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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 November 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 stand-alone 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 with some relevant website
addresses under the title ePhysics. These sites provide additional materials on specific
topics and also provide learners the 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, 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, the 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 very
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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Constitution of India

Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(a)
(b)

(c)
(d)

(e)

(H)
(2

(h)
(M)
Q)

*(k)

Note:

to abide by the Constitution and respect its ideals and institutions, the
National Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national struggle
for freedom,;

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon to
do so;

to promote harmony and the spirit of common brotherhood amongst all
the people of India transcending religious, linguistic and regional or
sectional diversities; to renounce practices derogatory to the dignity of
women;

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests, lakes,
rivers, wildlife and to have compassion for living creatures;

to develop the scientific temper, humanism and the spirit of inquiry and
reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective
activity so that the nation constantly rises to higher levels of endeavour
and achievement;

who is a parent or guardian, to provide opportunities for education to
his child or, as the case may be, ward between the age of six and
fourteen years.

The Article 51A containing Fundamental Duties was inserted by the Constitution
(42nd Amendment) Act, 1976 (with effect from 3 January 1977).

*(k) was inserted by the Constitution (86th Amendment) Act, 2002 (with effect from
1 April 2010).
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TR ey At 95%-a & SITE (2ol e (1 W o7 @3l e s -9
0 W MR 2oy Sfowi® SITeI AT wetal Sl 1)

9.5 (M ©rel 9 &1 elfesas (ReFrRACTION AT

SPHERICAL SURFACES AND BY LENSES)

Q 2T SR AT [renete afersed [Ruava w6z | @ siwat 96 w5 M
TGS (AN Rrewetet aifesmet KA FAC | (N ST F8 G0 ST HToeT
TR qrar faTs =11 @3 waite Al e afesmrrs@ejwE el e #Af | ol
VAol 2Af ST NCo! GBTERCaS Wioiee RYTe SIfeas (aliamerad €2 Rmre et
T o9 2 @R O SfGeTsis IFeF@aN | SNl AT G (olliy ©re 2ifesrael
TG T G AT (ST (T O SRR S | AN (5751 291 9o wetaidl Fistia
Jog SIS N, FALTF T G0 T (9T 200 20 | T 36 (ol e
Afsfba cra 2SR s1ota 9@ ~7i 2t o =wEl @7 Aol 9@t (lens maker’s
formula) #I< IR ST (ST 714 A |

9.5.1 (el ot &fewae (Refraction at a spherical surface)

CIFO! (% ¢ RIFS! AP RS @It GG (oMl Sroa 2iie SCwa 8o O TG0
1 2ifef oot enififesst 9. 17 ora oriial 221 | n, afsrmi RS «afe st (2t
n,, Aferics RS S @ T g wivfos &7
SJTER TS, SR TS ST TR Qe (AN we1fo
T (3 AR SR R 2, 20 MRS ietafren Fu
D 1 T | KeEe, NM (0t N {7, (200 @i Sioss
ToiR Sl ere SRR (TR AR I 471 &7 |57 (eIt

S S A1, )

tan /NOM = "N
an -~ oM

tan /NCM = YN
an = MC

@ 9.17 7o = coirdim Rrew oo aifesre |

tan ZNIM MN
an = T
MI 323
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@3 24 100 watt FTORTR ©FF AT A 1700 FEE e fafe w0 |
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G, ANOC-G &+ i 2e7 912572 (ol | ;0d, i = /NOM + /NCM

j= MN  MN 9.13)
OM  MC
SIS,
r=/NCM - /NIM
wigfie, 1= MN _ MN (9.14)
TS MC Ml :

Q, (T 34 (AT 213
n, sini=n,sinr
A, Y (FICN S0
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BRI GISAE I ORUEN
SR TG

FANF (9.13) @32 (9. 14) (ATF A | G 1 - e SATAE AN I A= AR

My Mol

= (9.15)
OM MI MC
QAT OM, MI &3 MC S Taeo|Taa S 2 0 | FIoMHae Bz el et
T AT,

OM =-u, MI = +v, MC = +R
@3 T (9. 15) ANFACe I ST 41

Mo _ M _Np=hy
— R (9.16)
TRITTR ASHRIF G2 IF (AR ST Ie] AP =005 39 77 @ el paees
Y A SN (9.16) AN (ATF AR | G A= @-FIT IF (NAT O

CF0a ATy |

Twizad 9.6 6 7 T (AT W AY MG (6 (AN FEOCE (n = 1.5
@R ISl PP = 20 cm) SNAFES 2o | FIFSH (AF AENT TR 779 100
cm | 2fS 30 @IT sifve =@ e

AL

(9.16) FAFATIT A=FH S AT A | 42T
u=-100cm, v=?, R=+20cm, n, =1, 4R n, = 1.5

SRl AR,

15,1 05

v 100 20

A v=+100 cm

5 (AF 100 cm FACT A+Afo® Seg wfeyre afsf aifve =71

9.5.2 (79 F$F (117 2fe7ast (Refraction by a lens)

3> Srores @™ 7iAl 2feli %fTa eififess g2 9.18(a) fora (riltal ze1| afofli
stots Rl ufb «itet orare A : (1) 2w s enlt O 3o 1, ef R soa 3w
[b@ 9.18(b)] | 1, &R =Sk ST (Fa =P I 2103 Fe F GR AF [ 2ol
2027 [5@ 9.18(c)] | &2 RTewes ABC-9F (34 (9. 15) AT7e! AT S0 Sl
A,

n n n,—n
RN i

OB BI, BC, ©.17)
et oS i Rrewes * ADC-97 (g A9 I A1,
n n n,—n
2 41’2 1 (9.18)

DI, DI DC,

* G &% A, ADC-GF Tl AT Mo 2Afenaied n, , @A SR A AT NGTIH
AT n, | THATY, Wfow SR Koo wifeyry e’ Ak 3= & 91 DI, 179
YN 2T |

9'6 bizlua
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AT 1o,
(b) L (N ©C&T &AfSFe G2
(c) BT ottty wret 2ifesae |

1 1 1

vuzf

S{[%a1| (BT &, BI, = DI, | 37305l (9.17)
9= (9.18) o T Sl AR,

%"'Hllz(nz n) B_CI+DC2 (9.19)
A, TG ST R, widfe OB — o0 @3]
DI = f, (9.19) FIF (AT AT,
ﬂ=(n2—nll( - ] (9.20)
f BC, DC, :
G S SRR &) (3 e e 37

Y OIF TR (A F AE G _f (R @GR
(IR g 0T | T o AT gl (pled g, F

@3 F’ 21t (5@ 9.19) | forza s siepi,
BC,=+R,,
DC, =-R,

AR, (9.20) FNFETH 71 I,

?z(nzl _1)(;1_1;2j [ Ny, = rrll_fJ (9.21)

(9.21) 7=l “ o1 o @ et +if o |
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el = D (9.22)
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TORE (TR e (e wicers) 23 | foreea foamw
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(i) CTCoTT SN (Pl MG Sricaneae efomces =
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(i) 212 2T PP (F 19 (T #1011 ) w2t
21 0 (PIRRICA fRoT® 200 0T 0T = (ST (10Tt /
CRCY), G G0 AT T 6 277 2= 2l SCwa S5
A fefo 27| . 5
TeT G SRR (T (R TS 59 9. 19(a) @g 2F F efefey

(b) = QI B FrsTefCeTl Qv e B | I AT ]

TGS (S SRR (A0 G271 Ao a Sk S ST

kT o
b2
e

(OIS FA0O 20 GRIACHCE (9.23) F3NFe 71 3o (b)

(PTG el SIATe 2R (Rl 1 Tof AT 2 | 59 9.19 (a) T @ (b) TEH ETH-GF
I ST S A 70 (@, 95 CAfRoR! afiofl iy w2 o T

(T SPRY M fFofe 2| 11 T9< afevrd 77 3

e @2 aifsfar g e sl s aa |

WA WCoiE 3 @1 FoF [AET (m) oo SR ST G IT AR
SIS RN | (AN oo SICo! SIS (FI03E (FLaS 20S (rRIT! AIF,
h’ v
m=1= = (9.24)
forza s el S SR @R @, TesT A SIes (191 A1 TS A (43 SPT)

AR S m <I9S 2, @A SR (43R 917) SRS m AT 27 |

TwIZAc 9.7 GG G G AT AT (I ST 20TG = 1.47 AfST1E
RS G0 FI (O @R S IR (TR | SR AN TS 2 S T6 Bl Sro
20O AT ?

L

@ Sl T &) SAET AT O3 1.47 200 & | @7 9L T4 n, =
n, | 9 (ATE AR 1/f =0 WAl f— oo | T O G 0o FIHH AT I
FiG 0 | I, ©Fe10 &e1 203 =1 | @b faAifEe 20e #id|

9.5.3 (T4 el (Power of a lens)

TR S Siolfow ST ARN9PIT T3 T3 Sfeid Al SR FA AR 2o
TR O | 5903, T (S0 Sl [ G SR @I S+iat (019 oFea
FHOF (TP (I 46 @19 S eS AT Sftred [Rpre 0 | 9F(6 SN 327



(" (ATF I3 7Y FTT 91 (Il Regre Snisifow afepz Sifeiat
SRR 20 @ Il T I, G BIISTO ARANZ (FTF vl
TKee 2 (59 9.20) |

h 1 1
tand = =3 h=1%7, tand = — U, 5 FUIS = — |
S S J
Sro¢d,
1
P (9.25)

AR FIOR SI ¢FF 2 GBI (D) : 1D = Im™' 1 1 o=
(R TR GG (TR SOl G CIR7Bid (dioptre) A0 SIS
(SO (R0 (S0 O {elISF G SIS (S0 (G A TSF = |
OIF, T4 (I TR [T + 2.5 D 0! 7= 7N (corrective) (9 IRRIEE
AT T | O ATGAT TG 2 + 40 cm IR (T G5 SasT (&7 | (PIT!
(ST FTO! — 4.0 D IO — 25 cm I (T G0 SRee (T (0T |

iz 9.8 (i) M FHF (o7 9 T = 0.5 m 2, SR (T Fol T©
20A? (i) I STOIGH (ETCR (SN ST I9@! APNE 10 em @R 15 em |
G T WG 12 com | FIHF 2AfSTRIE T 2 2 (i) IS G T @I
(I A 20 cm | S G (I (1) 9 203 2 (-G 2 1sF = 1.33,
Y- 2RI = 1.5 1)

I
(i) FO! = +2 TIHIA |
(i) @, f=+12cm, R, = +10 cm, R, =-15 cm |
YT 2f oIS 1 431 74|
SR IO I, AN 9.22 IR IR | f, R, GR R,-GF GG Heza
=T ae 0o T |
11

1
e A o o 5= -1) (E_E]
@3 (ACF A2 n = 1.5.

(iii) TS PICH COR (T (0, n, = 1.5, n, = 1, f= +20 cm | OGS, 0T

1 1 1
—=0.5| —-—
4 (A AR 55 {Rl Rj
G G2 6 G103 &0, n, = 1.5, n, = 1.33 | 04,
1.33 1 1
T —(1.5-1.33) | —-—
0 ( )[R = } (9.26)

1 2

i AT FeIfTe I S 21, f= + 78.2 cm.

9.5.4 2T~ AT A 2Alresl 709 7w (Combination of
thin lenses in contact)
A, f, G3R f, CRIPRT TR UG G A 3% B 2RF{THE A72(T4 [141 TR | 4G, 22

T A-GF (RIPICTR 2T @6 7. O (o 3o A1l =iez (b 9.21) 1 42 @1 1
e afelm 7S 3 | Ay 1, 2felRT ™, 2 e @™ B-«3 (g «fb opm I

5@ 9.20 =T O |

Twizze 9.8
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2N e 3 @R 1 e pors aifefg 735 w0 | arrtg
SRR WA TS T @, (NG pONT 2AfeRry el
RGN e T AR e T At afei siota el
YIell <5911 2 | T, SN (=7 ARl feisope afRie ey, fadh
(IO GO ST (] SEPAIR ARAOS 2 | (G AN oo L e P D, oo >
A0, SIE ST FHYCER SN (FHACENCS TN ATSS 40
T AR | 41 4 e R P 5 3 2 5@ 9.21 o7 7ol il 73 sirwetl @I

A (779 A @il IS efofieas e, PR e oo o

1 1 1

U_I_ZZI (9.27)

TSR (71 B @171 77 afoRies ¢,

1 1 1

;_U_I_TZ (9.28)

TAFT (9.27) G2 (9.28) (@19 (I SN A3,

v u f f_z (9.29)

7:?1+ A (9.30)
TR AT AP (-G FARAIT 2ISe| IO Sty 2 @i 2itarey | 3 £, f,,
Lo GO AT FERYTE] 2GR (5T #Hw{T AT AT, OTF ARG PRG

I 7 213,
i_r. .1, 9.31)
S L fi S
(9.31) AT FHOT 2 I @A T
P=P +P,+ P, +... (9.32)

@A P 251 @1 IR (6 T3] | TTHAR (T, (9.32) AN 2o T ze1
aAfefb @R woR Aeeifafes @iaRee, @I THMEa 5y 7 (@9 (T @1
(G 3R 5 917 el (ST (103 (09 200 AR | SIS 2fTe s[cel {7
O SIS A SRR (191 ANSAR (L (11 TR 2ol 37 | afb aAfeRirga Shpole
I TR | @R 22 T IR TS ARt s e ot 3 R e 67, o
(9.24) Tl o S0 @ TFRRAG 6 77T m 2ol @em RadageEm (m,,
my, M,,...) YT,

m=mm,m, ... (9.33) 399
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I, S, TR TR S ST TFI M A ST AN G3F7 5T
IR G GRS P =T |

Twizact 9.9 (9.22) Hra 2wi*(e @11 FTRE [[ T afefeaa s e 3 |

|

+<—30cm —*
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o 10—
@ o.22
L 2 @ =R TS ORI e,

A v, =15cm

Y4 T =l 7S Al ROR (T (e I RO Fie I | @i @S
T BIFMCS (15 - 5) cm = 10 cm TCH 2¥ | e 2feH(t om, o3 «fb faSix
(IO CRFLE P I TR 1T 903, 93 91 291 faSIa (E10oa o affeent @2

WCWWWWWWWI
1 1 1

A v,=w
O (0o AT St 7aty e 2SRt 3% 23 | $oin @1 oveg «ft 7

AR e T |
1 1 1

Ug u3=f3
1.1, 1
> v, 30
A, vy=30cm
poIe AfSEl $OR @1 THtE 30 cm 7CH 45 2|

9.6 felerea sy wra afewad (ReFrRaCTION THROUGH

A Prism)

9.23 f51a «<fb fargeigfe forem ABC-« Stz W Steig sifemiel (ralta 200z | 29
e AB ( S17[eH (i G Afeael (Pl AT § R 1), @A RSl ©e1 AC (9
SIS (1ol (TG (AT IRT) 1, G 2T (il i [ el e | Fsfo 7 RS @3
wiifoe 7fi PQ-aF SIS TGSt (et [T @iet (5) AT |
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AQNR 59$0%, 73 (@i (Q @R R A RTe) Ascplet
o | SR, BOS IS S (el 7307 B 180° 2T |
ZA + ZQNR = 180°
f9os QNR (2,
r,+r,+ZQNR = 180°
3 AN G 0 SN AT,
r+n=A (9.34)
@6 Rpyfe 5 zeTvl wtet Ripfox s,
o=(i-r,)+(e-r,)
e,

o 9.23 fagsiwR 6 2o w4 fw « <o
TR S |

0 =i+e-A (9.35)

e, RpIfs @i SMisies (@R Sia fada 303 | RpIRe (@i @32 STiees @R sy
e @1fba 9.24 Bbra (rITA 2R | 9fFl 7% I R @, i = e Jors, KRS
5O (- (T AT NI S { G3R e -G (6 I Aol AN A 1 7YS (9.35) AN
i GR e -97 Aol (A @b @RI @, TW § G e -9 3N 2R TR SEwe
T 2, O § -9 A (@A AT 27 1 | @ (AT e
T (¥, B 9.23 g e afim #12ite [vidre sfeyr
e T G [T (e sfea i | qperes Rpyfe D, -4
o e ot afeye AR e efimommam e 1om. 607
A,

6=D 2Ai=e WQﬁQ,q:rzl

fprfe a0

50”._ ...................... Acee
(9.34) TN (AT AP
A :
2r=A?lTr=§ (9.36) RO [ R e
GFTCIE (9.35) AN (ATF 213 ; ; ;
D, =2i-A 3, i=(A+D,)/2 @37 3¢ " S [
0° 20° 40° 60° 80’
e g Samitw afemiis 2@ wiofed @Ie (i)
n, sinl(A+D,)/2] e ~
_t2 m 9.24 @ fqeeisiF faema CFrg Sioied
Ty n, sin[A /2] (9.38) 7

G (i) 93 R @ (5) -a3 W00 @Tifa |
IO A GR D, (@ AT 51 IR 1 07%,
(9.38) A4 fAeTwa Sotmita afories Reftra sl «infs emia e |

Y (TS e wefie sirea fareew (%ta, D, ¢ 43 (=10 ¥, @R S 212
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7 sin[A/2] 0 A/2
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G Sl @B (T, SAtes! e s Rpyfe @zt 331
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TSI AT, 3R 401 22w foes (e fafs afa fasta feres wisifos 270 (ba
9.26) | Ul feisfe Afeo= A ST RTCa (rdl AR | 1S 438 701G - 2 feremit 7wl
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REAN S [0 906 | SUIRFOTFA, W] IS THEPS
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BRI GISAE I ORUEN
SR TG

sifde 4= CHGNTW,WEW@WW 7% ™ 3efitoiel (chromatic aberration)
Y7 R | T AW ST 73 TR 4 A0 o 1, e 93 et St o Ripro
RGO 7T | 3 TG I¢fToizel et 1o |

Afe 9.2 fRfen sretirde T afemmis

@ 396.9 1.533 1.663
SRR 486.1 1.523 1.639
EGi 589.3 1.517 1.627
Qo 656.3 1.515 1.622

g NI STy TG QT SRS AT AR SR AT SAH12 5 |
) S ST LS SR ST 0o 23 | ST, %[ e (=1 ) 297 G0
TR s = STy T 1 A0 SN G52 GO 915+ 0 | SR S 02
W SN RO (M=, @7 St I =31, @2 2ot @2 e gefet e 30|
AT G 26 G0 [0S & |

9.8 JH(AF Tive AR 2AF[0S Toal (SoME

NATURAL PHENOMENA DUE TO SUNLIGHT) PHYSICS

SR BIHATCHR TGRS AR SR Alifers [ [Kifew 7% wwel <641 915 =20 |
SR BRI ST SIS (3, RS I st ey (fR ot #jgaia ST eeig
I | SIIFICHIR FETaM, IR X[, SR G Segail S 0 A, Arwieesy, AR el
3R ¥4 RIS @ IR Gaee A Aol 26T I {5 S5 2o qol, @R
TN S 432 AR5 | G e g ToaTiess S wviefRwgia 7i5eiet e ant< st |

9.8.1 WY (The rainbow)

ST 2T AN G ST S A AR Ko reia G o Smizget | @2 w1 31%a
3 ATS ST (ol RIS Sitaticess v, 2ifosae 3k aifewettra sirel
TOI9CETR AAfTS 2SITa Q0 | AN (rAR *[S9JTal 29, I ST @3 SIgeet (4l
AR5 alte) Rearel oz 3 Sz st oot (4 57 Woiee) 35 2 | it veise
(TG G AL (FAT T €3 TG (oA=L 06 I A |

L B TG @RS 9.27(a) ol Reawi 37 | e aifafmrs et
FACH AT 2] 27, T W SNl [ifoq saenitndatat (Ieftet) e 20 i |
A oT SR AT SN (37167) <Jeront (R e T06 (AT FUes S T Seena (@9)f)
s ife 237 | 78T, 2 Soiwia afisjten Az sreredie st wnsifes 27, 1
oo Al @32 Rrpetera SIfSeta st (@ielfs AF6 (et (ITHTg 48°) o1 J2e
2 o3 IMAGF Sreredlel Afozrer 06 | 73 afewfere Ff&M Jif R (At @R e,
O e AR 2= afosre 906 A fora (el 200z | (Rl (oIt T, Nisifew 333
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5@ 9.27 I : (a) AR Tofz Wivifos 7T 7 oo «ak Afafy o Sreredi+ afswer ; (b) AT
AN AR50 AR ST SIS AR Sreradiel aifeer 3 2formel ; qag
(c) CoTet AT 33B0e AR SIS ST A Srer@sie aifewacTa [afie foa |

AT ATHTF @Y SN 40° (I G ST S 42° (ITe! ol 270 | Spyiey
T (70T 3 (e, T (PITEIR TGRS T 2T |
9.27(b) ot 2NfRe A 07 <o RYOSIE (I 2CACR | S (TS A2 @,
1 TR A (It fefe ate =nta ik 2 7R 3T (2t fefe @offsr stiten weitea ity
chw | 1 =R Afdf e el @afS sitent «ar 2 == ifafiy (2 Fefe a1 e,
334 VTR (BITAR LT B2 Al M6 e o1 F(F | Sroq TF A3 qINLd St



BRI S I SRR CIDRUEN
TR T

SREH 15T 7 @ TR (@9)fl 3 THITS =11t | NS s 2o aifoorel, afewer g
aAfewe - @3 fonfs o1t Tcaibe e e |

AT ALY AIT (LG (T ST G Sreradrel aAf ot sif7acs
COTtel TSI 9T (e AR Foea SR i Srerete et <ts, 1 9.27(c)
fora (I 2R | 3 (Mot A1) 2o 1R s kb aifaia e | fadiy efswats
T ST HIRET ZI AR 3L S12 CoTIe] A0 1= 0 STl AP 23 | g,
9.27(c) @ (= @b 1% @, e T Uy 5% e =70

9.8.2 ITA [RTFoie (Scattering of light)

=R AN G & A0 SR G ST AN ST Sl a7k (s ifassy
9f50) RTwolel 906 | Fuod saeitnd) [IfRG SIte, fidex waeitnd RS Sicet sesi
wifes Rrmfere 237 | (Reseltem st sqe itz v Qires Issifes 27 | «ft amem
a9l (Rayleigh scattering) ST “if2f6®) | 51161 07 SR ST STz et
I SR SR Frred 28T, Fel I SN RTwolel S Maw 237 938 o
AT S T TS 2T | TG (@Y ST ST [T ST S Sifas oot
26T 3 SR Rewsid S @ 2, g S o1 @f e gemm S e 2fs
A FLCA 2T ST SFHE NS (700 AZ |

ARG TS Yformall G2 SR IR JRUIRICE SeN[Ce| fon fom =ibee e
2TF | SR ST L GR REFA (1 T, a RIS R snpicas) sl
PR TG APSTF AN | @ << A- G (09 I [ Nl A 1/ 4G g |
9 a >> 1 9l Iz wRFIET [OFAT

TGPPTICRR (0T (TwiRaersg=l- 357 b, =8 5 ot e o
IR YfeThell SR T TR ST 7@’ e
YTAIST T ;5 UGG I F0 AT qMIE
; TS eTeT S e
ARSI PO 2 | G- a>> ASIHE %ﬂ?\% j

ST TR AT AL AW T TR o7 A ﬁo
I S AR ST SRR A e o

s fac #idole Sifess Face 27 (foa 9.28) |

Al T TR S FHO SN I

ARG RCF#{Tei e SIoiif 23 | e ageremt 5 9.28 AT @ TR o TR AT ST

TaT Ko St Sma Gt G =T,
ORI A (e <2 e frorarmam sz
I @R 7JeHTaE AT 17 6 |

9.9 HTEIRT 9L (OPTICAL INSTRUMENTS)

oo, (o191 3% fererpTias afswer «ak afsariR iiafers Sits A @y SR
TZIfr @) eI fortel a1 20aem | CotfiTantel, FifeTreiiol, AR, Earwel, Sewe
23 3751 AT g SAHART THTE | IG02, S8 797l SR qgifug «f6 2
AT 2Me SR 57F | 57 R [ 0 SIS ORI e el g3 el I05q IR
A9 90 FACA |

Ty T 7Y +12 Sifeas 3H |
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9.9.1 (b1¢ (The eye)

9.29 (a) foTa (BITAT 91Je (AT ZCACZ | FIT (cornea) NN L IFwe T SCA!
(BIT! ST (R | €3 SN I (pupil) S, SRR (iris) @ fzoaa w4 e
S R | (AR TR N0 SRR SRR AR 741 AR | G797 5§ @10
RN SNCARFIRICE TR PRI 1 2R | @O 261 Y O @10 AArest B 3l (It
T IR TS ST I CF | DR ST 2Kl 32 3¢ 7031 TAFE € (rods)
8 (9 (cones ) (P T AT @R @l €3 S FATFG TN SHCEAPR FRF G
S (27 I | @A G2 ST TR AifFaiaet 706 | Fiferifd (ciliary) coif¥ia
ST TR SRR (I =il (IR (7 Bl fovzigel 5311 T | Trregerag =, T ool
fRIfRET AT, PP 07 & 2.5 cm T 3R SIC SRR 950 1% Ay @b
5113 2 | T4 TGCS (BITIT 43 FI02 O TF, O 19 @A @92 7 (= 2.5 cm)
IS AT P oz e (It o (i (1l oo 231 | (BITHE 2 (RIS
ARG (accommodation) I | I W@ BT 4T FZ A, AR @O
PRI T &) @110 A5 0O A 1, 9% 2SRl 16 27 | (@ Poosl e
TG SRS @B (P FACS A, O 1S Wi getost @9’ (least
distance of distinct vision) 123 %% 7% (near point) 73 I | FreiE etz
AN N 25 cm 4712 | (75 7% 77ec 362164 D o2 2191 37foe 41 23) | 3301 It
AN AN FPfemif e Al 43R @ a2 ANSA e « 2 1y 3
AT | 10 T2 3T 4 Fr7 F0a G2 775 [l G14 (ATF &R 7 (A0F 8 om0 20O
AT IR 60 2T ITCT 2 Y 200 cm-43 Tl I (919 AT | FICG2, GG ITF
(TP MW (512 (TP AT 25 cm I A GG 72 TS (5751 I 00 O S5 ([ 204 |
93 ST (GITLT @2 GHTe) M (presbyopia) IC | AT T S0 GF 0
SIS T T2 IR G2 Gf6 AL 1 T |

OGS, SN (512 GH(G TGS 1] [ G Sribe 2ifRAI TG (517 2T el ©fo”
PRI SR 2AfSfR oot 2SIl T AN AT | QoTET SR STl 917 @]
R TR S| S ICRATT TG (1 | I FFYHle] oo 3 ol Fail
A | e IR TG SIS AL T O FHTONE TGO SAfoTs] 0 I3
AT PR G0 FOIRF GIRII TR | SIE HZH G SR SN 2N |

I S -Tedel ¢ ATl Re, [feq TR =it Givd g aft orel fee =it |
SR SR SEAGICE (GICR Rg AN ST GO SIS SR AN | IRy,
TG A A I (AT 191 SNCARPAR 57 10 (ARG #171 @b AN @Il
e fiifeTe 2o 7| @3 4[0a gioE TeMS (nearsightedness) 3 AR
(myopia) 0| ¢ 9L 2 (BT ST SNTEFTI9eR SiEveq SfeTa 200z | €3
FORF Afo2® T @R 2T criw TR Srmeel I W3R (HI0F ) SRl 936
AT STe] 7 R S [Ba 9.29(b)].

SR, GIT4F (191 AW ol STEFAMCE @A (A= @Il 95 [Kre
(TG FCH OC (31 2 G G Sy GH{b SIS TR 2ATIS 23 | G2 ot
TS (farsightedness) A 2RAREGE (hypermetropia) A6 | [B@ 9.29(c)]
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@ 9.29 (a) GITIT SHHTFIT; (b) T8l GIHT= A AT GBI 4R @7 2fSFE; (c) ALFoor=1g At
RARCIGIHF G @R @7 2feFiz; @3 (d) [EsmfBor=r a s G ¥k a7 afsiz |

TR S5 O A GO0 RS (astigmatism) 6 | FRE SR (leigio
N 20 Q2T G W0 | SuizReFgol, ST STl 3wl TP e Twy Il
P SToFIFS @ 20O M1, SRR [oide Fe @b 719y 208 2 | Qe@ta gfoolef
SR RS (@IC DT I GG OIRTeITet i BT @190 M oI o fef
TE SN ST O (I G0 ST S ST WC0] TSI (FIF T€ FACS
A | R T (I G0 S0 @IS 33 SIEISIE (R FCS ARG
a3 w7 ST @ e T zw [ 5@ 9.29(d)] | AT = ST Soigs 7ol
PN ([FEIPIR (79 T2 I R  Tifev Gf AL 1 (@0 9410 | 2515 @)
Ao SN R yioete give ol e =i |

TwizAc 9.10 50 cm ™S R oo g (S «3 Wfea ot v
o) LS (A (FIP (7 TS 287 ATANGH 2

AL RO M7 PoTox 7% 25 cm 29T, u = —25 cm AT G0
AT v = -50 cm TF 47 &AfSfT Af5e 203 | ©fF aAenfe R i Fgea
el A,

A I
u

f v

1 1 1 1

T =50 25 50

A,  f=+ 50 cm (TG &)

337



I GRIEL)

338

-
=
(<]
E

Twizac 9.11

(a) % 7FRoT™E @3 TRET (I (AT ¥7 RY{G7 7379 261 80 cm | e IS TG
"B (TS (9101 €3 [T T© oo 7/ (0o ARG 2

(b) TS @G FreI G2 VT FRITO! T 2 G A (6 O 7S] TR
fRafefs a2 Mow i me |

(c) T2 [T 3 2 T O T+ YTt AR oww T | G610 o I
34|

AL

(a) *d7 Suiz=elba TCo! AN I S 212 (@, €2 TRET -~ 80 cm T
TIHRMS wIaes = 927 791 T, wigfie @ el I - 1.25 TEHIF |

(b) =TI, IYS SRS (@75 I A aAfSfg o1 37, g 37! 3G F63 GITY
Tes @i @R AR (ARY (ATF) T TeAT (@l 452 2T | TN
(T QR RIET T AR (B1Y [HS! IPIRCS (AT 901, G161 7T IR
@t TG G0 FRRTe (wdie aft <87 SeMT 19w ) W =iet =
ARISITS (BITT 1 =i @oAITe (Ffrgs 27 |

(c) % IO (Tl AT =S weftear Fevost v ek 27, widfle 2w 25
cm (I SIF BIRTOE ) T AT | 5+ AL ICH 32 AT I QLR 55
Ol T S12 FRBBTEF 25 cm-9F KT TATY (R A0S S (TG
i 2fow efsffam afsfim 25 cm STsr 33 =TT 91 27 | ™22 25 cm
TACY A (FA TEER (IO S S0 ST 7a0g A 72869 (I OFf
AfSRTFR) (FIT ST T 27 GIR GUHG @I G 2T 27 1 | ©f8
T2 2T I VE B AR A 27 B |

Tread 9.12 (a) TS I Tim ¢ T @19 (0 795 K@ 7319 75 em |

ST GIY (ACF 25 cm TR A @ @I 2 ~TeIE Ate Fo Fuol I

TR ARG 2 (b) IS @I I ICE 2! FACE 2 @ GITLS

AR AR IO [ T 2 (o) 92 I 340 AP W oI 03

X AT AR 51w S0 | I A, (e 2

AL

(@ u=-25cm, v=-75cm
1/f=1/25-1/75, 9ifle, f=37.5 cm|
FECANGT ETA0F SRS 0! +2.67 TIHIF 26T ATAGH |

(b) FRCANE @D 25 cm TCF A TGO @ = &ffT (75 cm TH) o
T | G2 AfSRTea @ PR R I FAT NFE 8 27 | GTHa
= oA [7dq <o =, [ AiHorrm @i 2 =6 [rre 390
(BPT) I ST, 2 2REISITS (BITE @OAITS (Fferge 2 | IR0, 5ol 2wl
I e 66 KT (75 cm) IFT (1T SFF S 5+ I IR
9% gF2 TG S AT 08! 27|

(c) ToEITe GHoia @I G YRR 1ag Froifis &7 widie afb w3
CTS Sl I ARPRCF Ao SFEFCIET @IS (Ffirge w0
o1 AT SSA FASIA 20O 210 | S @ v (56
TR (0 A99Z0) TGS AR (FFq AT SR FoTo] SICofl {2
SSAR AR 9 FAE | GECE €3 T TATO! TGRS o T 0
B <RI 2A—W FACI |




9.9.2 “\ﬂ‘iﬁ‘ﬁq ¥g (The microscope)

BRI S I SRR CIDRUEN

SR i

G 77 RS At SISl TG 291 F@ (@ MR G0 S @7 (fog 9.30) 1

eI TF RO @37 @191 2 I & G006 I
(AF G (FIFP TA0G A OF T TACY A T @R AT
AT G AR (GIY AT | 9T T STl 2o T
5 <ol [Rafde «3k s AfsfT aoe « 3 f rare 35 <=1,
TS SR GBI SFNEE ©f (479 27 i 25 cm A

f\-.-_:‘-:::::‘__-

|
|

|

|

o7 g 1a2 2fsfiT toft el ares | 7 g0 £ 7ace
QA O 2oy S 9ifde = | @i Jrge I TG 1Y
CTCaTS! CRPIRIA RO QeI 13 T 5 230 Aol o 8
SR e RS oifde 27 | Tfns afefRia siarsmis witea
(R0 TG [P0 0o 2GS (739 D = 25 cm) 59 afb Git
Aret 9% I | JoTR T afde afeRars v @i
CRF(E 22 oY 4 2 | SN QT FI6! (Rgrae (Al
— 229G 9.30(a) fora, ORI 9.30(b) @ (c) ora |
e S Tg @i fes [ D -co sifde afsfirea
A (A1 R m - & (e il amt et 2w,

i[5

iz 2l SRR v AT R G AT DG AN | STdq

m=|1+ b
G (9.39)

D -4F i 2 25 cm 23T, 6 94 [ afolm it
f=5 cm PP TR @3 T (TR AT |

F @, m= h'/h @4 h @R h' IR0 TG 8
AfeRia o | I FHETSIE (I &=y TZHTE D ¢ A
23, 94 T [T m 2o 7 afolRm ¢ Ig =l e
TRAT (I SIS | (75 51, afb AFOATTH 7 @il (BIT
Ty (e T I h/u) | 46 G5 (191 e SefIrme|
IEF FRI01 281 6 TG D- 97 PR (BITAT SIS TR
e |

SRl @2 2ifefy 3 S At e [eda fe

T | O TLAT (e,

tan 6, = (E]z 0
D o

«—u—»~

¢ D

iy

N

(c)

N\
L3 ]

@ 9.30 4 375w WS4 77 ; (a) REF @I

G S e (@ 2y fes [mre sifde

2, (b) IY TP ST (i, 71 [re T

CRRITEIRT IS 2, 9. () I (0o (el e

TR ARFCE, AT ST YT g S S
fasis sfoe 23 |

TN | JCFCT ST (1 K81 el S0 =03 | 40, T3 &bl h | b 32 o
R =refie. DTS AT 94w b AR (el oA T G3R 1Bl I (T 201R)

(9.40)
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TG A4 1 (9 AT 04 AT 7R (G102 Bofey RITHI S SIS G2 fo1efy |

%=m=5ﬁwchwwﬁ,a%ﬁﬂw@@mmq
tang =T = P VR g iy w = e s, g Bt ot
- - U —u
h
o =1
1)
T 9.29(c) 57 (AF =T | JoAR, (el 7
AW:
“lo |77 9.42)

@2 R@Etea =i, oo Rre 775 efefRivea oy Rt wemiz 3 27 (sl
9.39), g Wit ¥t «fb wifes SRmRS q3g RIGER 2ime Awere T3 27|
IR TG 1S (SIRet G2 TR ) A S 40 (A (@ 2Ry =i
sifdo 2w |

(R IRPIT MRCE AR Srel) e S| oe] TR ARG (LG STl S0+ A (< 9) |
wifred RREER CFia 06! 91 9219 91 2 (@R G @11 Soafba deiRes el
T @@ | G @i W’:ﬁf‘%ﬁ g (compound microscope) I 19.31 3 «H
GRS SR AT o (rITl 20ACR | T FIF67= FATG (s it (objective)
e | @t I I SR @3k Rfe 2R om0 | @3 2R s @ fws
T G 0 | 92 ol ETe1b 0 St (eyepiece)
T, Al o7 e S A [AEF RETa Fie I @R
potw Rafde spiv S siom 30 | s s e
ISR (FIFA ST FICR (I A OF (S9F) G5
VR0 9if6e 27 T ST 2 315 o) Soge 31 72w,
w123 foieh e Ao 953 & SHis (S [7gh! TR
5ifoe 2% | o1Te2 st 2ol o e A ITw Tl
QSR T |

ST @2 (ol SR qge owig [Radw e

S A1 9.31 forar affa wiw @ sfsee &y Rada
A (caRs) wiefie h/h z&
5@ 9.31 @forF oSt g =i efefw R L
SN AR | Mo =p =% (9.43)

AT ST ANCoF AP JIRT PR

h) (K
wns (- (7)
GG Y 2o 22 AfSRTTR S, h 261 IR I G SIS (IR O 2e
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M SItens [ese @aR
TR T

AR 3 (AT SfSTetas 22w AT 7 (R o f) +1¥® waee 2e1 @1
S| CF AR 07 |

SRS (PP Ra itg 22w S 2ifefi sifde 2eam, wifew afsfg o= fes
fRTe 5if3e 27 GITwrta e S TF T=Fe Toitaa SIITEbA! (TS A1 Tl
[T (9.39)] TR FCH 7 R3E (FIfes) my, Py a1 21 | e,

D
m, = [1 + T] [9.44(a)]

wifgs el g4e SIstie 5ifde 27, SIfettas oy (@i [ade [ (9.42)] =
m,=(D/f,) [9.44(b)]
Srewd, T4+ 2l S sifde 23, (G Kada [(9.33) Fieae S |

m=mm,_ = LD
oMe=\ ) 7 (9.45)

o502 G Y I5H 28 KRG (oIt (1ot 11 B PR SifeeTy 93 Siereag
CRPIPIT (7 S o3 20 | BT 1 e TS 1 (ISP O AT 493 01T |
S AT A L TSRS J2& S (0 AT 27 |

TrigaetEg, ) = 1.0 cm PR (O SifeeTsh @3k 20 cm (RIS w10 (g
fRada

]2

=@><§ =250
1 2

TR BegeTa ro! [ifew Razergz AfeRirs Sead @ per=imor 2elq (et | e
eI A0 T RIS SR SRz 291 9w afRives Seor gfrie wifser
¢ IfeT0g RCT @R TR 2 311 23 |

9.9.3 ‘/R%I"‘Wf (Telescope)

TES! IR (FfF Kt oy @l g 929 791 2% (ba 9.32) | @ wge 3
SIfeeT 3R SIfE A | G I SISTIEE ST SSHTHE (IR (74 2GR
T 43 00 T | TFS! (A I (ACF S9! ST 2T FCH T ST B
SfSeTCRR o e e «fb 1 afsi oo 37 | wifeta 2R Raffesw
PO SRR 2y 910w 3 | R wel mzA pors afoRg 95 (It Sesiw @ id g
TR TF FEF (#1034l (5102 AT (@Il o -7 ST | FTS2

m>>ﬁ>>£.£=£

a f. h f
GO R A T [+ S, |
PO <! @3 T Al 919t (ST aIie SIS GFCeiel SRl @11

T | 2T 3R TSGR 2RI, T (a2 AfSTT 7l I 41 (@TO

(9.46)
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ST | BMIZREFEl, 100 cm PP Cha
ST @R 1 cm P W Sfetg
TR (D el T PRl Rl =1 3 |
@3 vFarsd  wrEw [RRde wEel
m = 100/1 = 100.

17 (1 T et BesAmei<pIRt BIsi Ceia)
24O LI AP 0 T 2 R S |
SRIFHE 100 x 1’ = 100’ =1.67° (o
PRI AR A0 NG B |

TCOIFRCER o1 [RIGPTE 28 Sl

G Tl TR G e w12l R
foa 9.32 «fb 2foiers T 7F | wFS! | G SR (AT Coi ey
R | RS T TSR AR eI eq
JRPAZ AL 1 (@0 A | Rl ol Sl 2 @2t A g 39 5ol
ALHFCR AL € AT TR Tl 167 7 | 5[0, SRR @Il g ofda
SO TR 26 2R IR ST A2 T | TSN AIZ© J2F SGeTH] (FTCHA P17
40 inch (~1.02 m) | 4f5 N ITATT TSAHOT (Wisconsin ) S S0
(Yerks Observatory) SRS | 437 328 E9TA! 43 O 26T Q4T Toft 71 @
VRS 2T AGHIC! Y32 T | 0ol @k Rgpfege afeRm 7fioast a3+t ganiwa

(5T (o f 11 TS FHAI AR KL |
G e PRI, SNl TR A0F ST (TR #IRRCS Gl wrqwet wofel
IR FAN LT | WAl SSeTH (mirror objective) TR TS 2if ST @A g€
T 2 | 5fTe (RITIg ot efTotae T a1t | STy SRR 9jeiafer {fRG @l oo e
GG VAR T ART I IR IF AMFA 1 SGRIE 7 2Bl FeTea So
SIGHR T AT A0 6 TEF SA S SIS 5] 0] | A ST TR
D 2T | 2, TR ST woolfl TR T STSTRAE SN (P A |
TR SR G ST AF IR ARG O €3 AT AR TR AL 0%
SFIEE TR freq 0 g sifwiel wees et
TR | TR ST AT 2Neta 200 3%
(~5.08 m) R AR BRTTRIT G2 SR TR
CoTiet ofe FIebe Tl ZECE | TS WA @r g g
T - T (RITH! A A | G2 TP 23 G0 AL 2eT
o ol Bl (TR W [Rppe 341 | 9.33 e
g7 G TR (I 2R, @R GG (71 Tee
vl @R Sivifes ST (@Hige 741 27 Al 2ifie
siferH woi(eR s (oor i st 23 | e e
59 9.33 b &AfSTeT TR (FOTRA) S SPACT TS (Cassegrain telescope)
AR Ba | TR e | 7 RN = CRICH! R PP
T 322 TR 2 | OIfETIga S SRTed J267
342 el e | @ff 2.34 m DR efsmers aarmwe (Ieae) | b Rfer s




BRI S I SRR CIDRUEN
SR TG

T AT T GFACH I FCH T4 1 2, A G4 WA S SAPBOCH e
SNEGIRFEER ReER 2 T | SR AT 262 2te Rifsrs s
TR 08! 2if52reTs 7 261 10 m TR 2T I GFEe! (@6 @l (Keck

telescope) |

A

1. Sivifoe 3, efswfers 7f, afers af g3 STy 42 TTete SR TR
Zi= /1 AN SR 2/fSTT GIR (FER @ sini/sinr= n S 2w
TRAEC T @A i, r ' 3R r 2o IARPC SNAS (Flel, AT (@l @3
Aforzel ¢iel |

2. TS G (AF YO N ASHATIT (0 (@ NS (IR &y 2Afsorzel
Gl 90° T OIF HFB (el i ICT | i > i 47 (a5 STer@el AT 705 |
BCE IPRAT TerER 2Tt (i, = 24.4°), 5 2w forem @32 T
AfS Sreradid s afowecTa 5y Szl | SRR o Ay aformies R[S
TAMITT AT 2ATHTA TS FIEOG T A | STAIF TG BT AT 2078 @
GHYITE BT ST IR Srepai AfeFeea “7 SoE a4 e @R
S |

3. [orzg A0S Ff : o ST ST Mol 7g 4AIN, S [eide
ST O AN | 979 TGS LI SCHT GAT w07 (7 / T AR
(TS Tl T | x-SICFF TATER At @R wofel/ (IO i) SI0wa ofF a1l
il Tovet 4 e 27 | Reidive FRIfey Shers dares i 23 |

4. THAT TNEI :

1 1 1

v u f
@A 1 GR v T8 I I @ AT 179 93 f 2o w5 (il o | f
SIS IO AN SIS T ; SR HATIR (0 AN ; Taet wof o
G f 4TS |

5. n, AfSMRITET I NN R A femciel @ n, efermies (RS f2emm
CF(a,

_n, sin[(A+D,)/2]
n, sin(A/2)

@A D, 7e Peres [ e |

6. CAlle STBzeteTa N0k e efosrets ¢t (IAFCA n, 38 n,, efeories [FS
1 9 ST (AT 2 =R TCH)
L, n_ M~

15} u R
NS (&I T

ny;

v u f 343
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10.

T fers 5a

1_(mp-n)f1 1

5o [Rl Rz]

R, €3 R, T (W07 SoTalqq 3] AP | ST G0 (F0d f dIF 9%
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(Refraction and Reflection of Plane

Waves using Huygens Principle)
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Demonstration of interference, diffraction, refraction, resonance and Doppler effect

http://www falstad.com/ripple/

PHYSICS

BUSTRR
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wave by a plane surface)
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2 | BRrE Rosae s« Az S,Q @3k S,Q Head, d 7 (I S, @R S, -4

SR <

o o = 7.25 R
TS TAGCE P FC) S SIS 001 2GR O S, Q @R S, Q 2R i a1l S
Afofs et
2018, 92 e 2ifefb sare @rw em aiw s 23|
(b)
IR SR @ 7 R R[easa1 3 [ 59 10.9(b)], @4 62
4 10.9
S,R-SR=-2.51 (a) Q fRT® ofowgeias
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http://phet.colorado.edu/en/simulation/legacy/wave-interference

Ripple Tank experiments on wave interference

PHYSICS

S,, T (AT TAT SHCAI H74,
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Interactive animation of Young’'s experiment

http://vsg.quasihome.com/interfer.html
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Interactive animation on single slit diffraction pattern
http://www.phys.hawaii.edu/~teb/optics/java/slitdiffr/
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G 7S bf2r T, I (AT S %G 9121 F G061 FICEN! 2T 271 (It R[ifbedy (r4e 21t | ANATTT
I T AT T S0 A W =R G GRS [foRay (7l A 1 | SR, SI2iTE SIce!
AT ST @R TSI w1771 (A0 Rifben SRR e 27 | 2. 15 v St sraer i «ifofa
@ d -aF AF S G (S (512 (AT (S ATFYAG D AR I | d/ D Seoitef 267 (oI (i
TRl ST |

OfS @IaT! T S SRR IO SETNIA Yfereeli=) g o7 TR | #Ms! gorml (AT el 72T
Pl T e Gf el g fereffarel Tl | Corsta e Rt e @k gferenba g oo ey, gfereiifoa

[ AN A | ‘

Y G5 ST SoAMITTR 7L6! Y N0 IR, DA SIS A-93 A
DA T, T S 5 3 AN | Ry 7w aifeime Seiase sTest 203 @3k Afefm
STH G I 20,

1.22 1
vezv( j (10.27)

D

i 27 g AR & SIRTR TR0 I 92 VG SICAF ), G ([ 1 0 1,
@23 7 I G o7l AN | 7 O TS wgeTos I,

e o]

B 1222 v
" D ‘m

C]CE 5 m=£
J

122 f A
- D
@4, FRFE (10.26) 9<% (10.28) FIF T, I 212
1.221
374 ™09 tan

(10.28)
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1.221

- 2sin f

Tl 3G 432 ST (0 SR NG A A 2@ n A R[S e =3,
©@ (10.29) AT A<CHI© 794 27

1.221
" = 9 sin B (10.30)

n sinf YA ARRIF ST (numerical aperture) ICA G FAC FAC!
ETsF (FT0 6 BTar QT | B i 12 lb Rva Sy sPes R S iio
e Sl JCE RO o |

(10.30) AT (ATF Ol T (F, T &ifSoiancs RIS wpw 929 63 [esd
e i I @O 2T | NS SISTF (S SAMITAR ARSI PRI M
AR (RS G0 (0T 2 1 2 | & LR JIRIFARNE (@7 [y €er SferaF (oil
immersion objective) J& T | TFR (T sinf -4 M 1-43 TfHF 267 ASI2 77 |
IR SIS (1R (@, TS L ST S {0 @iaiE S el A0 [esd wwre) e
T2 |

e @ R N0 3R SgoeIt @RI @ SIS T0Fa (FFq 92 A9
(parameters) (ﬁﬂ*ﬂ% (I CFFCQ AT @ IS eSS AeF | ﬁﬁ@%’ﬂ‘ﬁ
TG, EIS! (I I 2SR e (ives Feeife Tofd 303 | wiE Reswel w1 ar
G ] TGAJCENT (AT el AT &) AT ipie fResiael 1l (AT 2 | S,
G STl T TG (R TG AT IIRlfR) Rafdo 3 @3g qur g2 wigfen
Af Sy (ol 03 | S 26 e A ERS! (@I e 136 Toiag WAt (@it @’
TG (I Rfew wiexl (14T AR | 92 2PT0es GBI I A1 A (@, G0 7R T
e 3, @A 9 w9 77 [Rga T |
10.6.4 TiffeFotas [qeita 92iefel (The validity of ray optics)
ST IR B TS a SFRRFS @3 @2ifew i o e ~ 1/ a @
SRS SEN (2 76 | @b (R Tegat b2 #ifba (FIf S | O 2 77 wifoms
TR (0, SO Mo 76 FM9Y0=T (@4 2./ a T | (Ol GIec SN 20 @,
7-GF (I A TS 7o AR SETIBH SN - 9T AN G 203 | ©f2 il
SIS z0/a @R a @A AW 47| 9B 77g R 6 a @E qere
S9PYfS (divergence) Slesis) 27 | ST,

a2

zZ= 7 (10.31)
I NS AN NG “F e 739" (Fresnel distance) SINs G0 A

2,~(F IS B,
zp=a’/ A
(10.31) el (TS (T AR (X, 2,97 QAT ST U YA Sl ST

Vil 2 AT (AR oI 0o 2 | T4 GG S el z,, 2, ©4e G2 i [aw
AT G T | 2, QTR R GG G SO el 2 Syl SIieens
R@itas (wefie a SrRfba W) SEgst Sl Soorw Sfes aeReie 209 |

(10.29)
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(10.31) =74 (ATF (72 A (@, S STSTTH %[+ Tl St Sifaifess s
e R 27 |

Triedel 10.7 3 mm RRES 2@ @3 500 nm SHS W SR CFCa, Y
TS A Sififes Sta Kem aRLeis 2w g32

)
o (3x107)
NGz, =— = ——=18m
A 5x10

9% TAIRF (AT O A (@, ST T A8 AT (@ SRS RO 77

G oS Rgls Srorel 1 T | 0w, Ig AR (F(a I S
Ries 7219 =7 |

Twigad 10.7

10.7 59+ (POLARISATION)

R AN, GFH oTH ORE ST NS LT AR ZRCE, AR S AG PRSI SO
SNCZ | SR SR T A Toi A6 sRITSHFeId SIwies I +x 7% -
T G SFel Tesi FHce ARG (B 10.21) | @ @R @6 wqwl Ml
FNFACIF AR I T @ AR |

t:O
t=At

R NN N NI /7
, \Z// \\)/, \)// \)// \// \\///

()

—> y (xt)

2n
T= <&

MAMARAAAAAAAAAANAAAAADD,
VVVVVVVVVVVVYVVVV VYV VYV

— >t
(b)

—> y (x=0,t)

@ 10.21 (a) 3947 43 2T S AT X AT KB 31 FCH O IATCH ¢ =
0 G3% t = At T IFCIET ORGF 77 fo® T | (b) T4 A2 SHIT LT x-S
TR R 1 T 0 x = 0 SR IFCANT IR ARTTER ACATT F0CF I >e

576 FE | x = Ax TR AT ARSI ACATE A4 Q6! T AT A |
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Y (x,t) = asin (kx - ot) (10.32)
@A a9R o (= 2nv) IAFE STl T7 [EF @R (Ff9F oM 0 0, 9%

271

A= - (10.33)
AT 1, ORI SR T foe 0 | SR <GPt (il 211y ={RBTa 2l SIT Q=TT
SHATIZ NGl TE SN IR | (@R TR (A y O 909 o7t ReEaa
W@WWW@,@? & G o foF ol (transverse wave) A A |
R, @R AR Y-S ey, ©iF @ wqenls M5a5a y-NafEs (y-polarised)
RO sififoe 1o @y wizita el & «ait swerain S sf~ore 27, o2 wawils
R Wefee (linearly polarised) 2rTRe #ififbe | @"i?@, SR AowR x-y OCH
TR FC G O G T AN HO® Sq1S ( plane polarised wave)
& =27 |

SRR, SR ST FNE x-2 O [0+ FA0 20, T 237w ogel
TR I 3R (2 SHCH A1,

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

5! @I BT 1 AT (@, @RS RIS Sqepies [ (10.33) @k (10.34)
M S | F9EER ol warent; welfe, wiafbar Sifaoa Al R vl oo waet
R SIS AR TR 2 | 2R, I ©aa 3919 =T (plane of vibration)
Y3 FY AT SRBCH GCEAITNCEISIR AAfFafSe 231, O3 ol (2 sqwilltrs epwafee
w3 (unpolarised wave) T T | ©F, G0 SHANAGS ST, T FNCHD
AN TSI #Af7afEe 20 A0 Tfe 79 ooz v RS Sfesedd e
EEISERIEGE

SR a1 fods efon 23; Sdfie S sare s R <iES sfesrwalt 71mie
e I oy 27 | 416 A6 (AT 92 S @ [mf 43 wzres el
A | OfST fFoT SAites T oiieet 2fifF5F (e, @ATAIE (AR A0 | 93 H
TS ST s, R ettt STz e @&l cotenaee oifvs | R s
IS ST (ST (SN o] 212 7ED) (<ife 2 1018, T @ =07 <6
CIFARRETES ToiF G SPTIARS® R oq@! i1 Sivifes 27, ©rF SNEs saeilb
R ST GG o717 SGYT = HeiiIe] SFG L (T3 W0 (RS TRE® 209; @
ST (AT S oF4-SF (pass-axis) A AR |

iz, I ENGA TR Tcol G M T (ATF 7297 S P, (ARG
AT &y e o= 0, ©T3 (74l T (@, BTEAIR 2ol SIS 208 T | G0 fsfe
ST TR P, AN gt (RITeT] &ASla AT A1 43R ol STen Si<ey wfafes
QT | 94 PG AR g7 G0 CIFRRG 46 P, RO SR AE A€ | ZefiFiee,
I (T 2770 WA AT G5 [ifoza P, - w14y e Sfosias sfre < |
g 9ea P~ 2y et ool St s Sofe gofizmia P, (ARRee e @6
GE ASIT AT | G TR, (ARG P, -4 35 e Hgifers =207 437 2kl P,
(AT Fi5fe TAR 2iRET 2w 7 2| 98 SR (ATF P, & 90° (ITel G,
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P, (ARG P, a3 512 ezt feisf eiitatisr & 1eios eiiesns siieig A<gifere e (fog

10.22) |
P, P,
L | !k
P, P,
@
(b)

