = 1.660563 x 102" kg
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10.

11.

12.

EIRED

ek H Tk FRIETET ot g1 @ S5 =2 ed €1 THehT SoIEH o Sl
& e ® o Wt
Torel e 1 ORHIY] W@ Z I ol o AUk e § S sl we gl Bl
SN W& A, WHIfvae AT | Ui Td =i St el @A o SER Bt
?; A=Zz+ N, 78l NIeR | foemm =i 1 wen e w2
T A Y S Toh <[RS (nuclide) 1 2 X GRI ook w3 €,
SEl X 39 TEEth gt w1 Hohd 21
UM TH9] G z, W fafe= =27 9@ Noh Jeise gaeee e
1 o rse fSieh felt SemM G& A 1 i M & GHaiRes qen o forre
feIT =2 9&n N1 9F 99F © gEgeied head T
AR qed &1 1 Afrer el o fHH0 el ©1 de 1 TH] SeHH
IHoh GHEATHEhT oh STHH 1 9T A7 Bl €1 STl R W d1eqd GHee et
T Fre ager 9 R
THF I MR AHFL ITHT T oo Fuifa ®1 S1 Tt 21 soeeH
WU FEA o SMUR TR A9 1 o1 1 1 ST Tehell 71 @ 9 T €
for TR 1 T e 5 @ o B R
R=R0A1/3,
el R, =T 1o = 1.2 fm. 7 <10 € foF e &1 o AR e 72
T R TE 107 kg/m> 1 RIS T Bl
e o S 2 T WA 37 Wl Joot AAEHE 9t g7 a9 B
TTH o 2 T W | fadg T2 wa
AT SHAUE M SHIN 394 Sfagal o ohel o9 S H HE Bl &1 AR
3 3Gk SFFl o SAUMl 1 AN FoFAH &7 hea B
AM=(Zmp+(A—Z]mn]—M
SMEHTEA &1 SATH-Foll 951 E = m ¢’ 36 ST 3@ hl el o &9
¥ T YR oI Al €
AE, =AM ¢*
Sl AE, T4 H1 qe7-Feif wead ¢l A= 30 ¥ TH A= 170 FAH
T o W W i (i S-Sl w1 7 e Rd €1 98 e 8
MeV ufd faerai 2
TRt wfranei @ et Soi qEEte gfwansti w1 gor § T 39 o
T et gt 2l
ot AR wfeRan 1 Q- A ® ¢

Q = 3ifam Tfasr et — IRFae Tifas et
SHAM-Soll W& o HRUI, HE Tohd € T

Q = (RIS SHAFT T A0 - 3TfqH SeqE 1 A c?

Aednifeeaar o8 aftereT ? fad & 7w gsifa o i, o =1 g y fehwol
IcAfSfd Yok TUARG &1 W 2, STel o-fertol diferam o ik &; p-femvol
Torar € qon y-fRol X-FRon, @ oft B8 e & faem g fafe )
Sa FW el § ST AT AT qedl § Srd e § qRardd e @ al
Foll forqer Bt 21 fordiem o wh ol e < B wel § fawfed € st @
STENY, 25U+in -1 Sb+ % Nb + 4n
e o Btk A1k THesht Teh ag) A1 ad €1 g9 wfed @9l ari ®
BIESISH ATHeh! o1 Elferad el H Herdd Sl 1 Fid 2
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1/2

wiew  fammw TR femuit

M] u AT AT AR T T
F o T S HEE | T TR
A T, °C TEY] % M
&% 1/129 90 % SR T

[T s

[T] s a8 T e feafaa T o

st w© S R

[T] Bq & feditfoea wia & tfeeaa
! A

Taemons fau=

. ATeRTE %A o1 T ATTWeh o WIgsl W R el ial €1 IRAT] SeAuH S

zH oM &1 9o &

. TR WehIUM §RI ST Wi TE A 1 A1 1 WM e U1 YRV ok

STUR T 1 T B W e o1 o T ¥ U gutene ©, i, et
WehTOTH ATk o @AYl ferawor ¥ qwifed Bl € Steifeh Uewh! 1 3R 39 Si9
3 HU A9HE 59 Y grfad g 2l

JMERTEA g SHM T Soll St FAeAd! E = mc” Y& for ST o o1% 319
TH SAYM WU TS el WAV % YU |l @1 A9@ @l e, 9
Sl GEIUT o eh Wehighd -1 1 o id €| Wehid © I8 Tom o
T © T SHRT Taverea FHIO A9k 7 Sifdeht I S | SeE e
Sl i Ageadl o oM, A S T8 39eh Wi 9id o €9 H STAR
1 SR B TE EE AT SUEN wieh, TRl AMWRIE iwmA (&9 SAeEn
SATAfF=) o Q-9 I YR TS v Sl o WS T e feRa S Rl Bl
(9 =Ifereraia) seF-Sol 9% i Yepfa T€ Sl © fop Sommerd et
HAfuferand Gue € S <1 etk Aeh| o Tordd § o1 Teh A A1k o [eAHeh
SIHM oTel &1 AR oh fodsd § <@ ST Hehdl

Yo o e gerer TfeR! # Tt URfYek St gt =feT difeh o et fava
3FeRIel 1 IR Y Hoh| FE SR § o Terad o foIu ofeg=s a9 1 SAeedshdl
Bt 1

ety (S SR S-S T T S S T SRR # R o
? W 3@ “He, '°0 M =[agel o foy Rer g €1 78 W] &1 we
& e § off el G H1 TrREE 1 SHOT HET S )

&M < o golaR-WiTSIgi U hUI-Uidehtl g7 B $7oh SoAHM THEHM 2|
Toh STET o URA T W faaia yeid & e )
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(& I T € TR ST U Selsgi Ud Uk Wiig Tk |1 3 €l -G ol
foelio (annihilation) ¥ 34 § 3R y-feRTo1 WAl o €9 H St 9&H % 21)
8. feanifaeaa ik & SRNfae %1 Tg=H 21 Feioh el H w@ifae o fag
ISl TS Wi h! WA T ST RIS 1:1 BT =feW| 9 FIfeR] o6 et
o foTT I8 19U 3:2 T F1feT (WAl o Hea T ATl Tiaehuvl o e o
FREA o fou stfues =gl o1 STaeeshal BR1T1) 37 T STl ! 7 W@
ATt ek SRRt € B T Rl | =ggiHi stern WieiHi skt stfersher B 71
ara o, (Tl el o) I ST 9 HIS SIS 10% 2 TRl €1 31 s
FHOM T Y FERIA T S € (3 T e g W oo, p, d. n
A 3 HUN o FEIG gN S S B1) | Sl weeenten fave § yereff o
el eon ® off sraeiiehd T S & ‘

T

AN o YT BA i § FAfAfEa efihe eueh fa syanh fag &
1.6x107'°C N = 6.023x10% gfd A/
9 x 10° N m?/C? k =1.381x10%2J K!

e
1/(4ne,)

1.6x10713J 1 u=931.5 MeV/c?
3.154x10” s

1 MeV
1 year

m, = 1.007825 u m_ = 1.008665 u
m(:He) = 4.002603 u m_ = 0.000548 u
13.1 EZH AfHE ('2N) H deF-3s MeV # 1 HIfST m =14.00307 u
13.2 frAfafad sfwel o MER W SFe wd 2Bi Tfweh 1 ded-3sit MeV | 7@
FY m (EFe) = 55.934939 u m (2%Bi) = 208.980388 u
13.3 % XU U fgach 1 550M 3.0 g 1 3H Hell w1 UM HIFC S 59 Far &
et =il T Wl 1 TH-3W W T 3 & foTu Trevass g e o fag
= efifre for foge qofa: SScu wEE w1 o9 @ (SSCu w1 gemH =
62.92960 u)|
13.4 U o HEHEe 197 Au To o o GHEAITR 17 Ag R AR e o S1gua
1 Gf-Tehe M A1 IS
13.5 f&dr At sifafeeat A+ b — C + d &1 QAN f=fdrad FHiehIor R FRHTd
B T,
Q=[m,+m,-m.-m]c®
el feu U gemE, T foum geq9H (rest mass) €1 U T stiwgl &
YR W ey T Freforad sfafmand soaed & =1 o)
(i) H+H —? H+/H

(i) {?C+’C -7 Ne+;He

XU T TRE] FAUE TH YR ¥
m (}H) = 2.014102 u

m (3H) = 3.016049 u

m (2C) = 12.000000 u

m (2Ne) = 19.992439 u

Rationalised 2023-24

321



% HifaeRt

322

13.6

13.7

13.8

13.9

13.10

A 6 89 $Fe e o a1 T0M sta@@l 28 Al | fa@ed W foar &1 & S
1 gfte 9 7¢ fagied G9d 82 39 Y w1 Q-HH 1d Hich ST91 deh F&d 1|
& 2 : m (¥Fe) = 55.93494 u T m (28 Al) = 27.98191 u

239py; o T o1 wgd w 20U @ fued-sed 21w faaea fage st

94 92

e 180 MeV #1 3 1 kg T 229Pu & @t way ferafed & of fohaft Mev
el faqe M2

2.0 kg STEMEH & Hor@q ¥ Tk 100 a1 &1 fagg o e < yehifem @
S Fehdl B2 HoAdd ifafran fetad off 1 wshdl @

H+3H— SHe+n+3.27 MeV

T TSI o AT HI TR o oI pelld ST HT SR A HiTw
(Hhd-helid 3TaRIY i HAE &1 OF 39 T2 o o9 oFF oIl 39 holi|
iRt S o SR Bl © S Teh-GER 1 Geh | W S W Sk ste AR
21 81 98 HH Fehd ¢ T g2 2.0 fm g9l e 9l g8 e #1)
THFT R = R A% o SER W, 13T o T9eRTa 58 1 ol o 3TeR 8
(s1erfd AR fasft 7€ 2 2) 1 7=l R, U Fadis € wd A ATk ®1 Form
e B
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W 14 12092CH14

hl O

3TTeToh ekl Toh -
ured, gferar qen
A Y

R A

14.1 gftrer

T gt T8 seeeHl w1 et e e fme s gek, Tt sl aikaed
F gAd T @ Bl €1 W 1948 H INEX &1 @Y ¥ Ued UH gt
ferenira: fata Ffererd (21 area) off, S9 fafd sEe e < soiRie; e
(wi2) q1 el e B ; e fomw i seagie—helle, wie qen fire B €; 32
A Y (HHN: 4 91 5 SISl & W) | fareht frafa ferst o sl w1 ayfd
Teh A helig gNI 1 Sl € e 38eh fafq= gelaeiel o o= dieedl ol gRefdd
Feh fald W T gl 1 Rt yere W fEn S 1 Sau-seeiel wm
(inter-electrode space) | SeieRHl o Wog o forq fafa smawas e 8, sr=en
T Seiaeia 79 Ul H a1g o Y[l U TR ST Hell @l Tehd &1 T Fferal
T Soieei cheel helle ¥ TAS &1 3R Fafed i Hehd & (31efd seieei shael T
& feon o wenfed & wehd ®) 1| 7€t wrw @ T Ul el o weReeEn ared wed
| Frafa Afermei @ it gl omer § o<t et €, sifren wifem 1 ST et
& a1 e | W S dieedl (~100 V) Y SIavashdl gl 81 $Heh e &
TR SeFshTel eTUeTehd 9 o favaaeaar ot w1 et ]1 eIk Sig-srawer
s7efareTeh geraitTal (Solid State semi-conductor electronics) @1 ‘EIE‘H‘TET RGN
1930 H 39 3M9™ 9 T o fof F© S oferwen Sief=nerh qon S9! | |
Tg HATST eidt € FoF S STa areenl S W@ den ek Yae i fen 1 fata
fohaT ST Hehdl 1 YhT9T, SOT A1 3Te STUIE dieedl i Sxieieh Tt st
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324

o Tfedr a1 He uRafda s Tehd 81 oA < A O 98 € T et
il o S STeehi 1 YT o YaTE W@ 319 & ik & e 7, Safh e
IR e arelt fafd Afermretiaredt § Tfau seeeEl S aw el 9w fRar s
ol 9o f7affod T tuan fafa | yarfed w3 S ol STHEes gl § aed
AT 31ere Atk faifaa T 1 Segeshd T Bl 81 T8 SHR | Bl e 2,
W iR 1 STENT HId! &, HH dieedl T HTH HIAl €, SThT Sier ol Bl 8 3R
Tt faveriaar o=t et 21 smefer Ffeal o af Fraffea Afererrent & fagia w
Fd I Al Hhelie R gel ((CRT) foeh Sqam Jefifasm @i qon shegex
Hired o foran San % SITerEen sﬁw (Solid State electrons) aftger o e
g fogas feea feuawt (LCD, 5a foea yset) OiHed g afawenfud &t <
W ) erefereh gl 1 eiv=iies 9 9 gugl o 9 off 9gd Ued yepfa ® g
S de et (e FehTEe PbS) o Tk fhed fS@eh W1 «1g &1 T Hueh g
ARG o, 1 ITAM fea T o Tg=e o &9 § fhar S g1 ol

frefofaa erur o &0 erfurcs Hifdewt # $9 9ol sEurmst 9 ufea
FAUT dem W A (Junction diode) (2-3aRIS! i Ffe) den fgyeta G
(Bipolar junction) T (3-3aa2rel &1 Jf) Sl $o st Jiwal ot
T | T AR T AT T A e e & v

