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FOREWORD

The National Curriculum Framework (NCF), 2005 recommends that children’s life at school must
be linked to their life outside the school. This principle marks a departure from the legacy of bookish
learning which continues to shape our system and causes a gap between the school, home and community.
The syllabi and textbooks developed on the basis of NCF signify an attempt to implement this basic idea.
They also attempt to discourage rote learning and the maintenance of sharp boundaries between different
subject areas. We hope these measures will take us significantly further in the direction of a child-centred
system of education outlined in the National Policy on Education (NPE), 1986.

The success of this effort depends on the steps that school principals and teachers will take to
encourage children to reflect on their own learning and to pursue imaginative activities and questions. We
must recognise that, given space, time and freedom, children generate new knowledge by engaging with the
information passed on to them by adults. Treating the prescribed textbook as the sole basis of examination
is one of the key reasons why other resources and sites of learning are ignored. Inculcating creativity and
initiative is possible if we perceive and treat children as participants in learning, not as receivers of a fixed
body of knowledge.

These aims imply considerable change in school routines and mode of functioning. Flexibility in the
daily time-table is as necessary as rigour in implementing the annual calendar so that the required number
of teaching days are actually devoted to teaching. The methods used for teaching and evaluation will also
determine how effective this textbook proves for making children’s life at school a happy experience, rather
than a source of stress or boredom. Syllabus designers have tried to address the problem of curricular
burden by restructuring and reorienting knowledge at different stages with greater consideration for child
psychology and the time available for teaching. The textbook attempts to enhance this endeavour by giving
higher priority and space to opportunities for contemplation and wondering, discussion in small groups, and
activities requiring hands-on experience.

The National Council of Educational Research and Training (NCERT) appreciates the hard work
done by the textbook development committee responsible for this book. We wish to thank the Chairperson
of the advisory group in science and mathematics, Professor J.V. Narlikar and the Chief Advisor for this
book, Professor A.W. Joshi for guiding the work of this committee. Several teachers contributed to the
development of this textbook; we are grateful to their principals for making this possible. We are indebted
to the institutions and organisations which have generously permitted us to draw upon their resources,
material and personnel. We are especially grateful to the members of the National Monitoring Committee,
appointed by the Department of Secondary and Higher Education, Ministry of Human Resource
Development under the Chairpersonship of Professor Mrinal Miri and Professor G.P. Deshpande, for their
valuable time and contribution. As an organisation committed to systemic reform and continuous
improvement in the quality of its products, NCERT welcomes comments and suggestions which will
enable us to undertake further revision and refinement.

Director

New Delhi National Council of Educational
20 December 2006 Research and Training






PREFACE

It gives me pleasure to place this book in the hands of the students, teachers and
the public at large (whose role cannot be overlooked). It is a natural sequel to the Class
XI textbook which was brought out in 2006. This book is also a trimmed version of the textbooks
which existed so far. The chapter on thermal and chemical effects of current
has been cut out. This topic has also been dropped from the CBSE syllabus. Similarly,
the chapter on communications has been substantially curtailed. It has been rewritten in
an easily comprehensible form.

Although most other chapters have been based on the earlier versions, several parts and
sections in them have been rewritten. The Development Team has been guided by the feedback
received from innumerable teachers across the country.

In producing these books, Class XI as well as Class XII, there has been a basic change
of emphasis. Both the books present physics to students without assuming that they would
pursue this subject beyond the higher secondary level. This new view has been prompted by
the various observations and suggestions made in the National Curriculum Framework (NCF),
2005. Similarly, in today’s educational scenario where students can opt for various combinations
of subjects, we cannot assume that a physics student is also studying mathematics. Therefore,
physics has to be presented, so to say, in a standalone form.

As in Class XI textbook, some interesting box items have been inserted in many chapters.
They are not meant for teaching or examinations. Their purpose is to catch the attention of the
reader, to show some applications in daily life or in other areas of science and technology, to
suggest a simple experiment, to show connection of concepts in different areas of physics, and
in general, to break the monotony and enliven the book.

Features like Summary, Points to Ponder, Exercises and Additional Exercises at the end
of each chapter, and Examples have been retained. Several concept-based Exercises have been
transferred from end-of-chapter Exercises to Examples with Solutions in the text. It is hoped
that this will make the concepts discussed in the chapter more comprehensible. Several new
examples and exercises have been added. Students wishing to pursue physics further would
find Points to Ponder and Additional Exercises very useful and thoughtful. To provide resources
beyond the textbook and to encourage eLearning, each chapter has been provided withsome
relevant website addresses under the title ePhysics. These sites provide additional
material on specific topics and also provide learners with opportunites for interactive
demonstrations/experiments.

The intricate concepts of physics must be understood, comprehended and appreciated.
Students must learn to ask questions like ‘why’, ‘how’, ‘how do we know it’. They will find
almost always that the question ‘why’ has no answer within the domain of physics and science
in general. But that itself is a learning experience, is it not? On the other hand, the question
‘how’ has been reasonably well answered by physicists in the case of most natural phenomena.
In fact, with the understanding of how things happen, it has been possible to make use of
many phenomena to create technological applications for the use of humans.

For example, consider statements in a book, like ‘A negatively charged electron is attracted
by the positively charged plate’, or ‘In this experiment, light (or electron) behaves like a
wave’. You will realise that it is not possible to answer ‘why’. This question belongs to the
domain of philosophy or metaphysics. But we can answer ‘how’, we can find the force acting,
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we can find the wavelength of the photon (or electron), we can determine how things behave
under different conditions, and we can develop instruments which will use these phenomena
to our advantage.

It has been a pleasure to work for these books at the higher secondary level, along with
a team of members. The Textbook Development Team, Review Team and Editing Teams
involved college and university teachers, teachers from Indian Institutes of Technology, scientists
from national institutes and laboratories, as well as, higher secondary teachers. The feedback
and critical look provided by higher secondary teachers in the various teams are highly laudable.
Most box items were generated by members of one or the other team, but three of them were
generated by friends and well-wishers not part of any team. We are thankful to Dr P.N. Sen of
Pune, Professor Roopmanjari Ghosh of Delhi and Dr Rajesh B Khaparde of Mumbai for
allowing us to use their box items, respectively, in Chapters 3, 4 (Part I) and 9 (Part II). We
are thankful to the members of the review and editing workshops to discuss and refine the
first draft of the textbook. We also express our gratitude to Prof. Krishna Kumar, Director,
NCERT, for entrusting us with the task of presenting this textbook as a part of the national
effort for improving science education. I also thank Prof. G. Ravindra, Joint Director, NCERT,
for his help from time-to-time. Prof. Hukum Singh, Head, Department of Education in Science
and Mathematics, NCERT, was always willing to help us in our endeavour in every possible
way.

We welcome suggestions and comments from our valued users, especially students and
teachers. We wish our young readers a happy journey into the exciting realm of physics.

A. W. JosHI
Chief Advisor
Textbook Development Committee
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THE CONSTITUTION OF J
INDIA

PREAMBLE

WE, THE PEOPLE OF INDIA, having .
solemnly resolved to constitute India into a
'[SOLVEREIGN SOCIALIST SECULAR b
DEMOCRATIC REPUBLIC] and to secure 5.
toallits citizens : %)

JUTICE, social, economic and
political;

LIBERTY of thought, expression,
belief, faith and worship;

EQUALITY of status and of opportunity; [
and to promote among them all
FRATERNITY assuring the dignity of /..
the individual and the ’[unity and
integrity of the Nation]; =
INOUR CONSTITUENTASSEMBLY ﬂ‘f
this twenty-sixth day of November, 1949 do :
HEREBY ADOPT, ENACT AND GIVE TO r;
OURSELVES THIS CONSTITUTION.

e — 1
1. Subs, by the Constitution (Forty-second Amendment) Act, 1976, Sec. 2, .
for “Sovereign Democratic Republic” (w.e.f. 3.1.1977) ?3?1‘

2. Subs, by the Constitution (Forty-second Amendment) Act, 1976, Sec.2, |
for Unity of the Nation” (w.e.f. 3.1.1977)

T,
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COVER DESIGN
(Adapted from http://nobelprize.org and
the Nobel Prize in Physics 2006)

Different stages in the evolution of
the universe.

BAcK COVER
(Adapted from http://www.iter.org and
http://www.dae.gov.in)

Cut away view of International Thermonuclear Experimental Reactor (ITER)
device. The man in the bottom shows the scale.

ITER is a joint international research and development project that
aims to demonstrate the scientific and technical feasibility of fusion power.

India is one of the seven full partners in the project, the others being
the European Union (represented by EURATOM), Japan, the People’s
Republic of China, the Republic of Korea, the Russian Federation and the
USA. ITER will be constructed in Europe, at Cadarache in the South of
France and will provide 500 MW of fusion power.

Fusion is the energy source of the sun and the stars. On earth, fusion
research is aimed at demonstrating that this energy source can be used to
produce electricity in a safe and environmentally benign way, with
abundant fuel resources, to meet the needs of a growing world population.

For details of India’s role, see Nuclear India, Vol. 39, No. 11-12/
May-June 2006, issue available at Department of Atomic Energy (DAE)
website mentioned above.
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Auogel oL o 8l Bl 8l verivtl e 28 A gdl. Gelgwl dls urell U ddl Wdol 2dRL 943 suildl
2ol metl. ustoil viad: uiad--l aesie ofly Getsel, doiai A% sl Alsdn dsil Uldi-dl 4 ual
BUUU 8 el ol A0y uRL 21 89, et Al eefla 5305 uisll v Hudid Udi 4aHsell (Corpuscles) Wil
Seals sl URlddet 21U 9, 1R S2als SRILUIRAHA WA 8. Ui AL olrl USIR-L Y#seilal »edl uisdl
apit 54l 7 et Al MBS 5L UKL Seels s vl 9, 5 % 10062 il asidl Al 3 51 s
(5ol s uddL WM 3 Adl. 2 B2dls deinil uuaadl id il dami uel © 5 oa o
e sall Al €1d d A ad 8. ustanl ol a3udl idl qeddl Geatadl Hell, 2 2iuld d3dL sal w4
Wil 921 ULscll AWl iR 6L Aot Aol [Aeued ad .

9.2 onulla AL a3 %lgai H,‘sl%l'i uRldd-, (REFLECTION OF
LIGHT BY SPHERICAL MIRRORS)

UL uAddAL Rl YuRRA ¢l suuidsien (Guuid BA vddsis

AU 24 24302417 23 Eol A18 oi-AEl YRl A unddsiel (wRialdd (o) dol

A1 GLrAAl VRlL) AMLA Sl 8. 2iuld (32l ualdd (3381 249 uRlddnsizs Audla

Aol 15 % AHAAHL Sl B (B UL AHAA 56 69). UL (381 247, wrialdd (Brael

cotll AL oloy €A B (sl 9.1). i UMl AHdd 3 A5 e25 uLAds AUl

310 S5 uL [Big Wi A 8. 69l Ul e ololly Al Yol Mullzd uvlleg. olelld
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2L ML AINALAL Asctlbaizd] a0l A u S gy P (e uialdet (5221

(Brert oglsctl 2uitvis 2L [Blg, Wil A1 elRe dot 2.

2AURL 2A0UE oA 53 Ysl el 5, ollolld AL 0
AURAS Srart 10201 A (Pole) P 56 69, w1 dtloily &
Hi2 d ustelld 5 (Optical Centre) $& 9. 2141 HI2
gellafelg, P on dsdlses Col sl vt 30l 4o 218
5¢ 9. ool At Hie ustalld Srg 2 e, S sl
vl Araeil Hod 28 58 69, o A ed wesl otall. 25(d 9.1 2uuid (e, uualid Bew 2 yadads

QUL AL Eot 35 o AUAAHL S1A 9.

AW UL [Big Wi Elel 2usls dot, 2L AR dot a3, dot

2l
[

9.2.1 Asuugld (Sign Convention)

ofloflu AL G121 Al At e Aol A g1 Al Aslota 2 [AlaM yoli-l
clall HI2 AL UM, MUUSL AL MUl HI2 Al Ugli el51309), 2 UISAYRASHL 28
S8y A9t uglan el 2 st wgld el AL UIR AU id 4d (Pole) Pell
WUl S 9 2 A M2 dHIM 2idR dl uslelld Srwell HuaHl 2ud 9.

wuld (BRedl Bl Huidal »idl - S0l 28 23ell azq w330
aueuA 69, AR il (3eu-l [Qag [Bausl I (3201
WAL SRl ssRL s © (lgld 9.2).  GuR azs-l -
~ N (2015 et
X-2etrfl GUR drsl 2i 12141/l oy o X ot
g dol Gl 8 2 <l drsl
] . RN 2Uuld U5t
GlautSoil 821 AIHL 2419 €9, Rig Baut
; 3 32 A2 dsll 2R wal — .
1L 2elsd el ugld Al 2040 Hi2 215 s AL Y etaieil B
Aol AHY A HIe A8 Yot-il Heedll el el id3 et
o1l (Bl 4ol asiu 8. 25l 9.2 51l s sl

9.2.2 0ully A0 Sgdond (F) (Focal Length of Shperical Mirrors)

(a) 2idallon 24302400 217 (b) olfRANo AUl U U AHIdR Brewg ([Breuad])
UL 21 O QUL gL WA W o sl 9.340 el 9. >uuel Wil 5 [(BRell 4l5ua
(Paraxial) 9, »12ld A1 4o Pril A5 HAIUL 28 © St 30U et ALE ALl vl
611 89, Aol AL HIS Hud et AHIAR (B2 undd Wl Brg F w30 2
£ [2U502 9.3(a)]. L8N AL HI2 Hua et AHIAR BRa drl o 2wl Big F
Wil Huslsd adl eud 9 [2isld 9.3(b)]. [Blg Fr x12luld vy S 5¢ 6. %l 1204
U UL Al WS (300 Hed e A1idR - i [2usld 9.3(c)] dl dadl 3oa
Seoiefl AR Acdl vl Hod HEA dol Sld dal Audadidl [Big v Slwd A (Aaa
2U5[5d Al WCUAL €14, 2L AHdAA $15¢ W@l (Focal Plane) 58 6.

~

Yoy 3o (F) 2494 4 (P) 2L 2idzn 2130200l Sereions 58 0, dnl £y salaid 9.
g UL = R/2 Horellg), ol R 24 A0l ascuBiowdl 6. gl 9.430 lctiodl dasl,
iUl Boeud 2Rl Awdl el uidd w8, 311
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¥

Slseiée
(©)
215(d 9.3 icdiia 21 6ol AL oA Srg

QAL S C 2R dsclds 8. s AuidR (e -l awdl w2

> \

- M . ~ ~ ~ . ~ NN N e
%\ M [Big, 24 24141 A1 9. 21l CM 2L M [6lg, Wi tl2uxl wiélH el dot

0 20 29l HIRL 5, PUULASIL 6 €9, 21 MD L [Bg, Maiell 4ot 218 uR elRel dol

/MCP=0 >+ /MFP=20

. F D| P NN
/ / 9. dl,

J — MD .3 — MD
8d, tanO = 2t tan20 = D (9.1)

U [(BR21 HIe 0 ARd 48 Sl dl
tand ~ O i tan20 =~ 20.
al520L (9.1) uRell,

MD _ 2MD
FD = CD
®) - FD = C—2D (9.2)

250A 9.4 2uuid (Bau- uiad-el 9 Ot w1t e ie [oig D »4 [og Pell viot o 295 9.
221l PR (a) viddllo w0 w2 212l FD =1 CD=R. 5381 (9.2) uxal
(b) otl&allon 4 W2 f=R/2 (9.3)

923 2»{2‘1%{[:; ¥} (The Mirror Equation)
A (320l 515 s Biguiell Gulrd 4 uldd 2t | Hadl agled wHl ofloa 51
(Blg, WAt S0l Ul S, dl o [Bign uan [Bigd ulalbior sé . o (581l o Big U2 ww
Sl adl Sld dl xlalsior 11, (Real) st (3381 MR S(wd ddi < €l uRL e
dotladi d [Bigaiel 2usl=d ddi €l dx geud di wlalsior seul (Virtual) sdA.
203, WiAbiel 2 uAAd- [ 2tadl aslotad gL dzg A 2l Bigdl Bigl 2i3udl
312 (Point to Point Correspondence) €9.
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Rigicul, U8l dgeil 515 is Bigil Galsd adi 516
6 (3.1 asS du-l al[?mat £zl ol [}z@m eolg alHl

A ‘ \
oLLully, AU Ul uthwﬁ dla qag wlRiioL siiH] 91512, "
ol Aaelil 13 salde Bel 5l 518 val 6 (el wis
DN REURE
(i) S8 Bigial 1o e AxidR Bral d uriada s . B' P
C « /F

AALAL VY, Srgiel wAR AU 9,
(i) 2ldolla 22U ML sl Srontisll w1 ad (3201 2t

o [2OU0L AZLAL HI A5l Sraniel URAIR ad Sl ch{l

M1 Ad (3al. d 243024 uel uRlad- wil 2o st

Ud Ad €l 8. «
(i) 2icollor w14l Heu Seuiz] uAR ad (Hadl d-d

drs °2§d) B?.k.l 2icll ol[ollo] w3l 3 Yoy Sl

UAIR A 1Y dell U ad (M%LC{L ail dzs ¥q) (u.

yafid Beal Wo Vg AHIAR AU S,

(iv) A o (P) A8 515 uRL SI8L vuuld ag, (R
uRlalid (32 utadnl FasHid wead 52 8.

2150 9541 o1l (BRelA inul dla 8. AB drg & 2i A'B' drd vidolia Al o}
woid ulalbiot (i Bruui w12) 8. viul 248 Sidl 2l 3, 4t 2181 Breld Gaig au 8,
g8l 515 uRL GearHuiall weid [3rall ol Rl Guedu 8. »uu Big Anial «lsndi
ol (380l ictollor 2121 U udlA uldd- ole [Big, A'izl uauz aid di A' 21 Big A<
IRIEEIRIN

¢4, UL drdidR (), Wabioid (V) 29 SadousS (f) a2l deld ealad Aot
cuRelel.

gl 9.5 uell 6 stestat (istall AA' B'F it AMPF 333w BLsial . (U(suid
(32811 312 MP-L 3, tat CPL ot 401 21l st ) el

25(d 9.5 il 2 a3 @Al
wletlsionl (3ausld

BA'_ BF

PM FP

»yql BA' _ BF (" PM=BA) (9.4)
BA FP

ZAPB= ZA'PB' ¢laidl stesiel Bisiell ABP 2t A'B'P Ul aH3u e,

. BA'_B?
"BA _ BP (9.5)

153831 (9.4) 24 (9.5) uRvdLAdL,
BE _ BP_FP _ BP (9.6)
FP FP BP
AH1532L 9.6 2idRUAL i 422 2ol salad Yot 9. ¢a sl ugldt @y uLd. el
ARl 9121 5 argell 2110 MPN+{L 22U wstat oulel 53 69, wAtell 24t 2wt 21usl. 2l

AR, AB il o Wlalbior A'B' dal Hud S F 2 2l wstawdl (43¢ [l sl »u
2ARLA-L HLARL 8L OLRUAL.
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B'P = —v, FP = —f, BP = —u
115391 (9.6) v,
-V +f _ __U

-f  -u
22 Uf_fz%

SICRECTRITGTE

1 1_1 .~

T I Hal. ©.7)
2L A5 (9.7) 212040 4ot 58 6.
el ofla il daidl ouotd argrll Glaud-l uvumslla ulalbiod ulRas ©.

wlabiodl GRS (A) 2 argedl GlS (A Rl 2wld #ieqsl] (Linear

Magnification) & 9.
om=
Lm= (9.8)

Bl urde]l sl wgl Haol 2 il A AL 4ot StadL BRL Al 209 9. AABP
211 AA'B'Puzdl,

BA' _ BP
BA _ BP
% = :—: (Rswugla yot)
el
_h __v
m=- - (9.9)

el 21U 210240 4ot (1521 9.7) 2t Hieaglle ot (lse1 9.9) idoiia
AL ML argd wlalbior w2 (aralds) 2 Glag €l d BRru He dredl 8. st
gl W1y Gualol 53] 211 ot Aol 2A1e] unad- W2 (2ddlior duy silaiio)
A, B0 AL 3 2l walbiel w2 dirdl asi. usld 9.6 2dolin due
ofEollun AL 12 iyl WalBier 3ol Ad Aacl astd d eald . w3l (9.7) i
(9.9) 4t [(BRAUNHL UL AL UL ) d dHIR ASIAL RS

ae

"ﬂx

oo}

=0

Q [ ——
\\w

s~]

=

oL

Oe

(a) (b)

25(d 9.6 dzq, P 2L F a2 €11 1R (a) il 21040 43 2t
314 (b) 6Ul&atloL 22 43 &Ll UlalBLeL
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Bew@ 9.1 2usld 9.541 eaida iadtion -l Al 2144, ulads A
uAAds gd a3 aldl €l 8. 20 Al WA ydell agei wlabior u2 sl
A AL 7

B3a U se1 [[AAIRAL €L S 63 aaq-d 2188 (Half) Wlalbiol o 2218, u3g 2id, el
otrid. 23041l GSlHL Mot €35 Blg WAL YAdd-l Ml @y usdl €l
lellsion 13 arg Mol (g1, Welsionl dlsicl 32 82 8. w1l 2l x99,

I'6 18239

BE119.2 s ol -l e u 2usld (9.7)41 sailedl WISl s HiouSe
sl {5l 6. AU sl el d wlalior wadl. Hieanl s Axi 53 el d
al. g wlelsiondl [aglc 212l 0EL HiotSerl e U 2R AL ?

Bia

ottt wlalbior Anaal 12 [Balil Hol 25l 9.741 saled Hogor 4oL 8. o
et ol AHAA L Wbl 2% AHAAHL AL B, d dedl % URHEL .
wed 5, B'C=BC. ulalioidl Hieasil 215 A1 54 42l d d¥ 2d 44D AL 1.

2u5ld 9.7

el A1 HiouSed Hdr leadl ulalbioy e 14,

76 10239

Bew@ 9.3 is icdiin Rl AsclBiosil 15 cm 8. 24 23] 03 dre
(i) 10 cm >t (i) 5 cm g2 Hsdi ULdL WlaAlBlotAl 21, UsIR 2 Hiearll e3s
(BuHi Haal.

B4

sedolld f=—15/2cm=-7.5cm

(i) e ¥id2 u=—10cm. 2522 (9.7) ol © +

1

v T 0T T
10x75 _

1,1 __1

AYL s = —30cm

21, Wlalbior 21208l 30 om g2 ARl euy L % 9.
Jeagl m == =— 39 __

ieagll,m == Cio) =73

ulaliol didlds, Glag A [Aafd (Hig) 4 8.

1

W7

€6 10239
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Gelsw 9.3

Gelsw 9.4

(i) RqddR u=—5cm. wls2a (9.7) uet L4+ 1= ]

u- 7
1,1 -1 /
v o5 75
_5x75_

Y4l v =05-5" 15cm
2, Ulciloior x121ell 15 cm g2 AL Uieoe gl d 2ueuRdl
ulalio .
A __yv_ _15 _
weagll,m = — = = =5 =3

o vieul, A 2t [afid 1A 8.

BELSRW 9.4 HAZ, dHL WS 53¢l 5131 6151 91 A R =2 m AUowL ALSS
W41 25 AlSdn 512 dRs eledl uadl Hleioll L. A @l 3w Sms™
€1 dl w12 d 2412 (a) 39 m, (b) 29 m, (c) 19 m il (d) 9 m &2 14 AR
clof wlalior seell spsuell aild s svual ?

B3a 2ilalrL 3yt urddl,

__Ju
U—u_f
o[l AL M2, R=2m, . f=1m
- _ 3, = 3IHxL_ 39
(@) u=-39mHlk v = =901 — 20

6 €l @Bl AN AU = 5 m s . B, 1 A5l i Q@ 20
—39+5=-34me2 il

w4, uRABieL v =% m A3,

2] 1 sl ulalbiotl 24l 32812

39 _ 34 _1365-1360 _ 1
40 35 1400 280
0], elscdl Alsd U2 39 m 24 34 m AR Sl UL dril AU HU

1/280mss  4dl. »1% WHEL (b) 29 m, () 19 m 247 (d) 9 m “i2 oL 53
AU 1/150ms ', 1/60ms 245 1/10ms Aol 1514 .

el elscdl ulsa vam Bsugl ol 53 9 dH 9dl d FH FH 24341 s
A B dH A4 d-ll 35w asdl Sl id Beud 9. wlEaui RER 5124l 2aal
oL oldell SIS waL lsd 2L g2l vietedl a5 6. aUlari aletiqil Busl
ugL il % Bertl il sid, A AUNAML 2Bl Ue9oLd Al AN Hsull
afet 53 Sl dll.

9.3 dsl™a- (REFRACTION)

IR sl (Brioga 51 Bls Hiuuizl oflo WRedls MM Ul 8. AR Hiud
WLl 2Ll AL WA HLAHHT YA ULH 9 %12 ol L WstoL oflos HismH Ud .
AL AWML (0< 7 < 90°)adal (Brawl [2al, oL M £92] wiscl Awiél il slealy
€9, vl 8erlrl ¥ a5lea 58 8. R AL [Asiela Wb Dd asloan we
{1241 R Hore,
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(i) udid 32y, aslod el 2t stuidbiga () dot

BUARAULELA oL LS % AHAAHL S1A 69,
UL (381

(i) 2UUAL 6L HIMHL HIZ SIULASIRIAL sine A

asloydsieidl sinerdl Rl AN 4 . Ule

AL S, HUULASIRL 7 247 A5LOLASIRL 7 2 HisH

\

UL (3281 244 Asleyd (B8l dot 418 siidal yaads awdl
8. 7
@) 3
sini . 9.10) - asled (32w
sinr 2

2u5ld 9.8 wstad asloa 2in uad-

UL, VAULS 72,7 HIHH -2+l HURH- 1+l A0S 9510115 5¢ 89, U152 9.10 asloiar
Hiel eildl el Fad 9. 208l 20 AL 5 asletdnis 7, 2 60 Hiud osdl
AARSAL Y. (% AZAAGUS A UR UL LR ABL 8. ) U, 2iuldsialel 2adat 8.

1315320 9.10 uRel, %l 1y, > 1, < i vied 5 asloyd (B2 dot drs auils d 6. ual
(BR2A1ML HIEAH-2 ML - T+l U108 509004 82 (AL Z5HL 82) IR 58 8.

A ny, < 1, dlr> i, aslofd (301 dotell e drs auls d 9. 21l 2uuid (B usiella
82 HIHHL L 2 o ULdOLL HIHHL asleta WH 6,

Ay : Y1904 drtcll 21 E9-Erictl 422 oA Ad] t R £ drtcll HsH sE £
gald 6. A1q U4 & 5 us19014 4 “tdHwA] EN-Ericdl 2 451914 WAL HI#H 52
2led] Sl (ustold deicl 2 ofed HiLHH[ Y511 Qoitl QIR ) €L d. dveld
2 Wl Wil s2al edvereSeinl usiold axal a4 & yig d-l eq a-al usil-l e
geicll 5l 2119 .

A 71, = HIRH-2x1L HIAH- 1 AIUE Aslotais
A 7y, = HAH-TAL HAH-24 AUE asletdnis
Sl dl,

n, = — (9.11) :

AYHL 71y, = HIRH-3HL |2l AE
aslianls ¢l dl ny, = ny x ny, B4y, 2U5(d 9.9 AR ougl 421l Aotk
HUAH-3eL HIHH-1 A& dsleianls asleandl aflead wHdl Bel 1S derd sllse.

(AL vl Sedls wiafms wRpuHl Hod asiy 6.

(ga) (1)

yaldd Bre
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AALSSIR

Aol A6, HI2 6L iR AWl (sal-512 ¢
s12-gdl) 210 aslota-dl gedl Gema 8. sl 9.9
uell A0l A4 s D 5 7, = i) Al Mol
(el 2iuid (e AHidR 8. UM sudd Breid
s (e ag Hell. uid, d 2iuld Bouq ate dere ellse
NE (WBLs 22UridR) A B, ofly onelld 2tadis A D

5 wellell el eisl-il altand dot3n i, d-d dliy
Blasiag (Raised) Al 1A & (5l 9.10). dotlzausdl
25l Al iq saldl ast 3, sucuAl Gl (k) 2L

lAALSSR

aradlds GILS (A1) 2 Wi (WRil)-L asloadis-l

318

25(d 9.10 (a) dot3h 27
(b) 2zl Lla Adl Hadl 2uel Gl

Gelsw 9.5

[ ML?IR{[ h < . <.
‘4 Gas M1 | 2 owidryedl Elu D,
0% 4 v A & >
23 AldlaRRML Ustadl asletadd s9L 4ell e
g geel2il ot 9. sl.d., dldldRHIUL UsL9HL aslean
0 el AL Yaleddl AHU sl YA Aldl Al Buud 9

(b) e yuled ugl el Al wHa yHl v 8,
(pusl 9.11). vAul yulew vied i [Elay
(Horizon)w M2ui2 20091 d. 2l AU £lddl HI2
gl el 4l s eaiaa 8.

gelletl 9 ALA51A AUE ASlMAALS 1.00029 9. 2Ll 51281 A [ 16130
allse (RULALAR) HA B % U8R 0.5° Hed, €1 © il wUe43U AU~ dsldd 2 BiHe 8.
(o1l BELSR8L9.5) 1M, UM AATEU A4 wAVRL AATeU (Hadl 2ieuRl yuled 2
WRURL A1) A2l AR dsldd 2 e 4O B (sl 9.11). AATled dxor Yl
AMA AUl (Flattened) 21ldl 342 (Oval Shape) U2l AL % Hexiwil 5128 8.

Al et Rl

\\\’//

: | YAl ardlas

qLAlR8L

~ ~ c

25ld 9.11 atcwarela aslotad il adal Yalled 2im H{idl ke

GELRN 9.5 yeefll Widtirl 4 2A-aalld 215 URAHRL 53l 24 /2 &L ©.
yeefl uzefl 444 Al -l 1° Fedl allse Wiz d Sedl aHu @Lidl ?

B3a

360° alls2 Al ALl AL =24 h

1° slls2 sl A = (1 x 24/360) /=4 min
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ARQLSSHL 3otdl U, ASs oud i el [Rum

2L5lnl PQSR 15 dol2llaa dralgs 6. druigsHl ol sl G [big Wt 236l wa-izas (auds oul)
R $ul C Blg Wit s olwons wielli gofl el dlate AR 8. oud 2 olnsa A drdl wa 2ol 2l

AHYHL USIAAL HIBL 8. G 21 C 92+l dr@ig sl iy SR p

Q

6. ddl 2uglinl eview WS G 2 C a2l yuiuwl
GAC 42 %d 5 GBC 3l 3 i wiellui-l ua BC gs1ul
250 S A WISl % 2l 516 ollon GXC Hdl % ASH ?
21 a8l ol uR glgalel 3gu v, dxll wellai darsdl
HEUV, S AR D, d AL D).

™ O

aR1% oud By X wdel dragl ed an 8. %
GX =/, 21U XC =1, &l dl G 2l C Y4l usiudl doldl

AHY / I G
Ul 1)2

M

2L AHAA @iy otrlladl def [Asan (Xl din 2isasln) s394 244 [Blg, X g 2lHl sled ul 5 ol
AR, £ @ A, 2l 21RidAL (AL Ul d 91l £ 5L 1) eald 8 5 [Big, X 2icll ouiad wal 3 ol
el [RaMe Wi 2. 21 44%dl Hiz, SR eug-l X 2ol del LM ekl ZGXM =i, ZCXL =7, dl

21U ARUAEY 5 £ AR % AYTiH UL 5 AR

sin i v
— =1L gy,
sinr U2

UstaAl BRAML U /v, 2 USLAAL LrALASIAHIAL AL e HIEAHHIAL AOL-AL JLRITR €9 % HIHHAL

aslManis n .

UM, 0L €14 AL 525 51 A5, % ARl A rii AHA Al S1A cll 6L HIEAH A AL 6 oL Asoudal $id

QIR 2erl [HaH vl 8d A

94 Iggi 2id[R5 Ynadn (TotaL INTERNAL REFLECTION)

I Wstald (332 wslelld az 2ueinisl ustalld widol HisHl 1Al 6. IR dd, ol
Wi 921 sl Uwidl 2010 d % HRHHL Al 2AUBLS YA 2 oflog Hmul
2[5 UIRAMA A1 B, AL YAAAAA 2R YA 58 D).

IR Uslal (381 wsielld 8z Hueuaiall wsiells o HeHHl 4ALl 6 Al d doel
£2 A28 [AAAL WA 8. tl.d. 25l 9.12u1 saidd a1 AO,B. 232 AO - tifas
yldd (0,C) 1 i[85 asléas (O, B) au 8.

2UULASLRL (1) Sl A5OSR () ML 8. ¢ USRI, Hed ARl Al siel uat
AR E; 2 AO, (501 yHl 6t €9 & ol aslofasiel /2 oinl 8. 246l aslepdlErel viot aoil
ol M1 921 Wil AL AHIAR 1 B, 241 381 AO,D ad el 8, (25 9.12).
ol UULASIRL, YL 62 YRl AHIRAME 21d (L. 3L AO,) dl def aslead sy el
2 e Al uRldd % A B, B USRS uRudd 58 B, A4 T BUIR Uslae
uAdd-l Al B AR Al 32dls 2o wRoMA Wi 9, 2l % uudds AUl oH
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W cllas(asun
@ | dedl clll gl dl wel ulaldd By sl
o dloidiens] $i 8. ug, U2 iuld [Bred yal
QICT el idRS UAddrl A D AU Uslal WA
(ga) | usl-edl ud -l
0, 2 AUl S 0 <. .
il N A5OSR 907 ol IR 23U AUULASIRL
) P2t (2l ZAON)A »ulel Hiedledl
CER N yal HidRs N . < o~ -
Wy, walalia Basl el sulasior (i) s& ¢, Hadl [Huu
QIEL) s e (L5221 9.10) uRell 56l asiy 5 A aslsis
(320l HIHAL ALUE Asleadls 1 5l 2190 1Y dl,
sin 7« HeTH Hed s gladll, AdL [HuH-l
25la 9.12 uz ey (wel)ul via Big Aniadl Uldr |12 sin 7 L Hedd s G2 Al €l 69,
UL ML (o)l AUl gel-9el 5181 Adld Nedyi=i %%l
gl (528U uRlddr i Yol RS uRldd- sini, =n, 9.12)
i, sl QUL (7> 7)) Hedl Wi Adstl dslotael [ woudl el s dell
aslotant 215 Aol 82 MMl WdoUL HIH-2+ 108 asletanis n,, = 1/sin .
Seals Wi w2 silasiail Hedl AL Sives 9. 141 salloa 8,
siees 9.1 sl AUA Seens weaHl-u silasia
G HILH aslda-nls silasia @)
wigll 1.33 48.75°
5161512 1.52 41.14°
ug [Bare siu 1.62 37.31°
s (S1R1) 2.42 24.41°
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Yol vtialRs uaad-g (REaq

25 VoL % A0 T Ul A4S AZ O A AR 22 5 UlsS-e-l Meedl ol usially
Bl vt o A0l galldl 0514 8. s s oll 541 2269 wiell M. B8 AL, A
2L IRl 28l A selldl 5 el 21 ald sl ($810)) ot QAR [Brau 2 sefid il
U UL 530 dH wiellil dl wsifEid 1ol AS wssll.,

ol 52l cldieL oo vRell du (Bl vidl Ad 2iuid 5305 d oflon 93 wiell-l 1uiél
U UL A1, 9 A3 UL (3R 2A0BLs uRidde (2ota v 218 usialld eug 1adl.)
21 AL asletad (9d v wsilEid 2ug 4ael) s Ast ol sl 9.13(a)] ?

g, oflsael s olggell Aur (321 idl a 2uuld 52U 5 d welll Guz-l audl u
a2 UL 24 [l 9.13 (b)]. HlR HlA @ (BRaul oo sedl 2idl sllsdl 24l
steL 2l 5 el wislldl 0wl Gua asloar 229y ot 24 uuidlEeud wellul o
el AR uRlddt A1y, 24 Yd AidRs uAAdA-] Aol a0 HEan B,
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ysialla Guswel

2L Ul st dloll Aofldl o=l 2usld [9.13(C)]40 otdiedt wisl Aoill Gur-il

oogell A (381 viuld 520, du [(Bawl (B 2Adl olledl & AAull [Bad U iuld a1y
QA2 835 Avid d Yl 2AldRs Add W, 2056 s1S61RHL 6RAGIR 4L % Zd AHAA5AIR

el AidRs uAdd- AL B,
AR (30 sA1RU AR 2L AL S Al AU UR UL L &AL el 510120 AL, @

9.4.1 $ERHL UL i[5 uAddn 2 20 vz WENLlSl Gudldl (Total

(1)

(if)

~\f
A\
Al
!

AN
f \

Internal Reflection in Nature and its Technological Applications)

420Ris1 (Mirage) : Gelou~il olRH1ML Hlridl AuUSHI 28 el Burl 2R+l gal
5l A ORM AU 9. gLl AslMaddls dril sedl aB du aBl €, ay o1 gal 21l ®)
82 1A 8 2 Uldoll gal sl d-ll aslotdnls Sl $ld 8. ol galel Ualsl -l
€l 12d 5 gal RUR €l dl gel el Al Ustalld astdl Glauss 418 a8 . el
SIS 18 g Gl vetd uddl suad 32 A ds wdl Add dedl dsleanis
Lol MUl AR A1 9. UM 2l usldnial iad Bal Add Fd dotell g2
25 [Aaast 2i-otad 01 O e oAl A sl gal Hie Uil siliasiel sdl
Q8 IR YL AR S UAAdA WH B, 24 2150 9.14(b)Hi el 8. g2l Z\aisn
ustaL suis gl {2l ool uel 2iadl $id ddl o 2y €9 i gl uR
uiRfl vitellafly, $ld 2 dHl B wlalbior AL €l dd M-l & 6. g-u Glan
uglall vial Gl wlabiol Mlas usialla auel vl & 9. 24 wedid ©

H2ls1 56 1. 934 22 e AL 2l HARLSL BVt WA S, RSB 40 9,13 u

2l 5, o3Il (B otml 5 511 Wl v 53 LS UR gel RAM AL AL i By o daed
eUU 9. U d A0 Uil 51 oflial il Aell. i wel 13RS dli . Ruairt (st 6ils vt
glRI(S1AHS) L Ansie He URg 8. drl U Ansled Hed SR8, ddl etrddl o uia QL 5128 A
WSl Yl HidRS uRldde-l el 8. L i salrl MYt HI2 dflMdnisd a2 2uaddi s

ye 1] {1 244 silasiel gl il (=24.4° F2dl) ©. 2 5100 SR B HAH 20a 9.

gl ustold, drll e Yol 21dRs uldd- dai-l aell asudl 9. geaduisl uid
adl s (L) Mol o ol dusoe eald 9. s ser-ll saadl g
BU2EL 6L HUEOAL Ll 89, S14387 410y T Bl 245 Yl iR S urad-t-l
CEATRENRICTUR )

7
/

>

Y| o /13
]

4

usla

Sal L5 UM, AU l

(a) =
- ," -7
o N (b)

25(d 9.14 (2) 2R %l WAL sal 2 GURHL Sal AR AU 1A AU HAASA5dA 9&t

2 % 22 Gl AR AL % evlldl. (b) AR BHIAL AU A5l ol UHIBIML ARH €1 A d
AU el 221 A2 otedld Sld AR gl 98 Ul widd B2l el HidRs udd- v 9

2l gaie el wlalbioy, gat uiell-l vielilldl A2s i ddl Uy Aadlssia 514 8.
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45
B B 45
T__' 45° t >
A o A
A 4
[190° 45" A \
R
Bl—A" e
(a) (b)
B A
Tt !
A B

©

g 9.15 B2alld 90° w2l 180°1L 518
aistaidl (Bend) 2Audl wlalbiort A1x sleedl
(AL Gag 52 adl v 2L Huadl Bt
oiilddl Yl 2idlRs uldd--ll Gualol

(i) B4 : usas 90° 3 180° « ldd-
suadl o yel AHidRs uudd--l
gl Gualol 53 & [2Usld 9.15(a) 27
(b)]. 2ual Bl Guael wlalbiol
uRueHl $3s12 sul (@l wlalbiod
Glaciaaidi usL A 8 [2usl 9.15(c)].
w6 (3311 Hi2 Bl gl silasial
i, 45" sl Al Sl %33 9. 512 9.1
U2l B A5 B 5 ALEL 516 1A UL -
[Bae s ol 32 d AsU 6.

(iv) iltesa s184d (Optical Fibres) :
Aduls AHUHL Al A g9 Addl
(UL 27 [al34L Riondl)< diot »idr
A4l wau12eL s HifRse s1SoRiqL [rgd
Gualol 2 9. HilRsa s1561M1 w2 Yel
RS udderll geridl o Gudlol 4y
8. HU[5e 515612 G224 ARATUALN YRS
oaui/sepuidl etrladiml 2Ud 8. els

515612 2155 2161 (Core) 2 Als5AU 49381 (Cladding) 4214 9. 9161 (512 )L gedrdl
aslotanls, Ua8L (5AR0L)AL gl aslaanls sl HISL &ld 6.

IR SLO6IRAL 25 932 Ustald Rioriel 10U 5181 2L &1 9 AR §LS61R-] dotld
U de AR Yol 2idlRs uRldd A 8 A B2 o ofly 93l Moluq w9

ALl 72

el n

25(A 9.16 Wsta [R5 sUSERHIE]L UAIR Ad B AR
d 25 Ul 215 A Add Y&l AHidRS URldd 2@d 8.

(25l 9.16). 21, ustaid wal 2AidlRs urlad«
geltgfl d-l dladiml siS Al geidl adl Al
wi[Rse 1561l AL Al s3AUML 219 © 3
2ig-il 2L5 6119 UR HIULA AL USLAL ALHAL 611y
U sildsiel sl Hizl 5180 vuld dld. $1961R
AolEl Slel 9l ustal d-il dons u u0dLel
et 530 w5 B, UM, AUS s s1561+AL BUALoL
AR5 USU Al s3 AsU B,

Hilsa 51611l 22l (Bundle) ot-tiell d=tl [ala8 Guaiol sl 20 8. [Rgd

23l (Electrical Signals) 2l-sai-il Heeel wstami 3uidRd saHl 2414 © dud

WALRA 5141 214 Aletal (Receive)l HiLRsa 5165611 viol o oLélolL UHIRHL Guaiall

69, i [AgLd Asdld Wod 21 ARAUR (Transducer)il Heeall Wstadl 3uldRd sami

2019 8. 2aoifas d o HilSse 515612 1 [Rse Riodl wel Y18l (Transmission)

322 S2AUML AUl wsl 9. Belswl dy, ifBsa sideRd wsella Aol dld sl
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2rrteofl, %R e AL FAl AL AR S A leAl 224 AWIA &S AS 6. 6l AU
ol 35138l A3 A AL 82, BHL WUR2SL SLSOIRIAL 35 941 FARLAL 2SR oilld
89, %l 25 9L Usd 2in ol 9L AW Al AL S1d 9. ¢d lA i sl €38
51561411 Wslal dvilaell unR A s1SeieAl 93 USRI 2ug A 9. 2 UsRAL $512ld
AU UL 515 SR 5A 515612 % 8.

HilSse 51561 oirtladldl Yoo w3RULd 3L B 3, USLA AUl vt o dloll vidR Yl
1215 52 A €9l ol % BLEIL UHIBLHL U5Leld AL AL, e, Y[ 581 2L ALSSA USIR-L
591208 el ged oistacial] 2Ud A ot 8. el st ocuA s1S6RHL U5 1 km A4l AW
WH . AR 95 %l AR Wslod WAL s3 wsin .

(il 2aRvallL % eiRlAL st 1 km 28 oetisl GUAIaL ST dlL 9L 2l d di
(a2012] o21l).

9.5 onufla AW 2000 A A A3 A AslHAr
(REFRACTION AT SPHERICAL SURFACES AND BY LENSES)

12 Y] 28 Audd qudl wel adi adlodnsll 2al 53, ¢d 2uuel 6 wieds
WAL OLOI, 2AARY S 1010 U ASlM e LAHL AL, AsAULEAL AR ALl ML
AMda el e2s [Blg WA aslotan-l d o [FRaul ddy wdl asi 8. as 130l adl
uLd s+l FH % 2L [Biga 1Rl col d [Big i dllofld AUl el ugisn dot 9. dall
Ul UL d Asdisrsiisll URALR 2L €9, WM WoL 25 asletardsis Aulel adl asleiansl
2] 5319, olleHl Wdol A= 43 ddl asletad-l 221 5330 o asletadsing awdl a2
WIREALS HiH ML LA A 5E 89, FHixl el 24 s dlollu Awidl B, s
aslotanisizs alolld AUl a3 ULl wWlalbiord Yot Hadl, d-dl -l ol 2wl wa
15l Gurlol s3] Axt W w52 2im uedl A Aot Hadls,

9.5.1 uwlly Awdl wA 2{@ asleian (Refraction at a Spherical Surface)

o AsAULEl Asdldms C 2 asdlPiadl R 8, dell asAuidll 3o 21a Uz yidl dq O
wlalsion T 22l oyl 25l 9.1741 slde 9. 17, dsleanis dRiadl dieial Bral
UL AL 8 Sl 77, ASLOLAALS HRAAAL oflot HIHUL asletd Un €, 2106+ FH Adon
AL ARvUHRIHL asuwEld Hu (Aperture) i ®1R1gL (aal Rvila WRauL i
AS9)) el LR Al Bl asial. e vt dl NML [5ig, Naiell 3o ta uR elral dot
g2dl dotlSd ds Uslol. gd, el vRUSL HI2;

_ MN
tan ZNOM = oM
_ MN

tan ZNCM = MC «
MN
tan ANIM = MI

¢d, ANOC H12, 7 6l[&v51 9. HI2,

215(d 9.17 6L wiResls HAHIA wal s
i = /NOM + /NCM $15 dlo{ld HidYs oL ad aslerasd
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U5 AAld 21 WS-

2 o8l 8 5 5165 wet ueld MRUa 9w sl Gl diusia Wldiiuial [Rgd-2esly [@keud i 52

8. Gul¥d [aBax d3atdons (L) (el 2UgR vl Rrdiz usiedl MOa diumid U2 2R A%
8. a1z vglduil Gl [AlBell, el.d. 2areril Bai-eHial 2850 K dtuid GRilsd udi [Al3zell,
Bold: AEW E1U O 2 2ROl At WIS (2123414 (281l - Heat Rays) [B14l €ld 8. ueld-
UL At B el [AlBeI] ddatdoins wel Bl 9 % 94 [Aaciul U 8. 213 5500 K diuHi
A % (B Btst 53 8 d-l He Gl [Ag diaeon Sl »Udvl Hedy Hed (Peak) 550 nm
ARAEOUSA e 3U HAL D, % eflell 20Ul USLA 6 it o 224 (ARl QLML HUL 8. 2UTA Ueld Wi
BoA [Ag d3aicons adual-l A 2145 2AlssA-dddous W2 HenH (Peak) Hed U D,
dZteion s ueldnl [MAUa duHil RAUHIRHL S B,
Hepeil 2Aiv % WSt LS S €9 el HiUAR WslAHA-el/tduu (Photometry) 58 6. lliddius
2 AZIR [Astit 2131+l (Physiological) AR Hiu-L €9, % UsLalA iyl &9 i Wslal Hpeil 2iv ol
Ut 42l 6lle U512 Acicdil glRL WRag WH 24 1% glRL d [Qectupt A 9, elllcaius-l Yo
2101 elllds AR Y. (1) Ala~dl 24U0a dlsdl (Luminous intensity of source) (ii) 24lld §c54 (Luminous
Slux) Had Blduisl wsial dans (i) 2wl elfiasi (lluminance of the surface). 4lld dlaaiil
SI 3154 3l (cd) 8. >0l Rawmi 540 x 10 Hz U9t 4uadi sis3oll Rz @B dsdl
1/683 watt/sr w2dl €l dl d [l wdlddladl 1 cd seaid. 2 wsiad Gealdt 1 el Fedl
lllAclsidl BRUF 53 2 1 57 Feel driSIRl U2 2iuld Acdl €14 dl 2L 8 SRl Glrd ad s 2l
sasA 1 g4t (Im) sl UHURLA 100 watt-ll U512l oteod 1R USURLA S1d UL 2R 1700 @43-
odlfcl g5 BB 5369
LA o A1, U 2 sl SIS B € dl d AWl elfTasit (MHuminance) €. ¥UIElAL
S5 Aols9 UR 2L Adll 2R sesuR & AUl AR (Im/m” =4l fux) 58 B, Hl2l MLl
wstAHIuSL 2 AR A D, AR dlsiddl T H1d] G214 g121 Geatad SRy E i dl, B =17 <}
galledl asid. ol = Gedul Wl col id. BRFs 2Adl uAdds Aue AwElHl usiRidd
(Brightness) 22/l (eq#leee - (L) <3+l AR o eland 8. dsl 2154 cd/m” (2lelBls Axui
dsl “nit” 58 69). 215 ARLLCD 532422 Hirlleadl UstlEddl 250 nit w2l Sl 8.

MN MN

l= oM + MC (9.13)
4L % WHISL,
r=/NCM - ZNIM
= MN _ MN 14
d MC MI ©-14)

e el [RuH wHEL,
n,sini=n,sinr
Uil VUL HI,

ni=n,r
324
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U152 9.13 24 9. 1442l (Bl 3sdi,
n n, _m—n

OM © MI = " MC (9.15)
21l OM, MI 247l MC i1l Hirt 8214 8. 5135 29t W& cwo) wisdl,

OM = —u, Ml = +v i MC = +R

T R B TS e R R S

—u V) R L u R

(9.16)

w520 9.16 arg R il Ulalbiol 2id a-l Aol HRAHAL dslManis i
asAULEl- AsdiBiosdi-l ueni sald 8.

24 A5 25 olufld AL Hie W1 6.

BELSRW 9.6 Sl AvAl s [Bigad GearHial usta 2is sl ool
AWE (7=1.5 21 ascll Biosdl =20 cm) UR UL 41X 9. UL d00(lA AuLélyl
U519l e 100 cm g2 6. lalbier sul e 224191 7

Bia 5201 9.164ixL Asterl Gulol 531t il

u =-100cm,v = 2, R=+20 cm, n, = 1, n, =1.5

2dlv = +100cm

96 w239

204, AuLElell suuld el [Rami 100 em g2 wlalbiol waal.

952 A~ a3 aslear (Refraction by a Lens)

[25(a 9.18 (a) ] ol@olinn dvt a3 Wlilbiordl -l yfild caid 8. wlalbiosdl 2a- 6
clotss Al S wstd. (i) uuu aslsis AUl arg O wlelbiot I, 20 8, [2uslc 9.18(b)]
2L wllBior T, 21 oley aslsis uuidl Wiz Uil dig ddld ad 8. [2usld 9.18(c)] wan
idyts ABC w1 14315221 (9.15) urdl,

oy _hTh 9.17)
OB ' B BC,
oflost Hidyws* ADC Wi el o ulEdl sdi,
L L W R
DI, © DI _ DG, ©.18)

<8 1 6 ADCHL %+l 619l ML aslatasis n, 21 1ol iyl asloanis n,
€9, a4, DI 8L LS 5115 2t 2R AUl (321l [ [RouHi HiuauHi 211 ©. 325



=
B cllasf@sun
A Seng
N, AN, ULANL &rA HI2,
: BI,=DI,
ip AH152819.17 244 9,181l ALY S,
Oq w__ B D " Nl n n | |
0 g L + L = (- =t S
i . ) (BCI B¢, j (9.19)
:c HIRLS AL el AR 8,
22843 OB —> oo 2nL DI = £, 3ls281 (9.19) uredl,
no 1,1
7 =(n,—ny) BC, DC, (9.20)
irid 2idR Aviel argd wlalbior sl 1o o d
(Blgrt AU 4va5% F 58 & 244 iR f(= PF)
arll Srecoyeeald . Au 6L HuZl F o F'
arfl el el sugat Sl 8. (sl 9.19),
Aol wgla umiel,
BC, = +R,
DC,= -R,
1315201 9.20 w22,
1 L — 1_ n
- = (= 1) (RI Rz)( ny, = W) (9.21)
e b I AH5281 9.2111 drardser AHl52WL 5€ 9. 21
C2 J I 1 ~ > N
< R, . Yourdl Heedl Yoy asdlHeaidl AuElziAl
& : GulaL 53] SR SradotsSel A=t oiricll as1u 9.
C
22 Al © 5 Arussad vl ol Aol A
Y 2 N . ~ Y N N
© W2 WRL AL D, Aol G HIZ R, 38RO AR,
215(d 9.18 (a) oUEaTI0 A1 A3 ArL AU a9, e, f e va e,
ulaliot 22 (b) uau ollolly Al wa 15201 (9.19) 244 (9.20) urel,
aslaan (c) ofle oluily Auldl W asleian Mmoo _n
WAL A W2 B 2m D o, Al U se Sraril viol o 4995 Sl 9, sl uglel
W0y
BO = —u i+t DI = v ddi,
I_1_1 9.23
v u - f ( )
{153 (9.23 )3 wia it et iz Rl ot 9. 21 Ul 5L 28l el dwt 4
2L didl@s ulabion W2 4 dal 9di Haolla 2iq el¥alln oid A W2 dal
ARAAS 247 2ieud] oin Walbior Hie 114 8.
2 AU B 5 [Gridolin el [Botoln =t Wiz HAdL 6L Yuubwgl F 24 F' oid
Atril 12 5e Sraell AU HAR Sl B, HO BEIAM dRSL Hodbrarl HaH Y4Feg vis
326 6{l2 dR& L Huusran Bdly Hrdss 58 6.
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- a3 g wlalbio, Haaal e, Riglaui st
argril 5US 215 Biguisdl Gailrd adi 51 wa o [3el
s, agletardl RuHi-l Heeell dudl ol 58l s3el,
2 211 6L asloyd [Bel wdl Mol 8. (A4l Hadi $ld
dal eun ad 69) d [Gig, 2l s18lel. o 5, 2uasis 2Ad
{1211 UL 5165wt o1 (Bl uie sl YU D -

(i) aRquidl GRUFd aS d-udl Wou e AnidR
(3201 asletad aul ole [Bdld yoadsuial wur
21y (6N AAUL) AL A Yoo, rguidl
5[ 2y (Al Aranl).

(i) A=all2A[Rsa Srsuisll w1 ag (3281, asleta-
ol (e Uyl [l R A 6.

(ifi) elfEollon &= H2 nam Yo Seauizl v ad . - i

(3202 2adl (vdollen Ax w2 oflo wou Segui 2F F b
o €l d¥ euild (58L) aslotar elle v e
AHIAR ol 2 B,

15[ 9.19 (a) 27t (b) i3 AAldolloL dt 1
Aol Axt HZ 2 Ml eald 8. dHR dsusdl
210101 Yel el el 286l drg Hie 2l Breuglal
ElRAlrl HSLARL Sl BB 2 Ao ot (A58
9.23) 61l [BAU0ML AL U3 6 ol uRL ARG A5,

2L 53] 3 olodd Ule Aviell BB S A U+ 835 [Big 2idid Brel GulFd 52 8. 2
o1l (30U @ 21019 asloran olle Wlalbioitl 215 o [Bigial uaR A 6.

AL w4 A a3 qordl UleLlBiotdl Gl 2im axgl Glaus aptiniz wlalbioisdl
Hiearll (1) 5& 9. UAUSIR AL BH 210 AL A HI2 {2 Yo HA D,

(b)
215(d 9.19 (a) awleaiia A (b) idolla
Aruigl uR udlL (3w

m =<2 (9.24)

sl uglat @o) wisdl eud 9 3, el 3 idollol dwt glal 21 ulalbioL %l A
(24 2UeUR{1) €12 cll 72 8L €9 247 %L BAG (A ARAAS) €1 ol 72 2BEL S,

BELSRBL 9.7 25 AN el WAHHL 215 UASHL ATl Sl A
(M =147 21224 53 8. dl Heldl-l asloanis sedl o ? g >0 daél
well i a ?

B3d

A 24294 U1 o MI2 33 O 5 ualll asletadis d-unl gstl dsleiais
n=1.47 %24l % Sldl ASH. 3H2dd 1, = n,. 2L Ul 1/f=0 a4l f—> o
29l Ul At sta{l AHAA @2 dZLF Adal. AL, 20 wetd] well 4 €l a3,
A P ¢l us.

L6 w39

9.5.3 Q- WdR (Power of a Lens)
A=l Al GuR 2AuLd Al wstad 3(=d 5 [@Q3(=Zd scul axdid (M) a1l uiaR
53 9. e ® 5 g Arrl SradoilsS Al dx o310 Axirtl (BRauHl Slsd s2eumi 244 327



W cllasf@sun

iU Al BRuml [R3Rd sl A Brelq awl aist
AWl B, AUl H[RsA Srsell HUsH AR (h = 1) Hou 2iaq

AHIAR At U uuid ad (3ol g el S8l s(sd vadl
[A5(sd 2 89 AL &% -2 (Tangent)-ll Hedd A=ustl UG P 5¢
8 (25 9.20).

tand = % ;¥ =1l dl, tand = % 2420 § AL ALl Yl
He,d = %
Q’{lés[;l 9.20 d-u-ll UldR 24, P :% (9.25)

g+l SI %154 Dioptre (D) & : ID=1m . 1 m brsollS-il A=l waz 1 D 8.
621N (AA[MAIZ]) At HIZ UL~ HEU et i HADU (AHAUAIRL) A HIZ 2821 1Y
£9. AR ALl §1522 (Optician) +2.5 D wiar-ll @+ (ARFWIA (Prescription) U4
£ U LAl 24 21 AU O 5 o33 6320101 Arril SraclowtsS +40 cm . %l Avurll WidR
—4D €14 dl %33] id2ilo Axisdl Sracions —25 cm 8.

GELSN 9.8 (i) 51Ul A=A ML = 0.5 m €l dl A=Al WaR S2ell ¢l ?

(ii) [3-eU&oMl0 &ru~il oint il dsdlBiosdl 2454 10 cm 1 15 cm 8.

dl SesdotsS 12 cm &l dl Al gt (s1adl) asloadis sedl ¢al ?

(iii) 5 oUfeolln Axiril gl Sradons 20 cm 8. dl wiellui dsfl 3wsdous

sedl ¢al ? (sat-wellAl aslaiadis 1.33 €9, gal-s14 HI aslatanis 1.56.)

B3a

() war = +2gdeR

(i) 2l xRl wd f= +12 cm, R, = +10cm, R, = =15 cm €.
gall asloasis 1 day 6.
Wls0L (9.21) A=t AoAdl GUAdL 5l £, R, il R, Hi2 st ugla
ardy uLdl Bl 3,

% = ¢ - {75 - s
LRl n = 15409,

(iii) Al HHHHL A slAAL AR |2, 1, = 1.5, 1, =1, = +20 cm.
cell &t s et Yorol

1 11 }

L =05|——-=—

20 [RI R,

S 241% A WIRIlAL MR €1 AR, 1, = 1.5, 7, = 1.33 12
11

135 :(1.5—1.33)[R—1—R—2] (9.26)

f
2L 6 {5200 B3ddl £ = +78.2cmHAL .

x®
N
=y
o
2
®
©

9.5.4 AuSHUL WAL WAL @tvi‘l'i AAL (Combination of Thin Lenses
in Contact)

£ A £, SracollSeil 6L At A i Bl Sisoiloil AusHL AvUL 9. UaH Ay AL
328 yousegell g2 dq O AVl (2usld 9.21).
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wad a1 22 wlalbior 22 6. i ulalbiol aralas ©
2 oflogl A= B W12 U drg a3 ad © 27 2ilau
lAGiol T wid 1A €9, £9dl, AR AUl dl 5 UUH AxueL

51201 HoLdL WlalGiorl qie 1t »ifam wlabio Aunaal
S % SAML U 9. S5l5dML MAH A-AHiel oleIR

pilcdl (32010 % oflog At ol dril YR AULd AL SRl DI Uommmmmoes L Vimmmmmes >
23U 10U 513 asloyd A4S 2ilax ulalbior »Ud €. oid
et Wicdow dlaell dul HUlse Sl 2Lso{lo U Auld 25l 9.21 AusHl AvAL 6L uido
AU D, dH A9 HURAS 2 Bs [big P Al ey 8. Qe 2l o3 21, Wbiol
UAH At A o3 LAl WAL {2,
1 _1_1
voouw (9.27)
oflost Ax4 B ot 221l wlalbiot 12,
11 _ 1
11 =21 9.28
vy (9.28)
(9.27) 217 (9.28)-1L UR4L0IL 53l
1 _1_1 .1
1_1_1 .1 9.29
6L Al ot SradollS £ 4R1ddl 25 uHqed A a3 adal dl,
1 _1_1
v LT 7 12l
1 _ 1, 1
1_ 1,1 9.30

2L Yot A deell Avdisl AUSHL AL AR W2 XA D. £, f, fon ... SEAOULSHL ULAAL

8oL Avd AUSHL €1 dl, dMel ALl 2U5125 SradollsS,

1 1 1 1 “ -
=t —+ — +..
A A Yl 1oL 69, (9.31)

ylaAl yeHl aMlseL (9.31)
P=P, +P, + P+ ..dils aviu. (9.32)
ol P ot @xiedl Aol uRRIAML ulaR . Al & AL 9.3241 % AL W d,
35 UldRedl Q@ s AL s2ld 8. 21, @HB{l 6Ll USIHL 32dls usl 4 9. (sl
At HIZ2) el Seclls Uel BRL B (ol At Hi2). dAwdl-d Aoy dallogt 531 SRE9d
Hizagllalon A1 5 20u13] A ol a5 © dxes wlalbiot-l dlaeidl (Sharpness)
weL a1l 2sid 9. HaAM Axdl 51281 Had wlelbior oflo dx HiS drg dls ad 8; »ul
Als20L (9.24) uddl sél AsL O A 35 Al Hiearll 2™ m, my, m, ... A dl
AUl gt Hieasll d-l dpeusiz Fedl ©.

m=m, m,my .. (9.33)
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GelslwL 9.9

AvAlAl AL GUARL SHAML, HISSIRSIUHL, 2[51UHL dHy 2wt wstlly

GusLAL UM A 6O,

Be1sw19.9 uusla 9.2240 euldal drisil Ko Mie ulalbiol 21 Hadl.
f=+10,-10  +30cm
O I

+— 30cm —»

e5+—10 —
cm cm
215(d 9.22

B3 uum A=t gL Hag wbio,
1_1_1
voou
11 _ 1
v =30 10
2§84l v, = 15em
wan Ax ol 2 A walbio ol &t W2 axg s ad @ i d ol
-l ougll oug (15— 5) em = 10 cm idR 9. %% Wlalbiol didlas 9
uig oflot @ 2 d 2ol dxq adld ad 8. oflon At w2 Bail duiel
VLAl ARUA 9. oflost A HIS,
1 _1_
v, 10 -10
YAl v, = 0

oflon Axurl 51810 el WIABIHL 2Add 2id? oflon Al d1oil drs Ma ©.
212l 20 Aol >lo &t 2 drg ddls dd 8.
Alog A 12,

2194l vy = 30cm

- il wlalbio »lon drell el ds 30 cm g2 HAsl.

9.6 [MoH gL aslmaq (REFRACTION THROUGH A PRISM)

sl 9.23 Brursl siadl B (ABC)Hidl waiz adi 215300l usiai-dl 3ol sald 9.
UAH, 611% AB WIRL 2UULASIRL 7 2 AslopdsigL 7, 9. 6flow oty AC HI2 (s1AHIAl i)
BUULASIEL 7, e ASlHAS1E 2Heal FRHASRL e 8. [Folu3281 RS 24 tiuld (Brel
PQ-l (2l a2l viRUA [GAc 151898 5¢ 6.
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agrsil AQNR e (il Q il R wiai-ll) ol
wRUAL 90" 69, 2AH 61151+l 6L VLRl MR 180 &L,

ZA + ZQNR = 180°

AQNR #12,

7, + r,+ ZQNR =180°

2L 6L A58 ARVl

rot = A ©34) T
0L, 61 6119l [QRErAL AL 5¢ [B2dn § sald B, B C
LO=(@G—-r)+(e—r) o
) 2us(d 9.23 st B (Busiella)
) . . .
. [(BoaHiell v ad ustasd (3wl
d=i+e-A (9.35) > =

4 [QAAASRL(5) HUULASLEL (1) UR 2ALHIR AL,

[Aaansian 8 [a3e 2uidsial udu sl 9.2440 eaiddl 8. 2dvu Ul A4
ASIA S AWML [ =e Ral, 215 o (A5 () HIZ HULASIRL L 24 d2il et uel ol
YUl A B, e5l5dul i otlotd, #1521 (9.35)H1 7 244 exl A vl »uEd 9. vied
5 7w edl veaoedl sdl [Qaadser (§) ad 4o ©. clilds Ad 2 eslsd
sl 9.2341 (BRawxl Wiol Gladl eRaml Ud dl usl [BAdnsie i o HA S d-l 0l
A8 8. @iy [QAdn s D, e, (osHal asloyd (380 drdl widin AHIdR e 6.

§WH,8 =D, il i=e% YPAL S 5, r =1,

U150, 9.34 vl

>

2r=A ¥4l r=5 (9.36)

1% I AHls8L (9.35) uel,

D, =2 —A, @84l i = (A+D,)2 (937
ol geuel aslaiasis,

Qe 5181 (8)

n, _ sin[(A + D,)/2]
M= T T sin[A2]

(9.38)

WALBLS 2 Rl A 244 D, 3l 2std 6. Bosusl

gl asloanis sl sal-l Ad A3dlsa (9.38) yil

VIR

UL sl (7)

il (Aot 518U A MU D, UBL Letl Sl 2 214
2u5(d 9.24 Brus By w2 [Qadnsia (5)

_sin[A+D,)2]  _(A+D,)/2 [fRe 2uidsial (i)l 2udu

= A T AR

D, = (n,, — DA
24 Uldow ot ustated At [Qad- sdi el 331
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9.7 YAUSIA SR s2ells gedl He-il
(SOME NATURAL PHENOMENA DUE TO SUNLIGHT)

Ul Bt drgil 218 3Austerl sidABae 51290 well e dedidisd Faie
212 8, el ey s1am 290 % (AR eterdl el gl d qAusiasl s1RE asy
IR

Bt gl2l 294 (Haal u3e) wsiadl [Reies (A8l X) @A [[ed 2otély agiue
(usaL 8, HiRel XIT)<l ey e(Muld 8L AR 5, UAS 2L dadols uld
AsouAd 9. 294 wstael astueHl, Al Dl d3ardosS drsl 94 Wl did 391 (~ 700
nm) vt A1l Al d321E6US drgel 941 WA ol 391 (~ 400 nm) €14 8. %l Yel
20U Hie WAL dsleadis el gel iaell 200 [Eacuot a1 8. Gelgel dls siu-l
Blotunl ude ustanl cld ves [aan Al 2l 4 9; w12 ool aes [aan
Alell duR w1 B i e Aa sl dl st Bosul die usia ooidl usia sl
suell Ba153L 52 9. 516 512 i B2 512 (Flint Glass) *e (@34 3004 aslotanis
51025 9.241 salledl €9, oL A, 8oLl [ovHlel ot izl s, dell osl A wsLal
[Qeuostal 518 q98l-(Qua (Chromatic Aberration) 214 8. %412 UFE WSl %L
cruiall UAIR 2l U, dld e digoll 290 el-gel [Blepilat Ssd Ay 9. 21 ge-l
qel [Quetil &ld a3 i 9.

sres 9.2 el el addons w2 aslManis
oS (am)

ool 396.9 1.533 1.663
el 486.1 1.523 1.639
yloll 589.3 1.517 1.627
Al 656.3 1.515 1.622

ARolAolS A1 asloarisHl Adl 551 S2als HIHUL 6flol Sl d WHIRML $1d
£, 9 UlaslAHl % 5 UslerAl Aol dril dRoldoendel adat 9. UM, yAldsla B i
[aoiors (2A-[aaul) (Non-Dispersive) HIRAH €9, FH1 614l 390 A1 25Ul oUld 52 9.
AAUSLA UL A AFE U5120293U % 209 D, A€l 5 82s 301l AZUHL, AL Beril uRell
UBL 2L e5lsd AHD A . w12 ol drs s1U A [Aeuys ([Aal) (Dispersive)
IR

BL519-L Aleoll 301, dleoliql A3 391, YULed AH% YAl AHA YL A Ul 321,
weby, sedls Hidlalidl dal sedls wallaiil wiviicl x1e0id 2908l >uusl YRR

332 91t 1L Sl Beells me-ivii-l 2uud ailasl@su--l ¢ (R ul s39l,
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9.7.1 HaH4N (The Rainbow)

Ry S yAusLa AldiaamiqAlL wel-dl ol gkl adl Rl 21s Gelswl 8.
RULEAL OLOUSIR blent S128L YAUsIa-, [Aoue, uldd- 21 asletad gl desiil-l
AYSA AU SR VAL AL 61 . HEHAN B A1 A W2+l A S D 5 YA 251040
Wi 215 dsedl (MRS UM ds-l Bildes dsel) usiBEid Sldl AS» 214 oflow drs (yd
ARt [BHlor 611%) aR1e Ul Slell ASHL 2t AR A5l Uls YA drs €l AR %
HeHAY A USU D,

Qadudl Rl ol 22 2usld [9.25(a)] 2l dl 4AusiaL 2212 dRuleL
GleHl AL 9 UR UAH i Asledd 2y 9 A L uge (Bred gel el dRadens
(RO )L [aeuor a1y 69, ay doldens Hddl ustae (i 0) asloan il i
1Y 8 U L AL HRLAdL Wstal (el 201) asloian Al dR Ay ©. i
825 (3200 ojeul d-l vieardl Awel U 2uuld A 89, $d gl 21 asleid [(Bel 244 ole]
AU ElaL dot aziAl vl sifasiel (21 BRuME48°) sdl iR Sl dl, 2iuid Bralxd
oje-ll 2ie2 Yel widls ulad- 2 8. 21 ualid B oje-l 2uidl wiziel y-: asletad
2§ ojenizll Huglanl salen WHISL olel2 2Ud 8. Ad WgH ug 5, uale w8 40°
181 egioief] Fou (321 [Folun Wi 8. %12 42°1 5181 el 3017 Bl Rl WL 8, sl
2001 112 (ol S1IAL HEdl 2L 6L vRULH] a2 46 ),

2isll 9.25 (b) Wals Raususd FHiel Axond ©. 20Ul A2 Wlat 5 well-
oje- 1402l (Mol wind cradold ustad (Ba 1 oje-2uiall ol wiud sioiell i
ustold (B0l 2adis sl 2iiv yHl Ui 9. w12 oje-14idl Molu wndl ol
(3Rl [Rau 247 ole-2 izl (ol winal cre BRawxl R 2adistsdidl 2Hivil Guz
22dl {2 €l 9 UM, vAdlssdl die 200 Al GuR 2 iotel]l o1 ALl A i
Ad Hedqy evld O, UM, WAls Haddy 9L dotssidl adl wEaL 2eds aslead,
Ul e asldasie 21 9.

