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T2 Iege | o Sl @ifes R A e #(1s-Soiwaet afbe
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aF% 6 siomfefawt (Thermodynamics)

1o

6.1 BRI G TrwA]

6.2 wvsifelmia SEb Ade gel
6.3 ©i99ST

6.4 TREE SEAIF

6.5 wHseRmia e ¢ Taeer el
6.6 TAEE AEG

6.7 wHAseRma 2w 3@

6.8 YT TATES ©l7 @ Wi AL
6.9 R T 7o

6.10 R Ul 7liaes

6.11 wssiofmia faor 79

6.12 @9 Zigw

6.13 A1 3w

6.14 AEKTET € TAGTOS ]

6.15 TIEIT ©isoie WHG (e ql (Swites A (5
6.16 | To#AT

6.17 SHRM ToAW

6.18 @G

6.19 AT B GaGiA R

6.20 G5 ¢ TP #ifE

6.21 «AG#E (oo apll

6.22 €5 ¢ wivisfefmea @8 g
6.23 TE-ow [Tl

6.24 A

6.25 Alifdifes Twiggd

6.26 =i




6.27 sififes amE Teq
6.28 T AZQM

6.1 &@®<9«l (Introduction) @

wiesfefm dyiwe wivmiss Tmise gaiies a fardrean oy wfeg wiswiee gsies
W@ et 9l 2| 2eEite Wi [ReieT W @2 i [esE digieg S e | 8
(orefemg ffen =14 «fba g5 A AFETeE 91 2 | OlrEiEw, Cirfe SeAmE T@i
(A7 *fg BT T4 1gra9 W {dfeqel, e Tz, aees e, aniiie [, Welgn fisal
oefe ERIER *feq Smaaw a1 g% 28 (7 39 TR G @S] AHEna Al Tl 27 |
qETeRiC (e AfEe =ifE W Sl oal 28, @3 W] Wehts e Al iR w
27, (oufel wivisfefamE +mitda Sreredy =ife Smmamiee REah FEeh @I A ARG
QI TG T | AT FESD (T ad o wisafefm afefe | wiwat @i @3 @ef
o il w94 | wisiefefmn @2 y@sifera i w4 27 q-asjfera eiel f Sl a9
| Iew e Wee! SiAefeRmE @efe e 2o «rr Tl i e @R
@2 @slferd AR (@ 7 PRITE (AR (oitg G1affer A8 amfde geam « saofas fWgeel
#3ifie TR | O3 T gl eim eesfelm us [em 2w afdsr s wim | AmMeda
TG TG AT FA(2S ATHGSF 7S (microscopic relation) (AT €2 Faoffera Ay (redl
wi7isifefmm s =7 7@ 711 7wida Z R 43l (macroscopic properties) W@g @3
A | T T #Aa1e Bee a2 #Afo4Aw@ion @ 71 A a5 25 wa Felferz
wisolfefawiz fefe | artg Ssimida A= &l Zonwa IR & e SEIReEa eies
27 1 | e G J@ofeiR Al 9 W | T PrIgsee Y9 Feawion &1 | @3 Werel
W@E qPEA T AqTed wiefsife i (classical thermodynamics) <&l &7 |




Tt (Objective) 2

% GFH0 2T WA G AEe—

B ToMeIT ©F ¢ OIS AR IO I (@RIT|

B TS F TET A FIwE Ie Th |

& HsifeRmig wiwg ¢ Twer gl |
& wiselfefamia a4 74|

& R ¢ qReH A

@ oivsielawia ey @ |

& Tl e e @3 e

@ AuiqeT 8 TAGET ATl |

& THOT Ol NG (FeT A (IS AN |
@ el TofeAm |

@ P T |

@ G55 € @3 (©re |

@ TE-Gw o |

6.2 Sielifelaw Fawv aidfi@E «@et : (Some Basic

Concepts in Thermodynamics) :

Siooifofw SIATR *{re SNl FEEL Ao [ag T 9 Alibe =@t
(i) S5 8 ©F (Thermodynamic system) :—

JAIE (T T A (P! GHad Sifozighe QD e & g3l a1 g 7j4Feld
e sare = | (ol wwsfelmE @i smida We st a1 e @ 2w W < o
I WS SIgel W Sl AR 1% 27 Al AR O seeiE [Rianal a9 2@ | @R
% S 7917 ©F @l *Y ©F I W @ SKHGT W IPRAE ST A0S
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93 afb fog 7o AT @ aom a0 | WS Soe (Il 9IS «@F oo, bi7l, el 2wl
AT ! Taca qefert a1 A1 | Gojfei2 Ze ANfEr ol 2! g | [T st W g
(R0 IT B BT RO T 1 B b e o VA s [ 3 o O O S (e
e @ oyt € Qg s iegen, Ao a1 e, e fd, a5 2on Aot fUT @F
G ©F | (I TF FOTG A IPTTE 209 AT G0 (@S9 (phase) Il [fen @Frea ABe
O AT | (G FET ST %9 [en O A (e, G J90d W 1ib (e T, q9,
g F190F TaE 1Y T 30 (e |

(ii) 2f## (surroundings) : (P OFF WHB T & OrFT A @ T AL (A
7 G q| OIE Feie F0 AT O o 28 AR |

(i) st (boundry) : ©F € RS @ w5 @ 794F 41 T ©E J 3 | Al [
GRS 209 7AE | (@, ©%tew (diathermanous) 3, Il q] @17 SCeW (athermanous)
T, T |

(iv) BwZfe® (hydrostatic) ©8 : W% ©a IT @1 07 #KAE Toa 7l Trizfed 519
AT T R T ©AT PO 2O, BUe Il §HFY ACE, TWFAT A Zohfw Trorw
a4 I (T OFP TYZMOT ©F <T@ W | G IS ©F 8 e |

(v) fafem (isolated) ©F : IW i (@I= ©F o 7 AT T ARFAET Aol @ #ifF
3l e ST TS ANG O @ 4Ard OIS ey ©F el 2h |

(vi) I Al (A (open) ©F : (A ©F I ARG Al #f@ @ AL SmHT FA00
AT O (R OFE @ I (A7 ©F I 27|

(vii) T (closed) ©F : (I« ©F IW ©F ARIAT ot wife STmweme S90S AT ﬁﬁ
AN VIR TS ALK, OF ¥ ©F e o7 |

6.3 S99 A (Thermodynamic Equilibrium) :

qif#@ G (mechanical equilibrium) : ¥4 IF (@A I A O ARATG T4
(Il a6 ol a0z | O wEe Afeieela Teay Aninda (@I S BeTbe 200 #AfE | (oNte
Ed fafen I e AT OIqe) ARE OLE GF0 W (AE TR T AT S
T 5ebe Face A | «re woEd Wiie ©9 a1 e, b Tt ww Ra deE W)
@ G0 E G T4 G2 ARTTen W9 @ 9| v orgd Al AR S al
©Ed ffen e Wy (@ oo 39 O [0 FEE 91 O3 Ok 94 ©F € SAfHma
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9 wiEd fafen ST W (@I S 99 S8 @ q-PR. SIER AR AEE AN 9
oY | G5 Twiggs fow | g (0agT (0 (506 Wy [y sAfaie iy Al Ay S| «9de
I 7Phea THAT T ST L (BIIST WK AT IGI 2F, oI ol BIsl A8rd | @
bt (2o e fooma vivl I3Ea Biad (Ui @ 269 Fbah alts e aive
E | GTE oAl WE A 7, BB @ 9@ SEeE wend | ok (GIed i qiREa
RNCER A iEs AGH iR @ I |

(ii) ©#ra ASY (thermal equilibrium) : &3 TS, G0 @R WL G0 AT Teral S
(@ Tl (A (@R TIOR) WEF W A T, @A (DT TR AT (U IS AT
(O197) *f& s @ G2 TET AT e 2[R TE, @ AL 7 @RF e [few s
8 Y9 Ue] T 7Y 009 @2 HAfFH BT U | G Y TBBY € S U] FA (|
(Xl 421 TRE G0 (BIU6T W G Cerrew [rewes Jl | Sitg I 7oA fon elemar
A SR | (4l T ©i9t SAfdaae 2(d @ ¥ib ©Zd W& 517 € S Ao 209 A1 |
G SPE T 517 @ STeHa O Ao 2pg 91 | 94 16 OIE TEEe] T AE |
€2 Ol T OEd Al Al 1 wogw fafen wke W (@I Twew sl 2 7
—Kg Tl AW -G SRER AE O A I 2 |

e Ay (chemical equilibrium) : CFTSIF T4 (I ©EG Al ©F AR e
31 wrzq ffen s g aniiess Ao 21 o1, WG AP SN G9R AT O (18 TIENS
@ 28 AT Ay |

(@I ©F T G2 TN AES, OIAT € e A LTS T4 (12 ANE 960 77 OO
1 |

@IHT TR RIQ-ATREICEE (96 (@I OrEs Oz seaimiefa ffee =t =

6.4 STZE AT A SiorS el A Sioere Biies
(State Variables (or Variables of State), or Thermodynamic
Variables or, Thermodynamic Co-ordinates) :

S| G Feres I (classical mechanics) (RG] TG SRENE el I Gy AT
Tl AW AT FEFH DA @A - 7@, T, 9feras!, Tae, S SR 2erifrg e
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el 2| @2 Ealefel a%9 qREa 4R[S (external properties) Il WA | (M
wleAsToRmme srHeR, AOrFed TR 3] I G IEFL HAdIF RKsal 41 28 A
BN #MiTds STereEd 4s{iaf (interior properties) @& 4t T @aR «sffer 2ifastionian | I
©F OO TR U O e (V) € 519 (P) &2 73 sifamizicaisy i e @3 srergdef
SREE MO 2w T T4| We¥T V € P 27 0Fibd SFEE G | (S Seel ql
Sl (T) € G Sagle beraif# | wisifefmia S Tweer < il i <l 204 |
@ Tee! 9 Ol T, WiEs bediM V€ P &g o eq wd | V, P e T &3 W (@Il
i QI @il et g D SR AR | G SIE BRI A1 SlsenSE Sereii Al Wi
FAERe J@ Q| AR TR (R I FEEn 9 S @ Sergas #fE (U),
@G (S), 2@% BETRTAR 0O SI6A9 3 | 2 G Bt wisffet IR Ze 43 (gross property)
@ AT Hd|

SeRIS e SR Tene @h e s &)

(i) @rife fraror® veraif (intensive variables) : 5% (P), Tawel (T) Twiifn veraifelefel wraa
TR U 3 3 1 | @F ) @ifeF e Tad oEe Keg @9 @2 AR @il sifiaes
oY 7| GWa ifE WareE oeal qer 27|

(il) Fnfe f“Sa veraif® (extensive variables) : SAed (V), Wergdd #f@ (U), €aGi (S)
Zojifn saraifaefel ©rEa ©a od Wea S| e i feg vl 9o &7

wisaifefawma e (V), 5i#l (P) Il Syl berif*Ppre i< RKrana w1 22 a1 | Seraitojfera
AR (@ OFE D @ G T& AR 7oAS W SEnl F412 wirsfefama 345
T |

6.5 wiseifeflwia =il ¢ Tweel «iwel (Zeroth Law
of Thermodynamics and Concept of Temperature) :

Twed AUfE 4@ S SR | ARESE @ g Feol 579 Al 3@ q i sEl
@ A Oz Tl | wAE N Sweel it I ACHET SN (@@ Te 9B (AT
TN TPOT LY I 2[IfRe e ARME — G Gree] AN 0@ AT | TEee] AW (@
w4 Ol 2R 7@ w1 e AfE et Ay efefe | e widE A afee g
AT TR TS| AW R | [ATOSE @ T (@Il ©F ©IAR AE) @iy [/l ©f @ a6
AR @il AT ©f 20 TFQ| | YO WK, €25, FCed (R. H. Fowler) SFeiq ier Geitag
frcares fef @ ies A2 Teer wike Mgl sz it wistelfef Sy Jic #ifibe |
wisoifsfawia 2w ¢ R qi@a AE G2 A (el R AE Qi wirsfema S Fer
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A

Sisafefmia @ifs 7@ za - 1 97 9jieena Ter @I ©rEE el OIAE A AR,
TR OFGE T A0 O A AR | @2 I (AT @ AF, TFS| 29 (] OCF
a9 of T B9 @ @ OB 9T O (@I ©0Ed Y O AT itz oA

g1 ¢ A ¢ B YD 9 el (e e 72 w9l o (5w 6.1a)| C wEb A € B
©Fd H! Slitew (rae W IT | e T G grelY (reae ea (qdl | ey e
ol A A € C @& B @ C &3 sty ol 7 Afefe zmmz | «d C & el o
faca fafozs 9 A @ B -9 Wty wisitew (et WeeT (7=l g A € B =g W04 (P! O Az
gz a1 | (b 6.1b)| Wdie A @ B @4« O AGY O®| @7 (AT wisioRma Sy
oIS 2l sAlew |

D

w7 A

/ #fead) rea
T ) Y

%
-1
%
%
%
%
%
%
%

5@ 6.1 wisifofmE =wig

6.6 ST FAwad (Equation of State) :

@ AT, A, B, C — 3@ ©F O AGH SR | S s (e (e orga qfb semif
wres (V) € BI5t (P) Gl A ©264 9ES @il 719 | 3 w7efa Ot A A oE
AT ©CFT G0 ALF A YT T SO 2R FF | (AR OGFF 99F OFT P e V
GF GATFS WM AW F91 AW ©F AGFD ©F Gl P 8 TG V @7 (I I AT
YFE @ T AT AW R T R SAHDE 7 bl | wefe

AP V)=£(P,V) =T~ - — - (6.1)

==
[+]

1, 2 Tojiv @ e oE Diee 9 @ | (@ (@IS 97 R I8 SART S
Ao AEmE T AAfliaes ¢ Swen & Wi aq T
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SAEEel (6.1) (F RN AR SR 2wl A |

S E®VT) =0

@2 ANEGENE SqZE A qel Q| Tregel QA o oo CRGY SRrEE el
PV=RT - - ——— (62)

R IS MO (G TQER S (CTeaeyer)
a
[P+WJ(V—b)=RT X))

T (6.1) (6.2) € (6.3) (U @R T P, V € T seaiwsfferd @ @i o Sworsa
AR ORIb 2ew al 7 |

6.7 wiotifefamia @2 719 (1st Law of Thermodynamics) :

wesfefama 249w 9@ Tee #fF MTTEE @ | G4 (A T AT () O @ w(fE,
(ii) #da STergae #IfE ST S9HiE O, (i) @b #IfE atEe o

SiFsTORMIR 22w o7 SEG FIT S S, O, T, Teresw =g T~ e qiaell
g W2

O : SN 09 SRjARE AR (@ g ©F [fen Twe Aae 998 G AN 9hE
Tweq w (A #ifF e Twwor o b P g Sece (681 I | @R S Sl
©l7 T | SILie (P ©EF G SSH (AT O S T G ©F (U O O T A4
YFE @ 1§ RS T O Ol [ SIARSTE A0 | A ST, (R (@I TGre O
R IR @ 99 (72 | FERiferes 2 3 afee o7l Aiwiel 731 7 TEeR AR[erma
AR | (I TG ©l7f 226 T I FAE IS O 92 q1 Iee g9 g THE fien w0
g AT | TE I OIHT SMHAmIta AR ey @ @7 SmMeeme  #ien Tra |

FE : WG Gl IE AR I A A@e [ A6 2E 9 2@ I G TR R | T
8 (AT TGRSR e 25 @icda AAfewe | 7f @il o AnfaTeg st
(P o 2@ B 6 AT eqrd e 27 O 99 ZW OoFd =i FY 9l OrFe Tofg e
o TEAE | B TS AfFF I (external work) 9 73 | qifgye @ w7 e FaE SEE
GRS € TEF TG P 1 20 P AT 0 O] CAneT 9| @ (I (IS Wi
BITs o1 SR Stz | S epiifae 2w | sAfaeiida Som o S wE |

AR OCF (] T GG G S T I T O IS @ 2 T Y
(internal work) | Giisfefw S Te1Ce ANMRTE FRIE (@RI | G TErEq IR (@] S
2|
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4[5 (P! (BI0GT 3y g, wAferariel ooy IR | (56 (T2 «ib #1970 Wiz G| | (775t
(BIT6T (4] TR ©Id Baibe] 0o #Ad | 47 SNa 5i7 P ; Sfe€d #950ma &+ BiAe P
@3 o (Fawe A TF PGE 8T #@9T 961 F = PA | [P ©+id, 920 a@e PA |
PR STes IR Gie Fa dv [Rasal T, #Poma aieEa Wi A7e ofe $@ dr 2@ | @3
wie Fu sAfqaeiwa @ bief P 2 27 aeE o 91 I, Wedd MR [l ge

e
1

B9 6.2 T

dW =Fdx=PAdx=PdV ~ ———— - 6.4
Al ¢ ofey Swes IWFE V), € V, o, FOI F(d -

W=["Pav 6.5

TR B @ AT A AR

5% 5@ (indicator diagram) : x S 9194 ST (@ (S ©(Z) TS €2 y -SF
TqiE e 5 W @ @ibg sAtem 7 wite P-V @1t a9 75 Be awe) 6.2 7% o
T#P0TE 0] x ST TG AP (@ (AP ) oI DE B SRE RIS AR
QO AR (FIH] @4-F190F AR i TF | G2 FAE y -5 994 77 Ao
& 503 o0 AFR 7 T W | TS B € S ARG Ipred AR @FRvE (A
sife7ie 7R ST 27| BI5 AT y WCF € Fes U@ x W | @ Hag 2 e e (b
6.3)| Sfee (e e digae 214

6.3 7 fora (e wrE AT w7l A iy e We o9 2w | 4 @l ARReEE
o< @ ACB 712 B e ©ifes S8 A0z | @3 #itd e sAfse

W, =[PV (ACB #2)

= ACB @14 € x 9% A4 Y CFaee (79 Fo] 90

= aACBb (=5 |
A A (U B 9w Aifdada v @i AC'B 9td 38 wdd dida sAAfae

W, =[’PdV (AC'B #4)

= ACB (@4 € x -9(®q W4 ST CFTE|
(Tafozm wisl 67 =igs))
= aAC'Bb (a5 |




o AT W, ¢ W, DD I 723 | FIEe sAfasie (e Atd 3 91 2 O Befd
e =z | I g3 72 F¥a srermal O 4t b @i SAS (inexact function); €<%
PEG O7Fe dw G0 Wﬁj\"‘f gqee (imperfect differential) |

Trerga *IfF (internal energy) : (@ (7= ©@d W g #IfF AE T AR wIH AHgE
T FAC0 A | G0 TRI ([EF AT | G 7907 TE (P G0 (BIT6T W Q2GIew
@ SfFE IR PEe (@em) 29 | (18l Oivg SR Wi | Wi q1REE 0w Ol S emi
(I A @13 | A Al (@I O @Sl I3 34 6, e I a0 SfedEd [g
Al #oa T wiE fre At | w4 @2 fiEe qiE (0F oiEe AR [uje gl
% e — (I IR G SRt Sfewra g A v o | widie g T z@E |
AT Srergam MfE W FT @2 AR I ANew (9 |

4fq @ ©F OIPY TEI W2 | O 4 AR (AT I «@F U feml ez | @ e
&7 OEa UHa I T -W 938 OFEh A 9% (AT B S[ER (ARE | @il SkEE ©Ena
wfg U, € Up 2@, #ifgd eqe aiepied ¢

UgUy,= -W — — — — (6.6)

AT 6.6 (AT MO A Uy @ Up 201 720 A € B 9% ©F0d Sergam ~fF)
@4t ©FHT TAT I T 9T TrerEa #fE I (AR

G (P T - (@ (@I O Serear #fE qifee S Fa0e AE | #9Fm @<l a3
Seres *feq A (@ AT 281 O Teig iR PR AW Weg B0 91| I9 T @ @]
T(E TGTAN WfE g — 9 ARREEe T AgE I ST aw gR B HAfEe Aie fea
| TR (G T4 29]17 @ =1 A @ P AR W@ S TAg fWed
— #T2T TAT fTeq T Tl (oul Srered wfgq ARTeqe L7 $H WMo w7 — Yqg
AR ¢ TEN S TAT e F0I | Tergaw #1E I Tepgam wifg wrrrwe U Wy Dize
31 B | TR (I ©0F U €7 4 Wi 2162 7 1 | Sioisifofwg @3 sAfaaen g S|
341 T | OISO Sl P, V @ T @7 ool Serga #ifg Serme Ue wirlefers saaifs | U
@ PV, T @ (I qod Sewe oA A5 S 73|

U=f,(P,V),U=£,(V.T),U= £5(P,T) (6.7)

o Sfa oo el S 9@ AW @9 S-sie Tared sfenfs e Efesfer @b
AR STerdm AfFT AW T | AW R ([T Se-Aaaesiferd T (@i e
faedel 7o @ A G @I sifesfeR Sreredw sifeq ARz |

Siotafsfava eluw 7@ : 7o g wiftd SImmeTE wfF Aawe zea eivlsifefma
2e g AT BieFe 27| w7 ¢ ATES #F AT T3 ARSI wisiofeimg el 7g
@1 2| i fWEgd —

TIfEe «fFE o A Oiore AiET =R/re IANTT T3 I € SAT AT TP 375
2| A W AR Tifgee wifga o1 goierEma we H sl olewig Teom 27 o™
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WoH 9§ W=JH - - - - —— 6.8

MgHiie gqa J - e ol el 24 | SRriel ga< @ 2 wifeq =9 a1 g e
29|

«f #ifeg TEw A Atags Sifeg b [em as 991 79 #f%E @7 211w evmiEe
AT 2| B @ T I ST TG G ALY IS WHARIRS ©irg qel A7 - q4
T eSiE = oitel i Ot @I eiE *Rre eiefe o - odn 1 =g ¢ Sitow wgeite
$FF =

G ICEE AGES 99 2

6.6 AT (AT SN (R I BT O GHT Y FAE Srerga g U, (AT
@ Up 2 Oidie @iy,

Ug-U,= -W

Gqrg T @ wrg Q wAf ©ivl R T T, O TerEdl swa Afea 23|
Q-W = Up-U,

QA Q = UgUp*W — — — — (6.9)

@2 [ e (6.9) 1 wiseifefawia Al g7 |

o @re oY B Fu Wi dQ T, OiEE Sreredw #ifg IR 3z wFr Ailire iR
FEe TOw FTU AT OET Worgam sfegf dU @k wF T[El g (AgE) dW 2,
wlolofofawa A2 Jare @4 T —

dQ = dU + dW — — — (6.10)

3l dQ = dU + PdV— — — (6.11)

«fs 7& AT Yrag SaFE g9 (differential form) Se9d wissfefama ziew @t & S
FACS ITHA (FICA| OCF O Wi FACA J2IC SoE, SFT TG A *19F I 9R oF @A
FEHAA (TR A 23|

gdfie @3 T Wy SwEE Wig A

Solifefama e ad Sies (Significance of 1st law of thermodynamics) :

wlsteifefawia 2o 3a Tere: #fFa Meaw @ | T4 @I qfEs #ifE vl 9l kivdeam
i+ e *ifere greiie 28 wim (b g fZa 20T | @Ry Frea =g ivmisre goieire
27 O @G *ifE Fm At | @Ry ey #f9R ok geiskie e ¢t oig @ 3w
@ @ 2@ #ifE, wjy iz e 79 | ([ayfes e, GFe sfe 2ol 74w sionfRee af feidesm
SIS O (@ (R ARG WS AT 27 O3 (0 #If§ g A0F | 9y O 7 - @ (@l
gorg #ifg oW #eR wfere gARie 2@ (b #ife T 4t =ife R waie T a1 af |
Fale AR 71| *fF 4FY (AT T AR S A |

LN I (AS G T — (i) Ol GAFI (T, (i) OET AT #HfT AT TR I

Aaed 72 Woq 77 wdie wa W WG weEm [WWE A, (i) @b = weafse g
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SO 22w Fars 3¢ T FFEege - T @b #Ife oeifaafe® 96 (total energy
of the universe must remain constant’) |

2% (WF = Yif$q @RSl (Impossibilites of perpetual motion of first kind) 8
T w el SRToT—@ I 77 (941 4 WS 4l (@Il g #ifF Tuik T F90e 4[|
fog wfvwmel (2 wivsfefm 9w @ wimg «q «2 g sifaers 2| @ «fE 2ok @i
g WRAN G (@ AE—AE e 2 ‘s @7 *pye oS | wirsfokmim 424w J@ (A0
T AW AL @A S o SPTeq | e GFEeE wiE W geE wwe gHeie e
A |

(oGRSl SiEEa A9 (Ll A @Apa s wifE ofien AR wiee qihel 21 @ e
Fege 9 #MfeTe 2R w1 | g Wb [eE SIitvfEree@am (Ui Sl a1 @4t ey AR
wa @1 TR *E0e JART | [AE=A mc?, Am AW orwa K@ wE Amc’ s
#fF SAIST AT | ¢ T AAEIE WSS (€511 ] 97 7 O 24 #1fF< oe 951 | o9 ¢ #If7a weel
fapia (eEtiaTed (b ©9 ¢ *f% 79 A | ©9 ¢ % owaw e 9e 9 e @b eh
@ #fgq AR Ssifeaeay | Sidfe piem =g =T l S @R «ife, T 94 ¢ Sy T
=g 7Aleq W ©EE FHARET G |

6.8 “mirda wofFEE wivgy ¢ oiwd A

SN SR (AT (@ OEE (@A Tergan #fF U (& S9%d edi P, V € T @3
@ (I o7 S [ A4 9 T, (@Il PP s @@ 1w, Ve T (@ Waee
(independent) BeTRIIf* 490+, (F11 AT —

U-=/(VT) ---— (612

U V 36 OF 2l 99 #widd ergan sfe ¢ e | S&ae fae—

-(U U
du (aT)VdT+(6V)TdV - — — (6.13)

UaIg wiseifefmia 4243 g SEPIE —
dQ = dU + PdV — — — (6.14)

ou ou
G dQ=|—| dT+|— | dV+PdV _ _ _
Teeg  dQ (m )V (av )T (6.15)

TAEE O : (P AL (T TET G STOO] G G ARG Ol A
©l7l qE | @ AN ST ©EE G 49 e, A (e A TEe Ol e |
_ _ . (AQ)_dQ
WO QTR WA Wl C_ASTIBO(EJ‘C;T - ———(6.16)
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g SeE @R SR ol

Q
C =| — (=]
Y ( 6T jv Lﬂa\

29 Bitel (e SrFEE ol

0
()

(6.15) g (AT 2B,

@ (U7 @ T T STere SiteEEe ©ited (R0 2SOl I%9 Sejgdae #ifE gk @
e 27|

a0 =(2), (), (%), #[ &),
ool (&), 7[5,

oU ov
. Cp=Cy ZKWJT +P}[6—T)P . (6.17)

BEIIGE 49 ¥© €A A | ey fPToeE Y #ATee (reaEd FARAIE At W TS
7| og IR @ @I AR oAew T 71 97 94 g olet AmeaE ge @0 Az
20 9bE TEeel 39 GIN0e #iid | ©iF GrEey S € AAfasAicaa Wiy el beiive A a
Taewl 739 Qi T Afeaifd @@ da T Face | ORI R Ao« WEd
Hfel |

B9l (P) SiEed (V) @7 W9 : JE (51e

29 Taworm WS sifawe o7 a@E@ 9@ [PV = RT = &< | (0 5@ | x SF V @
y o P W@ @14 e i FAIE (rectangular hyperbola) #1&3 AT (To@ 6.4), AYF
Twe g2 Tigied 543 @4 AT TR | SAFFO (¥ TR @14 TAEE i A | @3
@< YO AR (=14 0|

NSOU
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T
Ty T2 \1\T1>T2>T3
p

' V —> @ 6.4 s7pE AmieEe

e AAfFTSCa FoH
n (e Sl ST AR PV = nRT |
HieAl AEw 267 T 475 | E” Hed AR@eq V, (AE V, (€ 2@ Fo

W=j:zpdV=nRTjV2@=nRTln(V—2J 619

ViV 2

T e AL ¢ wfET ol IUSE P ¢ P, e, PV, = P,V,

P
wogq ey W=nRT I”(P—IJ ————— 6.20

2

6.10 @ Faretst #fdads (Adiabatic Change
Gases)

@I ST Bivt 92 e ARKerEa 7 TV (@Il ©i9 91203 (L0F SeT 71 9T 9]

ST (A AT@ 7 I O @ ARSI queIA ARaes a0 | @B ARREER CF g
dQ=0

17 ATGaET o e ZE S $ARAIR AN Y (EAFRHG ST q14e 2 |
THel7 SO 47 g e | ARaen go qoiE AR vl w7 [ivww ea 2 = |

oz 3 HAfdaen 4o ge |
Sieiafofma e e eTaTs S AfeE FUeie ARorTa ANead e
wleseRmE 22w g (A AZ
dQ =dU +PdV

=CydT +PdV
Cy T MoR B8 ST @l S e o 432 V &6 ¢ @ SR SiTe |
Uo7 ARTOED (@, dQ =0
TOET CydT + PdV = 0 — — — — (6.21)
vl ST (08 PV=RT @} Cp — Cy=R
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PV=RT (2@ 4%
Pdv +vdp = RdT

_Pdv+vdp Pdv+vdp
- R - c,-c, ~ -~ (6.22)

(6.21) FEqre dT @3 N IPIE AR

qp dT

J’_
CV[MJ T Pdy =0
p v
ql, CvPdv+ Cvvdp +Cp pdv—Cv Pdv=0
ql, Cvvdp+Cp pdv=0

d_p+@ﬂ:0
p Cvuv

4, d—p+vﬂ=0 [Cp— }
p %

al, J‘d?erJ‘y%:O

ql, InP+yInV= g3F

3, In(PV')= g3

ql, pyr = ¢ — - — - (6.23)
RT

iq9lg PV=RT 9, V:T
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RT
" TVY = W q] TV771= m ***** (625)

TOEF (6.23), (6.24) € (6.25) TG99 251 WAl SO (GG JUols ARKOEE FAAwae |
T (774 : O ARTE (@177 517 (P) € wee (V) €3 (F0F F90i9l (7714 (adiabatic
curve) 7@ & | 5@ 6.5 @ W% ©r@a S MR (g JEoIs @9/ it 2 | A
AR ETLefene (Rt BRI | (T AT eI (FT<9)fe AN (5149 (AF oI (@411 I |

5F 6.5 R IOl '@ A

[ Sl 9T (G AR AT € qrolel AREEma T (40T 2w e AREH
@ @I Repre queiel AR[Rema @<-a e, AW® T fed v 97 T ]

Tl 2AfFaSra FeF

SR A4 AW (AT (SR

dQ=dv+dw

el #Afae dQ=0, SOWT 1 &AW (e MR CFT

dW = —dU = —nCdT

wioE s T, (A0S T, 26 S 2

T,
W= —nJ.CVdT =—nCy(T,-T,) _

T,

- — - 626

ol AR @ AW T> T, O P 4ong | gie si o | 9o (e oo
2PEe 05 | Sredd FRels IR STIeTE TEEel 3 A, [ReSiea oI AISha 20 awel

af 1w

6.11 Shifelwia fae@ 3@ (2nd Law of Thermodynamics)

wiselfefawia 223 Srag s ATl #Ife 2 | (s (@ AL 99 #e AT HAT
2 0 | eI Ol @ A #fFT Foed W SEsal I T AUW g | @2 @ (U
22




AN (G AMdd STergde g SRS SiE | (i ©F OiwfE g% a9 I
FA0E € ©F TeTd Afed IR 9 | udie O A4 wifE T 4w 3AeRe e @i
g Fga e | feg gomeEd SiedRel WE @3 o0 @I SiEh] 90 28 | | ARE SEl
i g =ife a1 o (@I gorg Wi e wsEftre gAeike 2 fag wemiee it
qifEs #fE 3 & (@I #fRFre A AR I AR A1 | NGl #E L), Ol 3 @3
T (U Ol W O FAGIE A #fere sifaere a1 aeg w1, g ©isl ARl aea s
20z | ORIE g fon Twer ©if S Wik Aol IOt (@] TFOR T (AT T Tl
T e oiF e[ifRe =3, [ede ie 2@ 71| o9 TEmeR T (AT (@ TWe BT
fatee, O1% Wt @09 (91771 IR0 (AT T Fa09 77 | #ifeq Afaoma @2 sfesgel b SiEma
Fql @ wsifofm @er o |

Sitafefwia &em srar [3fe -

RA A B ADSPA(Kelvin—planck statement) : @59 (F(TA &FT ASI 70 T aFA@
T A AT OIAS (AF ©iot [T ©IF TEHIEE S0 IAES FA W1 (No process

is possible whose sole result is the absorption of heat from a reservoir and
conversion of whole of this heat into work.)