5@ 10.22 (a) P, 9% P, 7fb coifeiiReces si&y e eitens sifeswd | 9 76 coifsiaees
SE] (el 0° (AT ARG 20 90° 20eA, Fgifer™ WITel ¢ Wisifow Witeila AT
SIS 1 (AT ¥+ T T | T (@, GG (ARRES P, (AF (558 SNt ey @
o I A 17 20 41 | (b) W2 coetzeates st fea Sites Sifssiees s

SCLTH (TTA0F DG | AT ANTEAT 2& (PNFAITS S TAGAIA SN | T3 2
o7 oza)TeT Sfe<rFa (TR Wi Wom I |

CARTIRES P, -4 W& WM SO Sea, T (ATt Sifeswel o T919e
A 231 401 T, TICAIE AR RO IS A1 AR 1AM P, 4= P, -4 S
S PRHET M 0 (el oA O TN IR RT E cos 0 Toiiei
(P,-3 Sz o7 TRI179) (AFTRRC P,-431 375 e ol 203 | S0, (AR P
(T2 P,) (3 A A7, 5o Siteg 2y i i i -Refse 2= -

I=1,cos’0 (10.35)

(ARG [, 2o P-4 &) Tz S epie Taeiow Wil 2<et |51 (7o 7 (Malus’
law) T #{f2f0w | ST SNCEIHI (ATE (il AR (@, G50 @ CoARTRRTe W& e
G SR 2T SN#/fes SR ARETT NES 2| @R G (AR Riisfw
FE, (ARG GBI SIS STH LTS (I ARG I SAR AR SNisifoe
SR AR 50% (AT *[7) 7S foagel 31 (@ 2 |

HAEI, ST 5 TUCS (ARG T2 I SN AR forgel F1 07 |
FCH1ETRPS FICTET 922 3D boitb@ TG (RIS 2/ el 2 |

THIZFe 10.8 WTMNTSIE (crossed) A 726 (ARETST N2G8! AT A6
ARG 2T (TN 06T AFITS ST AT FHATE D S

T &fF, 2L ATES P, -7 54 e A<gifere TRiES St 2w 1| faow
TGS P, Wia AglfeT 2EAR 27 WA 2I9e 20,

I =1,c0s°6,




S| A [l

@A P, @ P, -F S STHT TGS (Flel 0 | ([IG P, 8 P, AT/ A0
AT BT, ©f2 P, '€ P9 Sfewel SCHF NGTS! (el T0F (/2 - 6) | AR,
P, Tt A<gfeT® NG 2T 20,

I = I,cos”8 cos® (g - 9]
= I, cos’0 sin®0 =(I,/4) sin®20
IO, FEITS SN AlET A 20T T 0 = n/4 |

10.7.1 fICF2le qidl A% (Polarisation by scattering)

AR TeT P (AT SN15Te ST 7R G gofiarsie e s e sifeame
FACH, (T I (@ AT AT AT G T2 | 2JfAN ATHGTED S TR A
FRYITST T AR ST ARTSER (RTFI wgel) o1 2wt «aft =i f5ge 717 |
10.23(a) f50a, S ST SPrRiee (Rt 2@E | ehojre fba ster oy Iaa
RS 3qb® 07 | ey A foafbzeften foa wret Awae b 7 | (SPFRSS SR (g
@2 W2HF N ! W T54F AT ) | ioifoe ST sqeeld wES ofoerwiaa
O[T Y JTNT BEEREA TR SO SSLR o(fSw Toiical a1 e | Sl oo, st
SRS AT I GG AL THRS AR | 2502 (@Y 2RI Wi,
a2 fox H=o|TeTa A e SYPTRR SR (@Il 53 Tofice A A1, 912
2 SRSYCL ST @I =i [ifel S 1 | =P 7 Rewfsre [t ehoet
AR famre =371 «ft foa srr wivey IaRe TS 2 | @2 oIt S (AT
R SR AN 1 |

e e
s (SPTRfES) iffes g afswlre
: W
far=iete s : a
frascad M |
(a) (b)

@ 10.23 (a) ST 200 RTHH Tt SR A6 | Sl9ifew TR P (Th

@R B 57 7R) | 4TS @3 19 (i 2aee | @fb SitERa s 90° @it Resfse

I, T NS ST SASHCT TGS (XLFG ©HIR) | (b) FBZ M (ATF Jo0I (I
AfSwiere ST e (2fowiors ¢ aferye af Arix sifee) |

1920 -&3 WF ool FLfCam @32 e TRraiafele ST 2kl S
Rewei ol FRTeIR Sepr FEfe | Ko ae 1930 AE @8 FEH S
sMRW @I R o 2R |
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ﬁ‘fﬂm O3> {1 Fq (A SPECIAL CASE OF TOTAL TRANSMISSION)

4 726 MR Rrewe e Stel Sivifos 27, o3 o 41 AR (@ S St 5y o dfewfre ¢
g oeel 1T 23 | Ao @ 2l RTame 1 T : @oe g %67 SR A6 7Jeta (T A4ere
A SFeTE) G ST APz SN1#1f6 T (Tl 2ifSzrere =iv =jfeira Agifere 2et 37ea & 2 corm

(ST S T, T 2 |
farn

%&:’.ﬁ:’.ﬁ:ﬁ:’i

BT, 430 TS AT FAT G FE 4R F G0 ©f [WRTSIE 7% FH | ¢ @19, 96 Ty
MRS, 45 e R Go6fG ot feT «3 fHras Sret A2 |

4f¥, GTENR T3 (A ol St ot Tay M P i, o6 Siiofed (ice! farem 7jioa Som
oS 27 | G TRTEFOE MACY (WS IR Yl 77 FAE @ ARSI 07 G0 (S Srorieifae
(R S feemIfoR Gotar s Site s7sjefeita esifers 23 @3k forem o (TS (it it afwfere
Tl | FCE AT AT TS St 6 Frsjefeita e zmam | ‘

10.7.2 @fowew qial e (Polarisation by reflection)

T o A&, (T ST (TS SICe| eifozrlers 20z, A 10.23 (b) fora (it 2tz |
34 ColE, U6 3R B foabznz wivfes ¢ dfere sare Tox aae st
TR o a0z | SRl @9 @3 CFg (REITR @R afewfre waell dfers
SR IR B S T | ST = WeiaiIe] S(eig-PTE 2ifowriers el Seom
T | ZETRGITCR G2 ™l e Kifre waren w2 fode sfeyr Agifene =
wiefie 2ifooye Sawl Teom 23 | fax 2l foafbzsiten afowfrs sare sfeyrea e 23 |
Afowiere wareld Boix @3 Sieyre 5ifed @It @oiq AT =1 | ©iF amie fog e,
Afowriere Ste foq ot (W6 7/l fmwi*e) sifesty (afiss Tafse 23 | afowfers st
e @5 Rt (analyser) W& frcro=ee, @2 (b ors w1 9 | ReREa sy
(s foqest Sdfie Sitorew ©ra AR, AFIfeTs AT ARTE I 2T 27 |
735 75 MR Rrerete SafEe St Sisifes 20, 72 afewfire ¢ afeqs

AN 2T TR AN 02 &S feT HTAID Storen wrea Sif ey ofeer g (o33
e RS 27 | Sreed, SRl (i (@, afesfire sqwil dfere sarels wifesy 2,
Yfezrlere wRwlll 75Ot TMRE wwnl & | GRTFTE S (BT F7017 (el ¢
G GICF 1, IR IS 1 2 ISR (T A (7, 4R 1, (Plolll 1 Neret eifosiaieessst
AR YT | ARG GBCFCE i+ = 11/2, CREER 9] (AT SRl AT,

_sinip sinig

~ sinr  sin(n/2-iy)
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=% _ tang 10.36
CcoSig B (10.36)
@b POIFT FF A e |

79

THize 10.9 I ATOAT FIOH FFOCET SN B! AT 257 | Sisfee
T W 9 20e, efowrfere qg afee Ff sfria sraifesdl = e

TG i+ r 4T AT /2 2O G, I A, tan iy = p = 1.519 (A 22
iy = 57° | 962 IR ACATT BT POIF (I T |

RGO TR Sy, S SR 90° (T RTFo1el 92 oI (el 2zt STl
IR | G2 RO (@, Sfe<Cwiaa 13t 19 ST S0 <3 %[+ 27 | <7y (@Fle e,
Tox Tofisxfz ol QAT [og Gt wio@fb (At =t =37 | w26 o7 Socee S0
CTAITH GRS W F7=0fF QT 71, I G STRE® IR0 o19 BoAIH TR (2T
GO AN AR | FL 9 LR SN G310 gefRia Resaea sk fe o7 a1 27 o4
A IR ST LRI SN (TS AN TR G T=sfef @I S ol T 1|
G SIS AT < T Sgar’ e |

5, SNl @3 Rt @RI 65 F7 | 73w @3 Spiafee it afaeve 12
R Rrevrete] PO (@I WAfCS 27, O H#few ST Gib S =Ig Si=ion
SR SRy ofU<rirg (37 A afswiore 273 | 94w @b TTewita oS 92T
FF, SR Ao SR SfoeTT 2 ©fbe (@37 MRS S T=5)efel Sopiifas Faa
I, ST G2 SRS 2T ST Gl oo (T SNifos 20 e, o oft ittt
ST (TTS AT T G G2 SR el AT 2 |

2 SGITER MO SN A3+ g TH Sardd ARG, ([@oJTE] *4oa o Sred
NI AN N T | 2 ST @ ARSHATR Tt g THe 91T IS Tl SIS (o1 Sy
ST IOTEHAIE AT SIS STz Sz fofe S waw sty a¢f Feafy, 2
SR SR O] SOgd CHF [$f6 T SRl il FH00 Al | G271 Sl 233-99
fataiifew s1Frift 3fat Sl Tt = R o @6 wgw e o S |
SR SR AR g (e (st oy, s, swade @< enifaifes s [Reaitg
Gl TTE 3 SRR | 97 AFIS! ST (IR (AT @, 1900 B 5 szt
SRS PN el Tgel 25! fadrmiz fofers Tgw wg Mz se e 2wl |

A

1. ZROCR IS A, @3 saenm Soix 2fsft & it sarer 93t S
TR FIoYTET ARSI TS 208 SR Teof 3 |

2. 2ROGR AT SAHOTE 1070F SRR (T STOPT[ER FYLS! ST
(envelope) CWWW@Q"{%N IﬂﬁW’{%%WWN,W
CTIel SRARRAYTT ol SGToT 2 | GBTHC SITAIFARCE| SO ST
ST 2T IR (- (I TR TR SNCAITT T G2 27 | Afoete G
SR Jeififoe sk «2 Ffew Soiw afsfe |

3. [ 7R A SrOlfEF WA T G2 KL SteAlfee e, $4 wArHia
TATIAST 1o 2T 2T | 42 SR el 24vs KT SNt Alen Reawat
FACEA, 92 AR (e ARETTER TG SORS ATSBIRG® AR GG %
TGS AT | 3 (b T2 TG 7 T 7 9IG N *[7) 1 27 43R 2 BeAI6

6°0T bizlha
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GG L2 FH Tt GSPIR (AT oS SHofTatl T T2 '@ ST el A1
[N

4. TMW-GF AIFT d I A Far)ii®d, 1/d @G0T GramRNG W

b AT Beofy I | T, @RIREaRE ARIES @R NGRY 9 (TR
Tegat AT 58 AT I A | 3T g SNens $eo afr crainfecas
SRR 1/ d S 2R (el T2 I, O03 517 HeTmage Refe 2 I |

5. a @RS @36 @iz, @@ oaw Tege LT oS AHew! ST FF |

i%,i%, Tyl (I AET AT 7 2GR G TGS (PIPTLR T
VTSR ARTETR (AT1¢l G AT AN A | SR SRS {0 el T
Ffas RO A/D (o ifTe 37, @A D 26 Sfeeesa i | @3 s
SCH ST ARHCE AR 7 g Rl Seifirifes afeimmmz 7% |
I, n dferic RS g g6 e Jeas wioer®, 93 @RIe]
2B (I GRAT AT, A/(2n sin ) I A 736 TG L2 9 LFSI S
TS AR, G JoTO LI 267 Se! T0F [N S | AT (e o116
SR AT Sifox (e =it Fdwe @1 o @RES o
AR AP, AT M0 9T 2P *FF 2 a2/ 2 GRS Sfo™ 67, @

YRGS (RFET-A A0 |

6. I ST, (@ I (AT S9SN SRS 2 | 97 5 767 3 2AFfod

AR CFG SfGHG (TSI AP [57F O go @R Sfefieei
FVIRY e SGYCLE. 5 Tee] 27 | G (ARG GG SoAIHT (G
RO S0 FTI1eT) Agifere 03 | Grwg fWafe SN @RS e A
G AR SN 771 27 | @SI @ (6 (AT SoFsIe ST 27 (I
SRS, GF e T G < SN 575 FACE, G5 A R HIw
AT AN (FATS AN T | SR G0 RO (e (JIBI (1o )
ST MOTH 3R AT IFNGTA /2 @I RTFHATR ARGTNS TAfe©
ST Bl 1 TN |

(IS RURIGRREREDEY
G5 R T o7 (AT SR SR B AT, @RI St afi s afesie
TR I FACS (7] T | S O SIS S 1 G Ht FH0S S5
203 Sl SR FACS F291, B IR (FCAE (TSR SBeY 5 G2 A] (=l
S e |
SRl OreR el o aREit 25 Rfew T (At e e wawl R
REBICHR Toe1l, T SHITETT IR RNIF SOR2 20O 2N (Fo01 TR~ A
Tl TR |
SRS TG SHIfEifo Sens Reaitars S o 3 | 33 SRl A I
HAGFACIN CFCG SYIF @R THIF! ICFF A0 AN AR A e [l
e =2 |
Y T ST ST @RS (a2 OB IR STFATSTT ToeIT S
2CE | 5 SNET SACAF Tro! 53T SACAT (a2 TS G0 [0 <o |
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10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

SAE! FAF [erle

SrgAEel

589 nm SHHHRRG G SHCA! A (AT T e WA 27| (a) 2ifowfore

@R (b) 2SS STAR TSI, F=IleF IR TS YfS F© 203 ? T AN

1.331

THRIRS CFQYEITS SRR SFS (o 203

(a) @3 K T (AT S Sohfo 20z |

(b) TG R (FIFIH A @6 7 ST &y (57971 (AT Sten! fofe 20w |

(c) 2T TEF IS TG (ATF NS ST STACL (Zfroies! |

(a) IHH ARSHAN 1.5 | FITH ST G0 IO 2 (0 ST G 3.0 x 10°ms™) |

(b) TSR GFS s oeta 3o faesrs 2 3 71 23, $ra a1iet @32 @9 i@ e
@I I Cof et Sy SIrorwFe feifeorsi 263 2

397 fararaifem 79, @@ 7 0.28 mm R4 3R W6 1.4 m qE Al
SITE | (IR GegeT AT % 59 Sege e N8 g 1.2 em wAfwiol T 27|
@ A IIFS ST @it e S |

FTR-aF Far 4R AT RS GG SN S 4 20, 7 A 212 Al

IS @I 9 KT ST 2T 20 K 9353 | 9T 1/ 3 A 2114 RIS «asfo

R SR 2AKET T© 203 2

397 fararifew AR fepR AR 9B 650 nm @R 520 nm SHSTHHT

73fb STETs afierz 5o 20 |

(a) 650 nm SAHITHTHA Tl I (TR TegaT N (AT TOIN Gege1 AR YAT
et s |

(b) R TTGH AT (ATF PTG F© Y SO ST TG &) St AT Tal
RIS

fatifem R 1 m 0a RIS 7R @3 0 (@19 @1 0.2° 7% T4 I |
ARZS AR ST 600 nm | I A T rwiEe o=iomiG Te Fuftee w1
2%, O3 68 AEHA (FIfF (@74 F© 2 ? 407 e Ted AfSmaks 4/3 |

Y (AT P> ST AFIETCH PO (I e T 2 (FI AT = 1.5) |

5000 A wawitne RS et 5 e afowas 7jtp wivifoe 27| afowfre
I SAA L 8 FART TS 2 TS 20 (I Ty @lfSriore 7RG Srilfes afam

SfeTH A & ?

10.10 <3 4 mm IFRFD a7 @9 400 nm STATHCH S &) F© 0T Sififes

IS [ear T2 27 @t sielel Sl |
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10.11

10.12

10.13

10.14

10.15

10.16

10.17

384

sfefe S

GFG THG 2MRCGITEH AR [297S 6563 A ST Ho GHIF 15 A &1 pife

(red shift) 7% 1 AR | A3 (A THAD F© GO0 L A DR, O 9161 FCA |

IS SNTAR FIAPISG, (I T (oI ST AR G, [0 (vacuum) SR

7S STl (@R 2, @3 IR (T | O 1451 AN | SICET ST GRod AT o],

G2 AT v Srafee 2 3 ©f 71 =, O3 Wit @i om0 A

AR AN} & 2

G2 A (SN (SR T, FISI ZIRCTR N6 2T 2ifSzrerey @3k afermria

AR Aeq AR | @ TS 2Tl I (LS (@, G o AR AR SAPRe
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Cs

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

() ©IF FA 755759 (Thermionic emission): @’?@E Taol 7l TS BERGACE
e SioHE 2mia FACET IR 41T P (AT (@ T SPICS T 27|

(i) TG 2779 (Field emission) : (PG A 37 =T ©fSerwa (108 v
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(iii) SNITETFOIGE 45779 (Photoelectric emission) : (Tl 4o ﬁt’é)?f T @9@\@‘
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FERGAE SRS 206G (photoelectrons) I |
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11.3.1 QT A% (Hertz's observations)
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AT (25 (AT SERRG 712970 2T | el ST 7ol fe97e Serrgaojien Sfe<rtas
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(EXPERIMENTAL STUDY OF PHOTOELECTRIC
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11.4.1 SITAIS Sfered T2 e Siqeid 2feld (Effect
of intensity of light on photocurrent)
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on photoelectric current)
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of frequency of incident radiation on stopping
potential)

Qe I Siolfow [RiFem Fiier v @3g qfe

Tea V,-93 Wrap T ok | A AEEa

T G2 SIorF [fer F=viitera [T, Aaes T
Ao KSR ARTS T ST Oferex +AfFas
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(ii) @7e G INEIF A oM @R Seifoe R Tt o= «ft ot coltg
@, T 2R ieifoe RiFArER SRoR Fme#ne! 73 FJie [eab o3 Sel
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(PaoToELECTRIC EFFECT AND WAVE THEORY
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7 WeIF (interference), W9+ (diffraction) G NS (polarisation)-4g
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11.6 SNSTH130Ad a7 ofte AMFae (EINSTEIN'S

PHOTOELECTRIC EQUATION: ENERGY QUANTUM
oF RADIATION)

1905 51T, @G SB6IE (1879-1955) [Albert Einstein (1879-1955)]
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eI B2 (1879 — 1955)
SZPHE 1879 RIBIH st T
T FACH Gneed e | fofe
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AT G AP FCI | AT ST
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(special theory of relativity)
% | 1916 ACE fofd Al
ICoAfEFFeId (general theory of
relativity) ©gft 2™ ST |

PR o+ g 4392 Y7o

SleoRfsjel SRMINeE 27 : Traifere g
TR =9 3 Ao $FIg [
qrag 93 wofee Jyesfers
Treifere | Roes 9fD tfes afegel
(model) 3 SNy W7 ket
5eT] S, GG ST T (@A G
TS Syl 932 RGN
TR e feba G b SATEmINRE
e | ifess st (theore-
tical physics) €38 SCAF ©fG
R R SRmitas & ) 1921 AT
OICS (I SR (e 2 |

Rifsarr =7 @ 3| [iske e oot @mem  hy
Al *If§ SN0, @A h 281 AR §7F G v SN 915 |
W ©fe R afh Brerrgs RiTaem g @=oe =€ (hy)
I 0 | (IS =T @3 (RGN T AT Y (AF ZERE
@R T S Sl ATAGAT Jerosl *fF (I ST, ) S0P
e 2 O TR A sifexifE e Fofe = —
K. =hv-¢ (11.2)
I qHORT S N57e BErrgeeTe Sifexe qur s
ST T 2| AN (@, @I G0 IR SR o, &fS
FIRTS S+ifew bt 7Yl =2 [Wdifre =1 Sl & coft
4fS EIRCS eoye TR NS I~ | e, fHepe !
FERGER AR oS 2fel wibe =i amt [difee =311
(11.2) el SNEPHRET e e FHwaed R
Ao | SR @ (TR PO G2 AN 11.4.3 S 2VS
SR Sfbe [ 7=ifFe el MR 90 Fae G JpIggea
sfifdfereia emm 6 |
o TN (11.2) SEPNCE, @ S, K, TN -
ot FREERTOIE 67 @ 3z [T Sor Tor s
JE I | SABPORAT ©F ST GFF GoF FIA 2T T2
GG TG RFAET G MG @IRIGN e T 04
ST ofe =17 9% 27 | Rier Sl (31 afs @3
afs 4T (FITCE *fT PR AT TGS @3 Gl
S |
o K, S¥I2 IS 2eT9, (11.2) M @RIT @,
AT ©fTe [ (FETg 78 2@ I hv > ¢y
A, v > v, @A

- (11.3)

(11.3) AAFF  (ATF (2! AT (@, I SCAFRFT (e
A FCORCEREA R0 & Toed el 9l o
T v, UG | GOIE, (OITDT &) @3 @F 5l
TN v, (= ¢p/N) AT A AR I A (Sieifos [
Sl T ZTF A @ A LIS A TS AT (2 oo 28w
A @) P ST SR Heoigel 751 w3 |

o &3 g, Tty Sfafie RiTarm Set afs «as i, 2fs
OFF (FIHCA HE FIRFG! FRAF ARG | T© @ A2
*fF (PG 7S] 2, ©© ¢ AN WHF FRAT TG =IS
CFIRGE CIel TR GR (v > vy~9F &) A (AF 002 KT
TR FERRGT (@F TR SR | @fo 10 I F IR, v >
Vo ~OF T AR ©fGe 217 SO AT |



fifae @R MIcdq e
- N (@
(7S AF[O

o TIZTHRER ©CG, WEF St A @36 3G 21l SR @F (FIAGN

e 7o Yo 2N afea | @2 afcn siewfas 77| geie Sl Wil @fs
G TR AfS G CFARCE RIFACER @R 7 A @F N (@ SAENT ©fe”
Tzl Sl 27 | 3 Slrort e ey 203 71 SiRd o Al dfen
G353 AF | Ol 7 (@Feg @t Mo 2w @, I AUE sy Al
AR (43 @ TETRE B GG SCETT GPRBIN C<Iel) @oie I, I
ARTIL? W ©fTee R e AT |

(11.1) P30 2R FCH, SN ©fbR AT (11.2) & WHFCA @7=1 I —

eVy=hv - ¢y v2v, a3 G

@, v, = [P -% (11.4)

e e

«@ft @b SieoRtelef waeet | @b @RIT @, V, ~a7 310 v -a7 @Tfbaft i e
2 @A = (h/ e) @3 4fb 419 27 Go ST FCE T | 1906-1916 AN T
ffermIe (Millikan ) SEP5I20AE STHAIT SfEe AN 160 (disproving) ST
S SfG A T AT SR 215! 7=l 01 | 11.5 fo1d (oI (e =it
oI T RIS &) 21 ARG 71 AR IR | e- 97 &l T IR IR
o1 2iitesa 435 h-a e fefa e | ssje fom avtrent [Adte @2 e 2itsss gaea
A (= 6.626 x 107°4J s) 37 TR | GI7 1916 GBI ffswe Sizro iR
AR SfCR FAFRIHTE QG ARICS G (72 2ol FCae |

AT ©fEe T ALEF T CHG SN (PRI &F5 @R h @R §,-aF
AR Ware A (N S 2R A AR A HZT(S (AR FCH) G
RN, SBPBIRET ST ofe Fa7 ogltes wiiren azeaiay Facz | s
ST T ApF TofF [l Fvers @ e simw oifs fTgereia s
e AT 6T T |

11.7 =NCeE Fo0) ﬁ§i\9 : (FIo9 (PARTICLE NATURE

oF LicaT: THE PHOTON)

Sl @I 2T 0! IR 9 927 I @ @S dTesH h v i 5w
Il *IfTT @B A el (packets) W o, @t ofvefma @ @G
e O 2w |

I ST (PTG B P A HoATFS 51 T 2 SN2eob12e 2 99l Preics
Tl 20 (@, STEAR (PRIGIRS SAECER (h v/ ¢) 0ol I T4 T | =I5 0wt
AT SR (0 7S M1, €3 46 (SIS FCF (T, S (AT {0 I
0o TRYT T AT | ATTSIPICH A2 FNCF (P51 I (ST F(ACE | 9,435 55+ [ A.H.
Compton (1892-1962)]-€3 3(TRG (TH X-AM KTl [ @il 1924 A SNART
I Cel SbACeR el st [ ee 231 | wife smiefwiz (theoretical physics) ©iF
SRV @R ST SfGe KT 1921 A SBTHIRACE (I 7T 27l 1 2 |
SfGred 61 (elementary) ST @3 SIS ST KA THF O IS W”f
1923 AT ST AR (e 7= avie F21 23 |

SfEpFRR R @by ogt SEl fRfReeta Aot et AR 395




% ot

() sl iR ke, [ aw =ive s @ afb @i ws i 7 oo |

(i) 2TSF @O *f§ E (=hv), SA@4 p (= hv/d, R @t ¢, T SR @O
SR |

(iii) RS Tt @ 7 @&, 3 TS Fiies vt wxeitnd 2, RS S =
(FGHATAIRE @92 *If% E (=hv = he/2) @R SA@4 p (= hv/c = h/2) ATF | 247G
AT SR ST I T, (TG A0 GRS 2 (i iR Sifos
SIS ST CRIGCTR 1221 I 911 | @oita cribemifes el St faqors 23|

(iv) CRIGA9TE OfER FRTHT @3 ©ftR € GITcwe ol [ 27 1|

(v) PO @B AT ((RFIGH-ZETRG A o) (G T @R (6 a0t
S QACF | (oA NS 200 AT A G0 Tge 2ERG GAT 20O AT |

Trizad 11.1 9% @I (laser) T 6.0 x10™ Hz FHISRRS G5ad]
SN Teofy 2| fHfe ol 2.0 x10° W | (a) SR IR <0 @RGEE
*E F9? (b) TG @l 2 GRS 0T F© FYF oA [ 272

TR
(a) 2T CFoe IS
E=hv=(6.63x10°J s) (6.0 x10'* Hz)

=3.98 x 1094
(b) % T 6T AfS EIRFTS g @5 TR N 28 O Aoz AGIS
Ol P, ATOF (Fiod ¥ E-97 N 907 7 2 9idie P = N E|
O

P_ 2.0x10°W

E—m = 5.0 x10'® C‘J“[[b’q/ P |

N =

Twiggd 11.1

Trlzad 11.2  DIfeeR S Soms 2.14 eV (a) BifeRIGR o= o
Fites fefy | (b) 3 36 o7 0.60 V 3 e SfEe 2RIzt =+
T 7 O ST S sreitnd e |

G
(a) FG-S1F I 3ol FTRT Go Sioifoe RiFaca = h v, s3I0
TTATE §,, - AN 20O T | &R

Vo = 9 _ _ 2.14eV ~2.14x1.6x107"°J
h  6.63x10°*Js 6.63x10*J s

GO, €2 ool FAI S I FHACKT Tl (I FOIRERG T
2@ I

(b) F7e FHRERRGAYER A o *IfF 5 Ko7 v,-a9 Ty e
eV, 43 I a1 ST i T ) 2 AR | SBPHEE SR
ofSe 7wl 2@

h
eVo=hV—¢o=TC - Py

=5.16x10" Hz

ql, A= hc/(eVy + ¢)

Twigad 11.2
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Twigdel 11.3 YIS SCe SR (@97 8, ZeM-38 16 3R N A06H
SIS T A 390 nm, 550 nm (57T STHIML) @R 760 nm 2T |
(@) I TS @FHET = eV @I I 2@ (i) @Y AT, (i) TW-5S
ACE 91T SAAITT, €% (idi) FT16T AT (4T, h = 6.63x107* Js @R 1 eV
= 1.6x10 '°J 1)
(b) 11.1 ARCIGE ST FEA @ ARLYEATS (2)-9F (1), (i) R (iii) 95
FEAREE IR FCI TA SNCACS ISR G0 ST ©fee TF CofF

T 2.74x1.6x10°J

_ (6.63x10*Js)x(3x10°m/s)

(0.60eV +2.14eV)

_19.89x10%°Jm
(2.74eV)

19.89x102°J m

=454 nm

e @3 oMt
(7® 2o

0 A[E?

AL
(a) SIS @HER %€, E = hv = he/A

(b)

1.989x102°Jm
A

() @Y SR T 4, = 390 nm (FF S@itmda 2s)
wiefee @oeE =i, E, =

E = (6.63x107°%J s) (3x10% m/s)/1 =

1.989x10% Jm
390%x10° m

=5.10 x 10'%J

_ 5.10x107°J
1.6 x107° J/eVv

(i) 2GS SR & 2, = 550 nm (TG SHSITL)
1.989x10% Jm
oo @GR M, E, = o0 10 m

= 3.62x107'° J = 2.26 eV
(i) ST SR S0 A, = 760 nm (THST STATWCH 2TT)

1.989x10* Jm
WTQ{W m *ff\@, E3 = 760 X 10—9 m

= 2.62x107° J = 1.64 eV

= 3.19 eV

G TEIF bR I bifete e, wi+ifos e =€ E | smiefva ai
TCAFST §,-4F AN I ¢, ST @ € ARE | G¥OI @off
SIS (E = 3.19 eV 7R) W@ ACH MY Na (¢, = 2.75 eV IR),
K (¢, = 2.30 €V 3®) 4% Cs (¢, = 2.14 eV 7R) (O AP ©fbe 77
I | @b 297 (E = 2.26 eV I2) STATS (@FEG Cs (4, =

2.14 eV AR)-47 &) FEFA | ©Lifst @ft w7 SeeTte (E = 1.64 eV
) P SNENT AR ARLAEAR @FINre I 17|
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11.8 “Witdq wa@l Z@i\o (Wave NATURE OF

MATTER)

SR (GRS, Sfbpaar Riad) tae a3fel (oqel i), I G 77!
ST SIAC SR FICZ G071 LS 2 | SR i o jfepta
(interference), S (diffraction) {2 FANTS (polarisation )-4& XG9S
YG0IHE 2 | SIS, S oo [l g3z F(5 /R, @I #If% @ eaeasl 2es
TGS, [Fe Gu w6ae I @ @6 @Fapz I S @ o e T | @
ST TS, T B TH@-2FTeq W) @ KT Towatn, Gt sifw opfe
Tl ST 0 | TRIRRerTel, SN GI0I AR (@Il I @RI AR 1o
Tl T2 wFe! T Iz JFTolf | 5F-ET Bl SIS GIFfEe @R @I
AR wFwl Har SitEeiR 3 Tre | g 70 @) @ @M (@GR sr) 7=
G AT SIETR (PIDT ST ATASH |

G Tl 2 Trg : I [l e agplon (Sqwl-ae) =7, O N agien
(9T (FERRG, (2B 2efo) SATeR Nro! @G awq FE? 1924 AE FR
s ?fé‘ ICEEAN ?‘111%1' (Louis Victor de Broglie) (@ TwiAC! & 77) (1892-
1987) &3 ST @38 ToRiloF I @, WL ifodla Tl Ty ~ffefors
TR T ARD) A 0O AR | TR YT, EPle  AfI AT @R @7 1o
GTeRs (ot Agl-smief @3 *feRe aferm @R 4 Tbe | af RicarR t@ogel A

O MR ©f ARF The | [T-39(f5T 2WR FEA @, p SRR G0 FIR A0l IS
sty A FEfReeE e 1w —
PR LU (11.5)

p mv
@A m 2o 167 ©F @R v-93 gf$ | (11.5) A7 fT-3aifar 711 2o

“Afifoe G sl SHTeRE SRHitTh A & T-9ife SHwitnd At | omicda tre F ol
fG-aife1 T=oiFHTS =5 | (11.5) FNFACIT INATH ). 261 I SAHT AT @R
TAATE SA@A p T61 G0 I 2RI | RI0HT (7T h 6 AOIH MRy 7T0F
o T |

@36 2mief FF G (11.5) ATF9T [ere 936 o 7 [l (@FIeTg
AIFT B TR T @O 20T | o, @it 472 TemE @, @oae @ft G 5|
@b O T SR @ (e,

p=hv /c (11.6)

ﬁl:‘%

C
=— :l
v (11.7)

wiefie (11.5) AN @ (req @< (@F o0 T-39ife1 Sqeitndiit sy
ST Sreitmds JuE T @ a0 25 «fF @R SIE@eR @I @T|

(11.5) 757 (2 @S =15 @, @ ©ift T4 (Reiem m) 3t wifzs =ifeor=ig
TR (R v) T A Faed 2| SWizgoFgel, 20 m s~ Gooriw 0.12 kg SEF
G5 T fo-<eifeT SeitniG 2o s st AT ¢




(a® 2Ff©

Afeas @3 Mg —

e (% (PHOTOCELL)

AR (P SN Ofe (517 @ 3fo 2 aime | @b « o 77 T eifefos G it aa greie 27|
T FAE @B SCLTRe 767 27 | G AR @FITe G ST AL ST Breip 41 (206 C (3
AFF) G G ST 521 A (FRATF) R A G IR 6 I FRIGS I A AT | @ft Twies
T @3 G B 3 MR SURHRHR (uA) IS IReTET 0! 7T ATF @161 F5a Gt ST | T4
T (205 C-97 #AfRITS TR (ST ST LI AL GFTD AT BLI ATEAS AT | SN AT
Gy AERIOH GH(B S FoR AN 2T |

AT C-a7 THT ST ST ST AT
THIRCETRG (7127 T | G2 FHIREERGACAl TRANTTF A (S
IHAS 2| 9FT SEF @ (RATF ARTIS IS
TZCR-SIARR A E AR B 2N @ A |

G ST RTINS MG ST TR
AAET RIS WOIT | @2 o fFwge ©F v @)
AT TF I9Z0 741 QAT AN | SRS [0
TR G (TS AGTRROG ST | BTG (E ATt
TGO IRZO R |
(] TR N 2 | OIS IR 1IRG (oI wiiifoe
AR SRl #AfH7l FACO ST (@ I2F 1 27 |
S SfEIGATS TFGT ST (i TR a7 fwgs
R 97 27 | SR Mt SR (@It T &)
NI (T Nolfo ST Aoz AN [afe 1oire G ST o
AT | AT OfSTed AFEEF AT e A
GIBACE TS FAC Il AN ASITS JIT 20O AT | Q9[EEN Slomg FEgee! 9% 27 31 I A 7g 2l
AT STGHCR PR IS AR SNASCA AT AT G271 S A | &y, (@A (2FI9JR
G- GG L AT ATEWR 1ol S A0S SN (it 21T 2T | 49T i iz sepidion fofze
TACO [IZO N : ILAR (510l FA[O= (SIpeT) T 2 O] GG I e |

(51T R, FRGAT SN ST (PR Tl ST ST () Foiafbzmeia siwte (e 27|
VRS AT SR T QIR SN (IR o Fbzd e SNisieta [y 90T | SN Seres Sp=e
AR GBS ([T ASTS XY I | TR TN Gy RIS G ATE =TS SIS (B0 NN
T | Sl 19N RIS ST SN (e ToIF AT | T Ao 9661 At ABECE (N Sfeas it 7sjel
2 G 9B TEFOIF FCF 270 afb SR =g 307 o7 |

BAMS (G * TR 2R G2 (Gt IR e el Al ik 43R Gletfexs e e
ST (M 2o 2 | i SIa! 4o 21T 51 i =@ SR FI0e G9jie 9750 &1 | ‘

p=mv=0.12kg x 20 m s =2.40 kg m s

h 6.63x10™Js aa
/1:5 = 240 kgms’ =2.76 x 107" m 399




G2 SR TS F& (@, 6 @~ Aot T AT | @
JICI SN G R IR ST -7 Qo1 2vefey 0 =11 |
S, SE-ARERS (SR (sub-atomic domain) PR
wHe [FREHITG wlesrfolel 3k s |

A, G TERG (BT m, T e) Tl @ v Reww
W&y M g© 251 | TETRhA AT K, Sie<rwal &l @F THd

I (eV ) «F A :
K=eV (11.8)
1 2
— 9@, K= -mw? = £— | e
I~ 2 2m
0
»
= 72 539 fo-39% [ Louis p=J2mK=\2m eV (11.9)
| Victor de Broglie (1892 - IR -9l waeitnd wee 2
28 1987)] wieE Amefm /i Lon N
ee AT Sl 2ifon (Faif aiell L o= —= = (11.10)
| T S | G e p 2mK 2meV
(g (Erwin  Schrédinger)-49 h, m, e -€3 ARY TN Afoiifofe Fa
i AReeE PRI R <3 I AT,
(28 sfien wTg SR FwEA A 1.997
5 TSI €S w3 R A = —— nm (11.11)
2 e | ZeRTEe v 25 W
U ifRmies o 1929 die St | T VT (O I e et W1 120 Vg Rt

(TGRS SRR e a0l =T | Ty (11.11) ANFA9 (ATE ST AT 4 = 0.112 nm | ¥3
SR @ANET ARNART SR A IR AN AT 27|
@t 3fesre I @, 9FH TERGER Aol JT MIL-oFeE X-a RIS SRl
e Rade 5! qidt A6 T A | S 7! SR fG-3efer et
AIFREFOIT HoTo! ABRET I TN | TERGCT oA &Ffe KRBT &)
fS-9ifeTte 1929 A s @i 7= srafs 341 27|
sief-eqe| wgl 2MRrEAIe wforer S (Heisenberg's uncertainty
principle) & PRI TEGT I | G2 NS TP, G2 TE (@I ERGER (Al
S (T ) SRR IR TR0 TOACE AT AARNA T AT 7 | A1,
SRR AR ST g wfwsmet (A x) @R STRER ARBE JRTos1c
g Sfembmel (Ap) TR AT Ax TR Ap &7 R 0 fmea Jm 7* (I A
= h/2n) *&iE 27, widie
Ax Ap ~ h (11.12)

(11.12) el @ FTSRAT WS 0R- @, Ax ¥ 2F; 5 ©47 Ap S=7
S Z0O 20 A0S Aot =7 N 2 | 42O, I Ap 7 7, 9T Ax S
AN ZCC 2@ | ARG Ax G Ap TERE *[) 27 ! TS G0 eFe /i 2T |

93, I G IERGER G0 WS a9 p A, (Wi, Ap = 0), O
fG-q9ifeT ol SpAtE @F @36 WS St 4 At | @3 WS (9swe)

* RS SICEI (ATF SISEI 412 Ax Ap > /2.

400




TSGR ST [ e R (space) | ICQ
(Born’s) BRYSIR It 7Rl ¢ L WO (@, ERGA
@ (Space)-93 (FIC FfTS SIg0eT S= 7 | e
OF TR SHETOl SH (Ax — o), A SAfFETOR
ez ITcent Rsifor)el =

NS ERGE A IF omie-eqenils 7w @t
e 7| Gft 93 STl 206 ool el 9 AN
TG RGO | GITHE Ax SN 7 IR O S5
few faew g ~fafis o= =71 cormtae w712
TR FAC0 2 @, AR [@iwg a3 oqwl
AT ¥ G ST ACF | (@ R
TSGR SR g sl A «ft tofd |

GG f6-391f SToiF SRl BERRGEE S
Ap IFF @3 Sfebrel A0 | T wfesel Fife
TP e fee | @it @RI T @, ST 200
i, f8-3eifer 7=91F @22 0T (Born's) AERTOR
R IR ZGAIR 5ol Ao IARLSII
sfeafodl 1 AT |

B SiT-« fB-39fe TG @36 Aamere
TERGER (R SARER @RORER $oF fofe 3@
@ITET FRLCEAE L F00 (vl A |

59 11.6 (a) (5 G RN ST A6 GQ
11.6 (b) (s F=& SH@inda &y g sarer <3l
gl a2 |

Twizas 11.4 (a) 5.4x10° m/s oo 9ifeReT @3 26, @3 (b) 30.0 m/s
FoTs AR 150 g ST @3 6T e I§ fG-34ifet saeitnii Fo 232

A
(a) SERGER G :

T m = 9.11x10°" kg, % v = 5.4x10° m/s. O, ST@I p = m v

= 9.11x107" (kg) x 5.4 x 10° (m/s)
p = 4.92 x 10 kg m/s
fT-qeifeT waealtns, & = h/p
_ 663x10*Js
4.92x10** kg m/s
A= 0.135 nm
(b) AL &
@I m’ = 0.150 kg, gf® v’ = 30.0 m/s.

©4q ©qd9, p’ = m’ v’ = 0.150 (kg) x 30.0 (m/s)

p’= 4.50 kg m/s
f&-qaifer saeitusy, A’ = h/p’.

RIS RO R R AE
(z© 23

VAV/\\/ \/AVAV

ANVANYA
VARVERV/

A

(b)

@ 11.6 (a) 90 FETFGET OF&! AN [ |
SqG] 2RO (Il (FRIT ST (9% [T-aife
TE AR SRR ) Bt Riege e itnea
Sl | TerRgel afb SRR e sael (Ax) @3]
CAECR G@F S5O (Ap)-97 AT T[T |
(b) GRITT ZCERGR FARDS ST gl Al et
e AT R | G0, Ap = 0 €8 Ax —> oo
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% ot

_ 6.63x10** Js

~ 4.50x kgm/s

A7 = 1.47 x10°* m
BETRGCT [G-91fe1 SReltndiit X-AME SReitneda scel gere i | g Teon ey
@3 (ABTTR SAPET AR 1071 9fdl 27, [ SAFwrEe sAfqwist S =) Az |

<
]
-
E

TwgRd 11.5 I BEE, G0 - @R G (@AGTaa sifexifE e | @3
FIPTCRA T o fG-39fe1 waeitnd Fwos 2

AL
G5 TN fT-39ifeT e, A = h/p
sifexif, K = p?/2m

O, A=h/2mK

@T2 Mo K-97 oo, TR 0wl I§ fG-39ifer srenitndi qorm eraa i s
TIPS | ¢ @6 (1H), 93 2emala Serw 1836 o4 Ot @R @3 ol
(He), ¢ calfom SToml siaee o1t |

ICGR, o — AR fT-ife1 Sl Fwew =711

Twigad 11.5

omief TATS! AGATeI AN

(PROBABILITY INTERPRETATION TO MATTER WAVES)

QT G2 TBCR ©2F 9T (ST THS 2@ (@, (IT S, (T SCERG) Aot T o1l wzrent Y @RI |
IR, AT (7 2T @R RIFACET @6 TSP RGN (ST TR G2 TTI2F 23 | AT
GRSl 2foRieiol (St (AR, GoRIG SRPbiEs @3 SIS SIE) M 713 403 @fb @) @z «igelt
oA e AT 0o AR ST | AT RFBIN (AT fSla Siesielef (STe i cwaft A
RN AT | @ S0, »mief ware @il Sy @t e sifafeeia 332 sreTela et
ToiIfeie 200z | 9 90 (Max Born) (1882-1970) #ie-oqe! it (amplitude) ©oid AeRTS!
A ARG @ 751 GG gl M2eTereis | @ AW SRR, It fre M sares Sivel (RsieEs
39f) @2 Rre ST TSI Ty fEiHe 07 | TBITS! T 0ga 512 297 &S 43 STele TERTS! | IoIT,
G YT SACIF REIT A 2071 €3 R SRR GF0 F7 AV SROC FTF TSR7e! | A|? AV sfhe
| PSR, @I 7S w0 7 sl srenl Sire! 3 27, O (372 e ([T Sl SfEF (I
BT “He ASRT©! oK & | ‘

Triedd 11.6 @31 ¢ 93 TEThead a1 99l gfere sifedier | wafoa f&-aaifer
SRS ATl ZCEARG0F fE-I9ifeT SIS SIgsiie 1.813 x 10741 F(ifox
O ol I 9% FADCE 2T IR |

AN
meT 43R v @9 AT sifeRer el fT-I9ife waeitne :
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sz h
p mv
©g, m = h/Av

@3> BERGER &, O m, = h/A, v,
Q4 Sl AR, v/v, = 3 @R /A, = 1.813 x 1074

)“e Ue
o4, T ©F, m = m, (7)(_J

1)
m = (9.11x103" kg) x (1/3) x (1/1.813 x 107
m = 1.675 x 10 kg.
G2, @Fol ST AT 3 (2FT A @b e 2|

e @3 oMt
(z© 23

9IT bbziua

Twizad 11.7 100V {3 NE7 90 ey 9fFe @It TEhes el I8

B39 SRetrdi T 2@ ?
T g7e JBAE [{eq V = 100 V| fT-6fe weitnd, 2
1.227
A=h =——— nm
P =
1.227
A =———— nm = 0.123 nm
J100

G, G0 BERGT A0E FAFe fG-0ife seitndy ¢ X9 Sqeitnd 3

AR

LIT bzla

11.9 (ofewa @32 9 2191 (DAVISSON AND

GERMER EXPERIMENT)

1.05.cefes e (C.J. Davisson) @38
9e1.935.905 (L.H. Germer)

Q5B I (A @R 1928 Aie e fof

59 (G.P. Thomson) FATSIE

@0 A RUwfare Sraagao s
GATE AG AL FCA | (TS
O3 AR (S QA BTAFG A
TGN ATHLAFCINE SNRHCET
Tl 1937 AN JTSIR (FIES 27T
S |

(Cfere @3 SiffiE F9F A49g©
HIFFRETS PRI oIl 11.7
ora et 2ty | @At @3

FETRGA S AT, T @RI TR
ATAATT <GB BTG s e

Ba 11.7 Cfoaa-9ia TG TATS (7 A4 |
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Development of electron microscope

PHYSICS

Toft @32 @bt 0 e (LT, At i) SO AR Ted 41 27| et (A
f19(e FEARGAITEAE T (SITHred = BT (H.T. o121 A6ifF) (AF Toigs
3/ (SITH AT N0 e @0l 9o 1 2| 9IEIE 96 GIred o
AT WY fetw wa faw wifess S @6 97 A@ae9pz (beam) FS 41 27|
T I e AT JeE @@l 27| (@RI 2RI 2kl SRt
e e 231 ave 3 Sfore e ERge|ba SIeIE ZERG XIS
(detector) (FRAET) @I Mol 27 | ARG GG JSIPA (FEH T2 FACS A
a2} Gft G AR TSARGITT A T ACE, T ANIAGIT AS (T |
ST [T TR AP BERGARE SIoR Tgeifer &2 | T
G AT ATH AN T | JEF (FEE Tofd AT YR [Kifeq o=l @ed
el @l 6~ e e ey [REee Sereg9) s SRl el 28 | 9=t 0 281
wiolfow ¥R RifFFe SERGImE TRy (@ | 0 Rewst @it [ JEreEs Siel
I -7 ~fz7enn [fen efe e o @ent =71

e RS 44 V (AT 68 V 21T #Aas I Al F w1 2@feet | @b
ordl [T @, 54V g [{ew@ 0 = 50° [rwolel @I [ifFre JErGea SR (1)
@G @3 SrF A e |

S @3 s AHa Toifrfs @wriha e aRaEs srmdemER f[fer v
(A R SERRGER AT OB wgel 2T | 2ERGe [Raed sAfamiet (s sl
SACHT SAGITTE 0.165 nm 2NET (SR |

(11.11) TN 92T I, V = 54 V -G G 35 WA T-q91f1
S (1) (& GOl 2hed T,

l:h/p:ﬁ nm

Jv

1.227
=—— nm = 0.167 nm

J54

IS, fG-39fe] SRAitniba Sifgs 7 @ S[FFETH AT N IAL Agrel
ARCE | (SSAT-9M 21 GO SETRET oqel zfﬁm\%wﬁfwﬁﬁw
(TSI e I | S el 1989 AT SR S| -2FoF &) 939
f2-2® (double-slit) PR SA TETRGAY0RA A0l A6 v@’wm o
AR | 1994 AENS, GIFH AIHT, ST Seavzd (I TERGER Teig 2 10
A 9ot ©I) Ty W MR (fringe) e (oI |

fT-zafer e Sy @arom el fofe | it Tes SiETs Rwitre
AT | TR S| 2P TERE AT T GO TR A SRR
SOIFCR QR THod RTAR-FTOPTI @R Y72 TH© W= |




e @3 oMt

(a® 2Ff©

A

. (I BERGACE 47D TUCE (I 20 SIS TG Prost s 71 27
b3 R I35 | %I (MI5D (AT BTG (eI STy TGN JeTo™
I O T SCFF ¢, ST J7e7) @l it 4iefote ToieelE Ted 1
T2 *FHI SGLTFG AT WA AT THTT IR TNl A Tl @ 51
@S AR |

. AIPCE THYT FTRT ST A1 SIS 0 061G (o G0 qoel 26
e 5l | 5y i Siferas State afefm @eilF, @At Syt
G T R SIS FL 2T |

ST S KR St = ofbexfEre geires w06 | afb =i A 7w
(T BT | SN ofGr feoeel @t wieawlds a1 3R @7 g Rea @iy
R |

. ST OfSe 21z e Reme e Soig a3 (1) Snsifos St Sl (i)
i SIGRItR M) 2T e aten @3k (iii) et arolbw 25w |

. fFRfefea (v) Rea st — (1) Sivifos Stem Fiss =k (i) 4197 Femzzba
ST BT | GG TG To{ITera SNifoe SR o) Gt @ SRl fRae i 231 |
f3fe freafs Meoys Bremgtas 1w oifexifes migonfes :

eV, =(1/2)mv? =K .

. 93 TS T (Ioat Fi1ew) v -7 05, 31 4w (i), To T e
CEAE @I A (@ (I SAETSGR 271090 706 1 |

. Jred (classical) SHHOG SNER SFCFAR i QAFHI9EN U FA00
AR 71| R (At a7 Feafe «f$ e og Siwom st K a3
feCaTel, v -9 wifeg @k 2 Siewds gpfors i TS #Aed |
R PG OTEH B (S e T SN2o5124 9 CRDI[THAITS Tl FCH | 4 0
SRR, SiCe Foete [tk *Ifew #ites e tofd, e @RIG! Al (Fioa
0T | TS (o g *f§ E (= hv) @R SF@ p (= h/)) 329 FF QA
AR ST TN (v) -G TR o I R G SIel o s e 1 |
{17 TATF SN SR e, a3 g F6¢ @ @i IR
PR 2 |

. SIRTHRER ST ofbe AN *IF7 7T 9 PR 27, @ Agro
@35 TR TE (FIGHT KRR (L@ 28 2 | 1 aife™ifE (1/2)m v,
BT T (hy) (T SIS AIGHa I SCAFE ¢ (= hv,)-9F REAFET
I T

Emvfrm:VOe:hv—qSO:h(v—vo)

B AR GL ARG SSRGS 74 RS2 1 0 | fiferpicaa

A2 4o #ATRIA, SNBSS ANFRED 6ol 2 I G

AR 47T h-F G575 A5 T AN T | G2 SZ5i2e 2 S g =i

R el w2 (i 904 (2FS) Tl =i |

. e tre 23fs : omel g 31 | 2 2@3fe (3w of Fdife = @, el

(2] 354l A AT T (IO AT T TS T S 20 | fRfdesret 405
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@R el eiFere aifems 2@ — @ I(FTs, 72 f$F7 fT-aifer omicel (omief-patt)
GG SN (AT ST TR | (I AR sitef el sfrest S wqenis
el et w2 fE-3aifer et e |

SNt i ATt S [B-391f ST (1)-4F p SRR Ao Fwfafe
TATE T : )= h/p| 2MICL (7© & FG-aifera s=idfore wrafeifze, @4 «3fo
! QI (1) @R G0 Tl 417t (p) | T&-391feT SeiTrehiG omidf el =i @
2 TP 2 | SloRlefeITa, Wff (et S-St R T rast (o] 20eTRGH,
(2B TR (IO ©F G SARC FHOF N &) G AT (AT
AT R - ST T GG FAANE) 27 | 02, ARSI Areyizs G
I T PR QeI AER AfG 372 (ZITH! |

. (O @ i G2 7.5, LT Qi 30T TS AT A9 ATS! TN

TG BAF AP SERGLAT S| Ao Horel ABTE 2R 93k «f fxbzret
AR | AMie ST Soig fT-eifera aal @it SRIT FCFT QNS TN
|

cete At LSiLd et T BicE]
2T 475 h [ML>T -] Js E=hy
fegfe e v, [ML>T A" \% eV=K_ _
I ST 4, [ML2T2]  J; eV K, =E-¢,
o TR v, [T Hz Vo=¢,/h
fG-gaifer 2 [L] m A= h/p
SR

(O3 (T4 EemTe

I APTS T BCERG & S0 T ( , 4197 (Torg G 727 e «ff aifeRia
(@ FETIg G S AT | 99T 4P (ATF AR (@ 23 &) IS 7 |
I (ATF ([T T U Sfefe =6 2t |

(I MTYTS AR [T 2ETRGCR Il *IfE AT 1 | G (6 97 ST AT o,
G 2 SIA@ BEARGAYCAIR TC G NS #1657 3667 27 | 43 35+ A=l
SIRETIA 954 (AT &7 A (O TR TR O SHACHI AN (SCZ |
TR SR 2T AT Sl g @ ©glBa Trest siiefy @2 (3, 3G
AT (Pauli’s) SI9AG NS SR I |

I AGTS TS RGN *If I IR Y (A 3ERG (@F 2
wPTCe SR SERGR fon fon “Ifee 2Ataes | Swed I T=m 2Ewh 49
(AT (T 20 SAPICS o *(E A2/ BETPEAT Geraizl o (e 2Tem 27 | T
TS 26T A (ATF ([T TR PO (I SEARGCR ATAGAIR Perosl =i |
SRS Ofe 5 2RIl @ft ORI 27 @, sl @ SR sir=ifas [
e oM, hy -9 Rifvey @t AREfde 271 @ft 76 AE 2@ @, S




fAfeas @3 AT —

(a® 2Ff©

S A sifde, AT 2TerFe hy =i 37w =7 |
5. fefe e *{w (97 SRl fFRTeiel @3z Tl feael) eawl-og 3k
ST S R PG Srga Sy AL e Jgesie ofsml #iiem e |

6. oMl CATHT SIHITTG, A = % -7 OFT (ST OleoR oNTE; GFWII-@9 v, -7

I (ST Ol (12 | S, #iel Sarend 2 @416 (group velocity) (ST©
7 3R S PN (@O T = |

SRpATeAl

11.1 30 kV 2(=T<GA 2l Seoi X-ae
(a) AH Fiies @3
(b) ST SRt e a1 |

11.2 P Ao S S 2. 14 eV | 4193 5PetE 6 x 10! *Hz F=I0& St Sieifos
Z0E BCERG R ST 129790 95 |
(a) e FHRERGER A Mexife,
(b) f3fe e @
(c) oo FHIRERRG AR gfs e a1 |

11.3 50 RUAT #[FIR ST ©fee F6-S13F (SIT=0eit 1.5 V 2 | 5] 00! 2CERg e
TS aifewf faefa 3=

11.4 <3 RBfeww-fes @PF 241 632.8 nm SIS @391 ST Tesiw 27|
Reorfare =l 9.42 mW |
(a) SNTAIFHR ATSFO (FIHCR *IfF 9R THa! e S |
(b) @2 FfeYpz A1l Twifre BIriiHre oIte 2fS Eats T TS @ ioa (=it ?

