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Forced Oscillations
Amplifier
Amplification
Broadcast

Dispersion by a prism
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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
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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
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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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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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TRy A3
FP WUl Edish
frafa & g &1 =e ¢ 2.9979x 10°ms’!
TFR T ST e 1.602x10°C
Teeta s G 6.673% 10" N m?kg?>
ESEMERKIED h 6.626x 103*] s
e EIERERGIC k 1.381x 103 K-!
SRS S N, 6.022x 10*mol!
Hreifer T ferdie R 8.314Tmol'K!
A T FHAH m, 9.110x 107" kg
2 T FHAH m, 1.675x107kg
I &1 FTHH m, 1.673x107kg
TF-3TENT 9 FHHM A e/m 1.759% 10" C/kg
L ERERKIED F 9.648 x 10* C/mol
et faais R 1.097x107m’!
EISER] a, 5.292x10"'m
RHA-dieesmH s c 5.670% 10" W m2K*
EIRRERGIED b 2.898x10°mK
T ST HT TAIATR :, 8.854x 1012C>N''m
1/Ame, 8.987x 10°N m>C*
el ST I FaeheiTerdl 1, 4% 107 TmA"
=1.257x 10°WbA'm"!
3 Suarh i
Bt Ydieh =
S T AAh Jodlih J 4.1867J cal!
R E IPEEIGIR I C] 1atm 1.013x 10°Pa
T A 0K -273.15°C
TERM Flee lev 1.602x10]
TV AT | lu 1.661x 107kg
ot fom et me? 0.511MeV
lu T STl e uc 931.5MeV
et 9 1 A (0°C q v 22.4Lmol"
1 atm)
e 19 R0l g 9.78049ms"
(¥R 7, fomea g W)
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3w
|

ATl F 3T

T 9

9.1 v=-54cm |feE At 3o T AT 21 Ffdfed &1 T2 5.0 cm ¢
SE U f, v oo; u< f ok foru gfafee sturet s

9.2 v=6.7 cm| @Y = 5/9, A YT FT TEH 2.5 cm Tl ST B 1t — oo
v f (R HHT W A7 FH T F@dr) Fafh m— 0

9.3 1.33;1.7cm

9.4 n =151;n, =132;n =1.144; 84 sin r=0.6181 1¥id r ~ 38° W<
= 2

9.5 r=0.8Xtan i M sini, =1/1.33 = 0.75, 5 r 9a¥ 9 qq &1 fea Hiex o
T Ao i O-a SAgsS % ot shifieh ShioT ¥1 &Rl = 2.6 m?

9.6 n= 1.53dW 5 H s & faup, = 10°

9.7 R=22cm

9.8 el fae enurd den wfdfsm arfas &1 u=+12 cm (5@ Tfedt 1R 2; snrh)
(a) f= +20 cm | Wfdfee aT&fas € 921 &9 ¥ 7.5 cm W SIEA 3R 21
(b) f=-16 cm | fdfee orfas € 91 o9 ¥ 48 cm T IR 3N T

9.9 v=8.4cm |Yfafea Fren qen NrE ] 7% U H B 7, eI = 1.8 cm | S
U— oo, v— f (AfFTf T 3 T S Safh m— 0) |
w1 ST, ST o 3Fedel o (f=21 cm) o Hihd R @ Rl €, 76 SEeh! it
o8 ¥ 10.5 cm ST ST & (3Fd W TE Sl ST o Tordt o RiE He Hehel §) 1

9.10 60 cm HHE T H ATER T

9.11 (a) v,=-25cm ?MTfe=6.25 cm 9 u,=-5cm; v,=(15-5) cm =
10 cm Wl €l 2,
Jo=u,=-2.5cm; ELA &HaT = 20
(b) u,=-2.59 cm; @ &mal = 13.5

9.12 25cm 30 W Ul a7 o fau A &1 Hioia sard

2 2
=—5+1=11; lu, I=—50m=2.27 cm; p =7.2 cm
2.5 11 ’

Yok g = 9.47 cm; A & = 88
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W ofifeRt

9.13 24; 150 cm

9.14 (a) IV 3MEHT = 1500
(b) Wfdfed &1 =9 = 13.7 cm

9.15 difed URvmm Fd 3 o foru gdur oF THeRoT deor Y07 i EHT 1 JI it
(a) f<O (37Fad g9u); u< 0 (foa arE 3W)
(b) f>0% faw; u<o0
(c) f>0 (3T TYI) qAMu <0
(d) f<O (3@ad TY); f<u<0

9.16 T4 5.0 cm SR 331 g Wdld el 81 I8 W Y FRO om@ gN <@l
W WHA ® TR W wiE o e & ffq W R T s (S e
Fon o faw)|

9.17 (a) sin i’,= 1.44/1.68 &% i’, = 59° W= & I ol STl wadd
i>59° 31l S r < r__=31° W e[ ¢l 3, (sini _/sinr  )=1.68
598 i~ 60° W@ T T TW UHER FU %k T O < i < 60°

w1 geft smufaa fwon 1 urew ¥ qul orafer wEds g (afk 9w i
oo ufifed 2, S fF =oer ® w6t ®, 99 i W S aee % o
o UK TS ok UM W AUif@ @wi)
(b) 3k I @@ eTeRw & T, S i, = sin'(1/1.68) = 36.5°1 ¥, i =
90° % f&TT r = 36.5° T i’ = 53.5° B, W i, ¥ fUF T TW THR
[TRER & |eft emmufad feol (53.5° < i < 90°)] YUl 3Tdfis wWafdd =i
9.18 TR U1 9% o di= M¥=d 30 s o foTu, oie Fefienor 3§ ferfd 9 uden vk fag
Ao Bl WS T8l HLdl, S £ 6F s/4 9 S g

oqda: f =0.75m

9.19 214 cm
9.20 (a) (i) M AT fh HE TR FHRI-IS 9€ AR ¥ I5al 396 oF T afad

e g1 T
f,=30cm, u, =—co¥ YK A T v, =+ 30 cm| g Ffafea T &
o form st foa o S 2

f,=—-20cm, u, =+ (30 - 8) cm = + 22 cm, fSHE v, = - 220 cm
TTe Fia €1 TEia Safad fRo-gSt <1 ot o e % % 9 216 cm
[ Fordlt foig @ ero@iia gan vl g 2
(ii) A ST fF I TR THR1-G 96 R § 98 ST ofF T Tafad
_b':l?lT%l‘de[fl=—200m, u1=—ooﬁ§lTGT%3|?lT% vl=—200m|'qg‘;lﬁ'%|ﬁ
@W%WW%&WW%IL=+SOcm, u,=-(20 +8) cm
=-28 cm, ¥ v, = - 420 cm T A 21 FHR THRI-IS § AF h
9 o A fog 1 9% AR § 416 cm R fFem fog € smomf@ g
T e 7
Ty ® R IR 30 W e e ® R of| 9 % R eIk wnid wehe-g emafad
eI B1 @1y &, BAR U HIE UG Gier oig GHIEo] 7@l & ot et u (a9 v) F
arAl & oG, e & ffvEd fEdis & 95 4 9 gl (e o [eris f, qel
f, @1 < St o ot g g8 R (e gid 81) T B g8 st e,
346 3AfeT 39 a5 o fau erefgel wdia 7= s
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9.21

9.22

9.23

9.24

(b) u, =-40cm, f, =30 cm ¥ v, = 120 cm W BT T
TE (ITA) TAF o HRU ST HT URAT = 120/40 = 3
u, =+ (120 - 8) cm = + 112 cm (T s9rED)

112%20
cm WS g el

f2=—2Ocrn@ v, =—

3 T (3TIqA) W o HRUT SEET T GRATT = 20/92

MEET F1 A2 9RET = 3 x (20/92) = 0.652
gfafda 1 8 = 0.652 x 1.5 cm = 0.98 cm
If% oo | srafda foReor gEr et TR shifdes i1 | W ufad i @ o, TEel
Wk W ST HI - TE (60° - i) B R
A i =sin' (1/1.524) = 41°
3d: r=19° T sin i = 0.4962, T i = sin"' 0.4965 ~ 30°|

1 1 1

(a) ;+E=B,31941r?[v=—90cm
arEeH &1 9RAm = 90/9 = 10
et yfafds o Wedsh ot 1 &%el = 10 x 10 X 1 mm? = 100 mm? =
1 cm?

(b) @A &War = 25/9 = 2.8

(c) &I, fordt <@ g0 eAae qen fordt geriflter o5 i HI0Mg e [ 1emE
AraeT emar] & fo sfeRond € Ffig saa a5 o Hoig s (S
o fdfea o sTafifa 89 R ufafea o S0 9es & sWeR 2l ¢1) a1 39
fearfq & o o 10 WES (Sfh 39 e fig 25 cm W W@ S ), 6
UG Bl B1 36 W, AL 1 GRHAOT | (v/1)| Bl € G e el
(25/ | ul) el 1 sheet el ST Hfdfee e fig W (vl =25 cm W
eherel Al < TR S B 2

(a) fdfsd o e a3 (25 cm) W s74 W 3iferhad s emar W gt 21
3
u=-7.14 cm

(b) fr@eq &1 af®mmor = (25/1ul) = 3.5

(c) 3TEYA &mar = 3.5
B, e &ma (S9 giares 25 om W ST §) STaEd o R o 99
Bt 2

smEd [6.25/1) = 2.5
v=+ 2.5 u; Ad:
1 1 1
+ —_— =
25u u 10
319«11?[ u=-6cm
vl = 15 cm

st gfafss g e 55 (25 cm) @ ff 9/ o941 © 9o T8 A9 o e
3@ Il
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9.25 (a) I gfafsa 1 Feder Qs o5 & e 4 o<1 off @, @1 oft wfafea &1 Hoi=
e 9% % FIUNG TES & U B ¢ FE oTEHF A9 gl 3@ w9 o
TETIA HIAT B : A SaHF o T 2 A 9% 25 om T HE I W TEF @
S Tehell; Sl o B T EH o ki SUETHA Sgd ke W@ Hehd €1 9%
fiehe 31 o SHHT HIUT e 25 cm T I HT gol § el sfueh g 2
TR I e T A SUeed HE H AL A 2

(b) &, & =ieT 7 Bl €, i 459 W AR i o&F W AR w01 ¥ A
B g }1 Al yfafea 9gd WA o I8 g9 TG i 21 (A S| A
I oW W TUE W@ ¥, @ JUW 9% g7 T W SdRd w7 qen 2@k gfafs
B 49 W HARa HIv FHE T B 1)

(c) oW, STid BIS Bk T o el 1 ToreTE e e €1 THd aifuen Hewrgul
91 € & A% om0 wiwy @ w9 FW@ § @ o0 faver (Tieha qen 9vf) T
ST 21 97 SRR H, 79 fendlt Tt SUe o ¥ 31 31Tk shi STl e
T ud FR G & denfu, Rt fager weifd <fg yomel o STEn 9 59
o i 10 o1 Heh Wi HReh W §@1 Wehd B

(@) ferdt AR 1 wfE e (25/1) + 11 (f cm ®) @ € fges 7 §

v 1
[, % T W g B B T e w1 me = g
|u0| (Iuol/fo)—l
T B € S S B € AR Ju |, f, W o st BT gamaw w ST
s1fa fishe 1 gl 1 @ o o fovan ST 81 97 1y | F9 F T R
TEFER £+
(e) ARt & sifrgeass o wfafad &1 ‘fim g’ Fed €1 9% U 3T dreft gt
ferol sifurgeaes @ s19adq o v ffe gre @ et €1 ora: TR A g
@ & e 7 U eyl fearfa 81 At w7 o9 = 1 e & aga & e
@ @ ARt a5 STfee TeRTeT T SATUREl TR R ATe e gie-aF ot e
ST A &1 A9 A i FH-gR% W W a9 gAR A T Yaelt 1 &k
fT-gRe o &F%a ¥ Ifys 91 99 8 @ gAR 97 Ifhgyas 9§ Auafaa
qeft fhon =t sAfippfed 3 o) frTa-gre =1 et TIm am=a: 1fgyas
TS AR % FeRre R R e 21 9 7 R gaueeft 9, wues Tk fm
T ST T T TR @A © i 1 T AR o WA et gt 77 ok fewmeA
¥ sfafifed eidt 2
9.26 WM oy for gewsell wmr= Sugn § € erefq gfafas 25 cm W 1 AR @5
IV TEEA

348 5u, u, 125
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S8 u,=- 1.5 cm.; y,=7.5cm; lu,| =(25/6) cm = 4.17 cm W< &l 2
HAfgeas® TF BT o o= g (7.5 + 4.17) cm = 11.67 cm BT =1feq) sTufard
3T U 3 ok folu a%g *i 31fIgea® ¥ 1.5 cm R @1 &I

9.27 (a) m=(f,/f) =28
(b) m=£[1+£}=33.6
[ 25
9.28 (a) f;+f =145cm
(b) HHR g Faf@ ivT = (100/3000) = (1/30) rad; 3FIETIF R T
Hidfera | Sfafd 07 = h/f; f, = 140 cm| S 10T o HH 1 el L W
h=4.7cm§|Tl?T3ﬁ_dT%\I
(c) AR =1 ema = 6 ifam wfafsa &1 T=E =28 cm
9.29 o2 TUY (AA) R T T fafad B U0 (IqA) o ferw et foa =
1 Tl B I W @ T W o et FEiR fhl, 92 00 ¥ 110 mm R
IR B BIE TYU ok foT S fore T g8 = (110 -20) = 90 mm BRfT B
TUU T BIRE T 70 mm 71 SO G KT ST FH R g9 3@ fw gfafae s
TG0 ¥ 315 mm [ & B
9.30 WEfa Tl ol & Tl H0 ¥ Y w0 W GEfE et €1 o d/1.5 =
tan 7°; d = 18.4 cm
9.31 n=1.33
T 10
10.1 (a) TEGd Yh1E : (qOTeE, g, =Tel i Yo o 9941 ©)
A =589 nm, v=>5.09 x 10" Hz, ¢ =3.00x 10°m s
(b) T9afda WehTel @ (AR, Safad g o Ta e ?)
v=>5.09 x 10"Hz
v=(c/N=226%10°ms", 1= (v/v) = 444 nm
10.2 (a) A
(b) HHa
(c) THae (9 Tl 1 T 1 Tk B &3 T FHAA erdl €)
10.3 (a) 2.0 X 10°m s™
(b) &, T STveciih SN ST Wesm W WehTel i =el quress o e et
2 [ = faftme quresd =1 g &1 @1 A e wen w@ @ ew Ry g
AUl o1 HF Uiel YISl o ToIq o Hehdl 8] 1 379 €H S & o ST Hehrat
1 foreer wie & foom o ara whm @ sifue i 21 stgfd n, > n gEfe,
Yad I 1 S ofed, ol sfeed ¥ i i @ T e 2
1.2x107%*x0.28x10°°
10.4 /= m = 600 nm
4x1.4
10.5 K/4
10.6 (@) 1.17 mm (b) 1.56 mm
10.7 0.15°
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350

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=0.54%x10"°J (b) 0.34V (c) 344 km/s
11.3 1.5eV=24x10"J
11.4 (a) 3.14 x 107'%J, 1.05 x 102" kg m/s (b) 3 x 10 WieiH/s
(c) 0.63 m/s
11.5 6.59x 10 Js
11.6 2.0V
11.7 &, FfF v< v,
11.8 4.73x 10" Hz
11.9 2.16 eV =3.46 X 107'°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
T 12
12.1 (a) 9 fo= ==f
(b) A Hied, EIHE Hed
(c) TIHE Ared
(d) <TAEA Hied, TIwE Aed
(e) = A=
12.2 EESSH WA 1 19 W2 31 3891 %99 1.67 x 10-27kg ®, Saifsh Smafad

12.3
12.4
12.5
12.6

12.7
12.8

UethT 0T 1 M 6.64 X 10727 kg B1 i Jah1ol e o1l 01 1 5o
e TAH (W) W STt 8 safey youe Heug o o Uew-ohul o el
M 78 U@ & @ S8 foF 1S ear, foxmmewen § 2w 1 i 9 2w ™
YR YRIUH o FHIOT R Tl g

5.6 % 104 Hz

13.6eV;-27.2eV

9.7%x108m; 3.1%x 1015Hz

(@) 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 1055

2.12x%x10719m; 4.77 x 107 1%m

Fﬂ%'a"f guit: 103 nm 921 122 nm

IR 99: 665 nm

12.9 2.6x1074
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I 13
13.1 104.7 MeV
13.2 8.79 MeV, 7.84 MeV
13.3 1.584 x 10%° MeV @l 2.535x10'%J
13.4 1.23
13.5 () Q =-4.03 MeV; SHARIE
(i) Q =4.62 MeV; RN
13.6 Q= m(55Fe)-2m({5Al)= 26.90 MeV; TH7
13.7 4.536 x 10%° MeV
13.8 TWI14.9 x 10*y
13.9 360 KeV
I 14
14.1 (o)
14.2 (d)
14.3 (c)
14.4 (o)
14.5 (o)
14.6 @ & faT 50 Hz ; 91 T & faw100 Hz
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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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20
21
22
23
24
25
26
27

28

-t
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, [.K. 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).

| Y&dch

o o6 STRRTT e ARSI WM S1eeE o T o frefafed qEawl | 9 59 TWd 9o @Rl qenfy e e, s
U B Tl H G H TR ATH T [KH o T W FHE o9 W1 L

N0 U WN M
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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
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feh 0T Yehli9Teh! Td
S EAEREE

9.1 yfuar

Tfd A e T (3 Ted) Hi RGP TagH o T DI URER ¥ Igd gah
T 1 e wied THfaT F TEY A T 3| 39 oA S § wad
faferzo (aesd @1 400 nm ¥ 750 nm) 1 THI Fed &1 T T F YhTe
T4 3fte ST A o HRUT &1 BH 707 IR 31X oF HAR Tl THe T SHh! A
Fd 2l

3T W 3T ¥ &H U o fovg ® 1ot Sfadfie g & @l 1 S
T hd | TEEl, T8 STfHeh did wiet § T hidl € 99, SO, I8 e @ o
TET HIA E| 3T A H GO TG W qUH § Al kI FS GO AN R gRET H
T (c) TRMHT B 9o TH AT ST Wehdl Tl a9HH H, IHeR faid ® " HA
¢=2.99792458 x 10° m ™' €| 3Tk WASHI o feIT, U OH c=3x10°m s’
e 1 Freafd W weRter @1 W Wehfa ® 9o Seead = 2l

TR Sadsll umon foh Yehter et Y@ § T e ®, (S Fw eHd o1 8
H i o) 1 e Al Yo el @ iteh a8l B WehTel shi Agdgaehid all Al
o TRl TG W o 999 9 H Bl ®1 37 IH qeal  wrHerd ohy Tenfua
feran 02 g9en1 SR e € fop Sfep Sfteq &1 = segeti o 9Rs (ST &9
Y oo G 1 Hife 7ere THY SAfush) HI o W TR Bl aeed Hh! wH
B T S R e e 10 H W, 39 feofa o, v o i w g @ W
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% HifaeRt

stafaa o

<go]

fag qo ot oer Y@ o SR THA R g WA ST Gehdl 1 9 UL Hl FHRT
forRor shed & e THl YRR 1 TRl & @HE ¥ FHT-g9 ST 2

T 37T |, TH YehT¥l oh TR0 ®9 1 STAN i §U, TR oh Te, STqad
den fagraor st aftereistl o IR | fa=m 31 queadd e ST9ddd o g HEE a6
SYANT YA U TH THAS A TMeld Tadl T8 3T9erdi geai gRI gfdfaal ohi T &1
LI HU| TR 8H AHG 45 Hied F© Heaqul Yeh1eh F3A1 i & T8
fafy =1 aviE &3

9.2 T IYUN ERT R ohl GRTEG

TR WA ok framl @ uRifed &) wada win (erefd, wEfdd fR den weds g

3TaT Y o YA fag W Afeta o &= T i),

39 hio7 (3Tafad fohor qen g9ur o6 ofeH fog eifsea
wrafia faeor o W€ ol HIUT) o SNISR il €1 SHeh Sfciier, St
fortor, quafda fohtor 9o Wad® g & oTad fag W
s Tk & THaa § T € (F9.1)1 3 fam fosh
oft e I3, 9% 98 TUae e A1 dishd @1, o s
fog o forw 1 €1 qenfa, g0 o1 fod=m 1 afsed ot

P
%1 foee fesfe, s v T o ) T T 7

feafa ¥ eifyycta @i &1 arcrd, I8 o uad fag ™

ferx 9.1 sufaa forwr, quafda feeor den wade die o el W A e 21 swe o A% gen f

T & AR g W e v d ae o ) Sels okl B o arfew siefd smae g i o

o dghdl g 9 e areft @ W 2l
TH T8l B 1T L ok ¢ Toh Telld U7 kT S oy THRT YT el
8, STdfeh Tiei oiF o ST %% i Foh197e 5 hed & el U0 o g qel
Iehdl hs ! THAM el Tt @1 §e&T 3787 Feardl 21 Meld of|l § @ o e
I H IWN, THIR % H GA HhH W e el W1 geF a7 weand 7

9.2.1 Torg uRurEr

. Tefta THON R Edd 92 e o |l g
R s st % ey S o S e
ot gy T O \ fere, o i < ST 5 ferg o
H 3R [ RIS STOT BT 39 q&IR H BH T
HAIHS b X375 f9g Rt (cartesian sign convention)
g 1 UTe | 59 RAET o STER %] 6l

lwﬂ%amés THU/eiE o SR oI T € qen @t i
ﬁﬁqﬁ@ﬁwﬁ TUU % yd Al WH ok YHINH Hy 9
HTHE ¥ 3fEl oAt el AR A SRt € den gt

ferm 9.2 =i fag aRare 3Tafad geRtel @i feem <h foradia faem o wrdt

222

St & o HUTeHs 9 St § (e 9.2)1
X-378] o WY A AU/ o T 31 (x-37%) o ciead, SURGE! wifud Sarsat
e T STt (Pt 9.2) | STEiE Wifta esai sl SRoNcaeh fora il 2|
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IEZUREAIRIEIREC

EEQINEICE]

G A 9Tt o | g Tedtd YO ok T wehel g e el ol ok
e Twet T et S € den 37 g 5 7w fafae feofaat &1 foem X g )

9.2.2 T TUUN &l Wihd g

1 9.3 & g9t 7o € o w6 IS WHIAR ThI-GS TRl (a) Sferdel TYUT el (b) S
TquT, WX ATafad eran @ d 9 Bl €1 €9 ¥l U€ Wid ¢ foh feheul Swrefid (paraxial)
€, @1efa 9 <00 o ya P o fepe o fagell W amufaa © 9en g =1a 9@ B2 H0
T 21 e Rl sraae gdu % qen e W fag F R eifraia g © (e
9.3 ()] 3T@ YW & T, wafdd fortol s9ek e o1 W o3 F o s1omfa =it
weid gt € [ 9.3 (b)) T F <40 o1 G&7 Biend sheeldl 2| 9 FHia suef=
TGSt 3781 ¥ hIE 0T A U UOT X SAafed B ® ol e fereol g avet
o 693 F ¥ o ama a1 9@ 316 o Afvceed qa o fedl fog m sifvmfa
(Ftgan 34 f9g 9 oT9aRa st Udid) B 39 T ! IUU 1 FiHT THTA Had
g (9.3 ()]

o 9.3 fada den SU U o Hihd|

A0 & WiHE F I Y P o o 1 g0 U0 BT Biohd g8 Fgerdt © a0 39
f 31 fAfése fofan S 21 o1 79 T% <9l € o _f= R/2, TRl R0 kT ashal
21 forelt smafaa wehrer fopvor o qureRdA w1 snfafa et 9.4 # el wE 21

T SN C A0 1 gkl ohx €1 J&T 2181 o THiR T FehTl fehiol W famm
HIT S o1 & M W TRl 81 dd CM foig M W gdor W stfirets g ae wfifse
6 39 o1 € den MD fog M @ g7 o181 R & 2| 74,

Z/MCP = @ /MFP = 20

A, t 9_@9«1'[ 29@ 9.1
,an—CDH tan =FD 9.1)
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0 o oY HH o fou, S for swef feRol o fom W ®,
tanf = 6, tan 260 = 260
ZHfeT G (9.1) ¥ W Bl ©

MD MD

D ~2 D

CD
AYdl, FD = 5 9.2)

A, O o o 7 o o, foig D faig P op @iga fiepe €, sHfeg
FD =f Q@1 CD = R | 31: T (9.2) ¥ W Bl &
f=R/2 9.3)

9.2.3 TUUT HHHIUT

g fRrdt fog 9 TRY B Yehmel foh¥ol TRad qe/Tedn o9 o
vy ferelt st foig W foerdt € at o fag weel fog =1 yfifaa seam
(b) 21 af feortol area o 3o fog W eifrafia g € qf wfafas arafaes g
9 9.4 (a) e e <0, @ ©) 9ok fawdd, A fRol o ® e faerdt, wq 99 #1 SR Ten
21 30 YHR e o 1 qed qe/STden e g Tfd wfdfss
39 9% 1 fog--fg qagE T = 2l
B I I Eor e g
T RAE F &, ST Fiaess foig I W © IR 39 YR, TRt T <dur g
e o RO a1 R faig w1 wfafee W wed 21 qenfa, sreer o fefataa fol
o o &g @ S R o g g e
() Tl fag @ o orelt o8 foror St g 318 o SHia 2| et feheor 5oy
o HiHd W e 2
() o Tertor STt forel STeder SUuT o ashal ohs © TSI © AU SHel G4Vl o ashdl
o 9 Wt dia erdt &1 Efda fRor sheet 19 9 qA: STifEd e Rl
(i) e Fereor St fopell Sferaer SUOT o YT WIhE W TSRl & 212 SHA U o
& kg ¥ el (1 3R ff2) gdiq eidt 21 wafda fmo g e1er o
FHIR T w2
(iv) 1 foreor St ya W fopdt ot o W emafad gt 2l
wEfid TR, TEd o i T qer St 2l
fo= 9.5 faa = fag A 9 fiher aret @ foreor =1
P | @R fRo-sTR@ <wifar €1 39d feae <90 g’
s T f99 AB @1 gfdafsa A'B’ (39 fufa o amafaen)
Turen T 21 Gt A o1 e ® fh fag A W ke A
foreol €t Teperdt €1 fordll off wiq @ |eft fegmeti o e Tl
freperdt 1 ea: At fag A9 freher el e fortor, stedet
WmW%wﬁ%A@%ﬁaﬂw%aﬁﬁgA
fag A =1 ardfass gfdafae
319 B9 Y01 HHIRLT 3teren fod g (w), gfdafae 38 (v)
T WiRd g (f) o o9 Fay Fea w
fe 9.5 9, S WHSHI s A’B’F qe MPF ¥H&Y
forg 9.5 forl sreael <l g wfefeia T F1 ¥ (e FROT S fere, MP B SRl Y@l CP & wiaad
fartor e AT ST Gkl 1) 374:
294 B’A” B'F
PM FP

fSRT0T o TRIEIdA R SATHIA|
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TR ¥oT gh1iRTent T
EEQINEICE]

ST S T p Q@ = AB) (9.4)
it ~ APB = ~ A’'PB’, @010 19| A'B’P 91 ABP i ¥w&q €| 31a:
B'A"” B'P o5
BA BP 9.5)
HHRTT (9.4) TAT (9.5) HT o T T &H U ghM
BF BP-FP BP

= = 9.6)

FP FP BP

eI (9.6) § Al o uftaror afmferd €1 o1 70 fog 9Raret &1 o] w4 )
Y T 1 ¢ foF gk fog 9 00 MPN &1 3R 797 {dl 81 39 TR 59 fum &l
¥ for STl @1 ¢e P @ foia AB, Wfdfsisr A’'B’ 9l Wih® F de Tg=H o foig
&Y affad wenret w1 fewn o fauda fEen & e S vsdn B 1 s@fay, 31 i o T
FUCHh BITT| 37

B'P=-u, FP=—f,BP=-u

GHHI (9.6) H STHI ITAN HH W WE el &

-v+f _-v

~f —u

v v
— =1+

f u
T v 9 9 A W EH W

.1
2w T 9.7)

IE HaY YU GHIFIT FHEA Bl

IE] o FES o Gt gfafse 1 Grew ot Uk mecyel faerei afer 21 79 R
<Y1 o aw efT (m) S gfdfea & G (W) 9o foie % Wes () % U &
w9 H g s 21 3T

”

m=F (9.8)

h @l h’ &1 1= Tog aRuel o ST aR oAcHsh S19E] FOcHe fordn smam| st

A'B’P a1 ABP, § & fier ©,

BA’_BP
BA BP

fag oftarel @ W, 9% & S
—h_-v
h -u
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% HifaeRt

3H FhX

h’ v
m= F— —; (9.9)

Tel W g YO GHIHT [GHIR (9.7) ] e M g [THiehor (9.9)]
e AU gRI & Arkdfesh qe Seie Wiatad o fery sgea= fepy €1 Wy arsa |
3faa fog 9ROl =1 ST F 0 W, I Hay el g (Sfadd den $hd) g§N
e o Gt SO (=R wfdfee arsfass s @ enarE) W e B 71 e 9.6
T 3eqel q1 391 Y01 gR ST dfersi o1 TEA1 o fohiul-3Td <31T U &1 319
wF e HAMI L Fohd & T TR (9.7) 92 (9.9) 37 SSEl & fow off 7y &

A’ M

------- H A N
A \ Mo : g (
! “LA!
' B//\ B'

(a) (b)
o1 9.6 (a) 21adat U0 gr1 wfafsa &1 T S foe fag paen F & o= fro @, qen
(b) STl YU 5 Ffdfse 1 T

K ]
OF

l:}

IETENOT 9.1 AN cfifsg = 9.5 ¥ 39T sfaael YUl o qUeis T8 o e &l
3 T fepelt STaREett (erawerdt) uered @ e fean W 21 <40 o W e TRl
foar F gdur g1 = gfafdd T SHhT =1 GHE IS 2

&

19 G Hehd ¢ R wfafeis o fofer o enen st R S Wy 98 7 g R we
o T <do1 o 9 9 Rt AR e €, o 90 gR fae o qof wfafee e
qy, Sifeh IXEd] oS 1 Gl A B T B THiCTY WAt i <fioar s 8
W (39 ST H ) |

ISTEAOT 9.2 Rl srardet UV oF Y& 31e1 W U WieEel ®iF Wl ¢ Sfud R
R@ R Wfdfsial 1 T S9MEW) AR HIFSC fof e wwear =i 72l 81 =0
wfefera %1 forepfa <o & T B 1 ferf W FISR w22

TN

SETE 9.2
N
™
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TR ¥oT gh1iRTent T
EEQINEICE]

'A
5197 § Wi o Wfdfeis shi T o1 FehTR1-TohT0T @ ST T | A 398 ok g
Taad THad | e 9T o1 gfdfee S THad | 8| I8 SH WIgS T BN, ST

B'C = BC| & @¥ & I &9 ¥ T0el 9hd ¢ f wiafaa § faepfa #i1 22 i‘g

IETEYUT 9.3 FiE %] 15 cm Tehdl 52T o 3Tadel 901 ¥ (i) 10 cm T (i) 5 cm
T W Tl B e fefa o gfafae 1 feofa, gepfa qen smada ofewfed wifsw)

&

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

() 59 3 u=-10 cm | @ FHHT (9.7) ¥ I BT
11 1
B
v -10 -75

s o= 10x7.5
- -25

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

v__(30)__
TR M=~ =" ()" 2
yfafera srafifa, arafas qen e 2

(i) 99 T u=-5 cm @ FHF (9.7) ¥

=-30 cm

1.1 1
v -5 -7.5
5x75
V= =15 cm
ST (7.5-5)

yfafse 40 &% 6D 15 cm T R 71 T1 98 Afafe s 2

- _v__15_
AEET m = 0 (_5)—3

T Widfes safeia, snard den g 2|

%

IIEAO1 9.4 T AT fo a7 feret e &R & 98 §) 219 2 m ofeha B2 o el
S99 U0 ¥ feRdl eiTefeh i 7O 1R 31T g <@ €1 A e 5 m s w1 el 9 3g
1 @1, ol SHeh! Widisiel fehal =1et § Sgdl Yl BT Sefeh ©T6h (@) 39 m, (b) 29 m,
(© 19 m, 7 (d) 9m K 2

&

o FHieRToT (9.7), W BH WK Bl ©

_ Ju

u-f

IqA U0 & fou, FifF R=2m, f=1 m. &
_(-39)x1 _ 39

-39-1 40

13

u=-39m,
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Hiifer 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 S e T9UT 9 39 m A1 34 m % o § ¢, A1 Urdree Hi e =@ ©
(1/280) m s !

T YR T2 2@ S Hhdl 2 fh 9 u=-29m, —19 m a2 -9 m ? g« 59 =
¥ yfafss 7fq L@ did BT 9% HAW:

Lms'l,ims'1 qen ims’1 gl

150 60 10

Ty e Teh STUed! =l | e € 9 ereeh <9 oh SH-Sid fere S
Ik Tfdferd &1 =Te | T gig Tdid ardl S| 38 qiee et fer R ste@n
feom o9 § Jo1 H1E ot =l <@ Hehell 21 A W W T orell aee ek 3Taferd! =t
Y AR U 7 @1 @ A, Feid g aledl § 3l YR 1 Ui S S Gehdl

9.3 3Uda

St foRelt UREEl HeAd T Rl his TRl fRTU-gS foRdl SRR UReR wem 9
THUA B, o TR 1 Th 9N Teel HIeaH § oqE et B Sl @1 Sefeh 99 W
T A A YO w21 BH e R fRo-ge 6
TehTYT k1 TeRtor g1 Tt shid €1 STl i WehTel i fehor
TH WeEH § R e H fadd stmfad (0°< i < 90°)
BT T HIA B A IH AAE o SFRIYS W THoR
T w1 feen gitafda el Sl €1 56 IReReH i Feh7eT &1
YFd Ed &1 T J WA gR1 3Yqede o feteied
T gfqurfea ferq)
(i) omdfaa fohor, sTafda fRor qen S{aIyss o STaas
fag W arforeia, ©h & T9de 9 B €
(i) o=l < memi o et o o, Saas wror &t S
(sine) T STYSIA THIVT Tt AT T ST Teh e
Bl 2
S e 1% TR, ST T (1) 7 A () 3 F
o 9.8 Y™ 1 3TEdA T WEdA| il SATfcret feRToT qern Tt feheor e sifveds o @Y
6Fﬂ'cﬁ%l 3d:

JTeY0T 9.4

6y e

i

sini

sinr Ny, (9.10)

T8 n,, T i 7, SR ool WA o e SO WIEA 1 S77adIE hed
GHieRTT (9.10) 3T o o7 & 9 o I | S St g1 S <8 A 9

78 € T n,, 1 MEEH & A FT TR T (TN TS FhTT BT e R FAef
228 A ), W T€ AT w07 W AR T e
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TR ¥oT gh1iRTent T
EEQINEICE]

THIH (9.10) W AR n,, > 1, r< i, AU T9afia fhor sAfoets 1 IR 42
STl 81 T S9N W HEAW 2 i HeAW 1! ol H Fehrerd: §ee (e Hey o,
TE) WEAH hed §| Uk fawid Al n,, <1, r> i, @ A o sifues 9 R
qedi 81 98 o7 feufa € foad snufad feror forght wem wreqm o o et g8 foret

e ¥ efuafdd et gl

AN : GHIRIF e T STHA cd o die Y7 34~ &1 i1 TNET/ §FH Ted
THTF STIdT T ZF9 &1 I8 G99 & 1o [ g1 Go qregH 1 Zo79 T
Y131 faieT A1e9q o SoqHIT cd § %9 81 (FHITH T 51 qregd) d JahrsT i

=T T A &) | ST & fo77, ardiT &7 deT aen
ST ARG @ T T SSTHI Ec 5ol o SSFHMH T
d &9 BIdT 81 Sl ST JHIVT Fcd 3714 BIaT &1

afE n,, AW 2 k1 HEAH 1 o HTe SIS
A n,, TEAH 1 1 HIEAH 2 o WU STYed §, 99
Te T § T

1

Nyp=—"" 9.11
12 n,, ( )

pilksiil
(=)

I n, WEAH 3 1 WILAH 2 o AU AU € forg 9.9 THIM HoE & W § erafid fEd TEwT

@ a8 off T € B ng, = ny, X n,, T n,, TEE
3 %1 WEAq 1 o HUel {uadi ¢l

e o I W saiia s IRfae aiom g
W fohT ST HWehd B fREl AP R e |, STqede Q&
SIS T B B (AY-h = a9 HiE-arg) | fo 9.9 5N
IE A ¥ @ 51wk € o r, = ¢, sterfa fiq faeor
arrfea fertor o FHIER el ©—erafad fepvor o @ frfa
foF § i forer T €, Wq SO S R
ey Wi¥ereh e &1 S €1 Tk g Guifed Jeron 7
i © for STt 9 R Tordll drene 1 U W ST dtd et
2 (fo 9.10)1 eifireieaa fen & e @ @ | =&
T ST Tehal © o ST e () STt TETE (hy)
& HEAH (TA) o TedHie § fawifea s W U
Bl B

9.4 UUl 2Midier Wredd

& YT Rt WehToTd: oA Wy 9 YehwTa: foRer Aem
T TTHA LT €, T SIS W 8 I oIH IE HeAw
H RGBS § q e T AN § STuafid & S
21 39 T FI STaRF WEdT Fed o

& IS GehT9T fohor e mreem 9 foret wieam | wawn

TorToT A1 TTf¥een faemg—|

ENED

SN

(a) (b)
o7 9.10 (a) Ifycaed, qen (b) fodfs seH &
fau snurdt TeTE)

FA T @ e Afeta ¥ R g W 2, eeeend, fo 9.11 ® fRwor A0, B stfaa
foRtor AO, 3Terd: WEfdd (O,C) To 7T : YRAFHA S1efa STuafia (O, B) Bidt &, qen 229
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% HifaeRt

U IV (1) ST 101 () W e a1 81 -S89 1ol § gfg gl €,
ST o H st i Bt ¥, 5@ T R R A0, % T stgada wior WA
/2 (90°) Bl SU| srvafia Tt tfiets § ot stfres qg St © foh = < At
% STYS I T T 21 3 T 9.11 7 foRwor AO,D g <wien o €1 AfK e
w1 H 3O 31k gfs 1 S € (3T & A R AO,) T T Hera T
BT qen srufad feRvor quia: wefda e St 21 59 quf s7aRe Wad wed €1 e
ot g8 g1 el WEfdd Bl HEd: SHeh S W YR 8 S
zafelt e g3 =R foramr o fashen == 7 =,
WEfdd feRtor e emafaa foror @ | diear i
B B qHY 3R Ul TR e H YR
FTE T T g

A ©

T8 MU 1V FTG&T GRIEUl STe Il
90° B ¥, SW ZAO,N, U gu wezmi & e
% T @i @10 (i, ) e 2| S o
[ (9.10)] % FTER BH @d § f6 AR
e HIEAH 1 U TTedih Teh | A €,
A FiifF sin r 1 SARHTH TF TH B S, 37

o 9.11 T WA (S) 9o fove meAm (9) & sin ik A R HE SO0 9@ @ fE 9% 7w fEm
SIS W g A (T W §) 9 fafe= ot w o AR R S Wehdl €1 98 ® i =i 39 R
smafad fRTon &1 ST9add qen qui SNidier aXEdH| sini, =n,, 9.12)

i%h i ¥ AT AHl o T Tl o T9ecH o 729 i ar] Tel fohan S Hehal,
3q: IS ST W9 T2 Bl

e WeAH 1 1 foer e 2 o WU STvedHleh e n,, = 1/sin i | ®RON
9.1 W s W&l Hifdeh HIvI ! Gelag fohar T 2

AUt 9.1 T TR WreAHl T AG ok WU Fhifeh hIoT

1.33 48.75°

1.52 41.14°

1.62 37.31°

2.42 24.41°
quf A WTad & fog Tk 99T

Qe JRITeR IREEAIST 1 STSiehdl ST | IUCTe O 2™ a1 Hehdeh 1 FamT
hieh Sl Heldl ¥ YERia fha ST Wehal &1 Tk shid ol sieh Aiiorg fores s
S W @ S H gy A1 fordt o freted @t 5w R et feeee e it e
a7Ifere 81 ST Ueh @R Gehdeh oAlfoTy ST $8eh FeRtul-gs &1 anfeet STet @ Tia)
M 3@ foF I o W R4 1 9y =Heten K@i & 2

fRTOT-g i dfeht o 19 | 39 TR eifae ff 98 g R @ 5a o 9l
TS R THAC| 1 3 3@ I € foh 30 ifereh wradq (S 2 o 9w g
& &9 T 5@ 3m) qen i e (S 9 ¥ ket 3d W Tk g o ®Y

2024-25



EEQINEICE]

@@@

(b) ©
o7 9.12 o 079 @ a1 ® Yol 31afeh WecA &1 Y& HEAT (HA HT
A T B o HRU TEH EH dlel UAdd i g T T ®) |
o femrg 3m) qen o7 ada (S 9 § fheiehl B9 W T 65 o w0 H k@
A1 ®) el © [ 9.12 (a)] ? 319 oIEL TRU-GS %! siehd o Teh 3R U 34 TR
Ty ff I8 5 o W I8 R qdeh e [[F3 9.12 (b)]| o fho-gs1 =t
feem 1 39 YR gHEISG SIS for STast TE o1 Wt g e 598 5 & g
o I IIERH YU ®Y H A 81 ST a0 fhor-4s guf &9 9 57l § 999 wWatid
B ST 9% Weldq ®9 H Ui Safie Wed ¢
9 5 I Th Tl TREAel d IAfeT T TER T i 30k SR 9 Sy
St fop fo1 9,12 () W <wifan o 81 wiee Fertor-gst &1 TR i 39 wehR g
HIY foh Tk IR <19 I8 qL@ell i il § THUQ dl S8k YUl Saies wed
Bl 98 399 UH € € S| for wehiiren dqsti ®§ e €
&I WU 5 R foRor-gst o wheft oft Shten =1 3 31 71 €1 9 foRdll & <ol W el