14.2 oTqedl, STkl qT STeTTTehl Rl TR

TTehdl o TR T
forga =TeTeRdl (o) 19ren UfaRiEshdl (p = 1/0) o TTUe T o MR R 3 T8I &1
WW@WWW%:
(i) &7g : ST Wil 9gd ®H (STl elhdl gd i) el B
p~102-10°%Qm
o~10*-10°Sm™
(ii) arefermeran : Sh! UfCRIEIShal A1 Tl sl qen fogaieh ugrerf o o= =+t
Bl B
p~10°-10°Qm
0c~10°-10°Sm™
(iif) FEgaist : TR Ffalierhdl Sgd SIfush (7o STefehdl sIgd W) B ¢
p~10"-10" Qm
c~10"1-10"Sm™
TR YT p 9 6 &AM Shael FIf AH o o & 3R KT T 9w o amex
off <1 Tehd B org, forgaiedt wered qen srefurerRl o die 98 # o forw gedieshan
T Ul 7 € A Th AIIGE T2l &1 F8 T AR off €, S S-S 79 39 371
H o 937, T g S|
TG A § BAN w9 sreEern] o 31t § B Sl e UK o 81 Hehd o
(i) drfcer 37eferer® (Elemental semiconductors) - Si 3R Ge
(i) G =i - 39E €
e TFHMEMF - CdS, GaAs, CdSe, InP, 7|
o FHEfTR - TYRH, HIfEd (Doped) Seireara, =mf
° ‘OFITSH:'IEFGEEEF (Organic polymers)- TieTTarsyet, JieiufTei, Sellemim S|
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c Y e [a
SPEIGENEGEEIEEY

- 1919,

Ifear den WA gRue

STohel STt MUY STefwTeTsh Jferaal difcaeh S1e=meish Si a1 Ge IR A
FTe T SrefaTerl W & G 1 W T 1990 o 9% FHrefeh e 3R
3THTCToh SEeTeh b1 SUANT hich o TeaTeish! Jioadl 1 fasrd gan foem wfosy
% oI TEe ORI T e TR # S % W % w
fireTd ®1 30 31 § B9 oholel SAhTe(eh Siefeersh, foeiue difcsh stef=erehi Si
AT Ge o 1TTT qh &1 Hifqd ©N| difcaesh etef=merehi st faa=m o fau 7=7 5=
G SRS i FErtaa fhan e € 9 fee-a-fedt w o erferenter ifien
TeferRl W AR] BT )

TSl ST o MR W

TR TN Aied o IIER fRE fagga WAy °§ 3ueh fRdl S i el 39
TSR 1 IRYHOT hen R R I {1 wg ST WA Th-ER o e STt g
3 I O € A o ThH-W T At Fhe 8 S €1 o1 Feherer wmst ok
TR T TRl HETd AU TE-IrE o7 Sl & 3R Fel % foh Th-go &l ek
oIt &1 ook URuTHEEY R S W Teiee i G w1 Yepfd R fage T
o TSR HI M 9 At 9= 8 S R

forelt forteet o ik Y Soiae &1 TRt tfgdra feerfa gt @ aen Tt <
TSRl o =R SR o SO 1 Ued Jenel ®9 § WH @l TEl el TE SRl §
o Wedeh Tl o Soff & 9T Bid 21 3 T ot &R TS STl skt Herd afterd
BIl @l & Sl dsl k1 Fmiv i €1 o Sl wR S Garsehdr seiaeil o Sl
T A &, ASTehdl 9% (Valance band) el 81 SISl o€ o S feerd
o€ & = 98 (Conduction band) ed 2| fam ferdt stfaftea w1 o, @it
HASTehdl SR G 95 o ®d &1 9% =er o8 § feaq &R e S %
Feuan W1 Y i e B @ G 9% o gele S | e o€ | T o
Tohd &1 W =e st Red g €1 W e 78 ST Hasehdl o€ i stfaetua
(Thdl) T B d SR TAAAgEs $heh W S Gehd €1 UET Uifcrsh =eteht
H B 2l

Ife e o qe1 GASThdl o€ o " g [ () €, al Garsiehd o3
o Tt soiael aiag B € a0 WeH o § $IE g soiee Syosd Tl el I
wered o foregatiel o1 <1 ©1 g GASTRdl ST % b Solgeia STel Sl WK hieh
SRl 9 AT =T 9 o s 1 ek ! IR HL Hehd ©| q6 A TSR =
o uEE S © a0 Heehd o § o ol T 3= i 2d © Fo e seiee

S Hehd B| 3@ YhR I8 Uil HeH S W gl ael et s o ffwend

B o HIOT HTe HI A 3= Hl 2

3T, 379 BH I8 foam &Y foh N TRHIET are Si 312re1 Ge fhed o gaeor H
=1 Bl 1 Si W STy hafl, A Hefl (n = 3) TRl &, Sefeh Ge H weiad she =eft
HE (n = 4) Tl 81 TTh! aEidd He H 4 el (25 3R 2p TAHRA) B B I:
T fFd § 9@l TRl 1 Al WEA 4N g R aeam wem § eifushan
TRl T WG 8 (25 + 6p TAFIA) B B T 4N HaAlSehdl seiaHl o forg
Ut el TR 8N ®1 & 8N fafasd Sl TR a1 a1 g Wad o€ o1 Tehd € 1efe
1 f9=1 ol o U € g @, S fred o et o ste gfEt w fask
T 2

Si M Ge o Toreedt STkl | TATIST o o= w1 SR W, 39 SN &R 1 FHsil
de g Wi 32 5, {5k e S SRt E, (991 14.1) 1 9o 2 €
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_______________________________

e e

________________________________

ot 14.1 0 K W et erefemerss o oo o o1 feufaa,
I o 58 =eH o€ wed €, W aaq: fowme wemn o,
srfesh Fiare Soil eraed eidt €1 feren de 59 garserar
e e i et e
fearfa & ol o 1 98 U uig 1 fefa @ e wem S oy w9 9 9w 2 den
STl g 3TifYeh ®U § o © S1efe e sig qe et se sifders 81 5
AT Bl € o HarSTehdl o€ ¥ gl Tierdl | = oS § S ¥ehd 81 I8 fefa
faga e o g st Sem | soe Sueed %Y A 21 9 HASehdl 4%
ifyrer w9 o R efar © df soiseid 9o 5 &R 9 S=9 &R a% T $ich
foea e @ 9 a1 34 €1 T 59 YR o ugrel &1 wiaiy s steren
<Tefshdl S=d Bidl |

ERCEuCIc |

Sl F el

326

qIhH o T I WAN FISehdl serdeql |
wufa: for et e gaiewar de g 81 o W
S AN Tl W B € S% =o/ o€ Hed €,
TN I8 WA I W YU e B 2

o 14.1 ) 399 =er S 9 ey
Sl WX B E,oF &9 H 9o TSR d€ |
Seaqd el W I E, o ®9 H 00 T R
E, % ¥R @1 E, % % 5@ A %
Atk fepe agd ¥ Sl T 9T M 2

ATl o€ o I qe = o€ Wi el
o o9 o AU Bl ol dg e (3
Sl ST, E, ) Fed 21 M@ e =l
Yopfa W ARk & 21 9@ stfush, w| 3o
I B gl €1 39 fafa= feufaat & fom 14.2
o ggiten T ® a°n A= g faae w1 T @)

g I : I8 To 14.2(a) ° S@IRT T

=

TSR
ie

(i)

(a)

(b)

sfaeara
/ e o
“E (E,=0)
B
e
(ii)
| ; o
C
E Eg <3eV
& J
(0

o7 14.2 (a) wrget,
(b) fagatieht aen () erefererenl & S S & == 3@
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T SRl - IS1Y,
T qen el g

TaTI1 : 39 YOl § S fom fam 14.2(b) ® <uiten w7, 39 feufq § o
SHNAE, afwm%Ewe\mwégﬁaﬁs‘Wﬁﬂﬁéﬁmﬁ e forga
e TE T B A S A S 9 § o Sl staqel S St B &
frdll ot qrdfe IS @ SoieRHl i HAIShdal 9§ HIeH o€ i AR I Tel
fopan <1 ekl I% fargaret el w1 SSE 2l

AT III : T2 Teafd 14.2(c) it 7 21 399 u oRifd wg o o e
(E, < 3 eV) B €1 & S SR eF % FRO, FH &6 9 W, FS S0 S
Fe ¥ T Tl A SR E i S S R R T 3§ T T
3 g (TR HEm | o BRI €) e S W T Y Hehd €| 3T o7efererenl i Wik
I @tk el e Tt forgadedt weredl w1 e 2

TH S9N H T UG, eiehi g stefereieh] sh1 SATaeh afieR<ol feRan €1 3rTe
STIAF ® B STei=rcten] # <o Wishan o foma ® i@

14.3 I aref=eten

T Ge 3 Si 1 T8 TR ST o {5 STesh (Lattice) w1 57 14.3
o fe@rg T ®1 5 WS Rl ER SIS T ed 81 Yeieh W] WK 3T ehead
ARt g R eidr 81 80 S ® fh Si 3R Ge ® WR HASehdl soige B
g1 STkl freel™ A § 9% Si A1 Ge WHIY] 9 ¥R GaAIShdl oAl |
Y Teh-Th soiae &l 30 9R Fehead WHIVRT o WY TEoiirar &= &1 g9
WAl © 9 U8 Y [eheed! WA o Ueh Soige 1 TEWT i i €1 e
eI SAaH ZeT Geqdie a8 (Covalent bond) a1 Tarshar 34 (Valence
bond) FEAR €1 TH WA ST Gehel € T 1 TS soiseiA S Hefua wramet
o o em-di® T w4 wd 2, TS990 o gea 9 99 2 2
fod 14.3 ¥ fR@E T Si A Ge Hi T F1 2-foria freqo

ot 14.4 o orawes ®9 Y @@ T ®, S gednt §9 W
FAfE I < ¢ o 14.4 TF ot fomor € for o 22
& T (Wl oy gu €)1 U fefq fe 99 W #@ S 2
SH-SI9 19 9gdl €, 37 SeaeHl il 3R e Sell 9 ge
ol € T T ¥ 5w goee 22 Y e 8 Wehd ©
(g7 TR oY We W AN i B) | SHE Sl

foReea Seteh oF o TCHURT ol Tl €9 § STRAGRd
€ den o W T R @ o S 7, S| A 14.5 (a)
F e T €1 ge sereR (ST - q) SRl 9§ Freeeet

A B, 98T I YUl E (+ q) HT Th o TWHE Big @@
21 UG UFICHeR AT ATl U8 R € Tk 8l (hole)

HEA 2| et JHTel Gk a9 oIt Ueh ST9IET Gk 0
1 TE TER HLl Tl

I sreferereRi (Intrinsic semiconductor)ﬁﬂiﬁ sﬁagﬁﬁ
®1 G&A n, Tl BT @A, n, o TR F T, refd

n,=n =n (14.1)
Wnﬁﬁammwﬁ%

aﬁaﬁﬁ%a@ﬁuwm%ﬁswﬁsﬁaﬁféﬁm&wmeﬂwﬁrw%
TH o fop T 1 W T Bict © S o1 14.5 (a) o f@mn 0 21 2l &t i w1 o
14.5 (b) ¥ @@ &7 @ gfted fvan S "ehan 21 A= ol o€ SR o WEEASH 94
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ot 14.3 =, fafast a saft=m & fau