(qEF e @, BIeofS ¢ SICoPt AR Th=d 973 eI CFRarel’ (RI0) ]
(c) CHIBTTT AW SAR! S FAIT &) o FBGIS 2ITNNF F© ([0l 5o
2097

11.5 T IRt et =ifE F 1.888 x 10° W/m? 23| #ifs 4o afs
GRS F© TRAUF (Fiow AT 272 417 e @, FAENS @O AT STty
550 nm |

11.6 ST S AT GF0 AFHIT F6-91F (S0 I SACS SN FATR
Aol 4.12 x 107'° V s AN (907 | @ (A0S AP YICFT (G 2eieTl A1 |

11.7 100W &3 @ Aifs st et = it 303 | A aom @ coirerees
& N T (@, 97 o ioifse GTIfEas St o) ceireet I (719 | GRS
SN SR 281 589 nm | (a) GG SR 70w T A b=t o ?
(b) CETHHTS 2T (FIG AR T 20 ?

11.8 (I g o1 F1&s 3.3 x 10'* Hz | M arof6a 8= 8.2 x 10'* Hz TR
e SO 2 (I T O MR & Fio-S1 (S’ F© 201 ? 407
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11.9

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

10

11

12

13

14

15

16

17

18

19

20

(T 4 I TS 4.2 eV | 4ofba B9l 330 nm Sqeitntx [ snsifes

20 SCET OfR feomel 60 9 2

G5 4IGF AFOCA 7.21 x 10" Hz FHIT&sa ST Sioifes 23 | sj9ret (A0 M0

6.0 x 10° m/s OTS TG 29 26T | BRGNS ST e Sy 5l

TG TG ?

GG Mo EPIR AR 488 nm SHSITHCL ST Teof 1 27 T ST ©fee fFai

TRZO T | T4 4 I (2l (AT AT AR S Ao 22 1 w051 ZETRGE

f3fe (Fi6-v1%) 727 0.38 V2w | Reatafb (@ 4ieq simief fa (o7 oig S wieorwafo

foefer e |

56 V e (370 7131 9ie TEREEa

(a) AR @R

(b) fE-aifer SR@twd sttt S |

120 eV i 7= SERGe

(a) o,

(b) s «¥=x

(c) TG-zaifer sreitnd S zwae

NGRS 3efi&t el - LR ST e itnd 589 nm | 9ife«ifs el e, @i

(a) 93 3ETRG @R

(b) @3 fTRGT 42 fG-qalfet waeitnd A |

o7 CFG9CETS fE-aife1 Sreitnd 2 —

(a) 0.040 kg SFF 4F I 1.0 km /s gfots sifesa

(b) 0.060 kg EF <36 & 1.0 m/s Gfors sifeae @3

(c) 1.0 x 107 kg Ot G0 4eTaell 2.2 m/s GfoTe Hersie ?

G5 BCERG IR @I (2B — ATTHHI ST 1.00 nm |

(a) 9T ©HEA,

(b) catiBoa =ifE @k

(c) TETRGLR oMo faefa wcan |

(a) (AR @I Afe=iEa ooy S fG-aaifer sawitnd 1.40 x 107%m 22

(b) 4R 0! SIAT AT 300 K SI2S@T (3/2) Ie T 51 9ifexif 5o afo
TG fG-aaifer warenitne el sca |

18 (@, eI R et «a PRIBITTE (G fo-9ifeT waenitmeda

I 2T |

300 K Si#Iai IR[Ce 93 TZEIE w9 [G-a51fer eaenitne) 3 201 2 4 718 @,

Qi@ =9 rms gfots AR | (FRGEGITET ARGRF @ = 14.0076 u) |

fefe S

(a) @ AP e Tew eI (@ Wepe ERher gfe T @ Tl
RS ACATE 500 V [Req aArem afws MaAZE 2Tl I | ZERGET
FY AREF GO T I | TERGET A anigie wiefie @ e/m
@me itz 1.76 x 10" C kg''|




fAfeas @3 AT —

(a® 2Ff©

(b) % (a) (S AT G0 IILF I 10 MV Retaq @356 RN & FEFGER
7 fefr el 1 oMl F @ safbre @il ga (g 2 @ Aot S FeeE F1
@S A ?

11.21 (a) <2 *fEH=7F (monoenergetic) SEFGITR, (A TG 6 5.20 x

10° m s, @3 1.30 x 107 T GIRICHa IMRT @R ACH TSI
WNE | TERRGAYET JEIA A7 (traced) AL T 204, I RGN
e/m-¢g 39 1.76 x 10''C kg ' =¥

(b) 2™ (a) (© AT 7AH T 4B 20 MeV TG 500 ATAT WPAIY eIt s
(34 203 2 MM 7 27, O FISIR 7@ IR T (@CS 2T 2

[Note: SRl 11.20(b) @3k 11.21(b) (SINITEF (@ WTAFTORIA IR

(relativistic mechanics) B (0 T © Q V& IQRPMQN 2T | GIT QT

TFET I TR ¥y 2 REAHre (@7 @ & @, Sgeaid (a) S oft @

4 I FEE O T T giore i *fEre 34/I[eyT T | =i T gfe Il *ife

e T I O GCS T e T&q Wral | |

11.22 100 V RetEd MaRT T 46 26 M (AF FE6ICot (~1072 mm #km)

QRGITEH ©fS (SIAFIFIF AT 2CETRG (2181202 12.83 x 1074 T 3 GTewa

BERGR SIfO9TF 12.0 cm AP T FHAT IR o | [ oifSoires

T ST SCEARG ST I G ZCERG G S St fevgoraret ra

FERGAYTRT A ePBE (Rl @TO 2N | @B (s 7 APz 71 (fine beam

tube) 7% RETR 2If7fb® | | S9! (AT e/m e s

11.23 (a) 9 X7 7e1 Ridariz st o356 e adiat 7% w0 a9 Fw srwind
A% 0.45 A 27| R0t @36 @ribes 101w =g Fo 2

(b) (a) 2T TEF (UTF, €3 FHH 0 (FI AN §© (SIHrea (FERGR
o)) TS O Sefie 47 |
11.24 36 999 (accelerator) AT SHART AfGGT A0S SEEE HEE, 96
RIS a5 1 BTG #1fEG J0AF G5 =IfF 10.2 BeV @3 = = g2 4 y-afn
oot RS 27 | 2Ter(G ¢-3RE STt I8 wreindi T2 (1BeV = 10° eV)
11.25 T Srem 7140 4t Temia 20e 2t | g2 w2l @@ @, @foe Sfgfmama
o TE Wil i 2en ariem @21 sk Ml ORIt TeE, T'we
HAGFIEATNN T RS (el DB (BIR FACAT (FIOACE Sl FHCO AT T |
(a) 10 kW AN @ Wy 999! (medium wave) GIFRGE (I 500 m
SHUHTCR @Y wRel el FR) 79 &fS ETeaes [eps @wio 14 |

(b) SR (4TS A1 (~107'° W m™?) G5 JeTos SO AW AT SRS (o
AT T A GIFCS TN GITT ST A I | 47 e, wiua
CFaT AT 0.4 cm? G AW ST TG IS5 A6 x 10 Hz |
11.26 100 W-I3 I “AIa B (A0F 2271 A ST Sferas)f et sface-m
(I9d (O G SAETF (@IS Swifte 67 | T gfe ex —1.3 Vv 231, o3 argloa
A TS 67 S0 | @B He-Ne AT 391 BT 6328 A SIS T
SRS (~10° W m™?) FeT STEAITS ST @b Freita Aot (e 2
11.27 <0 939 a3 (@ 640.2 nm (Inm = 102 m) SHHWCHT G3q1 [fFael
BRESTR o Sifers e tofi Siitens sikeant i<t Suifrs 30a | rwta fAgfe
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11.28

11.29

11.30

11.31

11.32

11.33

11.34

RSA T 0.54 V AT ¢oleT | TG @3l (o1l Tt =il eifes=iifore a1l 2e1 @32 @7
427.2 nm RiFe 432 ST (@ TifTe 7 | wgw fgfe Redlt T 23 ?
G AT ST, SRS SfGR AT Tl frsarel S @ ARdees B |
I, @3 eI 3 SIS (UV) (A0S o Al 2178 A S A
Feffeit it fevoge 03 | IR SRS (it e S R, @6 siiaw S
(it famfariie 2efi&t @riteten <z w21 2o -

A, =3650 A, A= 4047 A, 1= 4358 A, A,= 5461 A, = 6907 A,

wgfe a9 tetl, A0 i 24

V, =128V, V,=095V,V, =074V, V, =016V, V,, =0V

(a) TS 47T h-&3 T, (b) WG Tl 5ol IS G FIY ST e 01 |

[Note: ©f¥ o7 S (T, ST (ATF h -4 e fofT T 20T (O e-d M

([ 1.6 x 107" C 477 AT AR THCe 203 | Na, Li, K 2ofoq $o/1 @ @071

A3 et SRy | RfEwm eaw (oa- R/ SEe-got AT Al e- 93 S

IRZNT I NZPBIAT SNEAIFS G FANFIE TSl AN FE G- 48 FNH

h-&3 436 g A el e 1)

frferiie dresre FI-SICorws e 24

Na: 2.75 eV; K: 2.30 eV; Mo: 4.17 eV; Ni: 5.15 eV. €3 rgotela ) (@l

B2 & ST @I (AT 1 m & RIS He-Cd @I (ATF 3300 A Sqeitmeda

RFATeIT & ST S el 2@ =1t 2 1 203 I PR @iba wias G

Ol 2 <R 50 cm YF AN =22

2 cm? CRATHARHS SPOER 3 FIEN SEF @R S247 10° W m™? SoR

N ATCR | AT AN @, Solta FIfCAIcE 5 w2 wisifos *fE i e, o

R ST ST ©E TR Sty TSN I ool Al | (e it

AIofoa T S 2T 2 eV | (O TR wlesd F 2

X3 =231 Tog et w4 i 9o 2eate 92 F0 (-9 e A

I T Q@S A | (I ST (probe) S =G SR 2 [0S, weieia

ey, 4T, AT ST 1 A-4 A TN (lattice) Sl E 4TI

S ] (m,=9.11 x 107! kg).

(a) 150 eV if«if ssim @3 NG fT-sifer sawitndii® Mo w1 11.31
SRS 9 (@ (0, @2 sifqwiel =157 Srerags aepz (@ Soies
AIFIF &) GoRT | 92 *IeT 91> [TOG 9Pz @2 *IFFFEF Ty FAToICT
THYE =T 2 [T | (m, = 1.675 x 1077 kg)

(b) 27 °C ¥EF SI?MIAIT O G 1rent T fG-3aifer waenitndf Mo o | @z
fofere 1 I, @ @36 goallt fN8G afebas TG SIvde A
R A 6T ARTICR Sl A Wi AR RS ARS8 2

G35 BERRG SO TG 50 KV (SIT0E 2lH1 9o 2ETRG I I | 2GS

eent I -aifer saeitny el seat | ft sty Sietefra (s 1R S 2eifn)

GBI @33 21t 27 o7 @36 ZCERG Sl TEF R oS Joid 2oy

T AR GO AR S TG A0 Gerl T A 2

SR ATTATAT T 27 | (2B @R TRGTT @RIF 913 107'° m A =€ 7




fifeae @R oMy ——
- N (@
(a® P9

AT 7] (U0 CRUST 2 | 3 515w AL 1970 W XJTS, USA-GS IS,

936 (af4< 99 (linear accelerator) @il Sesg %WWW@W

O STPTHI F1 ZMRE | G BETRG A0S *I 67 I Sl S | [ ZERGCR
=17 &7 *f$ (Rest mass energy) = 0.511 MeV.]

11.35 27 °C T3S OPN@R @38 1 IAFIGAT 5Icst RfeTais a5t @6 He siFe19F 0ot
RIS AR fB-eifer warenitne el at; @k @ sifafrifere it sgz e
MG FRCES G T Gl A |

11.36 (ST 4IgC® 27 °C SN G IEFGR 2ol G-a9ife7 wxeitns ey
FE @R G AIGTS Y6 TERRGER MY 5C AL A @7 werl Il T A
2 x 107 m s Wz |
[ 7537 : SRl 11.35 @3% 11.36 AR I (@, A6 SRR 57191 So et
SIS SACS AARTS 27 N, [5G GFfb Agd SERGAYER €= ANHG (SIS
Tl 277 | @ft @RI @, 90 AR TR ST LTSI * S I (@0
AT, [5G A9 ETIEACENCT T (ATF 72T T TN | G2 AL TS
T 2R TR T (O SHBE MR Sae F< | |

11.37 fTfefie exiaren Teawle

(a) (AT 3R FNCGTA STETS! (PRIFTZ ST S I ST [(+2/3)e; (-1/
3)e] | O TP (o1l AW (e @1 SRR Sl 2wl S 1 2

(b) e/m -aF AT G F RTAG AR 2 ST e 932 M (T 7jLF LTI G
A @F 2

(c) TSI BITo! T STSTF @R B T Bitst 2112 2313 e T4 (e 2

(d) =Sl aiga ol WS F oo ez | I Sivifos [ivae e 2 o=
foofe SIS BTG *IfF I8 ZH N (& ? UG SIS ARG ¥

rere 27 (e 2
(€) 3 ARG *IfF IR S9N HPED IGY-SATHT T '@ CISITHTLG AN
GO TS :
E=h U
= VvV, p= 2

M 1 -4F M (ST SR A0, S v -2 T (43R GOm0 711 s
Vv ATIAIR) (I (STS Sieoiy AT =1t (e 2
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11.1 SI%-F9F (7o 3@9&7 3fo2 ™ (The history of wave-particle flip-flop)
SN 2 2 2psif SISt 7 TR 403 OISR | g AR I =Sl S, (el @3k s gooie aRfes a1el (e
ReaIistel GRS ASTHNI T SRR | 7 AR, A 0w (o @ 711w i Trwsio)tens Eafomias
1 2RIfRE | RSIR (@GR! =1IRT 74 (FI 0e (0f 1 & 94 71 AR AE AT 2RI 99w 98
TGS AN TS FTH (el ©F (7201 TR | IS AGTH SRS 2018 NI A5 g 2oz st (ofs w21 g2ef
2|

\G3 N AT @IS AT T (@) SNCA FIECH 91N, (b) FATSCE G IFOCE AR AfSTe 1, (¢) 13
MR Rrewerst afewae, (d) Kifen aci e Kvgae, (o) ST Twaifs Sees f2e | 22 5 w67 &y a2 s@rfem
oIzl 2CAMRET | ST, 1621 AT CFel S 2SI Jaafer Serze FCae | aifeileresn Tt (AL S o
AT T ST Rl A5 e | g Sl ©f F0e STl ZCAREER | SEN Bfs SItwd 2AR=e: sl Siwers! siers
@ =7, @ETig @2 PwITE St Seire Trfee |

A * SIS ST SR 7T Twe 2wifs 2rafes | Heawm! o 2H{Es mits KAl (IS (Descartes) 2B
FARCE (@ SN SR A 91, @A 1660-70 AT STHATH, K@ 21200 AT IR (@ e et fea
9T | (THITST 2B (TG G 1 w{o SIrweT foet 1 (@it # 7wt WA a1 eafas I o w1t | 9 sfze
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TAMINCE! (RTETRGAYCEN) A1 SRR (Fa Sod | A2 (@I, ANEFOII 77 ofoe
TR | TGS 2RII9H SETRGAS ATSE SN 2T TS =2 2N TR ISP
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12.2.2 3G FFALTIR (Electron orbits)
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109 J = 2.2 x107'® J| 9[e¢3, (12.4) AN (ATF A A3,
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12.3 “andfqs 3<if& (Atomic SpecTrA)
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T 29, 7 (@A [ope [fTart fog Mws saeitredm a¢ifer -leat am11 @2 @@=
Fefifeiee fgo@e @t 7 (emission line spectrum) 6 @R @6 FEN (@HABT
(background) &g St Tege1 @1 A oifFw | 12.5 Btg “imake 23t



R

Tt fepe <fifes @t TR | SR, A
TOGT (A MR A ATFAC! €2
st feommel @t 3efiferar srarm
‘ol 125 ool e 6 | 7L AmI

91 nm
122 nm
656 nm l

1875 nm

N @ SER T4 M a9 @3
o @5 IfifErTEEe 77 e
IR Mpe eNER [ese I, o=

= som

F<fiferce g ST @4t ofext [T

———

@3 FCA! @LoTa e e
@ el shent saeitnde 295
GRT B | GiCS ST SAMICR
cNFe  I9faT (absorption
spectrum) 31l 23 |

12.3.1 3difer CA19oR <t ifet (Spectral series)

Rl Ge SN RS A @, @ GO WS Ge (e Meve S Fiss g
9N Fes! (pattern) 2V T | FRGITSH TN HFeTos 77, O3 @7 fzge
Fefifere IeTow 2| A @F, GFe A @REFe I¢fiferre 9 @R F3 A
IAIfRFlT (PICl el TCAC a1 [ =W 1 | g
ETYIte Iifera o6 T2 @A TRIFE 139
ffsregeet Fce At (Ba 12.5) | @3 GBI AT
35 3efifer itz A it <=1 =71 1885 AN FRISER

%g{g
E— 365nm

364.6 nm
410.2 nm

s ifer AT Gifel

@ 12.5 EwIte 3¢ifers Mm@ @IrmzR |

434.1 nm

486.1 nm

656.3 nm

TG FA HHF (SRNEFI AN (1825-1898) Wi
RGITE AT P ST @ (@ G0 @I 22w
MATS {1 | 92 =it =1 =7 T @9 (b 12.6) |

656.3 nm (D St RES ilet e @I H, i

JET; 486.1 nm SAMCI FA-I{E IR 7T @AIE He Hj

Hy 3 434.1 nm SR(0T0T (@O 061 981 @ H g 12,6 szmgiers fimd <

Hy

H H,

T 27 IR GG ST @IS oS T4 27 | sHeitr
I A A RN Tl 2R TR SIS AT GRG0 SI0e 0o
T | AT I¢fifer AfafFe Sawitnta ooy s =@ =& (empirical) 7@
TR,

1 1

I: R[?—?) (12.5)
@A A T6 S0, R GF0 476 S [OA-433 61l T @R nedq W 3, 4,
5 TopIf SR 20O A1 R -9F W 1.097 x 107 m! | @2 a0 IS 79
T 77 |

(12.5) FAEAOCe n = 3 IR, H, EF A0 2edl IR -

%:1.097 x 107 (i—i) m' = 1522 x 10 m™

wigfie, 1 = 656.3 nm

foTce I fet |
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n=4-99ay H, @S el I 29 n = o9 & A = 364.6
nm =, T e @il Jm | @b e @l Fren sqeitnd | @ A I 9w
T =15 (@2 (ol T N, (e fgafvea ¢fifer ot 2

T LRGSR Seyly Fefifer et sifige zrafest | fkedia S
G (Lyman), #e39 (Paschen), it (Brackett) @3} T (Pfund)
ceifel e ifsifoe | e S@ejreia ARy G g w0 A

E =

1 _p(1_1

1= (12 nZJ n=234. (12.6)
A (&
%—R( —Lz) n=4,5,6... (12.7)
TG @9

1 1 1
IZR yER— n=5,6,7.. (12.8)

G (@
1
I—R( ) n=6,78. (12.9)

A @ SferEeyf S, e 8 s @ SRR wgEE whie |
c=vi

1
AN 7= TR T A T (12.5) TS S AT <

2
Tl (@ACO AN |
©fE (12.5) AN A 94 ==
1 1
v= Rc(22 ?) (12.10)

(12.5) - (12.9) 9T TSl 374 9@ 21 (T g AT G
(@I, as-aEfee BZemm gk T-wmfe Bfemm) a9 @t g s @re
A

(12.5) — (12.9) AN PG @il GO AR 2RCGITST AT
Rif5fae a1 e Sxwitnd Tz ofewl AT B @F, G2 T T ST
e f$3 (empirical) @3} @R ZRGITS TS @Eg [y FiFES T &=
ST 1 AR G (I DK AT FACO AT 1|

12.4 QICGITEH 279 FI{Fe (7 T (Bonr

MobpEL oF THE HYDROGEN ATOM)

CTRGHITOR SFAC! AMACFICET ABIRS 2T e P 7Y GFf TG
SRFaPT @R Yofaare BrerRG e 9If5e, Tt SItes! ETIRSHited i s | w2ifs),
@2 o CwaR Wy [y GNfers <N a0z | dznes RN @ 51l wige, g




emm-2rEre 7RIl wifes 2emw qme SRR IER FET
g SR B | S S @, JeHAt AREeRe (@Il I
afsfrre gffe 27 u3R aferreed 3 @l sferem 79|
Ao SGHFR ©F ST, §He WfZ® Fol OUGFRT
SRR [Kime Momme 76 | 0 9k TEeE «E FTe g
AN | TERGAT AR (0T MEF @F A R ST
TSR o7 P 7o (ba 12.7) | ©fF, 93 @07 779
PR TS 20 A W | TATG, Fon SREGHII OF TP,
TS FETAG G 715770 SUHFR CAGR T SR
SRET FNTR T 2 | (@AZY RGN AARE (oo
it AF, ©iF T FIfIF @9l @R Foles Fars AR 200
A, FETFA, W7 SR Fieps +(fFfafee 2@ | Fiteg a7l

e (@5 (efeT (@14 [ Niels
Henrik David Bohr (1885 -
1962)] (CANFT 9 el

sRAfFS @l Iifera #IfFars adfifer fMeomel Taca | ~4Twe, Ko R R ARelewEE S %

AMACHITET T @A @, AR 190 N7 FA00 Ferow (88 T ARegiee ¢(ifer i<l %

YIoJTT TS | e | fofr o wear-Reg - B8
TeTa T o7 fefe ata Wefey =
erataw 93t g frafecem | [
TR <ERmE AR Ao [
(complementary principle) e
2ARIRT MGw g qigetors [
(conceptual) AT G N
e Sramis e |

.
@ 12.7 @ giFe “mas 2y «f% 2fFw sz At FeFaee e
@ TE |

TNRAY 12.4 A SCGIRT ©F SPAICH, 2GS “FeTe (AGTax
RIS HRETTS G AR e ST AREF F=oles aie Tl |

I Tz 12.3 (ATF W F0 AR @, AZCGIT HAGTS (AT
BT 5.3 x 107" m AAET FFAC TS IETFGCT NS 2.2 x
10 m/s | @3, (ABET DRAE TTETTS SERGAT A5 B

v 22x10°ms’!
“2rr 27(5.3x10" m)

~ 6.6 x 10" Hz.
T STHIIR ©F SEPAIE S Giecs 2ifF @, Siadaae 3w @it i
o SfCEFRR CACHT T, 97 [MESTFACR SRS SRS T
I | FICE2 [e7e ST ARTF 9015 6.6 x 10'° Hz|
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T TulfTe @ R PRIBN R0 (RNt IS I 9P @F-2 [ Niels
Bohr (1885 — 1962)] IMACHIE AR g oA Al I 1 1912 AT
T @R (T FEE NCR o) AMCFCGT AIHINCT S FCARCA GRS
IMACHITGT e et g2efel 7S koo ZaiReEe | T 3ffe Reifea s
2R 1913 A @F e MRReEs @ SftpaaR ©g, 328 VR WARMER PR
I ZCEAS GB OGE ARNIRT WEHE AR Aol T AR 91| @b T @
AT o GR AR T AT AR AT T=0F TS ZCET HAroe
@Rl @3} SfEpFRres 2fofe MO (AT S M e 2Aew 27| @R
FE O 8 (TR W PRI STga N ANT e FE @R Foofs FA Mg
ST ©G TopRIIe I | TP 2
() QIER 22w FRR0 25 @, a9 TRl (@Il s [ =1 Feome 1t 92

g RiFS =T FFoI0 SIS FA00 2N, T I wrga Pritea [eaid |

IO A IR AT TSR BER W05 6 *IfE TR0 | QoYEtE @l 27 o-=97

N = (stationary states)|
(i) AT @S FER @oeet R FHAACE @O I | @3 FFT SN,

TSR PR I G G FHACY ATE I, AT

T TERER @IOF SRl h/2n a7 @ s MR offeress =@ | @A

h T 20T 435 (= 6.6 x 107°% J ) | ©fF, ST SERGEAT (FIAF

TR (L) @rRrvife | wiefie

L = nh/2n (12.11)
(i) AT PR TR 2T G2 S2poied Al TEfe ARTF @R qRedlajee

ARRT ©Tg TITT 1 TR | 9 [RIFOH 297, ‘@l JE—GeR @I 9o

S w-RfFetaey (non-radiating) %92 (AtF FFex *fF S0l FFoIc

FEF FACO AR | T4 GF7A A6 04 @36 (o ffe 27, I3 =ifE dRfes

=R I WA ¥ SIBTPCT T 2| e b T gl sfiea

BiE

hv = E-E (12.12)
@A E, 4R E, mﬂwmﬁﬁm\wﬁww%mm > E, |

aﬁfmwwcgwr ﬁﬁfﬁ%@@?ﬁ%ﬁ#@zaﬁmﬁm (12.4)
AR TR I AT I | g EOFCa G2 FANFAC! TERRGER FHART A
O3 TG T | -7 W e SERaes (s Sq@el 7ifFe @iEa ok e
FRIGRE I 72 T4 | (FIF SH3,

L = mor

@GR FiFS @IET BT TR &1 TR @, @ SIEER S
AN h/2n-aF AFRYE faess |

nh

L =mr = on (12.13)

@A n GG R, r 26 n-ox ABRY FHHTAT JPNG GR v_ Ze -0 FHAT
SN SERFGER L0 | -9 N SPICE Seiine FFATEE 1, 2, 3, ... kil




SRR

biere 1 2, n -(F A RGN W4 (principal quantum number) I&N 23 |
(12.3) e S, v @R 1 -GF ARG TG =T
e
v, = ——
JAame,mr,
G (12.13) ANFCIR AL TS FCE v, GR 7, 97 Gy S ewa qAREs
g,

_1e 1
- 4mne, (h/2n) (12.14)
GR
r = (n_2) L ’ 47t80
n m (275) o2 (12.15)

(12.14) A|FTA (AT @RN IR @, n-OF FHACA LEREEAT e 4o /| SKee
TG I | (12.15) AN [IRI FCH AGR ST FHART (n = 1) B
st el a1 @Te A —

2
— h 80
n = 5
nme

T @ A T =, A a, 79 oo = | wde,
h’g,

" me?

h, m, g @R e -49 W AfEIANAF FCT AT I a, = 5.29 x 107" m|

(12.15) AT (ATF WS (A AT @, FHALSTAT IR n? SARNE @z |
T AN AW (12.4) AT 2SI T 2RGIETH 7R TR

TEREEA (G *Ifw Afel [y T @ i)

oo )3 (o)

a,

(12.16)

4

me
A E, = (12.17)
0
NPTE 2RI T (12.17) T (TS “iedl T,
2.18x107"®
E, =—:—2J (12.18)

AT > 2R G AfRTACE TERGA-(OFS (eV) IFF 2 41 2 | @Y
1 eV =1.6x 107'° J, % (12.18) ANFIE ST (F14 (TS AT

13.6
En = — 5 eV (1219)

n
G FFATYL AT IETFGAT @6 *T 2oe g 9 €3 @, TG0

ACFRAIGE AT S= | O (I ZETREACT QRGITE A FSEmT (A (3
SRGIEH AT (2B (AF) SH 77w #1=(® 7H0 fw @e =7 e |

425
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(12.17) - (12.19) TN AfSHIT SEREAT FHALYCA JEFT @3
TS 403 @eq TRR; IMe [T 39 IER SR FHLITE ARErS: THFeTT
2| (229N R T 39 TR AER SR SAFEFIT T R 1) A8 @5,
«ft Giie sy Sefe TRREe (1868 — 1951) (R (@, T4+ JaIT FHAT
st s T 27, O G2 TP ToAFER FHARE T8 AT T(J |

ATNYTS SRR FF2IL I SR (FF o)

[ORBIT VS STATE (ORBITAL PICTURE) OF ELECTRON IN ATOM]

LRI I T I A @ 1 G A7 @I ARAARE ST AN SR 2/ 706 A |

PRI AR 22T RIS SR o T 42 TSR [T Sl A= | G e T4

TR IR AN T STgR KA, SRR CFLE (@1 27 5 =ifea ot S1oifFe Potramidt

NS 2 et R ifers 2tz | @17 WS FHoA9ETs fefe SR aid @ 1fie SaEe

PRI (e iR | o2 aft 2e1 #/wie) 913t @6 S e (semi-classical) O |
G, PRGN IARWIT SHARSAILCT AT TN ATTGT 91 T=51F STt qelt 0 | @S

(Schrodinger) Sae! TR AT (RGN SRR 0T SR AFNGS ! SN BERGAYENE

ST I TR |
R CGTE SERGCA (I FF912 2o TSt b oifeRier @3f 3rerrgra geia aifesiel | g

PRI IRV ST, SN (T GG TS AT G AT P BRG] o7 Aot Awfs

A0S AR 1SN (G S FNER BIMTRT 7l (space) @G G0 fH7S S0 SERGE ANSAT

TG H=ATE 0O AR | 92 ABRT 55 (orbital) NNF GFF SRGH GG STATS (AT Sl 31

TS 2T | G2 ST (FIEANNG ZCEARG09 RIS S fSa |
o3, @t SRR @, 96 TCCTeR N0 75 M9 (@ S A0 S S (@R AT :

o (RIF CTH (FIETAG GP-2(ETRGH AT TR / SAFPTCRH (e AT ; G2 NG AT FCFA Sy
fifere == sifastial J20 PRI MR n-@F Sofx fa 0 | SIS e (@, 9 BTG 2I=MYoyTeT /
SR G, Ao RGN PRI SRR Ao MRS *IfF (Fe@  n-a Toig fda 3133
BETRG -2/ SRR S, Afb ey =73 |

o BGITHAT ACO! 2 FoE / AL G A1 G RIT ] TN TN, A S|
SICoR e 2, SRR biRfnes Ko St sy G0 2ERG0s AN SR TSR 9= 27l 0 |
@2 T (orbital) G3R (@R NG SETRGER &) HLGI S FHFHTF M T A (72 | ‘

TRz 12.5 8000 km IR @6 T 10 kg-a7 I3 T2z A
PRE &fS 2 h -9 @FAF JEFIF TS FCF | 4T AN, @IEFT FIfIF
AR T QBCGIE AT G BEAFGIAT (F0G (@ 2ciey 5
(o2 TALATRT CFCAS AT A T | SoAZTT FHART @GN 32yl fefdy
AN

AL

(12.13) ANFF9 (AT, S 2113
m v, r, = nh/2n

Trigae 12.5
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AR

Qe m = 10 kg @R’ r, = 8 x 10° m |

geffariie Eoiates ARRSE T = 2h = 7200 s.

wogd @4 v, = 27 1, /T.

ToieRlbe FHACIT RGN WA n= (2n r)* x m/(T x .
TeSICE AfoRs T sfel T,

n=(2n x 8 x 10° m)? x 10/(7200 s x 6.64 x 10°* J s)

= 5.3 x 10%

o 0, SR Afex (i@ SRITN TR Y92 2| AW 9P F2-
PRGN IR &) (RN *TEH Felea] Aaren miRw Fercer e

ST ATl (AT |

12.4.1 =fesq 72 (Energy levels)
G AR *If§ T4F2 TeTow (FTITH ACF ) 27 T4 4F
IERG 2R ST oo widfie (n = 1) %90 AR
FEI n =2, 3, .., 97 GO AT AT A SCATFO B3, T
T FHALTAICS *IfT T AT AT | Foow IPNT o2 @R
AP (a,) FHATY ARFETT© ARG AL TRFET A FH
*fFRT 2T ﬂéﬁ'ﬁ@ﬁﬁ@@ﬁ@ﬁ(gmund state) | &3
WEE (n = 1) ¥ E, = ~13.6 eV | 93K, 2GS 2[4
TR (UAF G SERGAE ¢ IO ARG *fF13.6 €V | G
TGS SHIE (ionisation energy) &1 27| ([T N0SES
@2 e AT e *Ifeq AT WWha IS e T |
A SIPNIER (@REreiel RIZIgIe AawiqE gt A0S |
ARG RIS Tl AR @il TU 2GS A = e
I Al *{GATe FACO A | 9B SR ST Srefers B
(excited state) ICIATCE I&7 T | AN (12.19) W‘l’?f n=
2-97 &= ¥f¢ E, = -3.40 eV 2| 46 @RI @, 96 22yl
AANTS G0 SERRGAT O AL Treere *THH T FACo
AT I, E, - E, = -3.40 €V - (-13.6) eV = 10.2 eV
-G I 2 | GFROII, E, = -1.51 eV &k E, - E, = 12.09
eV widie, ZMRTYITE 27T ©F ST (n = 1) (AF Tow
Srefere =fewea (n = 3) iAo F40o AWET = 12.09 eV,
T IR BT AT | G TTefers B9l (ATF ARG G0
Pioa et S SRR Ol [aife Wa9jlente (o S 2 |
e, QIBCGITS AT Taloie (excitation) AT AT AT
(Tefie n TS AT AF) Trefere Y (excited atom) (ATF
FERRG T FA0O AT Peron *IfF FCe AT |

Oes—————n=9
=151 n=3

340 —Fn=2

ofiwg

~13.6 n=1

@ 12.8 F2GIEH I *few== Ba |
IR SR G ZIBCGISH AT
BETIGA SRPIH TRE O B QT |
GG ZRGITE ATTYF S(© FACO
SRR 2ERGACS S 13.6 eV =i
te 23 | (Tryehie @it sReiits

TR TR o T 1)

SO (12.19) SR TP ZIRTGISH #FHIT AP (S=1F) = aa
@b 12.8 Hta (I TR | I @RIBN R n-9F a1 RS *fFBA9=IT

* (IS BETFEET (G *¥ E = 0 eV-49 G @R @-@Il Sed 209 Al | €3 ST
BTG YT (free) A | F1Ce? 12.8 o9 wqaifl E = 0 eV-a7 “f¥was frafozmel 427

(continuous) IECZ |
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7 Mg SRFPNE o a1 2| @2 ora 7w =fewa® (12.19) T
n =co-9q TG 43R @2 BEF HT 0 eV 2| «ft 2= SFMF @R T T4
IERRGA (1 = oo) FIOERIPT (AT F=sfeia Siiige Tl 28 @R @b PRaRe=IT 2|
F I (0 @ n-9F T A AN A Trefers *EwA9EN Frel@ 2~-Ims
FRFIMR 5T =N |

Te-71€s A9l (FRANCK — HERTZ EXPERIMENT)

1914 A @& P Fies (James Franck) €3z 9% 21<s (Gustav Hertz) @36 2=z R[ifvea «fewcaa
wIfTea TS TR fAgetel I | @R SRR e e [ aifesifesrm 3wt 7ifd €2 “rm
e (o1 A I | AU ARSI SIeld (varying strength) Sfeersg atae 63
BERGACENR 6 ARTET I 2 | SETRGATA! ARW-AATY FZA 0 FRA 018 T G3R AW 2019
TR *eH RINET TOI00 AR | G TG ©42 7SI 4 ETIEA07 *IfE, I TEga @l SfiFe
(occupied) ARME @3 *fFTTT @R GO TwHox SH{¥Fe (unoccupied) *EBE *Ifex AL G
Q@ = (foq T | TrieeiFgel, IR O Siipe «fews 3R « 3 Their swips «fewEms == sy
4.9 eV | T «F6 3G 4.9 eV A O T @ =i T st 5 ey 20w, st sizsnes @6 30
@2 MRS SERE (AT G I FACO AT G3R Tlf+Io 2@ Twhed = ewCa Tare =7 [ba (a)] |
TR BERGCTR M1 €3 sifawiet gt o

N

E, E -49eV A =253 nm
4.9 eV NS NS NS,

(@) (b)

Trefers BTG 90! M [l fesiae $ Bfistd o =i | [fba (b)] ey RfFarR (emitted
radiation) Se{rs] :
_hc_6.625x10** x3x10°

E 4.9%x1.6x107"°
TR AT At e @R Q€T @EATS AT @, AR [ Iefifeice @B seitied ARG

(corresponding) 4T @4l AR | AT NG AFTe [ivew «HET TG MW @R @i
el @R (PG TR sifeq Tl fFgaieR oy 1925 AT FIes I3k 2I<E (I 27 1 I |

12.5 ZRCGICEH 2@9@ @< i1 (Tue Live

SPECTRA OF THE HYDROGEN ATOM)

QIR TCCER GO N SRR, @6 A7 T4 n, @RGH MRS Towa
*TTT (A 1, (n, < n) RIDE R4 KIS fvog gt 7l (transition)
4928 2, O3 46 B A S AT v, I Gl @@loe fefe 2w,

A =253 nm



SRR

hv,= Ep, - En (12.20)
En, 9% En, ~49 &) A0l (12.16) =0 0 Sl #41
me* [1 1
hvif =W{¥_n_?] (12.21)
me* (1 1
RSN Vy = W[E_F] (12.22)

TR (12.21) 29 Zrgie offer cwea Feie @ | @2 wiFfhre af wiml
n,=29R n =3, 4, 5... € 2, afb a0 @ Ty ARl (12.10)-99
el G SRR N FC | GF (A SR el (750 Sgeet ket Fwee A

me*

R ~8¢2h’c
SRl (12.23) T [{fen @R w9 3B s
R =1.03 x 10’ m™
@2 NG ANE S efoes Sesiw 167 3@ (empirical Balmer formula) (&
A AT (1.097 x 107 m™)-aF 47 FFE 27| Feasf e a2 sifes o
ST AT T AAS @R G G0 (4o ¢ dAepe JFlo v T |
(12.22) FFE 1, @R n, TR 74 26w «fb eropwel @R G, [fen
Ao “feWET @y I (transitions) T [Kfen [tz Fiitsrs [iisae
297 237 | 2Rrgitem 3¢fifers A faw
el ARG (@B AT n, = 2 =R N (5 4 E (V)
= 3, 4, 5, 39 =T | @ITIT IO iwB
n

(12.23)

wEfers sy

P 2Rugites et n, = 2, 3 .. "

2l (AtF n = 1 €k n =4, 5, 6.. 2

iy
¥
="

\
Torifit (AT n, = 3-9 @3 WA {fen E5

ACEICIT ST Seray qefifer ceifer o
Tl 7t ami 37 | Iefiferdrsias n=2

SIS (spectroscopic investiga- b T
tion) @RI U2 9T *NE T = | 93
ife s sifafoe | @2 fdoreng RS
IETRG AW 12.9 Bra (it T |
(ARG T4 SO ¥ (AT o
B AP 21T T3 CRFIGA Tols781e] 0
AR <fiferee fifem @eim Tesife <06 |
@3 3¢({feT LTS et (@2l (emission
lines) e | g 96 BTG ol *Ifewa
(T B /TR F< I el 2RIl #11 T Ll

-13.6

IR

-4

TSI I * T4 GFD (o T G BT e
AN BIR <RS2, 0L (T2 ARMSHC eIl
(absorption) 3@ 23| I @I o=

@ 12.9 *ETERCRT R FEHER T
& 3efifera Beolfe |

2208
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Trizae 12.6

%o (continuous range) FAISHRIRG PG (2 GG Ow® (rarefied ) W
w1y faca ifoss Fa19 217 @H Fefiferame qega ARy «F Resm 331 23 o feafves
3e(ifoTre «=ofo STmepr oot efifeT carat Gafet (i A | ST (RISITE! GRR AR S
T R, @AITEN IR 2l i e 23|

@ NCCER AR (S TGS ST Iefifer i @7 @5 SPTdie S@wis,
T iy @FRBN orgd waeifers Reiweid aeife @R 1922 Ae [e
AR AMLRAN @I e oo w41 2|

Trizad 12.6 w3 @ 929 T AR o 2424w 5 @R sRenitn
steleyl A |

iy faearef @it 2o —
me* [ 1 1
he/h, = € | = _ 2
c/hy 8eyh®  n} n?J

STyl el A B I TS AP 29, n, = 2,3,4,5 (A n, = 1-9
RIEIRCICH

4

me
S2n? = 13.6 eV = 21.76 x1071% g
0
oA,
Ay = hc m

21.76 x 107" (1 - 12]
1 n;

6.625x10 x3x10° x n’ 09134
T 21.76x100x(2-1) M T X107 m
913.4 n’/(n? -1) A
@2 RN, n, = 2,3,4,5, I 2T, &, = 1218 A, &, = 1028 A,
Ay =974.3 A, &R ), = 951.4 A

12.6 fT-39f& Bl (FEBEE AFE @I Tow
FFICIE G147 (DE BROGLIE’S EXPLANATION OF

BOHR'S SECOND POSTULATE OF QUANTISATION)

QIR 21 TSR FFT FRAENR SR TE7e o Ferf wawE @ Kaifews |
a7 RS ST, FEFarT srite SIRSTe 2ERGER (1 SaRe @i
(@i, L, = nh/2m n = 1, 2, 3 ...)| (FIIF STECR G4 €2 A2 @
2T, @Y h/2n-aF SR affefess 277 @I AT 0T AVRNT 7 =7 I
1923 AiteT Tl el =291 & 39t @2 [afes (puzzle) Tl @7 |

Sl G S TS I9ferR e TE et T RIS S 2t
Tl 2L AEAS Sl 2Ffe A0z | B1.(E. (8o (C. J. Davisson) &%
.25 (L. H. Germer) RS, 1927 AT ARG MG 2RI
el eigfer qaldfel Fgetd S | 529 % aifer Ifs e 3w @, @itas awRE




SRS FET FHATR TS SEIAE SN2 | ool BRI RS
2 | 3 O Tof iAo wael LR SCol Tl SHBYENS Sl
ST (resonant conditions) R T7&! BT FACO 2T | WA
ifelr s AREER Agm SR (AT SR @i, 129 @35
ORIE (B (20T (e T 04 I AT SNy Teofy &7 | IMe @
T SAGTHCNR Trel) ANV SRANYTAITS {17 7% A *[g=iag
GI9TETRE SIfeY AF @R & OItd RIFoe! Tesy F( | «F o 24
RIJoqe w2 o5 Z(@ T4 ©IET N4 M AoETe  wAre (G
oG [FY SHS I @F, T2 A @A 2jef TR 71 9fforocza
W) HRebIF WG GR O [ 47 G© *7 WA M=, r, ABER n
¥ AT AR @6 TEIGET @G ToFE 7Y, FHACRT 2IfFfa

217, I | oI b 12.10 4ofb geiir Fite @il
2n r, = ni, n=1, 2, 3... (12.24) TATOA%] (R TR, @A 51 &
12.10 50 n = 4 RFEH JooR FFARE TR @b =g i wawl I fonel e wififine

foalftre s | widie, 2nr = 42, @A A T n O FHA SA[ETeT ARSIt SRl 0 IR |

FEFGCR G 91T ST | G ST SNl (SR A = h/p;
@A p T SERRGER SRR N | TEREER G AW SNENR God G S 73
2, SIRCE S0 AN mo, | 4T, 2 = h/mo,, (12.24) AN (A0S
Il AR
2n r, = n h/my, RN muvo, . = nh/2n
@t 2o TERGET (FIOF SAEREF &) @I aBIRS @RIGH S (FFae
12.13)1 12.5 sifatem, s@ @rafz @, @ A8w6l 2zt smmere vz
e @ *TWET AUF T fof6 | qorm € 39/fer a8 T oo 2ERees
FIfA SRR @RIBRE FFE QT Bom ot 9 Jit amie 0 | 2ERGER
T AT TR SETRGETA T G * T (TN T GR (RET St
Rz R 200 Al |
e sifesite foa (FEERPE o I SeTas &2 A 2ERG) 6T @
ACTH OGS A AT 24 @ARGPTZ T=90(F AT I=el (77 |
RCEIF, I3 TCCER IZ ANRS! JRCE | 990N 207
() QT N TGS A= 2N CFLa ATy | 9ioee RerieT srel 12
BERGT 2RIGT CRCAe A9 T AR N | QBGIS A AT Sy (@
TSR AR SR GRS SR e sl s (50! <1 2, g
(12 2THD! A AW | 92T TRjl 291 - Afol SERG “gia AN STgs
ACERITE Aoz Rl T O T, SF) SEREAENR Aele ARFIRT [ 6|
GRS ST WS FART €38 BERGT Wxy [Fiie] oifefss At (electrical

* ZIBCGITE A 2NY9CA 261 (13 21 W S +Ze 4SS g ToiFam gk @3
GFF FCERG AR | @A Z ToT (2B 271 | SWIzgerag s 2RGISa 27919, G SN
wnfee f2ferm, 136 St eifEe e erefs | @2 ommideets wfiimes e 2eag=-20Ere
A7 FAF (interaction) @G WHG ANE T | 431




% ot

force) fofere @7 wrwe WIWWWW@@WWQTQ
BLETRG ARG TR TR STOJTHFSI (7l T, O (T NG ST%f 7% |
(i) (RIS TS ZBGITST S AT (AT 370 ST FooA w9 (e TS
o aizett or, g 3efifeTre Tsifvere Tstisetia Sitsifrs Sier it i fire
AR | 2B gITes el Iefieics pistia g Foirsss SIae! il 27 @3 STy
ISR OITO! 26T T | GN{B] (el T 2 AT Sl (ATF 7 AT (& g
g w9 (transition) SRy AFACIR G @M 2190 | QIE Weee [ifd
AR S| [feq 2e7 (@IT!S 1l s 2t |
QIR e G0 29T AR ©a ToiRlive I g @ioet 17wy Weg o) @3
AYAFT (generalised) T T 7 | Soa SAAGT CFCG SSNTHF (FITHN
TARGIET Tgw IR (TNerE O 2T FA00 2 Al TG 91907 720 o7 3efent T |

e el (LASER LIGHT)

G SITIZE AT A G (TSI ZGHCHT 31 S (LA S (1 G0 el (gate) i G e
I T | GO AT SIS 9% G T (A 7411 T=o0F (72 | AR, 3T 33 MR G fafzrs
ARG T A | G AT MR 79T AR 791F ©let
[ (well correlated ) JCACZ | #AIC<F Bt (e |

@S @ AT AT T @ @6 (A w2_ G0 = Y ;;“j,,“;":}
(AITE T297® TET @R IR T97® STEna Iy s SI9g7 | LASER fio Z
b3 7171 20 — Light Amplification by Stimulated Emission E:; :fhm:
of Radiation | 1960 ita &3 el #iites 77 (A el @ 23fes e
e (g Afb g 205 | oMl e, SRt @9, =I5y e, (a) AT (AT G ST

e Tonice @ 29 AR | (o7 @R (pencil laser) N6
0.5 MW ST 5 ol @RI [0S (pointer) RO TG @1~ s 000 T8
fifoq ol LASER R0z WG (BI04 ORI A=ty [Rfem afg 7 7 oo e e
TR SICRIABIRR &) AR | AR @l A, Gl 7 GRS AR
YT TS (BT 8 NeAZ-F FI0T IR FA T | ST (! TA
(ATF ! 2O (wave packets) PR f19fS 237 | @6 Al T (A [ofs teAits 98 71U
SRt fifErs A | @2 RfoT STeteE Tr0 @It i T=9Fs <IitE =t | ToaR 9+ e @ few i
ol 2eTe Y70 QBT 211G < Tg T 0o F0e! SITEIE IR S GO AT AT | A S (G
ST SITFET ST AT G2 AT | AT SACA SATIGATAIR 91T ('8 0! (¥ 27 | wiefie s 7l
TR (duration of time) ST SITA! SR vl 3751 (74l 0% | 0T EPIR [ STl T0%
QP AT

Tt 43T T 1 S0l T ST AP N AL 25019 AT, SIECE G0 e S (A fofe
START SRS NI-GF AT 23 | B, G0 @I SO (g At N2 [- 3 Ao 23 | N4 g2
ST 20 AR T (AT (91 ST P! @I (T fsfe St sifies O 20e Al |

AT SYITATL T STRIFHBIN b8 SIS L O 5T G ool #Jfa e 324 e s=itofe
I | 0 A (AT Reaia @3 S e af ceie Fce @b o =ifors wsfd qrt afowfrs 2enw o
AR AT T 210 = | A TTlere SNEIE AR ST G SR NS (G IR #1f50191 71 = | 4
AR TSI (a) G @I AR STy Fw wop7et @3 (b) #JfAS (At S rare e 1 2w |
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SRR

At

. ANETeiE @3t Al e 27 qaR R IR 2RTS 4N 8 AT
I ATATRNCE A |

. AR SCOTE G5B 2119 2o Lo STIKIFPTRER (ol (379 AT 2CeRGo)Cat
(@18 (embedded) AT |

. AMCHITET SCSCE, AN @Sl O @R 7 GoISF S @3 Fg
T Glitaeare @3 FeF ST ™ S SR GFol) ([FUGS
2T GR TERGACA! G BRI SIS A |

. ARG ST MO AR S 1de [Kepr e 135 325 gfo
ATTEFO 2 : (a) T2 NG S AT 7= 77, Tl S {Few v
ATTTAITS G LETRGA TN SRR (e TR IR So7 oI #8 i |
@t smitda JfF=fer fRgrivae F01 (b) @t [fer Gl smeR @RS
Gl Fefife 1= FACS AT |

. AfSfS GRteR Aigeten e ik EaRGrRERs F¢fifet fgorae e | @3 3efiferrs
52T G5 TG (@4l (7l TR A (@4l 3¢fifer =1 oreznl zeace | @fb o
91O FReTIT PR O 2Wie |

. R 2RrgreE [fen @ifaw @t 3¢ feoet 3| @3t @ifaw @- e
IR TS Y 21T (terms ) STEe 07 2P 11 I |

iz @4 (Lyman series) : v= Rc(lz—%); n=2,3,4,.
1" n

1

AT =4 (Balmer series) : v= Rc(z—z—i2 in=3,4,5,..
n

25 &% (Paschen series) : v= RC(SLQ_LQJ; n=4,5,6,...
n
6 @i (Brackett series) : v= RC(A%Z‘LZ)? n=>5,86,7,...
n
T @Y (Pfund series) : v= Rc(siz—%); n==6,17,8,...
n
. Y (TS [epe @l 3efifer @) AR RS iy T T Rieslat Tey
@F (Niel's Bohr) ZIRTGITE A7# (4555 2ERGIIS) 2T (g G0 J0we
AT R | o Fow1{S it efmie] ST 43R (PIRAFBIN ey fofe =iisiw e
(a) 2VBCGITSH AT 35 BTeRG = eo7el 71 T2 Foaytan s e
AT (T ST F212 I 2) S A |
(b) AT FH2IY FI9YTAIR AW G (FIAF SR hy/ 2n-9F 5o TR offehes
o (RIE @R *19) | Sfie L = nh/2n; @A n 26 @30 7o
I RGN FRL| T 27 |
(0) TOI FPIY e, «3fb TG W FfWS WRFH (non-radiating)
T (AT ) G0 o = FHAT I T | T4 G A6 AT

=R S *IETTR = 2N T =iy <3 io Moo =z 1fe
IS (G T (v) TR T 7R 21 1 22 :

hv =E -E

a5 W«lj&wrcwﬁﬁwﬁssmm 12 Folress f[feel® oot
TR TL SCETRGAD -7 SHOR N[ =20 FHAC RIS 27 |
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10.

E +hv = E
Wmmmmﬁ,wmﬁwﬁmwﬁ
TS YT FHATUR SRS I | 2BCGITT AT Ty 4 N 2e
r, = (n_zj(i)z 4ne,
" {m)2rn) €

GTRHGE, (6 *ee @RIBIRS A

E, = ——Snn;;hz =-13.6 eV/n?

n = 1 BT G 0 | ZIROGITSH #M9TS BH¥Es € 26 ~13.6 eV |
n-9F THeF WAl (n > 1) Srefere =fETAYENE Fomd I | Aeeeen
ST 2RI A1 ZTERG LR AT FRECHR ST T2 GG T (IO
Il BT Sooed *EBH TwifA® (excited) 2T |

EIGEA SGTIG 4 = h/mw , T 391fera 2 Rl e (7o w9l I
I QT (FRITIRG FHACLT 90 W (0 | @8 FHALYCHA Tl
FRITSHACEIR CA] A7, @A T #A oReitmedsa oo oot
S & |

(AN ST (ST BTG ITET] T (GF BCERG TF) ST (G 2T |
g TRYT SEFGE IS R-2CETRGIE #7019, @ RRferiew cwrae «ft
ATANGT 2 1 | ZIBCG IS A =31 (T 2770 FATSR SNTHAr Sl i<
FACOES 2 e ST T |

(T3 (MR fFaeemg

YT TSGR AMRICHIGT AT Toziz G W= (unstable) FRAAE
IEIGAYCER SeGFRT [T Afcafrre amees seabe e =7
ol

@R @ FIfF SR (O T (SIS T, S @i AR
T2 5T ICAI, h-GF @l FF SR QI AN SR T FHATLT (LA
Ffe SaCaet @i 432 A A | TSk Jie o2 332 Frelie |
ZFGITS AT (@ TS FH o wfeswret NS (uncertainty
principle) %! Feifosi 77| @t Sy @EEHE @ T aferifs
TR | 94T (R FFIA9JT 26T ol SN (AT SETRG AP AR TSR
IR |

CTRIGOITS 2ATOISF AT2F GoF I TLFY 6] ToRETFeId 22-2% NZIF I
BT S ([ (e I SF - (A EZ ST P S ([4), R
SIfE o AT TN Ao DA 27 P! TG SN S GG 8 F G A2
I TR 2 | G IR 2% A7 BCERG I (TR WO T2 BTG ARG
(g AT T |

FEHYLE WS FHATLT ([@ATAITS AP BRG] (T =i [ifwael



12.1

SRR

FE ) 2FFEAR WO @R PRGN O0ed fofe U7 FE | @I Jeee
GG PIRFB TR nAECZ | (BN ] TNE Toe O @I RS
L I | B @I, PRGN Iawgt (I iz azeraiay) @it WS «fewa
GG FRBI TAF e T T 21T | SuIzaeFgol, 950 B (state)
BRI @RGSR (n, 1, m, 3 s) 7R 0 Tt 27| 7575 @ Kt 319
RSt &) (FVRGITE o147 TSt =i %G n-97 Tofg fsa 07 |
QR T, G BERRGC IS FFAT SIS = ites 3¢fifet g Fsiivess
el TAFe 7, A Ao AR e g AR 9A st
wiefie efifer @eiT Feites, 4fb Frwa «(67 ANLFE h fa ot T30 @ ©lorwa
AN TR SR A | AT (@IF J2& NCAF (FRBH FLAIF (n (TF n - 1, n-9F
W J2R) ) FAFICIR Gy, G2 767 A TN ow 23 |
e s @) Sy s g [y @Rem o fofe wea aifde
@I ST ol G (semiclassical model) FRETON LACGITET A
AT AT @ 2 FATS 21T ! | AT, @FRIBIN I (A0S ASS Ha
ANST T, TS QI NG N G AL 0 | g @I et
it SIS AT 2 27 ST ST (T 7 T SR 2 $Je @I
SCTHCF (X PRI VIR SATAIN T GIoJTaN 2T
(1) QG SCeert feafbwe R fofere efofs, g zitmgitem 3frs
1y 37T ALl CAFREBIR G fS iy A |
(i) IS ARV SR (@ R el oIt S TR, O SR
G2 T TGS AR |
(iii) 2 TCTH T @, ST S FreI Ge ©if e smidRmes et
AR FEHO TP 75 Srwfas o Srorel F0e 27 | O Al OEd
SR T SR e fite 1w, 9o TeRo™ $3F (18 SrorwiFe
e il At fere! Ko =1 o |

SrpAEA

afefs Kgfex eIt orast st (At A< e vaw e

() T TCGCE 2R S, AIHCEE TG AT SN BT oo (ST
Q@M | 72T T/ ST B 1)

(5 J— G BRI RETRGA RS AT TS AT, ... BTG W
@3B (I 76T WS T | (AT AT / AMITHG TG 1)

(O Jp— e fofers afofe sareat simiga wiftrg ffeesita [T 27|
(AT TS | ARG NG 1)

(d) <« ........ @ @[5 2T ©F 6 (mass distribution) 2 fzfves 23
(R & SFAG SO SN 2T | (AT NC8eT / AMRCFICEH 0T |)

QR Q I GRFOIE TS T2 I S 47 I | (AACHIET
0w / ToT 0w |)
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12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

12.10

12.11

12.12

LA NG, (SINITF G AT TS 96 S 2BGITEAT e TR FC ST
el RTasolel AT 2[Faie T 90l (reql 2911 (14 K- Sieod Sio=ia
IBGITT G T 2ief |) it i <wetizret =i 1 2

ST et Soifere efifer crietenTs Frew saeltrd Ji 2

a3 ATTe 1o AT Ty AL 2.3 eV | AT Toow B (AT frwen
B AN GO0 leaye Rt sooies Fo 2012

2RGITEH AFNF GBI ~13.6 eV | 43 T 2GR 1= @3k Faifenifs
Fo?