9.4.1WHfa ¥ YUt nalier Ik qeT THeh WENTehIT STUERT

@) 7799 : FhET HI 90° Al 180° W HISH
o for fesme for o il # qof stiafen 2
T T AR R S ® [F99.13 (@) B
Tl (b)]| U fyew A wfefds & wew ® [, [ 450
for R Ufadd fre Sored & fore v A )
fepen ST € [Fe19.13 (0)]| w8t &1 Teerfeai
% forw, T & v < sl QA IR
45° W FHH BT AT AROM 9.1 @ W Ble—{A’
TH I U © T IHI €1 YRR o e s @
e ficfe & fae 7 5 21

190° 45°

45°

45)

(i) FHIF qq: ST TR AGeT 1, 57 ‘?; N i«
T 3TF Gohdl ol Tl T %k HARd A M &
o oI oI w9 @ SYE TR S 2

TeRTiTeR agetl H ot qui sTiafer 9edd i

(c)

TREEAT 1 SYANT fohan STan © 1 WehTireh i e 9.13 ool &1 /2 dan T W WEA & faw @
3= Tl o HgEd 9T dge o wfafsa o e o e fhT iR Sered & fa fesme

o P T 21 TEE G99 § U we foru T fosmi o qof orafier weds 1 STEnT fohan s )

(core) T M=% (cladding) Bl &1 ie o UK 1 TTadiish M=% &5
AUIAAIE I qo | AU Bl 2
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3=d n

9 YehRTeT oF ®9 H i Hohd 3fad Siv | TG o6
T TR W e B € 99 98 SEeh! e o S
IR-9R qof SR TWEfdd eI © qe 37dd: T R
T TR ket e ® (Fe 9.14) 1 Fifeh g =)o
T YeRTel 1 Yol Sfiafieh TXEd Bl € ST FehTel
Tohd 1 <ol | hig foeis 1 &l eiil| JermT g 39

forr 9.14 v w1 foFEt yaiferss dq W@ € @ TR ST S o TR SR o AR T8 W e
Gk i qui fider TRedA e 2 ERE Al @%WWWW@WW
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W IR Bl 1 T ek R g W g BF R ot weRr

T o Wi SUH! el o TR TReTdgesh T S Tehdl €1 56 WehR Ueh HERIYT Tl
TR TEY (TMES TEW) & ®9 H JAR foman S wehal 7

TehIT¥Teh dqetl oF St (T8) 1 g TR W STANT fohal ST Tehdl 21 Teh1ieTh
dqetl 1 92 T R Sgd dohdl, TR Sfa Ziuegd g ye # ufiefda o
€, o Juur de IR § YA feRal S €1 e ® TR yeRityeh dqe 1 suEnt
TRI¥Th Gehd UuUT o forw sft fopan S gehar 71 SSeRwl & forg, 5 el S
S TfGehT, STHITE qen ST o 394 Yeeieh o foTu ‘s Uy’ o w9 o A
foha ST B1 ST WET ®9 9 SUGed WEF Wi dqell ° 5 Ieledt ofg <@
BHI 37 e o qqall o s [ T el Siel SCeH1 oM €1 59 qqsi
T o Uk T ot o TR [l el 81 e o9 o fea st ‘o’ o ®, o g
Y& T oF e o Foidl g7l $Heh wWad R i A W Tk NI fog oh ®9 H
@ <1 21 39 YR & Gl ol o dq FeReR dq

WeRTTSTeR <iqel ok IOl & W@ SAaveehdl 98 € foh 3ok fiaw @l gEl ad i
GO YehTY] 1 SR agd A B WU 3 Fardst w9 el o v den fafire
foerm gr0 = S 21 fafernt e dqenl § 1 km & g § TR o 95% @ ot
AAfereh 9T 1 TR T G9a 21 (3T ol 1 km A2 o fagat & &g &
woAteh W fSIa Gfera WehTeT oF HEROT 1 MY 31Ul i ©, 9 ifew))

9.5 Ml Ui dem ¢idl gRT 3Tuda

3Te T B HHAA SAAUYS W 3Ted ok faud # e fhen 21 o w9 < ureed
T o Mol STayl W 3T o faud | faar & et Mefia I3 o e1ed
GeH AT i GHACAT WA S Gehdl € q1 STk U3 o Y% fag W A 1ved
o el 1 STTART e S Fehe ©1 Tiehd Sd0 gRI WRredA i €l it emaad feig
W AT 53 o SH fog W waell qel o eieed erdl €, 91 98 SEIfT Ye3 o ashdl
&% ¥ ToRAT 21 §H UEe Thd Tl TS 5N 96" R faaR HT qen 36k aee
Tl S T T HN I e od & TMeld gl § R ureel e g
91 7 9 7 TF T8 370 el gF1 91fel| T e g8 g ffia wfafes
o fau 7 1 oy, fhdl <9 o < g=i W, HiHe €9 ° &ich 89 adl odl
% T o9 Bt g5 91 3Heh IR o {3 U |

9.5.1 Te&dt Ml U WX 31Uadq

o 9.15 o ahal 51 R a0 9kl 3% C o el T3 o T 319 W e foet
& & f6g O & wfafas [ T =1 sanfafa <o 7€ 21 werret fontol n, sraed-is
o et Tieam 9 ATafad Bt n, ST9edish o el 37 Hesm | Sl 81 Ul 6
offe, %ﬂg%aﬂm(awquw) 3T Fag 3R &I o H HIR! Bl o
& IR STETIRAITER e vl Gi-iehed fhar <1 | fasis 9 @ g4 NM &1 N
Y A 1 W T HI A o T SRR A Fal W
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IEZUREAIRIEIREC
YohllRTeh I3
Z/NOM = MN
tan ~ oM
tan ZNCM = M_C :
« EiR_;
MN +— U i) >
=— q

tan #ZNIM VI \
9 ANOC & ferw, i sifeshivn 81 am: o 9.15 1 Temm w1 g W arel fHH Mot

i= Z/NOM + /NCM T8 TR I

j= MN ,ZMN (9.13)

OM MC
T YRR
r=/NCM - /NIM
MN  MN

aFeqq r—M—C T ML (9.14)
39 o & M % 3THER

n, sini= n, sinr
37T IV o DI HH oh AT

n,i=n,r
TefieRTol (9.13) AT (9.14) ¥ i qe1 r & HH W@ T &9 U 2l §

i BLL L Tl 9.15)

OM MI  MC
I OM, MI e MC 3Rl & oRmmi =i frefid w21 st fog afaedt
STYART T R,

OM = —u, MI = +v, MC = +R
TR HH FHIFIT (9.15) W @ R BH W Bl €,

ﬁ_ﬂ — n,—n
b u R (9.16)

THIFHT (9.16) ¥ 74 foa den ufafea o g o Aream o euad=is qen Mefd
dfshd I3 1 oshal 51 o &I o &Y W Heel Y Bl ¢ T (9.16) Tereht
ff YhR o dfshd el 55 o foT 717 2

ISTET0T1 9.5 91 | @ fondlt foig Hia o Tepret hiwl oh fepell Tiieiid o8 W g 8|

(n= 1.5 T Tehdl 5531 = 20 cm) | FhTel Tid 1 HiF % T8 ¥ 3T 100 cm T

yfafsa el s=m?

'A

Tl W, gHiHW (9.16) W K g

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

G'6 lni2ibe
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% HifaeRt

B U Bl
: 15 1 0.5
— =
v 100 20
AYAT v =+100 cm
yfdfera smafad wehrer &1 feen & &9 o5 9 ¥ 100 cm &1 g W S

9.5.2 f&dt @@ gRT 3TUadq

9 9.16 (o) & el Swaa ofw g wfafas-=m =t safufa <o % 21 @
Sffsia T T %l S =N H @ SR ¢ (i) T ST g% o O W wfafe 1,
I 2 [feT 9.16 (b)] | wfafs 1, S T gR1 wfdfea a7 o foe s foa i
«fifq T HL1 2[5 9.16 ()] | FHIHT (9.15)
1 ITAN Teel TS ABC N & W H W
BT R

n n n, —n
T T

341807 9.5

OB Bl BC, ©.17)
TW WYL ADC o faw +ff 99m wferan w1
YN T W TH W Bl @

1 CZ

fordl aqel @ o faw BI, = DI, | Hiehon
(9.17) 70N (9.18) =i Sigd W W W Bial € :

n n 1 1
—t—=n, ) | —+—

OB DI (BC1 DCZJ (9.19)
M Sfifse fog ed W 2 @, OB — o @l
DI = f, 9 FH{ehI01(9.19) H e BT

n, 1 1
7= (ny, —n,) (BCI +Dc2) (9.20)

g feig Sl ama W @ faa =1 wfafas o= 2,
" F FFHGF el § q91 T f 5N THRI
Hhg T 9 Bl 71 fRE ofF o g8k I IR
I PG e © F 9 B Fag oRaredt gr

R,
N /C n, BC,=+R, [f 9.16(b)]
q DC,=-R, [ 9.16(c)]
C
77 9.16 (a) o F1 feerfa aon emiver o g Fafda SHICTE WHIET (9.20) i foran <1 v €
fafea (b) Teet el g8 W qed (c) TR el g8 W g 11 n,
— ?=(”zl ~1) R R Ny, = (9.21)
2 1

1

* e HITT 376 ADC & ST 3R o WA 1 G n, & S 38k S AR 78 n, B
234 TG AR DI, T € e g0 s wehrel 1 fean & fergda feen & et € 21

A0®
L ___
o}

2024-25



TR ¥oT gh1iRTent T
EEQINEICE]

GHIHT1 (9.21) I HG-HaH 7 & &9 | M 96l €1 T &9 § 98 o Sfua
Skl Feaatl o IRal oh SUANT g Afed Hiehd g o oidl ol Afehed (fesmme)
FT | ST 7| AW 3 9 9 9% 7 TR a8 G ofeadt e W ff 9ee w9
T B €1 39 feofq § R UM 9o R, M I €, SHIAT f U B 8|

THIRTOT (9.19) T (9.20) § &H W =il T

nl nl nl
oB DI T [ (9.22)
TH: Il ©ig-Hi-Tehed ¥ fog B @2 D IHI 81 <19 oF JehIIeh ohs oh agd (e
M S 1 Tog 9Ruet &1 S9E % W BO = - u, DI = +p| 31 @M &l (9.22) §
T W eH 9w Bl ®
1 1 1
v U (9.23)
eI (9.23) WGl % fau uffed vaet oig g7 21 F=ift I=l edd 30 S9d o
gr1 fafda srefas wfafsa & fow =g fovan @, qenfa =e g <A & ol erefd,
I qT e 91 <Al 8 YRR o Wldfael, ar&dfers qe A o ferg 7 2
T IAM AEYAF © T Fhe WSl S1efen SHATSde o | % a1 WiRd F ae
F’ o9 o Tk oy ¥ OF g0 W E| THRT o Fid HT AR o BiRd H 7w
iy fog Fed € SHih SO fgdld Biwg fag wear &
gl g o= Tt foa o wfafsa &t frafa 3 0 o foae fagia €9 9 &9 f9a
o fohdl fog @ o arelt o8 ot I fRT0l oy e sT9aad o ol gR 3ok 99
(sFoa et vl B €)1 qefy, SRR o frafafad | 9
FE T 31 Rl 1 T HE HE H HeS o < 2
(i) foa ¥ frehem arelt 9 fhor st @9 oF g&F A9 o
AR BIdl ©, 379 o q99 (39 oF §) oF oh
TR & BIFT F' ¥ [odl €, 125 (379dd o o)
oG & qom e Bihd F ¥ 319dia wdid gt 21
(ii) o9 o YHRITeR ohg W oA alelt Jehrer fRor oTaeds
o e for foRet foerem o frid =t 21
(iii) (a) & ST <9 o YoH &I WHd T A oA
At s TR i fortoT STHeR oF U¥=d J&A 318 o
TR T w2l [ 9.17(a)]

(b) fordt sTaaa o W 3Tk fgda Wiy fag &1 IR
ST el Bl G5 ShIS WehTST ohi Tohv0T ST9ard oh I g
q&A el o G T S =1 [fE 9.17(b)] £ > ;
fo19.17 (a) @ (b) # &7 el &1 hoel: Sq@w @enr [ T,

STae el o fere <t T 1 st o 9 faf gfa p . o o
TR e F1 W 39 THR o R0 3@ Wiad w1 279 :
FHA AT qe 78 Al FeAfud wE =fey fh o &3,
SLicay (9.23),Hﬂﬂwﬁﬁwwﬁm§mq§% b)
TRT W e ST S T =Afew % fet fow 19 9.17 (a) 59 &9, (b) Tl ofF ¥ oA
f6g ¥ ora ol sefm %ﬁr %.l ikl W o8 ¥ el YRt TRl 1 STRE|
YA o I9EE T & ufdfea foig @ et €
TG07 K1 Aifd oGl o foau off, ferelt o9 grr Saa=1 emerd (my) 1 gfafas o 9
(h’) den fai o W1E (R) o U o &9 ° YR foHan S €1 Meid 9ol 935
ifq =gl «ff ferelt of o forg o8 WX & <@ =1 Gehat © T
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31807 9.6

(9.24)

o 9ROt 1 9ol 3 W EH I U © o 39 SA¥ET Sfedd o g o |
(den anurEt) gfafss o fou m ueeRes Biar 8, Safe fordt Sere (qun arfa)
Hfdfers o fefT m SEomess g 2|

IETET01 9.6 HTE SIPR B @M §9F n = 1.47 T9adHI% & Hid o o
forell 59 W ot SIVTeRT o ST} 315F T 31 B1 K9 1 USSR FA1 82 F1 T8
59 ST € Tkl &7

&l

59§ o9 o 315¥9 B o ToIU & T STqad-ish, o o hid o STqddish o S
B WET; n, = n,| FAT FT BT SR 1.47 T TH TR H 1/f =0 A
f—> oo U BT 59 ok X G h1d 1 Teh GHAA IS T Witd h1d HTM| SR
¥ o0 g9 S (SUFdiR = 1.33) T 8 Gehall I8 59 foradE € wehar 2

9.5.3 H i &

forelt o9 &1 &\ 39 W IS 91c] YRR i STTAERT 31efel ST9HRd i &l hife
1 A9 Bl B TIed: A Hihd O H1 g ofF AAfad Jehter i Aferen Hied €,
39 oF § eruafdd fRwor Sifqaia Bt § den ofedd o™ |
FTqafda fertor i et ©1 forelt o9 &t &/@ar P i 9 %0
1 Tl @ uftwifig @ €, a8 9e fedh qer ote & 9Wiw
TR Yol T S YRIUE kR W Thik SO W R fRa R,
sifaRa =1 o we =1 (91 9.18)1

h 1
tand=—; A< h=1 tand=—
S S

3194315=% (6 o o AH o ferm)|

forr 9.18 ot @w &1 &wa q: P= 1 (9.25)
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33Tl 9.7

J
" T & HT SI T SESART (D) : 1D = 1m ™' 71 37d: 1m e T &5
o 1 &A1 Uk TSR 71 AT o hl Tl e Tcish qef SToaR! o i &rar
FUCH Bl ©1 T9 YR 5T h1g 5 Fafhcdsh + 2.5 D &l o1 Geiesh ofg fifa
T T, 9 + 40 cm BT U o SUA G HI SAEYIHhd Bl €1 — 4.0 D &l
o o ¥ qed - 25 cm W I H A GG e 7

ISEIVT9.7 (i) AR f= +0.5m B 1 & H1 &mal &1 22 (i) Toreht Swiiier | =
) efshi 1 ekl BT 10 cm T 15 cm @1 S9! BIRE T 12 cm T G
o hid T STIIHIF TG BT (iii) e STt @ 1 a1g # Wiehd 50 20 cm
21 5ot | 3Uh! Fiwd T 1 22 [Ag-STel 1 SAUAdAIF 1.33 AT A-hid
AT 1.5 2]

&l

(i) <G HT & = +2D

(ii) qﬁf= +12 cm, R, = +10 cm, R, = -15 cm
oY 1 AYeAAIH | A Sl 2
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IR (9.22) % ©H A I WA &t o fQ £ R, 9 R, o foru forg R
o IR fafa= Tferel & 79 W@ | o

(iii) I F ®= % o9 * fAC, n, = 1.5, n, = 1, f= +20 cm
T TR OF A G W g

izof{i_i}
20 R, R,
34 i o o9 & fau 5« ¥, n, = 1.5, n, = 1.33. 8T

1.33 1 1
—=0.5-1.33) | ———
7 ( ) |:R1 R2} (9.26)

T S THIRTON Wl WA e W) ed e
f=+78.2 cm

9.5.4 HUH H T@ Udel o1l ol IS

TH-TH o ok H W f, 901 f, BIhE Al o & qaqet
9l A 71 B R fo=r wifsw) 9= <fifse #iE f9a 1ga
A9 A% e g ) fedt fog o W feem 2 (o
9.19)| Tean @\ fag 1, W wfafsa o 21 ifs gfafse

I, STdfee €, 91: 98 T oW B % fow e faw
ifd el Hear ® qen Sifad gfafee [ T o9a1 21 89 39 o
& U o =1feT T e | ° wfafde &1 o=, e
affaw wfafee =t feafq fuif =@ & forg, @mm = 2 foT 9.19 TS & @ 9 vad oF g0
T & Tl o | Frer e R R, T et
G W T el 101 o STER IREfdd 8l St 81 it
G Iqe €, BH S ol o YeRTiyTeh kel bl HUI W Hehd &1 HIF ST U8 ke
fag P g ffdw e 2

Ted 9 A g 94 Wfafde o fou

1 1 1

U_l_zle (9.27)

T o B g¥ 9 Wi % fo

1 1 1

;_U_1=Tz (9.28)

THIHIT (9.27) T (9.28) i Sigd I,

I (9.29)

TR @G F T F f Wwd U F fFH THRA @9 F ged A W,
11 1

v ou f 237

2024-25



% HifaeRt

238

3T8Y0T 9.8

DIt
i1 1.1
5 AT (9.30)

7% eata Tk § W@ R Iae @l o e o o ot a @Atk g, ),
fi... BIHE P o o5 W o TH-E % Uk # W@ ¥, A 79 A w1
gwmiﬁﬁhﬂ

11,1 1. 9.31)
S h fi S

O o Y H WHROT (9.31) i 9 YRR off foren s weRar &

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

Iel P39 o TAISH &1 72 &Hal g1 2 ST, FeieRtor (9.32) § SToRT-37er
ernelt 1 SHSmordtg 2 o T ], stefd qeieRtor o <fa ve W $ UR oA
(3T iEl o foTy) qen e U SRUcHe (Sfedd ol o feft) 81 EWehd B 1 |l &
TASH T8 a1 ST Sl oF STIHIRG 37ean STFaaid oF < & H 98
eI © a1 3 widtes i dev § ot gig # < 21 il Ted ofF g o Hidfee
TR G & fau fsia o7 S 8, gt (9.25) ® Ig safifed @ fF TAsE #1 g
AT m, STEHT-STeRT G (m,, my,, my,..) F THAEA F TER B 2

m=mm,m ... (9.33)

TH R & il o FeSH W : S, GEERieiEal, R 9o o1 Wehiferh
T o ddl o fesme o SuEn fey S €l

30T 9.8 99 9.20 ¥ fu 7w <\ & AW gw fAfda wfafss v feufa
1 hifsul
o

«—30cm —>

f= +10, -10 +30 cm

e

e 9.20

YAl v, = 15 cm
Ted oig gr ffifa gidfss Tk | o forg fo w1 wifq e e 21 9% S o
o T $R (15 - 5) cm = 10 cm T W 71 ey yfafde ardfas § wg 78 W

2024-25



TR ¥oT gh1iRTent T
EEQINEICE]

o o fere s fa 1 e e €1 erefd S99 T g ok fa feReot et g8
Wit e 7

Ay, =
7% ST Wi TR o o STl SR $Td g W o €1 48 e o ok fern
faa &1 «fifa wrd a2

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

K

3

w wcl

Il

8 |

+

8|

8°6 lnr21be

9.6 fUsq o 3tuad

9 9.21 ® fordht fieq ABC @ Y11 fohR01 i TR gU <A T4 B1 U8l otk
AB T SIS0 T TG HIVT HE: (T 7, &, STk TR G (Fid § a7
H) AC W 3T HI0 r, T 3T9ecE w07 a1 Fiq o e &) ffq fezor RS aen
aufad oo &1 e PQ o <= o IV &l famerd #i § wEd &

C
o7 9.21 =9 & TR frsA @ fordt wehme oo

T TRAT

=gt AQNR ® 1 %101 (Q e R ¥hsl ) gHenior €1 gHfery 39 s o o= §
I 1 I 180° =1

ZA + Z/QNR = 180°

I QNR ¥
r,+r,+ ZQNR = 180°
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T T THROT i g I W, T W B

r,tr,=A (9.34)
ot Tt § <Hl hetehl W fame &1 A @

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

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

aaaq =y (0)
forx 9.22 Tt fywmeR fism o faw smads s
(1) Ten fo=red +IT (5) o &9 U UTH|

TG YR e 107 e v o e e 81 95 9.22 § ara whivr qen

ferIer <h101 oh o= W S T €1 39 98 <@ Hehd © [ oAUeh ®9 9, oheiel
i = el BIEH, TIH o= HI01 § & qCIEl { % q1 34 YhR eh 3 AH B
T e TSRO (9.35) W { qe e ! HHiHfa ¥ a7uferd €, srfd, 9% { ¢ e i 399
o 9t fean Se @t § srafafda war 21 ifdew &9 o g% 39 e 9 aefud € fr e
9.21 ¥ Y19l ToRT01 & 9 1 a199 SRAEd T W aE foeed S0 9 B 2
e famed D W, frH % #ieR sTqafia R Sk STYR % WA @ S 8
T4 1w el @

§=D_,i=efom o & & r =1,
THHT (9.34) W BH W el §

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

Iz foom o wred 1 STgad n,, €

i sini_sin[(A+D,,)/2]
2 sinr sin[A /2]

(9.38)
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TR ¥oT gh1iRTent T
EEQINEICE]

HIT AT D, HIT JAT R BT ST Hhdl ¢1 TH THR R (9.38) firem
o qeref o S{UEdHl oh HIGH hi fafy 2

B 0 o o a1eifa e firem o o D, oft TRt BT B € qen B
=

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

" T mia/21 0 A/2

D, =(n,-1)A

THeT acad € o uael fsH o weRrer o fae St @ e @
9.7 WISk I

YO, it e fo=ml o wRied! qe eTved! Ul T SUART FHch 3T TR gt
w W fesed fry My R ufeefl, weafdeeli, feh, weetn, gewest gw
U yeRfiren gfral qen g5 % SeE € SR 'W 9me 9 9 Suan ® o
&l e ® AR T Gad Heequl YR gl § 9§ uw @ o uefa 3 wd
Go=t feran 1 el X W B WM 45 o IR W Ug Yoh €1 319 B YeHsy ao e
o HE HE o (FGId 1 T R

9.7.1 gauavit

WA @ Fod W Geusell A WiHd g0 H ThH AER g g 2
(f 9.23) 1| 30 TR & 9 &I YeHIEN o6 €I H YAN HA o6 fau, o9 wi e
o iohe STY T HihT T 191 39U 9 Tq | @M S ¢ 701 o F o g0 3R
T I G W IR @ S B | U h1 A ® R a1 den, safida den
st wfafee fRet Tt < W o4 % 99 S8 Weaes 3@ Foh, Suid yfafaa
25 cm el FB Afd T R 9791 =few) Afg e f R feom @ o ST wfafaa
I TR ST | ety A foie £ W E g0 W @ @, df Widfed S qen e
1 g | %H g0 W I €1 Fef @ & fau frrean smme gf, fee faig
(50 D = 25 cm) W el 8, WY 399 45 W @ 6 g4l 21 SHfe, W 3 W
o1 wfdfeis fforet = g S@m o fore Sfea @ s €1 =8l w <A ferft sl W
€, Teell o 9.23 (a), § @1 g T 9.23 (b) @ (c) Wi

W geaett g fave fag D R o7 gfdafaa & fou Wasw smasd= m =+
e 11 gau g1 foRan s wehar 7

meteof - H-4)
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W e
I
L
l
<—uJT> \
< D >
N\
e
@
[ s
|« D =
(b)
h 0;
«— > 0; \
N
D
AT W
(0) H hs
ferr 9.23 Tt geusefl (a) s o9 3@ yaR feom € fo gfafsa
foehe foig W e B, (b) foiel g0 sfdala wivr, fere foig W sfafd whion
o THM ® a0 (c) foia o & Wiy fog W, fafas sga QW ? oifwa
Ia ¥ U 2
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TR ¥oT gh1iRTent T
EEQINEICE]

e AN g URAEl o STER v RUMCH € qe URET § D e SR €1 3T:
ST,

D
m = (1 + 7} (9.39)

Fifeh D T 25 cm B 314: M@ 6 Id HH o T ®IRd @ f=5cm &
I o 1 AEYIHA Bl 2

& ST, m= h'/h, F&1 hiss &1 g qun v yiafsd & aEs 81 7 giatss
S0 TR Hivr qen feia gry fafia Hior <1 oft STuTd Bl ©, Sfeh S 3R 9 <&
o feIq D™ @ St @1 (A it o 718 e o fae gro s W 3fafia i e
2, 9 h/ugm = fovan T 1) Uha-oid W STEdE §1 3udie U © T
%] 1 DH! qo | HIHT e TRt @A H9e 8l ST 2l

e i gldfae 3Fd W ol © df g9 e o s 5 feerfa o & sl
AT w1 iehe T BT | SISTT {6 1 = A 38 foa g =51 W 3fafd
rfersha v, Selfep fofa Ty off fe@rs 2 &1 (form fonelht i o), a9 & € o
&0 o &l e o1efd 90 D W Tad €1 99 31dfia v ot &R

tan 6, =(%)z90 (9.40)
319 &Y ufdfad g0 <5 W idid Fivl, Safe fag u W @ 8, 99 F9 B

Wa%’=m=5@qﬁﬁﬁr§mﬁﬁmaﬁﬁﬁw

tang =L = L2 _ N o fm g siafa o, wafe fiw o u=f w3

_ (E)
i ¥ (9.41)

6,) D
ne(2)-2

T 39 feafq & e &1 go o w %0 2, food gfafsa frere fog @ s
8, TRl (9.39), W Widfed I@H1 STiemehd Afueh SIS Bl € 9o S
H ST oft STUaTHA BT €1 TR G5 (GEHGE T GIT) § Felfed ST S
¥ 79 g uen fF gfafas ema W 2

arEdfos Wi Al o Al o fau fordt Wa gaugel o1 stfushan e
(< 9) Tar 21 3tfures a7 o foarw <1 <fal 61 Sy foman st 2, fo T ofg @
oG o 99 R G (SQT) Tl 81 TH WY geuse whed €1 fo 9.24 W Wy
gersell 1 e @ <uiEr T 21 foa % gew fihe o ofg wi eifrgvae
(objective) w&d & S fofa w1 arEafesh, Sorar, srafla wfafde ammm 21 g gfafse
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forr 9.24 T YeA<elt 10 Ufafaa 991 1
forzur em@

TR g o fau foa &1 FE Fa1 T 3@ @ A" F AFT (eye-piece) FEd 7,
S STdfaeh €9 ¥ WA GeARRl 1Rl STaY® oh ®9 § & wieh dAfaH STardd
st gfafsa S #1 39 YRR Bl Sl Ufdfsa AT o wiwd fag & fee
(BIRH TR I THR 3R) Tl €, T AR § Tl g0 W e & S effaw wfdfee
1 3Fd R I o fAU S9g Bl @ den 39 feofd o off st feee et © o
R Af gfafsa feea 8t @ sffam frhe fog W 7 wrwea:, sifad fafds qa foa =
e Sl S 2

379 TH T YA o RN STaEA 9 | o 9.24 &1 fhwr om@ a%
<o & for eifgeaes o wro (Wask) e[, stefd h/h, SR

=TT (9.43)
&l g =9 qRErr w1 I9En fee B

h h’
tan,8=(f—0J=(f)
Tel W Tt Ufdfss 1 G1e © den fo &1 Oest h ue sifigeass i wied i
f, T wEen wfafsa A o wreew g & e st €1 g L, ereifa, sifugeas &
fadta wrerw fig qen AfeR (Wed g8 f) & TBd wiww fag & @ w1 U A
T GeAEll 1 Zge e Fed
Fiifeh Tgell Il it A1 oF Hiehd fag o Fepe ol €, SWie == 9
AT IROTH 1 ST B9 T YaHaRh o oy sieh 6ok %R0 (HIvfiE) e m
W Y [FHeR1 9.39), et 3ifad widfas feret fere foig W oar 21 7€ €

D
m, = (1 + f—j [9.44(a)]
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IEZUREAIRIEIREC

EEQINEICE]

9 gfafed oa W a9 ¢ d AT & SR HI0 STEE [T (9.42)] @
m, = (D/f) [9.44(b)]
Tq: el AT [FHIRI (9.33) % IIER], Safw Wfafed oq W a9, B

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

oy € fop Tl iet g o1 w1 ST W e o forg (gHifery gemsef A
@ T ) Afgvash e AR F Wik I FH B WIfETl Fer §,1 cm o
FH T T KT F T TAT HiST w1 T TH F WA LK T FH o g
oS oIl i SAERIR Bt 8

32 & fau, fheft £ = 1.0 cm o 1f9599@ f, = 2.0 cm &1 Af5eR1 921 <&
T (L) = 20 cm o faU g Yewsel &1 Tadd

memm. (2] (2]

=?x2—25=250
o= fafir FrE S8 9w #1 wEifa o wfafsa w1 v v o § "ot
T 3 B s GeraiviEl o, erfgyash qun AfeRt sgateret oiEl gl g S
&, STk R ofdi o Weh1iereh fameri (]i) w1 %H %ok Hidfasi i o § guR
fepan ST 21

9.7.2 TaETIh

TN L@ LA (o5 9.25) o1 ITANT X T SXG3A l FHIVIA TR FaH FH
o fore feran St 21 5o off U eifirgeash qen Tk e et ?1 Ry F'l W, A
1 3T SATHGTIR T WIohd G AT A ShT gRep ff shiwh! 3tfereh erar 21 fomedt
T foa ¥ IR Yh ARIEaE H o9 FIA § 9 299 ok IR 39 fgda
WIehE T AT Widfaa a-dl B1 SR 39 Wiatad i e wieh Afqq see
wfafae SAdT €1 ST amar m, wfafes gR S R TaRa w0 gaen foa gR o W
AT o R FARA I o o ST gR ARl fofan < 21 o

O’Nfe. h —Te (9.46)

=@ fofa o, el &1 g9 #t @@ 2 S+ S

uifele geaefert ®, 3 el o sifafter, gfaeit oidi %1 Tk F7el el 2 S et
wfafae i Frem s 31 1 STIEd SRERiR T STAN qfefd TS Tl S JER R
Teyoii o fore foran S wehan 21 SIXW o fow, fRE T8 geeie W faER wifg
fSrer IfTgeae 1 Wi%hd 3 100 cm T A &1 Hiwd T 1 cm T 39 A

T AT T
m = 100/1 = 100
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forr 9.25 Wadl aEih (FEIA) HT TN NG

39 Tl 1 ) o e R fa=R Fifse e arafas goed 17 (1 fie &
=) 21 A TN ST EEF § @ W W THR TG B ¢ o9 R 39k o o
YefRa-hIT 100 X 1’ = 100" =1.67° 2|

Rl Eiele eI o aR § &M < A G a1 S9! TR HUBTT &l
qe sEeht fasie arar e e ] YR GURUl udl R w9 ¥ qEEd b
Afrgeas o fawd W R Fd {1 A sifogeasw &1 =g 91 © @ guet foet
1 oft Yero7 FoRam ST Tohell 21 TR erar stern ww & fawn # < vt e
aEgett il geased: fa= Uferd e 1 e oft sifigyaes o =re WA S 2
370 FeRITI Xai § aifed Sevd e el 2| o sifvgeas o1 o sifersham |
ASThel SYAN BH aTet Ifigeash o w1 tfeshan =4 40 $9 (~1.02 m) Bl TE
T okt A, feantafem, T T st § 21 5o 912 o srefush 9
B €, 3T: 3% oA qe TRl o WeR ekt T whied e €1 sheh sifdiem
3 9 WSS oF oidl i 39 YR M foh gfafasl o qui fauem qen st fawuo
T ot 9gd s qu WEm wE B

o 9.26 TEdl EF (FHIA) HT HIE RG]
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TR ¥oT gh1iRTent T
EEQINEICE]

Tt wR0 € T oM el § aifigeas & €9 § of@ & TH W sEdd
AU T SUART TR STl R1 UH Rewiehl 1 fo sifigwaen <Uw R ®, qwradl
TEF (STEA) Fed €1 0 H wiE avf fauer 7 gam At Gew < i gmen
off T A B € FAfh I HY o W, Jod 1Y UM HT TYUT TR HH
it BT € 9 U0 Rl e RE R & FeW < T A9 3T THS TS ok TS
FT TER S fHa1 <1 Gohel 31 Wl e F1 Tk GO gL T Bt § fR
AT TV IERIH HT A o HR TR Hl HIHGT hIA ¢l Td: AT qo
JeTsh ! IH TAM W AT =1 09 YT o AW | STaY oh R0 FS R
U B S € (TE oY YeTeh o o o foIg ST T fHSRgA S o Wige W
fasit sz ®)1 @ &y eifd faeme 200 $9 (~5.08 m) A % WSS Ted
R, Hiawian ¥ foman T 21 Jarsk Tk B R o <du o wiew fag o fke
d3d1 B 38 GHE 1 T 3 GUHHE I8 ¢ fF Gihiad B arel FeheT 1 T
31 U g faeifad e e s e &) uw oHeeen fo 9.26 ® @i M €, forad
3MAfqd TeRTeT 1 HIh{Hd i o fag frdl 39 fadiaes 3901 &1 3w fohan S
T W ot orfygyas (Wfies TUU) o o W TSRAl €1 W GIEYih hl SEeh
MTShRE o W W FGIT FG9IF (Cassegrain telescope) Fed &l TTeHT Th w1
7% 3 T 3R qeviw o 9 wied T B 7)1 ARaad H ToY g€ qOERiE Hhecy,
AfferTg o ?1 9% 2.34 m oA 1 O e e €1 38 uftd feran a, fw
ifereT 1 ¢ IR Hafter fRan T 9o o1 38 IR Wi HfqwT G, STdE
SN AR fRA1 ST @1 B1 HER 1 G FE] e uich g, G T STHIH
T e TEEIHT HT A ¢ Ik Wadsh H1 =@ 10 He 2

AR

1. 9Uadd SHIERT Li = /17 UG e A o | sini/sinr = n g0
I e €, STel Safea ehaor, il feheor, STuelfcia fehdor den tfieis T
& Tudel | BF §| @1 W R0 i,/ QT r, HE: STAG 0T, TS T el
ST R0 €

2. WA W 9 fova mea | mfaa feRwor & T swifoe sgad i i o8
i1 & ok for eruerd= 101 90°% 1 > i, € W i afiafeh Wed el B
R H S SfaRer Ted (i, = 24.4°), Q01 qUede fHsH qen 7t goi
i e o e SIE0N | FehTI¥Teh dq, 1= oh wqail oh o Bl @ Tor
TR 3TYETTRd Y TYeiIh o Ug1el shi Uaeil Td i o9 eidl €1 WehTeieh dq
o fordt T i W smufad yeRmr, SgTfUIa oTidieh WEdd g SR R |
fehetdl &, WeRTIATeh dq o §e1 8 W UE eIl 2

3. Frdig fag TRurE)— srafad weRrer st feen F Wt 1 3R e qen s9ee
faadia faen o =t ¢ st wonce off S €1 gsft It ger ste w <
o Yd/cig o YHITR ohg § HIH S &1 x-2787 o IURGE! qe du/eiy ok
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e 18] o ATHeaed W T S=eal Hedsh o St €1 srige feen # wrd
TE SeTgAl BN wl Sl 2|

. TUUT THEH

_1

J
Tel wden o wHe: o9 g qon wfafas g € qon £ <dor ) WeRw b R0 S
(df=Tehed:) aohal B R %1 oMeft Bl 21 sfedet UuT o foaw £ SomcH
q Il AU o fAIU £ ueTeHe i @l

1 1
— i
L U

. Tusm 01 A, STUadAE n, o fordlt s o faq St n, stvedie o fohet

e § e R
n, sm[(A+Dm)/2]
27 n, sin(A/2)

Tgl D, =JFam foeer i 2
fer st TelE HATYS | HYefd [AeAd 1 (STUaHh n) | Heaq 2 (3TIeRish
n,) & #AR]

L, M "M

15} u R

e o & T g
1 1 1

v u f
G- G

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

R, T R, T o W ot oshal Fad €1 foet i) o for femmers ©;
HIEH O & AU £ BT ©1 G T &Ha P= 1/f |

G 1 &l 1 SI HE SEA (D) ¥; 1D =1 m

AR £, Sy [y B T o e Iael oG HIh | T T O 39 HASH HT A&
HieRd T BRI

1 1 1 1
=t —t —+ ..

