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aFF 6 wtotfsfawt (Thermodynamics)

oo
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6.27 ofdfes amm Tex
6.28 TS TR

6.1 &=i9l (Introduction) 3

SRR 2ame SR Srs 3787 3 [Adea [ieq =7 M 378
@ S 9 | RS M R e @@ [ Revd didiey e w0 | I9NiE
corefeig ffen =i  fbg age 2@is AweTeita Fal 27 | OiARfE, OiFfmye SeAmEs agim
(2TF *F F(@ I SZE W [, BE TG, I [e, InnEe e, WeEn [iE
Al EIANR #¥q M2 I AT 2 (1 K TR G A AFEna A 391 27 |
eIl (@ AES =i e Sieenal 91 2@, @9 e e sew s=iem il w9
27, (ouf Sl “midd srered % smmemies e FEsh (e JuEa AR
A TG T | AT FESD (NS 0@ AT wieAsifom 2ifelors | wmmt @as @3 @efE
I IS F99 | Sisfefmn @2 aefera e Fa T Tl amie R s s
23 | ATed FEawE el SivisifeRmE @efe ASeR zeaw v qidfel [ e @121
@2 J@feTR AR (@ 9 FRITE (AR (oitg @Ioffer »IFria e zen @2 sjasfes Fgere!
2MS TR | @7 T g [EEie eesfeim 3 [erm 29 afesa 3@ og | omieds
SGIEA S 2 HAZA A 9% (microscopic relation) (2 2 Gy AT e
Siesifsfm Reaval == & @1 #MidE ge qife @ (macroscopic properties) @R @F
S | TR 2 (e #mied T2 AR @ A7 A 4 g w6 Gl
wielsifeimz fefe | arm ssameE sfirifas fFal Teifra T o e SeeEs e
o7 A1 | AR ATy aefe e 9 = | T Prarefere 49 Weaier | @3 serel
AMRIOTS AF ATF Ao isisifsfm (classical thermodynamics) &1l 23 |




Tl (Objective) 3

G2 GFFH 2T AW TS AR —

@ SO ©F € CUSOIT AR 0o B (@RI |

B CHerelT g S9ET b S Fo 57|
@ vl e ¢ TR 4= |

@ wivsfelmis 24949 79|

@ SR ¢ o aAfs

& oiefeRm frem 5@l

& sl 2w ¢ a7 e |

B oo ¢ SAeqes AfF|

B TwoR oHfe FSE (@ A (HOET ATNCE |
@ el ToA=A |

@ FHRPT T |

@ e @ «F cere i |

@ ge-oe =

6.2 Sirlifefawm Faeld elefiEd 4@t : (Some Basic

Concepts in Thermodynamics) :

My SEGAR *Feo SN FEFL AR [Ea 90y wiel #[be 2@l |
(i) Sis e ©g (Thermodynamic system) :—

TARIR @ TGN A @I §Hage SO2FS TSI AT @ Il Al [HagS 7Pl
fofze Fare = | (oufy Owsifelwy @i omids WS st al omid @ 2w o s oF
I S it e S S A 2 A AR T 2jFeiE Riana 91 25 | @3
i8S ST SIS oF A WY ©F I TW| @3 IHHF T IPRAT TYATA DO A
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9 @ g 71 e ol 2o 9| Wi owe @i oaee @9 wmes, bivl, Tweel Zejii
sifarsisicatsy af fwe 2o =1 3 | ojferE ZeT qiferes ol am < | Koo Sigeise W aree
e T 70| TwizgerEgel Te I WS sifawe e, W, @ on, Y e T e
fiel 91 9191 @ qIgF el ioge, s@eml a1 oo, pre “wid, 45 29 2reren 49T 9%
G0 OF | (P ©F FOTE Al SPRRTG 200 A G0 (@ (phase) T f[fen e e
(O AT | (G T SPTPTg IQR fon o oiee (e, & Jaed e 1o (e o, I3,
g 0T ThE w19 T G0 TG

(i) #f&# (surroundings) : (= wET WS T @ OrEgw G @ T AN (AT
QT a2 I 9FF Ao Fare g O o1 77 A= |

(iii) STt (boundry) : ©7 ¢ +AfFF @ wa1 rw 72 a1 2w o AW 0w | A f[fem
YT O AE | (@9, ©19teW (diathermanous) 1, FHel q1 97 =[tew (athermanous)

S, Tonifa |

(iv) TufEfes (hydrostatic) ©F : 1% ©7 I3 @Il ©F “AfGoia To7 s THEfes vist
AT T G3R A T PO 2eld, OIS A §ERE AOl, WSRO T Sror
0 I (T OIS SHIZOT ©F Je | GF TPART ©F € I |

(v) ffem (isolated) ©F : I @5 (@I ©F FHA T AW A ARACST W @A =T
3l omie MR TS NG O @ {hET OEE [y ©oF e 27|

(vi) @t A A (open) TF : (F 9F T SAFAT et #ifE € AL AT T
AT O PR oFF I& A (JeT oF @ 27|

(vii) ¥ (closed) ©F : (F= ©F M ©F AAfFAafT oot *ife swmame Fare #iE g
o WAV FAre @, ST ¥ ©F Jel 3|

6.3 S99 A (Thermodynamic Equilibrium) :

TqfESE A (mechanical equilibrium) : ¥F IF @ OCFF A OF AFARET Wz
@I T o0 Fag | o ©Fe HAFANE W AT @I SR B 2o ANE | (oNie
orEd [feq o e I O A OEd G0 I (AT O S AW S
T Seibe Face AT | GTe OrEd WMe ©F U Siwes, o ot wiw Fe AR o
OE GFO TN GPE T4 G2 AfTIeT WE @ | ©d wrgd Al AReid s 4
orEd ffen o Wy (@I SO 39 o9 S I A @3 Ok 99 ©F € Aeieda
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J orgg f[Afen oo Wi @I SR @ w0 T-eR SEE A ifEe oy 9@
| 30! Twzdd | 4FF PRoE @I (GIted Wy g s o [ A wE | @de
W PPEETR Tolm Ae IS B (BIST S AR I 2, MOR ©AF Bl A | G
#7550 (2o Wm foorEa oist I2Ea BIteid (i (@ 26Ty fopoan agEs e sene
AR | @ P5A0 SF AR T, B @ G0 SR NN | 04T GIred S 2
AeEE Al TfEE T S0g. 6 T

(ii) S A (thermal equilibrium) : ¥ TF, GFH FTEF WS G0 AT Gotal S
A (A TS (A (@ TFEO) NI W A T, @A G T A (AT I 20
(TIA) =& ohw A7 IR TEI AP TEPE GRS TE, @ AL 7 @RF e [few =ik
@ qFT T T T oo 2 AfFHl 5Fce AR | GF AT weHd @ WA SFe! AN A |
(euf 421 AT GO (BT W G Gerew [rewes A AW WE 9 7oA fom wemam
ST SITE | (7l AR ©ist “ifaaen 2@ @3k 9 ©Ee T Biot @ SEed oAfiwen e A |
I SE T4 BI9 € SO O1F A 2rvg 71 | O 7o SRKeE TFee! A TEZ |
9% O] T4 SCE A ARG 1 orEw [iew Sreiw Weay (@i Swelw AL A Al
—1dq Taee! W AETGR STEE ANE S ARG 6T & |

A A5 (chemical equilibrium) : FESIT T4 (FIEN ©rFT 0¥l O AfGAalz sz
31 wrga ffen Sikeaa sy IPEfs sAfzass 23 ), a A o O3 AE T (R SAENE
@ 2 AR A |

(I OF A9 I3 FE TE, ©IAF € FPEfeEss G LAt O (72 ARGIE 67 T oHAsTery
1 |

—

e 4l RF |

OFAT SR (RA-STIRZICOR. (A @I O0Fd S[za seaififer fo

6.4 STZA A A SIS SeAif A Sleleen FAeSE
(State Variables (or Variables of State), or Thermodynamic
Variables or, Thermodynamic Co-ordinates) :

SR Sife e FEwi (classical mechanics) (G IGF SREICE ¢l F19 S Ao
T W G FEIO AR (TN - GG, I, SS9, G290, SRAH OREW 29)1a ARG
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@eq | @2 wERiefel I qRE@a @<lNE (external properties) I FE I (O
SlsfeRWRe 2P, 2erFeid ToAaR T T G5 FEIH oI [e1 T2 27 IR
SR #MIeS SereEd 4k (interior properties) 2w F1 AW @R @afet sAfasisicaisy | e
©F OISO ARITER AR Ol T (V) € B (P) @ 72 Afieicatey i i @ sreperd
ST AfONd A T AW Wedd V € P ze wFios w<E sadi | (onty Sweel 1
Slogl (T) @ 9o SZR berai | Sivefemia Siwg Twer < dEel i S 21 |
3 Tl A wEANEl T, (6 baidid V€ P «g Toiw e w1 V, P e T @3 W @I
7% 3 S AE g TR I A | G SRR BRI Al SISO SERIR A iserely
FIIEFS A T | A SN (R S FE0 AR A e @ sergan #ife (U),
A5Gl (S), 2efe erifeR Nro! Sbad 0 | G2 A beraiiaffer Amicda ge1 <5l (gross property)
& A4 |

e SR pens @& ee w9 =

(i) f& fF=ror® verif (intensive variables) : 51#1 (P), T5eel (T) Torif semifis)fer wrza
TEF ST 6T 3 1 | @F A «SifEs o T wars faee Faca W3 aifefem @i sifdade
o T R I WA el q@ =3

(i) Tife FSa veraift (extensive variables) : STes (V), Srer@ae «f% (U), @=55 (S)
2o seaifiefel erga oww Told o a1 aoie ife S s q@ T =3

Si7jaifefw s (V), 5i7l (P) Il SRl GermiPTIees 4 [easal =1 23 1 | semiisfer
AR (@ TAE B FF Gid W ART=ITF 7ol W Snena Fa12 sioisifefama 120
TS |

6.5 Sivefeflwia =il @ Tweom «i7ell (Zeroth Law
of Thermodynamics and Concept of Temperature) :

Tl 2Nl «IFel ST OIE | MRS (@ TG Feo! oW 1 ot Tt i wiw=
IR AfF O 27 Twel| wRE fon T b I et S (9 Swer g (A0S
T T TGO O A1fTT o AT — G THeS! AN A A | TS AN T
W wlefE 2ifEe o 711 wdn 3l et o afefe mm | widie et A afefe zm
FRATS TF TS A ZAE | RASeF F@ T @ ©F ST AT g [l o (@ 4eta
AR Sl T ©IZ 261 TFO] | Y9 4. @25, Feed (R. H. Fowler) SFoR ke qeiiag
M= [ (@ s AR Gaeeld Fge! Mg#id Faeea @I Sivieifefm Sy A ke |
SlAsfeRwia 22w ¢ TSy a3 AtF «2 @l (e AR AF 3 SivlsifeRmR sifwya =
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= |

wionfefawe @i @l 2o — 71 97 5jiFeng vom (I 9iEe A OAE AGY LA,
SRR TFA AR Al AR G AR | G2 I (AT 9 AE, Tl T (@I O0E
@ @30 o T 7 FE 7 G2 9 S (@ 9@ S 9T AL Sig [

4 IF A ¢ B i ©F gxelid (e T 2 w4 =iz (B 6.1a)1 C @b A € B
TEA Wyl Seitew (e M 33| T 13t @I geeiel (rene Tt (qat | e s
G @ A € C @R B € C &3 T O A 2ifefoe 2| @@ C & qweisl (e
facz ffoes 030 A ¢ B =31 04 O1#itew (7w st (il AT A € B -1 Wi (I i AAfRaee
zoz 11 (59 6.1b) | idfic A ¢ B @4 OI4AiF AGY Itz | @3 (AT oivleifefme sifwas
AIATHIS 2 ~fe A7 |

D

wz A

/
%
%
|
/
|
/
.
|
%

sifzad oreay’

7

AN E—————_—_

5@ 6.1 SivsifeRmm =ifwg

6.6 =T ANMFas (Equation of State) :

431 TF, A, B, C — FEFH ©F SR ANGH 9Ntg | S Siest (eafe @i erEg ufo saaf
Ired (V) € 57 (P) &l A Eihd SgiE el I | Ift sEefe ot AT A o
AT OLFT GFo AT A DI N TTONT A FF | (WY OLFF 9<E ©OF P e V
T SAFFS i AT 1 W O ATOF0 O0F IOl P € WFed V @3 I IR AT
AR @YETA T AR T A O G2 SoFFIe 2 Gl | wdfie

[P V)=£(P,V) =T~ - — - (6.1)

—

1, 2 Tojiv mea Rfew oge Biee 9 TR | (@ @Ae OF [Riab FF SHAET AT
ARTOET AL TwOR FATE ¢ T @ W w9 |
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AR (6.1) & SR AT SPCE 24T T 7

S (®VT) =0

@2 ATFIANT TR AN I | TwizFe o vl oo (R SRR Aaead
PV =RT - - - — — (62)

R IR NETE CFeE TIZE MG (SFeReaep)

a
[P+WJ(V—b)—RT X))

A (6.1) (6.2) € (6.3) (A @R T P, V¢ T sedieferd @ @il yioa Swomwa
AR o &I T |

6.7 Siotifsfamia @< 719 (1st Law of Thermodynamics) :

Seefelma 2em g oo AfF MEHEE G | @A (A G AT (i) O T2 #(f,
(ii) “ea SrereaE =% oo SR g, (i) @b =fF FRatFe =

SiAAsefRv 22w 3@ SIEba T S0 SR, 7, Y, Sergar *IfF =1 T a6l
ea TR

O S 06 SR FeAR (@ Y ©F [fen Twor AR 4R G KNS 960
Teed OiH (A W e TwoR SRk e A A SNce (5% [ | 3 #THE Sl
©lof 3 | S (I STE GF TRH (AT T SR T G9F ©F (AT O O(F SO AN
P @ i 2ARe 2 O Oivt I SIARHTE A0 | @ SEEE, (R @I TGS 9l
(g IR @I 9L @712 | Fietferes o2 3 Ifere st Afawmst 731 27 TwoR Ao
AR | (@] I Ol9f 229 Il Jee A Irei@ ©l9f 9J2e A IS T\ O TR e I
a7 AT | T W ST MM FARe FET I @7 smmeme  afFwE $eik

FF . S G JE 2@ T AR Al [Reg Re 2@ 9 '@ S S @R | 39
@ JETH SIS AR CARKT o1 251 T Al | I (@I og AT Afeficd
(I ToT AR B € 019 SO T T O Il T O =l I N OrEe Sofd I
T4 TAE | @3 FEE AFE I (external work) I T AfTE I ©F Frw T IS
AN € T BT T 91 2@ TS AT A0 ] Ranel 99 | @ (@I (it WS
BItA S SN SR | TP @Tifee =@ | SATREieds Tom ope i e |

A SE @I S o 9FH S ol I T FO IS @ 2 Sreygan FF
(internal work) | Stoisifefma S Tere Alfere FRE @RI | @AE STerea IR @ S
aey
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4fF I (5106 ey og AAfaiiel ot =Mtz | (510ed (U @35 o5 fea SIiG=ie | fopoaio
(BI06T WY TR O Balbe] FA0e AT | 4fF SHITa Bi9f P ; 9Tw9q #56ea 9 biele P
@3 T05Fa (FaT A TF 5E ©0fF oE 99 F = PA | fop5rTa o7, qi30a9 91€ PA |
MER oo g ofe Fa dv [AEsal w90, #Pome 2@ M 799 oo F8 dr 24| 9%
ofe Fu sfFaeia G bt P 2 B3 3w o 91 W, SeUd Mo [R Fed

e
1

Ba 6.2 SF

dW =Fdx =PAdx=PdV ~ ———— - 6.4
AE € TG ATS NS V, € V, F#l, FOIT T —

W=["Pav 6.5

A 3 FAE LGS A 4@

HF 5@ (indicator diagram) : x STF IR MOR (@ (&F OFF) TS G3R y -“57F
JAEE STEE o W @ @Thg AAed I ©itF P-V @12ibg J1 7p< B w11 6.2 7 B
PRBR %! x -5 AT 5T (@ (PR A D0 o SEe ARTeEma AR
SO AARTET (@G @F-Floi0e AR S T | G2 T y -5 999 577 ARG
@ AT e AFT 7 [ W | i 57 ¢ Een SAfFET Ao ARG @b (A
o7 =R SfeFe 2| B AT y WCF € WFeA AT x Wow | @2 HEg = e e (e
6.3)| S @AMDCE e Al #19|

6.3 T for@ @I oEg i g A W i e 9 ) o @ sieses
Be 7 ACB +t2l B iqre ©ifew SREW Gomm| 92 2t FEa sifd

W, =[PV (ACB #2)

= ACB @1¥ € x (%I WA S (Faqzee] (W9 Fio] <)
= aACBb (=g%4 |
A A (U B AT® HAGIST S @ AC'B ot T@ wde Fida st

W, =[’PdV (AC'B #I%) 1

= ACB @¢ € x -90%d W& SR_Y (Faa
(fafozm @iot SO =)
= aAC'Bb C#qme |

@ 6.3 3= B by
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ol Bz W, € W, SIEfba i 7j2w | S #fasid @ 2t 1Y 91 2@ o Sog
837 a2 | T 936 712 7 e o ¥ @b s Ss%= (inexact function); €%
FIT ST dw «Fo S19ff =@ (imperfect differential) |

Wwaﬂ‘ﬁ(internal energy) : (I (FICI] OCEF AT %@*ﬁ%ﬂﬁw\ﬁﬁaﬁﬁ
T T AT | G0 TARIY (e T | G 4059 IT (@I GF0 (BIT6T M4 2@
@ SIS SIeR e el 23 | Grefl Sioig SRz g | Siefie A= A Ol T2
@I SIS (@2 | 5 Ea A (S ©FF Gueeid I3 4 24, e I @ Afew@d [ge
TR 5t Toita v Mre #Ita | @i 3 fe I2E (AT O AR [y e
AR FAE — ol I rSa SRl sfeera Rgw B¢ v o | 9dlie 3ife =z
smrdd Srergsm *fg T F@ @2 ARG I AT (5 |

§f7 @36 o7 Sl SRR Wiz | Ol 4 IRE (0T I 93 T T SRR @ IR
&0 ©Ea Toid FIY 25 —W @R 9Eh A TF (AF B SFE (G| @qio S9EE egind
#fE Uy € Up 2@, *ife kaa jqepine ¢

Ug-Uy= -W — — — — (6.6)

AR 6.6 (A0F I A U, @ Up 201 IS A ¢ B S92 0Foa Sreream 3|
G4t oEHT TofF I TR 97 Srerea #fF R (o

GOIE (R W - (@ (I @ Sorear =fE AfEs T Fa00 <A | A9=" ol
Sergae *fE ARG (@ AT 28 O ToiF ARG FIE WA T e 7| I IW @ !
T TN #F W — I ARSI Tow Ay FA Aeq AW GR G3 ARGET AY 7
T | T (G T 290 F6 N DI @ I AT *@ S T 6w I
— AT TR 7 T A1 (ouf Srerga «fFw e AT o R FE 91 - Wgwg
AT ¢ SIfeT saga ST e 33 | srerea #f%  Sreream =% weerwse U fig e
1 2 | SR (I O U @7 2iF© T+ 2Ae] IR 1 | SiAsfeRkmiy @3 skaed g SiEs
T4l T | SlofsrerT seiaif® P, V € T &7 Sel Srergdld *ifg Sreas Ue wioisfeid saalfi| U
PV, T @ (@A qOIT SAFS A 2+ T3 3|

U=fi(P.V),U=£,(V.T), U= £;(P,T)  (6.7)

e e soe el S @ T 99 Ay e sifenfs @ Ffesifen ais
AR Srergdn T AT FE | AW SIER @@ -2l offera W (@ S A
el 33 1 AW GE @5 sfexifFR Srereds =R wAfasiet

SIS ees 3@ : SIPTSR O W% SMAAn *HR MTH] 26T wirlaifewz
22 o9 &I e 27| Oiel ¢ e =Ifea el e FaRTea weisfeRmm 22w 79
el =@ | @l Ry —

e T o A S [ES “Rre 94T Faw T 8 WA TS AP $7F

T AWM W AR ifee =fen > goieem we H o AR o Swig 23 ©@
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WoH a W=JH - - - - — - 6.8

TATeT g7 J - e genics @1 23 | WA 55 7 2 «%9 wW @ K he
zs |

aft =g e A e Gifon g Ko 2e Ta| 77 (88 17 439 wisifere
FATBRS 2| F @ T R AT SWGE A 2 AT RS O I AW - q4
@A e *IfE ot 3 Sief (FiTal e *fre e 20 — vua @ig *if§ ¢ wited wAre
7T

G LS AGE A 2

6.6 AT (A S (LR JHOIA SER OO TN T e Sreped =g U, (A
@ Up =& 94 @y,

aqig I @ wrg Q AR ©ivt AR 9 @, O oA #ifw AAf<E = |
A Q= UgUtW — — — — (69

@52 [ AAwae (6.9) | Sietsfsmz same 91|

@ ane o ofe Fw Wi dQ TH, v werwan *ify 3wk wwawl wfre ifEE
IS TOT FY Q| OEFT WO AR JU «R ©F 7 Foo (AT) dW T,
ielsfefawia 2es ars @Rl I —

dQ = dU + dW — — — (6.10)

3l dQ = dU + PdV— — — (6.11)

@6 =& 29 qaa O[T 94 (differential form) Sreqq wivsfefwa gem @l zo1 i
FACS IFA (FCAI OCF ©I7f Wi FACA e SIS, SFT TegA *F9 IF 3R ©F FiFi
FOHAA FTFCER A 23|

Tl @3 s e Sz 7S A

Siotfefamia eds Jrea siesd (Significance of 1st law of thermodynamics) :

Sitsfefmg 22w 5@ Teres #fEa @ 9F | T2 (@I qiEs =ifE oemfEre 9 fokesm
o+ e *ifece goreiie 27 o (G =ifE fZ A0 | @Ry Fres< *ifER oi7fere geirefie
7 o @ #fF 77 AT | @y Ay *fiR oemfEte 3o e A ol @ am
@ @I 2497 *fE, 5y s« 79| @agies =R, G5 «fe 2o 737 st a1 [edesm
SioRifE oy (@ (@I 2T *ifFre gerelae 2@ wduw (it *if$ 23 A | Wy O 79 - @ @i
A *fg oW A *Rre oo 2w @6 =% fzm i) =Ifg o Fae a1 A /S
Fale AW 71| *fF 4T (AT T FoRhie Twe A |

AT 3G (AF G I — (1) O gFeE #fR, (i) oEd Terea =¥ werws Wi a9

Afqada o2 87 7 widie w3 ww s sz WS A, (i) @b < Skafes =231
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SO 22l JarF 390 T fwfafiegeet — Rwa @b = weif@af$e 9@ (total energy
of the universe must remain constant’) |

29Y (@aF =e 9fq SSErel (Impossibilites of perpetual motion of first kind) &
TG RS SRTeT—@IE 77 (99! 1 T [ @I g+ 2uk 1w F0e AR |
g Sifeteel (A Si9ofcRmR dUs 3@ SN o7 G2 €176l S erE 2 | (@ i 2oz @i
g IRAN FG (@ WME—ATE e 27 ‘e @07 =rge oifs | sivisfelmm 2w 5@ 0
@ AR AL @A KA o SPTed | gFEg GFEFE WfE o 24w =f{re Ao e
A |

(TEPERRS] SRR 27 (] T 2p3 AR« 2iedl Az | Sofe a79 27 @ *[7=
e o9 HAifere 2z 71 | g SRroiREa Reaw Ssfrmem (4 e A @ it g AR
w7 @1 @ 0 AR 7RI [AE=A mc2, Am AN wEE Ram wm Ame’ #ARw
*fF SANGT AT | ¢ T AFRIE NENEE (@9 | ] @0 I o7 291 #1737 oo 31| 99 ¢ =7 g
f3ia (oEhETeR (b o9 ¢ *iff 79 A1 o7 ¢ *fF oWeNg S @ 17 [evw @b o<
@ =g #Afgaiel SsifEea |\ pEw 2l =i 9 SR @ =ife, T 9 e Smpey TR
g “ffeq IW SRR JANSERT ) |

6.8 “mitda wcoAfFrE wiogm ¢ witna AdF -

AT SN (e (@I @9 (e @Al #ifg U (F S92 sedi# P,V € T aa
@ (@I o ST [P a9 Fa IR, (@ P AviedE @ E, Ve T @ FHaers
(independent) BRI «=0a, (@11 AT —

U=Ff(MVT - - —— (6.12)
U V IUE O@F 2N 9 omied srerean #f§ ¢ Siwed | saee Fe—
—(oU au

dU—(aT)VdT+(aV)TdV - — — (6.13)
TR SsfeRmIA AL qa SPAIE -

dQ = dU + PdV — — — (6.14)

ou ou

G dQ=|—| dT+|— | dV+PdV _ _ _
Treqg  dQ (aT)V (avl (6.15)

QATES O : (AT AT G ST G THO! IR Ty @G Ol e
O IE | 9F AN YT OEFE GFF 44 F, G0F (A e o 6 |
&)_&
AT) dT
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e (AR SiAfFEe e C=AsTigo( - — — (6.16)



23 e (e S o

oQ
C = — o
\Y ( aT )V LY

27 sitel e SIS wief

0
()

(6.15) w2 (AT A,

@ (0 @RI I BT O S Siteld CReY 2igF ol I8 SeredH # JRE &
NIECER]

. ¢r=(58), (55, &), ),
e [[&), 7 )

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

5eIIbe] Y9 GO REA AGH | GG TPA0CE 47 ATGell (R F#RaR A [y A
7| g IRE @ @I JARRIR Sew I 71 5 Wy @ ol enEeen ge @t AAffaifze
Z@ oAfbe Seeel 37 TS oIE | O GrweE T € SAfeieda S oiet BersE ol R
e |

B9l (P) SIS (V) @9 T : A (@Y :

27 Twor WS “fa=e 7% I@E™ 9 [PV = RT = 85 | G0F 56| x 0% V €
y Ot P W@ @14 @ wiiws FAN9RGE (rectangular hyperbola) #iexl Aa (b9 6.4), 72
T €2 e 7JAF @4 AT AT | TAFFE @ THOR @ TR MiF AT | @3

@1 Ao AR (@79 T |
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T, T T T>T,>T,

!