H-fordtar 2R S foreea s ey et
HA a FHA: 3.56, 5.43 3N 5.66 A B
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ot 14.4 Si T Ge Ft =T F1 -fadtg Fewacas

ey foes 1 a0 weEEst sy fo@y e

(|sft 59 99 g, B 22 99 &) | +4 9% Si A Ge &I
il hig 1 3@ HLar 2

T 2 | TF soiae R w1 1 (3) | 3% 3
S Hehdl 81 39 Wb, UHT Tk g o 9IS, Bl T
2 TR T T qA TAH 1 T T el o T g
STE &9 | 1 8 ©H 1 ¥ WIF 2 T <ell T &1
ifere foF S Setaei URY H e o o [foF 14.5 (a)
3fEu |, 9 B 1 T i g9 fomen o witwfera Tl
2 T T Ulq: TAAgES e Sola{ o
w9 | g Al © IR U foRE & o W T
TOR U (1) 31 21 TR W@ i 59wl foea
o ®el ol T TYRA 9 M T FrYT seleeHl S
Ao T BT SR gHeRT FUiH i o ferg gl
# TMfa had Th Wes SuE B feRdl arEdfas
frea ¥ fag@ &= &t ffa & woaey I8 B
Uk a9 &1 3R 1 hid €1 30 TR Tk e
u [ ot 1 SO W SO e Teleel o

0T FARIT O [ qA1 BIA ORI L T AN HYOl G 1 B -

I=I+1I,

(14.2)

T A 2F A 91 e © T =rer Seleiql 9ol el o Sca= B o He-HiY
YF:GF1S 1 YohH el & Torad selaei[ giet o WY ga:gaifed B €1 arereen o
AT AR o S B shi <X Ik GHANT i T o SR Bl ©1 30 A HANH
1 HROT TRl 1 Bl § Hog HEA B

Si 3Aat Ge
@

o 14.5 (a) TeA9 AU W ST So7 oh HRO WM 1 T S A1 A SAFH o 3= B 1 AR
e (b) FRdt giet 1 Gifad e 1fd &1 Wefierd FEuen = 9t 91 g1 o Jedarst oY (TE 2) ° T
TR RIS B WM | W Fel Sl SR S ¥ W T Bl sigdl 8

328 TH TR T | § T 2 9% B H1 SN T | S 2

e I e i s

° o ------ TN .
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¢ ioe s
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° —o R WL °
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o e T

Si 31¥el Ge

(b)
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T SRl - IS1Y,

il den Tt uRkae

o 14.6(a) ¥ TTT TIER
T=0KW&HE IS eefarers fedt 4 E
fagatell =1 wifd =Eer & 2
Tg A Sel & ® fNEe SR
I=d @9 (T > 0 K) R FS saideq
IS Bl WaAIST o8 W = S
T vged 81 T > 0 K R A Swfera
TR e S | ey w9 9
M B Y o B seifay fed
I erefererss ®1 el W @

E

9

- —

e ol

|

a1 14.6(b) # T TR BT o9 14.6 (a) T=0 K T FF 9 erefarer g s ifq =eer
21 3HH O sAF e A8 H @ 21 (b) T> 0 KW ¥R i e see-ae g g (o)
TgIT T ¥ A TR W gt ST sl ol el wed € e fed 94 (0) gt = fefyd w2

9§ U ¥ qUl UM W& § 98l
T B T

¥ T €1 31d: T WA’ W UH Soiae i aiex Fehier o fory stevash Sl
(ST 1 E,) o9 %H Ge o o, s8¢ aifersh Si o o ofR Wt afersh C
o foTT TRt 39 YR Ge 9 Si ¥ fo=[d =Ter o folw w@aa sl i 9ea el
B ® Safe C ¥ T@ T Bt 2l

14.4 YIS eRIH

forelt =1 areferereh 1 =Tetehdl $Eeh A9 W R el €, W Hel-ad W gHeR!
TR TEd FH A TN T T H, B A Al gerRit g 3 st
g Tt & 1 S Tehdl 21 31: SToh! =ethdl H YUR HTAT G Bl
e S Rl W S 1 S ek fRa S 2l

s fordt g e § i Sued oTgfs oTey Wl | S % o ufa
fafera (ppm) o fieté S 2 af STt et W w2 T 9fg e Sl #1398 YER
o URIAl I 37UFSAT S7EfaeTh (Extrinsic semiconductor) 3Tl 37?[[3 refareT
(Impurity semiconductor) Fa&d #1 aifsa 31'8\'[@ el W?ﬂﬁﬂ?‘a—? Tafya s #@57
(Doping) o1 370 wead € a4 ARG WA 9F%% (Dopants) FEa &
39 YR o Y1 i Fifed (Doped) 37efareisr sed €1 Tafhsis W&l Al ey S
o e 9eie o o ol fagd 9 # 39 haa fohed W 9gd A T
refereTeh weaTY] feafadi & & S =ifeu) 38 U wA o fon U stavass I I%
2 T srufsrs o 10 den erdferersh usef o STU[EHl T WSS RIS THM B

<Iq: TSR Si 316 Ge o WIS o U 3 YR o eTuffisik ST fh o )
@) o GASE (TN 5); S8 AR (As), TIHEA (Sb), HIEHRY (P),
() & Tae (HaERar 3); 99 gfeam (In), IRF (B), Tqfafm (Al), o)

ITTETT 14.1 C, Si T4 Ge F1 SeA® (Lattice) = FHA Bt 21 Tr off =i
C fagalelt € Sk Si @ Ge 99 €= (intrinsic semiconductor) &7
TA C, Si q Ge oh WAV o IR Sf¥d Seraed %o fgd, g qen Jqel wa
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S T T o 7 T fod= F R erafsmn g
----- o B SPeflTerehl & STael e %1 Hen
e A ﬁqﬁaﬂ‘—r%ﬁm%ﬁﬁé?ao‘%mw sfeTeTs &

P it o wTetehdl qEfad el Sl 21 Si 3196l Ge 37
e .o‘/’_.\ 5 . : ROt o =qe e (F) o T ¥ sHifan
_____ . ., W BT AT SIS 2 ayafret & e e & R st o

Pl S TR T ol % A N W AL STUEl F g adl

o ¢ . HrEUH sad gU i € foh sraftgor fre st

NONNCRCON B

' W] % HES F AN TR T Ak qe

s 78 & fon W1e o forq sueim €M el Brerern
T YT T SIS0 o U9 Teh-al
 quia: f9=1 YR o J1 ST qiet
fmfor e € fomert @l = fean mn 2

QCQ/O } (i) n-TR @7 srefencre
04——3@3@?

O® O o AT foh B9 Si o Ge (WA 4) I
Teh Jasdh (Hasehdl 5) T § STy
OO0 O wX s o7 14.7 # fe@man @0 21 S« +5
) ISRl ATell Al Si oF Teh TRAIY] i Wit
o AT T TV Il € Al 36 gorl
fort 14.7 (a) =gl TS Si 91 Ge W To@EST <@ W] T ¥ =R, fehead ar fafae= st |
(As, Sb, P, &7f%) & eTaffsor § a1 n-srd=TeT | T S €, Sieh Uieel Solee S AT
(b) N-F&R 3 el FT THROMAN TIH HTEHF Y gelcl &Y R (ST @l g1 UE shfery ® fom
fregur foad gfqeemdt I o for wig 1 had T Yiere soiee o foT sia o 9 o arel = R
Afafem g9rel YA Ay @i SO TG Seige o T TRAY] o Y9l Hig & 9N E| 5T
1y fe@mn T R IRUTREET 36 3R ol Ho i o AT

330

EYTFH A S agd HH Bl © 3N
YT el 19 T 98 STeeish o Sefeh o Herd T ohid ob Telq Jor Bl 21 S0l
o foTu, 36 Sciee ol TXAIY] © G i oh foe S ¥ ~ 0.01 eV e fafasia
o T 0.05 eV Sell =1fEy| 8ok foqdia foredl 41 erefwreres # et a9 w freh
S I oS §S § TGl o foq (S | e 0.72 eV qen faferenia
H T 1.1 eV) el aifet| 39 YR Jauarseh sTafsge foga =ed & fau &
AR elaei UM HI € IR ST 30 777 37)fs (donor impurity) F&d 7
SHgH TN N foRd =e o folu SYere T 7Y Seaed &1 H& Jad €49
T erafagor W R e 21 T e o qg R T et ghen fada Si
TGN 3q o Soiarel i 9 (A W& | Bl oh W) ¥ a9 o WY
agd %9 g5 Bl 2l
forelt stafhfsa srf=rers o et gl i hel H&A n, T3 o ARTEM a0
ST SIROT (S7AT B1) § STa=1 3ol o RV A1 Bl i FA HEA n, shed
Tl Wi 5 Seq=T eiell o HROT Bt |1 W] el o A $i R | gy ol
1 G | gig o HRO1 Bl W 81 39eh TRUTHEEY giell i G ° SR &t
SIS
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T Sl - IS1Y,
el dem WA gRue

TH TR STIHY & 3fad WX § =0 o #1 §en § gl |
T I qorl W g I ST Hehdl 1 37d: TuGASh AL o WY
arafasgor g1 W frdt 39 srfurers  soiaei aggETe ey e qel
BT STCTIeT 37EY g o WA €| TEIfI 39 WehR o S1ef=erhl &l n-
YR o eferera wed €1 fohddl n-9hR o st & fog

n,>>n,

(ii) p-T&R & 3efencian

p-IFR T SR TG ST § W Si A Ge (TGAHAS) H IO FT &0 0 g o e
et styfeal; S®- Al B, In % smafafyq &1 <t €, Seno-- --. ------- -- ------ ------
oo 14.8 # fe@mn o 21 eufises § Si A Ge 1 oUen TH WA L Lo Lo

TR A B € AR STy TE AT i 3K W Si TWA[E 9 &y
T Gehdl B, elfehe =il 3T a4 aFM o folu eTavaeh soiee Suasd
T B o RO =i S gE § Gt TEl 8l Ui 31d: e wan
e el Frereeel WA & = Wy § T Rfe steren et g @ e faw
14.8 & <9ifan T €1 FAifeh Seth TS Si WA giet oh € W TH
Sl el §, ke o ITHIY] o Wl el 1 hiE Soiei 56 R i

(14.3)

A ok T FIE R Gohel 7 FSFAH ST 3109 TIM W T & 99 Sl @ @

21 T8 g7 =oM% AU IUes Wl ¥ AW I A 9 9% § o, O« -7
Fraarst fasida TeT] TSt Si TXAI] o W2 S hi HISRN hich Q Q O

T : FUMCHS ST 81 a8, 9 39k qeft garsh s R e <

& THferT Tremer o § g p —garef o STafage W] i T Heg (b)

B o WY Ueh FOTHS A HT HIS Hel ol &, Sidr fo5 14.8(b)
¥ feren w0 21 7% T © o T 77T T (N,) U T <t €1 A
BIel <9l SId Blell o AT © Selfeh =T gelail 1 ©d sheel =l
S €1 ? 1 39 TR, UE ueie o fofu, Biel agEEash ded qeil Toedi
UGS e 2| sEifan SEde ogfs § sfafya a9 s
p-JFR o o7efaTeisr Fed &1 p-FHR o 37efarerasl | g e qiehan,
IS W TeldRl R GEA 0 W Fon, @ ST R 9T p-YhR ok
srefaTeTent o forg
n,>>n, (14.4)

M 3F AT 91 TE © 6 2ol Uk GHY FUICHS SSIEIHAl 91T WEdl

o7 14.8 (a) wqdarst Si =
Ge o woeh | st wel
7@ (In, Al, B 31f)
SUMHAT ¥ T p - FHR A

=T | (b) p - TR o UeT
T TR G B arel

T 890 S Teh gl

Afafed HoTcHeh STeYT o 91y

Jiceemdt AT ] H R wig

A ITY oG el I K@ 2

& it SffaRkerT 3av dEehl T SV 1 HIH Seiw H AT St
W &Y T HHAT & g GEE ud faedia gt g

St STacIhl H agHEAS U A18eh] i UGl o RO A9 GRS
Y AR oh ToIU agEETT aTeshi U e o i e B & 3N 36 YR
9 T g W §| Sy SarHYeh Teh YRR oh 3ifeh YN aTeehi Wi fHerd 9, i
TEEES Tesh o Sd &, AT B H AU @ H1 S Higdl 1 TH § e
F