A SR SR A @3 2BGITE A7l @6 @Fioa <o T Al
qF N = 4 BE RIS I | FGA0T ST G3R IS el |

(a) @ITRF (T JZIT F(F GF0 ZZCGITE 2R-AGTO n = 1, 2, GR 3 BF A
G35 BERPGCT G el I |

(b) 2 BN 2AfSiBre T siffapiet sier |

@35 ZRBGITT 2T A @R TR FHALT IPIE 5.3x107! m |
n =2 @R n =3 IFALT JPALYEN It e

T Sl AR 2RGISHE LTSI SIS FCS G 12.5 eV 3G
T R T T | @I @I st ifd e 7w e

QIR TSR A A @0L (18 @RFGN M1 el Fcat @fb s vfacs
1.5 x 10" m AT FoIT2 7R QW= Mo S @A R FF gfe
3 x 10* m/s | (5JRFT 7 = 6.0 x 10** kg |)

SSAS SereTetl

e emetens Tea e, T (OIS AP e 3R AMIACHIS NCSTE

AL AN SIS JATS AR T |

(a) LI ACTH S, G G AT @ - G TR RIS
JIMATFIS TGS SRIAIT G2 NI QA ST T, AT I = ST (@ 2

(b) I TG SR 2B A RTFoATER (el -9 90°-9F (BT @ (FIfels
TRTFolel) T ARG TGS SR G2 ST (BT S 3, A A 7 Sed
SILK

(c) *RrPEReiE @2l AT @, Sy [KTT FE @ Fa @ -9 Gy TR0
(moderate) (FIT! RS o-FNF TR -9 Aol FANGAES | ¢-97 Aot @
afds 77=9F (linear dependence) J 3fere w7 2

(d) PR CTTE GG ATOe| FATTSH BT -0 NG RTFA (ol el g Rwoielrs
(multiple scattering) Tror Tl W"‘I/ET(?I Ol ’(A ?

G ZFGITSH STNYTE G IERRGT @R G (AGT N0 TR 76T, o

S T QR 1074 9jet peroq | @2 REafe «3fb Reseina i St zet —

G G (A TRFIT T 7 T LTS ABOGIE AN AT (@ O

A aterel 1 | 9 @7 9FH TEmIF Te AT |




12.13

12.14

12.15

12.16

12.17

SRR

@b ZIBTGITS AT n T (AT (1) TR <0 207 feope RiFarem Feives
IR Fefer S J20 9T T (RIS (@, I T e AniRwg S,
AT SCERG LR AT 2T A1 |

e iR SRR, @3 ZERRE A N R SRS (@@ T

RIS AT | OIZCE AR AR S S @il Feifars 222 @ @3 oy

G A ST (BT QI )¢l 20 27 A1 2 G 2l (a0 i [Re #4=ane,

TG (TR I (TN AT 20T RIS A Slel T (e |

SIF @2 REFIET So! FR F S I A0S AR ; 97 S0 FAF Ty AFfoA

CTIfere gaRofTen e sten siwa fsfafis siwre st gaw @R wed stiat g

«{G A sfhe A =11 A SR BT 2RI (~ 107 °m) |

(a) e, m, R ¢ G2 Gt IR CATF SO @ 7= G0 A4 510w FCA 4%
T AR o6l A |

(b) fS OFATS A @, (a) €S 2N TG T AT S TN BT IZICIR
FUod 27 | ST TS ¢ TGS AR | 75 o151 7027 *IfF @7 ©19i2 a0
HCAMHRS T G CF0E (non-relativistic domain), QI c-4F @I GiRe
AT 0 SN 1 TR 1 | @52 eT® [T A0S Aol wiera ez
G ¢ (P AW MC Sy g e 1 caRell AT | SR Aees 7F h
O =W (ialle e eIty e wafee | 15 wAsmefas s fadiarem
G h, m,, 9% e (3 HiEre T W0 e (@IS 1O S | h, me, &K e
(A I ARG @B 1 1w et @<k ke et @ @ ke Afde
St RS = |

DIBGITS AT 2T GTEfers WF b 2ETRGT GG *IfF 2T -3.4 eV |

(a) G2 B0 TG0 i Fo 2

(b) 92 WH 2CETGAba PRIfoifE o 2

(c) TR *Twa b ~AfRew T 20a1 ToItaa (i TeAlh AfRafew 23 ?

I QIR FRIFBRE IR (e ©q039 = nh/2n) 2Ffoq @3 GEhfers e 27,

2tz3 aifeq cwrae «ft ATSI 2Aare 26w Bhw | ©RE @ SiNEl Y pRfnE

SR FHALYENT (AT 97 T2 AT 1 2

fiBef® (muonic) 2RTTITT 79T (Wfie G 21w AT ST AT ST

wifEe Gt fieed (1) SR I © 207m, 978 @A (A Afwed FC) 22 @

e @R it =i e |
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Sefaam ot (s

(NUCLEI)

13.1 i

SRS ST S (SR (, AT AN (I Y7 FH ST LTI ST IR ©F
T ARG (A O (& 31 TS 9167 6 | FIeT @f6 e sy e
(dimensions) (8 2RI ST eI 478 791407 | o-F°ll RTHAT A1 (AT (7t
IR @, R AT G2 AR AT g I 107 9, a7 =12 21 450 e
e Ao TSR 1072 9j¢l | SETSIE I A, ARG Al =wief Sieef2 ! | T
GG 2RI SR I T G0 (RRRR oM 1 2 (3 S FP0E SR 2
G5 It SR A | ©f 0ee, ARG 720 ©F (| 99.9% SToiw @ =)
S Al FEe SRR |

I Fh 2 G O GG SRR FACZ ? Q S S G G 2N T&d Sl |
Qe S S fgmeTR [fen @RSl @ SitR eiiE, ©F, R @3k Sigafes
g Toarfer e cowfE T, FefFw Rerem, Fefgw e Tonfn fe s
P




fSefgam At us

13.2 299 ed <% [NefEaTe 919+ (Aromic Masses

AND CoMPOSITION OF NUCLEUS)

G RN QoI (D AT ©F 472 3 ; SHiZFeFg o ket si7197 (12C) o 2o
1.992647 x 1072 kg | @ &R0 FH ARCHT &) BN ST G756 #ifs 77 |
ISR 2T O 2ARIANCAT Gy Sy ©F G55 #/7(fS 5720 23, A 2o AR o 5
(atomic mass unit , u) AFFL (12C) AT O 1/ 12 =1 Rt Acesifze T

o | @ AR,

IR R Ol B B
- 12

1u

~1.992647 x10*° kg
- 12

=1.660539 x10™*" kg (13.1)
TR (TR ARSI ©F G0 AR YT G ZB0GITE 2R SR 2
o AR =T offeres 2 | afre @ FRes St srmea et =it | Sniegersgst, @i
AT AR ST 25 35.46 u |
SN ST A oI 1 22 SAIe! TFR M2 | 2T S AT e
5t 2B (SRR ([ G2 GNEER RS At o fon o5 it i@ aptfas o @&
g o7 o 27 | 992 GNTER G R [T O 3T S99 (10 6 SN’ |
(TT ARBACHITHR 1 2o 432 7= Sl GTITea 2 Ao @53 R @31 St
I ) AT 2l etz o [ifeq SzEistewe e aifde | e e owig @2
SRAIGICAR SIC#if3< femrel ffew e 2 At | Suiggerzg=!, G qubl SiRein
TR AW S9N A 34.98 1 @R 36.98 u, T 2BCGITTH 2T ST Al 71T
ﬂ‘f TRANF SIWW 1€ WWTCBT"{W I 2igetel (relative abundances) TR
75.4 €3 24.6 WO |2 G AN 91T ©F O SREANGI91 767 S0 o1 i
TN 2T A
75.4x34.98+24.6x36.98
100

= 35.47 u
| IR AT ST A |

R AT 2T (T BRI (b (o S SgEmio IR 1.0078u,
2.0141 u, @3 3.0160 u SR | FVIGTSHT FAGR Qe AFF FSFH [
DEAREFSICE 99.985% AMTF, OICF (AT 0T | (AT ©F 2o

m, =1.00727u =1.67262 x 107" kg (18.2)

G W G5 RIROGITEH ARG S (= 1.00783u) (AT 46 SETREET BT (m,
= 0.00055 1) W T (@ T 1S TSI T | ZIBCGITSCAR S0 K6 SABACHIo4 261
TGTTsfa ¢ Gl | Gifba e 2 s, i e AW #ew A 1 3%
S PIATSII SACIRENANCH AP 411 27 |
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fTSIFTTR 4 ST 261 (AT S | 9 (25 @ G35 T Sl 32
FE GR @f6 RI | 5[7F b1 O 2 @, TSI Srerge RS A [ RGN Sred
folere YT T 9 SIRAIT O 1 2 | (R GH6 2RNGT I 2R WG
B TR I | SR A (@, S0 33 SRfRre o:[widF @3 3ERgeEa
A Z T TS ANARE A2 (atomic number) | 91T W‘KWW %
A (~Ze), 9% @AY “FY  [Eile 27 Ol eI Sidw 25 (+2e) | TR
AR TSI (2T AL gIg. Z- 93 I, T SN 2=rsniel s 34y |

f4%5 @ife%19 (Discovery of Neutron)

ARy fCEHRRIN @ GG MeERio|e 2IRIGI TSt SIREIH!l, ©i2 Oitms 2Tesa
GO (AGAR AR | oG ZRrgive, SRR @ G MefFamiojes sww
ol 26 1:2:3 | 0ig [COHRRAN @R GiRGAN seigq Meea (it wiels 5y
e Soivia SRm12 AR | 9 e SHREEIT el Soimitas oifeifsre (aibte
T GI(F A T 27 I FIBIYTOIT IR 9F 3R G2 GFCH I | @ ol (AT
951 IR A (@ #ANY TS (25 =Sl GNiferss G offdTos =it o e o 7y
ToAfPRre ATF | ol (-3l 23 TRferaist (B2, «i7ao! SRy St 203) 7=t
fferanst RS FPTCS SaTes @ fwfbs ik e qoaw akl 1932 Rebitn
(STP]-BIGTEF @ AFCHT ool ABIZ FCI | b1 7% F1 (902 (@, Rferam, FiET @3z
RIS oo 2T S ERmejente @2 fwfas R w2ite @iitn @RE=ieT 1o
I GG Sl s fafsael 23 (rioe (Sfbe prdw i) | =16 © S e
19 ST T Ol (9102 @, 7 <2 e f[feaet zoibe aisil oifde 2areta €3 @ibtr
*fE ol @il @R [T REG 2l *ifE Seer =ass @ 2re A | site
fafearel G ol IsF I 2PIg 7o ol e 51fd 41a M DIt es A ReeeiEe «
STPTIR TAI IR | *1fF € SR 77 9] (TS fofd (2ot o @ deeife
TN 3 oo SN ©F AR T30 S 2R |

TS TOGCTR ©F oy (N ooItas Tl (ol @R ©1 ZeT

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

BN oG SNREIER &+ 1935 RIBITH ([T SFHE eRe 2 |

@35 T (AT NCoiz @ I oG =r=iidh 27 | «fb Reibe 2w vl c2titw, 9
BERG R G0 SIS (S (e T #ifFere 28 @R @1 9% g &1 1000s |

g FeFTR Sorem 3 = |
TS AR 510 5T v @ o IR T el T =
Z - NI A = NG A3 [13.4(a)]
N - &G 37530 = @G e 737" [13.4(b)]
A - PRy = Z+ N = (258 M8Gea (b 714 [13.4(c)]
@G (25w A G NG @RITS (TS #mibe I2IT 1 22 | oK, AT
TSR e iEae 714 25 O ekt Al

G S 31 Mgt 4 X b2 iR o 1 2%, @It X 28 GTerod
AR for | Swiaerwg~t, (ol Al Fel SRS 197 Au @i A w1 2 | 9



fSefgam At us

1977 S etz o Sy 79% (it «ak i 1187 231 faeg |
TS (T SBENCICHT TAMINTAIR 171 202 1 A | G0 24we G
SRR S w7l w4 (2ifoe e oifos, g eGR4 @@t ot

(At for 27 | TeTEAN (Deuterium, 2H ) 26 QIR0GICSTR SEEIH! AT G356

c2ii5m € @3 fChH AT | 97 =1 SRTAIHIA 2 Hifoas (P H ) @ @ @it e ufc
oG i aiffs | A =173 (ATF A = 204 FN G (97T ENee 326 Sizehe
N | SR SN2 Grar SRR T, G AR 45 S8 S It 2R 219w
TolF | (AR AT SNBENBIAYTAN SEARGAR 19T 453, ©I2 Ol AN 4 953
R (TR 21 AR G352 R SR |

G2 SR (A) I/ 73 WS FAAYTANS SN2n1F T | SMizgei®g, S H 3%
SHe T~CEo1s[cet SIZETRIR | 952 f8GH 714 (V) @< fon fom sfrmsiefs 71zl (2)

RS e, e 198 Hg @) 197 Au (A AT IR0 |
13.3 e e wieid (Size oF THE NucLeus)

V] ST SIS (AR (1, SRt TS R SiReresr Rl 3R 2fstlel S Toiiof
A ARG | ACPICES A, 911ZNT G2 TS Areatt Foele SAced (oed e
-3l RTFHITEIR STRTRIe] 21815 Sl SR | I 2 S (A0 Ao 28 (@, 5.5
MeV il Foom @3 o-Foa, FCE (D) 2R e At fss!
SR 1Y (distance of closest approach) 2 &i¥ 4.0 x 10 m | R
T G PR R T M A 40 T ARG Fefa e gt o1 RTmoleltss
FRITS I TR | ([EG G S 4 S et sikw A1, oi FefFaem
Y P 4.0 x 107" m ST (—ITH & |

I SEl 5.5 MeV Stoil @R =ifemm o-Fl 92 S o0 FefT A9
oI SRR 7Y 0 A0 3% g ¢ 1 Reicaa e e cema ey Ricestel [Rifo
203 T AMRICPITER NP S (T &7 | AMIFCRITE Stelefl ST9jef Tt I STIffe] 7o
o 3R (ol TS TR Sofa fefe wa afoe | @ g (At 3% (rem (Rewolel) «g
203 SR S @7 7@ wiefire 20 Al |

SIS R 0L-FF ARRTS gosifis 7 et i i [fem e 51’6
N IR T O TS (I SR ARSI sifasiiet w4t (ol |

oA (TR (F, A Sl «3f S e

R=R,A"® (13.5)

@A R, = 1.2 x 10" m (=1.2 fm; 1 fm = 107" m) | 47 oI 2&1 FSfFAIGR
R R® @Rl A4 NGNS | ©fF 71 (WS FNER 7oy @0 478 992 A7 T2l
frSaiet 7w | R e fgamieeT «e Imres o e wiee! | S Ssiimitas <erg @i
2.3 x 10" kg m™ | 42 TeTg AT 2T 09 (@ S 99 10° kg m™>-93
TR S (@ | BT QIKANST, (T2 2COINEGE Sl Sifel (@, 2Rl sifgamict w=iieg
1! | sizstle e 1SS Sitizel miTda SifEpice SRR HRe A |

441
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o
)
-
E

Twigdel 13.1 (e SR ST (D)) 2=Fd FSFaeR o9 55.85u @<}
A=56 | ¢F [NEFCR g &@F 79|

AL
m,, =55.85, u=09.27x 102 kg

o 9.27x1072¢ 1
efFem gy =

e = (4n/3)(1.2x10 5P 56

=2.29 x 10" kg m™
@3 TG G I (EEifeF ) AR AMICLT T0g 0o oA | 97 o
251 @R IO A Al G WFhe 2R @ GF WH G F2AEe
SRR Sgel 2|

13.4 ©3-%f$ @2 Wofey I« If$ (Mass-Enercy

AND NucLEAR BINDING ENERGY)

13.4.1 ©3-¥{$¥ (Mass - Energy)
IEPHIE O R SICIAFFeiam ©g (theory of special relativity) (T3 (RIGTZA
@, SR * I SRR 71 IR 4 (R ARG | Ol RS Free i o SiiREies
A 41 (19T 7O @- @I RIFASR B 9= *IfF 7J2<5 7jeiFeia Fkafwe A | s
BB R (@ O3 261 *Iq A0 71 9R @ (6 SH-*IEF 71 (et
I ST FoBRS F00 #1103 w2l Kvfaobie 7o |

SRR [T oF-*(fa werela 7eFfh eI frres

E = mc? (13.6)

QT =i TG ©F m SRR ATl B o1 G2 ¢ 28T %7 WG ST
@9 IRF A AT 3x10° m s |

Twigde 13.2 1 g SIS T0gey *If ol ¢ |

AL
WF (E) = 10° x (3 x 10%%J

E=10%x9x 10°=9 x 10"%J
©i2 7 1 gm “MIfF =TS, Ao Fa1 27 w7 e s =i fafe =711

TSz, fNEFam, TRt @3 S 5w s SR ey Riva Sroe
SEBIRCT SH-*IfE TED ARSI 2mifls 2rats | =i s1kae Sgargai Gl
a5 RiFAT 2Aafes ¢ wifEs = s A 3 e Tgey «free 71w 731 =7 |
Seigmren ¢ ffen e ERIeR IRy AR Rt s Fam o 2 4iRel 332 93970 |

TS IO SR RATIG @ (A2 TS |
13.4.2 Fefgaite =« =If$ (Nuclear binding energy)

13.2 So=mt Sl (e @, AAzstieR ez sifde 22 S ¢ it arl 5o, @6l
S 1 @CS A @, NI o% FoF (25 @R MeG9jTe St AN 71 |




feiga™ 9 Gus

e FNSERIGR @ M (@47 @ (S 2l TR | Taiggersg, 100 “wiga eEieT
9l e+ 3, T 8 8 ¢ 86 caita =itz 1 37w,

8% fI5a 7 = 8 x 1.00866 u

8f (@bt ed =8 x 1.00727 u

8% 3G ©F = 8 x 0.00055 u

IR il e AAifE, 180 FefFeE wr

=8 x 2.01593 u = 16.12744 u.

S CHGITRIA TR 10 AR @ 15.99493 u #ANed! (o172 | 9 W (A 86

BETRGEAE (8 x 0.00055 1) ©F REIe F01 180 2RI FMSHRIeR Ay o &
15.99053 ul |

TSR, SRl (TS Aoz @, 160 FEFITR o of Some e ZFmeEa ot oa
(ATF 0.13691u 39 | fTEFA0CR ©F ¥R ©F Totmie NSFE=etea (i ©Ewa @2
ALF AM (& 397 27 ©9G6 (mass defect) GR TF 2 1 27

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

RGO WL @I ? T SNBPOIRCR OF R *I 67 Pevroid Sl =itz | @2y
SIS OERICR o7 oI i e ERmeEa (AR s@e=im 8f6 ¢t @ 8 egea)
(BIIPACEAS (e B IO BAe | LB B C E R B (G| E R S SRS I RS R R U E R (M EACT G
ooy *IfE T 2 | AW (e MO core 81 (it ¢ 8 e 52w e
BRI ST SISl AM ¢ #Ifm1el I TaaaR S0 20 | 98 ARG ¥ E, Sagfoq
o] GOl TS

E,=AMc® (13.8)

TWZAY 13.3 TE @R MeV GFCF IF 2ATERE ©F @IS (One atomic
mass unit) 9eT = M (&7 9| GOl IR T 'O -9 AGHTS MeV/
c*-9 AP Al

AL
lu = 1.6605 x 107 kg

T *ITF G RS T oy AT ¢ AN el 9 #(e7 T AR
= 1.6605 x 107 x (2.9979 x 10%)? kg m?/s?
=1.4924 x 10°'°J
1.4924x107"° .
1.602x107"

0.9315 x 10° eV
931.5 MeV

i, 1lu =931.5 MeV/c?
SRS CF0E, AM = 0.13691 u = 0.13691x931.5 MeV/c>
= 127.5 MeV/c?

TSR, 18O -7 THAMIA FMERRMYTEICS 725 FACe 127.5 MeV/ ¢ *Ife ARG |
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Tl A5 YT fCE @ (AbaE 93t TR 9o GF6 S o7 ¢ ST
TSzt T 91 231, i1 90 E, #If7sie =i fRofo =3 | 2 *If% E, (361 22 Neiem
FIf§ ( binding energy) | AW SR @3 [HSERIPE OF GoMI HOHFRTE 5245
I O SRR E, »Hfiariel I <12 00 70 | 76 1 S =i S g
O[T 7JF FACS 21 1 | O A0@e G [HESFA eI TR SR, ©f @R CFeq
TG i eI 2o O e #ifaie! | 9t (S i Sotimie NG faams )t Pl
e N SR S SifEmeg SHtaiaN #ifawiel 261 afS Ao %@ (binding
energy per nucleon), E, , A2 < eFeE IR =% E, = SR Tt
GG S 712 A-a ST -

E, =E /A (13.9)

SIS AT 0 AR @, Il S R e RRme et 52 e are-Rr=ed
~HfeielE 2e1 2fefb Mo Tm =i |

13.1 fora 33 4= Neigaee

32,
159" S

¥Fe
i —

TS A4S WO{g E,| ISk

A-9F @TAba (It Tz | @bE

— "W %An |

G
)

Tc

e 51 @aRRG T Sis= s
() JITE IR AT SR [S

&4

(30 < A < 170) FeFaA9E=R

CF0a T4 2 (NS, E, a9
T 47 | D1ffe SR ol s

@A = 56 N &) @G-
& W9 8.75 Mev € A =

@ 13.1 SPRYF SCowRgeet 2ifs NS eI |

444

50

100 150 200 250

238 I & 7.6 MeV
S (A) o eV

(i) 2= NEFIRT (A<30) @3 SRt
e fFa™ (A>170)-97 &=
TOACH(AE E, -4 T T |

@B 2RI (At SR fafiie fog g Frire Svate zre #if7

i) (0 SRS G2 TR =AfIIeT 2 2ifS e Fe MeV wifsnel ae=if 3%
TS A |

(ii) 30 < A < 170 == 70 31 479 26T w1 231 (@ (57 7ot 2o1 7w Rwicas
(short-ranged) 3 | €& ﬁWﬁ@%ﬂW\wwgﬁ G0 Welgarma w2l s
T (R T @, TS it S NS i At AAfeite sfvers s S Afasife
fTefgama aor At | 7 o=y @I ez, Rsaias fefFmi @ el
AT AN AR SRS 2T, 1 RAGNIE I O TFaaibg 7 *fFre @ (@it ae
QR 11 | TS i 9T S 7 @ <6{6 e ie (St sAmiten® s <ifis paica<
AfSTI AFTS AT S@ O IHIF p- @ TGASH 203 | et @ (e fgnom
TG ple, @RI he ZeT =7 M@PT=l @56 43 | 7 NS ge = A-aa =i
i 311 2 o0 Ol STerEae G TERM A Tm=ifes MM deiiie e AR A |
@Y G 08! NS FRTR Ty St (Neigamare e Famba srere s
=R 7T T AT 1, 01 2ifS TR femtey eI Tt sifsdey L2 A wiiey | aeifs




fSefgam At us

&S ST 2o1 436 9% G T &R ple-a7 AN | G5 KAEN N S fFzer §gg
PRIl A TR deifie 707, @2 f o e a0 T=ojwet 4ol
AT AT |

(i) A = 240-97 TS GF(G TOrT O NS FACR I==E &S Fefgzraa Tv A =
120 SRR T3 2ifs RS ST geraisers 3 23 |92 @316 A = 240
ST (Sre it A = 120 eI (o 2 ol [WegRme| el Siiees qreia
SR 2 | 9 o1 27 3 alfFa =i fAsfe 271 «g @3l 933 ageel dws
TS e (fission) ARFIITS *I[E St 7% 1 17, T AFTSI0e 13.7. 1%
SR Sl e 20 |

(iv) «Ca1 9fo 432 2= NS EFamT (A< 10) I8 2@ <6 oI ST o1dw S | 2
9tz et Sesis ©ist RS fFamiiba aeif aifs ez ia @iz |
3 o1 7o A AR GoIT per® Foifb Sfaeres qreia Siw | S
QTR TS ARCAISH (fusion) AR =2 et 207 | 4512 T =1 Sestvtra
T3 17 13.7.3 TR SR 2RSS ST 2 |

13.5 f¥ofsw 967 (NucLEar FoRCE)

AR SETFGCR 91 FTRFeIRI o1 221 AR Forg 77 | SRl (M0 (@ 1% ==
fTSFaReER T IS &fo NeFe= I & 8 MeV, [t #a=igF I« *If SIcor
SCE @R | ITSANR, S FIPTTE GF0a ({0 AT (It 7ol o 4Rt =ifeiiet st
TSI F&T SIRHNE AP 2 | I W S 4@ (@ =I5 20 203 e
FE (LS SR (2ATTYCENT ST R0 TP o] T %
TS ST To! @@ 7 S+ (A @ FCG9Te! S LTS 2T |

JTSINCE SN (TR (@, 79T 2lf 8 7w - 2 s 73 #Aians fefars
Tt 1 (ol | fNS i T T SCTa)TaT GfR5T faes Sttt S

i 521 26111930 (A 1950 AT W 7= 2ed| [ A
(AT GMACE 2AsTl otz |

Fefexifg (Mev)
© 5
—

(i) ST TS| FeT R 67 A G S N Ao R A0 | —
IR TG T e It AR I v | e aeifReess RS g \/ /
ER (AR TS R T (0 SR ASHEA e

1 2 3
(3 | GBI ¥ I P WG T67 T 61 ST S @I r (fm)
N | TR 6T SR I67 ST S 73T | 53 13.2 GGl FE T

(i) 7o TR NS g IS HINGIRGE ST @ 28 o™ Pt sieifte it
IR NGS! O H I A T© 2 (A ¥+ 2| G0 MG Al S0 07 A 1 20002 | AT
TR FTSFACER (0 2 I61 379 27 (saturation of forces)| 1 r, S5 (4] =TT T = SR
T 2 e RaTaa 43 TIaa e RETE off 24 Ofi sifem SO €T AT T 1, WA 551
| 20e 951 23 Ol Rl eS|
(o IS iR 1! PRI RETe RCea ST 0o <=l 0 (MO0
el BT 13.2 7 BTa (raITeTl Z00= | 750 1) -4 M (EE[T 0.8 fm 20wt
frifeif 7T | 9T w22, 0.8 fm SCorHl (@ H0ea T @ F61 Sl S S 445
SR 3 0.8 fm S 5 FHGH TN AF O1F @ T61 203 Rl |
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(iif) fNGG-TTRG, (2AGH-TTEG € (2B~ (AT NLG=rS! WG g I0eTa TN 2l 7Sl |
S 9eT ofGe Syt Soig Rsa s = |
FACHR 9@ Al FEBCaa T2 o0 aMfifsagrsta wret ez ate @it Aaiwe
sifefes =1 w1 |

13.6 (SEHFTe! (RADIOACTIVITY)

Tl SRS 1896 351t (A.H.Becquerel) 9.3, I (ool S
DI | =0 el =/l @csl Teiftte afsee! (fluorescence) €3 DS
(phosphorescence) ST HN TR G BTG GO 5T FACE | PP
TR TR - 2B -ACES (& sl SIitet =il Suifers (illuminating) F6
T Q9T FICET FoICE YT 9F 31 I (silver) 7R OIS (205 (SN ba
TFET) (/T 72 TC ACI ] | SR WG] S SRR (F0R FHHRS (2B (Treets]
(developed) I TS (T P 5 FICE FICEA W9 7 AT, T ST 9 19
(T (29T 3% T I 191 S FATE (S0 T T |
ARSI TS AP P (AT Ol (91T (T, (STFTO! 267 S 7k
oo TCe G SRS (S FTR Stolm a1 Kk 20e A | O (oufEy Sl
(O ER fRB RO ST 411 2 | AW oo &I (o 5w 2 :
@) o-fReoe, @ feferms ez 2 He feqo e
(i) PB-fRE, I ZCERRG Al AT (RERRG e =R 5 7w g RoiSre st
i) fepo 23,
(i) y-Fr=BeT, G T =Gl (I keV A ©IF @) i sy 27| sigast
ToA-SIIERAAIEIITS 52T 5T G S 1 20F |

13.6.1 (G5 (996 94 (Law of radioactive decay)

@-@IA (OSET TAR @A o, B A y-RE 27, (2l (9107, 979 T [Eoo
S FIe™ 7R TS Teifere M iFIeR R TGAfes | M TS N 7)0S
o A w3z At e Rafoe e fanrmRa s AN©E@

AN
LN
A, AN/At=AN, (13.10)
@A A 2o (O O 47 A G5 47 |
TACS* At TR WEFART ALF #7767 261 dN = — AN | 5794k, (At — O

FN) N -9F AR 2R

aN_ N
dt

* AN =1 RRafbe fRSFaem el @3z @3 4 570l 4 | dN 261 N-a7 736 31 Teox fozge
TS AT | QT 61 A9, T (N6 N S FER T AN 7= [{afbe 2earg bk Sks
CoETET NeiF 2o (N-AN) |



fSefgam At us

dN
IR W——Kdr
HNFIA BT CAATEF T B 2113,
N le t
U afat
N[, N Jo (13.11)
A, InN -InN,=-2(t-t) (13.12)

G N, T @-CHICA CTRIAA TR ¢ (9 (SR WA 7 R #4779 ¢
TR P (OGN AT T N 1(13.12) TRATFAC ¢, = 0 IR G2 AT

Y (13.13)

[0}
A, N =N, e (13.14)
TR (R 25, S| BRI A9 (SrReg?l) @ (& K60 o
(TG 5T =11 | T St 10006 3 e sions et (life) (5[t e At e 2
ST T TG AN AI S, ST S T ([, S S (51T R 20 )
GGG G928 I T3 | (ST FOFRIR ey )¢ foq «3f 9@ o =37 @
(SEIEFTSIR S 979’ | “R€o= 9@l “©lwiq 9@’ (law of radioactive decay) T
SAfafo® @R I (13.14) T ANSFICR AR 2 331 27 |
G5 T oo} SFHF 2T R 26 G5 T [aioe (WS Fie ke | 4t dt
TR ORI S ARG A 2T AN 1@ dN = — AN |
LIS A R (3 GeI AR T

dN

dt
TN 13. 14 (3 SRS I S 2113,

]
=
:

R =N, e ™
A R=R,e™ (13.15)
RY N (13.15) (< FNEETH B 2JTia (13.14) =
TR e T, ©fF @3 TN cowizR e Jrag e T 2T, 8Ta 4T, g’

T | AR ¢ = 0 (O KBTI 20T | SRR 2 & R =

)N | 5 0 ¢ 0 FRBET 2l R =k @ e Refbewizen 0@ 13.3 < 2017 (o8iE G o

SRR N fEfReeE s RO 1T, T < AT 27 gl T
R =N (13.16) NTSFAICH <7 2 2ffo< 21 =i

ARG SfFe FEEreIR AN w117 71 T, 9% @b @ Re = Ao ot 2

TSl (activity) | ‘@R ATCEE TGS (SE RIS SNREHR Sol) AT SI G

IS (8T 2R WA (becquerel) | 447
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@3 (TG TG 170 S 1 11 Slele 205 ©its 71=20e 1 I (Bq) 6T |76
25 feTe S0 1< 261 FR (curie) @B SI @0 0ot GO T=1fFS :
13 =1 Ci=3.7 x 10" o=y &fs (e |

ifs Feow N [Marie
Sklodowska Curie (1867-
1934)] (AFITS THAZH FCI |
o ~wi<ffam @ iRmn SRt
RS (AR | @A T
6 1896 s (oo IR
fT g3z o =7 PieE g
(Pierre Curie) SItMd 7T 8
s weaife wiee, A
TRl @A @ CoATeifRTs
GTTETR 52 iy | fofag 2t
2% T9F A9 1903 =3Gitx
smiefRmia oy @3k 1911 ReSicH
PRe 2R |

=3.7x 10'°Bq
fafen coufg e fgrTR SR 2 S 119 | @ @S
RS Sy A LG DI (half-life) Qe AR A1 I T |
Q@ AN (A G0 (G E T *Fre A =T, «ea N,
AT WG S N, /2 TR R O (OefFT Geiod

G (T, ,, 7 Bf2ee) 01 1 (18, 14) 7 Al N = N, /2
&R t = T, ,, AT S A1,
In2 _ 0.693

T,y = = -4 (13.17)

TR T, ,, W N, BT (P10 SICE AT (TTR1T, i (13.16)
FNT] SR R, 8 G352 I SIHF g AT |

(TSRO SFFT HFS if7siiol 257 e =y’ (average or
mean life) T | GCF ST AT (13.14) (ATF 2N (@0 2T |
t (A t+ At R SR [Rafbe WeEIeR R4 2 R(D)At (=
ANe™AL) | ST 2ATOITH SR A YR 24 ¢ | O @
TSP AT (NG GRAPE B ¢ ANje ™™ At | 451 AT
@, R S TP AL SR ool 3% AN S0 (@ 200 AN |
©13 ‘5T ST (91T ZET SMTEE O (AT oo FATGIA 43 AIRTACS
NS} (TR ) G ARG (€= 0) AN AT AT N, &I s
TS T | STO0GT

AN, [tedt
0

T= = AT te Mdt

N, ]
G AR g T @b w v @, r= 1/
G FHAFCS SN ASIF ALTH S F00 Al

T =1n_2 =7tln2

1/2 1 (13.18)

Tioa, ctBifaN-a st coeEa Geete, A ==l S sielie T =i
GIReIeT e IS IR (~15 Rfe At 1500 (@It 729) werai 432 791477, S

S SCoE R 2R (910R I3 2FfoTe o oI (72 | TS JIvRICS Fraseid e
[RERIERREEIRIEN

I

T,

TrigAd 13.4 o6 2007 @371 28U -7 W& &1 4.5 x 10° I | 1g
YA 28U -7 FFTel FO?

, =4.5x 10%y
=4.5x%x 10°y x 3.16 x 10" s/y
=1.42 x 10'"s



feiga™ 9 Gus

- (RITA SEACHICR 1 k mol-d SHTSIaNTG] AL A9 AT 018 1g 280 -9
IR

1 kmol x 6.025 x 10%° atoms/kmol

238x107°
= 25.3 x 10?° atoms.
ERCERE RIS L EEE N0
R=N
_ 0693, _ 0.693x25.3x10%° _,
T2 1.42x10"

= 1.23x 10*s' = 1.23 x 10* Bq

Twizadt 13.5 61 G 205z gt GRGIN-93 S 12.5 y 125 y o
G vl GiEfGa T T Sl SREie SRR AE 2

I

TGN IR, 12.5 y 27 217 AT T SeEs sifqme wiiwfoe
ATF | AFAS 12.5 y-< SRS AT S s [wite 2| o aafes
TR @3 Godicet Afaatid Siieibe SRR A |

13.6.2 et {96+ (Alpha decay)
2381 (2C Rl ISR £ He Moo a@ 224 Th -4 #ifRere 263 Sl [RRGa Ham
(oo Suigze |

“6U— o Th + (o-fe7) (13.19)

o- R, 775 e (yfzel =) ekl fRefbe fNemieT (e fekm=r)
SR ST B T T 3R 2ANARE L 42 W 2| AN 01-REG Gore
e AX A fRel Mo A4y oz

2X —> 2Y + JHe (13.20)

TBTHIRE O el T (13.6 7R FRFT) G ¥ A (AT 5
TG (F FOLTLS Qe LG T2 TS T4 RO 2l ©F AfEs MOFreR o
SR 39 2 | SRS 2 21120 TS TAmITTR sife=if quet e =3 | e fgiem stam
AR (AT @ (T AR F09 AT @ 224Th =R 2 He -99 (N6 & 280 0ol
TG T T |

61 #If§ (disintegration energy) 3l fSfFa [Ricam Q-4 271 e o3-S
@3 Seolifre Raibw (it o3- I sreawe | o-REGTa &y

Q=(m-m,-my)c (13.21)

@2 e fere @b fe«if e Q w1t arfes Mol X i e A o= %
CTET9ITAIR sif oS 2@ Q 1771592 il Tesifitt a9t (exothermic process) @SS
o-REGTR (@ Q > 0 2 |

VT bizlua

G'ET bizlua

449
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Twizad 13.6

Twizae 13.6 fsfafe widfke SwojwE el wite
28] =238.05079 u  3He = 4.00260 u

234Th =234.04363 u !H= 1.00783 u

27pa = 237.05121 u
9T Pa o @il (AGFERN (Z = 91) (F (@RI 2R |
(a) U-97 o-REGE Moo = aie 1|
(b) (RS @, %8y Forgeeid ¢ (2libe fFea™el FI0e e 1|
TG
(@) 28U -9 -9 (13.20) =< AIFAC (63N B0 | G2 AR T (w0
s{faraniel
Q9= My - My, - M) c®
SR (RS SR ST I Sl AR
Q = (238.05079 - 234.04363 - 4.00260)u x c*

= (0.00456 u) c?
= (0.00456 u) (931.5 MeV/u) = 4.25 MeV.

(b) 3 2By ForFeeim ¢ (2t Meoye 303 o3 Ko 23
U > ra + IH
« 2ifFE wRabe g &

= (M, - M,, - M) c*

(238.05079 - 237.05121 - 1.00783) u x c?

(- 0.00825 u) c?
- (0.00825 u1)(931.5 MeV/u) = — 7.68 MeV

@ AT NG Q AT IR OIF FOLFS (o1z771e1 & 7 | ©12 28y Sz

(ATF G (AT N7 FA0O 20T ANWF S¥2 7.68 MeV *fE 7L
A T |

13.6.3 {36! f=6+ (Beta decay)

5! R @<bfG T (A Forgeita 4t 2wt (8~ K6) 1 @3l #ifegw
(B* =) fMege 2 | B~ RBia @l Afafoe Swizae 2=

2P o%S+e +v (13.22)

SeifncE B Rebrea Twigge 25
2Na —2ZNe+e* +v (13.23)
@ RGa9wEl (13.14) =R (13.15) TR AT7 =il fafzs, o @i e
b =0 G5! A{eiey =1 A A1, oo g WG T, I & (P (G ion (ARG
f5© TS A | SHRITTLA, ST R 5o (F0q T, 251 T 14.3 d &=
2.6y | B~ RGO BTG WeaTe et SifS- MGt (v) @3 g+ b e (v)
5 2 | DTl 251 A3 9N QTR 1 378 33 (ISP %[ 200 TR IR BEARGER



fSefgam At us

LI AT QAN | ST ST 0] IR 1ol ST FT AICE | 9 T4 @2 @Ieat
IR ST RITI S 2T (s 52 12 e cev 303 5eet ([@re I, ©fF
ST *II 1 432 1o |

B~ @R B+ RIGTR TGS SR (A) SRS A | B~ RIBC 2seifs
TR (2) € G IR AT @R B RGBT I 456 2 2117 | B~ Kbl 71h1e S e
iR e ¢t oG« et gorsio e

n—-p+e+Vv (13.24)
S B REGCH (it goefEe 27 MeEa
po>n+e+v (13.25)

A (X G0 I G (25t Raioe 27, g (13.25) 7 AN Tc! (25
CE KT 263 78 W&ol S ERITR SIereE, T (AT O MGt o7 <o
9 |
13.6.4 4= {996« (Gamma decay)
ez rel NSRS Fog «fews oty — gfiiws 3k Srefens w9, Tfne qrwta *Ife
QTS S 212l A | 79T =TT =1 2Hefwra Tal eV a3, g el
B 21T MeV AT | 74+ Srefers B ! (@ @0
TSR S et 2@ R (I SRR FEeeE) (T ,,Co i
A, e o @ i iR sl T = ria P
GG (PG fE7e 2 | AT IR airs fRG et | 92 fRfRscersr

I SIS = SReItTda, T X-aMIE A (ITPe |

A4

E,= 1.17 MeV

FNETS TL (] TSI 200 9F6 o 31 B Keow 2w
et 3 Twifsre gizel eI sifide 23 wiq
G5 9l Y s 237 | STeeeig @ (A0 O 1 G (G

A

4

E = 1.33 MeV

eI M Bt Rt =it |9 4409, 1. 17 MeV &

60
28

Ni

1.33 MeV =fear=fa sz il a1 i Rz sife =i @ 13.4 % Ni FISERRT (0 p-Rd 2em o

Tzl 751 0Co iR (Ate p- Rebraw S SONi uf5 5 =i fefle 2t Taifere o @i gzl
S FANCT ST | faefgam N o=

13.7 ef{Fa%If$ (NucLEar EnErGY)

13.1 T ora gre 3= &fs FeiF=e= (E,,) GRRBTe A = 30 R A = 170 AT
e (wTAfbaftr A e e sihext T | @ S e I 2ifs e fgacra siv
¥3F (8.0 MeV) | SIS SIiTa12 Brere Feafe (@ 2 RSzt (A < 30) 3 eif e
%0 (A > 170) I *if$ & NSF0aa W9 8.0 MeV SItoH I 23 | (Il 4o
SR FIRIE IR M (@ 206 (1S &1 20 I, @10 (7l I (S {F0™ (g |
FeTRg~ AWM (NG TR e T gl NS TFAmieften @ I e e et
AfFere 27 qrwea *Ifea fefT= 90 | 31 950e ol iw WS igw [eiet (fission), @A
a3 ©ifz efzam [Kelbe 2w 73 31 sreoifs IR s e ke 23 wie@l
SIS (fusion) @RI FO7YCE 2 MEERIPT AR 23 @b ©if e
NI L |
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T, AR NTot 2bfeTe *If Teoajtal ©ivl Sesiiat artafas R sreefe |
AR (A 5 #1532l 267 Z0ERG (S5 SN | St e e fRifeae g =i
AT 25 MeV =1 | 0f2 3731 #1fistiel &1 (e [ i iz o7 «ifiew siferset apiafass
RIFRIT 375 I SICorp! el =1 9)el (I | Tmizmersol, 1 kg 2eGRN Rerew 10" J
% ST 2; T GENT 1 kg IR0 107 J =g svem A7 |

13.7.1 Wofsw faerew (Fission)

2o ol a6 o (@i, FeE, o Zefmm el fRefm i am feiFms
S 0 I e Rt o sraram satere g wge o= i 23 |

fEGw ol R SIS S 5 FATsw ojgg7lef e i i 2ot e g fReiem | @3
(b TR 251, @ G el @Il TR SREGHGIA 20U (F rare w0 76
TR SR GFCAITS oifFers 1 2%

NS U 570U » ' Ba+5Kr+3 in (13.26)
33 [ ok @F (Siw eSS FAte Tofd T 2Ita

iN+20U - 200 - '¥Sb+ )Nb+4 |n (13.27)
(2, S G A R Swreel

N+ U 5 H9Xe+ 22Sr+2 in (13.28)

T TR 261 (SSTER S F0T; Ol 2RSIce f el Fafeer et =i
GTICa lfFere 27 |

BT SRR wret =T e Reret Fofe «fe sfame (@ wiw) 2fs
Rrereaars SR 200 MeV 30 23 | GOICS FHgeet aiela =11 21 -

4CA1 A = 240 W7 <3 TS corent i GRS AfRie 2R AW 2T
CFCE A = 120 | 573K,

A =240 NSFIGR & E, -9 34 2 7.6 MeV,

A = 120 G NS gfba &) E, -9 319 217 8.5 MeV.

- feSfamaren iR 0.9 MeV 3w =ifS oreia 33 |

©i2 TG St I 261 240%0.9 91 216 MeV |

fefFy [Reretaa ¥2 «Ifers AU e 5 G @R eGaeEs
sfe*fREgTe (1 A | SRTATT ARG T 97 Sl=HfRers! S 90 | ©fbe
Teofil ST fga e e Sl 2e NEfga et | wios @ 76 et
sifamier *fea St 2o wfaize Mok Reem &« el g s
T SR SR A 4 |
13.7.2 fSfsw f4t5$9 (Nuclear reactor)
(13.26) (ATF (13.28) T ANFIF SIESIR o5 T (o AR @, Aol efzFa
fRretem v sfefis uwifts Mo fNege 20z | FeF IR e et ot 2%
T ST Meye 23 | «fb g is w2, T, @I 91 Rerer 210, @il et 30
Boiifit 7o &7 | Tl 3 wifefag FEGmejtet 2] »Rfica e fRerem e
RIS P G S SN ST A7 8G (ol 23 9% iR @2 2ifF 5eTrs TS |




fSefsam at cus

@ (@RI (1909-1966) (T9TF GEBND SRS FRTOIT THIHIE (ATF SRS Al =g
IRFCR OIS 2 | AL IO N FI RS (T TN TN S NI (g 5 7j5oe] fzifie
eeT T2, T 1956 FREBIEE 4 WS ST Ao TG A 20T | IBITS Genfel A T STcaf=s
3R TOICHGH R &t A7 2@ | it 2a1 Siitas(t Srardtian ey : 1960 At e CIRUS
(Canada India Research U.S.) @331 40 MW *ei¥ @2 REISE G RETR AlFies scafmm
R MCIHHH R I &1 495 29 | 991 8 CIRUS GTIfF @R Ao e s sl Reeitag fom
AT AT &) S@AAS TR | 22 73 WITF @ TSI (0 STl AT 26T (MR Tl @<
a3feTs ffife Graa gBIfRa 2015, T oRTe gieae sHeafFaacy ey (Rew 39z gt
(T ST ReIeas Sy 2Tereiz G TH1 ST SoAmI 5j=IFeae)) Iboa FCATRe | SRS (e
RSN 2RIT S frs 2afest Ot st ZERLINA, PURNIMA (I, 11 @=% 111), DHRUVA @3}
KAMINI S8$E Stz | KAMINI 261 (704 oltaeeitarsfi qaviseia fReags aite siaes g e U-233
TRZS T | T ST AR RN T2 Sty =i Sty 71, 73 ez el @ efe fifen
CRRE IR Sy A1 Cofar 1 | ataeitarsfi R/t Sikie R coufa Sizmiihiel tofia S ot
AZ© 2 AW [ @0q @ e, ofeest w3 FRive gz w1 23 |

SIS AN *I PP e o7 267 (TR AE @ St Safess faiom s fsacaian
R Besiive a1 @3 [TefFw 29 TRREw omi @ JfT97 20 610 O IR 41 | AGITHT T
YT AR 2T R SgpTe b 2fere o (¥ SIRedty 2SR s Afre, [Fg cAffaem
e Sl etz | (7 S e *If Sestimtaa (Fta S o fas ST (et TNz | 2w s
AR TSCAMTI GieTial FRETa 97 & G TUITH6H RO ©if & | fFwsa (TS fsfe grenaig 72
ARFARFAC 21 ZIHI -239 (& G 72 391 27 o 7 1 291 o Teolwaial Fasa (fast
breeder reactors) | G0 G FINFLCETT P9 ZeT 071 G *¢foT K0 GIRIRFOI Tl A &y
Foalfeaie ST 2Ia 1 2 (O (T TCIRBIES 2ATHG AT ) R AT0E *IF SeAMC A=A
R I 22e I ZITOIRIN (ITPS ST S 7245 Ko 775 ol (2ol 3% 23 | gor A
1 7 AR 392 oL, GG g SIS RIS 92 I (ARIN-232 (AF TS -233
5 1 2GR U (U-233) T fefe a2 =i Sermassial Reargaejretl tofd a1 2 |

TS ST ORI RN FIpITE Y72 SNe(fS FCATZ ST GO AN FRFCHS ST Pl
TR0 T (ATAE TG AN 2= | SR (1 2AfS SEPpTe @33 Ao TR 24YfE, et
SRR IR/, S St S, RS T w90l &g, oisliel @ SRS qa gt sfFsefFiear el
wfbet 2 REoTas CFea R s St oiig w6z | (et R it o1te e ot (avRizeTs &fS eabe
37 (PHWRs)9! (AT B! &=1fie 2 (3, A #{0E SR SIFo SrerG[3e 0 7 2RR | i
T BRAMT SIFeIY Fed (AP T w2l Ao F0arz | FEsEe oyfF o3k IS Tov vz
Rgeeita FRtererFs ol 22 FE0E, T (erE [ FRieenEs SR M 613 AR oy [FF S

IR * e R 5 - T ST T Tz o™ FafeeEs | 7 <jee [
Afweia e w1 o, O SiNEl €IS *f$ Fe<aE «i | eiEnw fese
512 90 | o7 T Sy Retem [ifem wivaize =, v o (2t Row Rrwre =i
fsfe 27, @ ST @mITS @t e | 453
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http://www.npcil.nic.in/main/AllProjectOperationDisplay.aspx

Nuclear power plants in India

PHYSICS

Tl IR Sfafe fTeigs e R 1kafbe Fare A Y= 200 &7 | A7
(RITF S (710 (3, Goaifest feheas (o araifie friegae (ot faegm) 235 U -«ax fRetem

it icafbe SR T @ Sl | SRR Retem R Fefe geaifer faegaew
TS AL S S i Rreter fKifea vikafbe 7t 0 o 20w @re #i |

257 -7 fefzn Rerem RfFar Seom FREER 910 «If§ 21 2 MeV | Tft %y
e e wifdsiet S g e ismres sl a2 7l 521 23 At Besiy @ireet gooifed
IEG9CER 9IS T 71 23, 13 SR SO fIcR wcent [l 71 wea {ewga (@ e
20 A | GosifoT™ia [MEGa9ENtE TS 7o/ A T T T T ©f 21 2
TSI e G FRI7I191F AT TOIA! | 2FOITHF HITCOICHA A (AT (vl T
@, DRGSR A FEGTa PRS2 77T G9! 2T (T A =R (2AGa9)te
@12 =i 72w 07 | @5 STl 458 T oAl 76T T4 GF(H AIet S0 P AT
Cent JCA R R o1 27 | of T8 faa Regta goaiform fREa9tea @9l
G, e (moderator) WIS 2@ [ FRR9TENTS Rorets Ao We e
el FNRIGT <=l 1 2 | 2bfeTe SWAeIeTl 291 &, ©if &1 (D,0) @< 2G|
YHIZF ORI SIBRE MG ETHIad (BARC) 17! RS0 Tvel<s R0 Ot 992K 411
o | ORI * TRAMTRIG S REASAYENTS Tl R I Gelt 721 741
R |

T (moderator) TR T2 GeAT 8 &Awe AN (generation) EG=R
IS K- Sl 20! Al G ST (A4 263N T FRCZ | 4 SIS 6 AR
FH1FF, W KA OG5 I 20 & 0 | K = 1 206, OIt [gaioa Afewe! i
AT R 51l STl &) 2, oIl i Sites =1 71t (steady power
operation) & 518 | I K -G T &3 ST (@ 23 o3 [ 29 @3 REs s
! G 2ICH I (21T AT | K- O W0 S 1-4F Il 71 Siieeet Fewsa’
SIS AT}l SRR (TR R 0 A1 RTINS 209 AT | 1986 A 2SR
(GACRITE AR RTPIRe] G203 AT SRS 910 SR o7 @, e w s
TG 5 o <o |
TGS 1 2 | RS (TS W BTSNt mraa o=l AT, AR TS
O RTS R T AT FAC T GR K-G0 TFCF TS FICH 1-G 5 el 2T |

AFROTS e TETHARAT AT LU SIRACHICH 2R S (@ g @b [reifers
(o) = a1 |73 @b 9of5 fT8E il 35, w2 «ff MeFa FRisaela (rel wife S
o ZBIEN B 0 :

238 239 239 —
wU+n =5, U > Np+e +V

29Np = 2Pu+e +v (13.29)

I faifes fega el ez eem =3 |

13.5 fora oo oGt Eoie fefe wea oifds efza firagaa ot foa orarea
Tz | Rwgalte @R =it =5 oFa 9 wigs @At e ia Rereit Ao s =7




\ L Ry
fags ; : SBIN <1 Aol BemE
] —<: FFa —

W | - ool
9|
e
‘_

@ 13.5 o9 o fFw Reie [ Tae fefe ot «ifve usflt Wofg
g gy |

TS GATFCITF 1! GieTa B2 176 1 <N | @ Gl T BRI (Seffe
e AFFeF ST AN TSR (AT S @R wifsliel 225y 2At) @1l @re

AT | (1T A TeHCO  ATF TCICHOH Al e 1 (CGTaa aifots T | ewlq vififas
Afszrers il (@5 AT | ACS 6 F0o! fowm 200 1 A1t | Reret 75 =Ifecs (wis)
TR FLETs 27 Az RIMERe 31 2% | 36 g #i@ erem R s (osia
TAMINATANE TS 200 A4 (7 | 754 Go=ABT Tl (remia o= A A FCF
wfowas e @ (A @R wrice 91 2w | Resas widie (i st Fega
CATREIRAI e (TR, TGRS 15 2N 0 I 70 (FCS AN | FETH Ol
T IR 2IRITS TVTI I Al AT 91 (7 0T | 92 77| BIFAIBACS HIeA 9%
ST T I |

S *IfE SerAmeIs RseEs et FefEFe fwgas TS sifawmed e Seom
R | g TS e ~AmiTa e ey 1o F0e 2 I Ol (O6ER 3% Roiees |
o REAFE Al G3R 97 Qe ARG € seaee T wag [
fTRIeTeTeTs 73Rl 220 1 SR | G eI 2MTHo19)Te] 251 SIold 2R
i 2F0E R (AR | ComrfaT e oimiefatena el 291 03 Fe S 2Micy sifiere
TR B! AR SR TR 0% AR 229 Tl TRz |
13.7.3 i ACaIee - %0 *1f$ T2l (Nuclear fusion - energy
generation in stars)
T g6 21l e T «<sfae 2 @3l wif ez st e, *ifg fRefo 2z, w1me 13.1
fot@ (T IS (F1Afba SR SIeorFIge Sl S FaRoE SIfts Yool i
2N | ST eareTs =i ol 2ea17 @ 4@t S Sniggd 2 :

H+ H—2H+ e + v+ 0.42 MeV [13.29(a)]

H+2H— SHe+ n+ 3.27 MeV [13.29(b)]
TH+7H - {H+ H+ 4.03 MeV [13.29(c)]

PHYSICS

J10)2B31 Jeddnu e Jo uonenuis auijuo payidwis y

WY 93 NU/ASIaUS93 NU/SIINIALIDE/NPI MBSDUUDY" | ZBSd//:dNy
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A2 AT 15 (2lifw @fae 2w b T @3 @3l “AfEGe 1w Fai
AN AR 0.42 MeV *if§ fofe w1 (13.29b) R[fiFaits 4o Tk fifers 2
Tt 2 SIEEet 9199 I | (13.29b) T 1o [T fifere 2w @i

Giz5A (3H) 932 @6 c2if5a 919w I | e 4o 2en oy, @2 it MeFmie

SRR S Aol FrRiFife SRS 203 TS T T ANE AT TelF @
VRS 2elfe FACS ST | IS S TORE A INF LR Tl | ©f2 Okl 777
TR Rl o1 SIged I | TR, O 2R AR *IfF AT 203 TS I3 O
TR eq AbRG wfsws Fa0e 21| @ e [ex abics I e 1o
TSR e @ FRNFATEAR Toi7 TS | Tngersge, @bl (It @S AIE @,
i bt oFg @2 RN [ ABIET S 2 ~ 400 keV, @R OF T SfHE
LRI FNSFNER CFa S @ 2T | @ Siosa @b S5t A= 9fb et
(o1T%) @ sifetiel =T ARFCET O FeTR R0 TP ST FACS 2T O otelell Sl
GO FCO A :

(3/2)k T = K = 400 keV, Tl (ACF 2N IT T ~ 3 x 10° K.