' V —> @ 6.4 We[ SeiwEe
n Ge WM ST A9as PV = nRT|
e R 26T T 43 | SHER Sed #AfFTea V| (240 V, (9 0 g

W=["pdv =nRT sz%anTIn(t—zJ 619
1 1 1

SR SN AiAEE ¢ Ofgw i I Py e P, e, PV, = P,V,

2

P
woeq Feary W=nRT I”[P—IJ ————— 6.20

6.10 oI Feretet #AfGaEw (Adiabatic Change of

Gases)

(@I ST Blol G2 SISt Afaeea 353 7% (FI! ©i7f A3 (A0 ST 1 it w24

P (AT AZE 1 AW O & AR qHole oAfd 0 | @B AR ow g
dQ=0

TROT9 ARTTE IT=ofw Ao A PE FARAD Wi *F eT=RME Siaieg Te = |
Tuolel SAfTade ¥ o Wi 23| AAfFTeat ge woe sAfdsivsfa et wief Ty sTew zm )
o3 @3 oAfzaea g3 we Al

SivefeRmIE e2s Jrad eTare Sve AR Feeia ARISraa Fieae @
Sefefm 2em g (2F iiE
dQ =dU + PdV

=CydT +PdV

Cy T M 28 SFerE (e SeafFs O ) V 26 OF (e SR STed |

Tol7 ARTSEE (@@, dQ =0

wwqq CydT + PdV = 0 — — — — (6.21)

v SeRE CFg PV=RT @& Cp — C,=R
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PV=RT (A= #%
Pdv +vdp = RdT

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

(6.21) FwaE dT @9 W= 3B

g 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

P v

d, dv
0, J-?erJ-yT:O
ql, InP+yInV = 435
3, In(PV')= g7%
A opyr = T - - — - (6.23)
RT

O PV =RT 9, V:T
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RT

" TVY =S EF ATV = §&F — — — — — (6.25)

T[T (6.23), (6.24) € (6.25) M To1 WA SHCTR (g ol oAfaqema AT |
FLO (719 : THOI7 ARIEE (@777 5171 (P) 8 Se (V) 7 (F00F T¥I9 (772! (adiabatic
curve) 37 27| 5@ 6.5 @ S Srag Sl S0IeTa CFea Toiel @49)feT GraiteTl e | oot
AR @FLefere (Il 2T | (7R AR FROIS @FRYfE R (F1RF (AE Qe (4 ATt |

5F 6.5 *HEE LA € AT

[ W ST (G AR AREE € RelY AR[EEa Teqd (0 2N FA00 A[E
@ @ e gueie ofiTsma @2-7 «fs, w99 9fe7 v 97 T3 ]

FYele TS Foa -

SRR A4S 3 (AT (SR

dQ=dv+dw

o9 AR dQ=0, SOUI 1 &N G R (e

dW =—dU = —nCdT

wle@ ofaaea T, (A T, 2@ 1 2@

T,
W= —nJ.CVdT =—nCy(T,-T,) _

T,

- — - 626

ol AR @ I T > T, O For weies | widfe it S | @96 R e
2 TH | STodd FHOI9 AR ST Teo! g M, ReATTSF STEE A 20F Tl

IR AR

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

ivieifefamia eies sjuaa ool STl S{ffbe 2@ | (es (@ 22N g« FRTH A
H R | T ST ¢ AEs *fFw IAST W SEsal TR W A I | @B I (AT
22




AT (AR AR Tered A Sewe Wi | (@I ©rF Ol 25T 2w ©F I
IAE ¢ Ol Tewd *fF IR B | wdie @ a5 I W g Wfire gAeie == @b
*fF 7 AE | [Fg IAeET Sieyfdel F @2 5@ (@I D 70 2 A1 | IABE S
@R TfEE = A O @ 24FR =F E oemEre e o Y R @R
Tifes «fE a1 o7 @ *fere Tw gersiae FF AW T | SN AE@ oA, ool e @
T (UrF o7l T ©1F oI Tifes =fRee oAftds Fa1 9 71, g 99 sfdelied qea Fare
07 | SRF i for Teor ©ivl S<r@ W @IS TOIE (@1 TR T (AT T THO[
T fate ol 2Rifke 27, [RAdSe fite =@ 71| 91 TR 8 (AF (@ TweR O
i, ©l7 9 @09 (oIF IR (AT e T30 [ | A7 ARdea @2 sfeyiet faca SiEma
I =@ wisfelmm feer |

RA A B ADSPA(Kelvin—planck statement) : @5« (F(TA &FA AV 70 T GFA@

T Z(A GFH SIS (AF ©i7 T o9 TEEhitRe FICH FAAEiEe FA AWI (No process
is possible whose sole result is the absorption of heat from a reservoir and
conversion of whole of this heat into work.)

(FeTfen @ #iteed gfere wdtge w0 @z [gfel oreat =31)

FhmeE 937 (Claucius’ statement) : Meered 37 (AT Ted GO ©l9 TETF (ST
efea w®T 7m1 (No forces is possible whose sole result is the transfer of heat from
a colder to a hotter body.]

i RYfe wiefeea foq wm 2ee awid T I 4t [Ifea g a2 |

T g =ge sif$a @SSl (Impossibity of perpetual motion of second kind) :
AL G DB (AR — &AL @07 =S &S sfex am =1t | s @9 =7 739 2ol
T (I #TE e AW T | (N TR G (T HHANE e ARFER, G (T T AT
7 Tl THeF TR G (AT O Fw Fwen TaeeR Igre Ol (2F¢ 71 03 I [0 AN |
o 3@ W 71 ZF TR @I IGE TR SNEE T @R (@I g7 T ot f e S
AT T (@O | G2 GHHT FEre IS mod @AF =S oifon Tg I° | "o AW (AT
@ AW TO TF LG @S Al (@ - fror @ Sk sffe w9 731 ©f AW AT 7O ©F
T AT T Sl G I eied 91 (@9 | sideifefme el et «ft sered)

g ¢ Gl ran e : wesfeRme aew g «feq frores a8 w@ | oo afEs
*f3re 1 e #fg womfRre gesie om — @b «fF 77 9@ @2 geieEes e S 2@
2425 g «ft raey 79| fTow g P On Swel (A Ty Swerr i e 1w g
N Twel (AT TH T ©F WS (AF @S AR |

@ IGE T Aot (2rF T T I ©F (2 oot i dwwan S SR ol
R 71| *fFF oS e o S0 B 5@ | SR #AtE (G I A SorRes 2%
MRS (I TG @ ©IACE FIF AT Fa1 I A1
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6.12 ©9w 3f&w (Heat Engine) :

(@ TR AR SR I AT 1 T OIS SN 2% 0 | SR S, STz
@, T =fF I Y TG I FEFOORA TS FABRe 27| g wiomiHs i oirete
Fal TR 77 | OlFeifem RS e SR (TR TR (I T T GO Al CEE
(I TG (AT A1 A ©l7 T FoETe Fal 77 41| ©l7l 2 S S ASq[ o
a5 Te AfFE A 7| W AFNE IS agied T SN AfEs S dnen
AT | (12 20! o “Afamiel SiemifE Fi goirefae 2 ©f wifawisl F41 23 ©idm Fire! (efficiency)
e | T I Sites St (U Q “Afde wivt fgg W sAfanet 1 #frea arw org wisiiy weirwe!
(A w=el) n WA Tl:E

AT (PRI (@I T (AT Ol 9w s afeas AR FiE Afiae Fa0e ol
PRT SR 9T SHF T TFOl I FA0e TW | OEE 012 I 3o Fa
| O FrEel FAEZ 100% 2T 7| @ AT AT (TR I 2fge @b Sl 3T |
G ST S 91T 20! o7 (FIred I8 2 1 437 W ordiel 91w wfwwe! 1
TR 100% TA 71 | Biee| 2gea AfFio)fer St a1 el SiE ©i7 8 € Ol 2w
FHCH A 99|

® Si% TeA (Heat Source or Heat Reservoir at higher temperature) : THed oy
A = TH SAeiEel I3 T4 O T 961 T | 9N O G (A0F (ST A9 TGe
G99 TIEelT @I Ao =@ o1

©i7 91%F (Heat Sink or Heat Reservior at lower temperature) : @5 TFFo@ 4|
wfeew SiolaifZel I3 S4EE ool aEF J6 I TS A O @F T @A TS AGe
g TIeT (@I AfTaeT 7w ot

s qIWIE FEET | IAVE GO (@A ST AT I T @A (AT 917 e A @2
oot et TR wAfqass 7@ w1

6.13 Fitaf 3f&w (Carnot’s Engine) :

wifg Il (Sadi Carnot 1796 — 1832) e ot gt | fofa @2 =it 2f&raa e
e | @ 7 S s g2 2T e w0 Ot Il 5% (Carnot Cycle) T3 | ©1A <A
@ B9 AEFE W @ @I AT 3G T | I Hgwe o) g 9w «@t @ I
RSSO (IS ©I9f I T 1 | ET TH THWOR ©f7 T (AF ol W@ I F97 27
Jife Tlief ©iv ACF (=T @A 2|

@ @ o e T AdreaR eseffe Tm—

(i) Tobeq Tee w7l U 4f7 «3 Twel T, K

(ii) 7w Twer wiA Az @ @7 Twel T,K ( T>T,)
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(iii) FFF T 91 ©F (working substance)

(iv) T#gg T |

A2 75 TH ©Io T @ B AITF ARG TS AT T | Thed SFee! (A Fed
T ©i7 I I 919 T Tweld oNde Aie | I 39 BN @6 W 9F (e
I 9, FIR G SRR AN SR G | @R T W G0 GFed P e
TE O I P (51 | GF G GF (N ST 97T (ST | T (BIST W& 7% bR
SN TETEGTS (@I *IfE W 2 A | (GI06T (eTE @ B ol wiet sreas omief facx tedt |
GIeT 9T 2Ag (INAG) =)< O AR sl faw (odt | w3 wreas wvw AE Tl i
& e (57 T0E (BIed W ©ist e WP TS AT A |

Al ra fafed o/fw « (i) e o7 : eorads A eEd [5d 6.6 (a)] 20T Gles
SeoE T K Toela ©ivl Serre e Sl 22| (P18 W WY s Al Tl
T AT A (@ g W 0ol wet AT NG 97 Gel T,K (9 AEER SPA |
v Brg 7 (P-V) @ (Bg 6.6) @2 #idf sz A T =il Bire w0 2@m@ | 93«
b7 ¢ TITed IS P, € V, | G P e dfemm epifas o4 21 @B afeni© 99
g7 5feT® (quasi-stataic) 91 27 0o 2ifS W30S #AfFaes Az Wy faeg @i | 47 @2 wAfFwsa
T 5F [T A (AF B (9 5@ @& | A AB @9l fna biee 2@z | B 73 5ivt ¢ s
4fsr AN Py 6 V, | @7 Ay 47 Q, Al ©is Ty (A (Hifre 2 | FewicT Al
W, =&

dv V
Q, =W, = [ pdv=ABba g coraeem _RTIJT_RTlanb
\ v, a
(a)
p —]
—
A B
Tk ,
7 (b)
w7 T g —>
& ' %
@16 € foihe B3 C
T,k AT AP
p — (0
\ B - C —D
/ p—
<
P D—™ A

O - - - - - ==

vyd Vb ey

5 fog—> " fou 6.6 T ' 7 o
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(i) faSta «mfa : eroads Fereis eael [ 6@ 6.6 (b)] : FI 2ARFAT (T BINET o=
TIATEIE T M (G Gl T ©lY TERie T4l 29 | IR SIS 33 TER offere
ISP 2R FACS (TG T8 — A 2PRe 2 T 2ferdess 20 | PR T Saee]
T A | 4 AARCET (T T Tl O Tl T, @ A i 1 | ips [
BC #td C e =it C g oA ¢ oires e Pe€ Vi |

a3 AT @ ©iol ST T |

. PdV =—-dU=—-CdT

Ve T,
Togq Fory W, =L pdv:—Cva dT=C,(T,-T,)

(iil) TS 2Hff7: A eferiads AT : [ B@ 6.6 (¢)] : @S @ Ferote 2P ¢
(BIUET ST (AT TGTF I ARCE & ST T, Sl ©i#f ARG AT 11 2 |
G2 SEE TG T2A sffere aeiRes AfFHE AAfe T4 | 99 T g Al o9
AT (AT ©f9 AErE B AR | 2T @ [ 7 pw 7 CD 21t D e et @+ |
D f99ce 519 ¢ wired «fF IAEE P, 8 V|

G2 S W I Q, #Ifeid wist e zrCR| N = FERT W, T

-Q, =W, =IVdpdv:—C‘31@2P_°’T CcdD

=RT, IVV

c

ﬂzRTZ lnﬁz—RT2 ln&
v V. f

(iv) 5o “T : FHeio eefiadd AT : [ B@-6.6(d)] : R AT AT < o
T T4 D e =itz ¢ 1@ (BI0ed omem SIRE oieds S a4 i orefbes
©i7 TEfe T 2w | S TERHere qHei AT FAAET AR TFO! T, (A T
IS 257 | S s A s=ziw, 75 b A e o @@ | qeiE @i o0+ 52 ol
e |

GRS SR M2 5 1, T 7h FoIR T

Wy=-Cy(T,-T,)

TOGT W, |=[W,|

@36 FIA 56 ST 7 FoIA
W=W,+W, +W,+W, = (Faz+1 ABCDA

VC

=W, + W, =RT, lnﬁ—RT2 In
Vv,

a d
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=Q1_Q2

W 0, Q
o WSl 175 T g, Q

@4 B € C @38 qUeI (F13-97 €Aq A

v-1
TV, =T,V Do| e
T2 Vb

R D € A @2 Y9 (FL-a7 8T A/
T, (v,
T,V = Tv“ﬂ‘r—= v

T, V

a

Ve oV, _

AT P (FHSIot 2PRe Sife)
V. V,

) v =V—=r (FTTER A S Te)
d

OGRS Ql RT ln—— RT Inr

a

Ve RT, Inr
Va

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

g7z Q, =

W T-T, T,

L
ST el N= Q- T T (6.27)

() Tl 2w 9% S 2 @I I T R SR (@I e @i | st
Nd WE 1 @3 (AF FW| FE TH T U7l TH (AF @ Ol (el zaEm oF 5y
g R TeoR O S Wi ZR0E | 7] SiHiE I IAreRie 1 AR | sivs ek
e a7 el Gfo Ao =i | T 794, Awe! TR G FHrFoT A e F |
I 2fgra el n=1 23 T T,= OK 20| 7 371 Ted 579 [ [ oG 41 T
71 O (I Ol 2 wwel 100% 263 |
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6.14 ooiRes ¢ wawqes @ (Reversible and
Irreversible Processes) :

Sl femE @ IE ©F @ O 2 T o ©F ¢ AR Sty «fse SmiaewE
G2 Ty oifzsie w Aeviifre 23 At gibe Ze AR |

7 @Il 2Afa GFIwelE TE @ - Ao 97 ¢ AT AidfiT ser ke e
foim fee (IS +ifeda fog =1 71t - ©odw @ ofears Ao afea 3= =@ | w[E I @
A GNTONT T =5 e ©F ¢ ARARTS Gmd @ ARTEST 2T We Sk (I
©IRE B o (o 7 U (R AT 9 oW SLeRes AR |

WA FFA @I A T 2679 27 (@I oF g I 99 | Wl AR =T SI2PR
92 (@72 AT 2112 (reverse path) 2AfFT T~ T3 ST S o0 1 (90T | @2 2T
@97 (T #Afiel I FAC 281 O S AT P A 7o | T8 0 '€ AT @5 oAfaass
g = 71| @3 @ AT e AFT AoRes | o @ Al dentes zre o 5
fQPISe At 77 Wed SEE a0 2 G (@] AL (72 | (7 (SIS ey (wefie
7 ¢ AT @I ST 2uR Wierd SREE e Ak 9@ 9 At 9 aekes |
O 9 ZE WL W S_EE Wee ore [eY (Wit Afieey [y % A G A o)
AT |

OTRES 2 Avenm = 4 (i) Afem® ARy Wy T SRPe 2o =@ (quasi-static
process) (i) T¥, AHS! TNV (FIAGFT SFA FA AR A (non-dissipative process)

= B W (@ AfFmef Koy o s ek — G deRes 2z | IwE AGgRES
oA e TR 7l | 7, Ao, [iegel, Aol Tepifice Sisa (a1 AR 71| S[E T
SANTER (I AR T~ig w1 " |

Il 2 @ Il ST AEF T4 T T T @R | AN S| 96 SIS
1 TR | 2L 2RI AW ARIEE @ Q, ARSI iof (<ifFel wra W, #Afzstiel = A
(oI0Z, G T O] 4 (@0 feidire e il =i <= W, w1 361 Q, Al @it
Al AT | Wi Red (Il ARESs 1 Srowd @3 A1l Aoies | (ol o ) @ @ AfFa2
@I e | SRE M F| 55 [eidre fE A (U@ D gelel #9iEd, D (U@ C e
2P1el, C (AF B qOI9l AN G2 B (AF AR A F 2 OF @l AT (A Q,
Al @i T W 58 Q,+W=Q, ©17l, @7l T fcal (el It | 9 (A0 IO AR
JIE 5F AR AoaET | @ q7a N Twern Oist (<i1el T3 T Teeid it M orew
T e 17 | I @ AGRET |
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6.15 Twelr wivnfonsie Fa A (FEfed o|w %

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

TG (eI S FIel] BfTeg 49 (AT G0 THOIF (Fel TERA A (T (B GWONF
fEq ACATE FgeT 1 I, G @0 @ [eom =miea egfen esm Feq s a1 @8
(FNP T OFANONSIE (F A (TS AN (F @l 2 |

4fs (i e Aeyiaes B 9 Th TFOR Q, ©iF (A FF 9, H Twew Q, wiH
oae REBP UyxQ, ¢ 0, TSl @ (I (arbitrary) T[T (Fe 2iQ Tresl | Sel sz
CAtE G 2w wirret GyNg @2 qfs Tweeln Teoim ST wa | wrewd

n= —%=f(91,92) 77777 (6.29)

1

@4 £(6,,0,) T 9% T @, € 9, 9T JAFT | WA @ AW

Q__ T
TQ, T 1-7(6,.6,)
@It F(0,,0,) 25 46 TF@ 9, 8 0, T G0 AT |
AATSIE o @5 ATAST 3T 9, ¢ 9, TR T (Q, > Q,) v 2wt @k (xifEre
€ qMere wiv AT 9, € 0, A,
Q,
Q;
GO T W7 43 AGES 24 9, ¢ 9, Tl W FAE 7@ @R HifS €
Jfere w TUFE 9, ¢ 94 T,

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

=F(0,,0,) — - _ _ _ (6.31)

8—;=F(91,93) - -~ (6.32)
(6.30), (6.31) € (6.32) FTwl (AT AT

QL9 _Q

QZ Q3 Q3
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al, F (01, 0)xF(0,,03)=F(0,,0;) — — — — (6.33)

(6.33) el (A (] AR ANMCE 4o SATCS ), SN2 [5G TAMEH SATHE 0, 72 |
o7 F (01,0,) € F(0,,0;) ST qiote @ieia Wefae Fa0e 203 Ao ama %@ 0,
AR ATE | @b AT AWM SAFFYET WHa Aol 24T T TT—

_v(®) _w(6y) _y(6)
F(el’ez)— \V(Gz)’F(ez’e3)_ W(GS)’F(91,93)— \V(93) - — — — (634
Todd Sl oo AAife —
Q y(0
Q, = F(01.0,)= Wée;)) ————— (6.35)

0,>0, T Q,>Q, TR, T y(0,)> y(0,) A, TOGT (0) SAFID ¢ 9T G @
oo (linear function) | GRREWZ (0) SRS GFeerd AR @7 ja=e <1 T3 |
G2 TEelte f1ae AR y(0) =1, | TG

8—;=$—; 77777 (6.36)

(6.36) FAF! (AT THO[F A0 (Fe SAeT T Tl sidd 2o e e 77, %
I MM AT eofF ST | G2 (0 o Taoold TS Aefaes b O CFeoid
Sli7l ozl ¢ [ THe Ol IEET SEANTS A A | G @ olrlefe e @ Al
(MG AT TSR (B o7 2 |

(6.36) TR (A G2 CHETR A7 WgHe F AW 9T 1, =0 & 9L 0, =0 | I
4 T, =0 o4 W=Q, udic 95 Tawel T, 347 « ©47 T, 9 7¥C g OI#F T
FARRTS T T | T IA I I G Ol T TWONF Ie T X TS| T4
T THO TS Ol T S AT 27| 7 FI T, £ 0, CTHCA 0, e ©isf 7ol
JIYE | ©F A BT 2O O O el ¢y Txeel ufb (AR O R e @i 39
fen Tor 7 (@0 I AR T @9 | SireifeRkmyE &eR JaPIE 9t SPTed | Treds,
=0 €2 ey Twel—arF 5w I A9 W Twe! I |

G2 (FER o Tfae FefEe S =7 72 39| I SR B € Foanssd N
AL (AT TLAE) TN 100 ©iol ©isi Fa1 I O

T... +100
Q(St:;m _ 1cer' 777777 (6.37)

1ce

GO @3 R # e ¢ affs fofd e s e @elta wikwl fgem w1 =31

Qe (72 AT AFE G (I CF AN A T | AT (e ] 50 |
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a2 =T S S (FeT! SETRE | (e e (e
Q_T
9, T, (6.38)

@A Ty, T, & O oFP1 CFETd SF© |

(6.36) € (6.38) FaIFa (AT I,

o S AT (FETE Y0 SO ST (e AT (HETF G0 SO AT A

ST | SR T, =0 21, T, =0 | Sl sy (e W[+ fofel (Seifen o a4 fefas
el ST | SR LS TG A 100 ©eel SIS T FAE R 1y, = Ty | AT
T (T S ST (e (Feifen oI G STesl e Tiovz | Fa T sl st il
AR @ TS ST T =W (7R TREOR (Fred AT (FEE WO A |

6.16 FTiq To9iw (Carnot’s Theorem) 3

FI 2T @I AorRST 2, INT T =& Fwwm—

(i) 96 T3t sty eaiiiet (i 2 awerel 9 Ao S TSl (A @R
o7 7| 9L (@I TAGREF G (I AOTEF G (AT (@A TF 2F A

(i) e AGET BT TG HA |

e -

(i) 225 THALAW 2R S W e T, SIOR ©iY T € sl T
T,S3e ©i9 92w a (T, >T,) TG R @3 29776s 3% @ S h
O T2TTTES 24w 2177 7FT (Coupled) w7zm oM (g Q' | 0

6.7) | TAETEE S FGAH ©ivf g qrel TH TIOF T (A
Sl T I R SRMB Sl WF TR wlel alE M o @R
Aeaes 3fGah (R) sidre e widie & a@a (refrigerator) Q- W1 Q-W
! R T Aies (2 o T I w0 s il T Syrer I_@m @aﬂ_’
T MU O | 0w A 2/ B 21%a wive S W = | S 2igai T,
Ol T (A Q AR A (7 W AT I w0 @3 Q-W @ 6.7, 3Gl SeAstaa
AR O Oz (7| ReSese R 2R ot-aes (3 2t
Q + W #Afw ot 7w, W 1 3 @R Q' AAfTwe Siet oS o |

@ AT (R) € TAGTET (G (S) 7ow ¥ 7ol TAEW np€ ng 938 Ng > Mg,

® (©)
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@ARY ng = 8 Mg = Q

o=

L Q >0Q

a7 (ATF o4l AR Q' — Q AT W7l &Sl Bl Oiv-21eF (ATF OIFA-8<H 5GF A | (I
o I/ T TIAOT 71l (@0 FAISTE G2 WIF IITT AR T TAOF -2 (AT ol
0@ T T3oF ©i7-Ser (redl AT | SiAsfeRw e sq@piie e wries | Sreed sl
GRREN ng > Ny, 9 0% 70| Ifie T2GeT 2fra Tmrel AeiTeT 2fEma T TFed
G@ (@R Tre AT 1| G5iF AT Tooim |

(i) ST Ti#{ 2Tes e SRl 9o AT 2gA R 6 R,S09E W] AFE F(F IR
T FHA B | A S RO 2T q00l ¢ R, &R q@w qeol 1 0w | R 99 Fewwel
R, 97 (el (0F (@ Z0e1 S0 Weol 2fHiel a1 A wiAsifefm T F@ipics «ft serea |
WOqT R, 97 TSl R, 49 Fwwel (ACF (¥ 79| W@ R, (¢ e awel ¢ Ry (@
feste TEw el I9TE @ (RGN I R, @F Fewe! R IF Fewe! (A0F @0 Zd |
oa Ffrwel fT#6aE ST | ©iF 7 AeAes G Twwe! Sl |

6.17 A THA9NW (Clausius Theorem) 3

TR 2 GAGEHT @A (7 | PG ST SIS AN O3 el g S
Frrr et | PP e IR T I L@ AT ARG 207 EIE 1Y e e |
Tl T e 2oneT B T, Tobo TI[OR | 2femz SR T€ Q, AR ©i7f ¢ii7el
I GR T, fwea Tsrorm el afgwn Q,wfse o
QG A | CICF

U Q& _
T, T, P
PR T INE € IS OAT AT 40
ToAE ANFOE (L AT

Q Q.