(Feifed @ Zyees [gfore «dige @ ¥z [kgfeflb (real 23 1)

FomeE 737 (Claucius’ statement) : FeeTed I (ATF TIeF TG Sl9 TETF (FITa
efea #®a 1 (No forces is possible whose sole result is the transfer of heat from
a colder to a hotter body.]

ulb fagfe wviweiE fon W@ zere aue sq A b fqfeg wid g2

e da =ge sif$a S=SEre! (Impossibity of perpetual motion of second kind) :
B2 @ FETA (TR — 22w (@ #iwe oiffe sfhea 7 71| wie @@ 5 7 2ol
) (I #(fg SiheEl AW 7| (oAl @S G (A AN GACS AR, G (T TF AT
w7 T Twes Sweld I (U@ 97 g Fwes Sewid Igre Ol (279 7 S0 I A0S A |
eI AG W 7 T @O (] TS WF AN 7 @R @ TGF M0 05 g S
Ao T @9 | @2 q@Ee FHe T For @ih ke s 77 96 2| Wer @ (A
T AR O WE N @ A (T - faow @ Sl offe we9 771w 37 AT 70 Oim
ICEE [l YT T ©is @ I A% 9 @@ | wissifofwia faek @i «aft sTEa |

g ¢ Tl Fraa ofiefey : wirsfefma zem g «feq frerens e w@ | oemfE afEs
wfgre A fF oHRe I7eke 2w — @b« e 9@ | g JoeEd e & 2@
22 ce «ft fareey 7w TS g epiE T Swel (A Y Tweer i ol o feg
oy Tweel (U T Two wi Wiw (AE @09 @

@ TGE OF AR (A T TIer [ OF (A4rF Ol W A S IR Al
a1 | *IfF7 goTeE s o 0@ e 9@ | SeAaR 73 (rTEe (@I 7)o enaes 2w

e (Sl TG AT OIAF FIE AT 1 A |
23




6.12 ©19w (& (Heat Engine) :

@ TR AR ©loHERE I o a1 TF O O 2% 0 | AT SR (S
@, g =ifg a1 I 72w q Fergeed wirmigre gafae 27| g wivsfe FiE gamsiae
i 2w 77 | wiseifefma @or s S (s @R (@i Ty w9 e b1 @0
(I TG (A AN IR Ol FIE AR a1l A 1 | i G @™ 1 7S Gy
T T AfFE AW 2| WS AR SIS SRaied FE Sk AfEs wfE e
Y | (T2 A1 @ #Afanel SiepifE B Ioieie 22 o Afulsl 21 28 ©iE Furwel (efficiency)
e | A (@I OitAd T (U Q Al w7 foicg W sifrariel @i #iedl A ord iy el
(I w=el) n W& H=E

AN (TR (P S (A ©l#H(E Fim el afeaia AR dE Aikae 9o (5
RIS OAT @I ST T WO IG FAC9 T4 | Ol7EE TR P AR =9 A7
1 | O3 FrEEwel FAEE 100% B2 7 | @3 AT AT (7R DI NG GF0 Sl 3w |
G S#fE I 218 2T SF) (@IEeE 7 20 @1 4@ W@ (it I el n)
AR 100% T3 =11 | Fiehl 2fgea aifeaisifer Sieam= a9 ol Sl ols 89 € ol aigd
Y I F9 |

® % TeA (Heat Source or Heat Reservoir at higher temperature) : THo GO
314l Tfe T wi7iaifRe! IF TaRE ©i7l T 36 22 | TOLR ©IF «F (47F (FET! TT-9 Aee
@ TFO (] ARG 27 Al

©i9 &lizF (Heat Sink or Heat Reservior at lower temperature) : W% TTeE <]
SeCH ©i72Rel I SR O A5E & | A9 4R ©i7 @3 Wy WSl -8 AGE
@ THOR (@A ARG 77 Al

o 4R FEAT | AVE G (@ TG AT I T @A (AF O [ a @4
©l7 e TwweoR ARaon 7@ |

6.13 Fitafl 2f&w (Carnot’s Engine) :

oife Il (Sadi Carnot 1796 — 1832) «iveel el 2fferaa | foft @ ot Bt ol
@ | @ 7 We HfFE 92 2T P FE ©F Pl 5 (Carnot Cycle) (el | OI5 T
@ ©l7 SEEd WA @ @I O 3 I @ | I 2lgRe ofE | g @it @@ @ IR
OIS T (PISIE O I =W 71| WT© Th CFOIF O B (UF O i I a9
qife ©l7l OF AT (2 7S |

@ (W OIAT 2T T A e 2 —

(i) Twwg Twer w5 Ty 4fd @9 TEeel T,K

(i) fovea Twel ©iv aBE 4T 97 Twel T,K ( T,>T,)
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(iii) Prdear 9 91 ©F (working substance)

(iv) T7gT gIM|

AT Tio WA B9 T 6 G TS AT TR AL Gy | Thed TIRe (ArF e
THeer 7 f S R T SR Al Hen | FIed) I8 BAE (167 7 «F (e
v ST, P @F SR AN S @i | T W i 96 @R 9 5he
YT O T P (516 | OF A G GRS S ST (SR 2 | 0 (06T A 0e BeTIsieTa
W e @ A T w1 Gled (edd € b Wl ois sreas sl fica e |
(GI6a T AT (IATE) T il @ #md i Tedl |« Tgas S A4S Tt faw
& wo1fs (Ore T (BIed W wit qed S|P T AE |

FAl vea e o/ : (i) @ew #fT : efoyiass A eFgd (5@ 6.6 (a)] AT (BGINGT
e T, K THeela ©isl Serr Hewed Sl &3 | (BIST W SR iR Al Tl
TE UF 7 (@ GG WAGE GIe SN WA W @7 Tl T, K (S ARTRET SO |
A< Brg afa (P-V) @< (g 6.6) €2 e g A v aia biee o T@@| ave
B9 € TiTed TS P, € V, | Gqid SIS e Afem epviae st g | @ Afeait 39
g OO (quasi-stataic) T T AT 20 A0S #Iaeq ANET T4y e T3 | 4f7 @2 #AREaerEa
(T 5T 9 A (U0 B (9 5 @7 | Ao AB (@9 W fofee @z | B 3 b7 ¢ S
4fd T Py @ V, | @3 AfFa «fq Q, wifawiel ©is T (U (eifee 2w | eI sifaiel
W, =

dv V
Ql_wl_jpdv_ABba e _RTIJT_RTlanb
\Y v, a
(a)
p —]
-
A B
Tk ,
7 ©)
wl7l T f“ _ —>
(516 & 1930 B C
EIF A
Tok P | ©
‘ C D
o 2w 2 / _>(d)
/ p—
A
p D— A

O - - - - - ==

|

|

I

|
vyd Vb ey

e ha—>  BE 6679 ¢ 7w



(i) faSta «afn : eroads guei?l e [ 6@ 6.6 (b)] : FEE AfFAT (51T GITeT Tl
e WP M G GIeleE Ae)l wiv Sglkie w9 2e | @A TP Y9 WEE Sifere
uel? 2PIRE TS WET T — Ae 2e A A= oo g | eared weE el
T AT | 4T AARCIT ST T Tl AR Tl T, &F %! Al &1 | P [
BC #t4 C e ¢sffeitetl| C e o7l ¢ ores i P € V. |

@3 ST @I O T T |

. PdV =—-dU=—-C,dT

Ve T,
Toqq Fea W, =J.V Pd"z—CVL dT=C,(T,-T,)

(iii) TS 2T ACAE LfETRES AT : [ B@ 6.6 (¢)] : @O 7@ quoA AR (@
(BIT6T T (AT TEI AP A & ComIE T, Ol Oivt aligraa Ao qil 2 |
% SET A TEE oifere AeiRes A ek T @ @3 FE g s e
M (AE O AR B AN | A (@ W g 3}pd &9 CD 2t D qre vee @ |
D fawre bivf ¢ oigen «fq TLUFE P, € V|

@2 SRIE W Tl Q, #Afkwiol widl AfeTe 2| T B FeRH Wy 20

—Q2=W3=IVdpdv:—CﬂWT CedD

Va
=RT, v _ RT, Y4 = _RT, In—e

Ve v V, \/

(iv) 599 #H : FUOI? GoaESF AT : [ 5E-6.6(d)] : AEE FAA HGA (*7F Tp
% 749 D 0o Sz (7R T (BIed oo S Seds S e =7 (57 (GIefHea
O e Tl 29 | WK TEA9Ore e AGIaeS IRAAE A Tl T, (US T, &
TIeI! 251 | A 7fear Al o3, 35S g A fqre g el | «eita b 216 5 ™9
2 |

GLITRE OIAT SRR &7 =, 570 Gl o 7

Wy=-Cy(T,-T,)

TOET [W, | =|W,|

@35 DI S A 2 FOE
W=W, +W, +W; +W, = (Fa%si ABCDA

VC

=W, + W, =RT, lnﬁ—RT2 In
Vv,

a d
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=Q1_Q2

W 00, Q
o el 175", Q

@ B € C ¢ qREIA (514-49 697 LIaE

v-1
TV, =T,V d LA
T2 Vb

T D € A €3 gEOIA (F74-a9 eAq 4T
S T 72
TV, =TV, T, Vv

a

\Y
=V—‘a’=p (Tt 2 o)

v,
sl Ty T (G 2 )
d

eEq Ql RT ln—— RT Inr

a

Ve RT, Inr
Va

agz Q=

QA _Q _Q-Q W
- Tl T2 Tl _T2 Tl _T2

W T-T, T
=—=d1_2-7_2
T el M= o T T (6.27)
1
ZI_F ————— (6.28)

(i) Pl g Gl Sl 2 @I S a1 Rl O (PIETSIE Wivile a8 2ie | el
N3 I 1 @3 (AF | T TH THWOR 07 T (AF (@ OFHE (@9 TR O g

o ol T wif alfere free 2 | 79 wivmiere i goiefae ai Tl | sieoifefmia
o Mmg Al @b e 54| e w1, Awe! 2o G SRR AW SIS T |
I 2fgrea Frrel m=1 7@ % T,= OK 2| «(F (1 TFed 59 *+) Il Seiw 41 A7
| SR @ e B el 100% &I 1

NSOU




6.14 ooiRes ¢ wewiaes ofFm (Reversible and
Irreversible Processes) :

CIfeRWT @I OrF @ G AfEE T o 97 ¢ ARviea S w5 S ave
Teq| g #fqwid @ Fiie =@ al 1ibg 20 A |

I (P! 2T GRS N 29 - O ©F ¢ ARAMTT AUfE S R oiare
foig fame @G +ifaadn fog 2o 71t - ©dw @ Afe aoRes afea I =0 | whE I @
Afea GNTSIET T 25 A0 ©F 6 ARANE Wi @I FARGTE 2el |ed SEE (@
s [Glam o (ofF 7 O o1 AfeE I@ W Teees A |

W T (P! ST T 28T 77 (P 0F g T e | |9 AR SZPNE
Q3% (704 {970 72 (reverse path) #feal 77 7 W9 ST 60 S (9177 | @47 OFT
@97 (T 2o BT TA0O T6 O WS ANST B A A | G1® 60 € #Afaoiesf (b #Afaada
g = W11 @4 T W W AT AGTREE | O (@] 2 AGREE S (9 07
fA%Ae #{12 A7 WO TIEE A0S 2@ G (FI] TGAGF] (72 | (@ (@S v (widie
w7 ¢ AT @ AfTIST Ui S SIEE e AR ©idE 9 Al 2@ 4ekes |
o 7 A e Ws T9EE 9hTe o e (@b Akiaes g 9% A9 o dfeu 2@
TGS |

Aenaee Afew Aewa = 1 (i) Afenf ARz 79 W SRPe 2re 2@ (quasi-static
process) (i) T4d, ATe! 9 (FIAGHY TGTa S AFI 7 (non-dissipative process)

I B ! @ A e o1 som st — G deads Afea | IwE deres
=il 7heql T 71 | T, wAfver, g, Al Tenirce O @iy T T 7 | <@g 73l
ARGITER (P! TR 7™ Tl 97 71

T BIG0 (@ (I eifesar FAirEra S Tsi el 2R | e S| e SesiEe
&1 2 | AL AR A Al @i Q, vl wiel (*iEe wrw W, wAfeariel @ s
(51T, T A o] ¢ (@04 [{7dhe faras oS rm s W, o S5 Q, #ifswiel wivt
“A1ez AT | wiLfie Kewd @I Afes w7 srowq @2 il eeriaes | (ouf o@ @ @ =g
@I 2OTAeS | SRE AW P 5F o feE A (U@ D geels 2ie, D (A0 C e
2P715el, C (AE B JYOI7 A @2 B (A0F AR AT B4 2 Od ol Az (AT Q,
Al ist feg W S 7 Q,+W=Q, @I, @7l T Mea (1€l TM0T | & (AT IS AT
I 5 @R AOTAOE | B 4 WF Ty Ol (+I1Fe w7 T Cwe o7 M (rema
T RARW T I | I TS ARG |
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6.15 Twolm wvnfon® F@ I FEfed AN FE

(Thermodynamic Scale of Temperature or Kelvin’s
Absolute Scale of Temperature) :

TG (Fies Sve I BGTma 49l (AE G0 TIFOA (I ST FEW (@ K GO
w9 AT Tgeim = T3, @a8 (F (P! [oE smids 2igfen ek fea S a1 @8
(FNS TTOT OSTOMSE (Fel ql (IFoewd 7w (Fel <ol 27 |

4 (@ T AGeE 2gW g, T% TEwe Q, Wi (*Ed w@ 0, ¥ Twor Q, wiv
o MBp Uyxp, @ 0, el @ @ (arbitrary) Tl (%@ AiY Twwel | Siawl wis
GrTeltEs FGH B Gre el WywE @3 gt Twer Ten ea | weed

n= —%=f(91,92) 77777 (6.29)

1

@I £(0,,0,) T q T 9, € @, 99 ICHAFS| G (@ A7

Q, _ 1
T Q, " 1-7(6,.0,)
G2t F(9,,0,) 2 40 T 0, € 0, T G0 AATS |

NS S G5 AOTAOST 214G 9,8 0, TR W& (Q, > Q) KEAHe T Wag (¥iifie
€ MGe e TS 9, € 0y T,

Q,

Q3

GFTSIE T TG GFH 2GS G 9, € 9, TR W FAE o @3 (TS @
Jfere @il I¢E 0, € 05 T,

=F0,,0,) _ _ _ _ (630)

=F(0,,0,) — - _ _ _ (6.31)

PFOL0) - - -~ (632)
(6.30), (6.31) & (6.32) Fiee (2 713

0,09

2%, " Qs
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al, F (0;, 0.)%F(0,,03)=F(0,,05) — — — — (6.33)

(6.33) A (UE (74l T IS 7o SAHDS 9, WE [ TCHEd SAFHE 0, (713 |
qoTE F (01,0,) € F(0,,0;) TATS qioee @aeid Wefge Sa0e 2@ AI0e ama %@ 0,
GaAEe e Gt ME9 T ST Wivg el den Sl qiE—

F(el,ez):%ﬂez,e}): :’!Egj;,F(el,eg: \\zég;; - — — — (634

TeET o BTIre A7 —

8_;2 F(Gl,Gz) =

0,>0, 2 Q,>Q, TR, T w(0,)> y(0,) 2(A, TOUT () SATRDL ¢ @7 6 (@
7 (linear function) | FREMZ y(0) ST SwoR #fmwi @ a@zd 1 99|
(2 TEeeine BT AR y(0)=1, | T4

8—;=$—; 77777 (6.36)

(6.36) FiEA4 (A THEOIT GBI> (FA 2NET T T AWML 2 Flog @siq Feahe 77, Wgaa
g SN EMICS ATTNCAT G2l TS | €7 (F0e UL O SRS 2eaes bl U Gaeey
O &g ¢ WY T Ol7l qEa SO Al AW | GB (FETE OGO HE (F
(Fefere AGN CFEeld (Fe Jel 27 |

(6.36) el (ACF G CRCETR W@ g F AW T4 1, =0 2 0T 0, =0 | =effe
T4F T, =0 O W=Q, Fidie 77 Tawel T, 349 # o4« T, @ 219 T2 ©E A
AEIe T I | SWOdF e W FA| 21 GE Oi7l WA TS @l ZE N TS T4
Tbeq TeY Sj21e ©isl A i wAfaee 27| 7 BgA T, 0, GIeReE 0, 3M6re isf 7ol
JeIgRe | ©f T YT 2@ O Tw Tewl ¢ WY el i (UL OlF WiH SR (I YLD
fon Tzee A (@ S grsiie al @e | wisisfofkmye o Jarpie @b Spied | s,
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6.21 @G (Ste At (Physical Interpretation of

Entropy) 2
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6.23 TE-oE @ ;. FHelH oA af (Joule
Thomson Effect : Adiabatic Throttling Process) 2

(T € GEa (Gay-lussac and Joule) AT (A (I TR AT ST T7F O
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T

ov

@eTren 1852 YBITH GEa A [ 2P AE@ 27l (porous plug) 7K (@ €
JREG AT (0T GO QP AW praiel | 3 TFaiTes Ger-0ei feal a1l e (peiten ferl el
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P,V, - PV, = U, - U,
ad U, + PV, =1, + PV,

gdie U + PV = H g 4ite| H (& @1l 28 @w<ieli®l (enthalpy) |

SINCRAETE I TEl b eFare Tyl g sAfawie

M TGF FOFT W, = PV, — PV,

M T4 AT 2 oL ARFERE I e [ e g Srergas I Fh0e
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26 @B AT gy g

VZ
a a a
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2 J}VZ A\ A

a

a
Tegq (6 e W = W, + W, = P,V, - PV, + vV, o (6.42)

CITCIRACTED] AR (AT N1, (N%) (V - b) = RT

ab
- Pb — = RT

aT, PV + W

a

v
b

a, PV+%_Pb=RT [%aamﬂﬁww@mﬁwm]

(6.42) Fsiwqee atE@ 3,

a a a

W=RT, - +Pb-RT, + — —-Pbh+— - &
2 V2 2 1 Vl 1 Vl V2
2a 2a
=R(T, - T)) - 72+71 — (P, = PYb ... ... (6.43)

a8 b &7 W ¥ I I(E, CIFCRACTRI-GT ARG (AF 2MeT T

PV = RT a1 ~=—v
V. RT

(6.43) AR @8 Ww I AR,

39



2aP, N 2aP,
- T) - RT, RT, (P, — Pyb

W = R(T,
T, & T,qq 14 49 3% 9, &6l AW T, » T, =T € T, - T, = dT
S W = RAT - 2%4p + bap

‘ RT
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1 0 5 7 s o s e R e e S s e e 5 IOl SO
TATAEF, F(e1 7 ATE W 2G7 =IFF g A0z
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sferaidl Afeny aaeiEel H = U + PV P2 (e, SiiMeReem] iR (g -S[ae ge-

SN
TIF w=1%p ), ~c, \RT

ds

2 -

Ti=£=@ﬁ-ﬁ7ﬁl T el |

T > T, 2@ Go-00  2igay @oes e S9! (08 47 |
T < T; &1 Ge-0woe  Afeaa b g Te! o) 17 |

6.25 Nfafes Twiggd o

Twizad 1. 7209 Bt 2R0gIte MR Sitefre o7 28.674 J/mol. | P Simers SIitsfws
©l7 O A 7 MET] TZ 2 THO! @ BITH Zergrem oNiea 909 = 0.0899 kg/m3, BREITET=
Tefas eem = 2016

MY - 2 T

M

Wp():\,o

=——————— = 2242 x 1073 m3/mol.

M _2.016x10°
Vo= BT 00899

PV, 101x10° x22:42x 107

R = T 273 = 8319 J/K mol.
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Cp - Cy = R

. Cy = Cp — R = (28674 — 8319) J/K mol = 20355 J/K mol.

Twizad 2. 2 it 2 mol wifeiel Siwf oo TIfel 30°C (U 35°C g R were
293 J oi7f ofest | e et @<eg AR oewR @ HAlEa TIel Rk e F Al Sitew
2Aee ZA | S &9F = 8'37 J/mol K|

g Fo oIes AT sifeane TSl gRe @ ArEaE O AQ = nCpAT

YA,

o,

293 =2 x Cp X 5
. Cp = =2 =293 J/mol K
. Cy = Cp — R =293 — 837 = 2093 J/mol K
e S eEGaE e

AQ = nCy AT = 2 x 2093 x 5
=2093 7
qu.m@ﬁﬁmemﬁﬁﬁmﬁm@&ﬂmmmwm%
T i @ Y TYO T 7@ 7 (A y = 1.41))
ANGA : Il e 26Ty @t ¢ grel Al | G e ¢ Tyrer AR
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AR
L 273 Vil = Tz(zj

gl T, = 273 x 4171 = 273 x 4141-1 = 273 x 404
=482 K
i 1, = 209°C (S TI@) |
TrrEAd 4. AN TIO @ BA 1 O AYE qHOIH AGAT AWR© B WIS TEE 4l
oo | DlFa AT e ¢ W6 Tl ¢ Bt agF 9wy = 129 x 1074 gm/ee, y = 141
FYE : 1 gm = 1073 kg
p =129 x 10% x 1073 x 10° kg /m> = 0129 kg/m?
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1073

3= 3,3
o150 ™" 7.752 x 107m°> (1 G o)

V, =
PV, 1013x10°x7.752x107
T, 273

s getet dfeam fen eIel T,K,
T, =273 K T, = ?

= 2'876 J/K gm.

vV, = V(&) v, = %

. -1 = -1

) vy
q 273Vt = Tz(z)

T, =273 x 2171 = 273 x 214171 = 273 x 2041 = 36273 K

Tole| s @
W = Cy(T, - T,)

R C, C R
¢, 6 e e, T
Vv Vv Vv Vv
_ R
- Cy y—1
. _ R 2876 .
. W= - (T) = Ty = 1577 @73 — 362'73)
= _— 6294 x 102 ]

T 4T Tl MEE T I 9 Z@E

Twizdd 5. 100°C Tl @ o o1 il s S Afear opiifae 2 siere gl
25 | Podide #fewe @© 2 R = 83 JK

L : FORE W = TPW=T%=RTM—2

141

83 x 373 x In2 ]
2146 x 103 ]
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SmrEae 6. G5 (164 #1ifGa BRIEE W 3 AAGEE BT 422 27°C TS A Wi | el
78 @ (97F SFel F© T@ 7 (y = 1'4)

T Afle TIel T; = 300 K

29 BTﬂ — 3P
ey Tg©l T, = ?
” Bl =P
Iy Iy
1y
P Y 1-14
T, =T —1) = 300 x 14
2 1 (Pz (3
= 2192 K
= — 53'8°C

TWizas 7. 127°C ¢ 27°C TI@F W e OFh Fe f%ma wEel I9

g : T, = 127 + 273 = 400 K
T, = 27 + 273 = 300 K
T, 300
= . T = _ - = 0
n=1 T L= 09 = 025 41 25%
. TESl = 25%.

TwiZad 8. s I BTe SEred TYWd 12°C @ 3RS | g T el 40% | TP
Tarel & oAl 3 T FrFel @@ 60% FE ¢

Y T, = THE Tyl
T, = 12 + 273 = 285 K 9iz@d &9,

_ L, 40 _, 28
n=1l-7 9 700" "7

285
A To=1-04=06
1

285

‘. Tl = W = 475 K
4fq T TIW AT s qerE, wFel 60% oid |
60 _, 285 285

S 100 T,+AT b T,+ar -~ 1 -06=04
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. 285
LTy + AT = T2 = 7I25K
" AT = 7125 — 475 = 237'5°K 4l 237'5°C

TWEad 9. 27°C @ 7FFe Wb 9l T W32 — 73°C @ afFe Uals vl 2iard sy faeie

5 I 2w 7 G Ao S 1260 Ga #ifE 2w W@ @ G 24fS e J A
FE @ 7

< QQ_T
T+ I B =

Q, _—73+273 _200_2

Q, 27+273 300 3

3
. Q1 = EQZ
. ” 3 Q
oo o = Q- Q= 30, - @ = 371 F

=300><%=150Cal=150><4'2]=630].

Twizad 10. 10°C @ 200°C TH(@iq W&y G S| Bfge fFamie | ©ie-Sepra Treg
Afqaen e wwel 10% R ifca

ML : 10° € 200°C TIrow Wz fFamie i fme wrel

T, 10+273 283
n=1- 7 17550527371 473 = 05893
.M = 5893%
fgafee wFel @ ' = n + 0'ln = 5893 + 10 = 68'93% = 0°6581
4 T TIOR WA ARKe Tl 79 T

003 — 1 2283
L 06893 = 1 - =1-%5
283
T = 1 - 06893 = 03107
1
,_ 283 oo
T/ = 53107 = 91085 K

. AT = 910.85 — 473 = 43785 K
Te9q TIE 437°85K TS FA |
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Twigad 11. G5 S 3G 100°C € 0°C TIwT W 17 a0 Tmed Sgwm 104 Frieiia
7 2% wF | 2 gAba eune A 7E a7 g sl 73 7

) W T, 213+0 273
T RCFSI N = 57T T 2731100 373
— 02681
. W = 02681 x Q = 02681 x 10% cal
= 113 x 104

Trgad 12. 45 S 3w 52 wire éww,as I oS T3 | AT Tl 62°C

I AfEE Foel el | A%T ¢ TE Tuel W w9 |
T : afa Tl ¢ e Tyl 9w T, € T, |

Wi, T T 1.5
ﬁqfﬂ (m, Q_6_ Tl aT, T1 6_6 (1)

%\‘_’]Iﬂ. CW, 3_1 T] _‘q'T, 'I*1 _1 3_3 e (11)

(1) € (i) 4P

T2

3.3
=2x3=

Bl
4

T, 5
. T,—(T,-62) 5-4

T

W 3 =5 . T = 62 x5 = 310K
e - 0 _
4% T, = 3 x 310 = 372 K.

Twrzget 13. 100°C-4 1 kg T@s it #Afdee a1 26| @nfsa +fdaen Fe 23 7

WﬂTﬂ:dﬁﬂﬂﬁﬁ@dS=dTQ

2
_ m® _ 1000 x 540 x 42
AS = T 373

6080 J/K
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Twidd 14. 20°C-49 10 gm Sl P29 Bitel — 10°C @ J40F #Afaee 341 26| §ierd ol
©i7l 42 J/gk @ TEF . ©lF @F JEF @9 0°C @ I[q0EE EEa el 335 J/g 7,
©EHT Chi7 AR 9 2

AL

(i) 20°C (27& 0°C & SHAQ G «Hi7 2Aaeq

273

dT 273 273
= ms—— 22 . 219 _ _ He
AS1 20;'.273 T ms In 203 10 x 42 In 203 2969 J/K
(i) 0°C @ T(eTa IAF AR BETF Gelj Ghl7 #Aaaen
_ mL  -10x335 _ .
ASz——T =~ = - 12271 UK
(iii) 99T 0° (AF — 10°C @ TIOT WEAG G Gqi9 7Afaea
—
= ms
3 273 T
_ g, 263 _ . 263 _
=ms' In 502 =10 x 21 x In 52 07837 J/K
@G GG AAfiaed

AS = AS, + AS, + AS,
= — (2969 + 12271 + 0'784) = — 16°024 J/K.
TAZRY 15. 4 @ 7 ST GO T 6 V @3 AETE W age | eq g5+ sl
IS TR ?
TG : GF e W SR &)
dQ = dU + dW = dU + PdV
g PV = RT

RT

R

dv
. dQ = CdT + RT7

. dQ . dT _av
ot e dS = —==Cy—+R—
T AféR dS = — T =Cy——+RT
Tl ¢ Sigen IWEE T, V; (@@ T, Vo g g,
R HAfTTE
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T, v,
fdr fav
AS =S, - S, = CVJ?+R{[7

T \%
S S
= CV In T"I‘RII’IV

THIZAY 16. IR FF0 N9l — 140°C TF TeFw ©[@l I (4 7
TNY : Ty TIO @ I T NS T; ¢ T, T,

27
" Ti = T
"1, = 62475°C.

. (~ 140 + 273) = 89775 K

6.26 axiafer 3

® (i) ey et

1. SR FEFG SERI 674 |

2. 9 i foqesr® ool foige |

3. 76 Qe feeq veraif foige |

4. woifefamia (R 7q (AtF TIOIT gielt ofen q17 ¢

5. Sl ST SRR el o |

6. 43 ATT MR TLE Taeael 14 |

7. TR e @ Pam A

8. qol7l g F Peg AT 7

9. SN wereald =IfF (W @@ qT THg 7o T3 2
10. ST I 1Y |

11. 5 ore @ Ak F o7

12. Selfefamia @I 9 (e @6 *ifg FRAFFe 2@ @ G q7 7
13. STIR AN @14 € JUO9 @493 @G @AYl ?
14. Iwele R AT S W 7 2 @3 PG T F ¢
15. S| 2% AGAET @l TAGTET 7
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16. S It A 2fiFEE S qife T )

17. T 2w e g @b Fida sfawe & z@ ¢

18. Titel| g wre] T 1 @7 AT A 7

19. @G5 Qe [weE e 7 w2

20. 717 FreliRe HAfaeE @G e 7 w0 2

21. T 5 G HAfaen e 2 7

22. GG TSR @ P AT 7

23. qEE TIOR GA-DIW 2P RGOS 7 G 7E A T 2 7

24. GA-GIW AMEE A I 2 2F SO T TIOR (U (@] 7 F 20O Z(A ?
25. [raiw @ giel Afeae Ierg & S0z 7

o (ii) 7Fre TerFm el -

1. wivisifefawiz ©z @ e @i T 2

2. Si7lsifefama sk saaif dere F @RI 7

3. wislsifefawia SNa faqe g |

4. Sirofsfawm @< qraw oy F 7

5. SNIo™ qeole @Fibrea afe, AR @< brag Jfeq (U@ @@ 27—owe g |

6. Sivsfefaw 295 9@ ge T |

7. (@I OrFE e wfE e F @R 7 @b [ weRE s 7

8. 5% g It A 7 e g e wAfnel @[ 7" F Weg 2

9. AGTAET 2Pl FIE @ ? (@] S ATAOT 2O T D F *6 A+ 2O D 7
10. SzeIe] wisisem ARGaeEa 7 Tnzgel e |

11. wivisifefamia @eE 7@l e |

12. (Seifed 7/ (3] P A

13. 1 T ge g |

14. SOAGE T g0 S|

15. @G F 4R @9 (STe wieAd J 7

16. (@ O AGicel gueid sfcadn ww, ©fF @hia AAfaaes 7 ¢

17. ZOAeT € SHGIET HFE GG Aaeq S @ 7

18. ¢lb AT i BOra ©eTe e (ofte] fsfouia qreipr SIie! w0 a7 (@ 7
19. JIR @ gueols effeny go8 Smes i FORIEE Sl (@R FE (@H 20 |
20. GE-b FEl FEe Teaw TI@ @ AE 7

21. @G #AfEEa ATE wiAsfoRkmz Tor e kg 74|
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22. G-I AweTel J 7

23. A 2R (I OrEd wergdW HfFd J HAfaen 7 ¢

24. SN[ R A @5l sifldaes 2a 399 |

25. (T ©F ©loiE 92 FaE-aq Srerga wifga Afdaes Ao e o2

® (iii) Fo=-4S epy -

1.

(a) SIFSTOR AR FICF A 7

(b) issifefam e Beriie e I @[iE 72 G dF SEba] e |

(a) wrsfolmm i 7Eb Rge g0 a2 @I (A T 47el FreiE = ©f
ST TG |

(b) (@I SiFNOR ©FF Trerga #ifF Ie0e I @RI 7 Terga s ¢ Uk
TCFF 2 I I | S R (G Trergq el g -SEe € TYeR €7
Freia Fea e

(a) wirofefm 22w 7@ e T | S SR Feeiel A6 2 MR STed
@ BItAT W ACE e dRe e

(b) MG A AT G PoRiEd Al fwelz o |

(a) TCE € FUeI7 SAEEE fowg #/1<y Weiae og | gLl 2o @I sl
MR 7 € TYOR Ty T g g |

(b) R @ S TR (P — V) Bead @ @il favpa sy Twed wifere qreeie) (=74
@ fowg Wy T wfeee AWE @ AT @@ LA

(a) I Ol ST i SICwifre Ofteia e e | witra i<k fefm g |

(b) MEE Twels sAfadm Fearda sfame g Fg71

(a) wiseifefamr faorm @it 1w |

(b) (P-V) fom FZras! Tl Bfgrea S 2T 2ol g | 2 Bfea  wwel fefm
e |

7. el Bgrea RO 4196 (U (TS ATNEE Fred AST AW 7 ATNE I @ 7
AR G2 F SeT T F 7

8.

(a) IR TAAWH Ko ag7 | @M (U 9B sAfaadma gl @w |
(b) TG BF GHH AfGaed Fe =@ 7

(c) O7 sifqaaE @i iR st g |

(a) @Gi#E (e &ell e |

(b) GO AT FhrETE olelsifelawa faor g fage g
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10.  (a) (RN (@ GE-00ME 2QREE AR qqa Fea 4|
(b) SINCRETE SO (@8 Teaw Ty ARME Fe|
(¢) Te OeN@E FREE € R S gE-bww e O 28 (N ¢

o (iv) oifafes e -

1. 15°C @ fog Afaane «& g gUols AFhe e Taes aavedics Fq 2o | Ffgs
TIO O TT 7 ST WMZ ¥ = 1'4|

2. §F IPACE BItA 1 gm & FH@ 1671 cc i ARTS Tl 227 | IACAET dAwela
2268 J/gm| JifEE I € weres ife Ik AR Fo 7J 7

3.27°C T@F 20 gm Q2GS 577 S AT ATH0S FE A0 GRog s
%o | ST #Afwe $© 2 R = 831 J/molK |

4. ¢ oM w9 AR (@I e A4S TIO € BiA I 273 K @ 1 Qg |
B[V e | G R B AT O i o e R e B T A 1 - P C I o e e e B A
iz R = 83 J/gm/mole.K |

5. &9 Bivl € TIOE 1 AN Y@ TLole AfSA FARO B ST WO i 25 |
FEREG AT F€ 7 (7L TR 29 Bi7f @ TICT AYF TG = 0°00129 gm/ce; y = 1'4
@z (2)04 = 1319

6. 27°C TIOR @I A7 APTE IS TRAMG (67 Bi7l AUfE 5ag woreg 279
9 Ty = 1'5 5 Tl R T T ¢

7. 100°C € 10°C §3 W FaAm G e B 930 5@ FEa 2w 1200 Joule
@ Ty J Al ©le e zmfeE v

8. a6 Il Bfgrea O e TI@l 7°C €8 G99 FATwe] 40% | e wwwe! 50%
IR 00 ZA TH TIOR WAIES T IO IR FAO T ?

9. 27°C & 157°C TFomEs W FaRE «Fh I 2% 10,000 cal ©i7f F<aE T4
% | B Fo HAfae A FIY Fare e =@ 7

10. 0°C-¢ 9iF 2gm GEE € “FoaE 100°C-a T@Y 407 G517 IR IS T 7 G
. 9. = 42 J/gm.K|

11. T3l P2= S92 20gm 9% 975 & AR 26 | O 51 Ao Fo 7 7 9T T
@mei7 = 336 J/gm|

12. 0°C TI@F 1 gm T&r@ 100°C 7% T6E & ; 3R ¥ TIOE @& AAGS F40E
G RS TO oa | TEE 9l 6l = 425 J/gm, A aeelel = 2100 J/K |

13. - 10°C @3 1 gm JF&E 100° oI Ao 41 761 | @ gis @ #Afawe Fe 2 @
1. ©I. = 201 J/gm, TR 9. ©l. = 42 J/gm IEF S a1 @17l = 336 J/gm, DI Aweie
= 2268 J/gm|
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14. 0°C @3 50 gm @& 80°C ¥ ST GFA A (TH] A G419l I F© F@ 7 GEa
. @l = 42 J/gm.

15. 25Q @4 94 Ted 1s 473 10A Sfeaz 0 25| g T3t 27°C @ feg 2|

(a) @TET @G+ Ao Fo 7

(b) Reea @i+ wAfaadn e ¢

6.27 Nfafes o Tea o

1. ©: 288.44°C

(Bt : T,V T,V 5 T, =273 + 15 = 288 K. v = 1.4
T, =? t, = (T, - 273)°C]

2. T 1693 J; 20987 J

[Zf : AW = deV = P(v, — v;) = 1'014 x 105 x 1670 x 1073 = 1693 J

AU = AQ — AW = 540 x 42 — 1693 = 20987 I]
3. T: — 346 x 10%]

v, vde_ V2
e - AW = JPAV — gr [T =nRTIn2

1
Vi Vi

205 831 x 273 + 17) In. %

= — 346 x 10* J]

\®)

T: 15706 J

T: - 626 ]

T: 600°C

©: 4973 x 103]
©: 233°33°C

® AN

273+7
[?2%@:0'4=1—T — T, = 46667 K

N, 50% 3 251 Tg4 m 2@ 06

' 280 o,
L 06 =1 - 7 T =700 K]
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9. &: 127 x 10* 7]
10. ©: 262 J/K
11. ©: 246 J/K
12. ©: 6941 J/K
13. 87 J/K

14. T: 348 J/K
15. ©: 0; 833 JK

6.28 FTS ARl ¢

dIgaddd e

1. Heat and Thermodynamics — Zemansky and Dittman.

2. A Treatise on Heat — Saha and Srivastava.

3. eivelfefam — SEE @F |

4. Thermal Physics — Garg, Bansal, Ghosh.

5. Study Material : Elective Physics Honours EPH 05 (Heat and Thermodynamics)
Netaji Subhash Open University.
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a7 O wirelm [(fdad @ oifdqzd (Radiation and
Conduction of Heat)

ot

7.1 IR S T
7.2 faiese
7.3 @ Oitsg aghe @ ofenTey wavl
7.4 SfEHTIT ACHR @Al
7.5 it fafege, @iEe, dfowes, 2fenmd : PITY ¢ WEAg
7.6 ©l9 (oW ¢ ©i9 Stew % 3 Cfer vieew al T
7.7 f#erea oY [ o w3k I3 [iead el
7.8 IEIH ARGAE AR
7.9 &F%-99 99
7.10 F[EE ¢ IR [iead
7.11 f5&w-93 Jaa ofeore war
7.12 eFw-97 Ea 2l
7.13  FUY (U@ 7 KiPqo— @R~ Q™I g
7.14  #vseq Qs o9
7.15 (79 g% '@ 7RG S99l
7.16 falege sigcifife
7.17 w7 7ifeazd
7.18  ftea AR @ FoAREE Amie
7.19 w9 Azl
7.20 W& JART O AGEY 2T : FRAET AN (4FGF)
7.21 e A< fafen emida wie sifaaizeid we|
7.22 PARRR Awda o9 sifcaifzer sAfmms
7.23 (@EWIPE WED (MEAE SKE O 2[E
7.24 (SIERISE (A0 SR Ol 24qR
7.25 T @3 pRele Afere Al Amida sAfaaifzel W
7.26 Alifeifos Tnzgel
7.27 i
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7.28 slififes 2img Tea
7.29 FIES e

7.1

A S O

TIelR #d ARRE TIGT TF (AT AoeTed T/ WM NLA g TGT A THOT S
(AT Aoareq Sk OlsE Agiere 20| TIAOR 214 oW 71 267 AT® GB AEE 5ee
AT | Ol MEFEE 2Rfe foafs : (i) [feas (radiation), (ii) #Ifd@s (conduction), (iii) #fa5ae
(convection) | ¢ &A@ Maifi ¢ Twalgie @ s @ |

3 G Gl [iead ¢ dAfaqen i et sifafve za

T G2 AP0 ATY I SR AR —

e witer oo |

FIYTY ¢ WETY IS A |

fareipty wie [y og|

- 9 |

@ld TG |

FE-97 MET AR FICALEE G G|

sj¢f a0 EE (@O a6 & s Aes A |
#eesg fafeas @ |

Gl 499 '8 AT T3l |

@ A [l AREINGR v oiE AREiGE |

wi7l ik @ wivl sAfaaiize |

AT e AR ¢ T FaaE AN |
FmRLE A ¢ ey #micda oivl sifaiRed gl |
(i) (@I SR 2 (ii) (TR (LT @2 (iii) Dife—aaga a0 AR smieda

w9l sAfaaifzel Afrat

58

NSOU



7.2 f&fead ¢

Ol Hgewa foafs #fog At 7ifazn @ ARbew ARTere e TAwa e 22 | W
TIee s 7@ | Ok f[(ifeas sfore ©ivl AEHEe (@IE O Nee A@Gy 28 &1 | O
el A We WL A L LIRS ©fF AR DT G (A SR ©lef Heirra Afe
oo fafeege |

fafeae TeTCe @ Ol AR G 2lfF 3l A4 @RI, (SR @ #fE @ w24
fofe 2 [feadl afeam Agifere 2@ oes e ae1 @ @ g ©ivl [iead T3 il =g
fqsfe @3 Ot ©i i< (heat radiator) a1t #jy Afea<s qent 2w | G =Ifg @ aga Tsia
e TE AUeeE agH W ©i9l @I W OrE G0 CeT T €| IEHY TEY T
817 A e afon [isae g sfqunsa Gfer gaim Teile aam | [fey #&re Tiam
#aifee ZER OF Age [iearE dgfe ofonan ol ¥t SR Swg7 |

TIeR T (@ JiEae 77 O Oy 97699 (thermal radiation) &7 37 | G=IG! ST 027
T fera ©fbe 2@ M im Taire s [icad sleal am | @2 [fead w9 R[iead
(AT 79 | (12 TEafs Sy AmndRm ReE @ 7w 7@e [ SiEna) 390 @ | 9EE]
@it w9 fAfaea Ak Afafbe 27 | widie ik ofe sriter @ i Rrsed ¥a 3+
e Teflft FIE sawel Face fai@ efiearss &l (Spectroscopy) € (Emife—amidiawm
(Astrophysics) @ (@ e wglsife 2z (oulw f[iead Fewid (radiation quanta) SRS
4] (RO ©0§9 (Quantum theory) & WiaZ | F&1 A Sy Awi<mE A@eire [
W oI @ ey el A S|

7.3 f&@| ool @gfe (Nature of Radiant Heat)

9 ST T Sew 3R, (@ I, O wite Sedivw genfurs Fie afarE, Sy i
A Fa9 g Gfen T@ o9 6 @ Ga W SEAEis—ceel 9 AEifEGE
(Differential Air thermometer), 27 (Thermopile), @GR (Bolometer) @0
WEEIfGE (Radiomicrometer) Toiifi |

@2 9 TG AR AFE 0l T KR wisle wiee esl | alojfer gt 2
() TS @19l we @9 oA |

(ii) Il ©i7 =PRI ST A 5T |
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(iil) I ©Its1a Siael (intersity) FA0E A5 ARWAS HG (0= 5 |

(iv) @ w17 SEa Afowes € #AfeRare 9 @ 5 |

S @ S e @ @We qfesid (interference), SFa@n (diffraction), FEER
(polarisation), SEF—eGeF] (photo-electric effect), FHIERE RFAR T#iF &4l (photographic
action), fIT(9 (scattering) Zonifr AR ©iteld cHoae (7l T | [eaiw g@red woiafes (26
AR B Y| TS W @ Ted agd 29 (O AH | wedd [P wisl gel e
T2 CCHIFT Tq%!|