A3y, .
N aul [Big,

42° 40

N
I
AALSSR

(a) (b)

SMOQUIRI JO UOT)BULIO ]

Wiy smoq,yn-oa-sondore mmm//:dny
SMoquiel/npa1eon-oa mmm//:dny

PHYSICS
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rR

nslal

N3

)

%
&<

%
%

(©)

2u5ld 9.25 Aauqy (a) well- ole U 2uuid Yl Bas o 4 6L 4R agletan 2 2saR Yl
idRs uRlddst 2 B, (b) walis Haaquul weldi ojeul wstani Baq wsl »idRs uiadq 2
aglaansil Rafia sl (c) wel- oiedl o quid adi Yl AidRs -l olel Haady A1 8.

ARALEL 6L AU UL (B2 3o HEEANHL FH 1 AR Y&l 2AidRs uldd 2
£ drl oled 2 R Yl HidlRs uLdd- 2 AR ol Hatey 201 8, [2usld 9.25(c)].
ollgl Heyte AR dotssIil Al Aglean, ldde, URlddn 247 dsletan-dl uBuiel 22
8. 6fleg Al v Beril 5129 usial dlaidl aell adl oau 9. 2usl dlel Haay
W5 HEAAY Sl AL BUU 69, AL IR HEALNHL gLl HoudL 20U 53 ULl W lHs
NEAAUAL 29U 520l Bladl €1 89, % sl 9.25(c)] wrell e .

9.7.2 ustar WARIA (Scattering of Light)

AusLae (32 o2 yeedlril cdlciaaial U Al 69 QU dldldeil A sel
6130 e, 1578l (Scattering) (il [Ball 612 d ©9) 214 9. 25 Aot usta uslein
aioll dZatdolsS L wsial sl ag AR ad 8. (USle-) sl ddoidons- Agaid-l
A UHLEHL €14 D 1A 30 USlElA 58 ©.) ML 301l ddaicions dia a1l aaicons
sl 4l el €l el ML 201 UBEA Vol % A1 UHIAHE 21U 9, 21l 24%9
2AL519HL BRL 201 691 4 8. $5lsaul woied] 291-l dardons el 21l d2LdeiLsS
sl 216l ] ioiell ou- UlRIA @21 201 USLElA Sl ULl a1 Ad €l 8. uig
2UR{l 24 otell 201 sl MRL 2L HIR AR Adel Slatell 2uRid 24509 eRL 0L
BV €9,

AUALARIHL AL YOril 295811 247 WiRlloiL 6LEL Pl Hl2l 581l g1 A USLEA el
€11 89, 1l Aol 11l AL UstaL-ll d3acons A 1 uslein sl seu-d Aha uRHe
8. % sRl-L dlet®s uRHMERLA g $E1L dl, a << A Sl U A Wslel oial 1oL 8§, ol
walelrtefl Mistl 1/ 0 HHuRml U B, A a>> A Sl wald Hiel el (gl.d. aiexl
2lut, yoril 1El 2 5ell, 615+l 5201 [A913) HI2 2L A 1], wsleiwa-l Himil ol A w12
AL AHIA 9. el Aleoll & FHL g >> A Hddl Wil olel €l 69, dil At 3d
CEIRARURZ N
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(32021 usloLlz i

- N Y
. aoletol WA 8L YA

alclaRel 2id2 5 ¥
AU Al

A/ siud &

(Balios 125 _\\Off =
WALyl AN

/T S
/ wadlssR

/
/. SN

250 9.26 yuled 3 AR A1 YAUSI AUALARAUL AHR 2idR S0 D,

215l 9.26M1 ealleal WIS, AATed 3 YUl UMD YAUSIA AUALARRAHL 441D 2idR
SU UL B, 2L 81 #RL 391 GURidt 251 dIoiconSL 2wy 2ol ua uslei usS g2 asS
oL Sl 8. el wuell tivinl 2 wslel wHA usia uddl 8. il YA s
(Reddish or Orange-Red) Usdl 301etl BuUA 8, UL % SIQUAR YA 2471 Yot g ugl
(Bulctor Wi 2cltal (Reddish) Uil 391l 8u14 €9,

9.8 ustella Guswl (OpTICAL INSTRUMENTS)

AL, A et Bl URlade 2 asletar-l ol Guallol 531 aaw usielld
BusWIL oAlddMl el ©. URsiu (Periscope), [Adisiu (Kaleidoscope),
ouS-lsya (Binoculars), g0ll-t (Telescope) Yauesls (Microscope) (4912 ustally
BUSRWIL UASIRHL V6L % ALHLL €9, HivAd BV 2L §8 YA AU AdLdH Usll
(BUSRLED 1M A5 5E1 A5, Hirtel A0, [AN 241481 F1RE8L XML 2ed1 53 2141 9l ¢a

U HSS1R5U 2 2[R51UAL Rigid 27 s1dugla uuows.
9.8.1 515U (Microscope)

AE [ats waal wSsRau 3t -l Ssdons 4aadl 2Ru (alaiia) du &
(2uslt 9.27). tal @l WSsRU dls Gualal 524 e, dxdl el s, s
SeacollsS 2l dell Sl 2UE9L LA AAUML 2419 €

2slolg U
3= 52l 2Aim

(a)
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2sid AR S(sd
© sl it
25ld 9.27 WE WSSREM (a) [A4fs A Bial 2 WA AvAL S 3 ulalio
125(6lg, WA 14, (b) g A3 HidUdl VeIl 49s5[blg idR UL Rl
Fedl % €l 8. (C) Avril o 55 s Avd At Wlelblol vt o g-lL
R, UG 2d HdR Sl w5 1AL .
2 Al ol oy A=l A5 vt Al 241 9. vl dlogel AUl Slu B 3
Qaced, A4 () 20 2t [Ralfid wbior Hial vid 1o 3 d ol s wsi,
Halld, 25 cm Al A, i3 4L % dq fFeel 2l €ld dl drd U@bioL 2id 2id2 4a
€. A 69t A drq ArA{l SraciollSell Ad% % oL 2id Sld dL wlalbier 2ueul, A,
[l 21 Aeid 2R 52l 125 HA 8. URBIoA AL 2RIMES Td U S
As1A o Hie Wlelbiot 495 [Big 2idR (D =25 cm) €lall 9, d vt 2l AH weiA 8.
212l gellalz idd 2id adl Wlabiort vt a3 2uaHelds Ad Adl Hie 01l 4oy
Rl U €. L ol [(BRUBAL sl 2l 9.27H1 A wslHL Wl dan (BRu
50 (a)Hl it ol (Bril 2l (b) 2t (o)l sl 8.
ALEL US55 A8 25 [Blg, D Wi 2Ll Ulelbioi{l 2u{la Hizasll m {2 Yot a3
2UYAHL S 6.
oo ofty)-(
e, Ul At Uglct ool v BRLE i d HUAlsHL D B4 9. U4 Hieas(l

m = (1+%) (9.39)



(32021 usloLlz i
ysialla Guswel

U2l 4oL 89, D =25 cm €9, 212l Hi2asil 6 Hnddl Hi2 Al Srgeols f=5 cm Avidl
ul.

AL S m = Ak ol b= axgel Gl 2 ' = Ulclbionl Glaus. suRimelds Ad
Al D 2id2 Avld dri-ll WIAlB6L oiid e vl 2in dg otrild e vyl OLRlldR URL i
wieanll gedl 9. (L 5 AL BRI A WRAMR A2l 2AluL A1 oildd VeIl % A/ Fedl
€1 D d A12l) 25 Audlon ulel [Aads (Rosilsiur) vied o 539 % d axgA 2wl D
sl s Al .

g, UL WlAltlol viedd idR dld U Hieasll Hudly. i Bruxl >uusl sioly
Weaell Haadl uidl. w3 axgl GRS /9. %R g s Big U €ld »1ald D »id3
SlA 8 AU A HETH, 5181 6edld il (A4 A21R) clel AU LS ASIA 9. ULl VRIL (1AL

ot ad sl asiu .

tan 0, = (%) =0, (9.40)

89 BUURL ARl DAL 2 VAR €l UR, WIALB6L i A8 orilddl vl gL,

h_ Y
no M=

4ot uRell ulcllGiol oi-ide vygll,
B _ h . v _ h

tan0.= 5 T 20 % T —u~ 0,92 IR u=—f>ldR 1 AUR dRl ei-lldd vRll,

_(h
0, = ( f) (9.41)
% 5 9.27(c)urell 2ure 9. »ull, sieila Hieagil

_[%]_D
m = (%J =7 (9.42)

s Wlalbiot do s [Blg vid uid ¢id (13H152819.39) R Hotdl Hiear(l sl

s ged it © U Wleliot vt o HAHeds Dd A As1A D A HiearlHi Hodl
dstad A Id asll Al Sl 9. ¢d usdldl wstaly Guswl (HIS5IEU i
2lazsiu) -l 2a2lml 2uusl ulelbion vidd »id 1A © dd auly.

AR5 Srad oSl W2 el USR5 a3 ondl agul ay Hizasll 4uilzd (<9)

69, i-itell ay Hleasil Hoaal Hie oL @l UL AL 1A €9, L5 Al 21U
oflo At gl HIEL Ul 8. S Ay HS5I51U 5€ 9. AYSd HSs1Rs1UAL 3un

sl 9.2840 ealdl 9. axq-l "Aw sl A=A degs1d (Objective) 58 8, % A

A1, Blag i Hig wlalsior 20U . 21 ulaldio ofle A4 121512 (Eye Piece) 12

A, a5 dd B, % ALEL HLT5151U 11l Howls1u2-l F3 dd O, 2 ilas wlalsiol

~

LU S % LA 2 HLG 1D,
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le—u —’|‘—fo—’| le— 1 A5

A (udvla)

25(d 9.28 2ysd WSsREU 4 L Wiilbiedl Bausla

uay Glag wlalbiol »uS-ularl sisa wWie U (vadl »ie) 21U 8, ¥ ildd
UlclBlor il a2 2UU 8 HAdL A5 [Bg i1 ulelbior a1l 33 €l d sl
AE% A5 U . U2 69 5, vilaAn Ulalbior dag - wua Glag Ha e,

8 SUUEL AYSA HISSREUAL 51281 Hiealls ot Hadlel. usla (9.28) eald 8 3
L% 52l dlE (vila) Hizaell,

_r

my="1 = L (9.43)

hf,

GLRAGLR €9, UL ALURL

tanpp =L ) = (h—) il GualloL 541 8.

T L

2§l L=BB'S. A<l ' uan wlalbioril Qs 8, 4 azgril Gl 244 £, Hiogsela
aafl Sracolls 6. wan ulalbior 2US-ludl Yod Seg Wl A 8. Loy seld denil
(acllat 3 5es B, ot 2US-dlaAl Had Hod 5vg B' (37w dolld £, )a2lol vidre dysd
US55 oA, (MR L) 58 €.

way Gag wlalbior 2UuSluedl ease WA 1o dlaedl Alel Hdsislu Hiexdl

21UG~{l AT Haror HAe uRRIHAL GualoL 530 2Uudl d ¢l wadl (Siellu) Hieasl m,
(23{l522 9.39) Hacllsl, w12 2ilan Ullbiol 4os [Big ur Hual.

- m, = (1 ; f%) [9.44(a)]



ysialla Guswel

(32021 usloLlz i

NN

w12 Gildd WABel 2dd 2id2 4oL 8 R 2AUS-YluAL S8 sweila Hieal
({5221 9.42) o

m,=(D/f)) [9.44(b)]

2414, W[ABLOL Hrid 22 HA B AR et Hieasll (1511 9.33 L),

m=m,m,= (f—l;) (TZJ (9.45)

W D % Yoy axqed WG [Addq Anaal M2 (Fed o USRI AU 8) Hiopsda
A=t A 2SRl SwdollS 249l @ledl AL AdSIRML, 1 em 53dl AR sl
Serdolld) olrlladle 2182 69, qoll L {2l 524l Hie Ml A oiilddl U3 €. Bels dls

[, =1.0cmL2o%5Eld, £ = 2.0 cmril 2SUlA 2 246162 20 cm Sl dll,

m=mm =) (7)

20 o, 25

172

=y 8ell oleidl 245, Al el (WsilBiddl) (illumination) (4912 uat

ulalbiotdl opatanil 2 EAAML AR 53 B, 2UHAs WSSREUHL Hiowsld in

UG- 6 Hie tlg-82s Al auRnd 6 el d-al [aldd A1 (alaiid) Hara
s ulaliorl opeiadL Ll asta.

= 250

9.8.2 2l&su (Telescope)

elasiunl Gualol g+l siell Hieasll (usld 9.29) Howdal Hie Ay 8. dil ual
6% 529, e HUS-YLA 2 6L A Sld 89, U ] ez slasdl SrndolS v 2un
AUS-UlAAL WHRHL vol % el AvidL i 9. geil aqAial uadi (el
o sladl elutd &S dnll [Bolld 3o S WA AollHl de ardl@s ulalbio 3 8.
S i [ 2 2ilad 247 Glag ulabiot 22 6. »ilax ulabiot 2iiv 418 2idd
WRIL (B) 2l Aol Lo 5Eld (AU A1) A2 AidRe vRIL (o)L ARl lesiu-]
Hieaalsd (Mieasil) (Magnifying Power) s¢€ €9, 114,

b_ b Jo Lo (9.46)

2 Bruul elarsiul yordonsS £+ £ 6.

23[Rpud 2las1y (Terrestrial Teles-cope) Mi S+adlol dael 215 atiiell %is €lu 0,
% wilcx UlctlsioL A (A1) 20U 8.

(235210 (asls125) elasiustl Gualal 22glud diy HHrgi-lllsd HH oinl dglisl
wAElsL HIS A O, Belewl dls, s 2[a51uxAL 21052l Al Sweons 100 cm
21, LSl SedotlsS 1 em 0. w41 2[@s1u Hi2 Hiean(sd

m=100/1=100.

PHYSICS
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QRS 2L 2laRsiy a8 11 (3ts Bilfe ) wed »idr qlddl ol diilig Hilaw
SAUHL UL 8. 2L AR BLsoflondd]l 100 x 1'=100"=1.67° Fecl S13{4 2id2 S dd
%Ll

RSl A5
_____ (2% 523 /kifo—ﬂ (ouS120)
“—fe—jk

25(d 9.29 R3sdloL (aslsizs) lasiu

221{lsa 2lfsIn WIe uslal quldal audl (Light Gathering Power) sl d-i
[Acte w1l [AMen wl5d (Resolving Power) Hocetrl 6lloidl €9, 241 15l w519l AH1A2
SM L 24 Tl 6% SELAAL BRSOl UR HIHIR AV O, Hi2l Lol A-i-] Heedl Bivil
Rl weL A wstd 9. [Adterd wlsd vadl dAwsHl 6 daglin saal-2dol Adisdl
AHAL UBL 2% 5Ll AUA YR IR AV 9. UM, WLl (481U drl 2U0% 52laxl
Ay HI2L Sl dal oirlaal %330 6. Bl AURUAL AL Hiel 2067 52l Al A 40
2 (~ 1.02 m) Fedl 8. »ul 2R14M USAHL Wisconsin viid »1de] Yerkes d4guo
(Observatory)Hi €. Hldl Hlel G- bl % d%EIR Sl 8 et due sidlddle e 831
w12l 25l bioL % HOBA B, Ml Bl Ax oilddl bl % HI5E A AL UL D %
%1l qgiduast (Chromatic Aberration)2l 21 [A5(aell 4sd $iu dai ulalbiot »uu.

LAl S1R00A M U5 HioFsd d d=un oted vidlla wuxdl
Gualal A . oFsEld dy AL Gualol adl Sld ddl 2l yRrdds
(Reflecting) 2[A514 58 9. drll 32cls s14eL 8, WM dl 2121 H12 agifauan id -l
ollyg, %A wRAdRLs (UAotes) undds AUl GualaL s2aMi 2019 dl ool [Quas
(Spherical Aberration) Wl -llofe 25 915 9. 2AAL A%+ AL USL2AA BHAL HRLAAL
A 5l 8] Ui S1d 9. et Wit el ur <& ugL aedl uiesn-l Auu 4wl u 254l
w514 89 Al 4iB1s 251l Wart 8ell 8l o 9.

wldds 2lasiusl 2is acufas qededl A 0 3, iowsda =3l 26U eyl
21e2 % Wslalr Sl 52 6. 2iLell 2SI A HAALSASR UL AL % Sl ¥3T 8. U
2412l L3l U5LaL (B AAESSIRAL Ui YR PR £9) 2taRiend 8. SasiFa vid
3¢l Mt. Palomar 2RRSMHL 2L M2 Wl % A 200 $4 (~ 5.08 m) il A
AL el B, Al WigRAHL 2AdLssdl AL Houdes WA 6 9. Yl
21 G3Aui usia [Qalda 530 s ollon 213U A3 S[d 54 0. Bicl 215 1ML 2018
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g 23R

ol btz"lzit\

EATEIEY

2u5(d 9.30 uRlads 2laRsU (BAAS)HL Asudts sk

of3ollel 2 el wnaldd adi Zell 20exsdla wals >l uvd g
(Hole)uizll uauR aa »uS-yld u2 3(wd 2 8, d (2usla 9.30)4i saldd 8. »u
2l&50u el lesel A uRell S48 (Cassegrain) &I dls aeild €. 4L sl
2leRsiuml |2l SrsdoilsS Haadl-dl s1Mel 8. MRdMl A1l {1 2[@51u dlMasigHi
sl (Kavalur) Yid 9 d 2.34 m 4@ 41dd uRlads (3aA3LS5A) 205U 8. dn o+l
u v, vielar 530 olisdla drtl Gudlol SI=ud SlReeye Ui 2121B s, 6lodiR Rl
Al 9. [l Aledl Wil valads 254 USAHL gl (Hawaii) vid 20l 35 (Keck)

st %8 9, FHi 10 m UL URAAALSL D).

ARUA

1. WRldd Zi = £ Yol IRl 27 dslotan Adni MUM sini/sine = 7 g1
AALEA WH D, 4] HUULASIRL, URAAAASIN S S ASIRL 2U$H 7, 7' 2R
r 8. ol 2uidBa, uAalidBe 219 asledBel 2 dot i %
AHALHL 1AL 6.

2. HISHMIAL LA MM YR LA Adl (3801 $ilasisr i 2 vidl SR
9 % o1 A5lMdla 90°Hl ot U i > 7, W12 Yl AidRs uldd- 2
8. dlal (7, = 24.4)41 ad 25 A Y8l 2idRS uRlAd Y&l uRldds
Bl 247 4RSI mel 31yl 2idRs udd--L Seals Gelsell 8.
st s1Seiuid] orildal A(2se s1aeR-l s 24169 asloanils drladl
e 218 53¢, S1U 8. 515612 AlSL ALl Slal 69l 15 DL WAl elv
Al U512 HAA5AUR Y HIARS UL Htetetell oflog 93l o1 20 8.

3. sidlunt s ueud] - suvmalBeil Bami Ml 2idil de ot dsdl
(A2 [BAUML HIUAL 2idRL 3831 dLRLAML S 9. 6181 % AR LA /A4 AL
/>R se Srgell Yua e U Hual 20d 8. -8l GUR ds i
Yoo, v dot Hidd GlaLS e osud 6. iHl eauml e Gl el
UL 6.
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2201 4t :

+

< =

|-

C =

Ul u RidR, L WABLOL AR © 27 SrscdolsS £ dsdlBidl R sdl
(@010101) 2484 E1U B, U211 240241 112 £2821 2471 6U[2UNL AL HI2 [
el 69,

Bnsil A 24 asleadis #, qddi B 7 asloandis 4uadl
HIHHL H5d,

_my, _ sinf(A+D,)/2]
M = no sin(A/2)

o4i, D, agdH [aads s 6.

oy Hidr ALl gl dal asleian W2, (MIH-1 i 2L aslaiadis
rAsHn, 20, 8.)

M _Mh_Mmhmh

v u R
YldaL 4 Hie,

R, 1 R, Al asuuidlaiidl asdiBosdizil . »1&u1R) (Converging)
A M2 f U A Ul (Diverging) A M2 £ 2B €l 6.
A=Al YA P=1/f

~ ~ ~ ~ N -1

Al WAL ST xS e (D)W : 1 D=1m . f, /5, f5, --.
Seqdolls HaLadl d-uA AUSHL AvaAHD U dl dHsdl a1

Sradols £ Al Yot uluA B,
1 _ 1,1, 1

(alQ8 A=l Adloy -l §a WAR P=P,+ P, +P; +...

usLal-il detl 8es 22UHL 921 wsalrl Besl [Aeua 54 8.

AlEL HIESIS1Y H1E Hiequlsd, m= 1+ (D/f) uel 1oL €9, %4l D =25 cm
125 [Big, iR & wtn foilErin dxurdl FracionsS 9. % ulalbiot virid »id
Holdl, m = D/f A,
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AYSA USRS Hie Heaulsd m=m, x m, O & w4l m, =1+ D/f, %
LSl €18 eaR(l €. 2 m, A% 5Ll Hadl Hiearil .

m = fLO x f% (21913)

il fy Hogsdladl smdens, £, 2uSdludl Smdons s L ol
Yo g A2 HAR 8.

Slazsiy-il e uls, WAlbior a3 2AiuL 240000 AidRAdL 512 B 24 A
L3 240 L0 AR LAL 518U ol ALRILTR 69

B_Jo
/.

m==
o

@

oL ) 24 f, 254 210752l 2 2USURAAL Srdons ©.

g [QauRRu-L YeL

UGl WA URlAdA 2 aslodnnl Ml dHs AudH 42 st
Wil s HIS WAL .

1R o3l Axuefl A A £ 2 2L 92 vl 2Ud B AR
UlalBiotnl 22 WA WSel vl Usel R diRalds Ulelbiol S asit 8. ¢a
A USEL £ SAUHL 21 dl 9 WAlbior 62 il % $9l 7 2L wss weuA H{od
£, 512815, Usel AdR-L UlalBlotrl el desd seudiml 2uBin dsels a1
£9. U usel £ sl usl lalbiol il €l 6 %. arq UL »uid (Bl
viladl (30l sl o wlalbior Bigat UMael widla uel sisollanel g2
2YARA A 9. Ul 2 (BRelA Hist [V (diffuses) 8. % U4l 2dis
(3200 el 2Aiul %A © 2 wReuy wllbiol S Astd 9. 24l eslsd
AUR-2L £ USEL A01R gl AL UlAlbiol gl S As 8.
wllbiond] 22l W2 MUBid ulad-/aslea-l 32 9. RigldHl 2utdl
(Blguiall [sadl oal o [(Bell 205 o w wWialior Bigsl ugiaal s,
1% 512002 AU URlAds AUl L d. Yrdsd Uid-Hl i dHig
wlalioL %l wsdl el

AL A [Aotiageeil 51280 20{ WUBLoll 20U 6. sl AU ARl
% [Alas 200 20U A5 912 d duedl U uld wstaidl [Afas ges 390t
S1R0L €9, UFE USIUHL ¥ 20 2UUA 8 d 5l 21539(L WSl ARl 2L {9
2yl el % vald Guandl a3 9.

AleL WTSRSU Hie, drgd sella uRaum i ulalbiond stella wRas
WAL €1 9. 9l o HG evld 9. SR8 5, UL il s vl
25 cmel a4 4995 Al Al 9, Fell 21 {2l si2L HidR 8. ulalbiol 25 cm
22 9 % UL AL ASI 912, HISSIRSIU A01R, il A8 A dHIR
25 cm &2 Hsl-l %3 D, % 1oL % el 518l Aid B,
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9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

ALY

36 cm AsdlBidl HR1ddl il AL AR 2.5 em GRS 245 -l
{latettdl 27 em @i Ysami >ud 6. {lierdl e wlalbioy Huadl Hie Yseld
wl2ALel sedl Hd ysdl AdA 7 wlalbiodl wsik i GBS weudl.
ol 2201 125 A sAUML A dLusel Sl Td Ayl ?

15 cm 3wscoilsS 4a1adi eifeollor 213018l 4.5 cm GlasSauoll 14 12 cm g2
wsaiul 2d 9. ulalbiotd e i Hieagll suul. Wa w2uiel ¥ g
VRLSALML 29 M 9] &gl o ULl

25 elsl 12.5 emedl Gl 2l wusllell cauxi »Ud 6. 21l dlfid 86 A<l
20U GIALS MRS a3 HUdl d 9.4 cm HAL €9, wRil-l asleianis sedl
¢l 79 1.63 asletdnis 4uddl dadla weill oied dedl o Qs iRl
2119, dll, 14 uR $3el WSslRsUA S 520l ML det Sedl HdR WAL U 7
sl ol 52 (BRel s1a-gal 2 wiell-gaidl duidlsi 281 doL 418 60°+L
vl UL A4 B, F el dsletan sl 259 9.31(a) 1 (b) sald 8.

. wal .
512 35 60° ? .
[Selk S
60 well  |a41° 45° sl
(a) (b) (c)
2u5ld 9.31

yall- st 2Aid2 AWl 23aL dod 18 WRIHL 45 L AAULASIRL S U SIAHL
aslotan sl Hed Al [24s(c 9.31(c)].

80 cm G4l Al wnll @l elsll dl@d 215 -l olent 35l 6. olenHial
G¥d adl usie el audl wAell seal astsnuial olelz >uadl ? well-l
aslotasis 1.33 €9 (ereotn [Blgad Beaty dils aeil).

ulld AslAals dRuddl siMil 2is Do oiddd 9. d-dl 205 quiel Gur
uslald UHidR (Be1ga 2iuld sl 20d 8. qgdd [3aa sie0 407 wa 8.
Dol gedell aslatanls WAl Dol asdisis S0 607 9. %l i oM
(1.33 aslotanis aRiddl) wellHl Hsaxl »Ud dl A4idR [(Breega Hie qgdd
EEICEPEIR

1.55 asleiasdis duadl siaHiel oid Awlaidl asdiBioul A+ ¢l dal
(2-61featlol @ oirladl B dl 20 cm vsdoils Aoddl 12 %330 dsdiBiosl
secfl eal ?

wsiatdl Brauadl s 215 Big P wiat 3lsd 2id 9. % 1ol P Bigel 12 emeil
2id2 (a) 20 cm SsdoilSaloll 6l[@0 a4 A (b) 16 cm Srseoldalon
ol A Yl 20d dl, 21 Beuadl sui B Sfwa a9 ?

21 cm SrsdoilsSao 2idoiior -l AH 14 cmeil 2id3, 3.0 cmeil GRS 215
dre, 43ell 8. A a3 Hondi ulalbiord asle 530 % drg d-uell af e ad il
21d cll g 19l ?
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9.14

9.15

9.16

9.17
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30 cm rsclotlSeil ol[eolol Axinl 20 cm SraollSil 2l Ay AL AUSHL
AvAL 9. 2L Al AU SrmcollsS ol 2 A (dat) 2[R
(olallnn) At el 3 AU (2Acdoilnn) A 8l ? Al o4l HAdIRIL.

2.0 cm SvgdollSl oz sl i 6.25 em Srdotdel 2USUIA HLdAdL AYsd

HLSSIRSIUHL A 6L Qv A22hef 2R 15 cm 8. Al 2A0%53lae] seal vidr Avidl

A5 5 el g il wlelbio (a) 1wslbig idR (25 cm) - (b) Htrid ¥id?

1Al ? ol [Buml HLSsisiu-l Hizaalsd ikl

AU 15Ble_ (25 cm) HRLAAL 215 A5 8.0 mm Ssdol Sl 205 sEld e

2.5 em SsdotlSl 2SI HRLAAL A5 HSs1R6M A8, 2% 5248l 9.0 mm €2

Uil At e Wlelltlol Hnd 9. ol @ qrled iR ML HslRsIuAL Hias(l

aU[sc vl 2l

25 wAlrl elAsuAL 2o sladl Swdons 144 cm st Sl Seioud

6.0 cm 8. 2[&siu-l Heaalsd dal 24169 53l 2im 2USUIA A2 2idR AL

(a) Y15 AHWOUML 20 [Q aglsis 2[a5UHL Al sela drusdl SdoisS

15 m 24 2USYlA-L SdoitsS 1 em 9. dl stelly Hieaell 2idl. (b) 2L 2[851u-dlL

{169 534, o3 Holdl] 2getl WRBLoL 2 Yedl el ?2igell 21 3.48 x 10°m 19

2igefl 58l Blarat 3.8 x 10 m 8.

AL Yot GudloL 53 1B 525 :

(a) it AL £ 247 24 42 Al sl 2Ud dl drged 19 wbiot
272l g MAl.

(b) otl&ation AL a1 argirtL 2uetefl e id sueul wlalbioy o >un 9.

(c) oilsolor 24041 a3 g et wlalbion R seui -t 249 AL Yo
Ao Yorrgeil q22 o €l 6.

(d) idotin 2L Yo 2 Wordes a2 Hia deged wllbion seul g 2
suoul Gl 9. [2i e Brew sislaviiel wadl wiilbiont opnaHl dHs
oflogalBlctell Horaalmi Hes 53 69.]

2otdl AWl Gur ol €ladl lel vl 50 cm GlALSAL Ml 2Ud 9. 4L %

(Blg, Gual [bigall coiet-{l Al AHIAR AvLAL 15 cm LS s1a-lL 2eoiu el

e oldl, Yl Sedl Gl 2uddl euiial ? sia-l asleardls 1.5 6. Gur Hadd el

61l 221 GUR AR AL 7

(a) gl 93230 stuL s1deRuigl oi-lldd 1.68 aslaadis 42uddl
UstaAoll’dl w1108 salledl B, olel-l olgBl 1.44 asleldsis Hddl
gl Al 53¢ 9. wuslinl salen Yool suwalBed sl 2ials
waldd 4 A% d {2 %330 2UudBZRE0AL Aol 2ie 8L Sieel BrdiR
2+ (Range) %elldl.

(b) % wLSuUl o1l oL SIS 2UABL AL 5L 24Ul dAMIRL UL 9L e 7

2usld 9.32
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9.18

9.19

9.20

9.21

9.22

9.23

{121l Warll oellol 241 :

(2) ¥ 2id ousll oldL 913 Uudd e ellSallo 2l drgd suewril wlalbio
20U 89, 9 dtl gL 235 WRRAAHL A= wlalbioy 3adl asid ? a3l

(b) 2uuRl dxa sélt el 5, uetRil wlalbior usel GuR Adl wsid el
£9ctl, 2148 U1 UM WlAlBlo oA Sul’” el U @MUAS 9 5 2Uu8l
el 2L ugeL (AeL) wR ol el g 218l 516 [aRlaeu ¢ ?

(c) wwelldl »ig2el (Under Water) s (s douadl B Gl 284l s

NN

HigdlH1A 2lizdl Ad (Obliquely) %1 9, dl da 21 HglMIR d-l vl
GlauLs sl aioll sulal 5 251 7

(d) s il [Baumi el ud dl, uielll 2isl-l 2ucil Glid otecisl ? ot
‘U dl d el G Atz w9l 5 il ?

(e) AL 51 sl Il aslotanis asll Hial i 6. v eslsd dlayq s
dd Guuily ?

U381l 245 [eaie ule R Al [Agud oleotd 3 m g2 suddl -l Bad u2

ulalBiol Anaal 12 ei[3a1101 el 5% HeaH SradonlsS gt

N

ARl 90 cm £ s ugel AvAL 8. viso{lonal 20 cm 2idR 2Uddl Sld dal 6
221l 2410100 RISl 15 612U A sl URBIoL A % Wiel U HA B, dl
Al Sraciotld 2llHl.

(2) AU 9.10H1 Auld Al vy 18 U 6L A=l 422l 2idR 8.0 cm $1d dl
QUL Al 1A 5125 SraelollsS AL 2L salol, AUl 59 dsel usia-l
AHIdR (Breuad]l (Beam) Ul UMl 2Ud € del U AR & 7 9
AU Al DA S Sraeoll Sl vaLe 289 ULl Guyl(l €9 ?

(b) Gudsd olisasil (a)4i 1.5 cm GlRUSHL is axAt eileolla &= ds 40 cm
2 Y5l 2Ud O 6L Al Al Hodl Hieasll 24 ulalsiol
Gl241S 2LiHl.

60 1L AsctLsI55181 21l Bosll AUl U2 Sedl a8y 2UULASIEL 2Auld Adl

(3201 olle wwidlHial 4% (Just) Y&l 2AdRs uAdd-t A ? Dol gl

asleladis 1.524 9.

1 mm’l 2ARAML [AeUdldl s AMdd 2544 10 cm Ssdoid-l [Aa4s
(A[M0Z]) A4 AL BLAML U 9. 2AL A 25312l 9 cm &R HHivtril A s AvAL S,
(a) @l 3eanil bl gssil uetRil ulalbio i eus ARuU dotsa 2Lkl

(b)  a-~il sielld Hizasll (Mieanlsd) L.

(c) (a)MiHnad Hizael 24 (b)Hl Hodd Hied s AHIA 9 ? uHndl.
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9.26

9.27

9.28

9.29
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(a) a2 9.2341 Audadidl suslael d=uq sedl 2ide Avdl ASH %Al
HeH 254 Hlzd(5d Ad AlAL U sviy ?

(b) il BuHl Hieaell sedl vasl ?

(c)  LMeanil xi Hieaalsa i [BRuUHL A1 8 7 aual.

21 92441 %A 535 1Rl Hhieud] WRBisH Astse 6.25 mm” Aaad du dl
Qa1 [AA8s 512 a2 2R Sed Avid WS ? oA 2Aivia 24 Qs s vot
% %5 AVLAHL 2UA dl AIRAA dH e %A AsAL 7 (FUH 2 e 9.23 &l 9.25
Faue wRMEHL Hieasll 244 Akl siellu Hieas]l (Hieaulsd) a2l dstad
UMM B[l 19l.)

2l Wil B 2L :

~ N

(a) AR v A ot-ldel Well i [Qads d-el 2ddl del vieul

N
~\ N

WGB! it A2 ot el vRll AR B, dl wesl (a8 512 suL 4] Sielly
Hizae(l 241069 ?

(b) 21w A 5165 vl Alsa [Aads sl daga Adl 12 Hivia =il gl
1995 A1 9. % 2L €2 ALALL U dL S1eild HieaslHi 512 2y ?

(©) AELUSHIR5U-] Heag[5ed Srscoil Sl 2 WHIAHL . dl AL 4y Hieanil
qoraal W2 UL UL SrrdotlSl @ dlual 2Rl 53 51231 U]
W ?

(d) AYsA USSRSUAL o5l A 2SI oln-l Smdond Al a we
AVAHL 24 9 ?

(e) A5 HSsRsUHIAL Baml Hivia Sl 28248 A8l uig Adx €2
AL U 9. AL HI2 7 UL e 2l a22led 24 i 2idR $2d €ld,
ALt ?

1.25 cm SvsdotSnl 210%52ld i 5 cm SadollSl 254 a3 30X sielld

dieanll (Hleaaulsd) daadl gl dl dysd Hdsisiusl olsanl 56 Ad sl

S5t ?

215 Al 2[A51UHL 140 cm SesdoilsSHl 2016% 521 24 5 cm Sraeloi Sl 2415414

9. 241 2[&51uAl Hiean(sd,

(2) R leRsiul i olsanll 53¢ i, (dilan ulalbiot 2isid 2id Hag
Sld) AR

(b) R lan ulalbiol "ws Big »id2 (25 cm) Hold S1d UL AL

(a) @AY 9.28(a)l salde 2[5 HI2 2ol e S Ao, iR
seqd el ?

(b) o it 2l&s1u-l 3 km g2 >1ddl 100 m GlALSHL 219+ %idl Hie Guylal
5L 219 L 20069 53] d A1 A3 AL 21+l WABLot] GlULS 2llHL.
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9.31

9.32
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(c) % alax ilan ulalbiol 25 cm dR qaadmi ud dl wlalbiodl Glaus
I

25 SAAS (Cassegrain) lesiunl sl 93041 oldledl Yol 6o w1
AluRAML 20 9, 211 2[A514HL AL 21564l 20 mm 2Ud AE 9. Hizl
2341l aslBiosdl 220 mm 2 Al 201l 140 mm S1d dl vrid 2id? 86l
et @il ulalbior sui qadl ?

sledidlez-Al oo (S194) L2 A3d AHAd 2121 GUR otz 2Auld s
(32 usld 9.3341 ottt UHE & o HSL Wi 53 9. oMzl IR Al
[Radnalel 5128 243040 3.5, S12Udd- AMd 9, 2102418 1.5 m g2 Hyal usel
Gu ulaldd (B Birg, (Stop) - 2aid Sed ¢al ?

A\ 4

A
—_
[
B

2u5(d 9.33

sl (9.34)40 25 ool A= 3 -l oid ouy-l asdiBiuil dui 8,
(aslatanis 1.5 8) da ualdl-l AuSHE, Aude 211 U H3al . 318 Al AU
Hou vig U2 24 d e, de Glag wlaldiol 1 Al 224 % evuia Al Yl vrisam
24 8. Yl Azl 2idR 45.0 cm 9. ¢d HadlA g2 53 uAloLd Yridds sl
2L 21d2 30.0 cm 1A Y. dl ULl aslatais kL.

Q!

o
¢ o
| Bav)

25(d 9.34









U5WL e

dAR91 USLAWRA

(WAVE OPTICS)

10.1 Ydid-ll (INTRODUCTION)

S, 163741 351BA usie Wizl sade (Corpuscular-514254¢: Theory)
UL i 2 AL UM AR dBL 6L HIHIAL 2Ry (Interface) 242101 U519l
uldde 244 aglerael [MUsl AxneL, 211 s Bidl 210l 5305 o ustal (3el
aslotad adi dol ds dig Aol dl ol HiHal wstasdl 36U dal ¢al. 2L seidlen
254 e glL Al Aldd Yrds, ‘OPTICKS’ gl 21010 [ sl i 21l i
2L Yacts+il U8 dlslBai 51281 seiale (Corpuscular Model) =42l 24wl glal-d
HLAALHE 2419 69,

€., 167841, <3 clilas(asil, BRau Suoi-a gl wstaisdl diotdle 2% adl —
U512 ML+l AL AZOLALE UL AL WL A2([eL. UL A5 5, 21 dRoLale AdIusiRg
A urldd 2 aglaar-l e amodl 43 9, uid d el 21Ul 528 5 % aslean
£ [HULA A2 dol dRs dig Al dl oflen HIRHML WsLal U Uil gal. il usiaHl
SR1ALE glRL 4AQ il A1 [EARUHIR YA 9. L dl el 1My olle WAL 2ld,
iHUled 23 5, wiellHl wstaedl seu 2L garmisl sy sl 21l Sl 8, 5 % ddldietl
ULl YL 53 69, AL WAL 18503 sLse2 (Foucult) glRL S Sl Sdl.
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WRARHL el Ar/uetlad 5181 AR d AHA dd, HrdlHl vUad ¢ 5 dRold
UARBL HI EHAL HIAH-l %32 UL 69, U USLAL cll grdiastaial uRl YR Adl gl d
51201 URL d20Lelle ALaLSell L1 UL A Sl U PR AHU 401 S. 4. 18014
Al v eafisen 1zl wdioL sal, AR gadiell 2iq 2ald 23 3 1 s
Aol B2l 89, 294 Uslat-il dRotdoisS YUl el 24 a vot il glaisl Mgy wdl edl;
Belel dls ulon usiasil d2aidoiss damal 0.6 um el 8. 294 usta-l doieons
(cttailBLs 242140 24 Al w3l AvuHellul) wHaml agil -l glael »iq Wil
ASLA B 5 U519 QIO YRVUMHL AU 52 8. 2L GUA[Ls UsLALRAL 8oL 8, 5 F+il 2Au8
od wsel Al 53, eslsdul, usiuedl Al e 3 FHL dioldeudHl
uRMuRUA Ayeiudl vaoeaHl »0d d @RS usiel s& 9 A [Bax

ARSI 9 @rirtl (Bu W12 Glod wARRirL v dls cdvdiBid s 9.
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BC %2¢, iR S1Ucll ARLAL AHL TE. ALY,
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Demonstration of interference, diffraction, refraction, resonance and Doppler effect

http://www .falstad.com/ripple

PHYSICS
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Hal,
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il gedl Mad. el 2ldRs yddnsll aedl 2t d- Gualoll uRade 9.4ui
2 534 0.



0L W51

UL AN

w1
B
v, L VT
1

we 2 A pie

v, r VT \/\
/ aslold
0, >, 4 RERER)

2U5(e 10.5 Wil HIAH 3 Fell HI2 v, > v) B del UR Ul
AHAA aslead AHdd dRol dotell €2 alg a0 9.

10.3.3 uuda AW uell uHdA dolg uRlad-
(Reflection of a Plane Wave by a Plane Surface)

€A ugdl BUUEL 215 URAAAS AULEL MN UR 7 512 UL Al AHAE d39L ABA 2Ll
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oLzl AR A4 8 i d Alell HIL U3 9. (RlHA W Aot 3 210 A3
lalell, 201243 SUALSIR 8o 2 o [Big F 24010 S(sd 48l Fl S (Focus)ss 6.
25l 10.7(c)Hl s AHAA d32L A0 2404l GU UL A B e d URlAdA
WHAL 2R dLOLSIR d20L S+w(Big, (Focal Point) F 2419101 5[l A Acl 1AL 9. 4L %
2d, 20Ul AU Ay 24, 620101 2L HIS ASlALer A7 URLAd A1 AL,

R Brosal 421adl
 2idollol AL

WU é -, fﬂ/
AHda / 2141d '//),,
dzal \ ‘F o yuaa 4
X - =
- d3al
N
~
Blopui-=" .
! < N R/2 [Brosui
SULSLR N Rt
: SEERENES ]
RERIEY]
(b) (©

25(d 10.7 (a) widon Bosmal (b) oil@olln d-uell s AHde dioie asletad.

(c) w2l L] AHAA 321 uAAdH,

Guasil 221 ul 5¢) ws1d 3 axg UL 516 Big uell ulabio 2uhbis Bigt
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10.3.4 $IW4R AR (The Doppler Effect)
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(COHERENT AND INCOHERENT ADDITION OF WAVES)
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A AL A i S, teL S il AHIA SOUHL Bt Al R0 [Blg P 21010 UL
AULA SOUHL % Uil

214, L [Big, P 241010 S, BE2LM glRL Bt 22idR.

Y, = acoswf

a3 2l sty dl ([Blg P 241010) S, BeaLM gl Bt et welL 12 3oy
S IIRETTR

Y, =acoswt

UYL st 24, P 241210 wRRUH] 28R {2 qaoL sl

y=y,ty,=2acost

20U 8. ¢, dllstcll SuAacieAl coll AuHRHL elenefl wRpus dlsidl

1=41,24,

%, I, 21 635 2ol Ge21M gl Bll¥d dlsidl §; 1) 3L @'l AHuHHL &,
gslsdul, S,S, il dollganys url s1S uel [Blg o, dladl 4 1, o 2. >
AROUHL 61 Be1HL H506{loA 18 A1 s Td AlA50 HAMA 9 dH sS4 drl
8L Aeys laseepl owily. vd vl wuuRl [Blg QL UMl Al
[>Usld 10.9(a)] 5 F-iL 1L,
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$,Q - S,Q =2

S il Geurt d39ll S il Geurrt d3d0l Sl GIRUGIR 61 vldd (4%, Cycles)
Aal iU e el s sl AE sl 2 [usld 10.9(a)]. 24, %L S A
51281 Bt 22LldR <12 Aol Ul wsli.

Y, = acoswt

A3 AU, L S, gL Bt 28R

V,=acos(Wf—4m)=a cos ®f

A3 UIY, £ L, UYL 2L SSlsdrl Gualal s 5 20 Al Y dslad L 4T
%2dl S0 dglaldl 43U 8. i ot 2R SR Hso{lon-{l 018 sounl gl 244
dloidl 53012 4 T, 290 5 % A1 s Alas2 20U 8, Gur-lL [edupiml 20 21d 4
5S,Q 2t S,Q YidRL L (S, 2r S, A2l idR) del uvuHR(HL =l el © &
%ell, A S,Q il S,Q A el Rl €35 BEIM IR Bt &UidAL SUldRdIR
AL HHIA B,

¢ uedl (Big, Rel il dl. [2s(ct 10.9(b)] 3 Bl e

S,R— SR = —2.5A

Beat S il Gaurt dZoll, S,Hiell Gt doll 52l 6iRI61R &L (2.5) 2dd

(us, Cycle) HigL usia & [usld 10.10(b)]. 2UH, %L S, gl et 2idR <l
Yoo ] st

Y, =acoswt

A3 BULY, L S, g1 B 2Al-idR,

¥y, = acos(Wf + 5M) = —acos !

A3 AU D, Ul UL 2 ¢85l UL $31 5 2,50 F2dl Ug dslad 2L 5T
F2dl sudslAd UANBLS B, UL ol 221idRL 2iseilonell [A3g S0UHL S 21 bis
AR 2s6{loael 1A AUoLE 529 2l U cllstdl U8 U [A19Ls Alas
58 8.

Z5HI 29 2RI WA 6 YU061H BEAHL S| 2l S, AL S0UML Eledrt 5Ll Sl
cll 515 A2 (295 [Blg, P 200101 %412 WL U2 dglalel

SP~S,P=nk(n=0,123..) (10.10)

Gl AR UL As1ds Alasel Hual A4 uReuHl dladl 4 T, 29l S|P i
S,P a2l ~ 23l S|P -l S,P d2aArll dslad yud 8. -t [Quild, [Big P 2iq
gl s v dsldd

SP~SP=(n+3)h  (n=012.) (10.11)

L el [Aeias caldser 1agl i WReuHl dladl g agl. ¢d s
27, 412295 (Blg, G (st 10.10) HIe RS 6L ULUARL 4224l $0U dslad ¢ 9.
UM, %L S, 8121 Bt AUl

Y, =acoswt

2u5ld 10.9 (a) Big,
Q % %l Y dsldd
218 &l AUld
ASIUS sl 9.
(b) [blg R % %4l ua
dslad 2.5 €9 il
241210 22, [ALas
sl 69,

25(d 10.10 -1 w2

S,P—S,P 3 9=, 2,

20, 230, GRAAR €l
dal [Bigile 2.
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http://www.colorado.edu/physics/2000/applets/fourier.html

Ripple Tank experiments on wave interference

PHYSICS

A3 UYL S, LR Bl 2AL-idR.
y,=acos(0f+0)
a3 24U €9 24 WRBUHL e {12 el avll as.
Y=Eyit»
= a[cos Wt +cos (W + Q)]
=2acos(¢/2) - cos (0t + %]

[ cosA +cosB=2cos (%) cos (%H

uReuHl 22l SUlERAR 2 a cos (¢/2) Ue 3ol 21U1el 2 ddl d (Big 24010
cllstcit {2 Hared Ul asta.

1=41,cos (§/2) (10.12)

AO=0,£27, 4 m. 5% 4522 (10.10) 48 2tuldl At 243U 1A dll
2URLA AS1As Aldse Nl 5 el dlsdl 4 Hal. -l g, A ¢ = + 7,
£ 370, £ 5. (5% uulsRL (10.11)-] 2R 24430 69) dl gt [dias s
49l A lsidll 94 2l

¢ %L 6L GE2LML YL €1, (22a ol A1 GUR {2 [RUBid 2 ol sl gl ol
S5 uBL [Big, 29100 50U dslad AHA A1 Gedldl Al €l 2 i Rad edlisel elid
HAYL; A 5 HSTH Vil il 2 A A8 tledlal ], ud ol AA AN
suldsield A0l AL AL AR AASWL Gl UBL AHU ALY e Eldl, i %L sUlldSIad AHU
A12 ot o Byl otedldl Ul Sl dl HETH el il 22l 2L AHA, 412 B5ul
orecldl il Sl dlsididl AHa-u9 A2l el HALL. S BUIR UL A, AR
UL 12212 dlsddl el 5 %

<I> = 41,<cos (¢/2)> (10.13)

o3 AUA . UL, SIALSIR ST UMY U] A0 YA 9. u[39e 7.2u1 ealiedl Yool
VAU A (7)) AHA ALE At A elsdild Gl dl M-3R UE < cos” (0/2) >,
1/2 %2, . i weL evildl Ad o 4% 9, s1005 [y cos” ((/2) Haciered A ¥ 0
1+l 22l lecla 69, e AR He 1/2 21, o141 % (Big>ll 10 uReusl dlsidl

I =21, (10.14)

Al UL, FUIR 6L elded sl BEAHL A2l 01 dglad AHY ALE olg Bl
Ll 1A, R UUBL 6L BEILHL HAALE €9 214 5121 912 S HALe, FUIR AU
LR dladloll Lsoflonul S5 GHAL . UL 6 2ol wstal Gl [Ralad wsifiid
5L €14 U WRAMR UL oL 8.
10.5 usi cR'Ofl:i, A0 A A2 QAL (INTERFERENCE OF

L1GHT WAVES AND YOUNG’S EXPERIMENT)

¢ 28 wsiaL doll Heedl ealaseidl 2l 539l uusl % oL AU Al
Guatlal 53 6 AL [Bogil usilEid s (sl 10.11) dl 2iuid s usL usiz-dl
[c1520L Lt il HOl el 2iid Uelleg 5180 3L D 5, AL B (AU Ay

Fai) izl GABrd UsleL d3dl 107 Aswseil AMuUUML ld (Abrupt) $9L dsldd
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Gl €14 9. UM, 6L 2oL GeotHiiel Hiadl wsial

d22ll 112 519 AlssA S0 Aolt wualdl Al 2 dell d ALl e
YA AL DAL 2 61l AR UG URAIEHL Y S
dd ugel Yl dlsidl 25e{leami (s5d) GHRLAL. ]

(512121 clilcis(@sticdl el 49 yf3dyds (Ingenious) Al g [ 52
S, 214 S, Migll GUFd d2oll-l 50U dsldd ‘Lock’ 24l
dsMsl Gualol sdul. del s AuiReds usel e
[2u5lc 10.12(a)] GUR (ol WAWIA 6ell) 6L Al S, 2415(d 10,11 %1 6L 201023 G 61 (odl S, 2444 S,
A S, e [9gl sul. UL oA 25 olon (-u) ya WSIRLA 52 dl, dlstdiel A0 2 8 A Ysel GuR
(P95 S A% usifld 4l 5 % Wid wigd 215 dosadl Geoarell sl desivil Al 4aal -l

uslRd 53¢, ed.

USLAADUL S Higl GlgIR A8 Fed el S 2t S, birl GUR UL B, Ul S, ¢4 S,
018, GeaHLAl A1 Ad 8 5122 5 S, 2t SHial el BhadL UsLel dZoll s % Ha
Beatriall o Hadal 8 e S5 WRL USIRL Ald SUL-5251R 2 S, v S, uiell R
{501l USLAHL GARUGIR 2L5 AL S0U-3512 5391, UM, 50U AEIH AL 3, 6L BeAHL S,
w4 S, Lock 28 A4l ; »ied 5, dll wuell welHidl dol-dl Gelslel
[2415(ct 10.8(a)]Hix{L 6L 1Al % 6L Y3015 B o1l

Ol & .7Q

\4
N

< I—»R
N

"(’0:< U, »n

Gl

() (b)
25(d 10.12 @fiisz old Anaal qie-l doi-l euaal.

2, S, 2t S Hiell Gl dloUsIR Aol sl 10.12(b)l eaiel UHIEL, Usel
GG' uR aulasml acisivil 23 9. uR9e 104401 £l Haol HetH v Yridi
dlaiciiisi 221 o1l Astd, 3 ul 20Ul sl ¢d 3 2 GG [2usld 10.12(b)] U
2ilde 516 A2 (295 [5ig, P 21010 dlsidl A Heriy €l dl,

SP—SP=nkn=012.. (10.15)

2d % AL,

¢d, (S,P)’ - (S,P) = {Dh(“%ﬂ B {D 2+(x_%ﬂ =2 363
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4L, S,S, = d sl OP = Xx. U™,

_ 2xd
S,P—SP= SPeST (10.16)
A X, d<<D &l dl S,P+ SP (9e4i) 22 2D 35l
21084 742 eluid 22l

Belel dils, d=0.1cm*2 D=100cm,OP=1cm (3%
uslel dolel sAUHL Hlddl WARIML dlaf®s Yedld 21434
9), dl

SP+SP 2172 212
2 1

[(100)° + (1.05)T+[(100)" + (0.95)’]
200.01 cm

Q

AMA UL (Thomas Young)
(1773-1829) i3y eiilas-
[stirdl, RBRAS 214 SPsw-L
Yldrd AAUNLL 24U
531U, 4Ol ALVl 6IHIRQL S
g2 Hizl 514 uralael Adel
U2 URHL e GUMLAL 201
avieil Bsa AL gelyel
Aat[s 5181210 uR 514 53, A8l
uslel doldledl elasei-l
gerll 5 % WS-l doLuBlLrAL
ot #d © adl wlkidl

214, HULL A S,P + SP 221 2 D 35l dlisnuda
2[2 @121 0.005 % 23l AL AlAsediul, w5l (10.16) 12
HoyoL sl

S,P - 5P~ (10.17)
agl, 12
x=1x, = ”213 cn=0,+1,+2, . (10.18)

N

AU R 2R ASUs lasel Hagl, uReud d (el
usifBid o9l d-iedl Gletg, w2 %’ = (n+%) A;oied s,

= x =[nsLl]2D ., =0 41 42
X =x, n+2 d,n 0, £1, £2,..

290 UL AU U5 (AL Hasl.
U4, sl 10,1340 el U412 Uel UR UsIBLA i

(10.19)

Y], Fl Heedl dIolaled
ERIARERTIE

~
=)
[\
o
n
(g
=~
L
v
N—"
—
=0
=
2
>
»n
<
£
=
=
[
A
5
s
Y
5
‘>

AUSIEA UZIDL Adl HALL AL USIDUA AsIH 58 6.
L5200 (10.18) 24 (10.19) s2ld & % USRI 247 usIRid
AAUSIHAL A2 SR AHLL S1A 8 2 6L s[5 wsild 5 o s(s
251l AeALSIAL Q2o 2idR

B=x,.,—x,;»auf =%D (10.20)

b wUd 8, 5 % aaustdil uslard wed w9, o, 2 deufds ¥ %
(gl 10.1230) 37 w10 [Big O 3L UsifEid 2l 51815 SO =S,0 xt d n =0
[{l5280 (10.18) ] A ALANBLS €. o ol HUURL Yrelswl AHAAr Aot i % OHiell R
adl €l [2ed 5, Y-utaq AxidR] ddl 2w [l dl d el Lot Blg>ll S, S, @l
AU AR el ¢ il 2UuRL HeReL USRIl AdLst HaRl 5 % sl 10,1341
Bl BUAAIR YL 62 USEL GUR 52 Gld-l HUSIR 155l 5L HIZ 8L 2L
Aot 5 516 AlssA AL Sl Blgviil 2l 23U €l 8 5 %L Hie S,P— S P
2101 9L, U1 BUR VAL AANLS Al YRATSDURILS 61161 U9 AR ALt USRI €2l 21
1R IR o A/2+1L S8 YRI5LELS 61AGR U9 U d AUSIRIA €. FUR Xp-AHAGH]
wat P Big 5 32l S,P— SP (= A) AN dld AR d [Bigdl alaua ldaqn
(Hyperbola) €. 2414, a4, 255152l dl, Aetisiziil eld Hised ilaady o €l 9, uid
A Aellsi-il USLOUS{l AR D vied o GHIR €14 dl AALSIHL AARIL YRV SIAL 6D,
364 ¥ 2150 10,1341 sldet 8.
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d=0.005mm (p = 5 mm) d=0.025mm (f = 1 mm)
50— Py
e
g
N
‘ 0— 0 —
=0 l f —10 | |
=50 0 50 —-10 0 10
—— x (mm) — x(mm)
(a) (b)

2u5(d 10.13 6L Bigad Geakil S, 247 S, M2 Wsel GG' (2usld 10.12) GUR SR gl Hndd aeistpiidl eld;
(a) 2471 (b) i 2iisH d = 0.005 mm 4 d'=0.025 mmA 243U B (o 5N D=5cm 24 A =5X 10" cm
£9.) (A. Ghatak, i Yds OPTICS 212l 4sléla uoeilaflol si. [AB2s, dl [Bedl, 2000 “iall ¢lia 8.)

2150 10.12 (b)ui saida 6 [Rae waomi, el o Rae- dotlgousss
il SO BuR BeatH-[B9s S cllie € 5 ol Beald S L deilgeursal Al €2

€l dl g ad 7 viq [Qa11 5 Bedli Se 5185 Alal 22l S' 24910 WAL ¢ 1§
U 9 2 WIS Q 3 S v S, ueAllg ©. W el S'QS A Pl Al S < _ S

weRe UL At ofle ol —¢ w2dl SI8L AUL8L. UM %L BeAH S i - % .1i¢
dollgousrs Gur »ddl G dl e adist Big O 2ot A7 dolzous S O T~ o
BuR % 29 4, A S A ¢ Feal s1A [Big S Yl VA dl WA ALl —() 3 ? 0
S181L [Blg, O' 2410101 22131, Mietl 212 2 44l 3 o doetlgouy sl ollowoiy el G

% S VA B, il 2 A uRL Al 3 GelM S, Heulbly Q el ey
geLsi [Big O' 215 % 2oumi sal.

3efly 2U012 * (Dennis Gabor)«il ol cdrvdiisil <114 212 i [aeuoL yel s30.
el 4oL glR1 18014 $AUH] A1AE g 40 HAIOL G121 U518l A0
qed ugH quiad viadlyds (Convincingly) gdldaui el dgl
ALUs19U (32017 340 ervid acu €14, dwil 01010 $190 usel AVl A 6
Uil Bl s4l, i el 21210 A5 2id? 25 4sE el Avdl. A9 o
USRI 21Ul oir €93 UHISIHI OF Ut Ju121] H1E. 2L Qe d-d il
3101 $30AUR $2a YR Ml 20, Y9 2 qvid Y518 Geay azls RalRe
ol cfld] 5 w4l algs Ml GHRl A3yl avell vlon usiel Gyl 44l

* {2t oueik (Dennis Gabor)d 19713 clilasauziui Sieiausl-l Rigidl aliddl 112 it Y18l
AU AL UL Sl . 365
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Interactive animation of Young’s experiment
http://vsg.quasihome.com/interfer.html

PHYSICS

Gelsw 10.3

<
=
o
o
o
2
»
©

Ml quid ALl A6 HHSUAA LS NY, 5 ¥ 2s6lme] 40
A ld. 2l yedl quidl e Aol sdl 5 st vsolnni
GHAST AR 2d] A5, 2 @ed Alasw 58 . dlHA 4l il
Y AWl Sdl, 512615 d Y5191 AIAUEH] M dl Edil.

Bl 2] 3 gRuad AT 5 S, 2 S, [Blgad Beall €lal el adLsiil 4]l
L ddE 1AL 9. o 2Uusl [Bigan Geoud oled Rz (2usld 10.14) el €ld dl s
[Blellel 35 A8 gl YR AASIL Baut 4 Sl 4 uReud afdl dladl el
CEATRICIETENKE IS PP

Geor oL Rae

—

— Aelsl ULAAL UIEL
-

A

max,

30 24 1A 0 1A 2A 3A

—P 4y dsldd

25(d 10.14 2ot 6L Rl Aol £12108 27 dlatdl [AdRaidl »udu.
BEWRW 10.3 6 RAU2L AR SR 1 mm @A Usel 1 m g2 AvAHL U 6.
%413 500 nm ARSI 64l W58 AURAML AU AR AL 422
2ld s2¢ ¢al ?

DA _ 1x5x107’

d — 1x107
=5 % 10 'm = 0.5mm

Bia acspil 4 2idR = m

Ge18 10.4 13 salldd 835 Bl 51291 4011 6L [R&erl Wl Al swl

A5 BUR g AR UL 7

(a) [Ree uRuadl AHAe] Uel £ WA LAML 1A

(b) uua (tsoll) usia Bedruq sedld oflal -l dRatdens Huadl
(2Ls20(l) ustal Ged daimi 2ud;

(c) ol R&e az- 2id ariRaML »Ud;

(d) ol RA2 Rladl Al 125 BedH-Rae vRLSAML 2

(e) Gear-Rae-l uglous arial »ud;
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(f) 2is20(lUsle BedlHr tled UFE USLA AALHL 249 :

(Bua-lL 835 [BAML % 2ure 3U UE 9 d Raldsl ol wiAdlq
AL EL)

B34

(a) s[5 AL QR 510U HdR (= Ad) A0 E 9. ARALHL AL
Q22 SR Uselell ol RARL HALAA AHAUAL HARAAL AHUHIRL A 6D,

(b) wdlsl>lL a2 iR (dtl slelld i umL) 82 6, ud 1A 2uug
Yel (d)Hi e2lAd ARt 2L Al

(©) wdlsl>lL a2 idR (tl stelld i umL) 82 6, ud 1A 2uug
Yel (d)Hi e2lAd ARt AL L.

(d) HRLS GeaHd WU s & U 6L Rae Hladl Audadl d idR S ©.
a0l AAlst s d Hizdl A /S < A/d Adiriiell SuL; 2l
Be2HrL YEL-EL BLLALL 518 Betrrt el AcLsizdl 2Ls6{lo GuR Auld &ALy
6 e SIS wellstll evildl el U, w1 S B2l (ved &, Gean-Rae
%5 dlddl) dM laswl el dleidl (Ruedl) dedl w0, st 212
Bedlie Vot o 2ed s Al 2Ad 5 el L A L UOUH, UL
AeLsil uildl ol 2 6. 2L ol Yl A (woud) il yHl 6L aasil
Q2R 2R AN FAALS 2E 0.

() Hel (d)Hi eallonl yosot %, ¥y Gealu-Raesdl udlous atrdl ¥Sut du
520 Sl 28] et 219 24t udl A 8, wUR Bea-Ree Hedl
yeloll a3 Fell 5/S < A/d ARl AL WOUA, R A[A58L ld suitaal-l
olt 2 AU 8,

() Ase usta-l gel-gel 825 il s2sid s1R8L Hdl ldswl elidl
250{lo0 BUR (A1 ) Auld A 8. elgel U S8 Hadl
12422 WsIRU AASI 215 % U HAL . dell, Here Ll 4uge 9. [Blg
P,% ¥l 2 S,P— S,P=1,/2, %, A, (= 4000 A) 3\ clgoll (6ey) 301+l
dRotdotsS eald 8, i 2110 (leoll) 6y 82s A% So 2t ALSL
Al 22U-l 2eidl, d-iel 2435 €2 dl S,Q — S,Q=A, = AJ2, %,
A, (= 8000 A) 3L AclL 3014 d3oLdons 8, i aeist woucd qledl (o)
o1l Bl
WM, MR ASE AcLsL-l ol 6119 dert 195 VA AALSIA Acll 20U
i 21l g2 2uddl aaist dleoll (oey) 2ol Buial, 25 acLsivil ul
gletLsiil Gld 2ure gutlcil Al

10.6 [dad- (DIFFRACTION)

UL % UIRENS ARt gIRL RAAA ULl il LSt dl detl iRl wesidisl
A5l [AARHL, 2AURLA AA5eML Bl MO €9 dal o ARsdl U5 RA 244 51—
(AR el HA 8. 2iud, [Aadniil sein 518 Ay 9. [Qad- 31 ol % Usiel doll, d
AR Mol Ustal d3ol, Rl Ul d3oll & g d3ol €1, gl edldldl s Hus

P 0T 12139
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e 89, Wstatedl d3areionns Hietewatl 2Lsugiisl WRHIHL il Al dlael
e Aol Beollil ustaisll [[ad- 21642 %idl 4adl el uid, 2iusll vl
2l wslafld Gusell Fard 2dlsiu vadl HSsReuA WRMA [[eled al5d 21 [Red-,
ge-tinl 51201 Al A1 8. CD (Compac disk) =L %idl detl U2 2uildl 200 WRUR [Add-
A 51289, 63 UL [Aadt me-til 2l 5319l

10.6.1 ¥i5 342 (The Single Slit)

il udlot{l 22l Ul i 3 215 uidoll Ree 15 Adl G dls ad 89,
Uil UsLol 6l d8 AL 8. 4L 52l USdidL e A[Sarl nalasal»iisl ual
2 AU ed 5 el [Bogiuidl 5 uidoll Raesial usio said 8, d veuil »uangl
dig A0l 69, A 2icl AL S AUl UYL W91 AU 54T S1Y A GLLIHI URL Blvd
AU . [Gadet a3 20vid] 2L 24020l A1) A4 ddol [l o 2l asiy
8. vRuul Galdl eilsd gl Adl dldidl A dol Aieold dH 2% ueL A2 [61d
Al -9l !

oLl WALOLML 6L R 22l 215 uidoll Ree Ysami 2Ud 0 (31 25200l Beainell
USLRLA SAUHL 2 £9), IR Usel GUR 1 UsiEld el1aL HR1dd] ueloll Glid lal o
€9, oie, 6%, ARl 2USLELA 21 UsLELA [AsUOLL Al MO 89 5 %=l dlsidl Swwell g2
el B SoL dx wteioll usdl nn 8. (sl 10.16). 2t AxwaL He, sl 10.15 g1, %
2alld 8 3 25 g udlousS+l Rde LN Gur ois dHid2 wsta (3ol deizd ul 0. [Qadld
U512 SN %S USEL BUR HA 9. [Rete Heulble M 89,

Mgl UAIR Al 2 el Audan dot yRuist wsel-dl C [Blgzd 1oL 6. »iuei-
useL urlL 51 [Big, P 2110101 cllsicll A5 9. 240UG-{l ¥4 % [Bigatl L, M, N a9l [5ig, P
A1 LSt ARV HLso{lo AUe AHIAR 21R{l 514 5 % ol MC U186 5181 ei1d 8.