Tl T2_ 0 vV

ﬂzg=0ﬂ2ﬁagﬂamﬁvﬁﬁ@®ﬁl foa 6.7
T T ‘ :

43 ABCDA @ @ &30 29)iaes b5 Fae aa+ (bg 6.7) | w4 [(fes TIew v
2 ¢ Ifee zAE | PEHE SR FE FH I 5F GO F4 | WA I AB € DC
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i IR (71 | G TI©! I T, € T, | AD € BC-93 4 ad' '€ be' 76 THA (774 |
abc'd &Fh DS | ab € ¢'d’ AERE @I 2S¢ Aere A IAUFE AQ, € AQ, T,

AQ, |, AQ,
Tl T2 B

?ﬂZ%=O

rd ~, o A
AGITET TFLGE SPRY FE FE (] 5GF 0T FAE O8I0 PG| B ZTQ @tsl

§dTQ:<)m|@amvjm ?Ba 4L ABCDA 93 el st I | @i Shmmt TsteAig

T |
SO AW : @ @I AGTET b R
dQ
§T =0 (6.39)

R

[R SFa #e)ies (Reversible) (IR0 1]

6.18 @Gf* (Entropy) 3

6T (@ (I OISR g 2L @ S S—E f
i ¢ f ez Bizs a1 zzwe (B9 6.8)1 Ry¢ R, ¥
42T Aejaes A2 i i @ f ol I3 T TAE
G R 7t 22 § SR oA e fooR e 4 R,

folt @I R, 28 f o<g] (A0 | ORI w9 P R
GF AT AOTEF Hi AT SR Reca op A7 |
FORPT S SpIE
B A
T=0
R T vV >
1 dQ dQ f5a 6.8.
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l T g T
Rl R2
f f
dQ dQ
= [T=1T
Rl RZ

d p e P P
TQaa&iﬁawmmszmruﬂaféwmmﬁeﬂiﬂﬁawvrcw@ﬂﬁww

71| O 9 AW GN G0 SRS (47 S) WitE IF ARGS9 [ 8 [ OREE THg few

/
140
FE 4R sti:-!._T [S @< i ¢ fo@g T S; @ S;]

A A
d
g
_
M ds = = .. (6.40)

4% S SAFRE @l T GG |
GG S fEEe Sofitg 3¢fqr Sare AAif,
(I OCFT GG 2o ©IPISTOT DRI G s S A6 SR Wik A ATes

p
p dQ dQ
(R (I ASEE N | " 7 A AT LA G A4S =

W (@ SE A€ B SRRE GG W TN S, € Sp OF,

B ZB@
/J;dS /{T
B
q, Sy — S, = idTQ
B
q, Sy =S, + {% .. (6.41)
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(6.41) FRG (AT (TS A=A A SRR GaG(o S, Al A A B SREE Ga 5o
Sp 3 WA TiAl T 7| SefeRWR 29% ¢ BER @ (AT S, 97 A Gl I A | G
GG ARRS g St At sl I 2|

R S (e dQ e e 6 g S ot e 7 O as @ o )

d!
S@ﬁﬂ@ﬂwﬁmww#waﬂw%ﬁqWWTdeSTTW
1
2ACz. A T (F ST 99 (integrating factor) <&l 23|
GG ST TR ST A | G OCEH GAGI7 s R m R GAGA T s = ms) | OIF

~ d!
s @F0 MY W7 (extensive) M| TQ (& A MY @7 (reduced heat) dQ'| A «FH

T ST |

6.19 TiEeTiTSl 5GF @G I (Increase of Entropy in
Irreversible Processes) 2

I SR (47l TTTEF BF ©Fd Geni I A= | 4T (Sl TAGTTEF B THed
T3 T,~a Q#ffwel wif xiifire =7 ¢ fawes T3l Ty~ Q, i v afere =w 1wt
B P

;. Q-Q,
n =
Q
oI e (e @3 g2 TR Wi TS @i A9 siwd wéie
T,-T,
n T,

A FIE ToAA (AT (TR AOTTOT DT FrFe] GACTET b (AT (A T |
oedd ' <1
?ﬂ”, Ql _Qz < Tl _Tz

Q, T

_ &<1_E
Q, T,

41, 1
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’ T2 Tl

@ o
aT, T2 Tl

Teffe FAGTRET 5 GG ([FOUCR | AFOATF AT IR ARGz Seeorss | 2fof e
ARTOEE GG (@CC A | G2 @ ZW T [T @ GG S |

6.20 @ Gf? @ W@ =¥ (Entropy and Unavailable
Energy) 2

A Y G0 AGET G T; THod T OIA-8A (A Q AT Wil (<1
W Al S 1w o9 1 o g T, 7K WY SRR wir-aims qen e | wedT

- W 1 TO
wfrwel = S =1-—
Q T

qUHGg G @ #fF ofeq AT ©f TH

1T
w-d-g)

@l AT, T, THed SO e (A Q #Afied Ol T, Ww TIiei @i 1Y ayfecas #Afaiize
2T @ Ty > T, > Tyl

G G0 AGAET 2 AR T, T ©i2-Ued (A Q #Afzraliel wisf fy W' Afstiet
IR T A7 R O 2igy T, FEE TIAOR SA-AET TG T | OGS

W

Q T

T,
PR m@*r%W':Q[l—T—OJ|WW@ﬁ%Wvﬁww(W—W')vﬁWq
2

% T Fa0e A 1| G 0 TG #
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o, AT T = W - W = Q(l—%} - Q(I—EJ
1

Q. Q
= Tol7, 77 ) = To (S-S =Ty AS
= T, x @5 IR

wiefie @G 3fa o S =fFm 3 afefime @i 3wz o e 2ie = 2fa
wfz |

6.21 @gf*@ (et® AN (Physical Interpretation of
Entropy) 3

wissifemE B9, SirEen, TIe! Tenfra srel @ Gitre @ (STe Fif | @G AifeaE wteF
Tolg TS o3 711 Wywg Al ¢ ofgy s Som W9 w1 | Bt SiEes, TR wel
@7 I G T TP | AT GG AARaGn A 77 | T3, S, «If§ 2o
ool @ AAfFitet T3 T 71, e 97 RS “Afaset T W1 @ ST Ot 26T A SR
GG (FCT IR | T@1 AR e (randomness or disorder) (ATE AR | GG JRCS FjeleTE
3 = T w2El, @nfe e el @ T SRR @S IR e Sge = R
A | =fF AwcEre I Foot Siewt T Al
oS T AfTaaz Teiaes-are Afefme ahfel 3R iitve =w el Aley =ifF 2fEE
@ely | O7F @ T %7 O @ (principle of degradation of energy) | 78RTe! 3@ (law
of probability) (A7F G AW FERTS! IR € CGist I AT TIFTT | @B IR = FATE
R M ST (AF OFH @ TG TRF M A= | (@ TSI G Woiz Freif,
OiR FeT wOam @Gie g AR TGSl W RE GG S = kinW, k 90 &5 |

6.22 @Gf* @ wiveifelma e 7a ¢

e «hfem IREE orifeRme @ow g oot = FE | (1) @9 acE @ A —
Resa @6 =% 73 4 (i) ouf fasim faes <=1 a7 [ees @gf+ Fedae a3k @fb 5@
@ 5N WA cA=ee 5l
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6.23 TE-oE @ ;. FHele o[iRE® afFE  (Joule
Thomson Effect : Adiabatic Throttling Process) 2

(9% @ GrEd (Gay-lussac and Joule) 219 (GF (71 W SO ST ©olF OF
ou

Sergd % Woa w3 ?ﬂ(ﬁ) = 0| FeArE aft S ofie™ (=g e |
T

efen 1852 4Bt GLa1a 3wl 7P 2P 7AR@ & (porous plug) #ISHF FEa @3]
T SR CFCG SOl P 2 Feae | 2 fFAIE ge-oae R Al o eten Rt q@
23 | 3 a1 Tl 296 YF T e FEAS (S-oPNG-GETd AT G2 AAfFae irEe g |

GE-5N A AR Gl GO THBI9 HER 7 BT B @em = | o W 9,
g, Teonfn e @2 B ted < 79 | 93 gTmeE Twoie ST A% T ¢ Seifns Wwe fEsie
[ 27| Afew i@ W M THBIP (AE EBS TS R MG 2477 SHE el oA "
R SR Y5 *RP2R @ TE MR @S AT | T TeAeRE Sl e [Rery I
(o AT | OGF 2[R (throttling) 2ifFal 791 28 | «ro R =wes @@ a7 | W8 siesia
e o1 2ifae 2emm qIfE T 2@z | @8 999 A0 Sl (Rl @92hEet H = U + PV
RE A |

1fg @l ARw &+ C-97 (P9 6.9) amimcE P,EwoR o517 =zl A #8ea ARE <7
5I7 q@ I 7| C-4F T Wi P,
fonst @b e B el e A Cc B
JRIT e e SRy Al @z |
A A 7 (AT SIS 2Rl
AT 2piifae gre med %@ | 4fF @F IT A le—
(ST S (ST ZEECE | A st L
3 At T Bist, Se € TeTea A C B
«fg q2USE P, V, © U, €% 2PIeeels
At TR @sjfel INFE P, V, e :
U, | s g wiia s s 8
AT SR G A ST G T
(reTl A | AT T AN A 5@ 6.9
8 sieTe o PV, ¥ w6 @}
Siafues PG P,V, TR w5 | i @b w1 @ P,V, — PV, | g@iv 2ife 2e3m AQ =01
SlosfelRwia 242 SJARPIE Sreredd = U, — U, I8 3 @8 A #fleql (Z| Tredq

le—
P2
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P,V, - P,V, = U, - U,
a U, + PV, =U, + PV,
widie U + PV = H 523 9AitF| H (& Ja1 28 @w20ief# (enthalpy) |
SICRASAE M G B3 @A TY[el e AAfawi
WA FEF FoF W = PV, — PV
T T4 2PTifee 2 e SieddRs e e Rgew T g Sreredd FI F909
@lW@WﬂWqW@ﬁquwmﬂw=%|vlcﬂwvzwweﬁrﬁ%@
26T @2 I R Foa

VZ
a a a
_ |—dv - —_
W, = =
2 \-[VZ v, V,

. a_a
g @6 FoFH W = W, + W, = P,V, — PV, + vV, (6.42)

SITCRETRT TNFA (A AT, (N%) (V- b) =RT

v+ L oy Py
¢ \Y4 V2

a ab
A PV + o= Pb = RT [Waam@ww@mmwam]

(6.42) A I AR,

W-RT, - — +Pb_RT, + % _pp+ L _ a
2 V2 2 1 Vl 1 Vl 72
2a 2a
= R(Ty = T = 7 Fy = (B = Py e (6.43)

a € b 97 T 47 I @, GHCRGART-F AN (AF e T

1P
PV = RT a1 —=——
V RT

(6.43) FNFAE G W AT AT,
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2aP, N 2aP,
- T) - RT, RT, (P, = Pyb

W = R(T,
T, € T,43 4w 37 &5 a1, &0 AW T, ~ T, =T € T, - T, =dT
LW = RAT — 224p + bdP

‘ RT

e ST TRIE ST TN iR Sieig SIRd IS | ST Y A #ifF (2w Sl
IfexifE (U J2e TR T wfeE ofoxifs g #Iita 93 oesEle g I | olsEl g
dT ¢ fRE ST (e SefFs ol C, 2@, i @i = — C dT

(Z_a_b)
- CdT = RAT — | or—bap

W T o7 =F OEFe ger-bas 9jefled (differential Joule-Thomson coefficient)

oT

2a
(6.44) TR (AT (7 T, (Ej AoI9E 27 oS 2 Tl W'ﬂm‘ﬂﬁﬁ>bi§f
H

9 T 2a |
< T %2
R &

2a
T,= b_R
temperature) |
QY (YT Gl AR
(i) TIel T, 93 Wb e 2Ee Wi SISl T I |
(i) T T, 99 €7t (&0 2P 9ol IO (g AT |
(i) T3 T, @ @04 =PI WOIE T (FICA] AAHTE = A |

TIOTF I 27 TN TI[@] A & 53 ©eaw CF[@! (Joule-Thomson inversion

2a
ﬁﬁmwwn:b—g@quﬁﬂ%ﬂmwaﬁﬂWWWﬁWW@
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T SO T TR IR SINCRETRTT ANTANE T fOIT ARGy 77 | 2FeATF | Hiode
TIOR TR oa |

ol TE—

(i) @2 TI©E I Bol p—aq W @ T |

(ii) €2 517l TSI ARTSE P97 GO B T W0 €3 5 AW I THOF i “frez
qH |

TET-03 AR SISl A (@ T | T SIOlF WM GRS A | TIO! FHIE el
T {5 T 0 SOl Z9T (@A 9 W | ALAME (regenerative) &fSHR 9SSR
TIO! 9F5F I Go-AP 2P T T ST (@A I NI @2 | G2 AfFAE
R [few suens e w0 o HAfdde s TET @ | TS FRS6 SO (critical
temperature) 5 TR B9l I B w2 AARTe T 27|

o TG TeFw TY[@, A T[Sl € AFH TYOIA AlFifdF FoF (Inter relations

between J.T inversion temperature, Boyle temperature and critical temperature)

8a a 2a
&b ©3el, T~ = gZe EE TI@], Ty = — €32 Tew T, T = —
L =2t 28 2T g5t
"1 AR 4 27bR 4 °C ‘ c
T =22 2% ot
bR TR B
T,= 2 - T

Brodq Ti > TB > TC

o e TYCH TE-G PR QILGIEH ¢ R Tyl I A

BEgites ¢ Rlemiem cFe ge-Awin S T3l AHRe wEd SO (A SES |
O @3 ST 9 e e SIS e A TIed &7 | BRGNS (@@ 2’ 100
ARAGER It T, = — 80°C | — 80°C &7 5 Goi-5aphl 2Tl QRgIe JI6] ZA | (oulfel
feferiera T, = - 240°C| @& 3o v go-owom et e el =@

6.24 Q™ 2

1. Sofewm FEeh ateleE g=e -
(a) SIANST ©F : I owidd e st @t o @ =i W Wi o @it Wi s
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(b) “fZoin : WS orza A% @ @ Mg A wirER ARHAR =N =7 |
(c) A : ©F ¢ “AAnE @ o W oo FF T OIE AW A
(d) Tvpafes @t arafae ©F : T8 o 33 @I 97 Afsiieda Sog s Thefes il
2R FACE GR TR SAF PO A, TRITAR A YR A FEIR 2SR LTS A i
Tupefor T FREEe wg @ 23|
(e) vz = : (@ wrga vl O AP W @I W 9 A S 2 A e
fafozs 7 e |
() TF A A OF : @ OEF 0w OF ARACST g #1fF A AL wmmeme = oiE
IF A A o7
(g) T ©F : (T 9F OFF A0 el «ifg SmzmE Face A g M smmeme s
AT N O TY ©F A |
2. SO AN
TfEge AW - I @ ©F @ AR g A o [ew e W @i A @
o = o ER AT AES AR 0@ |
I ARG : 74 T el AT T orEw [few Skew W SIeF A A A - (1R
SRRIF AT OIAT A 0 |
AAAF A : I (I OCFF A O AR ey N wrEw [few wweem Wy avmafe
AfTTET T T — TU (IR IPAF ANE I&N W AT AN |
SIATST A : (FI OF T4 GF2 TR AT, O ¢ IR AT AEF — 94 (IR
ARG SIASKST ARY T&N T |
3. SR HEraif A SlelerSiE peEite @l Siveer e
(I ©F Sl#orsr AT A, ©F Smes (V), 57t (P) T (T) Toiif «ifsmneicaisy
T i @3 STereR SR TSI A A1 T-GrE SIIF SaifA FE 27| @3 qifEiefer
AR W A A A |
(a) T Fewors vemif® : 1ot (P), TI@ (T) Tonf sef® @eifer wraw sz Sodw e
e T — oo I WEeerT vt [ |
(b) TR S veraif : s (V), Sreresi =ifF (U) Torifr saaif @aifer srae s o7
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4. siofefwa @i 7@ : 76 ©7 7j2Fea Tom (I SrFF A AT A AR, G
SRE WO WKy OIRR A AR | Il B (FIA] O G G0 @ A B e o
9% OF O (A SCFT A0 SR A SR i |

5. SPRE TREES ¢

f(P, V, T) =0

6. SirafeRmE elew 7a :

T TS T (T OCF OIA 2@ T R0 ofE, wrEm wrereael = IR @3
©F 7 PO @I TN | (T 7T |

dQ = dU + dW A dQ = dU + PdV
7. =il G| ¢Fta Cp — Cy = R
8. (a) MR 7N “@ET  dT = 0
(b) R el AREET dQ = 0
(¢) MR FHolA RIS PV = k (57F)

1-y
— = y-1 _
TP ¥ &9, TV = &9F

9. SisafelmE e 74 :

(FEte-gpes 7Y : v @i A T 97 9 G T @ G Ol T (2T
7l @ o TR, FIE Ao T4 a9

shmier /e : fomon 78 (AT TIo T@e O AT (A 2 FET 77|

10. 1 3f%a T S Aepaes 3f%d | @ FEEel

w T, 1

n=g clog sl A

p = JHlol A TS |

11. SIejiAES @ WEENAESF @ifFl : (I 2w 7 Geita 3T 23 AT ©F ¢ AR

AT S FRE i zE Rt (i ARe g =@ 9937 dfee depaes e

& 2 | T o - wefie A SR R e oE Wik S F90e o U G 2R
eSS AfFT F& T |

12. TR (Fefen q 9% (F : G2 FCA SIAOE #H AATE Fget T W, @I

e ~wicds oplon Toiw Mo e @1l | ol sio AGARGIETT SIel-te 97 10wl e 33|

13. ST Bt -
(i) 7f5 SIreta ey et (@I 2fe wtrrel @l Aeiaes 3 wwEe! (A0 (@A)
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(ii) 751 HOTAET LG TS| FAM |
14. FOERA TAAW : @ @A AGTGT B (G
§ =0

15. @Gf% : a7 werEs S 2E
_ R

T

A b GG IR T G AT wee «ifE el e Ao sfaeaz
THAGIET, FCE GG AN ATy *E g A=

16. g5 faFat -

HAREA aAfFy @mrE H = U + PV Y3 AIS, SIeRensn] sioi (Ra -SI9de G-

< (a_T) _L(z_“_b]
P TSR 1w = 1Gp ), T, \RT

ds

2 s
Ti=£=@ﬁ-‘ﬁmﬂ T e |
T > T, = Ge-o  afsam 2 2w T3l (@0 T7 |
T < T, & Ge-6oW Ay 2piie & el S T3 |

6.25 Nfafes Twizad 3

Twizad 1. FeF Bt 22gIeee eiE SeeifFFs ol 28.674 J/mol. | FrE e wisfERs
O T (I ? (eI Tz @NIe T € Bt RBWE e ¥y = 0.0899 kg/m?, BiRgitea
e @ = 20161

TG 2o TIOR

M
qelg Py = 70
M _2.016x10° ‘ -
. Vg = P, —0.0899 = 2242 x 10> m>/mol.
PV, 101x10° x22:42x 107 .
R = T 273 = 8319 J/K mol.
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Cp — Cy = R

"~ Cy = Cp — R = (28674 — 8'319) J/K mol = 20355 J/K mol.

Twrzad 2. 5= BiTel 2 mol #Afasne sl siieTE TI@! 30°C (AWF 35°C 9% IR Fce
293 J ©i7f witel | e oot @32 AR iR @32 “EE Sl IR FA0e F AR oA
ArATGw 2| S &< = 837 J/mol K|

T ;B St AT #Afenel Swrel ke @ ecieAE o AQ = nCpAT

OIS,

293 =2 x Cp x 5

w Cp = == =293 J/mol K
Cp - Cy = R
. Cy = Cp — R =293 -~ 837 = 2093 J/mol K
g SiTeE ee-E ol
AQ = nCy AT = 2 x 2093 x 5
= 2093 J

THrERel 2. TR T © bl FFE AR I 21 AT I A ST

4
39 | @ AT TS T A 7 (AT y = 1.41)1
T : 7o R 29Ty At @< grrelel e | arwE SiTen ¢ Tyeia AR
TVY-! = &=z | wi2=i
T,V,"! = T,v,r!

\
fa v, =V Vo=

T, =213KT, =2

AR
L 273 Vil = Tz(zj

T, = 273 x 4171 = 273 x 4141-1 = 273 x 404
= 482 K
a1, = 209°C (S T3 |

Twigget 4. 2 TIMS @ Bot 1 AW AP Fweidl AfFHm wEhe I Siwed Sl w4l
ze | FICT oAfTe F© 2 2l TIS @ Bitel YT Ty = 129 x 1074 gmiee, y = 1411

WY : 1 gm = 103 kg

p =129 x 10% x 1073 x 10° kg /m> = 0129 kg/m?
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1073

3= 3,3
0139 ™ 7.752 x 10~m> (1 CE =1Eed)

Vo =

PV, 1013x10°x7.752x107
T, 273

= 2876 J/K gm.

f gerelel effeay wfew T3l T,K,
T, =273 K T, = ?

vV, = V(ER) v, = %

. -1 — -1
V

v-1
qr 273Vr! = Tz(i)

T, =273 x 2r-1 =273 x 214171 = 273 x 2041 = 36273 K

Telo e F

. _ R 2876 ,
L W= Ty (T = Ty = o7 @73 - 36273)

— 6294 x 102 ]
I AW Tdle e THAT I 91 TE= |

Twizad 5. 100°C TIO 3 a1 o S Siis S| el ebiifie 2 sieers o
%7 | FoaEe dAfad ¥ 2 R = 83 JK

YA : FoIT W = TPW:VJZ%:RTM_Z

Y

83 x 373 x In2 ]
2146 x 103 J
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TwIzAe 6. 9T (NG SNfTa SN Wy 3 AP A @ 27°C T Ay Wz | GG
2018 (B (91T TSl F© TR 7 (v = 1'4)
Y - A T3l T, = 300 K

” B = 3P
wfgs Tyl T, = ?
” B =P

oy Iy

T, P’ =T,P,’

= _ 53'8°C
TWigad 7. 127°C @32 27°C TIrela i fFamie «aft it 3f%ea wrel 9 2

s T, = 127 + 273 = 400 K
T, = 27 + 273 = 300 K
T, 300
= . T = _ - = 0
n=1-g = 1o ggp T 025 25%
LowEel = 25%.