7.4 ofenpFam warwd @@ @i (Classification of

Electromagnetic Waves) 32

1 wsie ST e | TEHf @i W TS SR (G (I SRete GeiE 71 | GZEl
oy 7 fara @ ©ivt SR o Sinee T | e T [P virle @F qama ol vavil|
3 4ATNE AT SehFRd ©a%! (electromagnetic wave) 9 | [G@1 @7 @ ST e AL
71 {1 Oiteia wawitn yiRaley SiEa waeind sl @ @i a1 Kl witsin aiies e
IR PN S T | §IB2R) EAMIE FI67 (2e wa g #AoiE @ <@ orare siled
A ©f (@] (AT FAR A A€ GO | @7 GIACTE A A 4x 10 m (A& 8x 10 'm 74E |
A (A 2l @3 qefiE qiREe ikeael @it A 41T oIt &=l #ieg @1 | [/ wiet Afticetm
(T @3 AT qes (e 41 908 | A S SIHMcdd (U0F (@@ saida (1 &9
FERq) fafeeiE SRR (infra-red) e 4 | (ouf (@91 SEAR (A0 T SASTACHT
(@ @ N I [feasi 9o @@ Ofe @9R1 (ultra-violet) fafFael | wasimrda sAien Sward
s fafsaeie fafen wi Bfee sa 201 9 e efemsan 3 was vl A = 0 (U=
A= o0 7E GO | U3 YT Y THE YRR S | WNiwa Aiite sawind S @ [eis)
I 25| @3 @@ felel 47 WWe w1 (RbeE e weiE biee 37l 22|

ARG—7.1 : Eﬁ:‘ﬁg‘i{%ﬁf 3@ (Eleetromagnetic spectrum)

CELC LY e T

(wavelength m) (nomenclature) (source of generation)

10131012 i A& (y-rays) coefza 7mid

10712-107 QM (x-rays) T ARERE e GG
4qIge T7T TW *I1ST LIS
Rlgion
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109-10"7 e @l af NPT AT CIGATD
(ultra-violet rays) UEHN
4x1077-8x1077 LinicheiGl orFe lom wmief
(visible light) (Incandescent solid)
1076-10* RGPV
(Intra-rad rays)
104107 TR WI9ITG, ST
(Micro waves) (Magnetron, Klystron)
1 to 103 (SOERT LY eI
(Radio waves) (Electromic oscillater)

7.5 St [fead, oiind, afswem, afemmd; FIg ¢ =g
(Emission, Absorption, Reflection, Refraction of Heat;
Black Body and White Body) @

@I g (4 o fafeaa 79 agba () Tl ¢ (i) JPera agfen esq WEg o |
() Tl o 7w Ricaria g9 a9 ¢ TIel qe [iSaee g9 @ w |

(ii) G2 IO FTET S TP O (UL A OITIelE G2 AW 8 Y O (AT A
A A7 oie [isae 2| i Tyl @ FiE ¢ w95 @ M Aol I3 Syl
e S TGO FO 20d Ol s Feq |

AT (7] (907 T SO (I T (AF 24iwe T wqwivmdra [feadl fsfe 2| T3l
JEIT AFE @ (@@ FE FaO OqAinda [iead 9 20 A4t@ | @Im g T8y a0
b A0 (@9e oist I T SRTERe qf [iead @, G TE @ I A 1Ry S
fsfe za =1l | ot T AMTITE AR T TG ATGA TR 605 G2 TIT AU (FfEoey
(red hot) € #TF W TEY @ (¥OOE (white hot) 20T T | wdfie U IGH (AT T4
A € AT O Tey SRRE AW S Wefe 23| TIe |l AeE g Aered (blue
hot) Z@ AW @B SFGes HGAHT (Sirius) @32 (8511 (vega) @ HE ad (AT |

@l R Tawimde @ o @iE 89 U AeE—
(i) g sea (viifEe =3
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(i) o8 o ofenhre &
(i) a1 oI elferye 27|

@z uesisffera sAfqie agg o @ AP agied eow fiee @@ | Wofer s fefeara
CAHmCdE esrae fea | Wffs sawimd (L) cFe Sieifes Risaed o, oizs @i, r,
oA efforleie g £, A ANGTT A

nota, =1 (7-1)
® WWQ (Perfectly black body) : (@ g (F(g a; = 1 K r, =1, =0, OF
o TR O

Tdfie (@ TR e R AA09E (T ST (IIRel 3 (719, (I S 2ifowhere
3 Sfeg FE A O S FIY A |

oAl I (lamp black) @3¢ 2B a1 (platinum black) v FRET 4T IR | 971
VTN SICETE IR 96% €18 98% (HIT (A | APOTE (P G2 SNl FIAY 28 1|

® o ®=a® (Perfectly white body) :

@ IGT CF@ 7, =1 @R a, =t, =0, TF AW A= A |

i @ Ig wivifow [iGaer Ky dfvwleme a@, @ 9HE @9 9t sfese F@
7 ONF A ATy 0 |

@2 g aifewa (diffused reflection) (e TG A7 %@ Z0@ AT | SWA F3AES W00 Al
WEaRS A ANGH T A | AW (S A W Gl A

7.6 ©17{tewn) € S?-SCen IF; AJEA« % (Diathermanous
and Athermanous Substances; Green House) 2

® TATTW @ Tio-STew) I, : (! (I 3G 345w Siieoifee Kl il 2 7 stz
gifeTe T@ | OB K TGS Sietew A TR O AHTE TR 76 =, (@FE, NaCl, KCl
Zofifn wiPew aGE CRIEAE | SFFHATE (@I (@I 383 W i Sivifes Rl Siteia 27 @i
TG Sfed® 2 @1 | ad Sig-srew I @ ©is AorE SR I8 96 &7 |

VRN I (@8 g9 W Wed v ANE ST Tele 97 Oithg TR (transparent) €<%
(I TAE TGS 7 7 OIWa SF6E (opaque) A1 61 T | (el s quefa wan 2iferye
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2 (78 #ief AM6R 2 | (] TG b IR ST (FETe Fo% 218 SREIRS IR (@&
TEDE, 0O AN |

® FIGEE T (green house) : FH7 fown i @G Sawimda [iFad (99 waw)
#fone T A7 Y IT Tawimds TS O @e #ita =1l | widie S5 (26 Sawimd !
T CF@ T2 [5G I SAiCd) TEE | FIhE G2 e @it g e Ao 4w o
NAE TONE (@R I (A BT A4 Go FI54 99 (941 41 T | TS TG I 671
| 9 (AE TS FY wanimdd f[feae F6a (od! 9@ a4 WE www I | @ o
Tey 26T 719 @ qEq W AP e 2enif 7 ot e S e otem@ W aE
& fafearra Sawiaed @ 21 | 9jfe S5 (OF T J1a0@ WPTS AE 7 | WES W WY T
A% | O TEE TSl IR AW @3 SIRHAE Wred 2O (AF T A

7.7 fereitba wivl R[Rfw vg @R Igs [fesd el

(Prevost’s Theory of Heat Exchange and Emissive

Power of a Body) 2

H@rs-9a ©6 SEPIE @ TFe I AFA YO (W A (5T (@A) it f[feaet w7,
fafesarem oo aga Ty(et I et I ofra | “nfavifle gz Teifefon Tom aga sist fafearea
sifamier (it “Afaada = =1t | 952 Tapet IRy 91 g aga Tl AAfFeiieda wuy R[isaes [
CLERECER <k

Tq% 9 o b2 OId TY[o! Al ©i7 [ieae 0F | FOROL T G Ged [
IS (@ | T A WSS SR sKa @ oie [feel S o qarra e gemi
@ | @ #KG O Ol T (7, TEIE q9E (AF AR | OR WS I WA W | [
T SR #9103 QR weeE (@ [ifeae (77 | ©i2 S #I0e Wiee 5 Sied 314 |
@ g S & o ol e Fa Afdeinla At A sAfae Rfsare i 2oz ok 849
@ I % (7 (@1 € (77 I (I 29 TF| A%, Rede S (@ TG O (7 (@H 8 (7 T
O 2o Ares I | T4 {6 TG T SO AR ©8 b g2 [Gieas [fewm s @k @q
“Afalel e |

® TqF fafFad el : PR AIEH (AT T AW I IGI [ieae el T @
@ BAGE G [P T A (AE W | AIHE W@ @il a7 [ieas wel € (+h@e el
T2 A HAfATeS 2| (Rl AW ¢« SITE (diERE Siten /RS ¢ AR (e dEie [T
(good absorbers are good radiators and poor absorbers are poor radiators), #(d

5 oiv afelmie ar@its @3 Ferel [ifdfes “=fore @ FE |
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7.8 IS0 ATAGAT AL (Some Important Definitions) 2

(I TGS TEY e G e (AT DIRMT Frg wawinedia [<ieae 2ferd 7w | [Kiearea
e TG (ST TR TH ST |

(i) fafeaet =wre (Emissive power) e, : (Pl I 4 (FaqTel (AT afs CIIFTS AFSITA
OFF TAH A € A + d, TRAWTHA W (@ I [eme F0a ©ow @ wAveitnd SArEw Ty
g7 Rfend =wei (e)) =

W (S TG dA (%G (LS di GG THONE do THE L€ A + dy SqHeda Wz
u, d, #fg ffea g, o ==

_wd,
_dtdO)dA ...........................
(ii) C*I1¥el =FS! (Absorptive power) a, : (Il TG TAA ffwe sawitarde wivfes
fafFaee T e (e =0 oiE @ SAwitasg IQge (iEs el 3|
T G M @ (T (FAFE L € L + d, SHEra W& dQ, wAfawel fafeael erisifew
77 ¢ (MfAe S g, dQ, T, ©F a, T (T TG |
FIARET CHCY TG CAST &) @, = 1, S TG CHLE a, Wod (@ TGI AFhed
G |

ed,

7.9 FFF-a7 A9 (Kirchhoff’s Law) ¢

@Al Fiwe Tyom e Sesltrrd™ (@ (Il TG R[idad Hel ¢ (e FAe Sglie
§F W GR G AT @ OAmiEE v FIREA fafeael e e 2|

T (A THOR (Il TG A wwivneds ffeaera gay ffeqe wael e, € e el
a, T €I & Tyowe & wavl weda (wE v pRE [ifeae wael E, @@ W,
Z_i:Ex: I

g<fie Rfeae we! Tl @ @IFed TAole TOa (@@ | (S G TOE G @ el
AT AT FRITHZ G2 79 27AIeT T8 | (e 70 Siuear Al fafen smrda @ a+f@ shea
T i I fen, ORI @2 g #irey w9 |

® &Fidt : 3 WEE AN I WEEA F4 T | A g G0 HisAl S #Afg WS S
A S| WA I W@ A@h A € A+ d, SR AER e Kisa A | S @ity
W O I 11 23 | I [P Ny S Ay wd | 49 agfba f[feae wuel @ el
T YW ¢, € a, | AT (ST (ArS [iFad 97 TG Toiq Avez | Ilg e fafead
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TR | GFB CFAFE L € A + d, Saincda & dfe e dQ, fafead aga Taa wisifes
@ G (FAHE (e *fh 2 = ,dQ, | ¢ (FAF(E Y TS (e g g =
eydy | AR & 7o FA |

Loed, = a,dQ,
e _ dQ,
a,  d, e (7-3)

TG I (@ FIE @ SN I W IR G
aleaex:Ex(Wﬁﬁqu)

€ fata
Wé]a' ZZE}\. = quﬁ‘q |QI¢ch '51"'51\!)1 ........ (7'5)

AsRel (7-4) (A AR E,d, = dQ, |

T A HAEE (REAEE [ieas el FRRa [isae e 7 | Wifg Ssem @il
olitad W @ Tyer g e o | @3 Riad =wel oo 4 @ g3 B9 fea
TG A | TOLT (T (0 FAT AEd e A [feae gy e syl

dQi’
T TAe @b &9 F91 I8 | 99 (I T AT @A [ Fael STW,

O W FASF, IO WO T© o Sl TR E,d, = dQL', IO E, 3 ¥IT |

P e
wreaq Red-an W =1 = By = gy Riewd ww

@ TG 2O G FoA S AGE T TGO WE 43 (FET AR | (TS (] TG
e, @ a, ARA Tofm FeT T M, 2 G HF 3 CHE A |

g 7 TYI (FGY @ T SPUE 8 AL 2T |
fadg-ag g (U@ b s PR Avew 717 ¢

() @I WM T3 afEFe av Fel Fite feeeg [iead € FeRga [ @32 | @a
W (@ (I T e @2 fafearea sfga 2AFbica 711 #Altge SAmitTa ggfe € Sl T
@ fafege oeg @@ @11 W@ W @3 [ieee JREE [ieaeg | @ag
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(ii) (3 TG a,, (T8 O ¢, (7 | S ©IET! (AR wiee i a1 fasdrest arisl (e
e fafeas |

7.10 F37F ¢ FJ§ [JfFae (Black Body and Black Body
Radiation) 2

AR (BI] TGE Sl TG 77 | [e-917 9@ (A7 (1 (517 (Il Wi S3rer a= el
Ae fowormr [iead TR [iieadl | @3 Tifea AR FIREY AR ~ANGT A RR | I56
e GIfb FIAY TS EISA 21 AE |

® (Ff7d FIE (Fery’s black body) : (FRE FUTY 2@ UG (AT G0 4T (U |
T TEISTE TR AN AT | AP TSN 560+ 78 | O && [ A 71
(Be-7-1)1

0-43 [%re (S (T TSR *1F WFhed «afs SIfefwey wigsl Q141 27 | 4o (ReqEd
Towraa oI Igwfey 121 28, el SAfoer @ sifaaes 39 0 24 | (@] fafeaed O 32 ra fewras
AT S 19 A9 2Afewers @it A @ifre 2@ a7

e i [ade s oitge (reae »isg oigfen wfelng wxefls Aa o e o
qiq ieifee ffead Afewire 2@ oike oy W 219 (4 @@ Spe 2 7 dfowitre
1 ffem iz ore I | WoiTa farwd T Sisifee
fafarea 7hE e 7@ | wielie fawf sl
RIS NS 5K P | (A ] T G T
A4 TG AT TE (@I 7 (@ @ (A i
Faga ffeadiy z@| wefie T IwE @3
“Altgs W& A s ey sfaw 2w @)
@ A (P WAl A @ (redie (A |
FEg [feaez zifewlere wara | T g fead
Ty [feads 2@ | I Aited reaE T Al
FEe G FATYT M0L TG TAE | (ST
7o (@B 73 oo @b Sl FHREE To Thad Fd | 2w IT T@ AR A Ee 7] | faw
T A g WA Awiew 2| [ReR @h e FHEE (O FERER A @@ (@D

TS <@ 2T |
® T RiFad a Af [/fFae « ol T (@ @I Sawitd [isarem sl e |
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wrowq i AEE S T o i 20 | ordfie Sl iRy (20 ol fafese
A TANHGIE qOAW AT | GG I FIE (A Tofe [feaede 7 f[ieae (total or full
radiation) I 5% [ARE9 (black body radiation) &1l 27 | W5fe iaria #gfe #iit@a SHAMIER
=feq T ea 3@ 71 | jguig #iitga Tsrer Toa fres o0 | 5o [Rifsare T ot siqrioia
@ T IAFSIE IR0 |

7.11 5FF-93 @@ e #F (Qualitative Proof of
Kirchhoff’s Law) 2

%93 3@ (A SR (AN : Ol (*FS e [ieqs @ 47 (e <77 [ieas |
@I R warek fafead 3 (@ 999 771 (ifTe 27 Ord TNl e & 9 @ Ry waree
ffae sl war@ | ey Rqe 1 @i Al4Re THzad (U@ 2 0ad Here] 720e @RI T |

(i) @6 A BANIGT I TG A0S FRH! Sl SAIE w7fs T SIOR (2 1000°C)
T I oiUeiit SR @ W@ o Ffe dieie i A S geemn @@ Sege
(LITE | T OIATG I (I Q0T < (AT Tafeael fpz | ©iz & ek @egeny (@ | wereiE
AWl S Ot (I WY el ©iteT Rfeaee Ti—eik ¥ S Sege $ 2@

(i) e S AF S5 foed W@ qeaR Auw @7 foq Sme Ied SEE @i 221
AR HAfR5EE e e | wdie T D6 AE A AENE ST Tlena (hEe e |
ET T ©H O UeY (T THIIT WF WiE (9051 PIviore e Sien [ieqel are (el
Q| (I TG (@ 0ol S e ea SHAgE oA & oo et et o | fsidresm
©iE e Trge SR I (IR |

RG] ST AR GE @R AR Aere] A T ZEE |

7.12 56 7tag @@t (Applications of Kirchhoff’s Law) ¢

eriffaem wifde smigfama ¢ af@l fG@iea (astrophysics and spcetroscopy) ST
€3 EE A Rewena Swewin |

(i) It Tefie farsEre et faem g w6 @-3cfel (iaieEm o foe fMaamben ¢/
(continuons spectrum) | 7 THOOT A(FA AR Fezw@ (Fraunhoffer) Ga aeffeiig 4
(@ S0 FIE @4 Gee #w | @offees igel 9T (absorption spectrum) JE & | G
Teffeiine @2 @eIsjfera Tesifen el el fofd e Aaai | @afem oy S S ama
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wawire SAfaas aEw € A, B, C, D... 2o wrwq g Bfee aee | atre Fieagme @9
3ol 22 | BICagHd A7 500 b o (@9 (e | IO W] Ted A A 20,000 §9
WS (@41 (7] (97 | -9 I0aE AR B (@19)feTa Terilar el iyl S 20 | AKFwIoNE
AR Trefers w0a @ Wew@e F9@T (emission spectrum) 7€ TE OIS (73] AT FIGAZFEE
Bfew D, ¢ D, @i weimda el @2 Erifean f6zpe 1t St i 7w | fedg-g9
SRR A iR Fifeaiem Goibefeg e @i Tesifed wie | e (o @ oK T3l
@ BI%l AT (@] OIS 06 AEFNGE (photosphere) | T T 28 €3 AEFAGE (A
A qrefa DR Wofe =@ | e s (It S S (72 | SRS AREd M
YITE GANRAETFEIT T SO qofawa (chromosphere) | qefirer #aidl oo e I,
udfe Rfen (e @8 S AT ST 9E | EeNes (A4S e Wbz aa SiEs
FfreEE g e TeTn e, & g e e el eoe agfe s e
IR S (e B | @S] e 28 ), O QoW Gid O el T 26qY @00
& I SIS SR (e S AT T 7| @ 7 SN S (@ ORI T, A0
@12 @ At el el | iRt 2 [rasal S q@ll 99, D) € D, SIE 19 et
Toifre Efea &l (iffe Z@= | Gigew) D), D, FCagai @ S @4 ol ot T3 |
GEITE IFNGE ENCAE SR &l “1eql (ofF | T a0l @ #Srwag [fen
(TETa WeAgel afieia gemiere [es 03 T IFNEE S F (e 9 O G=l 17 | 7l
SR S @@ el G SR Aledl | a9e fidte REmw anew eiwee
ofE AT FGTE @7 T Al (oifew | ed-a3 rag Aere! amifow i@ awnfie gEfeE
Aol e w9 NGH (AeE oo S R w0a | 7)o qHaRred A SN bt
TICE BRRl 7ATC A | (1 A e (A Wofe e Rk (e @ @Ta adee
14a B! @I9)fer Tega T | @ WA WEISNGTET S SN A A7 FOTE 1 | I
(2B SE PR | (eI Gles)E ade @ R R s Wsfe s | [SEeteEs
THfaferes MR (Ta9fF @3- SE Mo o | g w&a 1ol (29 Ot S (7= (]

R T SR e A« [esEe T B @ @ R TwE grhie S o Sl
#I4<I0e PR TS AR | CeiE (EifeResm Fiide smidkmig siEaede S Tea 2@ |

(if) 3T fewi -0 S[rag AT AT 9107 TINIG 2ATF RIS TR | (@I (e
sz Trefere e s Sl v 3l S e 3 e ol 301 | e Fles Wi
fog faw G o | e s WS few G aifve 1 zm @ Tsa 7@ W @I sk
i fae afota wwie e fcer e fafeael 03 | @oi@ sridE o1ow oitaei @2 @ ALESE
AR
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7.13 FYE (AF ¢ [Fae - Gow @™ 7@ (Total
Radation from a Black Body—Stefan Boltzmann Law) @

Fuage ffeaet fc Beeet (Tyndall) @it (Dulong) € (4ife (petit) fafen ! waw | @&
A ATPFR T (AT 1879 B (@. GO (J. Stefan) ¢ TfSE@OET (empirical) g efa
L | OISR MR 1884 RRIGIH (ISP &3 3 q AN T | 2 A (Ferg sjef
e cFag e | ¥ S ow-@EemF g A #ifkbe | @b 25— @l s
TG #Afe GG CFAFE (AT A IS TR 7 e sifEw @b s E @ ag7
A4y TIO T-43 59 qred AT |

EooT?

TAeT 435 1 (F FOFM 4T (Stefan’s constant) J& T | #KFHETL T G A S
T (Ie1T (S-eP11F '@ Eera 79 (Gay-lussac’s and Joule’s experiment) (7S G« qT—

(S_U) _0
5V );
Y

wrwaq ol siiere @@, Cp —Cy zp(ﬁ)T
ol Sieie STaede g, PV = RT

. p(f‘_Vj _R
- 8T ),

WO Cp — Cy = R oo (618)

6-9 o R 2ff9$s : (Isothermal changes of gases) :
Pam T WieE b9 a2 SiEeraa ofFaes e @ dAfFadare Iy offFads e

Tere! Teg ite arE @2 Afaasm d T = 0| Freiieeita 3ol 749 q140e 2 vfasm orog
AW 209 |

AR SAfen Freid T W @6 Trigas e SNl SEDA 399 | T I G0 Gfed
G063 Weay WS Trela ey #ifwiel s oz | (GI06d (IR 9462w ©itd Hele 7d (O3
GG 4o 7% SGH! DMZ | G SIPE 49 80a A 2e 20e (redl 29| @3 T
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T g, wAfllel S 902 | @2 FE TR G MO Sergald #fE @dR A Ad €3 Tl
FACS A T | 4T3 (56T e FARRIE 2eTR 2/, (A ©i7 (ReAER T4y M@ A
#[If® 2@ | Wre shieE Tl g ke vieca | e 49 e @i wreifoe zm Tyt faa
AT 40a (FEH | 98 4qHa #AKqeag A 2AEe (isothermal expansion) |

OIS PO Y7 A A Al Fa0e AR MR 09F g, sifd S @11 zre
QAE, T VO TGB! AfE @ A2 A2 97 TIO! AT® A | (B8 (e Ao
R, O AL A A (A AR 2RIRE 2@ AR BE 67 TI@ A PURg AR |
&3 4qroT ARTEAE R AGHOA (isothermal compression) F&! 57 |

G2 ITED! (AT AT GIH0S ARETT—A ARTS = oy o7 (€F) @ Aol e
w7 5:67x10°8 Wm2 k4|

T (i TIOE (@I FAG Tok Toor Afsiiesfa gy A (T>T), e e
TIES A0 G (FEFS (A0S @B #FFHE Y9 A

E = o (THTp" i, (7-7)

FREH AR (A T TIOR ARE A TE I | (7 (RS @3 AN 2Ty TA |

T QY S AT (@@ TR #fg7 ARl (7-6) AN @AWG A S P L |

e 93 §IF | TYT FPECE AFTed €57 fTea T «F TN 0 (A0F 1 97 ey 27, S
2T O t = 0 R T FITES (G € = 1, €G3 YIS TG SO e il
Tl (emissivity) 9= 27 |

® COFIE 4 (ATF et e 7@ (Newtn’s law of cooling from stefan’s law) :

T B (P FATGT T Tk G R Tl AfAa Sl Tk (40 ey (afet | oeie-
QA g SAT @2 TG Ao (FaFe (AT @0 OAHE 2

E =oc (T* - Ty
o (T2 + Ty?) (T, + Ty (T-T,)

G T; € T 49 T ISR 26T TIACIT T ARTEE TR HILE AW e
Tz (T,-Ty) | W@ (T2 + Ty2) (T, + T,) @@ Peg <) oowd @< an—

E =k (T, — Tp)

@A k' = o (T2 + T2 (T, + Ty)
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TOGT Eoo(T; = Ty )ervrvrrrrerreen (7-9)

wdfe AT Tt @ FUES T A T [ieaed e @ I (U OIwEe
T & Tl SN ETifee gm, ufbd et Mreem 9@ | GEhEPT (FE € 7@ FE
T3 AR T I 2| Tedd

Eoo(0,—0,) A Eo0f.nnnenen (7:10)

G 0, &R 0, GEIPTAP (R I FATY € AAT Tl | 6, — 6, =6 = TIOR
i<y |

YA N AT T, @3 AW TG A Aheq ©Aa e |

7.14 2iF-97 &{Fa9 @ (Planck’s Radiation Law) 8

5j¢f fafeael Cer vl FeiE ARG 27 ©f SoEfEl GO (@FeMIN Ha (U (s |
@3 Tfsare A ©iraa T sasindz Ssitee s | ifen sasimds Wy =it Fena 3w
T @ TS @ o (Wien) 7429y wifes St aae €< wisaifefama A «@
T G ey F0Ew | AT (74 AR fen-a @ T e [RiGeE owe ey, @@
wqeimd «f ey w9 @@ -G (Rayleigh-Jeans) [REE@a @ieTa ©fonaaE wreq
(Maxwell’s Electromagnetic Theory) 2/t @ 574 (5B Fae | Il (A A& (Het— (7] Y
CFCq grgrey 27 1|

€T 97 T 2eE 1900 B S gaeRIal wred W [ieare #fg ahee A @
e e 2w | O ©g SRpie— Rieaes «ifE smid 7@ Sz 28— @b Waaberecd
=g @1l | *If5g faf =g #IfEq ooz Tl (SR T SES ST A0 | G2 9P A (AT
(@07 (photon) <&l 23 | €2 OGS @1 T @A (PIAFGY ©E (qnantum theory of light) |
wrofre el fae oftmTRE oaw! Feaie | (FEro™ g €3 [ASS qRel—@Erom a @ oEs
Wi =g [l 27| @2 wred AR o @ #fF a50a g WiEe ©f #KEea TEd A0
e Ao 5jef|

@I e s (v) [(FE [Risrr oo @rome «f afen 2@ 93z @@ fF (),
e ()47 MAfes e € = hy, 92 h G0 IRATET g0, AT AEP-97 7D
(Planck’s constant) Tl f&a1F (@GN (quantum of action) J7F | ZleF-4F ©g TR [fee
e y Qe #ifes WoTRe e = hy #Alwices sffoes 27 widie #ifg #fawe 27 €, 2¢€,3€,.......n€,....
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2o, AR € G (@I O BAE Woael 28 71| @3 (@RI ve AR a2, A
THEE @ e AR SEe o &=

&nhe 1
E,d, = T I Oh e

el —1
9T E, d, 21 T Tyiol afve e [ieae L e A + d, wawimeda a [ieqe =i,
k 28 @EWN 89| ¢ T W7 NG SAE @

@3 ARG TR AT SO T3 6 (9] Wy ©as! (e @ bace an<y a4l
T TE | AAGTH TG h @ AT AT T

6:63x1073% J-S = 4-14x10713 evs

AISE-F OGS AR Ay e APFeid ey a1 ool o —ongfe s
alen =< @3 il @32 [ieq 9oaE iRy F 99 ARE TS 26 |

7.15 (9 & € Y¥@ TFfet (Solar Constant and

Temperature of the Sun) 2

® CTH 43 : 7 (AT AT 91C Va0 FEAWE A TSI G5 vl FIe e
& OFTE A4S 3o CIBHRGR (FawEa T7a AgNGER SRewE afe S e @ v oeme
(fafege) wivifew 27 wite G g9 3@ |

(17 gara Wie #Af2acafeie W6 (Pyrheliometer) ACE AR foefa vt T, @3 4arFa Wi
A 1-937 cal/cm? min; &%, 93, S 7 AW &[T 1356 J/ms |

® A T : @ r IPNE @3 T Tl [T S IR 4@ WE GO @I
I (AT 7RTR T @Y R-F A [ @Il AN (e Tl T, T (A KRl
©l7l (A AP K SN A FEE weifew T3 |

(ST AT (FaTe = 4nR2 | TOLT GTAEIT

g Anr’cT?

yrEml [CGS @]
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R, 7, S @R o 9 W& Pt AT T T = 5723 K

7.16 Rfeae «iEiffe (Radiation Pyrometry) s

wfe T TI@ sAfdesa sifers AR @ vz 99 T aRge TEE SAEEiinE
(Pyrometer) Tl 24 | [fwela 9 2021 0d (7 78 LS 1 28 Ot el 28 faieae Aaifioe
(radiation pyrometer) | (i) PBHIGE M 2cA T TI©! AfACoT TIE o7 W 91“'( fafead
PAZLAMGIA | (total radiation pyrometer) (i) SR WWe (rdy T =ifg Afaa+ s 2ss-
@F g el T T ARNCAT THE e T M ARG @l el AREIRLE (optical

pyrometer | spectral pyrometer) |

#ARCAIRIGIEE AR @ IGF TI@ Nl 78, O He(es ARG 40 27 @1 | Fe
T (A0S T WAl AW G2 @ (A T SISl AT A7 | s il op@ q<Rid wa TRl
9 2 AE FINYS Tl AP 2 77 T AR WA T | TFIET Sl AP
A AR | GrE [isar dFe Tyl ARt ARkEaee @ SIow 7 [ieaw (e 99
“Afeiel Rfsaet i oz Ssrelk Afamie w1 211 @& Tyrers @ Rifsaes T Rifsasd Esrer
(black body temperature) &7 2 |

(a) Cwfaa ﬁcf fafead =261 (Ferry’s Total Radiation Pyrometer) :

@ Tele W@ AREEGIET 3 G g 5 [feael Al @ Eowm Ea AL
TSI A el | 98 Y SEPEE (@ T T MATS A (R TG (AT IS [feqerE G o
T Tqwe wofdl M-«q o @ 23 (Tow 7-2) | fafaast sraws wsfte afewfere 2w wofter A
T ! AT P @7 B9 (@wige T | @I 4ied #ife T P Arers wamfa s fafead (e
IGE 1 22 | WH{elT ARG W€ AN (A% B CIFeIE (R a1 22 | AT @ F19
@el) P ANed 5 ANE 56 WEq@a w5l D, D, AawiEd Al 5° (@@ 10° (@l wiee
ST Q4 | OE CHR@ A 0-75 mm [PIES G 2w 79 A0 | @B fegma w4y facy fafaael
P 7004 €24 70T | Twe] Wi TR 4 Sferad (eye-piece) E @a AR Afefay ol
o, AFENE (@ e M wqes v aifewfre [fsad, smaw D, D, wdqea wole
=fowfere 7@ o o e 2feRe o T (5@ 7-2 ()] 1 H#F @=m a1 2= 76 wofteg
A AW (e AP SEqeRT Aol qivee JLena (1l A [b@ 7-2 (b)] | sawe v
A o A AT @ F91 7| P Ated e e @t oy T-93 @3 Al
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T NS | S Aot @b sran el (erF6hbEd 38 A | @3 [eFd (9@ P viite afefioag
2l “Afwis T 2 M welel miRl sifve afeReaa @i A D,, D, woid iba iR famma
(27 FOTY qC 20 O d P 7Aite aAfefaraa ARe a%a wa0ed Tog fieq 3@ 71| T Tl
TK, #teq T3l TK ¢ REnertfime 1 V o, V = a (TP-T,%)

M —Z

N

B 7-2 o oj Rifewe sirzcafiia

43T a O3 W COF 43P, T elfemas wael @ SI7RaR (e ol U9d eq 3 |
b @3 W 3-8 (AT 4-2 @7 W TW| b @7 WA €3 ALy [fen TR0 T A | @a—

(i) ©I#geN Tge Siumre T TIO NdEE Al risi eefes 2@«

(ii) fFe afeweae Tabefe|

(iil) OIPRE ©IEd W4 W@ Oed AFETH, Aee AER Tl IR |

(iv) T AT Sl TR 2N A Tgsiifes 7 2e |

€ T A FIAEY (@0 2l AGIRGIEE AR ARRRLR Sk <1 27 | 23 Sei|
TI[el AR T T |

(b) W& 2AZrAINGE At 3¢ #AZAifEGE (Optical pyrometer or speectral pyrometer) :

TEAITS : TR [Fae-aefeTa SIFe SAHda oA A — A +d A 97 T4 SO @]
sfiel Aoy g SRR AR W&y [ CIaera Al Werw! T 2 97 A AZE
Tyl fefa wat =)
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@ T e TS T 2, @3 APerTE O (g (U STHI L — A+ d A AR
Cldk

G

Wy TR W37 29, ZTee-93 W@ S E,d, =

G

:—C2

C, & C, §3F| #FPFE (R TW C, ~1-44| WA 7 €7 T 1-43 (AF SHS (@

ql, E,

Gy

o R 1 T 39 A

L

_C2

L E,=C A" e (45 T 73]
3w 3 e fon T3l T @GR SRiMCdE AEE diKe B, ¥F, Wik
-G
E! =C A e

B _ (&_&)_ &(L_l)
E; ‘ar at) alT T

E, C, (1 1
ang=S7g)

Wi sRfore Sqe! ToWl 9 W (IR Sl ¥ 4AEd SiEe AREihng (od w6 @)

(i) ==y et % 26 (Disappearing filament pyrometer) : 2 qifeq Sige!
e 3@ O T (A i f[fearem A A 9 2 |

(i) =SS #AZCAFEE (Polansing pyrometer) : 2l Jifes &faae Sigwt Fe7 @ ©i4im
S (A Opil fafeae formge @ fafeaed Siael e w1l 27|

I LI S RIS ARCEINGIES JEwte SEb 394 |

® (i) sy fHFeniters 2=l -

@2 ARERHE ©IfE S (U wml e Sel Feg e o3zt aifeq Sigel gz
7, %6 OO A T T | AW T (Morse) @f5 (041 0@ | FRA9HIE 2o1a¢ (Holborn),
FEAE (Kurlbaum) ZR[4 AGRE @2 0FF S=E Gare Alfde 27|
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O

— il @ —

g 7-3 SWiw TS ARE@IRGE

5@ 7-3-9 @7 @b T (I TR | @f e @S FaarE 9 | @9 9F OiEd (crosswire)
TRt @ dife L A | aifelore aiiore B «a waie sftesdar #ifim Teg saq aee
2 | Ofbezaz fazed @ afes Segen fage a1 @ | 9fesrm D-a3 Sew #fiass Fa
A Teri e aifeq TS (@i 41 28 | 4 ©IAT S<ri «ah oiFf afeli
(heat image) (@41 23 | SfeEE A-43 AN GFH @ Feora F6 aAfoE aa Ty e afes
@R T | @319 qifen ofteeqz Fazd a@ s ¢ Serr dfeflrae Segey Aum 4t 2 |
7i6q 8egey NN TF S 74T I AE 71 | Teoee Anw Wng sawimdd S gae
<4l 27 |

Ffweid Smiee o SpNiitE eitesqE IE (U Sida JaE e 7

Teria Tl T ¢ fafeqe el E, @) @enendd Tyl T' ¢ fafeqe wel B 2@

lnﬁ:&(i_l)
E, A\T T

T E, =E|

OZEQQL_l)
alT T

ST =T
ey T TR OAE SR Sl |

7.17 ©i?t oifeqz ¢

@ FTere O (@A IGT TIOT WA (A *oered W AgeTe 27 g a7 T
RS (] ARen g7 /1 Wit wis sifag Tel 21 | 9w slojfera MR @2 el 5 |
qEAMGT OF AT e FAE AF AE o AE Ol Agifee =) o Al Sew 7w e |
41 I3 9o FOeI 2 ) SR U | Ol 29T 20 @ 9)fe Gva SRR AT
e e AE | ([RY T5fe] ATEe e Paferlivmelrd Hge Ok @2 T Fgifere 21
«ora W4y T | G2 it Sidie Fifee wifea MRy wdee wiaE o fAieig wejfeire wiswie
AgieTe a0a | SO T Aewed WK O AgieTe @@, are TsEe Ry @@ a1
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7.18 e AAAFAR ¢ FAfFAd 2Md (Good Conductors
and Bad Conducturs of Heat) 2

@A a9 i ol Warw FAfaiRe T ot JAERE @@z @ 7 emidd w4 W
w7l e sifdaifee 2 @, O S 9 w€EF (insulator) J0A |

AT A 4192 FARAR! | IAAT ©lol “Afaaza o) 74 (U @13 @ 703 Ol € Sy fiaeEe
e | AINRE TUe Trere AR | e W Gawig A qefaaid |

TR 49 Wiag ofee J#AREAR | 2fel aiga T weikey IF TEIEE IeY (UF @3 9l
I AW | AN WY GO IR ERGAoe [few IR A (A e [z
A AT | 49T WA G2 LErRaR el Sl ST S9T e A7) EAIIETeE 9@ (@O | €3
T O T TG A | AFOACE «Sifel AT 0! 47 T 96 79 S_R A | Olet Al
AT 4rwd TS| ! e @B AT T AEIGA S TR (7T | (T GronTag Sited FARRIE
2|

TF, 15, 6, T4, FIG o, SIGI, A8, (@0 ZoNW ©ieid FARRIZ | AW 2ol S 7T
TIER OICHT FARRI | T SR OIteT FHRIL] | WP W Wea oiel wAfaaes 27 711 o
wapR Sl AR |

7.19 w9 #f§difZet (Themal Conductivity) &

4 @@ TTOTR ATOT (@4 x G (FATE A; T o FPOER GOl ILETE 0, € 0,
(bw 74)1 6, > 6, 21 0, T (At 0, @ face wi9l wAfeafRe 204 |

AT (4] TT—ANGT OEF ameE #fqaiee o Q,

() O (Fawe A~ AmAfeT

(i) 76 OrTa TIoa A (0,-0,)-a7 Fisifos

(iii) ~ATwq @4 x-97 AT | ‘\

@92 (iv) OIAANET AN AT |

TOET Qoko-t ¢
AGT (@4 4T TG dx, TR A4 d0 €% o

dt @ dQ Hfqwe Wiy oAz TE wiv
siferaarea 2 5@ 7-4 @7l sifqags OEE A

dQ, a0 Qo

0,6,

—>

dt dx dt dx
K @i Ao g9 | @1 ©iv-#ifaaifzel 961 | @ Wi #{i0ed THmitTa dFhon Toig e