3L, oeid (AR Al 9 5 [Ree 2048l vol Al Al [QeiaHl adall e i
P 2412100 dHrAL 635411 510U 410, 501 dslad A8 G 20Ul RE 10101 dRoL2AAAL
ol el [Acwolinl ollal Gearil dils Ayl el 51280 5 2uud dous Ree-l
AHAAL AHIAR 69, it UL BEAHL H56{lo0 A& AL SOUHL .

R&eL 6L 94121l a2l Yadsiad NP — LP< 4ol waloil o o a1l sy,
24150 10.15 vl

NP — LP = NQ

= asinB
LI CIRTRETIRSIEY! (10.21)

d % d, Rl AHddHl uddl oL Bigll M, 24 M, 92 SdR p €14 dl ua
dslad M,P — M,P = y8 6. ¢d, 2ALURL BRI 614l GEILHIAL AMLAL il AL SL0UAL
A7 2L 89, % 835 YEl YEL 501 41 9. el 2121dl s+e (Fresnel) il
(Astielat Asanl sa-azl veedl 530 edl, dell dd 208l 2090 2unl Al dadat,
[adet Ml Yoo cdlaBisdizt 40 as-l ueedl duw asiu 8.

USELAL HA[Blg, C 20000 5121 O 2 9. 6lHL % YadSLaAdl oL 8 i dell Réel
€25 GUAL AL soUML LA 510U U 9. 3 C [big a1 ey dlsddl 1A 8.

U



sl 10.1540 euidd WABLs 2adist yud
8 5 dladl 0 = 0 0 HRY AMSAH in
0 = + 1/2) Ma»d1a ofloa ol Hedl i
0 = nh/a 10 YedHl (9L dlsidl) 2418 69; ol
n=11,12, 43, ... 9. 213, vl Al B AsU D
5 AL LLRUAL A0 Yt HL 51 2UAAL 8 Udal idl
0 Ul dl 5 gl yadsiad ab »1L A Fedl €l dl
0=M\a. (10.22)
¢, [R&eq oL vl AL LM 24 MN¥HL 4L, &
ool e3sil Ao a/2 A, LM+ s [6lg M, Hie
MNHL 5155 [6ig, M, iq, 1ol 5 %l MM, = a/2
2Ly, (Big, P 410101 U0 51811 M, 2l M, 92l
U2 dstad M,P—M,P=0a/2=2\/2 44l.

 —

0L W51

/ [B{é i
0 /

B2l Suigl

» (6l C drs
0 ‘M,

z 222

»
»

25(d 10.15 15 Reteall adl [Aad w2
ug dslad salladl oM.

AL 242 3 241 S M 247 Ml iadl 510l (Aoteis) 2isoiloasil 218 1801 sou
dslad 81d 6 i 0 = A/a [Bausl visollon-l 2143 Ao 53 6. Ré2-L 6l alell LM
2l MNHL 5101 1L 5122120 2A50{l2 Aefe 5390 A3{ls2L (10.22) 2L 54t 518 dlsidl
gl g4 23l d 2Ald 9, 21 % T 21U saldl asla 3 0 = nh/a e dlsidl 9w
23l odl 72 ¥ yalls © (gt Rl 1), 2490, 21 i 3 ouR Reedl udlous a

HLSALHL 2419 €9 IR HEMRY A [BsAM - S1el yeLons a8 €9,

0= (n+ 1/2) Ma 241210 ¥l 54 1A &9 i 2L W2 d p-il Bud
afdl dHIR AR AGOL Yl %A o URL ASAlSUl S ASH 9. Vs
0 = 30\/2a 5181 ML AL 5 % 6L USRI AALSIAAL 1AL 2Ade 69,

[R&2 212l AUl UL AL, %l 2L R&zHL udal 6L gdluigl cuol
YLAHL QS L dHAL 6L E9SL AL vaLdslad 1A Yool Haal.

2 _2a 3h_
3o:><6 3><2a A

(Rete-ll wam olicdial ool dell o ¥ A2 Fedl uadslad 8
ddl 6 MAcuAMl addal B, UG aRle) A el vl oA
AGULLAL 5101 Sisoflon-]l 2R Atlole 53 9. Raedl oltsl 86l s
Qedil BUdL % 6] YAl qRAL [Blg 241910 cllsicl 2L 6. o e %
9 5 el dladl Mera Hedd, § oul Yyl Ree 2Asuie sounl
Ulcllef, ALELL HUU € el St vt % Aetoll Q. 1 % LU 28l
otclell ASIHL & (1 + 1/2) Ma L 4l 48 S w4, 1=2,3, ... 5y
213, afdl 72 A8 d¥el dlsil ool usdl oal, s1381 % 24 [BRuHl a2

(10.23)
—
—
_— 1::?'///
—
- Rae

(Gade id ial HHL usel

(&2l 55 15 YAHLIL, 215 ALAMLIL, AL GLUIL % SLOUL 2ALUIL. iU (@) (b)

243U 51215 U cdlsddl-tll (25l 10.16)H1 ealda .
2L derlell WA 48 ARYl % Asusl a2 ldsel v

[l A2 dslad HI2 vol % diofl 211 a3l

2u5ld 10.16 215 Raedll wadl [Aad- w2
dlstdl adun{l 24 Acsii-lL S121ULS.
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Interactive animation of single slit diffraction pattern
http://www .phys.hawaii.edu/~teb/optics/java/slitdiffr/
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Gewswy 10.5

TR KRR} 'fi*{c\i, RAUE 619l 3 RAL Betme* duel (vl F eynmann Lectures on
PhysicsHl $&L 9, d @[‘%Ci R W :

el 528 21 (Qad=t a2l dsiad-l] @oeol s o dalusies vl 2] usy

19l. 21 55d 591 2d dtl GuHloL 521 91 A=l YR AR &9, w4 A+l 922 51

[Af3re = 210141l cillasouly dsiad el 440 AR U8 21g 530 usl

3, 2R ol alls Ge2LA, €L . of Ggaiil vl dld €l dl dti WRouM A

2 culdses 58 8, ua o dvausiy Geardl sld dl [Qad- uoe-l ay Guylol 1y 6.

6L [RA2wtl WALOLML, HIUBL 2 HiHg BSHL 5 usel vl elld 1 es Rae vaal [f9gn

51381 HOldlL 20 5-R&2 [RAadnl AuldlsRid 244 61-Razel Moldl ldsi 51281 9. i
usld 10.17)40 salde 8. 4 25 udioll [@add 22 (Peak) eald © 3 wui
ol-Reedl Hodl efaseid 5181 Hodl il uslonsHHl avil ol aalsiil »uddl 9.
20d Uil [ddn 2 (Peak)ul 2Udd sl aaisizii-l Aval d/a it v
212a & 6 Ra2l a2l 2idR i Rl wglouSL oRlltR UR 2UHRA 8. g-il vt %
Aldl Yedddl dal M2 Rddd old voel % AU (AwW2) oA A el
ol-R&e 5128 Hadl fasa wiesl etd [2sld 10.13(b) 1] S wslel.

0

25ld 10.17 A-Razel Hadl ardlas ealasil eld. 2w
(Envelope) 21 is-Raedl %Lc;L, EERERXIER

NN A ~

Gewsw 10.5 Belswl 10.341 &35 Raedl ugions sedl eidl oSl & el 2s-
Rael AlldHiH] Here 2 BsAHHL 61-RAe ALl 10 HeaHl 2Ad ?

63 »uad @b = A0 = 2 A,

>

A A
10,=2,; a=% =02mm
2450, A AL 5 UsLaHl dRotdels in ugel Yl 2id 2 a-il Rl eva
o el

2L5lcl 10,12+ 6L A2 lcisa Yot ol 2Uusl 215 ke oif 530 dlL g s ?
AR AL 3 ¢d d s Rae-l FH A, Uid AR d Gldul 565 2iidR (Shift) ad lai-d
24, AN Wl g 2Rl WA GedlH S 20l is (95 (Hadl Rae) S, 2aaL S, 9.
el wsel U is Rae-] [Rad- eild 224l

wegre wslBld Aalsie 5w w1 Blg 2010 qaal 5 g Al 2o SS; Al SS,, ¥
(321l 11 A 21434, GUR Udd 1A,

6, UL A5 Gl i A1 T 215 Reteell usilEid (- Amid d 21s-
Rete [ad- tid 58 ) azi-) avumel x19 dsiad Hitls,

RS Beidel auelL sdived SAsZLSMARSAHIAL HAMA 514 W2 1965 elildslast iz
“UOLE WS W SAURMHIAL 2L5 Sl
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() sl eldHl 1s0e{lomel A0 2id 28a 8Ll USIRL 204 20U51 81 U212t 8d
A 8. [Badd cudsl is e wsilBid (Aoedl) xBsdd S 8 3 % ol
SURSAHL Sl A2LMOL 6R{l UGS, C1d €. 2UUBL Srsell 6l 6Uly s3a: lddl

HedHL ds B9 dH dlsidl Bedl a9,
(i) 2uuRl efasel eid-l sl of Aisdl Reenial Gemdal o dati-l Auidlsil

Heeall 53024 1ot 215 Reerl es [Glg U108l BeMadl dRolHL Add glRHLouHAL
Auldlsa 51281 @ tld HA D,

(iii) ausloud-l 21s Ree w1z @lasl cildil wau o1 (dladl) 21 Ala Fedl s18L 1
8. 1L % Ma 5181 a idR 93 uidd ol uidell R&2 1S Ui HedH (A 4=
Adl) wa o,

UURL S UYL U3 D & d 2 @ 6l VoL % <ALl Slal A5 5wl e Alasw

2 [RAdd Ml AS w51, Geleel dl3, 6 kA2 42 2idr d 2 Fladle-L s1- €lq

g5t 835 [Ratel uglons @ el €lell eSut, ool 0,14l 0.2 mm-it 4+l
2uell ol wAiolel 249 2is-Ra2 [Rad-l 22140 2iul 2id al g 3 aaust

% USELUR AU €9 o vioL Hi2L vidR Avia 9. Reteall usel yHl ugiadl ol 5 dell atiR yas

UL AHIAR elal sl 21 R, Rz ussl ol[Eaia At 38l A ugelnl del 3w Gur

usle urL ol o, Raemial -lsndl AMidR uell uselril 15 gt clall 53 ast. 21 -4l

5 dv ¥ 1 AHidR 30y wul SIS a4iRil yadsidd GHRal 4l AL - ARl quid

BUALILML ALl U 9. 51815 Ugeld g Hsal Scll AL BRUHL dlsidl atiz 1oL 8.

el Sradond £l dl sl udarsell 1o UsiBid Mgyl wglous ol asl.

URIAL AL MU, [t GldHl M2 HESAH 2 YA Y a2 2idR Aa 4l dal

wsel vl uglos fA/a ual.

10.6.2 n5-[R42 [Aad Gda 2adl (Seeing the Single Slit
Diffraction Pattern)

el od 2s-Ree [[ad- ciid Aidl viel o 420 9, dril |2 %3 GuswL 21 s
gul HOll 28 ©9- 6L %R 6AS Ve AsA 1Y dl FHL AAL B uddl $id ddl s
WIRE LS s1A-1L o1eol, 6 6@ Hicll A AL usd vl 3 ddell ©iR 1 56{loa7 AHIR 26 e
duel @22 215 widoll Rae 1A, 1L 240181 24t 240104l A1l a1l Heedl uarSel
sdasia e (sl 10.18).

[ReteA [Betiet AMidR 61A61 2410l A1H AV %1 dH A9HL UL €l dl uedl @l
(&2l uSLULSHL U dril AHIARURUML LL8LS 5351 53, ol M LRI i 2AUSLRLA
U2l AU MLt 2bAL9l, 6HL % Ul 2l (HiRe Riaa) dRoatdels Gur »uaiild
glatell Al 2445 200 gul. cl Aadl dtedll (o) Hie [Beer aruraldl adisivii 2
A S w51 9. oin [Feel Aeaddl Guasy dlaiel, udl 221l aensil wetons aeoil
(6&) 3L Sl AR SIALE AL AS USLA Y.

ﬁ—‘

2u5ld 10.18 & 6és
usdl 25 Rete oiiadl.
el Barze (dir)q
1] Aldl e
[Retdr ugiil suy 9.
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L Ul Bette 21 2usld 10,1641 eaida uam [Ra2 Sl alol tad 8. vl
A Al Wdel (2UvtrL 281HL) BuR S[5d 52 69,

alléLs Hacrliadl, odsedl Meeal sieqlldluannl arvimi o Rae sidl asid. 2ouB-l 3
% oieoiril Beltirent %S doteil Wallotd rtuddst 530 asia. (ol usisil 3usi v
AL ALl 5181 AL €1 o Zl 2uuRiA oflogl 218 doY A WsiRid BealH Budoe . i
155 05 otfzalior Awidl (el.d. Asasl dedl) uel uRldd- wHdl 3ausi €l as.
2018 2]t dusioel Udet AL s d 2 s w63 O 249 d wiedl Azl dl
24141 % Al 512013 A @211 (1/2) AL 512133 D,

el 24 [Qad-3i, wsiail Qo s2aiR [AaR9 €. 91 d 21s ey

g2, 204518 ucist 23, dl oo cuwaryi q4lq, usilBld Adis 23 6. QoM

S1E gL W12+ A41R] 5 8eLs] Al el 5 5 Gl WRasi-u (R 418 ydold. 6.
10.6.3 ustelly Guseu-dl [Amieq alsa (Resolving Power of Optical

Instruments)
2UUEL WS IXHE 2[siulas ual sTedl. 25U sielly [Aeen 21 2[5

Loz sla (A=) gll sl w9, e sea al Hada wlalbiol ¥ diRizii
[aoied Hod + Sl dus [Aster 2uS4lA (Ao1512) gLl o dedl Hiearll adiral
e9cll uRL Mol a5 Al uSladl wals dq 2ew(sed gl Hadl wlalsionl Hieasll
QaIRALALE.

25 o[ Ay GUR AR UsLal BRayes Ul & d [BARL %l d-i el
(Aberration) H12 61RA612 YHIRA €14 dl elLfAlds Us1212U01 0uRLA %RUA 8 3 [3ery
25 By 211010 3l 291, uig, [Aad-n 51281, Bray 215 o Big 10010 3lEd adn
oled WRMAMQ asisol daladl eust a3 3sd 29 21 BuHl Radddl 20420 215
AHAA 3ol aduusiz el (Aperture) il dlRelle Hdal olfddllo d-y
(2415 10.19) U2 2Aiuid U 20l Aol 20514 8. 1A 243U [ Glds] [RAsdua
vol % e 8; uid Asilds Ad, d 2s-Racel Hodl [[ad- el Bri 39 % 9.
[cirtil 24 il @3 dl 4o AHdd (Focal Plane) GUR HAdl Ml 2 w43l
USBA 2t UstBld aqdiel dpdal s vy wsiBid [@diz 4y oeud ©
(21501 10.19). [Bqd [a2duR eaid © 5 weure usiBid [[cwotHl Blosui dl+~se yeu

_122) _ 061

14
0 2a a

o3 ALY €9,

(10.24)

25(d 10.19 Aldolln A GUR Usiatd 2Ls AHIdR B2y 2iuld i 8. [Aad- »uA9
514, [Baey dael = 0.61 Afla wedl Biadl 4lddi eusi a3u sl=ud 4 9.
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oul, ot Airll SradotlsS 2im 2a A AqoUSIR eURHvbIAL U AL AArAL 1A A
oluigll % i $ld d 9. dlaiBs Ad, A

A= 0.5um, f~20cmia ~ 5cm €l dl, »Uueln

Fo & 1.2umHa 8,

M eusidl uglous vol il 6 e9di, d ustelld Guswll Fal 5 sy »aal
HSs151UA [Acier (5t 551 UM 2A20AAL RLIOL ML 9. 6L AU HIE [Acied 61y
d ML,

AO = r, = %”‘f

el AO ~ 0'66,—”” BS54l (10.25)

M, U U [E2AAL A AR €9 AR A 2 el 29 il el 2 8L 3
2lasiu HIe FH a Hiel S1d dX d-l [aeieralsd AR, 2 siRRiq dl8 R [@eted w2

NN

SlesiurAL 2U6% [F2a el A1y Hi2L Slal A O,

Gelsel 10.6 »id WY izl 6000 A diaceusl usial »id B, i

Ao (Fedsl i 100 S Gl At Sli51u S Rdlertdl 2l 9 ¢l ?
G3a 100 S 24D 20 3 32a = 1009 = 254cm,

5 = ~ (e
M, AN ~ 6000 A = 6 X 10 cm S &
. %
dl &
0.61x 6x 107 -7y =
AQ ~ LOLXOX10- 59107 3 4urt =

127

~

SUUBL 2Ll % 5 HUSHRSIUAL 2o [52at wat @iy widl aglat. 2i BRruai, axga
Sl elds g2 sl 20 & 5 el v Fedl 2idL ardlds ulalbior 24 (2l 10.20).
eanfl-wlaloiortt wWRMIL 24 ddl WRMBLIAL JBIMR 2L m & v/f 4l s 9.
L5l 10.20 uRel AS wsA S 5

D/f ~2tan 3 (10.26)
ol 23 21 2409 52l U AL HISSIREIUAL S+ UL oLl SL2L .
= | .
: - wlctloiol
LB : _:::?':_‘_‘_'_') """""""" :4—@_\‘,"1 122720
v > o Lo P
A UHdL \ v v .

NN N wlalbiol AHde
o (52a @y

25ld 10.20 uSsisu-L 2352 ¥ 22 drdlas wlalbio.
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A1l vl Qg alsq el

df duI] wtiviel [Qcte Alsa 15 A0 wdlaL il AL AsL L. 215 AL Ul HLddl 214 Ase
uzltiall 6921 wisdll s1oll uglail oiietl, {12 24t5la gt odl o il Ul Al wdlous-l €ldl s,
ol A2 Q2R+l 45 ULl B80S dAH SLe1] B HBL N2l A Al sl Slell S S2. Geleel s, Rl &
optll stofl ulaiel %8s 5 mm . wAS YAy o wse Ul 28S 0.5 mme, Wi+l 6 4de g35uglH]
o141 1 mm, uel-l 6 835 1.5 mm-il Ad13. 241 el 2241 5 @olizedl-l [2ate ur dHiz] 240l GlaiS

NERE

€A 2L Mlde, ot dl 215 2Aiviell il $a [Raiaell £2 el 495 wRAlA 2id 22 A58l 520 5 wHL 5155
oL 5101l uglutl isollonall 921 uglytl dls suld. i sl ugladidl sioflonsy 2uddl ol o siofluglail
21 50{lonl ofl oA el 21ilal 2in e 692 S wslal el d-iell (AR, wHellony el Ul At 4812
ayreciell A 2slal. wge ugl 5 % 6 [Acporn 92l Uit 9 dedl uglous d AL, xRl 2iviel glaid -

2{d2 D HUL. dl d/D a3 vl [Qeieq (a5) 9.

L oulHiell elvid 2l 4Austonll sloEHl Al el 4ouil 2% 51 BAL L. % %58 dH U %15

5L 2 oflo 501l el BS AsL o 58U, AHALL iR Wl AHIRL vl [Qdealsd 2iq yasl
2% 58U, SR Rl Slalell, Yol o % 58U, Hiu (Size) 1551 S

374

HUSSRSU 601 Y5 AL 6 [Blell a2l idR wdR wstal dRardens A e
Autel 20514 dd A AR [ade 230 woicl ol 20 9. 218 Bigad axd-d ulalbiot
s3laIR, 215 [Add- ol 89 3 ¥+ wllbiot uudd (Image Plane)i 3w {12 Hogot 24l
e

V0 = v(%) (10.27)
6L ARl & FHAL WIUBLOL AL ViR Sl S VAR Sl d¥e £92L LS wslal -],

il 215 dS evildl, dRqAHdd (Object Plane)i Him 2A34 Q8 2idR {12 3ol

Y] ASIA.
(122
v b
_ 120 v
D m
2§l M = % dlael
1.22 1)
d. = Df (10.28)
sa, AHl5200 (10.26) 24+ (10.28) w4,
4. = L220

min " Dtanf
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- 1220 (10.29)
2sinf3
A g, el HL6% (529 A A2Rhef HIH gl ~1L $14 UL 77 A5LoLanls HRlAd HIAH
gl dl, A5 (10.29) 12 Hage steeal.

i = %ﬁfﬁ (10.30)
nsin P ORISR 44 eYBIY Y (Numerical Aperture) $& 9 5 & 8l avid
216 521 YR AWE 1YL 6.

“ssiusl [Actedalsd 21 o [Bigall gelgel euild d Hierl Q8T vdwl A
Als a2l 9, 2315221 (10.30) wel oS AsU 9 5 At asletadls 4uddl
Hiegn el yaeo(lell [Aeieralsd audl asid 9. A d e (sea 51l AwsHl
asletadis dlcdl derl GUaloL scMi U 9. ticl LA LA SHAA 6% 58\
(Oil Immersion Objective) 3L 214 8. 171 31 AI4l § sin B e w5l auil
wsie el U, 2uuRl S Al el 5 Widsizsiu-l [aoeqalsd 3oeud Ad auudl

Y51l AL glL 551 AL 69,
L5 ALAAL el 9 % dMA sel [Aciet i HieaRl 247 d % I AL WAL HIE S

dalrl ololdul 2[R5Y A HISSRSUAL 514 2190 daaldl 4 U 8. 25U g2+l
ARl vl A5 wlcloiol 22 6. dell, % arqil g2 dlatell 92 %l astdl el d-
2lazsiumiall el £92) S s B, d-tzll [, 455U aqiin [ (H18) 53
(3 o Rl 425 ©9) del {2l walbior 22 69, UL 6L dIAMIL S g7l AL oL GUALL
o156l 9l 242l BB @eld SMrL Yel-gsl @l Feloll 261 Slat, 24 Asetni, 21
le Avi U 282 5 2lersiu [Acter 52 69 w12 MS5150U Wlblot WG 52 6.

10.6.4 (322 usiaeuea s2a Y4l @y wdl asi (The Validity of Ray

Optics)

25 g HUHL 248 (ed 5, Ree 244l [f9g)q AidR [Brewe 4 wstBid sal
iddi d @Ml & Ma Fedl 518 [l wsia Hisd 8. L dosrel M s
sielly welousS 9. e, Rad-nl R4 z F2d idz studi [Raldd Brwes zh/a Fedl
WELOLES HIR8L 529, id, Ye9d, JUUE 619l 5 zell 541 Y& HI2 [Aaden 518 [Banges-l
Ul SELAl 2LARAL HIU @ AL A0l A51A deel Y. UM, 2UUBL ZA/ gt avil @)
ORU6IR L5 A5 AL AL A iR U 5 B-ttell 2000 g UL HR1adl [BReryl

el selcll ot ol el dell
2
~ L
z=5 (10.31)
sl {12 Al stell v sudl AR $+e doud z, sélg.

2
zZe = d/h

~

15321 (10.31) 201A B 3 Z,20l w6t o 9L HdR HI2 [Addrn 5128 Udl Fedl

NN N

(301wl 8185 52l 9L Sl 9. PR HAR AAMIL Z; F2¢f A IR o ALl ASIY
dq adl. zal vol Hiel vidz w2 [@ddHn SR8 adl daidl [Bel usiasieet (22d 3
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Gelsw 10.7

218200l Wl a)oll Adl Selal U weuell . uHlsel (10.31) 2 wer eald 9 % (Ba
USLALIRA ARIAOUSAL 9 RS AL HIS AIY .

Gt 10.7 2R 21801l Yl 3 mm <14 244 daEeis 500 nm &l dl
41 vldR MR (30 usiaal vis ARl AlAsedl ¢ ?

G3a
I S (U
oA 5 x10y7
1L BELE0L LA € 5 UL dAZOLL Bl {12 AL6ll €14 AL ALl 15U LS UL

[Qada 51290 adl Sedl staouell astd. i, aell aet YRR Brel
ustalglol dy L asiu .

18 m

10.7 gCilO-lCM (POLARISATION)

il oiloal €941 %3 Sl ddll 215 dioll e1ZlA Bl 28 dH us3el HIRL. % 2uusl
1AL D417 BuR-{l3 2iad Dt oufel sl dl 2wl + x B ol s diot Beurt
5303} (sl 10.21). 2uel ot {12 a5 o eald s,

=0
<“— A—> /'/ o= A

EE—

(@

_by (X, t)

0, 1)

T=20

MAMARAAAAAANAAANAANAAND,
VVVVVVVVVVV VYV VYV VYV VYT

— >y
(b)

25(d 10.21 (a) @R uadl (Sinusoidal) d2oL +x-[2UHl WA €l AR A5l
s, 1= 0 2 7= Af A, SR 2R %Y 53 8. (b) 45 U suadl
(Sinusoidal) 2oL +x-le2uHi allet 53 Sl AR x = 0 -, 2Rl AHY AL 32812
22ld 8. x = Ax 2110101 21idR-Al A1 AL 32812 45 wHellonsy vl Al ¢dl.
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y(x,f) = asin(kx — wf) (10.32)
UL, @ A ® (= 27V) 2 2sH dR0lAL SUlRAR 2t sielld gl Ry 52 9.
AHIRUML,

r=2L (10.33)

k
B d9L AL ASUAG dOEeUS 9. UL Al d2UAL UARWAAL 7Rl XTI

WEAYRASL Us1-1541 A1 53ell ¢l ¢ iR (3 % p-Ranl ©) 21 ol urel
(Baun dol €laln $1R8L, UL Gorold d2or 1A €9, qoil, alidR y-lBaml dlaidl a-
el auid y-gellotd dol s 8. el U+ 65 [Blg Al uR AUl 52 6. dell AL dRaLusL
wily yeloyd (Linearly Polarized) d?ol dils havud €. awiRimi, el dxa
X — y AHAdHL o el el Al da galeid (Plane Polarized) dzo dils waL
UATLALHL HL 6.

2L % A UL X — z AHdAHL uRL elZlHL el [l asla, ¥ z-gdlowd dial
Beurt 52, % 2eteticR A Alse ad 2ul asid.

z(x,f) = asin(kx — ) (10.34)

2070, 2 AHidg, 6L 5 [else (10.32) 2t (10.34) gL 2%y 2dd] wila gedlod
R0l A 18 % dolold dR20L 895 HHedd eldlHl exs [Glgd 2eidR 21 12Ul dRoL duWL
(Raue dot Sl 6. S, %l elerll s AHAQ AHAAL S5UUHL P2t Td tledalHl
d dl U 2igalea d2or 1AL 8. M, AYled d2L HIe AHAL AW @R
e Tl GleEldl 52 69, Aot d UAURWL (Bl dl 1l oL o el

U512 29Ul AUA dolald 89; Hed s Uslal-il WL A1 Asoude [Aeidaist 2L éxall
dot{l uaReL (B dot ¢l 9. i (8515d) s Alel UWEAUSS (Polaroid)-l Heedl
o1l sl asid. d widoll wizdls Fdl ud (Sheet) S €, %A WIGRASS 58 9.
UIARLSS 21 diofl Ai501 419l 2R2AAL oAl S1U 9, F2iL 51 21554 (B ol al
Sl 69, el (AssA ) olsadel 2 20-l [l el (UAAL U5l d2L AL
Asouaal) [aeid uleolle uel aid 9. UM, A w15dloid Wsiel d2oL ial WAASS Gur
UL 2l dl UsleL dRol il Yellod ot . gui [Aeld aleall dlsaudl gl
coifzauml eletl 53 8; i [RauA NARLS - £9- 218 (Pass-axis) 58 9.

U4, L 5L AL G (Faud A1dum dxu)uizl Hlsadl usia WASS dsdl
P igfl wiR aAdl ¢l UR i AL 212 89 5 el dlaal 82l 244 &S n 6. Py
AHRL UL Mol WAL By Gu 516 2442 Ad) -2l 247 FolMd dlsidl 210 28
£9. $a, HIRLS trll FAl % ol WAASS P, AL P<il 20UG 4sami 2Ud 8., U3, U8
wogor oleoizl 2iadl wstael dladiil sisal Pyuiel udIR adid 5181 s2ldl A .

uid, ¢d P ol viuaiel, Pouiel olélR 2ddl USIAHL AIRlicts $351R %ldl 1A
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Gelswn 10.8

9. 15 RAlHL, P, il Fobn widl dlsidl den ugl el P gl otz siddi
AOLMOL 9w A1 . 1R el il RARHIE 90° 3 3aUHl 219 © AR P,uidl 6leR

flsadl el o dlsidl P, gt Mol Wi & (2usld 10.22).

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

25(d 10.22 (a) P, 247l P, 6L WARLSsMi2] W512 UAIR 214 8. dusl
QL S12 0%l 90°) 22 $radl, ol WMl 24i[Ls (Fraction) dlsidii
12l 0 edl =2Ldl 2id 69, L, iHl 5 15 % WARLSS P el 2Add usial vl
A olealdl w4l (b) w12 U512 6L WARSSHIL uAR A © AR [Agd
Alea-l adsels. Fotuq widl gellopd (Wsia) 21 WARLSS Aan A1idR 82s 8.
oi-l2a dl2 2t gl sl [Aga ulka eald 8.

oA 2id, ALl 5 WERLSS P,uiell U1 adl wsial P,il eal-2se Anid gelloyd A
&9 dl GuR-ll WAloL AdelSell AHD AsIA. B Pyril e9l-via i P +{l eal->ta ule 6 sl
otilacl €l dl w12 Yelloyd (Brarges WALSs Pouisdl U1 A1 AR E cos 0 82s (P,ril
£9L-iae UHIdR) Pouiall URAIR 49, 24, R WIEARLSS P, (2424l P, ) Gl A5t
¥ cllotell ~{l2AeAL o uHISL steel.
I =1,cos 0 (10.35)
ol T, 21 P uiell iz gL ol gelloid wsiasil dladl 8. o dia-l [[14 589,
GURsd AL AL D 5 215 WADS i WRorie WMl cllsicl 2 viuld dlsidil 21441
€1 9. ol WARLSS ysatell i 6L NS+l oLl a2l vyaun ollsdle dlsidil
50 %zl 9=u-il a2 s3laR (RABid 53 s .
UIARLS L GuloL 1oL, 6URAL 5124 A3HL cdloldistl (M2l {12 scHl 2419 9.
WIARLS S GUALRL S121UUE S SHAUAHL 24 3 D Hell SHAML UL 01469,
BelsRBL 10.8 412 215 UARSS dsdla 2soiloat dot A (Crossed) 6l 6
WARLS Sl 422 0il HL 2l 2009 8 R Mol wdl wsioisll dlsidisil
221 53,
B3 1% uaH WAASHR P, iell uaiz a1 oue Hlsndl ydlod ustal dlaidi 1,
6. UROUE 6l WEARLSHR Pyiefl uaR 2l oite wstawril dlsicl «{laL e 2.
I=1, cos’0



0L W51

%L, 0 L P el Pyeil €918l a2l 5121 8. 431, P, iel P, visoilog- ciol
izl P, st Poril eol-atall 922l vell (/2 — 0) 4. dell Pyuigl ol
Wl ustatsil dlsit

I =Iocosze cos” (% - G)
= Ioc0526 sin’@ = (Iy/4) sin’20 3l.

Adl, 22 0 =T/4 ¢ U Mol wiHdlL (15190 ) dlsidl HerdH el

10.7.1 USlQ4 gL %Cﬂ(l-lq"l (Polarisation by Scattering)

UL AHEL SAAAL WARLSSHIA] 2519071 Alw0iL 664, @il Hiddl UsLaL Blalml
209 £ AR 2RI skl AHIRL e BeLdl el 1oL 9. i 6l 59 % el waL yeeil-il
AlAlaRRIML el 220 Alg-Al 2880481 51200 Bl slsddl (USlelA wiHalA 51:81)
Austel o 9. 2usla 10.23(a) eald 8 3, siuid Yausiaa Hydlad 9. eusi 2
sl Andan dogdloan 32a 9. 6-Ra dR 2t 2usliq audani golelad sald
6. (a2 wgalotd wstaml i 6 g2 so-old idl -el). Huld dotil [@edastsl
A SE0 AYAIHL AL SASZIA AL o [BoHl Best 4lad] auld qIRL 52 9. el
Al (2ot 90° 4 Adl 2ddlsAs Sl 8. ¢d 3 e % D 5 6-RBa dlaA AHidR
UABLA Al [AEAGUIRL 2L AddlsSI1R dRs Qo Bt 523 ], 51281 3 dusiudon
dot 4es dldl =9l dall 21851 g1l SR adl [AlBan eusi a¥ ealda 8. d 2uslas
AHdad dot [Rauni felod 8. 21 2istal wstasit wslei-el ddl gelletan 44od 6.

HlULd YAUSL9L
(agclleyd)

UYL gl walaldd

YiRd usta
(aclloyct)

BlAALSASIR
(a) (b)

2u5(d 10.23 (2) 2iasiaqi deoll W3R wsta gdloan. suuid
AUs1eL o 9 (2usi 217 d1R). 25 AHAIZL 248, sAldd O,
Welstil Wi dot feauni Yellegd adal wsiast di 90° 2L wsRd 52 9.
(35 2usi). (b) e 518 wRedls Himal ualid usts geilotad
(uRialdd Bl 31 agleid Braq do 9).

19201 unMi Sestciii Al ol A (C. V. Raman) i d¥ril 48514530
(Collaborators) i 31l g12L Ustol-il USLeiArll viot GlaRyds Heul s4l Sdl. dusil
AL 514 12, 19301 3t Gl s[Rstirel Aiota Y5122 Al viedl gl

80T w239
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c

NN A
YRL WRAMAAL s v (51
AR UL 6L HHHIAL AR AULEL YR UL 2l 6 QUL 2 AAUHL U, 5 el S2ells clLoL
UL UIH B A 43S @OL WIRIHA A D, A1 AR AU (AR 20 454 & 3 2135 4l
281 4] (3 % A 2d vAdds ) U 2iuld 15390 U1 By uada sdl Rad 4ysl
YRIMA YUY P MR 2AH A2, 2] U €, S,

auR

L5 AR0L WAL LA Al A g A 6 oL ASIAL AR, AL dLRLdTiL ALl WARLGRR, 25 Bt st
el w1l salda 2iusla yore ollsdl.

RS QR GeatHHiel Bl Ustal WARLSHRHI uAIR 1A 8 A Bosel Auidl GuR grez 2uuid
181 7, S UL A1d D, &3, WEARASHRA S101YAS ARl 5L A diL ALl 3 WASHR- 515 2lssu
atlseLaL 12 (los BUR L Ustel 2yl Ul wRols At & it Blossis{l Auidl uell 5165 wsiae urladst
2 w1l utald 2ug AYBIUSl lofe AL 8.

]
SN

15l 10.23(b) £ald B 5 wiResls iy, w2l 3 wiell, uall wsiae uldd- a9,
210UB A, dH, 2usl i dl2 YA 9 5 UL 24 A5loLd dROUAHL 6l WstR-AL Hlotan
€192 9. 248 215 wic] RAR €13 & % i ulaldd d3oL 3t asleyd d3oat doizi Al
53 €l wiellil eldn 53l Sasgin uRlaldd dol Gedrt 53 8, 211 (6lm) HiuHi ddol
(al32; 2Hed 5 aslogd a2, A detlRaumi ald 52 9. suslani salde dlA yalda
29 UHidR 8. 24 Bau-{l ald 2L uualid adomi st 2uudl el dall susld eaid &
ay, ulaldd wsia 3t visladl Axdan dot Baumi il gdleid ¢al (2ust a3 elda
8). il sl ypaldd usian Aqasx»2 ([Qsdus)Hiedl Asa 530 asi. sl
AASHAL 2 S SLS[AA AHAGHL, 22E 5 DU AHAAUL, €2 d dvd WRAHA
WHAL dlsicll 94 84l

12 Y lepd U512 6L wIReAs IR €92l uisdll 2L (widl) GuR tuid Ay
89, 1R ulaldd ustal gelloyd o 8, ¥4l asloyd i urldldd (3l Aisollast dot Sl
adl Ralaul [ed ulRel 21 »iuld AHdan dot gl U, U8 Ay 5 212 uialid
(32 aslod (e dot €l © R vidldd dadol 21 dyel gedloid ddol o 9. 1
(32241 2ULASIRA %222 512 58 © 2 At i A3 £AlAHl U B, 8L AS ALl
1oL 5 7, 282 HIRAHAL Asletdnls Uld As0AA O, ¢d, i+ = T0/2 dldlell, uusl-
el [Ha uRell {12 oo, wagl.

sin iy sinip

sinr sin(m/2 —ip)

10.7.2 uRtad-el %Cﬂﬂ-lq"l (Polarisation by Reflection)




0L W51

sin,

= tani, (10.36)

COSlB

Gl geeeril [aH 58 8.

GER 10.9 2axcleld sl s AHAd Sl AUEL YR 2UUd Ad 8.
uRlaldd 244 asloyd BRell sl dot i d 42 Sedl »uldsial ¢l ?

B3& i+ 7 %1 7/2 6lRAGIR U A HIZ, Ul tan iy= = 155U % iy = 57
AL AL Sl VAt 512 ALARY S HIeHl R 512l A4l

601 1WrM3g

AULAL MLAR, AU U512 90° 2l WSlei-l 217 g2 519 Al LA 2
530 24 v uRRAMHL, [Agdaiot-l ol 2Us dot Bes - $1d 8. oflog 515 vl o
825l el €l 8 uRg dHiel is aes oflael AeuHelHL wotl Sld 9. UL 6L dot H2sl
22 5165 22l soU Aot AAdl Gldl, S1RRL5 i ol whdleid (BrergeHL oL dot Besiuial
HOAAL 9. AL ALl USLAA BHRL $cll LSRR (UARSS) Higll ealHl 2ud 9 dl
U dlsbdlHl HETH 2 YeAdH Buld 9, Ui o Ay 2usiBid seudl 2l sud
USIRALUSIAA 249 gaload 5899,

adl, 2 WRRARA Azl dact s3> war sgdlad wsta Bayy o
w2, 692l wisell AUl UR glReR SI8L UL &AL AR $5d %L [Agldasl ulea 2
UL AHde col Sl dedl o ustalll ool vLdldd A 9. ¢d, Wl dadi-L
WAl Heeddl ol iUl F-l [Aeidaiol AR UL AHAA ol €ld dal olHL %
ustalr €2 53U e 2 il wstan Bosl AUl uR e 518 sUdid sl dl di
SUS WA W51 URLAdA 1] il i Wstald e wiRoHA Ul

U8 2L UsWA-L A2 21 dld ikl 530 5 Seells vl wdl © % s5d
dotalesl o aMAdl A D, qlou UHRL Hoddl HIZ AUAM HUUEL URlddA 2
asletad dl aeiviiql 2A1 doL UslARAAL 28R 53 5 ¥ wseA-9ui (el
WSLAARAAL SUHLD HRUL Scll. UGS, HUEL dolel 6-RaeAl wdloil 2l 531 3 %
WSL2LARAAL AU AL Fslaleds (Turning Point) ALt 45, 2AdHl 2u-l 418 A soudel
Yell gy [Qddd, [@ole, gl 2 Ba usiaaraill diadidl 220 53, ¢d
Ul USAWAHL AL Al UHLL A8 5 % UELAL ANl S.4. 1900l AU Aal Rigidl
drs eldl oL,

AU

1. uSoltell Rigic 2UuRe 5€ 8 5 dRotm vt e3s (g dllel doll Gealm 8,
gL 21506{ 2141 GHAS UedleAl AU dAROI2AN HUU 6.

2. S9leteil 2L AU 56 8 5 A AR B OLLRL dR9MAL 2u0L0] [RaMie
21128l (Envelope) €. o413 Wstalel 56w 1 [l 2adst €l IR ML d3all
AULSIR 2. AR (301 6l do2AA dot i 5165 ugL [Baul [Raumi el
Al Wizl AMA ML €. 2L Rigia 2 ot n8lldl uRlddst 2 aflod-Hl
(Haal 200 6.

381



B clfasf@sun

382

- IR UBL6L 5 el AR Ustal BeatHl s % [Blg UsURLA sl Sl IR dR9llHL

Aulcll sl (Fuw @y widl ast 6. 2R 20Ul 2L BedlHiA 51281 »uua (Gig
210019 cllstclledl (AR s3>t el AR 6 2adat dlsdltinl AL BURLd is
Rl 2lds0L-Ue UA 8, U AL UE §5c AUR % AR, et 8 AR dll
AR AL €12 6. UBL VAT, AR % 64ial %HIR BEALHA AL UG (L €l i
Al 422 2440 (Re) S0 dslad el

. A9LAL YL, d w2d, R HRlAdl ol RA2L, AML HHdR el 214 A/d wed

sl iR YAl welsl 2UU 9. ey, Raeld Helelg i e usifEld
AALSL 2L5 % UL UR LAl Sl 9. % Rete S HidRe vRI Hed Ad Sl
QHIR €14 dl (34 d (Extended) G213 AL 12 5241

. av€ous quadl 2s Rae v 2R saH e [QadH elid 200 8. + Aa,

1 2Ma ... 43R RUL 20 dlsidl 8l 2 X 8, FHL A2 538 Aol
cllstcll 421edl 0Bl 2B sAHL 2iddl i 8. [[ad- 2@esiul sield [Adien
AD Hl BB 52 69, %dl, D 3L A 8. AL 53l 195 2UAAL 6L AU
wolo Id 2456{lo0 U 201269102 WlABlell 241U 9. d % 3ld, # Fedl asleianis
HRLAAL HIHHL Svg 210101 2 B %2dl 5181 oielddl, HIOSIR51UAL oy (52q
M(2n sin ) 2id2 €9l w3dl Al % x1doL BS A5 8, 5 ¥ HSsislu-l
icler Hulel 8. [Qadd 2 usia Brow vaiasdl qaiell 4l 2 9. d
[ad-a 519 Fetadi 23 52 d uddi, @ udlous sr1ad B a'/A ¥ed
id2 51U ;%A sd ol 58 O,

- secdl usia, eld., yauiel vadl usion, 21 Aydleid Siu 8. 2ii-l 218 2 44l 3

WiuH eRUA [Aeld ARl dot AHdaUl 254 Sl ddl ol % (2ol vor syl
i 2R I HIREL 53 69, WARSS s5d A5 (3 -l Qe 28 AHIdR)
g5 WRAHA 52 9. uReul st vild Yoloyd Hadl dd gdleld s¢ 6.
o412 Ul W1 W51 o{lon WARLSSHIE Ml 2419 €9 5 %+l 2iei 27 5181
URGHRL sAAUML A AR 6L HeTHL Sl YAl Bal 4 9. Yellod ustal
S AlssA 5181 (YL g2 5181 58 B) uAAld srace] 2im yeell-l dlciaaii
/2 %2l 513 WElRl s2uciaefl wel Aol asiy 9.

gt [QuReu-L Helil

. Blgad Gearuuial lsadl dol ol o [Rauni scd ©, wHIR Usle 3 Aissl

(32007 AHIAR AUl 53t HigH U3 8. ustaiil adeisil ot % WAL AL AL HI2
SO, UL A eictril 2AidRE A 244 UHLOL 2{3{l ARl %32 wdl edl.

. 9Uetl ULIOLML Bl 3oL, dAZ0LL 20U, His 21d1cds] A WL 21 el el Gealuial

“lsandl SulaRdiRl s 69, % Aslds e [Artials v ol Qi 8.

. [Rade-l gedl 21 Brer ustaoua-dl Halel>l Arvdilid 52 9. HISSIREU 2

2lasiu i iselloa-ll wsll s 28l azgiia 2tadt el aHdl 2 wsiasl
Lol gLl sl A 6.

. 412l oLl sl i [Eedr 2440 ALd d2oll, Fald salHl ©MdIol, Hi2

ugL Adl Mol 69, ud, HYoloran derl 3 doldld dRIl Fals Uslel dDUrL B
(3431 % AU A S,



10.1

10.2

10.3

104

10.5

10.6

10.7

10.8
10.9

0L W51

JAURY

589 nm d2LA6LS HRLAAl 21539(] ustal gaHigl well-l 1wdl Gur uuld X
8. dl (a) ualdd 2471 (b) asletd usta-l d3atdons, g x4 1eu sedl il ?
el asleadis 1.33 9.

~{lal 20Ul £35 (340 312 dRIAAAL U512 9 82l 7
() Bigad Geormuizl saidi usial.

(b) elfEatinn Axuniell [Folit windl ustaL 3 @R Bigad Geald d-l 3w GuR
“id Q.

() &2 WAL LA USLAAL AZAAAUAL Y2efl gIRL AL BLOL.

(a) st asletais 1.5 6. usiail sl »ou sedl el ?

(sLiestami usiail 364.3.0 X 10°ms ' 8.)

(b) 2 usta-l stami By usta-il el @da 9 7 % AL dl 6l AdL 2 gl
21 6 3201Y] 541 391 S04 BosHmiell HlH ol 5241 ?

olriL o-(ReexAlL UAII, 6L R&2L 9422 idR 0.28 mm i Ugel 1.4 m g2 35l
6. Hee, usilid datst 2 Al wstlid aaist a2l dr 1.2 cm %24
UL LA . UALIHL AR UL+l dRoLeiedlsS 2Lkl

A sedl 15320 AU HAAAL U519 AL 5L 4oL ol-RA2AL WALRIHL, Usel
UL % [Bigul vadsiad A wedl Al dladl K 214 6. ol 4 dgldd /3 2y
d [Blg 21 ustaHl dladt seedl wal ?

4ol ol-Rée udloML dfaseL AdLszl Hadl Hi2 650 nm il 520 nm 6L
d321E6U Sl HRAdL UL BRay-L Gudlal s2aMi 14 ®. (D =90 cm i

d=0.15cmdl) .
(@) 650 nm dadelS Hie usel Ul 2l wsilid adisie Here 21[Esdel

iR AL
(b) 6irt dacionSia 518 Hadl UsiBld AeLsiil 2156{0%1 U AUld A4 d
Hierd e SRSl A91H1 219 2idR WL

o[l udlami 14l 62 ddl usel ur 2is adisi-l siella udlas 0.2°
Wl €9, AuAd wslal datdoils 600 nm 9. %l il WELBLs Al
wlRllHl gottsalil 2d dl d adlst-l siella ugians sedl a9 ? wieil-l
asleta-is 4/3 dl.

gl slARLBALUSIA AR YRR slelsedl el ? (sl aslatadis = 1.5).

~ o . R ~ ~

LS UM UAAS AULEL BUR 5000 A dZILAELSL WS UL A 69, Yualdd
ustadl dzoleolsS 2 gt deell ¢ ? sul 2iuLdsiel, vaaldd Bl 2
yLdZeA dot el ?

10.10 4 mm %2¢, 1542 i 400 nm dAEGLS Hie idR-dl el HisL § %=l Hie

(32 usiaasiie 2 ARl AlRsedl ix.

383



B clfasf@sun

AHIRUAL ALY

10.11 3is Ml aSiorm g1t GRibfd 6563 A<l H, Yuil 15 A ¥2ell Red-Shift adiell
ol 69, Uil yeeilell €2 gl Beustl il 2lHl.
10.12 s2ice 21 usiasl e, WRls wellul 384, guasiaHl wsiasil 36 sl
QR Sl it 3ol A 5369 7 d Aunal. 9 Wby A weellHl qwda
ustaledl 36U 2L LAl YR 53 69 7o AL, L wstaL Hie ol 53 MUl A
U101 018 ARAAAAL HUAA € 7
10.13 ¥ yesui @ell 2 3 3ell Ad edol-adl Rigid uldde 24 agletd-l
[l dzs el ond 8. 1% Rigic-l Guatial 531 s Audd Al 14 Avia
[Bigad ueieial sieudl wabiord 2auel 2idz, el dig 2id2 Fed, €iu
£ A AUBIA 52U,
10.14 U8 U518 dR9LL WARBUL BUA 25U HUR Sl S1A ddll S2dls Hellixdl
AR otitell .
(i) Geam-LUsR
(i) w2 leau
(iii) GetH-ll 2t [l vadis-sizel ol
(iv) dateons
(v) azaldl dladl
BUR-L sULHEAL YR
(a) Lrdlastadl wstal oy,
(b) ™ (Rl 5 12 vtaa well)Hl ustaedl ssu;
BUHIR (%A AL Sl L) AL EY 7
10.15 w0 w2, 6 uRRAkL ¢ (1) RER Gead; ddissiz alddl i
(ii) Bt oUlaHL, AddLs 512 RAR, Hie g lrirl 52512 (Shift) ot &lgs %E
U389, Ui LS U512 RO HIE L ol WRRALARAHL SR 21U Wizl
AU VLS AL % HIGH UL 69, VAU, AL HIS 69 o AHAAL U512 FAIR HIRHHL e
il €12 R UBL AR 2L AL oAl AL S 3 HUEL AV L 7
10.16 600 nm doleons dladl usiaril Heeal s3¢ ol-Ree WA, g2 AL Uel
uR Hold Aetsi-l siell udlans 0.1° 4a 8. 6 R&EL A2 ¥id2 S2d ¢l ?
10.17  ~{l2AeL d2lletl Grir UL,
(a) s Raedl adl [Rad- wdlomi, Rae-dl ugions 4o uglous sl ouell
52cML 209 8. 21 3l Fd v [Rddn uziel ol 249 dladinl 21
597
(b) ol-Razel sucl uaoml 34l Ad evs Razel wad [Rdd- 21 clasel did
AL Aol A4 ?
(c) &ril Gedrmuizl Hiiddl Usial YAML IR il ddUULsIR AR s
AU AL 2ALARLAL ULEILALAL S ML AN 25 el 2ug el oL 9.
Auegal AL HLe ?
(d) 10 m G+t 34l ot [Reuell2Al 7 meil [Qewdt wisdl (Partition) Baras] 2A4¢t01
5L, %L USLA ie kR DL ot R0l sl Bl alst 4ol asdl $1d
dl a2 @enelli 2is oflon w8 aldld 530 w3 © uig 2solloan A
384 et Azl ?



10.18

10.19

10.20

10.21

0L W51

() (3l ustafastiq 31 Yduiei v 20HRd © 5 usial qvul Al 52 89,
(rerde 1R (U LS el 216u8L | ReeHis]l ualz a © 24l Al
weuRil dig A0l & AR ldl 1A ) 2L YAIRBUA vigd 53 8. dH 9l
(333 ustaoul ydRel A quleil ustelld Guseil wilbierd
22017t 24 6l AURIHHT AH AL W12 AuAA B, ALl y[Bs 3l Zdt 52301 ?

6L 25311 UR &AL 6 219R) iso{londdl 40 km g2 9. A Al vt 61RA6IR A2

219l 2530 50 m GuRall U Al B, AUl [ad- 21U Ra 6 214l

22, Hisell 2514 dal UL aZoll-l A1ell ay adoicions seell ol ?

-~

500 nm dAEeUS HR1dd AR Wslal (3o s Alsd Reae U2 ud & i

wReil Bad-cid 1 m g2 AvLAL Usel GUR Bl 2Ud 8. Ad AW HA D 3,

UAH YAt USelel Srweil 2.5 mm idl 2Udd 8. Retexil ugions ekl

{12 Werlel ol Sl

(2) 2R w1 Gl B4 eals el ML Ul UAIR &A1Y 6 LR
sl el avid ddl wsel uel Rl goadl adl il gl sl asd
AUyl gLl

(b) dx ydsil dlvil ol 91 du dadl AldidR Hiedl vl
Auidua-l Risid i [@add 214 @fdsel cidinl dladl @dee 1l
UHIR B, 2L Al coilug] 96 ?

215 Rae [Rad- olid Haadl avid 20480 Aie] 3 nd/a veuil 11 dlsidl 914

A . Reed oy cpordl gl dlaidirl adl -iepel gl i cuwoilug]

glldl.
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[al5201 217 geudl 'gd usla

(DUAL NATURE OF RADIATION
AND MATTER)

11.1 Ydld-ll (INTRODUCTION)

(AgLciziot s Hierl sl A0l i 188731 [Aeydieisla doll Bt s34
2 AHA Yrutal (Detection) Hiell 62l YAON Uslal d3oL 23U £6ul 22l [Ud

53 Sl o o AHU2U e (B 19H] ALIAL St Aricd, (3219 2ol {2 eoudl 84l

-]

A

N

aiyiiniel [Red [ouz (Sasdls Raae)-l walbls sHadis-l well odl 2laeiRis
Lo d2s 13l oLl 189541 -+t (Roentgen) gll X-Ray (&-[32ell), dal
189741 %. %. MUt gll SAs2irA-l 2k, 2L uHULAL AL AHYAL HIZ~AL 24214l
HORAGL Sell. HH AL 4O ¢ 5 WRLAL @oLMaL 0.001 mm el™ Fel Yl 2Ll
golll, (31 2ot 28aL dty U2 6 S sl ([ed 21l) a2 [Agdaial @ioy uisdl
Rraus ([eyd [euR) Gaut 2ud 9. Salls-l -l oug-l 514 U ugRs (sdidu-e)
PHURL (Glow) VA 8. 512 UL HRgR5 (SAlRUx2) WsLAAL 29, SIAAL USIR UR HLHIR
ALl gell, FH5 AL8L-512 U dlonal sl dlell 391 gl 2 UZRE (SAlRux) W2 5218
Ul 2iadl [k slRRed MiddiHl U2 ¢d. 5218 (5ei-l it 187041 [alauy
553 (William Crookes) 53| ecll, 2l ueslell 187911 YA, e 5 2 (380 viol Buell
afet 52l BB [AEAMIRA sRlL Halesil el 8. [Bla dlilasuzll 3. F. diuun
(J.J. Thomson, 1856-1940) 4L A Sl Y% 2uul. [3RA1% 236t U URUR ¢ol 31
[gyd 2 2otslugioll doudla . . elluan Al da 2i 5als (Beu seil-l 3w 2
(afare (g deur [[AgdeuR 2in sty ARIR (e/m)]-L WABLS Hell Hael. dil



[Al320L 24 gl
gl Wl

(3208 Bl sel) wstall #su (3 X 10" m/s)iL @otorar 0.1 2l 0.2 el ssuzl ol
52l MG UL Sl el efmed w1513 4et 176 X 10 C/kg B, »lL Gurid, e/m-i
yey 3218 (Bims) Wiz Gualavl Al s/t Wsiz U2, 5 (R0 ol aviel diy
U, MR AU L Sl WG uRl ¢d. 2L vadis Al 3 selld dbisug
(Universality) 3429 €.

L% AHAUOU e (ML, 188741 S, ARLAML 12 5 S2ells UL UR Hegladide
Us1aL Ul 53t el U 1AL B2 [RgdMIRd 8l GRulFd A 9. 1 GuRid,
Sells Mgl Gl dtumi 914 53l d 8L [AgdeiRd 8l GilFd s3dl dlaid Higu
UL S, ML SR ML UBL e/m Med 518 2 S8l Fed o ABldl MY . UL otHl
aAdLs2L WA 5245 241 o1t % 5811, HA A el el Zd Gt 2L S, s A3
sl 4ud 89, Fun 189741 3. %. AU 2 (Electrons) Hid, wUH MU, w1 el
5 Al el Yooud, AdBLs d2s 8. ayil 4 [gd asadl Agilis 2 wdbis
Mzl g121 Sasginl 4oL uads sl 5241 oted di 190641 atldslAsiiq wiz- Aisia
WRARS sidd 2y ¢d. 1913340, 2405 clifaswzl 2. 2 (lasq
(R. A. Millikan, 1868-1953) $Ses2iv-il [Agid™Iz Alss d Hual M2 dl %, da-il
6i& (Oil-Drop)-l W42l 541, d¥sl el 1o 5 el Sl urel [edou daan walbis
[B8der, 1.602 X 10 CrL yeils deisii o 1ol ©. v, PulRis-ril 4ol efid 534 3
[Qgacu? saieisss (saieHlsd) i 8. [AadmR (e) x4 [Alre [@admR (e/m)-
Y e, Sesgivtd seimie (m) Al asA.

11.2 6&5@3%@ Beu (ELECTRON EMISSION)

28l il el 5 gl 4sd Sasgiql (el [AgdenRa s8ll) 41d 8 % du-l
LSSl HI2 BALELR 8. HUH 9cll, Yod S5 AtH-d Ad Bl wwidl urell eesl asdl
el o 515 Sesgin tiquial el lsal waet 53, dl gl 2wl a- [@Bedeur wd
5269 i A5 WL Uil Vil & 8, A1, AL UM 0AL S1R8 45 AR
agril AU USAS 28 8. wlReu a3, o Sasiq 21 sl sl iioioll af (ueiail
qa) dedll yadl Glo 4uddl $id dl % d dig-ll Awduiel oz lsoll a3, dig-l
AWlHiel SAsPIAA GlelR Sledl HIZ HHs Aty agay Glod 2iudl ud 9. Hig-l
AU Ml Sasgidn 928l el 12 %33 icll 2L agaH Qload d i 54 Q9% (Work
Function) $& 9. d=L 1414 2d O, 943 s2lld 9 214 d=t eV (electron Volt)Hi Hiudiui
214 B, SAsZirA 1 dieeril [Rgd Rafuir dstad <3 uaBid sdi ddl aaddl Qo 21s
Sasgindiez 58 8, Med 3 1eV=1.602x10 " J.

Bloetl 2L 2L54rll GuAoL AL A uBRAs 2 4 3aur cilaslasinul 2 8.
512 (384 (¢)y), Huertt 2181l 24 el AUl WSIR UR HUHIR ML 8. S2dls tgile 51
(Q8UL Hedl s1es 11131 UL 8. L 4l @Rl 89 51815 d il Awiel ur-il
LB UL vt AL .

ses 11,1 vl AL 3 514 [RBU e @RAY HI2 Ut (9, = 5.65 eV) 8, wUR
RBuH Hie d agdu (¢, =2.14eV) 8.

tl Awidlniel] SAsginieil Gerost W12 %33 adH Glogt, Hsd Sasgina «{12 »uuel
clllcls UBAHIe S5 uRL 218 e il wsiy :

() ardly (24l20Rs) Gt = 4104 d ARH 53 Hsd SAsZinA Yl drfld

(a3iet) Glogl 2l ausid 3 el dxil tig (-l awdl)Hiel elerz lsoll 9.
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sres 1.1 32dls tigaiqi sl [ady
Hig s [y Hig POICED
b, (eV) 0, (eV)
Cs Al

2.14 428
K 2.30 Hg 4.49
Na 275 Cu 4.65
Ca 3.20 Ag 4.70

Mo 4.17 Ni 5.15
Pb 4.25 Pt 5.65

(i) Alld Geaof : 21d ol %, i uR vol well Riedaol (107 Vi L s3ei)
oL dlA, Sasginn digel auidluial el (vil) 518l asia.

(iii) $lel-8es2ls Geta=t : IR 1o HUGRIAL USLAL Hid U UL 53U 209 AR
gl AuHial SAsgivd st ad 9. 2 18 (Us19)-GAlrd SAsgiva
$12l $8521M 58 9.

N "
113 5121 §as2ls 214 (PHOTO ELECTRIC EFFECT)
11.3.1 éar\:)’ﬁ"u A ALSHL (Hertz’s Observations)

[Aedaioi sl dolin WALl e334ix, 188741 &sil ¥23 (Heinrich Hertz, 1857-1894)
sla-5asgls Gugtedl vedl il odl. s duy g1 Redesly dadi-l
BB AL WABLS 2Aadlset LU 63 HAdis 53, 5 PR Buws et 2il5 G-l
eRlAdlAe WSl a3 UstRid sl 20d R dese qusl 2uauid Gl diea-il
L5 a4 dlat .

Al AWl U2 UsLaL UL Sl 4, [AgdetRa seil duiel otz @1oll gedl sl
Fud ¢d 8L SAsZiA a3 2ol el iR digel AUl U usiaL uid A,
AR (tugl) Al wiziei Seetls Sasgiq »uuid [, ueid-dl audlul 28al 4
UL 250 ot o]l ast Aed], Wl Glod Had 9. 2iuid usiamizl ydl
Blod Aoy ugdl SAsgin il Auidlaial UL ASAHT Yo AU D,

11.32 Sladial A A-ud- vadisl (Hallwachs’ and Lenard’s
Observations)

[Aedy dlacugl i slefly s 1886-1902-1 2UouHl $121 SA5Els Gt -l qetiril
20641, 541 Sl

ALl (1862-1947) »adisd 54 3, wdR 6 Sasgls (gl uglail)d uiadl
gLulasUBLd st Aolil 28 Getors wWie (Ugl) uR mieiaudide [ABEL »dld sa1M
21d AR WRuaul [Rgduas ad © (2uslt 11.1). 2R sHeglaiide [ale »uud
53l 614 52AML U AR dd % [Agduals Wal 125] AU 8. viL iddlsl eld © 3,
WU Bu%s We C U varlide [ka w3 8 AR duidl Sasgic-d Gaig-
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AU B, ¥ [ALdaA 8121 el 58522 WEe A dRs 25N B, SASZA yL-uasiBld Aofluiell
UAIR A B i URSUA [gdudlesd ase 2 8, U, Brg sl Auldl U 2iuld Adl

NN N

usiatl S1R31 otel WA [Agdudisd asq i 8. dlddial 2im Al sdse el
&AM daul iutd wstatel 209 2 dlsdl 418 5121 Sasgls uale sdl dAd sleais 9

il e sl edl.

188841 €lacldl A, 2iou 53l 2 SAsZRSIY 1A 2L [AgdciRd Bis e Al
el g lal 1o 5 w12 [Bhs 1 UR AeLAldlAR Wslal UL SRAUHL UL, AR @
atl [Agdeur ol BuRid [edeir Aed (B 1@e U seglailide sl 2l s:dl,
d ar [AgdoRd el 4 [AgdouRd Bs @e ur seglaldide ustal »Uuld sdl d-il
urll eifAgudeuR il i iadisl uel dHel iz 5 [Bs wWe U vieaiadlde wsle
UL 52l il 8 Qg dtiRd 52 Glyd 8.

189741 SasgirA-l 24 olle 21 e Uy 3, GAFs 1@ U UslaL 2l 53l dxiedl
SAs2 BUFd Ad 8. R [Agdeur-l 5128 Bl Sdsgid [Aedant gkl sdseR
e drs 4idld 9. Sladlel v Al B uRl vadis s 3 R BRiws We W
ARLAAIER U519 UL 532 AL, AU UsLa-il U9 [, A5 Qe Hed - gt 29les
(2l4ict) 219/m 5 B A - 52l 219l €l dl 25 w2 SAs2IA GRUFd Al A2l 2L agau
29[ GR1F s Weril sl W12 (Us[R) U MR AV D),

2 Rl 4 s 5 [Bis, SsPam, Mol adiR wdl sedls Mgl uweluidl
SesZired Gt 524 HI2 251 »igRalon iegiadlde wsia o Wamia Ul 9, A 5
sedlls vuesdl augil s [ARay, A3, e, RuEus 2 36U ¥l 2uesdl
HLL 894 UsLaL HIe weL A dealla 6. L ot o Ws1a A del (slel Al=c]a) sl uR sl
UL 53t A SASZIAAL Gt 529, SAsZirA-l M 2L ol 1L SASZIAA 5121 SASZirA
SEalHL L 2L U S8l A28 2042 58 6.

114 8121 %S@l&él:‘s A WABLS 2 (Exprimental Study of
Photoelectric Efect)

sl 11141 5121 SAsgls AL A0 521 Hierl WadlBis aleanil-l 3uvw
galldl 8. dui ywuasiBEia s12/sa12nl Aol (eot)-l »igr usial Ad€l @e C 214 ollw
aigdl We A suidd 9. usia Gea SHidl yadl il adoicdousaill sasll
(Monochromatic - 315 23{1) w519l 61F] WHL 259 U519 44l w@e (Bus) C U 2Adld
i B, wReds saenHl ol siudl 2ot R ddusalMi 2udl €l B, % duidl
weglaldlde (3o YAl ddl e 8, % siel Al @e C U 2iuld 21 9. W@e CHidl
52 BRUFd &AL © e 6123 Ay Gt addl [Agaddioil 5181 (s8523) We A gl
B A B, 6123, C 24t A a2 [AgLd RAMIAAL dslad aadl v 8, ¥ oleedl ual
AL 8. W2 C v e Al gacat (Polarity - et 5 2801) - 534222 gl Glaaidl a5 .
UM, Blgs C (L Wha @2 A A SRt 5 el R A w5 8. 2R B s
We Cefl A8 58522 We A Hrl Sld, AR SASZI dril ds 25U 8. SAS2IAAL
Gtgedl siR8 URuAHL [Agaudlsd s Wy 9. GRAFSs 2 sdse’ wWe
922 [Agrd R dslad dicedler (V) ad Hiul asid 9. sz WRuani 1adl el
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S [REdndle uSsiale (UA) a3 1l asi 9. Gigs Wée
C-l ulua sase: We A urs Rafauiq otedld siel dasdls

sl yuastlad N N ~ - ?
ftuﬂ yale atlzl 5 detdl asid 9. Gurs C i sas52 A -l

(e RalAHIAAL dstad Vel 24 2iuld wstasdl dlsdl 244
21gfa weL eedl asa 9.