Ao g STl i el o WL GIfad el 8 STl SrefErerhl o
ThYUT § <[l SRl o HROT SAfieR] Sl Teree (E,) 92 Urel SRl o R0l
A St st (E,) 5t 2t 81 n-TeR o Si staresi o e 9 @ | g
Sl R E,) A% 9 i 7ol E, § S A B € T 36 TR Y FI seia agd
FH o1l 1 YR eH W AeH o€ § Jo9 F S &) Fel a9 I e i1 wH]
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TR S

IR B W €, T Si ok Afd 3169 (~10'%) WA € eHiehd B 81 31a: fat
14.9(a) ® 39T ER oM o€ § Tfuehiel goere S efsal 9 € o €1 g6t
THR p-UFR o efrerhl § 7 S &R E, A o & o ¥ 9 S e €
[fes1 14.9(b) ¥f@T || 557 w7 Sl oMt 89 W ff HaSt o€ ¥ FE sOREE,
o TR W HIHA WA § 3R T WET H FOMHE AT FL 31 21 [ forheq ok
9 H &9 3 YHR H FT THd § fF qg7 FH Sl F YT G BA Sl WRE,
Y HASH oS W T Y Fehal 1 Ho1 U hid W Seiei S i AR I § waih
Biet < T 3R 3T €] T hel qrd W SATeRTY Ul IR SArEiehd 8l S €
T G o W el o9 S ¢ 36 YhN el q1q W EAST o€ § Biedl o1 o
Y@ B9 § uget srdEehl o SR o Ul Bl 81 ardg @ ° sreferern o
TRl AT Bl 1 WKl 59 YR ¥ i Sl @

nn, = n? (14.5)

Ty ST e g9y &9 § GWieehe qo IRefeud @ W Te el &1 9
et fergauifeal den srefererrl (A1 qen Srugedt) W SR i THEH o Hedw T
C, Si 91 Ge 1 HieRierharati § 3{a¥ $7ep =rer qe Gars Sef o ste el Haiel
W fuRk w1 wEA (SEHE), Si dU Ge & fAT Sl et HHI: 5.4 €V,
1.1 eV dq0.7 eV &1 Sn i 19 79 1 d & T e o1 © FA(eh 38k Jehio o
Fell S 0 eV B

E,—8=e—0=5 28 =
('{ ......................... Ep
=0.01leV
E, E,
EA
E, ¥
=0.01 - 0.05 eV
(@ T>0K
T qE S e (b) T>O0K

Tl T TR o6 9 S
o7 14.9 T> 0 KW (a) n-YR o Af=eres qel
(b) p-YhR o 3Tef=eTeh 61 Sl S|

IETEAOT 14.2 AH ofifse foret 35 Si ffed § 5 x 1028 w0 m® B ™
YeESt As 9 1 ppm Higdl W STufuiyd foman S 21 geieiql qen el s gen
uftwfea Hifee, o € fF n=1.5 x 10'° m=|
T oA AT, F8T qrdig S 1 S @ 3 g (n,~10'°m ) Tt
¥ SO TRl H1 o § oy )
o, n,=N,
Ik n n, = n?, THEAT T B He
n, = (2.25 x 10%)/(5 x10%?)

~4.5% 10°m®

33U 14.2
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T SRl - IS1Y,
Ifear den WA gRue

14.5 p-n wfy

p-n T (p-n junction) Tgd H AefrcrR I 99 TEE, TRt oNfs *1 gt
T B 3 s gl o faveiunr & fau Wiy o oraer il gHgE et
Hequl 1 376 BN € THgH 1 YA w1 T fohel @fer w1 fmfor 9 gran @ qen
TR S dieedielt (% 7779 ot Fed €) & 999 § %1 Gfy 9 R =aer
F B

14.5.1 p-n G =kt fmior

p-9FR o fafasi (p-Si) Ad=eTs &1 qdel Teford (Iw) W fo=r wifaw)
TSS9 ° TaHaSe sRf§ F 7cd A e fohslt p-Si Tefaet & @ am
1 n-Si ¥ uRafdd fmar <1 wehar 1 fopdd erefurers @1 fmion & w1 @ga-d
et €1 31 Teferent ® p-& e -85 9 p- 91 n- &5 o S T gl G 2l

feredt p-n Wiy o fmfor o @9 <t Hecget gfward eidt € — 9o (Diffusion)
T 3794TE (Drift) | 9 T8 4 8 foh ot n-YehR o aref=ieres o geieiqi o1 Sigdl
(Ut Thish TG | SelagHi k1 G&AT) Bl w1 Tigdl H1 go ° STfuh gl 21 g5
TR p-TehR o TR § Biell ol Tigdl Seidel i Sigdl ol gorl ¥ ek sidt
2l p-n Gfu & fHfor & g9, 99 p- E n- Bl & A W HiEgd geow
(Concentration gradient) & RU Id p-Heeh d n-Hel (p — n) i fo@Rd B
& AU TR n-thelh | p-hetsh (n — p) 1 AR TIERd eid €1 STae a@hi i 3
i o RO WY W U TR0 ¥R ellted Bl €|

e 1 R p W n HI AR faEfa g € df 97 A9 19wk st
n-helsh R BIS a1 8| T8 ST Tl (6 AN =R AR o WA g S g
o HROT et B €1 S-S gesin — p i @R fauld e s €, | % n-
Telsh T UAEY i (A HAIAS WE-TN &) Teh WA fassfa e ot 2

T Yh, ST hIE Biel WiKal Ga0Tl o R0 p — n 1 AR forfid eiar € al e
T e Uk ST U (FEOTcHeh STET) Big <l © S fvee e €1 S9-Si e
foafa e €, ®omHe ey (RUIcHS WE-E &F) i Tk Wd G o
p-eish R foekfad gt St &1 Gy o SHT okl W faewfad 3@ wg-=t & #
grd! &7 (Depletion region) F&d &1 78 THAT B e goiaei qe et < |y
o AR-TR SR A | T o € o THoh Yo ST oh & 1 g8 H <d ¢ (Fo
14.10) | 38 BT &5 F TS HIShHHER & T8S 91 Hi Hife
%1 it B1 WY % n-Heleh W UcHR TIE-T & el p-
Feleh T R OMCHS TIH-<T8l & B o R0l Y W S

TodRM fgR (379aE)

|

‘nse-Ayd-sorsAydiadAyy/:dny

Rl 11sb lojhi L S1pIe Kk v-d

Q
0O

[y unfud/sprjos/eseqy/npa-ns

<—— seraReiA faeror
N

T W HOTHF ST F1 IR T fogd & 3o 81 9 2 oo

TH & % HRO FfY & p-Feih H AT n-HAR FI SR = Sooe n
qq G o n-Hersh 1 Bl p-elsh i 3R Tq wl &1 39 0008

foree &1 o5 HRT ST ATEH HT W G F TTANE Fed e o >
TH YR Teh a8 ¥R S o T e o fauda g €,

yalfed B SR Y <t @ (o 14.10) | forT 14.10 p-n " T F wfEw

AR W, Toror W S=41 Bl § 99 STvee W e e gl
Y-S fawor wfswan st St @, WY o |1 WeteR] I AUkl e & fereiia
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0000
(SISl
(SISl n
0000
SIS )

(a)

Vo

—_

o7 14.11 (o) E@® = o
(V =0), (b) o fordt smag = gfya

)
0000
p 9% n
0000
7 0000

Hoeh

/

(b)

=1 fava|

|

P p

B W B 1 36 e &5 1 e § gis it @ fSreh woesy eTvere
o H o g S 1 T8 YW @ GHA O woidl @l @ S %k 16
3 Tl uRd (fareRor o qen STvere om) R § geE e el S
TH YR Tk p-n G o St 81 Srere | p-n G W HiE T2 fga
&RT &1 Bl

n-&F ¥ Sl &1 B q p-&F | Blall i Wi o &R IF
&5 1 HiY o ARN-UR T Ta9eiqt Sca=1 &1 Sal 81 56 foIvel 1 oo
TH YR il © o I e areehl o SR yare 1 ferier e @ foreh
ThoraEy HrEEE i feufa s 8 St ?1 fee 14.11 9 wfy
e § qe 39ek Tl o ot fawarae < T B n-vered A s
GT ¥ e p-ugid 3 geld S fRT B1 3 YRR p-usie o @re
n-ue e ¥ 999 n-8F ¥ p-&F #1 SR ol &1 fa
1 Uk 1 TAH HIA © 3 9 fa9a 1 A T 999 (Barrier
potential) Fed

IETEY0T 14.3 T p-n GY I o fAC 89 p-T&R o ALAH hf Th Tg1 Hl
n-R & e @ difs 9 9 FAld # p-n G 9@ S Hed 22

T el FIE off ugh, =R fehat € guaa |, AR-mHay feea siaie (~ 2 °
3 A) 9 #El R el el SR sEfiT WHEE TR W i geh (e
Haqd Hueh) Hea 7S SN Yafed &M aTel e areeh o fore Wiy ue fafesrar
FH TE FABR S|

14.6 21Ewesh SIS
s eEre (99 14.12(a)] 0 €9 | TH p-n G

S~ gy O € e fE W oufes w92 e € Afw g

s T IS TR Aleedl ST hi 5T Toh| 39 Jfod ok ] e
B | erefurern SriE #i Tdishicas &9 ° fo 14.12(b)
frefa feren o 21

TR @t fen aRuret o6 STaR forga a6t feen 9=
UferenT (Equilibrium barrier) i <31fdt 81 (Sefeh smig
smfefyter a@fd (Forward bias) 8) fawa i e@ie &
Tl I SRl sieed! V Sy sieh qieiad el S Hehdl 2|

o 14,12 () ST S90S, (0) pn S i e 3 o Rl e < e & feeif o

334

TS &1 Ydieh|

14.11(a) 92 (b) ¥ gwih T 2

14.6.1 33WfE¥eR 9@ W p-n G @IS

S forddt eref=rer Smie o 1 il o a9 ik ael dieed V3d YR STUgad i St
€ for 928 1 oM 2l p-heish § 91 B0 el n-esh § St i € [fe
14.13(a) 7 (b)] df 38 SRR TEfad Fed 2|

ST AT Sieedl U sTefEerss <Ee % B &% o o W e § ae

T % p-Thelsh A n-elE W fAYEUE 09 Bl § (ST FROT 98 § o gl
&1, I & el IS el e €, 1 Ufakiel n-hoteh 37dl p-Thoteh o FfcRiell o
qo H et i €) | SugE Seed (V) 1 fEen sfq:FHHa (built-in) fawe v
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T SRl - IS1Y,

ikl e wel gy
o foaiia eidt €1 3Eeh qRumTEEy, gl W Rl WER UE W € qel | 0 O
TRt omE 1 B St © [ 14. 13(b)]1| Sl & § guret Uy | W e—
WW(VO—V)W%I e
AfE ST dieed @ & df Aokt fava |t 7 9 shael o wH p 66 n
Bl ST, G haet o &1 379 dlesh S STaaH Soll &l W &, 5gd HH =5
T | G ! TR I o AU SevTe S U R U, 37 Y faea 5

R Yefed el AfE B0 STU dieedl | STl Ifg 3 < df Ufeept g
FHIHT TS ST qe 3fHeh T | argehi 1 9fY IR & o o STevas

Fell U B S 39 YR foEd om H gfg 8 S
3YYH dleedl oF HRUI, IR n-THold il & HI IR HL

p-heish R TEEd & (ST o Ul aEw €)1 $H YRR p-Helh & el Ve

1
2
JIS
TR AT TR Fh n-TAs W TG € (Sl F Feq9 a9 | e o

TIE § TH 1 $H TR ohl TN A8k SAd:&99 (Minority carrier
injection) %&d &1 WY T WA T & Fosh W, WY ¥ T T&@ 0T fug 14,

(b)
13 (a) 3Wfefirs s o

Wﬁwaﬁwﬁmmwﬁwﬂq@ﬁW%' p-n SRH SEIE, (b) Ve fava
wmwéﬁmp-waﬁqﬁx$mﬁﬁqﬁﬁiﬁw (1) fo et , (2) Fre S0
p-PeTh o T TR T TG S €1 T R 0w HOE S T o e ) v e