LA
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A=1,%=1@£@WW@@@&@W. 9 K,

K-49 @@ @9 =izre Jm KIS qf Wm KD g wm! °C! fifes @ ofere
Calem™! °C-1§!
[@7 TE @3F = 4-2x102 7 & @37 5]

lteia AR #Midd (w0 K @3 I @ @32 AR Amids (Fe K @ I 9
e ARRIZE (F0G K =0 @32 S AR (F@ K =0 2| AVE @] AW oisl
#AfaaifRe! «@ufb 5aw W AW 22 1 | Trewl Ao #mida wiv sAfaiize! I 2E Akaee
7 | THe! AU I ¢ OIe AMdd wiv sifqaifze I, e e wiel sfake s

A=t 7-1
D Aneda it AAfaaifze (99 93 «I )

w1l w9 #Afeaifzel 0°C Taeel oW HAfaifzel
Bl 4-07x10? M5 105
ol 3-864x102 e 0-546
Sy 2:016x102 B 0-42
TEE @R 462 e 0-42
Sl 33-6 Eap) 0-126
Aaw 0-016 g 0-0252

7.20 WS A O AGLAY AT ¢ FrAE-9F FAFA
(9% Wf&F) (Rectilinear Propagation of Heat along
a Bar. Fourier’s Equation (One Dimensional) :

AN AR AT TH 4] WGd G 2 T Swer i Oz | Twed AE (A
7 AL AoeTed AT M ARIRe 201, We Ml M0w! sTaEnefel 20a ARe OF |
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W G Wed (7] x-orF q9199 iz (B 7-5) | veba C A% Tw Taee =iz | C [
WY 47 x qA0g o (AEd LM T TR epuranas
faramal 341 27 | 49 AAfaeia geme L ee Saeel

LM
01 8 Yq (=IHI 2@ x +dx 7a0g (M [vre) Tasel 2rq C D
do :
9+ESxIW@ﬁ?IﬁWCWWA(N\Lﬂ§T@W 7.5 Fasieginata
w9l ifgaifdel K @@, L v g wafoa sy sifaaifze 4GAY AR
St 2 7A@ —m%

g} M (@20 T T w9 (A afzefe eielm 29 |

d do
-KA %(9 +a8)€j

waha W (N5 6% AEED T

N g N L)
= KAdx { KAdx(9+dx8x)}

2
= —KAd—?Sx
dx

(A) 7T oTAE B ¢ ARToaRIE SREE SR WitAd (i) g T waha Treel R I
T @R (n) I oI WA Jpen (e [ike @

T SR TG p, WoAFE O s @ Taswl g 2w 2 2 Tl e i

ROl A A8xps% |

LM waibe el p 2 TUT O1d (FE pdx OHT O iGNl (4FE (HABE
G AAfaie Tarela onda T fafead) E, oifasiiie e afelie Saeel ¢ e, Wohma
Ao 79 (AT [ieRke ©ftsE 29 2@

Epox0

@IFe ¢ [T ST 2@ @9Fe Feied 2@aa A AW SedT,
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2
KAd—?fo = Adxps d9
dx

E + Ep5x9

o _Kd®_ Ep

g dar ps dx* Aps

do . d*0
R WY
e dt e
K Ep
A=—, nu=—2-
G 0s u Aps |

A @ TET 7 S qgieieel q wieuifas #ifk@if@el (thermal diffusivity or thermometric
conductivity) | #fRaOTAIE SR Treel JRE 27 O AiTTOR ARIE Al 9 2@ (7-13)

A ¢ e wdfie dgrad ©ir Zangd g ANee 0|
fafeara wge wiorFn T S i v (A ]G & w1 e E=0 =) wuw

do . d*
% = A 714
ﬂﬁw‘rﬁiwdt e (7-14)
(B) (P w=eeli 3t FRfeAte weall) ¢ (@ g oita wiwa dfeld e Taeel g =2
L %=0 | (7-13) A (AF AleT T
2
%:Eemze .......... (7-15)
X
2 M _Eb
A = T KA

el 1 e SR e (A [Kiegel SroeiE 2 =0, OXF Haeaeba Afarew
1 T

d*o

WZO ............................ (716)
UG ARG PG I AL 29
O=Ax+B e (7-17)

@47 A ¢ B ¥4 &< |

S (AE A € B @g Wi Wy e 1
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x=}\,, 9291 ......... (11)
22 AORPIE 0, =B
0=Ax+0,
@Sy RpIa, 0, = Al+0,
0,-0
4 A( .- )
0,-0
LU 9=90—( 5 ljx ........... (7-18)

€2 TRE WeRE T g (P p-SFF € TR (A TTGS x-90F 477 (@F@L0g SiwE Gin
AETCI AeT AT T 9ife 2@ e (og 7-6)
gl 11 ¢ 23 92y 7oes (U@ s Srorsan o oA Jaedel (7-15)

2
d—?=m26
dx
4 €T TG g Ae™
0o
dze 2 nx 2
T T T AR — = Alne™ =n0 0
X
0
“nt=m? A on=tm
X—>
O TALT T g = Ae™ 4+ Be ™ wovr (17-19)
A € B 7 & 76 B )
P — UEISE el Tagera SAfaade |
TS (4 A @ B @7 W fWefm @4l 7w
FME 2 T x =0, 0=0, oo @)
X=C, 020 oo (ii) 0,
7% Fwmé I AR 1
0,=A+B € O=Ac™ 0 y

@RI " %0, A=0 >

B =0, 7-6 Pag g e @@

TOET G =0y "™ weerrerreennee (7-20) wared el Taeerd Afad |
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Tfefag Taeel 0 (F y OF @ Y6 [ (UAF x TF 40 WIGE GHAATTA PR G (7-20
AAF) (I qeS A Sfefas Trewl wate AR (bg 7-6)

7.21 TEEREd AdrE ¢ [fen amitda ot offsaifzerm

iAo+ (Ingenhousz’s Experiment) : Comparison of
Thermal Conductively of Different Substances) :

fafen sifaaizl amida e ST, o, @R, omid Teri) e Wdis @ %R 16 (@ed]
7 | TGSeTa Pes TS A T ANTEIE A

(TG AGe| 29 (Req 24 | ool b A Tesd
A (Tog 7-7) & AR 2] AT | AE [ 517

S
T DI (7l IE wesiferee oiet e T @iy sree F—
wF Az | A9nE i sfaaes sEm @ swiedd ol g‘
FioATe! @ R oidd Wi we AfTaifze e o T

€ IIFRRSI (RIS AT (NI SIe A | (T 77 ZEWEE AT
e Romied vifaaifeel o g ©i7l qpisiel (@ 2e8E
TG e [P SivleRE @ g

o #itq qita A o S i ordl T o e SifdaifEel @@ zend oe W
@R 2 G SR |

gfq T o fafen micda wed @ “1TQ @ otz O 799 /4, L, Iy ... 2o
€T G m T AW AN my my my TN ST THO] 0, @ (G T 0 |
ACOrAb MY (@ Y A€ (N SR G ©Reel 0 | weojfer AT o 2, T AT
Teel AW ¢ HARAIRE (A @3 AL W Q| Tdd (7-20) ANH9 SAE

e1 —mx
— —mx —_—— e =
91 906 ?]'T, 90 W
w9 ey wea (Fww
m, = myl, =myl; = EIF|

w@sffers THAme AfaaifRel K, K,, K, 2971 2@

Ep,_|Ep, _|Ep, _
K1A1 K2A2 K3A3 ......... LSS

G ZOEL Med AR p, AEEE (Faee A ¢ [iegd el E e | 9o
4 L ;

\/fl_\/K_z_\/KT_ ......... FqP
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q KK K &< (7-21)
N
e M CAMIE SAfaiiee! @eeTEs (edE qusia ARem e, @2 AE0E AL G
e A (1 ffen qiem ARl weml 41 A WL (@] WEd A Fifaifzel ami

AFE AT o Oenifog eiv dfaaifzet T s am)

7.22 FARARY “wieda ot #ifaifest #ifasts) (Measurement
of Conductively of Bad Conductors) :

PHAfaIR wmied 7T ve qEE S 09 OF AT On Sreon @ fafen qarg Sl @
Afifzel w9 AfRs @ @ Airda i Afaize [ S aw | e gt smeda o
szl dera ff s g 71 | arw ARAES wite e wed Jped (A [k ese
SAferiel (el (9 | OIE (A1 Ty 2 i Al 2@ 71 | 05, T, 6, qeniny] e FeifkEid
AL (TN AT (@ENPIE I, (TR (RIS < (25 IR T4 = A9 AR oisf
AfAATI 27 |

7.23 (FEWFE EE (RSTTA SAw o7iedz (Radial Flow
of Heat at the Walls of a Cylindrical Tube) :

AR I (5, T 2007) (091« (@EIRIT TMER W 4 [OEd ¢ I2raq e
JUFE 7, @ ry G W 1| (g 7-8) | 7o fooram wie o7 qae ofbesqrg, T o al
o i Wie Saeem el 2| T e TqET ot AAfqaite T Fua s e
(r, T@09) ¢ AfRrEd (r, wa0e) TO! & FABE 6,8 0, (0,>0,) | G (il |
T (AT r G dr g I TR @R QRS 4R € 3r+dr @ YA GRee] IAE
0 € 0+d0| «a Ty W w7

/ EEEE ——=—=
)
iy ————L ————
\ EEEEEEEEE@ @

7-5 (QENIPIG WED WETE TG O 2dE
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i d_Q do
Q dt dr

=—-KA—=-K2nrl—

K € A (=2mr/) I TAMGE ARQITS € @ @R 5@a (e |

Q dr =-2nKldO
r

G FAHE 26 T2

*endr 0,
Q[ ¥~ —2nKle do

nor

. QIn’2=27K1(0, -0,)

n

an(rz
p
dy Kz

2ml(0, —6,)

i j ........... (7.22)

wiea aifefer sifasiel S smiea o7 sk@fRe feft T 9w

it ol Afsaifzel foofa ¢

«@is PO EiEs (J) @3
W 5 W@ aidl 27 (g
7-9) WeE g M ww €
Gited N futm 75w AvE
@, T, ¢ T, 4oifioE W@
ot ¢ fsfe T Taew
WAl T T, AhvE WE
PorTe Taew! il 22 | FI59
qER W G0 (ABI O
T4l 27 € I BT o5
e ¥ ¥ A0S T A=
R KT ke M I T G
MeyeTd sl wlteeltd

—

7-9 FM5a ot sifaaifzel wifae
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FTEf SPTC® AICE | 2AL SIICReE ey oW @ weema Wy WS (sl e AT 28 | Siesd
MSAFTR W4 ©fF AMRET (A (A fowrma meane 7kaiRe @ e ved 43 | P
T PG (EAETE W M@ HAfiize oitsig 29 € o 2l ke eitsiw 29 i 29|
YEifaefE Tl e = |

TS T, @ T, AUGIRGES A0 TUEE 0, @ 0,1 0, @ 0, @7 AL 10°C @7 el

Al =, WS £ 3w M AR o eRifEe %0, SeeRies 9 m=¥ G AR wle

s B7F GeTaldl e eied aid = ms(0 =0 ) =T CNIGERRICRCEES) @ | Wi Tree
0,+0,

0; (T ——2 oY Tweew oI+ IR T T feerd ¢ Tfer e aUw

ry 3r, &R TG | 2@, O ARG o9
0,+0,

. 271KI(93 -
Q= =ms(0,—0))
ln[rzj
"
(SR o A ER)
Teeq 7Ifaaizel

ms(0, — el)ln[’f)
1

0, +ez) .............. (7-23)
2

FEas (7-23) (A K -3 W [efn s a7

7.24 (NTFFE (AEF QT oi7e[E (Radial Flow
of Heat in a Spherical Shell) :

K=

2nl(93 -

FAARRIZ] AMITLT G0 (L (0 (5 7-10) @

lTsia T T T | OfYe AANEE MR #F 2F 2| h
iE TaIRE vl aifaraE it aiRe 2 | ey e "
e Tase! Fug SreE ST | \VA

W IR (4T foworea ¢ it TPd TUE
@ r, ¢32 P Taewl TUGT 0, € 0, (0,> 0,) | G
SCaEEOw %|feT T (ST ©e | vy AP @ dr (@
G TEEE AFE [oa 9 w1 Fee oRE
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EFe foors € qaEs Awa Twwel 4 U 0 ¢ (0-d0) | (¥Fe T vt HAfeEa
3
do do

0=-ka® - k4 ®
dr dr

G A =4’ = (SIAT OETd (Rgwe
K = Somiea w7 sfaaifzel

a1, Q% — _Kando
r
S 2#, T4 r=r, 0=0, ... (i)
r=r, 0=0, ... (ii)
*ndr 0,
Qf 7——4nKIel a0

nr
; é[i—l}mqez—el)

non
“hoh
———=47nK(0, -0
4, Q i ( 1 2)
Q n-n

K= .

4n(0,-0,) nn

g o@EE Vs [eq arew | Spwae ofoes™z @ &, wfE 920 29 Q= VI
K = VI r,—n

a0, —0,) rp

@2 e (U K @3 W ey a1 79, FARAIR 7w Aamere @offer 5joel wdm e

Q@ A, F, SHEEAY e, TON (IR [ ETed Wy (@Y @3 Aere G el

AfaiEel W 34 a7 |

7.25 G @3 vivfe srifere TS omitda wfifzet

7 (Determination of Thermal Conduction of Bad
Conductor by Lee’s Disc Method)

& '@ BIE6 (Charlton) «Z #fere BT SFEd FAREIE *mitda sfaifze e F@e |
7.11 7 Tora @3 719w gaie [fer it e g | G5 3o 2w C-a9 f[e =i
@b 4Ioq BiFfe A T WE| @ 2Mida o9 sAfaaiizel Wi Sare 2@ wig 5iee B A
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BIA® '@ O] b 4w BiFf® D -«a & A 20| A, B € D -4 A &7 A = 27|
A @ D pfeleg W& 976 w0 T, @ T, AGihim I)E e o1 2| e g o W
WG @ETTH! A | oW C AP E 2@ 79 g a4 3@ ¢ F s 79 i @l
e | 7 FRIEE e i SO S A @ T | % AR ’eg T #d AeihnEe
oA B AeE@ 7| G Fea oz, @2 SI9EE T3 910 T, €3 2A0d (A @ 2@ | 4fE
@ A TS 0, 0, | & T3l AL T FARR viehen W fiea sz ©ivt A
D BT (A [fearsa Al 7w | [idlae oer s Fiwm o b Taea 260 a1
27| @2 A D B @ 7ida Pea wieveE SO (A AN Thed TYeE (4 5°C)
47w, B DIfers $ofta (@02 BN A@Iwd B 91 g D biohed Arestad SISl ANEa Al
sAferiel el 22 | TIIOI-TRE Ahee (719 (AP D bifen B TR (0,) T (B Freerera
RK (%)ezﬁ@WQﬂlBW@ﬁd,WA@ﬂﬁ@W@ﬂWKW,
B oIl frm wfdaiize witsd g9

QZKA(GI_GZ)

d do
D BIGfed © m, TAMIAT WS ©19 S, Feerera 2 (;L 7, fafefas wisa 29

e w@E Q=Q'
TS, Mzms(ﬁ)
d dt Jo,
msd [d@)
a Ko 90 (7:26)
; T —

«3 FEeared AR K« W T aat 77

7.26 fefes Twzzd

Twrzet 1. fWafafie 9 (U@ T FPeEE v TReel 6T 99 | (T &9 = 1360 W/m2,
EOER & = 5-67x10°8 wmZK!, i@ o @pd =7-0x108%m, F € A W o7
g = 1:49x10''m

TALE : @4 S=1360 w/m?, 6=5-67x10"8Wm?K~!

87




EE EE R=7-0x108m 7 € #f4T@ W oG 799
rgp =1-44x101'm

GO AR, 7 (A [ e 27
=47RicT!

AT A T CFawE SAfe wd 39

S=4TCR§GT4
47'ch2E
2 11 2
Cpa 2 S e | _ 1360 (1-49x10
o R 567x107° | 7-0x10°
.. T=5741-6K

Twzae 2. 27° @7 AR@IEE W1y 227°C TFeed a0 10 cm TGE (@I (FE @i s
J A wifg Wofe @1 (e 9E o = 5:67x10 SWm?K
Ay : Afe oiwee TR w9
E =4n’c(T' - Ty)
= 4m(0-05)> x5-67x1078(500* —=300%)
=96-9W
Twrzadl 3. SRR U 7 I FHIHES (ol (76E Freay [ieas) 400K € 600K Trewr

0 | qfb (ST WG W YA 4 AR | Grd W& WS 2Wiae 219 o2 (el IR
c = 5:672x10°8 MKS ¢35 |

AAY : (TR0 W] (T (FEe *fE amimg 29
E=o(T-T))
=5.672x107%(600* —400%)
=5899 Watt/m?

Twizad 4. @3 FaEd ARES Twee! 300°C ; OF IqmRITe IR GG @B 0w
(@04 M0 TO (ST & | €7 ATeeTold 29 0-35°C/S, THT B ARG 0I5t ¢ CerHg qUTH
32 g, 0-1 € 8x107*m? T(F GOHIWT AT W PO?

do .

LA : (767 VTR, —-=0-35°C/S WHAFE B9 S = 0-1x4200/J/kg, ©F m = 0.032 kg,

TAEG A = 8x1074m?2
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do
R oot g =ms = cA(T, - Ty)

ql, 0.032x0.1x4200%0.35 = ox8x1074(5734-273%)
~0.032x0.1x4200x 0-35

c= — - —=5-75x10"w/m’K*
8x 107 x (573* -273%)

TwrgRe 5. W YA A 7.5%108m RACd @b ColfeTR | @ SReteT GEeel 5727°C €=)
«f6 EEEE AaAE «fF [Kifiead Fa=| T @ (@F 1.5%10 'm 47 ¢ o2 wifes o1
#ifF ool (oIl TarE @R SR PR (U@ Gow S wifE TR Farz | @3 A Saee!
T 7

U ¢ (7T T2 HES TAE Rg=7-5%108m

@q APerTE TEel Tg = 5727+273 = 6000k

I (AT M TG 1 = 1x5x10Mm

COTR $9F = o (41)

97hg TIgel = Tp e e "y

M (AT rgp Y G (R [ ©itsig 29

2 4 2
_ rmR§oyg _(RSJ oT.4
R S

2
dnrg

fafearera e defba dfFg cvawe = nr,

2
, R
Tega 92 e B ©iE 29 =(r—s‘} oTs x 7y ... (i)

SE

CUHIE A 242ba Afen (4 @ Og 29 =4 ol ... (ii)
CIAE AGY O e () € (i) FNEE AT e

2

R

R (R_SJ oTinr, =4nr,oTp*
SE

2 4 8 \2 4

o _[Re] T _(7:5x10° ) (6000)
> LT T4 T 11

re) 4 |1-5x10 4

- T, = 300K
Trizae 6. FfUS] (A (79l AEE T (@IEF G 4-649x 1073 @AM, EOFER 7D
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5:67x1078 wm2K™ i (T &Fara W F9 Zd? (a SRl TEeel 5732K)
ANGA ¢ 4l PG AN Rg A (U@ F[U9IT 9T WY Rep
- R - [ i
e e (e e 0= >=4-64x10 * e |
T wgs [ ol 2w = 4nRioT
o= (UEW & T = HT IHed Taeo]

2 _rd 2
S =—4TCRSC;T = Ry ol =0%cT*
4, Iy

=(4.649x1073)% x 5.67x1078x(5732)*

= 1322.9 w/m?

Twizas 7. €fTe FAEsGE (Orion Constellation) €3 @6 FF(44 (&7Te wige! (luminous
intensity) ST [ 17,000 96l | 7 7a Tawel 6000K 20 & Tad Tweo! Fo?

AN : T ¢ G Ogel IUFW E, ¢ E, @38 Tww] 3¢ T, € T, T@

E,=oT'-E, =cT}

(Aifgaifitea Teeol Traw 9 TR

&zﬁ al, Tf‘Zi-T;

E, E

4
2 2

= T} =17000 x (6000)*

. T, =68511-5K

TwIZAS 8. (] GEIHIEIT €99 5 cm 9T 9% G W7 G G BHEd AT TEee]
—20°C | © @ IAF BA4 ([4 @9 TR 7 2AE=17 W TR 0w | (6T SR IR
@7l #fqaifzel = 2°1 SI «as, FarEa g = 910 kg/m?, I9F SEEE Ao =3.36x10°
Jkg

TG : W Pl GG TAE IPNGET THO| —go ¢ G (T (P HAE GETa CoA
Tl A V@ (@4 x ITEEEE 0% W TEa Taeel 0°C | I9EEEd 14 T o (A0
G ©i7 FAfIRS 20 € T el (2T M@ 90T ARkde 2| 4fd @ v AAfaaiizel
K, GEMEa S99 Od (REEe A, dt WA GE (A EeE Afaifze o

KA0

X
4f9 qarEa @ ©i7f L @92 0°C Taeeia 9oy p | dQ #fiwis @i7l F@a ey ©evy I0a

©q

do = dt
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_@_KAG
dm = L= Ix dt

[WHFREA @4 dt A dx AR e
dm KO

IqERL t TAE x, (A @@ x, F, WS T wE 7l

PLe PL (%" —x7) _
R

PL
L= () - x))

2K6
G (el 90,
x; = 0.05m, x, = 0.Im, 0=20°C. K=2-1 SI unit
p=910 kg/m3, L = 3-36x105 J/kg
., 2910x3-36 Xéfzx.i(fggz —(0-05)°} _ 27300 = 7535m
TrEAd 9. Ul> (GHIET AE T2 26 M@ (o4l € @3 (@4 0.08 m | ¥« foerag
@eTH 0.04 m 3% fw wge | I GFES [CorEd Tl 10°C €32 A2Ed Tl 20°C &7

@ A R TS| FO FA 7
(2069 K=0.168 SI @< ¢ dq K=0.042 S.I «a<]
T ¢ 4f7 2 ¢ TEF @ TWEW x; € x, € O AR T K, ¢ K, A3
¢ fourge Tzeel S 0, € 0, G IEFAET TwEwl 0 (0,>0>0,) 79 (FaFE A |
wibee w7 sAfdazea 219 A

x x>
. Q= KA, -0)  K,A(6-6))
' X X
4 - 6,-6 _ 6-6, > x b P
: x /K, x, /K,
A

a‘Le(1+1J=92+el

x /K, x /K x /K x, /K, 0, 0 0,
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A 9(&+£J=_K192 LS

X, X X, X,

0 K,0,x, +K,0,x,

Al K,x, +K,x,

el i, K; = 0.168 SI unit, K, = 0.042 SI unit
x; = 0.08 m, xy, = 0.04 m
0, = 20°C 0, = 10°C

o= 0-168x20x0-04+0-042x10x0-08 _ 0-168 _ o~
0-042x0-08+0-168 x 0-04 0-01008
Trrzad 10. 3 o9 @rovted @3 AF 100°C T TerR HeHl B | fed SR
T (A& 0-1 m Wd @ Ko T2eel 60°C, 0-2 m H(d S8 G3b Ko THee 9 T 7
(Mea pen (U [ifsae Srarsam)
T ¢ P SRR e (e R Srerw e FREEd AN @

2

d-0
—=0, g TH x FACL Taee!

dx?

e abE @3 AlEE e:eO—GO;el.x
@I 0, = BT T@, 0, =/ YE0Y TS (MET W, 0, =100°C 0, =60°C,/ =0-1m,

x=0.2m

100-60
0-1

TrrzAd 11. 2x107°Qm  (Fiaier IF 1 mm AER G0 ©ftg 10A ©feez@z 22| 9
1 cm R @@ AR e i @b o gen wim | g s Afize
0-252 W/m°C $7@1E @@we fewn ¢ Aiferad Saeel vl ot

A ¢ (7.22) FANG PG (@@HRE FARAREG W GG O 2D

« 2nKI(0, -0
Q: 1 2)
)
ml 2
n

(.an(er
ﬂ‘l, 61 _ _ n
27K/

s 0=100— x0-2=20°C

) =
e }"1:5X10_4m’ V2:5X10_3m’ K=0.252 Wm710C71
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TS 2/ AR Im W ©F Ol TeAmET 2d

oo apl 2 2x10°%x]

=i’R=i*E =10 x 22— =L

Q A =10 n(5x107%)?
= 254-65|W

[ 3x107
" 5%x107*
C e A1, 0,-0, =254-65 /x5 >~
=370-32°C
Twizael 12. 0-012 m #F R 7Ife ftd (o1 ¢ T Afeaa ¢ fowra Saee! g9
120°C € 100°C #ife 9517 & #Afawie & AATee 2@ | (el ST TN 5 TG (e

Sm? @ ZF OF HAfizel 84 SI UF, GEE AAGAEE AEelr = 2-:268x100)/kg
mkg G& 1 % qoATE T

Q=ka={8"%,
X

e KA (6, -6))t
Lx

_ 84X 5x20x60x60
2-268x10°%0-012

Twrggd 13. 5 cm € 15 cm JPIES b AN TS (IR I for@d e Faaa]
fir ©f® omE | & 3FFe «b ZoE 10.8W T #ifF 235 Tz | 4D (IFEd W e
AL 50°C Tra1, TN I 7 sAfaifze F9|

A ¢ (7-24) AAEGS SATK

= 1-11x10° kg

_ é n—n
K= 4n(0,-0,) nn

_10-8 0-15-0-05
"~ 4150 7 0-05%0-15

Twizgd 14. 0-3 m @Y «@f6 5 7o I P 0-01 m @ Tergcad Pt 8x1073 3|
@2 7Fe foes i afs fft 05 kg o9 2i7ifke o) w@ba g o fa@ 760 mm
AW 1ol B 02 | T FEa Wg @ AR 26T 0E GiE Sl 20°C (At 30°C
T | 69 OivefaRrel T

AAY ¢ (7-23) TR LT FE AD

93
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Ko ms(6, —0,) ln(%)

2711(93 _5 ;G’ZJ

@A m = 0-5/60 kg/s @& #AQ0a T4
0,= 20°C, 0,=30°C, r;= 4x1073m, r,=5x10>m, 6,=100°C
I = 03m, S=4200 J/kg

-3
05 420030-20) h{suo

=0-552
60 2nx0-3x(100-25) (4x 103] SI &5 |

7.27 epiafe

(i) =T epy 2
1. (@ 4T MG OF AT ot 440 T 2T T2 2@ 6 | I Afere wil Fgife
27

TqEE TATE 2O TR YT W Wi 2 ) Rfere wois Ao 2w
Ta A B JNE S Sed 391 AW D eRore oiv it 21
ME (A wi Ajfedite F sfere Agife e

@I ©ltsg b 4l Srmd T |

VAT S Sawicre (DD w1 |

GV FRTE TS ¢

e AT DIE A 2

T ¢ FH—F7 w7l AR @

10. @7 wAfe@eEd (FY PR SRl T (@RI

(i) AFY Tarad ol ¢

1. ©l7 AgETwe [ieqd Ao FE qwe e

FEY O F (@RI ?

fefeirba s i oy F2

ey e wiel e |

Gls Ty fafeas, «alh Ten (iiEee —agil g |

FTE IS A7 (@I I [feas Fwel ¢ (el Wl e S @RI e
‘Aol FTH T AIGEAN TF PIE A7

CURICTE M fge 34|

W o N kWD

® =Nk
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9.
10.
11.
12.
13.
14.
15.
16.

17.

18.

19.

20.

EOEIEE TG (AP WCha *oew @+l A7 Frei

I (oW 8 W% e TG FE E 7

FICHEFE ([ FIE A2 99 Tesfead FRd Je

fafeael sifzrafibiEg dife Fe

Ol &F IS A 2

w7l Az Fik@ W | CGS ¢ SI #Rfere @7 aF 7

w7l ifaifee W@l e g |

@b @I FGT AT @ G #ATCeT FE 20T PO Gl BT (P60 AT
TGRA! (@2 gfE 2 Ted fael |

7 AREIRe € ©i7 AT WK AHE Fi e

7 2RI ARTENAE SRR I @RI

@ FIT FIE 8 (T 49T FHE! 3 SO SR G7rE A [T SA (@14
A7

@ T FIE A

(i) THYTT epf

1.

(a) (I Tgq e wel ¢ (*I7s WAl e I (@RI 2

(b) T fae € (e Tl HFe  foFw-a7 HEb [Kqe 0@ A 4 | TG
Jl? I FOME FIAEY 2O F4| TW?

FEY T A 7 FATYD [0 TAAEE EOFA @AW G0 g g 6 il
TG | A (A FObTET Aeer g Freid Tesia =l A7 ?

(a) (Al el FIE A2 G (A TG @] e |

(b) TR &<F F?

(c) COTW M@ (AT M7 Te| Frei@ #Afwisl T T A G |

(a) FFT-937 9T (AF CTRANEICS FCA TFA (@R Tesile A<l F |

(b) zriters iwae @ forge | Ois [iearea (@RIBN ©rgw W6 4wl A Ko
% |

. (a) (wfaq Tfegd sizcafitga e Taeel Afaarsq sxfe Al 9@ a9

(b) Tl TEGTS SAREIRGE Ao A 9w g |
AT TS 247 HAES Flarg-a Aeael 2f o9 g | 9%t Aeieel F A0 2
e ST ARG T S | Freia f[fen e e AfhaRel e 5 =)
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7. @ WPTY Fv Gite fewn ¢ afems wo g WWE fon Tweerm e et w5
e o7 o[ 29 W o |

8. €I (IR (AENHd fCerad 8 qMerad oo ol W A1y a4l =g | kg ol
#AR (ArF O wAfgaifEeta qifE W age |

9. bifen weiE FHARAR Amida ©iv AREiRe W@ d-ag kfe JeTog 72 ACTHA
el g |

10. (a) 95 T¥F W@ G0 O SAfEel Swiha 6@ I TAe O FieTel THd (5F
@ e AE 5@ w3 [eidrelbe ey z0e #AE | e F9e |
(b) K, ¢ K, i ifaaifzor 1ib wreiefes (2 33 Tz @9l @i @3 (2 wifaee
3 | (RN @ 98 A (29wl sifaifzel 7@ 2K Ky/(K +Ky)

(iv) offifes epf ¢

1. 0-01 YA G0 (ofETe M FEoaEE M THI (7 | @b 873K Teed -1 iz |
«F O (AT S AR 29 F9 2@ (6=5-762x10 8m 2K )

2. @3 TEF Twel 20°C | 100°C € 30°C-43 Wi FARAY 2 @3 W Wz | 0o I3
7 PR TTfE Fe FA?

3. 9 qC AT FRFE I G (760 TRy 46 ) TEee! TS 400K
@32 600 K | 46 (SIETCre Sipeiel Qi #[+) 21 4o Tl Wy (N g [fEe we
O @7 (0=5-762x10-8MKS)

4. #f4S 774 (2 8-23)/cm’min T [iFael =g Sz 0 | 9 FAaE Ao #If [iwae
T 4@ @GN Aa el MdRe g | {fL@s 7 0-53° (@i I @I FHFH
&5 =5-67x103Wm 2K %)

5. @b FICEA T-F (RO (SETP SR 0 el QAN Q1L SR @A AL (FIei
P 0=0-57°| 47d o7 I 6000K TR FHIG W] BB A G FH (9T
«Ff S AT @ AR | (iERtE AT Swel 6T w9 |

6. 7 (2 @i @it +{f2dre 1400 Wm2 qta @1 (g | e Saew! fasfy e | o
AgAIF=7x103mg #jfeSa 0w A 1-5%10' ' m, 6=5-7x10"8 Wm 2K

7. 3 AW 6000K Txewly Tey S FReEwE A S6a9 F(d, O Zol 242d Soiferer
Tew feiefa g | 9 (A0S ZH VR, 4 (20 7S vEoga 40 9f¢l | e g =7x108m
@38 #{fAd] (U0 YR @g 1-5%10 m |

8. b EAMIE 0-04m 7iF 9T (N W | THET Y ©@ 261K | F @ I9F GACS
2R ?
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10.

11.

12.

13.

14.

15.

e WE k (I9F) = 2-184 wm K™, Jg@g @og = 920 kgm

@eelsl = 333 kJ hg!

GRIs SRR TPEE A9 TEeel —10°C | GeTers dem 7Y IA(FS B GO O HY
MG e (FST] Y FAHT G0 = 920 kg/m3. I9F 9ieiwg ol ©A =3-36x10%T/kg;
qqEd ©l7 7ARAieel = 0-84 MKS €3 |

@b TEF 4 cm AR 2 cm ([EE U To7 TAMIAT TAedE e M (od | TAmE
754 ©lel AR TN 226-8 € 147 S.1. €35 | Fe@nd [MAde Fd Tage! 100°
@@z 30° GIADEN ZF W2 TAMIEG 9496 OFEE B! I TG 7

@« TAIT e Wy M@ 120°C @ 301 2[if2w 2% | g qREd Seelq 20°C TAMEd
7 SfiQizer 0-1848 Wm 'K | @7 fowr@a ¢ qfEma e I9e 61073 m @
11x1073m| 1m () ©lwiag sAfaad Fe e

0-04m €3¢ 0-05m % > 4[6d TeTs rd G I Toie (odl 2z | 4o 4igd Afaifzel
AP 1512 €38 54-6 Wm 'K 22/ Ferad ¢ OF@ Ga9w] 100°C ¢ @ey wenag
T3 OETg CEeel 0°C 2061 GWe FRA9PAET THel F9

0-544m W €32 U 0-3675x102m € 0-9775x102m TG @ AR T8 4=
6 TEE PO GIEs W (@89 391 29 | AEE (e M Z[iee swaRe e
@ fofT 04 Tl UG 13-8°C € 28-4°C | Fpa Af<izel 0-6468 wm 'K ! &1
Sl v Fi5il (IeTa PG IABE 0-05m @8 0+ 15m | G Fe! e FoArE]
a3 ool wmid i ©fe a1 Otz | (@ JMHFe @ ([@gied Z6Ia 10-8 W BT #ifF
#g TesMIe T4, (TR FPOred Gaeel 7id@ 50°C 27| & 7midfha ot sifaaifzel
w7

Gl @11 BIege Spepfifaa AR trd 0-05m | SreyEee ¢ BT AP LS
0-03m &% 0-06m | TCFF % JIGF A9 G0 FGfHE @ 10 W sFrel FaaaE &
Tay 74 2| O9 fUergd @ JREd Taeel Al e 7d | Sififeaee dfaaifzel
= 210MKS &3 |

7.28 aifdfes o Ted o

1.
2.
3.

42:06 W
11-32
5899 W/m?

97



» y T 53
4. 5799K (Zf#fe - A qoAd (0-53%)° @l (WXO'TJ rad (I T |

299-2K
5800K

45-8K (Twiage 5 (wee)
2:139x107% m/s (Twige 8 (74)
8h 10m 40s

10. 64-48°C (Twizgel 9 (74e)

11. 191:56 WM

12. 77-39°C (Twizgel 9 (74)

13. 2:91x107% m3/s

14. 0-229 SI «&

15. 0-105°C

7.29 FAQTE AT

1. A Treatise on Heat—Saha and Srivastava

2. College Physic—A.B. Gupta

3. Study Material : Elective Physics Honours EPH 05 (Heat and Thermodynamics)
Netaji Sabhas Open University.

4. Advenced Text book on Heat—P.K. Chakrabarty.

¥ o N aw
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aFF 8 O F9, wgeal @ wwQew (Vibrations, Waves

and Acoustics)

199
8.1 BRI € T
8.2 g8 ¢ (WleT
8.3 e MEsife
8.4 e MEsoTe =7 AET =ife
8.5 e (iEsifes Swigge
8.6 Wb e (ielsifies T+
8.7 wawfre AFe @O
8.8 I TN € TAM
8.9 wavl e
8.10 e (IS Fwe] DeTOaCH A
8.11 T (@91 ¢ TIIEIT TS
8.12 2T 4 el
8.13 warvig TS
8.14 ©T WM S SAHR @l
8.15 (Al oW WS wiwd [y T W el @l
8.16 IS *TFF @9l
8.17 *(Wd (A5 77 Biv, TH@l, T € THOR el
8.18 T 39l wite i warwia (9
8.19 e &l
8.20 (I5 € (EhIEE
8.21 ™
8.22 iifdifos Tnizgel
8.23 =AM
8.24 siidfes #re Tex
8.25 FTAT AR
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8.1 &J[« 3

B G OIS [aw e s, idle, (@ [esie w9 ol @i Tesm, e, 79,
4%, A7 Hefe SN T 28 | 2 *9 1 Kiwg TLAMET qe T el (P &¢ HL
o | W(HG AT IET00 AT G2 IAET AP, A0S 061 ©9%1 | G2 ©arei Gesiwe, g,
AEIT, G129 G2 T CAH eI, TSl Aefe A Serbe Fa1 T SR | Ol A
AU LI TG TS G| IR AT SIS | FeTow F=#{wiTe Zral Aaanwmie] 5ife |
@3 ofe HE A B G I T @3 GII0 | B G AIT Sowy @A 2

Ty @3 T A @ AR G AT —

® e (MiFSed HAGe € BT T |

® S (ersiferig e Pefews, sifesifs @ @b =ifge i,

e (ieraifen vab Trigge,

AT T & TR,

Tl THfaeiites T aienl, igeaH! 4,

(I WG € Bi T4 O IANS Sejone) ¢ fods wareiq e,
ToAele o,

wF-#fgd AT 9FF: (@9 € (hIEe |

8.2 +¥ige 4f® @ (W&« (Periodic Motion and
Oscillasion) 3

g T @ offe Wi T oren mage @@ oree Adge oife ae | qa s
SZoffera oIS, 7aE (eTea sife, iR 1 Oitg Fitae @ @3 [fen g oife aiefe 7g #diqe
I | «2 sifesjera et amel Afkbe |

Frieele] TR GRE AT ARAE AT WP T (@ A oo wied AW Wit (i
| T T | GEE O (@ Oh! SNl (RIS 7R GRITAE SEa 99T G WiiE
SRS GG SHME FAre AT | Sl QA (Ew e g S w99
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8.3 W&l (wiedf® (Simple Harmonic Motion) 3

wEw sifed Aaeen ife 25 e @Eefo | IWINT o7 egg @ I AT AT AP
fars feaiie 28 @R IR (AF YRATEA 3 T TS 20 O3 (72 Afers waa e
3 HEE TG afe @ =

A (wwefed ANFad

W fd e @Fsifers A @i g 360 @
I IE fag O (A x vacg P e =g (og
8-1)1 O Tt «fd iy oy -

TGN ©F m| ITGIT TR AT e F
(restoring force) 414 F | 7511 (WIe] 9ifoq =i P

Foc—x

SO T T (T TGF G & TG AT ACH AT 20 @R < AR Sfes3
TE & T e A7e (reelfe =@

W TG @B TAGIEE ST e—
x=Ae™, A€ o {IF

@:AOCQOCI

- ar

2
dx_ 2 ot

=A o e
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(2) 2 A AP 2N,
Ae‘“(oc2 +c02)= 0
t €F I TG T Ae™ @T AW W TS AE A, TOIT o +02 =0
ql, «c=tim
IO TRFE TARE (2) G I

x=A" +Ae™

A 8 A, T3
ql, x = Ay (cos of + i sin o) + A, (cos of — i sin ©r)
= (A;tA,) cos of + i (Aj-A,) sin of
= A cos of + B sin ot
@ A tA=A
i(A-A,)=B
49 A=acose, B=asine
a @ € PIT% ga<|

- X=acosecosmt + asin €sin ot

ql, x=acos(®f— €) .o 3)

a2 g =+A2+B?%, tanez%

a9l (3)-(F 0E AGE FEaifed Aqe ARG |

@@ (amplitude) : (T D AW 2O AT + @, T (0t—€)=0, 27, 45 297 |
WA AW T TS AE —a’, T (ot— €) =0, 3n, 51 2971 | e T x = 0 SpAm

(AT Y T |of 1€ [REge o AE@| ‘@ @ [eE I 2@ 9 T AR I
2 w9 |
offdIE (time period) : (3) 7 AN (AF (7 T

x=acos(wi— € =acod2n + wt— €| = acos(4n+ ot — 1)

= s oyl

g x=acos(wi- €)=a cos{m(i + %)— e}
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S O T

= acos(ot'- €)= acos(w"- €) =.......