Ul usla 11140 eaidd walBbls olisasil-l Gudlal
s34 (a) [l dlsdl, (b) 2ud [alBexl »uakt, (c)
W2 Aui C a2 [Qgd Ralauinl dstad, 244 (d) @e C Hie
QUAAE gl Uslel Al 512l SAsIls Ml $81-AL
en 531 UG BR%S C U UL Ul U5LaLrL HIdLHE

— = Y19y 2011 [Bear 5 201l 512 45l €l el glriel Ustai-l
2u80A 11.1 8121 SAsgls A AHFAL W2 Gualol 531 wslal. wstadl dlsidinl sledal W2 2148 GRI% S
WBLs ollseell 24 U512 BEALM AR SR tled] ASl.
11.4.1 w5l dlstdidl s2t s U 292 (Effect
I of Intensity of Light on Photocurrent)
2
g Bt s Cl U8 5A522 AR et RALMIA AvLAUML 24U
= 0 3 el C uredl Guadal SAsgld 58522 A drs sHid.
3 2ULd WLl g R 2 Rl 210 AvilA, (@3]
) dloldl oledalmi 21d © 2 835 Quid uReusl s12l Sasgls
wlg HuAMl 219 9. 2usld 11.240 ealda udv 3ol
ustaeil dladiMi adl afIRl 418 s12l wals il Ad addl
ustasdl dlsidl——» dlald weud 8. Sl2L Ul B AswHl Bddl Sl
2R 11.2 ustatell dlstt 208 S50 6&5;‘ij1 2{1::{L~u AHUHILLHL -é?LE{ 8. 2L eld B 5 25
SA52ls ualel 33812 Aswsil Grudal Sdsglivl 4val 2uMid Y519+l dlddin
AHYHIGIHL €14 89,
1142 52 Sasds uas u [Agasoua-dl 2»u2 (Effect of Potential
on Photoelectric Current)
WIRAHL 28 W@ Cril 108 e A 519 det RALAHIA vl dal @z CuR =130
(20ls5) 29 e v 2a A0 dllobdl T, Al W5LaL Sl 53 UR olle AR @ AL Hn
RalamiA R R otedlal dal 25 duid Hodl s12l SAsZls wale Hidlat, 244 ol
1oL 5 udols () RAMMLAAL Q1L A1 5121 SASZLS Udle UL A8 6. 515 215 dotss
W2 A YAl 1553 U R HIS, Bieddl ot % $A52LA e A U udial 2d &
2 5121 SASIS UalS HeTH ol €9 2l AW (Saturate) ALY €9, % 1YL W2 A
U uaols Ralanid ¢ url adila dl slel dasgls udls audl ell. slel Sasgls
Wellerl 2L HeTH Y 4gia Yale (Saturation Current) 5& 8. Ad\d Udle, B s
wWe Curell Bizdal ol o 5121 SAsgin sdse1de A U Usial d B »143u 9 (d
BruHi v ®).
s 2R e Cel ue e A U w88l (wlandols) RalaHin aoudlat »id d- Hld
390 i a weL oisellal, IR dac Glaaiadiil 2Ud AR SAsZIA HUSHIY B A 55



Wl Gl tR1adl SAsgid o sdse: @e A yHl
ueld 9. 512l Sasls uale nsudl dedl oy € i
Wi A vl 8L Rl Aissy Dd v
sUlAded, V) Hie d 24 2414 9, 2iuld wsiesil 51
ALssA UYL UL, e 4 YR doudd dgmy BY
(ulandoil) RalRMI V,, § w1 41e slel dals oY
4SS NY 5 Y ALY, A 52 2l 5 2T YiSlde
5869,

5121 SAsZirArL ALl AL Al AAHeA
A 6. Hiuiell Guetdal ol % 12l Sasgiv-l
Glost 35 A el dldl. suiR 2R W[
seduad €la s ¥ el ay Gloadain 518l Sasgiv,
3 gusdl wenu Al (K,,,) €14, ddA el
25l 539 sAs22 U udiaamiel A6 w3,
QU2 5121 SASELS Uale d AL 69, dail

Kmax:eVO (111)

[Al320L 24 gl

gl Wl

| 5-Wals—>

asg

&

s
b.)H

21U elaue

_VO 0
—ylamals Rl 5522 e R —»

2usla 11.3 2tud wsiadl g€l %€l dladizil
HI2, sAser we RalaHid A siel Sasdls

YalsHl 3812

2Bl U Bl 2w (@Al d o gl e, ue ay dladiil 1, i
LI >1 > 1) ue slal 53 aslal 2uuel i idlat 5, Agid walél (Saturation
Currents) &3 4812 GlUL 44l HA D, 2L 22ld O %, wuid [l dlsidid ausue 2d
25 A4 €l At SASZA BUFd wd 8. uig 2usld 11340 2udvily 2d saled Yool
22Ut we(Rad e st [l dladl T, Hie g ed ded % € 8. U™, 2l
[Al3a] 2uda 2ugl e, 2eUdor welRad 2 dlaar 4 2utR aug el olw
Aoe, 5121 SAsirr] HeH G Usiall 2GR 21 BRIF S A2l g UR BAUHIR
ALY, Ui ol 2l [AERRAL dlstdl U2 2uaR vl -l

1143 2uud [aBa-dl 2uglidl 2fo wlRua u2 2142 (Effect of
Frequency of Incident Radiation on Stopping Potential)

©d 8L 2AuLd (AR 2419 (A v 244 22101
(R V, azai-l Aot 44l 20ul gel gel
gL M2 ustarl Bl dladl »is u:vll o
Ayl wA sdse wWedl Raladi wd s
dalsgs Hals-l 58511 Hen s3Ugl. uReud
wodl 33512 sl 11440 ealedl 8. 2wuad
2L (Al o€l el 2ugizil Hie @il
e[l el el Hedl 1Al 89, U Agdid Uals
(Saturation Current)d 15 A¥l-l H&d % HA 8.
BU¥d Sasgiq-l Gloa, suuld [@ABzeHl »ugkt
U ALEIR AV O, 2AuLd AL Gl 29[t
L2 22Ul welAud ay el i 8. susld 11.4

121 SasPls

V>V, >V, uelle fj

J

Adud wale

r

—Vi; =V, —Vy 0 sase: @e RalaHii—»

«—ylaudos RElauin

2u5(d 11.4 20uid usia-l el g€l
2Uglavdl 12 sase: we RafaHi 1l
512l SAsZls udledl 53812 391
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uel Al 5, o 2L V>V, > v, sHUL €Y dl
UL UR[RAUE V>V >V, sHHLD, 1L eald &
5, 2uld wstawl uglt @ Ay, du g1l Sasgis-l
OU[ABLoA uRL Y, WRRUM 23U, A4 YU vesladl
did B "2 a4 ulauaols R (Retarding potential)«l
v>V, %32 Ul % Sl yEl Yl gl He Udd

(3Rl g7 2t dnt 21434 22Ul Yie[Rdasl
2rud Azl suglft (V) = oy Q1191 dl wtuma sisfl 11,540 salei Yoo
{1l v | 2uAvL A B 3,

(i) 2uua si2l alAda (usiel AqA€l) g He

2u5ld 11.5 2ula Uusta 4ALL g e 2iuid @Bl 24Ul [AZa] 24197 18 220 i(Fua
gR v A1 2L 2[Fud vl 3812 o{ly Fd sleaiu .
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(i) SL6 ALSsA AT 52 218 2T v, Hie 1ML
. e[l o=y €1 69,
UL AL 6L OUAAL YA 6 :
() slel gasgivnl Hend G 2uuid [0+l 2ugl 418 vy 2d sedry €,
g d dlsdl U2 241812 Avid] el
(i) o 2uta [QBa] 2ugltiv se 21s 219l v, sl el €1y dl dladl o4 del
qY ¢ld dl ueL S18 51el e 5215 Gyt ad 12,
2 A8y 52 248 U9 vl dales (Al4ia) 219l sé 6. el gEl gl Wie d gel
el €lu 6.
el el uslal AAEL (12l AlRAla) gl ustad gel el ulaeud U 9. [Bs 2
diotl s3dl Alafus 4y qdeslla 8. s o usia-Ad€l ueld o€l gel diados-i
U519 Ul el el WAt 2410 €9, Beleel ds Aelaldlde Uslal diouHi slel Sasgls
2142 Gud €9 U1 dlel 5 dle 2011 5191 2L 2AR Guonadl 2.
“ALHL & GURHL 6HL WHLUHL, 2 ARl 1L €9 5, o il [AlERe] 2ugl gelles
UG Sl A, Sl dl %2 w2l euldl AHA 6URL QIR (L glal adR) slel Sasgls
Be1% L dcslon 23 AL % €9, ugdl Gl AUl wstet-l dlsicl el 20l €. e 3L eastal

WA D310 s 3 dell Lol 53l AHHHL Gl 23 AU D,
& U8l 24 (oMl aldd] WHIBLS dlaRLsdladl i HAALSHLAL LRI SO,

(i) uud ustaL Al gt i i [AfEel sutd »uglt (Aelles 2ug [ sl ay)
L2, 512l Sasgls wals 2iuid ustatdl dldirl AHuHl €l 6 (sl 11.2).

(i) U U5t AAEL gt i 2A0E UL UsLa-l 2Ug[RL UL, Adtd Udls Adld
(3l dlsicil AL €l 8 U, 22UUoL We(Rua dlsidiell adat gl
(sl 11.3).

(i) 2UUe WsLo AAEL gt Hie, UL Wstael 2Us AlssA dgny 52 15 2UgRL €l 9,
el Zoles 19T 5& 69, el sl 249l 2419 112 AR dedl Gl dladidl usia
ld dl ugl, 3121 SAs2irte Gig-t ad al. Aslles »ug el a4 >ugf W2, 2ol
Wiz(Rd a4l AHded Ad Glrd g1l Sasgiqrl Heay oUaGles, Hiuld
(alzel >uglr 2 2eila Ad a8 8, uid d dlstdl U2 2u8Rd el (sl 11.5).
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(iv) 3121 SA5LLs B1Ft 3 5165 wal Rulldl Ay oL 4o (ra Elen [isiL) (<107 s 3
aell U9 uHUML) Al dlcaBls gedl 0, uedl edn 2uid wstatel dlsidl il
&lol Sy,

115 52 SA5)s A AA WA dolAlE
(PHOTOELECTRIC EFFECTAND WAVE THEORY OF LIGHT)

SlorelluHl Ul 2id YHHL Wsle dRoL 23U © L olold Ul 4S5 AS edl.
a[as281, [ 247 Yellotan (Polarisation)«il @edl»il Usla-dl d3dl A3U glRL 5l
2 Acdlugts Ad AHodl wstS ool 24 vaie yoror ustaL At [Qegd st 2ously aotiel
ot [A8Ld2iotsld d3oL 8 i d Hasiadl ¥ [[eudHl [Brdd €id d [4rdiR U Gl
Add [AdRBL €l 8. ¢ UL 2L ldl el 5T 5 USLAL 2L d29L AU 240UB-L
WRadenl calda 512 SASAS B irl AAadl sl AHoadl 24 8 3 Al

USLAAL dR0L 2a34 ool il (3L uR [l Baeuald ui o a-l) awel w2
dal Sasgi [l Glo Add 2l &, 2iuid [Berl dladl %4 ay dy Qg
o151y aollnl SuldRdiz (Amplitude) a8 €l 8. e dlaidl wedl ay, dedl o a4 Gl
£25 A5 gIRL A B, 24 Rot Hrol, Auld] uel 5181 SAsgi-l Heau oG,
ustalel dlstdil atizl w1 aadl sadut. aoll, (2udid) wstaril 21gl a4 d Sld dl yey
Wl dlaciendl [alBadl Beual@ (Yl auadl) Sasgia yadl Glod sudl asdl
A 5 el Al gl awdlaial 3sd adl w2 %33 agdy Gl sl ay Gl Had,
el gelles Hglrid 2WRacd %330 Adl. ol a3u-dl sl WR*de 11.4.34 Hdni
wa LSl (i), (if) 247 (i)l [4s ©.

L GuRid 20Ul Hitd A5 3, adoidienl Sasgiq gl Glod-l allual [ABRIAL AHA
9L 219 UR Udd A AL et HIEL Avall SAsgin Gloe AL sl dlaell sy
AuaHl Sasgiq €ls WAl Glod usll 21l €l 8. e oAl yrel visle Hod
At 5 s SaAsgidA s A8 ay y2dl Qo Aadld gl awdlaidl sielz stad
W2 =L setlsl 5 aofl at AHU-L %32 UL 2L AR UL dlcaBLs 5121 SAsILs Gt izl
adis (iv)dl dent [ag 8. 5l dol 2a3u 512l SAsgls AL HAMd Q&
AHALAAL HIZS HUHL O,

116 uS-2215 5121 Sasdls ulsa : [AlBw Ql2Axl sai-eH (Einstein’s
Photoelectric Equation : Energy Quantum of Radiation)

190541 2eoe 2SS (1879-1955) $12L SASILs A AHAAAL HI2
[aaziesly [RBaiAL Adl die 2% sdl. 21 dle ool 5121 Sasdls Gaig- [Alkamidl
Blosieil Actl ARl 51280 2 A2ll. (A3 Gloa 92 el (Actal) MAsHi-l ot
¥t [Al30+] Qi sqlvey 53 8. (A3 Gloil 835 sdiveml Glosl v Fedl dlu 8.
oL, h wl wWllvsel 202018 9 A v usiadl gkt 9. 5120 SAsIls 20941 SAsgir
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Aeoe 220 (Albert
Einstein-1879-1955) udsi(di-
Held ellfaslsu-latini- ois
val deldd, Gen (Ulm),
ogie{lil %=L gl 190541 dAHSL
Adl 2|l Al 248 Qv UstBld
SU1. USal AUEHL dMBL U5LaL-L S8
34 (¥ ed sleld seld
elat)el v 2% sl e Al
alelBLsdldl Guaol sl Sasdls
VU ™A M sl ol
duul dusl a1Bluola
(Brownian Motion)il [Rigid
(A s2uel. % alsl qul olie waAlbLs
3l 2120 &1 2474 ABL gl UM
AUAL AL YRl YA UL
Al @ gl [Qlre wdadesL
Rigia-l 208 as. 191641 dudl
Aldalale-dl dlus (General)
Rigid wstlid sdl. udw=eLs-nl
AR Ul V0L AL UELAL AL
Yorol 89 1 1edlesetl AYSL SL0U el
g2l GwAdl [Afzen ol <d
axoadal Gelid Geuo
(Stimulated Emission)-il scu-il,
aalsdl Gaula 2490 2u14[Hs
Salldioodl 43d 52+ [Rud
Hisd, EMElR oLl ALy Hie
sdived isdlael (Quantum
Statistics) 24 s<llve™, 421 dtril
il Rigldl Wi [@dasys
[Qedmel 192141 dMA Agilds
alilasfasia »d se1ddsgls
U WL ol UWRAMLS Aad
SUML U, S,

(38 (Av) Glosiel slivens] el 53 8. o dmidal sdi-e-l
Ao, Sasginia el Awdluizl 1o s2al W2 330 agay Qo
(518 (38 ¢,) 520l A, €1 dl SAs2IA e U Gl

K= 7V = 0

AL BRAFA WA D,

a4 ueta Ad oidld SAsgiq Henn AlaBlesel il Gl A
ol <llsnal. il 5 2UA 2Ugld {2 25 AS~HL UL Adi
sl vl wstadl dlsidin sl 52 9. (ustardl) dlsidl asidl
25 WS~ €ls Boddl SAslA-l dval vl aB 9. UM 9di
Betztdal $12L SAs2A{l Mot G 25 SL2l] BloAd o A58
A4 D,

A58 1.2 2uderenid slel Sdsgls 141528 58 6. 2UusL
8 AL 5 2L 1520 Ul uR29e 11.4.341L ideiolml saidd siel
$EA5IS U HIZHL 618 HAALSALA A0l A BA2dAyds Sl A
SR
o ulsam (11.2) woel K, v uR 2ol Dd 2usRd 8 i

(a3l dladl U 2uHR Avdl Al % 2aelst A1 AeHdl

LA 8. M AU B 51223 SRS Rigld Horot [AlBa

215 S1EAAL 25 SASLA gl AMBL eAHULA $12L SASELS AR

Beoid &, [al3a-l dladl (F isH AMAAL, 2sH QSO UR

iUl Actl Gloa seliweedl AvALAL AHUHIEHL €14 D) AL YO

uBUiHl 212401d (Irrelevant) ([Be 21A45125) €9.
o K. ¥-8B8l (non—negative)éjlc\i, g5, il wlswl (11.2)

AL D 5 5121 SASZLS BuF L AR % AsA oA S 212

hv >0,

§YALV >V, Al

_%
= (11.3)

Alsrel (11.3) sald © 3 %+ 518 [A8 ¢, a8 €l dx sl
S5 BRUFd s2a W2 %3 agdH 3 Aalies 29l v, aHR
Glail ld 9. »un il AUl Wi is alles UL v (= O/h) Sid
9 % el Al gl W2 sl Sasdls Gigt A -l usl
e 2iud (AL dladl 9 dedll $id s o deal aa il o
AULEL U UYL 21,

o vl alenl GuR i) dx [Alwdl dlsdly, 2sd wnaml visy
S0 UR 2UULA Al Glosl Sellvemel Avairil AHUHIRHL S1Y
0. el ag Avaidi Glosd sdivey Hodl Sl dedll day Avisl
A 52 241 Gloal selive™ AN 247 URBUA HiHiel (v> v i)
qy dualdl SAs2IA oteR 2d (GRlrd ). v olold
V>V, IR, 512l SASALS Ul dloldlrl AHUMIHL 54 S1UL 69,
d A4 B,

(11.2)

Vo



[Al320L 24 gl
gl Wl

o 2uSRASAAL ale Yot 5121 SAsELs UL AsouAdl wals uBuL 2 Sasgiv
G USLEL Sellwei A 6. S UBAL cdlcailBLs 8. i dlsidl, 2@ 5 2154 qHAMl
s AAs0 €l (AL [AlFReLAL saiveml Aval, 515 uRl Sl ual $181 Sasdls
Bt dlcailBs €1 9. dlsidl 248l €1 20l 218 2 Al 5 iz Hig w512 %
woeld WAlis uBULdL 2 o 9. dlsdl s5d 2led o 55l 5269 5 21 wals wisu
(alset A5 gL U518 Sellveue WHRA) Hi Feel SAsA ML A 5 A dll,

512l SAsELs uale 9L,
A3{ls0L (11.1)L GuatlaL 52, 512l Sasgls Alse (11.2), 21 Haor qvil wsia.

eVy=hv — §,; vV > v e
%

YAV, = (g) v ——

(11.4)

2L 315 AU URH B, d 22d D 3V, Qg vell as (2udm) A4l 20 &, %+l
a3l = (hle) 8, % sdril USIR UR 2AUHIR Avidl A4l 1906-1916 e Ml =21
sl2l Sasdls w51 vl © d A8l 524, Bildis g1l SAsgls A4 Hi2 Aeilots Wil
sal. dM2l 2usla 11,540 saledy Horer ALRUH W2 Hadl A4l vl 2l el el
ARl Hed uRell dHBL wWirseil AANLS A Hed WL dert gel Ad Hadd 2L e
wiesell 202005 (A= 6.626 X 10 T s)dl yeurfl vor o w5 ¢d. 21 Ad 19164

252Gl AL VLG ALt 524 L a5 21 A3l 500 AcddL AllBid 53,
w519l sellreeil ABASHL Gualol 530 511 SAsEls 1Al sty sl Amgdl da

Bt Gyt WAlBLs 2d Hiud qedlsl ofl Waloll 08 A4l glL =Ll slel
SAsgls HAAL ARG Al il Holl. Faleis- apll ol suesdl qigl Hie (a3 asil
Wl wiUg il idld 112 5121 Sasdls aMlse Acidl vl A0Sy s 212l

117 usiad $9 a3u @S2
(PARTICLE NATURE OF LIGHT : THE PHOTON)

g1l SA5ElS AR Vicl [ARL 5L5cArAl YL AL S, BUIR USL9 g UL AldR(BUL
53 QU2 A A8 S Glosiel 138 2L 3 sellveusll oiAdl S1d, % e35+( Glost Ay Fedl Sl

9] ustatil seliweuil Glol 581 A8 Alsoll st ? T2 318 ot uReuy 31
AR 5 Ustel sellveat AL (Av/c) A8 Aisull s, Glo it datins 2lssA Yeu
e Fd sld O 5, wslaidl saived 500 Al Alsoll wstd. i sei welell sicl M
2UUAUHL UL, WsleL 581 AUl 6% ol YRudl 19243, 2. 2. siae- (A, H.
Compton, 1892-1962)1l SA521+4 gl &-[330irl WSl W2LL gLl Houl. 192141
LSRRG AL Agils clfAs[Asiin 219 $12L SASELS 2AAR HISel ARLELA tled Aoid
WRALRS iiad s2al i), 192341 Mg walds [Qedeu: (4 1ed didal ed)

2 5121 SASZLS AR UL S14 oled Aold WRANS 2iriiud 2y,

395
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Gelsw 11.1

Gelsm 11.2

20Ul (g 2ol (A3 s121n 23U Ayl w0 Ad saldl agla.

NN N

() [alFadl g 08l 2tidalBun safHue, [@Be sl 3 581 dly di ad © %«

S1alH 58 69,

(i) 225 Sl GloA E (= Av) 24 A21HIA p (= AV/c) 89, %412 33U, WSl 398U ¢

Fedl 9.

(i) v wedl 2ugR, 2 A ddolsS HRAAdL Usiarl oHL % sielsl Gl

E (=hV =he/A) dal AL p (= hvie=h/A) 9, 4l ®an dlsidl 1M dedl €lu.
§UE d30L dolSel Ustadl dladl dasiRdl, 2sH AHYHL U axsnmial
UALR Ul SLELAL AvuL aB ) 24l 835 SLElAr] Glosl AMIL S1U . 2UH SLELA]
GloA [zl dlsidl Uz 2R Al Al

(iv) sl [Agd-l e[Sat derel €9 2 il [Aeyd 3 2etsld 8ol o8 [Auer 2ieidal -ll.
(v) 812581 Aed (2481) (FHE Sl1eln-SAsgin 2adHeL)Hl 56 Gl 244 5

LOLHLrA 28 2l 69, A 9l A e FL2lA-] vl AER A

WL 2Ly, S121A 5812 AL %A AL el 12l BT WL AL,

Bels8 11.1 A 4% 6.0 10" Hz>Ug[Rill 215390 w512 Gt 21 8. Biiilel

WAR 2.0 X 10°W 8. (a) sl Baual (beam) ui zém;?tétvﬁ'l Gl Yecll
82 7 (b) Glosl Al gLl AU Tl L8 A5+ €l s2el slelAd BuHldl s2l ?

Bia
(a) £35S Glost
E=hv=(663%10"7s)(6.0 x10" Hz)

=398x10 " J

(b) @aommzﬂ 5 As<y els N AvdAL stam Bl udl €y, dl
(3eualamikl YR 8l War; S12A €18 Gl E-iL N oLl %%l P=NE. 12,

_P_20x10°W
" E 398x10‘19J

= 5.0x10' stam/wsvs

Bewsw 1.2 RilBuu s A% 2.14 eV 8.
(a) RBuur falles 2uglrt 2lldl, 249 (b) 2 0.60 Vil 221UoL vle[Rud gl
512l WAl 94 Al S ol UL ULl dRoteeiss ekl
B3a
(a) 5220153 Aalles 2ugRt w2, 2uuid [ABa1-L QoA /vy, 514 [[ABY ¢, Fedl
el 5L, el
9 _ 2.14eV
h 663x10% s
_ 2.14x1.6x10"7)
6.63x10°*Js
UM, 1L AAES 2GR 5t 249 U9 R 112, S12L SASPIA Gl el .
(b) et uadll RaAlEA Vi ekt eV, Fedl @Rﬁm @ca[% slel Sasgltl

Heru [ Fedl wH AR 512l Ydls 9l ALY, 69, USRS Sl
Sasgls Aulsel

Vo =

= 5.16%x10"Hz



[Al320L 24 gl

gl Wl

eVy=hv — ‘Do:%_%
wudl A= hcl(eV, + ¢,)

_(6.63x10°T9 x (3 x10°m/s)  19.89 x 1026 Jm
T (060 eV +2.14 V) T T 274ev)

_26
_ _19.89x10 _Jlrgn — 454nm
2.74 X1.6 X10"°°J

Gewsrel 11.3 234 uslal [Grd1Hl woiel 391l d2adens 390 nm 6, Ylou-elel
USL9L HI2 ALMAL 550 nm (AU AZALEAGUS) A AL 391 HIZ AL 760 nm 69.
(@) 294 ustal [RdiRHL (1) el 93, (i) ulou-dlar 014l 139
AL L0144 (i) dled B3, S121A Gl (eV)Hi seell edl ?
(h=6.63x10"'Js 24 1eV=1.6x10 Jdl.)
(b) Sres 11.141 saldd wsia ALl gl 5124 [Q8AL A (a)Hl A0
(i), (if) 247 (i) wReuHL uell d¥ 2idl usia A€l 2L oi-ldl st
3oy gau usLaL A8 514 52 7
B3d
(a) 2Uuld Sl Qlost, E=hv = he/h
E =(6.63 X 10 Ts)(3x 10" m/s)/A
1.989 x 10725 Jm
-
(i) iotedl 2oL 412 A, =390 nm (251 d221eedLSL £931)
1.989 x 1025 Jm

390 x 102 m
5.10 x 107197

S Tox10 07y eV
(ii) dlou-cllel wstaL v, A, = 550 nm (U212 d2AE0ASS)
1.989 x 10-25 Jm
550 x 109 m
3.62x10 " J=226eV
(iii) @l U518 M1, A, =760 nm (H1El d2adonS-l 94l)
1.989 x 1025 Jm
760 x 109 m
=2.62x10 " J=1.64eV
(b) 512l SASPLS ALl 514 HIZ, 2A1uLd Wsial-l GloA B, seustl s1A[RRY ¢,
el % dell ay didl ASH. 204, 5181 SAsPs Ak woiell usial (Gl
E=3.19¢V) 018 usta Adel sl Na (¥4 0,=2.75eV), K (¥ 0,=
2.30 eV) 4 Cs (¥ = 2.14 eV) H2 % 514 53 d dla-cla
usial (E=2.26 eV) AA $5d Cs (Il y=2.14 €V) H12 % 514 5211,
U3d, Al Usle (¥l E =1.64 eV) Hie d 2uHial 315 ugl usia Aael
gedl Hi2 51 524 Al

AUl $1214-{l Qlorl, E, = = 5.10X10 " J

21Ul S GlA E, =

2 Uld $12ir-l GloA, E =

4 BT

€11 @eM39
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11.8 Qc?-{:i, d22L RAZU (WAVE NATURE OF MATTER)
UL USRBL el HAAL USRCUHL 2AURL 2lvdl d Haol, wsiel (Aus 3U, [Aed Aesld
[a3321) gt (d321-581) 234 4214 9, 528, [ade 2t Yelleasi{l aediii ustos
d2ol 23y ey 9. 6l oy, 12l SASPls AR e Sl¥ed AR, FHL Gl wie
AoIHIAL 33812 A 50U S, dHl [ABR6L, S1elva-5 % sellrl 22l $id d 3d ad 9.
S5 WAL UM AL M2 581-5 A9 23Ul GUALOL el o ALRLAL U512 UR AR AV 6,
BeleRBl d3, 5165 uRl ueleda 21usll 2tv glal %idl avid, oid sl dell 291l 9.
it 5151 gL ustatd 256 28 Srlld Aol UBaL 2L d2arazu gL A Ad 44
w514 9. U, (vl 3 A-ugeL)Hl el Aollail (Rods) (R2UAL) dal 2ig sl
AA1L (Cones) gl clvf 2MBL AHFAL HIe Wstol-dl gl2le (521) @3usil 23 ud .

serdl dAd s ug A o [ABWAA gt (d2o1-581) 23U S1U dl §ecdMi Al sell
(FH3 SAS2I, WAl AOLR) U8l ddL 234 54 A sald ? 192440 &+ ofilaslasu-l
Sy [asex [ ollodl (Louis Victor de Broglie) (de Broy 243 G412 211 €9) (1892-
1987) i ulUs ([Eud oadl) 2B 39 541 3 gl dUld 52l 52l 1oy uRRA[HI
2oL el wglet 4Ruadl glar sl dupl sReL L v 5 wsla AR 419 © 2t 6
wislis clilis 3ul-god 214 Glo, wat AMBA AL Slal A, o [kl gd 3u
b1 Sld dl g W2 Bl dy Ad ASHL. [ ellodla ealed 3 p doiuid 4uddl 581418
ASUUA AROLAGLS A, S HAOL €U 6.

=%: — (11.5)

Ul 1 2 58U s A v el w8, wlseL (11.5) 3 wlocil 23415201 58 6.
g @2l dRoL dollsS A 3 ghlod] dRaciouns s 8. sl g wsl B ool
AHLsHL 2oL 2019 89, A3L581L (11.5)x] S16il ou1og, A 24 d2oL A18 Asouel 9 wdIR
gl 6119 AAHIA P, SBL AL ASUUAG €9, Wdles el HANLS /2 AL oo AISA L.

g 52 HI2 U501 (11.5) 85 2ABAS (MAetirl) 9. el Acdcll WHloL glRL % U1
2514, 9l AL Al L9 5 oL Sl2leL HIe WL AIRLE9. Sl2le Hie HIURL A 8 5,

p="hvic (11.6)
el
%z - =h (11.7)

NS

wed 3 uHlsel (11.5) o3 salaami 2uddl sl B sdl daidens
[era2iotsla (a3l 2 aZol doins 12 A5l €9, %+l 5121 2 Glogl 2 AL
sl 8,

2ure 30 A58l (11.5) well cuR 52 (g m) M2 % as Gloddis sa (2l v) {2, A
Aefl Sl B, Gelel L 0.12 kg sMirt 21 20 m s | 564 HRLddL ollet 412 [ ollocell
dzaLdolS udalsal awell sty :



[Al320L 24 gl
gl Wl

5121 A4 (PHOTO CELL)

sl 2 5121 SAsPLs - 25U 5A GUALOL D). 24 2 WA D 3 =il [AgLd O4HT USL9L GIRL HAR
WA B, dA 54135 [Qgfdd v (Electric Eye) U8l 58 9. 5121 Ad 215 941 s1Bld 53dl 514 5 521 dllow
(Bulb)Hi 251 U2 Aviet AR UL AL Hidil dscdl C (Biors) 2 dlr-L o0 (Loop) A (5&523)iL
oiAdl Sl 8. A 2iuslani saledl Yoot oliel uRuaME Gl dloseoul 41ddl (High-tension) 6iedl B 2018 247
Wisloilex (ULA) A8 23d Sld 8. Sedls duid, W Crl %ouil, wsiel Adel gt Uldy] a2 ol vieR
Al €ld 9. Aol Sedls el Al (WRedls) dal
2AlML 2 €9 5 Ml UslaL vie sluid 4 A5, UL U519l

U1 oY dZAAGUSL W51 BRI%S C U UL &l
AUR 812l SAS2I Bl d A 8. vl 512 SAsgA 5A 52
We A UR ULSUE B, 121 A IRl Aldls HSSRFTYR AL
sH-ll [Agdiale Ad Ad 1A 8.

sielid ustadl Ellddlsidial 53514 s18L UalgHl
525141 3UldRd 53 €9, i udle~Al Gyl sedls [Faitel
ULl et USLAL HIUAL ALHALAL UALAAHL (Operate) 48
A5 9. A ASLSSAL 5121 A $513¢ UsL2 HI2 Adenla
SlU O %+l GuloL SAs2irls Sorlart uRuami a9,

AstlFs s, ol wel wstadl dlsdl Hudl %330 ¢iu
Ul sl2lAerAL BUALOL 21y €9, SI21ASLAL SHABIHL AUl
alse Hled 2uuid ustardl dlsidl Hua W2 sl
BUAIL 53 9. el wslel [Agld wRuasl sleldadl
BuloL AR B VLAl HIZ Al 8. B dR$ %l slel A
U5 121 U Wil WsLarl Braualiiedl a2 2119 9. 1210 ualeHl 206145 Al 33512+ UL a1 vilddl
izl Hizr Alg, 524 112 3 el aousal Hi2 &S 0%, dutl Gulal (ivail) 2181d3] sl 21815 AL A1 9
% UstolAL oflHell HITHL ladl (MAE 5clL) HERA S 5185 drgel i (2518) 53 Sl 23, sl2lAasl Gualol
AURBURUMHL sl Ul MRl 2BLd] scl HIZ U1d 9, % Al SLAHl 15 Uedl s elmd ddl Sl dl. dH-dl
BUALL e, ARl [HAHIAL a1 $cl ALSI Ussal Mi2 Al €9 @ w1 YRl (££9%) usta-l (Baualdxl
2154RL AU AU AL AL, (229) PLAMHL e UR AU 3¢l SIAAA U2 YR (Ultraviolet) wsiol
A Ul A dofl dlsasl s3¢ll €1 €. Fl2l UellgHi AdL H2ALLS $351R+1L Bulol [Aeid-a24] (Bell) aousali
21, 9. 219 518 lsnai-l se-idi ustal (38l sl2iAa U 2uuld X 9. i [Agd-dedl 2iadl A A1l
uRuaA yel 53 9 % Adasil 425 (Warning Signal) dls 514 52414 93 53 9.

2ARoAML AL Yt Gedlertl i Slefao SHRAML gl <ol i 2lasireloml slelid auyd 8.
BeLOUHL Hirtt UL el (218 5 [oglel urm scmi slelAd Ui 6.

A

5A523

BA% S

p =mv =0.12kg X 20ms ' = 2.40kgms '
-34
b 88X Is _ 596 %107 m
P 2.40kg ms
dzol ol viedl il 9 % d Ml wasid A€l 2L 51018 % AL AUl
Gualloll el 290 uglal d3aL Fel 2RiEHl sl 2. 619 ooy, uRHIYL il [ARd1ul

50U dRoL 23U YL sl g Y M . B
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Rl 5 R edl s Sasgiv (s m, [@BeadaR e)
dlogeoniel V o ualbid a9, Sasgisi-l alalled K, [dedast <3
drtl U2 23dl 513 (eV) wedl Sl 9.

d39L Ao ULl 5& €9, dui
AP HULAL. 192941 du-
SAs2irrl d2ol a3yl ok

ot [ 51HL UMY 2R AL idReAL sHAL D, 2L YAA D

5 SaAs2iA Al AsuAdl st dzoll Al a-BelA [Qadq-

- K =eV (11.8)
% . p?
) GAK =1 muv'= 2= sl
N
= 4 :\/2mK:\/2meV (11.9)
%)
) 2118l [3 6llocll dzoL doits
g h h
5 A=l - - (11.10)
i adu sz B eedl (Louis P 2wk ame
= o .
pff  Victor de Broglie 1892- 8. h, m, el AvALHS Y Hsl,
= 1987) & eillasfaHl
S guEl geuril diol a3usl n=1227 oy (11.11)
S A Jv
i sfsiRl vl el s oY _ . . .
S| wna Sadld iR el oL, opdl V 2L dieil uaoLs [RRUaHinsg Hed 8. 120 V gedl udols
g sellrl soived sl %A Rl 2, aHlseL (11.11) wREl A =0.112 nm HOL 8. 24l d3oL
o
3%}
-*)
A
P
>
57

e Aod WRARS siidd au 2325 gl Adl [Qad--l waelel sl asd. R-elodl-l
qyed. EAS AAAAL AsIAAL WAL WAL QS 20U g wesleL

wR29eul 5309l 192941 13 olioelld SAsgiv-L dol 2azu-l 2l

sl oled elllasfstinrg Aol WRARS rilud sl 202 ¢d.

dR01-58L 23U ol o Hedd Ad a0l ARl Rigiat ¥d 8. i
Rigid o, 515 Sasgiv (5 oflo 581) el 2 MU 6f 25 ¥ 148 (25 A14)
AlssLSell Wil wstd Al Rl AL A8 2045 HFRBAAAL (Ax) 2 oML
QA 215 UHEAAL (Ap) 28ell €1 % 9. Ax 2450 Ap-iL21RUSIR 7 * AL sH-L €14 B
(ul 7 = h/2m),22d 5,

AxAp =h (11.12)

A3{ls0L (11.12)41 Ax 24 S8 a3, U d YRR Ap 2idd (Heurl) €ld s
5 ool 9LRLLSIR 9 L Al oL % Al A Ap Lt 1A, dl Ax v ad Ao A4 A Ax
il Ap 944 il el %ell el RUSIR 72 UL 5L SIA.

¢d, A SASZIA ALs5A AAMLA p AL S1dL (Red 5 Ap = 0), [3 sllodl-L A58
wogol, dl del 255U ARl A S, SIS ALSSA (s %) Aol HRldd dRoL vidd
AASLAHL UG €14 9. ollol (Born’s)L AGUAALHS HASA HaoL VLAl Hddol 2 5

Sy *ay Glaerydsloeal AxAp > /2 2N .




[al50L 2 gl
gl Wl

HAS2IA A5 1S 255U [EIR Ydl Rifd <l
2@ & drll 2l 1M ZddL 2tdd (Ax — o0) €9, %

MBI Rigid A 1O 20 6.

A /\ I/\ AN
AWMLY, 3ld, SAsIA UL AsUAY g4, d32L Vv \/ \/ \/ \/
(2)

AsAUL YURAAG Sl el d vasiaHl s uRMd
(ML vaAg s dol wilg (Use) ¢l 8. »u
URRALML Ax teid 2l Sld URd dl 5L ALSSA He

S99 % A0l Uberl [ARcll YR UHIR AV 6. 4L BURd,
AR Rl Adu 5 URMA lasiaml varidal /\ /\ /\
([Ac2dl) d2oL Uded s1S s ALssU Aoy sidl

Agl. d 515 HHIA daLdenSHl dAwRAAL [ERdRAL \/ \/ \/
SERICEIRENERE R ICRUTE S

214, [3 olloeflol Al 5L 3osor SAsIrtrl A2HIAxAL ‘47 2 4,‘
ugl 515 Ul ([ARalR) ¢-%+il A0FBEAdL Ap Slu.
Bl Rigid u2ell 21l 2R 8. 2id galdl (b)
At 3 ol Use ade A B oloelll ulsel 214 5[ 11.6 (a) SAsE diol Wbz adiet. dsoL Ade
olliril dollddlcns ideed yrel sLSnotol-l WL, A3 UL izl
AP Rigid ynzafid 2 8. doleouSil oid G ® (24 el R sllodl-

WSWA-1240, LUl ASYL 5 [ olodlef anllsamn 3l 2nilsnnr et Aot s w0l usL daiad € 9.)
A uRMIYAL, SAsZIrArAL SRl AL seliwalSRalrd  UREIWH 243U o, 2l SAAELAAL (Ax) 2ot Aot

(satiweifl528L) 2l odletl Rigida sieqHie 20U B, ML (Ap) 414 B, (b) Sesglrrl 518 2L 155
Q,{Lés[a (116):.[[ (a) YRMd 2A50HL 1{2{1[2{% a2l AIHLA HIE g dROL A (%{HQ{) AHASIAHL ARG
W2, 27 (b) 15 AlssU doldens Hladl Rrdld €1 9. 2L R Ap = 0 2 Ax — oo,

. 2 c ~
dRoL,Al 3uviL eallel 9.

BEws8L 11.4 (a) 5.4 X 10° m/seil #susll AR 52l $A5A 247 (b) 30.0 m/s+ll
vl aUld 53l 150 g il odiet, A8 Asoudd [ oliod] datdols sedl ¢l ?
B34
(a) SasgAH2:
gaMiim = 9.11 X 10° kg,v = 5.4 X 10°m/s.
el Aol p = mu = 9.11 X 10 (kg) X 5.4 X 10°(m/s)
p =492 % 10 kgm/s
R ollod]l dzadons A = hip
663 x 107%]s
4.92x 102 kg ms
A = 0.135nm

(b) olla2:
gl m' = 0.150kg, B3$uv' = 30.0m/s
2l I p' = m'v' = 0.150 (kg) X 30.0 (m/s)
p' = 4.50kgm/s
R ollod]l dRoreeusS A = A/p' UL

b I 18239
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_ 6.63x107%)s
" 4.50kg m/s

= A =147 % 10 *m
= Sasgiq Hiesll 3 olodl dateons a-[3el+l daidois A1 quidl asiy ddl
PH B, uig, elld W2 QAL R 5l 10 9tell el ), % widlBus A el
o asy Al
BEISRW 11.5 A5 SASAA, 25 o 58 i 25 WAl AUlAG1 A ©.
wiuiell sul sl [ ollod]l dot dotsS el 251 ¢l ?
Bia
s [3 olodl dRoldes, A= h/p
ARG, K = p2m
208, A = hifamK
" A UGl K M2, ild 521 A snddl B oolodl dial dousS dusil
S| seMitell Aol AU B, SASZIA Sl WAl iH oL 1836 Q18I
2929 QU G169, Vi Ol-58L :He WLl 5l 4 o181 M2 €l €9, 248l o501+l [3 elioedl
Gl d3oLcosS Aledl 24l el

g Aol AMUALHS 2A82t (PROBABILITY INTERPRETATION OF MATTER WAVES)

581 (gl d. SAs2iA) U ASOUAA g4 d3o-dl 212 9 B d 2ARlAL Algs ASIEHL. WILR dl ged A
[al3Reul g 2a3u-l A s wngdl e Hl Holl el sdiey dotauzi-dl A2Hd 53U Héir
AL (e 6lLeR, 1ot 2GRS 217 6171 HRLL) 2 2L 1 defl 18 AS0UAA BRL WAL A1l
AL UALL 5UL 2 9L sellweH AL, Ot Gllels Heee ¢ url ABY AL [Ny 9. 204
69, 4[5 selivey Yol g4 Aol [AA1R dulBLas Ad vot ASNAIYAS EIUE 2L D, 2L olloid U
459 ol (1882-1970) 3 HIUE, g4 A1l SU[RAIR- AMIArALHS A S HAAAL HIARAN El.
2L oot 516 (Bigal g ddoredl dlsil (Sulaai-Al ast), d Bigal 581 dlai-l Aoia-l adl 55l 53 9.
Aol selciefl tel, L5 55 Els AediarL, v, %A 518 Bigal ol Sulirdiz A G, dL [AAV 21 »il
[Bigril puruiul qam se AV sei-il ol deud-t sald 9. 2un, % 56 Rl s dial dladl

BELSRMA 11.6 L5 581 SAS2UrAx{l 38U 53cll 3 OU3{l 298U Ul 53 . 581 24, S 52LeAx{l

A8, &1 dll, il s alleate{l Aetial, ol il dlsidl gld il avuHellHi, a4 gl e,

1 Rollodl diol dotsHl olelid 1.813X 107 @, 581w acaiet ol 247 o 541 580 6l o
= ~ ~

= BTN

on

S| Gia

w
)

Y M gAML 1 L 491 HR1dL sl [3 sl dRatdens



[al50L 2 gl

a
ad usld
_h _ h
A=t -t
sAHL m = h/Av
SaAsgLA I, gAML m, = h/\ v,
U3d, L/, =3 UUA O 2
MA,=1813x10"
e, s8I gAHHIA m=m e ) (De o
) ) — e )\‘ v (;\
m=(9.11x10" kg) x (1/1.813x10 ) x (1/3) %
m=1.675%10 " kg =
=

UM, VAL gAHIA L0l 8L UL 5 42l €16 U,

Gews@L 11.7 100 dieerit [Agd Rl dstad a3 4abid addl Sasgi wie
Asouddl [ slloel daidons sedl wal ?
B3a

waoLs Rafau V=100 V. B slloell doicions

A=hip= 121 4

Jv &
Ah=122L - 0.1230m @
vioo - . . . =
Bl B0l dasgi ae Asouddl [ olodl dadois a-[3el-l dateous-l -
s+l 69, 9
=N\ C N\ R\
11.9 Q- 24 UL WAL
(DAVISSON AND GERMER EXPERIMENT)
SAs2IAAL A3l 23Ul WBLs Astaell uay Al ¥. QA x4 vld. 2, o3
192740, 2 adal Ad @l diHUAd 192841 530 edl, FH8L w5l 4y SAsgiq
Baeualiw wsleld gl [@ad«-l oA
gerdllld tadis s YA 2 iirerel
A 8251 glal Sdsaivdl
Radr-dl wals e sed 193741 £
Aysd Ad (AL ewdl) -leld
Iu[sfumg e . F A Sasin Breniy g D4
A A amAl widilas — - s
~ N . c L | s
onsaRll-l 3unbi 2415ld 11.740 sl L R 0>
NNt N NN ~ NN - 5@.5&[‘1 —> 7
9. dHl 215 SAS2I Ol Sld 89, F-l LT A .
2oReqdl [Bald-e F ux olun
X ' Ad GlU 8 2, aA [alda [Fiaid
USALSL US Asldd, S1d O A dnl 4l o S5 b s
“{lan cfloeoiadl waz e (L. T. A4 sdser < (3201 Vo
44l Battery) 2L 914 52<lMl 2414 . ’
8. Bareuidl GRAddl SAs2iAA led-Alriler 2wt

(29 Aol ell waABid sa Gl dly-

N 25 11.7 3fAun-o-l Sasgiq [@ad- olisasl 403
gollRlaloll W At (H. T. %
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Development of electron microscope
http://www.nobelprize.org

PHYSICS

Battery)Hiell, 110y cilogeoiiry/dleess @ousaimi »Ud 8. dH=l 4a [Bogiaion dousiauial d-il
-l [Raumi uuR 3, Aisd AaBd Benald (Beam) Howdl w514 €9, i1 o1 [Fsa-il
2625l AWl U 2L S2UHL 20 B, 28R4 UMY gL SAsPIA oHll Al
WER A 8. 20 Rl wsleir witen Sasgiq ol dlsidl, Sésgiq J2ser (saser)
% Ml 2Ud 9, i d2sen dduusiz Huugl (3a) uR 3¢l wsid 8 i asdl w0l
ddenialla deddiler widd €ld 9; % Rgdudle il 9. ded-id{lea siauddn sdseul
et Adl Sasgid ofliell dloidiel AuumIeHl S 9. i AEAA YeasiBid AR
AL U D, AqOUsIR e UR J25237 el el 2a1m 3l el el uslelA 512 0 3, %
UL 24 UELE, WHAL SASZIA 6llM a2l S0 9, = 12 Wsleld wie SAsgi o1l
dlsictl HuaUHL 219 9, el gel Usleiq 518l 0“2 uslel widl Sesgisdl dlsdl (Dl
33513 el Yel UAdLs diees (cloreotlol) HIS HUAHL 21 69,

1L UAdLS dlee 44 V ol 68 V A4l otecil Ualol s3cML 2L Sl 2id Ainaimi
e ed 3, 54V wedl udots dloeoin A wEld s 0 = 50° w2, usldd wie

Sasgir oflx=l dlstcl ()Ml Hen Glestoll (ArRL) %Acl Hedl Sl

282501 %8l Yol 2 el WSlel WHAL SAS2IArAL AslUs Ald501AL 51200 2lss
ol M (G2) 4ed wal 8. SasginAl [@dd- 3041 i uel, s 3ol
dzadeilss 0.165 nm %2l Mull edl.

A=h/p= 1227 vm

N

A= L1227 = 0.167nm

J5a

214, [3 olod] d3adous-l wdlbls Yed i Agilas Ad Anda et a2l viol %
Aule al 40 9. 24 T I[EuA-oMAl walol SAsZLAAL dol a3y i B oliodl
s e Zd Siquled 20 8. AUl 198940, Sasgi ofliil ol a3u-
WRARLS (Hede, USLAAL d301 23U HIZ AUA £ dal 6L Ra2L UAL0L gL, SaAUHL 2,
. 21 GURLd, 199440 15 UAL eMULA, SASA 52l @lvil oLR1L IR Aal AR

2ARLAAL 614 glR1L s8] A5l Hod Al il gl

EMS sdley Aozl sl R olodldl Rigid wagu 8. d Sdsgid
w154 (Optics) il &5l ds ugl €13l add 9. Sasgid {55l =AMl
A5 21 23Ul BUHLOL SAUHL UL 8. % 294 (U519L) HISSIREIU 5l Y,
[Adted wlsd uud o,



[Al320L 24 gl

gl Wl

Al
figell AwlHial Sasging iz lsndl W2 o33 aga Gl d Hid-
514 A8 58 B, SAsginnA gl Audluizl el steal e %330 Gl (514
(A8 ¢y st ag), d1od Ad AR 530 5 wote [Qgdaial oy widl- el
2194, 219 7Ll U512 24U 53 240 251,
AR Ml UR 210U g (Rl U518 UL S3UML 2UA UL Uil SAsgie-il
Bugeill uerint 5121 SAsgls A2 58 V. Sedlls Higtl Healide wsla
HI2, 1R seclls aod wslel {2 ueL Adgl (denalla) €l 9. siel Sasdls
2AML U512 Bl e Bloii 3uid2 AU 6. d Glod Maei-l s was
5369, 5121 SASILS AR ALt BLS AR 21 d S2dls [Afredizil 41 9.
s12l Sasdls uale, (i) 2tuld wstaddl dladl, (i) 6 Sasgiq a2 aa
RAfIAAL dsLad, 2 (1) BFS UeldAl UsR (Usl), U 2UHR ABL D,
22Ul W(RUA (Vy), (i) 2uid ustadl 2ugR, 219 (i) Gi%s gednil
USIR, UR HUHIR AV 69, UL WsLaLl AU 2419 (1 HI2, o cdloldl R 21HIR
vt el 2oL RFMA Gardddl (5121) Sasgis-l 1oy a6l
A1 ueg Asoudd QU B eV =(1/2)mv’,, =K.
e |2 alai®ls Al 218 A1ssA gt (Aaties 2ug ) v, @l 21l »ug
W2, dlaidl ot dedl ad diu dl usl siel Sasgls Gaig- ud -ell.
waAlid dddle slel dasdls vl dl@sdiztl amodl asdl <l
[Al3213iell GloAsd Acdd W ealiadl d-l Rigid, K, L dlsidl Uz 2041Rd -
€ld, v, (A2 2ugf)d xR 24 (slASasils) aedid dicalBisugy
AHoncll sl el uSeLs i elaBsdiztia usial slel dslasl 2
Aol el 2L 3oet, Usia, GloAsl 215 2L (We)l oiAdl 8, FHA
sdlvey 3 5120 58 8. 835 S1204 QoA E (= Av) 244 Q21U p (=h/A) €14 8
o ML Wstal-tl 2R (V) UR 20812 A% B, Rl dlsidl uR <€l SAsgiA gl
Slelriril eliMeetl 5128 il uwdlail s181 Sasls Grist wu 9.
L2l 512l SaAsPls uallsral, Glod Aaeil a0 & % gyl
Al SASZIA gIRL 1ALl 2L UR Rl U3 B, $1eiA-l Glost (Av)Hidl ca
i s @AY O, (= £ V) olle 5l (318 Sasgin-l) ey Gl
(1/2)mv’,, HAD.
1

2 MV = Ve = hv=0,= h(V=v))

21 5121 SAsEls A58, s12156581s AL 614l % AlaBLsdlil A1 9.
(R[Sl UUH 21553 ML 2SRRLSAAL Sl2lAsELs A+ sl Al
AHAA Y3 ULEL 247 wtlesell HAALS el AlssA Hed Ao, ¥ SRS 3%
sl g aiotsla (AL 5813 $120 adin el sl drs €1l 2y,

(A2 g wslt A & @ doL 2L 581 SIS oLl URBUHA AR
WSl AR0L 5 581, 5% 23U AL A 2% €9 o UL U512 UREL 55l Ay
9. uslaml B 24 g ARMQ 4 B, Al s udl QS [ser
(3 sllocllat s (s sRI) dat-usla A8 ALseL. AUl Sscll s 581l A1
ASNUAAL A0l g4 401 S [3 6llod] dZoll 56 9.
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i 581 12 AsouAEl [3 ollodl dZatdeils (A) dril AL p ALLL 2L
Yool AP B : A = hlp, s gaug) B olodl alsami 84, 8. ¥
datfaetadl (L) 2t 581 [Acianl (p) A4 41 8. [3 sllodl datdeils g
s1iL [AgydouR e dril wsld wr 2R Al el d 5 uHREl ALl
QUL FHE SAsgA, Wl Al M2 % (M-l Yad o 2 addl ya
AaLHLAAL 51281 ) Alssy e HIYl AsLA dal vid+l (Rs[251MiAL uMLEes
A AAAL LdRL) SHAL Sl 9. UM 9l d AWEL DAAML BlAUHL
21edl, 220 ugiell W12 Wiyl A s dedl Al Sl .

3 i 2R, v @, Ul MU, daUl RelerL oo 8Bl SA sl
(etdriril WAL gl SAS2IAAL d2oL 23Ul 251400 dal Acidl WBLd
45 9. g doll Mzl [ ollodlAl Rigld, 6€letl R saudldl vaia-
A UL D,

clas s dsu uRuw 54 [QamAia

WLeseil AN ho [MLT ] Js E=hv

R0 w(Rue vV, [MLT°A™] Vo eVy=K,

s By 0 [MLT ]  JeV K, =E—@,
Bales (flid) 9F v, [T Hz Vo= O/h
Rolodl daeons A L] m A=hip

gt [QuReuHL Heil

flgil R8alL Sasgin gl iex a0 [@ed Ralasul ol 530 9% & d
AAHL H5A B (2L 215 W52l B). Al gl AuwlHial oteiR «lsnal e
Yol el Al il el sizal 2 duiRl-l Qloa-l ¥33 w3 8.

HiHl 28AL o1t o Hsd SAsZin-il Glod A Sicdl el iy wemi 8
Uyl AY2AAL FH, AU AU AL SASZIA UL 25 s Glo [Aci
(Distribution) €12 €9. 11 [Ad8L 2L 3 AL AUl oalL 2 AsAddnl
(i1l 2421 69, ¥ U010 A4 U SHUL dxiL [A9L LRI, Y3 UL dsldd,
A5 WGl 2ua% - (Exclusion) Al Rigidd wied 53 8 d e4lsd w18
AoiBd 8.

gl SAsginnl Glod [Adal 5181, el el SAsgi W2 Sasgina
tigHiel otsIR lsual 12 %33 QoA el el SAsgid 12 el el S 9.
a4 GloA 1l S5 sl Glo Rl SASEA 5l 6leIR ~{lsnndl 112
el GloAil %32 Ul 9. 518U 21 wgHiel SAsiqn ot Hlsnal w2
%33 4 Glo 9.



11.1

11.2

11.3

11.4

11.5

11.6

11.7

[Al320L 24 gl
gl Wl

SL20A52ls UL vadisl sld © 3, gt A wsadl idzU
ML, Glot AUlNg [Qeisd (gei9et) el hy <1 A5H1H 21y €9. ALl
248 2 ~t2fl 5 w5191 Ay Gloalol Sl A el ©.

22UltoL wielRud (% dlsidl U2 2UH1R Avid el Yig 2Ug R UR SUIR A%
9) Al AAelsl SLEITASELS AU/IAL ALY i SL2IA 93U ARAAL
Fallus dle sald 9.

A =h/p &3 iUl s d291el oL ot ellles Hecd 8, U dril 50U Aol
v, (Phase Velocity)r 51 elllcts *cat sl 2414 ©9dll, G dZoLrl A3 AL
(Group Velocity) 3 % $8i-iL Aol F2ell $14 9 d olllas d 212yl ©.

ALY,

30 kVell Sesgiv gLl B Uil &l-(320e0]

(a) Mg 2R, vie

(b) 8Ty dRoLeells 2kl

Rt tied 51t (382 2.14 eV @, %12 6 X 10" Hzell w5191 21 Hiil awidl uz

AU ALY, AR SASRIrA 5121 BRI WA B,

(a) GBAFd SAsgin-l Heru dUAllA,

(b) Ut iz[Rue, 21

() Bul¥d 5121 SAsgir-l Henu 38y, Seell ¢l ?

215 WAL SI2ISASELS 52-208 A% 1.5 V 8. Bioddal $121 SAs2ir-] HedH

oGl Sedl ¢dl ?

[B[AuH-[RalA xR a3 632.8 nm d2LesnsHl 1539(l (Monochromatic) Wslal

Geurrt 241U 8, GRS UldR 9.42 mW F2dl 8.

(a) U519 Y%HL 281 825 5121 GloA 2t A1HIA Q1L

(b) 1 Yo a3 usllid dgu (21912) U w9 Ad 215 As~s €ls Sedl slal
UL Acl 82 7 (Yetl HU0E AU 2 ABAAL BASOL Sl ALl 8 A
QIRL), 24

(c) Slelell dotMl ed, dAolHir HRLddl Hie Sl uRHIesL sedl euel
alldt sl A5 ?

yeell+fl Awidl uz stadl st G- sasu 1.388 x 10" W/m’ 8. yedl-l

QULEL YR 215 Al HleHL e Ass €16 (A2LedL) Sedl S1elwd UL Udl ¢ ?

AAUSLAL 51211 A1 A3 oLl 550 nm £ A4 1R,

5121 SASILS AL 215 WAL, 52 215 diey [A3g 2uuld Usta-l »ugi-l

014,12 %10 Vs F2dl 40l D). wllrseil 2120 57 e 2l

100 Wil 215 AU & o1l [Bausiui wiiqt d Glodrd Gioet 53 8. vl dwus

215 H12l UL S5 UR AGLEL €9, UL el UR 2AlUld AL 6l % AR Usteld

alMeL 52 69, AU us1al-l doL ot 589 nm €.

(a) AU U519 HIZ 215 S121A €6 Sedll Glost 50l ¢l ?

(b) 2L UR B2l el 121 2A1UId Ul 831 ?

407



W clfaslasuA

408

11.8

11.9

11.10

11.11

11.12

11.13

11.14

11.15

11.16

11.17

11.18

11.19

15 2559 Hid MI2 Agles U9 3.3 X 10 Hz §. % 241 4id 42 8.2 X 10" Hz

219 Rl USL9L uLd Al Sl dlL 5121 SASELS Bl HI2 52 18 dley-i yed

98l

215 il 514 (81 4.2 eV 8. 9 1L Hid, 330 nm d3oicen S viuid [ w2

121 SAsELS Gt 524 ?

15t qudl Uz 7.21 X 10" Hz 2igfidl wsia siud 2w 8. -l

AWMl 6.0 X 10° m/sll e B HR1AdL SAsIA G A D,

SASZIArAL $121 BR1% 112 AMEs 2Ug R S2ell 6al ?

2, AU A3 Bt A 488 nmrll WLl Guallol S12L SASELS AIUL UL

£9. AU 2L AR YL U519 BRA%S UR BUULA Ald IR 5121 A sgixe 2oL

(s22l15) W2lEe 0.38 VO, Gtess % semiall oiiet £ dsf 1 (A8 a4,

56 V [Agid Rl dstad 9 uabid Sasgid we

(a) AL, i

(b) [ ellodl dareonss sl

120 eV %edl 2U[AGloA H1ddl S sgi-

(a) dolHIA,

(b) U -t

(c) [Zolodl dRadouss seal el ?

AUBUHAL BR1% ARlye vl WLl d2odois 589 nm .

(a) Sasgic A

(b) =y2ie-ll 56 aAAGloA HI2 vtiedl d2tdons Haal ?

0 a1 12 [ ollod] dateots gllHl.

(a) 1.0 km/s<l :suell ol 521 0.040 kg ear-il péte,

(b) 1.0 m/s<l 2susll ol 52l 0.060 kg &0 4R1adl 6lld,

(©) 2.2m/sllassusil ol 52l 1.0 X 10 kg 691 H31eldl 4ou-il 2% 501,

215 SA521A 2 5121 6l dadols 1.00 nm €. dxeL 12

(a) d¥rilAoLHIA,

(b) 812wt Gl 21

(c) SasiA~il a[AGloA Al

(a) =y2i-icdl edl auldBlod iz ddl wd Asouda R oodl dadeus
1.40x10 'm el ?

(b) il GuRid 300 K vl gt 418 divld AdaHl edl (3/2) AT wedl
A1 2UAGLeA HR1AAL 42ie HI2 [ olloel] dZordonsS allkl.

galdl 3 [Agdotsla [Alkaxl dadons d-l sdirem (slei)-l B ollocl

dzoleons wedl ld .

SaAlML 300 K diusis 28al -sSgies 13-l [3 ollod]l datdeis sedl eal ? 1,

2L AU 2428 12218 aBld Bsu-L aviy el Bsudl ol 53 8 dx Rl

(US2lgt-i unIREen =14.0076 u).



11.20

11.21

11.22

11.23

11.24

11.25

[Al320L 24 gl
gl Wl

QYA ALY
(a) YaasiRd AolHl dudal Geuos uell GiAddl A G sl uua

500 V R2LAHIAAL dslad 8L $A523 UR 2L Ul SAs2ir+l 38U 2Lkl

~

Sesgivdl wzls ieu 35U maoeil. Sasgiqsl QR [Qgdaeir ed 5
delle/miyei 1.76 X 10" Ckg ' »ldd 8.

(b) ()4l d¥ Guull s3el AHLseL vl 10 MV %edl sase RalaHi w2
Sasgiriel By WEl dHeL g VIS wRUA B 7 L Yolul UL YHIRL sl
A5 ?

(a) s Al Gt Huddl 5.20 X 10° m's | ¥edll SAsgi-l %u Hladl
Sasgiq ofln (Brauadl) u a3 4ozt 130 X 10 T oged, Aoisluat
a8, 2LolH ay Aidal ddausiz 1t Brosul Seel il ? Sésgin
W2 e/miHel1.76 X 10" Ckg ' »UUd 8.

(b) 9 ()i di Guaoml dllid o1, 20 MeV Sasgist oflsel 1ol Brosui-l

atRLAlHl Guatlol 530 asl 79 AL cll, i 9 AHIRL sl A2 ?
[724 : 244 11.20(b) 24 11.21(b) dHt AlUaaleld daigueat ds izl
AN D, % L YRSl HUleL 6112 9. AUl Al GUALDL S AU
ollold dR$ Bl BlRal-L €9 5 1AL AL (a)Hl dH % AH]581AL Gualal
5691 A vot Gl 26U 247 GloAil 12 @lol usdl A2ll. vod Gl 3u i
Blost 212d 9L o AHAL HI2 2idHl UL B Yil]

100 V %2d)l saser dlede quadl 315 $&sgi ote, «{lu eoltdl [~10 ° mm He]

2BAL €195 Ay, MRAL UALSIR oleotHl SASRIA 918 8. 2.83 X 10T ECh

2o1l48oL SAS2IAL 1ol 12.0 cm Blosdisll adousiz saiui duol 9, (w4 3ol

2L HIZ AS ASA B 5 WL AL diyrl sl SAsgidA 2usi[ oflHa

3= 529, dal SAsgi ik (Capture) 5304 Wsisld Gg 53 9, 1L

‘515 o1 201 uglal 58 69) vte UL uRell e/m 2L

(a) s @-BRoudl 2ot Add qgiuedl [ABWIN GRUFd 53 © FH-l el 25l
d301dollS 0.45A 8. vl RUBRIML SLA1{] e Glod beell ¢l ?

(b) dHIRL (a)ll Falol {2 (SAS2I) SYoiil UddLs Al 2dl sH-ll Sldl
g5t ?

SAs2IA{l W2l A8l G2 Glol el HisHl 2UEAALR (UA0Ls) WAldLML

A1 Bertid »A8ed 10,2 BeV+il ga Gl Sasgiq-uilgic Assinl yal -l

gIRL ML Blostel 6L Y-(5R80AL Btoset dPls ad 8. 835 y-(32091 018 Asoudel

d3ardens 32l 2 ? (1 BevV=10"eV)

{124+l 6L AvUI2ALAL Al HOAL uUE L. USel AvUL dHA L 539 5 AL I

L3 2[AlAR gl2in (A9 ot Rl sl %32 el | ofloy Avay 2 584 3

SA HIS wiRvll w51 ddl UL SIAL dl weL AL HI2 ALl AHivt $4134 S8l

LAl 53 sl el

(a) 500 m d3adoiSel 234 d3l BRUFd 52l 10 kW wiaz-l FRUH dq
2ue{leauiell 215 A5 €ls Bl Slelr-l v,

(b) ddewsiaedl rtan dlsidl Feil wepedl 2t 530 a3 (<10 Wm )
L 23w el stivi-l slEMl e A5 elvd adl slel--l vl gkl
ivl S8l Astsn U2 0.4 cm” dl A A3e Usta-l wAA U9
21902 6 X 10" Hz dl.
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11.26

11.27

11.28

11.29

11.30

11.31

11.32

410

100 Wil #5243 ojcoriell flsadl 2271A diolcioudHl »ieieudlde usial
Hileodry sigHiel sl sleidad wstllid 52 6. ot 22Ul welRud —1.3 V
@1, ol i seiRAA Al 2 S193e He-Ne duuisl GaiAid 6328 A <l
Glall dlsidl (~ 10° Wm *) 21l dld usiol ued 3l wRieid 21wl ?

R usia-del s qaudal eares, [l sieoimial 2Atadl 640.2 nm

(1nm=10"m) d3otdous 1530 wsia o usiBid wia 8. 22100 WFEua

0.54 V 1l £, w5191 2L Geatie{l wouil 2id- Gealm Ysaiul »ud © %l

4272 nm (a3ordons-l) agiuz vl 2 si2ida usilild 53 8. - Mol

wie(-d kL.

gl21 SA5Als G eiril 29 R U~ viddoie (211412, Dependence) il 641

W2 1A @ Yoy Gedl 99, 5133 3 d UVl @S 293 uslaiil agiuel e

941 el mall ot asiueriil 20l 9. 3BIRYH S1EIAA AEAAL BUURIL UL

gRMair, 1543 Geattel {12 Ut ariue vl Gudlol 2l gdl :

A, =3650A,1,=4047A A, =4358A, A, = 54614, A, = 6907 A

e el Hine 2000 (R v sH 2L HAOL 6 :

V=128 V,V,=0.95V,V;;=0.74V,V;,=0.16 V, Vs, =0 V

Wlesll §ANLS F o Hed, U g4 HI2 Aolles g R i s lA8Y ikl

(it - ™ 2Blall 5 2AUE HUR AL Ul A<l a1eLdl s2al M2 exdl %32 usal (% dd
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Ay Al AHA UL 5155 Fiell qioy vl ul 53] Sl 5 AHAIR, 6{HAIR 2 5D USL9L 581230 dd © e
HolualR, ARAIR i UMD d oL 2a3U dd 8, 2412 2l s usial [A8 515 ald o 531 ascL 2l |

192440 [3 olloell ol d2o1-581 gt (A8l el Rigid AL, F4L ARl el 3 $5d W51 8121 % 1], Ui sl
‘501 % 5 SASZIA 2l URHIRL U gl W5l BRI B, % $4135 581 263U el $4135 3012430 Ad 8., AL dusL
geA¥Ie, 2L, 4oL (581 L8l AUl a0l ol e gL (Aol oRieal) A8 Aisnd AHl5eL uLL 2 !
192741 23U, et [ 247 9132, UL A WALIL £33414, LU S $EA5ZIA d221243U dddl 8L, % [ ollod]l
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12.1 Wdla-l (INTRODUCTION)
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VUAURA GH 52 8 AY, Sesgid ~Alseu-dl wslgie S 0 (Ails)

UAUIA, SEIHL HHEL 52l €L RS EAL UHIL

2usld 12.3 2usla 12.1 219 12,2440 eida olisani-l Gudlol

Faed uRie 100 m ool 10 me 155 Y 1283 A0 A9

3 3 3 53 9LGOIR 2 IS HOLAe ol ARt gl (Al s18L ad
dlaid yuel od. olldae uRel ueyd OL-520AL WSlEiAAL WElPLs Hedl (2usi 4 caldd 8). 18
uRaiel 10 'm dlaid wneild od ¥ [5UUR W3 A0I0L s 2l 52 8 % udloL wid Wil Ad

Yfseua- uRHeel 10,000 @l 1,00,000 A UL B
g, Mg B (Yl diRe X1, elilas(astinsg
weds usw-11, uRade 11.6). 2
UL HI2L ALaL Bl 2Aa 512l (%UL) 8. URHIRL Heg, 249 viell %ouL R1adl Sl
el oLl o-5RUL Uldofl Hil auiiel] 53 UUIR %l 28 6 d AdalSel qHw wsly
€9, AU 690l PR -5 454U 495 21 8 AR i dlo [Agidaiat d-d Hiel sidl
UBELA 53 69, URHIRLAL SAS5ZIA 8RUL eesL Slaell o581 UR VR AU 5L Al

sl 12,340 saidet wBein wdoidl [otdid [Aeduel 2581 UM, 3L
sz Hitaxll weeadl 530 asid . Yavl arvl vicid widoll dlaiell »Uusl id qsl
2812 % duizll uAIR Ul s3I 0520 A8 sl Al UBEIA el AL €la. e,
25 o YsuuA ol Adl o-581l UBEHAL U (Trajectory)-l otaiddl yrdl ©.
viLesl-500 [BlAuH URMIYALAL 456U & dell dus oL 454 b [Agdeir, 2 e © in
g0 [B[AUH U Fed 8. YAl 4 [5au-l [AEAMIR Ze © ol Z uRui)-l uaHig
$415 69, vl (9lles) W2 Z =79 8. Yl ~l5euu 0-581 52l daLeidL 50 18] cUR
dlenzll, A4 UBRIA UBUHL A RAR 28 8 dx Wind, @wwell 8. 2 Aeolml el
oflogl (AL GUARL dal o-58L i 4t [RgdciRa 45U 4zl stusie
Radlagd o Wil geioirl [Ras-L Guaael o-sei-t allauasdl awddl s3 asiu 8.
2L 601 HUr

417



W cllslsue

__L @9z
ST (12.1)

69, oul, ¥ -5 v lseUA ARl 2idR 8. L el Bl o581 @A
fsauan Al T UL . -5 25U A8 N i Ul drlell g o d M
clril UR ARLAL e0Le Hie 2te (22Ul Al stecldl 26 €9,

12.2.1 2U¢s1-5a- dAldua (Alpha-Particle Trajectory)

Ol-58UAL Ul 4 [seuy A1A Al gLl A8Ld Wad (Impact Parameter) b Uk
LR ACLE. Helld HIAE D O-580L MR [M s QoL A2 et [5EUAAL v A GoildR
9 (2uglct 12.4). o-sou-l 2uua Broualaxl Aaid wad b gel gel (ed 5 Adld

wiAd [adze) a9, wuel, Breuald o€l
/ ol detaiviiel el el Raii usleiq

4
b
f

25(d 12.4 agy fseudl sdot sl o-seisil alaua.
Al WA b 2 UBEIA 5181 0wt saiel 9.

418

wH 8 (sl 12.4). ((Breualdmi ol sei-l
AU[ABLoA @ILGLL AHIA S B, ) A RUY B 3
% 0158 Y[5EA-] 125 (il Aeld WAd)
€l d Hig woleinl 2=qMd 9. Uy (Head-
on) Al [BRUHL ABLd WA d8TH Sl

E—

e, 0581 U9l 5514 9 (Rebounds Back)

(0 = 7). M2l Adld WAL M2 058 @ADL

Gelsw 12.1

(e il Bl ol 28 © 24 e 8g
A (0=0) Sl W,

UL SR AvALAL VoL AL {90 % el
F514 (Rebound) B, i ¢slsd i eald © 3 A4t (Head-on) dHld i-ieiddl
0L-530AL vl ALl B, el 242 3B 5 uHIgLd e el seui 3 1Ad 9. el
U84l whlein ualol, ¥ ylRauAl uRaadl G2l Assl s W s
alsaguoil Ad 8.