Trigad 8. @ TGN B e SO 12°C @ AfFe | G T wwel 40% | THIE
T 1 sfawe 3 FaEm R @@ 60% TR °
ANMYH : T1=@QW@‘§IET
T, = 12 + 273 = 285 K 9&=7 T3,
T, 40 . 285
n=1—T1 Bl W—I—T

285

Bl Tl=1—0.4=0.6
‘. Tl=% = 475 K.
45 Terr TI@! AT e e, 7wl 60% 203 |
60 _,__ 285 285

© 700 T,+AT b T,+AT — 1 - 06=04
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. 285
LTy + AT = 52 = TI25K

AT = 712°5 — 475 = 237'5°K 91 237°5°C

TWigad 9. 27°C @ e Wb w7l T «ag — 73°C @ fFe OFib ©iet slieraa Ty Tt
«3f5 I 2 7t @6 ofocs e 1260 g «ifF 2w w3 o eI 2fS 5 Fi sifse
N 7 2

Q_T
Q T

Q, _—73+273 _200_2

ALY : FIA 5

Q, 27+273 300 3

3
Q= §Q2

o 3 Q

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

Twigad 10. 10°C € 200°C TI@F W& GF6 Fe 2 096 | ©io-Sera TIeid |
Afie T Tl 10% IR AT ¢
MG : 10° € 200°C TIOR W e i 2w wwel

T, 10+273 283
n=1- 7 17550527371 473 = 05893
M o= 5893%
#fqafee el @ ' =n + 0l = 5893 + 10 = 68'93% = 06581
4y T Tyl W AREe Tyel 7 T,

03 — | L 2283
06893 = 1 — =1-55
283
T = 1 - 06893 = 03107
1
,_ 283 oo
T/ = 53107 = 91085 K

. AT = 910.85 — 473 = 43785 K
e TIE  437°85K IMTITe T(A|
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Twggd 11. OB S 359 100°C € 0°C T N T 07 Twed GIferd 10% Fief
9 oz FF | 2EAa S T e @3 FeRRa AR F 23 7

W_, T _,_ 273+0 273

T PREFOI M = 0 T 7T T 2735100 373

02681
02681 x Q = 02681 x 10* cal
1113 x 104

<
I

Twizge 12, 43 | 2 9f2re OiteE éwawwﬁiﬂmﬁ@ T | AFEE T3 62°C

I e Farel ol 27| 9ZF € S<pE TNl ey Fg)
AGE ;4 THT € AR Gl IS Ty € T, |

1, b L 1.5 :
ﬁ?fﬂ m, 6_6_1 T] ?ﬂ, Tl_l 6_6 (1)

%\‘Jm CW, 3_1 T] ?ﬂ, rT1 =1 3_3 vee (11)

(i) e (i) F

T2

3. 3.5
62 4

T, s
T, (T, -62) 5-4

T

zﬂ,é=5 T, = 62 x 5 = 310K
e = 0 _

@R Ty = 2 x 310 = 372 K.

Twizdd 13. 100°C-9 1 kg TaE ol #Afqee T4 = | @5 +Af5ada e 73 ¢

wm:aﬁrﬁaqﬁa@dsszQ

2
_ m’ _ 1000 x 540 x 42
WAS = o 373

6080 J/K
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TWzAd 14. 20°C-93 10 gm T@TF P2 5ol — 10°C @ I70F 2IR® 41 291 | &ed o

Olot 42 J/gk @ AT . ©lvt @F TEF @R 0°C @ IAEF D wAmreret 335 J/g =4,
©EhT GG ARaon T ¢

HANYE :

(i) 20°C (AtF 0°C @ 9T G @ofol Ao
273

dT 273 273
ms—: =~ — . = - .
AS, T ms In 203 10 x 42 In 203 2969 J/K
(i) 0°C @ SFR IAF ARTS REAR Gy Gho RIS
mL  —10x335 _ ,
AS; = = 57 = - 12271 JK
(iii) F9% 0° (AF — 10°C @ TIST AT G Gofe Ao
A
= ms
3 273 T
o g, 203 . 203 _ .
= ms' In 523 =10 x 271 x In 323 07837 J/K

AS = AS; + AS, + AS;
= — (2969 + 12271 + 07784) = — 16'024 J/K.
Twigad 15. @ @e Sl ST @GfH T @ V @F AT Fefg a9 | e @G5 Afaada
PO I ?

AMGS : GF G SV ST G
dQ = dU + dW = dU + PdV
99E PV = RT

. p- RT
P

dVv
. dQ = CdT + RT7

" ‘S];EF?[ Qﬁﬂ@\[ dS = TQZCV—'FRV

T
Tl ¢ WEew TR T;, V, (A T, V, o1 Rz,
aGi A
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T \
/ /
=C, In 5 +Rln v

1 1

THZAS 16. ISR F0 GOl — 140°C Z(F T T @l FO I ?
TG : T TIO 6 FTH TIO! IS T, ¢ T, BA,

27
" Ti = T
1, = 624'75°C.

(- 140 + 273) = 89775 K

6.26 axi_fe ¢

o (i) fRmmw A epy :

1. SR FEFO SR &1L |

2. 94 anfd FEeers veaif g

3. uib e Few vermi forge |

4. SRR @R @ (F TICR q=ed] sAieq a3 2

5. v ST SRR ARAe &1L |

6. 43 VI WER PR AN 737 |

7. S e J PR A

8. Txole ey J g A 2

9. R Trergar =% @ @@ A= So4m o7 @ ¢
10. Ficda e BT

11. 75< org FiEa ifawid J 2

12. Si7sifeRme (@ 3@ (@@ @6 =fF FaFFe 20 a6 G " 2
13. NG ARl (14 € o9l @14-93 @D @A 4T ¢
14. Twolo +ffade g o =0 [ ¢ @3 Ffa T F e
15. 1 2% Aoiaes 7 TAGAEF ¢
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16. =i ST ARl s Sl afE e

17. 1 2 s B @ Jia AAfwe § 23 ¢

18. I Bgre vl TR 1 9 N A ¢

19. GG Ao e Qe @ [ 7

20. T FeiF ARTSE GG+ T T I ¢

21. ¥ 5 @i oAffaea T = ¢

22. SE-oa e S e Al ¢

23. AR TIOW GO A ZRGIGA SA JG! T A T T ¢

24. GE-5IW A S I 20S 2@ SIS T TIOR (UF (I 7 I S (A ?
25. [eed @giel AfslTe qrerg @1 F0g 2

o (i) e Termm e :

1. Si7sfefmim o7 ¢ ARt FiE 3 ¢

2. SsifeRvm S=eaE s Tee @RI 2

3. ©iesifefwa St [ge T

4. Seefefmim 22w uEw oAl F ¢

5. MR TxolA @b afe, TRl @14 brag afen (0 @@ 23—awe 4 |

6. Oesfefmia 29% 3@ e Fee |

7. (@I OrER SrerEd #f Ieme @ @RiIE ¢ @t T SRR Sierws ¢

8. 355 fog FIE I 2 5 Horg FEa «Afwe @_ T F faca e

9. AOfTET A FAF IE 7 (A ARG AGET O A F | MG A (O T 7
10. Sierefst Sistsre sifsadra o Twzae faw |

11. Sitsfefmm e s fige

12. (Feifen 79 (Fe] PIF A ¢

13. S 75 Rge w57 |

14. FERIGE T2 [Kge Fg1

15. &G F @R @7 (STe wieHT J ¢

16. (@I T 2ATTO] qHOlo AAfTTET T, ©F TGP AT F TA ¢

17. AGTET ¢ THeaeT AfFaE GG Ao S =7 7

18. &b ARCHCETH SIFE HCad ©ieTe Y& (olret Fsfowi Ireier To! T I (&4 7
19. SR @ Tl AfSAE @3 WITes e FoIEE AT @R (FE @ T@|
20. G- 5wl TfEe Teww Ty FE A ¢

21. @Gl ARTSER AATE Sivsfem fror @ [ige 7571
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22. eGP Areere! F ¢

23. SR AT @ S Srergd *ifEa 9 o 7R ¢

24, ioR TR A @G e e 599

25. (I ©F OefE 79 FarT-9T Trergan sifga AAfiaes o 3w oo

o (iii) Fo7-43f & :

1.

(2) SIPTS AR IF A 2

(b) SR =T wait e J @RIT 2 9F 24T SIEmal 37|

(a) s wift &t Rge Fg7 93 @9 (U ST 470N S =T ©of
S |

(b) I Sloloror ©rEd Sreresd *fE Ieqce F @RI 2 Sreygar =i & s
AT 7 R TG | S SR (R Sreres % -Siwed ¢ TIeR e
Frea S 2

(a) SioefeRWIR 22w 5ab Rge 377 | S SHieR Felel ARRE 2@ SNe™ SR
@ BT & TER [t AdRe a9

(b) IR AR AR G Foga sAfame T s

(a) TR € Tuelel AT fowa ey e 39 | et AR @it sl
MR B9 ¢ TIOF T T4F 7 T3+

(b) I @ =l oiTE (P — V) orad @ @it fimga sy T wifess el 74l
@ R g i wfess AN @2 WA @ 2|

(2) G = ST g6 SR Sitas sikel e | Site 7% fefa 57|

(b) T Telot AfaeE FoEa sl Fefa w571

(a) ooz fas @i &=

(b) (P-V) @ Fzaamst i 2fgrma A i T | @2 3 = wwe! [efy
T

7. I Bt e €199l (AT (OIS AATNCES Freid AT AW ¢ AT e (T ?
/R G2 @A e 7 F 2

8.

(a) FPRGR ol Rge F57 1 @M (4F @B ARRSER aett e |
(b) I B GG AT F© =W ¢

(c) ©I7 A=A GBi# IR ST T |

(a) 9Gf#F (Sre e fae |

(b) @G ACTF FPRIGE SivsfomE &er 3@ Rge 7|
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10. (a) (PN (F GEI-GI-E 2R AP aqepefe feg A
(b) SSRGS MR @F T T3ed A mef &g
(¢) FFe Siom@n FEgiaw ¢ Rfemm 5 ge-oww @ B T @ ¢

o (iv) afafes epg :

1. 15°C @ g Iffse =& IE FYolst RIho I3 oo Foodice T4 2| Ifew
TIO IO T@ ¢ (NET WME ¥ = 1'41

2. &F ATNGH SitAd 1 gm &1 FH@ 1671 cc DI AAfere F91 2@ | IodATSaEa el
2268 J/gm| JfZE FY @ srergsd *fF R sl Fe 2@ ¢

3. 27°C TI[OIF 20 gm RIS 5P7 M 22 ACHIo0 I Ao o T4l
2 | FIES AifFe F9 ¢ R = 831 J/mol.K |

4. & oA T AR @ e AfE SIS € Bief XS 273 K 8 1 NG |
SR afeas @7 STen e F91 A PR T S S Siet ity 2t FE ¢ el
itz R = 83 J/gm/mole.K |

5. ¥l Bi7 € TR 1 AN AP JXele 2T AARe T IEE S Sl 2 |
FoAIET Al F© ¢ (reT Tig 2 Bisl @ SIS AP T = 0°00129 gm/ec; y = 1'4
a3z (2)%4 = 13191

6. 27°C TIOT (T ST FPEF IS AR T € blol AT sieAw e 2795l
@y = 15 A Tl IR/ Fo T3 ¢

7. 100°C € 10°C @3 sey fFarie @b St 2ie @36 5 Ia 2Ifasid 1200 Joule
i TIrorm Y sAfasid oot of2re wafeE ¢

8. a6 FICA rTa O IS BRI 7°C IR 97 FAFES! 40% | BT Fwwe! 50%
IR FACe 2F T Tl SHiEE SIS e IR FA0e A ?

9. 27°C ¢ 157°C TIomEs e e @36 Fieh 2% 10,000 cal it @@z 4t
=1 | %Al Fo wfae S w1 Fare W =T ¢

10. 0°C-9 2= 2gm GEEF @3 “FoaicE 100°C-4 TeY A0 GG IR F© T ? G
. @l =472 J/gm.K|

11. T3ro1 =7 S=RIT 20gm I3 91751 St 219 231 | @G +ifiase F9 2@ ¢ T[T
Feie = 336 J/gmi|

12. 0°C TI@R 1 gm @@ 100°C 7€ TeY 27 ; G3R I3 TIOW (& IPACS FAE
a5 SfgasT FO A | TE WL WL = 425 J/gm, A= el = 2100 J/K |

13. - 10°C @3 1 gm IFFEF 100° 51w /7o 21 791 | @4+l I «Afawid s 2 e
1. ®1. = 201 J/gm, GEE 1. O, = 42 J/gm ITF S s Ol = 336 J/gm, FoIAF FAeoiof
= 2268 J/gm|
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14. 0°C @3 50 gm @& 80°C €T ISR G %! (M 2@ G519l I F© 23 2 &
o, @l = 472 J/gm.

15. 25Q (it W Ted 1s 40d 10A Sfeeeig i 21| fvg 3t 27°C 9 freg fze|

(a) @Ed @i ARTET Fo ¢

(b) Roed @B «Affada Fo ¢

6.27 Nfafes g Tea

1. T: 2'88.44°C

e : T, V! T,v,1 ; T, =273 + 15 =288 K. vy = 14
T, =? 1, = (T, — 273)°C]

2. T: 1693 1; 20987 J

B - AW = deV = P(v, — v,) = 1'014 x 105 x 1670 x 103 = 1693 J

AU = AQ — AW = 540 x 42 — 1693 = 20987 J]
3. ©: - 346 x 10* 7]

v, vde_ V2
s - AW = | PV - uRr JV—"RTIHVI

Vi Vi

205 831 x 273 + 17) In. %

= — 346 x 10* J]

\®)

T: 15706 T
T: - 626 7]

T: 600°C

T: 4973 x 103]
T: 233'33°C

® AN

273+7
B - 04 =1 - T3 > T = 46667 K

N, 50% JM 2E T4 M I 0°6

' 280 o,
L 06 =1 - 7 T =700 K]
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9. T: 127 x 10*J

10. ©: 262 J/K
11. ©: 246 J/K
12. ©: 6941 J/K
13. ©: 87 J/K

14. ©: 348 J/K
15. ©: 0; 833 J/K

6.28 FTS SRl ¢

1. Heat and Thermodynamics — Zemansky and Dittman.
2. A Treatise on Heat — Saha and Srivastava.

3. SsifeRm — ST |

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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aFs 7 O oitom (e ¢ «ifsgzd (Radiation and
Conduction of Heat)

ofow

7.1 VR S T
7.2 ezl
7.3 R oitsw agte ¢ ofewpEen wavl
7.4 SRCHTIN SHrHE @aRels!
7.5 ©itelm [, (i, afowem, afesme : FTg ¢ *uq,
7.6 Sl (oW ¢ SiY Stew I ¢ Tfgw pEEE A RS
7.7 Terenstg wio A v w3k Iga [ieqe warel
7.8 FESIO G TG
7.9 Fw-99 5@
7.10 FRE ¢ FITw fafcad
7.11 &F5-93 qr@d Jeisre 3
7.12 F%-93 @3 Al
7.13 FRE (@ 7 RE—Coaa-@Feo™e g
7.14 2w [ie=e o
7.15 G943 ¢ Y9 Tyl
7.16 ffEae sRwffe
7.17 <% AREze
7.18 ©HT AR ¢ oA omd
7.19 w9 ffz=izel
7.20 WG IFEE ST AGEd 29T FRAEE AN ((FEF)
7.21 ETCGEIER ok [iew smids wid ARRiReR gl
7.22 FoARE Avds o sAfaaifEer sifaset
7.23 (FENEE TEE MEAE ST oA 2477
7.24 (CIFFFE AEE ST Ol 24718
7.25 G @3 piefe Axfore FAAR omnde siftafze e
7.26  Slififes Swzge
7.27 @
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7.28 siifdfes 2 Taa
7.29 SEISF SQEEl

7.1

T 2

TIO /12 ARTE THET I (AT AoeToq IqF WE WA 97 TG WK TIOT SKH
(A Aoered SR SloxifE Agifere 23| TIOR AL SN T 29 ALY @ AEE Bece
AT | Oi9t AgIeEa ofafe fea : (i) fafFael (radiation), (ii) #IfF@2¢t (conduction), (iii) #IfsBer=
(convection) | @ RatE Wl @ Twwiiie 0@ SR (@ |

g3 G Ol [Ead ¢ oifaazm srfen seet +ifabe z3)

T ¢ G2 AR ATE SEE SECe AREE—

@I oem el |

T ¢ #aAg FF 0T |

TAeIroT o7l [y og|

-7 @ |

(IR PR |

FT-a9 A AR FPICTLTR @R I |

Ao S ChR @AGEE 9 ¢ & Fhra Mresw a |
#itss fafead 5@ |

Gl {76 6 AT T3l |

@RE o [Riead ARRHLR @3 IERE AREIRGR |

Ti7 HAREE @ e ARRIRe |

TP AgeEd 27 ¢ Eifes FiREn JEwRe
RS JArE ¢ Rien mitda o9 ARaifer e
(i) @ETET AT 2 (if) CNTFIFE RETF G2 (iil) DIFfo—Ta2d T FARAE Avieda

Sl sAfaaifzel sffawiof |
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7.2 ffead ¢

Sl AR foniv ifod T «ifazs € «iF5ew “/fore &6 N 2AEes T | T
TIeRe AAfiTe 21 | e (e sfore Siel AEEEE @I TE NN A 2 A1 | 9
& AR * G A NG A O AR RG] G (A SR ©1Ff AR A%
ze [ |

a0 FeT0e W Slot AgEEe @ AfF 2l @RI, o @ *fE @I o (A
fefe 2w iz dfeam Agifre @ viee [T 30 =1 @ smd o+t [feset w3 @t =
o T3 it oi%t [RTTF (heat radiator) 31 1y [RfiTas 7a7 =7 | TR =I5 @I 797 T4
Teifee za ARTerE G0 T et R w0 O G0 TeY W € | IgHa Tey @
@17 AfFas Fe A [iead «fE oo [fen 731 Tufre wam | &fer 43w mam
e TRtz Ot igre [fTaer a3 Sfonen wawt 43k SR S|

TIe o (@ {fiead 7@ oiE 99 [JfF=9l (thermal radiation) 351 2 | @BIT STICR W4
T e ©fte gaz “ifdm o Taifre s [isae sivea | @3 [isaed oidm [fege
S 72 | (i b =g smdRme [{ei 3@ o e Raw S s =1 SR
G O iR el #AfRibe 23 | wioi Risaes <@ R @ o7 R g3g 39w
agfe e TS oftFEe Face foim aef@iarse & (Spectroscopy) € (amife—omiefEm
(Astrophysics) &G @5« i< waiaife 2@z (ouf & Sl (radiation quanta) SRR
47l (FIAFGT g4 (Quantum theory) & etz | @1 @@ SNyl “miefma s@-iice [
@ oEEe «F Srew i A FE0E |

7.3 RSl ©iteim @Ffe (Nature of Radiant Heat) 3

Tl sEre A SIS I, @iy I, ST St Teolve Tenifats e i, s e
el T Ty fen 13 2ge 4 =1 amE W SEAE@—ewiRl A AGREeE
(Differential Air thermometer), 2f#li@@ (Thermopile), @TETRGE (Bolometer) @€
biElcaINIE (Radiomicrometer) i

@2 ) FEE AR AR ol IR TR ol St el | gl g ¢
(i) TFef 9% 5aa1 @4 o |
(i) R Stot =PRI AT TR 5 |
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(iii) ol Sera Sae! (intersity) T@0ga 05T TRGAS G (0 5 |

(iv) &S o9t e afewew ¢ afermed @ G 5 |

TR 4 SR Sy @ @ fend (interference), Si#iew (diffraction), FEAET
(polarisation), SIETRF—eU<ERl (photo-electric effect), FFbIeRF FTE ©#i7 f&F1 (photographic
action), faT®ole (scattering) Tenfr G ©io cFrae ordl T | Resw w3 wHIfwS (25
AR T T TS W G Tey G B (Sl AW | eaT KR wiof ZE SR
o2 SfSHFRR o9l |

7.4 ofownFRm waced ft T (Classification of

Electromagnetic Waves) 2

TR Siote TTer Fwed | KRS ©iot WA T© SN (GIcd Gl ST e Gleim 1 | @it
o+ A7 A @ o SR o SIivae 6 | SiEE T [ ol «F @ fofe o]
3 (AT SIS SIUH TR B39 (electromagnetic wave) 37 | [T @19 @ RIGI R el
77 RN ©itolm Sawitne) 7iRalie SR Sawind SerF @A 3 RI| oism Fies yiRamy
AR T ST T | iBalizy A SIoe (2 54 e A @ <@ oo el
I O @S (AT A I AT g | 97 SR A &A% 4x 107 "m (2AF 8x 10 "m FG |
A (A Al @2 <l qRcae [iead =i 3 Qi G 631 #0e 71| {7 o AR
qF G2 AEE g [Ea9 40 S0 | FE SEE SASmER (A @ SqeidE (3 F
FAER) fafFaeE SReNRS (infra-red) [feae ate1 | (o9l (@91 SR (AT T SASTATHT
(3 @ Fsea) [fFaE 99 = wfe @94l (ultra-violet) Rfsaet | sawincda =@ s
T fafsaers fafen T Bfre wat = 79 fiferm sfomsa a¢fiem va% 7 A = 0 (A=
A =o0 og TGS | GF YT FT 2 oD SieE | FeEa Aaface sawind sepiE @@ el
R 2| @3 @1 fTeis 37 fafve @91 @tnbei ame e bize st =31

FARG—7.1 : Sfesp=aE a@ (Eleetromagnetic spectrum)

SEL ALY e T

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

10-13-10-12 i qF (y-rays) coetg Amiel

10-12-1079 GHFAMI (x-rays) T AR AR [E
g3 T T #( 2T
(Ao
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109-10"7 of @aa afn MR T Sfe<H
(ultra-violet rays) LR
4x1077-8x1077 T S ofFg o mid
(visible light) (Incandescent solid)
1076107 SRR A
(Intra-rad rays)
104-10""1 TEerEe I9ICAG, IR
(Micro waves) (Magnetron, Klystron)
1 to 103 SIOERCEL BERGA FAE
(Radio waves) (Electromic oscillater)

7.5 oite fafead, odrad, elfowe, afermd; TR ¢ o7y
(Emission, Absorption, Reflection, Refraction of Heat;
Black Body and White Body) 2

@I T (A Ol [ 29 agiba () T ¢ (i) Jper AFted esq e |
() TIe! T TE R[ieaeE g9 w9 ¢ TIel Aue [ieae 2e @ 5|

(i) 9P TIOR TG € TPY O (AT AR OISO IR AMI @ Y o (AT DR
qig g oot JfFa 231 i Sye s I ¢ AW I @ i s Fw Syew
A N IO g© 2 oA [z w27 |

AT Rl (oI% T TIOT (@I TG (AF 24Te T sasimda [ieae Fefe =z 1 Syl
TS AR (@ (@9 T Faod sawima (e Fee 2o At | @IE TGE Ted a6
@ 2w @9 olel 3 A SRERe IR [ v G T @ IR W iRy S
oo 27 711 | T T AMTITE ARRTE G TGO RGN 20 6095 @2 SR AU (FfRoey
(red hot) @ (7 WA TEY A (909 (white hot) Z@ 7| wfe A IGH (ATF FET
TN € HtE E ey SRR A e Wefe =@ T3l Sl JreE agh Aered (blue
hot) =@ T @ e BfFA (Sirius) @3 (S9N (vega) THG YHF AT LT |

@ WS saeimds [ o @i 8T TAT SAeE—
(i) =g =¥ =S =
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(i) g wie afewlere 2@
(iii) aif =15+ ifore 23|

G2 Tsffera A g o ¢ operEE Agfed eon ST w@ | wsfa W Risaee
A @oiRe e IR | e sawineda (L) oFE wieifee RiFeR o, sl oif, ry
o foFiTe IR 1, SR SOHE Z(F

Bota, +6 =1 (7-1)

® WW (Perfectly black body) : @ g (F(@d a; = 1 4R =1, =0, ©CF
ol FIRY A |

widfle (@ 7 Wi [ 7032 (7 SR eda) e 0= @78, (@I Seee aifowime
q1 SfeF® F O o FUY 0 |

oo 18 (lamp black) @32 2 o7 (platinum black) =+ F3Ea 47 FgFfz | @3t
T SR TABE 96% 3R 98% CRIFe (| AFOATH (I T2 o FIRE 27 |

® uw¥ #@a® (Perfectly white body) :

@ IGI (FE 1 =1 @R q, =t, =0, OF T *EIY I |

.

widfe (@ 9g wisifow [iSaen T<hee dfvaime ww@, @E SREE G 97 Sfesis
T O S WAy A0 |

@2 7Y =ifewe (diffused reflection) Z(# I 2% %@ 20 AT | S FIET Sl SIwsl
WITTE AR AMET W Tl AW (F I *[F Fe T |

7.6 ©?iCew 8 OI9A-SCew) IF; AT ¥ (Diathermanous
and Athermanous Substances; Green House) 2

® TITSW] 8 OI-SITeW) I, : (ST (! T%F Wy it wieifes el wist 2 e Stz
Agifere T AW | OB K IGE Sioltew 1 [T Oiet ANHATE For 9 W, @, NaCl, KCl
Tyt Sleitem TG THEEd | SIPRHCE (@I (@I a%a W4y e wisifeos G eitsia o @
THE SfeE 2 Al | G Siol-Sicew [l RFIS Sl ATATE S I J@ 2T |