2 4
wefie A 1, £, 1"..... FwiCe ,GW%WW%,mthH%, t”=t+§ .....

TEN | G AGHAT AT AT Gl ATAEA T A AL A0E e AL Ee T e

o k OFF FAEE TP TR qeT

:27-5\/ 1

GPF AT PR T 999

vl (phase) : SIbq WL, (351, ool 2oy orie e o<l A4l @iel T (or- €
(AT | OI2 GTF W] TE1 2T, ¢ = 0 - W1 28 e 5 e (F @0 28 2ILRRe Wil 11 29 (epoch) |
2m _
T

97 @ @ YD (Hertz, HTwA Hy) = dfe oTpee i <3l |

(Ff9% Fi1es (angular frequency) : o MG 9T T ™iF A4 AP G| G
T 2 (SIe Fiies ql @Fifle @l

8.4 qe (wieafow oy Fd wifgs *ifg ¢

e (EIsifere e G-I (6 AfEe e @ @7 sfexs ¢ Fafesfea s |
TG TG (@I I A x = a cos(ot— €)

F9eF (frequency) : © = 2nf; %= f = afles = dfe OTIY FIaa A |

9T (g5 v=x=%=—0)a sin(or— €)

. sifesfs E, = —%mv2 =%ma2co2 sin® (ot €)

= %mazwz[l —cos’ ((Dt— e)]

103



_La oo X
—2maco(1 azj

=%mc02(a2 —xz)

sifesfea AN E, .. =L mwta?; e x = 0 wdie i THm ARORES W4 i

2
|
iR sifesf® E, = 0 28 9 x = a 9<fie 6 79 P 2|
Pafexifs : @ s el deTee qER g o sieTe @ #fee @ Fae
o oz T @ Wi e Pafews
Wﬁﬂtﬁxmwaﬁﬁﬂxmm
1

_ " I PR D S
Ep—J.O Fdx—jokxdx—zkx —mex

Pafensifea AEmHaE E | max =%mw2a2; T4 x = a, GLie T T4 A AEE S
(Rica) A |
Wﬁﬂn%*f%EpzoiﬂﬂvJﬂx=omﬁamﬁ‘Wﬂmﬁmnmﬂml

o : Ll a0 oy 1o 50 1 55 1,5
@ ifEe «ifs, E—Ek+Ep—§m(D (a - X )+§m0)x =5 mo’a —Eka

G5 TE #ifF x 3 AEe e Wog o 71 | udfie TfEs #ifg WafFe o7 @b 7fEs «ifF
- offe #ifE @1 Taw Pafesfea wwm 1 (82 = orm uft oG T 1)

xX=-—a x=0 x=0

fou 82 Faw @ieafore Aiw eira =g

9%l e Afenfs ¢ Fefenfes ore =i -

T1 ‘2

_J‘ofmx dt_ﬂJ‘T 2.2 2( - )dt

ow sfesfs = Td —ZTOa(Dsm(o €
J.Ot 104
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J.()T%kxzdt

T fefe #f === —
jdt
0
LT

1 1

oa’ o =—ka’ =—mo’a’ ==

2T 2 4 4
1

Te9d (G ¢ AfEe = =%ma2w2 +imate? = Lmate

4

pmax

= Ekmax =E

= %J.()Taz cos’ (ot— €)dt

2

8.5 Wge (Wieifed Twizae ¢

1. # (AES : T2 WA @32 7~7)¢f T3 FOIF AR @ RS (@I 75 SIaera

(2 T Tie it vl F3eT (AT <&l
| AGFNE TS e PrE-er
|

4fq O 9 (2s | tredia ok AR
Gl YU qred (5iiEe 4G (bob)
el Stz (@ 8-3) | AT A (4
Y7 O g B St Wi (2w s @i
A @ giwe  oifedis 2@ 1 qes wd
(I>> r) @2 0 WAT, FH 2 ASh (O
SRR e (U (4 x-S q9i9)
ffefs @ AW FET ©F moe
Tfewds g9 g 3reT €9 €7q Tfedde 96
mg| 3 G THAIH mg cos O FOF B

)

/!

A

mgsin® o mgeosd

foq 83 7ge lETS

T (& 2#e 3 9 7% GHIA mg sin O AO)waE J61 AT 17063 €¥7 &8 6 | AR

5 S #9 Aeh [sidie e sifewer o vace =g 3@ | [Reidre e qeam e 93
e e YBeId Agwas 99 S0 Fare AT | T Gy e ofe 9w @@ @3z @

AR ASIE-A Tfewrd sife «ir | ¥3eiE A I9eiwa Ted s e m@re i | @ Fame
P B (IETE [E & g Fure A | (@IEe 14l 7 A-FE by Sge wEe AP

4|
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@ (P B S AOaead 6 F=mgsin9zmg9=mg§

d’ :
WFz—mxz—m?f [0 ¥ (=ITHl]
42
4, mﬁz—mg% (AB = x = A99)
d’x -g
q, —5 =7
todt )
d*x
Lo =48

2n /
YOI (AT (e Feq, 1= — =27 p

Q)
2. Pk Al S oF
AW T G 7 Pafeniions el Pk @@l 5 SReTss (A0S Il Sz | @9 Wivd 2ieg
b m ©F T S W0z | ©Ab Bl Wi T () IR 2@ [ (Bw 8-4) | @B [igfed ey
Ao @ = K/ (k = PRk g9<) | Ay . mg = + K/
Qg I ebeE fbee Wi 49 o z 199 (6 (T (STl 2 O ©4 SFd (94! a9k
e AR | Pk @9 O oo e @G3R z O I TE 0, m OEd T TEAR Aeae

d*z
@l = —kz. SOAT m 9 G499 ? Flal|
2
md—zzz—kz
dt

T
dzz__g
A %f

T
2 l
sz% @ 84 Pk @ wfye ©q
TeET ©qibd 9T e aaife, €3 AL Tz%zzn\g
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8.6 W WFe (iedifed SAfdode ¢

a3fb TG T TAT g 7wl qiv (i FRE To Kl P IR pOg o @i
@SFET TAT TS I | TEF @ S (@@ JFebia Faa~ 2enfv sl @ @i ©f 1o
WEE (MAGTOT A! AT | R0 [R5 T S I 2= |

(a) b AL, TErles oy fon [wrm ¢ fou wim s mEefes Safore -
W@%Eﬁwmmﬁﬁ@‘fM:acosmt

x, = bcos(or— )
Ao AACE @b o wiE Hifem wime)
e W 9 2,
X=X, +x, =acosot +bcos(wt— )
= acoso! +b(cost cos o +sinwr sin o)

= (a +bcos o) coswt + (bsin o) sin ot

= A c0sd cosmt + A sin d sin ¢
ql x =Acos(wr —3)

G A @ 5 D §9T @38
Acosd=a+bcosoc, Asind = bsin o

2 .
A% =(a+bcos )’ +b?sin® c=a’ + b? +2abcos

bsin oc -
£a =
€ tand a+bcosoc
TOET A =+/a? +b% +2abcosoc I

&= tan_l bsin oc
a-+bcosaoc

TOE, x = A cos(orf —3), T Hge @lel- N
Tore AW FqE| g7 IR (@ o I
WESITod FRY O F=AITERa A | 93 [8E

D

fo@ 85 ufo @ mEsifea e & [Kwe
A, §3% g2 (Y7 &7 @Esifed wil § e
itz |

@TIbE @2 b Hae (riedifed [ € & midfed e e oew o<1 17 (b 8-5) |
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AB = a, BC = b W@ W@ wb #ael (@< Bl 28| ad Wey AR (@l o | LCAB = §
AC = R 4f7) 3@ &R e miesifes @9 |
S R?=a’ +b* +2abcos o | G T (SHIT 00! B (T | G2 7l qFA9

oIS PR P (@ AR (eTsife HRee @iel T pere e sted a7 |

(b) B A @fm T FHeE (AN 7)), fon Reiem w@e @t Toifasie,

WH Pl 7o Haw (AEeifog aeled IARE m € m + 0y n 7 W 47 A |

X, = a cos 2mmt = a cos ft

Xy = b cos 2n (mtn) t = b cos (ftp)t

@A, f = 2nm, p = 2nn

TeET HY A

X=X, +x, =acos ft + bcos(f + p)t

=acos ft +b(cosftcospt —sin ft sinpt)

= cos ft(a+ bcos pt) —sin ft(bsin pt)

=cos ft Asin® —sin f¢ A cos0

= Acos(ft+0)
@Y Asin®=a+bcospt, Acosb=bsinpt
QLI A @ 0 479 77, 012 & A9 e (Mleraife o e T,
A% = (a+bcospz‘)2 +b?sin’ pt

=a® +b* +2abcos pt

&, pt = 0, 27, 4m,...... W?{Tﬂcospt=1@
4T A2 =4 + b +2ab=(a+b)’

q A = atb
2 -,
sl T 1= Ex ol I (@1 ;% g o ) A, A e R T @
A = atb
QE, pt=m, 3n, Sm,.....20 W = cospt=-1 &,
A = ab

widfle T o x Rras A T few TR @ A = abl
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IS A AR sifed KR EID (a+b) (U I (a—b) 7€ AGafTw 200 4 | #9717
i AT A A [EIEa g FaEa a34iE =27“

(8-6) forg A & B ufb <@ (wimisifoq F=i0ssa Salte 4:5 | C G & | wfb #9914 1o
(31 FRTWE) A T AT T T 4 I 9K BG4 I = 5 99 | FRWE 973w Iz
i FId e Tofained T w3 € g AleqE Fae=A 9l 6 (beat) JE T |
TR A Wb TSR (ORISR 0! Al |

(¢) #1717 sTweid fFafie Teiesa fog foq wit ¢ fon fAEia w6 e m=afer
oS |

A TR x-S IR U6 A (Ao GFfo TG G768 Aol 2T BR0R | G Halae
X =ACOSMI  ceeererrneeienreneancaaananns (A)

Y =bCOS(OF— ) v, (B)
AN (A) (AT AT §=cosmt «qe e (B) (U@ B

2 COS®? COSOL + SIn ®f Sin o

b
9, XI&COSOL-F‘“—%SiHOL
b a a
7
q 2 _Xcosa 2= l—ﬁ sin” o
53 5 /
2b /
2 2 2
YoxXT 2y 2 o [ 1oX ) gin? /
4, +a2 cos"a -~ cosoc—(l 2)sm a J /

b? a

«— 2a -

2 2
K| x—+y——2ﬂcosoc=sin2a o 87 (Tl Tsiqe
©a> p: ab
@i 2a '@ 2b IACCH(ET WK A4ITE I (L@ ©#G0ed (inclined ellipse) A2l (6@
8-7)| i OICHNIT T ab @ o §F WHG ©AT fed A |
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Ay cFeprE
M 749 o = 0, widie ¥ oifeg wl Fea—

@b 31 SIS FAeTCERiE Aeae |

— —2a— —>

g 8-8 7ae (AT sife

Y ﬂﬁm‘iﬂﬂ@mx-ﬂmwe:tan‘lg @il 7o 97 7TwE 2 452 (B

8-8) |
(1) T« o = n, Idie 46 feq i fode —
2
yo 2
+b2 + b

(3] - !
y

T
|

2b

2
= =0
a

a=n

~

— —2a— —>

@ 89 7am @fde sife

afbe o1 Kol sFaeTcaraie Awsel | arelfe Feesa 20 a1 x-owe Al 0 = tan ' (—2)

@l oiwe (g 8-9) |
(D) 74 o =7, wdie 75 sfeq i Al 51—

2 2
x—2+y—2:1
a b

@b gl TAJred Falieael A AT ZAT
JUEE 2a ¢ 2b (5w 8:10)|

T -
2\’:1a bl

x2+y2:a2
@b @l Jrea A | Jred e a |
@i sife e 24 |
Redeanl @ W (R 7N Jesite 9

(IV) T¢4q a=

T g 5 vl Al gE e (eeifed e e |
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TRE 9 T ¢ ReSreyd e e MEfee @ O @k @I (@RS 7ae [@iFshe
27 7 [OE @ @I @ gesifes [wiee f@ee |

Wm(m 8'12),a=b?~1—@a:0%,%,¥,n, %9 377-[5 %3 21 39?17‘”

AL T O 717 +19 oIt =@
o= /4 o= 72 o= 3n/4

ANEN
IS

<~ 2a —>

7 A
“ 182N

- < 2a —> <« 2a

a=n o= 5m/4 o= 312 o= Tn/4 A o= 2mn
T T T T
2a 2a (\\ 2a 2a ) 26
2 2 \\ \2 \ // \’ L/ 2

— 2a —> — 2a —> — 2a —> — 2a —> — 2a —>

fod 812 a7 fRfeq am 71 offS, 249 a = b
fomiig fo@ (Lissajous curves) :
T TSN AT 9 e MAeed TR T aafed @ ba seq a7 o
e’ o9 ate | Sl (e 4ib FFeE s T T € Tl KRR Ke (reifed
FR AGROTEIE TAICPIT 77 | Wil AL T e aa ¢ Fe@<l € Jred T 4179

Bd|
7% e @Esfed T e SmeAte @ 1:2, 3:2, 1:3 Toiifn & oal e fomirg

b@ e T I FEFL Ba-8- 13-4 LT Z& |

1 1

2 1 3 2 1
i i . 1 1
1 2 g
fx.'fy=1:2 foof,=2:3 1o :

/s .'];=1:1

X y X

fow 813 fafen foprg
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@z oy Bas@ @ 56 Aaw oiesfen Fiiter Tee Fdwen seat 7w | Hagf
SeiiE ¢ Ty @419 sesifa favre =i wrarm | eiofe (e Fissa SEeite sl T |
f. _yW"“?P‘fﬁ?ﬁW\?m (ny) n,

[y xum e g oWl ()

LT AT SHETICRR AR orig basjler Ware @l A7 | gt e mesfesn [kien
FHAINEET AR (O G TfeeTy Sfbermg TeAmaTal U2 (@Il 9IS 2A@Is 46, AWid g
basjfel (raite Avew 77|

8.7 SRWfwe Wgel (wierafe (Damped Simple Harmomic
Motion) 3

e (eI SEADAR g SN 4ed s @ SamESi) J9 9 995 96 Britee
(72 | (TEGY 3o (Mieaifed (@ ANee (FTeae 2) SE! (FEfRes Ot 09 71 3T (free)
T (sl | 76g A JMERIS] T6 A SAGA J9 AR | A (e Q) Pk @3 i |iEmad
@ Y G 9IS PR (AT T 1| AP 14l € S eAsal A Srifeiod g ol i
qE AR AN A A0 A | G AT (U T | @ 4hwE (AEsifers S
e <@l 27| G A (@ W 2T 28 O WE Awe] 99 € Syl HeEee
<@ 2wiifne &) e B AW | g 9 I 9 I 26 491 A S@uwe qe (damping force)
P @R A TR | A (2) 97 AREG® g9 2E—

d’x dx
"t R
2
SATA —kx T 2O T @~y G % S T m dz o QU | k€ y g
€ m 2 9]
O] dx__k,_vdr
dr* m- mdt
d’x dx
4l d—2+2bd—+cox 0 e, 4)

@A 2b=L, o =\/E
m m
W G ANGA (4) €T ATFEES (trial) HGH

X =ce
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2
d X 2 oct
, 5 =0 ce
2
dt

. dx oct
S o=Ccce
dt

4 % AT I A—
ce‘”(oc2 +2boc+c02)=0
ql, a?+2ba+®>=0

g 2bENA 40 L pa

2
TeYq ANEeBE ALES A T

e e(—b+m)x ‘e, e(—b— p ol )z
= e_b’(cleﬁ’ +¢, e_ﬁ’) .................. %)

B= /bz — o2
SN W ©AF os Fg Tiawng o fen sfaa-tafey sea a9
(i) ©® = e (Over damped) :
AT SOTG (TH THA b>>0| CTFE Afp2 — 2 AT G2 @ AW b €7 (A I

bob —0? A b>BI TG —p+p & —(b+P) 7T WITF R AT | @ =L AR
(5) @ (AEsife AE 7 GG 7Gx TG A 0o A | Seie TGO G e AT
(AT AR W @i CWWWEWW (exponentially) &g Fta ARG 5& SAE |
&3 357 9ifers oo s 5f® (over damped motion) J& 7 | (8-14) =2 orq W3 &if® (7
A (a) Bl

@ | ®
ba 814 Tfesiéw sife
T A (AT x, 1909 W@ (20T T A7e @ 7ol o eKioine Aig q

D SIS AT @RI 2R | (b) Brg TG A (AF G siferas AFee a0 729
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(FASIE T IS AE (I AR | AR N A6 (eda o€ a3 Segsa sija-
GIEIROIED 4 AT 7T I G ife O squve «feq Twzae |
(ii) =g w@ufwe 4f¢ (Lightly damped motion) :

41 T[F IqAWEG U @8 T, (@ b<ow | CITEFE B:m S (imaginary) i |
gfs B=ﬁm=i¢, ¢=m GiL AR QI | GTCERGY
x=e" (clei¢’ + czef"‘w)
[ cos ¢t + isindt) + ¢, (cos hpt —isin (I)t)]
bt[ ¢ +¢y)cosdt+i(c —cz)smd)t]
= e "[Dcos¢tsind + Dsin ¢z cos 3]

i(¢; —c,)=Dcosd

wauwe sifeq @9, E =De "¢cos(dpr +8)—De " bsin(¢r + )
5 ¢ D @3 I AR #$ (AT Neq T |

FAEA (6) G I (FFSITerT AW IR TG TS % a3 TR b @7 TAfes |

O7F SRS FE (ME5TS Je T | IR AL I 56 Sl (TS AR | IR [ KA
MiETRe 99, eTacEd #Gaa (Mot 2ONM PN SIave e (FIF91feq THIgae | 2 SIauaiss

_ K2
(e TG G A DTS TGO AP I FAeF f = 27: ,/(D nb 27[,/

T 7 AFE 9T FHAE 7o fo=g|mﬁe,f<fo|marmwmwﬂ%mw
3 MENSE (@0 TE |

B 815 TquWe 7aa @
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8-15 (a) G AR (40F G Wi (208 e agha (@ sife 209 @2 8-15 (b) b
i sferaes AfFe S @ oife 2@ O @R 2|

(iii) FEW w@ww (Critical damping) :

4T b = o, O T W x=(c;+c,)e " =Ae™” (¢ +c,=A= &I ¥TF)

e G Tfoue APUS AW SR 0 N oF | Woaive ol (AF b 54
(TR T} ST M \[p? — o2 2T *eT) T #7017 | (TR A 9 h=b" — 0’ @R j—5 0|
O Y 27,

X= Cle(berh)t n Cze(fb—h)t

_ e—bt(cleht + Cze_ht)
o8 o T g W «ak b @3 TH e TrAw w0 AR
= "[e(1+ht)+cy(1-ht)]
bt[ (¢ +0¢)+ —cz)ht]
= "[A+Bht] e (7) A ¢ B Wb 74T g3 |
O3 (U7F @RI A GUFG TGO TG (@A SGIEE FPE (h>>0) TN Toeg Al
O AT 5 WS 5 | @F >0 ZFE 56 [ Ofe S 38 b<m Z(E SiTe T@

@ieT oS (T eI @ Fiiss IR ! S A7) Ok b=o TP o FE T e
Ife T&T T @a% b (F AF FIEW G 995 (Critical damping coefficient) |

8.8 g F™9« ¢ Tqw (Forced Vibration and
Resonance) 3

] G A9 AT P € SAAG F9{e SAETIDA] PIAR | G2 ST AT T S e[
0 AT F99| (@I AT 9GS 0T IRE (U Wi Feed ¢ [eias s1iqe
qel ATE ?!'@% AL W(e Feife F{les (natural frequency) W@ F™® (e AT |
FAAEG AL & T I (A0 ATE G T Y T ATF AFTE 165 A F#e 200
T | TR AT T GO | AT T I AT T 2h | 2L S A, T
T SS9 | #ATE S (+[@ S A4

WA T o (FIOE FHIERT G0 61 m ©G9 G ©AT 2T 22| W 9 (@l Wing
A TGOI TG x| TGT T WS el aEe @
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() #AGIE @ = —kx, k T GFF AAEE T AGTS T4 |
(i) O @ =y TE, v TGS (@I G oA e |

(i) #7F 7HqE & = F sin o, F T 277 #4986 a9 @4 |
IO 2T TG AP BE—

2
m%:‘k’“ﬂ%”ﬂnwt .................. )
2
’ d_f'*'k)H‘lﬁ:ESinwt
dt m mdt m
2
T %+Zb%+®3X=fsincot ................ )

G2 2b =, w5=£, 8 f=£l
m m m

@B AAPAER AW 9 S e F9 W, @ 7 ATE WAES (complementary
function) |
W PG O x = x;; GR AN

d’ d
d;l #2600 =0 (10)

O] NG FE x = x, (€T A (particular integral) AW | FICFCE AR T4,

2
dd;z +2b%+w§x2 = fsinor .. (11)

BRoEq

2

57(961 +x,)+2b=-(x, +x, ) + 05 (x, +x,)) = fsinor ... (12)

d
P
ShEl W’ (R S oY %0, AN x; 2@

x, = De™" sin(¢¢ +8) = De " sin(\lwﬁ -bt+ 8) ,,,,,,,,,,, (13)

D € 5 Tl 4|
@R R AN x, T S0 203 | SR (@At (@ R SR Seae 2E a0 o9S
#1986 T TG ST I | @9 G 47 (11) 7R A A 7S,

x, = Asin(of — o)

2
d x,

dx,
- RN _o) 8 L2
. o cos(wt —a.) -

_ 2 o _
7 =—Am® sm(oot O(.)
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(11) 72 Feaee @8 I I 71z,

~Aw” sin(of — o) + 2bAw cos(of — o) + wjAsin(wf —a) = fsinor

3, A(co(z) —wz)sin(cot—oc)+2bAco cos(wr — ) =fsin[(oat—oc)+(x]

91, A(coé —0)2)sin(0)t—oc)+2bAoo cos(mt—a) = fSil’l((Dl—(l)COS(X-‘rfCOS((Dt— OC)sina

A9l ¢ €T 7 AT G2 PR| Seed Ted WMidd sin(of —a) € cos(of —a) @3
FRsloffel AT AN A |

Todq A(co(z) —wz)zfcosa

2bA® = fsina
3of 7 e @9 T@ AR,

\/(m(z) _w2)2 PUTEFCEN (U (14) ()

2bw

- tano =
sl T AR, ol — o

OGS AR T GG FNGlA—
x=De " sin(¢pt +8) + Asin(of —0) oo (14)
@t A 13 (F) (AF A G o Gl A0 |

ﬂmmﬁwwa*ﬁwébfﬂwwww%Wwazﬁamwcw

4T | o oo 2 T TS - SR B R A (8 3 e A | @ Ry
Y AE Wy e oMihE ARFE | O,

x =Asin(of —a)

@t A TRgicaa e (isieife arg aeiies % @3, 2T AET A G o 71 2N Pl

AT | @6 TG AT T (ol —b* € o GF TN IR 7 FeE TG @ AT

I TE ALCE [0S T 2Ele A i el T ol 19707 oI SR 9
Ffe e AFA |
AN PG TS TEGOF (@51 2
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d.
v = d_)tc = chos((ot — oc)

=Aw® sin(oat —a+ %)

= Awsin(of - )
= Q)] -
(@918 T TG AR 2| 7 IR Ao ¢ T 5= @R 2T € T

! ) AL y=a-7 |

AV OJ SN SR W@ SETha F99 |

(a) "9 SEFW (amplitude resonance) : T4 7T A8 qeTa T G A eE
B© T OU @ B G [AEIT S ZACZ |

A\ f
\/(0)(2) —032)2 +4b%w’

T ((oé—c02)2+4bzco2 G WA T 7 wdeE [ AT | G EEay A6
%[(mé—m2)2+4b2m2}=0

4, —40)(0)% —032)+4b203 =0

al, (0p-0’)-2b"=0
ql, o =4o;—2b
A o yoi-2b 9

21 21 21

P . Jo? - 2p -
Rera M 27 74 ALGE TR AN %:%T | @2 T e AR

w

Wc@%mlﬂﬁmmww:@@ﬂ“%:z;

CTCGE A4E IER T = T3 Teifia F=Hlss Sefie sasmis s#fRfere #gs awe
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FIE T TG IR IR T 28 O TG S [BIE T A4S | i I [
oo
(b) aifstast RCRILE! g AW 4 SAW (velocity resonance or energy resonance
or resonance) :
o] i I 2, e
x =Asin(of —a)

dx _ B
. E—Amcos((ot )

2
CICFEF e I3, Ez%m(%) =%mA2c02 cos’ (ot —a.)
e oMo E, = JmA’e’

2
co(z)[m"— co) +4b*
o o,
b &9 @ (I R Wea & o = o, W& Sfewfs M 2| udfie 19w 2gg e

T IGT AT TS TN 2 99wg qwd IfosfE A | 9@ @ @ aiferat
e QI S 1wy ST |

| S
~m
O E = _2 /
" 4p?
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€ -2b0-®p=0 s (ii)
(i) (0F A2, ©=—-b+ b’ +0}

G 4 IS T, o, =M—b
(i) (AT R, ® =b+4/b* + 0}

G G EF T, @, =M+b

Lo, —m, =2b
_ Wy, @
Q_ooz—col_fzb
(818 @) b €7 W T T (@ TS CrFGIE AEH e Ge H(F | G2 Q (& @
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1
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2
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8.9 wgwadfs (Wave Motion) 2

ol Gl B 3 Al aeed e goE, e al aved e #ife 29 3@ | @ (Fg 92
#fF G (UF T I AR | @Bl S @ Afere s meeite we Atd | e
25 wawisife | QYT WG # Y FAE SN G (AF TP BCE ST | BN Pl ©itad
OF AT T I FACE OFF TG O AT BT T | G ST (FIA] HA ST
A% T, O @ = (U TG 5E T | @R (g «“fF REeie Tme—agg ¢, oiEd
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], Al GETE 9 G AR ; O ©Iid Sited @i ¢ Siwifere 2 g pergeld
Hrefae zaf | «ifF RWEEd @2 7o a0 o vl | T e we—@ fere
TGO O AT T G (U0 e #i8 iwefae g oy A s pure
HRITE 27 F—SItE Taehife qe 27 | MG (] FINE Wewifere Fare Pafenss qria
G @2 SCMIET AT 9 s g ieefae 21| Pafenisie qnld gy wawl iR @ aE
e PEfev7ie wawl (elastic wave) JeT Q2 | 2 4K OIHR AR G (AT SR
#fg AgifeTe 20| G GWE SEedw| 91 SINERIE W%l (progressive wave) @ 29 | @[ 4q
(@ 71 7w )l e mEeifere SwifTe 57 | (TFERGY ©a%iS 7ae (MY (simple harmonic)
w3 @l =

Ul T AREE e AE—(i) [SfF w@wt (transvese wave),

(i) SFw @7l (longitudinal wave), Tod@ warel wawiifeq Mg Awl sTFe@ WA
Felsffer STweTe 28 @Ak Sy et wawiifed Sifewy qarRE FelefE enwifere &)

® T FifFe FIFH A -

(i) =T : ©qvl SHIeE T0E MG FNS|fera T SO (A0F AEH S S [
@ | Sdfie T FE Tem @R wwvl 8" W |

(i) F1F : €T ETACE P9 TG 7 SHET F(E O TR F=iies a0 | Ao
PP Twoifer 5o tedia wae A% T O T AR TS | e AR T 2,

1

WTW n:Ta
(i) N« (PICA M =T @ WS I (it el sifoq St warwia vl f2ica el
<4l 27|

(iv) SN O WEIE APl Fehen g U W (@ Y O S @ & |

TAps ME)L ¢ TAHR TR n TE AR @9, v = nh

(v) O ¢ : (T NG O] WG 20 (IR NG G2 v A SR s @
T SRR FE O @ G OISR A0 | Sars Sfed Seydrs A A0 | SqsRdd
o9 Sfeid E IE W | @I 7Y T (U0 09wl Iad JE ORURE (9l T | U
T UGS T AT | O« TRI9IE AT T8 | HeTOaHlT CAHN AAee FF O
AIGs Dol 4l Fes wgeEea%! (plane progressive wave) 0 |

® DBESATHE (A8 (characteristics of progressive waves) :

(i) MaIE 9 A FAWT B0 beredw! 7B T | Gre NAER (@] S g
o7 7 | TR T A #E AFIFTe 27 | TR Fi0 eawiz[iRg wieey M 2@
e o ¢ wawieRied e 20 S o3l 3% 2 |

(i) ML (@ I M@ o] T 28 (T ACaiv 901 IPReITa AT (Mieloifere Simifere
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27 fOg B SRR 9 O Wil STl 2 | ALK @ g (A0 Oy favre weiia #i14ay
AT

(iii) «=g NG WS @5 S9! T97G TH-GTF TABIE9 90 | €3 @9 N Hefovevee!
€ g T e F@ | SR (@6l Aifaafee zm o warwik @9l P A

(iv) TP e Iae @ Wi o 1 el sfdes S Mama FasfE i A |
O SIS AE | G TN TEd 9T Sferas € wae g T |

(V) F&e n € g% (MH) A A OGHR (@9, v = ni|

8.10 FFECHINT ANwe betoaread FaNwae (Equation of

a Simple Harmonic Plane Progressive Wave) ¢

W IR LGS x TEF QG G0 FKEAWEAT oo barewl v 9iferasl 92 2% | (@ @
¢ E E g PSR (x=0) g Hee &7y, = a sin of (5@ 8:10)| a & W @
o T (T FT | & 43 ¢ TE Te 9 (A0F x 70 Q T g el fefy e
FE @Y PQ W 2€TR WA NEd W

W T@ | @G R =2 | 7@ qE Q fawre ¢ ‘ N
v -
WA (I8 a9 &< A P fawrs ¢ s st o |
T4 Q frpe e T— P N
y=asinw(t—t')=asinoo(t—%) x=x
................. (14) foa 819

«TFE AGE (AT N HeTedreld A
B o) T AT | 4el9T x Swd e wae! o]z 3 o R 2|

y=asinm(t+§) ..................... (15)

X X
CFZIE y=acosw(t—;) @ y=ac08(wt+;) S GAGT x-97F IR 8 oD

X-FF G e (G Ve DeTOqNT A 0 |
(14) 2 e ey SRiE 45 4 I, @9
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o r_x
—asm2rc(T 7»)

— asin(of k), [k - 2—“}

—asinz—7t &t—x
B AT

=a sinzTn(vt - X)

® DI SEFE TS :

y= asinw(t —l)
v

dy X
E—awcosw(f vj

2
d—f =—aw’ sinco(t —ﬁj
dt v
dy  aw ( x)
——=—-——CosO| t —=
L v

dx
2 2
ay__ao sinw(z‘—%)

@b Tl ot Aeeel, €3 (A @[T T @ @I SeeEs f(ve—x) £ (ve+x)
G2 AT I | T A AL AL

y=f(vt—x)+f(vt+x) ............... (17)

8.11 JFUF (AN @ THAAAINT F9F (Relation Between
Velocity of the Particle and Wave Velocity) 2

W 9019 SITWIEE el O] (P Wiage Wi (@rol 927 27 | Fliofeia (@9 4o,
W) @ YOSRE 20 AT | g WS M sarel @9 (@I e g 4e | @2 (@91 oh)
@51 (wave velocity) al Wil (@91 (phase velocity) JeT 2% | SN So T @R G2 (@9
TR FfeRivee ¢ qrgg T ed I | 9%l (@9 v TE AR Aaeae
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y=asin(o(t—£)
v

_dy _ _X
TG @5f V= 7 —acocosoa(t v)

D=9 cosof 1~ X
Tde v %

. WG @9 = — Oq%) (@9 x HIH (F14-a9 Al

8.12 &i9s7 A ©ige! (Intensity) 2

AT GBS (FEFETE W4 M0 G5 I o717 M0 (@ #Ifniel =i 2faifee 27 et eaqrsia
AT SISl @ 2| 4T TE T T v U9, Tod I (FAEEE W4 Wi a5
T v x 1 =v geEs 1&g (B 8-20) 7% 4 796 @Esifore wimife @@ | 4 ¢ STeE
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%
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. #<En 9l Sigel Izémmzazvn b
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c T IF |
gl fora SEnaE T ek Afiaene [rana S92 OiR §&F ¢ (& S w1
49 (6T T, §4 Bgel [ = o @4 T

8.13 wareld ToAfdeire (Superposition of Waves) &

Wi A (@ O%] (8 ANE (@I TG T id 27i2e @ W @ (@I 00 R
e ORI ALl DT @ I Y T, ©IMT (O (WA T 204 |

A ) )y RO (I TG G i Tofer fafon warwia 79 | SoAfasdte e

e e T (18)

TN @ = )b Pyt Py boears e

@ SR SHRHTed A0 A |
wTw (@ Aend, MOyl ¢ TaFr TR SARATT T SerH |
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(a) *It@ FTSIA (interference of sound) : 2 Wil AMFT GF5 FHe ¢ TaBTACHT
b #Aea%! (I T G506 WS W 20F, @ ©4%1 464 SATIATSR e (el T (@I
w3 SN (I A Y 3 #3 ANGT T | G2 GBS A HTO5IT A0 | *[% (e 29T
FAR Al WW (constructive) '€ *% Tx 2EANT K&l (destructive) ATOBE & | Gb =%
wArei g e e N w2 T 2F | fenIEad (@ Wi Uesife g1 el g7 w1
WG KA R (A W I S RS )

gfq S, ¢ S, Ufb *%7 T (AT W9 wqwl P fpre ffere 2z (@ 8-24) |

S, €S, (A P /M wag r; € r, AFE t AR P2 GO T I
. t n
Y =a sm2n[T - Il)

—psinan| L_2
¥, —bsm2n[T k)

S

TG TR A
Y=+t o 8-21
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B T A T A T A T A

L 2mt 2mn 2mr, 2nt( . 2mnR .27,
—smT[acos 5 +bcos 7 cosT asin 5 +bsin 5

. 2mt o 2mt
=sin T A cosd — cos T Asind

A sin(% - 8)

2 2
gq] 2@ Acosd=acos 7}1;;3 +bcos ;rz

. L2 .2
Asind = gsin ;tr1+bsm 7;:”2

2 2
27, 27r 27, 27r
2 1 2 . 1 . 2
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wigel 1 = cA2
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A
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GFh AR TAVRTE kb SHHITE TeR Al Redea ke 2EE |

129



T FTObIAT *1S

(i) ©3 qibe il 7T (coherent) 20O T(A | Wb T (AT TLoAT CICHE W4 Il AL
e UieE ema Wl T T T 2| SATEE SEGAE O] €2 Wl Al w7 4@z

(i) 7 SRR FIEE ¢TI AN 20O T |

(i) T SR WA (ote =@ qhd [ Wae e &4 |

(b) i[9l (stationary wave) :

Wi Sfen bereas! 42 T #7id [ede Wa (IF TR 2@ ATHIEE 8o wivifee

0T (3 S % 28 O AT (@ S0 HATOE 2R GIIER AN AE | G G0 ST
o) 01 | My LT 6g e (@i e A 9 Ot 96 28 7Y 9 (nodes) |

Eﬁﬁmﬁﬁ@wm%wmwﬁ%ﬁwwm@ﬁm&m
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® Wliqeared (AMY (characteristics of stationary waves) :
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Aaq wio W fawa e St 180° W A Ui |

(iv) Bi7 ¢ Trgg AfGen freiw e T|ifes 20 ¢ W e T 7|
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Longitudinal Waves in Material Medium) 3

TR (@R W Pifeivieel qpiq ga wgwl 9% 28| SeEl 99 (99 OqeaR (99
TR Pefomivael € 9res U9 fea @ |

T TR 90 S wael BN
T M ey T LTS x- A £ A E
O I ST 2R | o (R o B :
@I (@7 ABCD '@ EFGH-«% g
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8.15 (FITal Fow “mirld wewd Ny ey SEon wArHd
(39 (Velocity of Longitudinal Wave in a Rod of Solid Material) 2
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8.16 dAYCe® *t:d (39 (Velocity of Sound in Air) 2