BElsReL 12.1 ¥4 yecll Al AU SEIML HHEL 53 B dH UHIRY HILrL 8R5 8-
(Fau Hkaul A (Bl ool 100 m) il gl § -l s
Sas2i sl (Bl 107 'm) sueL 53 9. % AAH 1AL WRHLSLAL UHIRL URHLZLAL
el €ld dl Yol Al HAR D o 52l AR A5 5 g2 Sl ? yeedl-l sausil Brosul
1.5% 10" m®. 3l Biaa 7 10° m Qs B,

Bsa

Sasirrl el Bioul »A Bauusdl Bl oeldz (10 m) /
(10" m) = 10" &, 212d 3 SAs2insl sauell Bl ~Fau-l Bl sdi
10° ouil H18l . % yeellefl saueil Biat Yol Bian sadi 107 owell {1l did dl
yeelleil seuel Bt 10 X 7 x 10°m=7 X 10" m did. 4 Hed yecl-l
aralas salld Biosil sl 100 ov2uell gy ati 69, i, yeedl Yol usll a4 g2
Elcl. AL 22 S D § UL YAHIAHL D d 53l UL, viiell Hasia-l uell a4
29 4AA B,



URHIRLAL

BELSRD 12.2 AU5o1R-H1EHAAL WAL 7.7 MeV o-52L alRs RaR ol d-l [2au
Baeld d 20UB yfseuel d- wsdd »idR (Distance of Closest Approach)
seq el ?

B3& 215 A1cll3u v 20 8 3, usleina-l Axn UGl sUIA o-581 247 -l
lseuel oidl doiedl e 4iBs Gl B (AN) 8 V. 581 A Y Sauy
2idAZUL 52 d 20UB dot-ll WRMS 4iBLs Glosd £, 8 2m IR o581 aldls R

A1 IR dotll 4iBts Qo £,8. WM Qo £, dl »uid seisil st Gl K 9.
2ilax Glod doiell 55 [Aga RARGA US. RafaGled Uaalsa (12.1) urel 2wl
ASIAL Y.

QU 058 drll Alets (Hesaldl) Bigal Uil U 052l 2 ARl
Y [5UUAA Sl A2 SR, HRLS I8,

SIS Gl URAOLE, = E
1 (2e)(Ze) _ 27e?

K= Tme, —a  ~ 4me,d
A% @vil 28120 9l UM o-581d AL AEaUA] A sAH 2idR
_2z
4me K

ed 8. Aubls Gea HAAdl o-sel-l Heay oGl 7.7 MeV »taal
12%10 278, »uell 1/41e,=9%x 10 Nm/C 2 e = 1.6 X 10 C Hell-il
BUALAL S,

7 = O0X10° Nm2/ C2)(1.6x1071% ©)2(2)

1.2x10712 J
=3.84x10"°(Z)m

vl g (sl uRMIg, s4is Z = 79 &, ddll d(Au) = 3.0 X 10 m

=30fm[1fm (Med3sB) =10 " m]

i1l sl (oles)ol =uFauAsl Biodl 3.0 X 10 m sl 21l &, 211 yeu
AU wRa w8 013 A4l ealad e, s1e1 3 qaei-l 4 5auas ardlas
Brosul 6 fin . AL AR~ 51220 2 B 3 ylseuel A sdH R d, Yasl-l 454U
2 o-501ell Blosislinl A0 53l WIRL W 8. 204, o-581 Aasl (les)
[gau-l gl wel sul [ didil R Gazid 8.

S
1222 ‘5&3;\['1 sa12 (Electron Orbits)
AR valell GUAIRL 52U URE 8, URHIY, 2101, 4 [F4UR HIdd UM, 2d
(oL 2% 52 69 5 UMY, el Sl ol ldl, eNElR i 4t [AeLdeiRa 4[seu v

ail iRiwi aulas 2 el 2l 234 s8I GUBL 5l SASRLAHL ot [Agdld

A dezed SNl 8. GUBL 5L SASZIA et 4[5aUA a2 R [Agd 2usia o F,

aud sauul oulaslla Avial e w33 Srwoudl o (F,) U3 wid 8. 2uH, sisily-
PRSI TR R R ECTRIERTRE

F,=F,
1 e? my’

4n80r_2= r (12.2)

(o B-TIED)

PHYSICS

Aydured syn-oe wed Ayd-yoranno-mma//:dny
JuWILIIAXI SULId)) LIS PI0JIdYINY dje[NWIS

Wiy | 9sna[onu/snajonuy/
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24, selY Brosil 217 SASZirrl AL QAL Aol

o€ (12.3)

471:80"’11)2

8. Sl 3o uRHIYHL SAsZIAA-{l oGl (K) 21 Radlgid RaliGla (U)

2 2 ~ 2 N
€y U =—=%— 8.

8meyr aneyr

_1
K—2mv

(Uni, Rl Prgr 3ud 5 R2ad [@gdein —r [Raml 8.) M, Sy uuIgHl

Sasgirl 54 Glost E
2 2
E=K+U=%—--=%
8meyr  4meyr
___¢e?
T (12.4)

8. SAs2rAril sed Gl 2881 9. 2L 3 $lscte YA 529 3 SAsPiA 4 [Fauu w8
6i[Ad 8. L E et dldl dl Sasgint 4[5auusl 2uau o8 sa1Hl - 52l €ld.

GelgR 12.3 WABs Ad 24 oRud © 5 SLSwt URHIR el i

SASZAHL 1921 WAL HI2 13. 6 eV Blosi-l %32 9. €151t uRHIYML SAsgin~l

seflu [Bropul 21 il a1e1dzl s

B3A 1Sl UMMl SA s 5 Gl —13.6 eV.
—13.6eV=—13.6X1.6X10  J==22x10"J®. 204, Ax{ls22 (12.4)

w2l AU,
2 .- N\
E=—2&—=22x 10" T4,
8TEyr
2L U] sefly (Brosul,
;= 2 (9x10° Nm?/C2)(1.6x1071% C)?
87EE (2)(-2.2x10718 J)
~ =53x10 'm
= 2 . ~ 31 N
= AHEL 52l AL A0l m = 9.1 X 10 kg dS uxlsa (12.3) uel
0 ol as,
g 6
v =——=5——=22X%10"m/s

Jane mr

12.3 uHIgL ARY2 (ATOMIC SPECTRA)

WRAIE 12131 wRUAL Hogot, £S5 el el g1 GiFd [l aiafs asiue
gl 6. «flal eolldl uRHIBYs Ay 5 olsudial it D [Agdudle uAR s3AA d-
Gril¥d sl 20d 8 AR GilFd [ABerL adluzul 25 M adaidonsxl

NN

SlU 69, L USRAL dRlued B vy, aglue s 8 A o viusiMA (2i3l)



URHIRLAL

Ao L usifid 20l vl CERICETRYS
oldl 8. UHIBS SlSLl a3
Blyd agiue »isld 12.541 eaida
9. e, S8 AL GulFd il

122 nm
656 nm

1875 nm

Qiuesil el d diysll o w2
‘v’ (Fingerprint) %9, 514
52 8. AR Ad WSl AL diymiel

B 820,

e 9]lnm
=——=— 365 nm

UAIR Al 2 28 il Folfd m——
wsiale 252zl Heeell Rsdus aﬁﬁ" Py oy

s3al AR wven aslueHl sedls

510l (RAUSUELA) el Luld €9, 1L 25ld 12.5 €S-l agiueul g il
§Y51BA UL GG d ¥

ARSI HAIU D 3 % AL Ayl Byt adtueul sl Hodl edl. 24 2usilid

il oiridl agiues Ayl gl WL ey 5& 8.

12.3.1 auiue el (Spectral Series)

U8l 81 il 2haL vl 3 A5 AlssA det A3 GAlFd usiadl 2ugiil 51

g5 FAfMddl q1adl €. it Al ALEL UM, 9
2 el Al asiue Alefl ALEL S, UH 9L, AAdEd astueH,
wAH A%3, ddiue AL SIS el 5 Hafddl 3 Build

«t2fl. u3g €1l adluel Sedis U4l (Sets)Hixll il

364.6 nm
410.2 nm
434.1 nm
486.1 nm

656.3 nm

Qe 2R Fafid dAd ged W © (busl 12.5). »uevs 7 -
A qelye A6l 58 9. 188541 il uuy Sl aflsnsl
UL [ats Agrt 5oL ol (1825-1898) gl L+

(¢ Y . ~ ~ A
quiuel ¢94 [AeotHl ol 2Aldl edl. 20 2l sun g0l | ||
(dusle 12.6) s¢ &, cd v [Gopordl eviidl Hed H, Hy H, Hg

dzoldells 656.3 nm-il 2eiid Hy, 2vil, d-il ugll oq-all+
© 2u5ld 12.6

[Gauorl 2uiidl 486.1 nm dotdoiS+l 2vus Hy v, >l

2Aoiell [Aoti guiidl 434.1 nm d2aieons-l uin H vl 9912 5€ 9. 334 daldois
gedl d dx vl seilo-dl ay des suddl a4 248l dladl dadl geuy 8.
AAdLFd dadoeudal He olHl s U videlas (Empirical) 3ot
1_ R(z%—#) (12.5)

H2, o, A d3oleons 8, R AANLs 69, % 215619011 #2A(% 58 B 217l net YRS Yl

NN

3,4,5492 QU B, R4 1.097X 10 m ' D). 2l 4] 5281 613 3ot 58D,
A3ls22L (12.5)41 n =3 Adi, H,, 2vit-l doidons 4a 8.

= 1.097 x 10 (i—ijm‘l

1
A 22 32
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=1.522%10°m |
»2d 5 A =656.3 nm

n =4 e Hy il dRacons #o, a3, n = oo w1z #ell-l s (Limit)
A =364.6 nm 39 . oum AR 2 A2l 251 (agnn) d2adous 9. 2 Al
242101 5185 aure vl sulll ell, uRl drll 6led Bivll Add dARUE TuiA 9. AR
el W2 olle asiue Al WS edl. dHe AlerReAl M gl 24 gellaiia

ALSHA, ULEA, G52 2 56 A0 5& 9. sl 1AL oAl gL Y 5AUD :
IBENELTE

izR(l%—#) n=2.3.4.. (12.6)
Yl 40l :

1l _p(L_1 _

X (32 nzj n=4,5,6... (12.7)
4 se 8ol

1_p(L_1L =5.6.7 (12.8)
X 22 n=>5,6,7... .
EXE|

1_ 11 _

3 =R (5—2-?) n=6,7,8... (12.9)

aldHe 2l wratedl (Ultraviolet) [QGULHL € dul uise, G52 i §4 2Rl
U124 (Infrared) [Aeuo1Mi 9.

UL 6L Yot AHlsR8L (12.5), wstalel >ug [riql ueHl dvial Hie
c=VA

1l_v N
2194 X T T Yl 532,

M, wHlseL (12.5)
v = Re (%—%) (12.10)
2 n

61 9. 61 9L clecll (LSS, ALl 204158 (Singly Tonised) [Sl&uH 2
so1efl USRS (Doubly Tonised) [ARM) Hal © 5 FusiL asiue u+ls (12.5),
AL522L (12.6) ¥l A0 YA 6121 %Y 53 ASIA,

als201 (12.5) - (12.9) Gualloll © s128L 3 dil ¢S ot UM, gl Bi%« % gL
Wil d3oidonsSail eald B, U4 9, il URRUHL 2ieids (WAl Had) © 2a
LS AGUSHL HIAL A3 % dZILEAGUSIL AL HIZ B1A1d 8 dsd 5L 51281 AUl 2],

124 Q% Mg cllgR Hide
(BoHrR MODEL OF THE HYDROGEN ATOM )

24288 YAAE UM HXA S U A 9 3 d e 250 ST D, YA-A il

FY, Sl Y[5UUA 2 AHR Sl SASRIAL otrie uRHIR, 2214l (Stable) £, 2uH

)

9ctl, 2L 6L uRRARL 422 Jedls Haod dstdd 8. Al dot dcasal el



URHIRLAL

usdldd 28 9, AR Y sauA-SAsA do, duil [AgdenRd
slaldl, 10 191 geoiel Ml AidAFUL 52 6. 21Ul il
ot 3 aqousi2 ol sl ueld Add UAdL ML 9. i udol
Sl wsidl 6. walad [@eaesla ae (Rigld) 2R
walid adl [Agdeur [Agaesly don-dr 3uni ([aleqd
Bt 53 9. U], UABId SAsgivrl Glog Udd gedl S,
21l SASZIA 2ieR ds AMA AUl 5T A 541 U Ay
(sl 12.7). 20, 2ual uH1g, 2L (Stable) % LS A5, U
Buid, ualad [Agdoisld e quR BHRL Sl SAsi Y
Gaalra [adesly a2l sugf, uRamadl sugk wedl
Sl 8. SAsAIA FH-FH vieR ds Al A 52, dM d¥ Al

sielly Ao 2 Al U9 Add oledldl 53 2 dedl GetFd lleat 8135 3ell8 iR
w519+l 2197 URL Add EA. BUH, d Add AU Gilsd 53, (Niels Henrik David Bohr)
% 5lsctl el Mol el agiueal [yg 8. we Ad, s (1885-1962) :

W3 dl dldivdl 315 % GLoL U %R 9. Bl 2 21 9 % YISl oillssidl Fe
MG GlHIREL AMeaddl Hie WAldd vdl Yl el saleaq [l “esal

SLSAe L elue AL, Al
sl dadl ole Hidd U2
2HRA 456U [Qrig--l ale
VAL 6lLER Slvey Aol
Aailis sl uedl
wld s34 uzs [Agld
(Complementary Principle)-
Yot 53U SL00 AL

Wil
(1531
454 )

=)
£
@’
a
)
o
e
L5
(2%
£,
@
‘o
)
Z,
;O
7y
s
o
=
=
=
=)
&0
Z.
2
o]
S
=
H
N
=
—
®
%
B
[y
=
3
)
-’

Sasin

e

25(d 12.7 wugl waBid Sasgiq a4 Gl 2pud du
A el ylseul wdl ssH.

GElSRW 12.4 SIS URHIYHL WISl 2AUA MR 5dl SASIA A3
Bl wstat-l W os 2ug, ualiid [gaziosly die 2R 218,
B3a Gelsawl 123 el 2uudl onellal ¢lal 3 eiSio uHgHl WielHl
2AURA 5.3 X 10 m Brasdiell sauHl el 521 SAsgivl 491 2.2 X 10° m/s
8. w112, Wil uAu SASsZIrAAL HHeLl 29[

v 2.2%10% ms—!

VvV = =]
2~ 2m(5.3x107!11 m)

~6.6x10" Hz

waulAd [Agdesly dle 22012, 2080 ARl 615 5 dHRL sl SAsgid o4l
Gl o [agydesla dali-l 2uglt, sl uauRL dl aHes 2ugf
Foell Gl . 20, BB wsta-ll WieLs 209 [/ 6.6 X 10 Hz 8.

P TT @e™39
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el o (5124 WHAL seliveH 2BdSHAL GHRA s34 e ol (1885-1962) glRL i
Widanl Seals 335120 s2cMl il 191240 et ollgl s 8- waouonmi deals
WAL HIE AN $UL Sl 2l WREEAL 4[FaUR Hidarl argollur »i00 dus
il ¢l. Gur Aa [Ga-l Al 52l 191341 6lle 2idl [y uR udia 3 ga
wusH (el Wusy) Ul de-iiin anadl [@edyesly die 40 glal odi d
U HUsH UL WEAAA oy uldl st el > e gy 5 2eUd ada waldd
AotaoArl i [Agdeiscal Rigidlel qooud 2d AR 2l el uddl vadi-l,
UM GLUR8L 2L el UL, ARlUE 1AL Aol ARl W2 %32 8. 6l WUl
21 WAL sellvey valeln AU $3A dxdl cle 212l el 5leiin 2a3uHl Sl i
S IEIREERTRYCTIORTE

(i) oliga~il wam elsla 3t ¢dl & yrugui Sdsgi- sedls 2yl sauzisi [A3e
Aot G« sl [ ot48r 530 93 8. U oot [RAEAReSIA Alerl eHIHAL St
(A3 69, 24 L5l 02 £35 uAR S2clls AlssU 2] AaRAUPAHL €LS A5 & 244
825 254 AL AssA Heurll Glost HRAA B, AL il URHIEA] 2] Haal
5899,

(ii) otleR-il 6l2 2l 5l 21 22012 2iaRe2iA v 52 6. L edlsld woud 8 5
fsauu-l 2uAA SE 52l izt Adl ¥ sl dH9L 526 5 M A s1eild ol
h/2meu 516 yals oaiis Fed €14, ol h 3 desl waais (= 6.6 X 10 Ts) 8.
2114, s&lld Sasgin-l stelld domi (L) sdi-eylsa add (Quantised) €. »1ed

L=nh/2T (12.11)

(iii) oliga~il ~llo dlsla gl Wes 2 2525 gl [AsRid s3al wlds
salved, VLAl URHIRALEHE AHIAL 53 Sl d BRI O 3 Fasgivt d-il 215 [A328
Getl¥a « s2dl seuxial] (vt Qi oflw sayi 245ila 530 43 &, w2 d g 52 €9
LR s sl Gt iy 9 9+l Glot iRls v 2ilay Haeail-] Qo 424U
dastad wedl Sl 8. 2 uel B d siei-l »Ug Rt (v, =4 24 d21d)

hv =E~E, (12.12)
Yol g2l HOL B, %l E, 27 E, 21 WSS 1 2l Acrezildl Gloavil & 244
E,>E,

L2l umiey 12 ulsrel (12.4) [l Glod 2aRil Glostadl 455l saie 3ot
20 8. g 2L Alsul SAsgin-l saudl Brasdl il w3z 8. el aRidil sal w2
oLl ofloy 4l 5la, ¥ SAsgianl stelld Aol sdi-eulsal ad 8, d-tl Gualol
scUML2UA 9. s1e(ld daLHIA L,

L=mvr

ul 1A 9.

oLl sll-es{lsa-l ofley 2eflglet [l sel (12.11)] 2ud & 3 stelld dorHis-l
Wiy yedl /27l yells jRIisL e,

L,= moy, = % (12.13)

odl, A YRS B, F, 3 -4l wsU saldl Brosul © 245 v, 21 p-4l saHl el 5L
AL B D, HIA 58D 7L HEL HUAAIR 1,2, 3, ... Sl 53 AWAL B, %L ol
sal-l vy 3qlv2¥ 25 (Principal Quantum Number) $& €.
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A58 (12.3) uRel, v, 2 7, 2L A6
e

v = —5—0
" /4n80mrn

69, e {570 (12.13) A18 A% S, UURLA L, 2 7 AL YA HA 9.
v L € 1
" n 4mng, (h/2m)

]

2 2 4me
r, :(%) (%) _620 (12.15)

501 (12.14) s9ld © 3 -+l saumi selly Aol adla n-HL cuall 2y 9. Al

(12.14)

(12.15)1L GuAiaL 531 el viel s (n=1)1uRwua

. h?g,
" tme?
UL 8. B (A9 ol (1941 (Bohr Radius) 58 € 2L d-L WS g, d2ls 2% s
€.
h2e
= ——s (12.16)
mme

hym, €, 219 el 4@l 21A% 52di g, = 5.29 X 10 'mHA &, w5 (12.15)
N\ N\ NN N\ Y 2 Y
w2l 2L UL A ASIALEY 5 sauHAL Browiizil n” Yool afL .
elS31% . uRMIRLAL 221] 24220 M] SaAsgivdl s GloA, lsel (12.4)40 sallu
Blosdie 4ed 249 530 Al qore Hadl asii 6.
E= [ |(m)[2n (e
n 8me ) (2 )\ h 4me

4

WY E = — e 12.17
" 883h2n2 ( )
AuL5R81 (12.17)41 410y Hedl Hsl,
—18
E, = —%J (12.18)
n

HA 69,

U1, GloAAl Joule Hi saladld oted @elalz SAs2in diez (eV)Hl sallacimi »id

.(‘3)

1eV=1.6x10" Jdlcel, a5l (12.18) 13 3o evil aus1u .

E=-1308 oy (12.19)
n

SEIHL AR 53l SASZIAAL set Gloied 2 Hed Mu YA D 3 S s l5eu A2
6ifAdt (Bound) €. U, LAY uHMidl SAsiAn drl qlseuel (2Aaal

1%L UM, H12 Wielall) 2 2idR £ 534 H12 Glos-l %33 usal.
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Als2ell (12.17) @l (12.19) 0B 524l 2iell ydriren 24l © 3 Sasgix-l
S AQOUSIR 9. A 5 Ut ALl oo+l 212 S50 sauvll aus3u glag i 2R
(Elliptical )l €14 8. (1€l Yartl et Adiril A3 o=l 21 S601 €lag[Ra sailu
AR 52 9.) U 9, ¥ elllslasticl 2unles AHEe (1868-1951) gll 243,
galal 3 aduusiz saudlid Mesa sad (Relax) sl 2Ud dl i uls2eil
glagma saviia el LUl 9.

wHgLHl Sasziql sau [A3g v (sallu Rt)

Ul s{astinicil HteAH 215 UL oflon A4 2UURLL URHRLL ollgR Hidarll i 2adl ©. 21 Hiad
sellwey Aotolotril SlagiAAl 2im (AU s uRUI 6lHIREL AHAMAAML, 21101, 22U 8. UAlAd vl
wogol dl WABL 5817 (BRI Gtogt sl 32 B, d-tell RuRd ([R3a) elle Sasgiq Hi2 Ml Glod
sallAl silasidl QR 2% sdl d 25 R ol 28 8. ollel Ml saHiHl sHeL 5L SAsgidl
S1ella dotisisl siwels2L (Quantisation)-ll v 3% $4L. AU, d URHIRLAL 61H1RRL 2131 HH-UAd
(Semi Classical) R ed.

d, sallwey dAARAL [A5124 Al SUUSL URHIZLAL 611D 91 4t AL xRl HlL L. U
(Schrodinger)-il d3al A58l B3l Welrl 2sHR1 otolia dlf uMIHL 6l SAs2IAxAL dal %l
W5 e A B,

ol HidaHl Sasgin-l sal, fsauu-d 2nawn Sasgiqsl aladl aquusik ua 8. uiq sdied
dotgliRol Horol URHIYML SAsZIA-l Al A8 516 MBd HoL (wa) Ul Aisoll sl A3, Uudl wist,
fsaua-l 20w 238 M @R Sasgise didal-l Aeiadl (Probability )<l o did 530 a8l
2L AL 38 - SAS2IA dARUARY L Orbital 5& O dril Ul 55l 53] As1d . 219, [A8Y SAsinrL
§5c UHLUR % ALURA D).

211l 21 330 9 3 2L 241 6L Y 423 8L HIFLS (A8, Subtle) dslad AHDH :

o OlleR HIdA s SASZIL URHIRPAUAL HIS % HLA 69, 24 HIZAHL £35 S8 UL Blosie Hed o
salw2H 215 U AR 9. el wellal 21 3 318 - SASRIA URMIRYHUUA HIZ URHIRLHL 2201
L A1 ASUAE BloAd Hed HIo 7 UR HUAURA B, 61 -SASZIA URHIZY AU HIS AL A1 2.

o QLS FAL URMIGLAALAUAAL M2 HURBsRAL dRol AlsWIAL B3 A a9l [QHU s€ O q,
sl siu [l [BdaRiml Sasginn aliadi-l el 2190 WlEdl Ul 8. 21 Orbital-
6l HI3aul SAs2L W2 AR s2¢ s (Orbir) WA SUS AL el ‘

Gelsel 12.5 yedl-il 2uauid 10 kgell 215 Guae (Azdlse) 8000 km [Hiowl
aRlddl ago saMl e 6L sALS Bs Avid Rl 52 8. olleell Sl darHiHlL
RAS, SL% URHIRHIAL SAsZAr FH % GUALA UBL ALdL UL B A A
Guane~l seilll siveM vis L.
Gsa

aHls20L (12.13) uel 2uupi

mv,r,=nh/2T

Gewsmwy 12.5
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URHIRLAL

N ~ ~ 6 ~ ~
HOL22Am=10kg2l7, = 8 X 10 m. AU GAHBL 5l GUASHL 2ALAA5100

TaE2AH0 Y. 228 5 T=7200s

24, oLy, = 2707,/ T. GuASHl 8-l sdien 2is n = (27trn)2>< m/(T X h)

194 YL HAY SR,
n= (21 x 8 x 10°m)’ x 10/(7200s X 6.64 X 10 " Js)
45
=53 x 10

> Al S GUAS MR-l 3cuva=1 5 vd 1AL O ! eSlsdul 2l Hiel ﬂt*&‘i
L5 112 sAlveMl 501 AdlAL wReuHl waled cllas@siel qodl wReuHl Fai

S8,
12.4.1 Q1% 2dU(Energy Levels)

12 SAs2A, sl Al Aws-l ved 3 A w2 n=1 g1 ddl
SEIHL ARl 53l Eld R URHIRLL Glosl dgny (M 8L Hed)
U, n=2,3, ... 4 Gl ta yeu i S 8, vl egiz-l
sepllil Glod sHel: agnl ay Sl 9. uMell [dy (Lowest)
WRALA 4R AL 58 B A AL Blod Ay €l B, duy Sdsgi
el il Brosal (elle Blosdl ap)-l saumi smel 53 8. v vidral
(n = 1)l QA E,, —13.6 eV 9. iiell, el uHgHl 4zl
Ml SAsZAA Hsd sdl w2 w33 Qo 13.6 eVe. dd
L2 uRHL 211528 (Tonisation) Glol 58 8. 6l Hidds
2Lyl (Prediction) itilsa1 Glosi-il WlBLs Yeu A2 Grn
AL 4D 69,

ARSI AUHLA HL2AGUOLAL €L URHIDAL 821 HRUML 1Y
8. %13 Sl URHIRY SIS SAsI Atld (e Fol wlzuiel
Glosl Wit 52 8 IR URHIG, SASZIAA G2 2121211 U @S %Al HI2
Alscir o1 €9, 2 RALAHL AR GrlFd wqzaml Sldld seud 8.
Als201 (12.19) u=dl =2 12, GloA E,, — 3.40 eV 8. 21l 218 %1
5 €140 URHMIRML SAS2IAA el uaH Grilyd vaal A4l Grilyd
52aL 412 %33 Q1A E,— E,=—3.4 eV — (-13.6eV)=102eV®.d
o WHISL E;= —1.51 eV i1l E;— E; = 12.09 eV 2l 181+t
UHIRLA el 421 HaraHial ofle Grl¥d vaal (7= 3) yHl Gulsd
520 12, 12.09 eV Glod-l %32 9, 4912, U Brilsd vicraiiui]
A2 gl Gloauoll siaenmi wisdl Wi U i WEAHL s
512l BRIF 52 8. UM, FH FH €15 U] Glsddl Al
9 (A 5 FUFU N ARND) dAM dH Brilrd uHeMizl SAsginn 4sd
53l HI2 33] @y Glo vedl o 8.

aal sl (12.19) uel siiesst umull 22 21220l Glos
22 205l ¥, ougicl sl (12.8)H ealdd 8. 3oy sdivey »is i,

fer
@
&
e
]
[u—y
[\°]
n
54 Gl E(eV)
A >6(Bd
(2ualsd)
/ U1,

0 e ————— _
08| rZ3.
~1.51 n =3 (6l

SN SROTEN]
340+———-—-n=2
431 iRl
-136}—————n=1

25l 12.8 1St umy w2 Gl
2R slel. R dAtumiL Sl
URHIHL SAS2IA d-tl Hlel MLl
AHY, HRU AL UAIR 52 69,
eS8l uRHIRLd Huas{lselL sal Hie
821 AR SAs2lHA 13.6 eV
Glost Y2l uisell U3, [AHEQY vl
iy (Allowed) Gl aeiil
@13l ol 8.

* Sasgina E =0 eVell Gua-l 51 ual 54 Glost €18 a3 9. 2icll uRRAQ2AHL SAs2iA Hsd

~

£9. 24, 215l 12,840 sledl 4orod Glo Hazaiil-l 215 A0ioL [eual (Continuum) 8.
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Blotril Azl sHHL 21 eReHA £d 8. 2L 2sTAME GAAM Glod viaal, wHlsal
(12.19)40 7 = oot AU B 27 Al Blod 0 eV V. uHyAl el Glo U2
(

Sasgic 4lSauel A48l g2 (7 = oo) Al RUR S1d AR €14 8. FH 1 AHdL U dH

=N

Grild il Glodil 3dl ag A At 25 A D d Yil.

%v&-éé@"ﬁl wAloL (FRANCK—HERTZ EXPERIMENT)

URHIRRL 245 R Glol 2Rl MRedcardl Ucdar sl 191440 334 375 A ARelld 823 8l SAUML
el el Al [alas Al Huddl Sasgiva 154 R+ sy (Vapour)Hiall w2 s34 Hondl M5y olsusl
qlue-l et sul. Sasgin ur g€l %l dlsidl tRuadl [Aedant @y wda Sasgis-l Glod sleaani vl edl.
SA52I HAEYRAL URHIZ, A2 HALSA 1R URHRHA Glod Uil Sl 2 AR o A5 943 3 2uud
Sas21rte{l Glod MR URHIYAL 2ARHL 28l S5 Blod it il G-l vuell 22+l Gloaiil dslad S, 44
ld (gl 2usl). evial a3, Sasgid ¥ eRiEAlL Hg uRH1gAL Glo 22 2A9 Gzl vl 2R 42l dsldd
4.9 eV ®. % 4.9 eV %edl 3 d s2dl 4y Glo aRuadl 515 Sasgid HsR oyl uAR wd dl 48R
URHIRMIAL SASZIA U USSR Gloate 2limel 53 a3 e G2 R Y Galyd &S a3 [pusl (a)].
240 Zla 241U A5 A28l SA52LAL Qo el HisuHl 8 €.

E E,-49eV A=253nm
49 oV AMAAS, NS VNS

(a) (b)
AU, 2L Gl Sasgia [ABRIA G 53R 8L RAML UG UL D,
GBS o [0 doldons

5o he _ 6.625x 10734 x3x 108
T E 49x1.6x10719

UE, HUAHL 375 A 62 wRUY 3 HREYRAL Gl iUl 2L dRdleouS Aeq3u i 6192 8.

=253nm¢.

uRHIRHL (R Glaalal 2dRL 2190 6ll-L YA [AR 2 S12L Gig -l uBUL- 20 wdiBis 2ssl
L2 375 2 6mt 192541 A6l UL ieidd 23 .
12.5 Q4 uRMwyL Rvild aviue (THE LiNe ‘
SPECTRA OF THE HYDROGEN ATOM)
olig Widadl ol dlsla yool, 2R WA n, sdied sl G2 Gl

scaHiel, 7, (1n,< 1) selle vl it Glost iazaMi A5 53 O AU d-l Bl
— astdd Feell G-l 121 Gl A B, Fell sugRi v, A3 3ot uell 1 B,



URHIRLAL

(12.20)

E, i Enfmé A58 (12.17) udl 2uy@ie
1

_omet (L L
vy el \mp

_omet (1 1
sy, =2 o
0 .

1

(12.21)

(12.22)

1ol 9, wlsel (12.21) SLS2% =t UL asiue Hi2 3eiol 4ot 9. 2L Yol A
HIMBL A, =22t 17,= 3,4, 5 .. AL dl Al 293U ot ARl Hiet als2el (12.10) %4

o, €9, TLgo1aleAL 1A 0Ls Reil 24000
4

R= me
883h3c
a5 53 AU .

(12.23)

ol UL UHLS (12,23 )41 %EL FEL AANLSIHL YL elvd s3> dl,

R=1.03 x 10 m |

WOL D, AL HE oML SRS Yot uRell Hordl yed (1.097 X 10" m )<L vt o
125 8. JolAl AR5 Agilits 21 WABLS Yedl-ll 21 AHAUSL 6l HWidan

W i AU AHAA Y3 UL,

np 2t ot RSl dlaell els2a (12.22)
glld © 3 [ARY wRHIE, 2dRUl 2]
Asllctl [Aldn Ml 2ugilia usiad
BRug AU 8. A% Adu2 HIZ UM, Aol

AN ot

ny=2 2, =3, 4, 5 AR 213U 0. 6l
Wikl WRRIHI L% URHIE, Hi2 oflon ugl
2l adu2l e YAt s @l = 1 A
n,=2,3 PR, =3 i n,= 4, 5 4Ol 2ixi3u
A2l e d g UHIRL R ofley SllAl Hie
S, 2l sl AsRSMS AU Alell
Hofl el 2 Al AAHA, GUHR, UL, G132 2ie
&4 il ddls oy 6. 241 2Rl 2434
Sasginsl szl 2usla 12,940 oldl &,

uHIr, aeiyeiMi gel-gel oAl
UsilEd WAl AR Bt W B 5 R
Sasgid G Glod eyl M Gl
szl g€l wlA sldnd GRig R 9,
L AU GRIF il 58 B, Uid
2l % SAsPIHA [ Glod 2Acenel]l Gy Glod
wicRaM] A5l s |2 %33 Glost Fedll % Glost
BR1qcll S121ete % UML) 2N dl i [Bui el
56 69, UM, A Add Yl HAdl 2ugRlHl

s Gof, E(eV)

n=>5
n=4 \\ walsd wRHIg
0 AV
~0.85 X Wy
_15|n=3 | e 3 =
~ aell (A
e el &,
n=2
-3.40 —
ollH 21ell
n=|1
ey Vel YU AL

[ ——————
aH- 28l

25(A 12.9 Glod 2R a2l 2silael ld

[ NN 429
qgluel GeMd ©.
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glelnl cdd el sl aymisl yar 530, dddd sgiler al [Geduel sami
2 L s AoioL siueHl U sUELA el MLl UL Adl HOL B, ARl vl
AL YA, A3 A 209 (il yu-t 53 6.

ol Hide a3 uiddl 1Sl umigpL adtue-l auydl A1s Gesre Rl edl,
el s sdied Rigid drewl [@sRin diRie Mel 192241, ol

atilcts(astind -lote UL Hriud 1Y d.

BELSR8L 12.6 o0l Yotrll Guallal 53, el aviuesdl dim ARl uam
212 Qi el dRoldon iyl aRidl 530,
B3 Zsotol-d Yot A1 HoroL O,
4
helhy = 25 %_%)
e fell-dl uas AR Wil dRodond@il n, = 2, 3,4, 5 4 1, = 1
A5 AU .

4 —
S =13.6eV=21.76X10 ")
0

19,

he
Ao = 11
Cpo (L1
21.76 x 10 (2 2)

1 n;

6.625x 10734 x3x 108 x 1 091341
= -~ m=—-sx X10 m
217610719 x (1 — 1) n? —1)
=913.4n /(n/ - 1A
noo=2,3, 4,5 A% sl UL A, = 12184, A, = 10284

1

Ay =9743A 2R A, = 951.4A %4 &,

12.6 ot sairelsadl oo adlgla-dl R ool anggdl
(DE BROGLIE’S EXPLANATION OF BOHR’S SECOND
POSTULATE OF QUANTISATION )

6lL6R el WRHIRLL s ml 2% sl el slapiini el af sid13u a-l oflew sl

0. d wud 8 3 ylsauasdl siawy sald eme sdl Sasging sielld domid

sdi=2lsd (Quantised) 8. (Med 3, L, =nh2m; n=1,2,3 ...). 5184 dorii-

B2 yils o1alls uddl Yedl o AL HI2 Slal B 7 ollel def Hidd 2% 53 -l e

Qv oile, 192340 32 clllds(@sti-l ¢S R olioell (Louis de Broglie) 21 11 5144141 G54

AL,

ws0l-1141 20Ul allval 69l 3 [ oloel-il 2ABas ool SAsgiq Fal s sell
ugl 439 usla (dotaeua) €l 6. usslell 192740, Al. %. 3 2 2. MU, AR



URHIRLAL

gl Sasgin-il aol usla-l walis asiuel as odl. g8 [ slodlx A

idl sellet 531 3 ollertl YA 4oL AQUUSIR SselHinL SASRIAA ged / \
d2oL (Particle Wave) dl% %id L. €131 U UL dRol-l %™, s N ’ ‘ b
doll uel vd-le REAMIML RAd dd0 Guad 8. 4R XL

Al sAstinrlL UisAYRA s UsW1-15 uRell, 2081 sl ¢l 5, 1R

el vl 914 sauml 2, (251 2UALHL 2id—Plucked) AUR HIEL

Qv UL ARSI Brldd A 9. UM 9dl, % dIOU HI2 B> YR

[fwie (Big21l (Nodes) ld 2iml R A9 Al 14 detl % d29lL 251 ¢
€9, 2411l 242 3 3 S1Z1H1 R3A d00 AU AU B 5 %412 d291 18] U %l

2l WL 2adl SUE §A AR, 5 dEoUS, 6L Ao »adl
dZatdotsSl s uel yals oug) €lu. ofle daldonsail diddl d2oll
ulddr Adi dusil dididl 418 Alasel A0 9 2 Ul SuliRdR

pdl wéld g 8. 7, Bl n-dl adousiz saimi eel s w5ld 12.10 adousiz sa w2 Rad

S~ n A . N A oL ealdd €. i, A1 [ ollod
A5 UL, §A PR s8I URE 277, ¥4 6. e ?’m\qi ©. i, Al B %u i N
Aol saill URaHL olaciaudl €.
WH, 217, =N, n=1,23,.. (12.24)

sl 1210, 7 = 4 w2l aquusiz sal url Rad s ddol eald ©, 2ed 3
277, = 4. %, A -+l saiul sl sl Sésgivel [ ollodl dotdons 9. wsal-11
Ul A A = A/p HA B, UL, p 9 SASZIAAL AOLMIA Hed 8. % SAsRUril Beu
ustatil 3564 sl el 20l Sl dl Aot mu, 8. U, A= h/mv,. aH{lse (12.24)

uRefl 2R 27 = nh/mu, 8dl mu r, = nhi2m I 8.
2L % SASZAAL Se(ld AoHIA W2 ol YAdd sal-eH A [uHlseL (12.13)] 8.
uRA9e 12,540 28l AL B 3 1l uedl Ml ezl 2 Glod sl
Ayl 2 AHlsRL wazy . 2, B olodl 2ABds, saimi Mgl sdl SAsginsl
swlly aoHineL salwedlsral Wil ollgal ol allslaril auydl 20l sdieslsd
$A52iA 581l 247 Glosl AL SASZIAAAAL A30L 2AZUAL S128L 8 2oL Hiot el
Rad dRol sl us 6.
afaua 21904 wald B (Al suaw we-dl Fu fseuadl 2unu saul
HHBL 5L SAS2IA) HRLAG GleR, HIE SLSS1% L FeAl URHILAL Hl2LeuoL-l qaeil
vt 5307 Gt 2iadl urieollysd e sve [kl »ug il =l 2uaudl 52
£9. UM 9l 2L Hizas{l wil Halelil 8.
s2dlls v Hyol 6 :
(1) olleR H3A SIS Fal URHIYMA @2l U3 B, d-l $5d 6L SASRIA HAddl
(elaam Fal uuigll yHl uel oy uidl astd el eudgiam Fal umigi
WAl ol Midardl uglaal o s 52l 4 SAsZIAcoL WAL
[Azaupiel HaA S2UML 2Ull 8l U del SIS A0l Holl L edl. €28
Sasgin art [AgasiRd “ylsausl 218 o A& wat ol ot SAsgi 118 wal

UL FAl WML 5655 Hr [AAAMIR +Ze YAl 454U A s SAsnrL
OLlelL 69, %l Z eletedl Aval 9. dril Belgwll dls erdglot uHgy, Aloiel Hudlisng
(et et Sotedl iiitSons [@RAY Q92 B, 2 uruel a2 wled 2dl Sasgi-

NN . 431
Sas2iv AUidABUL 2Rt qr1ad] Ayl
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AlAAZUL 52 D d elsaul ¥ yesel el 8. ollg Hidarll WUl 4
(e d MR 4 [seuy 2 5@&;1% Q2 [Agudotn Asode 8. d o &Sa&;m
HQH[&\LMLHL AR Bl 5@&;[-1 &Sa&;m CEDL] [EtélctOlULHl QLA
534 vteﬂ

(ii) OlléQ RIK et&&gvm uwlg@u N @('Q{[BKd yslel-il z»uci[?mm 2l ld
YaleHisl 53 0, dH 9di 1L Hidd qemam gl Aug dladiil
Anondl Asd -1%& LS AL Bl astueHl, seefls 9 buciﬁwuvﬂ dlstdl
211591 B 213 oflewedl dlsicll g e, AR ? umtfow a:tqcusm el 9 3 Sedls
2510 244 52l AH1D Hiedldl (Favoured) £9. 6l i3 dladiqil 335131
AHALACL HIS AUS 69,

ol HI3A UL Ml 1ot 3% 53 8 27 d- (e uRHIgL M2 @y widl

astd el e uRuIgpll 112 sdivey dstazol U UHRA Huoud Dd Hadl Usdl

Aql el GUULRL 5L U3 9.

AR UL (LASER LiGHT)

A{lscUoll 61212 LYl 26d RAAAL (AR 5L FHL 25 srURY] sluied 9 ALt ol [BAHL Bl Sl dHlL
YOLAL AU 14 B e sl 422 515 501 A0iY Sidl 1l ol drs, HIZl Aval-l AFSL REABLs sA40 €y,
cletl (32012 531, Ml uoLal (sEHL) a2l ol A1 A 69, Al sl gl

AL dstad, Hlaiordl 3 oleot Fal ALY BeaH g1l Bl Usia S I
i QUR o8 BAFd Uslal A2l dslad el ©. LASER 2\ Light f éi:f;:i’ Z..
Amplification by Stimulated Emission of Radiation-, 2§ 2434 €. e
196041 -l alswdaﬂ (st gl d [Astivt 2iA 25Ul e35 AoHl T
svid gdd 9. afas@aid, uuueildstiq, @daldsid, >, (a) otcotiiell 2uadl Hsia
AUl (Surgery), 9zl ddl3Mi dril GUALLL BUAUL 9. LTI I T
0.5 mW WaR Fal 2ol wadl G AR AU sda B 0 T o e e e
w4 dvll eds (Pointer) d3 duagd ©. %el-%gel  UldR-ll (b) AUR S

AR ULl 1Y 9, izl S2als vtivirl x12dl €13 (Stomach)Mixil ARAL ALgs AABZUL HIZ 419U €9, 2idH,
Sedls Auz 3laA vl 4 5 siuHl dielL (Welding) 531 95 dal €14 69,

Georial w5t ddlAL Wse (Packets) 2a3% Gl i . wi-y Geamuial »uadl wsta asll
dRatdon Sl el aR1d 6. qofl el gel doll 422 S5 suu-40i8 WL ldl el dell 2udl usta, sus [Bgaial
URAR ML 24U L uRL, h8uel Sl a6 2 (Breudlded uRHeL SidR 018 opsull atd o . duR ustalsdl
oML, 835 Wheril d3oldowsS doteaL A Gl 8. ol 3ol User]l 3212 doitsS gall i ld 8. 2L 8
2 5 cioll AHAUOU AH] ERLLAIRL SO0 €14 8. 2L URRUA AR [Beualdd said wq ar adl A ®.

A BLAHUIN uzmg@u Sl A €35 1 cflsmt-u U519l BRALFA 52l €14l A1HL-4 G o Geurrt Al dllsicl
NI MBI Sl B, %U1? AU GEIMHL A N TR UM D, N viot % D13 A4vail § A [BA1d 214l AS
A1 91 5 ALY ngmwﬂ ULl 518 Scll AuRHiEl Hiadl dstaL viel dls Slu .

12 2UlEl (Mt (Apollo Mission vl 2Ad519041 121 g YR Uil AR A48l Yedl ds ¢ d d 218 1Rl
el A2l uR 3l uedl yesdl vt Rsti-laion dls R B dt v Hlsed % 1R a3 uRlaldd 269 yed uz
w19 AL 202 s, uRlaldd AR (Beid uRMieL (Size) et dlotidl Fel-2iddiel §6 AHU HUAUHL AL
gell. 2Rl (@) QAR (B8l Aid 291 seiale 21 (b) yeelall 2Agetl vidd AlsArSel Hiund 23 sd.

a



URHIRLAL

ALRLA
U, AHAUBL [Aed-l 2[R e € i del AHLA HIAHLF2IHL Ut
e 8L [AgLdoURL 4L .
eluAAll HISEAHE, URHIZ, A 4 [AdMIRld SUOUSR dlen 8 i dul
Sasgiq 313dl (Embedded) ©
RURES HISEH] URHIY -, @ILGLL 61, 20 2 ol % Hrl [AELdeUR Yau
U[SHUANL (% URHIZLAL URHIRLAL 84 SR ML, WRHIBL HR1A € dul)
5[ 294 ©9 214 SAS2IA el 2UAWY BHBL 52 9.
4258 (5 HITAA URHIRY G1IRE AHA AL 6 or HElHL W3 B,
(a) A i Yl 53 O 3 uHIAL 2l 8 51393 454U 534
AHEL 52l AP 25U e oUld 53 (sl wdl el B, i
ollotd gl 2elueiHl [A18 52 9. (b) [Alay dedlstl uRHIRL1AL dlalBLs
ufly adudia d amendl s -l
el GURLAL dedetl UL 221 © 2t ey dsiued G-t 52 9,
QYR LA AL HAHIAR T0UALAL AHSAL AL B e A 301y avlue 58
€9, L URHIRLL G11RL 2400+l Gulofl HilSdll Bt .
URHUBAS St (14 aviued Gigt 52 8 % [Alan Arllii-l oiAdl 9.
AB(4L 5155 weL vl g (7t 6L uel-l dslad dls Y s s :

Quu- ael: v = Rc(——lj n=23 4.

oHR ARl v = Rc( —#) n=

A el v = Rc( ;2) n=

ssael: v = Re (———) n==6,17 8..

U1, A3 G Jvild Avlu2 d¥es uRHIYLAL A1 URLA AHoAAAL HI2
“dled ollg?, elSglo Fal (315 Sasgiq H1ddL) URHIPL HI2 s Hida
YA, A8l 2481 el g(c2Al ULl 24 selve Aotelotdl Wall vl :

(a) e153os uRHIYHL Sasgi 25 B 22l sauvil (Fu R
(Stationary) &1l 5& €9 )Hi [A3201 GloArl Geios i [l HHBL 52 9.

(b)2endl saxdl 3 ® 3 i Sy oA A2m-AL yals og &
(olusaril saliwerilseill 2a). Med 3 L= nk/27 %dl n 2L yails © %=
Yoy sl 25 586,

(c) ~{low 26l sl orRud 9 3 Sésgint d-l 51 is M, [—ABwRI Gt «
53l 1y ddl, seumial olle 208l Glod ladl saui Asila 530 43 ©.
IR d VUM 52, AR A5 S12H BAd A © F+{l Glost, WR(MS 24
2l i, Gl dstad Fedl e 9. i yel GRl¥d
slel--l »g
hv=E,— Ef
g2 HAL B, I % 2GR GRA% 52D d % gl (Al
MR 52 69 2t A B0l SAsgin il Gl yeudl samiusila 539,

E, + hv =E,
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10.

sefla, ot sellreilsal ardHL uRRIH SAsin fsauHl 53 s5d
2435 (R Brostiilol sauml o oL 52 69, S URHI, Hie U Brosiil

2 (4 N N
r= (”72) (2—};) ( :f 0) o YY),

5 Glasir L seliverlsa ude 8,

4
[ — ) A
" 8egh?n?
=—13.6eVin’
7= 1 HARAIA R 2R3 5 9. L% URHIRLML HRL 2ica1-] Glod

—13.6 eV 9. nl Gl Hell (n > 1) Gril¥d AR 21434 8.
uHIRAL, ol w5 Sasgid Al gl 2wl dloy
2119 [rirll FLelwtetL 2utell 2t Gl 2Ace4l 4] Gl A ©.
cRol-s81-{l g slaetl Guatlol 531 Sasgid hmu Fedl d2o1deis & 2l
(3 glloefletl 2R s o olle-l sal-edlsd sauiil amogdl >0l asis edl.
selll, aduusiz [Rd dolid 23U 8, FHl sau-dl uRa datdoeus-il
yoils Fedl Sl 9.

6l HI3e Mot LS5 Bl (s SASZIA HAAAL) URHIAA % @ldl
U3 . o [Slaun Al o Sasgin Rlddl UM uRL oy widl asld
“ofl. vl HIdE, €IS Fal URHIRRL 4% GRUFd gl wila
cllstctadil wat Aol 2sd el

gt [QuReu-L Heril

At A 2825 oiAnAl Hitd s 221l dot 22 9, AA-A- HA Rad
[giasil e[R2ot 2iadl 8, %R WRE 8, HIA SaUHL GHEL 52l SAsZI 612
[eiceiotsl [alEeim Gim-et s18L adl 8.

ollgR sella dotmine sdivedlsael 53 (ollow 2ellsla) 2tn ollw 5155 AR
S 54 7L AL S AL S1elld oAl URHIRL 69, 2L AQOUSIR SaUL IR
sU{la ottt 21 61 oL AL, el ol sl dent 2aeulds 9.
SlSS URMYAL ol H3aHl sl Riot wAMBaddidl Rugid
(Uncertainty Principle) 012 A2iold « ¢dl. dl 224 Al sdi-eH
otglioteil el 512 12l 3 Fui ol sa1ll lal RS % ol Sasgidn
allda-{l 2Acital (Probability) 48 €.

Al WRRAMRHL AS-AS Q2L AR 10T, AL £S5 A URSL 61
5l UL AL (5122 3 42 0 5165 UBL ASHL B0 53l 8] AR 9. ) 212l
[AuRd Sasgit-Sasgiq a2l [Agdoen, Sasgin-qlsaux [@edan 1
ARVl ASIA Al M Sl 8, 5138 5 [AEAGURL e HARL Mol HL5UAL
sHAL 9. U sR2l A - FAl SAsA AA ol U3 olg-SAsiA
URHIRLALA el widl st el

6lle2, FHL SAs2I (B Bl sl el ] [alre sauviil sl
2UsLell salred Rigicel Wil Aival. ol Hid Hiot 35 sdl-eH 28 n
U AHIAN 53 8. sellwe ALt ddlS il 4l Rigia ol <l sl



12.1

12.2

URHIRLAL

AHEAA 5269, U 19l 52 UAARAML (¥ A8 AU5UBL L5114, B, dHL),
2L GLo8L 212 HIA U8 % sellveH AR 213U AR S, eial dz13, A
VLARUL AR slweH 2L (1, [, m 21l s) gL QBB ot 8, uid ($LS3-
w1l F4) 36 Seiol RARHIA HI2 Gl 55 7 UR BUHIR AW,

6Ll HISAHL, UM UAl-d 208 52l [A3g, SAsgiv-l a-dl saumi-

e 2419 aiuesdl vl g0 A1 51 Aoit <42l vl gk 6

se{ly GloAtirL dslad el i Feddl 8. UM 9dl, Hlal sdivey 215l a2l

Asiladtl (nell n— 1, naRll HU2L) M2 dil oid HLUaL Hod 215 % oi-il AU .

6l Seals WAld 1n Feals iR clllis@stvel vaidl 42 2R

49-uAldd (Semi Classical) Hidd, Ale14L AlEL SIS Fal UHIEII

A2 Pt 2% s ~ell. 12 Rt salvey dorauat-dl oloid 8 % ol “idd

sl @l yooid 3 % UL 9. Rl dl wesl ol el Hide desd AL A €l dl

2L -l Rl 2312 53 eGloL 7 4 61 9l 6l Hidant Gullofl eisiladi

SRV AL :

(i) *i%a 3ot 212l el U 2ERd © vl i deiuedi @olMal
OL8] LML, ABBRILA A1 6.,

(i) HRaul 2l Yaldd ollaslastiml dlval eudst ddl e vidn
AHIAAL .

(iii) 25 Agilds Alasl@sudla, S5 S8l Goarl A oHMiH]
sedls yasllail, 3ql dd ace: vl AT 5 el olla seals
ydisin s2ciedl 2t Avl s, d 2 Hidd gld 8. 6l Wikd 3
Rigidrl 21l yalguid wdoL A8 dud Ay dl, Rigidauddal ¥
Yadellailal a0l edl dat dilfs 2 wunenda-l suau o a1 s34
vl o AL

ALY,

€35 (A1 2id U4 208 /2108 ALl w1201 [Aseu ue s
(a) el HidaHl uRHed uRHIE, 83580 Hilaul UL uRMiel

.......... 8. (s2cti &gy Hig /ol g el [ st 8g) i)
C) “{l 421 vl SAsRI Al AgAnHl B FAR ..., i
S5 SHUL AW (Net) ol @A 9, (AlHaA Hida /4288 Hidd)
(€) e U2 2UHRA Ul uRHIRLd @Y % udl @iddi 6.
(AMA {3 [ 28285 Hiva)
() I UL UHIR, AOLOLL Add e0 [AdR8L R 6 U, oo, CIREXTIE]
o1 % A 201 [AdAEL 4RI 6, (MU HIe [ 1288 HIvA)
(€) e UL URHIRLAL Ut [AeLd et R (Aol @oteiaL e eo HA €.

(Ru28$ Mk [ old Hikd)
HIRL S AUl 21es1-581 WBeimtl U101 4aABlL dRviA 21 8-t (Solid) LSl
AUl saUel ds 2uauml 20d 9. (SISt 14 K &l Al diumid g €l )
L Sal el »tua el ?
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12.3  agiuz 3uiiiledl uiz Ao+l 2514l 251 56 d3aconsS sls © ?

12.4 %15 URHIRMI 2.3 eV dsldd 6 Glod 2 %6l Ul ©. 2413 URHIE, 32 2l
[Ma2d2 u sl 52 R Gt d (30l gt Sedl ¢l ?

12.5 &1t uMll 81 el Glod —13.6 eV 9. w1l il Sasgiv-]
oUfABlost it RalAGlon Feell w2l ?

12.6  WRMHL R R2ALAHL 8L SO~ URHIRL 25 Fleld-d AR 5289, % Al n=4
22 Yl Grilrel 53 8. 2i L2l g [ 2t d2ardonsS 2kl

12.7 (a) ollgR Hidasdl Gualol s34 7= 1, 2 247 3 RAHL SLSAYL URHIYHIAL
SAs2LA{l Beusdl o1atd] 531, (b) UL 35 2R Hie 58l 25101 L.

12.8 ot uaueydl 2iefl viea-l Sasgiq sal Bl 53X 10 m®. n=2
A =3 sl Bl sedl ¢ ?

12.9 UL A 12.5 e Vil Sasgin [Beuale ayzu sisgio u Wl adiadl
Y12 AUAA 8. dRoldeiLSuil 545 Aofl (1) Gl d &l ?

12.10 062 HIe 242012, el 24104120 3 X 107 m/sell 256usll 1.5 10" mefl Biosul
a1l sa1uinl yeedl-il BHRA 2% Sl sellve™ s WAL
(yelld e = 6.0 10° kg)

QYIRUAL 1URAY

12.11 ~{lAedl Warivdl ol 2040 % dHA G HIZA 2A4 28368 HI3A 922l dslad
AH AL AL Hee 521
(a) Wil YAl dru a3 Al o-580L [RAUeH (Mlade)-l w319 5181 219
el Hidds] yal-iuid 28288 Hidarl Yal-uin 53, 2 Mg, dolmol
ded, % 5 g, AR e ?
(b) uaeadl (wen ds<l, Backward) wSldi (212d 3 90° sl Hiel 518

c

0l-520, WElein )l el 10] 2l Hidas] yaldHin 88 Hiddnl
Yl sl 8] 21, @oLetdl ded % 5 ug, AR 6 ?

() naiorel e oRuy €9 5 ol RGO A0 AL, S| AILES £ 4L, HAH
(Moderate) 518 WSLSlA UMl O-58UL AvaL, 7 AL AHUHIRHL 6. £ U+l
AL AUHIBLAL 9L YA ?

(d) Waol aut glaL o-52liL UELEHHAL U39 S1al-l LRl s s2dl 4y
(Multiple) W8leint Al Htaiouid su1 HITaHl AYSud i & ?

12.12 S5t uRMIRAHL SASZIA it WSl A2 dRcallsial, seol isueL s3dl
10 oug] il B, 241 ¢Slsd Al w5 Asl@Us Ld, SASPA A WA
oRclstRl oilfa €ld dl 1 Ul uan ollg sai-l Bl viely
qoaalel 8. dxl d-ll Briz JUUE ALl

12.13 €15 UM, 2R 22l (n — 1) 2dR U2 Asild 53 AR Gl [k
2197t U2 Yot HAAL 7L HLLHE) HIZ, £ldl S 21 29 [RL, sauHl SAsinl

436 auRll nald g oRleR O,



URHIRLAL

12.14 w2fed Rigidl qool, 2ylsau-dl s3d Sasgin sis wa saiml € a5 6. dl sl
uHRL cllalBs uRHieL il uel «ssl i 6 7 uaniey d-l dlaBs wRHie
5l €212 AARLL HIEL 31 A2l 7 L WasHl di allbal d Wedld Hidd uR ueiadi
2LUG ol 2L U2t 1ot Horell €1l el ? Al it 21216 9 54 89 A H[dHd
(Simulate) 52l 112, el Yol HANISIHL Heeadl, puuel {12l 24d 5302
2 BASH 5 UL WRHELAL Rlldl WRHEL (~ 10 m)-il @oLewdl el
oS wRaee ariadl AR HA S 5 54 7
(a)  Haoud 2395l e, m, 2 ¢ vl deltS-l uRHiRL 4Ladl AL L. d-d

AV He AL
(b)  dd el 5 (a)ui Haddl deilsS, uRHIRAL WRHIRL 5l ML (HeuL)

~

gLl sl AUl 6. GuRld Ml ¢ e B, Ui URHIIL BloAvil Heeidl

[Bir-2utaalely [BRARML €l 82Ul ¢ S8 Héatl oL Mxd 8 d
AU Aell. se12 2L olotd ol A4 YA €2 5 ¢ L g2 Sl -
UL, AL URHERL HadaL Wi ‘565 6l M. ¢d, d UL Wil
AANLS h A vt 0 evil eladl o ¢dl. b, m, ot e e W
wRMEL 2 g avanl (uurAH), ol Held idedn
(Insight) R8¢ 8. /1, m, 2t e ual doud-i el 4uadl AR AL i
clri A VAL S YL HirteAL A12L 51 HUAA € Ay AsR{lA Y[R 530,

12.15 15319 uH1eLl wam Grilyd w11l Sasgis-l sa Glost ddleL —3.4 eV .
(a) 2l 2Rl SAs2lA UGl Jeefl el ?
(b) 2R SAs2lA{l RRAAGLA J2efl ¢al ?

(c) RAMGA Her 9 Aciil waieall oleaai »1d dl Gu-imizl sdl
ogelle] oledls 3l ?

NN

12.16 8 6l salwedlsel (s18ila Ao = nh/2m )L 2elsla, gerc-l yaed Fam

oY NN

Sl dl d Al aulartl (30l HIZ ULl AHIAZY Hivd el DB dl wedl 2u8L

c

AL 2UAULRA AL sBUAAL sellreHl5201 2101 €] 5l 34 A ?

12.17 ®42illms (Muonic) slg§lot yRuig (¥ed & il W, 5 %L el
BUAULA QLML 207 1, el BRL [AgdeuR HRlddl 2t (Muon— ) salld
GUBL 52 B.) U2 WA 6l (ol 247 4L Htaasl Glad Hadl.
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U520 dR

"g@ﬂll%l (NUCLEI) it

13.1 Ydld-it (INTRODUCTION)

UGHL 5L 218l ellval ¢lad & g5 uAURML A [AgideuR i e axle d
URHUYAL S U A3(Hd 2al 8 e ded 4lsaua (UlS) 2 8. AHAURL fsaduHl
URHILL YRHLLLAL WRHIEL 3l 8l ALl €14 €. o-521lA1 WSl (Scattering)-il Wallollat
sallel 3 ylFauadl B uriesl Bl s2di 107 ol il &, 2l 2l 3t 3
Y[SHA], 5€ URHIYAL el 10 7 218) 8. ofloa WLIHL UM, @dteaL viell (Empty) 8.
oA URHIZA 25 Adl-vigl M el [Aalfd (Enlarged) 53024 dl 4544 215 2isell-l
2l (Pin Head) %2dl “usi €ld. UM €lal 9l Uel 50Uy URHIRL oL oY
(99.9 % s2cll ay) en 4RAA 8.

9] ~H[5UUAA URHIZLA LU € AR 6HIRRL € 7 ol €l cll ~Y[seuA-L BR5l sUL 5L 7
il Sofl el 215 WA F5AAAL D T U USRI HUUSL Sl Wardlel Gril Houellg). vl
lseunl WRMiRl, g0 2 2lug)  (Stability) %al A& dpadl 21 A4
(5232, [visn 21 Aaun Fell oiBd se-iii-l 221 5309

13.2 uRHRL eVl A YlsauA iRl (ATomMic MASSES
AND COMPOSITION OF NUCLEUS)

. ~ N . N bY 12 .
w1, 0 (Bl AviHela e A 895 elvial dls, siel uHe, C e
26 ~ N N~ A -
1.992647 % 10 kg &, il Aitll [l iudl 112 (Bl og Uotaseidl sy -ll.




[5G

U12fl, UMY, 201 2Tl HIZ 801l YEL BL5H AURAU B, 1L B15H atomic mass unit
(1) ® %L 51617 (7C) URHIBLAL 20Ul 6URML 1oL (1/12) ddly vl 5] 21 8.

AL LA A0
~ 12 .
_ 25 C UAHIBLY U
lu = BT E—
1992647 x 10 *°kg
a 12
=1.660539%10 " kg (13.1)

el %el dedletl URHIRLEOIA atomic mass unit (/)41 sAlddl €1S3% URHIRLrL
g0l Yl RISl Aol il U 9. Al 3 2L [FuuA dRl AiHURL AUAEL 8,
elotell dils, selfrd URHIBL N 35.46 1 8.

UM ol 2AsALSHY, Hiur WA-UsHeR o AU 9. uRHIR Bolle Wi s %
dectil (R W51 URHIRAL S 1L SLsMI AAURLS ARHHL 4L U3 LaHL el
14 A ARt Slald 8Ald 8. 215 % el Wl ENHL YEL E14 dal URHIRHAL USIRA
a4221[715] (Isotopes) 5& 8. A5l Isotope 2@ d % 21 212A 5 decliril 2leld Sesu
AL L % 22UAHLEAL .

A2l €25 cledl Bl AMRellRSL Bl BRiad gl sy od. [Ald aeulRsi
AUE WU Yel YEL el %€ %E €U O, etval s, sellRe 34.98 u i 36.98 u
BOLAL 6L AMRAURSL B, d SLSJoeinl el YRils oLalissil 4es 8. vl wraM S Wla
WHISL 2450 75.4 2l 24.6 251 6. UM, SAURA URHIRL AU £ AL 6L AHR2AUASIAL
gull-L AR A (Weighted) u2212L wRell 1Ol 9. L g6t d

_ 75.4x34.98+24.6 Xx36.98
100

= 3547u
HOL ) % SRl URHIRL 201 ALE AU HRAA 9, ALl eetsl dedl Sl ual 1.0078 u,

~

2.0141 2471 3.0160 2 0L A2 AHRAUFSL 8. SLSAIteL Alell gas uRHIEY 5 ¥l Ala
UHIL 99.985 % €9 el 4[5EUAA L2l 56 69, el el

m,=1.00727u=1.67262x10 " kg ®. (13.2)

2L 4, SlS1 L URHIBLL 8L (= 1.00783 22) Higll 31 Sdsgic e (m, =0.00055 )t
olle sallel Hadl YL Fed 6. SISl il oL ARSI RReRUH i [2lRun
56 69, RlRuMAL st a1 lanell gerdHl Hadl Al wa wnousiHL sB A
B 5 6.

sl 4 [Qgdeur 2 Wl 4 [Qedouz 8. Heldd s 253l
waoud [agdouz 8 i d Al 9. UGB A HAUHL wad 5 Alsaun

daseid 4aladl ¢, sl ul saived Rgldl u 2ualRd sdldl a3 d
ASRAML U, ¢ URHIBLAL ol SAs2IA Y5l olgIR 8. 208l aRllat €t 5
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WRHIYAL 4[] o1 il SAsir-l AvAL, 2L UHIR, $HLS Z 8. UM, URHIRLAL
S5l 56 [AAAMIR (—Ze) © 2im URHIR e dlauell yfsauusl [Agdou (+Ze)
€9, 22l URHIBLAL Y [seuA UL Wl Aval, elRAeR uRHIE, $4is Z wedl o 8.

"3{!'1 -il 204 (Discovery of Neutron)

RRUM 2 BRUMAL [seuy e1fglo-l walAst (Tsotopes) latell d €35 §5d
25 % WAl HAAAL Sl 9. wRL S, ReRuy 2 BRuuAL lseulql el
1:2: 3 oRlinul 8. el eRuM 2 [ZRumAL ~yfsaux, Hidld BuRid 585 dee
SAMIA HR1AdL Sldl RS 24l A4S (Tsotopes)il 4[SUUAUL €12 2Adl S 2
geaHirisll 22l W2l e0lrl 5HUL s2llddl s AOLMIL B8 e 6L B, 2L ¢8lsd
22 B 5 uRHIgAL 4 [5auy, WSl GURid-, ¥ dee sedis HRIA © d HAeid Asutl
yalls ouais Fed 8. L MBS 193241 334 A5 U511 Sel. ABL AL S, 212 GRUH
Y[SHUA U O-58UL HIRL AL Hd (0- 5L Ul $2aHL 2Ud) QR derd
(AB281 Gros Wi 8. (o-52lot [Blauy f5au S % 21010 Guz-L uRA9e4l %159)).
2 uel AAdBd 23 3 21 dea [k, [Rlauy, seld 2 s Fal sast
lsauauial welid g2 53 ws 8. d AL ded [l dds suel sleid
([aerceiotslu dotl) oailal sal. Glod 242 2 Ao14ir A& Rigldl @loy uisdl 23
o ed 3 A dera (B s12kns otd €id dl sl Glo ARRUH 2y [suuu uR
o581 HRel ol Gloal sl vt Glail @il s, A4[a3 AdiusiRs Ad Bidal »i
stasiedl il 1 eddl 5 dera [AlEeL, el dls 2havidl ddl UsiRel dere sRll et
IRAHL 249, Glod 1 datHIA 2ARa3 U] AL Aal 521 (42l ) e d 158l 53 sl
Vit ol ‘Ulelerll el QLMoL Fed o £0U glald wRU,.

UL Y2 0 Al AlsAuSyas el asy 9. d

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

89, 42l Al ol w2 Ag[asn elilasfsting 1935 Hista s Hiiud 2y ed.

Ys Wieiell [AuRd, Hsd 42 2l 9. d 28 W2k, A5 SAsIA 2 s
2i[42l-l (Antineutrino—15 214 HOeLd 521) Hi [Aeiost (34) WA S 244 A 1000 s+il
AL DAL HRAL . %L 5 o Y[sau-{] vie el 6.

(s il {121 uel 2 ulist (Symbols)il Guiol s3] aldl asi g,

Z- YRHIY $4I5 =2l dvdl [13.4(a)]

N- yelnt 545 =42l Aol [13.4(b)]

A-uHg eqis = Z+N

Y N

= 2l e Y2le+l sa vl [13.4(c)]
Wil el Y2lrd Wi q5EULA 20E UBL QU 69, 2AUH URHIRLML =4 [sal-] vl

Vi el 8015 (URHIBLENLS) A 6.
Y[SUUAAL USR (Act) A5ASS 5869, Al QX glrl sl €9, o, X dril wsiz-l
AR Azt B, Gersal adly, Al (Gold) ~4fsaux WAL gkl ealaid 8. 4 197

440 [5421 HAL L FHLT9 WIS €9 A ULSIAL 118 42U 9.