VBalEy ST (@@ g9 Way WMed A TNE Sieel Tede 2 OiMs F% (transparent) €<%
(T THE TG w1l 0 OIiE STF5E (opaque) AL a1 2 | (@I R[eew qeefa s afeye
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o (12 sl 36T =W | (@ TG 9T 7B SR Q@ T S SRS IR (@@
EE, O A |

® SIEAS FF (green house) : FHF fTog @ @ wawimda fezed (917 w791)
Afee 2re AT g IT Sawims Kl ©iot @re Ata 711 widie I (@6 sasimda e
ST (G T2 Y IC SIS SR | FIhT G2 AR 65l FinE e e A4 mee
gt TN @0 e (A D@ AT T I T (971 I | G TIGATA FF el
77 | I (AF WIS FY SR [feae FI5 (o W@ F57 Wy W@ A | @ o
Teg 26T o[ @ qE W A g Topifc 74 ot fifeae F@ o1 oto@ W A
@ T Saeitns @ 20 | @i JI5 (% I I TS AN 7 | WA T Y 27
A% | O TEN Tl IR AW @I SRAR Feew O (AT TH AW

7.7 fereitbr v R[Rfw vg a7 [RfFad =l

(Prevost’s Theory of Heat Exchange and Emissive

Power of a Body) 2

fATErS-97 ©g SEPIE : AFe 98, AFE SO (2N WA (5T (@) o f&fFaet w7,
fafesarem oifaiet 2%z Ty[et I wreat IR i wAifaolifle aga Toihafer Bem aga w7 ffeaae
“AfaITed @Il oifeas 2 =1l | TG THel 3R A1 g TG T wAfFeliea’s Wy RiFares oo
CLERECER Tk

3T A T 752 OitE TIrel SRS olet Risae 07 | Toeg 390w TEm S [l
TS (@ | AR A WCIE SImE *6E (@ ole [fee w0 of Iqcrs [fsae e
@1 | T A9 T Ot T o, SEE A9 (AT AT | ORI O] W | A
To ST *9iae [ieaees e (@ [Risae o | 9% S #Aie Hews o e 919 |
@I TG el T siaw o e e SAfstieda sest F sAfame Jifsaea [iawm 2oz o9 69
@ 3G 9l (7 (@A 8 (T I G & TF IG; TS I @ I ©lol 7@ @A 8 @ I
O 75 Aeel I | T4 7 TG N SO Sy wUe 7o 92 [feael [ ez @3k @3
AT ST |

® 37 fafead el : Pl A (A Tl AW FET TG [(AFad el LT @
@ HIB(E IGF [AIFae TSl HK (ACF T | AR S il 7 (i ae wwel € g e
g ! A = | (Tl AW STl (<R et [ifae ¢ AR (iR dwie Riews
(good absorbers are good radiators and poor absorbers are poor radiators), 7S

57 ool fefma A g Teore! siifdfes srfors 2w Feaa |
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7.8 IS ATIET A (Some Important Definitions) 3

@I TGE T TG 7 OF (AT HIRME A% wasincda [feae 2w #ite | ffeaea
Yl TG (OT0 WRF TR 7eq |

(i) fafeaet ==l (Emissive power) e, : (Pl I 9FF (FqTel (AP afs EIIFTS AT
OFF TAH A € A + d, TR M (@ *f [iae w07 oitF @ wawsita sAwE g
g7 ffesd =@l (e)) =

W (I TG dA (9 (WS di GTHS TFON do TP L € L + dy SISda Ty
u, d, *fE RiFa9 w7, ©f =a

ed, = u,d,

idmdA e

(ii) Ce@el ISl (Absorptive power) a, : (Il IGI ToF WS SAWITwCA W7o
fafearan 7o s (iffe =@ ©itF @ SAwiay @ (iEe el e |

T 4T R @ IFF (FAFE L € A + d, ST W dQ, At Rfsadt snfes
7 ¢ (TS ¥ g, dQ, T, O a, T (NI FA |

UGS CF(G G OTACE G q, = 1, S TG O a, ST T 9T AFhed
T |

7.9 FF%-99 J@ (Kirchhoff’s Law) ¢

@l e Tyfom FMive Sawitrrda oFa @ia 353 [iFae el @ (g0 FIed SRS
¥F W GR G2 AT @ omaE wved FIREa [iFae e e @)

W (T SO (P! TG A SRwince e g [iewe el e, € oofiFel wwel
a, T aR @ Tyorme & wavl wodE v o FaTEm Rfswed el E, @ W,

o =E, = g

Teffe A0 woe! Teod (@ (*F FUele Teod @1 | (@I I TIOR T (@ el
ANGT TW GIATR €3 7@ 2Ty 2 | (el e ©ieee)iz Al [fen «mnda @ aofien shem
I O TR o7, ERE @2 9 A@ey 77|

® oiNiel : {3 TG 2 N S T TG | W I G0 FiAl S g e Ssrem
N S| T I ST AT L@ A+ dy Seitncdia Hfmi W [ s | e siaie
T @0 I T 23 | TG g Ne Sl A wiE | «fF agiha [ifeae wwel @ el
O TNSH ¢, € a, | AT (ST (A [Tt g7 I THAT Az | Wl age [
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TR | GFF (FAFCE L€ A + d, S W Afe erRs dQ, [ wgw Toix wivifes
TE G CFATE (IS *f5T BT = a,dQ, | 4T (FAFE TG T QIS W 7 =
ey d | AP @ 76 i |

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

IYH I @ FIIY @ W AGS W L GO
a, =1, e, = E, (FIF [ =)

AR (7-4) (A AR Eyd, = dQ, |

T AW AEd (e [iadt el kg [fead e wmiw | e Ssew @i %
ATED W @ T TR [fFae o | @3 e wwel foow 2 @ age T e
A A TG (T (P FAT A W A R[ieae FHag [iewew g |

dQ)’
s Tolitme @ quW|wmem@Wﬁﬁwmg—xw,

O WY FREAG. IO WS T© 2 F40 AW Eydy = dQL, WO E, G g7 |

P e
o] [FFE-a7 G ﬁ=Ex= Fuags et =t |

«Z A AR T FoAl SR AGF N2y TG0 ONE 4T (@ ZAE | (2P (@I TS
e, @ a, “fFHlieda Toiw fWex w0z W, ©IR W& FE W CFC 7 |

Tefie R TWI (GG € I IR G2 a2 |
Fe-93 9@ (A o Yol Prag sie T ¢

(i) @ WS Tarer afee T Heil otas foera [fead ¢ Faage fead 21 @3
T @ (I TG e G2 [0 ofi@ S 711 St TAmiE A3 ¢ IFEd Toid
@2 R e @ 711 57 SRR @3 Ridre FRea [ieadz | a3
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(i) @ IGF a, @A ©F ¢, @ | WL ©IF (72 SiE [ieass 7l oo QRiel <iEs
e [ |

7.10 F3RE ¢ FJg [AFad (Black Body and Black Body
Radiation) 3

AR (I T2 Sl FIEE 1 | 65%-93 7@ (AF 74l (ol (et s T3rerm T el
Aitas foeraa ffeaez SRy [ead | 3 Tifsa R FIE IR 2Nem 787 g | 356
age @35 FITY T GG F41 T |

® (%f7d F3F (Fery’s black body) : (FF FITY 2 4o FEHAIT 9 4o (AFS |
9T TG G SN A | AP SIS 560 *dl Th | O Zo R0 2 7]
(B=-7-1)1

0-93 75Te T (T ST *IF SFhog GTfo SfSFHwre S A1 27 | 46 7A@
oo =I5 QR T 27, e Ao ¢ FAfaza 49 % 27 | (@i [iegd O 3¢ M fowcas
A TR IR I Ao @i A e =@ 3

ferma oz fRoldie e winga e *1eg wigfen wfetey ol A T o o
AR weifee [ae 2ferhre 2@ SRR k7 M@ @ (AF @RE SRS 213 J); dfowkme
2z e iz 53 IR | GoiR 2w ToF Sisifoe
ez G e 2w o | odlie fomfs o
TGS T W5 A | (T FIA] TR G N
IR TGO AFNS AR @I I (e G (AT el
Faga Tfead 7| wdfle T e @3 TN
AR M A Ol ey blee YR @ e |
3 W (] 7ol T @6 (ReAE (2 =
I Rieeeg efewfhre Fa03 | T A [ieae
T [0 2@ | 3 sAes rens e Al
e @t FITYT oL WG FACE | (T
J T AR Oiereft aAfefe 2w | feg
TS (P! TR ©© 46 v FIEYI T 639 I3 | fowr I¢ 20A SR ) JIFe 23 | =m
T T g AR A | [ (T 9o FIRY (R AR I 9@ (TR

FEE T =
® T fafeadt ot siof v : st F9e @ @I SRR [iSaes ol i)
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e i FRFF AWM [RiFace s [ifeame 203 | wielis s iy (e s et
I TSR T ATE | GG I FIRG (A fofe [fdaats spef ezl (total or full
radiation) i I3 &Re=e (black body radiation) F&1 23 | fasfe Rfsara #Fhe 2Aga TAMIE
APToT To7 767 T 71 | Wgo@ aq S Toi7 s Tea | o Rifimace S qeot o Fieicm
@ FITE AT %0 T |

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

699 79 (A0S AT (AL = ST (€T ol [{ieas @ st (s et [ |
@i R sarsia ffead 7 (it ag7 79 e =0 ora T s @ 99 @ {eiE ware
fifead fsfe wata| ey fige 7 @3l Ta=e Twizad (A @2 S@d Aore! S2E (@RI AT |

(i) 9= AW B @I Ig e [FEo! S SR afeg T TIe (2T 1000°C)
Tag I SICeIft S 9 W@ (e FifeT et SieH’ AW SReI Tae (@9 Sege
CRAITE | I SRAD ST (oI1eE 0 @3 (@1 g Tz | ©i2 @ Sikee Segen @+ | o
AW ORA ©IET (<E 7 0 oie [feaee Tr—oR @7 SReE Sugey N |

(ii) 7 wNE 7 FI57 foon T qenm TN AF fon Sy qeefa S ohifTe 23|
AR AT e | e FAF F6 G T AT OI90F T (e 3 |
A IHE TH SO TeY I TIIF WA W@ (o7a T e s [iewe sate ot
A | (P A (T A0 SN (R B SoAgT ST @ el et e w5 | Redres

Rl AIFR AR @2 @R AR5 Aore! 2Ed I 2R |

7.12 56 7tag @taet (Applications of Kirchhoff’s Law) 3

Erifefaes ifFe smiefamm @ i fRw@a (astrophysics and speetroscopy) &N
@2 A YAl RSl SrEredial |

(i) P 3@ Rosae e+ ferem Iz w03 @-3@ ol o oo fFeafen 3@
(continuons spectrum) | At THOOT AFT AR FGAZFA (Fraunhoffer) Gl efieia
@ FESO FIEN @ @RS A | 99fe@ @irge 9@ (absorption spectrum) J& T3 | G
Ffde @2 @il Sesifen TRe ik o e <1 wifem 3w saRe @ o=
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Ui sfasel $@w @ A, B, C, D... 2onifv orwx i Bfee e | avre weazea @t
@ 23| FICAEFR AR 500 BF O @2 (AR | IS SRl THed WE 2% 20,000 97
TS (@2 Ordl (9172 | -3 @d R 3 (@19ffe1a Teoifen I 101 TSI 2= | AIFHIN
TS Srefere w0 (@ 2@ I@ (emission spectrum) *INSH TR SIS (2 T TICTZHET
e D, ¢ D, (s S el @R Elifea epe 7o et wasine i | fedg-a9
SR e afewied eI Soifefeg S @ Tesifen TR | e @ @ e T
@ Biol FAAATE (@A ONF 0 WAL (photosphere) | SE 41 T 2 SITFIEAGE (2ATF
71 T OER oo 2| e smief (@ e SReAE (R | SN GEd %@
AE PARFEFOIE 3 SO IS (chromosphere) | 9@t “mief ST S22,
weffe fafen (e @B Si%te ST SRR SI0E | SN GE (S Fefe faafeg afiae s
IfreER Wy i qew Aww, @ e [ow [ew dagf eor agfe sad Wie
SIS S 199 T | (@S (S 27 7, O 9y Gord Sige! F3 26T IA IS
@ FI TG SRR (S S ANST I 1| @ I SPRA I (@4 Ordl T,
@Y i 9 e <@l | GRifeas F2i Reasal s @1 AW, D, @ D, e I ete
THifRe Giifea gl e 2@ | GRew D), D, FCAg@E @9l SE @94 ool ol A |
GOIT IFGTE EICATT ST 2“1 (517 | AT 76l qf@l € AqPisig [fen
ST feoe 3R e Resdd w63 T WeE F J G o o ai= 9 |7
e S @@ Ol (e wiey Aedl IR Ige ARG Remw  iew SRk
IR T G @7 I et (olfee | Kide-93 s[eaa Teret aiifee ©iF awifae e
Ao SRR TN IfNEGH (AT [ofe wEnF Rosge 67 | 5o oz 7 SEAeNes S
T BT AT | @1 @ IfNEEa (AT oo e Red oee @ G @
AT FIE @A Tege TR | @ W SEFAGER O SNEN AP A0 ST 1 | IefTese
(RATFE ST ST | (eI GTierefe @2 @ faesa R <t Fsfe saem | [Siereeem
Toibeferoe et (Teaefel @B S e 363 | 75g &a Sige! (@g St S (]

A TS S THEGER e Rusme w0 J F (e S TwE ToAfee Sy o SiE
AfSICe IR TS “EfR | GeiE EifeRem F=ifFe smidmm staaerm wgeifs Tea Tre|

(ii) 3N el 5297 F0aa 2! 2R I TR 2TF AZTS TAR | (@I Gsd
7Y Trefere 20 ReIT S0 74 3 sy [ifead 37 s fofe 3 | ama Fiies Wis
fog e @ v | o @ WiTs e @ afde @ 2 @t sTes 7o @ @ Ay
o e a9t wwig R e wfn ffeac 3 1| o siaeE o @Ry @ @ AREE
AR |
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7.13 FYE (AF 4 [Fae - Gow @™ 7@ (Total
Radation from a Black Body—Stefan Boltzmann Law) 3

FI=Ea fafeaet frm Baee (Tyndall) B (Dulong) € (44fS (petit) ffeq #13mw S| @2
AR ASHG T (A 1879 B (5. G5F (). Stefan) 45 SfS@ow (empirical) 39 fefa
R | SlofofSRR AR 1884 RRGITH @FESTIN €2 5 2@ F3e | 42 Fafb &Iersig 7o
fafearm cw@z areT | @2 qalb Porm-@meme g T sififoe | @l 2o — @it sl
T Afe 9T cFaTa (A 2 G R i wasieda #ifea (I «fawid E @ awg
T TS T-47 59d qired AT |

EooT?

TARST 495 1 (& FOFE gIF (Stefan’s constant) J&T T | 2IFHETY 1 G W S
MR @ (-5PAF € Gred A9 (Gay-lussac’s and Joule’s experiment) (27 el TE—

o S SR (eI, Cp—Cv=P(g—¥)T
o ST e &, PV = RT

. p(f‘_Vj _R
- 8T ),

WOET Cp — Cy = R oo (6-18)
6-9 e R 2ff9Es : (Isothermal changes of gases) :
g Tyem WieE b9 9 STerd 2 e a3 AfFeSare Ao AfFesa e

Tl Y A A0 G2 ARSI T = 0| Freiiieena T3 729 it «2 AfRse otaw
AT TS |

R ARRSS FeE I T @6 SRR T SIF SEAD TG | WA I o 46
GIned Wy WS TIerd g wAfamie o Stz | (I GUIERTE TR N HAte HAd (N
@36 4fed % G iz | 93T TR 47 A qF Pifve e @ea =1 97 T
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7P g, wAfetlel ST T3 | @2 I TR Gy eI Sergar wifE @32 A A 67 T3
TS W FAE | 413 (BIUeT (e AR 26T Ao (AT ©lof (reE™ N M@ i
#aifEe =@ | e e TIrel e e S| Tl 99 fim B weeile we Tyet e
YR 4T (@ AR | G2 43wa ARTGa2 AGR 29 (isothermal expansion) |

GFTOIE G 47 BF A@ kafre e AFE MoR ToF g oAfasie s T4t 2z
QARCE, T ST Srergdld «ifg € 2 A 65 TIO! qere ARE | (BIed (reqe HoAfaia)
2, S Al A S (A AN 2[R 2@ A | TE eF T 2w P AR |
% 4R ARTEAE AENE ALHIOF (isothermal compression) F& 2T |

G2 I (ATF AT T0e AETT—A ARSI Gy o7 (9F) €@ Afaofiesds Wz
@i 5-67x10°8 Wm2 k4|

T (Fefed TAoR @ FITY Tk Ao ARHAedT wug @ (T>T,), [Risaeem
TG A G R (AF (0 #fFTFET q9 20

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

FIRYD A5 (AT T TIOW AFE #fF Ae FE | G (FAE€ G AN ARS 207 |

FIEE DO T TG @@ [T 57 sAfwe (7-6) AT 2we [ oo T 27|

c ¢ g3T | IYI PR AT $7F IS8 F@ @7 T 0 (AT 1 93 Ty 77, et
2Afoerr O t = 0 G S FUIES (T € = 1, I IF TG HIeIT et i
ol (emissivity) Te1 2 |

® GHTIE & (ATEF FTCH=a Arwerl 3@ (Newtn’s law of cooling from stefan’s law) :

WA PR I I TS Tk 93k G2 Tl ARATCE T Tk (T AR @ | GHZFIw-
QR 7 PG G2 TG AfOGTP (FaFe (A0F (M6 OIHFEE 2

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

G T, € T, 47 W FRR 26AA TIOH OF ARTEH THMCE FALE FEM SLs
gz (T,-Ty) | oz (T2 + T2 (T, + T,) @@ Pa i | Sroad @<l aR—

E =k (T, — Tp)

@A k' = o (T2 + T2 (T, + Ty)
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SOET Boo(T) —Tp)ewveerrenrenene (7°9)

wefie AfIHATHE %! @I FIED TIAOR AL e R Ty @ g (A SIAFED
27 & Tyl SN Hifes 2w, @2 et Areem 3@ | CEPEPT (FE € 2 FE
TIOF ANfFT T A | Tedd

EOO(GI—GO) a’] EOOG ................ (7'10)

G 0, 93K 0, CGRIPRIPT CHET INFE FATY. € Af=Iesfa Tl 0, — 0, = 0 = TIO¥
o127 |

FOFICTS 0 O NEHETe e FITY Y S TG CFCY 2y 2 Koy e iAo
AT A S T, @ TN TG AT AFhen TAw frde T

7.14 2F-97 [R@A9 @ (Planck’s Radiation Law) ¢

o} Rifeae TR Aol FreiR AT 27 O T GO @RS 7 (A (ST |
@2 fafare 7@ ©iteia s sawindz THfers A | [feq sawimds w «fE Frei afoe
2 @1 AE Reel o7 (Wien) si2es Sifes SEsal e @R oisfsifefmm 7= @3
5w g el 0Ew | 2R () A foR-9F ofm I wreimde [Risaer owE awe, @
v «@ft arey 791 @@ -ERT (Rayleigh-Jeans) STIRSTEE SIER SfenaaR ©06a
(Maxwell’s Electromagnetic Theory) R G 1<5E (53 T | O (@ 7@ (F— (L] A
(FFCE Harey 23 el |

@7 7 N 2 1900 fPSI S Yorewa) woed AR [feare Wy avma e @
e WY 2 | S ©¢ SRPIE— R =If$ M 739 smmans @@7— @I Faaberer
=7 =11 | *ifg i =7 =ifg opz It RIS I ST SR W | @2 =fEeR A GRS
@G (photon) @1l 23 | €2 OGLF 1 T3 WENCEE (PRGN ©F (gnantum theory of light) |
e giFell feet ofemaFa wavl faafved | (RSN ©0g O3 [oiae aRel—Rros i @RvEa
W =i [ 27| 92 ores AR o @ *if§ 35 @ Mem o ATHETY T A
T e 7|

@ S e (y) [JIRE R[S soa @t i ofer =1 a3 @3 =ifF (),
FE (7)-9F TATSE wdfle € = hy, @4 7 @I AT 375, GF A9 T
(Planck’s constant) 3 f&1F (FAFGR (quantum of action) J( | Zles-97 ©g SR [t
Fof1e ¢ TE #IfRT WaRe e = hy “ifawes offdes oo widfie =ifF wifawe =7 €, 2€ 3¢, ......n6e,....
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T@)iir; FAEE € @ (@I N B [Hevae 37 71| @3 (@SN e A I A, Wi
THE (@ AR Afev e ©f 5w

&nhe 1
Exdxz $om

el —1
94 E, d, =@ T T3ror afwe R Rfemd & ¢ A + 4, sawlmda sy Rieas «f,
k = @ESFIN T ¢ T *F T SEE (@9 |

O3 AR ADE AFEY ST I S (4] T O] (T (@LHar iy T4
T ol | AT A h 49T W AAleT T

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

A

A9 O AR Wy iFwens Avweng T w41 ¢l ©f Tr—sngf Amd e
Rfen I @3 &rls @32 [feq oA 7 T 93 AR e T4 |

7.15 Ga & € Y¥d Tyfet (Solar Constant and

Temperature of the Sun) 2

® GTA 3 : 7 (U 7R 5T Y0y AW Al O G0 S FIoe AT
& orETa 2AfS 791 GIFBHRGR (FawER 97 IRNGER SReAH 26 [ oite @ wifqmne wemfs
(Rfed) wvfoe =@ I GTF 3T I |

G4 g30Fa W+ #zarafeie 6 (Pyrheliometer) T(FF AR Fefm =t 917, @2 439 I
2 1-937 cal/cm? min; 9%, 93, CFF 97 T 24T 1356 J/m3s|

® A Tl : O r IPIE Wk T Tl /S ol FIR 40 e CoRIa @i
T (20 AT o 7@y R-F IS G @I TS ofes el F90, 7 (@i [T/
T (IR 2d R ERARN SN TR ivfes 23|

(IR AR (FaFe = 47R? | IO GG

g Anr’cT?

e 60 [CGS ]
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R, 7, S @R o 9 ¥« PIGsT «eq I T = 5723 K

7.16 Rfeae «ifEiffe (Radiation Pyrometry) 3

e TH T AR dforE ARfife awE k@3 T I9ge IS ARERGR
(Pyrometer) J&1l 2 | K=o 7@ 2019 0 (@ 7 IS T4 W OIS el 2¥ [ieel ARifoE
(radiation pyrometer) | (i) GBI @ A FF THe! ARAT TgqE 791 27 Al [fpael
2AZCAIGIF | (total radiation pyrometer) (i) =IFF s oy [ =ifF ifasiiet w7 2A7ces-
T G A [ SIS AT T 9 2 WY AREIGER A 3 AT (optical

pyrometer < spectral pyrometer) |

ARG AL @ I TS Mol 27, O Fieef oz ardee =@ =1l =&
v (ACE TS WAl AW IR @ (e T Tl WAl A | sfef [fwwel g <miw s T
A T A0 FIIIT SO AGTONR @R A T ARG [l T | TFUIET SO AT
A AW 1| GGy [ age Sl Aficem faee @ SIron $I [ (A @58
s Rfeae s @R SR AR T =) @2 Saers @ R i [Risad Sy
(black body temperature) <=1 2 |

(a) c=fa= 91‘-‘f fafead fiZraifiGi@ (Ferry’s Total Radiation Pyrometer) :

&7 Tuifte @2 AR@RE @ S @ 2 [Jfeae «Affs s@ eowEs s AR
T AT 90 | I3 0 SRR (@ TG SO MATO I GRR T (AT Ofofe [iFF <o
T Tws Tl M-93 BA7 @t =3 (g 7-2) | RiSaet wqws welte afswrlrs am vt s
2 T Are P T TR (g T | G e HATe i P HArers Tmife s [feaet e
T T4 T | WofoliF A e AN e I SrFeid @iF 341 2 | s @ F49
Tl P Ated 9% AR g6 SEqe wold D, D, AREE e 5° (F 10° (@ S
OItF A4l 2| G CFRE A 0-75 mm APIEHE G0 2y o2 A | @3 e Wy facy [feael
P A7 @77 21T | SRws] wof(ea TR AF Sife@ (eye-piece) E @ W2 Ay el
=, AT @R A M SRes vt 2ifewfe [iwe, oFmE D), D, S woAre
Afewire 2@ ¥l o gaer afof 5w 3@ (B 7-2 (a)] | 70F @R T 2@ 96 weftel
T A (il AP wEge AfefT 5o sjRmena ordt A [5G 7-2 (b)] | S_es ool
A g A AT @I 91 27| P olited s e @< e T-93 @i wReas!
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TF A | o KA @ qeant [l (erbinE 38 A | @3 [ewet (@0is P iics afsfiras
2iey AR T ' M wefd @l sifos afsRisa s 3 D, D, wofdl 9fba W@ fares
(AF AP IC T O3 P 7S 2AfofReaa 2iiey TG 7A0e7 8 ed I3 71| TR el
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7.18 ©Te AAAFAR ¢ FAfFAZ *Md (Good Conductors
and Bad Conducturs of Heat) 2