P k
(i) ot 3@ : Sl (il Pfeiee ML SR Sars (@51 v=\E, k 2&T Mgt

wiTes @R e, p & TG | Wehn @ W@ 2w waw A «OrE Weha @ J@ = |

IR W WF G| TE SO, AT G Ofel T G0 AARRAE THAN© B | o 47d
(7 Q1Y W SHORS] SEHE QG T A WA+ T sl 8 Sjea 27 | g A
g9 #feal I o Smww SEw | T AYE W G2 SAfGae MW (isothermal) @i ate
ol Peg @raw | g qEeTa g pv= 43 4@ 22, p= b9, v = SiHed Shaee $d
M,

pdv+vdp=0

STeT ATCH

A o fgfe
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al, p = k, Sue @ sjdee

<. TS #wE (@6l V=\/%

@b T AYLe #EE (@R [T AN |
I A Bt € TwlE,

Bk p=0-76x13-6x10°x9-8 N/m?
gehg, p=1-293 kg/m’

=280m/s

v_\/0-76><13-6><103 x9-8
- 1293

fog oA @ @9 MeT I 332 m/s | OB g A @ (@R @ WA ST TR
T AT WD (AE (@ A

(2) oEH-9F AHGT (Laplace’s correction) : I3 JR(dd (I8 T #AF SN @3
spesioq Figed QN FE | 3 [EIEE T (@ AW ¢ e 28 ©f (@9 ge dfen | g
ICol FARRIE A GO ARG CITod TMHaAvia 2% 232 71| Todd 13 A €2 ARaed @3
¥ 17 (adiabatic) #fel | GTFCT pyv! = g, AN 2@ey 28, y 2@ P27 Bieel ¢ Pag
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vidp+ pyv'Tldv=0

a, vp=_%=k= oed fFE eS| ST WA A (@9, V=\/%
A%

T CF@ y =1-41 IpIE MeT T v = 332:5 ms|

@i ATFFETY TR 2T A |

TATEE TG (AF (R T A (@5 Ties @ B g Wed aa 91 | 99 (el
(977 OIg *e @ [GuiEd Al @6 e |

8.17 *THA (@A Toi7 Bi7l, TYel, Ty € W¥eld e

(Effect of Pressure, Temperature, Density and Humidity
on the Velocity of Sound) 32

(i) BT &o1F : T[el P AFTa sitsia N =103 (@9 Bt wAfaaste To fsa sra |
Twl Peg Liets WiME @ R (g JEER d @i @ AR, py= g9 | SRR

1
wﬁ%wvmﬁ, p= 9ME Ty |

4 P

by G @ V= Tedq Tyt P Aiwe MiFT YT «twE @ 5o

To e FA A
(i) TI(CIF efe@ : AT MG WA @9 & T AW TR I9NE FNGATES |
4@ 0°c @ (°c TIYTT IF TG TUSH p, ¢ P; @ 73 TIOW *F7d @9 ILEW v,
aR v, 2

_ [P = [P
R T VY

Vo _ [Po

E vt po
BI04 @ (A i,

et T ¢ T, LS °c @ 0°c TIOR AT (FTa Tl
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et z\/ﬂz\/HL:Hl.L:HL
273 273 2 273 546

Y
o
=v,(1+545)

v, =332 mis 4@, v, =332(1+ghz) = 332 + 0-61xt m
e 1°c T3l R Tl FER G A[Ce 0°c TIOR AHE @9l A7 0-61m IR T g

A |
(iii)wm-ﬂmﬂﬁﬁﬁw@wiﬁwwam p, @ p, | T PR

wE (@9 IS v, 9

\/E@vz_f [4fs s wba CHog v )
_iz\/E
%) P1

T #H (@9 NOR TLE IER TRATST | (@, 932 biol @ TIOR ARG €
GG NG T TG 16:1 T©4q 0, €= Hy-d (@51 v, € vy, T

- I
.oy =4y,
aﬁmawm*m sifetatal 4 o 20a QREIEE «twa Siforas! |
(iv) SIS ee@ : Yol ITHE IR Tg T T| O W@ (@90€ @0 7|

T °c TIOW €I p BIA WY IYCS #HT @5 v, T R G TI©! € BiTs WF IS

-0-378
WA (@9 v, T, O AN 90 IV zvmw{%

f =@ {°c TIOE AT el oA bist|
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8.18 BIW ¥al wita fo¥& ©aeal (Transverse Waves in a
Stretched String) 2

@I Aidd W T W PR % IF O (M) IQKE JANSNE AMe—el Sl
©g A |

W I O G5 S O x-575F 93199 T B Bi 1 (Id T) S@hieel[ Sk SE | OFiba
GFE W ©F m| [04S OqUeE WY (S @ A A AB = Sx Ogal XY Wi
HTETe @ A' B' SRIT G0TZ | A' 6 B' €3 RIS i T (x,0) € (x+06x,y+8y) |
giral 4fa XY OF ©kiba Fitea a0 T Pea 9its € aeid W9 49 @9 28, A' C @
B' D 7¢/& A' ¢ B' e ais | G2 G 1ib x-S M TS 0, € 6, (I 7O |
A' C ¢ DB fitg 5@ T| y-ucsd e A' Gre 5@ = T sin 0| @ak B' fGwre o

=T sin 0,

foa 825 o fods waw|

~ A'B' ST Grig w1 O q 9@
=Tsin0, — Tsin0,;

=T(tan®, — tan6, ) (6, € 0, 43 @)
_TJ0 Oy Oy d
_T{a()ﬂ-a&cj—a} [tanezd_ic/ #ralsl Fd)
2
=T8—J2}6x
Ox
2y aZy
AB SKUFRI O ©F =y | 55 W9 A 4G9 TR qo =mdx— s [y=r(0.1)]
2 2
TG—);szme@—f
ox ot
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N o e
’ atZ xZ

® T T VEITE T ©Itd FC1d A 79Z (Different harmonics in a stretched
string fixed at two ends) :

@ O T Bt 208 WY (@0 ©idd Wy 9 Sifeery e (G (=20 e a1 €4t
e FE (@ To1F earwr % o ©f OEE S Aigd e S 7 dfesikie a@
TIoT «3g THAfasiifiow 2 Ridgeae! % a0 | g2CE FWAR ffeiv i 22 | TR G3(b

R 2@ i @ Ao W (T [T 826 (a)] GITFE [=2, A= wawi |

75
THEE = n B#, O9% (@9 v=nA |

RIEIE] v=\/I
m 1=M1y
cnn= L _1 T
..n?»—\/; ?ﬂ‘,n—zl\/;

@5 37 7799 (fundamental tone) T |

(@)
CEoON G RUIGE %@Wﬁwrﬁmm

fate wib =jeeia 9% 2 (ba 8-26 (b)) Wrwweg
I=2l ()

. SR n'=%\/g =30,

@6 @b TP (overtone) THIE |
«rF o1l B2 ALY AAGE (first harmonic) | ©

n'=2n

wiqig foib a9 twdl 2@, (it 28 @g R 326 B 29 ST TN
FeE n" = 3n

a@F @ W faem WGE  (second
harmonic), @®@ F(w3 fafen AAEEfE™ T=ies 56w T D7 | TR (@ 9F7 T TS
ACEETffeiy TAPRS et #ie |

=\
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8.19 ©oelq &l (Doppler Effect) :

wrara (@I Pag Tt (Ui WS wicseq s fasfe oo ai@ e | T e e @Il
ALTFS (2 #1% w7 | A@me afn g Ae OEE T (A0S (@ Iswa #1% fofe zm
AT (12 TS #[HZ G0 URE | €319 W Aawe T Wi oo WS @t @re
2, SIS CTE Teofel *eq%! ©F I SR ©IF Toeid (@8 AL *% ©3%] O
PIZ S | ST QoTE FAF (¥ Z@ | (ool W% (@05 T (A @ 50 @@ T
T IO A@ | GPLE(E T AU W WG @5 e 0 @@ #(w7a S Ji
AT €38 T (A M@ BF (@00 AR FAE Y AT | T € @I W4 oA
(@9 ARPTE AATHP T A WA TAI Ao ST T (AP (@] QI Q| AT
PR SIS AREE Tied IR AT 8 APHET (U@ 0@ @A ARFE F=es A | A
TR T At | wgw sividfan SReae @iee T (1803-1853) U 29 #%[ FEw | At
@i ASFRISOSIE 2Nide 27 | SUnFer Sarsrh [@@re O 2@e | @ Zoos G Jif re
70 G (I e (A 5 (ofre F18s 2o1e I T | (Pt Wl o 2l fire
fite 31 Tug wm @i P @eis (i (it e e s A7 | ofb TZE Seed 9
|

TN G * CICHR (T G o SIEsa 99 | S S (1) TeA sifeds,
ATFS DT € (2) T ad, s oifefia 4ib (Fg 5)9Fel@ f[Riapa 394 | #td T @
AYTFE TR fone T [y |iEna 39 21|

O\ N\ N
VARV,

SN NN
VALY

b@ 8.27 e o @md i sifewa

(1) T «ifeAie1, *fraws P (Source in motion ; observer stationary) :

WA of7 @ sereqe! T s (ATF n T w99 v (@09 2w 2w (bg 8.17)| Tex
v, (@05 ALEHE 0~ Taess S1apia 2% | v < v | T T wravelier 2l el are 4 sfdtaiaa
PIZ AR (A I A 4| . SO = vt 68 I S (AF nt MUF wawt sfe raz |
€ wa9iefE SO 7arY RGO | 9/ v =n), A T 999 (74 | 19 4 #f@wmaa i v,
@5 A SR 251 | t A @6 s5'= v G SO B | FE 0t IAF &% S'O a0g
fa%e 204 | Tawin I A | HAfaafee wxel (rd
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P A | n
1= = — - >
A VoV LY ny>n
A%
v nv
TSR A An=m —n=n_——-n=_——"

@3N T RS (A0 A v, (@00 N @ACE APE AT v, @7 T ST AN
P ARACe ST ¢ FIEs Alehl T |

py=a s =x[1+£)
\% \%

V4V 1+£ R n<n

(2) Tew P, ofraws sifMia (Source stationary ; observer in motion) :

WS T s (ATF n TS 6 L ¥ (U O] v (09l TIE 20 | G119 4fd O
AL@ATT v, @1 s @7 e g7a 7oz (Bg 8.28) | #Aawe P UFeT n SIS w43
WO | PRTHS SO T W 2R TE @S IR OAR SAREE @5 7
(v+vy) | @ Tolq F~i0sg #fqaen o/ Saae | FRATOE FoHeE 1, 7(E

_ VAV, VY,

n, 7 " [ v=nA]
n
n(v+v,) ( v)
= =n| 1+ n,>n
v 2
- v
S e
e

59 8.28 AH@HEg Mg T e sifed=
142



HITTE v, (@00l T (AP T @9 A ARG Files 79

Yo

”2=”[ _7) ([@ATFE n, <n

(3) T @ oFfews Teruz AfeMiel ( Both the source and the observer are in
motion) :

(2) T v, @ € ANTHT v, @ ¢ T sAfena

i s 7j<FeiE Ranal S0, Pea 7w e Trm sifoq eay #ifaaiw T
erd

R 2w Sifeq g ARkaiee Tiss 7E

V—VO
A%

-, Ao a3t faandl saca ffaafde Fies

V=,

V—u,
(b) BT v, @9 8 ATTHS v, @Sl o e sifeRia |
v, € v, @7 o7 oo Faree Qe e (A ARafee Fwiess sieal T | Afiafee

Biagiic

n, =n

n,=n

_VtV
V4

ol e, faw Tefia @t o sa & weee S Sie e @)

820 @71 @ (SPiEe

#TE OIF0F W4 (intensity-level) AT T ui TG R 491 T

I
(P & OEgel [, 440 20+, (Pl 3w woigel I Td @& 4l B:k)glol_ €32
0

L 4
efram 1 dB=10log, - wgeifer frre swad awe Sigem TW, 1000 H, T

I,=10"wm™> & 2|
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I
e 2 SOR dB=1010g10ﬁ=0|

I>1, 2 dB 49,
I<I, 205 dB 3«3 |

8.21 A<M
1. (a) 7a& @Eefoq AIwGE
F=-Kx 9, %erzxzo

F=8le<e, —Kx= sy 7, 03:\/% m =G |

&3 AP AL

x = Acoswr + Bsinwr = a cos(wt— €)

G o = Feilqa Gifde e,
c = AUfiT i (D)

) 2 1
WT—Q,W@@ n=

2. ¥qel (esifed SHAfaHATS -
wb e ME9fed x =acoswt, y=bcos(wt— oc) THAfifoe @ @l AT @

2 2
X 2x )
XL 2 s e=sin? o

a’> b:  ab

AldfeelE @2 ofe CATER | (Fg [T vl sl Bo few @ afe weadn
JEIRIT 2O AT | AT g6 el (iesiion Faee 7ae Seeiite e e wigfon o
e Area IF—ama Topig By e =)

3. e e (@iETsiien Aeae

d_2X__Kx dx

dr* Var
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2b=%=<ﬂ¢_<ﬁ wld SqAme 9 |

K
o€
REgaDa FgEe TG

x=e" (cleﬁ’ + czefﬁt)

B=+b* -’

4. (a) G T ¢ QRET (AE (I Y@ ALgE @ M S FaiE, TGO AL

e Freifam SItsn T 200 B | A e AT FEE Fe 23 | AT FoIEE
S Fel—

2
mij—fz -K, —y%-i- Fsinot
t
d’x dx .
9, F+2bz+m0x = Fsinot
t

Fsinot = #7% #dQe 37, c00=\/%, IGq Tl (Ffe Fes |
@2 FAFIE AT AN

x=De™” sin((l)t + 8) +A sin((ot— oc)

5. DETOACHR ANF

y=asinw(f—%) e x -7

. X :
y=asmw(f+;) YA x ~97 s

v 3] ©a% SifS | e wareik Sdae Taieael
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d’y_1dy
dx* v dr?
6. W% SAHR TARATST (@A OB, RIeI%| ¢ =7 BT F© 7T |
(i) #twa eeR
A g g =% oaw]

—phsinon] L2
y—asm2n(T kj yz—bsm2n[T kj

G T0E, SARANTT T A % @

2mt
=Asinl — -9
g ( T )

g A’ =a’ +b° +2abcos27n(r1 —7)

©EOl =cA?
WW fosE, 1 = I max, O« AL 1 =1, =nA
A
R <D, 1= 1y, ©4F1 AR 1y =1y = (20 +1) @A n=0, %1, £2,
(i) Heawl : [7iSre e Tacs ¥ oifeq w99l
yy=asin(ef—k,) 8 y, = asm(cot+kx)
PR T Treifee Tw, ARk wavl
2mx ) . .
=(2a cosT)smwt =Asinot ¢ff =igeas AN |
7. (1) ©@ WL o] SArHR (@9l

k
v=\/;,1<=mmmﬂmwﬁwm@¢ p = WG Ty
(i) Ffw #MIdq WEa W2 S TSR (@]
Y
=\/;,Y=¢ﬁ)ﬁ—ﬂ?al‘< YT p = IS Ty

(ifi) AT Ay T @9
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ACsa Al v=\/%=\g

fChn 473 forew QYCe *W WP 2EAF AT e AIen | B TN (AT Al
@9 PR @R (A I 2 |

AT Fifae A
Ap
V=T =W . O[T T |

FFSEAN G B ARTER JUOI7 | G2 HAPA (AF A (@9 @ AGHETY @9 AR A |
8. B el wita fode warw 9l

T -
vy, T = ©@d 5, m = ©gd 4 W 4 |

Bl 41 ©ICa W6 S T

1 T
n=-—,|—
20 \'m
e @fed FEE 7 2n, 3n,.......... i
9. BHeE T
w T € PRI W AT (@9 U AT IR & A7 T 2 Fe

FHET (AE (@A T T SR T | ATPR F(R G I 0T AF #7a 7& (oI
e T |
(i) TR sifeda, 7iws Pua ARTE W I T

n =n

v
vEy. V=N @, v,= TR (@9, n = AFO T | PR G dAE B,

W& o g BF 2@
(i) T P, AT sfene o7, ¥o I 2@

vty P
”zzn( v 0] v ="%AF (@, v, = FATHET ([T, n=AFO TG | FR G(F 49T

oz @ ¥ oftel e oF 2@|
(i) Terag ofefe = Al@e e 2@

vy,
vty

S

n,
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8.22 afifes Twizae

Twrggd 1. m ©Ed 3 3@ gifes Fefenfza aifma Ux) = U,(1-cosax), @4
U, ¢ a §3&| 709 47 I & 93 7H7em F 3e

dU

AT : ga Fz—az—ansinax
2

9, Fzmili—fz—UOasinax
1

A Y TN LA, ax FE, GCHCE sinax = ax

Cdr? m
TeEd Sife &@ g @esie |

2 2
. dx Uya 2
—= X=—0"X

2 2

U,a u,a
R @2 =" Fl @ =4
m m
« 27 m
AYESE T="—=21 3
® uya

Trrgae 2. e (19lfO T G0 TG I [TEE 1 om @R FAIE 12 H, | 799 G4
94 0.5 cm ©Yq €9 (J5] 97

MY : 4f9 x = asinot

a=REa =1cm=00lm o = &FIF TG =2nf =21x12

2
a4 =@=amcosmt=aw\/1—sin2 of =aw 1_x_2
dt a
= oVa® - x*

— 27 % 12¢/(001)" — (0.005)"

=0.653 m/s
TWERS 3. OFo FaAE OE FAEE A x=asin(%)t+bcos(%)tla = 3cm,
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b =4cm| F0%a (i) fT@9, (i) A@EF W™ (i) 1 ETEE T A@ 799, (@95 € GI9 F9
Y

. T e
HAMY : x=as1ngt+bcosgt

= Acos@sin%t + Asin@%t [a=Acos0,b=Asin0]

=A sin(ﬁt + 9)
6

Teeq oife A @meefe| @7 &Rig = A ¢ A[Es wil = o
(i) @@ A =+a? +b” =/(003)" +(004) =0.05m

(ii) tan0=—= . .O=tan

L2
a

USHINN

1 i
3
(iii) x= asinﬁt + bcosEt
6 6

t = 1s 3e, w9 x=0.03 Sin%'f— 0.04005%
=0.03sin30° + 0.04 cos30°
=o.03xl+o.04 xﬁ

2 2
=0.015+0.0346 = 0.0496 m

_dx_ 1 T T ain®
(ki v—dt—a><6xcos6 t b><6><s1n6t

—0.03 x % x c0s30° — 0.04 x % x sin 30°

x/_ n 1

=0.03><£x—3—0,04><_><_
6 2 6 2

=0.01360—0.01047 =3.13x 10> Vs

G| fzﬁz—a Ul 2><sin£z‘—b z 2cosEt
' dr? 6 6 6 6
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2 2
_ —0.03(%] x $in30° —0.04(%] c0s30°

2 2
— 003 x (Ej WL 0.04(5) V3
6) 2 6) 2

=—411x1072-950%x107°
— 001361 m/s?

Trizael 4. L (A9 6 A #Ptid @30 PRfewIsE Sk ©F ¥i SheEe (A JEE]
ONZ | I 208 m OEE G0 IGISG FGFIE SE | OFd SHMITEE 238 90ss Y 20w, T

I G (METRT FASE FO QrJ?

T : il B ot Ttz | m S x (A Withd iE (G (0 TWie ©iEd Wy
AT T6 TF 49 F

L
~Fo—x So9q a5 71 @i

F_ YA _[¥a
Wﬁ@¢Tf—m— X0 T o=, m[ g

)
S 7.

gt
EEZEE mL

TvigRd 5. G0 I PR AT KNG 00T (Be T Wwy [ O B Aerend
TPTE | (UM @ (Gl o TR zoe fm «fb e meifers T4 Qi e 9@ | @9
(eI T T ?

AL ¢ A A GGT D4z A | 760 €Gn = [Apg, TEE Mg = p T (GIeHa
wq = [Ap|

x 07 Tf0a (ZrefWee 2ereas 961 F = —xApg, 9idie Foc—x, S0 (51063 916 7ae @esife |

. _—XApg _-g

al, f=-o’x
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21 /
e (il T=""=2n 2

TrEds 6. 4 I 0.04m WY FEEEL] IS FGe @M T5im TR | N4y Sfeew
RASDU+0po ™sEba i A5a 0.12 m/s TF TYHT @EIE Fo A7
MY : A FE AT @RANCT FAIFEE x = g sin ot

; a’—x=acocosoat=a(m/1—sin2 ot
dt

2

=am l—x—zzco\/a2 —x?

a

PGk

G EICERTEE a=%=0.02m

@22 TeRmre @9 (Tdie x = 0 Z&) = 0.12 m/s
012 =0va’-0=wa=wox002

_2n_2n_ 1
-m=6ﬂﬂ’JﬂﬁﬁTﬁWT—m—6—3s

TrrEAd 7. b T G FAC E (RS 66 T~ Teoid TF | (g TN
560 Hz | S« HI#EIT 1500 g (I #1906 FIRC1a IR I A7 | SR FJaeaea Tl
EEUR:

A : 4] FIF (A ST FARE n ZPT AT | SM0dq 566 H, -A5 IR (Fg 397
2(d (566-1)-560 = 6-n <6 €T 544 H_ &3 FFHEIIFE (F0d F9F 2 560—(544-n) = 6+n>6

O] @SR JFETTER FAIE 2 566 H, |

Twzad 8. %o Waw (w@sifed FAASIY TAUFE  x=100x 10 sinwrm 93

y=1732x10"2 sinorm | 9B @ T G2 46 @Hefe goivie e | a@feifen [eE x
GERG A PO A JY FAE?

AR A 7o
X =asinot............ @)
y=bsinwt............ (@)

o @y aifeq AAwas (8.7 (6) TUTA)
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q, y=—x
a «——2a —>
@G & Kol e A |
Bw =va® +b° =\/(1.00x 102) +(1732x107)
~0.02m
-2

X G ArH W‘T 9=tan_12=tan_1% = 60°

a 1.00x 10

TwiAd 9. @b 7Y SquTe AIE MEAe [EE 0.08m (A 0.01m T SIS HF (7
200s | & Faeaa e G 8015 #1¢f (AIeTe ol | (R Fe 0 2 € (HIF o] S e
(TSI (AT FOb! 747

_ 200
AMYH : SAO (AT T:@:ZS (o}

YAE T f=7;=0-4HZ
iR (6) (AF AE
x =De ™" sin(¢t + )
t, @ 4 x, = De " sin(¢t, + )
=A,sin(¢¢, +8)
t, W& A x, = De " sin(¢t, +8)
= A, sin(¢t, +9)

~b(ty~1,)

: Al_
B RS SERCT I A_z_e

0.08 L5200
—=e

7w WA 001

"o 1y — 1, = 200s
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ﬁ"f’ ] = e+200b

ql, 42000 =1n8
- b=00103972

TAANe ST (I T o BE

Vo -b®
/= 27

ql, o’ =(2th)2 +b°

=(2nx 04)” +(00103972)’

=63167
ql, ®=251330

- 2
L Qe @EaeE T = Kn =249997s

", S (AEEPE AW @ A- 35107 @
Trrgga 10. 200 H, FI05¢ S™aqe «aid AU 1000 I S0 fa@iq Alfie [

m A BT | SrEeE (Q) W IS A7
ML« TG i [FIT @1 AT D =Dye ™

@I D, = AU f8E, p=, W8 7t e

1
_ o T=—— &
=200 H, 200

1000
t=1000><T=2—00=5 [l
% =e

A ol=e™
ql, =5b=In0.1
- b=0461
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S, Qzﬁ—mzﬁ&

2b ~ 2x0461
. t X
Twizad 11. <6 foda warsi Faae y=0-0088m2ﬂ[a—ajﬁ. g3 TR S,

TAA], TIHIE9 O3 TS TaofT Fae |

. t
TN : SEOACHIT AN y=asm2n[¥—%) a3 A T QN3

@ a = 0.008 fi.
A T = 0.3 @
wgw (7 A = 0.3 T

- V= 7\‘: :—:1 i
oyl (99 n T 03 @

TwizAd 12, x SO (P MG 2m/s (F05] G0 HeToas] W9 2R | x = 0 AN
t @ @ T A9 0.007sinl0ntm | x=0.6m I Ls 7td TG A9 T (7
TG : 4GS x AF DeTeqrs AAwae

y=a sinco(z‘ - i)
A%

G4t ¢ =0.007m
o =107

v=2 m/s

- d, y=0007sin10% (r - g)
x = 0.6m TAHECT 1s #ACT FET A9
. 0.6
y=0.007sin107 1—7 =262x103m

Twrzae 13. &S AATE @b #7 T I8! 1072 w/m? | #73a F1&E 1000 Z(e IR
fawa 90 @@? I TG = 1.293 kg/m3 @32 TS I @S5 = 340 m/s |
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AN : Sigel 1=2n’vpfa’

RN S 107
2nfvpf? 21 x 340 x 1.293 x (1000)*

Sa=1073x10"m
TwzRe 14. O30 I TG (A “w-Fofe 2@ g fon MY 999a 2@ ¢ famee e
| @ #UEEE 2Ny 0.12m 52@l 0.36m oF @ e Wesmrera 5% 28| aga Fss 1375

90 A WA (D5 FO?
T : (@i e Moo 7% gena e A9 A1 e =@

A
Ar=2n+1)7 &, 0= 0, L 2
A
A2y fWesared ey, 012 =(2n+1)5

A
Aqqe! Mo ey, 0-36=(2n+3)5 5 024=2

A (99 y=nh =1375%x0.24 =330 m/s

Al 15. €3l ey =10cossind0ntm ST A %0 T T

7 A4 warwia ToAfvite =iqeaeba Sesile g, O (i) i, (i) saeind g3 sferasl
I T@r @ 4 4T SqwR Tawaee Y|
T : (@ K wfen paeaw [vdreand o Ssifavifow am iqeaw 3% o «fv @ 7

=@

=asin (ot—z—nx
yl_ 7\’

. ( ZTC)C)
& ), =asin O)f-i-T

21x .
HSTCHR FAEIS Y=y, + Y, = 2acosTs1ncot

GOIDPI] y=1000s%sin40nt m
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(i) 2a=10, @, a = Sm ([4BF)

2 P
(i) %sz q A = 6m (wael o)

98 @ =40x, 9l 2nx%=40n

A, v=20x A =20x6=120m/s (S9%] (I9)

. 2mx
+x SN HETOAHR TR, Vi =5Sln(40m _T) m

. 2nx
—x WO HEOAHi e, V2 = SSm(40m +T) m
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8.24 dififes emE Temien

2. 1.6 kg

T
3. a = 0.042m, €=Z

4 Tn 0.05
- 500 m
5. 3.14s

6. ciEmelfe, 2x 10 >
m

7. a=4x10",1=03m,v=075m/s,n=25H.
8. 0.9999979s

9. 1365

10. 3.97x10712 w/m?

11. 1375

12. A=6.44m

13. 0.84m QTS 27

14. 4 59
15. 2:1:1
16. 705 H,, 413.6 H,

8.25 TREE e

Sound - K. Bhattacharya

Classical Physies - Dr. A. N. Konar

Teach Yourself Physies - N. N. Ghosh (Bharati Bhawan)

e e [Te@m - se heagw ww9e

Study Material - Elective Physies Honours EPHO03, Oscillations, Wave and Acousties.
Block—1 Netaji Subhas Open University
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aF% 9 O Fififes wtaE [T@iw (Geometrical Optics)

ot

9.1
9.2
9.2.1
9.3
9.4
9.5
9.6
9.6.1
9.7
9.8
9.8.1
9.9
9.9.1
9.9.2

9.10
9.11
9.12
9.13
9.14
9.15
9.16
9.17
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9.1 T S TRy 3

BRI 8 AEE T 2P il S 71 ST (Bt S#iTow 200 TG0 (T4 Se e &iaid |
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@ 2forqe 27| g fafen s@sfera 2st W wienar s 27 eififes SEaeny w9
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9.2 (wf Mfe (Femart’s Principle) :

® HET “e ¢ [en WAt W 9iford! [ien &7 | M4 AT 72 Ko7 A
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OR OE_p,

0s’' 0S

A, g, OR = py OF .. (3)

N
N
My
i
S
M .
(6] b 3 Ml
EN\R
r 25
Nl
_ Q
59 9-4 2fenareR 79 (U qife

AT @ G 2O el TR
1 PO + n,0Q = pPO + W (OE +EQ)

1 PO + u,0OE + 1,EQ

= PO + wOR + L,EQ (il (3) Tjagid )
= (PO + OR) + wEQ

= uPR + 1,EQ

fa@m Wi = uPS + p,SQ

APRS ¢ ASQE #ft W@ldl faere PS ¢ SQ sfows

ww«d, PR<PS @ EQ < SQ

Al (PR + 1EQ) < (1PS + 1,SQ)

al, (mPO + 10Q) < (KPS + p,SQ)
AT O 879 S (@ (P! 99 (T et eifoe 2@ aAfores g e 27 1|
#ffe (W92 (] T AR @ (T @R (1, PO + p,0Q) B oo F(F | AGHAE

G (U (G A e #fod T 9|
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9.4 (A ora Wta afew@e (Refraction of Light at
Spherical Surface)

(ST O 41 FE AR CF0@ SN $ARE (paraxial)—(Wdfle. 24@ SR IR
A AM90R) AR W SIS 99 | 220 S (@ Heaidl Sepas 99 (b (G (+101 |
® Tzl (sign convention) :
qee, (7 gojife afefay v,
gl I, (I g e s
wge oG HFEAL (new cartesion 4aTaIT Tl

sign convention) SEPE 4 A | €% T /

[CEEACECKE

(i) SR 3 o A 76 (0 g WW____} r\
Teifee 2| &————"17 7

(ii) o1 o (20 Ui Tis 7o 1ay
NS ¢ I 4aes (ba 9.5) 1

(iii) wwe Sfescas e fires @ 9-5 wge IGEE Bz 22
THEl Gge «<% Wpe e Tl
OE |

(iv) @I IR SR A @ @19 FE O GONS T4 I S 9fed S ede s
YR S IR A Sen 79| [Rivdie e wdfie 9ia $ioE ofeq e gaite @ @l
A AN |

(V) (I O ©9ig Wiesraa Al SIEIe aMiE (Rl 4oTga 201 I Sfesa( 9ied Do
sffed e IR AERMR S99 Sl AW | ReSieam 2@ Q6N |

® (3lfEE e |Ted elfeswad

4 p, @ p, AT 1 TaEE e AB €& (3lEE Kremes (y>p,) | Gl e
@ S e FHO® Ze AT Ot A0E OEd Oy W3R SR W4 [JMee (g 9 = |
IFel (FF ¢ (WO FAeEl T 24 I | POR @4 9% @35 O &6 (g | P «3fo a7
TG 24 O ©HT SN T2 | PM S ST [revert M e wilvifes 2@
ML #t2 #{fe7e ar@mz | 9-6(a) e Krewes (ol Saes € 9-6(b) fora Rrewes (o Te |
C zo IF©! (F% | Iqwe] RUeerEa (Fig 2Afeye I 24 O (AT 9 A I ¢ Tee
faremers dfore af gl STwT S (S0 SIET | FAed (@i = i @ Afee (P = r| WA
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GF TMEARSAM PO 7F q0[d Sisifow 2@ 9rF q919d OR 72 fW5f® za| 9-6(a) fora ML
I faerdeee Jfdfe Facs POR IR 70wl Q fare fifere 2z @k 9-6 (b) g ML
g POR 9fig 7twt Q fawpre ffeme =@z 9-6(a) forg Q 21 =pwiaE ¢ 9-6(b) Borg Q 7@
WfaE | SNl (Y O & T 9 4ra e oy sAfawie @9 |

D& 9-6 (NFT OE O Afowae

(TS EPACT py sin i= poysinr

4 /PCM = 0

THitaa ARNGE sind W@ ©is g 17,
’ % =U, % ........... 4)

(A) S0 OTFE (Y

APMC ¢ AQMC fagemfs @ i3

sini _ CP. sinr _ CcQ
sind6 ~ MP sin® = MQ

TS (4) @ @3 T B A

(D))

PM IMIE AR (A4 SITFa (@ F0Z) 490,
MP ~ OP & MP ~ 0OQ

(&) (...

@4w, OP = qYITY = —u
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0Q = dfefayisg = —v
OC = 3@l qmE = —r
TAEE MA@ T

OP-0C 0Q-0C

Ml( OP j:MZ( 0Q j

—utr —-v+r

4, Hl( >y )ZHZ( ) )
4l u1(1—§)=u2(1—€)

g, He B _WomWi 7

A% u r
(B) T@F WER (FHA

sin(180°~i) _ CP

A PMC (2 g,

sin@ ~ MP
sini CP
I Sine = MP
sinr _ CQ
A QMC (,W ?rﬁ, Sin(lgoo_e) - MQ
sinr _ CQ
* sin@  MQ
AR (4) @ @3 W I AR
CP CQ
Wy (Wj =l (M_Qj ....... (8)

PM 3f T#FFR ate, M 7% O @ ¥ Jig 9iE,
-~ MP=OP € MQ=0Q

8 W N afE AR

Ml(%j =W, (%j ....... )
@, OP = J@HaY = — u
0Q = #fefaaay = v

OC = 3@el IAd = r
Torga AABES (AT
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/L\
S
S|+
o
@]
N——
1l
=
N\
@)
I
o
a
N—

—u+r v—r
n ({5
T, u1(1—§J=uz(l—§j
3, ﬁ—ﬂ:“z_“l .......... (10)

u r

ﬂﬁaﬁm (7) € (10) ©ifew | G2 TG¢ T5 (oo 2fenars Sa] (@FREPEEd (conjugate
focii) 7@ | @rF (SiETeE AfeRar S (Gauss’s) AAEas G0 |

IGE A 4@ O] 63 AN (AR | (T TG TOW @8 GRE AN SAlSq T |

o far«¥ ¢F(g

() 293 e Y T w, =11 4 Tow NaeE Ao p, =p |

el _pol (11

vV u r

wawas (10) at (11) spifufes SeeeE 492 el | @@ Teai (e SRR
saeae (fundamental paraxial equation) J&7 &7 |

(ii) AR OF Fqwe TF, ;= o OLA

%:%wﬁwﬁiﬁmwmwmmmml

@G (@ o eee 4TS | AN (10) 92 @ @ ANFae W{fm w9 ag |

efeerse et wwel 3 L2EL g <ol =1 ereviie wiemw el (P)
wogq e po2 BB B (12)
r v u

F A V8 u @ [WOR (m) GFE AT FAE P 97 T (& 97 2 ©TE (dioptre) |

9.5 (M efSes ored aes ¢ faer 4 @wFe (Ist

and 2nd Principal Foci of a Spehrical Refracting
Surface) :

(A) @S T2 CFFHA ¢ (IATOET A4 0T @79 SR0LS (@I v s sifesniar afanspz
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(ST (SNATOE (F09) WL A4 SCHS €A SRS (@i [ (A TR ez (Te
(SIATOER (3F0Y) AR AT AU ST A ANGAE A, A SR €A TG &
T 22 27 T (first principal focus) A | (1] (AF @ A9 79T AL T2 (GFEMA
Ol Qe | g 4 @ Fy @ @GRF O 2@, @9 Y4 @@ ol OF, = £, (o@ 9-7)

(a) TREE T (b) T&&T O

fo@ 9-7 2ew 4y A
9die u=f , v=a

O T
-72—71‘=# [10 @2 FEwae (2 ]

r

.
a, = —1u1 ........... (13)

T[QOE OEE (T ¢ AN QAR f; W GINe; T (gE TR 2a W1 @ F
@7} TEH OFEE (R - G9S QST £, T AN wdie (R IS 2@ AL 4 @R |

(B) &S 2y (i ¢ (NETAOER 2w SIEFR Aes! ANEae aI9pE Afeward 719 24l
TG ST TP (] Y (AT IO R A W TF (TROE o) WL A4 S
@9[q TRhEe (@l e fifime @ (T o), O3 24 orwe evq sabee @ e faem
2] (FFM (second principal focus) I | (Y (A & @ 79T

- V4
] = / \:\
F, o © \\/Y/F 2

/

Y

N,
>

7
T (b) Tea

~_1| —
4

foa 9.10 fasm g2 i
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o 347 @ () Q| 9.10 Toea F, 76 o 341 @ € OF = f, = e 34
(I Orel |

TG u = oo, v = f)

S T 5 el LT [10 72 a9 (2]
f2 oc r
Har
?ﬂ!f2 = H .. (14)

QO OIS (G - AIS QT f; AT R T OeTe (0 r 4T REA f,) 4T |
(13) € (14) ATFFS (AT fE,

SHo_ M
/s %)

A (10) 73 AP 26T

My Wy Mol

v u r

Bor 1 Wy
N SR

9.6 (AT SEE T (FHO-RMEE T Y R
T (FFPRER T Wehted ANwAd ¢

Faiwael, (15) (2

uv — ufy — vf; =0

A, w — ufy — vy + [y = Af, [T ff, @91 T3]

a, uv ) = Hv — L) = [

. (u=£))v=12)= £t

4fF AL YU @FEO (UF s = U ¢ 7o Ju @em @@ dfefm @ = v,
“u—-fi=USv-f=V

177



LUV = fify
@6 & 2A@GAT TS | @B FANEINE Fehea FReas I |
9.6.1. 57T orfere (dmers efevmre e aga efefm o9 ¢ w@ [ad fdfa

(Geometrical construction of the image of an extended object due to refraction
in spherical surfaces and to find its magnification)

(UF HIoTe WEFRE foat M@ T @ @Il gha fesie wes Fae 2@ | @3 foa afRiE
sifeiel fite e @oifel RRrama 321 | SRA) 2aie SIeHd €99 SaPee a8 i 2fefara &
A4l O q9I99 G R e w27 |

(i) #foe orEe oo (@w weyd I T @ [pfe ek dfoge |
(ii) 24 SCH TAGAE M Il (a) TR (SiiEReE Ao 2@ el @M v M am,
3l (b) wes (e Afoye T fGen @M v (@@ e o 9@ S @

(iti) 2= RRT fga e T Oea (et Sieifow e a1 & o Sferd Srest (oiiaaet
Tiifoe R T 2Afeare o9 d4W SIrEe 0 A 2 |

9.11 fore T ¢ SRwe (o 2feae O Ay iIw (It AR | A4 S )
seNd SdfEe PQ e aAfelag P'Q aiffe zram| Q 7 (e Tvitg Shafe foafs witrie-
I (I 2R (@ (@I 9 SERARE TR @2 aAfeiE Sieee Sl AW | @A TR
R CFE AfelT W ¢ S9wn e oRe Afely oo zrE |

.. (16)

p Fy 0 ¢ 7
B Q/
< fl ..... D P S fz ........... >
P CIrh [T » oL 10} >
AR o
(a) TEIIEE e (b) SRGHASIER &

5@ 9.11 ol afonae o Qe awa afoRe
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e (al4& a1 «APSfa fe¥ (Lateral or transverse magnification)
W G G ¢ AfefrTa Tl TP p,8 y, |

. —P'O’
TE OETE (R (RS [[9E m = i—?= PQQ
__CP_ v-r
CP  —u+r
_v—r )
q, m = p— . ()

Bqee] WiEd (FBg

_PQ_CP'_ —v+r _v-r .
m = PQ - CP __u+r_u_r e e (11)

My Wy Mol

v u r

11y (1.1
W,le u_uzr "

wy(u—r) _ W,(v—r)
ru rv

4,

v—r _ WYV

u—r Uu

4,

v
Ha

Lmo=u ... (iii)
23]

® Fifds f@@% (Angular magnification) :
(9.6) fow farawe a0, @i [Kada

BP_OM/-u _u_K

N

1
ma:a_OM/—v_v_M% Ly, ¥,
LU0 = ), e (V)
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Tdie (AT OF AR (G myo e 529 ATE | OB ANFT SHAEE ARE CFE
(RETACRIETA w1 E-€9 (Helmholtz-Lagrange’s) A A |

L4 W‘iﬁ 3 =R <@ (Longitudiual or axial magnification) :

A SCw e e [9dare s wrERE el |

dv

o /ﬁ?ﬂ’ﬁ‘,l=w @A dv = A= @4, du = IF (T4
Wﬁ_bzuz_ul
vV oou r
Bqee] g,
dv  du
7H2V2 H]uz—o
L
C Ty, Yu,
v _wmvy
Cdu o, u
dv uvzu v
_ 4V _(Bv Ba_ 2B
du (quj ", TREEE )

U i dwieRe Qe SR [da APWEE (9T 2, UL 9T AT (Il
I BF, (RRME ATSACET SIS e 27 |

TAEE FAAe (U (7] T QT € Sondy [Rade e w7 | oig afefies fawifas o
TEI RIS T =7 Al

9.7 =™ (Lens) 2

(I FoE SR NG G Ao S 7 «ae 1 Afenias oo gl @i 91 28
IR TTE IFH & (A A ([@ERFEI—S] 2F OE A @7 | AW @b 7| Tenes (e
77 O[3 ©F qE (SIEE (@™ (spherical lens), &% 1 @ @& 27 (qeWFIT ©@ ONF A@
(@G @ (cylindrical lens) | €& T 2 @S 4o 4 @fdte Sl <1 77 ¢ Tee
(=7 (convex lens) ¢9% Tq@e] (79 (concave lens).