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

7. THTY %7 GRETU, YRTST T SOH e auil | fauqres (famed) g 2

2024-25



TR ¥oT gh1iRTent T
EEQINEICE]

8. fordlt Ta Gemgell 1 SaeT &/@ar o URAT m m = 1 + (D/f) 5 =K
fehan ST €, 78T D = 25 cm, T T FT SToqqH 0 € T F39G o9 BT
HihE Tl B AR Fiafds ed W &4 6 m = D/f BN fohe e gewse
&WW%Wmaﬁ m=mexmo$gmsqaamwé,aﬁ
m_ =1+ (D/f) AR HT SET TN m,, AAETIF R SO A )
Hfehed:

e 2

Jo Je

TET £, TN f, A ATTgTAR q AR HT Biohw A € 9o LI I ok
wiha faget o e w1 b 2

9. gl TXEIT P STaE &Har, Fiatad g 45 W SN v S 7 foed gy
T SHafkd IO o H1 AU Bt 2

meb_do
a f,

TET f, T f, AT SAAgTAR T AR FT T IRAT T

faamoita fawa

1. STUaA fog T e qe ST9ea o a9 9t geal qe Mieami o i oh
fore o= ©)

2. Tt 39@ <@ @ f qon 2 f o o= W fwdt 99 o awafas fdfsa =t
yiafea-feafa W @ o€ W @1 s gehar 21 A 9E R g iR o
yidfea o8l wdl €2 I8 9 agdl S g o S €, it g6 W i o
IE T T HicA Bl € Toh hig wiatas fon fenelt o o arg & Fieifora
T ohdl 71 W Ufdfas df et @ € 1 e o fordt foig @ fofa wenmen fereot
fenzem o fordht wfdfsa foig o srfuafa et smoafa & St &) weT oheet
7 foreont i forafa war @ o8 @ oo fRl AR = @ et € @i
&0 yfafas 3@ g €1 fRd oo yee % gmg o9 wfdfest gRoed <@
S kel B

3. wfdfsis s ok forq Frafia aed/eeads s saveeal gt 81 fagid &9
o, ferelt foig @ Ffa @sht foreol wer €1 widfeiar foig ™ o= =ifew) =& smor €
fop o forell sttt oot g, S9 fomel q&aeh o g | eroen widfss
TRl <&
4. TR oE IREYY o SR T Hldfss o €1 TAR =R 3R 1 aegat o i
H fafaerr 59 W erufad gehme o 0 % Geehl o HR1 Bt 21 Rt o
i THIT Fehtel H @A W A T T H @ W 3IY 9% ok fawa o
forcTehel € 3t iy el 21 249
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9.2

9.3

9.4

9.5

9.6

250

TRl T gesel o6 forg o 1 vl wres, giafad o hivid |Es o6 auer)
B 31 Ry oft T el TSE R € it o1 geusef 1 SuE H g
TRl BIET o] ! 2T 7301 o 9gd [1ehe (25 cm ¥ o H T W) W@ Ford
&, fraeh weresy 9 459 W g HIU SHaid w21 giatas, 59 & 2@
Thd €, 25 cm T W 1 fo geweeft & oMkt SH B o 1 TR 3@ IH
% T 25 om T T T BT SR 76 T8 UG W Fgd BRI R0 S FHITI

ALY
2.5 cm HIES i T Bl HHe™l 36 cm dehdl 51 o fhHt Taqer <91 9 27
cm T R W@ R gd0 ¥ R TR w1 e g W @ s sus gere
yfafes T W | gfdfes 1 i IR WEs 1 9 ST A JiFed Sl <g
FI AR A WM, A RS H FG AR g g2
4.5 cm 95 H HE G5 15 cm Fihd g4 o fRE 396 390 ¥ 12 cm T &
21 dfea = fearfa den s faf@w) @0 gar & 59 g8 1 <00 4 W ot 9
22 =i i
g F 12.5 cm HIE aF 5 ¥ W 71 e gereeft gry s Y deft W ue
forelt g€ 1 e TeUE 9.4 cm W S B Sel 1 TYSiiR F1 22 st
H 3 S E % Sdl o TM W R 1.63 ST9edHih & 37 59 9 Wi T
R e ! IA: WIhiad i o fa¢ gerseh &l fha? S9vA= & S ghm?
o 9.27 (@) 921 (b) & foreht smafaa feror 1 srvads <rian o0 € < o o
FHY: BP9 G SA-91g FRYS o Afets T 60° 1 HI07 ST 1 59
SMAfd YT T SIS HIVT MG HIWT, S A B SeA-hid STRYSS o Aeial
T 45° &1 Hi0 S 7 [ 9.27 (011

arg

o
60 ST e 50 ST

(@ (b) (©

o 9.27

S ¥ W 80 cm TETE ok fehEl o 1 dell W g B Sod W@l T B A o
T3 1 T & 1 hiTT TG dosl o1 FehTel id 81 Hehdl €1 STl w1 STedieh
1.33 21 (aes =i f6g Tehrer Ga wifa))

1 TysH o1 STuerd-ieh o shi™ 1 o1 &1 FI§ THIR Y- 39 oA &
ot weth W emafad giar 2?1 s 1 =Han famer ®v 40° A5 T fsw
o U 1 SvEdAin 2?2 TUH w1 ATerda o 60° Bl AR s W S
(v 1.33) H W@ A ST 1 WehTe1 o TR G o6 T 9¢ =Fad for=er
IV T qReEH HifsTu)
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9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15

TR ¥oT gh1iRTent T
EEQINEICE]

SAYEIHIR 1.55 o hid Y I THeTshi shi THM kel 521 & 39Fme o fAfHd
F E1 A 20 cm BT §0 o o FfHa w3 € dr srifar eRar B @ e
1S Fh9-gS Tt fog P W eifaia g B1 hiE o 59 IfiE g o Uy o
o5 P9 12 cm R @1 9?1 47 98 (a) 20 cm Wisd T 1 396 & F €, (b)
16 cm WIHE S 1 3fedel ofF ®, @ ghe-gel fohg fog w sifirafa gm?
3.0 cm %+l ®FE &9 21 cm Wiy T & 3190 ofF o T 14 cm T R W@l
21 o grn Ffa fafsa o1 aof Hifsw) =0 g @ s foa &g 9 e
T €2
fRdt 30 cm ®IRd U o 3T ©F o HOeh | @ 20 cm WiHH U o T
oG o HAeH O 91 G oG (FeR) 1 wiwRd T 0 82 e o S o
% el TUE? Gl 1 T w1 SUan i)
Rl e YausE § 2.0 cm Wiy 0 1 e o9 791 6.25 cm Wikd
T 1 A G TE-TR Y 15 em T R o F| R form 1 sifgeass @ frae
T W @ S fo sAfan gfafaa (a) T g9 &1 Steudd g (25 cm) 90 (b)
3 W SH? T el H Gamesf i e fHar 9 S|
25 cm o WM e fag &1 & Afe T8 9ge gaaseh e Afvgeas
8.0 mm Ik T qe AH 2.5 cm WiFE T F1 €, F ST wieh AIgeash
¥ 9.0 mm T W @ o w1 oo Hiekfad FT ol 31 AT G o e gerehe
T o 37 gemeEl w1 e erwar @ 72
el BIS WA o ATEYIFR FI Bk U 144 cm T AR FT Biwd g4
6.0 cm B 1 WA &1 e ammar fehet 22 ifgyass qen et o ot g
i = 72
(a) Terdt Sreremen kY foremet A o 31feedsh 1 B 90 15m 21 4 1.0 cm
wihE T T AR W FT A 2, A A BT RO e 72

(b) < T L&A 1 ITAN FSHT T SR HI | fha M a1 A5ea® @d
g Fftfa =igmn o wfafss o1 oo/ 1 82 =%6 1 49 3.48 x 10°m a1
<HT 1 el w1 51 3.8 x 10°m 21

TYU-FA T 3TN I8 FcT HIH o [T Hiferg fom

(a) Tdt staat qUuT o f qen 2f o o9 W foa &1 arsdfas yfafes 2 9 R
EnId

(b) el <01 GRI Hea SNATEl widfes sa1 € i fore w1 feerfq o fefR @ e

(c) 3T T NI WA AR H Biel ghafda, 901 % Yo 9 WHd & o=
EECIRS

(d) Taaa YU F gd qAl Wikhd o e W foa &1 et qen sg1 yfafaa
ERnid

(e : IE A 3MUh! dAsrordra fafyr grr 37 wfafsdal o 707 o= w6 o
e O 9= 7 o sl gy w €1)
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9.16

9.17

9.18

9.19

9.20

9.21

9.22

et o9 & ST Y8 W SE T B T ®1 50 cm $EE W <@ Sl 2

15 cm Hi SRR hid & 2ok 1 B o I3 & THIM o4 9 75 o o= W@

3T fig @ e W 49 9 forat R e 02 w9 1 s 1.5 71

I [ 1 srEreafd W s €2

frefafed geai o 3w fafay

(a) To 9.28 H TYaHIF 1.68 F g hid | 1 TRl ‘YehTeT Afereht’ (TEe W1EW)
1 S TS ST T €| AfeAsh1 1 Sl STER0T 1.44 {qeiish oh g1
1 &1 B At & 31e1 ¥ afad fhol o i w1 uRer, fen for foe
Y 29y @R Aferht o iaw gl Wedd g &, F6 Sy

(b) IS 2T T ST 3MeR0T 7 B o 1 I B2

fox9.28

el &M H TH IR W T foFd aea &1 7l 98 AR & I9d 9 W

3m T W feom e 1 R W gfafes g S {1 56 o Sue o i

SAfRan Wihd g 91 BT =82

ot o2 1 o/ | 90 em @ T ¥ TR W R 39 A9 5N IH TH-TW

¥ 20 em R Fearfeal W w@eRz, < wfdfae s S §1 o S wiwd 38 9@ St

(a) TRF 9.10 % = <Gl o HASH 1 FHET Hiehd g0 39 fearfa # I wifse 5@
Ik G el G €, 901 A ThH-3 ¥ 8 cm T W W F 7741 S e
THITR FeRRT G i e o R am? . 39 97 o fau gl wiehd g
forelt oft &9 4 SuERt €2

(b) ST FaE (a) H 1.5 cm o1 1S faa Iual oiF &1 AR @i 2| faa 1
39 8 ¥ T 40 cm 71 I <6 % 7 SR S ST qen wfafee w1 SRR
A i

60° 3T9ad IV o fIsH o Hats W fRE g ool o1 fFg 1o W et

FHAT ST o TR T Fersh ¥ hae Ul A wWadd & =17 fasw o ugred
1 Ui 1.524 2|

1 w1E e f59 1 mm? s o ot & fgefsa ffan 70 €, %1 9 cm i W
@Rt fohdl TaEie @ (9 cm Hihd U &1 SFHEN ©H) g1 3 35 & fehe
TR @ W T

(a) &G N Scq=1 A (widfee-grgs/eaeg-gEs) Fa 22 el yfdfad
Weeh ol 1 eThel o © 2

(b) E 1 IV SeelA (e awar) @ 82

(c) T (@) | e emar (b) | e o aeR 87 T Sifsu)
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9.23

9.24

9.25

9.26

9.27

9.28

TR ¥oT gh1iRTent T
EEQINEICE]

(a) @19 9.22 ¥ ©F i FIE e | fohat g W T@1 ST qIfr & ohl SAfereran
TS AT &A1 o WY G W S Teh?

(b) 36 TS0 § el (wfeifer-HnEsy/aeg-qes) 22

(C) 1 9 WhH W 3a, 3Ta &1l o SRR 87 T Hifer)

AW 9.23 H I%] 91 MaHF ¥ & g fohat gh g =ifew @ifer smeh

yfafde ¥ &% o1 6.25 mm?® &A% T Tdid &7 91 39 Tad o i 4o

o AATHH e TWHT 37 T ] GEI= 3@ Tohl?

[T — 199 9.22 ¥ 9.24 7! fRUeT Osst | oqaelq qen fwdt = i

LA AT (SHIVT TEYA) oF S X ! TIed: U H FerEdl Hil]

frfafed gv=i o W -

(a) Tt o g1 3 W FaRd vl TaE® o §RI Icq— STt gfafsier g
I3 W HaRd 107 % SUa B 21 99 TR R e1el § FiE srades o v
ST Yo T 27

(b) Tt emaefe o9 O I@d THT YeTsh 3194 3 &l oid § T TeThy Tl
21 A Yk T 3 ) 119 @ ST @ = H 01 SaEe uiafda 8 sam?

(c) Ferdlt ot gerell 1 Tae &dl SHRT Hiwg T o FhAMUd it 2
Ta BH SARIYH SO &l 9 i o fAC &7 | hH Wihd g8 o 3
oH 1 ST A Y HF Jehal 82

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

(e) WY Feu=ell 5N I@d WA Halqd <M o faw gwR =+, A w feod 7
B 3HY FB T W TH =fe) T2 77 q20 AR o o= *1 I8 79 g
Rt B =few?

1.25 cm iehd 34 1 STFIEeae q91 5 cm Fiehd g4 i AR 1 ITART Hich

Fifesd hIoiia e (3ae awar) 30 X gl 21 9 Ggs Geussi 1 THmESE

Y HT?

TRl L oF SATHEYTF o1 HIehd g0 140 cm T ABET &1 B g 5.0 cm

B A G b1 @A ok oI A KT A e w1 € St

(a) ST 1 THAESE FE 7 (3fefd offan wfafde sHa @ e 7))

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

(a) 1™ 9.27(a) H AT &M o faQ AETae | o et o e gered
i = 27

(b) A 39 LA 1 ST 3 km R e 100 m S HHR 1 <@ o fag fman
ST B o SATHEYHR g o HAR o gidfes i S 4 22

(c) =% eifm wfafas 25 cm Q w1 € o oifqw wfafde & R =t S=
1 2?2
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9.29

9.30

9.31

forelt eI e | o4 9.26 W 9T 18R < qui 1 W&mT fovan o 71 3w
e F <A AT TH-TR W 20 mm R W@ T | AR oS Sq01 BT kel
220 mm & T Bl TYUT *T Fohal 521 140 mm &1 @ Hd R W@ TRt foa
o1 fam wfafss el s=m?

forelt TioamHiet 1 el ¥ I THAA U0 R deed eafad e (o 9.29),
TUOT § THTHT ST T I STRAEd Ll €1 TeamHiel i el | yafed Hig
o YO H 3.5° 1 GRET0 S FHIA T U % G 1.5 m T W W TR
T YT o TEdt fog § fohan faweme gmm?

y 3 N

A 4

v

1.5m

A

o 9.29

o 9.30 ¥ = THT @ (3T9adH® 1.50) TRl FHae S99 oF Horh W fohe
% %1 A o UG W 9 T €1 IS BT G2 R Ak e 3 W e, el
o TN SR-A= T FHUH W GHR GEREITSG B STl & o GE HI Al h
oA yfafers gg t feafa w € 91 39 feufa o g 1 @@ 9 < 45.0 cm B1 59
1 THL YA 1 e Sl T T T4 30.0 cm W S F1 K H TG
1 22

©
¢
 favl
©
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1 e s 2

T 1678 H = difaesfag frfest etid = g & o fagid %1 weqa -
39 375 H B9 YT oh 39! a fgid W faem S 79 <@ f @ died wWad
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2024-25

12092CHI0

N~ Y



% HifaeRt

256

@ : I o YA o HRO1 a1 THgTd 1 Hesl & Wiier Fe1 fohan Tl 36eht
T HR0 9 ot o foF wehrer fafd | THT R Tkt © SR T wegw fwer wn fw
T o Uk g W S feIg qon GeROT o foIw ea Wiem o STavashdl gl 21 ey,
9 A AT A T 1801 H ST AAfqeno FaEt ufas T v @@ @' e w9
T wHIfoTe 81 T foh A W WehTel 1 Wehfd aRTed €1 S99 WehTel i aRueEd i Wial
T 3R T8 U T R U8 3T DIl §; IS0 o feIu, Uiel Yol i qlieEd e
0.61m T YT TN i TR B B o RO (HET AU qel WG o SAHR
I o H), TR h AT WA et § T Il g WAl S Hehdl 81 T8
ST FehTiSTent o STeoR & ¢, Toreen fawa o g9 erear 9 o == e o 2|
IRTE ¥ FehifeTeRT ki a7 v e qureed st uRfaaar w6 gl ®9 @ o wed
& SIS FohTIITehT heeldl © qel fehor ol Sofl TeRol o S§ Ul shi wifa gRwa
FW T o TR 1 7 g 1 Ry e 2

T 1801 H 2 I R hT 7T AR FART oF I, AFTH T 40 T
Toh TR TN o6 AfqHor qon faad ot oW Jam fh U 39 9=
TR0 Shelel WehTSl oF o1 WISl o SR T Halwsteh &9 9 fehan s Tt 2|
T YR ST YAl o TN TeF e a1 Tagia weli-«ifa Tenfad & T v
BT A1 T St HiTE ST A=Al o ROl off, 5ok STaR o8 @wen i o f&
T F=t ok Ty ot wresm it strevashdr et ®, f R, geRrer @t frafq o ok
Tad & Hehdl &1 SUhT A e gRI Yokl Fekft 9fag deagasa fagia
T 0 R 8 IR Hegaet A T qen geaehed o framl o1 ol s el g
1 ok U Tl foran 31k g7 WHieheon o1 STANT shich Swei- o THiehTol oca—
fopan, fra@ S=id Agagesia W ¢ & fde w1 gfgsgaro ®i Hegee a1
IR T STANT R ok TR H, JEAeeish d aXTli o o7 w1 TOHT T 1T 3R]
I8 U R G o R I8 Hgifeeh I, FeRIT 1 el o WY T HH o $Acd ke
21 THY S e Trend frehren o6 g7 o/av & dgageasid T €, 36 TR
Hergael o STTHR Teh19l ot TRed-siiet forga aen gaenta & 9§ Hog 2| qRed-sie
faga &= aua qen fKpeam (ST o IRed-eiicl Saehia & Sca= il € ae
Redeiie geehta & g den fechee o uftad-siiel faga & Sa= e 2
uRedeiier faega qen gasta & frafa o of Sgagas T (A g @) w5
TEROT Y Tk

TH AT H B WYL 8159 & 4gTd o ot i W ferem- ot &8
TREA T 39e o Ml ol Foa=1 STl 3TIee] 10.4 T 10.5 H H AfGah
1 UREE 19U KA S AR o fagid W oenHia Bl S e 10.6 |
g0 foed w1 qiEe W faER w3 S eRie-Hd faga | e g1 ofd o
TR 10.7 H B ¢a01 o o1 H foem-fomst &3 S 5@ 927 R neniia € o gepmn
T ey dgagaeig adl g
* I G 1864 H HoAd A RIAqae d T oh ST i AfTSaT hi; $Heh I

T R (T 1890 H) B4 T 7 FANTRNCN § A U Ieq il SRR 9%
TG T ARG 7 e i TN 1 TR ST feoha|
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10.2 &130d T fagia

[AYUH TH TUMY Sl IRATYG 1| 519 &9 FRdl od el o qred § T Biel Tl
thehd & e faena fog @ W)Y R a2 Thordt €1 53 1 Y g T o @1l Sier
FHE YA F 21 2| TRt T &0 W YS H1 WIEIE SH R Serdl i g9
r1oh St fareitor srfereram € Tred: 39 YR o 99 o @i fag omE %o ® Sem
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faig o1 R FEA 21 T: TH T B TF GHH FAl o6 TS F T H WAMT 1001 (o)
foren Sar &1 o I o T T WG W A F AR qEd@ €, T AT H WA g wia @ Friea ad
HEA &1 T 1 Soll A o eleed wordl 2l F ST MeE T
Ifs Tk fog-gid gos o o T g9 o @i wia § dt o9 fagatt MY et 2
1 farguer, et 3ame GaM ® iR S Uk 99 %ol § e i €, el el
& du1 gd o 10.1 (a) 1 wifa Tk et a1 9T gt 81 ¥id 9§ "gd sifush
T W, T AT Tk BI AN GHAS HET ST Gehal 8 IR eH Teh GHAS! a0 qIed
gt & [fe 10.1 ()]
37a I W ¢ = 0 W fondlt T k1 Mepfd 4 ¢ < TeE o fagid gr e fandt
9% o HHA ¢ W UMY i 3Rl A T Fehd &1 3q: egid w1 Tagia area o
Tk S T € S Rl T Ay o R enefa g @ et | o wHa
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SR WM AT F\F,, t = 0 §9d T T el TOM & TF 90 Hi G i ﬁwlo%gimﬁiag
(fo 10.2) | 318 7= o fgId o STHER, GO &1 Ys o5 w fadiae fasiy w@gﬁm’mw
1 HA 2 Sl 3 faged @ BN Al wfted @ w fa 9wl feme W AR ¥ o o w2
T & ffge gF areft 37 TR S ue: fodiae et & 9 9 S S
2 3R 3fE & 39 weft el W U swEtTe woviE g wiE e frdt A % g9
W R T AR fefa g @ S @)

'D, 00 D,

forg 10.2 F F, iciia @m0 &1 t = 0 999 R 60 w8 (0 % o @) |
F F,d ffed g el fadteoss qiimmet &1 sieror e 9gd ge aum
G G, Tl I HIA &1 T T
D D, faemm =& &

AA: A B¢ = 7 TAT W qUNT 1 3Tehid Ad T Aed € df 89 et
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F G el st 21 4 g0 37 Toft el R vk swats el e @i, d W ¢ = ¢ e
W 1 TR ferfa wra el fo 10.2 9 G G, 51 YRR T @ O e

s, % e $50 21
ATAA, ST Hied W T I T W Th 999 1 oFf w2t € o e 10.2 W
i D, D, SR 91 1 €1 B9 7 e Tqd fohan o ot w6 fem o faefrares afiradt
4 1 AW SAfRad g @ o1 19 &1 fEen § 9% v e €1 39 agef weww #

N i (& BT TvE A 1 rufeafa w1 "wen wrw) qaunfy a8 a5 Feu gdarasHd T8l
D, f2<MD, ? q Tl 1 ureta w1 eiifuey ara | uw etfues uirs @ fasrd

. SR SR ST "Rl B
341 fafyr grr 29 B1eti9 o Tagid o1 Swan fordt Aieaw o Seid g ol SHde
Fo Gy T o GO 1 AR A A o oy R Tehd B (e 10.3)1

(=0 f=r 10.3 T Tagia o1 SUS & g¢ THAe al
for7 10.3 IE IR Hafa WWW

mmﬂfF ™ 10.3.1 TEAE TN B ewERH

t =0 UH FHAE T ST TH e o 9GId Sl START T9a oF (8] Sl Fed=1 i o fa¢ &1 91
TG G, (T GR Sfy PP HIEAY | A1 HIEAH 2 ki YU HA a1 g8 i Frefud s € (e
@ U @ F) @l 10.4) | HHE ST o, 991 v, FHEI: HEFH | Gl HEH 2 H TR Hi e hl e
AA, BB, .. SM&FF, FT3 §1 TH W O § P T W T AB, AA e A waf @ g foa o
W GG, A e SO STTHR SRIYSS T HI A G AU A €1 HA el BC g wer o ferg
qorr fepoil & frefun OO BRI fern TR wHE @1 e

FT BC=v, 1
Safaa qem
A i B
Vg Wi
5] 1
e 1 ;
P A r @ p
£\UyT
T 2 r \l\
.............. STqafad
- ;

o7 10.4 T& THdA I AB WEAH 1 1 WEAH 2 I YUH
% 9 Y8 PP W iU | oA U SAIfad il 81 HHad
T Uafdd Bl § 991 CE  31vdfda amn i fefd
F 2 ol v, < v, o TIET T, 37: STuafia qwl
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U T 1 3Tepfd A0 L o fow gq foag Ad v,7
5o 1 T el TR WeAw ¥ wied (W ey ¥ a0 ki
= v, ¥) | FF ST CE 55 C @ el R & e it qat s
fT&fyd % €1 79, AE = v, 7 T CE $T9afia e &1 fefd
FOM /@ AR W s ABC a1 AEC R fa=amr &% df gd
T BT

BC vt

sini= <=+~

AC AC (10.1)
3R

o _AE U7
SIinr= AC—AC
&l i 3R r FHHAI: UG B0 qUT ST HIU B oTd: BH

e BT

(10.2)

sini v,

sinr v, (10.3)

SR FHIF § &H Tk Hewqul IRomm W g 71 A
r< i (e, afg o sificia 1 oIk gedi ®), @ g weem
H YT T A0 (v,) T8 HEIH H YR T T =1 (v)
H ®Y TR I8 YN URTT oF HI0HT Hied i N[ oh
farodia ® R S o g o s = <gitan, o) T 6t ante
&l B o19 AT ¢ Frafa & gepter 1 =t 6 el s @, 9,

(10.4)

n,=_— (10.5)

n, 941 n,, HELT: WEAH | GO WEAH 2 % S(UOAAIE |
HUSdAIRl o ®9 H FHHW (10.3) H 74 yr 9 fer@
T &

n,sini=n,sinr

frfzam Tzdi@ (1629-
1695) T Hifiehias el
T, T U YR o @
e el L cilcE cafcsic
2IZisT 3717 g2 (Treatise on
light), &< st 9&+ ¥ 7=t
T B TH e qXeH
3R S19ed o sfdfier, @t
e N TR -
e 1 GishA Al ot w5
YU & W HHAE T |
TEel s 9 forel e TR
TS T2 i 1 fogeryor
TR foRe SR gerd g8 A
Tg fawpty a9 3=iA
vfA-geral w1 g&l sfafa
JEd il

(10.6)

TE T P TG Geaell o TN AR A, TR A, FHEA: WEAA | G AT 2
T Wt w1 qTeed i fTEfad %% € 9 A T BC, 1, % TR § 99 3T AE,
A, o IR R (T AfE FE GTBH C T ¢ T | TEaa € @ a8 FTA Y

E &% off ¢ 90g o € 9gm); I1:
A _BC _ v

A, AE v,
YA
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SfeeRtur, e, Juad, 3HTE a9T Sl UHTe ol a9t

http://www falstad.com/ripple/

|

ST FHiw § fafifed § foF <9 %1 g wemm ¥ erafdd 26l € (v, > v,),
A T qe =Rl 1 WISl % B Wl €, A g v (= v/A) St & @l 8l

10.3.2 faver areaw uX 3rgdas

3TN, Tk THAA 1 ok foRel A1eAq | g ol 3facd W fo=m i, st
v, > v, | TES FH AT FHEAE F T A T 10.5 H I STFAR SToafid awmy
1 T T Hehd B1 9 STTEdH R0 YA HIO § wEl B; qeny 5@ 9N o
n, sini=n,sinr| g Tk H0 i H 7 TR0 R GRAGT FR FHA §
n,

Sint. = n (10.8)

Hd:, A i={ qosinr= 17 r=90° Tq, i > i o foIq HIE I Tvafid
TN 9Tt & S| RNV i T ik 10 e & AT SHifck 0T § Sifersh |l SAraa
0 o faw 9 *E o srvafia a0 U T 8RN e 981 g Sk wWradT
B Srwm| qut STaftes T w1 e aOn sHeh STYAN i Uil SR 9.4
o i T off)

10.3.3 99qd U8 | Teh THAC o i TS
379 BH T Wadsh g8 MN W fRet i1 i § afmufad T 99aa @1 AB R fa=r

SAYfad I
LA 1
B
U - &vvlt
i

HegH2 A ¢

Uy r v2t N~

v,> U; E‘

fera 10.5 foxa weem formeh faq v, > v, T Ui T SHaa @ &1 A9eal
THAS a0 e § R g Wt g
T B1 AT o HEAH § A 1 =l i UG w1 © 99 A ¢ 9wy g fag B
Y C d% oM ded H fau T g w6 frEfid wwan €, 79 5
BC=vr
wEfad a1 i % fa g9 fag A 9 B v ¢ T e e ©

(fo1 10.6)1 A ST CE 39 et W fag ¢ ¥ @< 7T Taufl 9qda &l
el et 81 T

AE =BC =vr

19 9% &n H9si EAC @2 BAC W fomR &% di &0 ardnt fop 3 wafmem 8 iR
THiferT, shior { g r e 2 (Fo 10.6) | g TWedA 1w 2l

2024-25



aUT-ghTIITh |
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STIER g S| f 10.7(b) ® B9 THh Udal 39d oiF W 3Tufad 8 aeft aHaa
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ST @ e weitush foefad giar 81 o § wreR feher el aeT | ohy W steeH
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aafad aafad A~ amafad —
T T HAJA T / . qHAA T
= = 1 =
— — ‘\/v N
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o= & TRt
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9 10.7 T 9HAA T T e (a) T 9adl 999 g1, (b) T 30 <19 g,
(c) T HHATA qUMI ] SFaddd 3907 gRI Jled|

SWie foe=r ¥ g8 9 g € foh g W foreh fog @ wfafae o o f5g a
o el WHA Teh &1 el §, W To off foRtor o arfewr ran s S & for,
el ShIE I oI F, WeRTI ] Ueh ST(ereh Widfarsl s o foIT Wiehd il © al =afy
% H BT ST orelt Trtol B 99 9 L 7, oifeh e H T =l o SR
O ATl T9F 3o €1 Bl © a1 foF o9 o fhR o e § gt <o ot
feont o fere 2 21 261

2024-25



% HifaeRt

3T 10.1

(a) S8 THOTS YT < HIEH Fl gk A arell Hag W Arafad gl 8, a9
RrEfdd o STuatdd Sl YehTel i STgiaal T el €| T ity o ?

(b) & YehTel foRet § oM Hieqq | Tfd Hdl € dl ST A | HH A 21 H
I § 3 HH GRS AN GR HERA Sl 1 HH hl S 82

(c) WhIST St TUT STALRON |, Y191 i el o1 SATeheid a7 oh 7Y o off 9
Topall ST 21 918 0 2 S WehT9 1 WIS STEHNON H Yeh1el w1 <ol ol oy
G

(a) IO TN SIS, AR TehTT i Ta1ef oF TLAVET STeal o6 |l 3T
s o g1 @ Ui {1 e i e o w9 H @ S Gehdl & S STel qeH
(YehTST) 1 G 1 FH YU So HT Gehd €1 Teh A <Uotsh 5N
AT FehTST 1 3T SHeh Slei whi ST o SR gidt &1 37 ferferfia
WehTST 1 AT SATUTd FehTl i S o SRIeR Bl 2|

(b) &l TCT g o S aTeh el qUT o STEM W R &l ¢, 98 a6 F=
Tl T W AR T8 Hd

(c) TR feeor & fopelt <t g2 ogfa o fotu wenTer 1 <ol Thish &% el W Ui
T W T S o HieE w1 ge gr el g 2

10.4 M kT Fol-Halg aT holl-3THag INT

TH =38 U BW T aUl o STEHARY N S ARl o e (YeH) W
foram-foel {1 SR AR BRN, BHA HaN 11 1 USHAYKS oh A 14 |
SR oF THgIa &1 faa=r fohan o araa § ATl 1 THE &5 TR o6
fagia W emenia B, fSeh o uR ford! @remm & weh fafsre fog W eMHe @l grT
3cq=1 GRUTH faeeraT 576 9 gedeh R & faeergAl w1 |k I giar

T YAl S, T S, BT HeTA HE S WA FI TH RUER H FR SR A THA
afreret Tt s & © [ 10.8 (@) ]1 9 S ot & a0 Sea Shiet § aern feet ferfyre
o W, T&% T g 3 ool o &9 weliak 999 oh W T8l a5 S &
A UHI B € T 37 I Fil bl Hor-Fag wel s 21 o 10.8 (b) W fwE fxu 3w
TuE W g (Fad g) a7 (fagfea o7) <l T R wew fog P foeR
o7 10.8 (o) @ & 9= e T
w1 H T B A g S, P=S,P
ﬁmgﬁﬁ?w it Al S, Pasn S, PR &, gHfew S, Ao S, ¥ & P fig ak wer o

e e TR T A A A A S, AN S, F WA e # ot 2t €, 3P g o T

A T o P el ,
ferenma w1 ted formm T YR, AR WA S, g fodt fog P W 3 foeemmm
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B YT e 3T i ferems grm

y=y, +y,=2 acos ot

i deran focend™ & o & wurwfos 2, safae aford dear e

I=41,
e I, TS TIq w1 gk dioal il e wd A sH @ R E R, & F
T 8 A | S, S, % castts o fRH o g W de 41, 2R ST S
%1 TS ®9 U TR0 0 §U el Sl & 3R H e Gy s7fdehior hegd €
e 79 fig @ W fa=r #=xd & [59 10.9(a) ], fer forg

S,9-S,Q=21

S, Frffi w0 S, & o el ai B o G < W Ee TEad § o
R | =AM e 9 B [ 10.9 ()11 A€ S, g1 3= foreamd

Yy, =acos ot
81 dl S, BRI Scq fereemas
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Tel T4 38 qe4 1 SUANT fRan & fF 24 1 U 47 F FellR & G 2
T foreemem foRe & WA el | € qen e {4 1 3 oiR o S sfaenor
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A T T, Yeeh aT g S ToRe 1 ST e gHE ¢

319 B9 T fag R W fomR &d €[5 10.9(b)] fStwer foaw
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S, ¥ frifad o7 Wi S, ¥ o1 el 4l H 2T9En 2.5 7% 9% Tgad ¢ [fo
10.10(b)]1 3%: AR Hd S, BN eI fowenes &1 7 8

Yy, = acos wt

A Hid S, N S T

Yy, = acos (ot + 51) =—- acos ot B
Tel 0 3T q27 %1 AN fR1 © R 2,54 1 UM 51 o koAl o Gd €1 <Al
foreenmae ara faudia shomeli o € qen <HT foeT Teh-gE Wi W Y I © a1 I
dreran oI Bt B1 $H A SAfaehr Hed 2
TRIY: A% I TG A S, TS, THH Fell § hod HX ® ¢ a9 fhat a9 g
P & fou s@fer gem

SP ~S,P=nk (n=0,1,2,3,.) (10.9)
TH WO SAfeRor W g qen aiom dea 41 31T S P aen S, P ok &4 g (~)
S,PTAA S, P& die i 1 fefd wiar 21 g9 R Afk fag P39 ww B
TN,

1
SP ~SP=(nt5)4 (n=0,1,2,3,..) (10.10)
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sQ= N

(a)

S,R-S,R=—2.51
(b)

ferT 10.9
(@) g Q@ T et
Afqeror forger fag

T 22 21 (b) g R W
farmstt =afaerzor foraen
foq qeiaR 2.5 A% |

ferT 10.10 37 fagati &1
férguer fres fora
S,P-S,P ¥, £,
+ 91, + 31 R
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http://phet.colorado.edu/en/simulation/legacy/wave_interference

T AfaeRtor o fora sfierr 3 wam

|

@t &H formelt =fqeRtor wra g den aRomH der I Bhf o, fRe W g
fig G (f5910.10) & foaw 9= <fifsie 7 fazemt o o= el ¢ €; 79 9 9
S, 5/ Scq— ferend

Yy, =acos ot

=1 Al 9 S, g Sea feree
Yy, = acos (ot + q))%ﬁl

T uftomdt faemas g
y =y ty,

= alcos wt + cos (@t +¢)]

A+B) (A—BH
COS| —
2 2
RO foReTTE 1 ™M 2a cos (0/2) € zEfaT 39 fag W e B
I1=41,cos®(¢/2) (10.11)

A $=0,+2 7w +4mn,... SN FHH(10.9) H I & GO 2, e T
HfTRTOT T RN A1 gl Afeehad srffl 0 SR AR g =+, + 3n, + 5. [SH
THIHTT (10.10) 1 91t o F1q €] =8 fammeit safashor g erm e e 3 gnfh)

79 af% q H he-Teag & (1 77 vEm | Ak < et it §9 9 W
= a1 @ E) @ TRl ot fag W e ¢ T o | T wge qen g feer
AR Ye a2, Sterid T o WY 3fess (maxima) @@ ffESS (minima)
1 feorfaatl F&t s=cii qenfy, afz =f geat e Far@ T&1 @ o ¥, @ 95
o W AR Y ot ST qe Al welick TG o WY wgd deit ¥ SEerdl 2,
@ Sfeeres qen TS = fefal ff o= o @1t qsit 9 aeelt qen g9 ‘e e’
e feraor <@l ST UE eran €l e i diern wrw entt, frEeRt /e e

I=21, (10.12)

& 99T o T 3 HIUd Gl 1 welidd dofl ¥ a€erdl §, B9 Fed © 16 3 9
FHeA-3THG ¢ 3 S/ TH eral @ d dioaid shelel S Sl &1 areds § UE a9 gl
T §E <) STCT-3TeNT YT Fid fRe Sar i THIRE # B

10.5 WRTIT dCN hT SHTAeRI0T a7 T Rl T

3T TH YHR T HT ST Feh Al R =R w30 9 70 < giafesi
TeI| i o forT < Hifeam ol 1 39 & (Fos1 10.11), @ 84 &hig sAfae
it femré =l < T 39 qeF o SRl € T U 9 ' (S Eifean o)
U I 8H aTell YT @ °, 107'0s i Hife oF THA AWl W, RS
SHeAl-TRed B 81 37d: & Tas Yeh Gidl ¥ A St Geh al § hig v
FHel Gl TEl SIa1 A A heA-3HeG B &1 S 5 Tt =] | fad=mr #1 wn
TR €, THBH R TR W dieand g S 2

=2 acos (¢/2) cos (ot + ¢/2)|'." cosS A +cosB = 2cos (
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aUT-ghTIITh |

grefe o Afqerel 2 A A WAl S, WM S, W IR e s
B Al A H wenstl w FEbE w6 o faw T s

S
eheileh STINT il S8 T STIRERM e W & grafeg S, qen d
S, (TH-TW I =gd fehe) T [fo 10.12(a) 11 3° T &
o1 gafos ¥ e e e o wE A wa W v ﬁq"/’

feran T o weRTe A S | fheee S, den S, W Rt €S,
A S, T FA-Hag Gl i i FE FW € HiE S, qd
S, ¥ Fher ol Fehter T T & g Wa ¥ e B 8
T A S H =M HIg ff el gReda S, 92 S, | 3 ol
ThTRT | Steh E YRR T el TRed HT| 39 JehR <Hl Hid

S,

Tl

S, TS, THM well § oY A efq o TR G A F
ST H [f53 10.8(a)] = iy ggat i wifa sen-Hag g

TH YRR S, A1 S, W I B Al et @ fo 10.12(b) &1 sifa T

GG’ R AR TS a1 il | SAfehan qen =Han e i feafaai &1 o

ITET 10.4 § Y T4 Toaivor o1 STAN Hieh i S Fehell |

(b)

farT 10.12 =G0 Yo 3= w3 & fow a9 A1 1 e

%ﬁaﬁﬁwﬁwmmﬁﬂ%awﬁﬁmE:nl,mh

AD b
=xn=nT;n=O’i1,i2,__. (1013]
M T IR B fammeht safqete gr ot & U i s
xd 1
g — A,
D (n+2) 3191fq
1 D

o The At & g =il

T TR 1 10.13 &1 Hifd We W e qen < o femerd <) i o
F e Fed o1 G0 (10.13) 9201 (10.14) 391 & T el qen < fims
TaE g W
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o 10.11 9k < Hifeaw o < gfafest
i 9w L §, Ao g Sl € qe
TR W Fldehul s fe@ers Tl 24t
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d=0.025 mm (=1 mm)

2HY 97 (1773-1829)

@ T foriom| =7 7 9gd W@ o
[ i |
0 0 10

o
[

)

N

= F oE TS W e

w| e, R T e st @ A

[[: ) 3?1’{@‘[‘@ T-ﬁ?ﬁ'ff —_— x(mm)

r—

— I LGOI IS fort 10.13 3 i S, 91, R GG/ T& W (Faw 3 10.12 )

wﬁqﬁ%w@%m%aﬁr IO AN SR BN A T R Y
gl 1 gesfito T i d=0.025mm % AU (D =5cm A = 5 x 10° cm) (‘ 2Afafead’ T,

N o AR, FHRT e, 2121 S T Wi w.f, T feel, 2000 & fern )
T 07 <1 FHIOT A el €

9 IT

10.6 faad=

Iz g9 el STaRael oa%q oF N1 o dTcl D1 1 SAMYEs <@ df g9 i fw
ST BT o &9 oF U9 AfaeRiol o THHE T-ar) 9 S{W qen < &9 3T
21 U forerd™ =61 aftere o Rl el @) faads T g sAferer © S gt gehR
T X Bl iR SR STeligen o forR § WehTel b1 qUTesd 1eid B © seifery
e 2fe Stem & Jaroll o foed= & e o1 T e S e qenfy, g S|
1 RIS Rawichl tern GewsiiE 1 ffvea faese fada w5 uftee &
0T Hiftd el 21 arka § w/a g9 fhdt CD i 2@d © o 399 O feferda g oh
FR0T & @ 2d 71 o7 Bv faads 1 uftse w ==t

10.6.1 Tahet Tt

1 % WA ok faeee W, g9 el @ TR Tk il twe R AU g w5 @ wE

HA 7, el W goR1 fIEid e 71 37 o geel oft, gRfeR gamshdiet foE e

ot onfher o, & oI o 9% o g1 ot fob wepter Waniol fosi qen fafel @ fowafa

Bl €1 98 HiH © qEHT SH &5 T Fag Hidl g1 Taild Sil 8 STel eH o1l shi Ten

F3d €1 T gl i 52 faadT wed €, ohad 9T ¥R o SUE 9 € 3t '

T 9 Tohd 71 TR, 3Mqeh] *iH o 2 ¥ fohdl o1 o1a i gC STeh! waf @i
266 1 G TS € v B @)
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& T F YAN HT THAUT B 9 YHII
fgfert =1 wh wahivl Ttk fort g wfaeenfua fean
S € @ Tk siie (e Ued fewr ygar @ forwen

weg § < &9 Bl ¢ 9Heh Ml SR wENE AW
TH o & B R e $x g e | 9 S H

o1 10.14 <@y, f5ad o ek #1 tha &l LN

aUT-ghTIITh |

e \Q .M,
%9 erd st & (9 10.15) | 38eh! @HgH o faowg, =~ ——— H% e >

R Afedad 9g a6 T RO g @ gemen
1 2| foafdd T S W T IE W Sfad Bl

21 ol 1 7w fag M R fort 10.14 5 whe ol gR1 foada &

fag M @ o areft ok ol & aa o
ffiyefaed el t@ W & fag ¢ W fuerdt 21
T TR o fedl fag P W dgar 9@ e B S wed
==l 3 ek 2, P w1 fafa= fager L, M, N enf @ sieq
arelt fafr= oo e WER g9 e sifaad MC |
101 @ ST g5 W S Wehdl € [fe 10.1471

e ST TE ¥ R fR Y aed @ SR A A feh
fohan ST 7R fSg P R Sek ANRHT 1 Sfed shetlal o @
et sul g9 ot Wy @ ok fafy= amm @ fgdaes
Hirdl o1 e SEeR | o © | siife, Srart a5 o aw
o gHiR B, 91 3 Eid Tk € el ¥ B &

IR Yeror uiid & o dierar 1 sheld Sfeass 0= 0
W & 9 W fgdias s 0 ~ (n+1/2) 2/a ™ & e
Il n 1 A S W AR 4 gt et 21 s (v
Werd) 6 = nA/a, n=+1, £2, +3, .... W &| HIEUTEH q
THeh GTA diera Ued fos 10.15 § g9iT Ty €

e qen foadd § # @ 2, 3@ Ay ¥ o
REEIS 1 @IS o GHd 9 € ol § oen T Tt
BT M 71 39 G § e WAt 3 o ufhg wEa
A i Rl o 91 el €, T8 ST e @

TR i SATAL|

@ o

(@) (b)
o 10.15 Tha ol g foeda & fag

fSrsil arT HISIUTS q2i dierdn feraeon

379 T BIZ AT SAfTHIT T a7 & = R Bl GAwgs 9 G GRAIT
7T T T 81 T8 Shael SYANT T F¥T €, 59 Sl o e FIF gere qer
TEEyf wifoeh SR Fel 81 T2 AR T &9 Sy T 3 T Ghd & 1o o
hacl O Gid 8l &, HH TiSTg 51 sqfdwRT Fid, a9 9 et aret aRomd

foF faadT vrsz gr: 39FnT fohar sirar &1

* oo WIETHA i 1965 1 AR 1 Ao [WERR fiell St Sk adien dEafdsh! o

Hiferr 1 W e T
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% HifaeRt

fefer 99 o, &9 w9 & =ifet ff TR W o1 e YA ard W g
farft =1 o g Ao 9 o9 oo The fed faada ted @, qen fgferd
faeor Yo 2|

10.6.2 Tl Tt Taads U=t o araciien

. el ot forerde Ue o1 g & < =S ®9 9 G | Savdeh USRI

Aferepter = & IR ST Hehdl T & TR IS A Tk URSYF hid 1 fagd o
|:l’ (ferelt el 9 o1et Siedl Rl SR USH A1) | I ISl 1 TH YHR THST Sl €
E\ I e e e e e e e e e o R

3fer & g ot R s wear ® (F99 10.16)1
[eh et @) ( )

ot 1 fhemie o "W WEy, S sif@ o wme) afg 31g =9e w8 €
IR ST H| Tl w1 = qun AR S aHiaa o e SEEeE 9 < e
[ 1016 77 T T ey et & aner ok fed < e i e Aot W R (S de A
faffa & o fag 3 =il . g o
) T T T T @ﬁg@)ﬂ?ﬁﬁﬁﬁﬁ?%@,é@ﬁﬁ@ﬁ@ﬁﬂ%fﬁé#%@%?ﬁw
m@ﬁﬁ@ww%y@ﬁﬁﬁwwﬁwﬁﬁﬁ%wﬁaﬁﬁaﬁwﬁmw
e = e e 1 first erferer <1t <@ S w2

9 A |, 7 Yo Tid S 1 gffrent e w1 ® (A 10.14) 1 749 1 of" TR
(51 ok ) W YA I BIwE HE B

AdIE YIS 9, Th =i I Herd o Tgfufem &t o=t o fgferd st s gt
2| Sod g I AT o FAN 1 A o foTg Tl i wifd <@ S gk g1 & o
T, 959 R Tk Bl 101 SHH el Th SH 39 e 9id €1 98 fondl =Hente
3T T3 (ST ok AU Uk TrEfoher *1 =) o g w1 Wead g1 gi-gwme &
e e & AT |7 - T A Rl afd g Gehar € qen sod iR ot e feit
Hifeh G (1/2)° 1 HI0 o= 21

ST T Todd & FehTeT Soil o1 YAGaRYT BIT 81 Af% I8 7aTa [T Seq=1
X T T A7 A e & @ A e S a @ g At & e
o HiE 9 eEr g1 et gl S et Geerr & fagid & sTgpe gl

10.7 gaut

T el SR R foaR HifT iS58 &fast W@t wehet T € 3R 3ueht g faw fer
M 70 21 A BH SR o T ol SR-A1= 27ad] ®9 § (a8 al T @ S
T T S +x T | Heifa g (s 10.17) 1| Tt 9% 61 FHeRT (10.15) 51
EECACIES leC

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

Tohet Tt faad U=t o1 gaw aeia oo

Yy (x,t) = asin (kx- wt) (10.15)
ST a el (= 27v) HE: T <1 A G hIoN STai el i €1 36 i,

|

27

il
- (10.16)
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t=0
t=At

=i Y
AN N NN m»/“/?\\ a
Y/ AN/ S/ ER\V/ SNV AA\V/

—> v (x,1)

0.t

27
T= %%

MAMARAAAAAAAAAAAAAAAADD,
VVVVVVV VYV VYV VYV VYV VYUY

]
(b)

— y [

o7 10.17 (a) I TEl S 1 8 £ = 0 T ¢ = At T Toenyq Fefyq w5 €, 5@
Teh SEh T @ +x o o w=fid gt 21 (b) b T x = 0 o WHI-Ta=)o =i
el widl §, Safeh Teh STeehid quil +x oo & G=fid & @8l x= Ax T foreerq
1 T forawon effg-§ <€ SR faeenfuq 81 s

TN Y Gog e i FEftd H3dl 1 39 TR i a0 o G0 i W= g
Fell 11 1 USAYE S o 1A 14 H Y Hobh 21 it fageraa (sn oy fgem
& Ifat ®) 1 G0 1 G0 o ofded §, BH HYEY o U Bt &1 |y
&, i fawems y faen o 7, sHifere 38 wa: y-yfad &0 wer S 21 EfE S’
1 ek oI5 T e @ | i R ®, a0 1 Waewd: yfad @& wer s )
Tk e, S Ted x-y aa1 | & Wifa &l €, gHifere 58 gager yfaa @ o
el S 2

T TR T x-z 6 H z-yfad T a1 Heh fhdl SRt & w9 R fauR 9=
Tohd €, forgent fagemes g g

z(x,9) = asin (kx- wt) (10.17)

Ig Sqcl STEvEasd § foh [THeRon (10.15) @9 (10.17) @ dffra] g
aena: yfed a0 Sy a0 et € ; 1eid S o Yok ferg o1 fareens gee awn
TR0 1 SN o ofead Bl §1 3fqq:, % SRt o FUF o qol i Tedd ST SR
T Agfesshd: 98al S @1 BH S7Yfad a7 U Brft| $9 YR Tah 31yfad auT o fag
oo, a9 o WY, Agfeshd: I8l Tdl €, e 78 ged a1 =l i e
o oleed el 2l
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TRTST KT T 1 Fepfd STy Bl §; 1efd H=fd e Wy @ ° Gag
faga & Td X G0 Y K90 o daed g 21 T U et Werige w1 S
ek TLeTal W YESTa ToRal ST Hehdl €1 31T Taell wiiedsh et ¥ie 2wt et foee
Jieiige ed €1 dieiise ® STt w1 U el SEen et @ S u o fgen o
el el 81 dferiag 1ol 1 faen o erfeen forega wfew (=i gl wehrer o
Y Helg) STERNid e Sl 81 39 YehR A€ hig 1yferd Jehtel ol T iekizs W
afrafed Bl af WehTeT T Y yferd e st 2, fored faga wfke dfedeg sropet )
e 9 o SR e i €, 39 TS9N w1 dieiize 1 Uka-37¢f (pass-axis)
Fed €l

39 TR, 59 fRE HUR 9 (9 T HifeTq o9) 1 YR dellize wi
foret ofic P, & WRka =1 @ @ 9% <@ S @ T sEet dear onef 8 S €1 P,
T FAH W I FRO-91 W HIE 99 T8l ISl Fifch TG dierar feer Wt
| 319 T Th GEEY UOREE P, H P, ¥ e W ¢ TSR, o7 ¥ o o
TR 1 el oheel P, ¥ €1 Wi BF H %W 2 S| W € P, o YHH HP,
W M ATl bR T Teh IZh1 JH1e G Tk fEifd | P, § qRetHd o P, §
RE BH W e g @ S 81 e 59 fefd 9P, H190° W YW ¥ ot T P,
T @ el e ol diterar i qRtHa e <ar @ (F 10.18) |

(b)

o 10.18 (a) T eEE P, 991 P, ¥ BT Y1 1 GTHA| IRITMHG 3991 1 9 0 T
IR 8, S 3k s T 101 0° | 90° Tk UREfdd il ©1 M @ foh ehrel o/l T
& UieRies P, ¥ @1 W1 € T4 9% HIV o WY GREfd T eIl (b) S YR &
HieRigel @ TIRkd BT @ o foEd Wikel %1 AR Ui Yevl Uiekise el oh GHia
w2 21 fgamom faga afer & <o+ 3w 2

STRIFT FAT BT T TR STEH § HHA ST Thal ¢ o WoRiee P, ¥ g
YT T P, 1 TG 378 (pass-axis) o TR a0 &1 Sar &1 A P, kT Wfa a7,
P, &1 WG 31 § 6 IV R B, T Sk e Tehra-§o WeiEe P, ¥ IRfhd
et 2, A P, ¥ SHE cos 6 (P, %! WA 3187 & Tfw) WRA S 30 THR S
TH UieRise P, (A1 WeiEe P,) i YW € oot I YRR Sert

I=1, cos’0 (10.18)
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aUT-ghTIITh |

T 1,, P, ¥ o o TTET Yfod YeRTT S Ao €1 39 Herd o1 1| (Malus'
Law) &d €1 ST fererer <9 2 o U dioiise o ST dTet Wehrel shi ditefdl, STt
o k1 et B T UieRise WWER a1 I Uierisel w1 Wiia-stel o si= o i
1 OIS ek ol sl Sfad diodt & 50% ¥ Y % [ w ged 2

TieRisel 1 Y9 o =9l faga! & wen onf # e Fatm & o Swm
feha <1 Tkl 21 TIeRigel 1 STANT BRI i den 3D (Fremam) =wrefes s
o off feman S @1

3ETEYUT 10.2 51 3 16 Terise! o i § HoNss Sl T del ¥iie i Fam
ST & IR YT kT Ao ® B are e i faee S

T HA fF Tom GeliEe P, ¥ oA o 1% Yfad JeTer kT e [ 21 9 g
WeEs P, | TSA o o5 Weh1R1 i dfterar B,

I = I,cos®8.