T foafd e n-%eisw & TR fR ® g € (o 14.14) 1 S Beashl W

HEY STEehi I TH TG & HRU TR ¥ elled BH ol €1 ohel e % fer

STERTF SIS U T U 2iel fadRur ¥ qen etare= fomor o SR ;0000

RO S T A B 1 AR o o e freffeer § g 2 —{ P §§§§ n }—
‘o0ed:

14.6.2 UvE<iyTeh a=d W p-n Gy SRS Ao

9 fordt erefemes S & 1 fl & 9 HE 9rn dieedr (V) 39 ;T—m §§“

TR STIIH Hd € foh ot o o AHAA Hl n-Feld & o1 H0 I

2T &I p-Her ¥ Sied € [ 14.15(a)], TSP & WaRRE  forg 14,14 swiefors ame o seao
Wﬁqa (Reverse biaS) mﬁ %l W alQ’ZE <hl ﬁw ﬁw CIEED 32|'(-[?$TC|'UT (Minority current

arefTeTe o BIE &7 o ol W g §1 Fel SygEd dieed i fwm
Ufeent fawa 1 fen & T9M Bt 1 3Heh IRomTREy Afesht &1
SHE 9 St @ U gt s 1 =g o foaga ® ufed| g % %R gfg e
STt €| geEfeiie arEee § g Al S (V) + V) € € [ 14.15(0)]1
%nepﬁ@?%ﬁ@ﬁ%%ﬁ%penﬂﬁﬁ?@?ﬁ@%ﬂﬂwm
2| 38 YR, SHIE o SRR a@e ®1 qo o 39 fefd § famo uw sty
% HH B 9 2

Gfer o faga & =t feen U g @ f afg p-wels W goeH 31edl n-Hesw
W Bl T Aglewen T Hid THA G o Fehe a1 Y, o 3= Sk SgHTTh
&5 H A fadn ST e ekl o 39 ST9Er o R fagd un I BNl 9'
YETE N S LA HIE T Bl B1 b STTed | B o1 SRVl I8 § foh 71T areeni
T T Ik STTY Hok U T F I SR TgEeE Telh i AR B ¢ STffR
TG H T9aTE O (TR pA H) off Bt ® W I8 37 areehl o SR o
(mA ), F1 g1 § T et 2l

TS YT ¥ (Reverse current) 3TIYIER dicedl T 3Tty (R &1 Bl
TCUIST STEh! 1 G o Th Herh § TR ol ash Jgd™ o fod @7 dieedn &
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P ececese n
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() 5
/ 1
Vo __-//y'
— N
(b)

o7 14.15 (o) T s@9

4 s (b) WA 9= F o

i Bl 1 R STgeR sieddl o URemd grI Eifi el et Wy 7e |
o Sl HeThl W TN @k ST Fisdl o HROl Yifd gt 7

Tyafelie 9@ | fedt wifds wafk¥e (Critical reverse) dieedn
T fagdem TReE &9 ¥ dicedt R fsR T w71 39 dieedr F 9o
gieed (Breakdown voltage, V, ) %&d 81 5@ V=V, 7@ THE W=
o/ A a9 Jfg et {1 96l 9 & 9Ed e ° oed 9y F W
Fff ar o erafuss afted= & s ?1 AfE sl um @i fRd o
g g SEd O (SR Scares g e fopen o ©) 9§ e difi
7 fohel ST @ p-n G T B ST A€ T a) ft 98 STAd 91 9 sifes
&1 WIT dl Afaaw 8 o RO SEE T & Sl €1 UGN a9 off € Fehl €,
w1 eRie ST SEfhd B & 9o S M STHd e 9§ 3t 2l

forelt T@e o V-1 Sifvenafirs (STIYgeR i T8 dieed oh Hard oh
&9 § U I fT=01) 1 31997 HA oF forw aRue @ 9 14.16 (a)
den (b) ® fe@rn T B eMEE 9§ dicedl i U IRREHS (A1 um
i) W eeR Sigl S @ e SEie W SHIga #1 T dieedl i

ferep fori uftafdd foran ST ST 21 Sieed o fafd= #H o foT & %1 71 AR
e ST ©1 VSR [ o6 o1 U W, ST Fa 14.16(c) B @ T g,
I Bl B1 sa e, sl arag 5T o faw 7w fiefiiiet w1 SuE s
g it (S fusd 9 o wueEn T o) erifer W s ® St
foudd ar § &9 910 F AT % fU T WEsiHieT %1 ST fee S 2
N,
g I (mA)
LT A
P n
frefraHex 2
o 100 —
e | fer 80
4l _
AL @ 60
40 —
@Wm 20 —|
100 80 60 40 20
1 1 1 1 1 I I I :VW)
| - g 0.2 0.4 0.6 0.8 1.0
= b o
P n
Vol 20 —
(LA) 30 —

NI\;\ | femr I(uA)
- ¥+

(b)

(c)

o

o3 14.16 &5 p-n GfY SRIE &1 (a) SURRTE =@, (b) TwaARRE 9@ ¥ V-1 stfaenafors &
336 1A o YA iy, () fFdt fafasit sare o gfaedr v-I sifiaenerforr|
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T Sl - IS1Y,

Il qon T afkaer

9 991 (14.16) H 3@ Fahd & TR smfefores oo & o9 ® ¥R 39 999 7% g
-, T 0, el € 5 9% o SEe W dieedl U fved a9 sifus
7 Bl WU 39 Afvenefrs dicedl o 918 SEE F9Y dicedl | dgd Aig-H g JfE
FH U TEE U H Wi (Fmdiet) gfg @ St ?1 ge dieedl dgel dicedr
(Threshold voltage) @1 %2-34 dicedl Hhedldl 2| T8 dieedl &1 AF Aty
e & fau ~ 0.2 diee g fafasi= @i & faw ~ 0.7 diee B

Tyl I W SEe & fau oR Sgd wH (~pA) B @ qen 9o ¥ aiteda
o Y o feer w Wt ®1 39 el §gw &R (Reverse saturation current)
Fed 81 Wy po oty yeheon ), wgd oifush qwefEfine e (s dieedl) W R
o s g @ S B S it 39 favm fen ot foee o egan 14.8 | @i
T ¥ WHROT Sy el SIS Ydld Hqw G &S o AN I Tl Ry S 2

TR < T fad=m 97 fGard ® f p-n @ 90 9 T ¥R % Y6 H had
& e o (ewffyen sEw) it s 21 sl s gfaiy s ge
¥ swffrr a@E WY w9 T €1 TH [ H ST TS (ac) Sieed o
feszantor o foru fomen 7o ®, 59 ovrel oM o wweien T @) erEl & forg B w
T 3 Hifask T 59 7o glmiy wed §, i ‘Cdicedl § @ qiEdT AV qen
farga w0 o e URed AIeh U’ o ®9 H G i 2

AV

Tq (14.6)

T Al

ITEIT 14.4 Fdt fafas= e/ie &1 VoI sifvenafies o5 14.17 § <911 7201 2
SIS &1 G (a) I, = 15 mA 9 (b) V,, = -10 V R qResfea Hifs

I (mA)
30

10 -crveeenny

0 0.5 0.70.8V
- = - 1pA 8%

o3 14.17

TA SIS ATTIOF 1 I= 10 mA ¥ [ = 20 mA & < Tl 1@l 1 Sitd A
T S qa g @ Tordl 7, ¥ 9 o e 1 UeH i gU WRRiY 1 g
L GHd B
(@) 9% W I=20mA, V=0.8V;I=10mA, V=0.7 VR

ry, = AV/AI= 0.1V/10 mA = 10 Q
(b) IF G V=-10V,[=-1pA "

Ad:

r,=10V/1pA= 1.0 x 10" Q
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14.7 wfy e o feewil & ®0 U sHyaT

ot wfer s & V-1 ifirenefors & eq =8 <@d € o o8 shaat a4t faga «m
Yelfed € a1 € W 9 ik St e 81 o A fhe gEe o i W
IS YA Aleedl STII i ST Al = o shael SH 9T § 99l | & yanfed
B ST e sufkfre arafdd B1 @i % 39 0
SUFIT eATed! Steed T eI w3 § R s @
Al 39 w1 o fow 5 afger &1 s w3 €S9
feert wed Bl
It AT o fal W &g JoEd! (ac) ieedl AvihH
o Haifsa e gfady R, & |19 ST 1 ¢ d Al
o T W Fad ac Fo@ o 39 oef=s o o s@e
smufefores smfad €, Tk TeHH dieed! SR enfll 5
TehR 1 forpa 9Ruer fo 14.18 o forpa 9wy o <oikn
T TS oref-are feeeehit uRuy wed B AT i
[/, fadae sech ofiqa A 991 B R afSd ac dieed #

R % WRd: deed A T deEd

N\ ,
\/ \/t Y HIA B TE A R dieed dHE B § A SEe

ST TEfed i © qen 98 foRy &R o1 =ieH S 2l

‘ ﬁfﬁw:‘ S A W sieedl HOTEE €/ ¢ Al Sre weE e

> 9" § TEE %1 HgW WY G T0d g ¢ ael =9

®) AR @ o T =1 91 ST Tl 81 (A &1

T 14.18 (a) s feesdl ufivg, (b) feesr TG 999 dicedl w1 99 TR H f5daes Fedt |
uftger & f8et ac @ir fifq deeqr & ER ac dicedt &1 ga T § ST Al AT A6 Ik
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T B

TS g WsH § Fa © wonl)

THfAT ac dieedl o ¥cHR HEEF H @ie Jfale R,

Y foga om varfed gt 3R g6 fost 14.18(b) ® <wiiT R frfa dicedr wra gl
TR OIS 3TE=eh | foRd o W T8l 8| 3Tl oTcHeh 31d=ieh o gd e ffa
dicedl I BrT 39 WehR, frifa dieear @afy eeft off afed i © =g e Shee T
& fon o gfqafid gH & FR0 [fesrt wear 21 dfF g5 ac T % had Th
& srefues o Frfd Sicedt W &1 W R, o1a: 39 uRuet wi o7ef- Ry et FEd
o7 14.19(a) ¥ <WT T 9R9Y § T SAEl &1 ITAN Hich Th T qRae
e w1 T € fE8 ac U & TR TH UM <Al €1 et o qeqed
faweshd ffa diced W et €1 sEhfere 8 wfuer st gof @7 faes it Fed ©1 38
Tl SEEl & n-ThoTehl 1 Tk 1Y HARSd # <d € qen fefd 6 emEEl &% |
IS fag qun TEHER *1 fgdias Secl o wed fag o = ww R S 2
s foedl ol 9@ fewesrd o fau Tiawi & fgdes geclt o A7e H Th
iRt fa1g (Tapping point) Y& feran ST € SR SEifeIT 56 JHwIR il 767
freehTeT 2TAHER (centre-tap transformer) %gd &1 S foh o1 14.19(c) © &=
2 fF 7% e SN fiedd dieedl ol fgdias Secll O W dieed Hi Shad
et & B1 IAF SIS hael 3T ek kT A A §, Wy I SAS FeAEd
=Iohi o1 TE2ehtol #Xd €| 30 YR SHEE! o SuA(TS farg aen wea fepredl Trawni
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o 3791 TRt fog o o= g Ffa areean qof @@
el dicedr et ?1 (A fSw fem gof @
st & fou w& o= afty o g & fawes fau
Ty frepTet ZIAHTR FT Tavashdl &l g W S9
TR e =1fen) | A oifere fhet eor qen freprt
o A W T dieedl S 1 98 o € T 39 A
T el 3T BH o HRUI B W dieedl F0McHS Bt
2 S fop o1 14.19(b) & <wifan 7o 21 o16: S
D, smifafers aroe gt o = e 8 (Safw
D, YHfIh aP B o RO FeH 7@l L) |
37d: TH ¥ T § g o 14.19(c) H 9T
HIER T frfd om0 (e dre gfaly R, o o @
fopifa dicear) e Bidt €1 56 TehR fohelt ot &l W,
& A W dieed ROTHS 81 Sdl € q6 B W sieddl
BT BT | HFAT SME D, e 8l i, wifer
TEiT D, =M H ¢ 3W YHR A ac %
Solcaes 37 =k § off fofd e (qen R, W i
dieedr) faerd 81 36 YR, B4 oA q91 SRUcHS
T & ool =k H (erefd, g vl H, Yol /T ok
g o) fia dieedr fuerd €1 wreqan, fae dieed
I U W A o fau I8 ot W fewar 9
atfues <a1 aftuy 2|