Ter W : I AfONRS @A OeRd AT (W @ O@ O A GeR
@ [b@ 9.11(a)] |
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TESH (FH : (GG ASNTT Oergd AW ATHGE (W A DG O OIS A Oqws (57
[5g 9.11(b)] |

@3 Tey @il @@ w[E fon g

T@s (71 : ToerE e (double convex) FIEGEEA (plano-convex) @72 SITOIFIEH (concavo-
convex) |

TReE (FH : Geweqes (double concave) FNCHAEH (plano-concave) WAL CGHITOE

convexo-concave) | [B@ 9.11]1

TCOEHIGH @ COOHAOH (MR AOHITE WeTaraid I Al 20 ©iwe TR0 AR
& IaI9@e] (equiconvex and equiconcave) (19 (s |

AroAGT 0o

(@)

(i) Tewaes
(i1) INGeTqee
(iii) T@eTawe

oqes (Fe fow #elEs 2o #Ad [BE 9.11 (¢)]

(i) T®@s (double concave) (ii) FIweT@we (plano-concave) (iii) TEeI@s (concave
meniscus 9] convexo concave)

® TIFD I

(i) @4/ =r%F (principal focus) : T Y6 AT OEE PO (FCH NG WA PG
AECTLCE &Yl OF ol 27 |
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X X' X
G PZV PG c, ™ R

Ha)
N I
X —= X' X 7 X'
W AS
B B
(c)

5@ 9.12 =g oF

9.12 [(a), (b)] Be@ C,€¢ C, T AP,B ¢ AP,B 7l #fenws orEg oo @@ C,
€ C, fam viba @G Feemad XX/ 261 94l O | FA(ETEH i HACITE (F17 TFeei 09
@E (AT OEE TAT &7 ([N A4 o [Bg 9.12 (c), (d)]|

(ii) (*1031@ (I (thickness of a lens): @4 % TR @A YO O T892 (@179 (T4 |
5@ 9.12-4 PP, 7ag 26 (A (I |

(iiii) AT &1 (thin lens) : (P! @R (@4 T TG0, 26T 7ag @ ¥ a0 AAET
CeIT SUoEAE 8 O @ @S SATes @ 0 |

(iv) ST (aperture) : (FIAR 2OATE ©FT (@ JGIEI T A #fevae Thi ©IK AP
I @E ATl AB T @F AT |

WA QLT AT @7 8 FE CCURT @G W@ WEDA F| THT F@ FH ieifee

@ #fee e SRR af

M, S 1 AT |
C, pz.#%l (V) STEAF (FF (optical centre)
= e T Bl e @ fofe af
M B () M ) Ol PRI LW SR ([

foa 9.13 wiElE (m @ |

9.13 % otg M,Q, a1 «afb =isrm AP\B WA Q, fawre wiisifew 2@ o Wey M
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Q,Q, 72 AW «at Q,M, e sres (U< fasfe 27| faofe afr Q,M, wivifew afr M, Q,

M, @3 IEE | Q,Q, I #laiw % C,C, (& O R(® (=7 AR |

Oél O 0™ 2o WTET (% | M, Q, '€ M,Q, M 76 e 2 e

5 G A ARG QR | (5T ST A R e 4 T

Q}U I M, Q;, Q,Q, ¢ Q,M, ¢l AT 0= 479 (WL 7
" (@ 9.14) |

2 o STAE (Fm «ai e % - 9.13 7 oo Q¢ Q, e

foa 9.14 A @ G g i ©e Bl %61 | (29 TN ] T§ FIHTES

S = wiife @ fisfe ST 2 wig @di wieAfes M, Q, A

¢ faofe Q,M, M IITa 2eq™ & 76 T o= ¢ AEarR | C,¢ C, FUFW AP B @
AP,B wmyiig I@el (% | C,Q, ¢ C,Q, b APfde 7y e | ¥94 C,Q, @ C,Q,
FUSE Q ¢ Q, e 7fb MIglw i+ wretg Tofg &1 | 4fd C,Q, = C,P, =, @ C,Q,
= C,P, = 1,1 AC,Q0 8 AC,Q,0 ¥f6 7

CO_CQ _n

CZO C2Q2 :Z cee “ee (17)

@ @@ (@@ Cpe C, ¢ w@EW g 4iis| O s C,C, (& a@el ipfd gfba
TATe es |

oAl (@I @G TEAE (@ 0 @9 Spdiwe WJis |
aE

GO _CQ, _GCPh
C,0 GCQ, GCyb,y

C2P2 B C2P2 _C20 B on

il KO _n 18
PO h .. (18)

TOET AR (FF FHT (@4 el A 7iod S7ite [Keg F@ |

o (vi) (F7@ @U% ¢ S 2 (FFH € (FFH 79 (First and Second Principal
Foci of a lens and Focal lengths) :
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(A) @2 2 CFIFA : (GG A4 SCHG ST TAZS (@I 59 (A0S Topa) afeinesz (e
TS ()

> O
Fl\‘\k

(a) T@s (77 (b) T@OH A
@ 9.15. #<3 < @

Y
~
Y

’
.
’
’
.
7
.
7
7
’
.
’
v
’
.
¥

Y
o
]
‘\
\\\
Y Y

\
\
|

J

Q] A SCF ST AP (] g e Sfeaial aiet (SRee (ST (GG (T
AT 917 I SR A TGN TH, 2 OO G937 TIPS & A 22 I3 e
I | SRS (AF & 77 @@ A4 I @R 9 | 58-9.15-9 F 212% 47 @i
@ O SEAREE 23 A Y4 @0 0l OF, = f, | T&d (@197a (g «fb 4gs € Siawe]
@ G 4T |

(B) faSt 2 (FieM : @O 24N SOHG A0S NG MR G Sivifee 2@ @
AT 7T A4 SO 957 TP (@Il e T 2@

/

Y
y
»

Y

Y
Y
U

\
\
‘
\
\
L)
\
\
\
\
L)
\
\
‘\
| ——

Y

LS
q| »— = L Tl 0
\ F, fz ~~~~~~

\

(a) @& (& (b) S€w (T
5@ 9.16 o™ I @

Y

(TG (5191) WL 24N ST ST PO (FIH| [ (AT T7PJS 202 A0 A e (Swe]
@), 2 ST €9 SRPS & v o 127 @ a0 | 59-9.16-4 F, o 3211 (e
€ O SFeEE | Tor 41 @@ (74 OF, = f,| U6 (17 (70 @6 4wisT ¢ S[ee
T (0 NS |
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9.8 7feal (AT CFCa & ANFa9 (Lens Equation for
a Thin Lens) 2

T G G G SAMEE AN 1, , Siefen WA Aferies py, @3z ol
TR AT 1y, | 4T T COOETEH R AN € T FPOETT 0] A TG
r, @ 1,y (5@ 9.16)1 r, = 0,C, 41¥S € r, = 0,C, dEF| O TE-[4W Adle TCwG To7
TP | (FE AN O AR 79 (@
A B F | ALY OrE Ao O g
foa #ffefay 21 Q| wewq

My By My
oo i 5 9.16 @ 2o
. .. (19)
G u = 00, = TG, dfb ITT
v, = 0,Q = dAfefaamay, ¢t qae|
e faor o afomareR cFg Q ™ s (I 98) Wre! wIbad wd | pure afefaT
gfq P, wregq

| o) Hs —Hy

" V1—t:T .. (20)
G vy, — ¢ = 0,Q = T¥ 79
v = 02P = ﬁmi%‘i@.\g

t = efeRaed A EEE (@@ ~ 0,0,
O (@4 4T T QEAF € AT 19g SEFAREE (AT A7 I SAT ANSAE f

B B _B-R . 21)

v 1% 7

(19) & (21) A9 (AH

ﬁ_ﬁzuz_ul_'_lh_uz
vV oou " 7

AGH @ (@@ af5d @@ TN |

. (22)
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o 29 ¢ B8 YA CFFH WG : Y4 (FEH T @ (AT
u = fi (AL T G @), T4 v = o
22 W AN (AT,

B _Ho7Hy  Hs—Hy

A n n
1 L=ty M3 _sz
= +
7 “1( " " .. (23)

[ u = o ECE,V:ﬁ(%ﬂEﬂTWW)

Hs _Ho 7l M5 My

fo - n r
| N e H3_P~2j
- = +
a7 “3[ p P .. (24)
I @R e WO @92 W ¢ O AfONTeE py T, GO By = py | T,
1 (Hy- ul)(l‘iJ
7 ( T .. (25)
S U1 ul[l _i)
T .. (26)
T Gfb FIEM (T Wi AN | 2ffefay st faew 12 (e Sl 7u | @e 19
m 1
@ T f e, f ( 2“1 )( J @27
Y, 22 TR AN T
1 1 1 f(He=p 1 1
S TuT ( m j[rl Vz) .. (28)
B FHHIEE T (EAES TS e | g S 19 Ayl are Afefarsa wezie
IE T IET TR AfelaF ofIe T G @ AFEIREA %4 (lens maker’s formula)
11 1
.. (29)

-8 ¢ o9 | v ou f
e ST A (Gauss’s equation) & T |
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@R TAMIS AfONGeT p, =p 32 @EE0E Y W (0, =1) DI 20,

L_o-plLl_L
7_(” 1)(”1 rzj

.. (30)

Alargere EfSam D wizee dfenaiss e, @s it Joeer aeel i sifiaes we fafen

o (FHE N (FIEGAE o 4% F ] (FPOEEs 7o : {eorag Fiaae
AB ¢35 T @ (5@ 9.17) 24 =% QQ' «d Toi PQ %4 i< P'Q IfJe z@z |
P % (@ 24 SICHT FAEAE PA M) 2fofe 2@ %o @i [ F,-a3 5 W@ o

6@ 9.17 3 PRI 37

APQF, & AF,OB ¥,

_ OB _ OF,
W‘ﬂa—, PQ - F]Q
P'Q _ OF,
9 PQ TFQ
oV _Zh
AL yooox
QI Fy (3 I 7 4qr |
T@AE AP'QF, € AF,0A 77

PI Q! _ FZQ’
T, A0 " OF,

P!QV:F2Q'
» PQ _ OF,
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@ PO I SEma W el
Piefe @feye 2@z | PB SiEe I
AL (I F| g Ty Tz Toia oo s
#f oo @ =4iW STwa TAEE e
2R | @2 fsfe gfefe P fawre ffere
Tzl P EE P-ag dfefeT|

AN Y (@R (AE @Y F,Q
= — x;, @O 4 @O (A Aol
w3 F,Q' = x,, Deae el 7@ Thel,

PQ = y ¢ #dfefardg Twwl,
P!QI - yll
[~ OB = P'QT
. ()
[~ AO = PQ]



4, 7272 ... (i)
e oy g I X2 _
(1) e (i) At e qal, xxy, = fifs ... 3D

G Obma AN & T |
fi=fh =T xx, = f
o (=174 sl (Power of a lens) :
(=174 7S (convergence) (TG (F0) 91 WoPjf® (divergence) (TEOE (S (THA)
TeAWEE ALE @ o] A | @FFP (70 T© I 27 (379 O (@8 STl A S
27 | Og G WA SRS (G W] 6 T | See,

1
WW=P=7

/g AW 9 2E el ¢S F 78 UEHE (dioptre) D

9.9 Ted (A FMCE NI IF 8 AWF PJIou UAg

(Minimum Distance between an Object and the Screen

for a Real Image Formation by a Convex Lens) 2

GG (S TG @ TET I T, IE 19g = u @ #fely w@g = v| IW € Ana

W,D=u+v(fﬁ9.l8),Daﬂ§WW§@ﬂﬁ%=OTQ§II

e,

: d _
e St =0

aT,1+ﬂ= % > =l
du
ﬂT,?=—l ...... @) H
u — U —> € L
@™ AN (0P, -« D >
1. 1_1 5@ 9.18
% u_f
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VAT e )
dv 1
u GF FAGCF @@ I, — 35 =
u y
dv V2
%z—u—z ......... (ii1)

(i)\"s(ii)ﬂ‘:ﬂ‘m@qcﬁm71=—:—2 A o=+

(i) M SEaE v = v IPIE

%=f,?ﬂ,u=2f=v

“D=ut+v=A4f . . (32)

u=—v @@ f AN E AN (i) (FA WO AE A | WO, TG @ A
SO TE '@ AfE PoN TIg D = 4f]

® 9.9.1. TG (FC7A AR T3 oiwia To (ite Foig aga vf<e &TF#TeR =16 (Condition
for casting real images of a fixed object on a fixed screen by a convex lens):

4 G 98 PQ Wk «Sfs A S;S, A (US D A0g TR | G0 A G0 TEs
@™ AB ! T | @ 2feRaed o[ AE P'Q MY Sifde TEz| Ted @ ik
NI (TG T TG 1 4N R 26T 6g v € (T [0/ 4INS | GICwGE (Ao Aaadsl

1,1 1

——=—
2 viou f 0 A s,
GMEFT D=u+v, @ v=D—u >
F P’
111 Db 1 — >
D-u'u f T uD-w) 7 Q}\l
&2 fare weeba 46 A9 |
S
2 2 2
u = D+W/D2—4Df o u = D—W/D2—4Df

(1) 47 D? > 4Df, @ D 2 4f, O4a u; 93 u, T G2 A | YOI TG € AWM
WS TG (GG PR (G 4 9(ed (TR 2061 6 (B Wio SR #Wid 9o IM<T
sfoe 2@ 8 D = 4/ o0& 4, = u, W\ TG (@9 I AfORE HAlew @)
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(I) D? < 4Df 3, D < 4f o7e1, ToF G2 FEWS, GUFE (S SR AT oA !
Afefey sifde o

o 79 sffere Tew (FEE (FFW re e

I D+4D? —4Df | = D-4D?-4Df
1~ > Y2 T
2 2

b SRPAET e A9 49 x,

D

TG @ #AVE W YYD (G € @R @ Yo S0 FME M ANehl A O e
X B(F THEIE EE AR Ve @R (R rd) W 91 IR | aE @ o Wema
349 7% (displacement method) &l &7 |

o 7A4H : T (71 b SRR Gy #WIA I A€ TY | G G0 SO IF F4G
¢ effefey g IS u; & v, |
11 1

weaq —+—=—
voou f

— - v
@Q@Wﬂﬁﬁﬂﬂ,ml=u—i

Vi
N S P

7 )
ey St W T <7 vy ¢ 2felay 7ee IS u, € v, | WO
1,1 1
v, iy f
190

NSOU



1+v___
el u, f
- ) Vv
@@Wﬁﬁmmz—i
V2
1+m2=7 ....... (i1)
(1) @ (i1) (4w
v, =V
m, — m; = 2f 1z%.[x=(§1’@‘1—<.i71—€1"1]

P =

@3 Y A IS Te (G (@] (e Wem @t T

o TG (FI7A TATAIE Wb WP I8 € 7 afSirea s« fafmmaraey : e sifamel
F(A TG owey e

WA (R, TGH (T A6 SR T AT AT ANGT T O IE GG T

[ 2
2

2
o2 SRR 2 @ v, =D - uy = D-VD2—4Df o Tl S Al way

2
v2=D—u2:D+VD2 4Df e u, = v, G v, = u, | G T&T @G 46 P

@I I I #ME AT W @1 9 S e @iog |
I e O @R Yo S effefara el 3w 1) e I, T(H, @38 4 (g [eh
my € m, 2,

m =g “_1
L v u
R m, G—Z v,
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0= JII, .. . (35)

@B 0T AR 73 Afefaraa mrf sifwiet w0 9w v oo AR e w9 @

9.9.2 Fifafes fere vrea eam @@ @it fge ag7 efelm 4o : @lkis ¢ srtwef
foade -

SAee! e AR e @ [ge @ el sm ififes fers W s
e TEA (I 7T (A0 WS fodb aRE 19 (A @@ o [ &40 & | @
eferared o7 & afsfera sfevie e A | W w9 (5@ 9.20) PQ @ 9o @4 orwa
Tog P favre witg | P o (A Siste 9 SIiteieces O @3 Wy ed o 99k Afers 2
7| Q fama =Afelay wiiewa wwy fowib a1 farase! Sl a7 | (1) 4w SICwa FAreae QA Ty
eiferaers 9 fasE 13 @iE F, e 7@ (e @) 99dl F, (A0 9999 20- 0 (A
7 (SRee (7719) | (i) SETS @™aid QO I (T [Rpfe e’ vag e tte U |

A
v = L, ™5 R . o
P Fy 0 /\\)\\; P g 5 P’ 0 g
> \ g
Q!
(a) TEH (F77 (b) T@os (=17

5@ 9.20 ifwerl = fage a@q #fefad

(iii) @9 <7 @R Fy oS 90 @70 forraed +19 daie oewa Tede o A | @2

Tomfs aME @ @it ¥ e e Q' [wre #ifely siveal I | Q' ™ (A =g T7
wferw wfees QP a@ PQ «a #fely|

4% @ siRfm G299 (Linear magnification) :

TG A TAFCNE SAPLE 3 e 31 THe! 8 IwF (9] 41 THOF TGS (FRS a4
0 |

5@ 9.20 wAlg, @G fadq m zre, Ten Fma (5F0e

gfg P'Q = — y, #fefaren ol

PQ = y, I%T El

P'O = v, dfelqq 799
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PO = — u, 9% 79|
P'Q PO

m="pQ ~ PO

v .
q, m = TR (1)

@it (@RS [Gada g | 3o 77 Afely o weeE s Teo1 afefaT |

Y[qOe] (FTCG (FR0E,
P'Q’=y',ﬁ%ﬁ?.‘3?imﬂf
PQ =y, T% 7l
PO = - v, dfef" 799
PO = — u, 9§ 99|
P'Q"_PO

- MT PQ PO

!

y _—v_vV ..
ql, m = TR (ii)

@I (@R [REe qaes | GATEGY eifefy e |
f@da m @ 9T 7w, aAfolm @ oom ¢ SR e e T Afefay =@ M ¢ s |

El'-ft‘ﬁ'ilf 3t wrFm {4999 (Longitudinal or axial magnification) :
B4R S AT i [eHa ¢ T80 gfon Smiiere Swomdf @l Sreg [Rad I | o

- _Av_dv
faade | = A=

@G AN (2AF
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{ ol B st

T € [@RE Qe 79T 2eTR e faaifes Iga Aol aififes TR e
2 Al

9.10 A&l (TWE &G € 9ej (¢ (Combination of
Thin Lenses and Equivalent Lens) 38

A @b 79 S Gl S T AT T0F G (579 JIS Tl 2 | G @77
IR WA IE 2SI oI5 AT (o1 A A0 |
o TF (F : (37 AR I I (I T8 (@ AfolF Aleq a7 ;W o AR@re @3
@ L T @ I I [ Aol @ PRI AlST W O @ (@IS ANANED
OO (719 A2 €3 Oe (A CFIRP] (IS el (FIEPT (7 (equivalent focal length) e |
Tafalde ¢ g s Afefa 9f0e o @ werens Sl eel (perfect equivalence)
(A | AWCE (Ll T (E A @efel AEd e A @3 S gere! Wed | e
@)1 g OFTe UFE G 9T 7T AN W 79 T (2 SEIE «g [ 2ifefiT
T TS AN | AT (] (P G (@797 T [94wa 2ffofg s s e oo
T =1 2 e -ﬂ?@ﬁ@f@fﬁ"f?{?}l uﬂﬁﬁﬁl@@ﬂ@(resmcted equivalence) T=T 23 | @A
f@dq 7w e sfefnes e fon 2|
(A) ¥fo =Y oAfea (7 FANQEA Go (FFHA (w9 (Equivalent focal length of two
thin lenses in contact) :
AR, f] @ f, R @ 4 oATes Ten F AE TR FRACE (@ A
y o TA(E| T Wi S REAT A
A (% b AT e 4 T | WA
- > > Q g @8 AAfee SEE @® O (e
\/\/ b 9.21)| #4le Srwa €91d P «3h T 99 |
Vo fae @™ @l UFE AL E AR
D i o ) e oo ofe 29| g e
5@ 9.21 g6 7y @ I a8 @ fepe o Q e puw
Afels sion | Q' oW e @
g SPM 9 f2ora faramy | @ew @i efesae PO = 9% wag = — u, OQ' = #fefay oy
= v, @@ WG = £
1 1 1 11 1 .
I IV @

v, _”_f1 ﬂT, v, u fl ......
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—

o @@ Aferae [easal @@, OQ' = I8 @Y = v;, 0Q = 7ol 1ag = v, (@M
e = f

S S S .
STy (i)

1) € (i) (9,

1. 1 1 1
—+

" ;=71+72 ...... (iii)

T @ (@R 79l F @, P 9w e dfeliy 7w Q wak e e e T |
(TG

PO = 3% #AE = — u. OQ = #AORT &g = v, @@ W4 = F

ST F al, STUTF o (iv)
(i) @ (iv) (U,
i
FTN R e (36)

TEE s @™ 7w AFE @9 WEES 9o @ i (F) 9% 73

1 1 1 1 1
R R Dy S (37)

LT 20 I ) |
P=P +P)+ . ... (38)

@I P 9T @ We! @32 P, P, il an @mioffera et |

TG (779 MR ARACE FO9[e] TA6e] (579 Al FoRofe] Vel ¢ TEWe (SIS LS
AT 915w T A | 2AfOTHEE T @I (@IS (e ANEe (37) (A AT AW | GG

(B) #1F~@ (AF WA TFRASA SRAPAS Yo ACHAl (F-TRITE 9e (FF (W
(Equivalent focal length of two co-axial thin lenses separated by a distance) :

@7 TR S Gl AleT T W | @2 R 9T (@ 2R e I, @I @
@ GFg i 2fef 919w Fa @ @ @S FRIEE OE 7 6 T | G OeTels
e gl A |

G, £, f, CEP (U Yo ©ER (F1 AHE A Y a IR G8 LN SR
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&Aq A Btz (Ba 9.22) | (71 7ibe WA (% IUSW O, 8 O, | AL TCH TAd P
a3l % 5 | 293 @ Aferea A9 Q e «g Afefa <ifve ze | om0 affesarea
7 Q fare purg afel e | Q' W @Siw @i (7Y o] AT ST A A |
22 @ AfeRy foTa (@
PO, = T 799 = — u, 0,Q = #fofF 199 = a + v,
(PIPPT M99 = f)
1 11

a—+v, —u:Tl

DEEE S > S— e
59 9.22. a VECg T@PLS o (=7
ql 1 _,_l:L .. (i)
a+v, u  f)
AW @ Rad, m = ... (i)
(i) M NG (AT,
u _u
a+vl+l_f1
u u u f1
:——1:—
4, a+v, fi fi
at+v,  f
4, u  u-—f
/i
omy o= _u—lfl ... (iii)
u
R vy = u—flfl - a . .. (iv)
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0,Q, = € Va9 = v,
0,Q = afel¥ 7me = v,
@ T = f,

1 1 1

. Z_V_IZTZ e (V)

" v
fasm @ fa@dm, my = -

2

(v) T AT (@ AT,

Vi n
%) fa
Vi _ W
—=—++1
. v, f
Yy 2
. v v+
R ¢ S T
- M T i vt/
(iv) /K AP (A v, 99 AW TP
_ /2 - S 1) . (Vi)
o whwas fasuf = A
u—f 2

4f7 OO (@R SNARREH O G S b (FTAG SO W& &AW (519 L, (AT x
Y @32 93 (@M ) F | b G 96 7 Gee &)@ adie F 4N | @3 @ [l

OP = & 99 = — (u + x)

0Q = zfefm wag = v

1 1 1 1 1 1 ..
oL == L - .. (vii
v —(u+x) F % v urx F (vii)
— >l v
@2 9o (F1 @de, m = ey
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(vil) 7 A (AT,

u+x u+x
+1=
v F

u+x_u+x_1_u+x—F

g % F F

v o F
u+x u+x-F

_ v __—F
 —(u+x) u+x-F
w0 @R 94E AU [@ET my @ m,, (@6 KEEq my x my @3 GE (@IS [q@de e
4|
‘.m=m1><m2

B F _ /i % So(u— 1)
W " x—F u—fi ufy—ua+ fia+uf, - i/

..m

al u+x-F:qﬂ—ua+ﬁa+W}_ﬁﬂ
i F Jifa

X

u u a .
4, f+f—1=m(f1+fz—a)+72—1 ...... (ix)

(ix) HIFE0 v O3 @@ D Gy AT | FOqR T4 u = 0, T2

(ix) FAFAE @B AT TP,
u_ u
FRpi v h-o

1 _fitfr—a

F Sifs

11,1 _a 19
q‘f, F fl f2 f‘lfz ...... ( )

@52 T 951 FIOO (IS MA0GD 0% 4 (R (I g @ ST W4 KA 79 |
(X) M ANFR (AT,
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afF _ af\f> _ af\
YT LT At fhma) fitfa - (40)
X 26 OO (FIAE SN | AN (TS OIS G2 S |
96 R SR #fRAed T, AN G @R (0 Z(A £, | O 9 (@ SR
@ f, (FI FA0L (FIE 7SI X' HACE,

aF
x' = Tl .. (41

AFOITTE @ b W@ I 7 (principal points) &1 T | 24w SCHE ©oF 2 7w
Gfesw wa 7 I4ree (principal planes) & 27|

wib 77 Tee 2F B AL G- I OO (G (P 199G AT T | G f), f,
@ F 4o09a | wEiieas (39) @ o +fdass a3,

1_ 1,1 _a
-F —fi -, —fi-/

1 1 1 a

" f=71+f—2+m .. (42)
AL (9 (UE O (@R TR T
—aF _aF _ af)
x = —_fz_Tz_—fﬁf;w . (43)

@™ 6 FE AR, a = 0, T (G 74 F,

1 1,1
. _=_+_

F fi f
& HAFH ST SR (oA |

199

NSOU



9.11 @I Se@e A ARG =ead (Monochromatic
Aberration or Seidel Aberration) 32

aFAA SRS A AIZGH WoFY (Monochromatic Aberration or Seidel Aberration)

@] ST A0F TGO TG (A 90 G490 e (g afefe oo fifen @6 o
T A | G GA SCHRe A ARG AT TE L |

Jea | (7 AR SNEl (@ 74 TS (IRETR GPR (FHE I (A 97 G4 A5
ToRRT (paraxial) €33 A4 SCFG 0! 4 N (@9 FiA0® 2R 4@ @S TR | GICFE
CNCETA 79 sin i = p sin 7 SRS 0T TACH (¢ AfONge (POE 49 Fa 41 QA2 |
ARAOT (F0FE 9 T i = | 7Y Ig g 27 ofF 55 g i 2a 5% (0@ 73 AT |
CTHE [T AFe mefelRT #Aledl T7 F—@wmg CARRE W (@8 TGS 250
Tmeifelay #edl IR | ST AF T AR (G19 20)v I8 41 & | @7 Fe AfoRrEa
Fegarel IR 7 | 7og Sraraa 2% (peripheral) s[5z 2l SR 0] (@R (@19 M Fivifee
27| SR I (RO @3 I (I FAfew IRE (G A€ TR R I SCRE € (@8
(el SAO® AR (O 2Ty Y W1 | GG Ry AT AT 22 | sini G [T (A0,

wieffe, sini=i—bo+l Loy (44)

(U7F TAPRY AW CFOE sin i = i 479 T2ie A4 @ (first order) W@ fifen 7= wwa
iz @2 OEE 243 9 91 90ed 9§ (first order theory) & T |

AT AW CF0G sin i = i &G T | ALY 99T ©F (AF [Wyfecs aan @@ wread | wgfie
HAET AMPTRT T Afel s ffen @ftg @ oeike | @ e @ (@I SIERR. @R
b | Gew) GWE G Sele qeTl 21 | (AR A sin @ @9 fagfen @ew e AEE
i 97 GO A0S AW K6 S fedeird Sisifew afE gier (bR i 1 T | 1855
B METH (Seidel) €8 ©§ (W A(F AT AIRGE 79 I O q05(d ©§ (third order
theory) Te1l &2 | €2 o€ 5 T G 5 6 SR W @7 | @2 56 Azwe] ql 94! S
261 YR, (i) (NeTiCeige (spherical aberration), (i) (¥l (coma), (iii) Sf<™<ryg (astigmatism),
(iv) 999! (curvature) €@ (v) ﬁ@% (distortion) |

(i) CATETToRS Al CoETa SRS : (TR SrIE AT TE G Wiefee AgR IR pife
TorE afneifera T & 2@ | e I TR Fitg ¢ SHrRR IR g we aws
2R o1om T | AT (@IIRIEE 1% afely Alem @ 711 @& giice cEems @ e
A et |
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4 b TG (O 24 SR TAa P @< agfa (5@ 9-23 (a) | P 99 (U7 wilsTe
TorEE amefel @ eforRem WX giue SR €9 F, Mo fifee =)

@ 9-23 7gm @mEd

AT T (T S0 F - ffeme 27 @ wges s wiefes afiefa afere
7@ F, ¢ F b 54l s fifre 21 F, e a4 sowa Soia sraend 46«4
AN G Rmfirad #faaed «elh qes Efee sige sieml a7 9 @ 8% T4 (U
@ | (% (AF Y (@ (A Segey Féce AF | WS SN F, (A F, @3 s W o
qeFE SiEfee TG TP ¢ SugrEna #ffe ARafEe 2w AE | C SEE @3 i |
(AT W T 2 069 K G FerEme @A e 7w | «fb P-ga Afsfarra fevew g4
@3 @3 JEF Jees STl g€ (circle of least confusion) I | WG B SR 74 (A
oIl effefed sient Im 1 F, (0@ F, @ e sl e @re A 2o fics Segey aiecs
AE | C AF F -3 M Qe AR aAnes e Tegel <o a7 1 IR | e gl
qred G f54F (lateral or transverse) (SIFATARER 2faxiel «q 27 | WG ToARFE @ AT
amy -q?\p/@ sife afefTaem s F, € F 49 3y vaecs \‘ﬂfﬁ'ﬂ? (longitudinl or axial)
sl sifaas @ 21 AAl (U@ F, o, dfoe amislr e e (Be 9-23 (a),
(b) A IS @el q Far=Rifes1 (caustic curve) €dk @ #Afere qfMsE (G OEE
T afwen (@ a9l 361 9109 (A OIS A0 Ied 39 A1 Qoo a9 | ¥ OTE A F,
fas SF Wea 71 (cusp) A | 9-23 (b) ora o wEa @b (@ (R ZEE |

ATl (SNEACAgeEe Qo [ (SIEeReER N M MEEeaeed A s
TR | ) WG SNETE IR CFG Sore (heeae Afefay oo 39 999 =@ W1 g
TEARAM @ Sfend 7e @b @ geed 2|

THAMIE Aifowaies, @R e AN, TG 1hE, @R [ieq e e i 2epiva
GG (SIETICHACE T e 0 | O (A0S WIE SRS (I TGRS (0T S S0 99 Sahee
(P TERE CFE (SEATER A A T, CTee) SIErd @97 Spee IgfaWa (309
(SRR W AlRere e a1 27|

® (SIS T[Tow FAF AUS TZ

(a) Tt FEs A1 (@49Fa 592F (Use of stop) : (SIFTHATET FA9 Zo1 2ATGT 8 THAMFT
eI @ Afovare sa @i fNfere 7 267l | T (I g (A ST e
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2 A A THARRT T @ SeerEd A Sl 1w, e wivfoe 2o T (el 2,
@ Ted (WY AT ™% @ O3 (AR 9 I A | A Il St ge
@ TTE [ @14S (stop) IS T T O AGE G/ OFHE 2A| I NIRRT G0 (ZoRT AT |

%
|
%
7 7’//(3 P ‘ Q
/
g

5@ 9-24 ¥rod T

S

(®)

(a)
G TG 6 (@G R GuTeid AN 22, 0O €3 o (@@ A4l Sirmd o 20

(5@ 9-24 (a)) | 2 4R (@4F IR @ (SN T T T (97T 2ferg afefer =1
A 2Afefarae @egen a9 T «d [Grew el (resolving power) € F A |

T AYTOTE TATRT AT BRI Gl @GS (A T T GBS0z HIF© 24
31 B | (FE AN GO b P 2 A0S T (T 24l DG ¢9g A0S (5 9-24
(b)) | @t &6 (@ (Lord Rayleigh) ¢ 757 i<l (7 | @t® ftewst el 0 ol; Segey
TR S T | [T Ty @ A SR % W e AfeR s ww gah fagfe
(distortion) T#f74® Za, FTe) =6 IR 70T A (A TATT DL TIPS W4 Fare
2|

(b) FTSTFGH (F1(3F G424 (use of plano-convex lens) : (F1(3 (SIFAE 2rEra a5
AR M (U @ (itel [Rpre 21| A I pife e e AR Csiieaee
T 77 | e (@ Siefed (e ¢ Wi @i T 2 pife e 77; o @b pife
W AfeE OEa W TSl AfTe | @S g AT [Hewa Auwge [awal s

(a) (®)
fo@ 9-25 (ollefiToARel QT ATOGEIER FHI AR
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T (HeeE T i (IR (HEE ARS8 | AUFITSE, T4 (@] @FPE el
fersliel ) 271 @ Q@R 4 28 Fee IR (6 Hife, ¥b AT $ea Wi 2 ANTeiE e
T2 U (SECHIe o 2T |

v 91 Sefar A0E Sfeer (Objective) AT AR FOETER (@79 G99 2 | FE< I
(G OIS TG (A S0 aIS)E A STIGIE 20 A0e, FAOCEES (@Tbe Theetd wivifoe
AAEE M W 141 2 | T AR 9 ETE qb OEE W P athe 2@ 2 e
= (o9 9-25 (a) | WPRATT @O Fee O @ IM9pE wivifoe o & o @ pfes
7 7l e pfes awerm @ (B 9-26 (a) | T (IFTATe Faree 27 |

TSR CFE@ AMCACHT Y7 FNE TG A | F(A TG (A 9@ IR @ SIS = |
GTERGE (F(NE 0 el( S19T® AMISjoRe i< Q1< 27 | e uib Ore pie & e 27 (g
9:26 (a)|

(a)

@ 9-24 TG (SECAT ZIOT ATOCANGH (@A A2

WATATT (FT IGOH S197€ A0 i AR Hib FPere Hfe e 28 a1l Tea 9
O IO (@9 GO 2| WA (9lEeRe g7 S 1 (5@ 9-26 (b) |

Arel e Te—=eifos 3t fsfe 2 @D ey =rFa e @ ANEAH GRS AMCOTE
TR T e qeE (atiEeEs I A

(c) ToTT TS IPNEGT (F1031F FIZF : QW (AACFS 7 (Use of suitable radii of
curvature : crossed lens) :

e TR A, G ARG TP (@I @I SFifee 2@ (IFAeRed Jees 2@ aw
Wb I8l PIE Wbe SRATeD e FE—
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e

el N o L S 45
nooop2p+l) @
(i) =& CAATFAT2A (77 (crossed lens) : aW (FI75 SAMIHS &AfoAales = 1-5 27, THEE
T (A, =k
(X, o6

gdle 1-5 AT (P! @0 (SITCATS Joroal D W 0] GPIET ST 1:6 27|
@Y ry SiFifee TR Wi OrTa Tl APIE, O12 (@ O Tl P I (12 weTit Sivfoe
AEaE aRE e qiete T3 | gees 5F (U @R T, 16 eee Ieel e [aside e |
gdie @@h ToerEen % Teendes

— —7 |

(a) (b)

@ 927 TwE (oEASS &9

2@ (9 (6@ 9-27) | @2 419 (FCF O (ONETCo9el (7™ 91 S9% (#™ (crossed lens)
@ |
(i) FTSTEIGH (FICHA (T AW TG 0o 9N HAGE ARG M A0S GIwE 1y