Tl IV 6, P, TSl P, 1 WRG-374i o <= a1 I | ik P, T P, hifed € 376
WRA-37al o s 10T (n/2-0) BRI 31q: P, ¥ Fifid 8 aret Wehme1 s o er,

2 2 (T
I=1,cos"0 cos (E—Gj
= I, cos’0 sin®0 =(I,/4) sin®20
31:, SV 0 = /4 o AT ARTHA YehTeT i dloral SAfehas 3|
|
1. TS o TGl s g fon feredt T ot vk feig fediees avii &1 9k e g, S
SgR T THT TWE Th I T 2
2. EIEN ®1 T B 98 Sl € o T o fgdeen @ i et e B Sfe
TR T = fken W R T wdt @ b g T ieha g €1 Rt qe

S I ok wieed el & qe Ar el fehdl oft fervor whi feen § wae g ?
79 Togid § WEde qen ST9ed o g e W g 2

3. S I YA I Y Ak FehTe Wi T € g R e i € o A o SreAmi
=1 fagd @ il 31 <9 &9 T {65 W 39 il gR 9 & e 1 faen
A 2 i ferfyre deraneii o = & St T SAfaenon 18 9w gl 81 W T8
T At Hequl BT € S TUhT SiEd Y TE 7, S Shaet 9t il § Sk
rdl St STl TEE & 991 390k e Tk R e gl

4. YUhdl d STl SAE A 1 G @ wHE iaue i stienior e g et 2l

5. WIEE a®l T THd 7w faeda Yed 3 & food s s sfers g 2
Aol +A/a, +24/a, A H0T QI €l & 9 3790 s § WK &fivr e
fadiae sfeass & 2

6. Tehfceh WhTel, S8 gd W U Yehtel, STyfed g €1 shent o1 g% gan R Ty
T ¥ faga afser A9 oF 999, gad: a0 aiooewha: 99 §va fenet § gl g
21 UIeRise Shelel Teh S (T faf¥mse e7e7 o |wial) shl UG hedr 21 o
ThRTYT T 1T Yfad 1o FHaet Yfad ed ©1 S 39 YHR % YR H TH T
HioRise H ¥ 3@ ¥, et 918 200 9 Al ® o o o < Sfees qen s
fegaé <9 €
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Ta=mona fawa

1. T o Hiq 9 a gl feened # q9id eidl €, Seieh Yehrel sl Gehivl TRl ok
®Y § Feid gU W TR o1 7 fHEia § YT o aeR o 9t val o favero
%1 U o AU BTEAH, I 991 T o WART qe STAafe i STeEvEehdl gel

2. T 1 Al e A1 Tey o= Hidi o ST 1 SAfeh] 7, S I o g
o Toiy SFER ward qen faameh < 8w 2

3. fouda uftre 9 fortor wehifirent =1 aftdln oRtfoa @it 21 < sga Feree
TEgeli o favies o foru gawef¥mt qon qafmt w1 wamar 1 Hied «f wehrer
e gry freifa @t 2

4. sfernier SAfTRTOT o foa Fore ST R, S o | s o for off 2 € g
S0 UREST Shefel STl i, S/ Wehrel i i, fafvreen 2

A

10.1 589 nm TR &1 THAUNA YHWT 91 W Sl 1 Gag W AMfad Bl 2
() TG @A (b) SIS hTel shi qIREA, g de =Tel 1 N2 Sl
e 1.33 2

10.2 Tretfeiad senetl & yeish a0y i 3Tehid &1 82
(a) foreht fog wid @ somfa gehmeml
(b) U oi| o Frifha yenrer, frees wied fag @ 1E f6g g @ 2|
(c) Tdl 3T TR | 3T ATe YhT™T UMY 1 Jeall §RT STENA (intercepted)

|

10.3 (a) i= 1 STUadIh 1.5 | i W Y19l 1 =l 01 enit? (Frafa & wehrer st

e 3.0 x 10°m s B1)
(b) o1 shi= | WehTe 1 =TeA, WohTel o W1 W 992 et 82 4f% e, @t ofrer aen
AT H W wE-w W wE % few W e e @2

10.4 I7 % fgferd wam & faf & = #1 g0 0.28 mm @ 91 W1 1.4 m #1 §4 R
@1 T 1 ks i e e =gl < IR o e Y g0 1.2 om AT T @)
T § ST fRT T R S aERE 9 Firu

10.5 =7 o fgferd v o, A aeed 1 Twaviia Yot STET i W, W % T fag
T STET YR AR, TR ST el K ST 81 59 g W qeh1et s e fepet grit
el qeriat /3§72
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TET-GhT3Teh!

10.6 37 o 5ol T o SAfawo sl ! 9 & o faT, 650 nm 391 520 nm
AT o YRTO-GS h1 SUANT feman T

(a) 650 nm T & fow W W A §w fime w1 Fia sfers o i 3@
it

(b) FE 3o ¥ 39 =Aqw T i T FITC ST A I o BRI G
fiFs Hurdl (coincide) B 1
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11.1 yftem

T 1887 H dgagesd Rl 1 Scafd o GEEAl W oA geshed o e
HHIRTOT AT BT oF TANT 3 TSI i TUIF Tehid i ST9AYE €9 § whfua foham
Ireel vt o eAfqn =R ® fosiH-Afas o T6 § w9 g™ W fargya- e
(forga-fomsia) W grEifitr SFawol 9 *E Ufaerias @St g2l e o g0 1895 H
X-foreoil &1 @iw qen o S e oh gm 1897 W W WE ToieRM i @il
AT ! THSH § Hiel &1 UeeR off| TS 0.001 mm IR o W9 o T
FH <€ W T8 T T TR TH S sl o ote, Ser g ferasiH-Afae § w
W farE@ €5 T feran Sl ®, U ol g §1 ohelie o WR{@ v W e
IO Bl Bl A HT W B B UHia W R @ 7, SH—dE-Hig o fou
Ha-80 W1 1| 56 Fiadifa 1 o1 3§ fafhTor sl 7 7= S ke 9 31 Tl ol
3 Sl vl 1870 ® fafersm g & g @ist T of, fvgs 9k | 1879 ¥ 7w
e for 3 FerTol dierar 9 wer orelt For-eareeht ol i R 9w ) fafew difaew
IS SN, TAEA (1856 — 1940) 7 36 GREAeql &l g &l S, AAAT 7 9galt
TR foas-Afds & IR-UR WER dead fagd wd gasia &= & wenfya &
YRR AR TR helie—TRTor Ul o a7 qen smiferen eTe [ steifd oy o) gemM
1 UM (e/m)] Fd foham g arn 7o fF A HT YR ok AT (3 X108 m/s) F
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50 Fepfa

M 0.1 ¥ WA 0.2 T AT U Wold €| gdqH § e/m 1 Thd AA 1.76 X
10! C/kg &1 7€ off U T foh e/m 1 W hefte (ScEsih) & qared s1er ¢1g
1 forasi-Aferent H it T8 &1 gehfa W et ¥ sean 39 Yeqor 3 shefrg -t ol
1 Wl i G|

e SE GG, 1887 W, U8 WA A1 o 59 o fHfvea engeti & qweH
WehTeT gr1 fehfora shed € | hH o Al S UT-STEfYI 1 Seafeld eid &1 g6 WK,
e o fAfvea ogetl w Se9 q9 9% WA R S A A Ho-SEii| &
Ieafsia Y &1 g HUN o fAU e/m 1 qF Sa1 €1 9 7= fa o sheie faheo
U T 1| T8 YR 7 YeT0T 3 Ig Tiad o f&an & 3 geft o1, =afy fo=r somed
T 3O g O, UHfd °§ 99 &1 99, AEA 7, 1897 H, T FHUN i Fora2iT AH
fean iR geren o 3 o1 o difers Gt oee €1 el | faga o Gaed W 3
Tgifaer e wrEifTe e o 5N Tolaed w1 39 TR @S o faT 3= 1906
¥ el [EhR weH foran a1 1913 H Sl difderfar sru, fafas (1868-
1953) ¥ TSR W A& o IRYE WA o fAT de-d w1 9 yeeie yEn fawa)
3= 78 A fF da-feg® W Ay 939 U g 69, 1.602 x 1010 C T ol
Totis B Tfeten o WA < e yeenfia Y f o dgdenay Fardind €1 e (o)
o MUfeTd AT (e/m) o HH 9, TR 1 SHHM (m) T4 A s T

11.2 ToERM SEsH

T WA € TR engetl W qe Soieeia (U1 @Y HUT) BId € S Skl wretehdl
o foTT STRerER Bid €| qety, ge Soieei[ WH: -8 § STel el ket Fehd|
I Seiaei o1q ¥ 9T AW © A1 SHT TS € ST WK Y ol § iR sorael
HT AT o R SAHAT FL AN BN IH YRR K TS o1g ok i Tl ok
Y Tl o G Usheht T T B 2| URomHEEd fah o g foEest S
TH SHYOT 1 YA F Foh, U IS W o M U € oT: Tl hi g
T3 § AR bt & fow s ffvea =gae St w1 eravaehar g €1 39 <
Sl i oTq 1 HTH-erT Hed €1 38 HHRUEAT ¢, o gR oK Hd © 3R eV
(3R diee) § W94 B Uk Soiee dice fohl Soiee Wi 1 dice faweidt o
g @fRd T W W Tl w1 HE 21 3@ 1eV=1.602 % 107°J
IR ofl 1 39 SohTS o1 WANT GRATY] qei Iehid sdifaent § feman < 21
HE - (¢,) ©1d o TN AR 3T 53 A Wepfa W R e 2
U1q oF I3 © SR IS oh folt o Selaeidl ol =AdH STaead Sell 10
forddt oft w iifoes fafer o gro & <1 Rl @
() @I TS ; IUGE A9 ok g o SoaRiHl bl TATE ardtd Sl 1 S
eohdl ¢ forad fop & uig & omex o7 el
(i) &7 ScgerT ; fRrdl &g W @I o U Y9d foegd &= (10° vm™! &1 &ife
1) ARl Rl UIG-tS o AL o Fehdl ®, 91 o feRelt ek wm H)
(iii) FoRT-TIE SeqsiT : SUFH STE ol FehTel el ferell €1q-Jts T el & al goegl
H IS BT %I A YRS 3@5@77-[ YT WE‘ET? (photo-electron)
FEAd &

2024-25

275



% SifdeRt

276

11.3 Yenror-feed qumE

11.3.1 T o UAIUT

TehTT-ToR[d IS i IRERAl i @ISl 3Rd gt (1857-1894) o §NI 1887 H
SR A o WA o THA i T off| Tpfem-faEsi (spark discharge) %
SR SAgae T qUll 1 Scrd o 39 YR Sl § gdy 3 e Ufkd fRan foR
el w1 ferdl ek ofq @ TUSTHT FehTeT & §RT WeIw i T UId-Solaiel o IR
= dlieed] THie 3tfue 8 Sl 2

HT-J%S W =HH ol Y19 ok ARG Hol o 31d 86 Seieid &ed ©,
1 TS T H FEdl Y Tl B 5 U[-J53 T kY USdl € d I53 o WHI
Sorae mafad fafeior @ el oF U | oFcTs Al oF YUl i IR i ok
U o1 erawifia # od € Sufad ehTer ¥ AEvIE el WK H o IvE,
TARIA UTg-T53 W el IR H 37 W T

11.3.2 ETAAE d2T 918 & W&uT

foeeen geaied qen fhRfad efFe = 1886-1902 o o9 UHhRIfR IS i
Tfere 1 ST=A9oT foham

) Toiaerel (g U eeN) arelt feRe feifad e ST el § Scasieh U W
T fafReon i emufad wE W e (1862-1947) 3 W T ufmy § wm
vare g & (Fas 11.1) 1 S8 & wele fefereon i eht T, o9 &) 6w vere
Tk TN S TN W A eral @ foh St qeeHT fafentor Seasten afgent C W atdfaa
eI ©, Selee[ Ufeehl § WTeT oY W © el TR &5 N e WUEe qieenl A
1 ST 3R 81 W 2| Faifad = w1 Teft § SciseHl oF YaTe o SRl ¥RIYeTE
Tl 21 39 YR U, SeESih o T8 T YHY TS oh N1 ol INuY § RIyers
Tl B ETeleie 9T WIS  WUTEeh Tieeht o favel, Mufaa Tentel shi aga qen
diardr oF W YRl O | e w1 1A foa

Tt 4 1888 W TH {eA 1 M g IR Teh HUAfr TSk ufeht i
e fargagst @ g o sea uferd femen for St afzent st qRei oot © fertfora
foran T @ A ST AT @i e gEek Sifafied W& U ol fore ufge
1 GETH FeRTe1 § feRford feren T e weEfiE B e e afzen i e
TSl § A TR S W, 39 qigehl W eFeTEy SR stfues € T g derh 9
3T 7e Treepdd fepren fopr wrET TeRTeT o wue W TSR 9fEent @ RO Sl
IS e 2l

1897 ® TOHRM Ht @IS o AWM Jg Ffved & wn fF Scse ufrer 9
SRl o S 1 ek ST YT 1 BT STET o HI0] SIS el
farga & g WUE g ent shi SR wehel S €1 S qul ol e 3 7e off Ufera
foman o <9 Scasier Uizt W T Foa =q9 o9 © w9 g w1 e FehTer
vedl © d i f g Sl Tel g 59 frad = engfa i <gel nghy
(threshold frequency) F&d & Gl SEeh1 HH Scsish Tieehl o U1l &1 Yehfd W
et sz 21
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54 Wi

g g A Toh SR, Shefirem, TrifiEm SE o urgeti W 98 99E sheet %H
TETeE Y T T o forw g =1 qenfy ehferaw, wifegw, drRefirm, e qen
Fifean S &R H1q¢ T99 YT o g S A8 YIS @A §| S T JRr-Faq)
g7 1 WeRTST W eI TRl STl © o 3 Seiee Scdisid id &1 Seige i @il
o qYETd S SelaeiHl hl FaRT¥Teh Soiaeld A1 TS a1l 38 URee JerT-faga gard
FHEA 2

11.4 YIT-faem uuma o1 wrEifies Steaad

o 11.1 ¥ yhr-faga Uare o YR STeoeH o foe U= | 1 TS SHawen i
T T | THH U faifad si/aenes w1 ol © FSTEH T Yehre-ged! ufeeht ¢
3R T o1 afE et A 81 Ed S W T, T8 (window) W IR Bl € SR weelt
TehTY-Ha] TRl (Seasieh) C TR USdl €| YRS Fards el (hiw-elt W k)
T YT TafeRtor UR 81 Sl © SR ehrer-Herel ufeh C i fRifura s ©1 fgent
C ¥ ToeH Sl B € Sl Ufgehl A (HUesh) R el 5 Sca TR & 5]
TS H AU S &1 C a9 A UfEeRie o die faveiat i el g S W S ©
HW@WWWW%IWCHWA% %WW(Oommutator)
o gW <l S Hehdl B | 39 YhR Scsieh Uizl C 1 gl H UiEehl A i TS8R
¥ el U1 fade W @l S HWehdl €1 Sl HUEeHh UgehT A, Scisish qieehl C
T § oI BT T Soiael SHeh! 3TR STh{ud BI7| SeiaeHl o Scas oh Rl
forga aiue & T Ware Sca= B © e uRtae o weh faega e wefia 81 S @)
TARIS! o e o Taveiat ol T dieeHiet o g R aRumHEEy qiuy ¥ yered
B STl TehRTITeh ©IRT ol HIEshIUHTEY o g1 WIvd €| Wehli¥Teh
faga U &1 GURSE UfzH A F1 fa9E ISt qfght C .
o ey UREfd ek SI@TT SAE Sl ST Hehdl €| St

T 1 <lteran e st 1 o aftafdd foran <1 har @ weEm-wad
S fF SESi® C 3R TUEE A % a9 favaiR voEr e
uftafda feran st 21

g9 ford 11.1 &1 9T SFaee &1 SYINT Yeh1ieTeh
R o (a) fafexor =i diear, (b) smufaa fafewor =t
agfa, () IfgatsTi A @ C o &= o favaria, e (d)

B %)uA
qfgeht C o Ut FT YHfd o T IRedq o S1eTId '
I T Hehd B IcHSish C T S ol kTl o A1 o e

ST et el TiF ®ie @ fa= quresd o o 11,1 FFI-fre 9E % ST %
ThTST 1 SUANT T Fehdl 2| THTY B 1 Seqoish 9§ T fore wRfiTE S|

1 T EU ThTST 1 drerl o IRafdd feran ST Hehar 21

11.4.1 UeRTIT-TORIA &RT UX URIST ki drerdl Rl UHTE

TEH A i SCESih C i qorl § T ¥ fave T @ 5 @ f5ed ¢ o seafsia
TR WIS A i SR STHTHd Bid S| Safd fafertor &1 srgfa qen faswa i feer
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ThTT i dgar ———*

fora 11.2 vomr-faga o) SR wehm@
1 drod o o9 T

@A gU, WhIW 1 digdl 1 qiafda feanr smar @ SR qftom
TehT9T- e €0 ol Yedieh SR |G Al €1 I8 9T Sl € TR qeniiiren
¥R SATITeTd WeRTSl < dleidl oh @1l aehd: sigdl @ s fop forst 11.2
H W &Y § S T 1 YRR U Seafeid e aret gfd dehe
TR H1 W& o SHAMAM B, 37d: ScfAq gl aret gy dehe
YeHTf¥Teh Seiaeidl &1 Q& Srafaa fAfeheor &1 e & GErgar 8l

11.4.2 YaHIT-TagIa amT W fawe &1 qama

TH Tgel UEeh A I UfEeRT C 1 qor | Tt o fave W @ ©
3R dfget ¢ =i Ffvem smafa v qen ffvsm droar 1, o g @
eI id &1 TR g9 ufeent A o o favwe & -+ afEfda s
T 3N g ar aRond gehTe-fara o1 S AOd §1 F€ U S ©

o YerI-foe o0 o () Tawe o Wy 9gdl 21 IEeh A % T fAfvEd oA
fava & fou w UE feufa on s @ 9 W 99t Sl soiee@ Tz A W
FUET B S © 91 YehI-Togd o S=aa 81 Sl ¢ Ui g e S 21 A
&0 foed UfE et A o ok Ta9e i 1R 31fueh sigid € al Fehrer-fergd & =1 wigd|
eI Toed 9N o 39 S | il GgW &R HEd & Wqw o 39 feufd o
A § S ScHsih Ulgehl C o g Scatsid @t TeRTiTeR SR HUTesw qiEenT
AW YT A 2

ThRI-L —>

319 TH Ufshl A W UfE 1 C &I oI ° Th

U1 (HEeh) favwe o § o1 58 - stfuen

FUTCH i ST B | STel UfEehtati sl yerar et

S B o geie WideRiid Bid 9 shadd e

T Sl A TeeR €1 HiEsH A T T I

L>5>1, T & TN T o WemTIeR -4 i W o B Sl

- IIS & T @k foh I8 UizeRt A W R T v, o R
— 2 0‘
/—-11 fofirer dfienn iR T shifdes M R A & @ S

smafaa fafeRtor =it e = smgfa oF fore afee
A R & T fEaq B9 (He) fa9e v, s w®

el %{W YIS - IR I &1 St €, 3%k (Cut-off) 37al

-V, 0 R farsa (Stopping potential) gcidl gl
e e S fav — ST SeRi S g $a ) e e
Torx 11.3 smfaa fafezor 1 fafv= dearet o fau 21 o1g | S | YR SR WA Sl
THIIH- 4R TN Tgaht favwa & e sl a1 e B WHI-forgd M q@ Y et 8 W

et faver stfurran ot aTel YeRTiTeh goreer,

et Seaam e St (K_) ®, %1 Wfaehfia s  sraeen | @ svefa

278

K_=eV, (11.1)
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54 Wi

319 H 9 AN i STfqd fafhor &t TsaHE smgfa W S=a ol I, a9 I,
U > I,> I,) o foT Se Gehd 1 g9 98 A1 w3 € fF o190 99w aRiet & 9 e
wTa €1 389 Fd g @ o ermufad fafewor 6 droar & orgur o wfa dehe eifer
TR Seated Bid © 1 IRg et farvre san € tean @ e fon 1, <o o srafad
fafertor o forw eian =, St fop fore1 11.3 o 7% ok gra <wifan 70 1 39 YR, S7rafed
feafexor @t weh fAfvea srgfa o forg fRis a9 g9eT digar @ @ gl 81 s
VIS5l |, GeRTRTh Soae b1 Seaad Tfast S, 2dfdaa fafewor o1 diear W AR &t
FH T

11.4.3 Tl favwa w smufaa fafewor = amgf =0 garg

9 &9 Mt fafehto =t emafa v IR FE fave
V,, o HeI HaY I I HGI| FH R faferwo
&1 fafr= srgfaal W 3T YR ¥ T & o
%1 gaEfed | € R guEl i fave o
1y YHIT-fag@ o o 9fRade &1 Te999 &
&1 giomt ufted= @t fos 11.4 & <etan w2
& errufaa fafezor &1 fa= smgfaat & foag fRied

o

I o

fava o 9= A9 W g« ¥ H1 TH & AE Vo3 Vo2 Vou O
U Bl 21 SeETSd SRl 1 e AMfqd ¢ Wew fawd

Hurdl dfgent fawea —

faferton =1 smgfa w fsf 21 sufaa fafewo w1 fer 11.4 mufaa fafewor 1 faf= smgfaai & fou

=R agfa o fau feht fawa &1 am sfves afgent fasra qen gehmr-faga um o s sTeral

SEUTTeHe BT 21 fo 11.4 9 9% 9 g @ o e

Sl v, > v, > v, % HE H F A R faaal w1 e v > v, > v, B 81 saE

=T TS Sl SaHT & A BT HerRaEd, $% qU ®9 | YA o fau stfie

IR fasa =1 eTevaehar M A &9 91 aqeti o o smafaa fafewo =1 emafa

AR et Freh fawa & ota orw @9 d 29 T el Y urw g 2 s

fo1 11.5 & gifan @ 2

E TE <9 € fom

@) freh fawa v, & fiu gu yemr-wast 9amef & T
fau, snufaa fafewor &1 emafa o @y Wawd:  Feh

fafia g 2l faes
(i) wF Fifaa freae s emfa v, B ¢ fomss fog ()
e fava 3= 2 21 o e
7 Jail F o qea srafife ¥ W
() ¥ gl H Swead MaS e Satad 0 e fafwor 1 SR ()—>

ferfxor 1 smafa @ e Wawa: aRaldd g &
el I8 gqHT digar W [A9R 787 grdt

(ii) mﬁwaﬁmv%—%’q)mm mll5@m@mmnga§mm

A 3ideh SR v,
g 78T & (et st g B Ry 7 o97)
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T4 J[IdH 3qh S v, k1 3gcl amgfd FEd 21 98 9= wrget o fe
o=t et 21
for wpTe-Tad el Wt o foru fafue swfwand <wig ¥ Sfafem, R
el IR T o | 3tfereh ot 21 Tk & yhrer-Gad garef fafu= aimesd &
wehTel o forg fa= erferan <o @1 S<Ew & foly, R § W R |
TehTeI-ergd WHe eia1 € SR 8 S1eral el U1 o kTSl W UE WHE el el
o ¢ o S % ol v o w uren e © TR Aty safaa fafeor ) smafa
SEell emgfa @ ek B Sl ® a1 fo et ehTel-uve o dehtel Yehl-faed
IS YR B S 7, a9 o S/ enafaa fafeor 9gd He el o/ ¥% w6 § fR
10 % ! Hife o o1 369 HH GO § I@S IRA B W 2
319 BH TH S9N H Ui fRT 7T qrefies @eron ue Yeron b1 Fei R <
@) ferdt fEu Tu yerw-gedt ueel o amufaq fafetor &1 smafa (Sgel smafa 9
arfereR) o ToeTq, TeRTeI-Torgd & Tafdd Jehtel <1 <o o STHAMAE! erdl 2
(fo 11.2)1
(i) T fou T yerro-Hadt uerel AR eafaa faferor w1 smgfa o fog, g9w om
arafea faferor 1 o o SThEa O Wt € Stefe Pt fave e
w feRk T e ® (fea 11.3)1
(i) foreht feu U yemr-HaSt usred & foaw, v ffvea =Aan siaw-smafa g
2 59 3zcit amgfy wed &, 0o = YhiivTh Soiaeil 1 %I ScqsiA el
g1 =8 eTafad geRTer fRaen off dfg @ 9 B el emgfa o W, e
fava s1oan qoad: Icafid GehlfoTeh STaiAl i Iodad Tfdsl Sl 3dfad
fafertor 1 smgfa o @ Waswhd: Tgdt @ |G Je U dadl 9 w6 el
g (f1 11.5) 1
(iv) JeT-foaga Sc@sia fan fodl wa-uv=dr & (~107 % AU FH) TH
drcerfoes ke ®, @e off <& omafaa fafenor @i st e e o S 2

11.5 YhwT-fa=[d UHTE q9r Yeh¥T ol a1 Tegia

RIS =1 T Yehfd S—IHd] IaTeal o 37d qeh 2Tos! i Tfud el T8 eff| Yeht1 o
T-fost o g SAfTHTT, faada qen gaor &1 =Sl i WIdfas & dars s
9 H A i ST gh! ol 39 Fosl o S8R, Y19l Uk deageshid ad €, S ferep
TS R &5 G et o gt € qen forg e an o elt gt €, awl sl
1 Ted TreRor era1 €1 31 B9 78 TW o o Yehtet i g8 qwn-Fesn fumel st
T feu U YeRmI-faem Scosi Hath Yerull i e S Hehdl B

TRTOT-forgd STTSH o TRIT-FoA0T o 3TER 41g & I8 (STel faferor 6t fohor-gt
el §) W i seiag faferia S i Fad 9 § fewifta wid &1 fat st
WISl I digal B Sad €1 oifes dgd qen geehid e oh T 'l
fomeeEy, diaar fSat sifes et 3aT & s T Taee % g
Sl - 3TEREuT BT =ifeul 39 fosu & ST UR, YR SoaiA i Saqd Tidsl
Tl dodl ® gfg o @y Sl AfEu WY €, AR YR Hi ergfa i ot @,
T At de ot fro-gs (vt g ®) sewel w1 ga vt st
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H wmed g S 3o OTg-UsS W A ke o fou steves w9
atferer BT gafere, U <Eelt smgfa @ eifide 7@l B =nfew) @ fagra &1
T UNfoRAl § SN 11.4.3 ® fSU @ Qeqol (i), (i) qM (i) <1 e foxy
Bl B

3 T 2F WA B o T-fa °, sede gR el 1 Hdd STeRio
faferTor o Q¥ G R Bl B S Tk St e § gola Sl e Hid
31d: Ufd olae Ui ST OFd H STaviiyd Sl 9gd &4 el T AT 9 I8
el el ST Tehal B T Tohel soiai oh fIT shrd-ther 1 IR T #1q © el
et 3T o T T Sorl SEM W e HS ereren iR it eifen wHA @ HeRal
21 T8 Freerd ot Yo (1v), TTEeh STTER TehRI-fae S (SRTHT) diceifvrh &l §, o
focrepet famda €1 Heiw =, d-fo=01 & gro yehml-foga Scds o S1cdd ot el
HT AT &l B Hehdll|

11.6 3TEWETET ol YehvT-fagla THteRor : faferor st

S5l oded

T 1905 H 3T0ae STEHEA (1879 — 1955) 7 YehI-To=[d 94Ta i =& o fag
e Tl &1 s difas w9 9 T oo wefad e sg foeo A
TeRT-foR[a ScsiA fafertor ¥ waa Seii-stawnem & g7 7l wan fafewo s
faferer sepreal © o1 Bl e— fafBY0r 7 Soff o Fale] el & Tafenor il
o Yceh Al i Sl hy Bl ®, S8l h Wiieh el § SR v Tehiel &1 el
TehTeT-fagd U ®, U Soiaeq fafhor o U Faied &t e (hy) STEenud S
21 A ST 1 T SFeRifiG Felie Seia[ o fog org 1 Wag ¥ ae kel o
o foru et eravaes Sl o eI Bl ® (HE-The, ¢,) qd Scafsid el
1 Afereray Tt et g

K_=hv-¢, (11.2)
3 el U A Soigel oh SN &M T ST TIfdst o1t 319 stfershad
qH 9 % B 2| e < o el st o weRrer w1 e, fa Yehe sdfd
B ol B e e
T dadl §1 A, ScAfSTa TehTivieh goiael i SAfeRan Tias ST Yelsh e
#t Foit gR1 Feifia et 2
TR (11.2) 1 HEERIET 1 FHVI-198d GHIF0 HEd 2| 374 89 I8 2@
Tohd € foh FoFE TohR 8 THiehTr ST 11.4.3 H &€ wehrer-forgd gordl o Heifera
it Yeroll ol Tk WXl U URShd @ W YA LT 2l
o THIHTU (11.2) o TGN, U0 o &Y, K, &grd v T Maeha: FeR st
2 3fR fafertor =1 dierar w fasit 72wt 81 T safae gen € it srgwrE
o foor ¥, yemer-foeqa g9a Uehd soeed g fafetur o uwa saien &
SHETTOT § o= Bl &1 Tefentor sl dieran (St it el w1 W& uid gt
&Shel Ui SRS WHA o STISHHNUN €) TH Uel Uikl o foTy SrEd B
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I MRS (1879 - 1955)
T 1879 H ST § IeH AME TWH
R T A ST TS qh o
fava & fqwfadl o gaifus 7o
fifqenfers o &9 H 9 S &1 I
forerareRT Sife e Sk T 1905
H yepifera o9 wifaeit et @
AR g3 SBIA 370 JoH e o
TRTYT el (T IS el Sl 8)
1 HROT 1 Tqgel fera 3R SehTeT-oiga
YIS o U A0 Hi AR hi 59
faferzor =1 ferufaftea @@ fagia =t
TS 1| ST T I H I8
FeAt wfd 1 fagia faswfaa fea
ot o a6 o] FErmEs gie g8
AR TS goa o anfversh femror =
forvardrcaes e e I 3Tk
T Tees | eAifarRar o fafire
fagra = s faam &9 1916 H 38
STUfEIhT ok ST fagTa i YeRTferd
e e % S T HeEyul
ANEE € 2 SR SedS hi RO S
ik Fforer fafrwor fom &
S feeh o= B Wgd =i T €, fergal
1 ifcren Herey e STyfFen serfeent
1 IRY fonan, fondht T o Tofet <
! FICH-HIh! AT FACH-AAhT
T G T SACAEHEE fageryo|
Ygifoer v § 76 AreE qen
Teh-fagga i & faw 1921 # 3%
Tt R | grrta T

o Fifer K, 01 UM T SR, Tefieror (11.2) ® u% fafifea
2 T wehrer-faga Scas asft Gva € 5
hv> g,
e

Vo= % (11.3)

IR (11.3) o 3TIER, HE-ald ¢, Ao TH o fag,
TeRTITh Seiaed ScafSId i o folu STawaesh —IAan 31efe
gl 3T v, 1 A 31fee B 39 YR, Tk <gel sgh
Vo (= p/h) fcda d et @ o 9 smgfa W wE
TR Tae Seae Ta T 7, = fafewor 1 doar $o o
Fi A T A 9% U W TR off A T TR

o 7 oz §, fafro w1 draar, St Fw aftefard 2, S e
%1 T 9 ghTE &hA Ui IR T o STIRHII erdt
2| fort aifues dem o it Faie Sueied 217, S &t atfue
T § gelaia Sl Feliel o1 e S SR sHien (v
Vo o TeIT) o1q @ 9 o ATl Soleiql i e SaAt €
Afees il 3@ 98 O B Wl € TR o v> v, o Ty
WehTST-Tergd ST ierdl o STHHA! Bl 2

o ERTRA o fouu ®, yw-faga g9Ea o TH oA o g
ThTS1 S Ueh iAo STE9Il Tt e giehan gl 21 7
Hishe arceiiTen eidt B1 39 WehR, diteran et fafentor s s
e =k faat ot g1, yemer-faga Scas drerfores &1 gl
%Y o | IS | e T2 3 iR go Wt Tishan
Tt Wit derd @ At ae il g ® fF fran saee
39 WA UfRa (TH Thdl ol g Ueh YT adiey i
JEFNTT) H 9N & Ghd A Lol i §en ¥ @
VeRTI-Torga ©I o6 R <1 frefior g 2

HHIHIOT (11.1) 1 STANT HR, YehT91-Toefd T (11.2) i 39
Yo Toran w1 wehdr @

eVy=hv-¢,;a& fau vy,

V> v,, 5@l

stV = (ﬁ)v_‘b_o (11.4)

e e

I% Teh Hedqol RO ¥ THY T Irfed Bk € R v, ok
o v o1 o Tk Tl @ §, FSr@ent &M = (h/e), S o uered
F ghfa W PR & A 1906-1916 F Hem, fafasa =
JMEREA o YohRI-foed TR0 &1 enfud & o fag
TehTT-oE[d THE TR YA et Sj@el w1l fo 11.5 o g9y e gan,
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fafer¥or 9o 57 &t
50 Fepfa

3O Tifeqq & fau g Ter 3@ 1 A AN e oF [ A BT STAN T SEA
i feerich h 1 TF fUifa fowan on I8 9 wiie feeris & 39 9 (= 6.626
x10°4J s) o Tiehe o 9 foctge &1 fa= 93 o 9 fomen T ol 39 yehR 9
1916 # TR 3 TEwRRE & YhrI-Tag[ THiehiol &l ST & o TN T
ST oA i wenfud femam

TehTYT F1eT i URGHTU TS h A ¢, o AF (S T FI & 9Id A °
Tl Tad ®) o fuitor o sua 4 geh-fa@ 99 & e & e
e T Tafaswa = gehrer-Taga wHietor ot 9t aiEsd ¥ & &R ot
& fou fafewor-smgfv & foxga W & fau genfua feam

11.7 YeRIST i ShUMA Wehid : WhIEH

TehRT-foRa gue A 59 faweor aen & ywifoa fween fob gemer fRdt 5o o6 @y
A TR H 59 YohR SR il © S 98 eial el Sl o Uehe (T ween
H Holl hv ®) S R
N YT STl o FEH I ToRdl FU1 4 Heag THa1 ST Hehdl 87 SEHIA Th
eyl aRemd R 9EH 5 Jehte aeien 1 WA (hv/c) W g TR <1 gk 2|
Foll o TI-H G F1 FTEd 0 S9HT oA guh € T YR FdieH i H
Y Horg a1 S Fehal €1 3@ 01 H1 o8 W BieiT T4 G2 T GH o w01 Sl
IER i T, TH. F19eT (1892-1962) o Foiae o gr1 X-full & Yeniviq o w&mT
T o 1924 ¥ : g o o Sgifaes difqent o AR qen weher-fagd g9
o 39 o fAu egwrEd w1 1921 | Hifde! 1 ee YR g fHar T
fom[a o Ho STewT q YhI-foRd yeE W fRy U wE o faw W 1923 H
faferr @1 fifaerl 1 Aise TR g feman @
TH SEAgahd Tafnol o Wi o o1 gy FETEr @ e ©
G) fafero & goa & iy s fean o, fafeto 39 Yo e &3dl @ 7 I8
TH S 9 o 8 5 WieH wed 2
(i) TR WIEH &1 Fl E (=hy) B © 3 FaT p (= hv/c) 941 = ¢ Bl 2l
SEl ¢ WY H1 = &
(iii) T Y= smafa v, steren aeEd A, o |t W %1 s E (=hv = he/A) 3R
o p (= hv/c= h/2), M B € (Tafertor &1 digar =@ st off )1 fomeht
& T TS o Yol i dlel @M W heel fehEl ET T &5 9§ o o
U Wehg WA 1 He € 9gdl & (Al W 1 Sl THEHHE gt ) | 3:
IR &1 Feit faferwor &t diaar W AR T8 F
(iv) Wi fogd SSEiF e € @R fae@ qen gasr asi & g foefia &t 2|
(v) WIEH-H0 T (S8 o WiH-soee WEg) W el Sl a9 el HaT wierd
T©d €| qenfy, Tt wor § wieHl %1 gen off §ifaa el ®© gehdt 21 wie
SN B Tehal © e U A Wi gifd & Fehal 2l
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IETEYUT 11.1 6.0 x10™* Hz 2Tgfd o1 Tehavit gehrer fordt o o gr1 3ca— fopan
STl 1 SeHSH &HAl 2.0 X102 W B (a) T fheo-qa & ferelt wiei 1 S
ferait 22 (b) Hid o gR0 3 4R W 9fd Yeheg fehad Hie Scafea eid 872