@574 Hmida W T wi e AaiEe 2 e Ao @9t @ w9 Amids sy e
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FAES 77 492 FAARRIZ | A il ARz Foro! 79 (I @913 9F AT O € SyEfifeiem
e | RS SiUre wee FAREIR | S W GG AW AR |
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TR Ol FARER | W TP Ol FARAR | *FrEs W i o HAfRees 27 A1) o
R el eAfeeiET |

7.19 w9 #f§difZet (Themal Conductivity) 3
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@32 (iv) ©IP2ANER TR A6 |
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dt W@ dQ s ©iel sfzaifze e wie
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FESB AT O AR (97 i 9wF)
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ol 3-864x10? 7o 0-546
RiGIREs 2:016x102 % 0-42
BIeTE (3Tl 462 T 0-42
A1 33-6 sar) 0-126
AW 0-016 g 0-0252

7.20 WS IARE SR AGLAY QAT ¢ FAE-9F FAFA
(9% WifeF) (Rectilinear Propagation of Heat along
a Bar. Fourier’s Equation (One Dimensional) :
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9+58x|7r®ﬁ3§ AR CFATE A GI% G SAMICR 7.5 R
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2
KAd—?fo = Adxps d9
dx

E + Ep5x9

dd K d*0 E
q, = P _p9
Tdt psdx®  Aps

do . d*0
q, —=A———ub
dt PR
K Ep
A=—, nu=—2-
G os u Aps |

L (& T W e Aieieel A SieEiige S9! (thermal diffusivity or thermometric
conductivity) | fFESTe SZ Twee! IR 2T 9t FteiTora ARG “Af=ie T 7 (7-13)
ANFNE @ MeF Tdie WG O 2[Ed FEAR AN 6 |

ffeara wge SiorFn Srorw Sace widie plRe (2 [{fSas 2o a1 e E=0 =) v

2
A9l =@ @ﬂd—? ............. (7-14)
dt dx
(B) (Fare =l 31 FRfERer wieeal) ¢ o fegeeel «ita mes =ifef e Sweer Feg =31
U %=0 | (7-13) 599 (AF ofeT T
d’0 _pg_ . 20
W—— =mv ... (7 15)
Eb
2 »_h_Eb
T T RaA

Tl I e oo sjpee (2 [iae Seamam 26 =0, 93 Aiesete Afiefee
4 2@

O=Ax+B e (7-17)
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x=As 0=0, ... (i1)
2N SN 0, =B
0=Ax+0,

0,0
e e=eo—[ 01 ljx ........... (7-18)

G2 TR O TIO| g (F y-I0F G YR (AF TG x-90F 401 @14 e 45
TR e W AT o = R (og 7-6)
Tl 11 3 72 oz oped @@ [ieae Srorsam @ ot w99l (7-15)
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dx
4 @ M g pven
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WWW?@F:A%e =n"0 1
X
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X—>
TOAT AT T g = Ae™ 4+ Be ™ covve (17-19)
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P Taced et Teeld Afaase |
TS (AF A € B @7 W W w9 1w
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B = 6, 7-6 Peg wEE fead ==
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ANE) (N 7Aea A0w] Sfofg Taeel Fuce A6 (ba 7-6)

7.21 TEEREE HAdrw ¢ [ifen amida ot offsaifzem

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

fafen «fxai2 smiea e S, o, @, e Tenfn) e T @ efEremE v et
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AT MGH (@ Y ARG (N Sz G4t GResl 0 | | weojfer AT o791 20, ¢ A%
Tree] T € AT (AF 97 AL JT | Te9F (7-20) FNFFE SPINE
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a MK K w (7-21)
N
Teffe MG TAMIET AR @EER e q0ofa JReeAfSs, 2 ATTAET AR G
o Y (e RS «arga wiffaifzst gee 311 T 9iKd @I wed SAmEs Afaifze we

T A oifere sapfoa oo Afaifee @dT w1 T3

7.22 FARARY “wieda o #ifaifst #fasief (Measurement
of Conductively of Bad Conductors) :

AR “Mefa 7Y T 2T (@ OF 4T ARG TH oo (@d [few fare Twee ¢
“AfzifEel ©iv wAfzse S @ da el Az [ S a7 | e FeAE smde o
sAfaifzet el Moy sat 7 =1 | ueFE AfaifRe Sk g el fPed (2 [ifefe e
ATl (< (TR | 1% (TR g+ Ol AR 7@ 1| I, T, F, Genio e g
AT ([T A (@R R, (IR (EE [ (2 I 9 = Ao AR oA
AT 27 |

7.23 (FEWFE TEF (RSTTA SAW o7iediz (Radial Flow
of Heat at the Walls of a Cylindrical Tube) :
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AR 7€ 7y G W 1| (D@ 7-8) | 7o fewrag wiesl or <99 ©fveeqiz, T e
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== @

7.5 (ORI AEE (ST ShE SiA2E
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ARG Sree Pog 7@
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7.24 (NFFFR (ATF AW oi7e@z (Radial Flow
of Heat in a Spherical Shell) :
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7.25 G @3 vivfe orafere FoAfFaidr smida Ao

7 (Determination of Thermal Conduction of Bad
Conductor by Lee’s Disc Method)
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5:67x10°8 wm 2K =@ 9 &0 W Fo @7 (A9 Fea Taeel 5732K)
AGA : @l T I Rg P (AT AT T 779 R
R B}
ST A (e I 0= =4-64x 107 czfem
SE
7 wg% @ oA ' = 4nRgoT?
c = GUFE §7F T = JEa FEFal Taeel

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

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

= 1322.9 w/m?

TwizAe 7. € a6 (Orion Constellation) €3 @36 =#@3 (&if® @@t (luminous
intensity) SR E 17,000 70 | R #97 TFeel 6000K ZFE & THEH TSl FO?

AL : TG € 7 Sgel IWFE By € E, 4 THew! I T, € T, ¥A

E,=oT'-E,=cT}

(lifaaifetrs Treel Srorw T TER)

&zﬁ al, Tf‘Zi-T;

E, E

4
2 2

= T} =17000 x (6000)*

- T, =68511-5K

TWigas 8. (S THAMED €217 5 cm 7JF I9F GO SR G3R GEANE SAES AT Tree
—20°C | T T I9F TEAL (34 G900 A2 AGAT AR TV Fee] | (ST SNZ TGS
ol sifF@ifzel = 2°1 SI ¥, T 998 = 910 kg/m3, IFF @R @Aeld =3.36x10°
Jkg

TN : W A GEHEAT TATT IRWGIE TS _go ¢ @R (T (I AN GEd T
T AT W@ (@ x DGR 55 W e TFwe! 0°C | [WHEET 04 W@ T (@6
g o AAfTRiRe @ e T Al (e i I e =@ «fF TacEs ot sifaifze
K, SRS oF O (R A, dt T T (A PG AAfR[ie e

KAO

do = dt

X
49 T AW O L @38 0°C Tzewly 997y p| dQ IfFsie ©lol =@d Ty Seo 90
g

90



_do_ KA

dm="p =
AT (@4 dt TN dx AR e
_dm _ KO
dx—pA—PLxdt
PLx
—dx=dt
g ™

TEFE t AR x; (AT (T x, e, FHC TG e AR

PLe PL (x," =x7) _
“ ol, =[G =

PL
" f=ﬂ(x22 - x7)

QLT (ST TR,
x; = 0.05m, x, = 0.Im, 0=20°C. K=2-1 SI unit
p=910 kg/m3, L = 3-36x105 J/kg
S 910x3-36x10° x {(0-1)* = (0-05)*} _ B
= %2 1x20 =27300="7s35m

TREAY 9. IFI GHIEH (AT SR 26 M@ (od @ 99 (@4 0.08 m | @3 fowEs
@eTH 0.04 m FF m oige | 7 AT fTeEa Twewl 10°C €3k AEEd Tl 20°C o

O AN RETE THS| TS FA?
[259 K=0.168 SI 9= € 39 K=0.042 S.I 4]
T ¢ 4 T ¢ TEA @9 TN x; € x, € O ARSI K| ¢ K, IRET
¢ foorgs Tl TS 0, € 0, GR FEPATT TH©! 6 (0,>0>0,) 77 (FaTa Al
it ©is offf=ere 2" e

x x>
L =XAG, -9 KAG-6)
' X X2
% 6,-6 _ 6-6, > x b P
: x /K, x, /K,
A

?ﬂ,e(1+1J=92+91

/K, x/K, )] /K, x,/K, 0, 0 0,
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% G[K_gjﬁﬁ

Xy X X X

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

0=
Al Kox, + K,x,
ored wE, K, = 0.168 SI unit, K, = 0.042 SI unit
x; = 0.08 m, x, = 0.04 m
0, = 20°C 0, = 10°C

o 0:168x20x0-04+0-042x10x0-08 _ 0-168
0-042x0-08+0-168x 0-04 0-01008

Twiggd 10. 93 19 @rgmed @b 2@ 100°C Treew SR Ao ot | P s
T (A7F 0-1 m 7@ @F0 [es Treet 60°C, 0-2 m 7@ S0l @ fwvre Taeel o 23 ¢
(M opee (A [iFe Srorwam)

MY ¢ e SR AP (A e Seorm sat FREEs ANed 2@

=16-67°C

2

ﬂ=0, 0 251 x VACEd TSl

dx?

e AP @7 AT e:eo—e‘);el.x
@I 0, = CRTF T, 9, =/ 7A0Y THEQ| (R Wy, 6, =100°C 0, =60°C,/ =0-1m,

x=0.2m

100-60
0-1

Twizdd 11. 2x107°Qm  (F141ss IF 1 mm IR GL Ot 10A ofeedz 22| 935
1 cm R @@ AR e w6 o orent stz | AR Amieda Afraifze
0-252 W/m°C $9RAR @@ oo ¢ qifgmsa Sweo sl Fo?

TG 3 (7.22) ANFI AT (@@ FATAZT W whE OIS 79

* 27KI/(B, -6
Q= (1 2)
)
ml 2
n

o
?ﬂ, 61 _ _ ]"1
2nKl/

s 0=100— x0-2=20°C

0, =
G0 }’1:5)(10_4"1’ V2:5X10_3m, K=0.252 Wm710C71
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offe 2T ARE Im T O Ol SeAWET TS

)
Q=R =B = 10y « 2210 !

n(5x107%)?
= 254-65[W

ln(Sx 10:2)
;. OeE@EE ondwy, 91—92=254-651x%
=370-32°C
Twiggd 12. 0-012 m % (@12IS #ITe T ot @3 Iwee Afza ¢ fowraa Taee g
120°C '€ 100°C 2ife T517 S #Afwid & AATgS 203 | (e IR IFEANCE 0 T CFaa]

5m? @TRF Oivf +fFifZel 84 SI €%, TET AT Aerelst = 2-268x10%J/kg
mkg && 1 4B ai‘ﬁ\;{\a 1G]

Q=ka="%_ 1
X

;e KA (6, -6))t
Lx

_ 84x5%x20x60x60
2-268x10°%0-012

TAEdd 13. 5 cm € 15 cm IPIER G5 TN HS (SR (R fTorad =i Fowas|
i ©f® =itz | Fm afFe @ 2O 10.8W 203 =% 2438 29| 4 (9ieed sy Treeld
AL 50°C Z0#1, T TR oA wAfgaizer Fw)

TN ¢ (7-24) AN S

= 1-11x10° kg

_ (.) n—n
K= 4n(0, -0,) nn

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

Twizae 14. 0-:3 m 7Y <0 6 T79 2L I 0-01 m 9T FTeTeE@F AP 8x1073 iy
@z wee foes e afe FfRG 045 kg et 2i@ifRe 2= =i a3 siaeir @ 760 mm
AR BICst 3o/ Bz | T 77 74y @ 2[ifze 2677 Wy weEE $wee! 20°C (*TF 30°C
o | FIHT SRR F9 2

WL 3 (7-23) Fw9 ARG A AT

93

= 0229 wm !deg!




Ko ms(6, —0,) ln(%)

2711(93 _5 EGZJ

G2 m = 0-5/60 kg/s @& 2T A
0,= 20°C, 0,=30°C, r;= 4x1073m, r,=5x10m, 6,=100°C
1 = 0-3m, S=4200 J/kg

0-5 4200(30 - 20) 5x107°
K= In =0-552 :
60 2mx0-3x(100-25) (4x103] SI @5 |

7.27 emEfe
(i) e e 2

1. (I 41T MG IF AT o] 40 T4 2@ T2 2@ 60 | I ~fere vl gifere
e

TR TAE O TNE R W @ [ ofere oA Agifere =@
TR A TS AE ST Tped FA1 | Afere ool Agifre zme
T (AT oot ARSI F fere Agifte =we

TR e 9 aeia S 9 |

I SR SFwited (oS ot e |

o FRETY. FICE A0

e WO FIE A0 2

i ¢ FIE—IF e ARRIRS @ e

10. <7 ifaagea oFg Fam @R wie F @R

(i) <Fre TerEa ef ¢

1. w7 AgrEEe [ioad A4fe i T ?

FHTY 0O I @RIE?

ot o f&fsm og 12

ey [ kel e |

a3 Tew e, «afh Tew ¢iimee —agian F971

FRIY IS AET? (@ G (a9 el @ (<7t wwel @e I @RIT e
‘Tt 2T A AIST FF JE WAL

FHRIER @ e 737 |

W o N kWD

® =N RN
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9.
10.
11.
12.
13.
14.
15.
16.

17.

18.

19.

20.

CEORIET 9 (AT OO WAoo 7 e W FrelE?

Oio (oW @ 9 Srew I IE IE?

FICTZHFE @Y FE A2 97 Teolfen Fd e

fafead siRiftEs Tife Fie

CTR &7 FE A2

e AfFaifee k@l w1 CGS ¢ SI *rfore «3 935 F?

Sl AR W@ A =)

@36 (] FIBI AT € GI6 2T FIHI AATE Fo¥ &l G (@b (O ANSAR
TR @Ae I o Tex e

Si7l #fREiRel ¢ s AATeR W TAE Fie

7l 21IE SARSTE SRl FETe I @RI |

G FIT TIE ¢ @I 49T G IR T R W A I @Y
q?

T FF B A2

(iii) BT ey ¢

1.

(a) (I <GS KIS Foel @ g Tl WS J (@RI

(b) TE7 f&feae ¢ e el TiFe fofw-9a el [ge s T 399 | Fa9E
Jl? VR IO TR 2GS F41 IW?

FHTY IS A 7 FAIGA [0 FFe EoFa @EmE 74t ke Fg4 ¢ i
TG | 3@ (AT FCGea Aoere g Frelt@ TeAve T3 T2

(a) (e F] FE AE? G (AR FIGI A& ey |

(b) CTF &= J?

(c) GOTIN @ (AF AL Trew! Frerd oAfmel T4 T A1 T |

(a) TFT-97 9@ (AT GRS FIET TFa @UF Teodfe g T4 |

(b) Zricees Kiwmel o@fb forge | wisl Rt (@RrO™ woegs @ T WKeFe [
e |

. (a) (Ffaa f&feae oifEfibiEs AR Saeet AR« JIewe adfq Fg1

(b) =1 TFAT ARGRGR S )ewe 39T T4
ST TGRS 218 FAFe Flam-ag FRee 2w a7 | o1 aisiTel I T2
e s ARG e g | Freia [few wea oot AfaifEe gom s =0
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10.

@36 TPTg FHl Gived foon ¢ Afzmm o= o [fvs fon S amE @I w4
e o7 e[ = W A

a3 (AR AT foorad ¢ IeEg oa o Mg 2Ny qrdl =iz | =@m el
21T (AF ©l7l AR AR e w7

SiISfen S FARAR s o ARERe Fd@ #di-aa “fe Jerog 77 A<CEe
] g |

(a) 9> IYF Mg G637 ©ie AR Sba (5E T 28 O qlioiae] Sba (G
@ e oM [ 97 [edrebe w1 zwe HAa | [ 3991

(b) K, € K, 7 ifzaifeer 7io swreigfes 26 I8 v el (qieem 9o 2l sifaee
T4 @ (T (@ GB IA (A% O AREze! = 2K, K, /(K K,)

(iv) Afdfss e 2

1.

0-01 JIPIET IS (INETF S FRITEGT T IG5 7 | @5 873K Trewr 1=l =Mz |
a3 o (ArF <% [iSa0em 29 F9 3@ (6=5-762x108m2K*)

@5 @7 TS 20°C | 100°C € 30°C-93 Yo I U2 qAF & Sz | 4o I%R
Tlol ZIO™ SAire F© Z(E?

b qC MTES IR A6 (e (00 FEay @l A7) TEee! LW 400K
@22 600 K | 4G (olfeTcra St A1y *[+0) 20 qib Sewia s (Nt *ifs Rz e
T @7 (0=5-762x10-8MKS)

AT 377 (A 8-23)/cm?min FCH ezl =ifg ==mel T | 777 Freaga ool =% [fieae
TE 4@ W@ Ga 7o Trew! diel a9 | AfRTo@ 777 0-53° @l T G35 GoT
F93 =5-67x103Wm 2K )

. a3 IE F-FA @I (T STYeE R @5 SR A4 B, @A R (& Iiers

M 0=0-57°1 473 o1 3T 6000K T[T FRIGI 00| THY IF(E 43R FY (S0
a3 S SIS € PR | (otEReioa AR See T g |

K (2t T ©iot 5feFTe 1400 Wm 2 208 @7 (A2 | 3770a Taeel fefay w0 | 1a
[PIE=7x108mg +jfAFa FeFa TPIE 1-5%10 m, 6=5-7x10"8 Wm 2K

S AW 6000K TSR T€Y S FRAGH VX B9 I3, O3 0 27 SARTeER
Taeo! a1 g | 774 (A0 Z0IE 73, X (A0S 7ffRT 707 40 990 | 97 IeAg =7x108m
@3 ARS (2 T @ 1-5%10 I m|

GFf5 TEHTE 0-04m *F I9%F GO WNE | THAER Y3 Tl 261K | F TF 9% A0S
YT ?
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10.

11.

12.

13.

14.

15.

@eq WE k (39F) = 2-184 wm K1, T5cq 99w = 920 kgm3

#@elel = 333 kJ hg!

G ST TACER YT TSl —10°C | SOl dem 2 IAEFE B GO IO T
R 2 (RET TE I G99 = 920 kg/m3. T ST A €A =3-36x105)/kg;
T 7 ARl = 0-84 MKS @5 |

@36 T 4 cm IR 2 cm (@EF 9O foR TAMIET ANEIE Are @ (odt | TAme
76 Sist AfAIEe TN 226-8 € 147 S.I. &FF | TERHA oA ja Trew! 100°
@R 30° PR A 12 TAMET TTS! OEd SHe! IO (A2

GF FAF T W W@ 120°C @ G 2QiEe g | @9 AREE Tree 20°C FANE
oie Sfgaifzer 0-1848 Wm 1K1 | w3 fowrzm ¢ aizraa g 99 6x103 m €
11x1073m| Im (7<) SiofiEa sAfe o2

0-04m @R 0-05m %% o 41ed Tos Wi G(6 I T (o1 2EZ | 46 419d Afize
FAPE 1512 @38 54-6 Wm K| 2205 Toqi 35 O Swee! 100°C € &y weeea
T eI TREel 0°C Z(E GE ARASPAETE TS Fo?

0-544m 7 @R TAFT 0-3675%102m € 0-9775x102m SGHHE € A2re TF @6
@ fofT 02 Tl TR 13-8°C @ 28-4°C | Fpa 2IfF1fze! 0-6468 wm 'K &
T 7o FeAl (ol P TS 0-05m @9 0+ 15m | Ge T4l =i FHATR
a5 ol smid fim ©f Fa1 =i | @ afFe 3 Eagfes 26 10-8 W Ttd =f%
g TAMIT 0, (oNTTRET FTora Tage! #iiey 50°C 70| @ “widfa wie sfeaifzel
e ?

@35 Fietl reFle sEfifaa «@2F @d 0-05m | S/ ¢ XTI I ILFE
0-03m €3R 0-06m | FH OFF JAT IHF0 GF6 FEH @ 10 W 9! 7RRA0E FE
Ted T4 T | O3 foermd ¢ EEa Tweel Ade e @ | wEhifeE s
= 210MKS & |

7.28 aifdfss ame Ter ¢

1.
2.
3.

42:06 W
11-32
5899 W/m?
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. p LU 53
4. 5799K (e - e qeid (0-53%4)° (WXO'TJ rad (19 0 |

299-2K
5800K

45-8K (Twizad 5 (74+)
2:139x1076 m/s (Twizzel 8 (79)
8h 10m 40s

10. 64-48°C (€nlzae 9 (7Y+)

11. 191-56 WM

12. 77-39°C (Twizad 9 (=)

13. 2:91x107% m3/s

14. 0-229 SI €&

15. 0-105°C

7.29 FAQTE aFAEEr

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.

A
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aF% 8 O T, ogeal @ =w«ei« (Vibrations, Waves
and Acoustics)

1o
8.1 =BRAE € Tl
8.2 +figE ¢ @rEm
8.3 el (mieTeife
8.4 FE (Esforg ST qifes =%
8.5 Twel (iereifen Gwias
8.6 WD & MmEsifon ToRwre
8.7 e e (iEsife
8.8 I TN € TgaAM
8.9 wI¥ oife
8.10 %] (WIS NS SeTeArHla FAFRe
8.11 <9 (q9 '8 OIS FHA<E
8.12 <oy 1 Sige!
8.13 wHwl TR
8.14 T W WY AT (@9l
8.15 (@I Ffow Al wes W W St sweeR @6l
8.16 L *F™ @Al
8.17 *[(HF (5K ToF Biol, TIO, TTg € AHOF 2ieiF
8.18 TN = witx fods waresia (A9
8.19 wEE =
8.20 (I91 € (TFE
8.21 AR
8.22 aififo Cnizael
8.23  emiafer
8.24 ififes atem Ted
8.25 RET oI
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8.1 &@F[=l 2

€% G S 7w 2l e, s, @ ReiE s ol @iia S, e, A9,
a4z, 2O 2T LA T T | G =W I ®a SLAMES o1 T LET (T TG M
T | * AT AEIR IO I 3 I AFIR, AE IF O | 3 SA(HR T, agel,
FAER, 9129 G T TAHR 2efR, WS 2SS RAE WL T 27 =G | S AT
2AAE GIANE TG FACE Gl AR T Sifofaeae | Feres Fwsie e JAaamie sife |
G2 of FE SIED B XY I A @3 G0 | B G AT Ty ago ¢

T @R TG AN I A TS AREET—

W& (Eelfen AN € SR AN |

A (eTelferT™A Fera Prfefs, sifefs ¢ @it =i e,

el (reifes 7T Sniead,

AL T € ST,

AR CHARATSR T AiOblF, Rigoawl AH,

(I TG @ BT T4l ©ita IS ) € Toda warwia qffe,
TofeTR e,

**fFq SAfTwied «F: @@ ¢ ©hrae|

8.2 +fige 4f® @ (W&« (Periodic Motion and
Oscillasion) 2

g 1 I[N @ oifs [iS 5w ogw AagE T O #ge Afe e | e s
Azoifera ifs, A5 (eI <If, B 1 OItE It T @3 fen g oif argfe w19g #iige
o | @2 sifesffer et sl +ifbe |

FHEE TGP 9 2T AFAF AT TP FAE @ ALE i HAleT IF ST @R
T @ W GER O (T 0T SNE (TS AR GG SEd I @ e
SRS T GO TS A | S G2 (eeife g e w99
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8.3 W&l (wieeife (Simple Harmonic Motion) 3

(e e FTzeTen sife 2o Fe (el | IWFAE T2 eRE q@ AW A T AGIPAR
e fFaiie 28 @R AP (AF YRCGF 3t T TIATES 20 O3 (72 Afers w9a (eraife
A e g ofe @@z

A (wEafed ANea ¢

WA f 7@ AiFAsTore AP (HIeT TG T (i m
TR @ 7Y O (A x 1308 P Repes =g (bg N
F
F
P

8:1)1 O R 47 Ay 9|

I ©F m| TG ToAT AGNEF o
(restoring force) «f& F | 775@1 (e sifoq =i

Foc—x
@ 81 7ge mEsife
aT, F:_k.x ............................. (1)
(k = 9= §3I9)
d*x
q, m=—
dt*
dzx__k
Al dr om
d*x
A= 2X s )
_ |k _
(0=y,= &

SO FE W (@I TG T @ TG T A0 AN AITST 2o @R 5ifS ARy Sifew
= @ 99 sife e eeife =@

W I @B AN AN —
x=Ae™, A o TF

@_ oct dzx_ 2 ot
. dt_AOCe T =Aox’e
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(2) TR A AT I,
Ae‘“(oc2 +c02)= 0
{ @F VR AT Gl Ae™ @7 T %7 S ACE A, 0T o + 0% =0
ql, oc==im
TG TRFE FAF (2) GF AU

x=A." +A,e™

A ¢ A, §T5I
ql, x = Ay (cos of + i sin o) + A, (cos of — i sin ©f)
= (A;tA,) cos of + i (Aj-A,) sin of
= A cos of + B sin ot
@EET A +A,=A
i(A-A,)=B
4 A=qcose, B=asine
a 8 e qb ¢TI

- X=acosecosmt + asin €sin ot

A, x=acos(®f— €) .. (3)

ER a=\/m, tanez%

TN (3)-F A e (Feifod e FAFRe |

@¥F (amplitude) : R E T 2O AT + @, I (0t—€)=0, 25, 47 LM
SR FRH A 2 AE —a’, T4 (0t— €) =0, 3m, 57 29| i FT x = 0 ===

(A T T o T [ge 7o M@ ‘@ & [RER 39 @) 9die @ Tt Tw
25 e |
WS (time period) : (3) 7k ANFA (AF A A

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

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

= acos(ot'- €)= acos(w"- €) =.......

welfe A £, £, 1"...... TS ol i AT L, @RI t'=t+%‘, t"=t+% .....