;
GITE @ 7y =oc; G é=0 Al 2p2 —p—4=0 | T FE AT T p=1-6861; Ll
1-6861 A GHAANSA (P! FGEAGH FICHF ©&e] 0o 91910 FSAE FMR T Q12 20T (aleieiael
Jew TJ |

I A A SIS T qeE W 20, G, 7 =oc, - p(2p+1) =0 | A

2, u=0 —%; « T TS | SIS ANCEIGH (AT ANGe M0 T5C HAEI S

e QI (SIETICsiael Sjees 2 |

Agaereir—anafos at Fefs afa @ aue srwe et @ TgaE G2 3w W @
@A IFOEAD AAEA (AT T 24|

(d) ’{% T@ (F7 @ A9ZF (use of two convex lenses) :

i q@a afre Faree 9 Sed @ cReg 1 @b pfe 9 @ Ty TaweiE afte
7 © IF P JAe 22 ¢ (SiEskee Gees 2|

6 TG, £, € f, @IS GA0ET (1> f) U6 TG (@19 IASE L, € L, T ANl
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a I AR SNE | L, @10 S197e teiirsa e iz (69 9-28) | 244l Srad ! Mg

I SCETIF TR AL (@G TENS (S 0, (AT 7y THEE A e wieifes o7 dfere
26TE #7 oR @ TAT

L, .
, A M
>J’ o
« — 4 _
R T >

5@ 928 b & (I AAT Jerwa (SIETILATE

2 S (AT h, THOR B e wisifew zmmm | weee Al TS o™ Fvs afoe
23 A4 ST THfa F, e IR S g i e fifere e

hl

77 fi=0.F, e (& §If® 5, = ZF, BF,, T (ST

SOANE 5, =8,, ABEF, (4, FF, = BE, = F,0, @2y @0/ @™ Si#fee af 4@ ST |
BO, = h,~43 A€ 4T |

AW @@ P, O =

s @, F, v opw afam ¢ pore #fofE F, Rmre e zmmm)
- e (R G 09e, u = O,F, #foRg vy, O,F, = O,F,2 = v
T A, f, | TOGT (FH HAPE

1 1 1
;—;—7 (4rF =1 T
1

2 _ 1
FIOZ f2
» KO, FO, f; C RO, f, 12 2
W2 FE WA @Y a = OF~0,F, = fify v (40)

Gdfie 7 @R TR CFHd Jedl (SNATHATET #S 25 AAFRACIE A0 @G Jiod W&
R CIE (@I (eda A e 7o @ |
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(e) 1{% A Tee 8 SFed (FF 929 (Use of convex lens and concave lens
in contact) :

TG (5191 '€ SRGH (FAE (SR #raa [odod] | Sroud T7gg 0en (779 8 Saws
@ A2 (@0 AR SO DR (SNEAAI ey T2 AT |

() coliera e wfR=@r A wniel=iHs fTWa I929 (Use of aplanatic ponits of a spherical

surface) :

G GFF (T AT TR AR TT 27 a1 | [T e dfonas o@a (g
OF SO TAT A wo [T e W I[N GFHre qGRY YRR 4T (AF T DAEIS-
I @ @] (@ WeAfew @ 7 (@, AT AT ACH T oA [ (AT Toipe
Y I WA @ 3 G qivee wfked) fow ate | ok @ e T T 90w @9 J @
2o frid favpre o e faow ufanid e sifie #ifeface (ofators e =1t | gt
CFG ATGHTS CebeE A 9 e |

5@ 9-28 wfaerF fomq

4 G (ST OF M p, @ p, ORI 9t N [Keifens |, MeE gaa
N ARl .%,u=ﬁ—;|

r

(AR ST I AP, CA = r, I8! (@ (4 CO =1 70 @A TYRY, = @

(I (PITS] AT (olaATg o wieifes 2o (e 9 1 favre afefay sife @ @3t v
Cl =rp 29|
4, 7o € AfONRe (Fio IURE ¢, € ¢, FER FJAPAE, u,sind, = p, sind,

sin¢, oM )
: —Sin¢1 e el L (1)
_ r
A ACO @, SInZAOC _ r _r_ oo ii
M Tne, —co M (i1)

(i) ¢ (ii) 72 AT (2T,
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ZAOC =0y oo (iii)
w@aE A AOI (27,
ZAOC = ZAIO + Z1IAO
al, ¢, = ZAIO+(p, — ¢;)
al, ¢, = ZAIO ... (iv)
A AIC (2

sinZCAl _ CI.
sin ZAIC =~ AC

sincl)z_g _Co _
, —sin<|)1_ > dl, p==" Cl = w ... W)

Teyd #fefay 7y Cl, SIieed (e So Weq 0 1 | (I AW @@l SRt Sl
@M (coma)€ SRAL VEEE (FE 19Iew 2 |

(siterer e wiisd e aaga a1 20 THhiiadd waegs SarEe 10Ed Sfeer |

(ii) & (Coma) :

(@R 24l OFF (A7 65 77 Igm A @ v (20 wiere a1 fafen e
T iy Afeve 2@ @ =Afef® oiom F@ o IR fKad o | Torde qeEd weey A
el @ faafie ey sfom Fra | dfefarsa oIFT e (comet) coma T F{THER W
| @2 G G AT (I (coma) FE TH | (PN eT@ AR (ofeneAel | 9-28 Hrg ag—
T Q «7 afof +Ma (! TR | 24 T (1) G SEEeEd 34 i dfere 2@
Q, e fom wwEw 2f R 91w g, aAeiE IRl (4,4) @3 Jred o Q, AfeRe

oo T |
\ 4
d 3
d” 2
3 Q, 84
4 3
Q; Q,
Q, Q
Q

@ 9-28 (=]

134 @3 gy ARF TR FGE Q,y, Q; 2ONM JEFT AR 919 (| Q; (AT 77
77 Jeifel TeIE T 7o AT | A€ FEE (FE [9ET @ N e @3 s 2feRkE , ™
(U7F T W @3 @ed AfORE (te s (@NE T
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® (& %aFad (Removal of Coma) :

(a) (P! G PAOA (SNEATAIET G 2GS 0] G (FINE T G|

(b) 9l AT @ AT (@0 @R (991 P (I G791 A | (FIF @ Al (T AN
(F(g oif9a ARG *[€ (Abbe’s sine condition) 7T 2@ @M A@IAR TEew 2@ | *EH

F—

Wy sin®; =y, sin0y .. (47)
@Iy, @ y, TUSE TG ¢ Afefraa Thel, p, € p, TG ¢ AT @ AW W
ol Afedraies, 0, ¢ 0, Wivifow @ 5o M sam g Al @ (@I Fa OiwE T |
(iii) WAWFY (Astigmatism) :
(I TIPS (S € (@I G (A TT S AT OF (AT WG (I G-
fama =% effefay Sestg Fare 7 711 «g7! 7w T (Ut Wl qfispz 79 @ (A4S e
oY O O AT 7Y 9 (ISP (@9 wy iy 17|

fo@ 9-29 wifqgary

9-29 f5rg PQ Wb I, FNHa Ora1 AT @ AB IIPE @iaa we fea fesfe S|
Q, T™te T i @<l 79[a Q «3 W 2ol oifve 27, T Foltea O el FFSIE
2@ CD AqTE & Q, fawre oy b S e @2 of9e 201 T ¢ S @i #w@
9| T (Q4(E o1 2 Oiime fearea 293 @ (@4 a 945 @ @40 (first focal line
or tangential line) @3¢ S (FLIE Te1 T WS Fareld o @I @2 al (3Tl @ @4l
(second focal line or sagHal line) | Q, & Q, g T[T TfIs|p=e SIEI AN ST
2% | @2 W2 WS W& (I @ I TAYOE O b A A U8 IS 2 | @8 (T
qeon Tl g€ (circle of least confusion) T |
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® SfWay wAFad

(a) 35 AT (use of stop) : AT 757 JITT FF (o4 IMYfETE @ AMefow T
| ea Siiwrg S A | 355 ToYE SO IANS B | AARTS G0 (F4 ([@EAE WDAE
(K OETE Y9 R A0S T BIG Yo (G (] QL (el (@ qfoe AR e
2|

(b) T@s ©9we (57 9929 (use of convex and concave lens) : T@ ¢ SQws (F
wfimey ReTed 20, O Ter € Saes G 36 GoTE AN (@0 A 5 A0
fWEy QSR A T | (2, ST (579 ANQY [#epe @a #i@ (Petzval’s condition)

| | |
—=0 @4 QT +
Zuf I BT | 916 (STCOT (9T, 7+ 7

aE AT 3R f, @ f, aWE (F 7Y |

(c) m{m@?ﬁf (%™ 4214 (use of plano-cylindrical lens) : 76 W-CET@NFF@ G AT
AN (0 Sqeg 0g 41 T |

(d) 5% (7™ 92 (use of torric lens) : (I (FTHI &l UbY TGN ¢ THY 0l
S ©I(E BIAS (5191 (tornic lens) J(#1| BIAT (519 32T FF Svey 79 *l A7 |

(iv) 3F! (curvature) : (SIETCHI, (] € TRWMEG (@A G ST 7 ARFHAE @I
fage g Afofy a@ 209 7T | €9 TEE 29 OIF (A 0T TRPEO qERW|[6] QemNFEreiE
(T (T T T | O7F (U0 V0T 4] e afel Soirm agieme afefarad wemid (oo
Ity sifre =0 | Afefal a8 TeEs 2| @8 g et J@ =1 9-30 (a) ora Tes @
MRATHA (Y @S] (P AR | @ (GG S

=0, #$5 ~AfeTe 2@ 2T | p, € p, IR

0
(@)

®) ©

5@ 9-30 gVl

T P @3 #fefay P' Tvpre € o (U@ iaw a9 Q @9 AfeRy Q' e ofve zanm |
OQ %ag OP 7a(ed (U (T4 REAW OQ' ¥ag OP' &7 (AT T T(A; T IF WIg AICE
#fefas e =9 =1 Q W @we fee @ wieT | PQ g s fempafera afef® P'Q
TR 870 SifPe 2| T (T SPWMaT S9ta a9l 9;30 (b) (@ (I R | G TF
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@S (IEP] 084 W& SRS, qel (519 (U@ 7@ WMiE 281 9-30 (c) Brg Sxws (@1

IFe! (Il 2R |
® IFO| @'ﬂ‘@q : Tae wqee (¢ 4929 (Use of convex and concave lenses) :

IECGERIS (Zﬁﬂ)) 2T FE T S @19 ANQED AR IO FA] T | GF0

1 1
+——=0
WA Ko/

TE @ GG OQEE (@19 W G TE e et 7,

(v) fFf® (Distortion) :
@ WPy, TPl 29 @b Jaow BT G 07 ARG F 24 | G2 B THYS A
a PiE iRy ~iE wee dfofy [ge 2@ 9| @2 gite [Pt e |

591
359
0 0
P P
| o' o'

Py p]ﬁ
~_ | |1

T T #Afsfay

(@)

fom 931 fgfe

9-31 (a) Tor@ (I 2RR,—TGH (S AN Yo7 qR2JT T AT (#19]] S (barrel
shaped) 2211 9-31 (b) ot (T 2R TGS (FIE (A% 307 qARIE BA0E MY TIg SR
(cushion shpaed) 27|

® ﬁ@ﬁs ﬁﬁﬂ‘-‘l (Removal of distortion) :

E\% =g 9929 (Use of two lenses) :

vl G TN (A QAT AW 369 a2 6 (g 9-32) @2 T 79 Fl 7|

210



AN (FFE T TR @b € o @@ Holl SeEd gt Aaeid [eldie 269R, pule
#fefey gl 73 21

L, L,

91

afefas

&

foa 932 w6 @wE AP igfe fdead

2T (OIFE e WEET G2 LA TN (G QAT e i 77|

9.12 WiteTi% 9@ 3o favzae (Dispersion of Light Rays) 8

@ T Afonaes (), EET 39 O TR (7) ©HE I A O99! (dia

c =t P [ s’ [ i e C ) { e S el e
(K = ;) Tofg e 0 | (@ifsie S (@it My aifovye g fifen arefa St fapfe fafen

o | effevaeerd #9 ffen qeefa AT A (@S 59 =@ 79| fFenE vy W afoye g
@2 fapfe = @@ ) f&ifer aefa e o @@ AT (@ e 2w A | O 3
fapgael (chromatic dispersion) T |

o[ (74l A W Afevaien SR Shvl (M A0l FACS AT | @ FiEe b
9fdees Fba F9F (Canchy’s rclation) Z&—

B C
M=A+F+F+ ----- » A, B, C,...... 291 9% @32 @9 AW 7T 9 GO 3 (700 AT |

B

A3 ¥ o7 &Gana FaE TS0 @ H=A+X2
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<R

st
fo@ 9-32 faem fawgad

(@O T OS] T SE (ATF T LETT (@9l Iera Afeaies e e (@6
N | Gy AW S (e =) oeer sk e qemd 79 @9 s pie (8y) @
G HIfed (8) G (@ W | el TG =::% | Sl NLTS] S GO W SRR
(3 (6@ 9-32) | wawitne) i 0w 2fevaies T AT A 2iforiiene 2e [mgaeis el
7o fqvggel (normal dispession) e | (I (I AT ST TSR ST S
(selective absorption region) «tF Tdie I LB T (I T TG AE | GG IO
IT#EG W 27 71 | SRwind 3ikE vl dferaies srreieena i 7 | «2 fangaes afeste
¢ favggel (anomalous dispersion) s |

® (JFifds favgad @ 3 favgad =@l (Angnlar dispersion and dispersive power) :

Al S e w4 e ooie @ @ e 17, e 3@ 5 2R St pifes
AL T G TG (@R AN Fifoe [vgad 9| qib AT 9 @9 € @9l &@ @ae
awd R ¢ V i fofee e,

(i famgadl, 6 = 8,8,

e offeell € SRR A FHeid wirfew e SEARE (@6 pife
§ = (u1) A, A Zo T2EmR AR |

Ty = (DA € 8 = (ug-1) A

i favgael, 0 = 8,0 = (wy—Hg) A

W0 = dA (48)

@ = du = py—g

T AT IERE TG TV SEEd 3% [pfen wemw Ares faeee @il
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TapgaeIre fAea TR 3¢ fHegad el q0 | Taae SiEEd [Rpife 2R SEea e [pfed

dy +90 +
YA 0l AW AW | @ A S =— R=(“V2“R—1]A=(u—1)A

M‘@Eﬁmﬁﬁﬁ%ﬂmz%

_ 8y =0y  Adun _ du
wrogq T favggel waAel © =5 T DA T e (49)

9.13 3fiteHed (Chromatic Aberration) 3

Rl P B 01 DB (O e o e e R 2 P e [ O [ B e [T o M R B [
#q @6 f[fer aef fe% =0 ek 2w wrwa Boig fafer famre fifere = (Twe @) a1 e
T (e Tafen [ (A0S 99ivye 21 90 W 2 | Fe 99 Afelas 27 e qrefe e e |
@R 3 IHrE foas T | @R @R (S e 2@

Jo-i(i-3)

e fafen Qe & e Somiee Afevares (n) [ifen @@ | @ S afevass @s
TN AT (U T (L <phy) | TR T STFR EFRERT (el (@91 NG PR (redia
A @ (fy > A

D& 9-33 ™ qefrags

Tee (@1 (T8 OF = fr @ OF,, = £, (5@ 933 (a)) | Fy @9 F, e womeia (o
(AT W@ S | @2 vg g Wl Al Il Fy € Fy, [Repars waasl s fifre
o7 | SAeE (FE (Y S fafen aefa afnefer fifem auefa cpiem v (240 si7ppe 2 I
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W 2| (I AgE Afefae afen 20a| @2 gibes 2efitsiael ae | Tee @ (e By, e
o] AE (@™ @91 K € 2% A7 AR 6 638 Fy [re o 4 @ a1 [/
@ 2T @9 T e ofem 7| 5 Kvres afen afels steat am; @w cFrag =
fam T stieat @ 11 @R b [ e AB Sl Aia i @ Sieeiee e sAled amw;
31 el ST CHARATTS e S e 2E AW 23 | G2 JOF Paod FFFel I€ (circle
of least confusion) 9l =Ty Feffeoel q€ (circle of least chromatic aberration) 97| &4«
S @HT i @R Fy @ Fy, @3 W& 1agee Siqend (longitudinal) Jefftsiael oA @ sew
Tl qred AP f6ie dfiteme (lateral or axial) | fATa Afast wa1 70| fode qefiraas

(TR T 001 2 S AefeAael (@l 77 | edas effrarel SrmEd OHd Wed e A |
ANGe @ 76 (@ (FI! GRis HEEe Fa0s IORBEE qefiteiad o 22 | Trid 08l @ ¥ioewy
(field of view) (=ITH! Z(F, SId) AR AL (@1 ATG | ST (RI1 € FiRcwa 0wl
7@ fode qefitiane Heias (@ Acre |

i (31 @) @ A LR FCE INATS I A | GO G5 @G0 19539 Teyioa
famggers Afehire g |

® (Z7A WE@l (Achromatism of Lenses)

(a) 9FH 9T (FFE W@Sl (Achromatism of a single lens)

@ @ qEACARET AR 267 T @ (@9l SIETR @R qE0ed W AL (Fey) |
@b IEoAT YT 29T 6 T fofy = 0

1 1 _hk-N
WRR L R Sk
1 1 0

TeEq RO WS 2 @ g A
d(1)_
., %(7]—0

mﬁe.w%mﬂﬁammfmwmfmwwww@) a7 HAfaE AW 7@ |




1 0]

wdle B TfE O A d(7)=7=0 e T@|

@AES o #0, MEPNE [ =oc | TLe @6 7 @ 9T 71| Tewd WFe @FHH ma
@A T @ 53 Zre A |

(b) ?/7~*17 7Y ¥ (FFA ANAITT WafS! (Achromatism of two lenses in contact) :
£, @ f, CEIEDT (O i (7 ReE (U7 TR 909 e 6. S G EIA (R
P 1_ 1,1
—_ =4 =

oG F A, 7ty

e S 6 (@9l ST &) o (R0 (ISP () AL Fy @ Fy, 20, et
sAfael @7 Fp—Fy |

e 11 _FR-F
" Fy, Fr FyFy

- 1 1
TS SO 6, Fy ~Fy =0 ql, F ~F =0

e, (1)-0 . af})-o

> d\
o by

-1
A4 @B (FCE

1 1 1 du, (1 1)
cdl = =du [ A =28y ) AL
’ (flj ul(”l ’”2) “1_1(M1 ) non
1 a} du
aTs (ﬁ) fl @, I, -1 9 (&0 ?i"f ia@?ﬁ T |

_ 0,

- 1
@2 O faor (@ 3 [mgge el o, 2, d[zj— 7,

TedT TEfeid A6 T d(%)zd[f%)w[f%):o
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Yy (D
@mmﬁmmwm,w—;=—% ®; 8 0, Y, T f, @ f, faide rza e

7@ | 9die W @ Ten Tw 97D A waed |
® T WD

(i)wqﬁa@@ﬁmﬁaw,mf%:m(&rﬁ)ﬂmf f = —0|1mwmmﬁ

@R el T w@ 7, g3 e Fb (29 el T FF | 9die 92 THAMITEE wio @9
HA @ S A ks S |

(i) =1@fF CF™-70 (Achromatic doublet) : 46 P& FFHY @ @19 TAAE TQ(F
A0 FF 52T GAMIEE (5791 2ACTE | AT ST DT SLeGH (791 € FFHpi5a Teeraees]

@™ fodioe <l 28 M0, f f =0 *$ HAifere 27| FIC Pitvx ¢ favgae el (4 ©,)

T Qe € (@ISR ) (f;) TN @ | O D Fva 9 famggel wel (0,) (@9 2¢qW €9
RN (7 (f,) (@ T | ARG FH6d Saee] % T @Ha T (@rd SISl aem
(canada balsam) @ (@l fag W@ (od) 461 &, €3 AL K9G @FTH-g | €3 @
YA TG T (@M ANGAE SR W A4 (IFACeRee T 57 |

(iii) @ *® 24g7 3¢ qoa T 2Eey = |
S 0 AN (@A I (G 1] (U7
|

(iv) #Sfbre a% 79 u €3 @ T @R
Ted TGF (@ (I ST B #1627 |

(v) uBa (A (71 FRETY ({04 TR A 91
T, TN 6 T,

A &5

R T ) fboa 934 TRl @Y

Ho oS

q, 250

® YA : fafen T A0 (AW wE<rwe) SfeeTs) [BAE Saees (=19 o1 q<2a 41 27 |
(e) WS @@4ita aFFe %6 (™ AW (combination of two lenses separated by a
distance) :

ﬂ@@@mﬂmqﬁ@wmammﬂmﬂwﬁwmw&www

1 1,1 __a
PR 799 F 2@, f+fz A

&3 MAES TRefe w1
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n n
LYo (1 1y_dw 0 (1 1
E d(Tl)_dMI(”l ’”1)_“1_1 (l~l1 1)(”1 ”2)
w
=711 [0, = 22 @ 3 favgas e

®,

GFBEIE fFelT @ @@ d(?tjzf

®, an, ao,

0, 0, av, aw, _
memﬁﬁmﬁﬁ+ﬁ A

al, O 0 —— (o, +0,)=0 (51)
f‘l f2 f‘lfz 2 ) T Y iiiiiiiiiienen
o ey wTanm :
(i)mﬁa@@ﬂmw 0= ®, = O.
o 2am O o 2ao
o o 06 @ 7 =0 g =0
1,1 2a _
& TR 0 . (52)
1.1 _2
ﬁWWW,ﬂ@ﬁW|WE+TZ=T}2
A, fi+fy=2a A a=% ............... (53)

Tdfie 42 THAMIEA 40 @R (TE) R4 (TP 79 7ivd [@I9FER Qe 20 TAaRb
TE TA |

QLA 93 TEFET (eye-piece) € Ao AR FefATeNT 4 2|

(ii)a=%ﬁﬁavﬁﬁ@ﬁwmﬂmmw@*@%ﬂwmmw

wdfie @ *E SfIe MR T 0@ G S9E Td |
(iii) THATTR *6 (A ([T AT 90 @1 T T 3 L[ YO (FTE G0 SO 2, T
@G (FIFPT e T @I (IR e (A0S (@ 209 2|
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9.14 QI8

(i) wrfihe wife -
3[udl =0, pdl= SfeFE ST 72|

AT I @ 7Y (U@ oW e @ @ SRR 7Y SpRe S ol g A 2|
() (i) o 2o S S AfewareE e

By W B Wy
A% u r

r

(ii) #ifoves e wwel, p=H2 M

iii) 29w 34 G Y, f = — L
(1) 3B 4 ¢ TR

r
s 2y w,ff“z“ful

(iv) 4 (FREEAE o [ 4@ S| (FRREEE S —

Uv =1/,
a7F WehEE ANEEe 90 |

3:‘<

(v) (i e o e T AR Rada, =

Fl=|

S R B »
v ﬂ; ]7la=—:—_
’ : o WU, »

al, wyio=p,p,B
o T 2 o)
SR [Gade, [=m ™
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(3) (i) e @ R @ A %:(M)(L_L)

My non

G (719 AGOREE HAE A |

_1
S
GTF ST TS a0 |

G f Aol @ o |

< |—
< =

T e e Ty
(i) IO T2 (FIFPES TAY 4@ S (FIEPEEE T1& 3l feoma Aaae—

X X = N
X; 6 x, UG TG GG (AL Y2 @I (A0F) ¢ el ey (fad Yy @i
(2R f; € f, 2949 ¢ fGow @ e

1
(iii) TR =T, P=7

f TR o 29fe @ P ¥9 @FF TENE
(iv) T @ 6 SO AT (TS E T @ FWE A qg D>4f o [, @3¢

2 2
f=D4Bx , X T T AT 0 P W g |

(V) @ @RS [ade m=2

u
e R 1 = m?

(vi) 46 (T F<EA (U @ T Mo T, G Go DT wg F R, %:flfflz

W WAl P = P, + Py, P, ¢ P, TS U0 o T |
(vii) £, € f, PRI TICR 416 11 a A ARRE @72 I 9o (e CRRIRPT (7

1_1. 1 _ _a
L A A A

(4) @9 BsEe Tl ARwE AT
(i) AT : (FTCo/ S QT 2 THFRE A FToE qea @ A q @I i
2R 510w T | AR @RI =Y aAfely sea am 1
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CoATEToEs Poes FAa 2Rl

(a) 350519 TR (b) TGN FFF A2 () ToYT 90! APTETE @GR 72 (d)
Wi T (FIW AR (I A4 a = £ | () 4ib e Ter ¢ S[qee (@ S
() (oIE ow WA 3 Snzmibe v 989

(ii) I : FER Tafen qemasifa ffen wigfen afefa sum @@ | 2T 7 (U@ @bl s
|

@ AT ¢ (a) TAO OIFAIT TE, (@€ I |

(b) =@ AR w1 SAfeTe TF @ FEee |

(i) 9fRMay : @ T Afol® @iE Wne e = 7, 9o 9 @9 & ¢
arE Wiy ffen 96 wieiE 9| @R [ien dew e @y 49 ey @2 g ST |

TfEy FaEad : (a) 36079 921 (b) TEH SAeE F7 AL (c) TAGISFE (#17 27
(d) Tae EP—(TF 46 OFE SHehE € TEY P9l 7UF) I |

(iv) =t : e awg Al oF @ e sfe T@ @@ T
waead : e O[es (@ 984 |

(v) e : afelas 7ie T = 7, 364 e o Hei we 31 Tag I AfelT
e 27|

waiEAd : Yo (5 @ I Wi 65 RE A |

(5) FefTotael : 0 AW W e [fen ala [vgara T [fer wim [fen qufa afefs
(fie =
Fefirorel vAeae

(a) #IFia A2 G0 @7 ICE | O SEeeld w6 %‘+0}—22=0

- 2 d
®y, 0, 6 @ I Eogad TN, £, S £, W @ (7 | [ favgael el © =H—81]

B W6 Y TN @A (o Ial W
(b) T8 qaans afFe 4 @ ANaE | GiewE Saefelg 1%

AR (0, +®,)=0

A
a 2 (=19 ¥od W&y QKL |

7 o @w? S ¢ T 7w a= LS e e @
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9.15 sifdfes Twizgd

Twizael 1. TAOH AP (U@ SfeTFe@ (RE GF Tes-0ed FHUET MA® (@4 T
2 4.8 x102m | 7Y 997 (AT ICAFONT @ €2 (@4 M & 6.0x102m | FHEHA
A (@ 7.2x102m Te, €7 (i) dforaiss o (i) 9ol apd W age |

AL :

P

RV

B (a) Ba (b)
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11. @32 THAMIER 4H @G (@FE0 7 A £ 938 3f ARSI FO [0
TR (AR € IAeRe ITT e

12. €38 TAMIEE 5 F10a =G 0.30m @R (idid O Seaa) Siaels Faarg oide
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14. & @ e sl SETE aME @@ Fed g Afedies 7diaw 1.517 € 1.523;
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9.17 Tease
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9. Y @0 A

10. @3 p I B[ TG p (A 9 7 |
11. 0-852m

(iv) sififes o

1. (a) 0.20m (3 (@ @& W@ (72l 2hg (TR (A7)
(b) (STCHE AR (SNETF ©of (U7F 0.025 m T |

2. #PeE (U® 3.33x102m € 1.8x102m 77d, 7HE P,
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6. SAN

7. 0.5m, 2m

8. 0.29m
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10. 334 D

11. 2f

12. 0-60m, 0.40m
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14. 0.0115

15. r (Olres) =0.1m , r (Fwenqee) = 0.12m

16. 6.67x102m, —0.10m

9.18 W& agEEl

Geometrical and physical optics — Longhurst.
Optics — A. K. Ghatak

Optics — Hecht
LIght — K. G- Majumdar.
Optics — Genkins and White.
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(i) efefem som 7w wgifn (Image forming instruments) : <3 {Qd TR A4l
I T (I I IOV €S 7Y AfefT o1 | 2Afeliy (s age o wwig @g S |
cade @5, (@5 S g, @A 7, FeEl 2o)v @2 wi<E STeeg|

(i) T o= o FT 7@ (Spectram forming instruments ) : C7[GITRGIE, ORI
(interferometers), (262 2igfe @2 =T 7Y | Q5ferd Ton Tl 261 TR AR T (AT
iste fafmarer e |

(iiii) Wf&#= 21 FHIRGIA (photometers) : €274 TZIMT AR WA AR 7
ql F |

(iv) efsaiesmat (Refractometer) : €2 79 TFMa AR T4 Afer@iss Afawis w41
27|

T 8

@3 e wEl Al suw Tice 1 wEe faw S S99 | Ui o A 79
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10.2 e (Fid @ W (@l [T et @ (@ifds @l -

(Visual Angle; Magnifying Power or Angular
Magnification) :

(o4 FETE O ©F | @ (5@ 10.1) A SRR (@G 95 (B0 (@ (@19 TesAq F0d, B 997w
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D D . o )
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T AW | G (@ FAOGT @ (@ g T R AF G g aAfelay aifve =@ 1 @
=Ry el ¢ R0 a6 | Ok @R e el 3 FwE 9 =9 e T 7|
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10.4 (T SEEred g (Compound Microscope) :
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piece) J(F | AP Kien SATd WARER G ST ¢ Sierma I3 (@ 7 2@ (F9
IS 23 | et € Sierwe WE 7t SN {57 el 364 | S qqit G (&7
47 @3 ada =ae [egd Fal |

SfOTAEa Tem ST (ISP (74 € STad Tedg SIowige (Fh! T | €8 2 @1
A& vEg L (& I S ] A0S | Sifeers ¢ Sferd qib 725 FIANEr 120E S
< | G5 e Wy Swis el Pl At | S e qEoree aie-AfEe (rack and
pinion) IR AR SfCHATHT AT S_0LS Foaga e «@fora e e seie aga
=15 efefay (4l 20| IO Ty SiEiee a9 AE | PQ IF WICH(sma ANH
T4 (@O p (U@ AN @ S A ey 9T G0 oW, S[AE ¢ [afde afel
P4y TS0 AN 5199 0 | TSrafd GFe A AF qA0e G AL I (T F, 99
fowra afefasl ofoe o) vuw o6 «ah Kads FIma o wvgs *@ ¥ P9 €3 [affe
SEWT pg 6N | pg T SArw a0 sifve ofgy dfefy) afefkmt a1 Aeiey oA
€32 (BT 75 99 (D) @32 @R (oo)-97 Ta9@ (@ @A I e e A |

fqadq wael -

wifew Aol Fge G §B =9 @9 (B)
=% TIT JTON FA0g TS TG FYF 7Y qrel (el (o)

_ 4p0,q _ 4p,0yq4, _ P,/ PO,

PQ/D PQ/D PQ/D

fq@de =vel, m =

247



m=211 D

PQ  p,O, s (6)
D T ™% Wi e e
P4 _ ’ o
pg M= wfeer® w¢a R faadn
D e X 7 7 Ll f i
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Som=—|14+—
Jo fe

D
TR D 3 Gy fenﬂﬁ'ﬂﬁ?ﬁ’c@ﬁw%>>l

m=70><z ............................................... (10)

TOT S I m A AW (i) ST R 7 f, (RGB! 27, (i) Sfer@ad @
W fe @G EW, €32 (iii) TWET @G 0 L IC | A9 (7 49 (@R 9@ 41 HED 7 |
I @i AT F1 SPRLEHE 27 | ARBE a@d (79 20-25 cm &3 g T4 77 «g fafen
feqdtea e fafen M treda Sifees 989 91 28 | ARES SferEoad (@R (7l ¢ SraEd
OO SINCEICARE (FIPPT (7] '@ ©Twa (RICO! TR 23 |
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el st ffen Sraael s @7 | @oife Jyeew Faia G Sy T FIegE A
0Z =% (A TG @I AN oifve Sfeers gk 12 a1 wreifes @ e oiie wfewy
JaEd 9 =

10.5 wadrss ¥g (Telescopes) :

(@] T S TC ZETE I (A (R O 49 (=0 6 SF (I | Eae] TS ¢
@ P (TLIF G R 7 A9RIT 391 24 | G2 I ARG YT G0 9017 € ™ Aol
91w 41 2 [ AT (BT TGS (A JTET A1 (I BT 0 | FE AT SIS A0 (7T |
(I SRArTFe TCF NO! FRHE oS Yo S AE—I2l] ST @ Sferd | Siesr ) 1Ed
T G 7, T @ FEed AT o1 E Gk ety G Ses Fpe Wl @2 AfefarEa
o ¢ faaffe afefm ot w3
VR AARTS 12 (@aa 28—(i) 2fenaa qaarel (refracting telescope) @32 (ii) 2o
@%I‘fﬁ‘i (reflecting telescope) | AR TE {ﬂa‘ﬂ?(,‘i wifeeT® s (5191 91 GRS (@71 sTEc Sife |
GF (T A T TR (FEE (7 (@R € BT @ T | O AT qaarme Sieer
2t Gl I Owe] WY fEger vofn e w0l 2 | @ifewnes aai sawee aw
3| SRR Ty 2 OTeTss WEArHed B S (@4 | €3 RaielE—(i) Afemea a9fitere A
T (i) s aferae I9RE @ AR I8 AfefT sum a1 1w (i) 378 SrEe
Ao Taga AfolrEs Tegerel € Rsd Fae! (resolving power) (@41 T4 917 | g afora
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VIR G 92 WIRIEE @ (941 41 Y72 S, OFGl PG F0H (@@l wAfTwie S
iifTe 27 @R Fere AfeRrEd Tegerel g1 AN | SRl @Yt 2R iR qEE TEe
o F99 |

VA qE S 4 el Site—

i) -4(,\91@3]-4 9l qreiqrFs 1 (astronomical telescope) €<%

(ii) ©7aSI a1 G-l T (terrestrial telescope) | TSI WET AR (Enifon 2ol 7|
37 2| €% g e 2R I ANATE SAE 27| S-ar AT IXT TN Sifew AfeliT
sfie 27| @b $9® T TG IR T AR F9 E |

10.6 ofSAgs «reldar®d ¥ (Refracting Astronomical
Telescope) :
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- —————— I »
------------------- formeemmm P
oC pl Py "\ B///
1 < B
91 5K
"4:':"'&
O Ggs\()'::’::¢"' E

o@ 10.4 FrelRiwe 77 © FeR< 1o

GBI DR SIeeT (791 AfoTe 2@ O (PRI TGe G0 I, SIE ¢ FY 2ol
P4, 515 T O, p, TEHCHT (GFIEM (7] | 3 2fofrg s #17 O (A SERE afIesz
SO WY M@ o B | SACEGOE AT AN ¥ O @7 AL A @R p,
famre Tvifow 27 | T Afoware #i e Tareaie 22 | Sfeemy SiEwE O, g W
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farsfe 2 ¢,0 () @I pie ZeiR wiewa e 2fiere 27| afes aiep @ ImR Teas
27| #ffore IR TP faces afde wat «sjfer Sei fifete 2@ | shic) 399 w3 f[afde,
SR, TP 5ifoe 27 | SfetEd frree (i 14 afefas et wrdie AmEres Soiarem
(accomodation) ZIGIE (FATE #NET T | €8 ST FATe THOE SHIH (TR0 T4 L
(focussed for infinity) 91 Freifie ¥Ba & Ifere (adjusted for normal vision) Jel 27|
SR G SPWMTEE % FHea ew waryg (D) (FL0E = J@ 28 qharmes g e
@) AACAIer® (adjusted for distinct vision) J&T &8 | (@ p,0, 790G SleEGEa A 7
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T @ TR | 2 T2 TR WA @ R 2w ofow w4 qw)
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e el : e wiew Afela® a7 Tedm e @9 @92 T T TeAT T (@0
TR AR e el A |
Cove e m - e afefTy aia TesT @B
g 7lql el (e oc

m &3 W e Afefirrg sarieg Toq e | sl 1o vaw #ifafefe e e
|

(i) Frei@F %8 (Normal vision) : 10.4 7 for@ O,p, = f, = Sfeacw@ @M 14 @38
p,0, = fe TCE@T @A (G| o« € B T AT 2 |

P4,/ POy _ POy _ J
e ol I (1)
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wifewy € SfearR Tae] 7y wdie R (rd L 2,

(i) =12 %% (Distinct vision) : U@ wfew 2oy Gig 7w e e =71 10.5
w2 @ @, p,0,=D| w1 A, p0,=ul
:E: Pig, /u zﬁ
< pqlfo u
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-D —u:%

EX—D+fe=&(l+£)
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G |

10.7 S99 A - ¥g (Terrestrial Telescope) :

e A ANl T AT SFAE 24, 9%, THgiv (Siferss TEEds are () Sl
o 1 | g G-7Jioa TR 2 A0 (T ST Afefrg (il T 1 SIns Srepeed A |
O G-l qE e 2ifefi ddlen Il F41 2|
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AT q0F TSeTT '8 TTSE3 g T ]

i it plidniet
10.6 0T £ (AT (LT RIS O&r (@791 L, Seerma (@ (7l £, 799 (AT 2.f
WMWWWWWAB,LWWﬁ%%%ﬁe jﬁi;
TR AT A'B/SI 0 | T (NG faade @58 Wlﬁ@mﬁhﬂﬂw 4f @% T
ﬂzl%%f‘ﬁ?l @%c{ (Galileo’s telescope) : ) -
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27 (o@ 10.7)| (I T aAfifeTlere-a wie (%@ (field of vision) ¥a8 & 77|

10.8 =IfSem# (Objective) :
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G (S M Y2 T OCSIET (1A A GG T L | AT G0 4l 716 Tl (7
g9 (achromatic doublet) Sifeer AT q<g@ 2 |

CHRIeTg WA A ColfETICoae € (PN qeen i Gy Prera (@ (Cedar oil) a9
G TR FRETERER AIfe AT T4 2 | S WEA SGHCH SIERE (@ feiaeid wirfoe
22 ACE S G o9 FACAR (BT T 2 |

e (@S qReRg N A Oy, a5l ¢ [gea Afme g A

10.9 wif$t@ (Eye-piece) :
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I FE | W WeE SeT FHA o @ THEHS A4S SpWary IASRS Fd | Aee
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