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

(b) @fE Eid & gN Ui Yehe IcafSid FieHI =i @ N & o foreo-gs1 o Said e
P 9fd Wwie e E o N T g0t S99 fF P=NE | @@

_P_2.0x10°W
E 3.98x107°J

= 5.0 x10° ®ieH 9fa S

ST 11.2 I Hfsem &1 wE-wed 2.14 eV ® @ UReeH wife :
(@) Hifam =1 <eel g qen (b) SAfaa T 1 qUIeEd, IS GehTiymes & i
0.60 V &1 T& fedt fawe et 3= foan Sy

'A
(a) 3T 31efa It Tgra o fore, smufaa faferzor &t Ssit h v, & A ¢,
HUH et g1 3
Vo= % 2.14eV
o= foo 2146V
h  6.63x10°*Js

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

9 UHR v,=5.16 x 10'4 Hz W FH gl o aQ, i ehiiimeh sora
ﬂaﬁﬂﬁzgm%

(b) SHfSIq YT SeiaeHl i Soaad Tast el e V,, feafas et (de3-fava
V, o §NI) o 99H TH i ferfa § yehifeh o 2 2 St €1 SMEwre s
TehT9I-Targa THeRtol 39 TR ©

he
eVoth—¢o=7 -9,

I A= hce/(eV, + ¢,)

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

~19.89 x10%°Jm
(2.74€V)

19.89x10*®J m

2.74x1.6x107°J

11.8 ¥ &l AT Yehfd

T (AT AR TR SRt T 1 5d W (F-H00) | adue qen g
FeE § foRT MU T gW, TR ®Y 9§ Uk B ol YR HI a0 UHd
SAfaentr, faads qen gaor 1 uieeTet ¥ e eidt §1 g o, yehrr-faea
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54 Wi

TS qe FIFeT 9 O el SR HO H Sl e ®,
fafeFioT 50 YR SRR w1 @ o AH I 0T % T teffd
WIS | oA Bl 1 el qU-Tesor § 9§ & TR g w6
g H altus SUgE €, T8 WAN 1 WHid W R 2
SR % o, ST o @ R o 1 3ER 1 gunfEa s
H <A € Fesor Heequl ¥1 A oG gr WehTen Y TR H WY
FE HT G I AT § ell-Aitg faafaa feen w2
TR TR YATRIS qe Vst (e F) gR ST H HieH
IEER G Creco e

TF WA WA 7 sear @ f afe fafewwor w1 g9 wefa
(T 91 1) B A F GHEA F FO (IARA, WeH o) o
W—émammmﬁ?mlgmﬁ@m@%ﬁaﬁ; PPN
e ot 2 et (S S=amw ¥ 39 % formey % 91T g S §) 1892 -
(1892 — 1987) ¥ T Fsfieh "ot i Feqa fom o wepef & 1987) Wieiait sfifpfere, forett
TR T SR GRRefE § A Gew 0 weRld w g &) 501 b adl S 1 Hiaenri
S 7T e o P T i § o A e i waed, e T WK Rl o e e
s e, T o g e AR R i ey SR BN e A o T
$ G 51 A o 2 T % S 3 T G B i p A o o e e e

. T, ST | - hed
FHU F G T e A T geRR g9l ST geRdt @ $1 v 7 e e o4

PR (115 TR I 1920 F e FERR
p mv 9 gritaa feean
Sl m 0 1 SHHM qU1 p THHT A1 T FHHWT (11.5) H
3 §itcil &1 G SR §o7-aXT o qUIREA A Sl & FiTell dRed Hed 2| 54
24 TEY © 9ivell o GaY H T g GHIRIO (11.5) 1 a1 3R, A 90 &
AT § SR T X GO p F H AR AL B Wl i h I wreol
F AT F 2
THIHTOT (11.5) T TS0 o foIU gord: Uk qiehed © TSt qehgfa
el TAN % g & T S Eehdl 71 qenfi, ¥% @ Uuek © TR U8 U WM
% gW A T B 8| TF WEH & o, S fE e e €,

al
j:
—
0]
O
\}
|
—
©
00]
-

p=hv/c (11.6)
zgfeTT,

h ¢

;=;=ﬂ (11.7)

Feffd, TH WA w1 2 el airesd S g (11.5) g fee T @ S|
AR TRt o TRTeE o THM il & qe Wi fafeRior 1 ST aen He
F T F9eHT 2
T GHIHIO (11.5) o 5N, A T AR 9 & (TS m) Iqan Ao
Tl U (T8 v) o fAU Blel TR ST oF fAU, TEH 0.12 kg FHHN &I
e St 20 m s ®1 =6 U 9 W e, B T el quesd % Wed ¥ qiehe
o S w2 285
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W wifdet

p=mv=0.12kgx20ms ' =2.40kgms™

Lol 6.63x10J s
p 240kgms’

TE W A B & fF g% fRdl A @ He 9 ael 81 98 SR © TR
Ty FEQ AN e St H qr-weer 7o e <9 | SHd iR, - A A
(Sub-atomic domain) ¥, HU &1 T A0l Feequl @ q1 WO A 2

IIEI0T 11.3 (a) TF [ St 5.4x10° m/s &1 =/l € 7fq ¢ @ %,
(b) 150 g Sea9M &1 Tk 75 S 30.0 m/s I =1l § Tq T @ 2, ° JEI 3
et @ 1 BI?

k)
(a) TR = fog
A m  =9.11x 103 kg, o v=5.4x10°m/s
a9 R p =muv=9.11x10"! (kg) x 5.4 x 10° (m/s)
p =4.92x102*kgm/s
3 sitreft e, A = h/p
6.63x10°* Js

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

(b) 7% = fag
FHHE m’ = 0.150 kg, 97 v'=30.0m/s
LERSCH
p’'=m' v'=0.150 (kg) x 30.0 (m/s)
p'=4.50kg m/s
3 vl aiesd A= h/p’
 450x kgm/s

A'=1.47x10*m
TR oh fIu 3 siveft aesd X-fentor qesd o wuM €1 wig 1 o fog 7w qieH
o SRR o oreT 10710 T @ S Wi | skt wie ok faetepel el @)

=276 x 103 m

http://www.nobelprize.org/nobel_prizes/physics/laureates/1986/presentation-speech.html

SeraR-Yaaseht o1 fom

3aTeul 11.3

Q9T

1. foeht soiee™ i o1g 9 9 e o foau =Faq Sei i o1g 1 HE-hed
Fed T UIg-TS W TOeR-SS o T sTevas e (FHE-Fe ¢ @
31fYR) oh1 ST 9 STefaT Yol fagd &5 S1efe SUge STard o Yehtel 5
fafefa &6 o G 51 gt 2l

2.  YwWI-foRa guE urged ¥ SUgEd A9 o YRl ¥ YW i WSSl ok
IS 1 IREE B FB U WETH YR @ Al s § sEfe @
T9I-JhTel ok forw sft Qumel €1 yewrer-foga woe | YRt Sl kT ogd Sl o
BT Bl €1 € Holl oh TR0 o F1aW o1 Urei shidl €| TehTel-farga Scdsid

py— T dreeIfiTeR WihAl © 3R 3Her e fafire wer g )
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fafer¥or 9o 57 &t
51 Teptd

ehRTeT-Tag[ oRT (i) SAafad YehTe1 i diodn, (i) & Soigerel o s o T
favenay, 3 (iii) Scasie o ugref &1 gepfa W e w2
Yok favra (V) (i) Sfaa Fohmen &1 g iR (i) Scasish gared &1 uohfa
freft ear 21 errafaa gerer w1 fre ) g2 smgfa o faw, @' g@et g
T R &Y e 21 ok fawe 1 Scafsid gelaei=l &1 S=aad fas s
b Hafd
eV0=§mv§a=Km
w* fifYed emafa ([echt emafa) v, & A Soeg w1 erfuae 7, wE
eI fogd ScafSid el 2iar = Smafad Wehtet i dierar fohart o e1ferss =i =
&I
Feafaeh! TT-TagTa gehTe-foR[a YaTe oF g @I i A el Y el
T faferor | Sl o1 Hd SteRioon &1 fosror K dien 9 T, v, o
e 3R 30 Ufsha shi deeiivTen ehfa shi SATEAT el oY WehT| SMERIA A T
AU 1 AT YT h Bl o TR W HT| TS TR THhTR, Irsit
o fafes ekl @ o1 2, 5= Faer 21ere Wiei ed 81 Yoeh IS shi ol
E (= hv) 3R 9 p (= h/A) B0 7, S & emafad g &1 om9fq (v) W
el ed © g st i W R T w1 o1g o 7% W Yo T St
T SR o g WIe o STeeioer ¥ g 2l
STEETZ 1 FehTYI-Toeld Fiertor St Geror fam o Gd 2 S T omg o
W&mﬁzﬁmﬁwﬁmm%lwmmﬁ(ému@ﬁ)
FIA-%1 (hv) T @& €1g FE-Her ¢, (= hv,) o X o e Bl 2
%mvgﬁ=V0e=hv—¢0= h(v-v,)
T YehT9T-fore[d THfiehtol | ehyi- o wore & eft oiero i s Bl
fafererd & germ IRRIs gehreT-foed Aol 3 SMEwRe & Yehml-faga i
1 G TR 3R wish-feemisr (h) o Fened WM i wiw fepan| 3o Mg
BRI afdd Sefqeareh i fafehor sh1 01 Sterl Wier auit (Fohfa) wiepd gaml
fafertor =1 & Yl eIl © : 901 G U TE & wey W I8 Feifa g ¢
TUT SAUEN HU S Y H I FAM o GRomY Hi GH3H o T gatfes suge
2139 qoh o Ty o fafenor qen uief wepfa o wufia #, oed < vl o qare
(q=red U)W A NG A Y TR e el @ S[E @ i
w1l T el el WA Fed 2
T 1 G Gefed 2 sitell WIes (1) 39 G p ¥ 39 YHR Fefud ©
A=h/p | % 1 g4 < Sl Gee, foes @ Gehe T (4) SR w1 Geheu T (p)
gftwferd €, ® sfafiss 21 % direlt aresd ugrel-ohv1 o a9 a1 SEeh! Fehia @
s 21 a8 wefedl: dhad SU-THIvES HUN, SY — g, qe e
(37oh SoA™ teIfd AT &1 @l o wRU) o faw & uimg (e o
THUST HHAA o o= i Tl T HIfE A1) T qefy g oared H S L
aeqet o fory s W gfdted steq o fierdt @ ok 7oA w1 e e
faetepel sTeX ®, 5igd Biel 2
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W wifdet

288

Wfer wdlew = foud U fewmit

RUR

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

IRAEED v, [ML2T=AY Vv eV=K_
fagqa

- 9, [ML2T?  J; eV | K_=E-¢,
e

et v, [T-] Hz v,= ¢,/h
G

2 et A [L] m A= h/p
e

faemona faur

. et urg & go goreRi 39 oref | 4o € foh 9 u1g o iR s feer fava &

fdia TAEE B © (T8 ohael Teh Hiehed )1 A g o aTel e ok fag
o e B 81 3% ¢1g W aEl 9 ok forg sAfafie st i SAeredehal gl 8

. forelt org & @oft go soeRAl 1 S wHE @l B fRe e SR eroget o

S, T U T 919 W SeeHl 1 U Hfvea Sl T g @1 ¥ faaor 3|
g Hagee faaor 9 = eiar @ T8 ey el & wfas fagia o eremaa o
Ug ok B T ud W MY 9% o UIgHewHl | S, W faid o1 Gee 59 qe
Y 2 fop golae dielt o STqerSi o THgId 1 STEOT T

. Torelt ong & god SelaeiHl oF STl foaeer o hROT, o ¥ 9eR 7 o fote serei

o g 3TUfed STl 9= Soieeil o fow f9=1 2t 81 S=aat STl ol SorareAl
%I Y1 | X M o fAU w1 Fell arel el i gad | 9 eifafed e
T STETIH Bl T FE-Ho o1g H STex Fehe o fou ot o & gM
a7iferd = S 2

. ehI-Targd W W Wit WA sherel F@1 SAdtted & T w4 o Wi YeRil

31 feman | STl <Rl TSNl hy <1 fafeed gehreal & e 21 98 feetgpet €1 Q@
%8 % THA e ¢ foh gehrer T8 O 9 o @ 5 g 1 Sl hy 2

. TR fave w geror (sHent dis W eafeiar @R ergfa W i) wem-faga

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

: qax=%éwmﬁmwmzf—afnmw@‘aiwsﬁﬁaﬁaw€a%,m

FA-AT v, B FE HFE Tew@ TE A &1 qofa, Tl B -
ifqerdan s1efqul 3 ofR o1 o T o SR BT T
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11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

11.9

11.10

11.11

fafer¥or 9em 57 &t
50 Teptd

T

30 kV ToiaRMl o gr 3o X-fRo &1 (a) S=aaw ogfa dqen (b) fregam

TR YT HIfeTy)

ISt 41q 1 - 2.14 eV 81 6 6 X104 Hz g &1 Feh1l €1q-953

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

(a) SafSid seiaeHl &l Seaaq Tfas e,

(b) R faema, siw

(c) ScafSid WenTyTeh Sciarl i S=add =rel fehaet 272

e fafyre wam o genrer-for@ g &1 3fqeh Sieedl 1.5 V 81 Scafsid FehliTen

SeR Al &1 Ieadd TaS el Rl §7

632.8 nm T 1 THUT FehTe1 Teh Eiferan-Fa el o g Sc= fenan

ST €1 Sedfsia i 9.42 mW R

(a) YT o fHU-YS | U Wi H1 Hel adl Helll Y Hiferg,

(b) =@ FReo-4s & g1 faferfia ferd oted W eiead T wiei ufd Sehe
TEAN? (T8 g AT o fhTor-gs i STIE w1 THEHM § S oo ok
ghe ¥ % ©), a0

(c) U TGS TLHTY] ! Wi o aRTeR HaT W i o fag fovaet oF =mat
q e ghm?

TRRI-foR[q U9 o T TAN H, YW g % fowg oidw dicedl %l g™

4.12x 105V s 9 Xt 31 wieh feeriss &1 AM qiehfara Hifsw)

fepdt urg w1 <eelt gl 3.3 x 1014 Hz #1 Af 8.2 x 10% Hz 19 1 Fahrl

H1q W STUfdd &1, @ Fehrl-faga IS o fau sidw dieedr 9 hifsu)

fopelt oTq o foTq Hr-wer 4.2 eV 81 1 98 91d 330 nm qUIeE ok S

faferor o fore yehmor-faga ScasH <m?

7.21 x 10 Hz g &1 YN Th o1g-JE8 R Aufad 21 39 I8 9

6.0 X 10° m/s %! I=aaq Tfd U Soia Scafsd 8 ® & geldeAl o kel

S o oy Sgelt egfa w22

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

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

foma STl € q9 YehTiRTes Soiarial o1 e (3faeh) fawe 0.38 V 81 Scsish oh

21} T HE-HeA A H

(@) Tk 0.040 kg %o7|H &1 gl St 1.0 km/s &1 =1d ¥ =t @1 €, (b) Th

0.060 kg Se7HM 1 71 Sl 1.0 kin/s &1 =1et § =1t W 7, 3 () Th &el-H00

STt e 1.0 x 10° kg 3R St 2.2 m/s w1 =1el ¥ SiHa 81 @1 8, &1

3 Sifreft e T =im?

Tg quisu for Sgagaata fafemeo &1 qeresd gaeh Faien (W) o aoes

& FUa B
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ﬂ
L)
T 12

I W M ¥

12.1 fHert

=TS TSt qeh Y1l i TRAETE Ufeheul oF HYA B Rt Wied UhAd &l
T 9 g 1897 ® fafew ifqerfamrt S@® . <fog= (1856 — 1940) 4 &l &
foregga fosiA 7 g0 9 fopen T faf=r ac o wemopstt § Iufierd oM
AR Toesh (Foa) Tt s & fog qufden gum 21 qenfa, ) @ |
JEd T H A B €1 THAAT, Ser oF KO 6w bl frwefad wE % faw
TV § AEER STER o ST Bl AUl oifchd W] H ¥ STee e
TS FT AILN N T2 T VR H, WA HI G F 72

¥ 1898 | S Sl IHHT 7 WA FT YgAl Aled T A 39 Hied h
STTER, TTHTY] T & e GRATY] H quian tshaue w9 9 faafia @ den o srefve
T TUH ik ST YRR 37 :Xnfd S8 fRdt et ® i1 39 viedt w1 fasma
w9 Y @ e giger el T qufa e % fava ¥ o & etemgHi 3 S
79 e o aftlq 2, 9 <t o W) § geeil qun o Stenl w1 faawor 5y
e Aieet ¥ wgd fo9=1 2

T WA € o wufia weref (S 9en 59) Jen g T gt Al R o
fafentor Scafsld ed € TS arer aresAl &1 Gad faawor foemm g € =efy set
rorard fu= gt €1 78 Twen T ff 7 fafereor wanget qen ot & <o & SR
BX1 €, S Yok THTY] S7eFE 1Y) o1 19 I o TRATILA =1 10peA o T1el e ool
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== foran 9 FeifE g 21 soen fawda saren @ T
fertfera Tt gru Seafsla wehrer steran ferdlt qradie Aferent o fergd
ST T, S e WE ten TRe-ar Yehtet | sheel FfvEa
faferer qreed gt &1 3ok Taed | sHatell @retl &1 U JEe
feré <t €1 U T § ot % HeA sl A g g1 e,
Scafsia fafertor, wemet ste@n et o = e fhansti o
uRoeEy &, dfeh safteTd WwaTEti % R 7 ST Hehdl ]

I9el TIaeal oh URY H g I8 TAUd 8 T o foh g
el Y ScHfSia faferior w1 T AfTeneiines Sieen Bl B Sl
o o, TrEgiom e Wed {@ell 1 Tk e Bl 8 forad
et o e i amifers fefaat ffvea g 81 5@ qe 3 o
TRHTY] 1 SfidRer GOl IR TEE Scdfsia fafrior o wWeen &
o9 =ffse Fau 1 3K Hohd fohaml ¥ 1885 H WM Siehdl aFX
(1825 — 1898) 7 WHIVET TESNH § IcHfsid (@1sTl o HHE i
Sl o feq TF el A o W R < emEgrer
Teh TXCIaH T el ©, B THeh TeeH 1 39 A faer 9
Sipeicrul

Sl S, A o Tk qge U BT ST TS (1871-1937),
T fedufad aal ¥ Ifsd Cehl-Fo (o-Hol) T TH FAM
FE T | YA HY HEAT T ST B o6 oAU IR T
1906 H TS 5T UeWhI-hUll & WehlUA | Hafyd T Fellidehi
W Wit TRl e YA e T Uye 9 1911 § €9 MR
(1882 — 1945) TN T AEed (1889 — 1970, S 20 aHta
B o qA S Ad Tas w1 Uty ot ugwr 9 # eft) A
e e’ 12.2 ® THw! fowR o = %1 T R s
TROTHT 1 S 1 Y] o EIHE & Te1d Aied &l 59 <o
(T8 gemr9y o7 AIfye1g wiger <t el Sl §) | 38eh 3T @R, fondt

I TEIRIE (1871-1937)
[efiie # S, st difdsh o
=i feanfaea fafwwt w= smoft
@ fean 3=i? tew-, @
ser-fervun st @it 1| g |iet
% i S H B ATl
=1 3Ny fagia wega foram 3=
oifeas @ e o fafewon o1
sz fhen fomes afomaeasy
fifera 9 oRA #1 @ g S
YT 1 gHEeh B Tadl o1 o
Thi W TehT-THoll & Wehiv 9
I qEfvaess e & @iel i
IR WA 1 TEE HEd TEA
foram S=iA TfYyes o Af=Tehe AEs
1 SATAH o e

TTHTY] HT el AT qAT AR G Tk A TG H Hohfsd gl & o
e HEd € 3R 30 AR 3R ol SHT YR IRGRAT W 2 S gd o WRi

3R Tg 9fEH % 2

T % 99 SEHA 9 Rl FH WA §, WIS H AfaEE qied 9 fam ®
Th €] A o1l T STk R I8 SASAN &l 1 o Hob! foh T shaat fafasa
(discrete) TUIE 1 Yeh1el & o1 SASTA il €| BIESISH SIEl Tsh TRl AT
5o T TR 9u T Wi B €, TRy quesd o U e Seed ol
Ieafsia Tal €2 T o Feltden] feror |, gete[ e o w3k dieh wd €
UfhAn Ya © S T g & Rl oIk U' aftenHn d 71 qenfy, g6 <@ % 39 died

F Wit w0 | F TR wfear 2

12.2 TEHT HUT YehiUTA LT UTHTU] T TEIHRIE ATTHERT A
T 1911 H TIHE o GAE W T, MR T2 3. TS 7 FB A0 fohul 376 gN
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et o U T A # e 9 2iBi |
IAMSA 5.5 MeV &l dldl -0 o T
Yol <Rl Tdel Lol o=l W e ShEn T, S
for fom 12.1 o gwiten w0 21 fow 12.2 9
30 YA o oFafkd T ) g T R
s da 2L4Bi ¥ Scfsia o—sholl b
T qact fhio-gst &l o€ i S & 7= 9
TR Y WfEa foran T 36 fRTo-g &
2.1x10"m W @ol U= R SE H
TN YhITOTd a—ahol kT faeia A o fog
Tk U WA BT FAN fehen e e T
Seh Hehze 1 WEl TH Teh YEASI ol
TehIfold UCH-h TS F THTRL aHH I
o 1 AT Ul FEPY SO R Bl F T

Rl GeAsel g1 3@ ST Gehd € qen gehifola o

o 12,1 TER-AEET G0 G S SO UE T gy e & faawor 1 geRIvE % Foer
el § W@ T R (39 o ° g e & <uian e 21) o ®Y § e fwar S " Bl

Foratf e
. sl & for
OLRTT T L T HIT JehToH
[ESURNE] ‘-: ,’

% Ay —

ORI E . y :

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

ﬂl r

BEEED
(gewsel)

o 12.2 TER-gEeT TIN T SHaEcae gl

o 12.3 ¥ foreht fou gvenaua o fafv= o ) yenifola el Uewl-ol &t

T 1 (s e <En T #1 59 fom o gy e fag wEm o g sifenet

1 et #ed & SR Had o Tgifies qaiqar € S 36 Hedl W Sf¢ia ¢ b

TCH] H T GeH oA q HAETE e 1 9gd 9 Uehl-hl WOl Ul Sl R Y

S €1 gEepT e B S EgH el eian emufad Uehl-shon § W sheed 0.14%

(TTHT) 1 1° ok hI01 § STk FeRioi Bl € 92 8000 UehT-holl § & T 1

2992 01 90° § e foeift il 81 WIS 4 b fehan fop Qothi-shoi =1 faradia feem
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H faeifa & o fau, 39 W agaq it
fqersoT et o =nfeq| 3ae Sk ot asft

107
T B Hehl ¢ AR A B AR T &

TAT THRT HH-3TAY T g T Il ok
Gohfsd BNl a9 37X STl gaT UehI-HUT &

AT Rl A ToT SHeR o7cdd GHIT 3T Hehdll

sifyer faerm g s8d AR TRV &
ufeher &1 gfie B Bl € wRo @

10°
T F A @ o e AN

WIHE oh T o AMAhF Aled H,
TH] T FA YACRT AT TEHHR TR

:

T

2
%HWQWQEWQEWEW \

F

E

v

—eo-]

SN WA o 9gd B 9 T § Hehfgd 0 20 40 60 80 100
B § TS e hed & den soee el T H 0 (feift #)

120 140

160 180

T A &1 oA, R F T AR T oy 10,8 o 12,1 o 12,2 9 MER-AEe g1 Ygod Fa

H T A T, Sk U A N G F A e 6 qaeht v ® tem i % R o fafas w5 w
X TE =TFHR A T TIEIE F FE A W YRR g o ofshe (fargetl & €9 #) | RIS
e foh T 1 9 o9 1075 m¥™  Fifusig wied W sHid S g gt wien & W v

107 m = Fehar 1 TS fagid & HER T U T B

TCAT] T HE 10710 m A S ®, S
TR o WSS 1 Y& T 10,000 ¥ 100,000 T 5i&T € (el 11 1 ifereht
AT &l TA™ 10, T8 10.6 @) | 39 YR, A4S ¥ Serae 9w ok
ST &1 3TH&T T 10,000 § 100,000 T R @R M 39 IR, THT]
offe 1 STTIHTIT W Wielt | ITHTY] o iR T SAfeehal YT @iell e & RO T8
THFA STEH ¢ T iferehat Teth1-v1 Idell o1g =1 o=t o o faeifia gu smex =
el ST €1 Qe STl h1g TethT-ah0 A9k o FHIT 3l ¢ q o8l T e v
R 5t 38 51 R0 YR R <1 €1 TRATY] o T 3T ik B ok HRUI
TEHT-FHUI | JA G916 T8i STel T

o 12.3 & wRfeld wshivi STkl 1 faveiour WIHE & WA o TS E
Hied gR1 a1 ST Hehal 21 %0l U=l o &gd qqell 8 o RO I Hedl i ST
Teohedl € ToF 39 T Rl UK A GHA o-H Th H Afersk IR yehifofa T e er:
fopelt Wep e W Fehifofq Uehi-oh0l o Faid U 1 Teher T | Tehl-sh0l
Siferam qRam] o e € S8l 3 W < TR, 2e, YE T SR 5AUM EferEd
A o FoTHM o SReR &1 W0l o IR ST S Ze ®, Tl Z TCHTY] 1 G|
FHF 7, S @0l o fow 79 ¥1 <fk w@ol-Aifuss o~k % Aifasw ¥ 50 T AR
2, 3: I8 Tl ST TohETd © T THIUH WohH oF THT W01 e T
21 T Afumone & YR R Uethl-Hv 3R ¢FERE TfTh & qeg feer o
iRt 9 o Shelm- T qe <A o W o fgde = 57 Ueh-%01 o ga
T 1 AT foman S Gehel €1 T9 ot 1 URANT 39 YR oFe fohar 5 @ :
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% Sifdest

1 (2e)(Ze)

- 2
47, r

(12.1)

&l r UethT-h 0T i AIfeh @ T ] R 5et, Teth1-hv1 3R 1feh ki e areft
@l % IR 81 UeHI-h0 W ARG 5l sh1 GRATT T &9, Tewhi-sh01 o e
Ft AR AT A I q0 IHY R I ok T AR IR et @ell 2

12.2.1 UGHT-RUT HAT-UY

UeHT-sh 01 gRI STRAEd WeiT 9, Hefg o Wog qreet, b R R ot §1 952 gr=er
UethT-H01 o YRITH 37 Tk 1 e & g @ ifdia g0 € (fost 12.4)1 KT
T UeThT- 0T o G & FEg 9l b w1 faawo 36 g ® o g fafa= feemen

/

34
Tb @ T TS

TorT 12.4 fordt 9t Tifaes o Fard & H TeHI-H01 1

Y9 Y| Helg qree b SR Feh 0l v 6
FR o= o gwie M g

T fg=-fa= gfaerarstt o gwifefa gfar ¢ (s
12.4)| (fst g9 & |ft >0 &1 9 99E
s St it /1) Te <@ T ® fR e %
gy w1 UeH-FU (FY UL YEA) Afw
Wehifofd e €1 Terer Heg w1 fefa o Wz g
ZAqH € 91 UehT-h01 T T 3R gafere g
2 (0 =n)| Fur WEW o AU HE e T,
T3 01 ST Afeeferd el & qen e @gd
%1 B ® (6 = 0)1

g qea T emdfad o o 9 ohadl Ts B
T & THYHT ATE el €, T8 Gred il €
e e e
1 TN 9gd FH €1 399 9 g § f e

1 SSIAM AU YIS AT 984 DI A | Gohisd €1 TH FohR TIhIE Jehiuid
e o WIES 1 ITAEE T HE H1 Th Qe Qe B

IETEIOT 12. 1 TR o TIHE ok AR Aiga |, A (5 @ 1071° m)
T o wew €, Freeh aita: el 3ToH el (B =~ 1070 m) & U qiehn sl
2 9 et g o WRI SR Ul et @1 A §R aier 1 faand e e
o Bt ot fenelt wRmmo) ® et €, @ @ ges SruHl aredfess feorfd w1 srden w4
o I BRI A1 X e ? geddt o et ki A @t 1.5 101 m @1 g3 &t B

7 x 108 m o T 2

T SR % hel S A Al AW 1 B0 1 U @ (1070 m)/ (10718
m) = 10°, 31fd Seiei o el i T, ek 1 B | 10° 1 atferes 21 Afg
T o =R TR geall o e i o g &t B 9 10° A1 Afus 81, @ gedt ok

M 2

Jereor 12.1

294

el i A1 BT 10°x 7 x 10° m = 7 x 10'° m| 9% Jeait i arfosh weafta e
T 100 T Afersk B 31a: 39 feorfa o gedt g @ wga eifuw R @Rl
T 98 off T g @ TR W] H TR O IReR 1 erian wgd sifush 9 @reft



IETEY0T 12.2 MR-THeA YA § 7.7 MeV o {hdl T U1 i Tui-ATH
T &o1 W o forq formmaeen # & | wee qen faen wiiemy 9 gd gHaas g
1 272

T F8 & YN0 98 © Tk Wehiv WehH 1 THEd ofafy o ferdlt o5 S8 Ueth-hul
AR ul-Tfw # Fa e Foll W Wl B UeH-HU SR AR F
SFEISRAT | Yel 5 1 IR Ak Sl E, 91 o &foeh w9 o fowmreen 4
AR W IHH! AL ISt E, o TR 2| WRATF It £, ST G- H e
Fell Ko Sk R 1 st St B, 9 1 forepd feorfost vt U € 21 featferst it
U 1 Tefiehr (12.1) 9 ofehe fohan ST gehar 21

HH ST foh TethT-h01 o g 3R Tol-1fTeh o ohg o ot S d &1 5 -k
T fore fog W feord R, T Sl e % FRIAER, E, = ;5! 38 ¥R =1
fepan <11 wehell €

1 (2e)(Ze)  2Ze?

h 4ne, d - 4ne,d
37T FHIAH g d =
_ 2ze*
4ne, K

YIhfdsh il oF UeH-h0I H U8 WM et 3ifshan ifast el 7.7 MeV 1@
1.2 x 1072 J 21 FifeF 1/4ne,=9.0 x 10° N m?/C?> @ e= 1.6 x 1079 C,
o WY, T W B

(2)(9.0 x 10°Nm? /C*)(1.6 x 10 °C)*Z
- 1.2x10 2J
=3.84x 10" Zm
gt o ugred ol 1 TE] SHiE Z = 79, THfa
d(Au) =3.0x 10" m =30 fm (1 fm (3&q HH) = 107'° m)
31d: S0l AR T 5591 3.0 x 1074 m 9 %4 21 g8 Uferd uRom § wga it
Tt el @il § Hifw ol A w1 ardfae 59 6 fm 71 39 faEta w1 Hro
Tg © o qefivem qgee 1 <O Uehl-h01 qel Tl 1 Feened o I 9wt
fereh €1 38 YehR Uethl-h 01 Toul-1eh o oreqe | U far & 1ot wifd skt fewm
foradia ¢ o 2

12.2.2 TASEA-RaTT

d

TRHIY] T WIHIE AR Hiee ey Fenfash! urond |fferd €, WArT] i TH
faedta Sard el o &9 H fafya o €, foger ohg W agd oier, i qen o
Ay s 2, St S7qt-eroet Tifefier feer wmemedl ® sod selaeiqi @ fory gan 2
TRGHH HI TU TR AN AR o S FoReEd S 9 F, 3ol i 3T
F& H S T % fA stavee e 9e (F) TEH I €1 3T, TIEgeT WA
o Tfaefia feer e &6 fag

F =F
e C
1 & nw?

= (12.2)

4rme, T° r
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Jqreior 12.3

A Fa-Fe 99 S | gAY B
e2
r= 5
4neymu

TIEEISH o THIY] § Sciae[ w1 TS el (K) 9o feeraga feerfast st (U) B

(12.3)

1, 2 e’
K=—mv*" = e U = —
2 8me,r 4Te,r
( UH =wueass Tog gfea o @ for feererd sor—r fRen & ®) ord: geege wHm]
H 3R & Fd Sl E,
E-K+U=_° __ €

8ngyr  4me,r

eZ

- _871:807‘ (12.4)

TSR 1 el Sl RO ©| € 2 Sl ¢ foh el Atves § uieg B
It E ¥FIcA® il df goiee A1fsh & Rl iR o el § el SHdl

IEEYOT 12.3 T 5/ I8 941 T foh BESISH TWAIY] &l Th e a1 Th
T | YU G oh TIT 13.6 eV STl i AEvIhdl Bl eESe W] §
Hefig- e 9 seree 1 a7 uRehfea wifsu)

T TESISH WA § oA 1 bl Sl 2-13.6eV=-13.6x 1.6 X 1070 J
=-2.2x107'% J oTq: THIHI (12.4) ¥ BH U €A

E=- ¢ =-22x10"% J
8ng,r
Y Hefig-f5en ure e
_ € _ (9x10° Nm*/C*)(1.6 x10°C)’
8ne,E (2)(~2.2x107'® J)
=5.3x%x 10" m

TREHHOT Y TSR T o, THIEhTOT (12.3) ¥ m = 9.1 x 103! kg Weht qiehierd
FT Hhd §

e

\J4me,mr

12.3 TWHUHT WeH

=R 12.1 § I U STT0R, Y& qd stfenafones weed-fafaton safsm
T 8| W6 HIE RHUST T e 9 T gW W, 9 36 fagd um verted
ek, ST 1 S € Al Scafsia faferor § e wre e © e e fafire
TeE & Bl €1 T YRR & T ) IS adh T Fed § qe 398 el

D= =2.2%x10° m/s
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Tyl W e 2 7 fo 12.5
T e BReeE gN S e . ——
ey TN T B 3 TR aered
o s e TIaH T AT,
19 1 Y29 T o Ty [BRGe

91 nm
122 nm
656 nm

1875 nm

% ®9 § & H Tl ¢l 99 v
TehTel FeR el T W BIeR TRa § den
T THRIMIEX g TR 1T

B o0

=—= 365 nm

faveivo wtd &l WA ¥ %9
a7 Yt femrd 3t 21 o
@ aRrgd: ®9 9 $9 qlesAt

|

Elrdeui

ﬁg{é

e ol

% qegEdl Bl € S S§ T o
Seqsi e TaeH § ¢ St
€ 39 19 o g w1 FFuTU TeagH FHedn Bl

12.4 TIESISA GIHIU] T AR HiSd

AT S TIHIE GRI TEdTfad Hieet § g8 o foran mn ® ff weamg
o ohg T A9 Bl @ 99 IRERHl i Soiee R § S oF
& S 9R 9RER § e @ SO el #ieh 39 Hige &
faenfaa feran o qenfa, <A feafaal § $s gorgqa i@ 21 7€
A T St o hRON Sl ], Selfeh oStz @ § ST
HU1 € o HROT, I o Hold- T 5 = fRa Bt #1 e,
ST © foh IRehR 721 o SHdt sh1E o oaR o1 | et €, 3R
0 R F THER AR 3 R SpgaE fog %
ITTER h1E @Rd TEf o1 dEAagaehia @l & &9 § fafewo
IR Il B 3: @Rd Seid 1 Sl AT =l =neu)
TOHR AR FT AR G 9Y W =R qOn 3ida: e | fiR
ST (fo 12.6) 1 37d: THT WAV TR T 8 Hehdll TR
27 SeAfE ST A F S T % e
Bl 81 ST ToreR Hitel 9 W e A4k i A A & d 7ok
HIME a7 AR T HR SR AETaE TR giefad g
FOEEy It YT i ofgfa ot fRaR ufafaa gt =nfew
3 TR TS Had WagH IfSid HL =1fel S ard ¥ ufer
s ey o foadia 81 Tl IS 1 Higel shad e
1 Th Tee] feaaral € e ot € o sentient fomm )
T ) A FE o fou gate @ Rl
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fora 12.5 TEgNH o Taed § S W@l

tew gt efas I
(1885 - 1962)

e o sdifqewfaae el
Faieq foaml o STHR W g
T o TaH H AT &l
feh o FI-3g Aied o MR
R IH AfvERE foeed @
w fogia w&ga feam R 3
FAeH-AAHRT T HheIAHS
Guenstl i foRioeRt Sqehd &
s 1 Tfd g1 o= & |
RIUHERERI

i
7
¥
¥

297



% Sifdest

298

JTeYur 12.4

TR
.
TerT 12.6 T &1 hlE @RA Seraed el e hieh
Tffer 99 9 fer 1 X &L 7 S|

IATETT 12.4 FATHHT Aegearehia FHgId & SFTER, TS WA § Fiefq & =/
AR IR geia R ScHSTd WehTeT i1 URIWeh STgfa qiehierd sits)

T IR0 12.3 § BH WA € foh RS WA W WEH % Wm AR
5.3 x 107" m = T =t hen o IR seieia 1 a1 2.2 X 10°° m/s §1 3:,
W o =R 3R U gese i g €

v 2.2x10° ms™

"“2nr " 22(5.3x107" m)

~ 6.6 X 10'° Hz
FATGH AT G o SER g6 SFd & fo aRerm goieil gr1 Sefs
AR TN HT G, SHRT 9 o =R AR IRHHOT G o SR 2| 37:
IS weRTeT T YRR 2Tgfd 6.6 x 10'° Hz =it

8 9 (1885 — 1962) 7 TIHIS o Ared ¥ Tt fohreniial saien aReredH
o foaml i Siea F® U@ fhanl Hfied 9k 7 1912 H & 7EHl deh TIRIS i
TR | 1679 fehan o den 9% @IS o AIRTg Hieet i dudl & aR o g4
TE Twad o1 IWa gfaen ¥ Satel a) 4 1913 H ey fawren f6 =wify
Sgaga Tagia, ged WHE TREeIe w =re s U gad € qenty 59 fagrd
I TRATY] &R o YehHl H e T o S Gehdll I8 T 7 T o qRAr-Hee
3R THRT WIS TH U GeY GHeE ok foIu Fenfaent Fifeht 3R degageso
o Tfya fagidl 9 oa fouem i ofeweshdl gRiTl aR A Frde! Td IR
FAleH Hehea 13Tl Tl HIH Hich M SR o &9 § 01 f9g1d Ta fwan 3
(i) ¥R =1 9B ANTREG o T frdl TEm] 7 Hig soiaeld (Hivaq el Hens 7
ferfeeor Feif Scafsra ohT fomT TReHHTT H3 Gohal 21 98 agageshia fagia o
A ok ool 21 38 el & STHUR Yo W] *1 $e e
et € fra =8 @ Hehdl € SR s Hord s o e oot ol e
B B1 3 Hefaa Srareenati w1 WA i R et wEd 2l
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RSN

() R 1 SO APTEG T Tl wenell i uRwnfyd war 21 39 R &
ITER gelaei 14 & =Rl IR Shael 37 Henssl 4 & TRHHT Hal & foreh
fore #Ivftq G 1 GH h/2n HT YUIE YOS gl @1 SR h el s
(=6.6x 104 ) | 37: UREHAT H U TR 1 hI0g GorT (1) Faifed §1 evefa

L=nh/2n (12.5)
(iii) SR o e ARG o T fagia | s qen eTgHerd g faskfaa urfves

Faieq IReheuIe i HHIfae fRa T $Heh STTUR &3 SoiagiT 379 99 &Y

T Sfecifad fafwon Fem @ SEt (57 Foff Il Fem § GHAT HI Tl &1

S 78 UGT YA & d U B 3cqfod gidl & [T e GRiqs e sfaq

eI T Sl @b IR o a¥eR gl 81 Seqfoid Wieid i gl 1 ik

5’7?73??/737?\ :

hv = E -E, (12.6)

& E, T E, Wifoeh o sifqn steeensit #1 590 €, E, > E, |

THiH0T (12.4) H BEgH WA o fou fafa= st feafaai =1 st ad &
1 SHSR T T =1 TR 39 AR § SoieR el 1 T r 1 STevdehd B
r % HF URefad o fau, sl & #ofE g § Hefud 98 o6 g
AT - Tl Tfdeer 1 TR Hd

70 YR et Gerferd n'™ e 1 fear gra gldt &

. n® (1)247%‘0

n m o 62 (127]

fRdl SRS TATY] T TR T § Seiaeid ohi el i, THIhI (12.4)
o el e o1 7 gfaeenfud e W 9 1 ST Ghdl 81 a4

oo o)

me*

Aoer E, = —SnQ—gghg (12.8)
THIRTT (12.8) H fadishi oF A Wad T g4 < g
-18
E, = 21810 "4 (12.9)

n

AT ST W §ol o M W 3AeH diee (eV) § =1 $i S €1 ifh
1eV=1.6x 10" J| GHiw (12.9) ® T: 38 IR for@n <1 gahar @
13.6

E =- eV
n 2 (12.10)

fordt a1 ® faAE 3o &1 Fa Soil o s § HMHE fog 59 91 S A
2 fop Soieq, TOHIY] o AT 9§ 3Teg B 3d:, SRSl WA § Selee i AR o
(TN TESSH ] | WeH §) 3T 0 Tk fIerT i o o st i STewashal gl
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Fe el E (eV)
A
/ FEg (S
LTI
0
=5
-0.85 nz3
-1.51 n=g | 30 \G'a'
SCE)Ie]
-3.40 n=2
Fream stereen
-136|  —— n=1

o 12.7 eEeisH ] & fag
FA-TR AN@| FW o 9 W SEGSH
U] | ol SOl SRS THY
freTam afereen § odia Sl 21 eTggieH
TIA] T A™AA A o fore fomedt
SolaeA i fT=Tam sTawen 9 13.6 eV
Tl STIYT IS HAT =Rl (&fas
@Td STAA St staeensti st sufeerfa &t

gt B1)