4[58

el AHR2[MSL (Tsotopes)wy GiHIRRL a Asaldel unemdl sty 9. 2Uud dednl
AHRAULSIAL 4 [5UUA AR AvAlAl WLl 42U 8, U il 42 Avdnl gel us 8.
S2RUM TH 3 % e1fiopmtell AeUMs © o 215 W 21 218 42 H1A 8. d-dl ol
A2l (2RUM TH, 218 Mlaln 21 6 21 1 ©. dedl Al (Gold) 32 Al 51
B 8 gl euis A =173 dl A = 204 el 6. sl A wRudd % 8 5 dedl-il
AAURS ol dudl SaAsgis sitizel uR HRd 8. AHeMsL (Isotopic)
URHIEAA BisAHI SASZIRS sltRel dlalg]l du-l ANUBS aAdels AsAHIA €l D
2L AL 2 SN2 S5HL D15 % UL HEAUHL AU D,

SUHIA EALS A HULAL oHL YseAlS$om AHeslly (Tsobar) 58 . Belgwl dils,

SH 2 JHe ~45a150 AHe0lld 9. 315 Anled 421 04l N $1d Ui URHIE, 5415

Z ofel Sl ddl AsAlSipA 2 Al (Isotones) & 8. eivdl a3 ' Hg 219

DIAu sUSHIEA 8.
133 —g@awi w31t (S1zE OF THE NUCLEUS)

WS- 121 UL By, L {0t 4258 DL UBLAL Sl F8L URHIBLAL 4[5euus seus
530 i e 2ARaca 200 54 WRe AL YAl SR A HRdA AL sl
ULl Alrtiel aut A Al O-5RAL LRIl Geste WHlaL S4L. il Wallolt el 3
5.5 Me V-l alaBlest 4aiddl o-selle, Aleidl 4(8auel Awsdi »id (Distance of
Closest Approach) €211 4.0 X 10+ m &, lrdietl d3u gl2L or-58il WSlsie Amesa
W2 RMREE U Y 5 seol USURL 6l 2L BAHL FAUGER B, e [A8AMIR Hint
(FuAu o dlalell, ~FaUAU ARdlRSs YR 4.0X 10 m 52 211 €l AL,

A UL 5.5 MeV sl a4 Blosd dR1edl o-52liel Gudlal 53121 dl Al 2yfseue]
A 5AH HAR 62 wilef U9 2 515 s Bigal wsldiq U g5t (ag) 2l ~fsauz ol
PR 2l @ldl A dl 8R88] aRialall d gE wsdl. s 8L ARl o5l U
[AELAGUR et ALl 4 [EAUA AL 1oL SO UL 6101 UR UHIRA Sl ¥ id2el
4284l otatdlvlell Hud el usdid ([Aue-) Rudl d 2id urell, 4lsaud uRHel
il wsU 9. o-580 eled %4l (Fast) Sesgidq wlad 58 a3 ad, [y del
oial @z U WL Adidl USlEiHHL wAl sdl, [l delial fsauadi uRye
ALSASYAS HUIAE D,

U FRULEY § e0is A HR1AdL A [sauu-] Bl

R=RA" (13.5)

% 2AuA B, %L, Ry=12X 10 m (= 1.2/m; 1 fm=10"m) il 218 34 % 451821
565 % RO AR B o Arll AHUMIBHL B, 21, oL E 12 4EuuA] L
220 89, % A UR AR 2. el Yel sUUAL AN el HR1GAL HAUdlHL ol Fal 8.
F42 gl dridl €1011 2.3 X 10" kg m &, AL Hetell, e sl artdl gL, o walledl
dricll 10°kgm * 53cti ell {18 . 2l AHens A B, 51291 S BUUB FS oL b URMIR Hes 210
vl (Empty) 69, URHIRLAAL Grletl AUHA 524 Yol WAL vLell 249512 (Space) ©.
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n
o
2
w
©

BELSRW 13.1 2uu- (Alvis)rl ~f5eun HI2 en 55.85 1 i A= 56 U B,
crll ~fsauuAl Bl Al
Gy my, = 55.85u = 9.27 X 10 kg
BrsilR = RA”
=12 x 10 "% (56)"m
. 4 3 43 3
fsaug se = TR = 4.05 X 10 "m

[F4U Al = % =229 x 10 kgm

Y21 AR (b0 Gl sl uete) <l Bl 2 dral A8 AeiHe] 530 as
ddl ®. 0 euld B 3, dal ueldlul g el ol WML soudde
(Compressed) - v{lA1v{12 - €9 5 Al M2l 4 5424 A& AAALHRAA S,

13.4 en-Glo xn uf5au vidn Blod (Mass-ENERGY AND
NucLEAR BINDING ENERGY)

13.4.1 2ud-25 a- [Qfe s (Special Theory of Relativity)
uell el 3 g0l (seudist, mass ) Glost (Energy)-l 215 oflog 234 a3 auad s,
dril [afre Aadiel 2104 Ul HH Al vidd sd 5 WBAHL ol 244 GloA
A AL AA AU B, U USRS 2l 5 e 2 Glos] ollof 43U B 1A ga-
Glosiel 3uid Glosieil 214 2434 ¥l 3 oUAGlest adlRul &S A% © e el Qg w1y
2a13u~{l Glosied 3uidR e -Glosieil A 3umi A 0% B,

HLTRLE Wl 801-Glogl AH AL ol

E=mc (13.6)

Rl 2oL, 0 mA ARG B2 Guastl A+ g1l Aoifd © A ¢ uslasl
9L AleSLUME AL D F AR 3X 10" ms | GG B

BESRAN 13.2 1 g geunt AHded Blosil oaidl 52
Bsa
BAE = 10 X 3 X 10°) J
E=10"x9x10°T=9x10"7J
B, A 25 UM 5o BloAnl 3uidR Aid dl [y e wHRHi Glod et i 8.

LT22USAL e0-Glot ulsei-ll waiBis asiell, fsadiq, lsau, Sdsgid
A Gl WAl e 5ol a2l saaz wBaiul sd 9. uBunl Gled
2reteirll (MU 203 %L © 3 o e AL 61 Glod-l AHA seMl U dL WL[MS
Glosl 247 ilan Glod Auid Sl B, f5aUnl eoll e sl sisoflon w8
iAFUL AM UL 2L [l Ml €9, ¢ uglHl Seals uRa9eimi 21t (A9 (e
5L 2L 9.

1342 *@@C-RR sit GloAt (Nuclear Binding Energy)

W29 13,241 HUUBL %1, 5 4[5 2L il WL2lerl oirell 6. vl 2Ad AU [Ed
69 5 seuA-] 0 drtl WAl 2 Y2liel @lsold eoli-ll $6 0l w2d, % 1A Ui
Ylseuud e0 M Rl 2L g e sl 21 o Sl B, Gels adly, »uudt 10O 3 ¥
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NN N

2Y[sGUA 8 Y2l 2 8 Uil oird 9, d-l (AR 53,

o

8y2iiien = 8x1.00866u
gyl = 8x1.00727u
g fasgidien = 8x0.00055u

itefl, 100 e »ilden = 8x2.01593 u = 16.12744 u
WRL-As2RSAL Ul uRell 100 o wRMg, B0l 15.99493 u Rud 8. wumidl 8

Sasgnd e (8 x 0.00055 u) olie s, PO sl e wlBis e

15.99053 u %4 ©.
S, LA FRUL D 5 100 4[5ud- £ AL HesinL 56 £ 5l 0.13691 1 »iiEg

-~

89, Y[SHUAAL £0 2 el BeSIHL § £ AL dldd AMA €4 &ld (Mass Defect) &
€9, 27 d

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

uel w69,

g0l &l 218 94 B 7 611012 AL oUoldMl USRS B0l it Gloail Angeddl Bl
M A 8. VL[ Y 5 e il w2sinL (8 WAL et 8 421t HHoi[Ad a2
54 80 5l 219 Sl 215 lsau-ll auged Glo d-l d2si-l Axded QoL
ARAUU 53t 29 8. o8l UL HUEA% A H[5HUA il 8 Weld el 8 2L vilkl

NN ~ 2 = N ~ NN
534l €14 dL 2L AM ¢ Fedl atiil Glo 2l ul. i %331 Glod Bl 0 &l 201-l
adein

2 A

E,=AMc 8. (13.8)

BEL8RM 13.3 35 atomic mass unit ()7 A4ded Glod wa joulei A udl
MeVai 2l 2 uRdl, 120 <l ea el MeV/c i ealidl.

Bya:1u=1.6605x10 " kg
A GloAirtl S5+ 3uidR 5391 MI2 ¢ ¥ oLl 21 e Glod Al
Auded GloA = 1.6605X 10 % (2.9979x 10") kgm’/s’

1.4924%10 "°J
1.4924 %1010

L602x1019
0.9315%10° eV

= 931.5 MeV
a1 u=931.5MeV/c’
WS AM =0.13691u=0.13691%x931.5 MeV/c2
=127.5MeV/c’
214, 190 o At a2 sini ety s2a e 33 Gl 127.5 MeV/c’ 8.

€ €1 1039

oA 23S AVALAL Y21 2 W2l @oUL 53 (L4 ), 2445 [AeLd el s ed HLadL

Lyl 22l sl 21 dl 4 uBaml Gl E, [Asd (Release) sl 443



W cllasf@sun

S A

E, Glosinl <ufseruedl 6/ Glod 58 9. % 20l =qfsaauq del 4lsadiul Reulsd
52l Sld dl U8l 5o B, Feell Glod, o st Y3l wigedl ul. o 3 2t 2d 2wl 2yfseuud

-
~

2{1Z] 205l A2l A 9l 4 [FaUR oitil Glol, i =4l5aU S2dl AIRL s 5AAL (Usdiadl) 9
el o1 G MU B, [5UUAAL B2 5L A2l olteted af Gualofl i i yfseaie €ls
6i4AAGlosl B, 69, % ~4[5auus{l 6iniGlod B, 2Am 4 [5adin vl AL 2Rl 8.
E,=E,/A (13.9)
SUUBL 4561 Els ot Glan; q[sadun del 2lsdoid Rfsadlaul el uisal
W2 33 2l ~ylsauin gls 43219 Qo ds 218l Al

gl 13.1, HEL Avanl fsaa

109 e lsadin €ls oiunBlet E,, [e

127
Mo 184 197

-4
-

— I . ~ ~\ ~ ~ N
e W ___An |23 2ULS Arll LAY 69, AL 2ULAVLAL ALY

c

% (MeV)
o0

.

{2, gL 2AUURL AL e Al :

APRSLRIC]

(i) auousudl (M= ous-dl) eols

Yl &

~

(30 <A< 170) HR1AdL 454441 HIe
[selot €ls ol E,, doloidl

)

et
[\)

S RIRR IR ER R P T K TIRTERITIN)

0 50

100 150 200 250 S5 UR 2R el 2 as E, -
B (A) “edH Hed 8.75 MeV/Nucleon £11d

2u5ld 13.1 eaisu (A% a3 €, % A=56 HE HA V. A=238 12

444

4 [seaiq €ls ol

E,,14& 7.6 MeV/Nucleon 9.

(i) sasi ~fsauA (A < 30) 2t ®R
[5494 (A > 170) Hi2 E, - Hed
A 9.

21160 Haeisl el 2Ll edrs s dirdl asla :

(i) Ol s8R USIR O 27 4[5 €ls 32els MeV+l 6ianiBlod Gt 5341 w2
Yo UL 6.

(i) 30 <A <170 [BdR¥L E,, (Rufseain €ls oluxtGlos )< @oteiol sumn yeu did A,
Y[56UR o0 €51 2l glald wRRuH 8. Yl Hiel = fseuul vidRun [BarH
28AL 25 Y sAdIAAL (A1 5. d ol Hiot Sedls wdiellzil A1 Sl 8 5 %>l
d ylsadiel lsaur oasdl salbdl s>dedl viex Qddl Sld. B s s
sl oflog 516 [sein Y[seUR ool 2ald sl a4 2id2 el 1 dl
arll 516 2 (AR dsn-l ylsau uR adl [l A 518 ylsadian ~qlsaur
olor{l LBl il 2idui p udllail €l dl, d-ll 6larGlod pal AHUHIEHL €l
£9. L[5l oitiet Glo, UL S pk . Ul k Al HANLS © % GlodAl uRHI

€. % UL i, Y[sUAlA GHA A Hed At dl ddl, dRU0 il

(sl oinAGlosl atiRdl el el lsauHl Hiel ol 45U 1w

) )



(iii)

(iv)

4[58

R A weL ieel GloLMl 2l el 4f5aUIA €ls oiumBGloAMiHL 32512 ALl S1d
9. 4[24l €ls oitnBlol AN €A B AL QIGRL pk GRAGR S B, U
Y52l Hiot Al A5l 4[SaUIAR % AR 52 D-2 A 4 FAUR sl
A iddirll 283 (Saturation Property) Wl 5& 69,

HEL MR FAl S A =240 €1d ddl 4[sausl sl €ls it Glo (B,,)d Hed
A =120 €1d dal yfsau Wedl Herdl AvuHslsl 2089 6. 2UH 5l A = 2401
524 LR A 6L A= 1201 456U 6t cll; q[sadl a1 siil (rausl,
AvclLdell) oilfid A1 8, 24t e21d B 3 i Bl QoA [A3sd (Release) 48l (2d
BloAl 6Ll Usdl). 2410101 GUR URAVE 13.7.141 %+l 2l dcli-l & A [viset (Fission)
6121 BloAl Gt 52A1ML AL 6116k~ Yol HeT B,

6L ol el (A< 10) qfsea @otl Holld 215 R 4fseu oi-ld d-l [@aR s
1L 3d Aaunell ol el 4sauusl 4lsaUin Els it Gloa, sasi = [suuus
4 [5a2lin €ls olunBlos 53l Al 8. el 22 3 5 [ dol WS dot 52l arR
22ctugl (sill) oiffid 2de . il Ay ae-ii ual Glod [Axsd ad & (3ied 3
Glost 6112 U3 ) 42101 GuR uR2de 13.7.340 AL sarL 121 A -l Glod-l vl
A 8.

135 'g@C%R 61Ul (NUCLEAR FORCE)

UL SA sl ollel 55l 53U o1 3 il gedod e 8. uR6de 13,441

IS A2, 5 AU 20 HRAAL EAUA HI2 4[5l €ls 6iAAGlo qo1a01 8 MeV 9, %
UMM oGl st el Ay 6. v, 4 [Sauuml Y sadi-lA s (etiHl) v

610, SIS dest %EL USIR-L UGl 2ALsUS 60 €l ASH. d (8-t [gdeuRd) Wiel a2l
suLsiRll Gude e (ueiall aolld), Wieln 2 Y2ins el 45auR

sel osdl AW ded YR Het $ld BB, Ul 2 S ddL ¢t
(sl €ls oltdlloa-l »Andl (Constancy), 251 d3] oli-dl ueHi

AHD ASIH . Hldl H[saUu 6l AvAIR Al Y sUUR ol gl £ \
ARl {12 2540 Rl 9. L el 19302 1950 a2 adal [alds waioll °§ =
Ul Ui 24 . S

(i) [Aedeurl azd dldl Aot 6l 2 goll 422 dlaldl AR 6ol sl &5 o(\

(i)

Y[5EUR 610 8R) UOL0L 8. Y[5aUUA 6l[Ad AR o, yfsauu-l ;
283 28aL WIAA-WIRA a2l geot »ulsieL ol U, uoyed 20d 100

L

539 U3, FUIR Y[SUUR 601 SEOL 601 5l G WOLIL €l QUR ¥ L,
214, 213 6101 cll et 6l 53l 8] el (Weak) i 89,

7ol 2

r(fim)

oL [5Gl a2l Y[58UR ol dul QR Sedls FRelHler sl ay 2u5ld 13.2 ysadinsl 21
il el 42l 9t AU D, 1A 51280 1w 3 Hlel sertl B B4l Ral Gl dadl
ool Agiddl (Saturation of Forces) A4 9, % *%@C‘t*flv-t els Al el [48% adls. 7,

6isAGlosil AN (Constancy) Hies 512 9. sl 13.241 6
Y [seai 422l RAL oAl Hdz-AL AU 3 2udu 2193 ealdd
£9. @aLo12L 0.8 fim Fedl id2 1, Hi2 RAMRGoA agay 8, il 218 21 3
0.8 fim 5cll A, W2l IdRL HI2 6oL 25U UsI, 247 0.8 fin 52l
9L 2IARL HIZ A HULSHRL WS D.

52l A iR U2 6oL AIsUS
€9 e 7, 52l 9L R
e ot dla 2usis 8,

445
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446

(i) R4 a2, W2l a2l i Wel-Hield dR R oa
AILCLOL UHIA 89, 4 [5UUR o1 [AgLd etz uR R el
seotell U 3 wyednl ageisiadl Fayedl [ulRd (2aon), 2yfsaur oasd s

A0 UBLALs a3y el

13.6 B34 i[5 (RADIO ACTIVITY)

21, 212, 615924 AL [Rsti-llal A3 245202 9l 189641 215 % 53] edl.
294 uslale ANALRS ALY YR HUUld 5304 Ug8L (Fluorescence) -l Uld, 25381
(Phosphorescence)il A £3%41, 615A2e JUUE el adls 2. YRRUM-
WI2[RUH uederl 32dls 2541t U 294 USLA UL 54l ole, A8l dHeL S0 S19L0H1
(2ol d Usen 25, Riea (AUEL)-L 258 glRL, Fl21181S w@eel a0l 530 s, Seals
sAls 2L UHIBL AV sl21- e Jadu sl 2hdl. UM 5l $121-WE2 U S
(Blackening) %Rl &cll. 24l s101191, A4 G- wHdl 5155 (3R 18 @il
5B 5 % 510U 519191 24 ALEL iviel AEL (Penetrate) US4, 1.

QR olle ARl WIS ale] 3 AL 2Al5e[Adl 2 ylsauR denl 8 3 gl 515
212214] (Unstable) =4[54u & (Decay) UM €. il 234] 2if52q a4 58 €. ged4l

AL W51 ABAL 2152 &y Al LU 9.
(i) o-aa 3wl [Blaun 4lsau THe Gz Wi s,
(i) P-a 5 ul SAsginl vaal Ui (SAsgidl Fed % 0l uid Sasgid %2l %
dritel [Ag [AgdeiR HR1adl 581) GRis Wi 8.
(iii) Y-8 5 34l G2 GloA (A5 keV 2iaal aY) B S12A BRUFd A1d 9.
2010 BUAIRL URAIE UL i e s #uAlL (G2 39
13.6.1 WA i[5z 2yl Raw (Law of Radioactive Decay)

o, B35y ad wHdl SIS AL 2l52d AL B wRUY B 5 25U AHUHL &Y
([Aeio) wndl yfsau-dl Aval d A3 d Ayl el lsaaudl o dvaHl
AHUHIAHL G189, oL AL el 4[5+l AvUL N €l i daiefl AN fsauu A
AHUHL (Aol WML €1d dl

% o< N

2Ydl AN/Af = AN (13.10)

opdl, A AL W52 @y A5 oA [FAHYT AHYN5 53 D,

At AL AL [seu-l 001 38R F IN=—AN 8.

218l (A7 —> 0 datMl) Nl 335121 €3,

dN

N~ N

* AN s Wil sl Ava 6 i dell €921 B 6. dN 2L NHL SRS 69, % Hel
58819 d Plgrt S b, 2l d BBLE, 512 5 0L N [seuunial AN g w=i
69, %2l (N — AN)=4 (5641 o2 di 6.
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aN _ _

wadlL - = —Adt
BuRdL A58 bi ol st s, sl
N t

dN

~ =-AJd (13.11)
N, f
»udlln N—InN,=-A(t—1,) (13.12)

WAL, w1l, N, 2 5155 U412 (2895 7, AHA AUl AU Al5ea 4[5l Ava1 & 21
N d ugdleil 5155 7 1413 AU 20520 4 s 0L 8. 7,= 0 48l Gur-il wlsa-]
Yrt:ollsaRil s,

N
In - At (13.13)
Lyl
N(f) = Nye (13.14)

AH5WL HA O, Bl AL 5 uslaHL oleol idl 515 AEdLS] (Exponential) [Fuu
Al A2l A AU 1000 oot duel ast (5100) (At dlolett s 2A2al eioll 2y |
U512 AUl 618 53 ol 2AUGBL AHUOUOU) e URERL 5T L, ARl i HUEA S 5
Al @OLMOL BLsAHIA UHA &Y (Decay) WML (61l Q). Ui, A3 YsalSsp-l ax
dest el [Fan; % a3l 50 (13.14) A3 2% 5AU D A 34l 2i/52q a4l [FUd A4 8.

SUS ALl g &y e ([Aeiwnl €3, Decay Rate) R; 2154 443l [Aeies windl
4[5+ AvUL 9. IR S df AHUUOUHL, WAL [Aeioreiil vl AN 6. 1L uRell,

dN = —AN

2L 4Rl 4o ARL R(= [Aeig )
dZls cuvallid s 9.
a3lsr0L (13.14) [Asan s2dl, >uusid

R= KNOe_At
A

¢UYUR=Re (13.15)
1AL 9, 211 234 20524 [Acioreinl [Ryma Auged 45816,
SR8 5 dn uHlsaw (13.15) Asaqt sl dl uey AHlsw
(13.14) o il o9l LU 9 5 Ry= AN, 2L £ =0 443 [Aeiy-
82 69, 515 [Ad 7 uHA (A6l 82 R 214 d % A4 2A[A6ilyd
(Undecayed) =4[5e820-{l 202l N €12l el a2l 2i6i8
R=AN (13.16)
uRel 1AL . s AL 3L Yil5ea ~yfseuusl Aval N+
oredl, o il (et €2 R 2L a4 wedat e 2l asiy ddl

—

laelFd ylsauu-l Ava

AR D 2 A ‘20 520Ac] (Activity) A [ARR U1 U, ©.
WAL 2Al5eRAAL Das sdl AsAaddl weri AiEeRAAL ST Nip 2T 3T 4Tin wwat
»15*% becquerel (Bg) 8. , X 2u5ld 13.3 034 2Al5q yfsuuusl 242
1 bejcquereil, ?:?. 2{36\8(16 1 E{G{%‘i Q:t%lfu &Y, OR\[OR \&9.\ a}m Aldidl s, 7, seeua s, 24
1 curie=1Ci =3.7x 10" Riclw uR A55=3.7x 10 'Bg 447



W cllasf@sun

el el WAL YsalSspL ad g2 ([Aciw €2, Rate of Decay) BBl el Yel €14
N N ~N = d Id .
£9. v qgrele [Afare 2ld 2y saLlL U0 BUIA 218-21Y (218 a5, Half life)-l
vyl uell Ha B, 515 3L YsAlSid -2y (B T, 4 uldid 9) 3 dsil
AL MR 28aL ALy [sauA-l Aval N 6l N2 (vied 5 218Hl) oirtal
HI2 Lol AHA 69, A3L520L (13.14)IN=N/2 9t £ =T, ,45cll

In2
Ty, = 5

= 065 (13.17)

A B, % T, uHAHL N, @el 881 Heusd ol dl, qulse
(13.16) vl 2ume 8 & dedl % AHAHL R uel 8l d-dl »581 yeu]
oi-t,

215 6{lof AoiBd HIU 3 #2209 DA~1519 (Average or Mean Life)
T 69, 2L veL AHs20L (13.14) wel Hodl a5 9. £ 24 F + Af
QAL AMAOLUHL [Aola (8d) WwiHdl ylsauadl vl

A3 sdigast YR (1867-

—\t A . by N
1934) WA=l i adi, A R(HA? (= AN e " AL) 9. UMl e35 qfsauA £ 4420 YHl dl v o

QA N Y ~ -\ Y N Y Y
o cllsfsudd 2 uaeBisudl 0. v sEL EudAL 56 DA AN e df B. B ue e D o
en 2 )\ SN N N © ~ . N ~ . N
SN ol ddls Al O 1896ML  Locs Suum g5l 1A ollon Seals diou i il e G, »ul,
Ay ol s g andl AR 0 0000 sl HiB uud e 04 s CIRTRERTETO]
S ilsefadlHl il w3 2 dnl N N _ ol 5L B L .
o uR dagl S4RA Qe il YL AAL (A”AL ASEA) ROl RS2 A del £ = 0 AHY 54
%’9 A Rsduei ARA sal. & -ulsauusl dval NG 9 ouaidl AL M
W uRdl ARuM A WdiRay < Ly
=2 3.9 ol ©A XNOJ‘te dt
S dedld @l Hadl asiEn o o
2 I y 3 T=—4—— = AfeMa
el S I SR d waK = N, =
S culfd edl - olfasfsus . 1 L ot 10 .

N 3 ~ 8
Az 19030 A R 2L A5e 530 20Ul eglldl w5l s

“ie 19114, T=1/A
UL ReuHLAL AR sl {12 Hoer s31L :
In2
T, = == =1ln2 (13.18)

% AL 2524 dedl (FaL s RRux, wllMun) 25 @adsin Hud © ed & du-l
-2 8is ([AA)l B4R (~15 Billion Years) $cii ©Rll 269l 69, d ot 2ol A4y
210UG % &y WMl dUl 9 24 del dvll gerdul Mol vddi gl o 5 udlelnaMi
I ECEERNEVTENCTRENE RS RIETOR R

GewW 13.4 o-ad widl 28U o 212Uy 4.5 x 10" years 3. 25U+ 1 ¢
A3stiel 2052(48 Sedl ¢l ?
B3a
T, = 45x10y
45%10 yx3.16X10"s/y

Gelslw 13.4

448




4[58

—1.42%10"s

A& D

5165 ueL 12U (Isotope)ril 1 k molHi Sl vl URHIBAL €L

S, dell 1g 80 Hi dal ysauusdl v

238 X 10" kmol X 6.025 x 10”° YHIBL/ k mol

=253%10" w1
[Aeiort €2 (Decay Rate) R ~{l2L 36 HAL.
R =MN

0693 _ 0.693x253x10”

Tip . 142 % 10"
123 X 10*s

1.23 X 10'Bg

Beww 13.5 Ry 12.5 yeil -2y 1l oflel-ad Wi 8. 25 y uedl g

[2lRu3m AL AL 52l 249 (Fraction) H[Aci[¥d ¢4 ?

Ba -2yl auval 3ol 12.5 y usdl HOL Al 21880 ool APy
264 o ugdlel ol 12.5 yui 2AL fsauul 2184 Ava [Qeilyd a9, dell Le

[BRUMALHA YAl 215 Aqaial (A6 B 234

13.6.2 2U&SL &Y (Alpha Decay)

T RRIED)

S €I @eM39

wlles s el Geleral 1 As [ A FHArL G wd y2Fay %, Ul

234

gy S ARUH o Th oisici-l a2 £,

AU — 29304 Th + jHe (o)

(13.19)

O-8HL, Baut 2ddl s (wlRd 4seu)-l eols ad wdl 4[sad (s

[5EUU )L enls Sl AR B2l Sl S1A 9 2isl URHLY, sHLS 6L F2dl Sl Sld 8.

szl HX s Eaunl aadl 5 TY wfid Eau G w8,

5X = ;Y + 3He

(13.20)

HLT2L 1AL BN-Glofl A el 0018 (35281 13.6) uell 247 Gloa -l 20802 U4l
WA B 3 28U (AUHI UL) 82 AR % A5 o1 S U2 audl ludl elel-d s

gL, YOU (5L B0 52l A9 €ld. AEAUR 20Ul sallddl S1esel et S, gl

sl aslo el y

S Thoie JHe dgaen 28U Aleo sl vRvR 2l o ©.

[aoioret Glod wtaal 4[5auR Wi Q-4eu 1 WiMs enBlod »in a lusisll a

£GloAL ASlad £, 08U M1

2
Q=(my—my—my,)c

(13.21)

Q L UBUHL U ucl gat (2ivoll) AlAGLH B HHacl Al Ho 4[5 X R S dld

lusgic{l A[AGA B, L e © % o-atd Fell Gwtaus WBARA 2 Q>0 9.

449
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450

GEI8RW 13.6 12l URHLILLBOUL vIULRLA AU € :

B8y =238.05079u yHe = 4.00260u

2MTh=234.04363u |H = 1.00783u

2 Pa=237.05121u

A ulds Pa v wielse[Aum (Z=91) da vz 9.

(a) ZFU -wauesi g s Aysd adl »led 5 G wndl Gl oL,
(b) 28y Rt (A6, 2@, ) Wielee Beost 530 a3 AR dn saldl.

(a) 28U -l 2uest s wsflsrat (13.20) gL . v wBanl Rysd

cfl Gloat,
Q =(my—my,— mHe)c2 gl AL,
UgLHL UL AL YA BOULAL 4L A A Scll 20Ul Q ~{laL 3ol Hal.
Q =(238.05079 — 234.04363 — 4.00260)u X ¢
=(0.00456 u)c’
=(0.00456 u) (931.5MeV/u)=4.25MeV
(b) A %3U 2edct: 25 Wil Byt 53, ol s wEaL {12 oot €l
SU— %Pa + |H
UL U[BUL AL Hew Q-Hed 1A oL nal.
Q = (my—mp,—~my)c’
=(238.05079 —237.05121 —1.00783) u x ¢
=(—0.00825 u)c’
=—1(0.00825u) (931.5MeV/u)=—7.68 MeV
24, 2L WBALY Q- B & ddl d ad: (2uuna) as us -le.
ARl Uy [sun 7.68 MeV %2dl asry Glod stucl ud 244 dl o
d 215 Wil G 53 ud.
13.6.3 olleL &u (Beta Decay)
oflel auul, qfseud dd: (AUURA) Sasgid (B ax)d vaar dilgin (B+ 8 )+
Btos 539, B aded 25 A4 Gels
EPoESte +y (13.22)
09, 217 B &u- Gereral
2Na— 2ZNe + e + v (13.23)
69, [Aciapld Autad aHlsel (13.14) 2t 4350 (13.15) glrt 2 69, ol 2uusl
54 4[5 WAL A 5€) asdl A2l uid 2ial adn -2y T, 93 dial@s Ad
Y sAA Y. eludl dils, BuR weudal [l Wi T, x4sH 14.3 d 244 2.6 y 6.
B auui SAsgiAl Gigt-l 18 o [yl (7) ULl G Wi 9. d-il oied
B sami =y Zl-Al Geurt 2u . 21l 2 $A52imt{l AuHR{1 1ot AL 80 (94 U8
Sl A3) HaLAdl 581 8. aHsl ofloa ol Ald 1l Mol (Weak) 2tid(Bul slu 9.

cefl dat-{l U 524l (Detect) viot H25d €. dil sl [ya eeasial (yedlaiel wa)
S5 URL AHIARBAUL 5L AR HRUIR AR AT AS B,
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B am 2 B s 21 ol 2015 A 218238 B, B UMl uRHISHLS Z i 1+l qtIR)
AU B 2 B aUHl uRHIsHLs Z4Hi 14l Heldl A . B auul Horeyd 5uu wkul
ll 4 2lrtef ULl 3ulcR 2l €.

n—pt+e+v (13.24)
2 B Ul d WLA A, 2 3UidR AL D,
p—on+e+v (13.25)

2 61UAGR 4L 5 4sd (Free) =42l UIelHMl & WIH 6. Ud, Wilel-iel & wisld
2irt Adledl WAL Aol Yy lsaau-dl vie % 454 9, 51201 5 Wil 0 42l sl
21159 9.

13.6.4 ML &Y (Gamma Decay)

IRl ¥, 4 [suuAA uRL gel-gel (Brdd) Qo -8R0 el 247 Grilyd
ARSI 89, A S Gloel HIUsH Ball el Sl 8. uRHIRY Blosirl 2ctR1xL dslad eVl
sUAL G 9, IR Y5UuR Glo 2RUAL dsldd MeVel s3-l €1d 8. 2R Gl

AL 8¢, Y Fau e del 42U Al (Al
o{l2w [Haet Glogl 22l Jui 8 WIH 8 1R 4 54U

60
d 6L Glod 2R 42l dslad Fedl G-l sieid- zC0 B
Beto =L Al 9. 2L Uil ML 4 $EAU 9. 241 GloA
(MeV), auid (Hard) X-[38l-L [Acial vl 251 E, =117 MeV
dRatdonts ariadlL [l 2»q3u . L1
alalBls Ad, s o vadl foaudl wReuy E, =133 MeV

Gurd %[Hd Ylseud Grlrd vRaMl ¢l AR
V-0 Gl i 8. 21 {luy 5au, Auroeus
25 Sl Bl wadl s sl Ay Sl
60

5191 Gl 4L 2RAML WY A 9, i A5 2usld 134 5 Co ulsaaiel Baxell Hluwe wHid 4saum

welld Gelea » PCo L B sl luza SONi +fl Faeteeil uR 2isiliel] GizAdi & y-Bsil

NG ~yfsauadl a2l varamil isift els
5491 Geddal 1.17 MeV »is 1.33 MeV Gl
fR1adl y-(581L 8.
13.7 "g@C-RR Blost (NUCLEAR ENERGY)

sl 13,131 eaida yfsedin €ls oia-Gloil dsil A =30 24 A = 170 422 is
dioll Wule H [RdAR 8. 2 [BRdR4l fsadld €ls olun Glod dolmal A0
(8.0 MeV) 9. 2AUBL 210UG UL 9 o UHIBL A < 301 sl sl 4 5eu-1L [GRe1R W in
A > 17041 12 4B [Ra1R Wiz 4 [5a2ln €ls oitnGlod 8.0 MeV sl vl 8.
8, oGl FH Ay Sl dM 5 FaL oilfd dote sa e i Sl 9. ulReud, A
5& 618 Glost eIl SlU dal 454U AR get onGlo YL EAUAAL JUIdR WH
dl Glol Hsd A 8 (3ed 5 Glosied Gt A 8). 412 (IR 4[5l 6L AL Ay
QAL BN HR1AAL 25312AHL 8 ([Qris, Fission) A € vadl sast 4[s6du-
Hadet (Fusion) 85 MU ~4[56U 61 69 LR 2, o AAL 6.

SRl el UM Tl QoL YA AldHL HOsd ollotd G3IAUS AR
WBAHLL 9, 4l Asouddl Gloa Sasgin dicenl susil €l 8. ofloy ds, 454U 451

v

607+
g NI
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UBUHL Y5 Adl (Btes=t windl) Glod Me VL s3-il €l 99, izl q3iet o2l 2oL |2
~ ~ . 6 c AN

[543 Ald, AAABLS Al sl (A& (sx v, 10°7) 21l Gl Beut 53 6. elvial

a3, 1 kg Sl el 107 T Glod 1A %42 1 kg Y2 [RuuL [Qvig (Fission )l

14 c ~
10 T Glost Gt & 69,

13.7.1 [Avid (Fission)

12 U8l 4UBRLs (g2dl) AL Yil52a (Aol 555 2010 ¥ S 4[5 U2
Wil Y2le, 0581 A9l Fal e Y5442 sRUHL HIRL Adiadaledl UEAHAL 2000
53020 AR AAdl ActiariiL Glodl a1 69,

Al il 2 AR 45z uBuL i [@viga 9. [Avigad Geusawl 3t
Y lHa-L 0aUAs (Tsotope) UR ~42letedl HIRL AALddl def 6L AU2UOUAL E0L HRLAL
Y5443 2s20HL (e as M d 8.

on+ BU > U = WBa + PKr +3n (13.26)

1L % WEUL AA2U0UAL 80 HRAAAL 25812A1] 244 %18 (Pair) UBL Beu 53] 95 9.

on + 75U = U — ish + {INb +4gn (13.27)
2l 24 Belewl ddl,
o + 75U = 75U = Xe — Sr +2¢n (13.28)

4L lusrdl gssiail AL 2Al52a l5aUA 9, Al s19L: B-selled Gig- s34
22l ilan Ay ei-ud .

YR [Rau el ylsauasl [Quisd wBaml @ysd adl (Geuedl) Glod, [@Avig wHdl
4[5 €l 200 MeV 8. {12 36t w4l viele Hadl wsid.

HIRLS 2AUBL A = 240 HR1Adl 4[58uA A@ S d A = 120 HR1ddL 6L 253120l
(Aonlord =i, dl

A =240 [ sa4n 1 B, = 7.6 MeV

A =120 6L [Acul¥d 5886 1 B, = 8.5 MeV

(54201 €5 oleAGloAME ARl = 0.9 MeV

2112, 6lAGloAHL g6t 811 240 X 0.9 =216 MeV.

[vign terii GeMadl 24t (Aol Glo A3HAML 531l el 42in-l alaBlosinl
AZUHL 1A 9. AHY Yl d PURAURAAL gAHL JULdR WHlA B3l 3U evil & 6. [Agud
Burt 52U 45443 A5l 2ld dS 4[5au [Avisd 6. w3y ol [axsd
acdl U2 Glost wHABIA [543 [Qriga (Fission)Hidl 21d 8. ¢d uel-l uRadeni
Y53 Aiser 5ol Ad 514 529 drll 2] s2c-L e,

13.7.2 =y[sauR 21522 (Nuclear Reactor)

Als (13.26)4] A+ls22l (13.28)41 aldd [Avisd WBARIHL 318 ol Hecardl
gslscel A dl. [Aulst WEAHL RIAL 2L wBl Hsd Al 8. e s YRlHUH
sl (Al gls U301 2% Y21 Hod A B, AL yells Sl 12 A B 3
Seatls [Avignnl 2 42 dl 32aisHi 3 =Y2in 4ol Gl d a8, ddiueL y2in (vl
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RURAL EEXTIME Blost 51454 (Inpia’s AToMIC ENERGY PROGRAMME )

@R URHIBY BloA 51254 edAdl AHA] AU Sl ¥, UL Adt S50 A3 5L edl. WS
lstRs Rilg ddld curdl way lsaun Aaiser (AW AM AUy, 8d)-d 21duq (Design) 249
AL el % 4 2012, 1956+ A s1Hi[R—d 4y ¢d. dul A3g YRARUH nast ddls 2 wel Wike:
Al Uil edl. Al weso wieson oflost Aitulst AlHideL 3L 196041 CIRUS (Canada India Research
U.S.) A2iseasil 22l gdl. 21l 40 MWL 21524l AARLs (58t 40l 8 d 2a30) Y2 HUH stadel
A5 i o112 Wil His2eR dls QUL Sl AU Vi A GIRLHAMA 24 UAUFd 45442 [Esitnl
Aollardl (Ao PR Wil Mol uam 6 easl ssH-l Hecnl dHrder 21 216l vids
welHuH wivedtl @zl udvit (Design) il -l gdl. d-el MRdHl sadadl y:ubua
(Rloiseaul qurdal otndamisl [@Quig 530 asid ddl x4 s0gU gl Aadl diadl)Hl 2s-idio-]
324 4. AURGUE A3 $AAAL A2k 215240 ZERLINA, PURNIMA (I, 11 24 IT1) DHRUVA i
KAMINI-L 231990 212 8. KAMINT 21 221 e Hig Loise © % U-2334 ol ddld il 8. «ux
o AL B 5 A A5l 4o Gel 2 UldR et sl A2l uRl 4[58 [Astil 2 2s-idio-il
[Afae aotil 2alis =2l wotas Yl wigandl 9. Adib Aase [Ala RAEea auuRs
(Isotopes )L Betlet Hie-ll L5 U4 Alcl €9, L AR5 BelloL, el il 5T8 Fal &t Gualall €.

@R URMIRY Blosd 51 5HAAL Yo BRI 2oL AP S 247 UL (5120 12 A 2 [y
[ad wiaR Y2l uisaidl 2 4 [5auR 25-0dim-l 635 WMl @R otrdldl 9. Y-l eldsi-l
233Ud] MRl 23 286l uauig, oAl AUviolia ealed 3 eurd WA YR MUHHAL iR w2l &
UL 2R 22l BRLL AR UHIRHL 9. 24 326t AURLL 22 4[544R WldR Gulesd Hi2 2L dotssi-l
AgRAAL AHUALAL B, UUH o151l AABLS YRMAUH stadRl d3 214 o2 wiell (Heavy Water) Hl$322
a3 quaa 8. Avisenidl wadl auls addl sdeidl yauBael wad weiliuu-239 Bl
cets5L Hie Fast Breeder Reactorl e9ldRlL (Fuel) dl3 duid 8. due 2iid, «ld 2ledl Hie AL 8 5
il Yridl WEULA Al Avial Hi2 35Ul =2irel Bualol 53 € (il dadl 1S Hisedl %32 usdl )
i WAR Bedled 524l BURid dail Fed dluR d-il sl a4R ay [avisHa (@eilHan) Baut 53 .
delld deissl diotl audl Al Hedddl © dui Fast Breeder Reactor<il egell dlRum-2324isl
Y2[AU1-233 Bt 530 ARl UR 2ALHLRA ULaR 252l teidaL .

GlAMl MIRd 2 s1sHeAL ol dotssil A1) d s 53 0 e oo dorssl-dlRuMsAL GualoLHL
clotss Ll welL AiauLo wolld 2 €9, viHey QEBILONL 24 vl 526, otodRisl 2241, el il Geulen,
Aviseel 2idm (Design), Fulel A Auiad, sadidl yauBa asik gdl sla 2s-idioHi
supl g2l [Ayeidl Aadl ©. suni ([@lQn @it si-idal Pressurised Heavy Water Reactors
(PHWRS) il 51845411 W4 dotssiell yeldl eald 9. o3 ulelldl Geule-ui eliad ¢4 a6l dlaiel
uRL 241919 48¢ 89, Radiological Protection ([A[5301 A1 2&121) 24311 585 WHIBLA A00{l € AML 2
Aaiseldl 21Au (Design) i AALAAH] [[agd AclHd] Uadiil eliacHl UHLg, Glod s1d5H-L
apRiaiiril A[Bgdl 91U AHLA .

WBULA 89 20 YUl 899 AHIR Y2l Bt 52 69, RS 512 4L Harol 2 ‘
51281 gividl UBul (Chain Reaction) 254 6isl €9, % 2Udl giviel Wi doy Ad

[ Bict 522U 1A dlL 2Arueia 2a] e22l Glod 1AL, =4[5 Lxiseaul 2 s U 9. A

grietl WEAL AFAEABIA Sl L 4f5auz olisorl F4 445182 Qo sl U3 ©). 453
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http://www.npcil.nic.in/plantsInoperation.asp

Nuclear power plants in India

PHYSICS

A%, 213 eallddl griel UBUA Add ALe At 218 21581 S, ualoLel S geuy
9% 2;’25 U-i [Quign Guanaauml ML r?;L’;\l-i (Slow Neutrons, Thermal Neutrons ) 344l
(Fast) =42l 53l a4 24425125 8. GURd, [Arisl Ysd 9l Bdl 42l oflo [Avig
UlBUL Guestadln oled ool €92 3 weL o,

22U U [vigeell Gemadl 42l w18 Glod 2 MeV 8. 2 =42 o
LMl A 20 dl 4RRUH 4 Fau 1A UL sul [ Aisenial eudll e, Ria
5 gutal WiEUIA Alg uvtal [Auls[Ra geisl vioL aHIR %2l dlualHl HUd. 364l 42i-n
gasi 25U AL RaldRaUs Uslei (Scattering ol €M1 wisal-l %32 8. g4lsaui
A5 AL saled 3 LSl AL RfRaUs AsidHl 42in aoieol R Ay
8 27 N2l Glod A 204 8. 241 WRRAMK s @vild 6iloy dl ¥l o uel R quiidld
AL AU AL gl o 6.

e, Aisedni qlsde? ddld Hiavidl sasi fsaau Qi 2 fsaausd 8
of, UL A 2letel ML WISl ML AL €14 69, A1HLY Zld AUl HLgRe el ¢z uiell
(D,0) 271 35152 B, HotsSHi atiow s RU Aver vid-l AR 1521 1152
<13 el quud 9. WidR Gedlg HIZ QURLdl 2174 elirdld aise Hiser dild el
uiell a9,

Higer-ll Bualolnt €18 2 w54 89 5 515 215 UEl (Generation )L =42l a8 Buasdai
[vigeteil vl 244 dsfl 21ouG-l Uél (Generation )i Guaal [Quis-el Avai-l dpeiid:
K, 215 Sl Hl2l ld. AL dRITRA, %&Ls 245 (Multiplication Factor) $& € - d
Aaiseul Y2l 9lg e U 8. K = 1 W2 s BL2sa-Critical 241, 564 8
wie 2] UlAR B 5L MI2 U8 d o S[E9%L ¢dlat. %l K 215 sl adl 2 dl
WAL 2 2 Avise-l war Aaudisl Ad (Exponentially) aHl 2d 6. 2j81s s
K 821dlet 245+l vt d4os dradii 4 2id dl A5 YuR BlRsa-(Super Critical)
otefl od 247 151 ([A2812) ueL as a3, 198641 451+ Arllolla A2iseui add 45 »
& IUE UlE AU B 5 Y[54UR 2Aseul s3Il pUsd oiil 23 8.

WAL €2 [FABId S0l Hie 2l UL 52 dal S4HUH %al gemil eirdl
[Feiots-A4Ball quad 8. Fusis-alil Guid iseul dydkd] alldil -
(Safety Rods) uBl €14 € i wd1R %3 US AR Liserml elvid s34 K Hed
suell 215 sl 219 531 AsIA.

gerdl Ad ol LR ag usRmi 8L A (Isotope) o U Rvislu
([Avig 2 a% ddl) el 2R d 2185 L2l Ui 52 6 AR o 1Al uEa1l Hisd
i ARAAE2A A MUY Gt 538,

238 1 239 239 L=
U+ n > U= Npte+V

WNp— Pute +v (13.29)

M HlHL 21l [Quild A 6.

Gwily, (Thermal) =42t [Avis U2 2R 45443 Lisersil wousld 2usld 13.541
gl 8. Aiseasll ouel-2ig2rl AL - 2 54U [Avisd 21 B o oy 3unl
2l vial odgl (Fuel) dedl 414 8. eladl dils 44 (Enriched) Y2y (212d 3
gercll At MU YRAAHHE S AL scll dtHl 30U L H1eL s €1d) €S b 6.
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uzlqés—\ las >

° L5 aR101 265 dRs
BREE = 5 G [alHay 518

U < —t.. 1.0 (2 edeR)
L ——5Ruil

el

-«

2usld 13.5 Gw{la 42 [Avist uR 20HRA ~yfsaur oise-dl gl

AL AAGLHL YRieAe HlHL ULl HIZ MR Sld B, ool iy 3% (Leakage)
gelddl M2 yAqds i 9. [Qrigaul ysd adl (el wsdl) Glost (Gw) dou olds
(Coolant) g1 £ 54 8. UL 6l AL 53 ot [Avigesil AL 252 {luin dls
o 25 9. 2L AHA dA-A4H (Assembly) slsis (AL 6112 4 »Uud d d U
53 2l 29 6, 42l ysor A 53 A5 dal ABAAL (eld., SMau-L o)<l
Heedl Y2523 ot 530 w514 D, s Gl 514513 dREAH] UEAL B 24 d A1 G~
5369, AAN 261G AU B 2 [Agd But 538,

SIS uRL wiar Aviseedl Fu o YlsauR Aiser vl Hsul BirGualoll ueial
(5u21) Gaul 52 8. Ui y[5au su AL 2524 27 Avl (Hazardous) €latl
Al Rt W2 [y sigo-l %32 8. uiserl AAld- 21 WAL 6l01dRl Aol
2 YAl sl [Brgd Al wolainll 33 8. L AHdl walaizll, Rd-L
uHg, Glod stisus [lre sl 9. AL 2Al5ea sARL 3uidR e silsed 2
2w gHl s0l-l AsAALAL 210U 1104 1oL [AsA1acHL 2] €] €9,

1373 saur Aaqu-drizidi Qo Gt (Nuclear Fusion - Energy
Production in Stars)

L5l 13,1340 6lantBlonl as Ul HUUBL AU OLUL o oL, FUIR 6L sasl 4 [suuy
2ot (Fuse) 46 215 G2 (312A 3 H1Z) =[5 o11d 8 12 Glod [Axsd au © 5123
Wig (s R AutdlsSHl (Tightly) 6ilfid €14 8. Gloasd sl 2udl Seells ~lsau
A WEAHAL GelswL {2 Horor e :

}H + }H N 21H +e + v+ 042MeV [13.29(a)]
H + °H — JHe +n + 3.27MeV [13.29(b)]
H+ 2H — °H + 'H + 4.03MeV [13.29(c)]

dyd-1010801/0ATIORISIUT/US/JIRP/1U AIIOUIUIN MM //:dNY
1039831 183[dNU ¥ Jo uone[nuis duijuo pagiduis y

PHYSICS
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vy UGBAHL 6 WA RS s QR A s B eiud © 2
0.42 MeV Glo [a3sd 2 9. [13.29(b)J1ixl wEuimi, 6L sueiq daloada [BRum-L
getsl 45U oA 6 [13.29(c) JHixl WAL 6L 2R AAAS 28 (221 24 25
Wil oiedld 69, Adue 2dl e oL y[saun soila-ll vedl 4ws suadl wdH 5
LS Bl 251 AL AEUU 601 AHAL U 21U 53 25, %5 Al ol 4 [AgdeiRd
dlaiell dil geior 2iuishel et 9, 20, dati-l Glod gdot 2tuisiazdl Baan
00l 23 dedl yadl €ldl ASH. it usiazdl Baa-dl Gl AHidlBul sdid o
sl [AadoR 2 Blesdiall U 28R 8. eld., id ealdl 254 8 3 6L Wielq
W2 w0l atusiazdl Baasd GRS ~ 400 keV Fedl © 21 a4 [Agd™iR HRlddl
Y5t {12 At Gl €l ®. 21l geor »tusirizul Raie) Qs vtioioll e iz
Wl2le cyml 28al 6L Wi2len o33 (A2191) Glost Sl HI2 @Il 3¢, dlumie $1d sl
el HLUBL Al WSl Sl

(3/2) kT =K (5..6.),400 keV, d uzel T~3% 10" K

1R gelot »uLsiazyl Bale 2100fl ol w2 diumis A Yol Qo Yl widla
SRl A sAAUHL 29, d WA iy 45842 i (Thermo Nuclear Fusion)
5899,

Al 45U Aad B AL 2iaRo euaul Gemadl Gloa-l 2id 9. 3
SicRuLon @1t diudid 1.5 10K 8, % #3212 Glost 4R1edL 58l Acide 12 vislfrd
AL St v e B, eyl AL Add 12 Wl Gl A4332191 Glod sl
gl a2 eldl %33 8.

AL Al et UBUL L a1 dossiHl Adl WBALS 3 Ful sLS st et uiHlA
[R[3 oietid 9. 204 YAUL ARl dLS Al LRI SEL LS B, HL AU~
wEBAL gL gl ALY d Hicl-Hlel (p, p) 45 1Al WEAUAAL UYS gIRLRY SAAE ©

'H+ H—> 2H+e +v+042MeV (i)

e +e = y+y+1.02MeV (ii)

*H + |H — 3He + vy +5.49MeV (iii)

JHe + JHe — 3He + H + !H + 12.86MeV (iv)  (13.30)

212l WAL gal W2 uddl 213t wWiEudl oL Al 4l BiSa i 21 BRuML oL easl
[elaam lseuy Ao A [Blaum lsau oidid 6. ot »uvel 2(i) + 2(ii) +
2(iii) + (iv) Aot [0 dl §e 2AR 2L UHISL 29 :

4'H+ 2¢" — jHe+ 2v + 6y + 26.7MeV

sadl (4 H + 4e) = (CHe+2e) + 2v + 6y + 26.7MeV  (13.31)
1M, 212 €L 51% L UHIRAL A Lrct 45 JHe uRHIR, e © 247 Al 26.7 MeV
Glost [asd A © (Med 3 s8R U ).
il 2idRU1o coml daudel Wil RRadM o ol © i -l deieiolHl
Sl [BlAum oirlactHl auRLsS oy (Ul Adl 2 U ALeLeLoL 9L uddl dldl ©.
12l el il 2Rcasll 2R S50 AS1ALAL Aldl B, Feil I8 ALAARIRL dluMiA ddal
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Al B, B 2L diudid A daedl 10° K Fed o dl s3sll dduq au @ uid ed
(Bl ~lseuadd sioil Aaun 2 9. 21 wsisll uBal qdadn gL dedt Hiel
£0lL5 Y14l el Gt 52 99 UL s 13,1311 6l as-il 212 A 5el £is sl
QAR £NL5AL cteell AL el ool sl el

Yl G2 @a10191 5 X 10° y B 21 Shel vieles s 203 B 3 yaiui yadl a1

[N
NN N

8% el d ¢ oflo 5 Bulau o Yol usiall Asdl. AReUE ISHY- eent olt 2 %3l
N (G

2L A S3L wsalletl A3 Al 2 dRcceAl A 601 ASIALAL AL A driell S
Alumie QL. Y- olel a8l [BrdRal dRldl 24 d % 28 w42 (Red Giant) €15t

¢t i 32419,
Y[5au2 AU (NUCLEAR HOLOCAUST)

YRusL 25 [visell @oimal 0.9 X 235 Mev (= 200 MeV) Glo [A3sd 2 9. @l 50 ke

U g5 u5au [Beisq wll dldaeor4 x 107 T Glad Risgsd 2. vl Glad do1eial 20,000 2+t TNT
ARG 89, d w2l [Arsle w2 Yrdl 8. [aya 4[54uR G-l A AR Gig-in umig [Asie (Atomic
Explosion) $8& €. Al UAHAR 2110122 6, 194511 [BaA Ygui U] €1+l GUddL 24l gdl. Uil
[RAREHL U2 US gl sy oliet Alstdl sl i (4812 20,000 TNTH AHAEH dl. deaidl 2054
Uit 343,000 23U B A3+ 10 (km)” RiRcliRel 419 5490 Sl 2140 66,000 Y WAL Sl

2471 69,000 Bl Sell, WS 67 %o GLASIH UL U3, Sl
Ay w1l Gl diumia-Al wRRAR [Quiga olireil [Qs128] Gaurt 531 w514 €. 10 Hole-d

TNT-{L [&28125 alsan Axgen U2 [As12l 195440 ulasl 8y e, glddlogtl AaM sl RRUM i
BurAL Aetdrl ALSOLAL ALl oli3ot SLS% 6l 5& €9, el 16l% SAUML UL O 5 BUUBL AS
UL 2erteil 6L AU VA Abid 2l 530 A5 ddl Y[SAUR AR SLAUL HIgE 8 % oles eollddl %
A9 52, Sl Y [FUUR AAAI PUURIL A UR AR AR HRUAAL Aol dl AlaL 5291 % uBL dxil
A5z Alucsl 2L A SHIA HIZ DA HIZ 214104 oi1dsl. Agilas deld2iL ic] 206l 53 S 3
U5z 56 yeellel Ala@Hl aleni-l U3 dzsdl 289 2 Al Bl alma 53 @ yedl wR
‘ulsaaR [a1al’ (Nuclear Winter) Gcd 524.

13.7.4 [RBa an 'g[f?étbl% Aaur (Controlled Thermonuclear Fusion)

AL gecll 2o acl iy 2lseuR Adun-dl wbadl diw lsau Aqun -l 54
52U 218 B, MBI e A9 520 AFaUR sdaa 10° K ol Gl diusid )
o124 531 2] ULAR Bu 5Ll G2l €1 €9, A1l GIAL dlUMLA 6LOLARL Het 2ALUAL 2
SeAs2ArL Bel (L) 3uni €l 8. 2ied Gl diumid 515 Uit A 530 A3 dy -
glalell 21 wioHin oifid 539 (58 529) 24 Hlel SR 8. elid Al [QueHl g eall
L 101l 25l [Asaidl @1 9. % AsOL AY dl, AU 2152 HiAdA%dA QAL
MUl UlAR YU ULl asal.
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GeldR@U13.7 ~{lahetl Uselel %ol Sl :

(a) ~ulfaur uBuil (uR¥de 13.741 saiddl O ddl)qi alsal %
244l AAMBS w50 (L., 2H, + O, = 2H,0) Audid 8, d
AL UHALA’ 9 7 o5l U A S, L 54 ALML AL 617 6119 AL
87

(b) o Mieil Aol i Y2l Al e 4[seUR UL A B 28l $ld
dl 4[5au2 WEami e 3uid Gloaxi (vadl Gag) 3l Ad am e ?

(c) 5 AHu o Adl © 3 g0 2 Glosd Asolloani 3uid Hit
[5EUR WEAAHL % Al i AABLS UEAHL selU AL, UL dedt
RER LI

Bia

(a) A1MBLS A58 21 LML AHALE B 5 835 decdwtl URHIRLAL] AvUL
AHL5R01L ol oL AU €14 O, AU UEUL UL URHIRALAL
wo AU oled 8. Y[seuR UBAHL dedld 3uldR dd €L us.
2, 56U UEAHL €35 certl uRHIRAHL vl A(Ed adl %
ASHL wid, %33 el U 9l lseuR UEAHL Rl vl 244
Y2l AvaL w10l Heolell AL L 9. ($Slsdul, 2L wa Glail
BloArtl [RdRHL dest 12 el i Aysiugl ARee 2 © d ‘ga
[QgdouR’ i e ‘ARAA vl 6. 2l 2UuBl i 201 <Al
quilat. 452 WEALL (eld., 0150 13.26)41 WSl vl 2
Y21 Al A58 ol UYL AL €U 6.

(b) uusl el ¢l 5 ylsauuxl oiunGlod sl eaui L 510l
(e &ld) >0 6. ¢d, Wl Avdled A A2 Avald A5
UlBAIML AL Ad €laefl, Rl ga RUR oL 2 Weld sa RER
gL WEULL ol ol AL €l 69, U Slofl el ol 2 fseuusl
s& oltAGlo el oyl otel 4[Fadsl 5@ oGl IR %
11 330 el 2 o AGLEAIHIAL dslad 4l5auR WEaME [Bysd
adl 3 il Glozd 2ull & 8. oiunBlod el 1ol AUl @lenal
UL M 51 511 S 61 o119l A[5UUAAL 56 0L d5Lad Gl
FUR Wi 8 vaal dell Gag wd §. AU ysauz wBa
£01-GloArtl 2AidA3UidR8L (Fsoiloii 3uidel)- Gelsa .

(c) o 27 Glostel 2Aidr-3uidRedl e(Bat, Ragid#] dl AuABLs wEu
52 UGB Fdl ©. AU WEAUL s 286l 5 aimddl Qo
WAL 6L g1 UL URHIRAL 2 AL p0ARLs (s
Al3) oltrAGloAl dstad A A6iBid 9. otg A7 514 dl AAARS
6l BloA UL URHIZ, 3 24811 §E s 881 100 (s0atld) 20U & dedl
U8l A4 UL 56l AL 5 A ulBaL oL ol uRHIRIL 5
2R A1IL 54 LNHIAL dslad GloAHL 3UidR (Al 2l Gad) WA &,
5, AA1BLs UGB enalaxil ~ylsau uEaHi-l enalaxii-l ey
arot ol «ti-l Sl 8. en-Glo MidR-3uldRe AABLS UBUHL ad
«tefl dell A1 91U (% vl ) 2L 5181 8.



10.

4[58

ARIL
U seu €l 8. ylsau e [QgdeuRd 8. fsaudl Besd
eyl Broal s 107 o8l il &, uHie 99.9 % sadiu ay sa
Yseuuul Sl aag ©.
UHIBL HIYSH YR &0 atomic mass unit ()Ml HIMAHL 2419 €9, vl
yoget, 1 atomic mass unit 3 C UHIGLL 01Dl otzal atial (1/12 2180) B,
1u=1.660563% 10" kg
lsauA 2l dls loviLdl ded s HRLd 8. dd o Wielsl en
% 2d, QoL Y.
UHIRL $H1S Z L cdedlril URHIAL 456U 4l 28l Rl dva 8. eais
A L URHIRAL Y sEUAHL AL Wl 2 il s Avau 9, A=Z +N;
I N Y [5auul 28al Y2l vl eald &,
A5l s wadl Ysass SX ddly sala ©. oul, X aldesdl
AL At (WleLs) €. sAULA URHLY, $H1S Z 4R1ddL Wl FEl Yel =42l
AvAL N BRIl ~salSsonl 242aulw5l (Isotopes) 58 8. WAL A 4Rlddl
AUsASL AHEOH € © 2l WA N HRAAAL H5AUSEHL 2L lel
(Isotones) 5869,
Hl2LewoLl deddl 6 5 ay aRst (Tsotopes )+l (Fawel 3U el 8. dee
URHIRLEN il AHRAUFSIAL e0li-ll MURA (Weighted) A33R12 F2d, €1 6.
U1, LR AL AHRAUFLSLAL AU e WLt 58] 21 6.
Y[saaua AoUsIR 243U [[AR Aasd A dd Blesdi-l FEa 530 as,
A5l USlEA-L ol uedl ylsauasll Brosul sl 53 asi 9. 24
e © 3 5l Blou R=R,A"
Aolrl AU B, 2, Ry = 244018 = 1.2 fim. il 28
el A UR 2R el A 10 kg/m <L 54+l &,
Y21 2 MRl Y[sau3l g5t 21 (Short-Range) Hoiol (544 ooy
G121 61 69, 4 [5UUR 601 421 2 UL A2 BLg v el
Alsadu- eq M, drll desil g4 en Tm, Sl dHal e % €l 6.
2Y[SAAL EN 2 dell HeSIHL g e0 AL dsldde g9 &ld (Mass
Defect) $&9. AM= [Zm,+(A—Z)m,|-M
2LSw2LwArL £NGloA AoitAl wam 53], UUBL AL 201 dsledn GlosHl vl
ool sl 913 AE, = AM ¢’
Glodt AE,, <4544+l 6i4-1Glo1 el 8. 302 170 Y-l enisil [[RcRH,
(5421 €15 61610 coLeLoL 10 B, @dLeioL § MeV/Nucleon.
rql,'\ﬂz Wl 2souid) Gofail Aalls WBusll sl dolel 6
arvd a1l Sl 8.
(s wEad Q- Y Q= [ A[AGL2A — WA [RLs Bl 9.
£ 01-Glosi-l A e dl8 2 Q-Heur
Q= (R[G5 gollAl AL — iR olledl A0 )¢ 3wl @vil s D,
AL A52[A3 A e sarSiol o vad B viaal y-Brel GailFd s3n
FulcR wmal ge-t 6. o-(Bell [Bleudi ~ylsau 6. B-Bul Sasgid ©.
Y-13200 X-[3200 sl ¢4l dRatedos Hladl [Agaiesla [k e,

\\\

5 y[sauasl

459
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Qlas als

atomic mass unit
(els Hn ylre)

[Acior Al 8y
(Hudls

2E-21Y
U DA S0

A3 2529 Ay ALl
sfseladl

460

11.

2 NN ~ —A
AL il5eq ausl HaH NP = N(0)e
o, A &t [Rudis wtaal 33U vil5ea [Mudis 9. A3AL Ysarssd xa-21y
T, 20 N il WIS Heds 2484 2dl HIe Aloldl AHAUAL €. A9

~ NN . —1 . 2 N N A
5100 T 21 Nl il W3S HALe QLB Giridl Hie AlRLal UHHOLLYLL 89,

In 2
T,p === 12

I3 219 AvllSell eilBa s, Al AvdiSal oifid 4[sauuul 3uidR
WA AR GloAl (35 2ad 89 (681 U3 8, Glya d ). [Aviseui Buw,
MR Y[5UUA 61 ALl 2531IML [l A AU 9.

tl., U + in— '5Sh + UNb + 4.n

[Avistl dupAdl €l d sl Y 42l Bul 2l 9 3 eslsd guial
WAl wsudl eald © 3 Ful Giurt a8l £35 YR ¥ L0 o{lof
[Qvisd Guond 8. [5auR olivo [Ag1eml il WAL MBI 2 @lRd
€l 8. 4[5 A2zl d [MABId i 22l €l 8. iseaul 42l
LS s He 1 wed wodl AL A 8.

Adu-il gast lsau s qig (UR) 4[seu oild 8. elSgo-nl
YU [l = [sauml Aauq 21 suusi 3 Aldd ot ARyl
o GeatH 8.

ulas yRuw BL5HL A4

M] u UL, AL 4 [5UUR eolln
gallaal HiSAl 254, 28
atomic mass unit . C
URHLLAL BOLAL G1RHL GUL2L

(1/12218)) €.

[T] s

T, [T] s AL vil52a AL 8193

sauA-Al WRAMS AvALAL 4841
BU UIHAL ALRLAL AHA,

[T] s sauul vl adld wles
Avirite ' ouefl Aal MIE eoLdl AHAL.

[T'] Bg AL w529 Aldril

slseladl-

gt [QuReu-L Helil

[543 gt Bedl lsauar wRHel U 2R el uHiel en
Brtdl 21 (R e sl Al

SAs2iArL wElElArAL wdlol uel %8l s3a sl B, o-sas
wslein uRel 1551 53¢ Biosdl 53l A% YEL V. e 5122 2 B 3 S



10.

11.

4[58

~

wslein 45l Redor [Ades sl (Sense) 53 69 AR
0L-581L A dedl Fll 581 vq[\wz I %ml}t ( Sense) 9.

LS HLT2LS 80 2474 Glosie{l A eddl, E=m ¢ ?ealldl. ¢a sl
501 212812, 24 GloA 2028814l 21e1dL Frariiedl clld + 53] 214194 U3, 248l
£01-Glogi-il azat'at-u AU [Fuml ald 54l BLSL. el 21 Rigid
@d) udcll €lanetl Al vidlets yudl 4lsaur cilaslasi-uial 1o
8. d 45U Glosil 2uusll Ay ¢Ie © 2 Uizl BealH a3 dnl
Guallori AcuMi Huy €9, i [i{gtct-u GuLaL 30 '*{[\—HQ ulsul (&B{
2494l 2 )L Q Y& W[5 i il aowu yenl eldfl AsU O,
(~ufsediigls) olr1GlorinL el W12 £ 2ld B 3 Fuil A eets RIECHE]
AU AL G fsadA [Auist uplld qudualdl en AL
4[5 o=l dell GiAus IECRERIERIENRIERE S

Ay HL2, sasi rq[\awrﬂ widfes Gt sedol RalaxidA
(wuwuslﬂ (Raast) H0fl el Hi ydl €ldl Bida. . el
At Hie 1) Gl dtuHiA %avfl €.

% 5 (rqf\ﬂm ala) omwém a5 YA (Smooth) € 24 HlHL $351R
eauq 0, A4 9di d ‘He, 'O 4313 rqscisw 241910 (vl (Peaks)
£ald 9. 21 Y EaUuUL uzmgyﬂ ¥4, 5q2-6H120] (Shell Structure)
lal-ll YA BLAUHL 1A 6.

SAs2ir 2 Wiofl2ir ot se-wlisiiedl es (Pair) 9. dHeil 0L AHiA O,
el [AeLdoUR AMI Yt 2 [836 WSRALD (AR YUY & 5 2UR
$EAS2IA 24 DA G2UL HOL IR Al 2Us6{loA-l YRIHLaL 52 D 24
ML (3L 1211 3uMl Glod 2un B.).

B-atn (Sesgid Buose)Hl SaAsgiq-l wa WA GulFd s2 2Al2-
ARAL (7) 8. oll® dzs, B-ad (%LB&;L*L @cw-i)m UilB2irl e
Gei%el wHdl sl Al (v) . ARAL AR l2YRAL A
se-ulaseil s 9. 25 581 HizeAL 5105 Uldsal €l €9, WSl wlasat
wi[2ulei sl el ?