LRI Slofa I I 74 FOTFT TS T 2 @A FNTEAR ool
G TR T @ SR AR TR R @A SroHFl FA0 AT, 94 Ol
AR ST Fccarem [ A |

TG SOIEd WeT T 7e WA NS e [l | e e
OloIal 261 1.5x 107 K, 2 AL Slo=iar 2w w6 e ARIets &y e R
SIS SN ST ST 3 | 50 I =TS S TG Sieelaizerpidt
CHBRATEIR =S G S| S (@ 2 |

0 <o T8 scraes 251 @it 754t Fkafbe afF @It 2RgIre™ g
BT ifseore 2 | ©iF T (e =S Tt 2ot 23gITe | @2 <A (@f5-2GT
(p. p) 53 fasferiie [fFaiece vt e 1 917 -

IH+ H—2H+ €'+ v+ 0.42 MeV (i)
e"+e > y+y+ 1.02 MeV (i)
H+1H — 3He + y + 5.49 MeV (i)
*He +5He — iHe+ H+!H+ 12.86 MeV (iv) (13.30)

vod Rl siwafbe zem oy e foafs it sz wam Fea ikafbe 2ro 2@
GR (ETCFCE 4o 21 e S g «afo siiael fRfers MefgeT st =1 af
SR 2(1) + 2(ii) + 2(iii) +(iv) TN FA Koo 37, O o T

4 H+2e — jHe+2v +6y+26.7MeV
ql, (4H+4e’) - (3He +2e7) +2v + 6y +26.7 MeV (13.31)

SO, G RRCGITEH #7119 Gl 2 @b $He 7T 5197 0T G 26.7
MeV I ol <106 |

THAF ST XL RN (T1e12 FRA RS 27 G 7 | (2P (X 220G IS
2P (oIt TR sifiere 23, O3 T aa (Fw< S Z0e ¥ I | THA6 O folerm




fSefgam At us

IR &) FFHS 200 *F TR T (TR Ol9w1@) I FACS TS | I wiofal I
It 108 K o SRiifR (3=, sfoiw (e ias Akraiers) 7ikafbe 27 | FRCIeiera e
Q FHCIR A T @ Tohod ST SrRa (el Seofs 0 #I1ta | 779 13.1 7 fora
e TR (Tl Taa ST I ST GFeTe SIcorst S eify Gie 7%
20S AR |

0 31 NS 5x10° y @R @6t ool SR SIS (9172 T 9Tl I @@ @
RGN @ SN 5 R 27 7K@ 9 251 5610 | o1 2R G IS et I
20 AR G I I Z0O XY FAE@ IR NI Ty A 200 *F I, Al
FHE S R 50 | T AR Sv I A 3 SRS (@12 wieea
(red giant) i3 97|

FefFam sifde wotafe (NUCLEAR HOLOCAUST)

GG TSRIGR W iFw Rerets @R 0.9x235 MeV (r200 MeV) I fasfs 2711 7 50 kg
235 -7 2ifefb e fEarm Retem wkafbe 2o @ =ifex Mol Soa o A = 2w 4 x 10150 193
*if$ 20,000 55 TNT-9F FgeT, T TRRCFRE IO &) T0S | Sifezifzs e e =Ifa fafwes a
AR REwRe | 1945 FRBITHE 6 SIS IO T AN J7Z0 RRE AR TF | AR FRssice
ST ARARS @ Peefest | 98 RewRet & 20,000 59 TNT-&G3 FI9e) | A A2 76
coaTETe! *2afba 10 9 =i Rzt Frafee @A fRel 3,43,000 @ IR | N0 66,000
Mt fAcafEe @3k 69,000 SITS ZRRE, X2 67% SRS (@R 5199 SIS R 20 ficafes |

S TR & TSR T OIAN@IR =[S S [orem @il 7l 7[7e F1 IR | 1954
RS 10 (Ao RTiRe FIoPTE TNT -&9 ANGe) N2I-REFRTEE 5w 91 20afes | @ 76T
(TS RIROGICES S SRACH!, FeCG RN G2 FRRG -G NS AL lrer a9l =, SIS
FCGITS @I &1 2 | G5t FANT GO0 (@ TS e At S {57 SHT OF (A @ 5192 @ 22
2P T 2 OF SR PP R I Sy IC | (TOFA A0S @ (R0 121 <R e ] ¥
TSN AP G2 R FACI 11 TG I (TSR 2SI T TN G € A2 G 957 SN} FCF
GO | Sife alela A R Moo SRarsaia $03, IR (eTiE 77 5T NG (=

T T AP 32 T RIFIE Al 3 | ‘

13.7.4 fafge wiot Sefgw fAfs= (Controlled thermonuclear

fusion)

TG TRADS OIS {FF ALCAISH AT Ot S i AL 07 SR 790w
=91 2 | TR Feaie g 36 o7 2o, S qeeics 108 K sivisi@s AT
Ted 3 foafiven IS el 321 | @ SN Gietial 261 (o9 ST G SARGEA
(STt foelel | SJ&T STt 267 @3 ASTNTE TP T S F1, FIFe G5 I oA1G
2 G T SIAIGIE 72 FACS A | S 7R {7 [{feq ol qrta 23fes Tafe
AT T (530! FACZ | AW 751 263 T, O SN 341 I (S 17 wkearee {ewsa
= N SFE *{f HIR TS el 2 |
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(a)

(b)

(c)

(a)

(b)

(c)

TwieFe 13.7 T A9 Tea vl

AP TN @SN VI | AT TG A (@ 2H, + 0, 2
H,0), fNesgw RfFaieres (@ 13.7 SHmam @ewt) @7 SIe e it
IO TG AT Bl 2 AW 1 2, O O ([N SeR=f=F (e 716 ey s1srel
(balanced) d™¥ ?

I afelt Fofgw RiTam @itT ¢ o5 W oz AIfFFe AT SR
G5 Sz i e o= =If¥re Frrsfe 27 1 I ©i oo =7e
@] Ao el 28 @3 (@, Wyig e e sa-ifew Arifss
AR Ao 77 3R IPTE RIS ©f FUER 20 1 | aFeeivs oo
THCS (1T B! 736 77 — i e |

AL

G AT ANFACR SOTATT AfSD oIz T A AF - @ ol «@ft
T Al TSl TG AT | GG PR RIFATS =G A7 e
gl sifen = | fefEw RiFce ciarwe s fon G goirefie 2e
A | of2 Fefgy RiTwire ool chem simsigg A 473 A =1 | 3fns
e RRFITS 7j21 92t @li5a 7R 8 FTeGH 72 43 QT | [2FOATH,
wifs T ¥ (0@ 518 3% 77 — (6! IARASI A AT ©f 267 “(i6
K @32 “6 @RE A | @ AT ST QI S eI I 41 (]

e Riite (Sniggerag#113.26 ), Risaiw ToxeitF (6 (&5
FR] @R TG ALY I I |

R @i @, eIl afs e Meimiem S g wdee gelk o
(T3 ) | @y «3f FefEw RiTrs @i sk ¢ FeE ke 7= A
iz RiFAR ToATT (ATGaaTe ¢ FeEaaa i oa @32 A | g
AN LG ATNGH 27 1 | i @ siiefme fefzw R[Riwie =few e
A *FT e R S I | @RY I 26 SrEe S/, ©ig
S @I A @, TeRATE FC AR OEe A19wE *fre gAsie =
I fRrFreeItae 9Bl 39 | @b goit 5 @, 96 fefgs R[f 2ot sa-=ifea
AR oS Snizze |

ST ARTART FABER YOI G AR [ e i el
TR S AT ISR A | 93 AR RifFce e i fepe =
iz w1 75 20 [ Somsivsa =19 @ wmigs)tens aptiags (o o)
T ¥ AL AN | S0, TSI T (9lte, AR T =9
8 AT NG ST T G WA 2SF (TF-9(0) FFS I, G
I 0o AR @, PR R SSAATEH o9 8 A9 (6 O
A2 e Forefe 27 At ReifoeiRe of 7wy 27| Tfs, @I IR
fifsace sicibe wr-gfibw #ifwe ez i Aceibe ea-gibe wermrm ws
T OI9R GPO19 T (T ) | SFR AL N0 G7 Pl o7 5411 I,
(51 oz 77) @ FpiRfas RiFies oF ¢ =Ifw 2iF=ifzs goiea = 1|



fSefgam At us

A

1. G0 Ao Gl TSR T | SRR 4erRs SdiRe= & | #RI9F A
I SRR PE 107* 99 (factor) (RITH! T | ST =5 ©&
99.9% SCATIe [ o o7 FOFam @ee A |

2. ARNRE (A S ATNIRT T G (u) SAfTSIe I 2T | K@
1 AR ©F ¢35 (1u) 21 G5 12C 2= SEH 1/ 12 =<,
lu=1.660563 x 10" kg.

3. @@ FSHFAET FeE I5F 9F @ Feibe Tl ATF | @3 oF (@ibea
OIS AR AIE |

4. @I @I GAET AR TRt Z 26 92 GEnerfod [N fFe Seifs @it
(B TR | AR (NS fFTTT Soiffers (aiib @ ot ffere ez 2o1 63
GIRYI A, A = Z+N; G N WEFRR G AICF 2 T2 |
TR T A e ERRTE 45X a2 31 28, @RI X 29 GF PR
el
G AT A< Z 9. e fege sl N RS RS igaizes| s =i =3
SRCACHI | 452 SR (A) RIS T IFRRCEANS A7 Ia SRR e
3% FTSFRIRE N G2 oG 1451 (IV) RS 20T St I SR EeE
|
I GETR 72 A ST SNABICHR S | (Tl (e #AReRE o
261 @2 (NER SNEEANHIAAER SEF SRS T (weighted average) | (16T
LA ©F AFOTS ST SRENBIAYEIR | AR qfoe I |

5. fTEiFars @b HfFS WPITER (ol RETE 1 27 | 3R [RUssid A3mwg
AR PSR I «ifF=i Tt 7, FE R TP «R=isis @
Tl 2ot a1 A
R=R A%, @A R, =430 §&F = 1.2 fm | 4 (0T @RI @, e
TG A-9F GofF fSaA1eT 77 | 4 M A 1017 kg/m® |

6. SFNTR SrereE Mg ¢ (b9t @ Fu e = e aew
SR S A | TG @ (25 (ot (WS 33 I (ITl 2Atew AT 1 |

7. EfFNeR o8 MW SR Sotmie M fFEewea (i ©F, Tm, Sei w5 27 |
THAmE HEfFEmeEa Gt o7 g3 FeEeR e@a ALHE o7 gt (mass
defect) 6T 2T,
AM = (Zmp+ (A-Z)ym) - M
SIZBIRCR S -*6 ITF A2 I R 3 AL St =i 7 A=Icne
eI G FCO A1, AE, = AM
AE, ¥/ FEFITH I3t 29 707 | SR A-97 30 (JTF 170 AR
STz 2 Taifes W 2R 47 AT 9% 97 4 AR 8 MeV /HE{ERE |

8. AP AR =i er (WS 3 AR =i AT 10 #7F ool @ |

9. fACfwafeam gz

Q = puIS aifexifs — aARfes sfexifE |
SF-*GF TR o) Q (7ol @74 W
9 = (T AREF &7 — @IS Foi o)

10. (SHEO! 26 G A ATS (TN AWE TN FTOFAA o At g At y I

fReRrem Mt o o, o7 2o Rfemw Gefeam;  p-afn == 459




w smidRm

11.

1128

13.

BERG; - 26 XA SR Y Sqe TR ofee-pEa R[fde |
(ST SIS (G 267 : N (1) = N(O) e, @ A T 7 435 |
& ITIE (ST 2 AR NZIH CoITH I 2T TN SIS 23, (372 0
€% (OETF AWML WG T, , 0T 908 T ¢ 2 - (@ I (OGFA
A AT N Z (R O ARG A 7! =K wAfere 23

In2

]]/2 =T=Tln2

4 SCeFe Mo wiaw el gerefe 2 wiEs el s
STt wifere za weiw =¥ fsfo 7| oign fetam 255 U «= sieet uift
e e feifers 2e g =ITh Gream #ifere 27, Suigger=g,

250+in »'% Sb+ ¥ Nb+4.n

o Reratm 7o 7 fNeh (s 21 7 (AT s U oG Sewim
o AR AT SR (S F e qibw *jee [icas TeRel 7% 3= |
i cam ReeRe wkabe ey Reem [iw 21 stz ¢ 43 3o
SR SRR R g Rism 2w faige ¢ e siem = | Weimm fesw
fCG 9 e SE 1-9 TSI AN 2 |

14. SRR FcCareT o 2w RefFar I8 7w ¢ ot Fefm sioq v |

o 372 T A SR FReareR M R et sAfire zent|

460

T F TE)
u

S—l

S

S
Bq

(O3 (i TR
I @2 R A |
o~ FRTFCAT A2 S e et e S Seors! 3eTg [wad
R e M Ay wAfwe fo7 237 | @ el 29 WOFeE S 960



10.

11.

fSefsam at cus

WA BTG Ul 06 | PRI oS T el e [owet 06 e fgn
ML eroIRGTS TR |

HZTHIR F6F ST el @ E = mc? AR 77 (F W =
IRV SRR ATH 9@ A *eH AT A F Fe0e AR 71, 937
SITRCE O 6 ¥ GFAIF 707 I TE00 201 | AFTO0® @ o AFIRC
FRCo fSarien =i s fefE smidfRwr mreve 72 | Fei e
ST BRI R O ¥ BRI FRICI L TR 4R AT | G I Pl
Afic ez afeiz (et 2t [ifF) g & 2l ¢ wies eEa AR e
T @S 2N |

T (2ifs FefEm) @Tafbtas @l (@A @R AT @, ©ist Sesim e
R o2 71 34 it 2w e «aiae 2 wie@l «a (s eif ez
freifere 2 TR S w3ifis efFe siftere 23|

TS ARG Ca, ToTRE (S AT SIS Grely 2R TS st
JERIG AR 25 =1 AR 2T | @R W wKre ofs Tn
SIPNIGIR TS 27 |

T i (afs (e fzam) 1afbafs syaw vk ita #itg RS, @32 “He, °0
291t RS IFI9ITETR (3F0a Ho! o 11 3T | AT TSN st 7t CAeTRRT
51904 (shell structure) #IC5F &9 B3 41 2|

TG R ARGG 251 Fall-af el (antiparticle) 96 | S W o @t
Tl SR SR S A G2 RoATTox S | (Orl otz @, T4 ZTeReH @
GG T 2 O ORI “IF Repd = y-3f cribageet =i Fefe 3
B~ RO (FreREe HeRte), TEeges el @ 9016 ey 23 ©f 2o =ift
ASHT () | Se0fcss B *- B (sifege Mevmaet) feoge 1 21 FeGe
(v) 1T @ =ifS RS Gt 2o eii-aifesel YoreT | 2o 390 (particle) HES
afoell A2 | (AT 2ifsTell =if- (2t @m 293 Sve ?

G JEACGAIPRE T (n —> p+e + v ) | G TT (2T St 1B 7197
TR 936 (AT oF 96 MEGTR O (AT () I 27 |

YRS o~ [t p-feaeeis s «i9 o2 y afie feoraet 906 | Srefere
B A WNOFNET ¢ o Mo s (S o= | ool At gl
o0 T o8 G e Srefere B (AF @ A | @352 fTefFam
(AT 27 y I 2R ol (@01 ONi-9F (Fa, Ba 13.4-9 (RIT)
GO 2 I (T, S 8 sz wret [ivzw *ifewa =iz |
coafETel e fFarm srrifty Mot @ | 2 e o e 2eam
*S 251 S @ (AR Syt bR 1:1 26w | ©ify RSfFaem cwig @3
TS S ([T 2 3:2 27 | (BT Al R 2reiaes sfeaw
TR S Q@ TR (OGRS 2 1) (@ 7 gt gl e
(T A TS iR (7T STt Siefie s fieG a1 (&5 it ofl
=S = A | Ie S AT SRCACTIAYCER (7 GNEER) Md 10% RS |
SIAYCE 20O A ATANE @, p, d, n A S I 7R FPRS TFE
SIS FE FIATSIC O 1 ZCATE TP & SRIRTH I TF (Syifotdesifers
R arl fofere w4t 2wz |

461



w omidRm

462

SrgAEel

SPRE9[CET! ST TR T et F2090e (data) SRS AT

13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

e = 1.6x107'°C N = 6.023x10%® per mole
1/(4ney) =9 x 10° N m*/C? k =1.381x10%J K"
1 MeV = 1.6x107"%J 1 u=931.5 MeV/c?
1 year = 3.154x10” s
m, = 1.007825 u m_ = 1.008665 u
m(2He) = 4.002603 u m_ = 0.000548 u

(a) frRarcT 7fb fF=re wiEzEIel SLi ©3R ] Li -47 ApEel IR 7.5% G
92.5% | SItwE ©F TN 6.01512 u G3% 7.01600 u | e 2z
©F @ IR |

(b) IR FS U6 SRGAEIP 21108 @< 1B | SI0ve &7 AN 10.01294
u @R 11.00931 u | @R AR S 2el 10.811 ul '¢B @3 'IB -4F
Ayl fefa |

T foafb =S SREAEHIA © 20Ne, 2iNe @R 22Ne -4 2ipFel 2&1 IAFH

90.51%, 0.27% €38 9.22% | 92 SNZAIHI9JTER ARIARE S LT 19.99u,

20.99 u ¥R 21.99 u | T T AT S (@7 FCA |

FEGIEw TeFNeE ('N) MeV @ g Ww T | orem

@itz m ('3N)=14.00307 u

ferafere wRyeteR 12 e B Fe @92 29 Bi WS Ham qibE a=@=Ifea Wiw MeV

GFF ([ IR -

m (38Fe) = 55.934939 u m (2%Bi) = 208.980388 u

GG 27E T ©F 3.0 g | I T (AT 8 FTEGAYTAIE o771 (ATF 52 IO

TS e sAfsel [l Fcat | ffRaw g aw e @, @it s Scu

AT (ST 62.92960 1) 7R O |

Aferfis craae o Weis [ @

(i) 22°Ra-9% o- <0 (i) 22Pu -99 o-REGA

(iii) 2P -2 p~-REB  (iv) 20Bi -4 p -G

W) LCc-g@ -G (vi) Tc -9 p -G

(vii) '29 Xe -47 ZCoTRGA (< |

GG (OISR TG o1 T | 47 A0l ABF A a) 3.125%,

€32 b) 1%-9 ZP FACS F© I AN 2

IR Boifrrrs ol @I AER AT Al A0l 2o 2fS 2N ST ooy ‘2ffs

G 156 Keoa | @ Ao 7% 2 FIER 12C SREAHIToR 0e! e “AfF=e



13.9

13.10

13.11

13.12

13.13

13.14

13.15

fSefgam At us

COGTE 14 C -7 ToifPRfon ey | 74w G0 Gl R A, O #ARI0eI 0] @ o
1 (T TAfRTT ARFTOIE I@IT A (AT AT G 97 ARFTO! ZFT (/T g I |
14C -7 GiA WG (5730 I29) 3% AffS AfFrel (2tE T S
T AR T 2 | GBiE 27 Ageiies Reltl I7ge 14C (Ofbr-9a Eaife | 4Gl
SCRCEMITA (ATF e @3 TR Aol 201 & i IR @S fifws oft v |
Y TACTTIIR SO SNl T oAl S |

8.0 mCi *IfE7 (TETE T3 (+{Te F0 #IfF4 §9Co 2N, Ol Rl | $9Co -4
LG &1 5.3 TE7 |

9 Sy -G T G 25 28 I | G2 SRENBICAT 15 mg -4 I T 9 2
CoIFS SEAHI 197 Au @< FeToR (F711) SIRGACGH#! 197 Ag -4 HSFIeR e
i Sreire e |

-6 (a) 22°Ra 9<% (b) 22°Rn (AF @ o -390 [W2779 2 O Q- G
aife=ifea S el 1 | (rewt iR

m (25Ra) = 226.02540 u, m (22°Rn) = 220.01137 u,

m (*%2Rn) = 222.01750 u, m (%5Po) = 216.00189 u.
e coufg eizamit Rafiieeta [ate oa
5C =Y Bret+v: T,,=20.3 G|
297 sifegaba 7=ifa aifewifes 1 251 0.960 MeV |
OIS AN N9Ce -

m('4C)=11.011434 u 4Rk m(';B) = 11.009305 u,
Q - I oIl IR R G #7297 ATETGAB AR =T F0e! wotent A |

28 Ne ST (203 g~ oo 2tz | B-RGER eG4k feoye Bagea
TS SifeIfEa T a1 S | (RS =TT
m (3 Ne) = 22.994466 u

m (?*Na) = 22.089770 u.
A+ b — C + defza RiFaia @ wF el ikwifs

Q=I[m,+m - m,-m]c
AN SR 267 S S o)ttt | e w29)tet (data ) iy e fasferfie
FNFTAYTEAR Q- ([T FCA! G HNFAYTEA Ot SR i w1122 ot Trara w1

(i) 1H+H -2 H+H

(i) '2C+'2C -2 Ne+;He
A7 PAIFNeIRRE SR 2o
m (?H) = 2.014102 u
m (?H) = 3.016049 u

463
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m (lgC) = 12.000000 u
m (¥ Ne) = 19.992439 u

13.16 1, el eiem dfeaie @3 SFe Reifere 2o v i Tl 28 Al -9

Ao 21 | @ erem [Risal «ifea o s 2w Fsa o Q Mot a=
COIT SR FATE I Wi | (rel =g m (35Fe) = 55.93494 u 9K

m (2 Al) = 27.98191 u|

13.17 23pu -3 WO Rreieta @RGiafet 220 U -z Are Je% A | 2ffs fef

fRerem 20 oIte 180 MeV #IfF el =71 7t 1 kg R 29 py -q oo
R FTEfE [Reem 27 o3 MeV ¢3(s o *If¥7 Ffs zra o @@ el |

13.18 ¢ 1000 MW o [FeieH FT37 5.00 y-4 ©ITS A G S Aol

A | %00 T AR 285y feat 2 4051 e - MRS 80% I3 e T, 7w

g 9T 2 20U -« frere (At 93 NS Famiee xjy=iq Reem afeires
2|

13.19 2.0 kg [CSHRAN-9F e RIS a1 @3 100W FFloF G0 (a97fes A

T© AT GeTCo AFC 2 ACAS A7 27

H+%H— SHe+n+3.27 MeV

13.20 %6 TEHAET JrAfR SME0q feq it (potential barrier) ¥ WTF 2 telel

Al | (s : 7496 FEBTHae! 2RI =i 7 QAF 9L Fara fwefel e it
AV I | 4TI NS, €1 2.0 fm TIFNTES *1E (5lleT<F)

13.21 R= R A"’ 7> (A (e (@, (NS SomITa g &l 435 (Tefie A-a7 Sofm

ISR ), @A R, 931 4375 932 A T WO Ao wamig |

13.22 36 S (A g s (e M) st st afemne 96

QT | SR T BEETRG GR!0 2 (it aiz foe e 75 (2T, 40 K%
(AT TCERG <I1Te @R G0 ST ez |

e+ 5X— AV +v

RS T, T B Feoraet *Ifea R SRl 78 27 O3 3G (I SIE e8]
2 g =i afmns|eet e 7 |

fefe S

13.23 9 ¥ AFfITe (periodic table) SRR ‘91w A ©a 24.312 u

el Wtz | SJfRSITS 2l SiehRIeTa [feT SRENGPe e Sl e
ol 1S3 S0 91 TG (e 27 | SNEEAH!e! font «ar Oitia Sa9ie 261 T

2 Mg -99 23.98504u, 25Mg 99 24.98584u ¢k 2 Mg -4< 25.98259u |

ORA RO 22 Mg -9F 2ApE 251 78.99% | S YI6! SREAHIAR 2Ape T fefa
A
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13.24 &35 TEER1 (AT 3 HEGC 524F FaTs (@ sifawiel =(fF eitaiem 2 oits feh
AFee *fE A Hca 93 Al FERMeER Faliie seoE (data)
R FCH G 8L 7Ll =T 9o (@ I

m(2Ca) = 39.962591 u
m(sCa) = 40.962278 u
m(28Al) = 25.986895 u
m(2]Al) =26.981541 u

13.25 4 coufE T qf6 couien wowam WefFam 2p (T, = 14.3d) 9<%

%P(T,,, = 25.3d) W= *JCO 10% STHF GO 2P (AF | GI=@ 90%
SIHCE (ATRITS F© I 9 2
13.26 R eifFheifere o MBI o507 orase ©ifF il T fRemmee Mg [abe

I

TS AR | feEa Reoai [easa s

“3Ra - "Pb+ 3C
*2Ra— %32Rn+ jHe
Q 75 REGtg Q-N fefar a1 @k (rdle (@, Tew iz *Ifew Row seid
AT ASS |

13.27 goiifex fNSG @l 228U -5 et [Rrasai Sl | 9366 Rerer (@@ ital fAeq
oo 2o 71l g3k [eifere Aiefie 1ot [ eba (i 49Ce @R 2Ru-9

“Afere 27 | ST Reiemba o Q-9 MW 5o IR | AP 77l @ Fellojens
CEECE

m(*%U) =238.05079 u
m('Ce) =139.90543 u

m($5Ru) = 98.90594 u
13.28 fESia-Gizibwm Fkwaee [fSwa (D-T reaction) FNaef fKrawat Fcat:
H+3H— jHe+n
(a) fasferfie st e S RS (40F MeV @3 fHepe =Ifew w1 fesiia
A
m(%H )=2.014102 u

m(3H ) =3.016049 u

(b) «rat, e ¢ GiRban Serwa P 2w 2.0 fm | 906 ReFieR wgas!
RRPTeT Feri R Sifoss S o i etare 1w 2 « Rl «g
FACO STABCS PO F© SR TEE FICS 20 2
[Bfee : @b Reiem [iF T0ite Arie sifexifE = RiFmie welqjeTe

2R 9GO S = 2(3KT/2); Kk = QPGS (7, T = T SI#al []
465
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13.29 13.6 T Bra (It SIwit -7 A 1o @3k y -Rebe Meope [ifdawiz
TN (T I | (ST R
m(**®*Au) = 197.968233 u
m('*®*Hg) =197.966760 u

198
79 Au

X 1.088 MeV
Y,
0.412 MeV
Y,
0
198
8o HE
fa13.6

13.30 a) A SSTIA 1.0 kg 2RGITSCR [ROETt 775 «fea M7 932 b) e e
3@ 1.0 kg 23U Kootz «ifea o et 3021 | 92 w20cg Sesin =i war
el

13.31 «Cdl, ©IFeA 2020 AD (S 200,000 MW R¥je BesAmitd srwaal fete, a9
STC v *Toikx ST %I Seoive CRaejieT (AT #1edl AT | «0dl, RS Seom
SloifEa RS el (Sdie SfexfEre sifiaea) 25% IS (e 2020 A=A
oA A T2 T T AR ReTera=ra TSN LTAE AT ? 40, 237U -7
Ao [erere 775 =IfE= #Afwid 251 200MeV |
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FFE] TOAAAR

(SEMICONDUCTOR ELECTRONICS:
MATERIALS, DEVICES AND SIMPLE CIRCUITY) ‘

14.1 o

Cagfen 6 Ghferss fAfve: 3 21, (1 971 g1 (RoTEITe TERRGER MRige 212 Aedl
[T | 1948 AN HHHBIR SRR ST G TG @Rl 2 e =6 [(vacuum
tubes) G SR(SE T&T 2 | | (N AR IRNG : I 7L51 SELRIT AR — SIS
(25 TTNe 1fRfo©) «aR FITAT; FIRE : IR ot SfERIT AE0R - FICAT, (26 @3
3T, (BTGIT 3R (ATHIG (IARFC 4 @R 5 SfGea R5) | AR 16T Gib Ted FITe
IR ZCERRE RREIR 23 @3k R iberitas sy Retas #Iffea qib IREE =it
FERRGR WS 212 2T T | SR o S Te APHTS! (vacuum ) 2T
o, S BRG] TR STl A SI9SJTI 0! RIS M =1 21T A |
G A TGATANTS ZCERG XY FCT (AT SIS (< 212e 27 (Sidie yysig
G SR | &3 2 TG ALIKEGE ST 671 2T | 42 A T 9T AT
REFR IR T T o T FE G T (SIS (~100 V) w211 qora
SREIE AN (limited life) 93: FE7 @iaret 3 27 | Sy S s SR
FERGCEE (modern solid-state semiconductor electronics) RIE Jaie
(2AIf® FRTR 1930 AT @€ G LIRER 3, @A el T 2@fes @ g g
o SRR SRR I3 ST TR PRI TR 1 Wi A-ifEe Wi A2 ik @
AT TGy (g ol TSR A0 | SNCEL, Sl S| 2T FH (SITH0ed 0o
MINER] W”HTWN G THARAIRITS SIfeRNet s 2 (mobile charges) R4l
AfRTS FAC AR | 715 I (0N, AR T e IEF0R TRANZ =R 202




% ot
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WG FIICT ST AR AT | ATFGCR LA A 76T/ CITETANTS G5 0%
T (AT SN ARG NS (TS =% ﬂﬁﬁw %5 (evacuated space)
S %R 317 T GO ANl 7 | o112 Tgifnes @it Aifers Teri At g
X ST ARG 2 11 | G2 S o, 78] =/ T I, [ (SN0 /S B 938
R A SIIET @ Tt STl AR | =1 (Blerfenia «ar F~1ToR Nfabea g
JHITRAG R &1 (Cathode Ray Tubes - CRT) T AR 761 -7 Fifere I I,
SIATPS oo SR G o162 LCD (liquid crystal display) S5 @i
=ifewifore Fa1 2tz | SRR TEina IRl =5 @ TSI IR GOF S
T (AL AP AN G G IR (TS AFTEIZE, PbS) AR G 4ieq
T <19 T IR @S SO FAGHT (detector) RETTIZO 29 |

TS SCHRWAYTAITS S SRR iR GRifers aielisften e/t el
GR IR0 AR TF, @ - FLCA SIS [(junction diodes) aﬁ@w@e@a
A5 77 @<k @3 g el Bembia («<(E fom ofbera S 7g) =it Sitsisat
T | TR RIS ATl s g a8 ol fem aefat a1 23 |

14.2 91y, 293 @3 wf=f@aEa cafafamms

(CLASSIFICATION OF METALS, CONDUCTORS AND

SEMICONDUCTORS )

Afaiees fefere

ofTe ARl (o) WeRl @RS (p = 1/0) NS Mwe fofare a6+ smd
e Fexa FEsh @fdce g w1 am:

() *9: @ LR AT @i (231 T 2 iRel) [RG 2|

p~102-10°Qm

o~10*-10°Sm™
(i) FFIFAE : GO IS | RIS N 4G @ ST TS| [ & |

p~10°-10°Qm

o~10°-10°Sm™
(iii) BT - 9T T (@i (1 7 izl (G 27|

p~10"-10"Y QO m

c~10"-10" Sm’!

A 2@ YN p IR o 97 N (I G, @2 2N IS IS G0 T
2FTS A | TR AT AR 4G, ST G SEATTAIR) TR AT (AT
52T T GG el =16 731 | Srepiely g o114 A0, (@AJTET @2 S T S 27
T2 G T I |

2 ST SR SR R 2o SRR Te[iad ST - (e AR -

() cnfEESFERE : SiaR Ge
(i) eSS SnigRerags!

e T : CdS, GaAs, CdSe, InP 397 |

o TS : SR, (TIo[® AR i |

o TR AT : wifeToliRrareT, sifet Syifefer, wife1 Aanfzr Teonif |




A2 BETRG N

Tl ol Tifn @)
Wﬁﬂf{i

T IeereTe) S AR TgoYEN (e TIRRIZ Si &2l Ge @R

Tifole SR SRR “mie So fefe < a1 17fre 1990 AR A (1 wdeifiz!
TR SRR siferii T g wideiaiE) args K ofaycs Afema s ies @3
I BRG] Y GBI TSI T T | B S ST S SIS
TR EHARRIZ Koo GRfers SEifZa1R Si @hR Ge- a3 SR N0 AN AT |
QT TIPS CTfere SRR Aiize aigen SRR AETeE chfss sreiaReEa
QMR SR GG AT |
*f$i57 fefere (On the basis of energy band)
QT 2R NCTeT SRR GG [ve ARG @~ G0 ERGR =i O
SIS FHACA AN TS 27 | 5 g Aot Sl ol oS3 Srmeey @ et T
AT Y PRI BT ST | T AP 2R SARG LT T 27 43
PRI BT SN, A1 AT SoAfFI o0 20 It | aft o Amitd Zreegeae sife
AT gL DA 2RI W1 2T A |

(T STOrSd 2o SRR GF0 S ey (unique) SRR TR G=R @I 76
ERGER 3 G2 ARSI S Kot orl T it | @2 et 2ifsfb et
o fom =ifews Atz | faaften «IfSw #iefe RS W3g+t [ifor «fewa s =i
(energy bands) 3 | @WW“T@?W@@I @ =il W@@W Qemel
#If6 (valence band) 31 &7 | @EToiTa Sotaa =FoiG 7t «f6 (conduction
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Formation and working of p-n junction diode
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35 Arestt p-Bizet B SR (p-Si) SEHIET (Wafer -#ires 515 {ew)
2 B BN | p-Si STAFI O3 AR ARG Sy AdFeId WHE p-Si
ST (I SRHTF n-Si-< FoATRS T4 @TS AN | AR stotra [ oS
AACZ | STHFIAMBTS G p-SIGeT GR n-SNGHT IR 2 G6 ST LIS I 41 At
(metallurgical) A9 TECR |

G p-n AL 1R 1o o)<l Al wikaibe 27 : o @3k [Koem | s
I (@, G n-5i29 TEARRIRTS FEARHE 19 (2SS G SO SEAFGEAR AL
SITSF T SICoPHI (@ | S p-5is! RIS 91067 TeTg SETRGCT TA0eS
6T @ 27 | p-2li% 8 n-2NTI T IF2! TH0GF AT 7 p-n TN 9IS AT p
AT (ATF n 2T (p — n) S (diffuse) TX G ZEFGAYEN n-&AlT (AF p-2AT
(n — p) TS 2 | A LT AT 92 IS p-n AN ey WM Wio 2=I2T
(diffusion current) aﬁﬁw |

T2 G ZERRGER N (AT p (8 (1 —> p) A2 G5, @f6 n-S14tet @6 s vt
SR (@0 ST | G2 SIS WHet (4TI Siaie)) »7sefS 2nfFoifafss ssieayrag e
T SR A @6 581 (immobile) 21 n (AF p SHER (F 793 BERGER
Il TH0S 2ATF, $O8 FRNCIF N SIGIER T LIS ST G50 B (I LIS C2PBIS

PHYSICS w457) 915 2T AT |
S, ICGR O Gl T p (ATF 1 (p — n) SGTH GG TS A4 905, «@fb
e R @6 f7*va simfae &i2s [ionised acceptor (negative charge)] (903
SN | TSR T92 19 TH0S 2TF, $93 p-n TR p SFER 0 @ e
S B (N AN o1ABTS ST 913 200 AT | p-n TR ToF A a1fde <3
CTBTST SI4eT G0q fsT*IfTe ST (depletion region) FITN #If&fo® | @gst ST
Y p-n TR 3 T ARSI 51 ore wieeizzepid eRG
SR R > 2Tae S R SR ST I NI ST e a3 (57 14.10) |
go%e feifTe SIgtaa @RE I @3 NREIRHIET ! St @3 ol 27 |
p 000® n FRCANCHT N AT LIS CoIABIS ST GR AL p 20 AelIe
e CPTOTS 17T 915 RO T LRI S (AT A S
. ¢« frmioegs W@ G0 SfULrHa Tgo 23 | G2 SfULHae Al AT p A
MO = arrdr faverr (T 35 ZERG 1 2T T bTeT I | SFOTHEd AN Sl

@ 14.10 p-n A 510w 2fF= |

478

R @2 9ISt [Reem (drift) I GSIR I 2R
(diffusion current) Reifre wifeyrd @ f[6ew 2z (Drift
current) *g 23 (69 14.10) |
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W?l_iﬁ?ﬂ'i

WYTS oA 2T J2& M G {67 212 T N0 27 | Wil T© 0o
B0 AT TR TSRATHE (o=1oTb1eT 14577 21fae 200 ATE | 0t ofeerwvg — | W je—

A AN A 2, G2 A 5o10 AF | GTSIE p-n T 90 2|

2T G AT AT RO (918 e (AT AN | T 517 7t ety 2 ‘{ oooe }‘
P n
AR p-n AT @A (B 2_12 (net current) A I |

- ST (AT G 1 GTR. p-SGTeT SR 1, % 78 ST E
TR {2 T G0 (e 2112l 3% 307 | I3 [Rerwa crafset @

G 2 (X GfG SN IZC ST AR ] A I G AR
F | 14.11 THra ARTRIRIT A p-n FLCE G NI 2 2ACIH M)
e ALy @I 297 | n sl 3T 2 @3k p smief ZERg s
FACZ | ST, p SWITLI ACATE n 2L 418 2T | (@029 <2 81 n wga
(2T p KT SERGCT ST 2fSriy 7, ©ff G a2 aforiy [eq
(barrier potential) I57 2T |

(b)

5@ 14.11 (a) ATRRT (V = 0)
[ TR, (b) AL IR
#fotly e (Barrier potential) |

TEEd 14.3 I p-5izet W @ T (slab)@ 99K G n-
Bizst w12 A0l IT I p-n A9 TofF TS A2

I 1 1 9T 2T T2 TN (T 1 (o] I STPPeTS| (AT g2 oA aels
VA9 [inter-atomic crystal spacing] (~2 (JCF 3 A) STl S(aF @ 27|
0 AR W fNaafves w1t 5Te 27 | FiiaifG S e s
Fq Rzl (discontinuity) 02! S5 I |

14.6 S99AH313) ©itAe Ojl i

(SEMICONDUCTOR DIODE) o

4 SRR OIS T §-2iteE WO S Red e O
BT I o I eTws @I p-n eIl [5F 14.12(a)] |
«fb @6 42 A% /S (two terminal) IF | 9 p-n AN
TGS 14.12(b) Bra (Il 2SI AR & 41 27 | o
otz Sy AE@E (I3 TIAT 7L AT ACR)
gelioe s 07l I | SIS 12 2t RIS (olt0e V afenal )
FI AT afecaiy [es (equilibrium barrier fba 14.12 (@) SRR SIS, (b) p-n A
potential) 2IfFEF IO AT | 14.11 () €= (b) BraApR=IT Ao b |
-1 IR TS SRR (PRI SRRI) (Il 2R |
14.6.1 =¥ I AF p-n AL TITATC (p-n junction diode
under forward bias)
5 SRR TIRITTA 12 &S T RS e V eIt 2itaisl 71 28 @ SIied
p &I AT I8 AT AT @R n AT AHIET AT NS 0! T AE
[>@14.13(a)], v @6t 7= A (forward biased) AR I&1 2 |
erifEre SgeR 2e ROt TP o 905, -G 8 n-Sge [eq o 479




(Barrier

3% (3) T I SITo5 |

4 ;

S 10l 2 (93 IRl 27 TS 158, (@RI (R S T 71, O G
N-SIFH € P-SFER (FNT WH SC1 @T*) | 2T (SN0 0ed (V) Sfosd
fAE0fee S0 910% @ a1 (oITbrem (V) Rvide sifey Rl &2 |« ot s
BT (@4 P 1T @3 e AbiEs Owel 231 i [ 5 14.13(b)] | 3794
I e AibIca P Tl (V, - V) |

AT (OITHS FAACA 2 a1y fTe4 (barrier potential) AT
IR [ B 2 R (FIETG SO * [T 20 S5y A< Sl A1

(b)
B 14.13 (a) 574 G001 2 pon G ST T -SRI (I S ARG IZF) | 7 AT
Seralel wicare, (b) aferaly e (R @3 ARFAHIE 7RATY A2 SIFF#Id (minority carrier injection)
potential) JC | p-n IRCA9N SAF SSTAT AT IZFH ToTg AL (ATF 7!
(1) I 2, (2) b orte,  SIGER gemR SrisTe I 7T |

P-n N S T AT IS *IfE FAS T | T SIGRAANZ T 2 |

3R ST AR L 2 AT *IfF o7 FCI | 0 @Azl I 2|
AYT (SITHUET T N ST (AT BCETRG [T S oo w6 p

ST (R (@RI S TR A2F) | SIS, p-SIGeT (ATF TS5l

W N~

QIR 3 ARSI G p-SNTET FLN 2l (AT p-SIFET S2(F 2T

— Jifere 27 | G n W SEEFY 916 (hole) 2 n ST A<

o0t 2T (ATF n-SIGER SR AT IO (5a 14.14) ITemA0S e

foo2os }7 PR 37! IS SN2 35 I | SIS (G FY4S! 2 _z=al

B 25 576 I 2431 G 2BTTS SERG I S AR TS | @2
oY j;?f%‘@ PTG I HIETO2 mA ST 2 |

- 14.6.2 fI9[d® IATH AF p-n FCJ9 TITATC (p-n

fBa 14.14 7 T TG AZE junction diode under reverse bias)

480

SFCFA |

Y 96 ISR 7<) M G ( AR (BIT0e (V) Goica A9 1
26 (@ N-SIFH LHITF G p-SNFH AASF 2, 0 TIRC B Koo
A (reverse biased) ACZ I =7 [6@ 14.15(a)] | Hemifte w2
27 Rt SiKpic] #ioe 90b | 27 [Fotaa wifoye aferaik eras omgel 23 | 97 0T
3 2ibia el (barrier height) 3 2T @32 SfGerHaa RISt Ty gt
w1 2AIfe 27 | [oldie IR IS [eq @bl Bl (effective barrier height)
(Vy+ V), [6@ 14.15(b)] 19 n — p S0 TERRGETR AEF 938 p — 1 S9FE
SITST AAZF A2 (supress) I | TSI TP I A IS 2AZT ST
e 212 SIS 2 20T |
-1 RGN ST WSR2 G5 27 (T, A p ST P! ZERG IR 1 ST
2P SIS SN ATHAITCE! SIFSTS 510 BT AL BITZ BT SITH, O 31
TR 2 123 SIECER (majority carries region) M oIt (swept) 2 | RS9
92 6o (Drift) ©fSeeRItzd Cud W0IF | €3 Rbed a=sal IS N2 Shf~e
(LA) AR T | G2 2131Z Y33 T T e Afb (5T1el A2 (T AL N4y ey 2y 15
ST SSYL TR ST SR Tge 23 | 7Y RIS R [Kberel 2Ies oifey
TR, [Fg O @ (injected) RS &I ST ARG (A ALET: mA NI 23)
DI W9 (LA I |
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OIS 513 2412 21 (SIEHres Tois 39 (¥ fSae = | o oy 1
(SN0 AT AP (TP SN FRAEY ATFE Ol T AT |

—> W je—
ﬂzwmmwm@@m,@ip-nﬂmﬁw 000060
FATIETY AR TG AR R = | P 000066 n
oI IR CF0g 29 (dFe0ed (breakdown voltage) «ISF 00600
a7 [v1Ste T Ret@a @36 316 4 (critical reverse bias voltage)
@ TR e fageoi QTS 1399 V=V, , Uiee [Rede @1z oo go (a)
3 SiR=T | TR COICEBTER IR g 2IESTa ST ~AfRaH <o | ¥ —
RS 2R s 76 7Rl G e Mt (egeaia aml [MioFe) it
FS M AN, O p-n AT 95 27 | [eifars M wfsmw w0t vie’ Vo
s O 26T I TS 27 | TS a7z Wife wiem @ 2o T —
A IS IS (FCA'S 3 TO0© AT | (b)

TG V-1 &5 (Tl 2@ (SITHed SIeorws ReM aagas g 14.15 (a) Fode amm g
ARRE ) ATEFET Tl ATGAT 941 5@ 14.16(a) €% (b) 5T7 @ i, (b) [eidte amet afew
TR | FHIRE 96 AGARIERR (A1 Re5115) = T T A f®q (reverse bias) |
OSSR TG 1 2 (@, SIS 2T [erad N #{f7aa 341 A7 | (SIHsd
TR S &y 2GR M BifoR—m 1 22| 14.16(c) Hraa T V @R [ -7 9316
T4 2N A | T JCERI, TG I 2ARTANCAT ¢ =i ffer spsgeivR 372w &

FFe, 2IRS 2N JZL TN 2 (o 778! A= 10 91 2R R) | e
TR RN SEIG] ARCHH & MR S =T w41 27 |

S RBE(V)
\ZJ
I(mA)
DJ| &
P n
x
e
— 60 —
+ (@)
s el
@C\‘& BRIGI (V) 20 —|
190160 by 2 0 || L1
P 0204060810 "'V
g 10 —|
x 20 —
(LA) 30 —
Nﬁl\ | 1(uA)
Sl
(b) (c)

@ 14.16 @3 p-n I BINTTH (a) TR I R (b) RS BT V-1 ([F157 AFHIEFOI SR &y
ATEAT T8 5372 () T SiiTes g V-1 9% @12 | 481
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Twigad 14.4

5@ 14.16(c) (3 (TS A (@, 7R AN I TINT 2T (SIS (0 175
N SIS 1 1 21 G W2 T erzaal A 932 Ao Aea g o1, T A wsier | €3
CATIG] (ST #ITH IS CSIT=50S AN JRITS TIRNT 23R SIS (AR
©IR) I 211 | 92 (SITHETE 76+ €A ( threshold voltage) 31 FB-39-(SITHE [cut-
in voltage) SIGIEIN BT (Fq ~0.2V G Fferea SIae ¢%g ~0.7] At |

fR51Fre AT TT TIANTT 2T@! 72 T (~pA) IR TR 2fFTse aft e
g AU | O Rede AT &R (reverse saturation current) I 27 | Ifre
R, B Koo 1 (G o) ezl zoie 3 o1 | eitites @3 R
1 728! 14.8 SRR DTG F1 203 | N SIS CIAGF [ 79 212
ST S IR N A

TATTT TG (AT (21 A (@, p-n FRC9 SIS @7 4 e aiefiime i «gsig
GIFMCE (7Y ATPT) G2tz 20o @ | R9Fre I @I T T2 I @iy
e 23 | @2 RGTD sifaas et @ Aeae A7 27, i 21! S SITElb=!
T TR | TICITS, S 4o AR 7T @14 (dynamic resistance) T ARG
3, T T (SITH0T FY 2IfFTE (AV) G 2RAZNG T A6 (Al)-IF SATS |

AV

r, =——
4 AL

(14.6)
Tuigdd 14.4 14.17 Hra Fifersa SIRITeR V-1 &R0 It 2302 | (a) I, = 15

mA 3% (b) V,, = -10 V -9 SIS @K e e |

30

20
158

10

0_ 05 Vv)
" 1pA 0.L7k0.8

9 14.17

LI I = 10 mA (TF I = 20 mA #¥E TG &R @14 T @i
FAECI TR Rl S0 St 20 04 AT (i e St =i |
(a) GTAME (ACF [=20mA, V=0.8V;=10mA, V=0.7V

ry, = AV/AI= 0.1V/10 mA = 10 Q
(b) AT (ATF V=-10V, I=-1 pA,

O,

r,=10V/1pyA= 1.0 x 10" Q
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14.7 GFAFEF REMI AT TITATSR GI2A

(APPLICATION OF JUNCTION DIODE AS A RECTIFIER)

TN BITNTC V-1 ([R5 (37415F (T SR (12T =112 (@ TG *&1q T2 AT Al
TR O Iz S | SR I (Il AR (oIt
TS ATN9] T 22 (3 54 (12 S Trepje ofe &7ifze
o, T4 TITANGE R AR AT | G 400 778! (SITHTT
TR G I A 2 IR TGO T GFITTE
T =7 |

(T AR AT IF @I SIS G 7! frea
TR N Z0, AT 2554 (T I GG 2 AN
2CF *LFG (18 TR AR (FATH GAIT TR G0
e (e Tgo 2 | 14. 18 5ta (riitetl @ G
TN SfoTent G APF A0 | FATAE (transformer)
CTIFGA!, A8 B &S S0 2SR sif7ad! [ed ez
T 1T A I [T 419 22 O IS 72
T 3R Gff o 7AfHEe FF | T2 A AT Aels Ko
QT T TG TS IR AF 93 @fb ofTe sifzmzs ,_ !
P IS (2R 7] &1z 392 914 28T 2l ‘ -

>
s
&

A gitag Feg
i
2
I
=N

2 2% R

R 29 Ko
N <

R

(UG U &1 0 | o1 (e (21T I 7] 0 (B)

SR Re1 (T (OIT5E SRMR AT CTUPET g 14,18 (a) widomen @ isas 763, (b) 29905

AR RS AT S S TS @ 2o 2[ | Wﬁwaa\mﬁﬁawa—iﬁ (AT AT TETT5E
AR ARS] LR LIS o (IC @F R, 97 e aeig |

e @l ©fe 27ifew 27 @3 14.18(b) Hrag v @3
S5 e el A%, g 4elles I (Tl ST oNeq ARl | A7 LIS SEe
SR @30 SNTH5{G [eq el AT | 9oIta A1e STH[G [ealba T sffasoie 2ez
srge @t @3l [iS wfoy 27, o2 ¥7 T F0R T4 I | @ARXY €2 &=
TSN A STT5{5 29[ A SO *YHIG IFD S T2 2T, ©I2 i Sfoqent
é]ﬁi@?ﬁﬁq (half-wave rectifier) I |

14.19(a) foraa T 7fb TS 727 F 5ifoe I8 T @ e Tox S
SRR GFY WTH5{E ed Terd T | O G o) oqet @FYAPET (full-wave
rectifier) I | G b BIRTER p- 2T 2T (19 FEAR 12 AT AR TS
2 | 96 SIS n-2% 9 G0 T AT G2 SIS Yiod A= A9t 77 @
FATGAER (5TIel PG NG, (ATF S5 (SIS (TG 2 | AR 5fef oot 2
JACHT CF(E FATTACHA (N1 PG SR GTO (BT TCo! FIG FCF, 018 G (THIF
G J7AI8< (centre-tap transformer) It 114.19(c ) foq cat vl Tieez (@, 2fef
TITAIC T (T FEAR (G RS MG SICES AR G620 2062 | 11 Sirres
AT AT AT A AN 4 S GFN R | A CITAG o= Al ALl
T3 € FoNTAET GO (GTF T SNTH2[507 5jef et sy Aieael 27 | (ST (3, o) 483




BRlicaEd
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2 | | |
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EEt e | i !
)-E Dlmmi DEWEDW 0o | DEWE
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¥

R,
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@ 14.19 (a) 9 sjefoqol CFYAFHT 941
(b) A RFTS D, CITEH S7(5 (e S <k B
TS D, SIS 29515 (e STeig=;

() ool GTYIFET T IT @1 @IGF R, 97 12

ST T TGS ACH+{5 Seig |

GF AP 7JfoTe GFYIFTT T BT @
CTOR (551 FoEAC AAfRACS BRI SRS A
) | 4T, I @F 30 GTOIF (BT RITATH
A-97 3995 eq 4aes | @t =15 @, €3 J306
B-97 7 fRoiSe mIfT (0 901 201 | (061
14.19(b) fora (RGN 2= 1 5794R, D, SIS
F AN AR =R A2 S (S D,
CIRTS(G R ET® TR AR 93 MR 2= A
) 1 TT69T, G2 LG S SR SOH9[5 212
(R (TIC R, (HIKTRE 12 20T W) G0 S1865[5
f3eR) 513, 1 14.19(c) Bra (it Zrz | 7St
B3 970! S GTHIR (BT ACHTE A-«3 [7eq
Y NS 2, B-9F S 0 419 23 | 53
@B D, AT @1, [ D, SIS #{ft<e
T, T AR ZA7[U57 AT TS SNTH6
9318 @R G675 [Aeq (R, -3 42 2T X))
TR | TSR LIS IR Al TR S
T2 ST STH)b e 212 | 3 2z @ e
AT (G TEoqe GFYAFACH o1 «fb
S([E G ST I TS |

A% @Y SNTH2[5 ST o1 2ot o AR«
o Spiod | b G TreTe PRF M = Al |
@ oA fed (AT FRE R 6.5 e
NS G AL ((FTC (4 R, -G A0 AT
©ICR) SMETT AMTRIT A& I (TFH
(capacitor) I8 391 T | 452 SR+ R, -G53
e AR SRS T F (TS A | (TS
G SIS T AT (I SRHAYTEAE 72
I R Tz () Red avis 0, O G
RFEoR 2 |

QL SR REDICER (L QIR Gl R SICEIb Sl | (IR [Red JRE AR
AR @i wifee 2371 3 TS @It Af2ecHd T ACE ©i20E I TG Kerwa
A @t =fes A1t | T @I @ik T A0S Ot @fb (11 @I M SR
20O ATF IR T TSI TS MF FF | 432 NS 217781 w51 «fs oz enfee 2
R T (5F 14.20) | 4R e IR 27 TSITE TS (RAE 47Fg C 9%
IFT @14 R,-97 SJeIFCTa 1 #{1f0 &, 0 707 49 ( time constant) 0T | 75=
YRCH N IR A G C- 43 M 2 (@ 200 203 | 912 47T I 29946 b

TEITS BB AIFHCEH LT AJIZS T | AT 27175 017 (AT 21 SH{5 etz e

TP TNCH=5 [Tera AT IRy 23 | Ffes = Faazg g @2
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A2 BETRG N

THAmI “mief, T3 @33
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[N\ /.,

5 T Totes E
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4B g Z=c 3R ®&f % \/ \/

(a)

(b)

59 14.20 (a) 4175 FHIF TS sjefoqet GFYAPIF, (b) (a)-99 GFIIFACH 275 @ WTH[5 e |

14.8 0= Sa™IT p-n WCC?IT"‘IW (SPECIAL

PUrPOSE p-n JuncTiON DIODES)

@ SE[CHRCT SIS G R AL TG 0 SIS S0 A1 3T AL TS, g

ffem R o ReEeE tofF |
14.8.1 (&4 ©ICAC (Zener diode)

(ST BTG 2o SNfES! B3, (S Aot sifde & R Sraee) A4S OiEe | O
GO (o 41 28 @ «@f RS IR (ATF (771 S0 (breakdown region)
G R R (SITHS WHES R 9 2T | (@I BIEIed 5z 14.21(a) Bta

oI 2RI |

p G n T TLEF SHAGR (Vi1 IR (S TITAT (o T3 27 |
GPRCE 9ifFe fNeifre St (depletion region) (@4 438 3% (<107°
m) 2, GTF 5V -4F el T8 [AIS 07 (SITH0sa Tee FER
GRS e Y72 THA (~5x 10° V/m) 2T | (S SIS [-V &5
ERbAE 14.21(b) ©ra ot 2Tz | 9T o7 1 AR (@, 747 2 [
A e W (V) (G917 SItAItes (394 e (breakdown voltage)
V-4 (TR o4 SfEe 2317 e 2o sifF #fiasa 23| eFwa @,
e fReq V-9 (=it =7 [efte arm [es ey aaey #f<ss,
Y2 GF J2ANR 2R TR | Sreita I6 M, (SIeea s ey
ez Ko AR RAETES (@ (SIbred A 77 AF | (@
o7 (75 AF, (G TS @ S e AR [od frgeqes @
R

5], SR @RI (5301 S Pt (331 [eta [ividre ©fbe 2 s
2ol S a1 sAfseet g st | wmst @nf| @@, fside ez S 2w p @
n AT TERGIYENRT (FRYETY I2F) @R n AT (AF p AT TSN
A2 W (RIS 202 915 27 | st I (eIther i T, AN
TR SfELTHE ARE ST T (TR | 734 Roi e BT (OITHred
A V=V, 78 09 AL T SFELrE AR0En W 48 (@ 27 (@ @fe
- 2ITT & 2N ASTS! ZEIGAYCEE (BT ([ ICH T n- ST M
RS FCH | B SRR (TN S OGNz 354 et AR | T
SIGe AR 2SI 6T AT (AT SERRGCR G el Srersfia (v
f927@et (internal field emission) 3! g <R (field ionisation) 36T |
G ST &) ATAGA SGETRHG ARCEI N 10° V/m FE T |

(a)

I (mA)

(b)

—V (V)

1)

9 14.21 &1 TR
(a) ®F, (b)

[-V (IRBpafe |
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(SITe5G g < fRATA (G4 SIS (Zener diode as a voltage regulator)
SRS @, (@I GG AR (rectifier) 21! 39/5 (SIS T SN
FAET G GFYA ATH[5 RO W 8 I T | GFYAFITS (AT 2l Wiz
T. 5. STH5 (At =7 .7 SiTHo5 (SIthe A &y SRl (G F TS 72
3 | (G TG 21T 7 21 Rex Fgras 36 14.22 fora oraiel 2w |
wfafEe 6.1, (SIrtes (GFIRFRCT F0lH 26 =TH7[5)
el TR QP K R -7 ST GHTSICI (S SIS Al
T[T A 2 @ (T GITAe (s Roidie 0T At 1 3995 (S
IRE AL AR R, G3R (G SIS W4y M sfgezaze
AR | 92 I (S SIS Y2 ACET S Ko7 AT (@A

® S/fFe M 9B R -7 2rgarm@ T e Aeqte I T | 97

e L_mﬁ[aﬂ 5'?? I T, (I ST (S OIS &) e 214108 wAfew <61

R, (V) (TR (OIS Wi SRS A | G2 itd 295 e W
PY BT (At R, @R (SIS ICINCSH & 7 ©fe 291268 F0S AT |

A (SR BITAITGA 12 208 W) 3 At (et fiada

o 14.22 T cornbe s RO (@79 9fbw R -99 29q0ae S [Req sfetee i 2% =119 | PeR 255
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Twizae 14.5

RSt TR @ICI1 I RN BT 0 (S SIS S TSais

0 RS (I #If7aa 71 A R 9372 @it i) f[eq Aot
ST I3 2P H0G | TN (SR SIS Ko 9@ 2 T0a 316 0 | ARSI Sen7)6
(OITHE G (X/fe AR I @Y R -7 WA T fEq TR SRS (S SIS
fiea saro =7 |

TwizAd 14.5 930 (o g = e fFfye [Rews o 395 @@m
TIRITeH {93 V, = 6.0 V| @I &R AF 4.0 mA G S RFe 2776
ReTCF 10.0 V-9 =T A0S 206, @ BRIE IT Q8T R-GF F 9 263
Tfpw ?