12.4.1 STt &

WA T FSl W GHA Fqq (3R BT A1) Bl § S
T Seiae IR i Fohedd &l (i n=1) ¥ IRHH H
B n=23.. % fu, Sl £ & U 99 %7 e 5 €, 37: o
el 1 IR STH W heneli 3 Sl ik gl Sl 81 TRH] i Z7ad
T B S 77 S7aeey e ¢ ToideH Shi Sl dd Bl €, Tl
TolEH, <A B (AR B @) ST e § uiehE s 21
ST Y Fofl (n = 1), E,-13.6 eV Tl 37: TEGSH WA i Ffad
3TN | TR ol Ho I o Tl Teeh =JAaq $sll 13.6 eV
T TU TESISH WA S 77T il 9 hed €| 9k o Higel % SER
WY A SEAA Sl o T g 9 SHH SETdl W@ 2

FHR & AT R, SAIH SRS WA A Fam seeen §
Ted €| 6 IS TRHIY] Sl TEg S Rl g Sl IE il §, T
g SRl ®Y G A el S R Gehdl @ S SoidR W e
Feel dk TG o T TE B 21 qe 9 WA S9f s |
FEA ¢l FHH (12.10) ¥ n=27 ¢ S E, , -3.40 eV
21 3HehT o1 7Te e foh weeioT WA 6 fRel seieei i gHent
Bl IS Teren H IWNa L o6 AU eTewTs S E, - E,
=-3.40 €V - (-13.6) eV = 10.2 eV &rill 6l ¥R, E, = -1.53
eV @ E, - E, = 12.09 eV ¥, BEgSH WA I THhI
a9 efeen ¥ (n = 1) 39U Sfed 316l (n = 3), T Idteid
FH & fIT 12.09 eV Foll shi TEvgehal eidt 81 98 FH 36t WhR
M =eral @l 81 39 S9ied Sraeenel ¥ soee R oot e
Fetl stae | Ao X Gl 21 39 Ui § 98 T ®ie Safed
T | T YR, BTZSIST URAIY] i Seiferd Sferee sigH W (31ea
neh g1 W) IANA WAV ¥ TAGRH I @Wad HH ok A
HETIF ATT Foll T T

IR (12.10) § AR TTESST T i TRl STeensii
1 el TR SR o (12.7) ® g9in T 81 g 6ien e n

Tl aTerensti i ST o SRR H § Fifehd Hidl ¢ 39 fas § S=adq el sTaen
THIHN (12.10) H n = 0o & HIA © AT TEHT STl O eV &1 7€ WA FT 98 Sl
? o9 e 9 goreR I WE X A T R (1 = o) 3R 9% fom # 21 e
AT for SR staeensti #1 St n o sgd W e YR qE-uE o1 Sl 2|

12.5 TSN WU ol AT Waed

IR o Hied o gdrd SR oF SR, W9 &is U] S=d el fefd feet
FieH T n, ¥, ¥ T i feafa et @aien ¥ n, ® (n< n) ¥ TohA0
FI T, T T F T SR F G v, F TF B T FI@ S, qAE

hvlf= Enf

- En, (12.11)

+ fordl R T E=0 eV @ 31fus 5o W el Sl 8 Wehel 81 UE <ensti o gele
T B 1 UK E =0 eV ¥ FW 5 12.7 | 90T STER il sTeensii &1 Th

300 HiqeT 21
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Ffh n, SR n, T Yo € o7 T T IR W 2 @ foF et ww
o Heg Heaaol o, fafa= fafasa srafaai o g scfs g 2

& SoieR S el feufq § 1 el feufa § o9 © a1 Wi Scared B §
AT THUS TIH i 3T {@TU Scq=1 Bidl §1 39 SieeHl W@et ®i 3egsia @
T 8| TR STl hIZ LAY B i STagifia il 8 frent Sieh ot St & o
foret soigela i T oot fearfa @ S=a oot feafa § gwmo & foe savas g
2, dl T WhT I YT HEd &1 Fd: AR Had IRE i gl o wie
ferfera T o oA o g fodt Seeier 9 favefid fhe S @t daa ween
o e Tegl srawifya Taet w1 il far @t 21 ki e 39 sgfar
i€ shedl € S T o WATgEt g a5 T €

TEEIS THTY] oF TIFH i 9R Hiee g a1 T Tseiehivl Uah Ufqemett 7em
IydAfsd o e eyt Faied fagia i Wfd &l sTafus grefed fham w1
1922 ® 9R 1 ifcehl & Feel R ¥ gt faman @

12.6 X o FEICHIGIUT o g ANTIEE T

3 Sl GRT T ehtuT
AR §R A WA & Hied o el AR H H9ed: TE SATTRER g9 St
ITE U1 HTA AT 1| THoR e oh ITTAR Tk o W) 3R qReHT
WWWWWH&T@H%(&WLH=nh/2n;n =1,2,3

...) | IOl GeT o oheret TRl WM Al B € Sl b/ 2n o QUi TUTel €2 /k
AR EN 191 Hied WA i o 39 a8 9¥ard 99 1923 § Tew HIEE ¢ " Y
fifereh SR qed 3 Sl 7 T@ GHE # T all
T 3T 11 § < Sifrell o Ueheul 1 31eeH fohan on fomes
ITER, %4 HU1 oW Toaq ol T S9 o Yeiia e €1 @S
S den T T, SR g 1927 § WEfes 9 W gl i a «

Tepfd o1 FeATdA R TR 39 < Sivelt | doh R foh soree ol AR
BRI TEAfad SHeh! IR Hell §, Teh SHUI-a o ®9 § @1 T =1y
SR § T Sl T oF TS0, U a1 o STAR STeensti H ST
T S X Fehell &1 el 11 o Toau difehl o1 aIgaqwess o e1ead “
14 ¥ 89 SMd ® fop forell affia it st fafs=T <l W soor ok,
3o oo qUreEat i S fohan ST Fehal 81 911, heiel o8] aiesA TorT 12.8 IR Ha ° TH TWIH
faemm ® it € fomer fodl W fodg B & aen S e § ST R an wuifé v ¥ sl w e w1 ufify
T 1 3 1Y © fop forelt = o, st o aeft SR S @ g F =R 2 st wree
< H TF S S F qe A o d 0 BT et g, T R, o )
T weed, e wE ot quis WEem w1 aesd & auet @ o=
TR 1 TN H T o IvE SYH W SAfGR Bl © 9 ek S eiE
T ¥ B W 1 B w1 n™ T e # ofee s RS seieei gR e w5
afify # T & T A g 2nr, A A
2nr, =ni, n=1,2, 3... (12.12) 301
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o1 12.8 § fondll IR hell W 5@ fiin =4 2, Tk 19l 6o a2 g
T 1T YR, 2nr, = 44, ST A n' e § 9feh R gU Soeid & 3 sl
e B1 1A 11 9, 81 ST € A = h/p, ST p S92 o HeRT =l qiemT 21 A
eI h1 =Tel WeRTT k1 =1t © 9gd A €, A T mw, B 39 TER A = h/mo,
BT THIRI (12.12) W &5 9 2

2nr, = nh/mv, ¥ muo,r, = nh/2n

& S g Aol Seiari oh hIvig HaT sl Faied iday @ [FHie (12.5)]1
eI 12.5 | B <@ € Toh I8 Hiehior BREeH W] § St &Rl qen fafes
e T A HT 1 SAUN T T8 TR < sivell 1 GRehedl, THehm seeeH
o IV FelT o FAISHIhIUN i IR gRI WEdTfad fgdta ARG o fore samen w&ga
FHTA B1 Sola 1 e Hemd qon Soft fefal, e w1 o Yhfd ok SR
& oI el ST SToT Gl B srafterd T Hehdt 2|

a-iea o R wfafted wem v fasmr (Aifaes o IRl 31 Te-Tgw Fem)
TitAferd €, SEeeT e TR (Tohe eiee) o qe e, 9ed &9 9 St
e SROTCHe 3Teiitta fafertor =1 smgfat =t sfaq wfasramf = 81 qurfu g9
Hied &1 s Hud &) 70 4 F9 7 :

() SR-Hied eEeNET WA & fort & Suge 71 fg-seiag wam] 99 difasm
o foru off 39 fowaiRa &1 foran ST Thdl| SRgSHTH* WA o faT aR Hied
I Th ¥ 3TH Seiae arel THIET o faverol o foft T &3 o 9o fahy
T, TR IS T T e g3 HioE a8 € foh Yeheh el cheel e
ifusr @ & 7 wq g Aol ol @ ot s TR et R
AR Hied o GEUU A Teiaeq a1 HHEfE A1k o ot faga @ gfmferd 2
T T o W fagd W wiftel T @ S TR ag-selged A §
{EYTeh &9 W Fehe Bl 2l

(i) T IR-AlCA TEGSHEH THVS §RI Scfed UMl i gfaal &1 Tl
et shear €, fhe oft o8 Seen o egfal &1 snufers doaret i samen
TET R T SRS oh SchSH WA § $ 399 SAgraal i digar o7 g
7, Stafer St sgfaat 1 fierdr geet it 71 T = S 22 Wi Yeror <
£ o b GopHo1 T 1 a7uen ifeh Wi 21 SR-Hied fafe= GeHon
faferer deraneti =1 e w6 o swd B

IR-Hieel TRATY] 1 YsHd o Tgd hidl € q THeRT Seet WA & forg

IR0 81 Tohall ST Tehall Sfeet TSt oF foTe 4 Felied Afent W STIRd Th

U Tt Fgid ST STANT HEAT BT S GRATY] TN b1 3tfere quf forst wegd e 21

* EIESISHEH WA & TRATY] € TS0 o 69T +Ze o A1k IR Tehel Seieiq &Il ©
STel z 9iei TEA €1 SIgelsE T, Tkl At diferm, fga: s fiform genfs
BIESISHEH AT o STEX0T €1 51 AR ¥ i wfeet soiai-saae S
forard &l Wi |
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QRIIT

. O] et THeTeht e ST Bl € SR Efery wHny] | ey SR oree

1 A g9 B 2

ZrE-Hise ¥ IRE] SEel ol el He e g sfd wefid e €

IS -THige H WA T Taifeh SoHM SN SUH el SEY Th GeH

e W Hohfad Bl € (WEUd: WA o WSS 1 <6 ESIREl HET) el

TR T WX AR U i B

TRAW] T TEAT H A A B TGRS o AMTHF Aed § I =

HiSEAN B : (a) TR ITUR WAV 31fEer ¥ Fifen AMWeh o wRI AR THd

TU coIfd el o1 Wftel 9ol W ek Bl SR AT 371 S =AfE T v

o T 1 WA w71 (b) I8 fafa=T qel o wAmget o stfiemerfors

TS TFEH i AT &l HL Fehdll

ATIeRTST el o THY] T BN © SR e Sieen Seafs i 2

Tz o forer TR Y@ 1 aq=a gl 2 fod ae Sen #Ed ¢ 98

THI-GTEAT o T § et gee & 2

AT R Scaford IRael TaeH qu WIS o TN &l e S &

fou fiew R 3 TRgSHEE TEET (URd Soideid) o fau uw Wied

A fohanl 3= o ARFEIG wiqa foru qen Fien ATt &1 g Wi

(a) et eregiom TRAM] | *iE soiae fom fafereo et o S o ffved
Fenstt (9= Tl wan wed 8) § ko &3 2

(b) omd wen o € fSeh fofq v Gam h/2n &1 1 quiiss oSt eial ©
(AR &1 FaleHipa Ufdse) | 319id L = nh/2n, Sl n T QUi ¢ o
& FelicH &l Hed 2l

(c) TR ARTEIG o ATIR HIE S 79+ Tk fafafdse sifaeolt wan 9
3 TR Sl 1 el § Hehuol Y Tehdl 21 THl e § Th B
IR eral € FTeent Sl Ui 3R ifam srereensti s el o St
o qUeR Bl B Scfer BIeH 1 Mg (v) T Hau g @ R

hv =E -E,

IS T SH SR o ferfentor 1 el e 2 fo o weAmy) Seafsa
I €, 39 Teufd o Seldei n ¥ S=9 UM 1w H SHafd gl 2l

E +hv = E,

. IV HolTl o FelCHIHTUT Fidael o TRUTHEEY, Sl A1Heh i THeha

Sharel fafire Beeneti ot sanst 9 € o 21 erEeS WA % foe gHeH HE ©

n?\( h ) 4ne,

r":(F](ﬂ)eT
Fe ol o Feifed ®

. me*

" B

=-13.6 eV/1®
T, n =1 LT, TR STaree Feard 21 gEgier WHY] § Frefaq staeen
Tl 1 AM-13.6 eV &1 n'oh 98 HM (n > 1) WS el o Td €| TRa]
T SfoIq STeRenet H, SO XISt A1 Seleil | Weg g 31eren Sfua STgfa
o IS i FEG ieh, Teed 2|
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8. % Fel 1 UReheu T, fF Soaei 1 aUTesd A = h/mo i 8, ¥ TI-%01 &

St el k1 SYANT FXeh S KT FHifed Hast HI AR F1| HET JAHR
ST A oh T © TSent shan w1 ufkfer ameal & qof 7oreil o 9 2|

. 9R Hied TRESSEHY WRAET (THA Tad) % fau & sugs 21 58

fg-setarei™ war] S9 gifeem o forg ot faearia 7t foman s wehan| 7@
e TR STaH WHIVST &1 STgfaadl i sTdfare dierarsti &1 o samen
RECTEEIGH

Taomuita faua

. A Hisd 3R WIhIE Higd Sl B SRR a5 S B | e Higel TR

agd ®9 9 RUER 8, Sefh WEIE Hied wefld TRl o agagdsa
fafertor o RO ememE g 2

. 9R A il gam (fada i) o1 € aeieHieRor @ R, ot sie afer

1 /A F21? &IF § fF had B Fa F o T € a8, 3R gareR
Feretl o feu wviia oM Tk Sgd gEfTR A {1 e fgda e
Tenuifes € B

. TRSSH W] B R Hied W wefta fomm, siffieaar fagra o | st

off| 9% MYk e Afeh! gRI wfcwenad 3 f&an man on e SR it et
9 & & el Selaei[ o WY S+ w1 Widehal Sgd i €l Hehdl

. OR uReR i feerfa @ fa=r, Stel e-e & i ey 9u, 99 SR s

T% o 4 ekl 9 (e & &1 599 fordl ot I o 59H 9 984
afere §) 1 STIEN AgA FH 2, TOER-SeER F ST A % HRT e
T 1 AT SelagH-AT JEd §ct o o ¢, Hifch SE qe gREr afmT
H TaE Hife w1 €1 T HRO1E R U8 g9 R HT HI=I1 I IR Hied
g3 THOLE % fa STgE e 2

. Fo fafdme wel &1 IReed wieh f50 soiag fafwfa =t o, 9r 3

Faien Tagid 1 g Wil 9 o s § shael T FeieH F&1 n Gt 2|
1 fagia f98 Faien Fifet wed €, R & SR ot gfte & 21 denfy
Falen iR (A a9 ®9 9 7)) |, F1E Ry Sl T Hed U @
FICH ST o WG el eIl ST oh T, IS STaee 9R Faied qemsit
(n. I m, A1 s) ¥ Afqaretiong €, A g warm fawa o fau (eeger
TRATY] T i) Sl ohaed n W e w R

. WIIROT FAfGeh! STUENST o Fidehet, IR Aied o fhell golareia o 7T el o

IReAHOT T AT 1 Tt Y@ 1 ST @ hiE Heer T 81 e T i
g h <R fauitsa < wefia seietl #1 o g 81 9€1 Faied gens
(n¥n-1 9%, n 98 981 o4 W) o J& YA § I o T THME &1 S
T S R erafar 2

. IR 1 QiR Aied S $ @ FeAfaat Gifdhl o TEget W do $9

MYk Hifaehl & Teqstl W eIRd €, TedT TEeeT RaTvEt 1 of
Tl Tern &l e Wel fost areqe o Feien Fitn ¥ 9iw el € S SR Hisd
¥ o goiv B4 § 9= 21 fRe afg o Aieet gof w9 9 S @ @ Al e
Wgﬁﬁﬁrﬁaﬁ%ﬁ%’?aﬁaﬁﬁ?ﬂﬁmmﬁmw
SN &
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12.1

12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

(i) @8 Hied shad o AR R efid © oifer i off eegiem weed
1 o |l oot & saren w B

(il) B Ferfaeh Hifdert 1 f5F Hheqmie &1 drar © 391 39 Ated |
@Y

(i) Al <wiian @ foh po wlasrarioml 1 emen o, ford yer forelt Sgifaes
Hifeenfamil i, Hefi-ef o TG THEAS H1 AR IULT HT A
=itz = fagia =1 diea &1 Jforsgamh w9 7 @ © @ o
1 SURRTT i T UL T AT HH T FIT HET AT

HEH
Yk HYF o oAd § U T Hohal § 9 9ET foehey &1 =99 wifse :

(a) (AE9 Wied W URATY] T WEW, WIHE Hied W THVEE HEA
£ S e 2
(3TUeTTRd HThI Aty =1 &1, oTUanga wIH &H)

B) eennen.n. o fretan staeen o soee ol 9§ B © SEiE e
H golagF, G3d 42 et 3T I T
© eennennn. W ST forel S A 1 A e iy 2
(T Hisd, WIHE HSA)
(d) TRt T o FEHE H ... o ST Gad R g € it

.......... o o1cid STEHM FormH faaur g 21
(A Hied, WIS Hied)
@ evnnenn. H Q] & AR 9 1 5eAuH gdifus e 2
(TIHIE gied, I gregar)
o eifere o wol o=t & TIM W 3 BESSH &1 Ydell IS T SYAT Hieh
3M9eh! UCThT-h0T TehiUT T e ohl STa@ 9T il 21 (STEgie 14 K ¥ ==
Y W S B S 21) A TRy qRomT i e w82
2.3 eV Sl iat ferdlt TRam] § < el WY bl Yk Y 31 1 St faferLor
1 argfa = Bt afe qE] o gl S W) 9 T W o RH0 e 82
TIESISH TWATY] 1 FTeTad ofeeel | Sl —13.6 €V €| 39 37eee | Selaiq i
Tfgst X fearfast st = Bi?
T eraen o T T eTggiS WH] Teh i i Aol hid @ S
T n=4 W q SUSa HT A 1 B i a0RE qe g 6 it
(a) IR HISA HT SYAN Heh TRl BEGSH WA H =1, 2, o1 3 W W
AR i =l IRehferd HIfST| (b) 378 @ To® &R o fau sefta eafy afsfaa
EalE !
BEGISH WA H FRad soei-hell &1 B 5.3 x 107 m B1 el
n=2 3 n=3 % Beard #1272
HW o Y W I BEgeH R fHHl 12.5 eV 1 geiei IS i aHeaR! 1 T
o qnesat 6t Soft Seafea Bii?
IR Afed ok SgER I F AW AR 1.5 x 10'! m B & wam H,
3x 10" m/s o Hefa o | qfehar &t gealt w1 sifaenafors saien H@n 9
HIT (geait &1 FegH M = 6.0 X 10°* kg)|
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TSTT 13

e
I U M

13.1 fHerr

et 212 | T TeT © T Ueieh TRATY] 1 Sl SIS eleht 3ok ohy § ehfd
Bl STl & 3R IRATY] k1 AR S &1 A9k hl el WIgeT WA o DS hT gl
o TR Y B B -0 o FhivA Hae WA 4 ¥% W fhen ® fob e
1 T, T 1 B 1 g § 10* 4 9 off %0 e wifew) uen oref @ fR
ek T STEIG TRATY o A & 1072 T4 & 9T B1 SR 91l | g al 9]
o stferenterd: fem Tom € 21 9 eH IR0 1 WS TG el o HE oh alel
FX 3 @ T TEE T o o Y o W o @ < qenfy, A S e
Tl SeTHM (99.9% U ifereR) e § & gEifed e 2

THY] T GO o GHEY 1 A(9E w1 o HIE G 22 A | @ g6es
g F-F €2 3 WER FFE YhR IS T2 T 1+AF ¥ ©9 39 YR & JeA &
IR @IS HT FAE HT| T AT % fafime o, S9-3h 9Ee, SoAEE qen
oo 1 ==l oh WY 3H Heg editfeaan, faged td Homd S| T
qfereTistl i off fag=m &

13.2 UIHIU] GeIHE TS AiHeh sht |

TRHIY] 1 FeHM hElU™ 1 qorl H §gd %W el 8| SSEl o fou, e o
TRAMY °C 1 FAHM 1.992647 x 107 kg B Tt BT AR i Ao & forg
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foheium wgd Geerser Ak el €1 31d: WA SeTHHl ol o i oh eIy
TN 1 U 374 "5 W& foha1 TR 39 TSk h1 ULHY] S8 T (u) Hed
£ SEH! 1>C WA % FeAHM ok aNed 1/12% 9 ¥ o i 2

37d: 39 qRY o STIER

2C U] kT FHAN
12

lu =

~1.992647 x10° kg
- 12

=1.660539 x107*" kg (13.1)
T FFAH A (u) H Fa e R fafv= ael o ] $oH, gRee
A % FSAHM o qU1 U o ehe UIT W §1 W 39w o ereh el
e ff €1 S % U, S 1 TRE] §e|E 35.46 u @l
TCHY] SEHHT T T A9, SoHH JuishEATd (WeHIX) gR1 feRan S #)
TRHTY] SSAAEI o |G W qal wordl € o Tk € dcd ok i YR o T qeeAmope
o1 3t & foeh T9m@fe 701 df THM B § W ek Sl | SR Bidl 81 Uk
& a1 U wETy genfaar foeh SoAuEl | ST eIl €, GHefeh HEeldt 8
(FA v/ aTeEiery 1 ot &t & wmeenf R, 7€ AW TR s@few fn mn ®
i deall 1 ed gRoft § 3 gt T & T R U S ) | 90 | var wen R
Teieh dcdl SATeRIeh ®Y U e HEeh] i fgr 31 fafa= geeentenl w1 ame
ageldl dcd SSei oh |1 SSerdl €l
IR & AU, FAdA o 3 gEefin § e SoHE A 34.98 u U
36.98 u ¥, S & TIggioM WA S| o ol Turel o Gf-ihe B 1 37 qeeentien!
1 WU g FHY: 75.4 TS 24.6% T 39 TN, UHfdeh AR AT
YA T gl 1 9IRa-siad B 3T, Wehfdeh FAi- TTHIY] h SeTHM,

_ 75.4x34.98+24.6x36.98
100

= 35.47 u

IE M ® S FAA R A S R

el % foh oW T@eh dod eRgieH o ol M wEedtes € e g m
1.0078 u, 2.0141 u Td 3.0160 u €| T8 gieh BEgSH W] faant dmder
Tl 99.985 % B, 1 A, W HEal ¢ Th HeH % 599 €,

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

g BIEEISH TXEM] o FIMM 1.00783 u | ¥, 399 foemM Us solae o $eqqM
m_=0.00055 u %l ¥H H W FHHA o TR 2| TIEGISH o TR & FHEN

memﬁﬁlmﬁwmﬁﬁwmﬁﬁ
T S 3R St fafEt grn wEnmeens o fafda fey S €

Afeh o o A W 1 € el Bl W W Uehlh ol SEY gl € 3R T
e 7 71 Uee I8 fa=m o fo e o soee B § W aeien fagia W s
TRl oh HROT 3 Tl i TR & T fordt TRem] & @t solaeia SHeh i
% AL B &1 B9 WG ¢ T forelt weATo] % Afoes o W g9 gerel 1 Hen
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STk WA HHIH Z, o SR Bl €1 3Tq: TH0] § el 1 hed AT (—Ze)
3Gk AT o el N (+Ze) o SR Bl 2, Fifeh T fagdt &9 9 3
21 21 gHfery foRdlt aATo) o s H W Y G, qeAd: SEehT TCHTY] ik,
Z =t R

LT Bt @I

Hifr gFfEm T TRfeam eEgeH & & gweente €, T 9@ T % s
H T e B =ifeu) dferd R, SHRIREm U grefean o iR o Sl
¥ ouE 1:2: 3 B gfoy sgiRem wd Trfean o Aifusi o diei & sifafe
FO ITWHA 5 ol TE MG 37 FHER] oF AfTeR] § fomm STHA Tfae
e I AT 1 WEH-5e9HM o W W o¥ek i ol HAI: Tk TS o AR
o T Bl 1 98 ded AT iar @ foh wRemeti & et o wei o erfdftem
form™ @A A 9% 3IEH A ff Tk o "EE o YOS o ®9 W F g
21 3@ ufsheu &1 gfie, 1932 #, 9 Jefaw g & T e <@ e eE
IRfemm Tl | Uew w0 (TH w1, s AT B © e fama
H g9 Tl SR § =i ) i §oR w1 W §, @ T o SIEH At
IEfSd Bd &1 F8 o qrEn e foh A S T, gifem, s e AEesH
Y T AR ¥ THTFL ITY UeH del R B SU HHY 9% T TH
= 33 fafew wied (faga gaeia fafewon) & o) e T Fom |

Il &1 TR S W YA =en TR Af| F I[7EE fafeon weE o oad

ED
B 1 RT Sell S fafol & qo ¥ wga eAfus et o aRfeaw et
W U T HT A9R TG B 2| T I ok gHeE H gF, o =efas
q HdveHs @1 9 g fhar, 39 wedw | wHied o fo SeEiA fafewon o
T U YR o ST HU B € T 2T wed 1 el Ud He G
| 1 SYF Y, WA TE T KU KT THAAA Jd HE U THAA W I,
o9 Wil & AWM o ST SR Uil A

o9 TH H H FEA s aeedd § WHd €1 9 R,

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

e ® @S & U Sefad w1 1935 & AN [ERR U It R
T U oK W o fauid U Ue g2 STl el 81 T8 Uk WieH, T
TSR U U WiagieAl (39 el hU1) % ®9 W & el Sar €1 3kl st
P ST 1000 s et 21 aenfy, Mfyw o iR Te wmh g 2l

m,@wﬁmmﬁwmﬁ@wwmm
ST Hehdl 2

Z - A FHAF = YAl i G [13.4(a)]
N - =" & = =2Al &1 9en [13.4(b)]
A-ZHH & = Z+ N

= = W@ UM w1 FA qEA [13.4(c)]

Tie Te e o o faerai v w1 off SwEE S S w21 e
et W] ¥ faeE Ten ST 5AUH e A w2l

et e gofa a1 fas &1 Woha fog AX g WeRid fear s 2
el X 39 geifa w1 qEEfie fag 2SS o fou, w@ul-Aifaes sl Hehd
197 Au SR I T E1 THH 197 Ffded g § A 79 W T§ 118
g T T
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EIRED

sa fordt 9 o wHEfR] 1 GCE S WOl 9 GHHAET ST G e
fFdt U MU T F et % AT § Wie # Sen df 9uE et €,
WY 9 TH-FR Y L K e & gfe ¥ fam @ € sgdfem 2y oS
TGS 1 Th G €, THY TH T U6 Tk 2 el ¢l 38k W
Tt grRfead SH W % W T % g B ¥ 9 @l o 32 Tmeenfisn
B © el goomm Hemel 1 W A =173 § A = 204 d% B/ 2| IS BH
WA B o ek ¢ b el o TEEeR 0 Sk geleRite o W R
T B ik, TS WASH o geieiieh fo=d WA B € SRl TEETh
e Wl T S Bl ® SR TEfU 39l oed WRUf W UH ' WH W
W@ S R

Tg 9t Tifge 9F So9H @ A 9F B © gE9Re #eand B
STETne, faw 3H TH SHe THWING T TH Tifush ekl =2 ¥ N THH
T AR T wEE Z f9 @ gEgeie wEed 21 SSewond, % Hg ue
197 Ay TH S T
13.3 -rfYer ot ATSST

ST T ST 12 H 3 T, T g8 SHult SRt o fei wm) Aifuss ok
eI 1 IREETT Td AU il TR o Folld W MR & Aded 4 @l &
Feh T UCH U oF YehiUH © Helfod Js T fohal 3ok T | I8 ¥ g3l
& 5.5 MeV Tfast S oF UewhT U k1 ol Afiehi o freheser Tga &1 gl @
4.0 1074 m 21 vl &1 Wa W ¢r -0 o THIUM HT TIHIE T T8 AR GHAET
feh geRTU o T sheret sheitd 1 Sfaerol e & STEE 21 Sfeh, ST e
ifeer | fHfed g =, e o1 aredfas |Es 4.0 X 1074 m 9 %9 g1 =feu)

IfE 9 5.5 MeV U 31fueh el o o -0 FAM FR dl Ak o Afehl
o fihere w9 #1 g0 R w9 @ Wl SR q9 Y eed WY A
Il @ gfed B oM SR WX 5N U MU uReer ¥ W 9H S
SAT| IR o IR UoWl HUT TS Tl AIf9shi o oFee g9 HUl o
I o A g Hod Fawdn 9 W oeAHifE ¥ 56 g0 % 3 e W
THE & UReherl § I aiel SR T B ONd ©, e |iEsl o fawa
o frehd frepren S wehar 2

T YHUH FAM ek fo9 o-h0T oh T T A T et o1 fafa= aat
& SR BN 1 T B, T qdl o A9HE 9Ee o qRigsd 9 9 fhe )

TE U T TR A SoHHH HE@ o Aifues i e ®

R=R A"® (13.5)
TSI%'TRO= 1.2%x 10 m (= 1.2 fm; 1 fm = 10°m) z9HT 1df © for e w1
I (ST R® ok STThAMUIT €) ST G&l A & SThAId! Bl 81 31d: e
1 ¥ T eian ©, stefa, @l et o fow gment 7 A R R @ e )
fafa= iy 5@ Fod o1 o 59 FT 95 H WE T 1 AMTRIT 5 F1 A
2.3 % 10" kg m™ o Wi=Tehe Bl 21 WH TSI 1 qorl & Tl o1 I HH wgd
afferer a1 8, S Sl o folq =l sharel 10° kg m > €1 &Il €1 30 e ol ST
T guen ff <1 Tkl 2, FifF T8 70 TR & <@ Ik ¢ o T rfuehier: i
T fiod 2 81 I WA ¥ o 5o ° o<t Ao § Red T g 2
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3dTe0r 13.1

3qlgul 13.2

IETETOT 13.1 @2 o A% 61 SHH 55.85u T8 A=56 ¢, TTHT AMTHT T
1 HifST)

A
m,, = 55.85
u=9.27x%x102% kg

THAN 9.27x107%° 1
s (4n/3)(1.2x10 ) 56

=2.29 x 10" kg m™
=2 AR (T @il difqentg i) o uied 6 S 59 e o WY qoriE 81 98
Tuifan & foF o9 AR & %o 39 Hien aok gefifed &1 T R foh =g R e u §e
TYF H1 e AR HW 2l

13.4 THUME-FS qAqT ATHRET FIT-Fvsll

13.4.1 THAME-SaT

IMEERTEA 7 319 fafdre smufeshar fagid o STUR W I8 IWi o Se9H el &l
& T 0w 7| fafire smifaea fasid @ veel 98 A W o fo R sifufsmen
H 5o T Sl STelT-3fer e B €1 Y STEREA 3 T <9 R SoHH had
Foll o1 T Y & SR EH SHHE-SSl1 i Soll o 31 B, ST Soff §, Rt
X Tehd & e T e el Sl bl SorHH | BUlARa e off T9E 2
7ok foIu SRR 3 S g SoIHH-Sel qegeddl GaY fEa 97 ©
E=mc (13.6)
el E, S99 m e quged Sofl @ 0 ¢ fafa o wehrer 1 9 2 fent af-iane
UM 3x10°m s 2
IETEYT 13.2 1 g U1 o U ol bl URehferd shifag)

T
e E=10"° x (3 x 10%24J

TR T =

E=10°x9x 10%J =9 x 10"%J

TG YK, AR Teh UMW U1 i off ot o Tuiaia foran S @ 598 o1 i fawne

T TR el €

TS o SoTHH-Soll Feiel 1 qrEiifies gfte, =i, Mfehi, seiagi ud
I T & W @ISl T FHUN o o g drelt Akt stfafewenstt o ot o wl
wh! | Terelt arfferan o Soorl Gieeror fem @ eifum © T afe gomm 9 dag s
%1 ot IReperl o wftnferd w3 qf YR Sl Afad Sl o S Bl ©| T8 Geheu T,
TRl ! IREARer 3= foRanstl T8 AT SMEl i §HeH o fou Aeeayu
B T T h AN HT fora-ag 2

13.4.2 TR S-Sl

AN 13.2 H T <@ T s =32 T W o1 o 71 or: Te endferd ® f
TR o1 SHM, 394 faem™ =2l T FieiHl oh FEMEl oh el A Tm o Sel
B AR, TRTRTT S| M, T £m d FH T SIS SSIe ok o, ey
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180 1 il TH 8 WM TS 8 =2 7 I,

8 =Ml 1 FTHATH =8 x 1.00866 u

8 Wl 1 F&IH =8 x 1.00727 u

8 TSI 1 FHM = 8 x 0.00055 u

THfY 160 o TF w1 Taferd S = 8 X 2.01593 u = 16.12744 u

TSI UIHEHTI o WA R WS 6O T THIY] FHE 15.99493 u B 38
Y 8 SRl 1 FFAM (8 X 0.00055 u) HEH W 10 & T 1 grEifieh A
15.99053 u ¢

3Td: 79 U9 § fR ofidiioe 160 ek kT SoHAM, $9ok Ul o Fdl FAAH
Y 0.13691u FH | T4 o §HHH TS U Heh] o SAHAM & 3T AM, Fl
Fo7H &fd HEd ©, AR TR HH T YehR okl el Wl € ¢

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

SuE-aifd 1 31 1 ¥ e W SAERIET 1 SoHH-Shell gdedl fagia
AT gftreet froman 21 <ifek, STeRAIST TR 1S9 SHeh W2kl o S| o AT
(Sreiferd steeen § 8 W2l Ud 8 =52 1) | HH el €, feRdisH ek H1 Gaqed
Sl SHeh ISR 1 THATT Sl oh AN W HU el 1 ATE Y SATRASH AR
F 8 WM TH 8 wpA ¥ famfed wN UE A R W sffE o,
AM ¢, 38 79 1 YA w01 gHeh felu Aaeaeh I8 S E,, FA9H &fd
Y frefafaa g gu efud it ©

E,=AMc (13.8)

ISTET 13.3 T WHY] SHUM Wk o Taged Sl o1 99 8el Sl 3R
MeV ¥ J1d SHIST| ST STAN ek 60 T 59 &fd MeV/c® H F Hifoy
A
lu = 1.6605 x 102" kg
TR ol % gl § ufEfdd e o faU 89 39! ¢ Y 0N % ® TS UM ©
[EEED
AR et = 1.6605 x 10727 x (2.9979 x 10°%)? kg m?/s>

=1.4924 x 107'°J

~ 1.4924><1o-1°e

1.602x107"°

0.9315 x 10° eV
931.5 MeV

AT 1u = 931.5 MeV/c?

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

- 180 &I THF wew! | fawfsa w0 % fau smavasw e 127.5 MeV/ ¢ 2l

I B = TF WMl Hl IE-IH oL, M sma 1@ serme St s
TR oA ST @ 3 UhRA HAE, Sl G M g8 Hel AE, AR HI 311

€°€T Inr3Ibe
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Fe7-Foil el €1 A% gd fhel s o skl STer- e R
1 Al B 371 HUN I el Foll E, GEH HTAT BN T A9 hi BH T THR
die & "ehd, TR off, Tfes 1 seA-wet a8 af wadl & @ R fee it
¥ faem WER faat ot & ¥ 9 71 Mk oF HUN i do[ Wl
T AR fesw SWER WY Fy¥F-For 9fd gfRrE, E, € S & Afasw w6
JeH-ell, E, U6 390 faude =fFcsi i Hem A %1 ST 2

AE, =AE, /A (13.9)

T 9id <l S-Sl i UH WF Hehd € T T fRdl e i sEen
HfrAsi o Jerpd i oh U STees ofwd Sl 2
fo 13.1 ¥ @gd & el =

‘0 “3

SGFe
@

fe wfa =feemi doq o E, &

| R S T A § T fe@mEn g

~ Q0

le °
b/ °N

T—e—1 ¢ | 39 UE H gy frAfafgd dgu w
fasty gfter=r 4 & —

o}

S S S (MeV)

$eoLi

() HeFedt geqHH gEmsT (30 < A
< 170) = fau, wfa =gfeeEm

qUF-Sel, E, |, %1 A SAeRINS

gfd

w7 F @ T €, stefd wg
FHIF & T qiafdd & e 2

312

o 13.1 5099 ¥ o ®od o ®©9 °

50

100 QaadQ) 200 & % A =56 o faq @9 8.75
ST A (4) MeV &1 Afishaq O U6 A =

238 o felu 7.6 MeV 3l 2l

(ii) stk AT (A< 30) T8 WK
TRt (A>170) <4 o fea &
E, 1 9 HeFedl qCHI] ShHish
o AIf9R] T qo § STUSRA
*4 B 2

gfd fereraiT seA-Fs

79 YR Fre frshel @ o€ Ohd

(@) TE et TRl & e Ui feeria $5 MeV sivF Sa- i o g vl Yo 2

(i) 30 <A< 170 % TH H S¥F-Fs1 ! =L 39 924 I YR0MH © fF Fifsig
T o7 TG o7 B 1 9 AR ok fie feera fodt it W fomm wifsm)
IE AT TH-USH oh had 39 oAl ¥ GHIGd RN S $Heh AMThE I
¥ U § oM ¥ AR wE o iR 39 e et & T T
& IR @ eifush g R 2, df 7 foameia Tifus &t S-St 1 afie ot
yaifad T& &om At fedt Afae o Afaea 9@ o IR H sifusad p
fFTaa Bl Thd Bl, A THRT SH-Holl p o STIHEIAN! ST AT TR TR
TR i TUF-SeT pke €, ST k Teh ordior € TSt fommd =@l € st ot
Bt 1 37 A g Rl il G SRt A 1 HH S, df 399 IR o ofial
SRl F S-S wR T A i, PR R oS A § e
et 38k e Td € T IS h STV, AR Y Se-Sel T A G
el JIE 0T el §1 ;W I S-St fEd Tl € 3R s8R dehe
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HF phe o SR 2l 81 Afehi o1 o 707 fRfeh ROl R AR sheret 37 fehe
o et Bl & wefer el €, AFIT Tl 7 Ggfd o7 FHEewar B

(i) T orafed Wi TifueR, S A = 240, #1 ufa gfwE SuE-Se,
A =120 % A& &1 o1 o %7 el 2?1 31, AK A = 240 HT FIE AT,
A=1207 < el § 221 7 1, 370 faemi ifus gear 9 g &l 7
2frd tan © T 30 oferan ® St forga el 98 fa@s gR1 Soft fagerd g
e qul FaTeT i Ay i & foraer fama o &m0 srqemt 13.7.1 ® ==
Eaul

(iv) T FITST foh & ster AMMF (A< 10) HAlHd B T R F o0 2
TeoF g 9F 39 W A9 i U IR SuE-Shell, Seeh AWehl S Ui
JferE e st 9 sifereh €l 21 saent o1l 7g gen fon aifo fep W o e
e 1 g § eifues Sgar 9 sfed &1 7= Gorg 1 38 ufeean | o St fagsa
2l 7t g it St 1 Ha 7 oEer fova # w9 et 13.7.2 | ==t wd

13.5 AT o

o€ Sl S TATY] W geragl o TIid TR S © gHR YRl sl §el Bl STH
13.4 % &4 3@ fF #i9d s5o9mm o s o fo gfa feeai S-St ot
8 MeV ® Sl WHIY] 1 Su-Ss1l shi ol 8 Sgd e 8| 37d: 9k § ol i
WO SiY WA o 7T Uk F9 YRR oF SIfrsiiel! STehtol o/l i STagaehdl 21 I8
6 31 ATy fRaeedt 81 =ifeq, foh (SFEfeTd) el o e ol gfaerdor el
Y Afeh gl IR Wl T =2l I hl AHE o gaH AT |

S T@ W1 B9 I UEC €1 3@ 9o ¢ [ Ufa e Su S

STEAT 1 T Sl 1 oY TE Yepfd @ HHS S Hehel €| AR oo
T 9al o F Afgsl i deu o = kR 9 99 1930 9

1950 & <= feru o fafe= g g e ganm 2
(i) TS 9, TRl o e T aTcl helid g T8 SaHM o oid
A I e o F1 gorl B orfuss et i #)

fearfast =1 (MeV)
S
/-,Q-/-

TR S o i, AR oh iR Fieqi o o= o arel ol ;
AfAeRE 9@ W ST B B 2| A i e 8w €, 100

/

Fifh AMTHT I Felld il w1 gorT § TAfes Jod g 2 r 1 2 3

TR St Al helid o w1 ol § off Tedd et g 2l

r (fm)

(i) = % 9 50 TEE §5 TR ¥ ofE W WIS @ (9 18.2 T T g

T I EE T A Y et Y B I B3 b, ahw (0 I

3ok o9 1 gU o e

SO 9 e & AR § ael B g’ w Rty on s & o o0t r ¥ Tl E A
forer OftoTEEY Wi =R -t e @ S $1S A T I € U rp W FH A

1 Feafast ot oIR 3ok o= st g0 o Gefer <9 ol U aftepa
a1 o 13.2 ® Swifen T 21 T 0.8 fm H Y r, W feafew
Foll 1 WA =AqH Bl 813U 31 e el b A ekl o de
T 0.8 fm ¥ wfuer Bl € @l 3 9 SMHY 9 B € 2R 0.8 fm
¥ 9 R o g 3 wfsmor 9 e €

Eik!
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(iti) =M=, ZH-WeH Td JH-HieH o de o arel s o e
TAE g & e €1 AR gt faga s ® el 12wl
Fe o a9 S1erEn e o e #i Aifa e el a1 wE W

it w9 72 71

T weEae = (1867-
1934) dicis | S|

H ugae foeltl 1896 H ¥
Sehte g AfeA e @i
J I ol 3 ufa fEr ael
3 SIHYEl Ud favermon &
fere ufta fomen, fomer werasy
Tai— eaq wd drefifem—
JFRIUl HWE g3 a8 JUH
SR off f8 <1 et qrehR
W g : Tgel 1903 # sifent
& fau ok gww 1911 #
ESIRRICRIE fCaR