39 YR U fTeshd dieed 3¢ samasha (Half
sinusoid) i &1 Bl 81 T@fd 78 Thien sl
2 Wq SHRT 0 TR e gl weeH dieedr ¥ de
ffe et et o fore el =fifeet o foi | (R,
e H) HERIE: S Uie SaAfad Y 29 Bl gE
w1 T HE o fAu e ufwiy R, o S | B
Tk ot Gafsa ffan 1 gehar 21 5 3 sifafed ac
3fHH137 I A [FeetT Hh Y§ dc dleedl Y&H
FA Tdid BId 7, 37 32 fhoet Fad B

319 gH fheed o wurfa &t qfiest & foe=m

T SRl - IS1Y,

Ifear den WA gRue
ey fashrEt
ro-mms 1 T 1 (D)
TEmaaatl
' Ay
e { =ME 2 D) %RL forta
= Yy

AT T &Y
A

E ! ! i
f /N /N,
z i (ii)\/ \
()
EE D, D, D, D,
Eﬁ * I E &
X : | i i

>t

(c)

o7 14.19 (a) o T ket aRuy; (b) A W

TME D, % X B | eAE D, &

fRu T o1 o @ ®9; (¢) ol W@

feweetdt ufigy o §ig T g R, W
fid aieedl 1 aUTEY|

F1| I o o fodl W dieear & 9fg &1 @ 2l € @ 9 afya 7 5 21 A
Rl H g 9 die el ® @ T e frla w1 R seed 9 ey @
21 A gigy o S o € @ I8 @ie 4 B faEfsid B o dl © ae S6eh TERi
W oieedl ®H B ol 1 e ffd o emel ot e o @e fRe et farer
Sieed e A Bl @ (Fas 14.20) 1 9 & f9 W dicedt § &+ 29 &1 <€
eI 1 il C den iy § ol gl iidde R, o6 Wiaud UAwe e
FeAl% Hed ©, W MR FTa1 1 Hrelieh 1 7 ATk e o fou C w1 °4F 3tfues
B =ifen) o1 e frewr fheedl &1 ST & W i 7 gicear faeda
dieedl o f31eR 7 o e et 21 fagd el § =mae w9 § 3 YR & fheet

IFEN T S 7
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A
ac —C R, dc &
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32

(a)

(b)

o7 14.20 (a) TuIRE fheet o W ol 901 fKewl, (b) # Kt &1 o den friq aicedn

w

4.
5

6.

10.
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ATt
AefTCT SAAM S TN st solaeit gfEl; SU- eEe, iy,
Tehidhd TRUe scfs o g ge gaief )

3TerTel eell shi STTeteh WL Te URATY] STl Gifve sedt € o fean o fag
R1ef foRauret, wTg steren ST shml

Tl 1 feRiehdl 9gd F9 (102 W 105 Qm) 7, fagerieh el 1 wfirieehar
aga A (>10° QmY) €, Seifeh s1efereri i UiRivhdl erget iR foepaued
welf o HeA el @

sTeETeE e (Si, Ge) T & WY AR (GaAs, CdS @) Bl

s e AN e’ Feed ©1 ST el (TAEEA S BIel) i
ket aarel 1 S’ o1 @ SR A FH SHeH o qRUTHEEY 9w B 1 A
STefaTeTehl | geleil i WA (n) BICl %1 W@ n, TAM Bl 8| B STavah
®Y Y g GO g goeeE Rt #)

S STHTCTR] H UG STIReA oh  STAHS0’ § STawl dehl o1 §e&A1 qRafdd i
ST et 71 TY S1Terhl 1 STUs Stefeeid wed €1 3 T IER (n- FRR SR
p- THR) o B 2

n- ¥R o HdEd d n >> n S p- YRR o S Hon >> n
= 2

n- YR o s § Si 12l Ge w1 GuES WA (I@1) S¥ As, Sb, P
TS o QY A0 © e feman STl 8, STeifeh p- YohR o1 refimerss Si 3tera
Ge I @t waEm (Ul S9 B, Al In 3 o erafqsor 9 wrw feman
ST 1

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

ered o < fa= Sl dT (WSl a3 e d%) g §, N saee
@A ©| GOSNl 9 1 B A6 o€ F1 B9 T ST HH ¢l GASHA ST
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11.

12.

13.

14.

1.

14.1

T Sl - IS1Y,

el dem WA gRue

¥ goft ool @R quf ® Sfes =rem S quidan fea stean snforss 9 9 gfikd @
Tohd | fRdl I o =Ter dT ¥ ToieeE T A o fau g @h ® i
TRl o foTT STRETT i 21 STethdl 1 EH Hasehar o (E) o ¥ $iR
e ST (E) o dc o e Foll -3 qu'{ﬁr‘ﬁ'{ Tl 2| GASTRA 9 9
TAFH SOAT, YehT e foed il gR1 Ao o€ § SAfea fRu s g €,
St ereferee § yarfed o) H uftedd S w2

fogd-Teft 2 E,> 3 eV, a1 2 E, = 0.2 eV ¥ 3 eV, Selfeh wge o fe
E =0 ?
g

p-n T Feft srefererd gfeaal 1 g 71 S TH G et | o solaei steren
Biel Wed Tl 3 hig i Toh ‘g &R’ o w1 @ S |y fawa qJues’ 2
STEE R

e SAIIIHI dleedl i qRafdd hich Wiy fava Tues ot aRafdd fwan ST aehd
2?1 Sl a5 (n- B S0 & HoMwH fR W IR p- Weldk 92 o oHITw
R § Heg ®) | Uferent =4 & W 2, S wy=ieien 9o o ghg e w2
a7d: ferdll p-n G SHITe § UKk @™ R 1 7 AU (mA H) B ©
Selfeh TTHEIYTeR STEE €N 1 A 9gd %A (WA H) B

TS & oA (ac) Alcedl o fTeehivl (Tmed ¥Rl i T faen § gfaafa
) B T | A1 S Gehal &1 He fere SUgE fhoek o AR o R o)
dc dieed 9t 1 S Fehdl 2

faemuita fawa

sTe W Sl 9 (E, @@ E,) feegfarentra €, fowe a2 6 9 3 o
fopeft fafyre worm o fror 7t 21 it gwy wiea €| 5/ oy U fost 2w 2 o
E,_ &1¥E E, T @ @i T € 6 3 HAR1: FIe 48 et W % qer W S
ARl o€ ol &R % VY W o =T

dlfcareh arel=ehl (Si E1 Ge) § 3R p- refarcshi § rafqgei %1 30 & &9
o i ohteh 91w i © | AT steETernl § wiel WEHish g s o
e ateiETerh o YehR W off TRede T Hehal €1 SN, ey GaAs ¥ Ga
3R As o1 31U 1: 1 8, Wg GaAs H Ga-TeR dTell 3126 As-F=R oTell A
Ga, , As,, 3191 Ga, , As, , & Thal 8| HH=q: < H1 Sufefq stefarest &
il A1 A R B R e 2

T

fFE n- THR % fafaer § fefafad § 9 ®H-91 T6HeT 99 272
() TR TEUEH aEd © IR et W] s B
(b) TR IFICTEEIH dEd § IR TEEAST WA UL €
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14.2

14.3

14.4

14.5

14.6

(©) T (fger) sIcqdEr® aed 7 IR Tagast wHv] sTuffss ¢

(d) B (foer) Sguers ars © i et wam) s T

v 14.1 ¥ KU M Heml § 9 -9 p-ThR o A= o oy e 22
e, fafasi oiR SHfem, To% § 91 Sae sode &1 SR e e
oE el g YR HaAShdl S = oS gr € T §, S hH: (E)e (E)g,
T (E),, F TR & frafafed § & HH-9 wFem a1 82

(@) (E)g < (E)g. <(E)e

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

© (). > E)g> (E)e.

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

for S99 p-n &4 9, € p- &9 § n- & 1 IR fowfa ¥7 2, it

(a) n- &% ¥ o ol S ST H &

(b) 3 faseriar o RO |y % IR T w2

(c) p- &5 W Se-Hgdl, n- & H TR Figar 9 3t 2

(d) ST @i

S p-n G W IR 9EE ygE fRal S ®, 99 9

(a) Ta9e Jues sem 2

(b) SEUEAH GEH HR HI YA HL I B
(c) fava Jus & &9 & 3@ 2
(d) ST ¥ 9 &iE T&1

aref-alt feseentor ®, A% frern emgfe 50 Hz © o i srgfa a0 82 wam faw
gt &g qof @@ et *1 fofa gt == 22
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Ry A3
T HE@YUl Fadich
R R
frafa o e &1 = ¢ 2.9979% 10°ms’!
T T ST e 1.602x10"°C
Teea fHadis G 6.673x 10" Nm?kg?
SR ERGIED h 6.626x10%7s
s fradie k 1.381x 103]K!
SIS He N, 6.022x 10 mol!
et | s R 8.314Jmol' K"
AR 1 S| m, 9.110x103'kg
2 T FATH m, 1.675x107kg
I h1 FHHH m, 1.673x107kg
TAFA-3TETT F FHM S e/m 1.759% 10! C/kg
ETERERTIED F 9.648x 10*C/mol
Reant fadie R 1.097x10"m"!
EIGEES a, 5.292x10"'m
RHH-dleesq i o 5.670x 10 W m2K+
EIEREREIET b 2.898x10°mK
eI SR T TR 5, 8.854x 1012 C>N''m
1/Ane, 8.987x 10°Nm2C>
T 31T i Jeehgiterdl 1, 4% 107 TmA"
=1.257x 10°WbA'm’!
I SuArh e
| Ytk -1
S T A Jelieh J 4.186] cal!
Tk SRS e 1atm 1.013x10°Pa
= I 0K —273.15°C
TR dlee lev 1.602x 1077
AU FHAM T lu 1.661x10kg
Solae form et mc 0.511MeV
lu o1 Fsll qedieh uc 931.5MeV
eyl T 1 S (0°C qen \ 22.4Lmol"
1atm)
e @RI g 9.78049ms>
(¥Hg 7, fogea g W)
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I
]
T oF 3T

.
T 9

9.1 v=-54cm |YffsE ardfae, Ie qe AETEd 71 gfdfed &1 92 5.0 cm ¢
SE U f, v oo; u< f ok fou gfafea smurdt s

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

9.3 1.33;1.7cm

9.4 n,=151;n, =132;n =1.144; 84 sin r=0.6181 %id r ~ 38° A<
I 2|

9.5 r=0.8xtan i @M sini, =1/1.33 = 0.75, & r T4 9 g &1 o= e
& AU AT SHATSS o T wifaw w0 R) @96 = 2.6 m?