TG | G 2T AT AT T ARG AN G AT A 2w T widie

o k GFF AR SR R T4

:27-5\/ 1

GFF I TR TG G

vl (phase) : F°IIfbx S@PRE, (@9, a9 2oy wi<ie Se(ibw ool 71~ @ T (0t- €)
(AT | OR GTF Wi T R, £ = 0 N T R e ; e (F 00 W NS 7 91 29 (epoch) |
2 _
=

97 @ T QS (Hertz, HKCweA H,) = oo Gmce 2@ A2 |

Fifes Fiie (angular frequency) : o FFH T @ ™7 A A F@ | @
@I =W FIfE Fies @A @A @9

8.4 ¥de (wieafowr oy s wifgs ifg ¢

e @RIefere AP IG-TAR @ AfEE =/ == @7 ool ¢ PReRT @ise |
TG TG (I FTNE AT x = a cos(ot— €)

F9sF (frequency) : ® = 2nf; %zf = IS = AfS O Fiwa R |

SO (I9) v=x=%=—0)a sin(or— €)

.. sifesfg E, = —%mv2 =%ma2w2 sin® (ot €)

= %mazwz[l —cos’ ((Dt— e)]

103



_L af X
—2maco(1 a2)

=%mc02(a2 —xz)

1

sife=Ra AT E, =E-mc02a2; T x = 0 Sigfie 96 T3 AT W

A |
i sifesE B, = 0 = 39 x = g e 1 79w Frer Qe
FafefE : e s g aenTae T Rgew fa see @ “ifse o s90e
=7 O3 % @ st welifa Pafeife
SRR (A x TA0Y Sce I A x @ey e
1

_ " I PR D S
Ep—J.O Fdx—Ikadx—zla —zmoox

Pafenifea i E | max =lmw2a2; T4 x = g, SIe FI% T2 AE AT S

2
(RIR) A=
WW@EP=OQQNMx=OWQﬁQ$WWWWI

@I afEe «fe, E=E, +E, =%mm2(a2 —x2)+lmo)2x2 —Le?a? = Lia?

2 2 2

@G AES # x I AN A7 W7 I3 71 | wdie FfEs =ifg Aafwe | @ =ifgs =ifs
ST offe «fE q1 T Ffexifen e (82 = org «ft o == )
=Ifg

xX=—-a x=0 x=0

oa 8.2 a1 iFsfere A i «ifg

a3 srfee aAfe«fs ¢ Pafexfem oe == -

T1 ‘2
J‘O me dt m T 2. .2 .2
515 ifefE =—=ﬁjo a’w’sin*(or- €)dt

[
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_m 5 2T _ 2 21
=opd Oy =gmao 2Ekmax
T
J.%kxzdt o
se efe =g =0—=—I a’ cos’ (ot— €)dt
' J‘T 2T Jo
Odt
_k T 1, o 1 oo 1
=57 a 2—4ka —4m03 a —2Epmax
ST ({6 9T FifETE =IF =%ma2032 +%mazm2 =%ma2m2
= Ekmax = Epmax

8.5 We1 (Wieifoq Twiggd 3

1. FFE (AT : TSI SIZPIT G o) T 17 FOIF AR (@I RASACE (] q5 SeTwe

2t e s i ol s1=e (reT<e el
AR FE S AT (AT P!
27|

43 O 97 (2tF | i@ SpoR AR
aFfH r IOMHT 49 (T P16 (bob)
& ©IE (5@ 8-3) | ARG A (2AF
Y O 19 B SR W 2ee et @i
A T3 g ofeqie =@ [ wes T
(I>>r) 93 0 WD F¥ A (ST @D
ST A @ (47 x-orF TI99) A
sifeReT ate 4t T olres o9 m 8
Sfede ga¢ g TF 97 AT SeFG T4
mg| 97 Gh GHAIH mg cos O FOE B

0]

/!

o 83 7 @Ew

mgsin®

mg mgcos6

T ( 2fMe S =) o9 TAIH mg sin 0 dopaas 1 =AT #ies es7 vzl 6 | AeE
56 SIPTR AR el Redte fe sifoates g seace #3363 | [eiSre e atenm s @3
f3oidie it YT AorTae 9o 50 T AT | T G Pela o gw o g3 @

AETT ACITI—A TG 5 AT | GO A SRS Tod Wi 6 gome A | 3e1 Samie
AP OB (AT B A A IS AT | (@ 4l 71 AR @fog Smeie gece AP

<M
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@ @1 B SR aepiaeE 991 F = mgsin® ~ mg0 = mg%

d2
g F=—mx=—def [0 43T (=75
2

a, m%?mg% (AB = x = )

d’x -g
b T

d*x
WO

271 [
SO (AT (e e, 1 =—— =27 e

Q)

2. Fek w9l ST oA -

W I @F o off PrfewoT 2ol Pk @3l 76 SReTe (A0 I SiE | 97 [ 2
@I m A AR SRR BTE | S BIATE 3w I o<y I 23 [ (B 8-4) | @3 RJfeq &y
AereRd @ = Ki (k = P2R g3) | AW - mg = + Kl

G99 IM SAheE Fva e Y9 w2 199 (G0 (20T (M 2 O S THT (94l I9EE
0o A | Tk @F ©F T A AR 2z OF W TG E, m S@F $oF TEAA 2T

d*z
I = —kz. S0dd m 49 G99 ? LG
2
m—d Z = —kz

dt*

T
dzz__g
ST %f

T
2 d
aT; %:—@22’
wwz\/% o 84 iz Bl Efae @9

4T ©AHe ofe e miEeife, @ s T=2—n=2n\/z
Y g
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8.6 ¥ Wae (wieaifeq Teifasite s

@36 TG FF T g2 et 4o oreralfS RS @ FaE IR pere oife aoE
@SFETT ToF TS F(F | WA @ *FF (@7 Ffopd 77l 3ol i@l @ @i o 76
TEE Eafed Al AHETE | FEH0 RRCHE @ o T=AE S F41 26 |

(a) w5 FA, TEieE oy fon [Ew ¢ fon wim wee (imeifen Soifasle :
Wﬂsﬁﬁwmmﬂﬁqu:acosmt
x, = bcos(or— )
2o AleieF BORG o wiw Fifzm =iz |
e W IR 2T,

X=X, +x, =acosot +bcos(wt— )
=acoswt + b(cosoot COS oC +sin®t sin cx:)
= (a +bcos o) coswt + (bsin o) sin ot
= A cosd cosm? + A sind sin ot

Al x=Acos(wr —3)
G4t A 8 § U 7T @K
Acosd=a+bcosoc, Asind = bsin o
. A% =(a+bcosx)’ +b*sin? = a® + b +2abcos «

bsin oc

€ tand=——"1———
a+bcosoc

rodq Azx/a2 +b% +2abcosoc IR

&= tan_l bsin oc
a+bcosoc
TOT, x = A cos(of — ), T e (M- N B D

AT AT FA0Z| 9T T (@ 96 ATE
mieT9ifeq w1l SIHa F=oiitessa 37 | 99 A
A, 3% A (A AR FFafog i § A
iz |

@2fbra @2 gt ae eeifed [TRE ¢ @i @esifed TR e 23 1 77 (ba 8-5)|

oz 85 4o w@w miFsfea [eiaa afF e
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AB = g, BC = b Wi @ 46 5@ @< 5l =1 aid s 39 @9 o | LCAB = §
AC = R 47) 3@ &1l e wiesifon [wiR |

- R*=a’ +b* +2abcos o | 9 I (LTI NSl W w07 | 9% ifer T
A T 7O @ ATE (el RS @9l I pere [eE sed 7|

(b) ¥ A &AW T FeF (AN ), fon F@ian wwe (weifen Soifaels,
W 4 g6 AqE (Eifes I IAFE m € m + n; n 97 WA 47 I
X, = a cos 2mmt = a cos ft
Xy = b cos 2n (mtn) t = b cos (ftp)t

@A, f = 2nm, p = 2mn
o FAR T
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, AcosO=bsin pt
QT A € 0 &7 79, O AR A A @O AT T A,
A? =(a+bcospz‘)2 +b?sin’ pt

=a® + b +2abcos pt

a4, pt = 0, 2w, 4m,...... Wﬂ%’q‘(ﬂcospt=l®

O A2 =4 + b +2ab=(a+b)’

qaq A = atb

wefie o 1= 20 A ([ D x g 4 ) 7w, T afen R TS 2,
A = atb

O[E, pt=m, 3n, Sn,.... 2900 FE cospt=-1 2T,

4 A = a-b

oifle %X e A 2@ [Rem 71N 25 A = a-bl
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SRR e w17 B D (a+b) (AT AW (a—-b) 7€ AAfFafe 200 AT | 7751

2n

E%Wmmﬂaﬁﬁﬁwmwmwwm=p

(8:6) B©r@ A € B 75 7ael @iwisifeq FAI0ssa Soite 4:5 | C G @it | 4o 2[99 A
(A FEH) AT T A-T T4 = 4 I W B-7 F9947 7 5 A9 | FRm 4359 Il
7 TS = SHAfTes T w0 e g ANeAE FEFt A S5 (beat) IA |
TR FAST UG TSR [QAISFCETE A0l 0 |

(c) F~17 wFeia fFuiie Teiitesa fog for wit ¢ for fa@itan 4o @@ (ealfen
Toffaeiie |

WA IR x-90F 39177 46 e (e G IGINT AT G2 ! 2T TACE | G R0

X =ACOSMI  ceeerrrrreeieerenenncaeananns (A)

Y =bCOS(OF— ) v, (B)

FReael (A) (AT AR §=cosmt 972 R (B) (AT AT
Yy

= = COSM! COSO. + SIN M SIN O

b

y_x hoxlg
ql, -==cosa+,/l-=5sina
b a a2

2 I /
y_x (1222 \gin?
4, (b acosa) —(1 azjsm o /
2b
2 2 2 /
i, y—+2—20052a—zaibycosoc=(l—x—2) sin” o , //

b? a

«— 2a -

2 2
I, X Y29 e —sinta g 87 T T
at b* ab
«@f5 2a '@ 2b SMOCHGLT W& AATE GF0 (AN T#I0ed (inclined ellipse) FATwet (fog
8:7)| Ff57 SIHHIT ST a,b € a ¥F W= T2F 77 |
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qfb 3@ RIS AN |
T SIS FIEUT A T x-S A 6=tan_1%
8:8)|

(1) 7949 o = &, 9die 76 sifeq i Rodre |— 7
2 2
x—2+y—2+2ﬂ=0 !
a b ab 2b
x v\ _ !
l, a b)) l
A, y=-Lx

’I‘ a=0
| 0
2b
|
l
— —2a— —>

o 3-8 79w @RS afe

et o | @9 [RE 2 1 p2 (PE

a=n

~

— —2a— —>

o 89 7ge @lRE 6fe

«fbe &1 RSl e e | sl FeTaE 2@ A x-o0wa Al 0 = tan’l(—%)

it =TS (B 8-9) |
widfie 76 sfen Wil sl 51—

T

(I 77 =7,

2 2
‘x_+y_:1

a’> b?
¢t @6 Togren Tead I AT g7
JUFE 2a ¢ 2b (57 8:10)1

s =
2@a bl

x2+y2=a2
«ft 3 Jred ATwae | Jred TP a|
#i oifo JeE 2(A |
fGoSresm 7@ W @ 7w Jeofs ufo

V) 799 a=

WW%WWW%WWWWWI
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S 7o T ¢ ReSeyd gesr «ife wkaifee 2w oive @il @36 @RS sw@e eefe
2@ IR RBR @ @ @3 Jesifen R e |

ﬁtﬁm(m 8'12),a:bma20%’%9%9n3 %5 377-[5 %9 2TC |\'-'JHW
A o e 9 o7 R @R

o= /4 a= 7/2 o= 3n/4

N
JN)

<~ 2a —>

7 A
“ 182N

2a —> <

BN

[\
S}

«— 22 - <~

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 —>

g 812 a—vz fFfen wm 77 sifS, 99 o = b

fomiig fo@ (Lissajous curves) :
g el Fae b e mEefed SkaeEe T araefed @ fba stem 7w oS
FRY RS TATEP 27 | il AT Tog fFea a0 @l ezl ¢ Jrea I 4=el

A
76 e @iesifeq T Aael Seite @99 1:2, 3:2, 1:3 35w a1 <IitEl ios forig

@ siieq I IF FEIL DE-8- 13-4 (T T4 |

1 2 1 3 2 1 1
. 1 1
& 1 2
1 2 3
S f=1:1 ];:fyzl'z fooof,=2:3 oo f=3:1

];.y . : x - Jy : x - Jy

foa 813 fafen fopig
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g fopiig Bagfa 2 7 Fae gieafed st Smeire e e =) Hagfe
TSR € TEF @ Fo9fe e o S | Gl (A TR TS dtem 7|
f yocE = favE SRl (ny) n,

/, e o @ =41 (nx) My

FINATC AR SRR AR TPy bagler e @l | 9o =7 @ieefes [ien
I ARl (OIFb G Sfes STy SeAaIar 12 (GIT! TS 2t I, “wia oty
Basfel (rdre oivel T |

8.7 SRWfwe AFe (wierefe (Damped Simple Harmomic
Motion) 2

AT @SS DGR A7 S 407 R @l A4maE) T6 9 o681 71 eofee
2| GTCHGY 178 (MEsfed (@ A<t (TNFae 2) SR (AAafeas ofF @10 A7 IF (free)
T (el | g AR IramITRIS! 79 [ AR I AR | T (e [ ek @37 +ifS S
R T T i TR (UG T 1| G A @ Sy SAva e SRS T ol 41w
aE R TR et FAS AE | AN @R QAW T | @B @ @Eeifers SRt
oerefe 2o 28 | TR AR @ *IfF 2 g 2 ©f NG Awe! 6 € T FIeiwe
@ TMA G GRS T AW | I A I 9T I 2@ 471 AW S@swa 39 (damping force)
TN @R A ANAEF | ATFD (2) 97 AT got Zm—

d’x dx
s Ry
2
aﬁm—mwmwe—y‘é’;wmw mi,z o GCRE | k€ ¢ 7T
8 m & F|
ot dx__k, Y
dr? m- mdt
d*x dx
a, F+2I;E+cox 0 oo (4)

@U@ 2b=" o =\/E
m m
WA FE ONEA (4) 9T SAIERES (trial) AL

X =ce
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. dx oct t

dx _ ot X2
dt T dr?

4 7 e A AAfT—
ce‘”(oc2 +2b oc +c02) =0

A, a?+2ba+®> =0

2 2
a:—2biv42b -4 Z—bi [bz_wz
SO B A AT 3T

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

B= /bz _ o2
SRS WS HF f$q w3 AN foalt fon sfag-afey e =)
(i) ©f® w@wf%e (Over damped) :
SNV SO (T TE b0 | CTURE Jp? _p? AT 9R @I T b 97 (AT I

b>b —w? T b>PITOET —h+B S —(b+p) T AT 4R I | @7 FL FATRCA
(5) @ SIS AR T G2 4 x S A 00 AR | Sie IGHF G- Fwa AT
(AT AR W= (@A @ Wﬁ{ﬁ‘ﬂw (exponentially) &t& &a ARG 5 SAH |
2 33 SiforE =ifs SRw™e 5 (over damped motion) & T | (8-14) 712 brg «2 9ife M=
2% (a) Bl

t
@ )
foa 8-14 wfeafee «fe
TYHCT ARG (AT x, THCY W@ (=g M1 e @ ] Pp e<ioiee &ea A
T PGS AT @RI 2@z | (b) ora agHeE A (A G siferars! e S sl
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(TSR I TIPS AE (A ZCCE | AHSAER K e (T IS a3 Sergegat| oiel-
CIIRGET 46 A% IT T FEaF oife ofe sufe sifea Twzad |
(ii) =g s e sif$ (Lightly damped motion) :

491 I @A W 9 A, (@ b<o | CICFE B:m FEWF (imaginary) i |
5] B:ﬁmziq,, ¢=m G I AW | GG
x=e” (clei¢’ + czef"‘w)
[ cos ¢t + isin¢t) + ¢, (cos hpt —isin (I)t)]
bt[ ¢ +¢y)cosdt+i(c —cz)smd)t]
= e "[Dcos¢tsind + Dsin ¢z cos 3]
¢ +c¢, =Dsind
[i(c1 —c2)=Dc056}

e sfed @, fg De"¢cos (¢t + 8) — De'bsin(dr + )

& € D @7 = Aefis *$ (AF e Y|

ST (6) GG AT (SIS A A0 A TR 2¢ aR BT 0 @7 AT |

amwﬁwmﬂf—wmmwm AHE I ofe SR (4TS AR | IFI W& A
AT 9IS, TEEET AAad (I 295 GTF SRS e (ESITed SHigde | G2 SRR

_ 2
e @I AT 0! FPFTSIE FACO AT G Fo{fes f_zn ,/(” nb 27:1/

e ARFE 47 I T f0=ﬁ|wﬁaf<fo|mwwww%mm
3 (I (0T T |

o 815 saufe 7@ @Eefe
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815 (a) 6T ARV (AF GFMT W@ (=20 WE Igoa @ e =T 938 8-15 (b) beg
A sforare 2fFg FaE @ ofe @ ©f @i 2R |

(iii) FGW w@w (Critical damping) :

Y9 b = o, T AN =] x=(c1+c2)e_bt=Ae_b’ (¢, +c, =A= G L)

ATl G ST PRI AT T8 0 W T | Souiwe S-l (AT @it 5424F
(TR &) 0 S \[p? — o2 A <[ R %70 79 | GIoweq 3 S h=vb” —0” @& j— 0|
T A =,

_ (=b+h)t
X =ce

+ cze(fbfh)t

= e_b’(cleht + cze_h’)
M8 it g7 e W@ @I ht 97 T e TrAT T AR
= "[c(1+ht)+cy(1-ht)]

bt[ (¢ +¢)+ —cz)ht]
=e "[A+BAt] e, (7) A € B ¥l 74T 55|
a7 (A @R T GG AGH G (T SNV SRR (b>>0) TEAE FTeeid A
O AR 5 SIS B | (ZY b>0 (A 56 T(F 9 S@auie g3k b<o A e 2@
@ oIS (PTG [T @ Foi1es I %! F0 W) O b= TP 9o S S
o I 2 GR b (F A ST S 5% (Critical damping coefficient) |

8.8 g F™9q ¢ TIqw (Forced Vibration and
Resonance) 3

ST G S JT T € SN 9o SEAIDA] FAR | G S ATIH T4 '@ e[
o BT F99 | (@I FTae g7 TAF ARE (A Wi Finsse ¢ [Rwime Jige
I YT A IQYL AW ST FelRF FEF (natural frequency) W e Zre AT |
TR A @ T ZA (A0 AT G GF o0 TG0 ATT A9 TAF SAE I 0o
AT | GIHE, AT T4 0T | 27 I R AT S 22 | AL S 277 T
S A 99| AE ST 0 s 1|

T I o @0F FMDT G0 61 m ©Fd g3 09F 4T 2oz | W7 FE @i Jivg
T AT W x| IGT Tofm feilRe wmef e =@
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(i) AGTTF I = —hx, k T 9T AACER G AT I |

(i1) ST @1 =—v%, Y T GFF (@O G SR 99 |

(iii) 2T *Fg€ F& = F sin of, F 251 2493 “ge a7 [@E
TEGY AT T AN ZEI—

2
M%}kx—v%ﬁsinmt .................. @®)

d’x k__ vdx F._.
ql, WJrEvaE%—msmwt

d’x dx | 2 .
A e T2 T OX =SSN )
Qe 2b:l, (Dg:k’ ) f=£|

m m m
a3 EFAeE EE g Skt e w9t 91, @6 TE FF WS (complementary
function) |

WA FR O x = x;; GIR AT I

d’ d
d;l #2600 =0 (10)

O] G BE x = x, (€T AN (particular integral) AN | GICCE AR TS,

2
dd;z +2b%+w§x2 = fsinor .. (11)

RCtE]

2

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

d
i
T R (TR S @Y =0, A x, '

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

D 8 § @ &I
37 R siaE x, e S0 203 | SRRl (e @ = SRE Tehe 2 IGh 438
g8 IET T S IS | @F G 4T (11) R ANFAER AL 23,

x, = Asin(of — o)

oo &__ 2 _
. W—Amcos(mt—a) ] e Ao’ sin(wr —a)
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(11) 7 s @2 wwefe abia IfE,

~Aw” sin(of — o) + 2bAw cos(of — o) + wjAsin(wf —a) = fsinor
al, A(of —o®)sin(of - o)+ 2bAocos(wt —a) = f sin[(r —a) + o]

2, A(coé - w2)sin (wf — )+ 2bAw cos(of —a) = fsin(wf — a)cosa + f cos(oi— «)sina

AT ¢ @7 IR AT T2 PR | ead Ten Mida sin(or —a) @ cos(of —a) &7
FTRolsffel e I A |

GRS A(co(z) —wz)zfcosa
2bA® = fsina
3of F@ e @ F@ AR,
A= J
\/(0)(2)_(02)2+4b2w2 ........... (14) (=)

2bw

Sl I AR, tana =— 2
0, —®

TS G FATI G F L —
x=De " sin(¢pt +8) + Asin(of —a) oo (14)
@A A= 13 (F) @F A G3R o GEl AE|

LI 2T B¢ e*bfﬁﬁwww%wwmwwﬁawwcw

2T | TR T 2T AT T % iR e B A (5 3 20s 4w | @ g
T A Wy Tom ombE deE | o,

x =Asin(of —a)

afb A Fewwiae siae @irsife arg s=iiss % 32 AT AR N G o W A= Pifer

AT | @6 TG AT TV w2 —b € o 9T T IR T TS T ¢ A7

TN T AR M FTE FE1S AR i el T0aa S 19 2173 9i2 I
Ffe 2o AT |
AT T AT TGOT (@9 I
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d.
Vv = d_)tc = chos((ot — oc)

=Aw® sin(oat —a+ %)

= Awsin(of - )
@sie el INGTOE ARAew | 97 TEE Aw € Tl 2(”—7[ TR 2T S T

et W A1 \vza—%l

AW : GJF SN AW W@ AT Fh4 |
(a) = W (amplitude resonance) : I YT 91%’13\@ A TCE GO AEH [EIE

—

Fole 2 ©U I TW IG0A [A¥E SR A E |

Al /
\/(0)(2) —032)2 +4b%w’

4 (mg—m2)2+4b2m2 @3 W RE W O KRR AE® | 97 ARG =S
%[(mé—m2)2+4b2m2}=0

4, —40)(0)5 —m2)+4b2w =0

al, (05 -0’)-2b"=0
ql, © =40, -2b’
o © Yoy -2p 9

21 21 21

[ 2 572
R AE® = T34 218 e I %:%2—712[) | G Il g TS

FATSE (A AT | A G A (5=0) T 5=

FIGE PH9E T 1T = QT Tl Files widfie S Seeifefers o g ama
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IS T TG TR I AN T OF TG T K = 91716 | @i 3w [
S |

(b) ofSTa% wEmW A «f§ SAv 9 SEHW (velocity resonance or energy resonance

or resonance) :
AT TR R 20, TR
x =Asin(of —a)

dx _ B
. E—Amcos(mt )

2
slewfie ofs =, E=%m(dx) -]

Z) = EmAzco2 cosz((ot — (x)

A SifonifE EmzlmAzoa2

2

2
co(z)[m"— co) +4b*
0o o,
b @F @ @I R WA & o = o, 2@ AAfonifE A 271 o 339 2 O

s TG FISIE TSRS T = O3Ng e sifeslfE A =@ | G <o @ elferas!
ST Al #F ST Al #Y ST |

|
—-~m
v g o2
" 4p*
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b &F W TN T ST 9 gE sifenifs @ 211 A @7 T sifexifee @12 fow 8- 167
g7 T

by;<b,<b, by<by<b,
bl
b2
/\ b3 bs
— [, o
A — A
foa 816 o 817
E_ 4 1
e Em CDgAZ +4b2 1+O\)3A2

4p*
E E
ST (@ (P A, A=0 T |- =1 2, 0=0, 1 A wgmw g =11 A a7

AW YT (R Z0E N ALGE TETR T € TG TN TR R SR (4 2 EL—>0|

AaaWELﬂﬁﬂﬁﬁﬁ&ﬂ%@mﬂmmlbﬂawwwiﬂ%ﬂﬁvﬁﬁ@

T© ¥© |
® I TN @ TR TS
o IAEE WS HAS!
*fF AR 9 A wHO! Pz‘fz—”t”,w=mvfl

a4 dw = Fdx. = F sin ot Awcos (ot—a)dt

Tedag P :cji_vtv =Fsinot xAw cos(cot —oc)

= FAw sint(cosot cosa + sinws sina.)