NG

R97 WM 71 283 7T @ (S SIS 31 i 27ifee sfveaaiegs e
(G 2_IR SCFF S @ & | AT (@IS NRgeid o) @bl 2671 2RI |
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14.8.2 STAIR gy AT TFIATeT (Optoelectronic junction devices)
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(ii) SCEN f4eEs Bt (Light emitting diodes, K\'}w
LED) 7l ST SIIeTirs IoeHe S | 7\&&.

(iii) ST (SO TFRTET @ITEA! ST R ofere
ARSI (GT ) |

(i) Fbruitaie (Photodiode)
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I PR IAGT SICR A< <eTg<ree] GiCpiecpy 0o 1423 (@) [Soio i i sl siieeife 0ol
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(ii) SNTeTF MeFF ©ITAIT (Light emitting diode)
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T IR TS IR TF, TEIGPTE n —> p (@A G AT I1EF)
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(iv) FHECRIIM G295 |
(v) IO S-S 2% T |




AR SCARG N
TAmI oM<, TZT @2
‘H?IF{?I_:WTR

(iii) 77 (¥ (Solar cell)
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9IS FETS (T FLHITSIOI (T Sl @b oIz e |
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GaAs-43 (g E, ~1.53 eV | ABIE (g, THSS #Af5 41 Al 50Ge ST
TG e 9N wFel Si-IF e GaAs SIfEF 2ZoTloy | Sl A CdS
T4l CdSe (E, ~ 2.4 eV)-4 =i TAWI =12 B, Il SACERE e
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@R fsreifEre wget At @7 IR [ (Tere AR = | LI Sfeerwad
YOI IAFA ARG LA S| (FREANNG AL G, A
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14.9.1 FifEE6IA : 9197 € ¥ oI (Transistor: structure and
action)
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Fees-feEs [, (Vo) (O 4

(b)

5@ 14.30 (a) Fue 295 @SR, @3

(b) L= SUTH2[T ARTfe |

Q| Va7 Tofa [, -9 el (@RI CFeg el
T e v, Pz | i e A GefemBitas
B5{5 (frGy fefar i3 Ssiem Soly | of2 gfi-s1kaies
FLIN AT RN LTS AL eI red e
@R AN ' @AYV, = Vo, + Vi, 93 Fiferee
GTemBItas (0@ V., 0.6 (/TF 0.7 V-7 ) 2, ©fR
V. (PSR 0.7 V-3 (50 S0 (I 200 2 | (ARG
V. (P12 0.7 V-3 (50 S0 (I 200 27 | AR
Vo, -9 G RN AT Gl R et e e
OI% @RS TR B AR AN SHA R {717
ANCTAI T 1TSGT 3V — 20 V 2GR V47 @G
AR G2 2975 @RI “lexl @ A | @Ry
V9 g ROTE 2o #117, iR &1 2 [, 49 &
YA | G T V. -4 o N0 &repy Ze19(5 (15
(FTRISYTL ST ! IFCTN T | PISE G0 WG e 295
TARIG) (T AR 1 AL | GBI 375 (S
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I, (3 4TF @0V, -GaACATE [, -G AT
ARSNTHG @R (=1 AN A | FRFSIEE V-
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TP A 0 | oAk [ -9 e Neea Siegafenrss
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GIfEROIRR o9t mﬂf AT} &1 2B (ac parameters) i fefe
355 IR STH5{G SO 2R (FHT) (74 LR AIACHIRIF S 920 1 (0O A1 |

@)

(@) 2990 714 (Input resistance, r,) : =T = FHARS e e (V)

O e Rew@a (AV,,,) AREET € 93 T 76 S Saresia Aot (AL,)
AN BT AT ARG 1 A1 | «@f O (ac (@i4) €3 355 ARG (AT i i
(@ G I G SO IR A A oA o =7 :

- = [AVes
AL, ).

(14.8)

r, - S R =G (P FRF IS 7 (@~ (I T 70 I |



A2 BETRG N

Tl omief, Tifn @)
W?l_:ﬁ?ﬂ'i

(ii) =NEG95 (F¥ (Output resistance, r,): ¢ WS Sl 2@ (I,) MATT
et RS Taa AR (A V) @ TS F<2Ies Sreiars et (AL) Sig7re
B (S GRS T A |

AV,
o= (14.9)
Al ),

BTG5 CITD) (572 (AT (71 A ST &P A V-4 (FAE [ -4 e AT
ARSI I AR | 97 T05 PR S 222 FLNS Rie T A A 932 Gfersia
8 A SRR QAN 1 | (AT (TN @2 S FRIPOIRD Ao B0 AE @R
Yoz HHIRS (OI5e V(. (=V ) Al fNafge 21 1799 V, offl wielizss e
fReise Tt %0 &y AtaeAE e G @ 2, V,, a9 IR A 1,999
AT 0 AT 1 STT(G CAMIG) TR (RS S Ao SIS (A 1 -3 e
AT AT | FARTOIET TTH+4G (1 AeiieTes Sl FRelizss FKcais) A Al fafze 2 | €3
TItTS RwiSe AT AP v M55 (i SHARES (100 kQ St FRihifz)
2 | (G (AT (14- 97 2R ST, T3 GIHEPBIRTD R 5 SRR AT, O (14 37
N A 2T (&1 N6 1 A |
(iii) 291z f999 99F (Current amplification factor, ) : GO AT

SRR RN F12eF Feas et (V) F1eies 2a1ted ARers 70w g\

2N 2RISR ST AT 03 G He 1 T |

Al
Bac :[AIB) (14.10)

Vee

CF FY A AT {78 (small signal current gain) I8 27 €3R GF S

312 @ 2 |
WG [, 9% [T SIS (&3 1 201 OIS Geroiiad f6.51. p 0t | widfie,

Bac ZE (14.11)

@Ry I, [,~93 A0 AR @RI AR, <. I, = 0 201 [ = 0 ZF, O B, 4R
B . TSCRT IR AR I 3 | 5[0AK, 2RI 99ACSR B, TR @O AT | B, G7%
By TR V., G3% I, (TI=AN [)-7 0% A #IfFicel Ao =3

Twizgel 14.8 14.30(b) @ (TG SISH[5 (RG] 14 (T B, 4R B, 97
S el A, I V=10 V @R I, = 4.0 mA |
RRINIC

AI C
Bac_(EJ s ﬁd£=g

Vee

—

Vo G 1,93 2WS AT CFCE B, AR B, -4 W el fmaest wieoma zea
TS AT | [~ 27E W ST $ATH @ T SRS [,-7 42 o Mt ooy 7o
CfG) 1 R F1 @A I, = 4.0 mA, i3 I= 30pA G3R 20 pA-9F
e b ARGy e1d 92| @1efod (A v, = 10 V-9 [-97 SieRiers 1t siw
e w1 @,
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AL, = (30 — 20) pA = 10 pA, Al = (4.5 - 3.0) mA = 1.5 mA
@, B, = 1.5 mA/ 10 pA = 150

B, M@= vV = 10 V-9 I, = 4.0 mA-&F SIEGRE -9 i AR F09
23, T, e @y @74 12fow cwta g, -9F W e I3 orR 1T @ |

A0S A |
B, = 4.5 mA/ 30 pA = 150

B, =3.0 MA / 20 pA = 150

Twizad 14.8

I, = 4.5 MA G I, = 30 pA-F &
IR GT S I, = 3.0 mA 3% I, = 20 pA

oodd, B,.=(150 + 150) /2 = 150

14.9.3 g RI 5I9EH5i9 (Transistor as a device)
BIfeRBITa T8al I =1, (e CB, CC @<k CE); E-B @3k B-C RGN
R I ST G 6 -ST-SNa, AT TG @ o) e ; Aefod Toig s
GeferoRe Rfer T I7aa 34 @0 A |

SR SR S SR, SSRN SH SCEAB %YG CE FRCNCH MR A
I GR I TCE FIRANS JATS SN AN A 8 PR TG G2 Jq
SIS AN | GIFTETDIR T4e i5-912F A A5 SR 750 28 04 i J26 BT Fier

k4

>V,

(b)
@ 14.31 (a) CE I % [ G IR A1

GINTertiR, (b) #fghe @D =14 |

496

IR | SIS GRS R8s RT3 F0
20 TG0 I SgTaT RRIIeT 209 2 |
(i) 725 e GAfe 517 (Transistor as a
switch)
SR @49 14.31(a) ora oIt C 3941 A<l
ST 72 07 FArOIGR Rl (@RI (5301 =l |
39[5 8 SIITH5[G TSAITS IR (SITHe 3@ AT
[ AT T |

V=R, + V., (14.12)

GER

V= Voo IR, (14.13)

V(3 dc 2990 (Oltoe V, 071 98V, (5
de STH (eItHe AV, o7 Rwetl v Avea
T |

V.= LR+ V__ &R

Vo= Ve IR |

SR G2 (FRTAT V, (3 %[0 (AT el ST
V,, O RGO E | Si -BAferoIt (g o7
B 25T (SI08 V, G N 0.6 V S 75
QI OO FTCIBIRID Fo-ST-SIEE 2ATH G OB
I 92|
TR, V, = Ve

U V-G 0.6 V-G (@1 2, 04 BINTEmBIfb AR SRt 2 @< g st



A2 BETRG N

Tl ol Tifn @)
Wﬁﬂf{i

iR [, W56 TSRS SO =, 4R [ R, -4 W ACC ACH#T V, FCA | V-4t
I IR AT AN -4 T AR CRFSIE AGCS A, T V, -4 A€ @RI
FACO AT &9 9 7 GF T 1.0 VS0 T 27 |

7 BT~ SRS 77 % GBI 77 SRl (MR | V-4 @il
TS STHAG (SIT=58 FC X[Ca PRI SN0 G FICANS %[ 23 11 | AW S| V-4
ACATE V-9 @19 (A B 07 I FIRiemBitas #ifqfe (¥ w1de [transfer
characteristics] ) <@ F, T ST (FTS 2112 (X 6 S S5 '@ R ST
ST R A G I5)F ST N0 9o DA Sga1 IO, Tl QRN (3 5~ Sl
CRIT T3 ST 3 HF SR (T F5J SRR Teget o5t s s qrwy it |

SR G (R GINTSPDIT Prelta HEb BT Fe w0 | 10w #® V, s [R5
R G GIAEPDIRTGT g RN IR FCO A« Sl V) A & (V-4
=7 ) | AW V-9 14 IS ST 2 (@ GIRISHIai 7 S5t fFariiel 23,
O V-G W Y7, AR PRI 7% | 74 GAfertiait ofe siftkes s Al
R T 2T @ 72 T SRR SR R T4 Af 715 w15 e 231 «fs j25-o1
SRR AR | Qb QIR QSIS AW 16 P e G218 )T SFLeTa Sl 96
TS Roa W I Mo 8 SATRH TS (77 8 T SR 071 7fo® 1 o Sal
A0S AR (@ 75 2915 GINTErB T 735 OIF SRR IR T Ze17(5 |1 H2b O+ SR
I A | SRreI SIS= @0 2N WG 29500 GRieroiR Shaas Siess «ag
THAT 22{5 FTTNITT STH[T &AW1 T | 35 TS ANTSI 311 1 2 (& (T
SRR GIRErBRIf AR SRR 11 A |
(ii) <75 g Giefe=519 (Transistor as an amplifier)
R34 07l TATEORITS I FAF CFCd SRl V- GF ACATE V, T A1 Sge
IR FAC | ETRIGF (AR SR S 22[T5 AT SOH7{U64 RIS 2T I>®
3 | @6 el 27 @ SMeo5(G V.~ [ R, , g IR, 719 FECE CE Radta=
350 (SIT0e I (2ITeT BICH7[5 COITHS BT AR 3R 61l & 2H5{IBF AT SO67[5
TR IR T | A7 SIS 4T (72, AV, @R AV, P SCHG G B19(5 (@I58
T ARG @RI, O AV, /AV, (& Rd0aa 5w 7o 94 R34 (small signal
voltage gain, A,) I 2 |

W A ST TR STV, -4 G{6 W7 [ A O T8l AV, /
AV, Rada R CE Rads 907 31 30 | SR (SITe06 R34 A, (F 811 (IS 3%
GerBItaR ezl Rt T fsgest e Face i |
R, V= Vi - IR,
&R, AV, =0~ R A,
SR, V, = [LR, + V, (AF e I
AV, = Ry AL+ AV,
% @77 TGS AR 97 PRI AV, -7 T4 SCATARNTSIE 8 & | S0 CE
Rada (ba 14.32) (oitve 7w,
A,=-R.AI./R,AL

=B Rc/Ry) (14.14)
QAT 14. 10 AN SPACT B, A [/ AL-G AN 2 | GOITT GIRISEHICER AT

ac’
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G (AT AT RIS IS SN & | AT S o=t [RIEF J0 GITemBitaa
(CE T8 <19 191 TR KB Siitenioa 51 227 |
14.9.4 ﬁ?%/?ﬁ‘ﬂ:m FIMfEH514 (CE 91 79 94972 Transistor as
an Amplifier (CE-Configuration))
R GITErBIRTS ST I T G T ST NGO SR (Felhe @7 w1
™G (operating point) S w21 eitare | 7 SiE! sifigfe @2-a7 etk
SR NGRS (I Kz Wi v, a7 @6 s wiees g «f, wra fE.6r efw
21T [, 47 RS AR WA ALAZT 2R 7 0 | o fe.7. (eiebers v, =
Ve - IR &7 AR | Vo, G [ a7 PR NiwojCat] [Raea el e el e |
M V,,, FREEIR T A @&qce 95
< . Az Rea To I 7 v, T4 [T 950
I " e Rt de o I SoiRslifos w1 2o

B i o SRR 1, Ot e e o Tofaeifoe

O o | TP RGP 2R 1,47 Toiae Gl eS|
LV SRS AP TN AP V- S SAefafeni<s
SATTE THICT | S J2& AR (FF 92 I

dc (SITHETF SO MR 299J5 TR ST6[5 AT 9. B,
= RS MATS A |

59 14.32 CE-GFRroR Rad@a 95 w75a a9 | Toitaa R v ifFe SR =i= (e @ B,

498

A0SR ! s TR | Koy eies aers

ARS! Ae R T2 1 27| @2 14.32 BTG @61 (I TR, 456 ac

E5{5 P V,-(F (A Rl 1 209) T (oI008 V(o) -4 B2 Sofasiifes
1 267 | TREATS G G SRS ¥ (T SNCH7G (FeT 2 |

W IR AT A W2 @, v, = 0, O [ PR T2reE @R @0 I |

SNCE5 0ot PI{Ta 3 @At T sAhs AT
V =V +IR (14.15)
ST, B5{5 71 (AT AN T,
Vo=V + LR, (14.16)
v, *[ = =0,

Vet 0,= Vo + [ R, + AL (R + 1)
V-3 ARSI 2945 @4 1, @R [,-9F ARTSTTR el 7Fs w1 AW
(INF914.8 (70N | FIEE,
v,=Al; (Ry+T1)
=rAly
I-€7 #7761 -a7 95 +FSa 1o | 14.11 AN TSRS f, 97 g9t
GG AT B, -( el Feelzie w1 I

A i
Bu = = (14.17)

a6 @.f1. =3 g A, Aine wiffoe | SiSo6 @Ry @ @RE B f,,
AFNS: B, 7 A I3 FRFIMR |




SRR BTG
Tl omief, Tifn @)
RASEISS alﬂﬂi

I, -7 ARTEE vgel [ -3 #{fRRER Va7 ARTE OR G38 V7 A
R, -3 72 A8 (D e oiww 06 |

(14.15) TN 2R @2 ARSI et e =1 3,

AV .=AV + R Al,=0

A, AV, =-R, Al

Va9 #IRSRE 251 STH5[5 (B0 v, (14. 10) TN (/T AN IR

U, = AV = B R, Al

ac” 'L
adtea fiea R,
A =U_0=AV_CE
v, rAlL
_BacRL

(14.18)

-
oS 5T @RI (, SSH9[T (SITHE 3515 (SITHISH TS I AT |
GO GRS St Sis& (TR T3, @7 CE a9 A1) o= 45

2R E B, A | QG W e [ A coltafz | orees, el R A

Wﬁa@eﬁwﬁa@wwa;mwwwmﬁmvm

=B, XA, (14.19)

[3 GR A, BT 1 SRR R 2eTE SN ARS! el R oA | e

TR TS T (@, FARHHR (@I G ol Tl 7 717 | STHATE SHarlo
«.F1.-7 e = i R T |

TrizAel 14.9 14.31(a) 509, F<RIZ BT Req v, , OV (ATF 5.0 V-9 3G
/RS T @O A | Si -GRIEPOITER (/@ f,, = 250 98 R, = 100 kQ, R,
=1 KQ, V= 5.0V | 41 =& FINTEHBITE ™7 SRV, = OV IR V=
0.8V | (a) B &N A T N G 77 =T (A= ? (b) GTTFCa
Gefertrfba 92p o ST v, [ F@l | (o) TRfERtIEs 52p oI @3k JE6
e @3 2 SR TR V,-4F o (ranges of V) e a1 |

I

9T SRRV, = OV, V. = 0.8V

Ver = Ve = IRc

I, = V../R. = 5.0V/1.0kQ = 5.0 mA

oodd I, = I./B = 5.0 mA/250 = 20pA

395 (SITHEE (@ N X GITErBR{b 7o) SRe=IT (2w O 1,
Vin = Vg = ;R +V)

= 20pA x 100 kQ + 0.8V = 2.8V

3995 (SITH0EE (@ W A¥T GO0 Fi5-91F STeT 2T O e,
V, = 0.6V, V,, = 2.8V

0.0V 3R 0.6V-9F ) GEHBIRD 525 oI SR AR | 2.8V (ATF 5.0V-9F
N @fb 25 T SRR AR |

% JCA @, T4 [,-9F A9 0.0mA (AF 20mA-9F N R[S 27 w4
Gferblaft A SRR ACF | [,-99 N G2 21 1, = pI,, I | 7%
S I, < B, |
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Twizae 14.10

Trigdel 14.10 G316 CE FReroR RRET (3%0a, 7R @14 2.0 kQ 97 &)
S AT RSTH W4 2.0 V| 407 18, GFAEHHITaR 21 K<de sjeiirssa 519 100 |
FPO AR 109)¢l e f8.51. Bl 2R oite 20e, 2.0 v e 8 v, 97
AR @fITe F© AR G @M R, IT FACO 2R ? FREATT @R &y 6.5 [eq
ST Wi =19 el (14.33 B orean) |

AL ATH2[5 @B, (SIBTT AT 2.0 V 19704R ARSI 72Ngs 81z, i, = 2.0/
2000 = 1.0 mA | SR = ALF© &% iy, = i, /B = 1.0 mA/100 = 0.010
mA | f8.F1. ¥ #Atzg 9 10x 0.010 = 0.10 mA |

14.16 AT (TF R, = (V,, - Vi) /1,1 (V= 0.6 V €T),

R, = (2.0 -0.6)/0.10 = 14 kQ |

.5 vicalies @91g, I, = 100%0.10 = 10 mA |

14.9.5 e T39F @2k G =< (Feedback amplifier

and transistor oscillator)

225

R Rl

T

!

A
ﬁg

| P! (BTFPCHCET
| it fEe)

! g T, wieses

n-p-n

N
e
o

t

™Y

(i) © (i)

@ 14.33 (a) ™ RETR AR IS Fers T8
FferbR Radtaa FIaife @3k (b) TTTC Akellzs =W, (c)
ST IR 7ol [, 3R [ -9 Tof-=ra |
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R e SRt (o2 78, 39I0h remt Aizmeh
e RS AR Feqret SeH+{06 el T | «fb
RN &, KR =THs{06 «. B, e q@m e
G0 N2 2155 ATAGH | GH{B 2 (R0 I
2T 355 TS RITiR @B, Sieoe5 sinea TR |
TSI I A, W Seo550 Fosbifere 27 | @2
Ie G [94% 9219 T4 271 14.33(a) foram
TS, SCHHG FAST GF SHF LS Fool T
TR 2505 TR oIl 23 (Rreayiee) | 2 fRreyie
AR =T AWET [(inductive coupling)
AR SRR MO A LC WA RC T8
ST 54 1 (@S A | RfSq aig =i 215057
AN SHCHABCE AN T (Fenss 84, it
TS F=riiresa = ie) 97753 GTe) J9Z© STl 6l
e, Kfen aai A= ARGHPIE I77° &7 |
IV PG JATS S 14.33(b) ISABTE
TS T @I T, PSR T2 T, P& SO
S1f® SN ST N ey o 237 |
TR, T, G T, PEGH G eI S ABIcl
GERU ER RRe SR (6 (R R KRS ISEIRIS SR RIEIC)
23 | Rt Tl oS- et il < qrRe
R B TR AL AT IR A | IeTor
T PG L AT IO [ 3611 AW (e
Bl

BT, ™0 SFISICE 15 2 ©f SRl JATS (G35
3 1 47, Ty AR AT AU S, HEHE T
A1 Z61 | T GIASPOIC N1y e @fo Swwits

AT 2 2IRS & | U2 2R T, F&aa 1) M 2112 230 I 2@ 3 =% 4



A2 BETRG N

Tl ol Tifn @)
Wﬁﬂ?{i

R4y A ofere st 2y (69 14.33(b)] | €2 231z Slewlawei 7 R ¢fmm
% [14.33(c) ()] Brag sITel X (A I (AR YR T, R T, eI F0 SCEAR
SRR P FARTE TNt 95 ©fe 2RifEe 2 (FFRRAR @ aft 2Fe7TF ST+t
(TF BATH Freas) | 3 4mies Rreapicasa weragel 3 2@zl (T, $aics; Metas
2A17) X (A I (I Y™ -9 (N2 | [Fig. 14.33(c)(ii)] | GITnBaf s w2
CATRITE TReEF TENTE TG T, FEA 3 T 212 (FR2f2F 2471%) Y M ¢TI | <t
CRIRITRT G, FTCT AT HE2 2R SRS 706, S ASICA AR | e 2N S
Il ARSI A, T, IR GTRFCHRas IS T =0 AR | (HTFPCHd T8
o= (AR, T, (A0 T, -4 I G0 Rresii<e 90 A1 | feiaraozs feeyie =1 ispia
AT 212 T CFI0 % 6 | TFoTa FREATT SR Y (A0 T 2 (A Z 27 [o@
14.33(c) ()] | M2 % FReNEF 2RICH g T, FER HIF2TT (5 TIFCHCA g1 Jo/F |
FE T, SRS GTRICHGA T T, A I 2T (4TS A (A R gre
T a3 #iifbeet, @2 eifs wig eide) | 93 e fReiies ez wiRe 2 (I 2 -9
CTRI T4 FITErDIa <G ore S1gCet 5T AR | Ga o I, =% I, T 2188 I 2 AR |
oAk GAfEroR{G 2w RS Sreei e =it (33 AN 35 o 21 27) |
FTsjef ARG @34 Ter (T2 AAIge 20 AT | G =Y GACHBIRTG 75 ST (AT
B O TG G S T2 ST 0 SN | GAEHHIHR T S (A o
O GG (TRIC! G3R BRI G SR GG (G BiisF 7941 (Tank circuit) 3l
ﬁwaﬁﬁ(mned circuit) PRI a9l e = (99 T, PEA SN PG L
AR CANTANE T AF) TTTT TSN S T4 (v), (6 (3 T {91
203 O T el R | o Foles

= (ﬁ] (14.20)

14.33(b) fora emfae T8 Srif, Hies a1 HTE 76N Mtz AltE T A |

oz ¢S ﬁ'@?@ 21z =% (tuned collector oscillator) it #IfFfo | ]%W?lﬁﬁ‘

i AICE IT AR b BCC gfil W (tuned base oscillator) It | [Rfeq

I 57 411 (KT, RC) Al ey a8a1a ARy RS eig = @ Fefoisa

%% (Colpitt’s oscillator), G~ (Hartley oscillator), RC-" (o& 34
R

14.10 fefemier Sreapg-ads s (A6 (DicrTaL

ELECTRONICS AND LoGic GATES)

91<1/<1®1 SRV (IS ISREES (amplifiers), ™4 (oscillators) Wt @ WW
T AT (O SATEE TR FI9ITAR AP T feyrafvsy | Tz Aot ARRS T iet
e3 1 o #31F | G FHCH AP (WA (continuous) Al S5 (Analogue)
TS I 2| 14.34(a) Hra 430 RO A SO AT @It TR |
14.34(a) 5ta 9T e SHSRA (LI ZTRCE, @I (SITHred g [ivzs g
TR | @GR A0S 2B FCo 23 Al (Binary number) JR2F 341
ARG | 9T 78 AT @ 7o =13 (digit) ‘0” (& 0V) =R 1 (A1 5V) TR |
TGTGDIET SCETRG I SR (SITFHIe XY Y27 Yo B 2 I A 14.34 (b) ora
(TN 2R | 92 4R IO (Gfeniet 7o (Digital Signal) 36T 23 | fSf&5H
TS 25[5 G TNTH5 (SITFHITR (TG 7o Wiz (0 3 1 &I i) arzercaiay |
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fCTEBIeT 2CETRG RIICS (IR STy 2 e oRu(G 2eT 2 4171 | SIS S AR
febre 2rerRGmcaR rg Ghifers RfFe: 3% (1 1fers (off Ficet =ifd o) sifaz Ao At |
AT fEfEDIeT AT g i fomcet atfeicearel a1 231 | 5i& (olbo)tenl TIeEiog,
ToT&bIeT 2fG, F™{ToH, IKG, RETCFte g 7<=l Ga8 75 AT TR a5 &7 |

oIz A1fEw (Ao e 7260 (switch) et a6z «<fo Swizzel R
R A (TS A | FRF SRR S S &+ (ON) At =1 (OFF) ST A |
T4 IS e (ON) AT STHATHR T 1”235 T2 AfS(T o1 A, SMEH2{63 e ‘0°
27| 39[5 21 TS 5a 735 @ Sl | A5 e 71 T 725 e 1 o SRR ARl
27|

/\/\ ANANN / E..,,“"e“
N \/ 7 E

faerag fTwE

Level O

(@) (b)

@ 14.34 (a) Sy=Es FCFS, (b) &bl FCFe |

A y 14.10.1 =& 9679z (Logic gates)
(515 2&7 @3 G5 FEfEBIeT T8 2 395G @R WTHAG (SIHE N I (e

(a)

9 JGI AT | GG TR AR YRl 1 7S (9fG (logic gates) I 2T |
GORICE (515 31 R T 2 IR G ST 2RNRCE gl 0 | ReTelta a7ge v
#f&<F (56251 NOT, AND, OR, NAND, NOR | &fsf5 s1fers (o575 @ oz =it
T 51 27 <R GG 779y A (truth table) @i &9 S AT ol S Zm 2

2[5 G BRI AERY e TR SN GIF SCH2{BAE o 36 1§
0 1 (319 1 ColBoJ oI b2l JRITS IR ST | SRS s i e
1 0 3 FAE (BTN SR 1 7S |
(i) NOT o5
. (:2_3 - @35 29[5 qaR GG STH(G {15 2 (5i5f 2ot 7w GNfers ol 1 @fb ‘02957

G ‘17 SCHHG (R @R “1° ZACHA &) ‘0’ BS67f5 (v | welie SiTHo{G 2aotea

(a) 7 o,
b) NST Co5 Gl GBRe 711 21 335 0 | GEmIR G0 2SS (inverter) I & | TSI G779
A1 37 A= | =Iers (o054 5% @ ©Itna G2 (5w 14.35 o0 (rieetl 2eaez |
(i) OR (5

G OR (96 G Y2 a1 STlfE 275 G2 GF(6 SNSH[5 AR | F1fer b @R GAGRE
14.36 f5ra (T 20 1 BCH95 Y = 1 2T, 49 A 91 B-4F @- (| G0 Al
502 T 1 2 wdie I BNHHT (@- I 9 SN 2 O S5 St 7 |



SRR BTG
Tl omief, Tifn @)
AL N ﬁl'ﬂ%i

>
= = O O
el K2 Ll )
=l == O

(@) (b)
5@ 14.36 (a) =& ©F (b) OR (56-977 G2 (BT |

TN SMifafos 1 F=iive roroe G2 (o6 e Saei#I( “ifFafo T &y
AL T, (T (HEIS SRR AR 1 F1 2= |

TwizAs 14.11 14.37 5@ ove f5fAs 3995 A @3 B-93 &+ OR (91063

TGS ARG (V)-47 (el G2 I |
AL &T5F [ 0
o [t< it A=0,B=0; FFg1Y=0
A t -G e
o t @AFLME; A=1,B=0; FTAY=1
o L,ATLAT A=1,B=1; FEIY=1
o (@A, A=0,B=1; FTEY=1
o {, AT LT, A=0,B=0; T@AY=0
o t AT L A=1,B=0; FHAY=1
t>t,CF@ A=0,B=1; TEY=1
W\,Wﬂ’Y 14.37 foras Scel 2J |
A S
o I - I
@) | o
B—é—l B %’
| IR D1
iU =
(ST7{5) ' il
@ 14.37 =
(iii) AND ¢

@3> AND (91053 12 Al Srelfe 3995 @ar @36 SMSH=5 AF | AND (91063 S55[G -
Y- S (@G 948 1 249 295 A @R 295 B TeawiW 1271 14.38 fora
G (515 1 b2 =k G (BT (rieel 2e= |
e
— |
B
(@) (b) 503
@ 14.38 (a) #fe B, (b) AND (51055 52 (B |

—l -] O O
- OO O

—| Ol =] O
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N
=
<
-
ltg

THizas 14.12 A GR B 390 SqA 14.11 SHIZACER SEF5 1S | AND (of6

(AT 2N BTG5 SHARA & A |
TG
ot < t-OF (F(; A=0,B=0; FSAMY = 0
T4 t -7 A
ot, (AT t, MXE; A=1,B=0; FEAY =0
ot, CATP t, *3T; A=1,B=1; FEY = 1
ot (AT t, oR1FE; A=0,B=1; FTEY =0
ot, (AP t, 7X; A=0,B=0; FEY =0
ot (ATt oRE; A=1,B=0; FEY =0
ot > t,-9F (04 ; A=0,B=1; FTEY =0
THARIE SCIF 877 € S AND (1067 SCH5[5 Sawigs MEfkieel[ s
=1 T | E ty

f SR

| fim 14.39 | |

(iv) NAND (%% Gate
@5 267 936 AND (95 T10F @6 NOT (oI5 Siegorael 07 | 1 3955 A @33 B TS i
‘1%, W65 Y- WA 1" =0T A1 | G (56107 G2l AN @ NOT AND @gfost
S8 11 2RI0Z | 14.40 5ta NAND (o5 o' @32 32 (Bt (riical 2ae |

NAND (557 ARSI (oi5e a1 27, I @2 (559N I/TFE ol OR, AND
@3} NOT (5153 S G (59t 0ol 0 A 1(14.16 G3R 14. 17 SR |

A o] o 1

] Y o | 1 1

o— | 1 0 1

B @ T [ 1] o
(b)

fo@ 14.40 (a) #fes =, (b) NAND 10671 G2 (5 |

TR 14.13  2WS A <R B 20 T G310 NAND (olT5F SCH7[5 Y e
3|

NG

ot < t,-95 (3FCE; A=1,B=1; FEY=0
ot, (AT t, 7R(E; A=0,B=0; T@EY=1
o t, AT t, *XE; A=0,B=1; ¥@EY=1
ot (AT t, 2R1FT; A=1,B=0; T@AY=1



SRR BTG
Tl omief, Tifn @)

Wa—iﬁmg

o t, AF(,7F; A=1,B=1 FEY =0
o t, AT (,7T; A=0,B=0 FEAY = 1
¢ t>t GAE;  A=0,B=1 FTEY = 1
n :
(295)
B
@%p)
Y p—
(wmes) 1o i b
t ot ottt
g 14.41
(v) NOR (95

@2 (+5fT® 72 Al Sreifes 296 ¥R @36 |CH5{G IR0 | OR (506 #It7 9F6 NOT
2 PRI 201 A @6 NOT-OR (96 (FeTSI NOR (9(5) 919 0 | 43 =855
(FRETIG 928 1" 2R T A G2 B Tox 395 ‘0" 22 oiie Ej5aid @ieie 17
14.42 509 NOR (51055 5% 92 G2 (a1 (et 2= |

>
=] O O
el =2 Bl =)
(o] Nl Nol B

(a) b)

@ 14.42 (a) =& B, (b) NOR (oI(63 G2 (Gfe |

NOR (5/5% Aeraie (515 RT3 431 237, Fie 9fil @2 (96 I92 I AND, OR,
NOT 21 57567 (5B9JTaS (ofF T A | (SRl 14.18 @R 14.19) |

14.11 ‘r'lili%l\'a a\éﬁl (INTEGRATED CIRCUITS)

TEN 2001 T 2llaTe A= 28, TS, GAfems, R, L, C Tt Soiwi 53w Tl 43
Fifefe Feay AR T SR AR HIE T4 | GASHBITT SREACE et il
TSN T FRFN T (9IS G2 TS et e WFTodt | IRTls @ T8 aa)ee feet w0
frSataian @3k T Sare 1A (stock proof) | @6 7=jf TS [7 ¢Net Soimis
(passive components) @I R @R C ER I3 ToAII (active component) (TS
TG @3% GIfEmBR Al 2f5s] Sidsifaidia abwig Fw 2ve fsfid w217 et tamfe
2Yf¥TS (electronics technology) 2 GO | @2 KT IS SFHEAHT AfFS
(Integrated Circuit, IC) It e I6a1 e | AT 7561 IJ75© 2 zo1 saiferes
3fFBrEtse AFS (Monolithic T ntegrated Circuit) | monolithic *= 4o {215 =twg 505



#req o
#'0.1 inch (2.5 mm)

@ 14.43 ©A’-97 RS G2 AL |

T 9f5%; monos Tidie &A@ @R lithos @ w1 AT |
T b @RI @ TS 75 T8I GFoag Fiferea @
(W21 chip) e | B9 (chip)-B7 =F 1mm x 1mm I
(BRSO 20 210 | 14.43 50a A< APTRa SRl Ny
S GG 57l (I TR, fRER TR AT AL T
2 %15® chip (TF @RTT SR FLRISCENCE FLITS S0
OB SHF SIS TLIC TEE |

5[5 ACRCOT AP Toi7 foTsa 7 1C 20 b ifirs
S FN T : () (7R (linear) I a7 (analogue) IC MEES
@32 (b) FEfEGBET 1C 352 | (ST ALCFS7YT! AT C3R I
ST ATERRT S0 973 3R feigfbzareita »ifiafoe =7, t@fies IC

(T2 ARG 2AfFAF (process) IR | o250 25063 A Fulgeifes 27 | widfie
@t 22057 0ot (ARSI (linearly) #7627 | 7RG g7l Sy@el IC &=
N 915 26T A1 SN2 (operational amplifier) |

TfEBIeT IC %3 76 MRS AT @R A2 0 | @31 F1E (91067 Jrol
?lﬁ‘;ﬂg A sife | s1stew Btz (level of integration) &7 fofe ¥ (CRISSISOIE
Toivle 1 G (AT5F TR &7 Fefe ) ICHTAICE 3T (%1 2Foe (Small Scale
Integration), SSI (Afe= o6 < 10); WA &1 3FBEw (Medium Scale
Integration), MSI (& (96 < 100); S (el 3fBrase (Large Scale
Integration), LSI (#f& (o6 < 1000); €<% (S #re (%1 260w (Very Large
Scale Integration), VLSI (&f&& o6 > 1000) 2@jift 915 (reml 2@z | IC e

AT 432 TbeT 2051 2 WA RITHIR AT 0o GTrF 432 6T T SANST T |

FOod 3R FUGT : FICoA e Sfaare

(FASTER AND SMALLER: THE FUTURE OF COMPUTER TECHNOLOGY)

T B AR 0 AR 2RI 51 (IC) | AFS (T AR 76T (Ao Igiin (s aNfE, Glerfenis,
CD (21, (7T (FIe 2951 0 IC Ordl TR | IC RIS w1 T FRFe (ol Siferss AHiaiet foeoia
Al PC Tof TR MBI 20 1 | [C 2o Gl G35 BTG T TS G52 (NG SN I3 GO, (L,
I R AL O ACACE | (NN 5312 MR (AR (microprocessor) ¥R | R AP
25 G G0 [C T IR A OIS 2R (process) FC | (@ (i 51 (Gl 202 G
I 1, FI{CHI (22N G- (517 Bletital Repifi | sl eyiee foeif<s (Jack Kilky) (51 27PG067 (Texas
Instruments)-& 1958 T FF&ALT 1C SRET I G GG 2000 AT SIS (IR FTEL (ST 2T |
05! fTCRNelfF (photolithography) SIIN™s 2R SRR (TR GFHAE A0S IC (O 1 27 | 2F0ATH
?l“?i“f AR ‘ZR_[T\@ 152 [Information T echnology (IT) industry] RECIERIBIERCE b VﬁﬁBNW | RIS 2T
% IC A SeTo! (ATT0E, [5G 07 eI 1918 et (AT I ZRCR | 1S 9115 7T S0 (8o aigfes
CHT T FRFI S P ST B9 CAIE GO0 8 FHOA FCAZ | 1970 A INTEL -7 Fzafsaret
516 @ (Gorden moore) TTa IR @, @36 chip-47 S 4FFwTe! (memory capacity) &S
(T = AN F9)el 23 | Afb 7974 A2 21 | 2 oo FRembitas A pFeita I AR @k 2ifs Tz
FATHIRECE ST (BT SRS 0P 4 g 7] 27 | A =foT 239! (T AI=ell 1 AR (@ 2020 A/
FEATHRTE 40 GHz-9 (40,000 MHz) R 203 432 T T FACHRETER GRSt e,
NS W G AW 20 | SRR Wt g2k FATHR agfen Rrers i 16w J@w a3 [Rure Seaaat
VTN 2P 1 A - T AR FITar oot T Az s 3o wi29ifs 15 | it Gt @Iept 96w
(Rolls Royce) %iif& & aipiertsy srfaifera (s o) izet Sifeas Fa0e! @R G0 A 19 G 30T
ST S @R A TS | ‘

506



10.

11.

12,

13.

14.

A2 BETRG N

Tl ol Tifn @)
Wa—iﬁﬂf{i

A

WWWWW (solid state electronic devices) G«
TG, G, 1C 2SITs A7 & omief a1 Siifaid |

I @35 R i sraas, #AfRR sie@t o= 203 51 ¢if wig oimi
e FT[LEF SR A1ITIPIS G2 AR 9o fovefiaret T |

g7z e R @IS (102 (6 10° Qm) RS, sreaeng ofe T
@RS (>108 Qm™), @A SRR 0T @I @ 7o AR
M 2T |

SRR W2 GNfer AW (Si, Ge) 28R AT AT @forF smide (Gaas,
cds geifv) 27|

R EARRANDE TR SE=1{F13] (intrinsic semiconductors) F&7 23 | S
TTFOR (FETRG =R 7)) ToAfRifS omiTela 7 <o 93 O Sreeraia st
U AT A | i AR BTG ! () TSR () 01 2 |
STl PO RGP I A IR S 4T |

R SRR BATT ST (B T S A2 72 ARSa 5211 T,
Q 40T AR S (extrinsic) THARRIR 67 27 | @1 73 AR
20 (n 53 @R p i)

n 529 SARIIRCE n, >> n,; TUMCE p 5iF2 FEARARTS 1, >> n |
AGTANG! AP (W) @- As, Sh, P 2@ a1 (SifsIa g n 5iZst
FEATIAND Si IR Ge NS T | (@A TIAIG SHFMPTZ (212F) @+- B, Al
In TSR R (SIFARER M p 52t w712 Si Al Ge “veq TR |
FFEACHCE nn, = n? 1; SRR, AT @3 AR St fResiel awe |

a3 st 1t 22 e (eret #ift @3k Az 6 i «ifafow) 7=
T BTG9G SRR B0 | wAf72 #1fbx =iz germi Q@ere! A =ife =
2 | @l 216w et «fEwaaeEn oo A | s wiftaes sAfoa =ifewz sy
It AT SR 7jof ARFCS A | wAf77ze <157 Tega19jre ST w1 e yoeiw
elbe 0O Al @R GHl ARRIRSR Ty Wikl |~ S @rere! Aty
Toifew (E,) 93k 77z «Afb Fesem (E,) w078 =% #A14@a Toia faea
IR | @IST! 2ABF ZERGAYTE! O, ST G2k S eifE ai Saifsie 20 wifazs
AMBTS BT (TS 2T G GO TEARRIRTS ©fTeeTes s 9Hite Al |
S AL (G Ey > 3 eV, WEARIR (FLa E -G 4 0.2 eV (AF 3 eV
T | (@, 41 *MICH CFC E, ~ 0|

T S AR TE 0T ACZ p-n AL | T4 G G ALt 51071 1 27,
BETRG SN TS R2N Tbe ST - (I (ion-core) G @ MeifFe weget
21f5s 2% | @fts szt e atibicas oy wiftr |

T AT (SITHER ARG Q6 Al e 2bis sifzads st 7w | 792
AT [ THIRT 4SS 2T n SR (n-side) A @R AT G¥F 2T p
ST (p-side) &I TF 2ATF | &ABIE TSI ZMT {17 | 2%, Koo A
@it R AR 130T 9B p-n AL TITAITS TG IR ARG QAT
@R (mA) @3 7T IR 97 I 372 T (LA) T |

AR (SITHIER GFYIFAT (AN (SITHEs @ WS SISy @re) Tie
T A @ AT | G0 7S S SAYF P17 AR 96 de (SIToe
NS AT |
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15.
16.

17.

18.

19.

20.

21.

22.

23.