9.6 n= 1.53dW 5 ° 5w & faup, = 10°

9.7 R=22cm

9.8 el o enurd den wfafsa arfaes &1 u=+12 cm (5 Tfedt iR 2; smardh)
(a) f= +20 cm | Wfdfse ar&fas® € qo1 &9 ¥ 7.5 cm W A AR 21
(b) f=-16 cm | fdfee ardfas € qo1 " ¥ 48 cm [ AT 3R T

9.9 0v=8.4cm |Yfafea e qen M} F% TS H BT 7, eI = 1.8 cm | S
U—>oo, 0 f (AT f W 3 & a1 S&feh m— 0) |
1 ST, W7 o] SFedel o (f=21 cm) o HIhH T @l Bl €, q6 SEeh! Hieifers
o9 ¥ 10.5 cm R TN 7 (T R T T 1 R Tert  FIE Wi Gehar €)1

9.10 60 cm HHE T FH FTER @

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 wfdfad a1 o fau A6 &1 Hioia sar
NP I=?—?cm=2.27 cm ; y =7.2 em

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) FUIT 3@ = 1500
(b) Hfafed &1 &9 = 13.7 cm

aifed afomd 1 S o forg YT o FHIeoT a0 U1 i HET T TAN Shifsy)
(a) f<O (37aad g9u); u< 0 (foa arE W)

(b) f>0%F faw; u<o0

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

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

9 5.0 cm SR 33T g Wld e {1 TE TR gww TR0 oM@ gn <@
ST Gl & R S wiE o ek &1 feafa w fasR T s (S g
Fol o fo)|

(a) sin i’ = 1.44/1.68 fS&® i’, = 59° W= =@ 2| oI SAARH T
i>59° 1 S r < r__=31° WM gl 3, (sini _/sinr )=1.68
@ i~ 60° 9w Bl €1 TW YHR WU o GRS 0 < i < 60°

I |l Sufaa feRwon w1 ey § oyl ofafeR Were = (AR Wy @t
oot ufifd 2, St 5 9eRr @ et ®, 99 ( W fre o oy & o
ol ITR! deg oF UM g i@ R
(b) AfE FE a1 TeRW F& T, i’ = sin'(1/1.68) = 36.5°| I, i =
90° & fam r = 36.5° o i’ = 53.5° &, S i’ ¥ fuF T TW THR
[afeR o @t ammufaa faeol (53.5° < i < 90°)] Ui aifafer WEfad i
TR el %] o o9 (e € s oh foe, o wietr 39 feufd # uden ven fag
Aok gl YSM el HLdt, S £ 0F s/4 9 S e @
3d: f  =0.75m

max

21.4 cm

(a) (i) WM AT fF A TR JHE-GS 918 3R ¥ 98d 39d od T 3Tafad
HUSIIE|
f,=380cm, u, =—oco¥ YK T T v, =+ 30 cm| Jg Ffafsa T o
o forq enarelt fae o= S 2

f,=-20cm, u, =+ (30 -8) cm = + 22 cm, f5HE vy, = - 220 cm
T FIaT €1 HHIR afad fRo-gs <1 o |t o e % %R 9 216 cm
R fordt foig @ ero@iia grar wedfid g 2
(ii) A ST fF I TR TR1-G9 96 IR § 98 e oF T Tafad
%ﬁT%I‘dﬁfl=—ZOcm, u1=—oo@l1;|T‘?'I'€l?ﬂ% v, = - 20 cm| T8 Hidfed
TR A % ferq arafo fae o S 21 f, = + 30 em, u, =— (20 + 8) cm
=-28 cm, ¥ v, =-420 cm W B &1 FHIG THE-S 3 A&
T3 o Aeg fog &1 9% e ¥ 416 cm X Teom fog @ ofwaf@ =
wefta glal 21
e ¢ fop ST 30 R R e @ 6 of o o forg oIk guiat g4 emafad
21 ]I G1Y &1, BAR UG $IE Ut WA o qHIH T8 @ S qeft u (A v) F
Al % f7g, (7T @ fAfeaa fradie & 9al 5 a9 811 (fer & feris f, aor
f, @ < S o ot gk g8 R (e gid &) T Biehw g8 i e,
TqfeTy 39 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 oh HRUT L w1 U@ = 120/40 = 3
u, =+ (120 - 8) cm = + 112 cm (T 9w

112x20
cm U BT 2

f2=—200mﬁ v, =—

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

a1 A2 9RETT = 3 x (20/92) = 0.652
fafad 1 W9 = 0.652 X 1.5 cm = 0.98 cm
afz oo o sT9afda foeor g etk R shifas HI01 i W Ufaq e ¢ df, gee
Foh W HAITHH HI - TE (60° - i) B R
39 i =sin" (1/1.524) = 41°
d: r=19° 9 sin i = 0.4962, d2M i = sin™' 0.4965 ~ 30°|

1 1 1
_+_=_,3T —

(a) v 9 1o o9id v =- 90 cm
a1 9RAET = 90/9 = 10
T gfdafde o Y o o1 &9%a = 10 X 10 X 1 mm? = 100 mm? =

1 cm?

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

(c) T&F, frdt oig R smae den fhdt TeRIfTer o 1 iU ae [ s1eran
s erman] < faet erfumond €1 i e a5 o wiviE T (S
o wfdfers o amafefa 8 W gfafae o sHiofta West o sek 8 21) 921 359
fearfq & o o I WES (Sefh 39 e f6g 25 cm W W@ S ), 6
ST Bl B1 39 YR, e 1 URAI | (v/w)| BT © 9 e
(25/ lul) it 1 sheret e 1 gfafed e fig | vl =25 cm W @
ehael et <A TR g9 e B

(a) wfdfsea o ke g (25 cm) W 74 W siferhan e emar wr gt 21
3d:
u=-7.14 cm

(b) @ 1 gf®mmor = (25/1ul) = 3.5

(c) 3TE¥H &m™al = 3.5
B, e amar (SE gfafes 25 cm W ST §) STaEH o R o 99
Bt 71

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 wfdfea T fehe o5 (25 cm) @ ot 99 9@ @ de 38 A o A/
3@ Hehdl
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9.25 (a) I gfafsa 1 FRder st o5 & e 4 o<1 off €, @1 oft wfafea &1 Foi=
gl 9% o I TET oh GHM B ¢ HE AEHE 99 eAd 3 w9 o
TEAl Y1 € ;A A ofg T ® df o9 25 cm @ % g0 W T
ST Gehell; SR G B W EH o kI STUETHd Sgd ke W Hehd €1 9%
fiehe 31 o SHHT FIUIT e 25 cm T I HT gol § el aifuh g 2
TAR UG e T 1 Sqee w1 T e B

(b) &, e IS 7 Bl €, i 45 W ARG i &F W AR w01 ¥ e
B g 71 AfE yfafda 9gd WA o I8 99 T g €1 [Fe ;S|
I oW W TUE @A €, @ JUH 9% g T W ARG w07 e 36k gfafsa
BRI 79 W aRd &ivT 99 6l B[]

(c) o, Td B Bk T o ol 1 forerd o e €1 v eifure weargol
a1 ? foF A 9 wid T %1 FW@ § @ 79 faer (e qen avf) T
ST 21 o7 SER H, M9 fendlt Tt SO g ¥ 3 a1 31fersh shi el e
T 9 Y gehd €1 qenfy, et famer Geifua of| gonelt & swEn 9@ 59
1 1 10 T 3Heh Hi=The ek § g1 Fohd B

(d) TRt Afe &1 wiE A (25/1) + 11 (f, cm ®) #ar € 5w 79

v, 1

lu l (luyl/f,)-1
I BT & S Sk B AR (u |, f, @ o afed € ganeet & g
31fa e &1 oega 1 @ o foTe foven ST 81 97 1y | FH E E SR
TEIER f, +H
(e) Rt o sifrgeae o gfdfsa i ‘Frie gRe’ Fed €1 o%g § o1 areft @sft
forol sifugeass @ e19adq o v ffe gRe @ et €1 or: TR A g
@ & T e T oret feorfa €1 af 5w o1 o B AR & Sgd & fee
T@ Tt ARt S5 STfee TeRTeT T SATURIET TR R ATe e gfe-aF ot =
ST A &H A9 73 S FHH-gRe W @ a0 TAR 45 & qacit Fl &k
-5 o &o%a ¥ Ifus a1 99 8 @ gAR 97 Ifhgyas 9 Auafid
[eft forton 1 A & | FHH-gRe &1 Wi WM |M=a: sTfagede
TS AR & SR R R war @1 9 70 TR gaueeft 9, sk Tk fm
T YA A kI TR 3@ § Al A T AR o v et gt 7 o feaeA
¥ ofafifed &t 2
9.26 M oiifry for geusefl wmr swan § € srefq gfafds 25 cm W 21 A @@
IV STEEA

£, W W gfs Bl 71 qH: fogwash w1 e

348 5u, u, 125
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3T

fed u, =-1.5cm.; v,=7.5cm; lu | =(25/6) cm = 4.17 cm WS Bl B
Ifgeaeh Td AT o o= g8 (7.5 + 4.17) cm = 11.67 cm BT A1f6T| STdfara
SMEYT I 3 oh fau o%q i 2Afgeas § 1.5 cm X @ B

9.27 (a) m=(f,/f) =28
(b) m=£{l+£]=33.6
£ 25
9.28 (a) f,+f =145cm
(b) HHMR g Al 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‘;|TGI€ﬁ'dT%|
(c) ARt =1 emadH = 6 3ifqw wfafss 1 $=E = 28 cm
9.29 92 TUY (TEAA) R M1 T fafad B YT (IqA) o forw et foa =1
T LAl 1 ed W @ foe | e areft Tl Rl 92 <99 €110 mm R
iR Td BT | BIE YU o faw e fod &t 8 = (110 -20) = 90 mm TR B
T T BIRE T 70 mm 71 U0 G KT ST FH R 79 3@ fw wfafe s
TG0 ¥ 315 mm [ @
9.30 WEda Tl <du & Ul Hor | [ wiv W faefd ekt € e d/1.5 =
tan 7°; d = 18.4 cm
9.31 n=1.33
I 10
10.1 (a) TEfGd Wbt : (S, S, =l Sfad b & qHE §)
A =589 nm, v=>5.09 x 10" Hz, ¢ = 3.00 x 10° m s™
(b) eTUafdd YehTel : (3T, dfad gfa o TAE @)
v=>5.09 x 10"*Hz
v=(c/N=226%10°m s’ 1= (v/v) = 444 nm
10.2 (a) T
(b) HHaA
(c) THAE (WS el ! T8 &1 Tk B &5 e FHAeAd il §)
10.3 (a) 2.0 x 10°m s™
(b) &f, Fiifer sTqerd=ieh 3R THfTT Hiegm § YTl 1 o1l quTesd X et et
2 [S@ HE farme qaresd @ gt 1 @1 9 Ko @ w @ g9 RKu T
STIad T T Tiel TehTT o foT of Tehd ©]1 378 BH S ¢ foh ST TR
=1 foreert i & foom o ama wehm @ sifue i 21 stfd n, > n gEf,
Yad YeRTYT 1 ST TaFe, ol age 9 i ufg | v e 7
1.2x10%x0.28x10°°
10.4 /= 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
A 11
11.1 (a) 7.24 x 10'®*Hz (b) 0.041 nm
11.2 (a) 0.34eV=0.54x10""J (b) 0.34V (c) 344 km/s
11.3 1.5eV=24x10"°J
11.4 (a) 3.14 x 10'°J, 1.05 x 102" kg m/s (b) 3 x 10'° we/s
(c) 0.63 m/s
11.5 6.59x 10 Js
11.6 2.0V
11.7 &I, Fifw v < v,
11.8 4.73 x 10" Hz
11.9 2.16 eV =23.46x 10'°J
11.10 (a) 1.7 x 10 m (b) 1.1 x 10 m (¢) 3.0 x 10*m
11.11 A= h/p = h/(hv/d = c/v
AT 12
12.1 (a) 9 fo= ==f
(b) AT Hisd, TIHE Hied
(c) wIHIE Ared
(d) <TAE Hied, EIHE Ared
(e) =Ml Hiew

12.2

12.3
12.4
12,5
12.6

12.7
12.8

12.9

TIESISH I 1 A T T THHRT S 1.67 X 1027kg 7, S smafad
TehT U1 1 FAHH 6.64 X 10727 kg T1 ik FH1ol 2 o1l 01 1 5o
w8 AR (W) W sty ® safee woael Eeg W ol et arad el
AWM 78 U@ & @ S8 foF g Bear, faxmmewen § 2w 1 i 9 T ™
YR YRIUH o FHI0T TR Tl

5.6 % 104 Hz

13.6eV;-27.2eV

9.7x10%m; 3.1 x 101°Hz

(@) 2.18x10%°m/s; 1.09 x 10°m/s; 7.27 X 10°m/s

(b) 1.52%x107165;1.22x107155;4.11 x 10155

2.12x10710m; 4.77 x 1071%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 () Q=-4.03 MeV; SEARIE
(ii) Q@ =4.62 MeV; SRS
13.6 Q= m(3Fe)-2m(}5Al)= 26.90 MeV: THE
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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N

79 gk | o fawei ol wftafer foran wn €, < fawal & sifaftd steqem & forq ey freafafea gt § 94wk @1 sifues
T el WR| e 3 YRl 6 W 9 Svd W Al § R I U9 ore faug fRu u R S ew gwe d e

=W N -

o o

Ordinary Level Physics, A.F. Abbott, Arnold-Heinemann (1984).
Advanced Level Physics, M. Nelkon and P. Parker, 6" Edition Arnold-Heinemann (1987).
Advanced Physics, Tom Duncan, John Murray (2000).

Fundamentals of Physics, David Halliday, Robert Resnick and Jearl Walker, 7th Edition
John Wiley (2004).

University Physics, H.D. Young, M.W. Zemansky and F.W. Sears, Narosa Pub. House (1982).