Usd rg;\m S EIRIR2 (= p +2+7). 4 lall Wil &y a5
-1%& 51281 5 Wiel- rg;m 5L % SS9,

AL 3L LML BRI% el 3 oflel Gigt udl ad S 9. Galyd
ML 28, 4[58 s UL (381 512l Gt~ 5319 Rl
Asild 52 9. 2UesL 3 oflel G-l sd rqf\ﬂa Grileyd bmsum
€l A5 6, 2L o lsauAnial sHaL: ML Bmm G (“Niwit
Bl %3, 2l 13. 4) qzmgyﬂ ¥H «{[\ﬂw YRL AEIL-AEIL
Blosl 212 Elelletl JUr2 YRAAL D,

AR 2l52(a8 A rqf\ﬂzmt wel{luell Yus 9. sasi [sauu-l
2adluel M2 vg;m 24 L2l ARl 12 1 dldl %321 8. 21l QL'QLLTR
IR [5aUA W2 Al 32 A 69, (A - Wl d2Rnl »uLsias
uelll anal e IR Y2l 32 ©.) i 22l oRiitrel £ $id
dal Ylsaun 2ed 5 2 Ad 33 € d Sl Ay Y2l 5 HlRld
BlAdl yfsaua ARl 8. eslsarl waelldl uRals (s
delldl)dl Mot 10 % o 2l 9. ofloaviia (2l) waLoLeLouHl
o, p, d, n 5 6{l2A $RUAL oY Y5l UR HIRL Al ol
Al [ gl WONLUTlY AL SAIML 2ALIAL .
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ALY

Ay AL B5aHi 2] [Qotdl Gyl »9l :

13.1

13.2

13.3

134

13.5

13.6

13.7

13.8

e = 1.6x10"°C N =6.023 X 10” mole®ls
1/(4mey) = 9%10°Nm’/C’ k =1381 x 10 "JK '
IMeV = 1.6x10 °J lu = 931.5MeV/c®

lyear = 3.154%10's
m, = 1.007825u m, = 1.008665 u
m(3He) = 4.002603 u m, = 0.000548 u

(a) [P o el qesuFisl SLi a1 JLi «f e (el wieisil
7.5 % 1 92.5 % 6. ddil el 245H 6.01512 u 2t 7.01600 u €.
(AR wy et 2l

(b) el A el W VB w1 B 8. dudi sl s
10.01294 2 2L 11.00931 © & i 6lRIA wAREN 10.811 u

8. B 2 1B o uta wia s,

[l 221 el w5t [ Ne, (Ne 21t 2Ne «f alia we

90.51 %, 0.27 % i 9.22 % €. il 2B AHAUFSIAL UHIY, 2ol 2ArsH
19.99 1,20.99 1 2151 21.99 9. [Mall-is AU URHIEN 24

ASAoret 251 (IN)L elaGlod (MeVai) il m( 'IN') = 14.00307 u
AIUA 6.

(3l Rotdl uell SeFeat 25 Bi <yfFeua w2 =45l £ls oirGlod MeV

AsHHLAEL (30Fe) = 55.934939 1, m(°%Bi) = 208.980388 u

s U s e 3.0 g 9. olfL Y2l el Uil isoilonell 10l s34l
w2 %33l 4f5auz God-l owiddl 53 w0dl vidz Rissl dyelud 5 Cu
UMY (62.92960 1 £01-AL) <L G el dLell.

“AlaletL Hie s wisar asl sl avil.

(i) ‘Ra-lo-ad (i) %2Pu~il or-an
(iii) 2p-ilp -ad (iv) %9Bi LB a4
(v) 'lc Apan (vi) 2Tc LB ax

(vi) '7aXe S5 HaR
s WAL e wRAMSL 220y T years 8. d-dl s[RI 4o
2528l (a) 3.125 % (b) 1 % Acll WIS 32el AHY Lol ?

S164-4219ddl A gl ML 2520 S101AL €2 M €ls £ BH2 15
[reiaset U 69, il 52008 2214 S161 AHARS 1§C L 18 2L wHRMl

sl 2eal WAL A dll 8. R uwa Y Wd B uRdxdl



13.9

13.10

13.11

13.12

13.13

13.14

13.15

4[58

dldiaRel (% Guisd e 252 madl vl 9) wA-Al AidA3uL ol w
24 el 2A52[A2 eaidl a3 A . 1HC ALl 248-20y, (5730 years) 2t
52(48 AL bl e el d Al Gl doletal viely @oudl astu 8.
wlde@endl audl PO 3ol i Rigic 8. W HidA-oa-eAedl 2
AL $10irL 82 A €16 82 (A2 9 [eiogei-l 2i(52(ad] eald 8. Rig-vilail
gl @oterol Gl viels sl

8.0mCi dlsicisll 2Bz Al Andarue $9Co «L %33 il 2.
ggCO‘j; wi-z»ug 5.3 years ©.

oS 1 92A1Y 28 years 9. il UMM 15 mgeil [Aeiost £ Seell ¢dl ?

197
79

SU2IR 9LRUTR 2Ll

Allesrl wHRUMS  Auint Rical Arails ' Agril sl Brosuai-l

(a) *2eRa »t71 (b) 20Rp it el Q-4 2t Gt ar-seiell alBlor
204,
M2 Ra)=226.02540 u m(*22Rn)=222.01750u
m(2Rp)=220.01137 u m(*°pp)=216.00189 u 2 .
AL y5etlSs ' C o Rioioset
e — 'IB + e+ v; T, = 20.3 min, qoerau D,
Bt W2l M oUABloa 0.960 MeV 8. 0l 4t 2AUE © :
m('\C) = 11.011434 u >t m('IB) = 11.009305 u.
Q-Hei~il v12ld] 51 2 dl B UiBZlrt-l Hen Glod A8 Avumell 520,
D Ne lsuu -Gt gl s Wi ©. Bateid wallsaal evil v Geaet
wiel SA52IAl HedH a[AGLoA .
23
m(oNe) =22.994466 u
m(FNa) =22.989770 1134 6.
A[F2 WBAL A + b —> C+d - QUL Q = [my+ my—me—m,]c %
AR 2l 9. Ul g0l 23U A [sauudl 9. it [Qordl urell 2l
WEALAL, Q-Hed AlHL it %RUAl 5 WEASL Boiaus & & Gralius .

(i) JH+ H —> H +°H
(ii) '¢C + '3C — 0Ne + jHe
URHIBLEIL VAL YL AU S :

m(IH) = 2.014102u
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13.16

13.17

13.18

13.19

13.20

13.21

13.22

m(;H ) = 3.016049 u

m('2C) = 12.000000 u

m(ZNe) = 19.992439 u

3 2049 J0Fe 45U i oL amin gssil AT Ui seu [l
g [Avigt G-l 2fRat asa © 7 uBud Q “eu wHlA Aol

m(3EFe)=55.93494 uA m(BAT) = 27.98191 u»uld B

2o Pu it [vist ol 20U L el 8. [visgls s adl w32a Glad 180 MeV

B, e 5y Pu il 1 kg Hil ot uHIil [Bvisd Wit di 32d) Glod Meval

(s agl ?
25 1000 MW+, [Qviget (Fission) 2121522 deil eloidi-dl 186l ool 5 yHi

AU B, Wiei d 3ed, U aRiddl sdl ? 2ig tRls Aaiser 80 % Aud Ui

Ul 28 B, 6l QoA % Uetl [Rviseiell Geterd 41 92U 2iL 4 5alSS Hist

[l WBAMl o quiy, 8, [AAALEL 215 = 6 x 10 mol” dl]
S2RUUAL 2.0 kgl [Qvig-el 100 Wil [38d @ Sedl uxa 4l ustaldl

Al Astd 7 (Al UEuL 12 yorol 21d 6 244 2181,

H + 'H — jHe + n + 3.27MeV

6 &eRAri-ll A4ut (Head-on) Aeld e Rl olRuR-l Glaus ol
(L : RERMIA AR Gl 6 @2 Hsofloadt 2o 2l AR dusdl
QAL A6l HULSHEL GIRL AHUIA B, A 2.0 finedl Brosdiel Avid 2t el
A5 €9 dH HIRL.)

~

/3 .- . ~ . ~ ~ . N ~\
R=R A" 2i6it, i R, 3L 2120105 2471 A 31 4[534+l s01is ), el galdl

o

5 [543 geur{l Bridl @AGRL AAN S8 (2@ 5 A UR 2R <ll).

[Zauil B (UBELA) AL Gigs«t Wiz oflw 215 2l 5213l UL SAsgi-
5w (vieadl sal eld., K sauuil Sasgin 45au gl usis onu © i
25 YR BRALrA A 9) -l uBUL B,

e+5X 5 Ay +v

galldl 3 %l B Grofet Glosi-l 2[Rl 1oz €ld dl SAsgic 5w HoR &id %
A Ui Al Gletg Ao el (Sed & Sasgid 3wz Qloa-l e[l s diu

dl B Geatcs 1 1oy €l o ASHL 24 Al



13.23

13.24

13.25

13.26

13.27

4[58

QHIRUAL 1Y

A S5l HoRIHA AR £ 24.312 1 AU . A1 Hed, Yol usll el
AHRRAURSIAL 0108 58] UHIEL YR AURA 6. 2181 A5 (Istopes) 24wt el
e Mg (23.98504 u), Mg (24.98584 u) 214 Mg (25.98259 u) B.

Mg gERcHl 201 4191 78.99 % . ofla 6L MRS w1 +155] 53,
[seuial 2 g2 s34 M1z 33 Qs y2id [AdloL (Separation) Gl
A2} euvaifid s2emi 20 8. 3l Rordl uzell 5)Ca» 2 AL i ~4fZuua
W2 421 [AloL Glosiel Hedl 2l

m(30Ca) = 39.962591 u

m(3Ca) = 40.962278 u

m(:SAI) = 25.986895u

m(’TAl) = 26981541 u

15 i SReUAL 6L WAL sy TP(T,, =143 d) 247 3P (T, =253 d)
HAL B, WL 10 % & 0P Hill 209 8. B 90 % oirt o S el U
a8l ?

Seais ABAHL 45U 0-58L 5l A B0 58U Brog el s Wi 9, (A
CRBIEDTICEIEIE

Ra — “9Pb + "iC

*Ra —> *Rn + 3He

AL &4 U2 Q-HEAL OLRIL At 2L 61 Glos~{l [RRL HayR €9 dAn s8] 532U

Bl 42t ¥l U A vl R 520 315 [vis aeunl S8 421

Gt acl ell 249 B-at uaL ot Walis gsizil 'Ce 2 Ry 8.1

(s ulEaL 1ie Q-4 oLl uRHIRLAL 2int 5211 %3 L0l L HAOLE

m(*¥U) = 238.05079 u

m('Ce) = 139.90543 u

m( ,Ru) = 98.90594 u

465



W cllasf@sun

466

13.28

13.29

13.30

13.31

D-TulBul (eRuu-ZRux Aduq) (ARl

“H + °H — jHe +n

(a) 12 uta (ol urell [axsd adl Glod Me Vi ol
m(PH) = 2.014102u

m(’H) = 3.016049 u

(b)  RelRum 2 [BRUx ol Bl @atowdL 1.5 fim Rl i 6L saux
QAL géotL viulstas 200{ ol (Ui 5aL) Hi2 sedl Gl %33 & ?
2L (Bl WRGL sAAdl M2 Ay Seetl diumi A4l 214 sl ud 7 (L :
215 [Quige gedl W2 %33 UG = Aid(BUL S2cll 520 WA €1y ddl
A1 Gily AQBleA = 2(3 KT/2), k = olicepsiini-ll 2120, T = Hala
dluMiA)

215l 13,640 sldd ad B B-seil-ll Hedu Al 2in y-au-dl [l

2419 (R4l 8L dMA {12-A] [@Qo1dl 2ude .

m( Au)=197.968233 u
m("Hg)=197.966760 u

198
2oAU
By
P2 \ 1.088 MeV
Y1 Y3
0.412 MeV
Y2
0
198
soHg
2usld 13.6

(a) YUAHLGL 1 kg SLSAY AL AAUAH] 2o

(b) [avige Aziseani 1 kg %0 Uil [Rvistai - [Bsd adl (sterz usdl) Glod
OULL 2 URuALL.

RS 5.4, 2020 YHIHL AR @g 2,00,000 MW [SeLdutaR Gaurt s2ad 6

2 il e 25l Y[5HuR iaR wiremiall Hoddle 6. HIRLS 2Rl 2UUd €

% AAAUS A5l Gau addl GuuBlaanl auia-l sidaHdl (Med &
[AEAGPAHL 3UidR) 25 % 8. dl 2020 YAl 2ust [Rvisha 32 Huu- Seal

geilll 3 Uy 7 20U AL e [Avisnt €ls G Gl @dteiol 200 MeV @l



UL ALE

AlMs-3522 dasaisu

g, AU i1, el wlFyAl

(SEMICONDUCTOR ELECTRONICS :
MATERIALS, DEVICES AND
SIMPLE CIRCUITS) r

14.1 Ydld-il (INTRODUCTION)

% @A (AEA)HL SAsglAAl RABd weans Aadl wsiy 9 d ol SaAslMsA
Ryl Yoeyd ofqeily 2is4l 9. 194841 2U[Tse-l e 45 d Udal il UL Hi2
@19l grdtasiBia (FRala) Aol (FHA died wal s&alHl Hiddl gdl), F45 Fald $16ls
¥l 6L SASRLS ClU B, A 5 2UALS (A A2 Yol s ) A 5als; 21Ul FHL ARl
HASALS €1 8, B2, @2 24 g5 2218 el UrRls (FHA s 4 1 5 A5G U
) edl. [ald 2olui, 224 23l Selsuis] SAsZiA 1A © 21 Yl Yol SASZLRL A2
dize oledld griasiamial YR Adl SAsZAL Ualen MEBid 514 8. Sasgis
QAL AASAHE Yrlas1e Slal %33 B Al AUl 53l HASZIAL Al HIdLHL Aldldl
el 20241 12l 0250121 elHALA Al Blot opuiell 8. AL AL HASZIA 55
Sellsefl 2l s Ul 530 AS D (AA2A 5 215 o [RWHL). 2], AL A cleat s
69, 4 [Fld Aoflaton Al 412 1oL Hlel sel Sl 9, At Wd AU 9, 0144 Ad Gl
Q2% (~ 100 V) U 518 539 A del 20w 25 dal duel [Raaludl >l G o,
WYMS G A AYalss SAsgilrsy (RIS 22 Alswese SAsgis )L ofloy
2URLA 1930 L AU AL E1ZL A © AR A ARAHL 212, 8 & Sedls 8t
AL MAALESL A AL AR 2L (%521) A3 dH-IMia] [Reideurdlesi-l Aval
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i dHl (2o REBA 530 510 9. M4 GEIUSL FHE WsL9L, G3HL 5 20U Ll dLe2y
a3 AL sl M [Rgaciidl Avan oeell asii @, AiHL 3 2 2haAles AU
[AEAMIRALS S YRAEL At AL UALS S5 2L drtygiel] 2(E2 %S4 9, B3 udal-l
[l Aol jaieaml, oM adal SelsHi] oLl SAS2IH Holdl sl 24 [Fald vlasia
5 gqiasiadml dddl ald sidldl edl. 2i8dies AARIML oleL Gl 3 Hlel [dld
wastatil o3 sl Ael. Al 58 Al S D, d 219 UlAR AU B, Hie9L AU U 514
5369 dal dlol Uy 2 ay [QaARadl 9 8. o 2 slae-l HilRewu
ULl 5218 2 2264 (CRT) % [l AAollatirl Rigid uR 518 53 9, duell o1zl ¢ at
el (AlRLRe) SasgiMsu U 2UHRA RUEAS sleadlad (LCD)xL M2 il
Lol €9, Alsws5eR AL YU Uil 1ol il sl 8Bl Uil avidil gedHl
woll Hiadl A&l 28250 (A8 AesLSS, PHS) A1 Higeil Uiwe sivese %dlA drll Gualal
A3 20 yRuqr (Aleal) M2 adl sdl.

gL uRdeuL, 20 Al sweser allasfastirnl waiel Rigididl uRas fodly 240
Sedls Al sweser AR FH 5 50 JAl@t (2-Sasgisaoll 22s1) Al 2l 5309k, dutl
Guadloll ealladl Seells wRual el salidlsl.

14.2 "«llg%il, Qy{légl R Q»tglc{lé&-i aoflsaL (CLASSIFICATION

OF MATELS, CONDUCTORS AND SEMICONDUCTORS)
CTRENIETESICIER:
[Rad alssdl (0) A4l AR5l (P = 1/0) 1L A1UE HEdlAAL 21D Bt UgLiA 1L
Aa wilsd s asa D :
(i)  Gtgil: dxiidl 2taasdl o 2l (Aadl dlesdl, vell ay) s,
p~10°-10"Qm
6~10"—10"Sm '
(i) 2lussi(AlAsssed) : Ausll a5l S Alesdl Hiil 2t viclesi- a2
S8,
p~10"-10°Qm
6~10"-10°Sm"'
(iii) 2tqussl: ausll staEsdi el ay (ael 20 assdl) € d,
p~10"-10"Qm
6~10"—10 " Sm
P A Ol 2UUA YL s5d URHIEL sl B, ¥ 241 Al (2AaB)H] oLl Rl %S
905, ARHSALAL S AUE HEL % LG HALSSL A A5 BLso{lon] el uisal
Hieril Hgdl el ofloa 2els dstadl WL 89, % L USAAUL 2010 Al BHY dx e
2t 9. HUUBL HAALE 5L oA 533,

AL USWIHE HUUBL S LAl AAASSIAL AGUIRA 5AUAAL D), FAL -
G)  wealds (dulcds) xdqiss): Si A Ge
(i) [Aa (o) 2auss  Gelerelds



Afseser HAsgiHs

g, AL i ALel wRuAl

2151605 (Inorganic) : CdS, GaAs, CdSe, InP <213,

$101[A5 (Organic) : S1-21RLA, 2190[& GARAL AdAAUALS =L A2,

SRS QAU : Qv DR R, QRIS a3 € .

SLAHL Mol Hi2Leuatl A+l swsse Alhrtl dilcls (als) AHlsws5221 Si s Ge 24
(M 2109075 AS~52RAAL Al S1d 8. UM 9cl, 1990 Uedl 2A9UFs AlLs~s522L
i AL Sw5T0L WUEHRAAL Budlol s 2435 Al 5523 AL [AsAlaaml U FHEL
Al iRl diEHR asgifisy iq 2ulRas (Widsar) dasgilfisy 2s-ldi-l
Bed dRs SURL $UL. 2L USAUL HUUBL S50 SRS AR5 YR it 3[=d
5309k v 53 dllc@s (wafs) AlswsseR0 Si s Ge uR. 2L, walis AlMs-ssein
AR HIS 2451 sldel WA Rigidl {12 ool et ABLS=$52R0m Wl @l ud 8.

Blo w2 (6ivs ) uR 20URA :

681l URHLRAS (Bl2[Hs) Hidd Huol, a0l 53 YR3UGHL, AL S1S Wl SAsRixxl
Blod A % 5aUHL Sl €14 drtl UR AR AL . U, IR URHIEAL W 2UdlA aet
uglgl oietld AU Al 2156{loel vol 495 €l 8. e, 2UH6UYHL HUAAL URHIRALrL
SAs2LALrAL GlLEL S8 VoL A5 DU Al 2150{1% 018 2l (Overlap) ugL A 45
69, el 51281 et welemidl SAsgiA-l ol edot uAIRMi-L 21 53 vol [t €l ),

262l5Hl 825 SAS2IAA 15 AlssA R2AM Sl O dal 515 uRl 6L SAsZAAL AW
[eraeuRisl a3 olisasll Al €ldl. 2zl 35 SAsginn A1s Aol Glod 22 €14 9. U
Add GloA-32812 HR1ddL %6l el Glod 22 G121 ue (Energy Band) oi-ld 8. dd-A
SAS2AAL Bl 22 HLAAL Gloduet ddwd s 58 €. AA-A Giwgeil Gu-l Glodues
$ws59 6ns 58 0. ollal Glosir{l JRSIYIHL ot % AA SAS2IA AARY SLwsHl 8 .
UL 5459 G @i (Lowest) Gl 212, Ad lwgetl U BlodadR s {12
Sl U AA-Y GirgHl 28l SAsA ASALSUl $v85 SlwsHl %S AB 9. AHI 2d
5e59 618 vl G1d 8. U PUIR d A 618 U A (Overlap) 214 AR HAS2IA
il Ao Al 530 w5 8. 2aq Hil@As (Hawels) agsiHl €l 6.

R 5859 6Lmg Vel AR Gieg A2 HS %YL G1Y cll, AAA Gl AL oL %
9521 6UBLd 28 89 AL 5757 GLmgHL AUEURL Ho HASZIA Slll A2l 22l g LSS
61 9. U, AU Gimsul 28l Beals SAsZIA ollel Blod Houdlal 550 6img 2 Ay
6lrg A2+l %YL YR 531 WS . U Ul AL DASSIH 585U SlesHL AU 9. UL % UHA
Aail 4@ GirsHl TLsd (buel) Glost 2R Beurt 52 8 FHL oflon A SAS2IA Ul 3.
2L gerilell $v85r tiriHl SASIIAAL 1281 i AAY Girgl R el $18] A
gl asAdl Glofl i €,

N UM 414l Si 5 Ge 282l5H1 9L A © d A3, Sivi Alell ereiz-l sal »{ley
(n=3) 521 ®, 512 Ge HI2 d A2l 58l (n = 4) O, Al ore1-l sl 54 4 SAsginA
(25 21 2p SAS2IA) €l 9. 1], 282l 541 olSIR-] S8l s A5 4 N 9. ore1-l
selHl HedH 8 Hasgivt (25 + 6p $As2IA) €L A5, 2l 4 N A=y HAsgict w2 8 N
Bl (Acze>l) HOL €9, 1 8 N 3L Blosl 2L Add U2 (6iws) otricll 23 24
Al 282 511 URHIRLAL 4224l iR (ellatHi dxt yelal {12 6w U]l Rigid i)
wirietalle el el oimgedl g oielcll AsA.

Si 21 Gertl 263ls AZAMHL URHIYAL 4L 22, 8 N RAIL 41dad Gl ue
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(63 6L aoLML [?mum RIS 69, gHl a2 LE, %acu él% -1 huc{l ] (bus[a 14.1 ).
(F2ua L dAluHLA 4 N qdy %5&5;[% qs Ayal eI -ﬂztvu 6= GGt o ®. 4N
BloAl 213 HR1eAL 6{lAL i Smss91et Gins D, % (M08 94 cluHLA Aiyel wiel ©.

g yglal Wi ol AR (Rigid) (BAND THEORY OF SOLIDS)
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0 ddsgAl Lz uRdl e UL Q1215 Si 5 Ge 2825 N U1l 4219
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= IN 6355 eitaoz\wafz aitaa 5 2»{?:6{"[%1%"[ H@L e
z gl dl desgiq-l Gl A €2, Ud
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% 2 N sl 2s2lsHl gl Asoflon-l s (2 ol
2 Oy = o NN N ) 2
I B | 3A) €1 69 21 ddl SasgiA 2U50{lon A1
3 jﬂ ?QEL i AHY AUPOUYHL AHIAAL URHLRALAL S5

3 i A R NN A
2 (M= ooL) AR AldABUL s 9. Al
5 crenoay@orpl Rl saelul g ddsgin e H
‘ ti=0 } s Al (3 2AidBuUL) ay weuy 9, wdlR
HIRG, HAR— vigadl saupll 5 Swuedl Aws 2ddl

A2 BQlot uR 515 AR A Al Sl el Si s Ge 262lsHl SAS2A QoL AHaL WIS, 2Uusl Al
olelRe{l selMl Al SAS2IAL GloAziMl Adl $3812 % Ml Adl B Si 2 Wl stelz-l sau ~llw
(n=3)8. %2 Ge 42 d Al (n = 4) 9. Al oter~l seunl el SAs2IAL AvaL 4 (25 24
2p Sas2iA) 8. e, wlsHi ol sal WAl SAsUA-L s AvaL 4 N 9. otd1Rdl S8l Heau
8 A5 (25 + 6p Hasgict) 2l b, el 4N dAsgiuil 2N Sasgid, 2N s-2223 (2iq22i1]) (sallu
sAleeH 612 [ = 0)4i €1 27 6181l 2N SAs2iA Guaot Aal 6N p-2222 (21q2ail) Hi €ld. 2ulld 8 3
Sedls p-6asgin AUl (22) viel 8, % Hislami 95 Uzl ol suldd 8. 2 Bl sisellondl g2
WAL AL HAOL 4oL URHIRAL el (uslal [BR-A)

HIRAS AL URHLYAL Bl UBLEL otlddl HI2 2156{lo-] IRl viiddl 2d 8. A1l otslR+] sa2iiH 8L il
S5l Glosl %el-gel URHIRRAAL SAs2IA ALA~AL AAid UL 51281 oteels 45 (A 3 a2 6id). [ =1
HI2ril 6N 222 (el )<l Glosl AA-2AL URHLLLZAL HIZ AHIA &, d 120 [Qddl 20 © 214
Qo e (Guslel [BReliz -B) 224 8. d o A /= 0 112 2N 2228 (422121 )+l Gl HEAD1-2Ae0L URHIZIL
W2 Ui el A (el as ofloal 6w ot-1d 8. (sl [ArdR-BA il ogil) % uam sl Gl
YidRAA A3 YEL UL,

€2 el 2id2 W12 312l 21 Ruld Ud B 3 Fui 6 6img 150{lonni G &S N 8. GURAL URHIY, 2R
[Aouod agay Glo 2 1AL URHIZ, L [AetDd HeaH (GurHl) Glod 22l 13 add 2ui 8. 4
(R Guarit 1 «fl2wu Q1o 22l clow 48 el ¢4 . (sl [Qeciz-C) il s16 Gl 2idud eldl ~tel.

il A UYL A2 2idR 62 82 dl Bl el 53 el W3 & A Glof e E, (wuslin
(A D) A YELUL . (wc-ttrtl (Wie) e 8N Glod 222 (%tqz%ua»u) 6L YU AL2L (azs ~{m~u 2 BUR~L
Blost 2AAHL AN 2R AL dE21Y 9. AL, 2101l HEL A B 5 ~{lA-AL 3 el 222U WA B (4N),
Vil o dd-u SAS5ZI (4N) uHIRRAHIE]l w8,

21, 2L 61w (% A o 53U D) AYLL GRAAAL S1U B, U1 GURAL 6L Yl viIel]l 9. GuR-L 6iw
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2yl A MAAAL LRI el Gl 2dR1xL oAl 9,

oimgetl S ASeAlSel swssr ol %S A% w1 WRRAHL [Bgdas Wi M
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B cllasf@suq

[Beadl 1T : >0 Bus, »usld 14.2(b)Hi saledl Hosot, Wl Glod Siu (vidria)
E, (B, >3 V) ¢l 8. sms59 6=l 515 Sesgiet €ll el 2 dell [Qeydas- as
“ell. At 3, 24 Glo Y (dstad) 2edl 12l €l 8 3 dulia Bedlunel ual 518 A s
e oiwsell sws51e 6img ML Hisell ausidl Al 20 BRI aqesiqal 9.

(el 1T 2 >0 uREAR sl 14.2(c)l 2aldl 8. 2150 Assa wal <Al Glo Sy
(@) (B, <3 eV) ¢l . Glostoly (dstad) Al dlenefl R4 duMiA déy
oimgi 28l B2als SAsgiA Ydll Qo HadlA Glod 31U UAIR 53| $w59 imsii 201 B,
2L szl (FHel vl ALl dlal e9dl) swssart oiesl Ul 52 €9, e, 28U sil
214304 Al 51 F2dl Gl 2l Sidl.

2L URAEUL 2L I, lesl A Adesid adllsa s, ¢d ugsl-L
uR2VeHL AN 1A S Aetril wBuL alluiall.

143 Us (AR5 ) 2098 5 (INTRINSIC SEMICONDUCTOR )

UBL Ge 17t Si +tl A1y, (Bl @sSol, ¥+ 268ls olturnl 2usla 14.341 ealef 9.
2ALAL GEIRRLL SMHS (€121) USIReAL GLURRL SSALY €9, 825 URHLLL AR AW 5AH UHIRLAL
A3 AAAAL €U ©9. UL sl 1ot 3 Si vt Gerd AR dd- HAS2IA SIU B, 835 Si b
Ge URH1E, dH-l 25215 6ltIRRIML d¥rl A4 215 215 dérd SAs2iA-Al Al A s
udlall uRHIRAAL 215 s SAsZA WA Gog1R] 52 8 i 2ial 825 wdlall wiell 218
AUl SL01L Hod 8. 241 *ofleld] uHal SAS2IA B85l SI9d 2 68 UL S5 AAA
ofl=s (618) oirld 8 M secld 8. clleld] wHAlL U 6L SAsZA dMHl Asudal
YU 922 2AUOLO-ULE9N DUl Sl W B e dHl Hyold Ad el AN 8.
sle 14.3410 eldd Si s Gert oA 2usla 14.440 B-uRaemi s 54 9, %
Sdd-2 ol A U 53 8., d e URRAM £l 9, FHi 215 wel ol q2d Al (o141 o
24 % 9). Ul URRAM Al szl $ld 9. FH diumi 8 A4 2L Sdsginq ay,

GeL Glosl Wit Ald & i Sedls SAs2iA (luHig])

92l udl U 8 (s SAsRIA ot 8 % [Agdagul
S0 2L ©9). wReu @3U Gw G, wdls
5 GIURRIHL URAMIRAL 2UA-l58L 53 & 2 oludl
vidl] %04l Bt 538 % usld 14.5(a)4l ealdd
8. ougl woul auiall Hsd Sdsgi ([Agdeur
—q AUI2L) AL O AUl vl %ouL 914 oy 9. %l

§AIS [AUACUR (+g) €U B, 2ABRS -
[agidouR Hadl >0 viel ¥0di ld (Hole) 58 9.

O ¢, si»aa Ge

gl 28l 5 wReuHl 8 [Qgdeur quadl e

m— ¢ AL ol o~ o~ o« A
USA S8 gl dH dd 8.

250 14.3 51614, RS 3 oiRase %a (AidRs) AL, Hsd Sasgin-l dva

BratRHuBLs siues usiz 268ls oit1el, Gl 2l n,, dasl v, Fedl S . Hi2d 3,
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A2 22 a s 3.56,5.43 ¥ 566 A .

n,=n,=n, (14.1)

1

i, n, 2 Ua (Intrinsic) dAles AvALEY.



Afseser HAsgiHs
gL, AAA i Alel uRyel

A Ml 2GR i v B 5 i, N o N
N / . ) h

Sasaid BuAd <l uel ald 53 9. HAS H ;

25l 14.5(a)ul ealedl Yool 221 1 W 218 €l 8. “""“ "“ ‘ -
dlail ald 2usla 14.5(b)ul eatied yooL as asiy o " R b

! 1

| | h

| | ,
I

Si 2124l Ge

NN N

§. e 2 WA Sldd-e olaul Al Sasgid vl

2l 1 (Slet)Hl S8l o, 24, UL 5851 ull, Sld *'°. " ‘ ‘ wsidlogs 64
2l 2 WIAL 2N vt 22Ut 1 WL SASIA €1y, Y, ;‘ ; DS ' T

eu{lcll ol e et 12l 22 2 Yl ol 5269, ikl S .- - ". . ", __, . g::; liécu

Yo g SAsgil Ysd Adl edl [pusld 14.5(a)], d «--0, S e

dla-dl alt Wzl 21 uBasl ool Adl el Hsd ; Lorh

A2 29dol d dlss (ss52) SaAs2iA dl3 ol L o "

538 %l uReud wuud [Agdastdl w1 dsn 25 14.4 Si % Gerf BuiRsells 2ot %
HAs2A Ul T, AL B, dle 28 5 dlasil ala 2 wuR {2l diuHAL Sldd-e ot eald 9. +4 st Si 3

el 2525l 515 olt vidl Sl R 6l sl Geril 2idl2s @l (3r) s2id 8.

arelas ol sauiaaldl 2is Aods ol ugla 9.

[Qeidaiotil AR den 21 €l 0L RAlAHIA dRs oUld 52 6, 1L uRRUA €ld Uale T, 44

€. 2U, g6 [Agdnale T3 A5 Uals T, 247 €l Hale [l A0 F2dl €11 8.
I=1,+1, (14.2)
W oAlidg B 5 Als (5v5U) SAsA A Sl Ggaranl 13U Burid,

Sas2inel Sl A @aai-] (Ye: d4lo--1) WEa u a1g €l 8. Agan Ralaxi

[AgdouR dlgsidl (Blssirl) BedMa ex s isoiloul Madldl e2 A1 iy 9.
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z»ué[& 14.5 (a) AL dlLLHL:‘l GuHL Glostl 51281 2ein 1 Lua Sl A% A 535U
%3&5—;[%-1 QHL[3{7L9l Hsd. (b) slaxil asd Gw{ly aula aszuqct A0 (HediH. sml oy
-{lwt stqava ours (mm 2) Luz{aﬂ SASIA HOUGHL Eledetl 221 1 U AU B, °z§ UL
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W cllasfasun
T — I—— T=0K 2 As wHales Q"I.Lé[(\'l
r B g) — 14.6(a)Hl saledl 3ol Hdles
E T T a3 ad 8. Gl il (T>0K)
T E, E, S GoiL Glodetl 518 A G
3} l Al seals 9As2IA Galyd adA
D

2u5(d 14.6 (2) T = 0K 21 94 218d1es, dles adls ad 8. (b) T >
OK 2t Gw{ly ld Geurt adal 212 SAsA-Sld %8sl. a2l ado (s)
HAsL sald 8, 2R vidl adoll (0) €ld sauld 9.
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Gelswy 14.1

£9. 2ell, Ua 2hALSSIAL Bl 61y
215l 14.6(b)Hi ealledl Hosot €1y
8. A Sedls OAsIAA S5
6lesHL B ATAL ) Al AA Y GLwsHie]
L AUl UL HL2dl % €ld Beurt
53l BUAL .

E l ~ . Y ~
v By 58590 CieHi 208 D, T > 0 K 31
G{ly fd Gawd wddl Sasgiq,
Sws59 6wt 2A{AS 3 @2 (AB)

(a) (b)

Bele0L 14.1 C, Si vt Ge Al i MLt Al 611181 9. 3L HIE C AAleS 89 SR
SiA Ge 2tlles ® ?

B3& C, Si A Ge il 614 oi=llddL AR SASZIA it 61, 2l 247 21l a4l
8. uel, 21 UM s SASZIAA oleIR sleal HI2 %33 Gl (ed ¥
21a-ls22 Gl Eg) Ge iz el »Aied], Si iz driiell a 2im C Hi2 il ay $iu
8. 21, Al U2 Hsd HASIA AvUL Ge 2An Si HiL UHULL B URL C HI2 HADIRY
wicl ALl 9.

144 s (cua) §19d18s (EXTRINSIC SEMICONDUCTOR)

e AAAUSSL Alesdl dril AU UR SUHIR ABL 69, Uid 4L diudHiA sl
alesdl el 20l Sl 8. ehlsdl, el sl Heedl 515 ol SAS2S
AL oLl A astd. e, disil dlssdl aridl %33 ot 9. g 2igfail-l Gualal
sl 45 AS 6.

U Al WHIRMHE, FHS e Aol 2145 Avdl (ppm-parts per million)~il 4oy
29[, e AAASsHL GHRAML 1A B9, AR 8Ll sl wunsoiell adl wmu 9.
WAL sl 21 AYAUSS] HaU 520085 HHAl sl sSUU D, Equds $9-U 95
BHRaAL Be-in Slol (Dopping) 56 € A 48Ug WM Sy (Dopants) 5&
£9. Al ueldn 8 AlA 5ol 58 8. dure (Agfa uwL) 2l €ldl AsH 3 ¥ s
LS 2525+l A [A5d A 5. A 2621541 €IS YOG AHALSS URHIZ, 221 A3 D,
214, 520l Mzl %33 A B B 3 Juse UYL 2t LS URHIYAL S8
(ul331L) Q2R AHLA Elell LS.

22 AALsdl (Ad=il) nadl (221dd-2)Si 5 GeHl QoL sal M2 6l UslR-L
Susesil GualoL A4 9,
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(i) Wrerddre ddlesdl (aaxil 5) : %43,
2145 (As), sU=2u-l (Sb), sizsn (P)
CRER

(i) a1dacre Ao sdl (Aaxdl 3) : w43,
§=dam (In), ol (B), eqfRuu (Al)
CNER

R ¢ L AHwY 5 34l Ad oy,
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(b)

25(d 14.7 (2) Wr2tdd-2 ldl (Donar) WM, As,
Sb, P 4312 % 221dd-2 Si 5 Gel SloL seul
R-USIRL 2EALSS UL O 2 (b) 7-U SR+ Usldl

Y2 AL A GuAldL daid R, % 5 AR

URHLRLAL 255U Srall dHIRLAL AL [AEAcR e sl

AL AsHUAAL AHRAAL SASZIA A3 sld B,

ool 9. WREIH 2L SASZIAR Hod 534 W2 %33 AUASHaUA Glod uell 2 Sl B,
L DURSLAL AUHLA UBL A 2L S 25 EL5HL AL 5L HIS Hsd A B, BelgRaL dls 2
SAs2inn ueial Ysd s2al UM W2 ~ 0.01 eV i Rifesin w2 0.05 eV
Glost a9, 2 Glod HRUAL dluHIA g AAdLes W2 WlasifBd ue (Forbidden
Band )Higll 5851 H12al H12 %33 Glost (3 [FUH HI2 QLM0L 0.72 eV 2t [RA[asiq HI2
QML 1.1 eV) 5l agil 419l 9. 2414, Uralddra URHIBL 215 AHIRIAL SA521A dde
(Conduction) %12 U €9 2 ¥l d gldl (Donar) A& SEAUA 8. A HI2 U 2Aal
Hasgill Avaledl 20 dulor (BHRd 24fE)-l WHIRL U 8, 2 d URAWRARL
AUHLAAL AHIRL UR 2ALIR ML 2. 6{l2 6119 Si UL A3 UMl AL UL
usd SAsgin-l AvaL (A dedl o el Aval) e wHRnl af 9, dula sal
AASEHL Ass (57e5a0) HAsA-L gat vl 1, 3 eldl (Donor) UM
WAL SASZAAL S8 27 U Alssl (AL dlunial Gt 43l SAsZIAAAL)
SIRAL Y, WUIR Slar]l §et AvUL 7, 355 Ug UGS SREA D, U €lanil (Sasgi 1)
ogL Ll vl SAsSirrl Avul bl a8 9. wReuH, dlal AvuL e 82 o, 475
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(b)

«—dld

25(d 14.8 () 219ad-e Al
(Rcl512-U1R, Accepor) uM1g| In,
Al, B @93, % 2219¢-2 Si % Gerll
22l Sidlol sl p-usiz-l
LS HOL B, 2474 (b) p-UsIR-il
ueld {2 AM Fd Gualowl
adld UL, % §5d Al5IRR
UHIRLAL [Ad Svglq aBIRLnL s
AR 8L [AAGUR At sl
AL AsAAL €l A3 suld 9,

a4l 5 22ls qMAYL [QgaciR deddl Mad] Avl &

214, Aoy WHIRLHL JloL sl swssar Sesgia-l Al dlal Aval
sl uell gl asid. e, Urelddye Aafa U s2e 2ie AL,
Sasgint 4R (cgAaras-Majority) USSL oA © SUR Sl AR
(2euAqvys-Minority) dlssl ol ©. U], U HAASSA H-H5127
AHAUSSL 5. N-USIRAL AAALS 5L HIS

n,>>n, (14.3)
(ii) P-451R Al AHAUSS ( p-type Semiconductor)

%412 Si % Gerl 2uSdd-2 (o121l A1 SAsgin Hlddl) x49(&, 4 3 Al B, In
U312 o SIU 5RAIHE A1 UL SUALUBLE HA D, 21 AL 52cL HIZA L URHIELA
Si% Ge 53l 215 {9l A HASZA €189, 2] L UMY, HI%Y UYL AR
Si UG U8 sldd-e (AsAAs) oib (elles) eieticll 25 9. U3 2la Si
YA 412 618 oietredl dell Wi SAs2in €ldl A2l 2412l 2la el uamie,
et LS A 2 URHIY, A2 el ol L[ 14,81 Batlenl Yorod w15 viiedl ol
(Vacancy) % €ld S1d . 282ls4l wdlall Si urMIga €lasdl gouist s
Sasgir-l 3Ruld dlaial ougHl 2iaal uHIRLL tlslR-l sauHl 2uddl
HEASZUA FEIA 2L UL YR B, FrAL WRBUH el Wil Hot 221 viell oL S
SLA G UL, UM, 545U HIZ S1A U LU 6, ALk 5 215 E2, 6Ll
YA, IR Al HEASZIArL 619l Si UM 1L @flelz] 53 R uReny
2030 Rl (g dculd o 9. e, p-UsIRALUELAAL Sure uRHIRA S
14.8 (b)Higauienyoi d-llad A sodd Sl 215 861 [QAgd a0 5w
A% ol H1d 8. L evil 89 5 215 w1l (2als12+11R - Acceptor) WRHIR,
25 ELAAIUD . LI g HAAUSSHL (FURSALAUHIA bLlcdL) Sl BURIA D,
IR LS HASZA BEAU 55 Ug UAALSS % . UM, PULAL UL U2 Sl
1ol [22] alg sl 2in SAsA USRS Al s 8. dell, auSdd e g [t du
S2ALAUGAAAUSSP-U SR HEAES] 5SUUD.

P-uSIRAL LSS HI2 (A5 Sleril) Yet: Adlogeiil ulBainl 5180
e (AidRs) Ad Gaut adal dasgid-l Avar (n,) wd 8. 2,
D-USIRAL AL HIZ

n,>>n, (14.4)

. 5120915, qauRAU [AgdR

AU il [QEAR #15Hi EAU HHI4ASHS S5l (A6]) Fedl ¥ 21 [A38 U1+ €14 6.
23 (elleL) a8sHL HARS [Rgdour alssisll Aval yrsa dladl Guly d
Beurt addl USRS [Agdou augsid 1ei22] [AedouR dugst ule 2 adiai-l asddl

A Sl B B UM, o A WAL €14 9. U], 298 URHIRAL %

L5 UsIRAL M2l

AvUlAL [AgdouR Algsl Held 52 8, d R [Agdeir digst ot € 2 uRla d
(Gw{l ) Gaurt wdel HSAREL Al sivl AvuL BaLsdlHl Hee 53 9.

AALSSAL Qo o1ws (U)ol 2L Aulornl S1R81 tlectld 8. A9Ls AAASSIHL Bl
G 247 2eL5121R (AALR) A9 [EAAL 51280 af1AAL Glost 2L (Ep 247 B, Jusl
€193 S B, U512, Si2AALESHL, Ll BloA 212 By 2 57450+ 6iwgell 0141l 2122
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Afseser HAsgiHs
gL, AAA i Alel uRyel

€9, SRl AlUHLA, HLRLHdLeL Bl (8IR) UM 2A-lsd &1y 69, ud Sivtl agll
9L (~10'7) wRRll sl A 9. il se8sU Gimsul Hieleoinl Sasgitl
elcll 0 [a2H1Al A B, % 215l 14.9 ()i e1AA 8. A % Td p-UsiR-L HHHdlss W2
AR (ell512-U) Blosl R B, Ad 6ie8 Byril 21l 222l 2lgs Gu $iu 9, %
25l 14.9 (b)i ealdd 9. ddls Glo 2uudiell el dd= 6=l 28l Sasgiq E, i
USiaL 89 it BsARRA BRUALLA IR A1 Alsd 536 (ofle Ad SRl 214 waL sél
wslot 3 2ldls Glost 2l 2dR E,Hisl $ld dd oiwsii 12 ou 8, IR oliel Gl
Ul 41 8 AU SAS2LAL BUR 2419 9 el Sl {12 1 8). BUIAL AlUHLA HL2LHLOLAL
AL (FLeARR) UYL dalsd A1 9, F AAA gl Sl Bt 53 8. 2,
HIRAL vl dd=A ol Sledell AvalL Bl HI2 @IoL 29e el 8]
AYLGAL 518 S 8. (o] A gl AU 2 €lete{l vl

n,n, = nl.2 (14.5)
a3 U 89, BuaHl Ayl 1R 24 sleuHs (Hypothetical) dldl 69di d gL,
HASL A AU (U A A49L6) AL dslad U0 d AHAUHL Hee3u 8. C,
Si 24 Gerfl 2A85AlAL dslad dMel $v52r i AARY 618 qRAeL Glol dslad U
IR AW B, C (€IRL), Si 214 Ge Wiz 211 GloA dsladl 2454 5.4 eV, 1.1 eV 2471 0.7
eV 9. Sn U AHS-TVHL 2Uad decl 9 U d Hid B 512815 detl 412 Glod dslad 0 eV 8.,

r
%

2 )
o
=
('D:
<

m ——p
fes]
lw)

fes|

@]

—>

2
(:\ﬁjx EA
Be) E, L)

~ 0.01 —0.05eV

(T>0K
25 Gowlid desgii-€ld A, () T>0K
dal Eldl URHIRALAL 9 Sasgi

2u50A 14.9 (2) n-Us1AAL 18185 14 (b) p-usiil
wEAles HES T > 0 K diumist Glod 6iss

Gelsanl 14.2 W% g Si 26lsul 5 x 107 ueym’ 8. A 1 ppm @sidl
(Agcl) WA As 4% QU UMl 20 O, SAsgiA A Slaxl dvay ol
7,=1.5x10"m" > D,
Gya il 3 6wl Fd Gut adal $Asgiq (7, ~ 10°m ) 8, ¥ ddlat
Al Hodl Sasgin-l AeuHelHl ol wsi dedl 8. »uEll, 7, = ny. U
nn, = n &l el v
n, = (225%107) /(5% 10%)
~45%10°m " 477
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Formation and working of p-n junctiondiode

PHYSICS

14.5 p-n %5A ( p-n JUNCTION)

Q418 2Ulsrer ol @Rl AL HIZ p-7 B 5AA L WIARS 6HIREL 54 9. Y
AAlSs @A 51 AHHAL HIZ F5UAL 518 AH 1ot Gudlal 8. 2l ¢d 2
AHwAL WAL 5319 5 %5 Sell A AU D 2 AU ollEL dieey (Bl oy uBL 58
9){l 21Uz dsurd 3l A ad 9.

14.5.1 p-n %52+l AL ( p-n Junction Formation)

p-usIRelL RS (p-Si) 18l s uldo] 2dR (5U18]) [IRL R, 2l wHieri
Ureldd2 g GHRaE] p-Si -l/udAL dLsLs oL 7-SiHl 26l sty idl agil
ol WBAIAL O %l 4y 21hales 4] A5l €d 2l Ud3] (dR) p-LRdiR 214 n-[&rd1R
B 69 2l p 2t 7 (ARl a22 H1[cs % 591 uRL HRLA €.

-1 %53 A4l-L deel sHule 6 101l WEAAL 21 8 : [Gx2@ (Diffusion)
214 qe1 (Drift).

8L 2Rflal ¢l 5, n-usirel hAUSsHL SAsZAL AvaL Bdl (M54 58 €ls
Hasgin-l v, dlaxll AvalL dndl 52l a8 €l 9. d o d, p-UsiR-il AEal8sHL,
gla-l vl adl, Sasgi-l AvdL drdl s3dl a8 Gl 8. p-n B eistal-l Besl
eAHUA p Vi 7-dREL [EQRAIRIML, AVl ddidl dsldd slaiel p-[Adiuisl sla
n-[Aeo1L d:s (p — n) [ (Diffusion) WA 6, 244 #-[ArdRUi] Ssgiq p-[AdiR
d2§ (7 — p) (AR Wi 8. [AedeuRidl 21 wsiHl ould-dl 5120 g sa-uial (G
(Diffusion) Yalle ad €.

AR A5 1 —> p RS WA D, AU WO d 7-[AcRML AL 5l SR AL %A
€. L Uaxilsd G2 (9 [QedenRd) aildela el (RU2 €l 8) s18L 5 d U6y
WML A3 6UBd G189, FH A5 1 —> p RS (AN AL AV D, dH 4 [Aldou
LR 2R (A2 4t UA-2A1%F [[ARcAUR) F5UAAL 7-dR5+1L [EReARML A 0 .

o o T AL rddl dsladrl S1281 %R Sl p —> 72 dRE (AW WH £ AR d U0l
2l L1212 (ALsAeR) (8L [Aedeuild) isdl o © o oildsila el 24 ld
[AR1220 WiHAdL 21 © dx 82 [edeuRd 215 2R BRL UA-A% [RAIR, 5l
-8l [AcUHL 22, 4 9. %58l 6l ool 24 202 A1 [ Jrd e [GeaiR
s5¢ 9, 510 5 sl vRURAL SAsgid A dla-dl wizlds alalald (i u
[ARc1ul s [AeLdeir a8l el (sl 14.10). dretai [zl s ussidle-il

LML GULAL UL S1U 69, A SAAAL 7-dRS

Sassin s < B2 Bz ‘Ei'-t cH] iwz? [ierR e p-ciRs 0L UL A%

R A dld, 4 [Qader dedl wwl

Sooe [Qeidour dre [Aeldaial Baut i 6. 2l

p gggg n (8@l 51281, B 52 p-dRE+ll HAsi

0000 n-cd2s e p-d$ell €ld F5Url p-ds-l

. : < Qo B Bl AUl st 8. [Agdsanl siel adl
e R > e (e [gyceuil i oufaq Bse (dent) s8.6.

_ w14, Fs2 wdle A3 AW ©. ¥ [Auel
215l 14.10 (a) p-n %5t (Reymt) waterdl Rze Rasi du &
2L uldul (15[ 14.10)



Afseser HAsgiHs
oL, AL 27, ALeL wRuAl

ABLAUL R5Yovt Uale HI2l Sl 8 e flge Uals il Sl 8. Y
Reyont (A1) uBdL 21000 aBl, du g sansll ol ologetl 2a-a1e [[BdR
wieL Al 4 89, % [AgLdaiai-l dlodl aduR © 2in dell [3se wals ua at 8.
ol Yl [R5t el i (352 el AR A &l Al il >0 UL aied 53
9. L Ad p-n FsUA A B, AdArHl el p-n FsusuiEl s vl
(gL nats aedl -l

n-[Ad1ui] SASsZIA AvAL B2l dal p-[EcRML SEAs2iA AvaL dMdlHlL
51280 sl ol ouyel [RRdIRML RARHIAAL dslad a4 9. i
Rl Yol vicdl €1 8 5 % [Agdatssiqil dats- A5 5 @l Aga-isl
Rald 2o, 2usl 14,1140 Agan R 84 p-n Fsust 247 Fsansdl
U RARMIA sale) 8. p-ldiR SAsgiq o 8 R p-diR
dasgia Had 8. e, p-ladiz-l wha n-ldR 4 (fQgdeuld) o 9.
21 Rl Sasgiv-l n-[aadiRuigl p-[AdR drg -l aldn sd gl d-
R4 le[4d ([R2lAH1) UL & 6.

O O
— W —

008
CEER)

D 0008 n
CEEE]
CEER)

<+—E
(@)

(b)

2usld 14.11 (a) Afed Rl
SRS (V =0), (b) etiut (dieee)
2L yddld ARuR wielRud

BELSRW 14.3 @ 9| UL p-USR-L HAALEs AR lilds Ad ofloa n-usiRe

AALSS ALE AN p-11 B 59U oitLcll Sl ?

Bia : AL ! S5 ual Ad @A o ded Aue G, dl ueL WRHIAL HidR
uHIRAS R (~ 2 @l 3)all dl 4y vkeiAg Sl o i dell wRAlEAs R Ada
2818 WA Al Al [AdeUR Assl W L ¥sUL »Hadd (Discontinuity)

[GRcllR a3 514 529,

14.6 29485 31ALS (SEMICONDUCTIOR DIODE)

dles Al [Pusld 14.12(a)] Hasd Ad dl ole diess
AdUSAl Hie Bl UR HUlcAs AL YA p-1 F5AL O, o 6
Rigd-200 awll a4 9. wislis Ad p-n Fsad g e
sl 14.12(b) Horod aldl asu g,

-l (Rau [eiduats-l 3Roid (wulid) Ba eald © (a2
QAL S1RAS olUAML 1A, AL 6L 8981 922, slel ey
V @l Agad ol diefRud sedl asii 9. p-n gsu-
sdleel Adadt uRfald (elun dieey il aor-dl)
sl 14.11 (a) 214 (b)ui ealdl 8,

14.6.1 51R4S LUl UL 60 p-n F5AL SIS
(p-n Junction Diode under Forward Bias)

A yilcs
RIS

(®)

25(d 14.12 (2) 885
L8, (b) p-n F5At $LALseL st

AR AAALSS SLALSAL 6L D3l A2 el Al Vo idl Ad vl 2ud 3 %l
-l 61230l il 941 018 A #-[A2cRA Gl 88l B4 A1 Bl 2d

[2usla 14.13(a)], AU AL 61248 ol 541 5B,

e dley e [ARcRAL 6L 951 a2 Aol 9 A F5UAAL p-[AdIR e

n-lRdAR a2l Raladidl dstad ddlad €l 9. (2ud sl A 8 5, dwad
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(AR 5 o4l 516 Ul 53 53 28 dal [Agdour ldl 8l d-dl Htariy
1-[ERAIR i P-[ARAUR AL HARIH SALERILAHIR €14 89). AL UL dleey

_HSVZH_ (V)<il [2aul 21 221l 2iez-L diees V, sl [A36 €l 9, uReu,
o Qg 2l uglos 82 € 21 AlRUR-| Gl ue 9 [2usld 14.13(b)].
o S12ad oludl 2142 S50 uRRIH ARUR QLS (V,— V) iU 8.
A AU dlee el 1, dl AR Wle[Rdd Ada-t Rl 2lgs o
@ Ejé@l 2 gcer{i{tru ?ft&l's z{wyu Alesl %, % Al Gur-il Glost 2@?{%} é?t\?{
o, Yl Gl Hotellr % saHiel uAR Al U, [Aeduals waL U9l sal.
] UL L A Al AUl Aot dl R diz(Ruasdl Gl gesl
v, 3 2L AR (A8 GUR g sl Yl Glod Anast, 214, [[gdudis Al s,

adlde dleel $1381, 7-[AcRuiAl Sasgiq @ (Bl wauR
— 530 p-lAad1RMl Ud © (Ul dvil MRS Alsst sdai). d o 3d,
(b) p-laadrRuidl gld #su uaR 53 p-lAdizdl ueid 8 (ol dil
25(d 14.13 (a) 51248 ouu USRI aAlssL ot B). 51248 oL AR S50 21 UBULA HSHRE
S0 p-n %5 $IALS, Ales s (elud 5d) sl 8. Fsu--l dlHL WA, oid oy,

(b) ARu2 QZ[Fua (1) sl USRS Al siil Aval dedl % 52l 5oL 98121 sl el a8 ).
qs12, (2) 29l G129 Ao 2 2L Aol Ardldl dslad (gloud-Gradient)l S8 p-ds elvid

(3) ay oiedl dieee

10006
16066
P 10006
16066
* 0000 °

r A

AACICREEICTIRARCICH

addl SAsgir %5l p-ds=il q1R WAl p-[Aair-l oflo 93 udia
©. d % d, #-ds elvid Qddl eld, FsAA-l 7r-dsdl el
n-LRARAL oflo 93 ugia & (sl 14.14). [@adeir aussi-l oid
n dRs+l 242Ul 5191 [Agidudle 221 9. dle-l 54 5148 [Agduas
2 €let ey nals 247 3(301d SAs2iA 35 Ualgril AR F2dl

Sal Sl D). vl Ycllér] YU AL MAHL s S .

Sasgiq dd 14.6.2 Aa suuA-l AU 60 p-n FsAL 1A

2us(d 14.14

(p-n Junction Diode Under Reverse Bias)
L3, SLALSHL 6L 931 2L llal die2y (V) widl 2d aotisaml »ud % el

WSARI Uss e 5am Al -3 et 2l p-9dL Rl G, AR dd e opau s¢ B
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[tsld 14.15(a)]. Heiedtedl daausd diees e [Edizul al €,

e e+l (2o oiluR Y[Rl [Baml sl o, 1], 63yl
BlausS all 8 i [gdaiul 33512 2l ddaq [z udlon a9, Fat enyis
AR gs0 uRRHl ARUR Gl (V) + V), w2dl Sl 8 [2usli 14.15(b)]. AL S8
HASZAAL 72— P dREL UAlS 2 Eletedl p —> 72 dReL Ul AU 8. ], Bayoe
Wetle SIS ol RRRMIAL L8l AvusellHL sl ol 88l o 9.

%s-ril [Aerdaotl [Rau iddl €l 9 5 %2l A p-dg-il SAsgi 5 n-ds-il $ld
Ml 222t AUt eAFMALA % sl WA 24U, dl o HABLREL [ ds QEALS 9 6.
[Agidatesiqil > (352 (A5aLs sal)- 51280 [agduats ae 9. 1 (32 ddlg 145 HA-lL
sHAL 1A 69, VUL Ul =RLL 9L 1A 9, 51215 o Algsiel HSHUREL ouogel % sl
2412 ABLREL drsl oUldrl 51280 Sl 9. s1Rad ol e uel Bse dals el
€l Uig d eluie 2ddl (S-5e addl) [Agd Alssiql SI8L HOAL mA-L sH-UL Walg-l
AeuHRlML 2018 asid dedl (WA) €l e,

S Tl e, QoA dlEy UR bR BUAIR AL Al 21U 218Ls dledy vl



Afseser HAsgiHs
oAl AL i Alel wRuAl

HHAREL Al s w5l is ollogel ollw ol @S ol HIe Ydl ¢l 9.
2 Ul @dldd diee a3 Aluld adl Adl, uiq d Fsa-sdl eid ouy
SRS Al il vl dedL 4t Al Hld 21 69,

Raal otuai-ll »1242 S50 Reidauals sili Rad ol diezes 4l 2eda
S, FAGSUBA ARy (V) 5689, 242 V=V, 1 iR sl Rar
[Qgdudls 2cid Buedl a8, Rolle diey-il dldls ddRl el
[Agdnaieni ael {2l 3512 53 8. %l Rad wdlen ollel uRua o (ds
Rl o3 saida) 2iss Heall e qed Yol MaBid sl 4 20 dl
P-R%BSUAA AL UN D, D15 Auid d 1551 526 Y sl aHl o ved Ul
A4 Ul ORH AT AL WA 8. %L $1248 Ul ~155] 536 Hed sl Al o
L $1AL87 SIS GlAHL VAL 1A L uRL i oisfl A3 69,

QAL V = T alatBisdizii-dl (e 3, »utd dicees A8 [@gduais-l
$35R+1L) oAy sl Hie wRuasdl slsasll 2usld 14.16(a) 24 (b)ui
gallel 8. wilRiler (3 Aadiee) Hizsd 6lelA S1aLs AL BLscll 2ud
8 5 el Sllsn @dLid dleey oledl Asld 9. dledeil Fel-YEl HUUA Yl
W2, [AgduaAleL HEdl AL 2UA 8. 5[ 14.16(c)Hl ealewl oo V
2 Tl 2UAN SRAME 209 9, il 5 51248 oluAHL HiuA e[l

NN

U wals 1L eladl

—> W e—
cooeed
000660
P ococoeee n
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000000
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N
(b)

2u5(d 14.15 (a) Ra ouuAmi
QAL (b) Rast ol >t
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2

gs0 ARUR w([ua

yale Hual 2480 Rl 21ledl Guatol 53124 ¢l (A1l
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I(nA)

WR29eH1 AY ¢ dn) 212 Razl ol eUiA wale Hiudl 12 Wissiaile (A )-L
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L1
P n
B
Ml 20+le:
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@ dieeHler (V)
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A
5L iHleR
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25(d 14.16 p-n Fsat sl VI claBisdiaiiqn e sal Hie uRuasl b

ol (a) S1ad olu, (b) Ral oliua, (¢) Ralesie st 55 wsizefl VI cla@isdiil.
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Gelswn 14.4

Gulol s34 el 218l 14.16(c)4l diL AS 251 5, s12a8 olyuul A32UAML %dl Y4
SLALSeL 98124 Rl cllee s AlssA Hed YHL AL At il [Agdualg ddlad Ad
flaell abl 69, 35 dlalBLs dices uesl ol dleeo L A2al dHIL AR WL S1ALS WAl BBl
ol (A2aldisl A, Exponentially) df 9. w4l ey 4Ulés leey s s2-9e Ay 5869
(% A [FAR LS HIZ ~0.2 V 21 RS SIS M2 ~0.7 V 2l Sl 8).

LS Rt olAHL LU A AR [Rgdudle e (-UA) S D A oL
LR 351R AL QAR HAN RS V. Al R 4242971 (gd) Yelle 58 B, 4 69dll,
(aRre Zraull Hie sl Gl Ral sl (A5416H dle HI2), 24l dalld BLseH d8dl Qldl
8. S1Lsel 201 21014l aAde)s, 412101 HLAAIRL URAVE 4,841 AR D, ALHI=YL GuloLH
Aallall S R A2 Ut [ciell 210 Guailoml dadl -ell.

Guasil vyl eaid & 3 i Ad p-r F 52 S8 [AgduaLs- as is Rl o
2cl £ 6 (S12a% cuuAHL). Ral 6uauel 2L S2dl S1R0S GLEA AR 21E0L G146, Bl
ap1t-l Guallol 1] diezesil 25218159 (sleellsral)ul aid 8 % ¢d uedll uRadeui
AHANR, 8. SIS HIe UL dleedl AlUdl 3§12 AV el ded3yu [Agduats-l il
$351R AL LRITR L $141/35 () 0904 a5 AvlAd s3>t el -

r, = % (14.6)

BelsRR 14.4  2usld 14,1741 s Rl sl VAT cialBisdl ealdl 9.
(@) I, =15 mA i (b) V, =— 10V 312 $IdLSTL A4 2Ll

I(mA)

30+

__ s

— A gk

2u5ld 14.17

B34 1=10mA =l 1 =20 mA 423 disil qaf@isdl ealddl asd Gealy
(Blguiall uauiz adl AlHl el dl il 203 (Ohm’s )<L [Fau-lL Gualol
530 210k L] Al :

(a) aswdl,I=20mA I, V=0.8V, [=10mA 4L, V=07V

A =AV/AI=0.1V/10mA=10 Q

(b) AsWRALV==10VHIRZI=—1pA,

el

7,=10V/IuA=1.0x10'Q



Afseser HAsgiHs
g, AL i ALel wRuAl

14.7 %51 AL AUs2su2 a1y Gualoy

(APPLICATION OF JUNCTION DIODE AS A RECTIFIER)
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o Alell 25, AlAR Adl Gualol BuASIA dal Aasiell digin Uid YL ulsdl i sedis
SesARUHL WlaR Al ddE ad 8. el (Bl sleldledls Ad-l Gualal 531 el

WL Y GloA Aoradl 2 i A ErAAL [ENY 9,
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Gelsmn 14.7

BELS 14.7 AARAAHL W HL2 Si v GaAs Ude s 21 €9 ?
B3 vyl Houdl 3 (AL adlug (Spectrum) 25l 14.2640 g2l 8.
A

A

AR QB8 (dsd)

| |
1.0 1.5 2 3

v

hv (eV)
2usld 14.26

1.5 eV uial d Heri 8. gleld 4 Galyd 5201 12 hv > E, ld A5 el
% AR AL HI2 61w AU ~ 1.5 eV 5 el 2l Sl A A2 GloA-L 3uidr IR
werty adel sid 53, RS W2 E,~ 1.1 eV & %413 GaAs M2 ~ 1.53 eV
8. ¢5lsdHl Si sl GaAs A9 A1 B (a4 Gl 6= LU Glall 69dli) SR 5 il
MRILS UHIRHL HIEL 9. %l 2l CdS 5 CdSe (E,~ 2.4 eV) %l Yelai-l
Gualol 53020 dl 2uusl yd Glosi-l GlaAl Glo MLl ®aLl % GudlaL Siél-
3uiclRRL 12 531 A1 24, Gloslel ULt oL GUALoML L 2419

Wl 2 214 5 1 A M2 HUNEL PBS (E,~ 0.4 eV) %l Yeledl GuAloL A 530
a5l2L, % 2 Gl AglueHi Heddn 243w v HIR v >l arded wier 53
69 7 o BUUBL UM 53 dl Hieieoil A [RGB AR Al Gurril M
AMLS % 2 o DA AR+l i8R YA As USR] % A b, SAS2IA Sletril
stday Fd el uddl HIZ2, sl [AgdaninlL sR4., $121-391, %5l
25l (AR & AL,

149 Blza Saszilsu 2 QAl¥s Sz (DiciTaL
ELECTRONICS AND LoGIC GATES)

21011 [Gepoliml ealda SAs2IMSs uWRudl Fal 3 AFEs1AR, viRude: A913ul
Ruortd (Matle 3 dle2os ) Acd AHY AL e dldl A2  Uelléril UHL Sdl, 2ALal Roras
Add 3 Aol Foded s& 9. »usld 14.27(a)Hl 515 218 HAeieiol Rodd eaiedl 9.
sl 14.27(b)HL 24e (Pulse) d2o2d3u (Waveform) el 8. %ui, dles-l
8925 Hedl o AU D, il e salaal 12 olsS-3 «ioiz ([gojell Avaiil) uotds 3u
9. oluAd]l AqvdlA s5d oL sl 9, 00 (A5 0 V) ¢4 17 (s 5 V).
215l 14.27(b)Hi salenl ool RRsed SASZURSRAHL UL ALl §5d 2L 6 2R
(ML)l Gudlol s3>t 1ok, ial Rienan BlFea [one seai €. Blsed uRuali
55 6L qedl (024 1 43 ealdd) Sy 249 2UG2Ye dle2ss HIZ 4t 8.



Afseser HAsgiHs
gL, AAA i Alel uRyel

2L uRadell &g Rled dasgilrtsuril wnydlHl dau i Y3 wisaledl . »iusl
AR Rlred SAsgilsunl oirieily sl (clws doy) Ydl ¥ en 5319 %
Rlreat Rona u Alssy WEAIL 52 8. dil¥s dle-l GualdL sesyder, Rlred alzuol,

sz, Aelle, HUEBLs [Faists weuldiil 21 2l s MEaqui i 8.

dRL aRMl auRldl dide-dl Raaq Rlred uRuadl Gelsat dls ol sy, Raa-l
(Rl 212 Al e’ 5 g’ €S 4. IR AlSe Ul Gl AR 2UByed Hed 1
gla 8. wAR dlfe ‘uls’ ¢lu R iBeyed Hed ‘07 ¢l 9.
alfe Rau-l Ralil S-ye sald 8. diedt 2Alg o4 s2a1, R i 3 s Rl

CESTEEIES
+ A
A
o’
o =
£ gl
I MAN S
x A >/ S
ST \/ N \/ VNS A
= o
v 2R
Aaad) 0

(a)

A\
~

AHY

(b)

2u5ld 14.27 (a) 2i-udiol Riona, (b) Rlsea Riona

14.9.1 Al%$ 92 (Logic Gates)

de 25 Red uRua & % del Stye 2ix 21B2ye dieey di-l 2lssA allysd
ol wdrt 53 9. e, due AL Rd @lfFs dle s& 8. dle vedl Mie 5 d
Wl wared Famd 52 6. % Ui AL dll¥s o2 Gudloml dad 8, d
NOT, AND, OR, NAND, NOR €. €35 %5 dlest 4104 st 9% eallcud € dal
S8 detl g2 Sote (dctel A4128]) A3 AP 2 £ FUl s HHedl Syesl
cdll¥s dad-l asd A%<l (Combinations) il d¥= 243U 21622 dll¥s
dad euldal €l 8. dllys dled s1d AMral WIS 2o 2ot BuAlall 8. AlLs-sseR
AL GuLL 53U L AW s Sl eiitell wst 6.

(i) NOT 912

2L Al wals (ueid) die 8. FHL s Sy 2 35 G2 €l 9. dsll
142 ‘07 €l dl o HB2Y2HL 17 U & ie dell Bag uBL. HHed 5, d-l 1B2yeui
Sriyedd Gag 20U 9. 2], dn a2 un s 8. viusla 14.2840 24 dle-l iy
At GuallowHi il st 2 de ga 2ot ealaa 8.

(ii) OR e

OR 312l 6 5 af Y2 -l 25 2UB2Y2 €l 8. 2Aslcl 14.2941 d-l il s Ast
i 2ol 2ot el B, A S A 20gaL S1Y2 B 2aqloia 1 Sl dl 2By Y,
1 8148, 2i2a ol 15w Sye G2 (High) (1) Sld dl2uGeye 1 4a 9.

A Y

Sry2 2B2y2

A Y

0 1

1 0
(b)

2usla 14.28 (a) dil¥ys
sl (b) NOT dle g
2014

491
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gye  2uB2ye

A Y
0 0 0
0 1 0
1 0 0
1 1 1
(b)
492

gye  2uBaye

A B Y
A
v 0 0 0
—@ 0 1 1
B 1 0 1
1 1 1
(a) (b)

25(d 14.29 OR 3ie W12 (a) dUl¥s sl (b) 2o 20

Guasi oul@las s s GuRld, it el Gulal -l Gelsuul alel Heogol
UL AL AZUHL 3512 5L HI2 UBL AU 9.