RO Crmeely I (g SIS AR |

(TR SITATG 261 G2 GF1b R STwT*l I97© (special purpose) BTG |
(I BICNTSS K91 T 966 S (ST es At ezl 2oie 3 A
(7321 fRe) | G2 «+lfb (SIThe fogel T FIS 9350 2F |

g T ST (photonic) SEIF @W (photoelectronic) Tif, T
(G SIR¥ZAIET G0 SAMIN 26T “(FIGT, GOt p-n I AIZ© 27 | (o
: (@) CFITH! TITATE FGA-Bwieia (photon excitation) F?IF® TG ARSI
ARTE oI, T S S A5 TS AW AR I, (b) CTACE Al
o *IfT (Ao #Fe TR FCT; (0) SN FeARTF BIRS (Light
Emitting Diode) €32 BT P (Diode Laser) IO A (S0 @1
BTERG ST T ST Sestifre 23|

GRS 267 @ n-p-n Sl p-n-p T TF | SI1eT GIR S A@T (Tif2R
T NRT IO gﬁf (Base) 61! 2, 9« W@Q‘ﬁﬁi@‘ﬁ & 92979 (Emitter)
@RR FREES (Collectors) | WA G A% gL IR AT 3% AATT
ohl Rvids IR A |

C, E A B @-(FICA GI0CF 3970 ¥R SNEH56 SORER ALY Ao @0
GBI T8 1 2 | e el for 40aia GINfemBIa ALlel ol AR
A FeATE (CE), e 22D (CC) @3 AIRe S (CB) FLC19 551 |
1, 7R @0 1, 93R V97 T &S @1Dars Set{6 A5y 14 @1 &7 |
SRV, PRI G0 1, G VG5 0 e (w1 fbarss 21{5 Caf5) (o7 <l
2 | CE A< 7= 9797l GIfersia aifbetata 241 :

2956 @4 (input resistance), r, = AVpp
AL, ),
CE

=TG5 4 (output resistance), r, = (AAV%j
C fi;

LRI REEED] 99 (current amplification factor), 8= (%J

B /Veg
9@4< (amplifier) @3 ™73 (oscillator) R GO 92T F1 AT |
AFCATT, GFH T GH6 Fosbifere {4 R €7 @TS AT @A
SCHLET AT SIRHTEF 3506 T (! (feed back) T 2T (XIIF
S{Afeft# Al positive feed back) |41 {2717 (CE) F<CAN TR GIRIEHBR

R (eItve R4 (voltage gain) : A, = ”—0] — e @i R, &R
1)

. R
R, %1 TR TSR e 9% IR ST Gl | °
T GIATEPBIR 16 9% (cutoff) I 7T (saturation state) NEE FIR
331 27 94 «ft @3 7536 (switch) REOTR F& 3 |
g R 38671 q002 @A 0 @3 1 B9 RS fSfEnie w2y 72 367 | @ft
TSfebieT SeTRg Mo et faw |
R afEss et st 9 gg s fefetm a8ai9Taie sfem (ofb (logic gate)
3e1l 2% | 991 26 : OR, AND, NOT, NAND, €38 NOR (55 732 |

24, YfTHIETT TSNTATS I3 AT (95 S 61 BT B12S Chip @

TS ANCF | @1 FFS 941 [Intgrated circuits (IC)] T oo |



AR SCARG N
TAmI oM<, TZT @2
‘fl?l?{?l_:ﬁ?ﬂ'i

cetd o fammm

1. wEeIRRRITe =l = (E, A E,) Ko s19t 2w A1 sidfis @ojeen s
TSI (Tl IS FRIT SR TS 1 | =972 281 Gord A1 91 | 34
46 BT E, 938 E,, (F AT RO (09 ANe, $3 Ui AT I
sifaes «ifox s *fewa g3z @rere! «ifox i “fews R T a@
fte 73|

2. GNfers SEIREIE) T2 (Si Al Ge) f6 RETR ‘wlsS’ s S n-52s1 3t p-
Bizsl wEHARAIR sien 7w @foie wdHAfRaRce SeefEs Baehe
(stoichiometric) SFATER 776, SRR agfone sAffaea Fa0e A |
Tl Fgel O GaAs-9@ Ga:As SIgoiTSfb 291 1:1 [5G Ga- = Sl As-
T GaAs-9 9 Ga, | As, , 3 Ga, 4 As, | 20O A | FReee, gioa Tof=fe
IZOIA AR AN fovargel F |

3. GHerSI e N SIel wAreet @3k SiE SEIE (o7 T A | w2, ZA06T
s (4T CE 09l I39- FeoAHF) (T S ZERg Al SRojtatl FRelies
G (T=IT 2N |

4. @35 ~F (oscillator) SN G 7 {34 At »IfEre ey
Wmm (positive feedback amplifier) It 39 TR | 3RS oW
Gl SICH={ (SIHE (V,) (U (ST (SN0 eI (V,) @5 20 20 (@
R (A) 703 @t o v, 2 9% | 3 Sehe{toa (o walikel g7 freayi
R, O V,, = V. p 4R RS A G T A, p), V-9 70 208 =G |
weffe RS ™A T IR *SH 21 A pr = 11 @b IF AT *1$
(Barkhausen's Criteria) Ity #if7fow |

5. G3b WS RFGIIT (SITHE 7067 T (positive feedback) G | It
T (SI05% {7191 71T (negative feedback) AU O 949 1-93 o
3 27 GR AfS FLCI ™ R S 00 A 1 | @t griee Radags s
34s ReTE 3% 77 | Tt AeleF Rroars R 919191 (noise) @3k Rgfe
(distortion) g 3, Il €T GF HRUSE AT |

SRpAEA

14.1 n-5i~ Si-99 &= WERETRS (@ Kot 7o :
(a) BTETRGATE TR ALF 2R fGCE Ao TeT 2o CBIATS |
(b) ZCTRG9YTE ZeT AT A2 G AGTAG! AT 25T (OIS |
(c) TSTA ARRTETY AITF IR GG 2N CTIATG |
(d) ST FARRETY A2 AR TG 29T 2o (@A |
14.2  SEAGA! 14.1-9 276 @i [RIFH p-bize sz o=y ey 2
14.3 I, Fiferea @ wiifemm afsba paft S @ierset 3rg+ A0 | TWATE T
(E)c. (E)g; @R (Eg)Ge-il?IﬂW“T%‘?f% R4 (energy band gap) 7R 9AFFO
@l At @3k sifazs #If6 ara iz w1 2R | s @i [ ey 2
(@) (E)g; < (E)ge < (E)c
(b) (EDe < (EJe> (EJy
© (E)e> Eg > (e,
@ (E )C (E )Sl (E)e. 509
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14.4

14.5

14.6

14.7

14.8

14.9

14.10

14.11

14.12

G35 A p-n AL TSN p-WaT (ATF n-SIFTa IS 2, Pl

(a) n-SIYETH T SETIG IR SIF I |

(b) e A7 o 3 AT e e aifema 230

(¢) N-IEKCETH AR p-TE&T 516 919 (hole concentration) G |

(d) Soiza FReeEl RS 77y |

4 @6 p-n I 7L AT 24T 27, @fo

(a) e Abieas ww 3 & |

(b) IR A2 SIGL2AR B R T =« A (T2 |

(c) o= e gm s

(d) Toizm @R =

TSI 3 SRR Ty [Iee @i RSt ey 2

(a) ofl, Meaias @3 FTREET SEETTCA S G (TIf91 TG 68 T3 200 2CA |
(b) S %A SR 43 SAIweTl G2 ST M@ (Bl T4 |

(c) Taeat==s SicaalG o732 AT AF 93 TR TN Koo AT <A |
(d) T Fcalel @3 FeElES AL TSR YL IR AT |

FIfeEtIe RREa o909 (oIteo [Radw (voltage gain)

(a) I IR Sy PR AT |

(b) T &R T FoAITERS Trel) TG T AR NLTS] IR AN P AT |
(c) T R T F=oIT&sa Ty IR 2 3R TS FAITSR A 57 s |
(d) Toizm @R

e GFYAFAT 50 Hz 2775 T SITH55 51165 6 ? €33 39J5 TS
(g G0 7jefoqent G TR SME 5 F=90165 T ZA 2

@3 CE GIvferdia Rafaa 2 kQ @RS wralizts %fS 7ae ete (Audio
signal voltage) 2 V ¥ | 40 i, FfertIEs gdEal [{ede 9 (current
amplification factor) 100 | ﬂﬁ?ﬁ @ 1 kQ 2T, ©IF 37*[‘?,[3 FFS (S5
(input signal voltage) @3 §ﬁf el fJofT S|

2.8 eV 7 T74 (band gap) R[S @sG G=IfF1E 7l @ @ IGeEe
(photodiode) (e 5211 2o7 | @6 & 6000 nm TITHT SAITT *1E FATS A2

sfefe S

Ao ITIGI SRSt Fiferee A7=igm 714 5 x 10°° | 927 370e! 2fs TG SRt
5 x 1022 AT S 991 43R &S TaioE St 5 x 1020 7R 2few
TN GFE 0 “(T1” F1 297 | TEFGA IR TG T 01 | (e =g, n, = 1.5
x 10" m™® | <G n-5i2st, At p-Hizel — @I eFfen z@?
@35 Rm Sf5ifZ12Te «If$ 249 (energy gap) E, 25 1.2eV| ©l+al
fToFFeIt @1 S1tSK berel (hole mobility), ZEFGECAE A6eTOR (electron
mobility) TENT SICF F | 600K €32 300K SIN@ #fFifees srsite o ?
413 e, R 5T T0ed Olomiay So frsaiere! s s¥iee armt s
AR

EQ
n, =n, exp(— 2kBT]
@A 1, GG 47 |




A2 BETRG N

Tl omief, Tifn @)
Wzl—iﬁﬂ{i

14.13 <36 p-n A TG 2@l 1 & FieRe 5w a@l o= 20w

I=1, exp(ziVT - 1]
B

@A I, & e AT &2 (reverse saturation current) I& 27| V &
TINE ATT (SIT0S | T2 INER (G IF T G181F @3 [ TR GFeq
GF W 4N 2| [ 28T SRS W&y Mex eiEsal, ko, 26 @S WiF 55
(8.6x107° eV/K) &< T 251 A= SNl | AW (T G0 SIS (09 I, = 5 x
102 A @32 T = 300 K 2T, ©I2eT
(a) 0.6 VYL (SITHEH Gl 7L AL 9 (A ?
(b) TIRITT 2T (SITHE I FF 0.7 V IAC 2] F9 JiR( oA 2
(c) O @Y (dynamic resistance) 39 ?
(d) 3w [eFre I@RT (SITHS 1 V (A0S 17 2@ 2 V 27, O aaesig d©
232

14.14 14.44 fora ofii gt I8 (raTs iz | (7le (@, T8 (a) OR 515 RwTea @3 3@

(b) AND cﬂ%&m@ﬁsmW|

A A
Y Y
B
B

g 14.44

14.15 14.45 5099 W01 456 NAND (ol60F FIE 41 7T | FKEG G2 GRe(6 e |

9 14.45

T (ATF G2 TS 71 Flifre =fers [l 1w 4 |
14.16 (SINIE 14.46 Br@d 00! 7151 T6 (€1 24, ATS NAND (95772 I | 7841 75

B TS FGrs [FRI9YCEl = S |
o e >
v Y
ol D e
(a)
@ 14.46
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14.17 T6d 14.47 for@ ore71 NOR (56 =il +ifd® a8 &y G2 (6t e @32 (i
afers 201G (OR, AND, NOT) €% <11 @il 7={ifre 2ro 2

A A
Y
B B
a14.47

[3fére : A =0, B = 1 2031 @S NOR (55-937 A @32 B 295591 0 2(1; T Y=1
o | SN, A G3R B - I AR Tol) Y- I 7 S0 | OR, AND, 3%
NOT (5f6-471 G2 (BRI 10 werll 0 %71 Tl fefzr et |]

14.18 14.48 e ST @@ NOR (95 =i 5ifde T8a[teta &y G2 G cmeal |
T8 4G @I e w1 5 (OR, AND, NOT) IS < |

Ag— Y

(@) (b)
9 14.48

14.19 ¥ R 37 47 @3 @t TR (cascaded) I F91 267 | A7 (SITHS
R 10 @32 faSiafa ceitbe e 20, 3 3995 7 0.01 (S 27, WTH3E
“AfF=S! e e e |
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AL S

G G

(COMMUNICATION
SYSTEMS)

15.1 S

G| AT R ZeT @M | 92 e Trafre Afsfb TE TG 9 BRI Soitest
I TG AN &A1 AT AT (2fet @32 220 T ARGl AR F(F | (275
QIR SNRTFA S T (AN SR PATAI G G0 QI Al S 1 gl | T
SR BIRHAITR SRR AR @A T TR ey 2Tz A | q@isicael
TR 7L S G ARSTTZ, S| AGRAT SoeTol 8 TOO! AT FHIL
Bif2nt GIBITS &fitafe2if=e e (It Sy /e QT Ko 2@ betz | @iantas
R T wifes T (F09,15.1 ARfGTe Toilifore g4y wize wermwg s
ToAPTCER 2l 7o a (e A% |

Tafacet @2: fget *roidice (@.51.@m, 9% k.00, fENER ¢ siEsses Aig
@147 re! RGN T=riifrs RKiesis i st g @iolicais Ie=ie 361 fos fafzs
AR | el WrorAa AT 917 (ATF @Il Cea T oifS sfpreia wwifds
TR A0 S 1 QTS AT | S9N T FYTHAITS TG SN S 2AfFwjefet Sioiea qea
SR Sl 0O A | @A (e (o1 ST, T2 QA1 2o, YTt
AEITel, B TSR Terve @ Mgl TN FES a7 7ifFe aefie
IR0} @AWl T2 26T G2 SR 6T o |

15.2 (TSNS [oA2E SoAWTRE (ELEMENTS

oF A COMMUNICATION SYSTEM )

S & TG ST 751 S @M 2o NRTeIE e w0z @il
#3fS A7 @F T @, AfS @ittt RIsaR foalb St Soime (2w




I RIEL)

AR 15.1 AGA FIATNT Aoz g 320 izs wo

Al

A
1565
FoIH

1835

1876

1895

1936

1955

1968

1975

1989-91
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oAl

RN B &I FPARIMIG (BleT
ISR RS TR (T FH I ST
IR R 2T |

ST GG @R AN BIeH
23500 @Il (BleTiie A7 Bl |

IS GFARI ({& GR STOIe
e ToT BT T3 B |

(%7.71.39 =k fEr izl (@oiF (Bferetize
R 2 SR |

e A=bIe ((57.957.[@TE)

FLAYLY WNITANT @68 FAX
(2 (RSO ({3 |

‘ARPANET’ 25 A2 FHSE
internet Ao ((.F1.9013.
ferpferer)

1 (Bell) 2RI SR OF
TRfonie 2T |

.. ‘World Wide Web’ Tg=
AR |

A<y

e Wity IF 79, T 9IR FHIGF
SRR TS SN TS AR (Bl A
ISR g S Tz a5l
AR |

G T (S S TG A (27 AT
I 2R GRS ARCHT ARG AT A6
e SIS g AT |

[ HETOR 2SR IS FAGR 56 TS
SIS |

O IR ST @A TGRNPF Lok (AT
ORREN ([@OR) @IS RN Se 2eaa
cFeq @t @6 RileT «iof |

BBC-93 T AL (Ge1foxw 7T2hi |

1843 (< FAX (2907 4i7iifs [Reaiat @. a3t
T (6% I ST |

ARPANET fza1 TifFa aifeeel waEms sfiee
G 2351 | T (O ST NG AT G (AT
IO FATHIH file AGIET 2T 26 |

AbfeTs QAN TR Qe SRR
OGRS RN P THO G SCoFIFO
FEA |

WWW =i 2ifelb s vitg a=cse 2ol
TS ATERTS] AN G0 KIlET B SIGIEs
Rt wAfsifee w91 @ 7t |



I[NNI

(transmitter) S/ el 2 &8s (receiver) TR | 15.1 ora avfe g e
G AT AR e T e wea |

AT <A1l
| |
| |
z |

©2y SIS (s B RS —
TeH HAF® : (o HFS AT el :
| x i
| e e e :

| Ry |

| (Noise) !

@ 15.1 9= ArgiFe @I NN IF-Da |

FGI RN (FTH0 GFRI G AN G (AT S AP el G SR
2T (TCF S FICR) G NI 261 GO TR AN 936 CoT A | AP
IR 2o T2 1S3 IR, 93T 2ol O 1 -G NG (AT 3R AR
T FLCAN A9 FACS AT SN2 @6 SHIBINE 20 AT | 92 T (AF 77T A1
FCFOE AN 0 T AGIFACTR SN AT IATTS 12 267 (G 6 IS
& SUl) | 9 SR ST (G0 Sfbe FLCro ol 203 AN *w AR 24 (T, &1L A
B ATAR 90 9H(6 GITGTANTT M (2 FCFSF SIS FLIHTS AT 41
0 | GelfoT=T 14 MR (AR AL AGITC! IR etz Sl R el Ao b [Rgre 20
(S I | TATG (2 AT AR KiFo LIPS AN 2 = U0 &2 7o
(@T® FFo0d I S[lf%® (corrupted) o &R | AIRF 707 IIE 2o ﬁa@
el g (operating) 1 IE%WWWWWW W?ﬂﬁ/]‘
ISR AT g1 AT S |

A JRNIT 26 (NfeTs #fs SR : /7% (/% 77 (point-to-point) €%
22517 (broadcast) |

9% (2t 7 g7 oiwfore, @ (2FF 3R G & ICEF N0 AT LT
RIS =210 2 | (BIRTCzpIN =941 G2 3 AT Ao G Sri=e | AFIeL,
TG ARSTe GO (27T (transmitter) ACET FRES 75 AU 12T F AT |
@G =R (Blerfema ge1 M2ibi Ao LT IS IR Trizae |

15.3 Cagfed (NTAN GoRA2E age A=
9T (Basic TermiNoLoGY USED IN

ELECcTRONIC COMMUNICATION SYSTEMS)

G S| 2 T, (AT, 2lfep, Aelfal, Kigpe F1ecre Bepifia 1ol 6y s A #ifd oo
23| T =iwEt fsferfie el afisres e Jfite 23 w1 @-@Iie @i
RN TFET 09T ST 1 72 20 |

Yy AP
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=
o)
%
&%
0
2
g
o

Tl 5% < (1858 - 1937)
fofqy wfe =u waeitnrdra
SRCHEIT ©q&! TeAMT T
@35 TF (OfF FCARCET G G
S-SR (quasi-optical)
«ifafet oRiTa SR | fofiz
TR S GGIRI SN TR
S[FRITFA! (self-recovering)
fEx6a AR aiferet e s
AR A2 FE | 1895 AT
27 ferrsa {ewrdt 39 “The
Electrician’ «iws foxfo
SfTRRe A [T sienferca e
TR | 1901 AR 13 frm=a
T TS T ([TOF AR
SRR 5{TF 1899 A 27 «fefat
‘Proceedings of the Royal
Society’ INE AT AFHR
el 7 92 TTRA aFiFe
zrafe | Rl 39, s St
A G T I3 ATl
foyeffarcet e @3k 21 e Sfgneen
AR ANGITS! F=AATT I
@3 B qraar qFifne =ifwE
AR |

()

(id)

GIFCGAT (Transducer) : @-@IG IF T =IfEw GgA
CRITE STHRICA IS S, OIC GG Rt sifefze =
R | (Ao IS RPN, S G373 TGl (74Te
A2, AW 27 275 TN TNTH[F ©fbe AT oot AT |
G35 Ao G @ G 77 2 Ak 1
QTS A R A g ST 2lbet A (b1, 7=, e,
Tyl 2o RS AfTET MNTHIG S AKwre gHrTfe
27|

PO (Signal) ;ST FATERS SIfbfos 940, 2 AieTca
THAIN Sl AP Jel 2 | P Spfaiersl i fSfesiet
@- I 02 200 AR | et sftsan fea A
AZ 26T SIS AT | G2 AL S A G
IS BP0 | iz ol {6 GRfeTss Spieisiel 70 |
S A SR SHGHIATAT g ool 8 2AHC
o) AR 1 @S 2T | Gleafexta = ¢ e
FLFOCEN ShIIeTo SPMOT & | (T AT (e 126
fafozs W =i 415 (discrete stepwise values) 23, 12
2o fCfebie Ao | fUfebie 2rTrhi~is 3331 Ige 2=
ARITETS (B AR %4 {6 T P2 10" @R ‘17
AT RO/ 2T HET @R THwaE Fort I |
TSfGBIeT g ARRNATIT g (FIfER 2=ifs Sorraifal | (@i
ARFSTS ARAA (FICTE (CHMIE (BCD)* -7 1 ARRIE
Aox THAYE AP 2T F41 27| American
Standard Code for Information Interchange
(ASCII)** Z&1 341, Srg 3R 5y S oz spares e
TR G ARG TSI 2ibfere (6 &5 @ |

(TSN STERR FLFOS 25T SE 1)

(iii) /75 377P© (Noise): FE AR S| HLCFCOR (279

G3R Ao ARFIFICR CFa @R SRAGS ALFOTR
RS Tt 2o (ram, 9= [RFe e e Ao |
TR o TG T R STIB e 1 T SR
TS 2 |

(iv) (@5 TF (Transmitter): (295 IZH NS S| ALFO,

T 2 M Aot w4y e SAgiets @3 2=7af$re
(el A 22 SARIN A |

(v) &2F 7 (Receiver) : 212F I3[0 ANRIT SNEH{G 2TS ﬁaW

TS (ATF FIG IS FCFOHE 723 FH 73 |

(vi) S5 (Attenuation) : ML 945 AT AETRICET GF0
Ao S| IO HoAGT AT |

* BCD-97 (%0d @30 WS FRYICH Aaizere biaf iz (0 ==l 1) [oA-9a e ) =i
o | @ WIS A=fers 0, 1, 2, 3, 4 9 MAYENTE 0000, 0001, 0010, 0011 €32 0100
2T @1 A, 1000 ‘8 MRUIHTE 28wl |

(TP FACHIT (TG FRANF BT € TS A7, ©iF «ft 3<0a e srwraa Gofx fefe wra ez
T @AHATPHS Gt Awfe |
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(vii) 994 (Amplification) : RAEF (Sov ST (TAT) FNE G0 SERG T
TSI AR aﬁﬂmﬁ@m (@3 ARG Siel) It =17 afb @ (o
#{R(S | I RN AL b3 #1163 A= R agdl | cmeog
@2 SSRIT Sl & AT & ARG *IfF 9T DC el T (AT
ANG A | T € SR AT (G R @I ALFCST S| G ARG
SRS eI YHETo 20 7T, (IR YT FKCHCSR (34 oI &R |

(viii) 37 (Range) : «fb 2e1 31 @R AT TS MIo™ 73, (@G0T &A1TF
AT AIFOH AT SIS 74 ANCTF |

(ix) #BF% (Bandwidth) : IR @ AR GIRI210 A @it 12l
TR N (I G A, Azt st o w67 |

®)  §EmA (Modulation) : TS FIKFA 23F® IS/ O FCFSCE 1Y AT
F4gifeTe T T AT IFACAI 15.7 S0 (ST TR 1O (275 IF
5 FoilcTa A e FRfeTs Ui, 2 Ares A #ifafoe @ @3
T TIPS SRR SR Soifiviiios a1 23 | 92 &Rl sTgemi wic
/o | g TGTemia A= @ ATHC2I AM, FM €38 PM =i 5147
ARTETS TS 2 |

(xi) fOFGeM (Demodulation) : &lEF AT J2H ©JG (AT O AT
FA AR (TG 0 | G TG [T Al |

(xii) fafo5F (Repeater) : Rtz AT ¢ (AT G0 71T | ¢ [T
(2T (AT S 27 I, I3 KIS BF G3R A I AN A2
T 2AfTAREE T AT 2T SeAgIfeTe T | A AN sl
e Fata Ty M0 R <2 9 & A 15.2 7 fbra (il 2Re |
R Tolarz T T2 A G [T ET= |

fa 15. wwwqﬂm%ﬁmﬁ@ﬁrﬁfm g

15.4 JACFCOF 26734 (BANDWIDTH OF SIGNALS)

A AR, IS AT T (voice), 77 (music), 70 (picture) A F2EG
2 20O A | G LR AS(G Ao Ton ToF T {1 21l A | 96 278 AT
AEACTR (F(Q ATAGT AGIF IR 790, Ao el ooy R siis
IS AR Toig S 7 |

I (speech) JCFCSF CF0d, 300 Hz (AF 3100 Hz FINTT i a2l
e =1 w2 qifdfers 72 AgE TEHANT G FACPeed 26 [FEE 2800 Hz
(3100 Hz - 300 Hz) 2&7 AIEH | Aw TG (AT TH S We© &7 e, I
TS (2R i [w Semifas 20 kHz 2631 A4 | © 10K il 20 Hz
(AF 20 kHz € G|
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I RIEL)

fofbe MG 0 e @7+ [wm 2 4.2 MHz 2€31 8@ie | @3 TV
FIHCS T 3R TR TR TIGT AT R AT G2 S (A0 &y A4S Regsr
6 MHz 7= =21 23|

R SR, STl (FRETNG SyITIeTo] AP Kl Fafe | fefemie et
TRl o SSRIT 2 Al 15.3 5a (rital 260 | (RG] (TS 21T (), G2 SRIOIFI
THATS v, 2V, 3V, 4V, ... NV, THASRES Sl MEa— wepnre [iES
9 QT A, AT ‘1’ G A 2% Rge 219720 928 v, = 1/7T, | 92 =616 b
I AT & 35 F01F (fundamental) v, To1 T (v,) + IR 7G0T A
FRAIE (2v,) @R &1 A1 (v,)) + RSNG| (2v,) + WW (8v,)

SHHEPTRE G352 50 (T 2R | @ (AT G615 (@, SR e ig=ib IRl

1.5 T FACO Vor 2V, 3V 4V,
fereq /M([d) PRy — bR R G R A
11— Xk (@) (b) TR (2R SRS TOICAI TG
o / ' o ;‘“’“%% () | e s o R e
(vp) + 3@ T TR R, JRAE O,

0 : : TG (2v,) | SR ACHE G2 LIS SRy

P N 06 08 TN TR | o e ol e o AT e
09 / ;;0%;{ gv yo | TR | T, R e
1 W o> /) A %, (eifere wres fipo g1 | 3
SR (3v) @ g TR AT i

1.5 TEGS (A A [Tl 2s
5 15.3 ETIH G2 G T SRS B we Fa TR Terfyy AR TF, OF GG [ !
TS SR T | AT ST @ 77 T 9%

FTOIFIT ALFOCF I @
TR 31 TR | 7 IR 25, AACNE 91165 T02 T 2, S| SIFO0 7 AS &g
ICEEul

15.5 AEE NGTNF ATBTIY (BANDWIDTH OF

TRANSMISSION MEDIUM)

ST AR S, R 2o stgierm staer fom fom w2 14w 5, wizas
5{5 BT AR O ZeT A TIZS (g IA<gleT &g | AR FIke (Coaxial
cable) 2&1 G0 I2e1 IS ©F W A #Af6 [T & 750 MHz =M1 @ 401
FREEN AL 18 GHz F=ICH AT PRI 2 |47 TG 74 T 75 @l
TACHT TS #1903 kHz (A7 7% GHz 758 @31 =S [ge o0 2 A4giew
(B | G FRAIKCR A WG SRS 1 A3 Gk [Rfew Cra SHIAN ~ATen 96
41 AR @01 15.2 A0 Srare 1 2RCR | ©0F I WCENSR MG 1 THz (A0S
1000 THz (VECHET (AT SOTIel) T AR AGITH HCB | S ©G
ST AGIECT (@ 16 RWF 100 GHz @3 Sfeiig 27|

S Hiea M #ift i aefi@ia 356+ P 341 20z | The International

518 Telecommunication Union (ITU) IS =183 16+ =21 2151 36 |
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AR 15.2 (@O Sq@ =T g Jggeld 9 it

SOME IMPORTANT WIRELESS COMMUNICATION FREQUENCY BANDS

25{eTe AM T2 540-1600 kHz

FM T=5ia 88-108 MHz

Gffess 54-72 MHz VHF (4338 &% F7/1:%)
76-88 MHz TV
174-216 MHz UHF (317 T T%941¢F)
420-890 MHz TV

CReIE (IR (@foe 896-901 MHz (NIRIZE § (-GB*
840-935 MHz (@-EBR G (IRZe

Tl AGR IR 5.925-6.425 GHz it fores
3.7-4.2 GHz Tiee e

15.6 S[UHTIT CASRTI(2F (814 (PROPAGATION OF

ELECTROMAGNETIC WAVES)

(@O SATHIF MG AL JIRIAN, (2TF 2NF SRS GF6 SHITH T [e
SO SAAPRR (em STBIYR) W[« NN 54 M K@ 1o S ©#i ey
2NET SPTH (TR | (TS TF (ATF em ST TS Y(F g 209 AT, 908 wqeniba
*ifE BT (7T AT | SITHIRR SACHIF KB G IR SPJ© 212 2Ffe (! g [aw
I AR Sl 23 | 3 2pTrel, SRS AFNGET ASTHIA SAMITIAIZ TH{F T
HIRONe TR, (AT SIUH TR ohe! RBIEE (. AN 4 Sl oA I | 15.3
T AR ARG IR ST AYHGE 5 B e [aqel (e 27 |

15.6.1 gﬁlw_q“@ﬂ (Ground wave)

I THOIF AR TS R (G SITHAI S TG SN L~ G
T (PO AATF ~ 1/4) | JTSH SACHA (SR fT70q T SITHARTEs
I 2R T GRG0 TR Al SR Y9 AR G =091 1 2 | ABfeT® AM STRibIGRRT
R0 (AT SITH! 2R Ao B fofess o B1eaa %o 23 | 9 Lh0 SHIToIE
R T (IR BoF i 0 2o At | Rita 2 4=eif5o0s 2 sl (surface
wave) RI7 301 43 I3 TFel Gy o fwix 0 (glide) AT | 43 SF91 GoTIT @
SRET ol T A0 A, S 92 wikHfbrs ofEmifze wiw W3k d3eid ofil I %
CAIRICEIR 0T @2 SACNR (G 297 A1 | 00153 I AR 59 ot =1 bt 219
‘N%’@{ﬁ;ﬁ S | AT =I5 A (range of coverage) (2fF® Ao Falol €37
FICT (g MHz (203 39) Boig frsa 7 |




I RIEL)

At 15.3 IAPNGTAR 907 T @aR qurd 519 Tew (9914 #ire w4 sivmga voqet

D (GCEOIFrIES
o)

E (FE0IFmIEe
o)

F, (orfraiess
L))

TCZA AT “Araeifa<s fat
10 km e @2 A® VHF (g GHz #¥®)
65-75 km (eI e LF afswfre 2, MF @3}
HF g Ifsrsiicel eeiifio 23
100 km FeTE faes ¥ o] R AT G2
HF afesire 37|
170-190 km e, AT HF Sqehhg SikETei
F, -3 0% e 2z, Tfwe F, 3@
e A CIRITS 72T 23 |

F, ()

520

G SREPTR

Af4re 300 km 7@, it M e A R s e @ HE
@& 250-400 km X% oo AiFeE afewlre o3|

15.6.2 IS 939 (Sky waves)

g MHz (273 30 - 40 MHz #¥@ K& AN S o6 T3 afosiere @oF
SR 7RIS ARG SRR TG Y] AT T2 2 | G TR (B IR
I S| AT 051 G G TR 7 SR TG (09 TIZ© 2 | ReIeT 3<25<s
o At SNfTe FAR TAPRIGT e SANGETT I AN FA ZCACE | G2 AT G
GIRT AT ~ 65 Km (ATF 21T 400 Km 2% e 2 | 373 (A0S =Nt sifsrasfe
R S CBH*ITE Tl el A oI FOTR AR (IR 7l Sl (ionisation)
06 | SRANGHA S g B Soifes At A7 igs [gged 15.3 9 A=feirs orea
BRICZ | SHOIF AT IRNGTE 1T 217 #A1 | =S S (T Rfwe1el O1F 27 (6 Tt
SIS 2SR TATIN ST AL 472 I | T ATCH, e elfIs 74yl Ty 432
T, RIFA0R Se! 1 26T T SR G3CFCE S 3 &7 | 2. @, IR
T TSI, SIFTHe TeTg A 2T | TG 2 A G TS A
AR (3 (ACF 30 MHz) afozrers 2103 6201 0 | 30 MHz- 99 oK SRS
SRR ST STANGEAE (% I @R I 15.4 & fora @ Hapmz awfe
ey ol Ao S |

* NSHBIF IoAF AT G2 o el A
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A S5 =
S R P S A Y S

@ 15.4 SN % FgleTw | 15.3 72 AN B [T (78T 2R |

15.6.3 (7 ©9¥| (Space wave)

(ROl SR AP ST L 2e (e SRR I | G0 (el wenl (2w STl
(T 2N SYITHAICS FREACHRIE AT [T 311 S0 | 71601 (line-of-sight 1 LOS)
AGR TPRFIR Tielg FFIT JPRIAT (7] O] G720 27 | 40 MHz-4F iEs
TS AGI FAANG o7 75 @2 (LOS) #12 FGIeTe G A A | @3
TR SYITHAIYTER ST AT T 2 G TP (AT I SN ool JTHRCF
|5/ 7 175 (1 AT Ao wel, 2Ot (2o SHepTz AR5 007 IFo
Ty (PICT RYTe A 27 2 15.5 =) g e 2 | 7f e b Wors wifew
CRITAl SRR 2179 FACO X, OF &IRS STHAIT S 76 ({4 SHSPRRCT (=
(intercept) FICS A G AT THOT 28T G |

W (AT SHICTA h, THOI ACF, O Wil (1T #{1<7 (3 ol << 71g o, 2,
d, = 2Rh,. , @I R 21 57 01K (24 6400 km) | d. (F (2FF SHTHATH

@fs frorge @ = | 15.5 7R oa saifil g (A h, 3% hy, SHelRFS s Speham
WIS FRA T 716 I RS dd,, T, O

dy = /2Rh; +2Rh, (15.1)
QR hy, 261 RS OB TH©! |
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CHfeTTEIa FTibla, NPT o Gk Toelg ISNTaIst <=l 261 O ool
RBIT (FITET A= RN by iz | @ e St ffew atas exenre [
I, 15.6 71 ora REFLSIR (It 20T |

TrZAd 15.1 32 m THOR GF6 GISET AK @I (27 SYITHA ST €3]
elies SCHAIT CHel 50 m | [ISTAY AF JIRA AT Qv AT
HBREAFSI AT RIS ST A THg o 202 (e B0y, R
PN 6.4 x 105 m |

G

dip =2 x64x10° x32 +,/2x64x10° x50 m
=64x10% x~+/10+ 8x 10° x+/10 m
=144x10% x+/10 m = 45.5km

15.7 G GaR 9 LATAGTo! (MODULATION AND

1Ts NECESSITY)

S A S| TS AT 251 A RN o7 ST, T BTSN S 1 2= |
AS FLFO (-G ACP98 (baseband signals) 0, I FARCH 2ATE 0L
T3 (AT TRALF 2PFS IR e 2/ 7o R | AN (A AT 02 9F
ARG AIZT 27 N, G AR AR A (@4 (signal bandwidth) TN
“Affo© G AT N R AT | 0=, S S STNEH TN (AF) 21 (@1-15
T F941F 20 kHz (ATF ) G35 (@agfen Frors 3 7ae! SR FaPf
TG FACS B12 | GTAI, SR (iR 1 KT M2 S CE G237 ARIS SReTH 341

522 (TS RA® 0T 9 SN SR G2 [T 9T 17 S0 21 |
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15.7.1 SHICH 9t @fFTa0eTa S9ie (Size of the antenna or aerial)
G AT (29 TR S ST G0 SHCH1 A GRCER AT | G2 SHTHa
S[FIF FLCFCOT SN (PTG 1/ 4 @) AT PN 28 AL TS AT
FNCATT AR RS eTOR 2 SHTHIT TN LI AT 20 11T 1 20 kHz
TS SFEGRI SACAIF (0 ST (1) 15 km T | ™2502, I T4 SHITH
fo7flel @3 PRI 1 TEIA T | ©12, U2 LA ({15 LTS AC2H AOTH AGIeA
B B % | It A ifoT0 SATSIT F7A1:F T 2 O TCRIATT SO SHITHI ST
SR FCFS AT FACS A (Srzgerzg#t, 7 391153 (v) 1 MHz 2, (< Sqeitne)
300 m X | ©1, AFIECT ST O TS o TR o1 (-1 & ALLOCS, T
(AOS TP AT e LTS & |

15.7.2 SHICe4 ffFaes Fies el (Effective power radiated

by an antenna)

| TTC @15 g SITHt (UGS eope [t 1 i sl Seidt @il I @,
SCEIR R Tl (1 2)2- 3 ANATes 237 | 9 (T QRN T (@, €58 TR SITo
CFCE, TP SHATT 1, Sefie, TR T e [z et 3 o
2, A SAGTITHT (F-1G AT FILF [ ool I TS | THS AGIT T
IO 2ATANCT 3R 1, Gfb T H e AR AT ROIRS o 3 |
15.7.3 fafen 7= wgifn (4= calfss weraenras a<hmd (Mixing
up of signals from different transmitters)

(-1 IS TR TR AGIAR AT SNl 93w I T a1 agfestesia
YLD ABAIDS | 4T S, S (FIF G0 S TR S| S (275 TG 62 AT
(-G O FLLFS AZ(F (A TR | G2 FFeT LS TR

AT TS T TR O ST (A 72 SART oy | R B
T | B T KT I TR e e O | A .
ey AT ST AT Gy bl LS F541< b 7B 5 L
Mo 2 [afba 36 T A o e = | 5 -

TS I PR AR 708 8 T
(-G 2 3 A TS S S5 O] AT ToofIE
G, O FABRS ALF© S o1 HFS HFCTO O — T .

g OO [

TG NOOE ARG ATF | A2 TG T G N gy e piSE
ET O (carrier wave) JINE dFG TH FARDRMD \ |ﬁ’@ﬁ

FLCPCOR AR 72 @32 [Riel A MGeemiH (modulation)
T GG 2AfF AT SATHIT AR A ALFO(F TG IS |
2T ST TS (AT ) S 2 WwgoA 200 oA, T 15.7

(b)

5@ 15.7 (a) 12« @R (b) o FegA A |

o (i TR |

GG A2 A2 SIS 7o Topiiof 71 @Te
A

clt)=A,sin (ot + ¢) (15.2)

@I c(f) 251 ARF A AP ¥ (e 1 gz, A, [@E, o, (= 2rv,)

. 523
(I FoT IR ¢ T AT 7 | TG AP A1 A 02 FLLF© AT OACH T
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59&brch=163&sim=259 &cnt

Modulation and Demodulation
http://iitg.vlab.co.in/¢sub

PHYSICS

A, o, 9% ¢, 92 A AT @I GHHTS Fged FH0S 2110 | 97 06 fon L7

TG 2T : (i) RS TG (AM), (i) F=911F TGET (FM) @R (iid) Tl TG
(PM), 15.8 = for@ =1 (It ZIR |

L r'| TANANTATR NN n M T TN
|I | | AN ' |'| ' |' T ] |I \ || N || |
C{U ol| IIII |II I| III| I| II II|I |II II| I|II II II II|I II I|I I|| II| I| II|| I|I A || || ||I I|| II I|I Ill I|II II lll |I I| IIII ||I || II I| ||| II| II I|||| IIII I| II II| |II II| |III II II || I|II IIII III I|I III.- {a]
SV VY VUV VRV VUYLV
1 ) 3
m(l) 0/ \ / \ /\ / )
_1 5
2 T
T— TI'I | || l
AM-EI & ¢, (1) 0 \&! II| |II llll |II \ '|‘ hz\szﬂ’(l \ [ II| I|I |'I W\{“?‘Nv\(& ! |I | II |I W\@\A (c)
) 1 1.5 2 2 5 3
1 | i || i |'1| II |'\ |l|“|,I "| |'r1| I\ ﬂl '] i |'1| Ir'II || |'| nn I||I N |"| |1 m nII ﬂ m II,rII il
FM_kﬂmwCm(t)oﬂl|||||||||||"| / '\/ II."""H' "lll)"'lu'\." \/ ||' |"|||||||5| A @
-1 II I l U Iul ll I \ ) lll |I I L || I lhl VR III |IUI u III I \ ,"l I"}
0 5 1.5 2.5 3
1p ||| m ". m AW ﬂﬂ| ﬂﬂ N ﬂ “n |'|III”
.|| NN | |'. | A VN
PM-ast &y Cm(t)0“|||||| || |II III |I | I'I I'u | l 'l I|||| ||| I '['u fll Il'l. II lll [ I|I|||'|||II I|| | 'I II'I | \ !l I' |"I | ||||||||||||| % ()
-1 U I ll '}I Il\-'l l' I I I I IJII IU'I '\JIII I"JII ILlI || | U | ll II lI'L l'.Jll IJI |U| ll | JI
0 0.5 1 15 2 tlme3

5@ 15.8 G ITF A TCCET : (a) A2« G0 AT ;5 (b) G ToT FCF©
(modulating signal); (c) iR TGCETHIT; (d) FARDE TQCETHIT; IR (e) W TQCET=I |

SIS, I G AW Slesi o)l (QrSiafer 251 : ~owe R, simia
TG Q1 791V (), IR AW ST (T FACL AT 7917 KB G-,
@NB1 15.7(b) T (R AR | TS ™ol (IGTeIA [ AT &« 7of7e]
AW TCEHE (PAM), ™G RITGIIE YT (PDM) SR e (I TSI
(PWM), G (TR ST T | G2 SRR S SIS S| *j4iq [
G CETT SR LA |

15.8 %19 Ye™« (AmpLITUDE MODULATION)

R TG A1es wReib R, -] <o S AR 2 | Gt Ssa e
ACFS (modulating signal) 2o a6 A2 e e I Ko AL
aifeaifo <t <t |

5 4f, c(t) = A, sin o t IEF SHAF @R m(t) = A, sin o, t I3
AP DS T, AR @, = 2nf, 2T A FLFOHH (HIIE Foo{1eT | TEHIT

e ¢, (t) & CEIG] A FCo AP N @CO AN,
c, t) = (Ac + A, sin wmt) sin ot

A
=A, (1 + A”‘ sina)mtj sinw,t (15.3)

S (F, GTUH(E A LTS TGP I A0 TBes A0 | 43 7afs 15.8(c)
T F5rae o1 91 @ 2 | (15.3) 7R AN (ATF S 412,
c,(t)=A, sinot+uA, sinw, t sinw.t (15.4)



I[NNI

o o

QA p=A /A, 2 AQEHE IPF (modulation index); 32HF CFa <P
(distortion) @CITS y -GF VI <1 AT |

SinA sinB = ¥ [cos(A - B) - cos (A + B)], €2 faeefifes =150 gaga a1
(15.4) FNFCH ¢, (0) (B TG w71 A

A
c,(t)=A, sino.t+ % cos(w. —@,,) t—

WE 0,- o0, 9N o, + o, &FIAFE 3 (lower side) @32 SRS (upper
side) F=91F I | @ SR AGEHAIT FCFOD AL ool @3k 7fo Mz« oot
e sifde AMTr 2ol T qe CACHR T (T AN fo7 Gz AR e
Ao | 15.9 517 R T@Emw I@ AT B F={1iF 34 (frequency spectrum)
AT 2R |

HA: cos(w, + @, )t (15.5)

@-0) o (O+a0,) o @CTN 9D

@ 15.9 G R AGETHIE T B I o” (#7454 |
Towel LG SAPHATS TR Tiofew Tl W 2B FoRFCEN IAPTEI

IO RN A, RGH EHR9te oo 2T>RS [ie 7l FF FATOIE T=bF
T AT |
Twizas 15.2 10 kHz F90F @R 10 (SIF% Ags [eq [RS @l 2t
TS, 1 MHz 3% 20 (S5 AT {Fed RS @30 q1zs el TgeEm=
R | () TGETH 76, (b) TeoAn “Arfaifo Fsticmojratt fefa |

LI

(a) TEETN 6T =10/20 = 0.5

(b) ARG F=NFTeN 25 (1000+10 kHz)=1010 kHz €% (1000 —10 kHz)
= 990 KHz.

15.9 ASI9 TGe™gT ©at%id T+ (PRODUCTION
oF AMPLITUDE MODULATED WAVE)

R T ffon wirfere Serive w1 @S 21t | 15. 10 f5ra ami*fe gabaiba Migm
RGN GG A (T 2R |

2°ST bszlua

m(t) AM g
= v Rl
A, sin ot :
TS o Bx(t+Cx(tf
(Modulating A St it
Signal) " (are)

5@ 15.10 AM T SLAI IZ© G Ae NGCF6F T T | 525
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G, A_sin ot T8 ACFOOEE, A_sin o t LT AT A IEIE X (1) FCFO
ST x () = A_sine, t+ A_sinw t , G2 ACFSHIF G I3 774 TCFF V1T
(b AT (non-linear) TCF 314 W AT 23 7 s S86+{6 sictee Seom
&

Yy =Bx(t)+ Cx2(t) (15.6)
@A B @3 C 271 4355 | 913,

y(t)=BA, sin o t+BA_ sin ot

+C [A,Z’n sin® m,t + A? sin® o t + 2A,, A, sinw, t sin a)ct] (15.7)
=BA, sin o t+ BA_sin ot
2 2 2 2
+ ca, + A _CAa, cos2m,.t - CA, cos2am,.t
2 2 2
+ CA A cos (o, -w,)t-CA A cos (o+o,)t (15.8)

@I sin?A = (1 - cos2A) /2 9. 7& SEfS sin A sin B -7 fata s oot
RIS <P AR |

(15.8) 51a0el, 95 de 7 C/2 (A2 + A?) G AT Sarend TR
0 20, 0,20, 0.~ 0, IR o + o JTECRI 15.10 fargdh @2 et @i
i~ ReBItasr* 3k e =Nt de M aR o, , 20, 9R 2 o, FIFIE ML
SR ACTS W AR 0, 0~ 0, GR 0, + o, TSRS S5t 907 IR |
GRTHCE ANG-A I SEG+50 (15.5) AT Srafie Ao ba Srgs 27 ¥k
O3 ¢ AM Sl 2HeT AT |

QT STER 1 ARG (F, TEETHAIE AL ISR (27 T QA | TGEoR
RN ATTSICe A6 Fwe! 94 (power amplifier) IF IC 41 7 T MG
MG FALCFOCE ATATSIR *(E AFRNE T A G G2 NGCEHAIE AP DT
CRATT SRS SOICHAIR T R Sy @1 50 e oA 29 2 15,11 71)
ota it 2R |

(24T SICH!

mt)

el A<

v

v

SRR TGRS
A FEFS 7

qzs

5@ 15.11 ¢ (275 IRNATT 7F 7 |

15.10 AT IQEEHEIS SACHR @ IO A
(DETECTION OF AMPLITUDE MODULATED WAVE)

SAelielia ST T RSt (aifire et e iba *If6a SIoibx 90 | ©f2 &izs Sprsaibre
G5 R qaR GG FOTHFT YT AT | S SN 2ARFAFACE AR, AT B

g0 G AP RFolR R @3 T TR Al O 9% G0 F713 2150 71 w1z ey s
Q@S (7T |
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ST (detection) 7[T3 ATF SACHR F=FF AT fFod TS Foiefae 41

T TEES! TS (IF) Tl T AT | 1o TP eb 20190 05 * Gty

TS TS A IR O G2 IO R ARG 23 | 9H(6 RO 4303 212 IR
F3ba 15.12 forg (it 2Rz |

L
faada > IF Wl > fekIg

w

4

sifee s
@ 15.12 4= 2zF FRETT IH09 |

AGCETHE TS 0T (ATF o1 FF(b Sagwiid T4 2fFaif ze1 sicce s
(Detection) | SIHI FCIHE (0T (A TSR AT O 0, IR 0+ @, FAATYCE
TWGE AE | 0 (T FIE o1 6] AT m(t) NS S G0 72 274
15.13 /50 (I 2CACR |

AT [ g || Sociee | ™ e
‘L | {C)J’

l({| | mn—-{ |I/I|1 | I L -_-\—/ ’_\\

7| |

AM 2555 ©q%| EENRIRCEEY WTH5G (RF Toiiesl qrere)

5@ 15.13 AM FLFS AUTHIA TGN FHHE | y-SrF 919 AT aizsiar
fIea 2o 7N |

15.13(b) fora amfe =nEo+5f »tem ey 15.13(a) ora awfe Jrom Toremw
TP b G IRPIE 1< AT 2NN 27 | (b) ora 2o seereiba @2 Tofsiifes
TP T6T S| FLCFS | m(t) T FLFOHCS T FACT, TUETHG FCFOCT
Toifaeiifow e OB 3= (T @3t 72e RC a4t e 91f5w) steg e sttt 23|

TSI SIS (9NN TR FGR R TR =5, e (1=l 7w et
FAME | SN R TGETT (AM) T GG RO L SIS TG A=A S
A FCAMR | TR ST 2 @32 fEfEbie A gao=iisiel Sy q@iaciel
AR G310 FF2)< G 2T FCF | AT IR QLRI GRS S
fReaea S aifefiaes 906 beTR |

QG ST S SN g G AT IR So A @l | 93
SIS AR AR [0S, Iow Tz Fg A av=itorm (I|H @en) T
SR AT SR o2 REFNER St s Fisi e I Ete, qma Ssia SiEweite
T4l |

Rlei
>
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I RIEL)

wifefaE ©2A4fel (ADDITIONAL INFORMATION)

D195 IR (The Internet)

@t G 4B PRI A ATS 52017 @IS T 212 T | 92 IRNATR T Reeiiet @32 SifoeT o eada

BN ATT U2 | STl FATHIF 2RI S I LR ST Sl Wi 938 I I | B (o AT

TS G I ZCRTRET 3R K2 -7 WA SR AR S S (ST ZRTRE | TG AN AT @2

R AT [P #IRE1re 28 932 9UTH] @7 RIS (@008 BTeTCR | 98 TR ST@5f© 2TNsi9ee 2o1 —

() e (Email) — 3 25 T30 3- (W36 HEF0 ST N o1 /21fF (text / graphic) R
I AR TSI 2T | (AP RAR 22 € 6+ [Tl T SIS ISP (Internet Service Providers)
AR Mg == 2 forete W3k 2w St (2Fe Fa0e A1 |

(i) 2GR (File transfer ) —THREG JRIANT ML FHIF {0 FATHIT (T o) SHEHO FATHIT
IS AFH ST RIEAC FTP (File Transfer Programmes) 35 23 |

(i) ST €ART ST (WWW) — S OiRfeT Ao FHITHIR 32 oIt I SIRfeT Sl 2miceTs
) ARSI S SR A (ARl M Ko e 125 7 36 | [Rfeq s e, @i,
ae.fee A2 (Non-Government Organisations) 43R iR fafze A yeoe @Es T
R I TG L & ST ARG (oA TS AN | 2 ST S22 102 HRGeTe) o7 | WA
SRRPNRGATE ARIE (3 [ifen el (ASiF (Fa oI (Google), 21g (Yahoo!) 25w spix @“Tﬁ?i)'ﬂ”l?
B GYTE ST ARG R | SRR (6 ST (AT Sl 261 2241 (536 (Hypertext) T
HTML (hypertext markup language)-&3 GG ST GF0 (928 (ACF H2RGTe bl wpafel
TR 7T (link) |

(iv) -359/% (E-commerce) — (F1%5 6 0@l Apfon Soiae ARRICIT MG I Alfesy ﬁ“@w
SO AT -1 A0 | (PP «fal 71:3® st [Rfew Seviifne wapifn srfers sArwfas
SRR 2ifSefat ToTergia MRS SRR M (4TS AT 3R B2 FACS AT | Ot AT/
0T SI-52 #AfPHR FACS AT | (237 /ST MG (@ r=oAf wapoAw e ez w2t «ifqcaat amie 03 |

V) 5715 (Chat) — FINSITA S22} ARGl 0 RIS S T Aot T2 531G A0 | 5715 goAfbar
TS 2ATOIF OIFIFSITI AT (AT T 3R SO G| AT A= |

W%(Facsimile —FAX)

«ft @b TFCHT Razages (e fRrTe w17, 2ifomf RrTe) Fi 0 2GR TS (of 0 | 93917 @2

TSNS BRI BT N AIBIRICA I (€2 RAIAT FAX T0F) (2 F1 2 | ISR 93

LGN Tl CHACH S~ ATOTAITS o378 1 27 | 5741 (@ FAX TF G0 SHCoA 197 Afoferfsf

AT S A (BT NI Ao T AT (LTI S~ =17 |

(N2 (Glerreriv GI= (Mobile telephony)

1970-43 WF 2 GIRIZE GRITRE TR 49N Tea 2rafeet @3 #7s! it «3 A5olifh ssjeferta

LT 1 e | @2 R T LIRS 267 A2 211 (F@E MTSO (Mobile Telephone Switching

Office) I GG SR (F& FCH AC?E AT GG (cell) [eifers w21 | 2o @1t @ == A1 7w

FIOIT G GHDE ((2FF) TBET AF G T I AT (NI &2 07 (CTe (I I 3341 7Afiow) w2y

AR G AT 0 | SATSIR IR St foq e AfSfb eieet sificaal ova s 3o i at gae 71

20O 2T | TUT G IR 212 T @36 (@] GOt 21 (Feaa i RS0 A 94 S947 (@1 EOHIT

AR I TATSIBIS fo1cF 1 T 2 | 0F TW1% (handover or handoff) @31 J&11 237 | @2 afFi

TS GO HAHO T (A TATSIE! Ol TS TCS SAICH 1l | (RS (BTeee TR Rexie SeA1<ea UHF Al

(21T 800-950 MHz) JF41 27 |

528 ‘




10.

11.

12.

13.

I[NNI

A

@F R (ACF B R 02 A ASF (SfTefed qr eqrzsal ool Aed)
frSatiay S=AmEe, ([Auyfen A7 Fe=is Tt sAffoe |

(2T, AT 2elfeT] G 22 ZeT AP TR [oe1(G &1 AWM (units) |
g RN V2T [T 4700 2e : Syiwersl @ TSebiet | g2 (g AT
TS SAHHLA G @A BORT (g (FIera [ivzy 1 (@RrGIRS B
SR O (2 T 2 |

AfSfb AT AT TS G FRAITH oA ATE | 9 IS FcITe “Afbra
TFOHT TFGS O AZF (TSACN AGIEAHT T ATGTAT ST
ARACE T I | S, @@ I g =i, @ [fF S
I AR AGISTC TR 2, €8 FKH A TP AGCas
(bandwidth) T |

T TR SRPTRIS 1Y A0S (e 31 TR | O, RS B S5
JEF AT ST T i 2fF Soifoifon w1 23|

TGCET 2RI, AT SACH B, F9115F Il 7117 5o 5 GRS qif,
6 TS I AT TS S ARRE 27| @R SRt erEeE [
TGEHATT (AM), FHF TQETHNTE (PM) ST ¥ TS (PM) O]
|

5/ TG (Pulse modulation) (AR1919/Ta1 261 : e R T@eTi
(PAM), /e 27 TGET=I (PDM) S]] (34 TGETH (PWM) <% =57l
SRR TG« (PPM) |

FCFOTT WY GACG AP S SHICHN NS TZIa M TS, A0
e w1 27| Kl e oo waR sawrrel KRR e 703 3% 999 @
IR IAIGH TS 2 RIET 479 2eifRre 27 | gojros AT SfeG IR wa el
FPCTBICA B S 0 | 79 o7l B 57 MHz F1 #1782 T |
I R0 AT IR SN GH TS O G GII 0% AT M
AT Tz w2 RICTT T @90 RIS 2 | GBI GG RS S
TR A | AT 30 MHz IS 7T S oqe! Reid 6lfe 30 Al | @
TR CORT OIG TR S| SR (7] Sl I a1 0 |76l
CRISITA PRI 432 Tolaiz @IS RN (1 STt 72 23 |

h, TR 3 SITHAI (ATF R SGGFR wawl @ A (d,) +® R oo
I, ©l &6 2Rh, , R R AT TR |

R YT T (0, - 0,,), 0, IR (O, + 0,,) G2 FFRTTR TGS
2T |

G5 FCARS ool AFAFSF (non-linear) TF € I 2746 C® B G0 G
A FRFBIT T AS| T AT SACH T AT T B TGS
R ER

@b GFYIAFTE @R ToifFelfe® 7o fGTHF (envelope detector) IR
IR G TCEHTIE SA@IF7 (AT 1 FCFOHCE I T 2fF12 2e
AM FH |

529
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IS RUEIEREEREREY

1. Al Oy AP AGE 2ARFAT 0 — T R 2A1ZF 2NTTT N (@~
RN PRI ACHCSH (noise) ARG F60O A | RFFSFI ACPCOT G
g T A1 F g ©l[Te At

2. GLETI AP T IS FACITO AT T A TGS AL S 2K
T AT (N2 TN 2P| THHod IR fVsed ) Ao s Tge S
B 2T | (a) FRETIG ARABTE, (b) TG G “Arfoif, coreR Mg Ja
AT ARSI AT T 7SI 2

3. RS GCEMTR G0 p < 1 NHR TR 363 T2 1 &2 1AM p > 183, 97
oA

I
SRpATeTAl

15.1 IR SRR ST 791 R A0 G T S=oliiotia e Sge ?
(a) 10 kHz

(b) 10 MHz
(c) 1 GHz
(d) 1000 GHz

15.2 UHF AEE F™5E ALTOMRCS NS (el A0 Al vl 2 -
(a) fiwge|
(b) SR o |
(c) P oFe|
(d) o= oge |
15.3 fofebie siees 7z :
(i) WK @3 feaftza o o S =,
(i) fifoze &= 3T SeCe 2<e e,
(iii) B AL SIS SRl FCF @3
(iv) IR 7L sifs 372 il 714y o S 30 |
Toitare Rfoejeeta e 1oy 2
(a) (@G (i) @3 (ii)
(b) (FeTG (ii) @R (idi)
(c) (@), (i) €% (i) &g (iv) 77,
d) ), (i), (i) €32 (iv) FRYER |
15.4 70 AGR IR AT SOOI SHO| (2 SHTHH SHOR [0l «358
REA TR 2 T GFD (2T ST bl 81 il | 3 2i1ess SITTAI gt
2T, OTI G2 SCHI0 AR CFeas [gfo Fo 2
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15.5

15.6

15.7

15.8

m(t) S 3

G

I[NNI

@35 AT LTS (27 FACO 12V A T8 Rotaq «(b A2 wawnl 727 41
o | TG 53 75% /TS e, o1 6] FLCe b3 Rea7 A T 26| The 2
@35 KRBT TTET I AT A @R TF [BIF 261 JAFT 10V € 2V |
TG e e a1 | 3 R e fea =70 oG &7, 91 p-aa MmFe ?
ST TR, AM SHHR @FIeTNE TH ARG Agifere w01 20| [og 22
O A1eT @I S FAR AR S | I AT 9o 99T (multiply)
T G GF6 TG (device) 2T, O (A8 (T &AlTF CHHT T IS AT 0F

eI el TS|

NP SR GF0 1 TS A7 15. 14 7 Fora @il 2wz |

N

1

9 15.14

A2 oI T c(t) = 2 sin(8nt) (S5 |

() R TEr T wqe Il =1 B |
(i) YT 50 F© ?

t TP
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% o

.,
HIEIRET
Ly

AfRS A1
fer 3efaren
Alpha A o lota I ¢ Rho P p
Beta B B Kappa K x Sigma X o
Gamma I y Lambda A A Tau T =
Delta A & Mu M p Upsilon Y v
Epsilon E ¢ Nu N v Phi [T OO}
Zeta Z ¢ Xi E &  Chi X x
Eta H 1 Omicron O o Psi Y vy
Theta ® 0 Pi II = Omega Q o
9”% Plﬂ? A2
SI GFTFA CF(Q YfTeF ¢ ST AFTH AAge g AL ToRof @ o
Factor Prefix Symbol Factor Prefix symbol
10*  Exa E 10" atto  a
10°  Peta P 10°°  femto f
10" Tera T 107" pico p
10° Giga G 107° nano n
10° Mega M 10°° micro  p
10° kilo  k 107 milli m
10* Hecto h 1072 centi ®
10 Deca  da 107 deci d




Afs

APPENDIX A3

ﬁsiﬂn—oicf 41T
*mm”q% 2.9979 x 10°m s
FERRGER S e 1.602 x10°C
TR 47T G 6.673x 107" Nm’ kg™
AT T h 6.626 x 107" J s
QLS Y3 k B T L
SUTCSTPNCE! 4IF N, 6.022 x 10%mol”
A 17 &7 R 8.314 J mol 'K
TR ST m, 9.110 x 10 "' kg
CRT o m, 1.675 x 107k
g
(A & , 1.673 x 10" kg
BTG SUN-OF TS e/m, 1.759 x 10" C/kg
FIHICE Y5 F 9.648 x 10* C/mol
fareatef g7 R 1.097 x 10’m’"
@ a, 5292x10 "' m
B (AR T e 5.670 x 10" Wm’K*
ST 4T b 2.898 x 10°mK
T SfGeremel & 8.854x10C* N 'm”
1/4n ey 8987 x10°'Nm’C’

T (TR (oWl 1, 4n x 10 TmA"

~1257x10°WbA 'm"'

Sy g eTareeE 499
Bt oz b

ST TET oI J 4.186 J cal™'
2 NG b1t latm  1.013x 10°Pa
SF #[e 0K -273.15°C
EIG (O leV 1.602x 1073
TS ARACRE ©F 9T lu 1.661 x 107" kg
BTG PR mc? 0.511 MeV
lu -9 9e1 *f§ luc? 931.5 MeV
vt oo SRSt (0% At 1 atm) \% 22.4 L mol™
S A w9 (e, RSt g 9.78049 m 52
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% omieRm

TeqiE
I

TG 9

9.1 v=-54cm | 2AfSRED M, TRAT 3 e | AR Twel 5.0em=T1u— f,
20, v > ) U< f-GF G, AT TP R |

9.2 v=6.7cm | = 5/9; udic 2fsRwHa Twel 27 2.5cm 13 u - 0T v >
[ = (g T @il vy »IfSE A 1) GeFta m — 0 |

9.3 1.33; 1.7cm

9.4 n,=151;n =132 n,=1.144; 7 A A I sin r = 0.6181 Wl
r~38°|

9.5 r=0.8xtan i ¢ sini, =1/1.33=0.75, (T r 261 J2G JCE AP TN (ATF
S (G S0 38 Y € ST [RUSetea FT0 (19 i, (FaFel = 2.6m”

9.6 n=1.53 9 e e faemba ety D, = 10° |

9.7 R=22cm

9.8 BT IYL W U3k AfSRED 7| u = +12cm (IYHG BT ; SPW)
(a) f=+20cm | AT 37 G T CFAI @1 (AT 7.5 cm 707 |
(b) f=-16cm | 2fSRFH W G2 = (ACF G I ATH 48 cm YT |

9.9 v = 8.4cm, AfSRED TN «3 oPI | @7 TSl e 2 1.8cm T | 1 — o0 &7
G v —> f (g P! IR 73 RIfE A A1, @A m— 0) |
AR (@, T G0 TG S FT T (21 cm) HRIi9( F1 27, 024 @7
2R 10.5 cm 77 i 2 (afSfa st oifve zrs iz, @2 a=enfs gan) |

9.10 60cm CFIFA TR GF 2PN @ |

9.11 (a) v,=-25cm R f, = 6.25cm (ACF ASA I, u,= -5cm;

U,=(15-5)cm = 10cm, fj = u, =-2.5cm; e =Fret = 20

(b) uy=-2.59cm.
@ =l = 13.5.