Problems in Elementary Physics, B. Bukhovtsa, V. Krivchenkov, G. Myakishev and
V. Shalnov, Mir Publishers, (1971).

Lectures on Physics (3 volumes), R.P. Feynman, Addision — Wesley (1965).
Berkeley Physics Course (5 volumes) McGraw Hill (1965).
a. Vol. 1 — Mechanics: (Kittel, Knight and Ruderman)

b. Vol. 2 - Electricity and Magnetism (E.M. Purcell)

c. Vol. 3 - Waves and Oscillations (Frank S. Craw-ford)

d. Vol. 4 - Quantum Physics (Wichmann)

e. Vol. 5 — Statistical Physics (F. Reif)

Fundamental University Physics, M. Alonso and E. J. Finn, Addison — Wesley (1967).

College Physics, R.L. Weber, K.V. Manning, M.W. White and G.A. Weygand, Tata McGraw
Hill (1977).

Physics: Foundations and Frontiers, G. Gamow and J.M. Cleveland, Tata McGraw Hill
(1978).

Physics for the Inquiring Mind, E.M. Rogers, Princeton University Press (1960).
PSSC Physics Course, DC Heath and Co. (1965) Indian Edition, NCERT (1967).
Physics Advanced Level, Jim Breithampt, Stanley Thornes Publishers (2000).
Physics, Patrick Fullick, Heinemann (2000).

Conceptual Physics, Paul G. Hewitt, Addision-Wesley (1998).
College Physics, Raymond A. Serway and Jerry S. Faughn, Harcourt Brace and Co. (1999).
University Physics, Harris Benson, John Wiley (1996).
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19
20
21
22
23
24
25
26
27

28

e
University Physics, William P. Crummet and Arthur B. Western, Wm.C. Brown (1994).
General Physics, Morton M. Sternheim and Joseph W. Kane, John Wiley (1988).
Physics, Hans C. Ohanian, W.W. Norton (1989).
Advanced Physics, Keith Gibbs, Cambridge University Press(1996).
Understanding Basic Mechanics, F. Reif, John Wiley (1995).
College Physics, Jerry D. Wilson and Anthony J. Buffa, Prentice-Hall (1997).
Senior Physics, Part - I, I.LK. Kikoin and A.K. Kikoin, Mir Publishers (1987).
Senior Physics, Part - II, B. Bekhovtsev, Mir Publishers (1988).

Understanding Physics, K. Cummings, Patrick J. Cooney, Priscilla W. Laws and Edward
F. Redish, John Wiley (2005).

Essentials of Physics, John D. Cutnell and Kenneth W. Johnson, John Wiley (2005).

R qEch

fore™ o TR qen HARSsh | 21 o foe o frefafed el § 9 5 gwdh 9o =R qenfy s e, 39
¥ $9 S H fa@d 1 TR AR Td TEH TN Y HE 9 W@l T 2

ONO O WN M

©

10
11

12
13
14
15
16

Mr. Tompkins in paperback, G. Gamow, Cambridge University Press (1967).
The Universe and Dr. Einstein, C. Barnett, Time Inc. New York (1962).
Thirty years that Shook Physics, G. Gamow, Double Day, New York (1966).
Surely You're Joking, Mr. Feynman, R.P. Feynman, Bantam books (1986).
One, Two, Three... Infinity, G. Gamow, Viking Inc. (1961).
The Meaning of Relativity, A. Einstein, (Indian Edition) Oxford and IBH Pub. Co (1965).
Atomic Theory and the Description of Nature, Niels Bohr, Cambridge (1934).
The Physical Principles of Quantum Theory, W. Heisenberg, University of Chicago Press
(1930).
The Physics- Astronomy Frontier, F. Hoyle and J.V. Narlikar, W.H. Freeman (1980).
The Flying Circus of Physics with Answer, J. Walker, John Wiley and Sons (1977).
Physics for Everyone (series), L.D. Landau and A.I. Kitaigorodski, MIR Publisher (1978).
Book 1: Physical Bodies
Book 2: Molecules
Book 3: Electrons
Book 4: Photons and Nuclei.
Physics can be Fun, Y. Perelman, MIR Publishers (1986).
Power of Ten, Philip Morrison and Eames, W.H. Freeman (1985).
Physics in your Kitchen Lab., I.K. Kikoin, MIR Publishers (1985).
How Things Work : The Physics of Everyday Life, Louis A. Bloomfield, John Wiley (2005).
Physics Matters : An Introduction to Conceptual Physics, James Trefil and Robert M.
Hazen, John Wiley (2004).
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. __________________________________________________________________________________________________________________________
3k TRt Digital electronics SRR Diaverge
i fama Digital signal FYRA 9 Empty band
sfaes fava Cut off potential SAfeTHR Objective
Fideh fave Cut-off voltage/Stopping SAfer fereema Red shift
potential FAfyTia Converge
3ideh aeed Cut-off voltage/Stopping a1i-aTmg Half life
potential

. _ _ CCEIGED Semiconductors
Fa.faa A Injected carriers

. TS SEE Semiconductors diode
STAHTIN ST Space charge .

) - e Half-wave rectifier
Y3 Interface )

. Fryfferd Unpolarised wave
STty siad Forward bias .
. STTUITT STAT ATEh Minority charge carriers
Afehiiaeh RTer Super saturated reacter . o _
o SN ECIECD Minority carriers
R Dark fringe
. 9 SEEIfvasd S Sub-atomic domain
A= fagia Uncertainty Principle .
STIHSH Moderator
3TAT St Permissibl
ermissible energy STETI0T Ty Absorption spectra

gAd A gt value SAfafenRTolt e Non-radiating orbit

3 S Analog signal HARETET <kl Einstein’s photoelectric
SIS ST, Extrinsic semiconductor ~ gehTT-fora FeieRo equation
EREASEEIED Mafersh i Relativistic
STAHAH Dopant SRR |fe Optoelectric Junction
STIRedt e Non-dispersive medium RIESEI Devices
CECLEICT Refractive index ST St lonisation energy
AT A Drift Ifed arerwen Excited state
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IS A

7 |l R
EEICE

Th ferll foed
THA HH HE

Hell 9a95 9id

HTA-9T=dl
Hifdes ol

HHATRTOT
frea SeTesh

FeY FAeht
Fqeq 9@
SRR ONE

Emitter

Emission spectra
Double concave lens
Double convex lens
Band gap

Energy band

Single slit Diffraction
Single Values function
Monochromatic light
Integrated circuits (IC)
Alpha-particle scattering
Alpha-decay

AND gate

ORgate

Mean life

Carpuscle

Phase

Incoherent

Coherent

Coherent source
Work function

Time log

Critical angle
Cassegrain telescope
Black-body

Scanning

Crystal Lattices

Curie

Quantum mechanics
Quantum number

Decay-constant

RIS IR E I CAR NI

e
TE (TUR)

e

A SR (fage)

el ot
et foaem

e S
IR FAR
SR T
St e
SRl Cat

3G T Tf=TeTh

BRI
TR 9919
T e
T oA
AT 1 TeAa

AEHE IS
o el oA

e goreh Rt

EUSREE
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Attenuation
Troposphere
Base

Window
Gamma-decay

Multiplication factor
(fission)

Spherical mirror
Spherical aberration
Receiver
Conductivity
Conduction band
Magnetic flux
Zener diode
Luminous intensity
Luminous flux
Luminance

Solid state semiconductor
electronics

Dioptre

Doppler effect
Wavefront

Wavefront spherical
Wavefront plane
Thermonuclear fusion
Thermionic emission

Energy generation in
stars

Fast breeder reactor
Donar
Glow

Bright fringe

355



T gt

gt eghd
2 Ffredt aETeE
T Sl TR0

SEHHA Gl
SEAM AU
fgamerdt i fara
[ECIRERCNHED

RUEEIEICEERCT |
Rl CaRRTLCE
TRt fa@ea
Tfenta fasa
RlIECIRMIG]
RlIECIRRCRE]
TreaH afereen
R fava

Tt etfremerforen
frfa gferiyr, 2ifeex

fraer wfaay
ren fozemu=

fr il
I srefErerR

NAND T2
NOR 2

n-Y&HR 1 AR

REEEGER|
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Threshold frequency
de Broglie wavelength
de Broglie explanation
Mass defect

Mass number

Mass spectrometer
Binary Signal
Secondary wavelet
Brightness
Polarisation

Nuclear binding energy
Nuclear reactor
Nuclear fission
Nuclear holocaust
Nuclear winter
Nuclear fusion
Ground state

Control rods
Retanding / Stopping
potential

Output Characteristic

Output resistance of a
transistor

Input resistance

Blue shift

Neutrons

Intrinsic semiconductor
NAND gate

NOR gate

n-type semiconductor

Back wave

EEEIENCAC PR
TUHU] ShHIh
TRHIY] SHE AR
YEATUE T IR
A TFH
IR Sof

ured S

¥k foreema=
Bl

Ui SAANE W
ui q feweert
RISRES)

T IS SIS

Bl RCR |
JOfed e
Yo
ECEE

s g/ uferqor
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Reverse bias
Atomic number
Atomic mass unit
Atomic hypothesis
Atomic spectra
Transmission
Paschen series
Side bands

Lateral shift
Dispersion
Finiteness

Total internal reflection
Full wave rectifier
Polaroid

Light emitting diode
Photometry

Light sensitive
Photo sensitive detector
Photoelectric effect
Optical fibers
Fluorescent glow
Pattern

Resistivity

Reverse saturation
current

llluminance density
Forced Oscillations
Amplifier
Amplification
Broadcast

Dispersion by a prism



YOO HIEAH i
EEREIEH]

p-YhR 1 AR
p-n EfY

T gl

Theh-gds TN

T

EACISRIS)

qUd el gid et

®|§H'{9¢|°h S{ISRT dlech
forgay

SieT-&

Je-dreE, fame =t
o€ U fho
bt

AR

AR o AREER
e
EeECIRERL|

SR St

SR A aeed
YT

qegaed

Bandwidth of
transmission medium

Plum pudding model
p-type semiconductor
p-n Junction

Pfund series
Fringe-width
Franck-Hertz experiment
Photon

Photodiode

Binding energy per
nucleon

Majority carriers
Locus

Beta-decay
Bandwidth of signal
Band pass filter
Becquerel

Bohr radius

Bohr’s postulates
Brewster’s angle
Brewster’s law
Brackett series
Zener breakdown voltage
Ground wave
Mesosphere
Mirage

Surge
Microprocessor
Principal focus

Random motion

RIS IR E I CAR NI

Aifirer sref=rerh

feartfoea awar fom
feanfoeam
fean fafast
o g
Tfeyent fava
T T
TrE S
et 3

G I &
TH-HH A
/STt
afera
ELREERE]
CIRED

[EESAKE
fafertor &t Ssil o e
[EIEZUIRERINE
ELIE
forere-feertian
forereTst Afen
forae =i
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Rationalised 2023-24

Semiconductors
compound

Law of radioactive decay
Radioactivity

Radio Horizen
Rayleigh scattering
Barrier potential

Short range force
Lyman series

Red giant

Power of lens
Lens-maker’s formula
Lattice

Forbidden

Chromatic aberration
Carrier

De-excitation

Quanta of energy
Radiation recombination
Disturbance
Disintegration constant
Daughter Nucleus
Angle of deviation
Specification

Electric power supply
Splitting

Potential drop
Resolving power
Annihilation

Diffraction

Glide

357



T gt

I AEREED
SAfeRTr fimst den e
spgen siffE
sger feran

HE&ATCHS gReh

HEEE Y

g« Hm

Hdifed A
SGITtCE

HISehal o
T gemae
wferaan feamfaa
enfadt st

TIHE 9RO

gadd Hed

358

Voltage Regulator
Interference fringes
Chain reaction
Chain reaction
Numerical aperture
Impact parameter
Saturation current
Communication

Pressurised heavy water
reactors

Transmission

Valence band
Microscope compound
Fabricated

Activity of radioactive
substances

Truth table

Plane polarised wave

Stratosphere
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Rationalised 2023-24

Monoenergetic
Isotones

Isobars

Isotropic

Isotopes
Congruent
Concentration gradient
Signal

Cascaded

Solar cell

Snell’s law
Pulsating Voltage

Least distance of
distinct vision

Spectral series
Huygen’s Principle
Hydrogenic atom
Holes

Depletion region

Depletion layer
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