13.6 Ifsamfeeadr

Aednifaead &1 @Y TTH. 9hed 4 T 1896 § G |

Afiehi w9 T A fORIE weh Sl Flaei| wE

TSI 1 ST Fd gU Sehdel 3 Uk e UREAT <@

RfIE-AREm Gothe o 9 Thel W I FhI Sl & 9]

ST SRl Tl I H U fedl 39 Yohe 3R IS e

& o T TSt H ZHST W TH THR HE 5 dh WH & 9%

S HIRNThe Wie S Soerd fhan 7= @t 77 9= T f 9% wie

el o T offl 7 ferdt Ut =i & SRoT gan =W S A

T Scafdd g2 Bhft qen el wr SR Wi S 9%

HICHtheh W d% g9 TS 2|
5 9 fpu U g 3 <wiiEn fo eadfeam e Aifvwmia

uftere & for st fwen erfia gran @1 59 eaidfaea &

Fed &l UHa § 9 YR & feanfey a9 g ©

@) o-e@, fed dierm Tifesk (‘He) Scafsid g €,

(i) P-&=, oo seieeA stuan Uisier (TH 01 S semE
Al ol % SR § g1 @ R SAEY Sk ol &
famid g €) sfsid =i g

(i) y-2, f99 =9 S (100 keV a1 3ifieh) HieH
Iefsid i 2
T Y YR °h & W SH IYSTEN § foem R
S

13.7 AR Sl

o= 13.1 9 9l U ufq sy suA-ssl E, o H A=30Td A= 170 % &4
Th el AR 9 €1 9 9 H Ui FferAsqi S-Sl oHTHHT 3R (8.0MeV) B Tofeh
Mfehi, A> 30, 9Tt 9 TS W A9RT, A> 170, O 90§, S 89 Ted € <@
b ¥, Ui fFAsi S-St 8.0 MeV ¥ w4 71 A S-St afren < af 39 st
e S s 1 hl FoHH FHH SN IROTHREEY I HE HH Fol SET-Sell
e Afeeh fordt s1feh FeA-Set ATt Ak H ®WARA & df el ol ToHe aM
gt o AT o W G sifesk AreAtTw somE wel (fowe) e g
Tferent w1 forelt 9 g o Hae (Horaa) o1 Ui § wE € B 2
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HIe Te Yeiferad S9 URafie Sl didl | seardt varfie sttt B 2
el foe B aTell Sl goiaei dice i hife i el ¢ Safeh fhel T
TRA §, MeV Hife 1 Soll faged Bl €1 37d: 54 1 GHH A1 o fort, Tamafs
Tidl <1 STden AT Fid @l T S e i €1 ST o for, 1 kg TR
o foged @ o1 10 ST Wi Bl ], Sfeh 1 kg HiF o 84 ¥ 107J Sl
e eIt 7

13.7.1 fa@sa

Urehaes Aediifaee eFl o STl el W T AMERE 1 SE g,
=2, TethT %01 MG o FhR § TF drefl T gikarei W M 34 4 T2
FHEAT St

for@e s Hemyul =pEH-Uteh s giwan 21 foae o Smeon: 5o fomd
R L 25U W 2 ¥ YeR T ST ¢ @ 98 < HeAfHeh S ol

9

TfeTa wel o fagfed & S €

07U SEU S Ba 4K+ 3 (15,10
7 foran ® AreaAfes sodH oot YR o e g ot Sa B HeRd €
i+ 250 > 20 - 19+ INb+ 4ln (13.11)

Teh 3 S R
on+55°U = 5°Xe + 53Sr+ 2,1 (13.12)

% faafed s eanfaa Tfuw g § ok =91 79 T B-a F1 w9 =
@Al § 99 q% T ofd § Tl @ o A @ Sl

Jfrem S e 1 faen erfufwan & Frjsa St (Q -AF) ufa fofed =i
200 MeV &1 e 1 Bl 21 SHHT kel 8H F1ad wld o ¢

AT T U AR A1 A=240¢ 3R T8 A= 120 % & Gei § forafeq e €1 @

A =240 TfE & U E, TH17.6 MeV © (o 13.1 2@)1

A =120 9t fowfeq Mfas & fau E, 91 8.5 MeV €|

. 9fq Ifeerai S-Sl w1 fed T 0.9 MeV 2

3d: qUA-Soll § ol |l 240%0.9 ¥ 216 MeV 21

foea &t weTistl i foaees el 98l &F-Scal a1 =2l i TdS Sl 6
w9 ¥ Gl gl 21 3fd § Ie AHUH o 57 1 BElARd Bl HO % &9 W
ufiford & Sl 21 A Ruaed o A fagsd oo § faga Saed g 2
THTY] 56 W T e el ged Sl sttt Atk faged @ € S gl 2

13.7.2 TR FAIT-al § Sl S

foa 13.1 ¥ <9 T deA-SsT g g ot <uiiar = fop afg <) geteh e et
Teh 3TURTRA ST e ST df Seoll T it €1 59 Wiehan i 91T Gorad
T B TH e H1 S ToHresh AfAlHaet o o Seew A fay T E
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IH+ H—2H+ e +v+0.42 MeV [13.13(a)]
H+2H— SHe+ n+ 3.27 MeV [13.13(b)]
H+%H— SH+ |H+ 4.03 MeV [13.13(0)]

arfuferan 13.13 (a) ® < Wi Mo T €72 e s uifsrei s & 31k 38
TR A 0.42 MeV STl fsherdt 21 etffenan 13.13 (b) ® < gg2i faera difermm
1 BoTehl FHENR o €1 2afafrar 13.13 (o) H < <72 et weh difesm e
Teh UIeH a1 &1 Horad oh TeTu &) Aifeh! o1 3a S1feh g ST eferah @ faew
o 39 o eThftd - wEE AIEE 9 HE HT G| glel &l A
YIS AT 7, 37d: Sk s el WdehtUl S o1d: 19 Sholi| STerie UR
F o fou ggfaq ol et awash €1 39 koM STy whi S el e
SR T Rl 1 st W R w21 3emw & fou, g e 9
WWW%W@W&W% saafra@w (barrier height) < 9T 400
keV B @ifereh STaeedl Mifent o foiq erariergan iR off eiferes i) feredt Wi
g | el gRI Helld STadiY Sl UR w4 o fou gata e 8x10° K a9 T 9w
& Ghdl T T 19 1 GRHe, T (3/2)k T= KH K1 71 400 keV W@
o S Hehel B

TSl T ITART A I A o faq TehTa Herdm wa-5a § g1 =feu)
ATl a9 59 &1 i 2 Toh 54 1 A9 a8 qeh <@/ ST 5 e Toh 36oh 01
A 31O AT TG oF HROT, Shelld 3TERIY i UR A I S| 3H URAT HI a9
BT g7 Fwed Bl

AR ok 3fd: Ueat H frid St 1 Gia a9 YRt Herwm 71 g % shie w1 d
AT 1.5 x107 K €, Sl T 3fea il o Uil o Herdd o foiu eTravaeh A
A9 H TR HT T TR GF H T a1l Horme giwane o oigd Seistl ¥ ogd
Fferer il oTel el 9T o 2

3T: A9 AMIHTT Gora §gd $od a9 T <@ R & & Fehal € 3R @19 T [
H1 T fefqal shaer a/i o FdtT § & Sueiey B A | Sl S da-Tieeh
oo o HiEH U E e B

Td ® T ATt Taga ifafeer tw SR wfwan @ o eeger dfaas |

et 21 31d: gd o i | BRSISH ¢F #1 iZ-912 (p - p) T S8 5 T8
Hfeq g 8, FreAfafad sfafwans o aq==g g0 = foran <1 g 2|

IH+ H—2H+ e +v+0.42 MeV (i)
e"+e = y+y+1.02 MeV (i)
*H+ H - He+ y+ 5.49 MeV (iii)

SH +3H — jHe+ H+ H+ 12.86 MeV  (iv) (13.14)
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el Afafsran F o fou o8 stervaes © o weell dF srfafsmand <-a) ar &
3R 39 YN T goieh Biferad A fHetent T giferad o1 T i s eR
B 2(i) + 2(ii) + 2(iii) +(iv) W faaR & @ Fa g9= B,

4 H+2e — 3He+2v+6y+26.7MeV

q (4 H+4e) = (tHe+2e7)+2v+6y+26.7MeV (13.15)
IFd: IR TG WA Aol TH iHe WA AW © SR 9 Uiehar H
26.7 MeV Fell e Eidt 2|

ot O o o7d: Yo W shadl EifeEw w1 € i T2 g S-S wie |
TReH (o™ o o5d #) %W Bdl 8, i 3T e @l 1 3EH a1 319 T
o SR Hepled Bl © TSR Shig 1 A19 &g Sl €1 a7% IS 1 a9 10°K T ¢
S @ G &t fwRe g B @, R 39 9R ey wee | ufafda e gm
ThR HT IR § oo gRI 9 S0 G dlet deal T S 81 Jehdl 81 T
FA-Selt o (Foa 13.1) o 3 W o 9t it &1 i 39 g & =1
gl Rl

Td T Mg AW 5x10° I T 9T T STIAE A S € foR gF A SR 5
3RS T e T T ok Tl STvaeh SIEgie SUcied €1 $8eh U9, eSS
ST %k ST de g 3T B TR 39 9 o799 o oF ShRY Hefad g o
o gd *1 hie &1 a9 s 398 g H1 el R0 e wnm foad o
& M4 (red giant) H qRafdd & ST

13.7.3 Tafaa amu fvens 9aaq

forelt AR H B aTell ar-AIMTeh T Gfhal 1 TN Teh ard-ATTTehd gfod o foha
San 21 foret friferd Horm Ruaex o1 st Tifwshia €99 &1 10°K 919 & 909 |
TR Y T Wl S HEAT BT €1 B9 19 WX SUF eFcHeh TP e Seieel
(TET) 1 THr g @1 ik 39 A IR e o fau 1 g STt e
?, o7d: 39 19 K S WA Tk THIA ©1 9 Gfed favd o *E <9 39 g o
el o faehtd W YARA €1 37 Tl oF Wohel BiH W, e € T Ser Rue
A I A AAfa wfdd wSH wR geh|

30T 13.4 Fr=fafaa yeat & s i :

(a) =N e sifafwanet o e (S fe 9 18,7 9 e ®) et
Tl (3T & faw 2H, + 0, 2 H,0) & &9 # wgfem €2 A 7
frg &9 § A1 R FHIR0r Gfera g

(b) % WAl iR =i 1 Te, v st eifufsran § g &t 2, foreht
TRt sfafsan § fohe YR gequm, S § (31 SHH 3ol aeerdl 872

(c) WM foriR & fo hered eht fohal & € SormM-Sofl Woh SO W el ST Hehdl
& Safer TEEte e | 97 w9 T8l el 21 U8 FHe EA 8| GHARU
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W Sifdest

&

(a) Toreht Tamafes eifafsren o Hgfem o =1 feafa o T sifafsran o w6
Tl AR Gl el o TRATSH i GEA guE g @1 e qamEtes et
¥ T o gor HaeH § 9ieds O gl ©1 R e Afasa sifafeer §
eaaeor o € Tehdl B ¥ AR AR § ek el o WA T G
1 TR B STevas T 1 e, At eifufman o dieHr qen =g
Tl 1 HEd ek ®Y 9 TEE @l §1 [ard W, St Sl o uiwed
o =g o ot gfea gt T8l }1 oeqd: el e 91 el SRE e’
Gferd Ted €1 W 39 fawg W Fel o oIk fomm e ] ikt sifufemanei
[ foh TefertoT (13.10)] & it o ST 3R FieiHT 1 Heamd qer =52t
1 eI gUh-gosh w9 ° g9

(b) &H A & o ek o1 SEF-Foll 1 AMHF o S § FOTHS ANEH
(= &) gian &1 <k ferslt Tifrerta sifaferan ® wieiqi qen =gt < i
e wferd et €, oFd: Afafma o Sl SR =qEiEl qen Wi o oo T
W(restmass]wmélﬁmﬁw sAfafsman o 9 R 5
THehT T el S-Sl AR o AT A o6 AT i Fod TEH-Is oh
THM €T a9 el 1 g7 SUA-SSal o1 Sl e atatma o sEwita
B ATt s1eren ke arelt el oh ®9 H Uhe Bl 81 it S-Sl 5oAHH
o e 3 ©, o7: 89 Hed ¢ T frt it sifafwen o <A oI % e
THUMT 1 FR Sl b ®Y § URaldd & Sl € (A 36eh fauid et e
THUF % M % &Y § ufEfdd & Wt 21)1 39 ®9 H AifTRig sifafwan
FAAM-SSl o 3BT T Th ST 2

(c) SHTH-SHSll oF 3Tq:FUI i 3 |, Fagiaa: T et sifafwan Tfwe
Afafsran o woey 2| el TamEte stfafwman o saeifia steen fFerer arett
St stfaferan o6 ST 3TR o WRETU[SH qen 1w &t et (At wEl)
Fe Setief o Sal 1 TR HIC =1 ek THElh S-S oft et wEm
AT 310 o Fol FAHH H RS AEH (SaH-&fd) i @l 7, safag
& T Fehrer wend € fon fonclt Tramarfres erffsran o <A1 @Ik o wmoped qen
S o Pl FSAHMl H1 M STl o &Y H YRAfdd e <1 € A1 il b
FoAAMI o AR oh ®Y § YRAfid SR gEifas STt €1 el feRdt
THEte Afafsrar o Ford geme efaal @1 g Ayt e o demm
FoquM efadl 1 gor S o A HH gl ¢ WH B T8 uRon §
fof U@ wdid eI T (S 9 T ?) fw e vomaf sfufer ¥ @i
SHAAH-FSl 1 S FIRT & Bl

3reor 13.4

AT T B @ 10 T BE Bt 81 WA T 99.9% W Ak gemE
s o gHIfEd g

2. THIS o WR W GeAHH, THIY] S TRl (u) § A S 21 R
o STER 1 W] §FHE SHE (1u), '2C o Teh TAV] & THHH o 1/129
9T o SR Bl

9T
1. Y W] H T AW Bl B AHE SR gl 1 A i e
318 lu = 1.660563 x 10" kg
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10.

11.

12.

EIRED

e & weh FRERE w01 el @ 5/ =32 sed 21 U1 SoAHM ST Sl
& g € S W @
ot dc Y TR G 259 o o THIUe AR § Ui it G g 2
ST AT A, WIS Tfeh | Yo Ue =2l S Fd HeA o ae gt
% A=2Z+ N Tl Nk | fomme =il w1 gen e s 2
Tk AT S 72 Toh Flee (nuclide) 1 7 X gRI =7k 3 &,
SRl X 59 TEEie Sifa s Gohd 2
UM WA S z, T A= =g 9@ Noh gaIse GHEe hedld
g1 o eies foreh foTu Soam@ S& A 1 5 THH & gHEiRe 9o o feh
fefT =32 gemn N1 9F 99F € gEgeied hea B
ATIeRTST el ] A1 eIk FHEIeRl o a0l B4 &1 qe 1 TR FeAHH
TGk G o SoAAMI 1 9T A7 2idl €1 STel 9R 9 i geeentsni
T WU g 9 T
ek 1 MeAHR AR ST Teh B Fuifa &1 s gevel 21 seiae
THIO YART o SHR W AT 1 B0 Fd w1 S Tehell 21 =€ T4 T T
for Tt %1 fore Freferfas 93 @ = B )
R=R0A1/3,
Wl R, =Tk FaIdish = 1.2 fm. 98 <war € fo sk o1 oey AW Fasfe e
Tl 3R TE 107 kg/m> sl HIfe 1 el 2l
feeh o TR =2 TS FieH T WE Tt A9 o9 g/ o4 &
THeha 9 =Jgiv TS Freq # faug 78t s
AT SAUE M SHN 39 el o el %oTHH S H HH el 81 AR
3N 5Geh STl o SAUHI 1 AR FoTAH &I el B
AM=(Zmp+(A—ZJmn]—M
3MEHTEA &1 SATH-Foll 951 E = m ¢’ 39 SA9M 3T 6l el o &4
H 39 YN oA Ll ©
AE, = AM ¢’
TSl AE, T4 1 Fe7-Foif weand 2l A= 30 ¥ TR A= 170 TN
TEA % WA § 9fq FfFdi S-St w1 7 T e 71 98 @ 8
MeV 9fa =feeai 2
TRt fRateti ¥ et Hei qEEh Yishansti w1 gor § TS 39 e
T @At B 2l
el Tfvrenta gfsran &1 @-9H @

Q = Afqq Tfas o1 — IR TIfast el
FEAHM-Soll GEI0T & HNU, e Hehd € T

Q = (IR SHTFT T A0 - 3TfqH Seaqm 1 4m)c?

feanifoeea ae ufteeT & f5ed < 7 ySita o s, o a1 g A yfemet
Iafsid wieh FUARa 8 St €, el o-fhol difeam & ifuss §; p-fohol
ToraRTT & qen y-FRt X-FoRTol, | oft B0 wded o foep et fafweor )
Sa Y el ¥ afed AT Al gear @ sfed Aifwe § qiefdd g @ q
Foil e gt 21 forged o wh wilt e < i @eil | ot @ s @
ST, 25U +in 512 Sb+ % Nb + 4in
Fora" ® gotoh ek faeiet T Fg1 ATk s €1 g9 afed weft ari |
BN AIHeh] o1 Eifera el | Heram il ol Gid 2
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1/2

witer ~ feud TR femuit

M] u AT AT AR T T R
F o AU ST G| T TR
TAUH 3, 2C WEW] % SEEE
& & 1/129 W0 % SR

[T s

[T] s Te o foad feanfes 71 &

TRl B e YR e i

s ® S R

[T Bq w eanifaes &q =1 tfead
okl

Taemona fau=

. TR TE 5o o1 SIed 1Tk o T1gel R R &l Hid 1 WH1Y] ST el

=9 79| &1 9o T2 Sl

. SR YHIUH R F1G HI TS AHE 1 BRI 1 W U H YR 5

SUR T T 1 T B W e 1 9 T 81 U getene ©, i, et
WehTUTH ATk o STTaYT feaeor § qeifer Bidl € Steifeh Uewh! 1 3R 39 9
T HUT AMAHE 59 | g gt

JMERTEA g SHM Td Sell i FAJEAd E = mc” Y&feid v ST o o1 319
TH SHAN TV TE el W0 oh Uk I #i §6 TE &, 9
FEAH-Soll &IV o Ueh Uehishd (7198 1 o shid 2| Wepfdl | ¢ - arqa:
YHTel © T SHRT Tagere=ia FHIO) Ak g Sifdeht § I S 2| SeE e
Folt ! Tugeadl o oM, AT S Td 3Ueh e §id o €9 H ST
H SR 2| W FEE HT SUEN wieh, TRl AMWRE iwmA (&9 e
HAfAfsran) o Q-9 = YR o A geHml o & H e TR S Fehell 1
(9fa i) seA-Sell 9o 1 IHid g8 <t © & e Afwe
HAfuferand Gue € S &1 Seteh ATHR] o Fordd W o1 Tk qi Ak o HIeATHh
THM ol ] AI9eR! o forged o <@ ST Hehdl 2l

G o faIe garer AfeRl H T IR Sell 81 =feq difsh o Shatim fawa
eI ol TR Y Heh| F&1 01 € Toh Tera o foiq e1e=d a1 w1 STegeshdl
Bt B

Ty (wfa feeraia) duA-sst o Had 8 3N 3Ed HfR-ei & qied s
? W 3EH *He, '°0 T =qorerzel o forg fmer & €)1 78 W] 1 @e
& e § off el G H1 fREE 1 THOT HEAT S )

&I € o gela-WiSIgi T HU-Hidehtl g B $7oh SoAHM THEHM 2|
Toh 3TET o URA THE W faaia geid o e g

2024-25



EIRED

(7€ I T € TR ST U SolseiA Ud Uk WiSIg T |1 31 € ol -G ol
fIA9T (annihilation) Wiﬁ%ﬁ?%ﬁﬂm qﬁzﬁ#mﬁwﬁwaﬂﬁ%n

8. feAnferad s & STENfae 1 Gg=A 7| Tofeh AR § wofe & forg
I TS W hl A T ST RIS 1:1 BT =feW| TRt TIfehi o6 et
o foTt 78 STUId 3:2 F1 =Tl (Wi o Hed @ alel Ufdehsul o Y1d o
e o fore stfues =gl o1 STaweshal 8R1T1) 39 T STl ! 7 W@
ATt ek SRR € B g Rl | g stern Wi shi stfershen B 21
areqel §, (Gt el o) T HEEAeR] o /I T 10% € TRl €1 31 i
HEM &Y Y FEWRI ¥ 913 W € (A e s E g ) oo, p, do n
N 31 HON o Yo g S S 2 1) | STRE wweenten fave o et o
WAt Yeroli ® off sterifehd fhT o 2

- o

N o YA BA i H FAfafEa efiee eueh fag suanh fag & .

e = 1.6x107'°C N = 6.023x10% gfd A
1/(4ne,) =9 x10° N m*/C? k =1.381x10*J K
1 MeV = 1.6x107'3J 1 u=931.5 MeV/c?
1 year = 3.154x10" s
m, = 1.007825 u m, = 1.008665 u
m(4He) = 4.002603 u m_ = 0.000548 u

13.1 ESH A ('2N) &1 deF-Fsi MeV d T HIN¢m  =14.00307 u
13.2 frafafad sifws! & MR W JSFe T 209Bi TfWe! &1 dvH-Sstt MeV # I
HIST m (35Fe) = 55.934939 u m (2°Bi) = 208.980388 u
13.3 UF XU 7T f9ech 1 5280 3.0 g 1 3H Hoil 1 UM HISC S 39 faah &
et Il T Wl 1 TH-TW W ST H3H & fou Trevash gl werd o fag
7= e R faee pofa: Scu weEet @ o ® (Bcu w1 gemme =
62.92960 u) |

13.4 U o HEEe 197 Au Te T o GHEAER 107 Ag i AR e o eigua
%1 Fi~ehe M 1A hifs)

13.5 fordl At sifafewan A+ b — C + d &1 Q-9 T=fafad T grr aRenfua
= 2,
Q=[m,+ mb—mc—md]c2
el f5u Tq germE, AWk folm o™ M (rest mass) B f&U T stiewmsl o
YR T ST foh Frfared sAffmard Somadt & a1 Semwi
() 1H+H -? H+H
(i) §*C+C -7 Ne+;He
fE T A N T UER €
m (?H) = 2.014102 u
m (®H) = 3.016049 u

m (C) = 12.000000 u
m (?9Ne) = 19.992439 u
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13.6

13.7

13.8

13.9

13.10

A 6 89 P Fe e o < 99M sa@El 28 Al | faaed W foar &1 &=
FI 3fc O Ig faus G99 22 39 YA &1 Q-9 1d Hich T deh & H
fea & : m (¥Fe) = 55.93494 u T m (2 Al) = 27.98191 u

239py o forded 07 9gd o XU o oS 21 fa fowe fagaa siaa

94 92

9l 180 MeV 813X 1 kg 5 *20Pu & w+ft ] ferafea &f @t fhet MeV
et faqe g2

2.0 kg SFAFET & Fo@d ¥ TF 100 a1 1 fagd o fohat <X yehifera <
S Hehdl 82 "o sifafwan e off S weRdt @

H+%H— SHe+n+3.27 MeV

T TYHI o STHA-|EH H TR o AU Felld ST H FAR T RIS
(Hehd-pelld 3TaRIY i a1 &1 HM 9 SJH o o o ol 3§ Falrd
TfAeRHOT Set o SRR B € S Uh-GER 1 Feh § T S W Ik e SR
FI1 1 98 9 Fhd ¢ FR g2 2.0 fm gt e et gg et #1)
THHE R= R AY? & 3TUR W, T foF THE 557 1 Ol T 3R €
(s1erfd AW fasft 7 a1 #)1 w@T R, ©F Frdiw @ w5 A TfE B geme
T 2
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- L
- 1
W 1 4 12092CH14

3TTTCTh Tl -
uref, gfear e
A qige

I W M

14.1 offiewr

T it S8 soaeAl 1 fafa yere wra fan S 9ok, 9t seigeie aiget
F GeAYd T @< Bl Bl O 1948 H R *1 @il U Teed UE gt
Ffererera: fafa Aferrd (a1 area) of, S9 fafd erie e < soRie; e
(®i2) q1 el B ¥ ; e forw i soeeie—helie, wie qen firg B €; 9
T2 eI (HHRT: 4 A1 5 Toraerel o i) | fopet fara et § seaeii ol Sqfd
T @ el g I Sl © a1 390k o= geiaiel o &= oieedl o1 qrafdd
ok f7ald | g goeeHl 1 FEla qae e fher S @1 Sau-seeeel e
(inter-electrode space) ﬁsﬁaﬁﬁ&m&fﬁqﬁaﬁ SICEEED ﬁ?ﬂ% M
TFTHH et 79+ Ul W oG o YUl Y TRt SO Sl @l Hehd B 1 g el
T SR ohelel helle | THIS 1 3R Yelfed X Hehd & (377 Scieei ool Th
& feon o wenfed &1 wehd ®) | 7€t wro € fop G gl i weRuEn ared whed
€| Fafa Afeemal @ it gl SR § o<t et €, rfren wiferk o1 ST Lt
& a1 e | W S diedl (~100 V) i STaveshdl gl €1 3Heh WY &l
T SfeehTel eTdeehd s o favaaaar ot w0 eidt {1 enyfieh Sig- s
SrefaTTH 5’?)5‘377%!3;7 (Solid State semi-conductor electronics) <hl ‘EITg"TfE[ a1
1930 ® 39 3N9™ ¥ fohan o fof o S ofowen refwnerh o S Wi |
g HATET Bidl € Toh S STE agen] s W@ a1 ek YaE i e i et
f5hall ST Tehell ©1 ThTST, HET G 7o Y dicedl S St fRdl erdferers
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324

H e el w1 gen ufEfda Y gehd € eI 3 4 9 ge @ T et
il § A e i YRS 9o YE W 919 & iR & el €, ek e
A B drelt fetd Aferemmati/ares § TiaHe seeel sl aw oheie ¥ Wi e St
ol Qe fraffaa Tl steren fafa o yanfed @ s o st gidaa o Sl
AT @1 Atk Faffad o 1 steweeshal T8 el 81 T8 SHR § sl el €,
T IR 1 SUETT LA B, FH aeed] T FHME LA ¢, STh] St oiall Bl 7 3R
TR forargiiaa erst et 21 emefeh gt | A fraffea Afesmet o fagia ™
F I Al helie R gel (CRT) ek Syam Jefifasm @ qon shogex
el ¥ foran s % e wag"rﬁﬁ (Solid State electrons) aftger & @y
dor foaaae fea feow (LeD, 53 fhea weel) ARl g wfaeenfud 1 s
T $1 sreier R S w1 S e S © A T vk d
WM TSl T (ofe Fewise PbS) o Uk fehiat fodeh W1 ¢1q o1 Ush Hueh fag
AT o, 1 ITAFT A T oF FgaH oF €9 H fRAT S TR 2l

frfafad sgam o &n srfurcrs Gifdwl ®1 $5 go sEuRomet 9 ufeE
FAW qo1 G e (Junction diode) (2-30a2iel &1 Jfaa) o fgyeta dfy
(Bipolar junction) & (3-3oaerel 1 ) Sl o e Jwal ot
== HOT| 37 il ok STIUART ohl LA ATe S TR &1 aviF o |

14.2 g3, wTeTehl qeT 3TeTelleiehl Rl SFfiehUT

STSTehdl ok TR T
foreId <Tetehal (o) STUET UfqEHT (p = 1/0) o AU HM o MR R 3 110 h1
151 YR 9 effereor fopan man @
(i) &7q : TTRT Uil Sgd H (Tefal Al dgd i) et 2l
p~102-10%Qm
c~10*-10°Sm’!
(ii) erefermeran : Skt FfRIETshar o1 <rcthdr sTget qen forgaieht ugret & sr= &t
el B
p~10°-10°Qm
c~10°-10°Sm™
(iii) frgaRrat : Tt UfRiehal Sgd oIk (1ol =Tefhdl 9gd ®H) el 2|
p~10"-10" Qm
c~10"-10"YSm™
TR &Y T p 941 6 & A Shelel HIfE AH o o & 3R KT T 9fEm o smex
off ST Tehd €1 g, fagarieh gered qen el & |9 9% % faw giaieea
1 GO T & 1 T AI9Ee T B 5 g it ot ¥, S S-S eH 3 1A
B et
TG I H BAN B eredareten] o S1eHE W ® S g YR o Bl Hehd Tl
(i) @rfas 37efarei@ (Elemental semiconductors) - Si 3R Ge
(i) I srefarcres - ST &
e 3&MEM® - CdS, GaAs, CdSe, InP, 37f|
o TR - TYRH, HIfkd (Doped) Seireara, amfg
o HMEH §gcieh (Organic polymers)- TicTaTsUet, HieiufTet , Jelleaim i S|
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HYTAF AR Teh! - T,

il qon T afkae

STl SUCTe ATUehTeT sTef=crsh Fferral difeah eTe=reish Si a1 Ge IR AifiH
yepTel e SrdeTerl R & UG 1 W 91 1990 o 9% et sieEers 3R
STHTTCToh! TEeTh! ol SUAN hich FS STeaTeTR! Jfoaal o1 fohrd gan foad wfas
% fou agerh Soiifent o STfvash seiaeieh! 1 UrelifTh! o WigHfa o Tehd
ferd €1 39 31891 T 89 ohadl STTelTeh st faue aifcas eTe=rershl Si
AT Ge oh 31T deh &1 HITHd @I difcash stef=imerehi st fae=mn o fow ==l 5=
G SRS 1 gEdIfed A e § o fre-a-fre w9 o stfurerter Aiften
areferhl W oR] B )

Felt o€ & YR W

IR AV Hied % STER fhdl fageq WA H 36k fhE soied & el 39
T T TRYH0T ey R TR FE B1 W ST TA] Teh-TER ok e T i
3G o A T A A ThH-GH ok Ttk ke e S €1 ora: Freherer wamst o
TSI h1 oTEl heEATd SFeAferh UIE-UE o1 St © SR Tel a% foh Th-SW i &
Wt €1 3ok gRoTHEEY fohHl S W geieei i T i wepfa fRdt fagea qeem
& TR H A 9 FAfus 9= 8 S 2

el Torteet o “fieR Toieh Tl o1 1ol atfgdig feufa et @ qen ferel &
TRl o TR SR o e 1 Ued gl w9 § ww S @l el TE Hor ©
o oo Tl o Soff & 19T Bid 21 A T ool &R TS Sel ah1 Had T
Bl @Al ® Fofl §el 1 0 hid 1 9 el T T Farstehdl seieil o Sl
T AR &, GASTehal 9 (Valance band) eddl 21 GaSehdl € & S0 feord
o &1 T 9€ (Conduction band) %&d 21 fam fordt srfaftea =it o5, |sft
HASTohdl SoieR GaSehdl 9€ H @d ¢l 9fg = o H feaH &R =er 9% %
Toaqq TR 9 off 79 Tl GAiSRdl 9T o SO ST O e o€ § THT &Y
Tohd €| TG =TeH o€ e B €1 W 59 98 oS garsthal s i stfaetd
(Gehdl) Yl T d ol Taaaes 9ok Hia <1 Gehd &1 THI iifcdsh =oreh!
o g 2l

IfE Fe S q91 TSR 9 o o9 HIE R (iaUd) ©, @ GASewdr S
o Gl Sele UReEs I € 91 WIe oS § whiS Y goiee Sueied el BTl T8
wgrel i fageRiel o1 a1 81 Ry TSRl 9 o $9 Seiae del Sell 9wk
HAISTehdl S Q1 =T o€ o o9 i [ ] UR HT Fehd ©| a9 J TR =rer
o o TET WK € a1 HaSTehdl sie H e ol SR S <A ¢ TS 3 geieei

S Hehd &1 T8 YRR I8 Uihal e o€ § Soieel qu Haisehar s | et

B o HROT HIeH HI A a1 Hidl 2l

3T, 379 gH I8 faar &Y foh N WRHIET aret Si 31ere1 Ge fhed o gt |
1 B €1 Si A Sy e, dad well (n = 3) el €, Sieh Ge | Sy e wieft
FHE (n = 4) B S| TTH! SIRIAH HET H 4 oA (25 3R 2p THERMA) BW 21 IW:
70 fored o ol soeeHl i hdl WEA AN g2l fRdl Srerm wmen W erfershan
TR 1 FE 8 (25 + 6p TAHA) Bl B| 3Td: AN WIS SRl o eIy
Ut el TR SN B 4 8N fafaerd Sl &R o1 al g Wad S o1 Tehd € 31l
T f9=1 ol o gued e 9o €, S fred o et o ste gfEt w fask
YT 2|

Si M Ge o Toheed STkl | TATIST o o= &1 SRAT W, 39 SN &R 1 FHsll
Sz F Wit # g2 5 8, feh e S ot E, (991 14.1) 1 9o 2 €1
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fam e e
""""""""""""""""""" E,
EE
S — E,
WO e
aFaa: fasme gen o
SAOTEATT, Yk 7ol
2 oA | ol

a7 14.1 0 K W Tl eefemes o i og o) Tt
T s 59 = o #ed ©, 9 oda: fowre gen H),
o€ Fed 7, ¥ orafus e qofd: ot et srarent i €

AIShH oF TR I WAN FASTehdl seieeHl 9o
qufd: forn et S gaisTmar de g €1 o o
50 AN Sl W Ed € S% =/ oS Hed €,
qT 78 WH I W YUl Fad B 2

o 14.1 faw) o0 =er o o feam
ol TR B E, % €9 F q1 TAoehdr a€ o
IoIqH Sl ®R Bl E,, & 9 H 901 7@
E.% TR q€1 E, & < 364 TH-gH &
ST fiere sgd ¥ Sl &R ST M B

ARl o€ o I qel =er o8 i qel
o 9 o AU Fo a8 Hawe (e
Sl S, E, ) Fed 21 A A el
Yobfa W Rk wear 81 7@ stfues, | st
I B Geha €1 34 fafa fefaat &1 foer 14.2
o gwiten T @ AU A 3R faae w1 T 2

THoT I : I8 9 14.2(a) § IR E

fearfa o ol o 1 9% Uk urq 1 feafa € e wem de oy w9 9 9w @ qen
HoASTehdl dg i &9 9 e 2 21206 9o o qe Garsiehdl ag Afqear | S
AT B © o HASTehdl o€ ¥ geiaei Hlerd | 9o o€ § S ¥ehd 81 I8 feufa
forga =mer o fog srefuss T | soiee[ Sueed HY It 81 S GASHdl 95
iy &9 9 o gl @ a1 gelaei 39eh 19 &R 9§ 3= & q% T Hioh
fo =T 1 e o1 2d 81 SEITT 39 TN ok gl 1 giadie & SfeEn

TreThdl 39 Bt 2

Sfaera
/ e de
Nk
‘E E, ‘ iz E (E, = 0)
f]@ E, (]'E Ey
S | S
(@) @ (ii)
/ﬁaﬁ
E E,>3eV E ‘ T Ec
% E <3eV
4 E A "-E ’ l
B v ; E
E = E v
EES
(b) . ©
o 14.2 (a) uTgs,
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HYTAF AR Teh! - T,

T qen el g

FATOTIT : 39 90 | S o fost 14.2(b) & swifen wn 7, 59 feofa o S
ARAE, ﬂf%%ﬁﬂT%E>3eV)lWé€ﬁaﬁ§‘s’?ﬁ€Hqﬁﬁﬁlm ¢ farea
o W TE B ST S A A e § el sfael o o g fr
et off ardte SHSH © TRl 1 ARl S W Hier ST i AR i el
feha ST wehall T® fagaardl gsiel 1 SR

AT 111 : I Tefd 14.2(c) ® <ot 7 21 3q9 uw ufkfira g @ S'e i
(E, <3e\n%ﬁm%lagégwra%ﬁéﬁw FHH % G W, FS oA G
o 1 T e A AR R E i IS S 1 TR o de § v we
3 3ol (Tl e W e B €) Hier S W T o ehd 2| 37 S7ferersl sl diadd
I 3tfersh el e ot fergadedt wrelf 6 @ 2

TH S9N H THA UGS, cTehl qe STeEIeTeh] i SATdeh SiiehT feha €1 eel
3TN | g9 Tl o =re Wishan o foma ® i@

14.3 3 arefemeten

T Ge 3R Si 1 G R0 I ol TSkt STeish (Lattice) T o1 14.3
o fe@r T 21 5 et i ER e Tl hed €1 Yeieh WA =R 37 FeRean
wEE g B el 81 89 S ® fh Si 3R Ge W R WaAShdl soigg B
£ 3o foree™ T § YO Si A Ge W] STUH 9N HASEAl soEd §
Y UH-Teh Solaed &l 30 9R fehead WHIvRd o e Georfiar %3+ &t g9
@Al © 9 G Yk feheed! WA o Ush Selged 1 GE9rT i i €1 FE
eI Seiae o7 Tegars a8 (Covalent bond) A FIisrahar 3Ta¢ (Valence
bond) FeEeAd €1 TH AT <1 Tehal € FoF <l Fewifoid soisei 39 Gafua wamgsi
o o S-S A w Twd 2, o o ged ¥ 99 3 R
o 14.3 # fX@E T Si a1 Ge &t G o1 2-fardia e

o 14.4 o orawees ®9 Y @ T ¥, S weEdnt 5 W
s 9ot <@ ¢ o 14.4 TR eeet oo 7 e oy 2
& € (melt oy =W gy €)1 U feafq fre A W E e Q)
S-S A9 SQdl 8, 7 Selel bl SR SHIE e W B
ol € g 7 ¥ $9 goeeE %2 #] 3T 8 Tehd ©
(go el ey WTer W AN i €)1 S St

TRl STcTeh o e TRAS ol Y96l 9 ¥ AR T
< & e o § Uh Red @ S @ €, S 1445 (a)
o @@ T 21 g seleq (MW - g) Wl § Feneret

N €, FE o YUl A6 (+ g) 1 Th Newd TIH Big <l
21 U9l YRR SIS ST U8 e € Uk 8T (hole)

THEA 2| et T UTcHeh a9 ol Ueh STT9IET Gk 0
1 TE TN HI Bl

I sreferereRi (Intrinsic semiconductor) T Hed géa:;ﬁ
1 H@ n, Bl F1 T, n, % TR B T, e

n,=n, =n (14.1)
Wnaﬁﬁammmﬁé|

TR W TR ST T e & T oA % weme de w
A o fof T 1 R U Bidl © S 551 14.5 () © f@mn w0 21 2l &1 a1 o=
14.5 (b) ® T&@w &7 @ gfted feman S Geha €1 19 o1l o1 3R o WeHarSt s
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ot 14.4 Si a1 Ge Ft T F1 -fadtg ewacis

e fod firet a9 @ wewEst ey feam T #

(Fsft 99 99 g, IS 22 99 T21) | +4 9% Si A Ge =i
fiadt IS 1 SR w2

M 2 ¥ T soided e $&IH 1 (319) | %
ST HHdT 81 36 JhR, UH T 3 o a1, T T
2 T T 91 TIH 1 H Uk SoigeA 31 T4 3hfere
ST &9 ¥ 1 81 TM 1 § T 2 R =l Tl S
ST foh ST Sotae R o 4o gam o [ 14.5 (a)
3fEu |, 9 e i d *i 39 fopen H wfmfea ==&t
21 T TR qUid: TSdgE Hle ol %
w9 | g ¥ © iR U foed & @ W T
ORI I (1) 31 €1 TR R TR e el o
o %gl ff T TYRA 9 M T9 F1ET Seleel Hi
aredfaes T et SiX gheht Juiq w o fore el
#I fd hdd Th Fesl SUA B feRdl amafae
frea o faga &= &t T & woaey I8 T
SUTeHe: favel w1 3R TIfd id €1 30 TR T e
ur [ faer 31 S W I = Telde o

O] ST U [ T BT R L T AN WOl e 1 EeT -

I=1+1,

(14.2)

Tl A 3 AT 91 T © Toh =rer Seleiql a0l eiell o Scd B o W-iY
Y75 1 Yo il & TSTEH seiei[ eiet o WY YA:Haord el 81 wrreee |
AT e oh I BH T L Sk THHASH 1 L o IR Bl 1 36 G HAoH
1 HROT TRl 1 Bl § HEE R B

e > .
° .@ @ .@0 """"" -
..... (@ GRRRENEE 4

. o T Te
Si AUl Ge
(b)

o 14.5 (a) 7590 A9 W SEHT ol oh SR TAM 1 T B qA1 A a2 oh 3= 8IF 1 HATLTH
WEq| (b) Trdlt Blet 1 Geqiferd o T w1 EXeiiepd fegun| = arel 91d 81 o Hedarst oY (T 2) 9 Th
TR YRS B WM 1 W Tl Sl © SR 9 T W T el sigdl &l

328 TH YRR WM | ¥ WM 2 % g 1 S el 2 g 2
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o 14.6(a) ¥ TT STTIAR P—— —

T=0KWHE I neforeies fovdt 4 E
foepaueh =1 ifd =reRR wa 2|
TE AT S & B forHeR R
=9 @ (T > 0 K) R FS salae
IS BT HAST T 9§ =er de

E

l

ESEERIEE

E, E,
H 9ged B1 T> 0 K W i sfsa
TAR e o | Ay €9 9
T Ul T oid 21 SHifere et
@ (b)

F9 AT 1 Sl A€ IIRW

|

E

l

51 14.6(b) # ST STAR B for 14.6 (a) T=0K T & 35 srefarers fogaist 51 wiffq =56

21 3O §D Ta WeM d8 § @@ Sl (b) T> 0 K W =R A e seiae-gel a9 (s)
Tife w71 A TR W gAst ST SRl ol el wid € e fod 94 (0) Bl 1 Fefid w2