9.12 25cm (Y AR &0 Sfetas (1o [7d

25 25
=E+1=11; |ue |= ﬁcm=2.27cm; Uy = 7.2cm

R = 9.47 cm; {794 @l = 88



9.13
9.14

9.15

9.16

9.17

9.18

9.19

9.20

24; 150 cm
(a) Ffis R = 1500
(b) afsEBaar™ = 13.7 cm.

FIfere FeTieee NS G wofel SRR 432 *1S 2ATel T

(a) f< O (SR 7ofel); u < O (I AMATCH)

(b) f>0;,u<0

(€) f> 0 (TeTuefd) @R u < O AT AT |

(d) f<O (SReA7): f<u<0

25 5.0 cm it BT (9172 A0 01 27 | 4 IS AR raa A=Icy i [
@, FEHOF SRR G2 TEAb (WSa T M1 (T8 oo (I S0) |

(a)

(b)

(a)

(b)

(c)
(d)

(e)

sin i!=1.44/1.68 (AF ANSA I i/ = 59° 1YV i>59° 9 r<r_
= 31°, 947 Srer@al o) afower 906 | Trowq, ARsiba W, 0 < i < 60°
ol (PR AT el SNielfow R sreradid i afewem w0 | (522
Reifae ‘v-a3 9% 7 Js (lower limit) A1)

MR dTe17 (outer coating) 7 A, ©CF i = sin ' (1/1.68) = 36.5° |
G4 i = 90° TE, r = 36.5° @R i’ = 53.5° Al i/ SC+F| JTEK | ©F e
wioifoe G (53.5° < i < 90° @2 AFIN) STeradid o) eifowee 96 |
e wofl 1 Tee WATERT (o=t (It GG Kol e afAiep dfswfers
AT AN 2T (b v fRifere 271 | et 3en i, 7 9t P
SR GG ITTee Al Ter wolel 3w AfoR 9% Face #Iita | 9o RgT 7 foa
el A R A ANG |

4« Afolere Il 2ferye IR 2Pl 23, ©dw AfSRET wPm 23 | @6
Tl SO 751 AR I, TR ARTEANCS #T SieaA F21 T |
GBIt Te6x @ 3% 2 FIG{he I | 9T @191 63 37, 2SR 919t (3% ta
v, 2SR 7% 2103 e 0 | 5Tz, B THCa 21 o1 2 RTea SRl
R 7T | TG (@A RN S (73 |

s |

o 45 Sy Sl sreiel, 2 SIfeers 3o Sita) Sioife sfeie! SICorH 251
AT | AR [foq SRt cwte 7 foa =iiee 307, @2 oS i e |

TR 2SI 2 2,42, T AR FIHF AR (AT 1.5) ST SCTF
@ | ST ARG (el 2 24° [ FIHR FFD (Il ST S 9 | ST
TR ARG Tiwfoe SR R @RE S 7td @7 {ifen o 0
Srer@a o} 2ifozrer v F0e, @3 7w 293 SO IR Sofee (@I
RS AR S0 ) SN SN RO Sl RS 961 (3%
O3 2 8egeT ASA (sparkling effect) #iem [T |

TG G AR SG0! TR G ‘5797 Sy W @R @RI 17 (f), s/4-99
TN @ 2 O T HAFFAD u’ A V9T @@ AR S (@I AT
TG (O, f, =0.75m |

21.4cm

535



S GRiEL)

536

9.21

9.22

9.23

(a) (i) B0, G0 AT ARFR AN 2 (ATF AT S FT07 SoiF wNiolfow
Z |
J,=30cm @R u, = -0, v, = + 30cm N T | 2 A0 Bem
(T &) ST T RN e e |
J, =—20cm, u, =+ (30 - 8)cm = + 22cm 2, v, = — 220 cm 2N
A | SR AR9YER a7 7RI (% (A 216 em 163 G0 [
(AT 2SRV 0T 0T 27 |
(i) T, AT FRNYTRT AT 21 (AT LATH G0 SR @A Soifow 23 |
fi=-20cm, u; =- 02, v, =-20cm el T | @2 afei=wh fTom
(IO &) ARG AN (30 S | f, = + 30em, u, = - (20 + 8)em =
~ 28 cm 9T (AT S AE, v, = — 420 cm | TN TR -
IR (PR ATAH 416 cm TF G0 K (AT ST 200 03
=7
2503, fa- 71 RGBT Tl (I 911 (ATF @A Ao iAo 205z, @
Tofz Tealt frsa 7 | wifderg, ST Fite <Rlfbw 7S 435 78 (33790 f,, f,
@R W25 TR RS FRIEE M [FAS) @GR @I 2 AN (2 W u
(G3R ) - T TN ) A | S L (PP FHCGA AN (T, 42 7N (0
TR SI2fQE 0T 0 2 A
(b) u, =-40cm, f; = 30 cm-4T & v;= 120 cm A A |
o2 (TeT) (GRSt [RIECT S 241 3 |
u, =+ (120 - 8)cm = +112 cm (SPW IY);

112 %20
92

Sk (Srest) (eT1fba R ST 2e1 = 20/92 |

@5 RS S = 0.652

Afe=Ha Swel = 0.98cm
T ferewion faei ©tet afesye affG i A6 (@It Sisifow &7, O 242w O
Afes @4 () 251 (60°-1) |
Q¥e, i = sin”' (1/1.524) ~ 41°
@13, r=19°
sin i = 0.4962; i ~ 30°
GFE TR 316 e ol 72fb w1 feremt aiom ofil 7ores 126 oreitas Risifive wa
TEHALYTE ATATIT A ANTF (LT IAGANT ), (2 T G0 AR Wioifes 7wt

St Rpyfs At Regae @it iube T @, @weia afemba T w@d
A |

(a) REgaad Ko IO Sty 1w S 2t A 43R /YT afeonss
(1ol R4S 30 vt feremibres st feremst fRreita (@r 71s (1% e feed
Ao (el S (RICH], SIFe ZF S Fiove forew s f[Kvgad 9617) te
fstaiG =l =i ugaet wies 23|

(b) RpIfo3w Rivgel oIt &) 35 Fiove farerar (et afife v (wielfe, 35 Siver
ferecrs (il s ST (6301 ) AT Y1 faeresrs vigel Rpyfos|tent i @<

Jfo=-20 cm 2, v, = - cm




ICERE

o1 = | (fFFS F07 FAeem (@l wae IS FIHF A= el STe
FHOT AT T TG FIb SCAF 775 FIo7 A1 J281 2 1) IR
0 T A1 I TG LS AT ST AT Q9T T TR
R |
9.24  SHICH IYE (TS (B14-9 PO S T3] = (40+20) TR = 60 GG
72F 303 | @S @b a=k FfR-5F @R S el TS 3 EeRE drRen
o= : (5/3) em @A (v = 5/3 cm), 76 KHCS (1 = -25 cm) G TGS
(I TS 64 TIHI SFSHAIR 017 GH(6 Sggo (1 07y

1 )
[%%} =£°m 263 TS | 5751 el ©2F (64 — 40) TR = 24

TG 2T | 55 (FTI04 AT 2iE (GOt 20 (A0F 24 SRR [ |

9.25 ¥, (A ITT 5F 107 FreifT Soltane el AFCNS TS Al AGS Tk
20O ST | B3 (SR AN (AT (o2 7KE oifs A 2ene gayfs @i fice
AR, «ft =IfS ZHIfre 20a TS vl frcs =iita | A, it Rew, 575 @
TG O (#N91 (AT 2T | S (IETFT 7 32 el g 575 @oa
TATIIGT ol SRR @A) 211 (IR T (! R (G0 T06 AF) LTI
T WMS / BIe[l Al (PRITIH 03T I3 AT TCo! @92 BAIT @7 TN
AT

9.26 BT 7R 100 cm, Tfte OiF 76 7 Freifs 1aTe ARFCS A (AT 25em) |
ST SRS TG 100 cm TCH (F¥1¥1 IR FCH) SPMST 716 T | FITZR I8 T,
wrefie oYTEIR SRR (T21 5*IN AR FCE ([@TAR 2lfSfg 20R) 100 em @]
25 cm-&3 T, G0 (140, AT O 55 (10 SR oIS T2 A |
I I (PRI G2 5wl Aaere: SR @ Mist 217 | [feha 6 7 50
cm-9 CF AR | 25 cm SRITAT IGCF ™6 (7408 FEF  +2 TRBIF FIo
SRS T 2T |

9.27 3ol Sevifer Fizel 2o g 75! @R 55 @1 3 alfemiass A [few o
G /AT A | [ 5F @10 AR (ot 27 wilie 7o [fen ©re «ss A
g RS (astigmatic) 371 10 G colleiar =13 1] SISy cwca, Sarg et
TRE IFIRS, qomy @oa Ty @i =% afefiy 4fe zre «iita | fag
ST S IO TRE T & SR @] S5 (74 | SIS SHF
TR (@0 GFT RO (751 92T I GO 1o T 1 (T AT | o150 S
ST GRS AT Sfe i efstae 2 1, afte (Gre ojrod 3l SoggeI
ST ZE GBI (FICE T2 AfSHATH 7ol ST hie SA9eTe AT
ARG ST SSH=el X |

9.28 (a) WW=4écmz4.2cm

(&< 78l 7Ag = 5 cm
(b) T F s {9 = 25/(25/6)] = 61
W s {989 = (25/5) = 5

1 1 1
9.29 (a) —to-=—

v 9 10 537
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9.30

9.31

9.32

538

WQﬁQ, v=-90cm,
fRE=a o9 = 90/9 = 10.
SPMRTER AT I9(F0EF (F@Fe 10x10 x 1 mm? = 100mm? = 1 cm?
(b) fREq =Tl = 25/9 = 2.8
(c) M, I SATAFT TFT @ a1 G0 2ffsfrga [ @32 @Il 7
(w123t R =wsre) ufo s Jew | (Fifas [Rada 201 397 @1l s (A
AfSRITE (FIfes SpIt== 77atie, @i 7 2ifefiy [afios =) wak s Rmpre
(25 cm) A TFF G SAFEE SIS | o, RIAETI TG TR | (v/w) |
@R R4S el 203 (25/ | ul) | 349 @fSRwl 7= & |v] = 25 cm-9
SRR 23 Y« I 767 T I 2L |
(a) WWW(ZScm)WWﬁZ@WW@l
u= —7.14 cm.
(b) Rfm=E = (25/ |u|) = 3.5.
(c) Rfa=sel =3.5
27, e e (79 @fSRE 25 cm-9 915w z3) R Mg 7w |

f@da = 6.25/1) =2.5

v=+2.5u
111
25u u 10

WQﬁQ,u=—60m

|v] = 15cm

P, AfSfRE(t Tl 71wt &7 (25 cm) 7 Grre s 919 27 g3z ~1Fei @

I |

(a) @I=fF, I 2fSRTaa 7 SiwR TG SFEH G 00! 27, 2feieag &
SR G (N SR 71 203 | R Fafeifiesi sie s — afb 2ol
YL 25 cm-GF (BT FICZ AR AR 1 | G AR TGS SFos s 711
TR | 25 cm-& 1R IGH (BT S0 [FC6 A1 T CF T SNl 267 204 |
@ e (Ffeis a4 3% 27|

(b) =71, «fb 9= ST T, IR (G Tesim et #1031 Bt (e Srar=i Fgh!
23 | Tft 2fsf oI 7ea ifde 7 2o’ 910 T3 | (T3 © (FIXTE 1 (AT
g1 I ST AL e e €% @ 2T Il (5102 Bewfer (oplel F1ariel 701
Eil))

(c) AT, I Al T FU TP MDA (5191 Cofa Tt 72 717 | oqgelef faw
ZCeT, W ¥ PP T 21 AL, FAToARe @R CANTITsiae Ttz adbeid
sAfReIfre 27| O MR 9 3 A Srelfis [Kada wwel T Auwe e @™
A 7 | 3o TN (@751 A AN R QG ool @2 A 10 9ol
T G IR R e T |

(d) 3 £, Foes 27 O@ SfSrtad @ [ (25/1) + 1] ( f, Gifws) 3
Vo 1

lug | (ug |/£5)

AT | S, SfeTmR R — | RRICRRE I



9.33

9.34

9.35

9.36

ICERE

| g, |+ S, ST T AT 20 | STl T 4 IR TG (R T IS
TSR, | ug, | 9, CRIT5! T & |

(e) WSt 2ifde Sfearma et wift 7o (eyering) A0 | TG (AF N9TS
T A e [Il Ao 2 S IR (ood ey AR | Srows aft 2t
(PRI STy ST (BT ST ST | I ST Sl (B1IS SIS tIead 39
T AR, ST TS A ST #1193 S GRoCwae g #iita | 7
S SR GICE GG A G2 SR GITE ORI S S
FETR PG ICG! A A1 2 O S o15 2l 2oy % Af9]Cetl Ssiws
BT PRI | FreiRFe SfSeTF 4R SfSTEIER AL ST I
2 SRR S B | MBCHCRIC W2 T "B (T 20 (B @R
SRSTHCE S (S G T LTS Z O AT g o7 T Srafeffsfe
2T |

4T Ale, NECHCHATD Mo g 2wz e aAfefiF 25 cm 70 | Sfettaa

@I fRada

= §+1=6
5

wfearwe Rda

1 1 1

5u, u, 1.25

TOR, T HIES u,=-1.5cm; vy="75cm. |u |= (25/6) cm = 4.17 cm |
TG 32 SSAER NS L 200 TR (7.5 + 4.17) em = 11.67 cm|
Fifere Rga 2Nex7 ey IGCE SfweT (F 1.5 cm T 14T T |

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

(b) m= f0[1+fo} _ 336
ARPS

(@) fo+J.=145cm
(b) TheAT @R TeoAF @i = (100/3000) = (1/30) rad.

SfeeT 775 AfORiTea ARl Teom (el
- h_ R
fo 140

VioT wotel S #if%, h = 4.7 cm.
() wifetatas Rada () = 61 poie 2AfsRrea Twe! (I9) = 28 em |
J2ER WA (STR0eT) AR TS AR, FFeres woftl (Tee) -7 T S, 07 1S (|
ST YRCY SRS TG (ACE SIS T@AIe A9z J2€d 75l (AF 110 mm 70
FRITS T | FUed w9 (Fq P I8 79 = (110 -20) =90 mm | FTeq
WA RIS 0T 70 mim | %ol 3 9217 6 SIS 9172, Fwed wefdl (40F 315mm
wa0y Afefy % 2 |
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9.37

9.38

LRI

10.1

10.2

10.3

10.4

10.5
10.6
10.7
10.8
10.9
10.10

10.11

10.12

Af oot afepe wATeR SIS (i faojel @Icet RTsfsre 27|
S[ed, d/1.5 = tan 7° |94, d = 18.4 cm.
n=133

10

(a) ofSTlers owE : (Taeitnd), Fies, gfs Sieifew Se o) |
A =589nm, v=>5.09 x 10" Hz, c=3.00 x 10* ms™

(b) oo T (F=wiies SIwIfo® FATER H)
v="5.09 x 10"*Hz
v=(c/n) =2.26 x 10°ms™, 1= (v/v) = 444 nm
(a) cotarT
(b) AT
(c) ITTee (@35 JZL (ANFCHR TSI G2 G T ST 2N 7T0e) |

(a) 2.0 x 10°ms™’

(b) M| 2SI @3 @I I INGTT SN GRS TSR T e 07 |
(T I A Sqeltnd Al ST I Trare AFE =, O SR ave
ARSI Zew I 403 (3 1) St &ife @, @i Fiop e et I
TR o) 3 wfes Rpre g edie n, > | [OAR A QTR 311 SARTR
T @9 Tl &l 7eim =3

1.2x10 2x0.28x10

A= m = 600 nm
4x1.4

K/4

(a) 1.17 mm (b) 1.56 mm

0.15°

tan™(1.5) ~ 56.3°
5000 A, 6 x 10'*Hz; 45°
40m

X - 2= 2) el I
C

_Cpho o, _ 8x10°x15 5 1
widfe, v = X(x -A) = 6563 =6.86 x 10°ms
AforRICe el fora, ST S (AT TS N SN AT SN TR MR
e Ster SIfeeaela G S T61 SIed F6 | T (@00 Sifwery Sofigs

RIS ACE EEICRICE ISP MIESICSRICICRIN

o : v _sini
csini=vsinr W€, —=—
c sinr

G FEARFED AT FATA (v < ¢)-4F [oARS | SN wenlfoald A
AR ATl Aerlfonief |

=n ARgn>1,v >c



10.13

10.14

10.15

10.16
10.17

10.18

ICERE

VT oo R T & SN T T (T G0 79 11 TG AR0E | @ 261 I (AT
5o colrei oae! i 9F(6 FTree (= [ (R 3T ol i SRR | A7 IS
woATeR BoifRIfSTe Y3k SPARRISTS ¢ 3T #iTa 132 SSNRT G TR e
7 | g Aoz T e 2ol safvers 1ft gesis! 211t | 5ie soifiifes at
A8, wofel (AT A oTfoTe SHOINTLT (T (3T 2AfSRT) 12w, wofd (A0 I 7H0qT
S = |

(a) [ ST SR GfS @f A 437 1 olferpres 7t Raw At S=y (@- e
T (AT 997 | G2 SRS A9 Weo! {77 @3 @, @b Teo1 @R A
TEIFIT N 1S BA ST I 71| @3 T NZToIR [T
IICoAFFORITE (special theory of relativity) @& (e Fosiw |

(b)  CRRITN ST AT gfow frsatieret :

() Ceow ogien Tor New S0 a1l (R it @RCR 7l e s gfe
fdifae 237 | Gft Seiey w3 @ e, Teree TeNE (A T |

(il) SIRCNGFE NGER (Fa SACHR H2aifex Sierda Tog sa s 1|

(iti) TROTE ATATE BT Mfex Tox foSa w7 1 g MOTR ACATH
AL oifoq T faoa T |

(iv) SAHTICH Gofg NS T |

(v) SARED Go TS 0 1 | (A TH AR M= (F0d, =i
e Tioa @R ICHGE Afb T SRR SRAR ATISH (532 1)

*Rreqenl RAWITER Se) IS0 MLTIF TS | WS (1) @R (i) 7R 2R Tt @ag

AL TR G2 AR 9ifS T 303, aFfereeita it v 77, @R

TR FANCATH A7 aifs qft sAfffers for | seea (i) @3k (ii)-97 cwea

I TR I 2 Z( A S SN FHCS AR A |5 ST SRS S0

Tl (i) =R (i) ST IDOITE 2§20 T A ! | QLT (NG G =R AN

ST SRS 9IS Ao S AT =R (1) € (i) -7 T AR T G G2

TR | (I M A RS (G SRR *RreAenF RSIaa wcoig | ARk

VB! G2 FF3 1R 3 SR Sl 0w AN (@, (1) 932 (i) @2 906! sAfRPRsre vz

ST 74 A |
3.4x 10 *m.

(a) SR ~ A/d G2 T~F SR AT S ST ZI7 AT | 2T B9t it oifeT |

(b) faraifew » iz o6 A 2ie 2Afeft @eifRma Swss el g fFafge
B

(c) ST AT 2T (AT T#AE© Tl FoTeFeIA AFOBE A 2 R
TG G CegE] SN [ 7 6 |

(d) 30 A forea Al 92 (@I I S 7S <61 Al F1F (T &y fzafoa
S SAGTATHR NPT 20O 20 | T 1! 1 2w Sl Sl e et
Y 0T T, T (P SNCHAIF SAIS G0 | GUFCG SNBPT FEP WO F0N
2T | ST SIS A 5 x 107 m | @ 1 kHz F=HIT& oo
SHHTTG AR 0.3m | SO *Frod%| T HIFAT T [ 2113, 6% =it
o AT |

(e) @I LS fAET FCH (d)-9 &N IR TIF | ANl SATCAPIT TS 750
forws RO SIS ST St (50 S 03! |

12.5 cm.
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10.19 0.2 nm.
10.20 (a) SUICHAR 7Rl TP 9jfEe Ao @) R a 2fswfere e (7de)-«a3

10.21

RIS

11.
11.
11.

11.

11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.

11.

11.
11.
11.

11.

B W

OB A |

(b) Soifiota T, SRS 2FHiT (SR ) FAFACE (A AT STl
FENAM y, G3R y, S FAFHCR G5 TN 2, OIRCeT y, 93K y,~ 99 (AP
IIT (linear combination )8 {2 FRNFACT ANLIT AR FCF | T4 [HT
F2ANC (THIZFITY, T ARCEDT LASER M1 95%) 3R SRS doajiet
gl o AfafRIfe TS Tt 27 93k 2 Raafl s eRa e 3 |

@b 9T @RIREE a’' =a/n QT n MIT Fuod @Ry [T 37| @
0=ni/a=2/a’ | dfel @ifRm 0 ST 2= ARCEDT S (29 I | SR,
ARG CFCAS SN AT %[+ 27 |

11

(a) 7.24 x 10"®Hz (b) 0.041 nm

(a) 0.34eV =0.54 x 107*°J (b) 0.34V (c) 344 km/s

1.5eV =2.4 x 10'°J

(a) 3.14 x 10'°J, 1.05 x 10%"kg m/s (b) 3 x 10'° oA /s

(c) 0.63m/s

4 x 10*' &5 /m?s

6.59 x 10**Js

() 3.38x 10°J=2.11eV (b) 3.0 x 10%° io1/s

2.0V

LI v< v,

4.73 x 10" Hz

2.16 eV = 3.46 x 107"°J

(@) 4.04x10*kgm s (b) 0.164nm

(@) 5.92 x 10**kg m s’ (b) .50 x 10°m s7! () 0.112nm

(a) 6.95 x 102°J = 4.34 peV (b) 3.78 x 102 J = 0.236neV

(a) 1.7 x 10%*m (b) 1.1 x 10**m () 3.0 x 10**m

(a) 6.63 x 10%°kg m/s (TSEI &) (b) 1.24keV (c) 1.51eV

(a) 6.686 x 102'J = 4.174 x 102eV (b) 0.145nm

A=h/p=h/(hv/c)=c/v

0.028 nm

(@) eV=(mv?/2) a@asE s, v=[(2eV/m)]“?; v=1.33x 107m s

(b) SIEI OS2 CE V = 107 VIP 911 v = 1.88 x 10° ms™ |™Fw08 «fb e,
QARG @I [ Fe2 SR G (¢ = 3 x 108ms™) (5T @ GfoTe 5e10 7Ata
| AFOATH, AT (m vWZ)W@WWWﬁ@ (v/0) << 1-99
e (A4 | W FROTS T (v/¢) 1 9T 09T (I 371 1 ST ), O St
ICARFTSIANE AT (G G07 AT @t e s@sjren arey:
ICoARFRIT ©a39 (Relativistic momentum) p = m v

@5 E=mec?



11.21

11.22

11.23
11.24
11.25

11.26

11.27

11.28

¥ K=mc?- m,c?,

02\ V2
@A SNCATFRIT ©F (relativistic mass) m=m, (1 - —QJ

c

m, 75 3919 PRI o (rest mass) | ﬂ?ﬂmﬁgm (T (@ A

E=(p*’c®+m.ch"?

T FE WA, ACAFFFORIE &tisl (%@ (relativisitc domain) 49 v/c,

1-GNgel, KO > m c? (FReea=ife) | 2remgiae o ea =i &1 0.51

MeV | [89d 10MeV e, SERGeaa P2 O *(fF Sesil sieas @ gemwr s

STHATRRS] @AM 2T I 2112, v (10 MeV Afe=ife &) = 0.999¢ |

(a) 22.7cm

(b) M| g TATT 17 1 ZCECR, 20MeV SRS IG5 Feoifwdw gfors
SR | 97 0o SRICARFIR 9@ R = (m,v/ e B) ATRST =17 | TR 57a
2o

R =p/eB=mv/eB or R = mov/(eBxll v2/c2)

SR S e V = (m1?/2) @R R = (mv/e B) T (ACF SE! AR (e/m) =

(2V/R? B ?); awe OL5[(eN 929 I 28 (e/m) = 1.73 x 10" C kg ' |

(a) 27.6 keV (b) 30 KV-93 FCH

2= (he/E)RTFACH E =5.1 x 1.602 x 107°J IBFMTARZ 1=2.43 x 10"°m|

(a) 2=500mTEAE = (hc/ A) = 3.98 x 107%2J 27 &f® G0 ey (o
FATARN = 104Js1/3.98 x 1028J ~ 3 x 10*'s™*
Rl (i @, RS @ibee =i orore Fw @3z [k afeez 2fs eraes
R7fe1 4 (G 2o 27 | o9, [ #E (@RI (Fi5)-97 SIfeg
TN FACH G G0 (O A0S (N6 *eC feraibasy qcet 4o feieet 7S
o wolely 27 |

(b) v= 6x 10"Hz- GG E ~ 4 x 107'°J | T AT 0! FES @Fiow
FIH = 10°Wm2/4x10"°J = 2.5 x 108 m?>s™
A PIRCS SIRRCH ATTHBN LT A4 = 2.5 x 10° x 0.4 x 10™*s™!
=10"s™ |3fre GZFRYID T[T (a) (0 (LN IR TS| J2& 7T TF€ 7JLFSIT
BT SN (512l AR S Al 919l S #I05F 0B 001 77 |

¢po=hv-eV,=6.7x10"9J=4.2 eV; v, = %0 =1.0 x 10" Hz; A = 6328A

GBI v = 4.7 x 10" Hz < v,-97 970%] Herifos)e @Pa MR 2e) 198 SHtaa
@I, SR (@ OITS @Il Sl (7 =1 |

TS TR (R e V, = hv— ¢, IIRT 7| 22 T (AT A 92 (A0 A1,
¢, = 1.40€V | G2 W7 IR I @SR SR &) Sl %48 V, = 1.50V |

V, 99 v 1D S1&se 597 | (1R 0as WS (h/ e) 938 @b V-3 v, (9 (=% A |
2N BTG 7 2R G5 AT SRPS A v-SFCS v, = 5.0 x 10 Hz Gl
A1) R (= 0 | 213 R @I v < v, GTRIC (T SITIe-ofe fag
el B Al 93RO Sy I W G (Sl (W3S et aned 73 1|
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11.29

11.30

11.31

11.32

11.33

@IS ZE 4.15x 105 Vs, e= 1.6 x 107'° C IJRRT I+ h = 6.64 x
1034 J s (h-99 29 M h= 6.626 x 103 J s), ¢, = hv,=2.11V|

Tl AR (F, &AMG AATSS IR TN v, v, (Na) 9K v, (K)-99 (6T 24 | 5%
v, (Mo) @=% v, (Ni)-4< (5T (RITB! | STO&, Mo R Ni (AT SIITaTIE ©fe g
G0 11 | AW (T RIS SiEmee s Sl 231, O [ 2en g #Ar, 7og
Mo &% Ni-4% (F(9 G (T AT #TE A1 | A6 Na @3 K (AT (ol e
SIGRAJNZ LR A SN #{fes 21t I {1t |

AfS AT G AN ZETRG Fo IR | FILFA AT (FG ~10-2°m?
. 5x2x10™* m*
15T BT R TR = ><1(;i2—0m2111= 1017

oo ST FMS! = 10°Wm2 x 2 x 104m?2 =2 x 10°W

SAGIHTE, S90S ST Fo] 761 3(Re 2! FRbRESItd AN <iifTe
2T | 49 T AfS GRS 2ifS 3G At (ifFe =i

=2x 10°/10'7 =2 x 1026W

T OGN Sely AT T 7T

=2x 1.6 x 101%J/2 x 102°W = 1.6 x 10”s

M AR 0.5 =T |

OIeHfY ; ATHITATOIA ST Wi fzoe 5 Sleawfameig (~109s) ¢l T |
ST SRIaAD (HT SoF AIFER FARFER 0! Ferlferld 727 | @ioa e,
ToAfToTeR 2ETRGaCE A =i R ibeareita ST =ifiee wtol Fca (a1 139, #if
o (RIS S (@0 ST 43R FEE =T 7 906 1 | 45 (Fiow 4o
TG AR SICHOPSIR (<NfEe 27 1 (e Z |

A=1 A-99 CFA IR AI[E = 150V | (@FHEa *IfE = 12.4keV | 04, 453
CHATACH T, 1D BEERGLAT (BT 10 (BT =i Sieiss (@ |

@ 2="-_ N . opkara@nieEe M- I Aol AT -9

p 2 mK
AR (1/ ) | 999, (m_/m) = 1838.6 1 150 eV (e oy (STgoiieialt
11.31-97 5T FTBGTE Sqeitne = (1/1838.6 ) x 10°m = 2.33x10-

121 S AN L G2 TR BT 2 *re9)el @ 1912, 150eV ===
fT8Gw aR9Pz SRS AP &) SO 7 |

(b) A=(h/3 mk T) TIRFICI SN 218 L= 1.45 x 100 m A 46 (AR
BRI IT I NG | 5508 (a) G3% (b) (AT AE | SNATE o=
) OI9AR CG T | e, SASH AR A2 AR A ST o/
G I a9t Ted thermalised) FCS T(A |

A=5.5x%x 10"2m

\ (ZT7 ST = 5.9 x 107m

0N ! (RP) ST MBI | Sredd G 210G NRITHITHT RP,

G5 SR ABCHITHCR AT 10 9ol | 30 Siey (Sifiifes) Ramajees s

G PEIETE T P01 RS T A |




11.34

11.35

11.36

11.37

RIIK

12.1

p = Mo BE8XI0Ts oo o kgm s
A 107®m
RIREREDIAIESERTRARID R
E? =c’p?>+mg ¢* =9 x (6.63)> x 102> + (0.511 x 1.6)*> x 10°
~ 9 x (6.63)% x 10722,
Sy 7t (=7 SxifE) Faiely ICeT eliey 41 AT I =0T E = 1.989 x 10710J =
1.24 BeV | 913, §3< (AT fW9f© TG0 *IfF S5 BeV-a7 0 A |

A h - 4x107°
S TR T ex10%

N3 mkT

T AL 1 = (V/N)/3 = (kT/p)'/?
T=300K ¥ p=1.01 x 10°PaT# r = 3.4 x 102 m; 9L r>> A.

ATl 11.35-47 S~ 7@ IR I 212 A = 6.2 x 10 m Al SABEREG

R (BT SIS AT |

(a) PRI (G (2B At TG ST T2 Al AN S AR A
T T AW (@, (S I SR BT STV FACO B O (12 IoTE LT
IS 27 | o N 71 AT @, aFfore Tfre Afde St sy e
AT ©IS SRS S, e~ AR 7T offeres |

(b) ©fFe ¥R GIFFCHET & IAFH e V = (1/2) mv2 A e E = m a &R
e B v =m v?/r, N 711 g6 (i @, TERGEed St e @3k m it
LTSI T T AT A Fg e/ mal Ao =1 17|

(c) AISBIC, S9N A SfeAIR (R TSR] T G G0 O 202
75 3 | 91T ST 0! AL GRS RIS A= BICo SN TAT
SIURITH (ATRICR TSI AT A |

(d) FITCHT 2 4193 A7z 2157 I B (AT TG (@ I A S
YA PoTos *If | 4P TN LRGN G2 B SR FC 1 | ©fl
Ol BT [R02H AT SRR 6 | FeTagol, 38 RFACR ooy [fen
W (AT [T T 2590 T @R =0T |

() Tt T *IfF (Fg ©A@ p 7)) #IF IF MG 475 AT 95
CFRIAN S RO 47 (e AT | TE, @A A (STe wlesgalef, @
BETRGCTR IGA SACHE v -G AT AR (@I (070 9L (72 | 958 I
Wi gf$ (phase speed) v (ST Sleadsl w7 | 952 gf% (group speed)

kg IR@RIF@ AAE, 1= 0.73 x 10°m.

v _dE _d(p')p .
i/ dp = dp[Zm]_m ST vleA

12

(a) 7T

(b) ST T ; AMIACHIG (0T

(c) FMIACPITES NCwaT

(d) TG ST ; AVITFITES S
(e) ToT T
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12.2

12.3
12.4
12.5
12.6
12.7

12.8
12.9
12.10
12.11

12.12

12.13

@3B ZIBTGITE 77 ST TR @6 (25 | 99 ©F 1.67 x 1027 kg, @I

AT o-FAF ©F 6.64 x 107 kg | el [wwfsre 3401 o (target) fNeiFam

(293 (BT SEFOT T H=94 TR -G T A e 1t | @b «5fo

FH3eT 3 5T (G IR AR St | STe3, UGG 0T I (I RTwsiel

TR |

820 nm.

5.6 x 10" Hz

13.6 eV; -27.2 eV

9.7 x 10°®m; 3.1 x 10'°Hz.

(@) 2.18 x 10°m/s; 1.09 x 10°m/s; 7.27 x 10°m/s

(b) 1.52 x 107'°s; 1.22 x 107"%s; 4.11 x 10™s.

2.12x10"m; 4.77 x 10°m

e @ 103 nm 99 122 nm; IANT @9 : 656 nm.

2.6 x 10™

(a) ARTANA |

(b) S|

(c) «fb @RI @, 24T G FACIL T [TFA T | I A5 ALACID AS A
o) (target) #1919 FRAP A (@RSANT I 2| T (@4-G77 ACE
Rl 3 AR |

(d) 2P TCGCE G ARECH [TFoAel 49 0 23 | Ao 91w RTwolel (@lel (@Fetig
33 fRCwolel (multiple scattering) @il 17T F1 T | ©IF L TS, 5
RTFIIE BT 1 T TR | AMRCHS TS, @RFelsl Rrwatel 906 @
RIS TCA 3R AT S BT 93 ROFATER 2oR9@s Soers 71
[ |

2
I ST 2/ FFATI TN 1, = %

| 27 SR 40 (72, S

e

T I (Gm,m,/r?) @I SR, O3 SN, (/4 1 &)-&F Gm,m, @l

o _(h/2n7
° " Gmm?

P
102 m | 21 3rs)ef fopef TRITS AIIF© SBIER (GTR S A0 |

aAferiifore Fare 2@ | Tidie [@IET AL FHFART IAE TR a =~1.2 x

ve me* { 1 _L} _ me*(2n-1)
4n)?’ei(h/2m)° | (n-1> n? (4n)?’es(h/2m)°n*(n -1

me

-9 &«j, v =
® 327 e2(h/27)°n®

h/2 2
n(h/2mn) GRR] = 4n£0[h£27r) 2|
me

FRTFNG v, = (v/2 1) | AETNCCE v =

n(h/2m) _ me*
2nmr? 3271',383(’1/27[

G (ATF AN, v, = e TR N v -G |



12.14

12.15

12.16

12.17

LRI

13.1
13.2
13.3
13.4

13.5

ICERE

(@) (e—] @2 7RG el 251 (e E | T T 2.82 x 107 *m — AR

4megmc’

AT SPGB (=T |

2
(b) M 93 G gl == T WAl | 99 WH 0.53 x 10°m —
me

AT SN S TR (75 FCA! (, MG Rzl (=0 S e A=
@, A(GS S AT Gy h-aF AfTICS 4 GR h/ 20 T2 541 B 1)

m?  Zze?
RIEI UG, mor = nh @R = 5 T (AT AR,
r 4meg,r
2 4me,h?
T= L2 - 2 r=——o—n®
2 8 meyr Ze'm

o=l [ e AT (R 2 STo RN (ITT] STl (2 | 2y st frififiea

W HACA (A SN A48 V= — (Ze? /4 ne,D) W QT AR V= 2T IR E =

T+V=-T

(a) @RITTSIR PRI *FBAE S 407 *eF awe W E = — 3.4eV| E =
~ T IR I, 98 W LG M€ 203 + 3.4€V |

(b) V=- 2T, IR I #1i, Ferrge PfeE = - 6.8 eV

(c) M FRFHRET *FTTAE SR 3= F1 &, O3 Ao el ~féa &=
TG + 3.4eV 1 o7 =7 vata o fasa s 1 | 7f Frifesifes
(b fom (73 b3 11 & O 98 WIH R @ (G *Ifeq ~ff<éa =3 |

2R ofeq el AT FI0F ST h-9F Temi TAfsHE 00! | SrzeFg,

AT FHATY 97 (F0F SA@A 10°h-97 I IR0 | @ @R Fipil

PG, n-GF W Y9 08! 2T (107°-GF F) | n-aF G5 2R WS &, @

ACGTER #F2[ (PRGBS TR T ¢ @R (FfAT SAR0R 21 A

JFACHCG #E G (FF ST Qo G002 FW (T AT (wiozs

0 4T (NS AT |

AR NG I@TENTE M, -7 SRS m, | LTS | S| o7 T, Sy

AT PRT A/, 17 o« (1/m) GRE o m |

Bodd,
_r,m, _053x10"° 13
= m, = 270 =2.56 x 100°m
E.,m
E= K —-_(13.6 x 207) eV = - 2.8 keV
me
13
(@ 6.941u (b) 19.9%, 80.1%
20.18u
104.7 MeV

8.79 MeV, 7.84 MeV
1.584 x 10*®MeV 9194t 2.535x10'2J
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13.6

13.7

13.8
13.9
13.10
13.11
13.12

13.13

13.14

13.15

13.16
13.17

13.18

i) 2°Ra — *2Rn+jHe  ii) %?Pu —» 25U+ ;He
iii) P —»%S+e +v iv) %0B -2 )Po+e +V
v) BC > 'IB+et+v vi) 97 Tc — % Mo+e*+v
vii) 20 Xe+e' — 201 +v

(a) 5 T =g (b) 6.65 T =T

4224 =24

7.126 x10°%g

7.877 x10'° Bq ©i¥4l 2.13 Ci

1.23
(@) @=4.93MeV, E, = 4.85MeV  (b) Q=6.41 MeV, E = 6.29MeV

dC—UB+et+v + Q
Q =[my ('C)-my (s'B)-m, ]

(R G A2 ST BTare el RECR | SHRISPTCRE & 73 | At Sl #Aisraiiefis
©F IR I, H C-4F CFCG SR 6m, @R ' B-GF CFCG 5m (J19 F0O A |
e,

0=[m(4C)-m(B)-2m, |* (7% A @, m -4 T fajel TRTR)

24e ©F 2 I A%, @ = 0.961 MeV |

Q=E+E+E,

e* @R v -7 IR SI9ie] (Daughter) (NSRRI St @ @i |12 aft sy

s{fiel %I 779 T (E, ~0) | 3% FefGeat v ifee sifoxife sidfam (sl =) =7,
|GG e I T2 I3 932 GfS AW A I Q| T FE® E, ~ Q) |

%Ne - 2Na+e +7V+Q ; Q=[mN(fSNe)—mN(?f’Na)—me]&, AT
13.13 SRR SCl, STl Tres ©x <= 9 REICR, AT 02T ©F 71 |
ARRT ST FRAFA AR, @ = | m (7 Ne) - m(FNa) | 17 1, m, & am

e TR | 2n6 ©F JIT I A2, @ = 4.37 MeV | 13.13 SEAER JCS,
BERGR I fefE (max E) = Q = 4.37 MeV |

() Q =-4.03MeV; O

(i) Q = 4.62 MeV; SI#ITI5

Q = m(5Fe)-2m (75 Al)= 26.90 MeV; 7&< 71|
4.536 x 10**MeV

6x10% x200x1.6x107"° |
Jg

4o o 2By (AT T A = 235

5 TRCE 80% AN JR® 20y -a7 #Afwlel



13.19
13.20
13.22

13.23

13.24

13.25
13.26

13.27

13.28

13.29

16
- 5x0.8%x3.154x10 X235g =1544kg
1.2 x1.6x10"%

28 -« ARES 7 = 3088 kg |

AT 4.9 x 10* I=7|
360 KeV

R ERELRISH I RASRIE R K
AX 54 Y+et +v, +Q, (GG o)

e + 54X 54 Y+v, +Q, EETehd i)

9, =[my(2X)-my (5,Y)-m, ]
=[my (3X)-2Zm, -m(3,Y)-(Z-1)m, -m, ¢’
=[m(3X)-m(4.,Y)-2m,]c’

Q, =[my(X)+m, -my(3.Y)]e  =[m(3X)-m(3,Y)]¢"

wdfie, 9, >0 @R A, Q, > 0,7FF Q, > 0 TFTFSIE @R @ Q, > 0192
ST 93 FEAITE A |

25Mg : 9.3%, 2SMg:11.7%
(I G ST 4 X -ag FI8E 52l (%
S, = [mN (A3 X)+m, - mN(‘QX):'c2
2Me O (ACF, S, (52Ca)=8.36MeV,S, (2] Al)=13.06MeV
209 d
¢ MevaeR g
Q =[m, (*3Ra)-my (*%Pb)—my, ('aC)lc”
— [m(*2Ra)- m(*2Pb)- m(**C)Ic® = 31.85MeV

1 He RemeR e, Q = [m(*2Ra)- m(*.2Rn)-m(:He)lc* = 5.98MeV
Q =[m(*3U)+m, —m(':3Ce)-m(JRu)lc* = 231.1 MeV
(@ Q=ImCEH)+m(3H)-m(3He)-m,Ic*=17.59 MeV

(b) FTRE et wifeas F19 & ATATE *If§ = 480.0keV
480.0 KeV = 7.68x107'*J = 3kT

7.68x107"

= 3%1.381x10% (@Y k= 1.381 x 102 JK )

= 1.85 x 107K (TG Si7isar)
K, (B)=0.284MeV, K, (B, ) =0.960 MeV

v(7,)=2.627x10*°Hz . v (7,)=0.995x10°°Hz , v (7;)=1.632x10*°Hz
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13.30 (a) o 30 @, [ SR, bR [H FSFm AIe 2@ @6 4 He MEHaM

13.31

RIS

14.

1

14.2
14.3
14.4
14.5
14.6
14.7
14.8
14.9

14.
14.

14.
14.

14.

14.
14.

14.
14.

10
11

12
13

15

16
17

18
19

51 T (T &S TS 26 MeV =i F Hafo 2x | 1kg LRGN FAET
fefe =if$ = 39 x10%° MeV |

(b) 1kg 25U Rered fsfo (g = 5.1x10*° MeV
1kg RBTGITE A fsfe =i, 1 kg TScafmm Keret fFefe =iz &
(G (8) 9l |

3.076 x 10*kg

14

(c)

(d)

(c)

(c)

(c)

(b), (o)

(c)

50 Hz 914 S0 &1, 100 Hz 7| S0 &) |
v, =0.01V; L;=10pA

Al (hv, E,~49 (507 I8 20O T ).

n_~ 4.95 x 102 n_=4.75 x 10° ; n-51%7 @& n_>>n_

oY e e N, - N, =n_-n, ; n.n = n?

1
G2 FFROCE] AN B #AfE, n, = 5[(ND —NA)+J(ND -N +4n?}

4T 1 x 10°
(a) 0.0629 A, (b) 2.97 A, (c) 0.336 Q
(d) TeF (SICHreR & grR@l I, I,-a 2 A 203 A Refdre IRt s
ST @Y 2 P |
NOT ; A Y
0 1
1 0
(a) AND (b) OR
OR (55
(a) NOT, (b) AND
2V

LI 15

15.

1

(b) 10 kHz Rf$Re 208 ARE@ 7 (WTHITFF), 1GHz @3 1000GHZ (SH
A A |



15.2
15.3

15.4

15.6

15.7

15.8

(d) 15.2 AR @t

(c) Wi *imifs MRbes T GIHCE @RI

22
AR (FEIE A = 7w dy = —-x162x6.4x10° = 3258 km?.

A
=0.75=2n
H A

A, =0.75x12=9V.

RRY AM ST9IT (A, + A, sine, 1) cos o,t, AR 20 T &, A Rea 2@ M,
= A + A, U PToA RETRE M, = A_ - A, | O NGET o

A M -M, 8 _2

A, M +M, 12 3-

M, = 0 TE ™T9 m =1, M,-4F @-CHIC| N & |

sifaifow FeeTola & 41 A, =S ACFO R A, cos (o, + ) t 12T GO AT
TN A cos ot NG AR | FLB! AT el P A #A7E,
A A cos (o, + o) tcos ot

= %[cos(%aC + @, )t + cos @, t]

Tt @3 FCFOE G0 @-2117 617 (low-pass filter)-93 w4 e AN 2T,

P AIAC Zz
ST SR I TS TN AGEAR KT — = €OS @)t -(F (7T F0S o Al |
(a)
-3 1 1 1 1 1 1 1
0O 02 04 06 08 1 12 14 16 1.8 2
(b) u=0.5
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Absorption spectra
AC current
AC Generator
AC voltage
applied to a capacitor
applied to a resistor
applied to an inductor
applied to a series LCR circuit
Accelerators in India
Accommodation of eye
Activity of radioactive substances
Additivity of charges
Alpha decay
Alpha particle scattering
Ammeter
Ampere
Amperes circuital law
Amplification
Amplitude modulation
Analog signal
AND gate
Andre, Ampere
Angle
of deviation
of incidence
of reflection
of refraction
Angular magnification
Apparent depth
Area element vector
Astigmatism
Atomic
mass unit
number
spectra
Attenuation
Aurora Borealis
Band gap
Bandwidth of signal

421
233
224
233
241
234
237

142
336

449
415
165
155
147
517
524
501
503
148

330
355
357
355
341
318

337

439

420
516
139
471
517

Bandwidth of transmission medium

Bar magnet

as solenoid
Barrier potential
Base
Becquerel
Beta decay
Binding energy per nucleon
Biot-Savart law
Bohr magneton
Bohr radius
Bohr’s model of atom
Bohr’s postulates
Brewster’s angle
Brewster’s law
C.A. Volta
Capacitance
Capacitive reactance
Capacitive circuit
Capacitor

parallel plate

in parallel

in series
Cartesian sign convention
Cassegrain telescope
Cells

in parallel

in series
Chain reaction
Channel
Charging by induction
Charles August de Coulomb
Chromatic aberration
Ciliary muscles
Coercivity
Coherent source
Collector
Colour code of resistors
Combination of lenses

518
174
176
479
491

450

143
163
425
422
424
380
381

73
241
252

74

79

78
311
342
110
114
113
453
515

11
333
336
195

491
103
328



Combination of resistors
series
parallel
Composition of nucleus
Concave mirror
Conduction band
Conductivity
Conductors
Conservation of charge
Conservative force
Continuous charge distribution
Control rods
Convex mirror
Coulomb
Coulomb’s law
Critical angle
Curie temperature
Curie
Current
amplification factor
density
loop as a magnetic dipole
sensitivity of galvanometer
Cut-off voltage/Stopping potential
Cyclotron
frequency
Davisson & Germer Experiment
de Broglie
relation
wavelength
explanation
Decay constant

Detection of amplitude modulated wave

Diamagnetism
Dielectrics
Dielectric
constant
strength
Diffraction
single slit
Digital
electronics
signal
Dioptre
Dipole
moment
moment vector
in uniform electric field
physical significance
Dispersion by a prism
Displacement current
Doppler effect
Drift velocity
Earth’s magnetism
Earthing

107
108
438
312
469
97, 468

51
32
454
312
11
10
320
194

495

97
160
165
391
140
141
403

398
398
430

526
192
71

76
74
367
368

501
502
328

31
29
332
270
358
98
185

Index

Eddy currents
Einstein’s photoelectric equation
Electric

charge

current

dipole

displacement

field

field, physical significance

field due to a system of charges

field lines

flux

susceptibility
Electrical energy
Electromagnetic

waves, sources

waves, nature

damping

spectrum
Electron emission
Electrostatic

analog

potential

shielding
Electrostatics

of conductors
Electromotive force (emf)
Emission spectra
Emitter
Energy

bands

generation in stars

levels

stored in a capacitor
Equipotential surfaces
Excited state
Experiments of Faraday & Henry
Extrinsic semiconductor
Eye
Farad
Faraday’s law of Induction
Fast breeder reactor
Ferromagnetism
Field

due to infinite plane sheet

due to uniformly charged thin spherical

shell
Field emission
Flux leakage
Focal length
Force between two parallel currents
Forward bias
Franck-Hertz experiment

218
394

93
27
77
18
20
19

25
72
105

274
275
218
280
387

180

67
110
421
491

469
455
427

427
205
474
336

74
207
453
193

39
388
261
311
154
479
428
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Fringe width
Full-wave rectifier
G.S. Ohm
Gamma
rays
decay
Gauss’s law
its applications
in magnetism
Gaussian surface
Geographic meridian
Gold leaf electroscope
Ground
state
wave
H.A. Lorentz
Half life
Half-wave rectifier
Hallwachs’ and Lenard’s observations
Henry
Hertz Experiment
Holes
Horizontal component of earth’s
magnetic field
Huygen’s Principle
Hypermetropia
Impact parameter
Impedence diagram
Inductance
mutual
self
Induction
of charge
Inductive
circuit
reactance
Input resistance of a transistor
Insulators
Integrated circuits (IC)
Interference
constructive
destructive
fringes
Internal resistance
Intrinsic semiconductor
Ionisation energy
Iris
Isobars
Isotones
Isotopes
J.C. Maxwell
Junction transistor
K.F. Gauss
Kirchhoff's rules

556

364
483
95

283
451

37
181
35
186

427
519
134

483
388
220
274
472

187
353
337
418
246
219
220
222

252
238
494

505

361
361
363
110
472
427
336
441
441
439
270
490
182
115

Lateral shift
Law
of radioactive decay
of reflection
of refraction
LC oscillations
Least distance of distinct vision
Lenz’s law
Lens maker’s formula
Light emitting diode
Limitations of Ohm’s law
Linear
charge density
magnification/Magnifying power
Logic gates
Lorentz force
Magnetic
declination
dipole

dipole moment of a revolving electron

field
field lines

317

447
357
356
255
336
210
326
488
101

32
339
502
134

186
177
162
132
175

field on the axis of a circular current loop 145

flux

force on a current carrying conductor

force
hysteresis
inclination
intensity
meridian
moment of a current loop
moment
permeability
potential energy
susceptibility
torque
Magnetisation
Majority carriers
Mass
defect
number
energy relation
Maxwell’s equations
Mean life
Meter bridge
Michael Faraday
Microscope
compound
Microwaves
Minority carriers
Mirage
Mirror equation
Mobility
Moderator

182, 206

135
133
195
187
190
186
158
178
190
178
190
178
189
476

443
440
442
273
448
120
208
339
340
281
476
321
314
100
454



Modulation
index
Motion in a magnetic field
Motional emf
Moving coil galvanometer
Multiplication factor (fission)
Myopia
NAND gate
Near point
Neutrons
Noise
Non-polar molecules
NOR gate
North pole
NOT gate
n-p-n transistor
n-type semi conductor
Nuclear
binding energy
density
energy
fission
force
fusion
holocaust
reactor
size
winter
Numerical aperture
Ohm
Ohm’s law
Optical fibres
OR gate
Orbital magnetic moment
Output resistance of a transistor
Paramagnetism
Permanent magnets
Permeability of free space
Permittivity
of free space
of medium
Phasors
diagram
Photodiode
Photoelectric effect
Photocell
Photoelectric emission
Photoelectrons
Photon
Pith ball
Plane polarised wave
p-n Junction
p-n-p transistor
Point charge
Polar molecules

517,522
525
137
212
163
454
336
504
336
440
516

72
505
174
502
491
475

442
442
451
452
445
455
457
452
441
457
375

95

95
321
502
163
495
192
195
143

11,76
76
237
237
487
388
399
388
389
395

377
478
491
10
72

Index
Polarisation 71,376
by reflection 380
by scattering 379
Polarity of charge 2
Polaroid 378
Potential 53
due to an electric dipole 55
due to a point charge 54
due to a system of charges 57
energy difference 53
energy for a system of charges 61
energy of a dipole 66
energy of a single charge 64
energy of a system of two charges 65
energy 52
Potentiometer 122
Power (electrical) 106
factor 252
in ac circuit 252
of lens 327
Pressurised heavy water reactors 453
Primary coil
Principal focus 311
Principle of superposition 15
Principle quantum number 425
Production of amplitude modulated wave 525
Properties of electric charge 8
p-type semi conductor 476
Q factor/quality factor 250
Quanta of energy 393
Quantisation of charge 8
Radio waves 281
Radioactivity 446
Rainbow 333
Ray optics, validity of 375
Rayleigh scattering 335
Rectifier 483
Red shift 358
Reflection of light 310
Refraction 318
of a plane wave 355
Refractive index 317, 356
Relation between field and potential 61
Relaxation time 98
Rententivity 195
Repeater 517
Resistance 95
Resistivity 96, 468
of some materials 102
Resolving power 373
of eye 374
Resonance 248
Sharpness 249
Resonant frequency 248
Reverse bias 480
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Right hand rule
Root mean square (rms) or effective
current
voltage
Roget’s spiral
Rutherford’s model of atom
Saturation current
Scattering of light
Secondary wavelet
Semiconductors
diode
elemental
compound
Shunt resistance
Signal
Sky wave
Snell’s law
Solar cell
Solenoid
South pole
Space wave
Spectral series
Brackett
Fund
Lyman
Paschen
Spectrum of light
Spherical mirror
Spin magnetic moment
Surface charge density
Telescope
Temperature dependence of
resistivity
Tesla
Thermionic emission
Thermonuclear fusion
Thin lens formula
Threshold frequency

558

149

235
236
156
415
390
335
354
469
479

164

516

520

317, 356
489

151

174

521

421

422

422

422

422

332

310, 311
163

32

341

103
135
388
456
326
392

Tokamak
Toroid
Torque
on a current loop
on a dipole
Total internal reflection
Transducer
Transformer
Step-down
Step-up
Transistor
as a switch
as an amplifier
oscillator
common emitter configuration
Truth table
Uncertainty Principle
Unpolarised wave
Ultraviolet rays
Valence band
Van de Graaff Generator
Velocity selector
Visible rays
Voltage Regulator

Voltage sensitivity of a galvanometer

Voltmeter
Volume charge density
Wattless current
Wavefront

plane

spherical
Wheatstone bridge
Work function
Xrays
Young’s experiment
Zener

diode

breakdown

153
152

157

31
319
516
259
261
261

496
497
500
493
502
400
377
282
469

140
282
486
165
165

32
252
353
354
354
118
394
283
362

485
485
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