BewswL 14.8 U5l 143040 aledl Yool »UUAL Sy A 245 B HI2 1oLl
OR 3l 2182y (2212a34) (Y )l Al AR
Bya: {2 yoror i 53 :

o t<tMR, A=0,B=0; 2dlY=0

o fdlnHe, A=1,B=0; 2udlY=1

o pedlnue, A=1,B=1; uEly=1

o ey, A=0,B=1; Ely=1

o gl e, A=0,B=0; ulY=0

o tedlrwe, A=1,B=0; 2udly=1

o >tue, A=0,B=1; ulyY=1

1ell, do12a3U Y sl 14.3041 eaienl ool Hadl.

tl tZ t3 .t5 t6

T
$iye ——I

—i L
weeye  vuyld 14.30

(iii) AND dle
AND 32 6 5 a4 §+1Y2 el 35 2U62Y2 €l 8. AR Gy A ¥ Sy B o 1
Gld QIR % AND Sl 2U62ye Y, 1 40l . i1 dle-l dif¥s st 2t g4 eod

sl 14.3 141 ealen 8.

A
o—|

o— |
B

(a)
2u5(d 14.31 AND Si2 ®i2 (a) dll¥s sy, (b) 2o 261



Afseser HAsgiHs
gL, AAA i Alel uRyel

BELSA 14.9 GeleB 14.8 UHIBL A -l B Y2 2oL 2034 dl. AND el
Heeell Hod 21B2Ye do1 AU elRl.

B3a

o <4 MR,
o el ue,
ol He,
o nlg MR,
T D VAT
ol MR,
o 1> MR,

UG Hedl vl AND Sle Hie 246242 2oL a3y, «{l2 3ot el sy,

(iv) NAND %l

AND 32l »UG2y2 NOT dle-il Setyeui siudiell 21 92 1oL 69, %l §+1y2 A 2+ B oirl

~

V@l dl Y’ 2uBeye 1 el wadl. i Sle «uH NOT AND usiasil adgjsl usl 8.

b

A=0,B=0;
A=1,B=0;
A=1,B=1;
A=0,B=1;
A=0,B=0;
A=1,B=0;
A=0,B=1;

2

21l Y=0
21l Y=0
wElY=1
21l Y=0
21l Y=0
21l Y=0
21l Y=0

I

codboacooen
~
[

2u5ld 14.32

U5l 14.3341 NAND Sl 2istl 210 g4 2ot el 8.

NAND dle-il 3eesl Haoid dil¥s 92 OR, AND, NOT (Rallsd1d 14.12 244 14.13)

adiR 53 wsidl dldiell NAND Sien d1dla1s (glmaede) e ual 5869,
Sry2

(a)

25(d 14.33 NAND Sle 412 (a) dilss sl (b) 2o 26le

A

2uBeyz

Y

Bl k=1 k=]

[l K==l N N

oOl~—|—=|—

BEWRW 14.10 2UUA Sy A 1L B {2 NAND ol »UBye Y e

TEREARIA
B3a
o 1<t MR,

ol e,
o nlgHe,
o nlg MR,

2l Y=0
2ElY=1
2l Y=1
2l Y=1

Gelsw 14.9

Gewswy 14.10
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o gl uie, A=1,B=1; 22udlY=0

o rodlgue, A=0,B=0; 2udly=1
o 1> MR, A=0,B=1; 2udly=1
L N e e
oy | E |
B 1 1 1 1 1 1

Sy
- H N N R
= : : :
= Yy — !
S
g L 4L Lo 4 I

2u5ld 14.34

(v) NOR dle
el 6L 5 AHIR SYe Al s 2UB2Ye 1 8. OR dle-l »UB2yet NOT dlesil SetyeHl

24l NOT-OR 92 (2128 3 NOR 912) HOL 9. %l cleil 6irl §e14e A 1L B ‘07 €l IR
o Al Y B2y 1 MOl 89, HHed 5 515 s vaal oflel Sye 1 -4l susld 14.3540

-~

NOR 3ie{l 2istl 24 d g 2ote ealaa 8.

d1ye  wuBeye

A Y

0| o0 1

A 0 | 1 0

Y, 1| o0 0

B 1|1 0
(a) (b)

25(d 14.35 NOR 3i2 w12 (a) dil¥s s, (b) g1 2oa

41, NOR 3ie-il Gudlol s34 AND, OR, NOT %l Hoeid dll¥ s 312 ddir 53 asdl
laell (Relend 14,14 214 14.15) NOR Slest 1dBLs (4[Raria) iz uel s¢ 9.

UL AR, U : SRR 25l ®law

(FASTER AND SMALLER : THE FUTURE OF COMPUTER TECHNOLOGY)

gle9ies Al (IC) 2 25 5132 &ed Al wstd. €55l dlIC doLoL el [Agd BUsBIAL AL AL 6.
F43, 512, lAlAnet, CD1@UR, Ad 51 3R, Hal2lA 4l @l5dld s1aeasd i 58 1C AR a5+ ¢d. IC
2ol [AgLd GUsBIL B 5 % A5 % Usyul Rl ot 2U[TReR, 21aR1M, 5U1e i il Bddl diR AHA 8. dH
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Afseser HAsgiHs
g, AL i ALel wRuAl

~

He51 MU UMl AL % gl HSSLWRAAR Dl IC 9 5 % Sl 635 Hcll U UBaL 53 6, F3s

~

56 56l gotlacldl el 6 df Bie A, WM Aeiddl, Ml (315H) Acradl 492, ICH] Al uay 2ld 195841
s g vild %5 [beslal 53 ¢l e dell Hie dud 200040 Ul WRARS 2-iid 4y od.
ABLss52 2825 (5 Alu)HL 2541 uR slell@alons] dls stomldl Ulsdl glal IC oirlladldil HUd 6. UM, AHA
§rsae 250l (IT)-l $rsglos Alsms52 UR IERA B, 4l %, ICHL %Radl atl © 1 d- s¢ sed
o1 19, el Ui eASIUL, SRR 25Ul seulH (Dramatic) @gslisel (Miniaturisation)l 51281
AR S otgul A ~tiett ($8-1) AUl D, 197041 INTEL-AL Agaus olléA 4221 ealed ¢d 3, IC
(20w )l #3430 amcL £2 €le adl @oreiol ol adl An 8. d %23+ (A4 ds el 8. 2l €ls gufre] vl
2288l At (Bediri-alluell) adl © 2t £ all skl af ulsasudll (Powerful) £9di »o1dl a¥ sl Al
Oirlcll %A €. SRR AL AGRIA HLHLR i Uil 2Ud €9 5, 202041 HowdL 51221 40 GHz (40,000 MHz)
(2UgIL) 514 52l 62 2L o BRI ALl A, SAEH i AU SRR 5l AL ARAL S8 Al 5523 2
SR 2s-ldio-l [s1es glant vt anellal ollde 4L dusd ([Ra) a3 saldl asid : ‘o Axlswsser
sl Feefl Bsugll NSl (st &y dl, A A 15 et €16 YA Aot HUSE ALA 2 d= WL sl

5l 88 ecl Ul u3.”’

ARIA

1. Alswgser 2 aduid Al 22 SAs2URS 22Ul (Divices) FH3, 1AL,
2123, IC ALl AUl WefAs (Widtedl) sl 9.

2. 2 drelel 5[5 6lt1ReL 247 UHLBAS 6it1eL UL 551 AU €9 5 U ged
AL, i (Als5) 3 AAdles (AMRS=523) Sal.

3. Higilel 2AaAHsdL 28] €A (1072l 10° Qm), Al sl
gell ag €l e (> 10° Qm), 213 28 Sl (ABLs=s5231l) MARHSAL 211
olefl a2 €U 69,

4. AMs~se2 (Si, Ge) %Al dralisl dH (GaAs, CdS dd12) Ad -l ol
Sl €9,

5. ag AMs=s2R AidRS (S-Pl-olls) Arls=ss2’ sdauu 8. [AgLdeuR dissl
(SAsgin 2 el €13 A geuddl UidRs’ @y © ¥ Guly Gelust-l
51280 GeMA 8. 3g AAASSIHL SAsgIn-l Aval (n,) 247 lasil Ava (n,)
s Al S1U O, Eled L WAUR dl HAs2ir-l el %ouL © % 2ASIRS Hrl
[Qgdour 41a 8.

6.  Us ARs=ssAHL Aod Yyled QoY sal [Agd dgsi-l Aval otedl
sl 9. vual AMs=ssenq vislolls (2yg) ABLss2RA 58 O, d o
USIRAL S D (n-US1RAL 2 p-USIR-1L).

7. n-UsRALARSSAHL n, >> 1y, BAR p-UsIRAL AR seAHL 1, > > 7,

8. n-Us1L Si 3 Ge HUHdles HNdAdl HI2 Urlddx2 URHIRIL (SR 5 &ldl) %™
3, As, Sb, P adl3+f JitaL sl 1d B, 212 p-UsR-L Si 3 Ge 4dles
Hoaal Y2 alsddre WML (AsAe 5 Adl) ¥4 %, B, Al In 433
QUUAL SReHL 2419 €.

9. &35 (R n = n, dell s 2ud [REAcUR d2eeidl HAAD. 495
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10.

5165 URL gt el SASSLAL 6L AL Blosl Girs (FHA AARY GLrd DA, 545U 6Lvs S&
8)uiell 515 25ulL SLS W, 55U 6 BlostAl{l AMRIHL A& 6Lws GloA
2] €l €9, AARY Girgrll o8] Glod 2L HRAAAL 1A B AR 585U Girgell
BloAl 212 2AYRL vel 3 21421 RAL €15 U3, 57859 6l 8al HASZIA x
ULl AUl 5L HIZ Yol S D 2l d Al Sl HIZ FAUEIR S48, Al sellsil
UL (UHIRL), A1 618 (B )rll HeTiH 2R e $m4590 6imgetl a0l (@enm)
A2 B¢ a2 Qo dgldd (B, 6im S1W) YR SUHIR AN 8. A 6l 28l
HA5ZAA G, W51 2 [RAEAGA A3 GE 5307 5we591e Glwel Hisell 2514
8, el AR Ss52HT UALR Al HAlE Gledld ©.

Al 412 B> 3 eV, Alsws5231 HI2 B o e 0.241 3 eV, 2R it w1
E, = 08149,

o] AHALSS RUAAL HI2 p-n F5UA M B, FUR AU FSUA 61 B, AR
HaAs2 27 Sld el did dq [Bi-oulaelle a5l 4rlad Sl
2R ALY, d B 5AAAL WS[RAUE GLRU HIZ2 FAALIR 6.

20 o6l e eddlal %52 ARUR (<L GlasS) sleell st 8. S1Rad spauHl
(n-6119f 612311 2301 €941 AL Hel p-o11%g Uel 981 U2 Aiell €l 1), oi1uR (<l
GlasS) 82 0, oy Retrl oluHl SRR Bl . 28] p-n B 5 JHLSHL S1RAS
GLAA UALS A4, (MA) Sl 8 %12 R oML Ul Bl 2L (UA) S 8.
| Qe Ases1u s2al (% AL Ao 215 % [RWHL AL B 69) HI2 SLLgel
BuALoL UM 89, SU{ler 5 U1y [Berl Gualol s34 dl diezes ol st 6.
52dLs [ARe o MieHL $1ALs uBL Sl 6.

HeAR 1dLS 2Ll % s [ARNS S IRl SdLs 9. LA oluAHL, M14s AlssA
L2 ugdl, Bl SllsHiel Ul Al Uelle 2ALAS A8 9 (5386 Ale2oy). il
o8Nl GUALDL qleSy 204 HL AU D,

p-n %5 GuAloL 3edls SRS 5 2eLasgiFs Guswell siiadiHl ull
A O, YL slelr ool & 8. (a) SLELHL Sl a4 BElud adi Razl
A28 Ul tledld 69, il uel wstadl dladl Hidl asia 9. (b) Aar Ad,
sl G- [Agaul 3uidr 52 8. (c) dide AR UL 2 du el
GUAA A A4S SASLA, BRUA Ul U512 BeMaA B,

Al Sedls ALsA UsIRAL WRULL 9, % 0 21 1 dR 42ladl RBled et
SR UR Y. d Blyed SAsgF s [Quuul 219 8.

255U WS-l AL S S1AL 5L 2oLl BRsed wRyeld dilss o2 ¢ € @ dail
OR,AND, NOT,NAND i+ NOR 32 9.

g [AiReuq Yeril

APs=s52AHL B2 vl (B 2424l E,) usldi 515 L5534 el uR 2llsadidl
Sldl A2l 2L GLoAL AHAL AHAUBL A1 HEL S1U B, %12 AR Rl B 3
Eyt 2flHl (21d) 2t adls ogil R daiell e 3 A4l BSH 5 o s
573591 6Lt Glonl 212, /A1y S Ad Givseil Gloal 2t SlUF AR D).

dllcas Alswsse (Si 5 Ge)Hidl n-UsIR 5 p-usia-il AFs=3522 HoddlL dHl
Quee’ vgfa dls GUAML 2ud 9. ALy AMSEsHL dHHlL Al
WHIRLHE $281 sl Alswss2r-l wslR otedl wstd 8. Gelerel dl3, el



14.1

14.2
14.3

144

14.5

14.6

14.7

Afseser HAsgiHs
g, AL i ALel wRuAl

GaAsHl Ga : Asll 9RUTR 1 : 1 8 U Ga-Rich 2484l As-Rich¥i d WISl
2§sH Ga, Asy, Al GagoAs,; 1S A5, s 34 g feild e,
Algmsserl dpanl uell Ad oed B,

AHIr AHUAL URUAHL BRI ALlrs iz 5 uRUAL 215 % AU UR UAUHL 1A B
(S22 sl 21 89). dun SR AlEe (IC) 5¢ 8.

ALY,

n-Us1AL Rul&siA e Al [Qainiel sy a6 ?

(a) SesginaABURE dAlesl ® 2 215Adx2 URHIRAL Ju-e §.

(b) Sasgiad MSHARS A5l 9 2 Yraldedre URHIEIL U~ 9.

(€) Sl HHAUREL ALSSLE Vi Ur2ldedrd URHIRAL U2 69,

(d) eledt HARZL ALesL S i 2LSddx2 UMY U2 .
P-UsIRAL AR S8523 HIZ dAY, 14,141 U0 $4L [ A4 89 ?

s16i, RS 24 AU 2357 AR AAY HASEA €U B, dHA HrisH
(Ep)es (B,)g; 247t (E,)g, %2dl Glosl 61w AU A3 €921 ULSclL AU S w353
6irg 3 BalAML A B, Azl 53 Rt Ad D ?

(@) (B )s<(E,)6,<(E,)c

(b) ( ) (Ep)o> (Ep)s;
(c) > (Es> (B g,

(d) ( ) (Eps= (Ep)ge

IRl 54l AORAL p-n F5AAHL, Sl p-[ARdiRHid]l p-[dRML [Qu0l
(Diffuse) WIH €9 51381 %,

(a) m-[3rdiAL 35 SAsIA AHA 25U D,

(b) il REMAMLA dstadnl 5181 % sAAHL 29 AUl 53 9.

(c) p-larairHl gla-l Avai-asdl n-[AdIR sl A €l 6.

(d) Gu-uo.

BUIR -1 % 5L SIS GUUA HUAHL U, UL

(a) wel=ua 6lRu (L GlaLS) atR ©.

(b) clgudl algsidl dais saidla o4 53 8.

(c) wel=Rua oiRud (L Glas) aerd .

(d) Gua-iHigl 2sueL el
24 a2l As2BIal Sye gt 50 Hz €1d dl »UBeye »uglt sedl ¢l ?
2L % Siye 29T e Yl a0l sesiursl 2uGeye 2uglt sedl ¢l ?
2.8 eVl 6lwg 3u HLddl AMls=sseHid]l p-n s12l QLS o-ldd 8. 9 d

o

6000 nm-il d2adel S+l vt (Detect) 531 252l ? 497
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14.8

14.9

QEIRLAL ALY,

25 m Els RSl uHEll 6vdl 5 x 107 8. AR 315 % 44l (315 W)
SUAFLSAL 5 X 107 uym’ 2in SRUAeAL 5 x 107 uaueym’ o Afial
5201 213 . $AsAIA A7 dleefl dvan ol ARNA & 3, =1.5% 10 /m’
g USRS p-Usi sl ?

205 (a) AxlseseHl Glod dstad E,=12eV 9. drl ¢l alaslladl,
Sasi-l alaslladl (Mobility) 53l #ail 241651 €9 24 d diuHIA YR 28R
2. dl 600 K 24+ 300 K iyl dedl digsdl-l dLitr sedl sal ? Ls
(S2(35) clg s+l AvAUL Bl 7ol ALUHLA UL AR, AHL 528U

E N\ NN N . - ~\
n, = n,exp [—ﬁj R UAD A ky = 8.62 X 10 eVK ' dl.

218Ul 1, 2 AN .

1410 p-n %52 SALHL, Wl T AHL5R2L AL HooL 69 -

14.11

I=I,exp (212]T - 1)

o, Tyl Rl A24290 Ul 5 8, V 3L 14 D 412AL a2 eldledl dllees 8. %

S0 6UA HIS Bl A Rl ol WIS 28Rl 9, dal T2 SllsHig] YR ddl

walle, ky, olleeosle 214005 (8.6 X 10 eV/K) »1A T Malar diuiid 8. A

AU S8 MR T, =5X 10~ A A T=300 K €l dl

(@) 0.6V %edls1Rad ey M2 SIS Wl Sedl edl ?

(b) ol S1Ls AL Ale2y Al 0.7 V scHl 2Ud dl dHigl YR ddl
yalleHl el AL Yl ?

() <1uAs A4 (Dynamic) 24214 S2ell €9l ?

(d) s Radiouudiczes 1 VAl 2V aid dl udis 4e alldl.

Q»us[a 14.36M1 galledl Yoot cm?i 6L WRue UL el 9. saldl 3 uRuy
OR 32 a3 2 uRua (h) AND 32 a3 514 53 9.

WmY

@ 25[ 14.36

14.12 >l 14.3741 el HosoL Bsd NAND Slert uRua Hi2 g 2o1d dvil.

2usla 14.37
LUl 21 URY 4 ad 2AlssA Al s 5124 (Operation) %sRudl.




Afseser HAsgiHs
gL, AAA i Alel uRyel

14.13 U5l 14.3841 ealiodl 4ot At NAND Slel oirietl 6L WRUA UMl 2Ledl
€9, 2L ol WUl ol ad AUl s U 155 52,

Ao—] A'_[DO_
} DO—OY }.Y
Be—] B '_[DO_
(@) (b)
2u5(d 14.38

14.14 NOR dle-il GuailoL 531+ eiriell {12l sl 14.3941 2uud wRue Hie ga eoid

vl i 2 uRuY 54 dU% s U9 (OR, AND, NOT) 5269 ol -issl 52
(Hint: 0 A =0, B =1 cll 6{l2a NOR dle-il. $142 0 2 i-i el

Y =1.cd% Ad A 21 Bell oflot &l W2 Yril Hedl Al 1L g4 eoddt OR,
AND, NOT 912t 28 261& AL& A vl e A1 FeALot AHL).

A
) v
B

2usld 14.39

14.15 15t NOR dlertl Gualol s3I iusld 14.40 3ol oivtdl 4Rual Hie g4 cold
il 20 WRual a3 ddl diless 2iua (OR, AND, NOT) sl 531,

(@ (b)
2usld 14.40
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UGl (Answers)

UsWL 9

9.1

v =—54 cm WlcilBiot aialas, Gl 2im Hig. ulalsiordl Gl 5.0 cm, 8l u —

L —> o<, u<fH12 UllBioy iyl

v=6.7 cm, Hl2dgll 5/9 21ed & ulalbiotdl uRH1eL 2.5 cm

A u—>oc,dlv— f(Uiq dell g2 AU8) i m — 0

1.33;1.7cm

ng,=1.51:n,,=132;n,, =1.144°% uzel,

sin7=0.6181 212& % r=38"HA Y.

r=0.8 X tan i, 2= sin i, = 1/1.33 = 0.75 %4l r, 2iell w5l AR 20 & d

Wetl Hiel agoell Brost (m i) 9. 249 7, wisll-gaill 2AidR 2wl silasie s,

AAsN=2.6m"

n=1.53 2 wellui e B w2 D, =10°

R=22cm

2], drg SRl 2t Wlalbior aRalds . u = +12 cm (dq-l w3ell iyt 8,

LeyAl)

(@) f=20cm,ulalbiot aRalds 24 d=12l 7.5 cm d dil guell oug 9.

(b)  f=—16cm, Ulltior dialds 2im d-42l 48 cm 2idR -l gueil el 9.

v =—8.4cm, Uct[5iot e 2 A1, (A) ©. il uRaLL 1.8 cm YHl seal .

P —> o, U —> f (WAL 82 AR, % 5 m —> 0) il 5 vidollor Al Wodbes

(21 em)uR 4sdi Ulclsior 10.5 cm u2 HAL 8. (515 el [AAR 5 2rdd 2id2 &

am Ale.)

60 cm SrseoiSaloll HuA1] A=y,

(a) v,=—25cm 2»{'\1fE= 6.25 cm vRel u,=—=5cm; v,= (15=5)em =10 cm;
1y =—2.5 cm, ABHS1S WdR =20

(b) 1,=—2.59 cm, ABHSIS WaR = 13.5

25 cm »idd »0dd wWRBle WE Ao siadl sely Hieael = % +1 =11

u,|= % cm=2.27 cm; v,=7.2 cm, ¥id2 =9.47 cm, AEHs1S0L WaR = 88



9.13
9.14

9.15

9.16

9.17

9.18

9.19

%ol (Answers)

24; 150 cm

(a)
(b)

S1e(ly Hieawil = 1500
ylalbiotdl e = 13.7 cm

e 2 H1e SRE9A URBUAML diadl AU Yot Lol i,

(a) f<0 (vicollor2A3241), 2 < 0 (dd slofl ouogi)

(b) f>0,u<0

o) > SOl 4341 ) 2 1< 0

0 (e[

(d) f<0 (¢idolan »34l), f<u<0
Wl Gl 5 em afl 6. e (3o wugld glRl A wsld © 5 wale dlual
(61t e el 2L €9 (FLvl UL SLEL HIZ).

(a)

(b)

(b)

(©)
(d)

(©)

sini',=1.44/1.68 U4l i', = 59" 4A 9. U2 i = 59" Al r<r,, =31
€l AR el AidRs udd A 8. ¢d (sini,  /sinr,, ) =1.68. % u:dl

max)

i = 607, M, U AdL oHL ¥ (38l 5 el suudsierl @R
0<i<60°®,d ot o WSUHi Yl AHidRs uldd- wHdl. (uusu-l doiss
URMA 11 (AUl 2Ud, €1 8) dl i - 565 aga RMid Hed Sl 8, %
WLSUAL 24U e QoS ARITR gIRL HACl AU 6. )

WUSUHL IRl BUOLUR 5165 % SR8l Al 4 Sl dly i ' =sin (1/1.68)
=36.5".84,i=90"well r=36.5" 21 i'=53.5" % ', 5l HIg Hed O,
UM, 618 % 2L BRAL (F-L 2iutdsieHl @R 53.57 < i< 90°) yel
HidRS uALAd @Al

AHAL 2424 6210 A4l w9 515 s Bigal [MARA Adl [Ball
21l 13 5 usel uR 515 s Blg UR uAAdA WH B, ol A6EIHL %L A
Rl Gl dl AHAd Al o@ollol AL A3 Ardlds wlabio Hod)
st 210y, (381 sl i ellord el Azl d vl 53U,

912 YlAldd Hadl asloyd [Bell »tuuzl (asellondl g2 %dl) €l AR
ulalsior vieuvl 1d 9. AR (Be0A 410U 2A[HARA A1 gL Usel YR
5[ 530 wstu 9. vl ol[Ba110 Axt 2iid o 53 9. 2], e ubiot
At W2 g a3 ad 9, el ardlas wklbiol 22 9. bl 3 2tél e
ulalsiorl 221 uselzed e, 20l 516 [ARltnei Al

BlaL.

AR %2 il Holddl 24004 GLALS, cotrl A sel il Hordl Gl sl
2l Sl B, L ollodd-dl di nd Asiell Aadissi-l gel-gel Rl
el (o el el 53 ast e,

AL S1UAL Aslotadis (1.5) sl ludl asloanis (2.42) gl ay 6.
G2l =2 silasian (24°) s12 2L silasien s3di @ell 2491 8. g0 ElRixdl
SIZIRL (ML) suuidsiel [ 2efl (24° ¢l 90°) dr 52 9. %l
dlaui uaaidl usial el {lsnal udal well el uidli uel yel »idRs
UL AN B, 2014, €12 B0URL IR (sparkling) 2442 £2id 9.

ARl 2 Usel a2l MR SdR 5 |2 A f o HAL s/4 5l MG Sld dl a-d
A58 2aL L AL AL G5 >l asd el dglf,, =0.75m
9.20 21.4cm

ax
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921 (a) (i) HAZ 43 wan 6Al3210 A U del ol dredl AHidR Bl g

9.22

9.23

LA AU B, £, =30 cm Hl u, = —oo, U, =30 cm. 24 UlcilBiot oilon
ar He PUARI 9 ol 9. f, = =20 cm, u, = +(30 — 8) cm
= +22 cm d Wl v, = =220 cm. 6l @l oAl dadl Sl
216 cm dR Ul AHIdR (301 98 21ualRd (5dld) Al 9.

QIR 5 WA widdllol Al gl ougiel del U AMid (Brel g
INREIDR2 )

=20 cm, u, = —o0 % U@l v, = —20 cm HA8L. 21 Wl ol
d-d Hie dRdlds g e 8, f; = +30em, u, = —(20 + 8) cm
= —28 cm, % Ul v, = —420 cm HALL. 6L AUl oAl dA-l
Sesell slofl o1l 416 cm SR iUl AHIAR (B8 g2 AR (3ed)
Lol €9,

R 9 5 Al olndl dol UR UL AR (381 g 59 oyl
UL ALAL 8. o UR loltl 2UAIR . g3 20yl W doil AlssA
219015 (f,, f, 21 o At q2wti YR 43 w1551 ddl AAALS) 1] UeH(
ot o u (A V) S Y Sl A9 4RY Ar@l 4451 4] HL ot Wie
2AA515 SraAoll Sl VUL A1AAMR el 1],

(b) u,=—40 cm, f; =30 cm U2l v, = 120 cm ™ (eUfeollol) At 51281

(a)

(b)
(©)

Hleanldiud 3.
u,=+(120—8) cm=+112 cm (cq, >ueurl);
fr=—20cm% u:eilv, = % cm

oflog (2idollon) &l 518 Hieasll-d 3ist = 20/92.

saHaslld ¥ =0.652

wlalsiord uRML = 0.98 cm

A sl aslora wnd [3reu d-l ofley 2wl uR i, Fedl silisiel siuid ad
L Al vy qudlat asleyd 518l - = (60° —i°) ¢d, i, =sin | [1/1.524] = 41°
W2 r=19",sini = 0.4962 ;i = 30°

1

5t

1 _L N AN _
5 =10 »eds, v = —-90cm

“eanild 4 =90/9=10
iRl WRBH 35 D2 41500 = 10 X 10 X 1 mm’ =100 mm’

2

=lcm

Hns1SoLulaR =25/9=2.8

AL, usielld Gusell e a=i ad ulalbiodl Hieasl 2 sieily Hieasil
(aaL 1PAs1SaL Ular) ol gl olloidl ©. umid olly (stelld Hieasll)
2 aqd stelld Wi (% wllbior [[alfid 284 diu dlue wiabios siely
Y %2 89) i argl s (Bt (25 em) Hlal AR drgd sielld iy 2
6L ~1L ARITR 69, S, Hl2aR{ld Hird [(v/u)| & 2t WrsLSL WA (25/]ul)
6. Ulldiol w12 Awsigyl @G €l [u] = 25 cm, WA L RAfAxL %

oirl

ABBU HHIA &1 69,



9.24

9.25

9.26

%ol (Answers)

(@) w12 WRBoL 425 Big (25 cm) Uz Gl LR Hers AFHS160L wlar 4l
9. u=-7.14cm

(b) Hiearll- "t =(25/ju))=3.5

©) s war=3.5
el, Heasild Hirt i AEHsIS0L WA (> WRBieL 25 cm vid 2

QUR) UM G119,
weasl = 625 /1 =25
v= +2.5u

Ll _1_1

o 25u " u 10

wed s, u=—6cm [v|=15cm

2Rl UlclBlor AL A sy [Blg, (25 em)-l 25 € 24 24iu a4 e Fd

A 519l LS.

(a) wlalsiotd (Mua uRael aeqel wRAeL sl H1g elal oodl wleldiotd
stelly uRauet gL stefla wRHi ged . Homs1uR 1A ot Hee 53
€9, dril 4912 i 25 emil Ao s Y8l wsiel s, d-il weeall o dg- usll
295 45l wslal. 1w s Hiel ardd sielld Hiu d o ddl 25 cm S Hsdl
wondl siella uRMu sl ay edl. v adul selly dieas dadl asiu e,

(b) &L, d &GS e, 513015 Av AL il YRIL Sl it AL8 AldRUdl
vl 2L8Ls 29l Sl 9. A ulaldiol vol el id 2ALd Sl dl 2L
AU 2 QLR0 A51A 9. (18 : 2R A2l AU B S1U AL UAH A
ad 2 dAl wlalsior ad v a8 vidLdl vyRiL AL gldl ell.)

() -l SracouSaion Qe Adlot A0 Aell. 44 HIAAL A D 5, %A A Srsdous
getdl ol dl duell oinl afddl (ololly i qdi-l) ay usn e 8. ddl
eI Alel 6lR2N A W18 ABASISOL UiaR 3 &l D12 el asidl <),
a2l el A dotefl Meeell 21 Halel 10 280 3 driell ay 53 asiu 8.

(d) A f, sl €l dl sl sl deasl [(25//) + 1] (f emyl) ©, d

s N NN SN, D N U() _ 1
[ gladiat o, agii o sdladl Heasl — = ————
gl (ug | /1) —1

2L A5 6.
BUIR fy 52l 1] % Hi2l €l AR d HIEl €l 9. wAw el a2
oAl Hie HLSSIRSIU-AL GUualoL Al 9. el (2| i 8 i el £ .

() S-Mul Ao [F2a ulalbiot 2uS5-oL dls Hiorvua €. arguial suadl
dHIH, (301 2o (seauidl asleiad Wl 2uS-LarHiel uaur w9, 21l
v glal Feladled 2 215 sl 21 8. %5l UUsL el Hivil 206-
Wl vt 4295 AL 1ot dl 2l ay wsteL Hadl asdl el 244 o
wied aot ueL e 6. %l 2UuRl el v 2453001 uR i 241Ul Hivil

a3
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S18l elasa 25300 wed, 5 d-lial Hig 8 d¥ ollsdl dl ey (seq
ul asletad Wdl dHiH (30 2uell 21iu 4o 8. sy (sed »id
215Ul A2 AL idR U G-Il AAL2 AULAAL 2ALHIR 9. AU
HUSIRSIUAL 205 93 AR AL 200 Y5l i 91 AL AU 2 2L
Yl a2 21l A A Ad A8 (HSs1su)-l Bardul o
AUl 53¢ €U 6.

9.27 MISSRSIU A GUURIHL © dH Rl 2ed 5 waliel 25 cm 2idY 9.

USYLRAAL selld Hieqrll = % +1=6

e [s2ax] Hleawll = % =5

RS S T
S g =~ 1250 ¢ AL

u,=—1.5 cm, vy= 7.5 cm, |u,| = (25/6) cm = 4.17 cm HA 8. o%[5ed -
2US-lA 422 2idR (7.5 + 4.17) cm = 11.67 cm &ld S, Guid SREyd
ieanfl Honaal Mie a2l (seqsl 1.5 cm idR Ysdl s,

9.28 (a) m=(f;/f)=28

_ fo[ fo}_
(b) m= 7 1+2%] =33.6
9.29 (a) f,+/f=145cm
(b) 219 4 MtidRdl vl = (100/3000) = (1/30) rad.

27165 (324 A% 22l URIBieL O 2idzidl vl = 2 = L

s fo 140
o, Y50 AL 2 = 4.7 cm
(c) S-vlul Hiean(l (Hi) = 6. vilax wlabiotdl GlaS (Hid) =28.2 cm

9.30 el (vidollon) L2 ad 22ad ulabiot -l (lalln) Ul 12 ueuRil dg
dl% ad 8. iedd 2id3 el azguizdl iadl Aniar [3el el x4l 110 mm
22 Slsd A8l Al AU He el dxgd 2dr = (110 = 20) = 90 mm.
il AL SrsedoitsS 70 mm 9. AAAL YA BUAL Scll Airtl 3418
315 mm ¥id2 ulalsiol 14 8.

9.31 uualid Bl Al Guel wal sdl omg) Qadd 2qed 8. W
d.5 =tan7", w4 d =18.4cm

506 9.32 n=1.33



%ol (Answers)

uswWL 10

10.1 (a) uRLaldd wsion: (d2oieollsS, g R, 564 2Auid usiaL Fedl % )
A=589nm,v=5.09% 10" Hz,c=3.00x 10' ms '
(b) aslotd ustal: (Aluld usleL wedl o »uglt)
v=5.09% 10" Hz
V=(c/n)=226x10"ms ,A=(v/v)=444 nm
10.2 (a) oUoUSIR
(b) AHdd
(©) AHA (el % Hi2L ANl AUIE] URSL ALl 8250 QILIIL AU AL QS ASIA.)
103 (a) 2.0x10°ms
(b) L. HIHHL asloanis i dell W5l 3 d2LEoiS GUR 2ALHIR AV .

(2512 515 L5 AZILAGUS 3 USLAAL 29 £lAE AL S1d dl 2UURL aAsldaris
Ylow wsieL M2 0N 9 dx dS asla.) sl el el 5 sl Bouml

ol ol [Aadd dld (AdL) b sl ay A, ved $

n,>n,. ddl 43¢ ustadl gl 8es, Adl (ala) 2es sl 21l Bsuel ould
9.
5o l2x 102 % 0.28x 1073

10.4 4x1.4

m=600nm

10.5 K/4

10.6 (a)1.17mm (b) 1.56 mm
10.7 0.15°

10.8 tan (1.5) =56.3°

10.9 5000A,6 x 10" Hz,45°

10.10 40 m

1011 X — A = 2 A yotrll GualoL 530,
a3 g = £y = 3x10° %15 _ 5l
sed 5,0 =+ A=) = E 6.86 X 10" ms

10.12 asloastis Hizel s21aleHl, Uldol HimHiel g HIMHL 24U ddl Ustael sell
AU Eol A8 USURAGN AAMA B, AL 0Ll ot Besel At URRA 8, uid
AU AHLAR 825 tlecldl gl il 242 2 2y 3,

. . v sini N
csini = vsiny ¥l £ = el O > 1, 8laElv > c.
r

2L 2L 2 WABLS tadlsl (L < 0)dl [A3g 8. wsld dRoL 43U 3 YAl
AL YA .
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10.13 3+ 2010 Bigad azq @ 23A udd adun 212l 2i axquidl Hlsadl 2

TAL U201 SHBIL % USIAAL QNNLSIR ARIAUAL AHAALY AL €9, uesl, 1L %
ot AL ol 2 00l ARSI HL ¢ AMAGUE, 22 EIRL.
el AL Lrl ol o11og AMA A e 6L 241U (Arcs) ML, 401 YRl Gualal
53, uRlaldd d2ae 5w (axqd lalbion) axg 2auell Fedl »id © deal o
22 AALHA D,

10.14 (2)  YuasiaH wsta-dl 354 2190 eldd ot o WROOIL (Halil) 245 244 515

NN

gL ollotde] dat 218 AABLS HANLS B, 202025 S AU AU D S d
Beald il Hadlssiz a2l e auldefl usL adst . L eSlsd 2
US=eLSL [@Rre wadiale (Special Theory of Relativity )<l Hvad
YAHIRALE,

(b)  HUAMHL WS-l BEUAL AR :

(1) Gedtll UsIR GuR AR ol (A0l U S HAW UHAL HIAHAL
oyl sl ad . i oflon USIRAL dZ9U HI2 w2l WY B, eld.,
e[l ulell Ul d32lL, 4913

(i) anleogHlMIaml w2 d wuRel [l 2adat 6.

(iii) Henl aa Gear-ll alael adot €l 8, uig “uHl wna
pAlLS 5124 Ul YR IR AV,

(iv) dadoiLs U 2UHIR AV L.

(v) claicell 2adat 9. (Gl dlsidl dtady (e wue, Rl vt o wela
Sl 89 e Sl o UL d) usdl el

10.15 ta[Ad30le WAL Sl HIHl 232 U 8. 2, od R (1) 244 (if) A3

AU oUd (BEAH 2 AALSASIR 4220 ) A 2UAHBLS €1y, UL d efilis Td Ui
42l 51281 5 ol REAMAML Hre3 ] 18 Aadiss1-] uta Ul g€l el Ad
8. edl, 2l REM (i) 244 (i) H12 tlF HizdL AR (AAAL) Yol AHLA S A
2AU&L AL AV WL drlasiaml UsleL d2o0 Hie e % €9 5 Rl (i) 24 (i)
22 Mg ULdl L wstA. 2T, BEAH el 2Aels 512 d-{l e AUl o 2oLl
£ vt ALUaALEld (Relativistic) SR ot oinl Rl (i) 2t (i) Hie A 9.
WSLAL HIAHHL WAUR0L {12 s3aR A dolivl ¥4 e wWRERA AHIA 4]
21 8L oL UR RS (1) 2t (i) M1e el el AR Aot 8 ax (4] asla.

10.163.4%10 'm
10.17 (a) ot s URMIRL ~ A/d ot uRHIRL 2144 29, dladl 2120180 a8l

(b) S-Rael slsanllui ealiisaal acisiziiql dlsidl 2t g5 Raeall Hodl [Red-
ol Hide (Modulated) 284l €14 6.

(c) adousiz sl 41z el [add wudl dioll, usilBid 3 Y1ddl
ULEILALTL Sk SO ASIAS A58 A 89,

(d) 1AR0/[9gl 2l Hiel 58l [Eadd wHdl 5 andl dIol M2,
216280 [9gld URMIL dRadons wad, $ld S A 218ARL (961 wlRHisL
AR Sl ®] AR Sl cll [t il S18L 291, 24T, WRMERL A 2438
lzarl s Qlu B, wstail d3oleols doleal 5 X 10 m @, %1} 1 kHz
2197 4214l FA0 HI2 dZLE6S QLML 0.3 m F2dl €ld 9. UM,



%ol (Answers)

(Aenor uisdl [2ae (Partition)l s t[R d220 A0l €9 %412 W51AA20 Aol
A5l Al
(e) (d)Mi salde Hel veRuR eregollug] Al Asld. ALY, duRuL usielly
Bus2ell (Instruments )4l (0941 (Aperture)«tl URHIRL 2L w191l d32E611S
Sl BBl AR Sl 9,
10.18 12.5cm
10.19 0.2mm
10.20 (a) 22l gl ARl Ucdl Ao Rrora 244 R vl waialdd (Heton) Roa
Qe fassL.
(b) Aulcdlsaiel Rigid 20 dol ol eoladt (Rsa) axlspier Jvflaye
opaty, uell 4AL €9, A Aol UHlsAAL 6L B3ell y, 2y, Sl dLy, Ay,
S5 L v{ly AU YRl B5a oiral. IR SUlARdR Hiel eid (sl.d., Gl
cllsiclt HRLad AR (3214%) 2im 21-20{l4 21U il gl R wRRA
ot o 2 Gl 69, %=l 2420 U8 (Rl se-il 3R -l

1021 R&2A a' = a/n welous H1adl il 7 Ra2iML adl €l. 5181 0 = nh/a = Ma' 44l
g3 il Retel [Bauml 9L dlsial Misasl. i it sl 9= dlsidl 24142l

sl 11

1.1 (a) 7.24x 10" Hz, (b)0.041 nm

112 (a) 0.346 eV =0.554 X 10 J, (b) 0.346 V, (c) 348.7 km/s

N3 1.5eV=24x10"7J

1.4 (2)3.14x10 "J,1.05% 10 " kegm/s, (b) 3 10" photons/s, (c) 0.63 m/s

115 4x 1021ph0t0ns/mzs

1.6 6.59%10 " Js

117 (a) 3.38X10 J=2.11eV, (b)3.0x 10° photons/s

1.8 20V

119 L, sRR5 V<Y,

11.10 4.73x 10" Hz

.11 2.16eV=3.46x10"7J

11.12 (a) 404X 10 “kgms |, (b)0.164 nm

11.13 (a) 5.92x10 “kgms ,(b)6.50x 10°ms |, (c)0.112 nm

1114 (a) 6.95%10 > J=434peV, (b) 3.79 X 10 ** J =2.37 neV

1115 (a) 1.7%10 m,(b) 1.1X10 m,(c)3.0x10 ~m

11.16 (a) 6.63x10 " kgm/s (A H2), (b) 1.24 keV, (c) 1.51 eV

11.17 (a) 6.686X10 " J=4.174X 10 " eV, (b) 0.145 nm

11.18 A=hlp=h/(hvic)=clv

11.19 0.028nm . o

11.20 (a) eV=(mv /2)-l GudloL 53, »2d 5 v=[(2eV/m)] ,v=1.33%X10 ms

(b) A M8 V = 107 V =2 wal >l % Yoddl Guadlel 531, dl »uuea

L=188x 10" ms i @i a2 Ad vilg B, se 3 usiardl sy
(c=3%10"ms ') $52di 5 ual at uell ol A 530 a3, AR dl oGl
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we Gurs uHlswL (m V2), %12 (U/C) << 1 S AL % A1, 9. vot Gladl 28y
U R (V/e) 1L A Sid (B9dl ul éuau 1 el Aid 1) AR sl
AL Ale-l A2 s el el il LAl AHlse0 AUl :

A& AR p = 1V

saBeAE=mc’

ARGAK =m ¢’ —m,c” i
AL, ALUE SR 70 SULHTA AWUA D, m = m, [1 —%} Cmgl SR RAaR

aqHIA (Rest Mass) 58 69, 1L A+l 5200 Yl ¢

22 2 412
E=(pc +tm,c)

Al % Aidat el dewadoim v/e 4 et 14 425 i 8. K a0l Gled. > m e
(R guin Glod — Rest Mass Energy). $@521+{l 322 it Gloal ([R8d gl
Glod)  aaal 0.51 MeV 9. UM, 10 MeV wedl aldGled Sasgiq-l Rad
siln Glod sl aell 4y Sl 8, % AUAdLE] ueldasl eald 8. AkadlE
L5200l UL 52, (10 MeV aUBled 1i2) v=0.999 c.
11.21 (a) 22.7cm
(b) L. GUR AN d¥, 20 MeV+il Sasgi AUaeld psual ala 52 9.
UREUA, v-AqEAEld Yol R = (m,0/eB) dldl usd -all. Auadield 3ot
R = p/eB = mv/eB ¢YdL R =myv/(eBy1-V?/ c2) 69,
11.22 eV = (mv’/2) Y17 R = (m v/e B) 8. ¥+l u2all (e/m) = (2V/R’B) , »uid [Roldl
well (e/m)=1.73%x10" Ckg '
11.23 (a) 27.6 keV, (b) 30 kV+il 53+,
11.24 A=(he/EYLIE=5.1 X 1.602X 10 J35cli, A=2.43x 10 " m 4.
11.25 (a) A=500m ™, E=(hc/A)=3.98X10 ']
15 Ases €ls GRAAAU S =10°Ts ' /3.98 X10 T =3 X 10”5 '
21Ul %S w12 5 291 181w+l Blost vilaiy 2418 €9 244 21 oflmHi 218
Asws 216 GrvAdal S12ir-] Avul sifay {EL S,
el 28l (5121-l) agay sai-en Gloa iauelal dal 2441 ddat-l g4
Blosit Actcd WA dl 214 A2 Beda 9.
(b) v=26xX 10 Hz 92 E~4 x 10 J
ari dloidinl »i13u S8 54 =10 Wm /410 ]
=25%10'm s
tivtefl 5401 s Els elvtet Al Sl vl =2.5X 10" X 0.4 X 10 s |
=10"s " 21 2val (a)ul o v Fedl Wl + dla 9, 2uusll stivi
Slredt del ‘tdAa1’ § Ridl’ 530 4 ad dedl Higl die.
11.26 O,= hv—eV,= 6.7x 10 J=42¢V; voz%‘) =1.0 x 10" Hz; A=6328 A
v=4.7x10" Hz< vl 243U 8.
a2 wstatel dlsict ad dedl ay gl dlusL slel Ad d= Hie wlaeud »uual -l
11.27 6l GeaM M eV, = AV — il GUAldL 52U ad Geaml »uud [Qoudl Hie
510 0= 1.40 eV, 2L {exsll GuIdL sl ol GedH 2 V =1.50 V.



%ol (Answers)

11.28 V, [43g veil 2ucv Hadl. 2udvi-l ala (Ae) € tel d v-218 U 9e-ilbig, v,
. e A1 Bigil daeial Al i &, % v-uat v, = 5.0 x 10 Hz
(e 2ugl) 21 O O, w2y Bl v < vy 143U 89, 2l slasasgls
Gt ad el w4 ddl s Asal W 56 R wRuaHl @32
Wil w2l 2 2UAuAL B 415 X 10 Vs Fedl HA D, e= 1.6 X 10 C,
h=6.64x10""Ts (h 4120 4L = 6.626 X 10 Ts), 0y =hv,=2.1 eV.

11.29 213 2Rldl 4o 8 5 U 2U9[ v 21 vy(Na) 2 v(K) s2dl Hiél 6, uig
Vo(Mo) 2151 v (Ni) 53t 2019 9. 1], Mo 14 Ni 51215325 Gizg- saldsl
Al 2 dut w ardla dl [alel dladl a8 9, uid Mo il Nit daldl
yleuM uR 518 535 Widl wtel. 244 69, Na 247 K Hie sleldalz2s uale dlsidil

AHUMLAHL B3l
11.30 15 URHIBLELS 35 Alss SASI HRL.

USRS URHUEAS Ao~ 10 - m
5%2x10~4 m2 =1017
10720 m2
-5 -2 4 2 -9
AUAUER =10 Wm X2X10 m =2x10 W
R0l A3UHL, UYL Wl ol % Sasgiq gl [Hafd e iy 6. wReus

5 2R SAs2LAl AvaL =

$A52I €16 315 As=sul WAl Qe =2 x 10 /107 =2x 10 °W

S5AB2S GF HE 30 AMe=2X 1.6X 10 J2X10 "W=1.6X10"s
% AR 0.5 A F2AL 9.

AR wAIBLS Ad, S125AG2S Bt @dLedL diceils (~ 107s) i .
12, 4301 23U U101 018 AH (A sallad, el

$121- 23U, (A3l Glod Guarl ML 28al HAs2IHL 92 Add aduAd]

€ldl A2l uig, Glo 1925 (2125) w2l (sdivem )l 3uHl 2Ud & i Glosi-, alinel
13 €3 2 el HeAsgiv Al glele sidl dlcas vl e, s s 8.

11.31 A=1A2, $as3ii-l God = 150 eV, 5181t+{l GloA = 12.4 keV. HUM, His UL
doteoss |2, slele-l Gloa, HAsgin s ull ay Su o,

11.32 (a k:ﬁzib{m, AHIA K M2, m A8 (LA )L aHHRML A a2
@ A== (1A m)
8.¢d (m,/m) = 1838.6. »iel, s A GloA w2, @A 11.31
Yoot 215 AL Glo (150 eV), 12 2l datdons = (1/ /1838.6) X

-10 12 <. . < .
10 "m = 2.33 x 10 m. A1l Hidz uRHUEs id2 ddierl 20l o ay
S, 22, 150 eV =y2int oll4 [Aad s waloll 12 oy 2. 511
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(b)

A=145x10 "m[A=(h / BmkT)<d Gualol s3] ¥ 8B HHid2
URHUEA S iR A8 AvUl A5 AL 6.

Bur+L (a) 27 (b) uel 2ure & 3, [Qad-ril Wl duidsdl (probe, 4s)
W2 Ui Y2l A1oU 8, 24l Gl Gl 42ie oflHel [Aade w12 Gulal
sl Ul A 2ie Y21 FRAALBASH.

1133 A=55%10 "m
A (Douusian wiz)=5.9x10 m
[aciet w5 (Resolving Power—RP) dZ9Leoi Sl 24ad WHIRML €1 €9, 219,
$A52I HUSHIRSIUAL RP, £34U519L WSEREY 52l 107 912l €11 9. g1l
oflogt e Sl dstaidl (lURlaLs) i avHell dldls edl us.

11.34 p=

ho_ 6.63x10734 Js
A 105 m

=663 x 10 kg ms '

Glost M1S ALUELALE AL AH 520U BYHLDL 5.

E =

2 2 2 4

cp +myc

9 x (6.63) x 10 >+ (0511 x 1.6)° x 10°°
9% (6.63)° x 10

21l 6fl%f U (R seuHio Glosl ) 2Aa018ll w51 dH 6.

19,
19l

135\ =

E=1989x10 " J=1.24BeV
waotsial ol SAsgiv-l Glo 213s BeVeil sl diell S,

3
h_o o 4xI0

o m -
Bkt " 6x107

U, A=0.73 X 10 " m.
AN AR = (VN) = &T/p)"”
T=300K,p=1.01x 10" Pa™2,r=3.4X10 m.oudl, r>>A 40 8.

NN

N = ~

11.36 22 11.35 el % yoteil Guallal 52di, A= 6.2 X 10 m H0L 6. % $Asi-
Q2L 2UARS dRL Sl =42 a4 6.

11.37 (a)

(b)

(©

(d)

()
512

55 8L 5 WAl 3 H2lAul el ool o ol Hia LA 0% gun
ofel 5alrll el Sl 2L 6101 A8 €9, Biiell, M ALY % bm@us [Etacmuzt
$EcHL SR €lal 69l vA{etell Asid el [Etacmuzt el RIS QLRIisHI Sy 59

[Qad 247 Yeisly, &l Hiestl om HAd arlls2sll 2wsH eV = (1/2) my’

224l ¢ = ma 17 eBu = mu /redid 9 % %Set&;l'i'i SIRHIEZR-ENNCEAE]
m 4% acdat 2 Al ud e/m ALY A AAssl A 9.

ol £oUL AL Aol 23U SAs2LS Yl uglAall i Halg ALl
HLSLHOL €9, AL, £6URL, AUl LAl Al AAHBIL i A2y dcted]
A 241, 5L HLSLHOLL A,

SARBY, HIdHL Alss (conduction) Olwsetl (mcm ML el SAsAA
tiuiell eleiR sigdl Wiz %33 dgni Glost sald 89, HigHl otaL % &Sa&;m o)
Godm (61%1) 4L €l Al dadl (Glo) 2Rl Add Uzl (band)Hl €U 9.

w1 AU AU [A38L 12 el el M iR -lsfial Sasgi-irl
GloAl el %2l U,

5w 52l FRUa Glo E (W2l 4oint p ) 3eu, 515 GR3L asia dal
AN i 2ERE5 Sl 9. ], Ao otilds Hsed el 69 SAsZrArL
g2 0L {2 vei (MRUEL et ueia 2 518 olllals Heead wal. sou 2u VA
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gL d ol clllas Hecd el dRradl. A48 (Yu) Beu- olilis Hea 8, % vl
UL UL .
dv__dE_ i(l’_zj _Pr
dany dp~ dpl2m) " -
u5WL 12
12.1 (a) 4l %g el (b) Al {i3d, 8384 HIdd, (c) U85 13, (d) dlHuA-
qidd, R84 Hidd, (e) ol Hivdl
122 SRt uRMIe A4Eu WA B, A 80 1.67 X 10 kg 8, 241 »Uuid 43l
0581 01 6.64 X 10 kg ®. Ugldin windl 521 dgy Eaual (WAA) sl ay
eNElR Slatell, 0501 ALl ABAML UL Uiedl 3519 (Bounce Back) <l[&. AL »is
geotiet R Wietl 2[R ol 12 2404 Al F 9. 14, Hiel 518 uEldA AR i,
12.3 820nm
124 5.6%10"Hz
12.5 13.6eV,-27.2¢eV
12.6 9.7x10 "'m,3.1x 10" Hz
127 (2)2.18%x 10 m/s, 1.09 X 10° m/s, 7.27 X 10" m/s
() 1.52x10 s, 1.22% 10 7s,4.11x 10 " s
128 2.12x10 "m,4.77x10 "m
12.9 M- el 103 nm 244 122 nm ; 6uHR 22, 656 nm
12.10 2.6 X 10"
12.11 (a) 4oL e, %
(b) =B,y
(€)  AYAAD 5 usleln 312 @1l 215 il 2Ad 8, 512013 35 % vt gHelrl
AU Aed URHIRAAL AvAL A18 Y0 T A 8 i el sl e umL
v ddal g,
(d)  2HAAAL HIAHL S % AAAH 61 A9 HiAde Guand . HadiBd ada
AU WSLEIA S1elA S5 8Rll uElRlA 2dal oeflal o Amesell As . e,
MRl Widanl asl uslele A Htaoid 3t viig 9. WResL Hidaul
Wetetoled wsleiA 2s o gl 1O A wan AFsedl d aal
wslelvil 2iaotell a5 9.

~ N . ~ ~ 4n80(h/2n)2 NN ~ ~

12.12 6lleR HideHl Wy sal Bl a, 9, % a)= — uRel HoL €9, %l AL
e

UM Rl (G /i el it 243l +iBL dl 2wl edme, 22U

Cxem A N (h/2m)2 29
Gm m, 459 SO H2A 5 WaAH 6l sellil Bl dp = pema i 1.2x10" m.

pe &3 pmg -
2L et AHA (A2 (Universe )L el WRHIRL 53 8] HUg .
Wleletole UELEA 25 % Hagueiel Mol A wam AFsedl d aai wbleiqn

BLLR]] ASLA 9.
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1213 v =— 12 L__ 1] met (2n 1)
’ (4m3ei(h/2my [ (n-1)*  n*| (4mPel(h/2m)>n®(n—1)?
~ = me4
ALHILHRL HIZ, V =
" SN = me (h/2ny 3

~ . mhi2my_ . 4me,(h/2m)?

el g v, = (V/277), el ML v = ARy = TSI ",
™ mr me2

n(h/2m) _ me#

2mmr? 32132 (h/2m)ind

2luRdl v,= % nHRALY %24 % 8.

2 . NN e — NN
12.14 (a) |[—5—| B douSHuRHE e, dq 4et 2.82 X 10 m 8. ¥ aalls
4n80m02 >

N

WRHLRES WRHISL Sl 88 AL 8.
4me, (h/ 2m)?
me
WRHURAS WRHELAL $1L 6. (2 AiHL 5, wRael-] edldl st 244 sél
2% Al 3 12l wRMIL R gL WIS PUURL AL 22w 470//27T ARl 5.

(b) AR Aot uRHEL 8. ded 4t 0.53 X 10 m 8. ¥

~ N . nh N muz Ze2
12.15 6l QML mur= = 2 —— = P
27 r 4mEyr
By 2 ane h?
Wl T=1 my’= L& =0y
2 8meyr zZelm

2L YA RALAGLA 91w 541 Al 219 9, d=fl urizoll 218 5165 oiy el teidt

iy RERGA 9w We 52, UM V = —(Ze/ATeyr) oL B, i uzell

V==2TwAE=T+V=-THxd,

(a) 2UUdH E=-3.4 eV 3[2o1d wiedll uz 2041Ra 8, Fui RulaGled
9= wieid vid2 Al 9. E=—T udl 21 siaaiui $dsgiq-l oldGled
+3.4eVe.

(b) V=—2TBulal 53di $A 52l RUGlsl =—6.8 eV.

(c) A RulaBlost g oflw d urie 5321 dlafaBlea steaildl el d- e
RE[AGLAAL gLu-l uigailel el +3.4 eV &, wazal-ll RulaGled 2
s@ Glost oealal, ol RulaBlod 9= ofly darui »ud dl.

12.16 Aei-il oula el Asouda siella daiel Al arde uvimel « 53 asiy
dedi Hlal €U 8. slviel d13 yecl S18ily dotHin doLetal 107 el s+ &
ol el sal-eulseil 2allslarl ueHi 24l 7 Al vot Hial Hedsd 1434 &
(1071 534+4). 7 - el el yell W2 ollgr {Raxl sBs sdlwedlsd
22Ul Glo@il A 518l Aol dslddl d il Glod 24 sielly
ALl Hedlol AR Hedl ALl SIS 5, ol AlddLlRs St Wi

S14 20148 23 Acldd (A0i01) 2l sl el
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12.17 61l HLSe AL oAME 7 m 2801 iy, 45 AL SUUEL AAiE]2A 5 6floa WRAOTL 212101
vl 7oc (1/m) 2t E oc m. U4 9, w412l

r,m 0.53x10710 13
r= jn: = =57 — =256X10 "m
E m
E,= —= =—(13.6x207) ev=-28keV
UsW 13
13.1 (a) 6.941 u,(b) 19.9 %, 80.1 %
132 20.18u

133 1047 MeV
134 8.79 MeV,7.84 MeV
135 1.584% 10" MeV 24241 2.535% 10" J

N 226 222 Loy 242 238 4

13.6 () *2Ra — scRn+ JHe (i) %7Pu— > U+ jHe
- = . 210 - -
(i) 2P — S+ e +7v (iv) *9B— g Po+e +7

11 + . +
v 'lc—> 'B+e +v Vi) Te — Mo +e +v
.y 120 - 120

(vii) 4 Xet+e — Gl +v

13.7 (a)5 Tay, (b) 6.65 TN
13.8 42244 .
139 7.126x10 g

13.10 7.877 X 10" Bg 1241 2.13 Ci
13.11 1.23

13.12 (2) Q=493 MeV, E,=4.85 MeV, (b) Q=6.41 MeV, E, =6.29 MeV

13.13 lc>"IB+e +v+Q
Q=[my("\0)-my('lB)—m,]c’
odl, GudldMl dlid eoll uRMRAIAL A3 uRl ylsduadl 9. 9l 2uusl
wRHResll-l Guallal 303 dl ICHL = BauAL 20 12 Al wRHe il
6m, 01le 52 W3 A | IB ALy [SeauAL e M2 Al uRMIReaHiEl 5m, olie 53

NN Y

w3 2ul,Q=[m('l0)—m('1B)-2m,] ¢* (A% 218l m,{ owg»udasd.)
YA 0L BUALRL 52l Q=0.961 MeV
Q=E,+E, + E,.
Fict [EL, e 2Am Vel vl 4R e B, dell & 2Ae019d Glod dd W 8.
(E;=0). %l =4l at S el Glosl aa™ (ied 3 9) €ld dl WilBgid HedH
Blost S AU B, % 1ML o]l o Hied 3 Q BloA A U 8. i1l HedH E, = Q.
23 23 - = 23 23 2 ;

13.14 [)Ne— | [Na+e+ vV +Q; Q=[my(;yNe—my(;]Na)—m,]c, F4L Al
13.13+(l o Gualal eflia el uRMIgrL -US WL =yfsauA-L 6. uHIR) eoll-il

~ . 2 NN oY N ~ NN

GualoL s2di, Q= [m( 1y Ne)—m(Na)c . <L 3 m, -llope a4 . 21dd ol
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Bualal $2di, Q = 4.37 MeV. 2ty 13,13+ %4 Sasgiq-l Heru 2l
(Hedu E,) =Q=4.37 MeV.

13.15 (i) Q=-4.03 MeV, Gx19lM5
(i) Q=4.62 MeV, Bw18us

13.16 Q=m( ;gFe) - 2m(1238Al) =26.90 MeV, 2154 2.

13.17 4536 X 10°° MeV

6x10% x200x1.6x10713

,l o
R Jg .80 %uuy

13.18 2 Urt 52 13 £ls Geotadll Glo =
18 Syral autdl %) U L ogeall
_ 5%0.8x3.154x10'%x 235
12x1.6x10'
2 UL o el = 3088 kg.
13.19 @901 4.9% 10" yr
13.20 360 keV
13.22 244l 53] oA UBuIdl (1R :

g=1544kg.

AX— AY + e +v+Q, (B2l Geus)
e+ 50X = AY+V+Q, (Sasinsar)

2
Q, =[my (12 X)—my (Z_AIY) —m,]c
=[m (A X)=Zm,~m(,AY)+(Z~Dm,~m]c
=[m(5X)=m(,AV)~2m ¢
2 2
Q, =[my (?X) +m,—my(, Y)]c= [m(QX) —-m(, "\ Y)]c
AL A A 5 Q, >0 Ul Q, > 0 $lU % uBL Q, > 0 M2 Q, > 0 did 33| 1.
2], Ml uRRUH HA 9,
13.23 PMg:9.3%, XMg:11.7%
13.24 AX =yfsaua-l 2l [0 G S,

S, = [my (A1) +m,—m(A X)lc

d [Bodl uzdl S, (3 Ca)=8.36 MeV, S,(CTAN)=13.06 MeV
13.25209d
13.26 1 C-u BI% L HI2,

Q =[my(ZRa)+m(*%Ph)-my(* O)lc”

= [m(*Ra)~m(*% Pb)—m(* O)]c’=31.85 MeV

JHetl G112, Q= [m(*;;Ra)— m(y Rn) —m(;‘He)]czz 5.98 MeV

13.27 Q=[m(330) + m, — m(*2 Co) —m((Ri)c’=231.1 MeV
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13.28 (a) Q= [m(l2 H)+ m(f’ H)—m( 3He) - mn]c2 =17.59 MeV
(b) g@oL UL w0100 al (W12 5341) 12 %33 oUAGled = 480.0 keV

480.0 keV=7.68x10 "'1=3 kT

—14
T =200 " (1381 x 107 5K dlawedl)
3%1.381x107%3

=1.85% 10 K (%33 diumin)
1329 K,,.,( B )=0.284 MeV, K, ,,(B3) = 0.960 MeV
V(y,)=2.627% 10" Hz, v(y,)=0.995 X 10”’ Hz, v(y;)= 1.632 X 10° Hz
13.30 (a) ~Ail 3 2t 2laReuo cuoisi A2 T H 4f5uu 2idizad- 215 THe ~4[5au
6Ll & 2l £ B2l El6 @oLMOL 26 MeV Glost [A3sd 53 8. 1 kg el jiossil

Aletri [y s 2l Glod =39 X 10 MeV.
(b) 23U 1 kgrtt Bivisrii s adl Gl =5.1 X 10" MeV.
1 kg SLS3osiatl Aaul [ysd adl Glod, 1 kg q2RaseL Rl [Rasd

2l Glos-l @dLetaL 8 dRfl 69,
13.31 3.076 X 10" ke

usWL 14

14.1 (c)

142 (d)

143 (c)

144 ()

145 (c)

14.6  A149d30L 112 50 Hz, 48l d321 312 100 Hz.

14.7 AL (E, 52l AV HIg Sl 5L,

148 n,~4.95% 107, 1n,=4.75% 10", n-us12-AL, 51280 % n,>>n,.

[iedon? derdl (21) 22 Np=N,, = n,-n,, n,.n, = n?

STEHPETEN] G%aqtaﬂ n=1 |:(ND — N+ (Np— Ny’ +4 n12:|
14.9 @oeL1 X 10
14.10 (a) 0.207 pA (b) 1.233 pA (c) 8.11 x 10* Q
(d) ol dle2os HI2, Uals [ @o1™L I, F2ell % ©dl, % Ral oluy Ml @oLMaL
2ieid SRS 2R 22 D).

14.12 NOT : A Y
0 1
1 0

14.13 (a) AND, (b) OR
14.14 OR %2
14.15 (a) NOT, (b) AND
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Absorption spectra
AC voltage
Accelerators in India
Additivity of charges
Alpha decay
Alpha particle scattering
Angle of deviation
Angle of incidence
Angle of reflection
Angle of refraction
Angular magnification
Apparent depth
Area element vector
Atomic mass unit
Atomic number
Atomic spectra
Aurora Boriolis
Band gap
Bar magnet

as solenoid
Barrier potential
Beta decay
Binding energy per
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Bohr magneton
Bohr radius
Bohr’s model of atom
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Cartesian sign convention

Cells in parallel
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Cells in series
Chain reaction
Charging by induction

Chromatic aberration
Coherent source

Combination of lenses
Combination of resistors
series

parallel

Composition of nucleus

Concave mirror

Conduction band

Conductivity

Conductor

Conservation of charge

Conservative force

Control rods

Convex mirror

Critical angle

Curie temperature

Current density

Current loop as a
magnetic dipole

Current sensitivity of
galvanometer

Cut-off voltage/stopping
potential

Cyclotron frequency

Damping
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Decay constant
Diamagnetism
Dielectrics
Dielectric constant
Dielectrics strength
Diffraction
single slit
Dipole moment
Dipole moment vector
Dipole in uniform electric
field
Dispersion by a prism
Displacement current
Drift velocity
Earth’s magnetism
Earthing
Eddy currents
Electric charge
Electric current
Electric dipole
Electric displacemnt
Electric field
Electric field lines
Electric flux
Electric susceptibility
Electrical energy
Electromagnetic waves,
Electron emission
Electrostatics of
conductors
Electromotive force (emf)
Emission spectra
Energy bands
generation in stars

levels

stored in capacitor
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Equipotential surfaces

Excited state
Extrinsic semiconductor
Fast breeder reactor

Ferro magnetism

Field
due to infinite plane
sheet
due to uniformly
charged thin spherical
shell
Field emission
Facal length
Force between two
parallel currents
Fringe width
Full-wave rectifier
Gamma
rays
decay
Geographic meridian
Gold leaf electroscope

Ground state

Half life
Half - wave rectifier
Horizontal component of

earth’s magnetic field
Impact parameter
Impedence diagram
Inductance
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Induction of charge
Inductive circuit
reactance

Insulator
Interference
constructive
destructive

fringes
Internal resistance

Intrinsic semiconductor

Ionisation energy
Isobars
Isotones

Lateral shift
Law

of radioactive decay

of reflection
of refraction
L. C. Oscillatons
Linear
charge density
magnification /
magnifying power
Magnetic declination

Magnetic dipole
diole moment of a

revolving electron

field
field lines

field on the axix of
circular current loop

flux
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force on a current
carrying conductor
force

hysterisis

inclination

intensity

meridian

moment of a current
loop

moment

permeability

potential energy

susceptibility

Torque
Magnetisation
Majority carriers
Mass

defect

number

Energy relation
Mean life
Microscope

compound
Microwaves
Minority carriers
Mirage
Mirror equation
Mobility
Moderator

Motion in a magnetic field

Motional emf

Moving coil galvanometer -

Multiplication factor
(fission)
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Noise
Non-polar molecules
North pole
n-type semiconductro
Nuclear

binding energy

density

energy

fission

force

fusion

holocaust

reactor

size

winter
Numerical aperture
Optical fibres
Orbital magnetic moment
Paramagnetism

Permanent magnets
Permeability of free
space
Permittivity
of free space

of medium
Phasors diagram
Photoelectric emission
Photon
Pith ball
Plane Polarised wave
Point charge
Polar molecules
Polarisation

by reflection
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by scattering
Polarity of charge
Potential
due to an electric
dipole
due to a point charge

due to a system of
charges
energy difference
energy for a system
of charges
energy of a dipole
energy of a single
charge
energy of a system of
two charges
energy

Power (electrical)
factor
in ac circuit
of lens

Pressurised heavy
water reactors

Primary coil

Principal focus

Principal quantum number -

Prism formula

Properties of electric
charge

p-type semiconductor

Q-factor/quality factor

Quanta of energy

Quantization of charge

Radio waves
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Radioactivity
Rainbow
Ray optics,
Rectifier
Red shift
Reflection of light
Refraction
of a plane wave
Refractive index
Relation between field
and potential
Relaxation time
Retentivity

Resistance
Resistivity
of some materials

Resolving power of eye
Resonance

sharpness
Resonant frequency
Reverse bias
Right hand rule

Root mean square (rms)

or effective

current

voltage
Saturation current
Scattering of light

Secondary wavelet
Semiconductor

diode
elemental

compound
Shunt resistance
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Solar cell

South pole

spectral series
Spectrum of light
Spherical mirror

Spin magnetic moment
Surface charge density
Telescope

Temperature dependence

of resistivity
Thermionic emission
Thermonuclear fusion
Thin lens formula

Threshold frequency
Torque
on a current loop

on a dipole
Total internal reflection
Transformer

step-down

step-up
Uncertainty principle
Unpolarised wave
Ultraviolet rays

Valence band

Velocity selector

Visible rays
Voltage regulator
Voltage sensitivity of a
galvanometer
Volume charge density
Wavefront
plane
spherical
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