9 7T § dul 99 §eH ¥ o8l
T B AT

# e €1 T 31 WA ¥ UE seiE & Al feen & fag e e
(T S E,) e %1 Ge & o, 589 @iferer Si o forg ok Wt aifers C
o foTT 2Rt 39 YR Ge 9 Si ¥ fo=[d =Tei o folu T@aa seraeiHl st Se el
Tt € ek C H T A0 Brelt @

14.4 3Uge Ireieneeh

fopelt 391 erefercTeh 1 wehdl SHeh drq W IR el €, WY he-aid W gHHRT
<Tetehdl Sigd %A Bl 81 36 ®9 8, i ff geequl selaites gfea 59 srefwornl
g Tt =&l ot S Tehell €1 31: SToh! =etehal | YUR HEAT G Bl B
g 39 erefrerRl W Il w1 SUE eh fehar S 2l

o ot U5 erfures § i SugH o1yl ey Wl | S $w 9m 9fa
fifera (ppm) o firelé St @ f SWeh! =retshal W g T 9fg € Sl 81 39 FHR
o URIAl w1 37UFST S7EfaTeT (Extrinsic semiconductor) 3Tedl 37?]7? 3TefATTH
(Impurity semiconductor) Fe&d HICIES] STSI@ Eal HTEI%TFﬁ"EiH? Tafsa & @
(Doping) @1 YA el € a1 ARG WA 379F%% (Dopants) Feawd |
TH YR o 91 i #1fd (Doped) 37efarers shed €1 aiHseh TH e =eq s
o s eI o Sas ol fagd 9 HY 39 had fohed § 9gd ®H g
srefeTeTeh TRATY] fRefadl i & SR =1feu) 9 U i oF fou Ueh STavdeh I I8
2 fop eruftsrs o 1o den ereferersh U1l o STU[RMl ST WIES oIS THM gl

=Iq: TSR Si 3161 Ge o WIS o foIT 3 YR o eruffisis S oy o )
@) o GASE (G 5); S9 TR (As), TIEA (Sb), HIERRE (P), I
(@) T R (HaeRar 3); S gfeam (In), SRH (B), Wity (Al), el

IETEATT 14.1 C, Si 1 Ge HI & (Lattice) T=T 0F ot 21 A ot &=
C ﬁ%ﬁ'ﬁiﬁ %\‘ ik Si 9 Ge A9 aqefae® (intrinsic semiconductor) %?
TA C, Si q Ge o W[ o IR Sfed serae el fgda, g qen =gl wa
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----- ) R e R forg efeTeteh o SMAY el i

. ...... .- ...... .--. ...... ﬁqﬁ;ﬁﬁmﬁi%m?w aﬁam;?
L e A o) A T @ ST 1 Si He Ge S

S SR S S SO _ oreft & =g (art) o ¥ geiifee

_____ @@ @ TR o e s e e o
P Pe $ TR TR aﬁ%aamam?aﬁﬁmgqam

BN I I R R e o s e e

______ .. $ T oh frfrrul 1 WE Si zmw Ge o
fe e o TCATY] o TIZS o ST S¥e B Ueeh qe

(a)

T JaEASTeh T ST o T Toh-S8R
Y qufa: f9=1 YR o I A= 9=l s

T fomior shed € foent @i <= fgan T 2
QCQ/Q } (i) n-T&R @ sTefemcT
04——3@3&‘1’?
O® O ) oM ST foF 9 Si o Ge (FASTRAr 4) i
T Jowdsh (Gasehdl 5) I § Ay
OO O + S o 14.7 # f@man T 21 S« +5
o) TRl Sl dl Si o Teh TR h Hfceeriiid
SHTeh ST T U1 Hdl ¢l 39k Seiel
o 14.7 (a) =g} WS Si 91 Ge H HwEST S TH] T ¥ =R, fehead ar fafae wemgst 9
(As, Sb, P, 31f%) & 37afrsor ¥ <41 n-ere=ereh| S S €, STeifeh diwdl Selaei e T
(b) n-¥FR o I HT RO Fgo HTEIcHS ¥ gl ¢ gRI WSl @l € U gHfeny ® T
freqor foed wfaeendt <mar o fEer #ig &1 haa Tk Yrere Soiee o folT s § 9 o arel =w
Afafiem gl oFIeas A iR 3O Tag siag o TSR TRATY] % YIS i o 9N B 3ok
Tt feren T R URUTHEEEY 39 $efa i Gk i o ferg
AEYTH AFTH Sl agd A Bl § 3N
U1 el d19 R I8 SFefeleish o otk W God TIfd shid o felt o il 21 S8l
o feTu, 36 Seieei™ ! TXAIY] © Yo & oh foe S ¥ ~ 0.01 eV den fafaswia
o T 0.05 eV Sl =fey| 36eh foada forel 41 srefererss o wvet a9 W et
TR 1 AfSd oS ¥ TMT o Ty (SHfEE o e 0.72 eV qen fafas
H ST 1.1 eV) el aifet| 39 YR Jaaarss sTafase foga e & fau
SRR el Y Yl 8 SIR Hife 38 37 $7gfs (donor impurity) Fed 21
3TafHsrR TRETY] gNT fagd =e o fou Iqeie T U Soieid & 9@ o €9
T eufrgor W PR e ¢ T Eu o qg ) R T | gwen faada Si
T R ST Yo Selaeil i 9@l (FAM 9@ | gial oh i) | ad o WY
ogd %9 Jfg Bl 2
fendlt srafafya sref=rcre o =ets seisgil i el W&l n, Swet o A 92
it RN (o1 1) ¥ I SRl o HROT A€ Bl Hi el WA n, FHer
TSl Giq g0 3= eiedl o RO il 81 W Biell o YA:HASH i L H gy el
1 G | gig o HRT Bl W 8| THeh RUTHEaEY giel i W # SR HH
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HYTAS AR eh! - T,

Il qon T afkae

TH TR STIHH & 3fad TR 9§ Ao oe #i gen | gl #
TEA A g § g H1 S Gehdl 1 o7 GerHANh STAMHYE ok QY
A0 BH R ferdt 1 ereferern H solaei TgHETH STEYT aTEd al
Bl YT HEHY dE I S &1 SEIT 39 YehR ok eiefeeishi i n-
JHR & S7eferersh sed ¢ el n-geR o et & forg

I’le >> Tlh
(ii) p-9&R & 3iefenerad

Pp-IHR 1 ALl qd o1 8 W6 Si AN Ge (IqefEas) § qu-I11 i
st erfgal; - Al B, In offg orafufea sl St &, S
oo 14.8 # fe@man o 2| iy H Si A Ge H1 TU&T Tk a@d
TR HH B € AR STy TE WA i S W Si WAE ¥ ¥y
T Hehdl ©, SAfeh =efl S a4 o o folu Sevdeh seieeH ST
T €M % HRU e S o | et €T 8 U ;e wE)
e = Frepeey ] o o9 9y § ww Rfem s1een gt g & ol s
14.8 ® Tt T @1 Fifer Soish § TSl Si T giel oh T W Th
gelaree el 8, ek o IXHIY] o STl el o1 hiE Soieeid 59 e @i
A ok T HeM R Fehal & S0 STk 3199 T W Tk Brel o Sl
21 7E gl =Ter o T Sy wdl g1 oA <4 9rg 9| ¥E ¢ T,
st fasde Tmm] TSt Si TRHTY] OF W S i HISRR! Hich
qTed: SEUMcH STETYTd el Sl €, de g8eh qeft s s q &l i
&1 TEAT, WER 9T § 9 p a1 o Aok T i S Hag
Tl o WY Th BUTCHS 39 H1 IS Fel Sl &, S =51 14.8(b)
¥ e o €1 T T ? fR U 78T W (N,) TR Bl &1 B AR
Bl S Sd Biedl oh SAfaie 8 Sefeh =Ter gela[l 1 &id aherel S
S &l 81 39 YR, T 1l o fou, el SgeeTes diesh adl seaei
HeUHETH a8 ey Brias el 9 erufifya o erefrers
p-JFR & efeTeish Feeld B p-JHR o Sefercrsn] § GG wiewar,
T S SeEl I WEN n, W HX o, B S 1 p-UHR
ARl o fog

nh>> n,

(14.3)

(14.4)
M 2 A 91 98 © T e U 9HY FUTHF ISl a9 I@dl
& it STfaferT e drEe] T &Y 1 A Seiw J G el
W STEY BT G & & GHA TS fa9did st 8l

® ° ®
[ [ ] ®
------ -
A Qr;:
'. \

8%8
(b)
forT 14.8 (a) =gdEast Si =@
Ge o e | st et
7@ (In, Al, B 3TfR) o
UMY | 1 p - YR I
e | (b) p - YR oh 981
1 IEROTE T BIH aTel
TS T8I0 S Teh qrelt
SIfaRe RO 3TeFT o el
gfeeemdt Tt TwET] w1 R i
T 3TY HeIg et H fe@m 2l

sl STfETeieh] | GgHEIE ¥ A1gh! hi YHIdl oh NN A9 BRI I
Y AEeh oh fIU agEEAs aeshi U e o eifeh 3T B 8 3R 36 YR
3 T B 9 2| T Uiy Uh YR o SAfYE ¥ el &l fhan 9, s
TEEET A8 o S €, ST T H el STeehi i ol Higdl i S H e

FW B

Tafagor gR1 STl i Sl S GO yifad et #1 o st o
TR0 W ST ST o HRT AR Sl sterwen (E,) qen Wl StfeA o HRol
sIfafta STl sTaeer (E,) o 21l €1 n-UshR o Si STl o e 9 3@ o I
Sl TR E,, W16 o€ H Gl E, T FS A 1 € a0 36 TR Y FB soi agd

FH Sl 1 YR BH R A o H J99 H I 1 e qd W SR el THT]
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ECEEIE]

AR B ST €, T8 Sioh 3 3169 (~10'%) A € e Bid © 1 31 Tost
14.9(a) W ST SER =Te S ¥ Afushier seiaq S Agisal 9 € o 21 sl
THR p-TR & Tef=merhl ¥ T 1 ¥R E, T s o o ¥ 9 FW e ©
[ 14.9(b) f@U || 557 w7 il 2MfT B9 W ft HAST o€ ¥ FE TOREE,
o TR W hEH W odl § SR SH WD 1 HOTHS A H 3l 2| [ fashed ok
Y H 79 30 YR f FT Thd ¢ fF 9g7 FH Soll F YT F TA Soll WRE,
T HAS o W T Y Wehdll B ST I Hi W ISR SN i 3R A § Seeh
Biet < T 3R 3T €1] HHRT el qrd W SATHERTY Ul I SEehd 8l S €
A G § | eel o9 S €1 39 WehR hel a9 W HAST o€ W gl 1 S
7@ 9 | gt srefrernl § il o wR el ]1 ardly g § srefern §
gl qe Biell ! Wigdl 39 Wb oAk Wi Sl ©

nenh=ni2 (14.5)

Ty SHIE e g9y &9 9 wiehe qo1 IRefeqd € W T8 Wl &1 9
erget, fargauifer den srdfemeranl (391 qen sTagelt) ® R 1 gHeH ¥ Herdw 2
C, Si 71 Ge &1 Fiekiushaeti o e’ s7eh o qe Ta oSl o o= el e
W R w1 wEA (SEHS), SiqUl Ge % fAT Sl el HEIA: 5.4 eV,
1.1 eV a1 0.7 eV 21 Sn it =9 9 o1 e © T Ie oI € Fieh 38k Fehiol o
TS A 0 eV 7l

E,—e e g%
(’{ ......................... E,
20.01eV
Eg
EA
E, -
20.01 - 0.05 eV
(@ T>0K
T ddE Sfd seee-gia g (b) T> 0K

Tl T TR o 9 St

o 14.9 T> 0 KW (a) n-YhR ok d=rares qen
(b) p-YhR o 3T=TeTeh 61 ol oS

IEEIOT 14.2 AF ofify fRet 365 Si fveat & 5 x 1028 A0 m= ?1 W
TEEAST As @ 1 ppm Figdl W afEfsd foran Sar €1 seiagiql aen gl %1 gen
fterfora sife, feen @ fF n=1.5x% 10 m=|
T oA ST, 98T ardig S w1 S @ 3= g (n,~10"°mY) st
T IO SR HI gor | g B
THferg, n, =N,
T{ﬁnenh=ni2,wf\?mﬁ?'ﬁaﬁ¥l@l
n, = (2.25 x 10%)/(5 x10%?)

~4.5 % 10° m®

33T 14.2

2024-25



STefeTeTh SeierifToh! — qeTef,
il qon T afkae

14.5 p-n Gf¥

p-n " (p-n junction) Tgd Hi refreh fREEl S8 SHEE, TR ofE w1 gt
T B 31 rdfEish Jferal o foveiur o fou Wi oF STeer Wl wHEEl eTed
Ul 81 o1 B € THH 1 YA w1 ok ferdlt e 1 frior S g @ qen
T 39T Seedett (5 a7 off #ed €) o 9oa | +1E Gy ford yehr =R
F B

14.5.1 p-n Gf¥ @t fmior

p-9HR o Tafdsia (p-Si) Ad=res &t gdel defasw (W) W =R Sifvu)
IS €9 | TaGaSeh TYLG 1 Teq A e forelt p-Si wefeisht & s 9m
1 n-Si § IRafdd fhan s gehar 21 foreht erdfemersn &1 fmior @ 1 aga-d
Hiehard €1 e weferent ® p-& e n-&8 99 p- 91 n- &5 % S T gl §iY 2l

Wp—nﬁﬂ#ﬁﬂfﬂ&ﬂmﬁwmﬁﬁ?ﬁ%— fara@or (Diffusion)
T 379aTE (Drift) | B9 I8 A 8 foh ot n-YehR o stef=ierer | geiaeiql o1 Sigdl
(W ehieh ST | Seigeiql o1 W) Blell o1 Wikdl 1 qol | siferh erdl 21 36t
YR p-UhR o STHfETeieh H Bl 1 Wigdl Soideql i Higdl i gl § e it
21 p-n Wi & fefor & 9wa, 9o p- T n- Gowkl o R W Wi geom
(Concentration gradient) o ST B p-cish T n-welsh (p—n) =] foaf@ B
& 1 SoleR n-hetsh W p-Theleh (n — p) I AR Tl e 8| ey aeshi i 56
T o RO WY W Tk {0 W vefed Bt B

6 H1E oA p U n B SR faEfa g € al o7 i s wh st g
n-%elsh T DS a1 8| T8 S Tl (6 SAEW) =R AR o AR gR o g
%Wﬁﬁﬂ%ﬁ'ﬂ%l%—%Wn—)pﬂﬁ@?ﬁﬂﬁﬂﬁﬁaﬁ%,ﬁﬂﬁn—
el T YOl Wi (I A ST &) Uk O foreRfdd 81 S gl

TH R, ST IS Biel Fgal Ga0Tdl o NI p — n 1 AR fordfid eiar € al a8
A S T AR W (RO SERT) WIS 2l © S e gl g1 S-S g
foafd B9 €, ®UTcH® SEY (EUIH -9 &%) *1 Uk Wd HY ok
p-Whetsh R foehfaa gt St &1 Gfer o ST toteh! W faenfad 5@ gt &
gI4! &7 (Depletion region) 8d &1 78 THAY ® Fifeh soiae qe gict s |y
o SR-TR SR T o A0 o9 € 3 S6eh Yok STeRl o & %1 g i 2d ¢ (Fa
14.10)| 39 BT & i HITE AIZHHIR o Hd 9T i Hife
1 B 1 G o n-Thoteh TR AR S-S &5 A p- .
TeTeh R UNCHS TI9-TSt &1 B oF Rl Y R eHTS s f (ST

|

Rlte 11D lajhi 1 1Rl Ry u-d

[y unfud/sprjos/esequnpo-ns3-nse-Ayd-sorsAydiodAy//:dny

<—— s faw
—>

HAY T FUMCTH AL HT 3R T fogd & =1 2 Sl 21 =

TH &5 o HRUT Hft o p-Theldh I Sed[ n-Helsh i SR P co06 "
AT Wl o n-Heish 1 elel p-Thelsh i AR T il €1 59 oce®

e &1 o ST ST Teh! 1 T M F1 7T Fed T T >
TH YR T ST9aTE N S R foreer e & fauda Bt ©,

TaTfEd B STRY X St © (F9 14.10)1 o1t 14.10 p-n =73 wFE

AR ¥, foror 4 =4 Bl § 91 ST9ErE W e B gl
S-S foreeor wfwan eidt St 8, G o6 S Wereh! W SiaeRTeh e & faeia
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Bid ST €1 39 foega & &1 digan o gfs gl € e woesy e
o | ot gfig et B1 UE UHH I GHY q% deidl @dl © S qe T
I Al YN (foRor ¥ e 319dre o) IRE § 99 T8l 81 S|
79 YR Teh p-n G 5 Sl &1 Grereen § p-n G W S 92 &g
&RT &1 Bl

n-&3 9 TS T B A p-&F § Srell i Wi & SR I
&3l 1 Wi o SR Tk faaial I e S {1 39 fave S g
TH YR il © foh I8 SAaw aTeehl o IR Yerg o feriy whiar @ foreh
TeTEEy HrEEE] i feufa S 8 St ©1 fem 14.11 9 ®fu
HreerEel e $Heh TER) o s fawalal 9ian T 1 n-ueie 3 el
@u ¥ qe p-ugie 3 seld S fRT B1 3 YRR p-uie o @
n-uge oA B iR fawd n-g W p-g T IR goEeEl w1
1 Uk 1 WA Al © 37d: 9 (999 I WH: Uo7 99 (Barrier
potential) FEd

IETEYT 14.3 F1 p-n WY 59 o folt 9 p-UhR o Ief=Teish H1 Th UgT Hi
n-YR % e @ difdes ®9 9 FAfSa H p-n G 9@ R g €2

T RN hiE off ugt, 9 fRa € 9hdae 7, AR-mEey feed e (~2 9
3A) 9 %l R G Bt IR ey Wt W W sifafe—T qeh (21
Had Hueh) T9d & M| Yalfed g aIel Ao aeshi o fau |yt fafes—ra
F TE FTER HM

14.6 3re=ees SIS
sEe eEe [ 14.12(a)] a0 ®9 ¥ TH p-n 94

S e O e fR W fer e 92 BN € @i 3w

= v TR IS AT dleedl STIYIE i o Weh| 39 Jfo oF 1 2fHaa

B B erfErae SEe ol Tdietds w9 § 5 14.12(b) §
frefua foran T 2

TR =T faen aRuret o STaR for@ o &t faen e

Ufeht (Equilibrium barrier) =i S3idl 81 (S S@E

sfefyr srfdd (Forward bias) 3) fawe =1 2@l &

TRl TR aTel el V S9er ich qrafda fhan S Hehl 2|

o 14.12 (a) SSF ST, (b) p-n HfH p-n | T H fa fret e % wrerewen § feufa fo

334

SIS & Ydieh|

14.11(a) 92 (b) ¥ <wih T 2

14.6.1 WY S99 W p-n G SEIE

S fordll STei=erR SHE o 31 fd oF o9 i ael dieed! V 39 YRR STI9ge i St
& fop ol o1 oM 2l p-werh § 91 w0 A n-Folsh ¥ G W ¢ [
14.13(a) @1 (b)] @ 8 SWfRfr Frafd Hed 2|

ST SRS Sieedl Urd STefrersh SEe o BIEl &5 o el W e € 9

G o p-welsh Al n-Tersh T fa9e g B @ (SEeT SR T € Tk g
&1, 9 & STl hiS el e €, 1 Wiakie n-Theteh el p-Theteh o Wiaiel i
qo § ereafue € €)1 Suge Seedt (V) &1 feen siq:FfHd (built-in) fawe v
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STefeTeTh SeierifToh! — qeTef,
il qon T afkae

o fauda el 81 THeh IRUTHEEY, B W) ! HER U Sl ® el
Uferent S 4 & S € [ 14.13(b)]1 Swfies am=@ & g Uty
1 S (V, - V) Bl 2

% Syge dieed @ @ al Aferkt fawe 9 9 9 et £ w4
Bl ST, G Shael o € 3TENT aesh Sl S=aad el &R W o, 98 HA
TN | G 1 TR 3 o U STavass e U ] 9, o1 9 foRa
YR Yefed el AfE g9 STuged dicedl | ikl gfg 3 < df Afereht Hemg
IR TS ST qe Afesh G&a | argehi o1 GfY IR & o fau stavas
Foll U B ST 9 YRR foRpa o ° gfg 8t S

Y dicedl oF HRYI, TSR n-Hoeh BT &F S IR HT
p-%eish W TEHd & (STl 9 eyl 9@ 2) | SE YhN p-Helsh o g
T 1 TR Fh n-Hhed W TEd € (SRl o SISl 9 ) | STufsfiren
T | B 916 39 WehH 1 STCUIY dlEeh 31d: &MU (Minority carrier
injection) &d & Gy 1 AT W & Foleh W, Wiy § T rafeerd sreq
e I FIFAd F1 Gl |, STeTiel aEeh Figal § Hewyul 9fg e St 2|
TH WA YU % HRU p-Welh i HY & fEar foufa g
p-Welh o T fRR W TEE S €1 3 YR n-Welh i G o fReR
Y foaia et n-wets & T iR ® 7o € (o 14.14)1 S el W
&Y STEehi 1 3@ A o HRU TR ¥R Welled 8 @l €1 el

O O

RIS

\4
(b)

o 14.13 () 3R a9 o
p-n SR SHTE, (b) Uk fasa
(1) fo 9=dt #, (2) fr=t S=h
Sicedl o fofu, 9o (3) S=4 ol
Hieedr o o)

U ST IR o1 0 Biel ereRul & e Seierg foreor o ol
YRYTER © T 2N 21 81 9 &R 1 9 g fheftfirer | 2 2

14.6.2 UvE(Siteh o=@ ® p-n GiY SHIE

9 frdt s1eferes e & q il & o #E al dieedr (V) 39
TR ST A € foh 92l o ¥e <fHiael &l n-%hes § qu R0
e 1 p-etsh W Sigd € [ 14.15(a)], 9 SMES 1 TwER3#
A1 (Reverse bias) Fed &1 STIge dieed! i STfushien fawemm
el o gt &9 o o W e B el STyge Sieedr 1 faem
Ufersht fava =1 faen o @M gl 81 39eh TRoTHEEy Uferent 1

4 :

1000®
10080
1000®
10008
*00B8 -

=

+ A
&t Afta
TWRE A

foT 14.14 e ao@ o fewy
M@ A9 (Minority current

injection)|

ST 9 S © o g &% #T AeE § forE@ # ufedd e % wN0 gfg 8l
STt @1 geafefoe arEE o e Ak S (V) + V) 6l € [ 14.150)]1
TE n — p Fl AR TerMl oh A8 A p — n Hi AR Bl o Y8 h1 THT Hdl
21 30 YR, SAIE o Sfafis oo 1 g | 5o fefq o forawor am ety

% HH B S 2

wfer o faga & w1 feen U gl € for afg p-wetsh W geieH 319El n-Fosw
R B AT Aoz T HG GHA G o ke 1 WY, 3% Sk SgHeTh
& H A o S| Ao areehl o 39 STUATE oF HhRUT foR O 37— grft U
YETE N o LA HIE T Bl 2| THh STeqed | B o1 R0 I8  foh 7o areehi

1 TR Ik STTY FoAh U T F T 3R SEEEE Tl i 3R B ¢ STfkfin
I | e U (FEE: pA H) ft B © g e i areehi o Rl O

(mA ®), &1 o1 § 109 gl 2

THAIE YT &N (Reverse current) 3TYIE dleedl W 3Tty R &1 gl

3TCUIYT T8I 1 G o Tk Hersh § ER et doh Jga o fau @ dieedl €
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O O

___>I\V F*__

000008
000008

p 000008 n
000008
000008

(b)
o7 14.15 (o) ikl a9

4 SIS (b) WARHTS a&E o

I it |1 URT S dieedl o uiomm gr1 diftrd el e wg 7 |
o ST eTehl T ST STEeh] shi Higdl & HRUl GifHd il 2|

qyEeiyTeh aEE | fordt sifdes 99aiei¥en (Critical reverse) il
A fogdem R &9 ¥ dieedt R feR T w1t 31 79 dieed 1 9o
gieedr (Breakdown voltage, Vbr)aﬁﬁ%l & V=V, 76 SEE qeaais
oI H al ¥ gfg Bt 21 8l 9 foF 9y sieed § oo gfg FH W
ff ¥ § Srcafies qiadd 8 Sl @1 A uvEiiien o i feRd a e
uftuel gR1 ST UM (S Scaess gR1 fAfdse fovan o @) @ A= i
T foha ST @ p-n G T 2 ST A€ T ar o 98 S19Ad 9 9 31
B ST @ sAfadw BF o R0 SRS % 8 S ¢l U a9 o 8 Hehdl €,
v e e arfhd B € qen SR R eEd 7E 9 sifue @

forelt e@e o V-1 ifenafires (STUged &1 T8 dieedl o Weld oh
®Y H YR w1 fa=wor) &1 1w w3 o fau ufiuy sm@ o 14.16 (a)
e (b) ® feEm ™ 21 SEie § dieed %l TH GRREERT (A aW
frieR) @ g gl Sl © 9o Srie W egugs it T dieedl i

et e fafida fan <1 Geal ¢ dieedl o fafa= A1 & foT ¥/ &1 99 At
o ST 21V 3R [ % o= T T, 591 5 14.16(c) § @ 0 €,
YT B 71 e S, srufefien s wrod o foaw 0 fieftiiet &1 suE s
g e (Stor fusel ey o gwsmn T o) eriferd uw sifush @ Sefw
forodia s § %9 YR 1 A0 o fOU U WEsINHE ®1 SUE R S 2
)
~ I(mA)
L1 A
P n
TR “
o 100 —
7 | feom 80
4l _
Al " 60
40 —
& THR W) 20 —
100 80 60 4P 2P | | R
e 0204060810° "V
1 10 —
P n
L 20 —
HEhITHIEX
(nA) 30 —

f‘q'} | fera 1(uA)

(b)

(c)

o 14.16 f&H p-n TY SERE F1 (a) RIS T4, (b) WAKRE a=™ | V-1 sifaeneifies o
336 IFTH o6 YRR 9Rad, () fordt fafaesia sme & gfawdr V-1 Afensifomes|
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3fefETeTh gesRiTent - U,
Il qon T afkae

a1 o1 (14.16) & 2@ Tehd € for SIfEfyres s o o1R9 ® W S§ 90 q% g
-, ST TG, gl © S e o SIS W dieed T HivEd 91 9 St
7 B S 39 Afenafirs dicedl o 918 SEE J9Y dieedl | agd digl-H g gfg
FE W TES UM § wefs (SEEie!) 9fg B Sl €1 ¥€ dieedl dgel alegdl
(Threshold voltage) AT -3 Aeedl FHEar ¢l TG dicedl 1 HH SRAfHaH
S o T ~ 0.2 dice qen faferss e@E & fau ~ 0.7 diee 2l

YR P W SIS o fAau o) Sgd i (~pA) Bl @ 9 e o gierd
o WY T frer o Tt B 0 Fdg ¥7§IT<'1’ YT (Reverse saturation current)
HEd 81 W po ey yeheon o, sgd oifueh qvufeiies e (S ieed) WO
¥ e Jfg & S 81 el it 39 faviw foran ) e oM et 14.8 | Wi
TE B HHRYT SEYF ol SIS Wdld Hqw oW &5 o SN YA el T S €

TR < T fad=r g7 @ ® o p-n SM@E g6 €9 ¥ ¥ % Y6 H Had
s & feen o (ewfkfies aem) gfhefud s 81 gvaieiien 9o gl s g
o smufefirer S| Wiaiy W el €1 9 U1 s SUAN YA (ac) dieedl &
fewzentor o forq fomen o B, 590 orTel et o wween T ) SrEl o fow 'n
T o ifqe U S Tfae glaiy wed €, i ‘dieedl | oy gieEdT AV aen
faga o o o 9Red AIeh eu’’ o ®9 § qRwifE i 2

AV

r,=—-
@ =g (14.6)

SETET0T 14.4 T fafasit sm@e &1 V-1 sifenafors fo 14.17 % g @0 2
TS &1 G (a) I, = 15 mA T (b) V,, = -10 V R qRefad Hifs

I'(mA)
30

1, T :

-10V

0. 050708V
e = 1pA 8

o3 14.17

TA SHe SAfTCeIiTR % = 10 mA ¥ 1= 20 mA & == Tt 3@ &1 Hifd 7
gL S gt fog @ ot €, 89 3 o 1w 1 qieH #ikd g aiad 1 s
F Hehd &
(a) 9% § I=20mA, V=0.8V;I=10mA, V=0.7 VR

r, = AV/AI= 0.1V/10 mA = 10 Q
(b) F V=-10V,I=-1pA®

I

r,=10V/1pA= 1.0 x 10" Q
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W et

14.7 wfYg TS &1 fTe&RT & €4 § 9

foredt wfer emiie & V-1 eifienerfies & &q 78 <@ € & ag shaat @+ faga «m
Yelfed €F a1 € W 9 STl St e 81 3 At R gEe o i W
SIS JeATed! aleedl TIYGH i ST @ =k oF chad 39 9FT H qR9el § 41 yafed
Bl S eErE el SEfad B1 SEe o 39 T
SUFIT eATed! teedl i e w3 ¥ fhar s @
qor =9 & o fou g iy &1 ST e § 39
feseshRt wEd Bl
g TE o ol W *IE yAEd! (ac) dieedl Jviishd
H Haifsa wie i R, o ©1e ST i ¢ d aie
o T W Fad ac Fow o 39 o1efuw | oo eme
smfefyrer arafad €, U SeAM dieed! giterier gl 58
TR 1 fogga 9Ruer foa 14.18 o foga afRuer o <oirn
T § TR eref-a et uftyy wEd § TR S
[/, fidrE sedt e A 9 B W aifed ac Seedr

R, % WRd: dieed A T deedl

\/ \/t g el B1 S A W dieedl oA Bk § A SEie

SR SrEfed el € e 78 fogd ©R i =er i |

‘ ﬁjﬁm:‘ Sa A R dieedl EOHE T ¢ Al SHE e

9P W SEE w1 GgW Y9 R A e © ae 39
) SR A o fq =1 aF1 S Tehal B (SEE ®I

forg 14.18 (a) @ fewsd uftug, (b) fewsr T09 S dieedl &1 A JGHER hi f5doew Fee! |
uftger @ fEeft ac r ffa deeqr & RER ac dicedl 1 o § ST Al AT AT difch

338

T w4

TAE T9 AeH § R ® o)

THIAT ac Sieedl o HAHE S7Efae | Ale Uiy R,

Y faga ¥ wefed et @R e fosl 14.18(b) # ST SR Frid sieear ara et
T FRUNHSE STE=eh § foR[d ¥R U T2 Rl Wl ¥eTeTeh ofei=h | oH e fifa
dicedl 9w BRil | 39 YR, i aieear @@y eredi ff uRed=a € g 7€ shed T
& fon o ufaefd gH &SR0 [fesrt wear 21 e g9 ac T % Shad Th
&) enefus o fria siced o e @I ?, o1d: 39 Ry ®i o7ef-aR7 et wed 2
o 14.19(a) ¥ <9T 7T 9ROy H T SIS &1 SUAN Hich Th TH JRu”
e 1 TS € fTE9 ac W % YA T HUMcH <Al €1 eteEsl o qaqedt
fesespa frvfa diced Wi eidt €1 seifere sq ufiuer 1 qof @7 fees it #ed 1 sad
I SRSl & n-THelsh! Hi T T GATTd H 4 © a1 TR hl SEEl % T9
Syafts fag qen ZiaweR 1 fgdiaes geet & e fag & e wra fan s 2
3@ fordt oof T Rt o fou Je@wiR &1 fgdias Fect o6 72 ° &
sfeiThTel feg (Tapping point) Y& feran ST € SR SHifeIT 36 JHHIR i 7e7
ﬁwm(centre—tap transformer)%ﬁ%l S fo fom 14.19(c) ¥ &=
? T voie e g fXegd dieedl &l fgdias oot § W dieedl i ohed
et & B1 T e oheel Y Wk h1 R il §, T I SEIE Fedredt
<kl o1 et *3d € 30 YR eErel & Swafs fag qen geg ek ZraweR
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o 391 frewret fog o o= o Ffa areedn gof @@
el dicedr et B (A @fNe fm oqol
feedit o fou ww o= afty o g @ fwes fau
T TohTE TIAHMER &1 STevashal el et Wy S8
TR TS =1feT) | HH eiforg et eor qeg feprt
o A W T dieedl e 1 98 T @ foh 59 &0
T el ST 8H o RO B W dieedl S0 Bl
2 St o fo 14.19(b) o zwifan T 21 o <Ee
D, swfifoeh S gt fagd =iem ol 8 (St
D, W1 9F BH o HRO1 =eH Tl ) |
1d: 39 UM 1w o 'H o 14.19(c) H 3T
HIER T Tfd om0 (qen ofte wfle R, & fal @
i sifeedn) Wi Bt 81 g5 YRR fRelt o= &
& A W dieed] RUTHS 81 Sl © q9 B W sieddl
BT BIT| SEfAIT SIS D, e 81 dl, wfehd
SEiE D, T H T 3 YRR A ac
HTcAsh 378 = § oft frfd em (den R, W fia
dieedr) faerdt 81 39 YR, B oS qe B
T E o1 = § (1T, TR TSRl W, quf @ %
g9 ¥) fia diced et 81 s, fie dieed
T YR W wH ok fow T ot mw fgsesrt §
afferer <&1 qiuy 2|

39 YFR U fEeed deear 31d saasia (Half
sinusoid) 3THfd FT St 21 Tl I8 Ui Bt
? TR 39T A Ll T BTl WA deedr 9 de
frfa o e o e fefa efHaett o fol o (R
ve ) HERIE: HE UiE Satad Y 29§l g6
T & HH & U olie g R, o SishA § HiE
ek ot GaAfsa fohan s wehar 21 ik A erfafed ac
3fHeTstl T AR fieed &k Y& de dieedl Y&H
F TG B ©, 37d: 3% fheet wed B

319 &0 fheed o WuIia &1 fiest &1 foe=m

RIESRIIGIRS TG TE R
Teg feenret
oo 1 TEE 1 (D)
& [N S
:1:[?-2:[ A T
X
I H i ?_I\I S
{ e 2 () R, fifa
= Yy

<
%

B I 0T &9
A\ 4

®)

»
>

frfa @ ®9
(R, % ufi@:)

D1§D2ED1 EDz
PRSI

>t

(0

o7 14.19 (a) Tof @ it 9fmer; (b) A W

TEE D, & iR B W T™E D, &

fRu wTu fer o a1 ®9; (c) g @A

feeentt uiuy ® S T wig R, W
frfd aicedr 1 Y|

FH1| T G o fol W dieed § 9fg &1 @ eidl € A 9 emafya g S R A
Rtae § iE o @e TE ¢ al 9 fSeehd a1 e dieedr 9 e Wl
21 Al gfiuy & HE ol © @ I8 @ie 4 B faaisid B ol © a1 $6eh TER
W dieedl % B ol g1 fiega il & et ol = § we fRe e R
Al qeh e B € (Fors 14.20) | G o fat W slieedr & 8H &1
i &1 aifitar C den afitwe § o gl gfediuss R, o Wi [orwe
FeTl% Fed &, W R HTa1 21 el 1 0 AU 81 o foa C 1 91 i
B =nfeul ofa: Hunfa fawr fheedl &1 SYAM i W e fAfq dieear fssesd
deedl & FreR 7 o fee gt 21 fagd vl o oA &9 ¥ 36 YRR & fhe

ST foRT S B
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< dc T ZEET /
o—— - > > L) > 1
L \/ \_/
+
ac ——C 3R dc 5
11—
.—‘ ‘ . v ‘I S, * >
v EJE
-7
(b)

(a)

o 14.20 (2) GRS fiheet o @1 qui a1 feseanl, (b) # feswid =1 frew den frfa dieean

oL e

6.

7.

10.
340

AR
TefeeTsh aAHH S Rl AL geaie JfekEl; S eEre, iy,
Tehidhd TRUY SfE & T 0ot garef 2

{7 dedl 1 Sefeh ST T AT =1 Gifeea et @ fon e e fawm
19} foRauredt, oTg steran STef=mer ghmI

Hrgetl 1 Hfaieehd sgd %9 (1029 10°° Qm) 2, fogauet ugref i wfeierman
agd e (>10°Qm) €, SEfeh erefereter! i gioRierhar enget iR fagaieh
werel & weF Bl 2

siefaTereh difeask (Si, Ge) T & @1 A (GaAs, CdS @) B

S AedEEE I i’ heed €1 e aEshi (TeER SR Be) Wi
Sufeufd arel o1 ‘S’ o1 ® SR A FeHE SHeH o YRUTHEEY 9w B 1 S
SHaTeTRl | SeidRil i WA (n) Bl HY W n, WA Bt 8 B STavash
®Y Y YHE SAEY g soee Riskat 2

Y5 ARl | SUFE STURSH o ' STUMAH0T’ § Yo Agehi i e ufkafid i
ST Tehell 1 UH S1efTeih shi Taset stef=meis %ed €1 3 & YR (n- TR iR
p- THR) & B 2|

n- YR o HdEed d n >> n Sk p- FER 6 SFEEEE §on >> n
= 2

n- YR o 3fefEreish o Si ¥l Ge i TuEAN WA (1) 9 As, Sb, P
T o T SAfHor W gred fohan S ®, Sefeh p- YR 1 Srefaersh Si st
Ge ! BrEasht w0 (U S B, Al In 3o o safagor 9 W fman
ST B

Tt st § non, = n2| 39 sfaftad wered quidan faga Seria B

veref o q o el o (FASHdl o€ SR Aer o°) B9 2, N saee
@A B HASTHRAl 9 H1 el dTe 9 H e R STUE FH ol GASHA ST
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11.

12.

13.

14.

1.

14.1

HYTAS AR eh! - T,

Il qon T afkae

¥ geft ol R qof € Safer wem S quiaan e steren srifers &9 @ gfid @
THhd 21 frdt 3 o Ied ST ¥ goigeH d w1 o faT ged B € SR
AR o AT ST e 21 Aerehar BT i HaAseh d€ (E) % e iR
e A€ (E) o T o [ et - STawe E, R fisiR el 2| AR 9 9
TAFRL AT, YohTYT e faegd il gHI e e o 3Afed forg < ghd
S erefETers o welfed o | qReds $cae Hid &

forgd-Teft 29 E,> 3 eV, a1 2g E, = 0.2 eV ¥ 3 eV, Sflfeh wige o fe
E ~0 ®
g

p-n G Gl et il w5 g ©1 o UE |y St @ df goee st
B ed ST 3MFH HIS h1 Th ‘gl T’ & ol € S ‘@ favwa Jues’ 7
I 21

TEA STYGE aleedl i URafad hich iy favd Uue i aRafdd fean s dehd
2?1 SRR ST9H (n- Hofsh 928 & HolcHsh fR ¥ 3R p- et ol o eI
R | ag 8) | Ulerest %4 &1 St 2, Sfafeh qe=ieiime a9 § g € W 2
a1d: ferelt p-n G e@ie o smfiies 9@ o) &1 91 @ifs (mA o) e @
Seifer avEfi¥TeR ST R BT | 9gd A (WA H) 2l 2l

TS ! FATE! (ac) Sieedl o fEsedhul (Femedt 9 & T faen # fafa
HT) B T H A1 S Gehdl B G e SUgeR fheet o gAm ¥ ke ¢m
dc dieedl 9red i ST Hehdl B

Taemue faua

sl § et o€ (E, st E,) feepforenfta 2, e aed 2 fF 3 o o
foreht farferse wom o frea =2 €1 il g9y Aren € w9 o9 T o e € foed
E, a1 E, W Yt S T € 79 3% A e 9€ Feh W e W AR’
GASTRdl o€ Tl @R o YT W o =

difearer atefenerenl (Si 212@T Ge) W IR p- stefereren] o STafdseni =1 <9 & €9
o wiefee oteh 9w i 2| AT ATl § wiel WWEHe g S o
e stefTet o YR B off qREdT #X ehar 21 SSEond, ey GaAs H Ga
3R As &1 31U 1 : 1 8, Wq GaAs § Ga-Tg dTell 212761 As-T=R oTell HAsl:
Ga,, As,, 3941 Ga,  As, | Bl Gehdl &1 HH=I: < 1 Sufeerfd ste=ereh] o
o kI 2 THR @ A w2

T

et n- 7R o fafasw & ffafed & § SH-91 Thed T €7
(a) TORM TgUEHF dEE © SR FrEarst wAm] erafis B
(b) TR STCUHEAS dEH ¢ IR ToHaS] WA STuffs® F)

2024-25

341



% et

342

14.2

14.3

14.4

14.5

14.6

(0) B (faeR) srcudErs desh & iR dogars] ] sy )

(d) B (foer) sgHETs dew & iR et wam) safass 2

I 14.1 ¥ KU ¢ Fweml § 9 HH-91 p-IHR & et & fow o 22
e, fafesi ok sEifem, 7% § =R 9aiSe soee &1 3! e Sl
T el g YUeRd Garsehdl 3R =ler o€ gRI € T €, S s (E).. (E)g,
T (E),,, o TR & Frfared § § S6- yher 9 22

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

b) (E)e < (E)e. > E)s,

© (B)e> (E)g> (E)e.

@ (B)e = (E)g = (E)q.

famt 9 p-n WY W, B p- &5 ¥ n- & 1 @R foufa e €, wEtn

() n- &7 ¥ T oM 3= STH{YT F

(b) A fawelar o RO HfY o IR T H Bl

(©) p- &% ® ee-Hgdl, n- & | gART wiga 9 e 2

(d) SR g

S p-n T W i S SHygE R S 7, 99 T

(a) Tavwa e sem 2|

(b) IEEETF deH YN i I T 3l 2l
(c) fawa Jus H w1 F @ 2

(d) ST o ¥ *I¢ T

el feeshtor o, =ifg fawn emgf 50 Hz @ @t ffw engfa s 82 wom fremn
agfa ?q ol & st 1 fofg gt @ 22
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