= FAoo(sin ®f COS®I CosOL + sin® wf sin a)

= FA(D(% sin2mt cosa, + sin’ o7 sin oc)
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T
de 1T .
9w, oG ong wae < P>=L :T-[o Fsinot x Ao cos(of — o)dt

[ae

0

_ cosa [T . sina (T .
<P>—FA03[ T J; sin2mtdt + T J; sin wtdt}

- FAm[0+ 5“210‘}

_ FAwsina
B 2

G2 FAOl TI (e TG JO IO |

2bw
gym AN =—m
0y — O
sliem 5@ (U sino = 2be> (wz_m2)2+4bzw2
( 2 2)2 2 2 0
0, -0 | +4b°w
2bw
: F
aR A= > ©0%-02
m\/(co(z)—(oz) +4b’w?
. <P>=FAw 3"
_F. F 2 oL 2b(;a
m\/(mﬁ —coz) +4b’w’ \/(mé —coz) +4b’w’
bF’ o’

m[(co(z) - 032)2 + 4b2c02}

<P> &3 WA AEWH <P> T T 0 = 0 |

_ bFPe®  F?

P> =4/~ ——
ST ke’ dbm
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b @F T TN TE, WS, SEE T BE G 2T I | ORI IEE AT o (AT
AW T A @A A <P> 93 AR <P> 9T (AT GO I AT |

818 for@ A F¥-97 T&=I B (714 o
AT SEF 7E=R | B @9 (@@ b,
A 9 (I°TF b, dF (AT |

T T B @b wmmE el Q
(sharpness of resonance Q) (41 | SrFe!
(Q) ~Ifitrs &= kesl T T A

ge—

e

ST (T I

TfFNeE @fdF Fites i

<P> bF’ e’

<P>
<P>m

1

0.5

A by<b,

4bm

= : -
<P>, m[(co(z)—wz) +4b2032:| F

_ 4h*o*

(oaf) - coz)2 +4b%w’

Wiﬂ?ﬂ@ﬁ%‘%@@m

4,

4,

(
(

_ 4h* o>

((oé - 0)2)2 +4b%w’

1
2

oy —032)2 +4b’w’ =8h’ 0’

2
03(2) - coz) =4b’w?

Lo —0° = £2bo

93 (A 9 faare ANwae Atew T

o’ +2bo — 0y =0
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8 @ =20 -wg=0 s (ii)
(i) (20F A, o=—bz b’ +0?

aF €T T, o, =B’ + 0 —b
(i) 7% AR 0=t B 1l

gF LA RE ¥, o, =M+b

Lo, -0, =2b
- % _%

Q_ooz—col_fzb

(8-18 f57@) b @3 I T (A @ TS CIFSIE B A TG FF | G2&+ Q (F A
I S |

A @3 @ I G sifoxfE Srima sifexfEa sds 28, (it I A9 G2 SItwE &)

1
a—K 9|
2
B, ="
"2 4p?

1 2 2
go 2™ _E,_12""
o +4b> 2 2 4p?
ql, oA’ +4b> =8b°

4p*

q, =

(O

1 | o,
N TR

8.9 waeaaifie (Wave Motion) 3

ol @i e 3ot A aveea ol 3o, e 3l avcea e «ifF 320 @ | 9 GFE a82
*fF IR (2AF PRI T AR | agiel SRt @3 crfere w1 REeie e Hid | o
251 wwieife | AT W * B FAGT #H G (AF SR BCE FCE | B T OiE
GF AT TN B P OF 9T O AT B AR | GET SATOE (S| R AT
% T, OF & R (AT SN 5CE T | G (R #EF RS 2@E—IF 9, O
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e, Al SR Ol G AR ORI SR SRR v efrs SIiwiteTs 2R Y peiweid
weie T | *Iff RERET @2 o 5 T oFwhife | Iewe I weR—@ Axfere
GG TN ST P G (AT ST *IfF =INSfe 2o 76y T S0 pore
RS T T—eiF Sl I& 27 | TR (@] FF SNHIere T Prfemio 4ia
Gy 3 SRR AR TR A AR RSS2 | PrfemioRs «ria e vl % 2 e
awE PRe™I#1F %] (elastic wave) T&1 T | G2 41T OA(HR AR G (AF ST
=g FAgifere 27| GG G oWl Al SINEAE wF%! (progressive wave) e 2¥ | A 4
@ A == Fefer e (eafere SwifeTs 23 | GTCRTE ©F%iE 9 (e (simple harmonic)
o T 2|

%l T eREE e AE—(i) [ofF w@wt (transvese wave),

(i) SwE ©2es (longitudinal wave), o4 watwt sawpifen MEe vl 9@ N
FNefeT ST T @R S Sae! wRviifed SifeRd 9 FeefE SieiiTe =@

o vl WfFe SIS0 AW :

(i) FATT : ©39l SITa T MG FNoJferd A0 SR (AT AR FA0F sqwi [wE
e | wdie MR T [ 3z oael TR ANl |

(i) F7NF : 4F CTHE FN9fe1 TEIT 2 ANHT T OIF TAR T 9071 | 2fe
FTce Tooifel 74 tredia ool % 2 Ot I SR TS | STweEs AR T 20,
1
T

(i) VN : GFIC TS =i @ TS ST (@i e oifed SRR warea vl ZAE A
<4l 27|

(iv) SHTY : @2 7Y A FRoew Uit AT W (@ IHY OF SISy q@ 27 |

TAp. ABE) ¢ ST TS 1 TE SAHR @9, v = n

(v) ©F%f 4 (@ MGG S99 AR T (I3, NAEE I3 wiT A Il et @
T SRR A ONF @ SR SIURR A0 | ©Aeee oo Sifeirs 9 e | seeeda
7% Sfoud T IR 1T | (@I [T ST (A oFw 9 e I (IR 2| IR
T AP TSR T e | O TRefeT TN 2 | DeTOAHR TSR e ZE Ol
AMSH HeTodw! 4l FNes Salsiired%! (plane progressive wave) 6 |

® TEeATHId (MY (characteristics of progressive waves) :

(i) MR N ALGE IS T HeTOTH! B | TS TS (! Oi<H i
27 7| T Tt AR *fE Ao 27| Felerm FiF sawizRiEg wivery M 2@
foiT 3wl ¢ TawlERes e A S S3%l 978 2 |

(i) NG @ o MR o] W1 27 G 0oL T GFReIF el (e1sifore Siifere
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o3 g 3 S 79 SO0 7 A T 1 | ARSI OF 59 (A o e wiig i
|

(iii) @2 N WS ([@0ol S TP TH-GCF SABIRS! A0 | @2 (F9 Mg Hefesiormet
8 T0gd 8T fT83 I3 | FF @91 «faafSe = g warwir @a e A=)

(iv) SRS s Q177 G s (7 1 ©fF Sfdes Sea MU Fone)fe ST A1 |
GTF TAHE A | G oS oed w99 Siferds ¢ e @ 77|

(V) ¥ n € o9l () A =0 SACHR @9, v = nh|

8.10 FFHIT ANee beteared 7aeas (Equation of

a Simple Harmonic Plane Progressive Wave) 8

T FfF LANE x OFF G GF0 AGAWAT A0 berote! v oS S Tvz | (@ (&l
¢ A Yo 7Y PSRRI (x=0) U R 7y, = a sin of (59 8:10)1 ¢ z F@E €
o T (@FlOF T | @ @32 ¢ AN Vo 7 (A x FE0g Q SR I el fefy e
TE FAY PQ W RETF WIS BANEE Wy

WW|&3W:‘=%|WWQW@t ‘ N
Y W
S (18 AT 27 A P e ¢ s et fe |
Teqq Q e A Za— P Q>
Y=asinw(t—t')=asinoo(t—%) x=x
................. (14) fo@ 819

GTFE e (M HAAOe BeTeAsR Heae
23 sl S W 4GS x ICFT s oqe! 244ifEe wE ol ANead 3d

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

GFESIF y=acosw(t—%) g y=aCOS((Dt+%) JYFE GANEF x-9FF JTET € YT

X-SFF TG99 T (AT ANCE HeTeASNE AT A |
(14) =& g [feq SSE 45 T4 T, @0

—asinz—7t X
Y= T Y

= asin 2mt_2mx
Bl T vT
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o r_x
—asm2rc(T 7»)

— asin(or - kx), [k - 2—“}

—asinz—7t &t—x
B AT

=a sinzTn(vt - X)

® DEeArHId SEFE TS :

y= asinw(t —l)
v

dy X
oy = ao cosw(t vj

2
d—f =—an’ sinco(t —ﬁj
dt v
dy  aw ( x)
—=———cos®| t —=
L y

dx
2 2
d’y —— sinw(z‘—%)

ar
d’y_1d’
R A (16)

G2 el smeel e, @7 (A0 @[ AW @ @ SerEEE f(ve-x) A f(ve+x)
9% AT ARG | o1 A AT A

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

8.11 FNF (AN @ TFAAAIT F2F (Relation Between
Velocity of the Particle and Wave Velocity) 2

SR F19feTa SITETEa T ©1%! @l S WS @t s 27 | Ftefera @of 49w,
) @ YR 2o AF | g[S S saeer @9 @ e Jie 4w | @3 @ore ol
@9 (wave velocity) Ji Wil (I (phase velocity) & 2| SN =TS SEY IR G2 (@9
R RS € g THw WMo FE | ©a%! (@9 v TE A AR
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y=asin(o(t—£)
v

GG d—y———cosm t—=
dx

_ Ay
V= vdx

L BAR ([@9 = — O] (@ X A (FTH-GF ATSAIG

8.12 &i9sy A ©lge! (Intensity) 2

TIHRAT GFF (FATETE 04 M 95 9 17 e (@ s =g exifte @ oie warwi
AFET I SFO @ | GFF @ I AT v Y, TodT T (FIFER 0 E @6
@ v x 1 =v SFeEs Wi (e 8-20) 7 ¢ 519w gresifors swifere =311 4fF @5 Siwets
e WA = n

%
G2 I (riEsifen e Afels e =ife %mcoZaZ X O )
| B S  RCTEO)| Izémmzazvn b
ql, I=2n’vpf’a’ =ca® (.- mn=p) = 9T 5@ 820

c 90 7T |
%l fa SIEEaR T SIgeid AfRTeae [iamal T | SR TF ¢ @ e o 1
3 @6 W, 4 ORFe! [ = ¢? @ A7

8.13 wareaid ToAfdelte (Superposition of Waves) ¢

7% A (@A Ta! G TNE (@F WG W M 271fTe 207 WGEE @ (@I FAF AqR-
SR Areris ALFeld SNl (@ IR Y TS, O (@I (AT A 20 |

TE FE ;gg%ﬁmm&aﬁ T Toiq fen warwia e | Tolfdoe 2@

e e
mqm y:yl+y2+y2+y3+ ................ (18)

T AR TAReATET TS I
=W (FE WITOBE, Rfoae! ¢ Fa~7 TR SARANTT T TA7 27|
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(a) *I73@ IfOoIA (interference of sound) : 27 Wi T GF2 T € CASTALA
i *rede! (ST N G0 T a7 2w, @ ot qioa SHAfeiited w0 (i i (@i
A ST (A I YF I #F oSq TW | 92 GoIF *(HS AT (e | *13 (S 28T
FRCART Al ST (constructive) @ *¥ T 2GS KA (destructive) ATb 701 | 76 =7
AR R A 2@ T *(0we 1A W 27 | [feniEs @@iw =5 Sesife a1 [Kam =7 1
HYAg [ = (A #F T SR R 71|

gt S, @ S, gib *Mt T (AT *f% wawl P fvpre ffere 2w (b 8-24))
S, ¢S, (AT P RV 77G r| € r, ™ t @ R AU Il =

: t n
v =a szn[T_Il)

—psinan| L_2
Vs —bsm2n[T k)

e FRY TG

S

Y=yt oa 821
— r.n : r_n
_asm2n(T k)+bsm2n(T 7»)
—asinﬂcosznr1 —acosﬁsinznrl ersinﬂcosznr2 —bcosﬁsinznr2
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

= sin@A Cc0sd — COS@A sind

T T
= Asin(%_s)
42 2R ACOSESzacoszj;irl +b00527;‘;r2
Asind = asin 27;”1 +bsin 27;’”2
S A= (a cos 271 +bcos2;ir2 T +(a sinzzr1 +bsin27;f2 )2
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2y 2mny . 2mn . 27
A A A A

=a’+b* + 2ab(cos cos +sin sin

=a’+b* +2abc0s2Tn(r1 -1)

asin 2:]”‘ +bsin 27;5”2

2nn 2mr,
acos 5 +bcos 5

@ge tand =

Sigel I = cA?

c[a2 +h + 2abc052—n(r1 — 7 )}

A
%WQT%EW

[ @3 = AE, | 2

A
n=0,+1, +2, Tofm
qaA, n—r,=nk

@ 94U == (1 —n,)=2nn

max

I (a+ b)2

max =d

Q CFCE e TSI T S T6 T | OUT AL oI ) aam@ﬂmeﬁﬁwzﬂ%aa

T ST | GITwE O TAHR TALHIE ST TILRIET THF Al GIF0F SA%IT SIo=M0a
wRwritE o evifow 2R |

T Fyfovia
I g3 oW KAy L =& I 2Tn(rl—rz)z(znﬂ)n
n=0,+1, +2, 29 G
A

ql, n-n =(2n+1)§

Imin = C(a _b)2
amﬁwwﬁﬁ@mwwwmw%mﬁﬂ%ﬁﬁwaﬂsmw | GTCCE
936 TAER TIERY S TaseitE ToF 4 [eidreaty wafee s |
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“Twg FTevIag =6 :

(i) T 76 I 9 (coherent) T0O A | U6 T (AT TeHAT TIHR W& T AL
e AFE S T TR T @l T | SATET SR Sl @2 vl A *w Atz

(i) 7f6 TareR T ¢ wanivd AN 2o 2|

(iii) T SRt e (olte 20w uiod e AW e @ |

(b) iqoqea (stationary wave) :

7 wfen bereas! @z T 277 391 S (A WE 2@ #IF=IET o wisifes

T (@ SACAR B T O TG (@ SRe SO ZRR FIRIER AT AT | G =0T ST
oYl T | FMAcY AT g TS @Il F49 A0E 91 O 7@ 2 77w 7 (nodes) |

ﬁﬁmﬁﬁ@ﬂ.iﬂvwwglwmw%gﬁwwmﬁmam

<@l 2% ™ 9 (antinodes) | o W Vg TJaow 1=y %I
WA I x-OCFF INE € 9T e e wfeq ogwl o s 9% | S99, St AN
Zd  y, =asin(wr —kx)
y, =asin(of + kx)
FRY TR FANEA y =y, + y, = asin(or — kx) +asin(of + kx)
=2asinwt - coskx

= (2acoskx)sinwr

= (2(1 coszTTcx) sinw? = A sinwt

AR sin(of — kx) S AT 547 7 LFE G TeTeaUT 2 Tz 91 | G2 ANFEDR

R[ETHT 2T IFA0Z| 92 AR [E A=2acoszTnx g3 77, @6 (@S IEeeEE
#fqafee T A-97 T {2 I x-93 ToiF f$a )
oo o« s w9 <7 2w [Rsfee @ S =@ 91 9 A e e

R W = A9 coszT“x=0 al, 2T’U‘=(2n+l)§; n @ @ s

ql, x =(2n+1)%
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?ﬂ,x—4,4,4, ......
ﬁﬁwﬁ@wmm%, 822 w2 ota 0,,0,..... 2ojim o= &)

oo g
faitaa w9 TS 2 Repeferts Stwie SRS @ 28 | (@911 fpee e i Siva

e AW 79 (antinodes) | O cosszz +1

A Q Q, Qs Q,
oz 822
41, 2Tmznrc n @ @Il e
_n
A, x= >
A 20 3A
a.T: x:0,§37,7, ......

8:22 7 org Py, P,, Ps,....... ROV 7>% |
® FYTATHAA @™1® (characteristics of stationary waves) :

() @ e 7 wifen wereayl uFe TR [ode e R T SHfde =@
RfereR 9% 27 | @S TR (ToF M T2 28 1 | AR (@ T Seroaw! iva eoifdsire
27, (12 St @S S A | fofT At SReT—Y @ SwR Rigeavl J TS IIF |

(i) ifoace WgeE s offe [fen =iwm [fen 7o0 | FN9e 952 F>ien
@ E @eifors e e oot +ir [Rem ™9 = ot [oR s @ o b
R4 1611 o O e e A i B S i B o I O e O I i

femre A S =@ oo s7iw G a1 st ufe fremr g a1 speiw g wae
TSI SE |
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(iii) A=t 7o Freiw g s o s e st 77 o e fen =@ s
At@d g6 for=iw g sensjfera s 180° vl el AT |

(iv) D7 ¢ e Afdse freiw Repe F[ifes 2 ¢ 7w e AT =)

(c) T (beats) : 76 21 57 K@IET € 4T T Tl AL e reqs! 458 Fqeadd
Ifee 2 S SR oed * (@ ¢ T (@RIEN | GF T 0@ | 96 Sq0er TR
9 FEE TR 9% | @ W 8-7(b) S SISl T 2R |

8.14 TT WYLN WeTwH; wared @ (Velocity of
Longitudinal Waves in Material Medium) 2

oS (AR AR PGS qGE o omel R = | SN G99 (=T Oheel (@9
TR Puforivme ¢ wargd S fsa |

W IR GI0 SEerd whel N
a6 MG NG WA 4TS x- A E Al E
S TR SIS 20 | oL (AT o B :
(TN (27 ABCD '€ EFGH-3 g
SR AT x € x+dx | 7o 5 u iy -
(2md SR Ox (049 WL
«fs w7 e (b 8-23)1 CG C: G C. G
= x| AT waleifen T wA v, : :
T B 2@ | 7 I X SRR S M. ¥
ABCDW&WA'B'C'D' 57 823 TE N T SArHE Teeife

SRR A (o= | 4@ EFGH
(67 e ST E' F' G' H'| @3 797 SA%Id Wieies 767 308 zd1 A' B' C' D' @9

G ol HEE x + & | E'F' G' H' @9 S1Rta9 H=«eE 20T x+§+8x+—§6x|fq’<ﬂm

0
Sx @ CEEE £ @ WA S | Sredd C'G':(x+§+5x+a—ESX)—(x+i)

é

—6x+

TR WA (eda wAfiaed () = ‘:Sx |
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o8
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LSO WP T o8y oax

4T SEen [|HT il = k|

o4y [Rgfen & wfefag oid P=- %

B9 AT SIETed mmwmm%ﬁ%m |
T+ S ABCD e Toid @3 wifefas 5ot = P
we9¥3d EFGH S ToF Sfefas oivl

—P+2—PSX

& of o
g™ ax( a)

%k T,

U ox ox?

2
ABCD @ EFGH O&d W&y Ssid o193y =k6x_§6x

O] IR W& I AL —<>Ck—a

afs T 5y ([QUEE TEE ToF Lﬂas%b—cwmaﬂl
sdie A'B'C'D' € E'F' G' H' (@@ W4 99 VET THRG (2 o1 AFF 9z 44l
A |
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OIER ([@9 V= B

8.15 (FITal Fow “mMirtdd wed Wy W Sqws eqewd
(3% (Velocity of Longitudinal Wave in a Rod of Solid Material) 2

W 31 G S Med e €7 ([@UE oeE S € | 76ioa Wey e ol waa 2eqw

SN SRR () IR SITwifeTe 2w | 4l
wohT 2PURME (FAFE o, | xS x4 §x TA0R
FAFE AB € CD 7o 7900w | Gd & 5y
(@R G0 T S | S SACHR S

T A P AB @AD & 7308 A' B! SR
aeZ| A' B' @7 99 x+ &1 C' D' =R

CD @Wa 9 SEE| 2 SN 2

oG

x+E+0x+-20x | (491 TA® gy 4T T
& 4T F9)|

Ox

waivg “faafoe =(x+?’;+8x+

% 8xj—(x+<§)
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= - ra o - a
BII0F Medrd Ao =6x+—§8x—8x

o
ey S fgte z_axgxzﬁ

A C Al C'
B D P
X x+dx x+§ x+§+5x+%5x

foa 824 WEF W& TG wA%



<z Rgfon oy wfefas 519 p=- %
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W I AB OEE Told wielag biof = P

CD o o wfefig o1t =P+ Lo

ox
% 0 o8
ax ax(Ya)x
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=Y Yo,
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i ©GIE W& SeE S Y—8x
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. 75 OEE W I AL =aY§§5x

Sx TE@F TAT «fb B 7@ T A' B' € C' D' (mE WA WY WEE Goae F Fam
4] T |

82
NGER Tg p B, GA0F O = adxp, ¥ TR :52&
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8.16 JPre *twd (99 (Velocity of Sound in Air) 3

P k
(i) BT 9@ : = oty FRfeaisis S s waeeiR @9l v=\E, k == A

wied [ e, p 2@ qag | Wha @B g aAfewl FEw AE GiF FIhEa g @l |

Y W *H ©F! 28 SO, AYF G ol S I AR Tolre = | FCha «td
T R M *Freq%| SATF LEF I A T ST Ao € Sijee] 27 | 3 Al
fa e 3 o Seme F@ | TE AT W G2 AGTST A (isothermal) 2fSE FeE
fof P <tae | Wrta IETE 9@ py = 499 A@E T, p= B9, v = SIS SEFE FA
I3,

pdv+vdp=0

TN AT

S gmen Rgfe
A%

al, p = k, ooq [ oee

S ARCe WeHS (99 V= %

afs 27 LT WHE @09F Weoa AN |
A 2 Bt € ey,
Bk p=0-76x13-6x10°x9-8 N/m?

97g, p=1-293 kg/m?

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

fog A9 @3 @9 ST I 332 m/s | FTHER @ AIS IE @R @ N AT T
O Y W (AT (@ |

(2) FoAH-GF AL (Laplace’s correction) : O3 JZFT (FH AT ST FIAH G2
sprefien diRel AT B[R | # K@ T (@ LA 8 OoR 2 ©f (7 go AW | Ay
Tl FoAFAD A0 o AT OIoia SMeemiE 2 213 71 ST «q I @2 AAfFied
I« ©17l (adiabatic) 2| GTF@ py! = 43T, ANFAD 2@ 27, v 29 5247 5itA ¢ FeF
IO MO SCATFS I Seoife |

pv' = 3T AAFANE ST T AleT T,

=280m/s
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vidp+ pyv'Tldv=0

—d
<, Yl’:d—f=k= SIS AR Seles | S WA W@ @A, V= %p

v
AT CFE y =1-41 IPIE AT AT v = 332:5 m/s |
@b AT N AR A |

Toltga A (AT (A AT WM (@9 Tl ¢ [Awiaa Teol Wea s a1 wee onedt
(972 17 *HF (@oF [AwIEa A @9 s |

8.17 (9t (ATAA THHA b7, TYOI, TIY € WHOH el
(Effect of Pressure, Temperature, Density and Humidity
on the Velocity of Sound) 2

(i) BITo7 efe1 : Tyl Fom ARRTa St ST =t (391 bt sAfFadra Tofa forda s =1
T Pam AR FMS SRR NItR (R I@ER @ 2@ie @ AR, pv= &9 | IRR

w&@wvm%, p= R 99|

%: 43 | *E (@9 v:\/%; Srodd Tyl FE AT i G *TH (@9 5o

Toi7 fea Fa A|
(i) TYOF @re@ : AT MY =HT (@9 @ MR A7 THoiF IhE TGN |
4 0°c @ °c TICW AT TG TUSE p, € P,; @ Y3 TIOW AF @9 TS v,
QR v, A

_ [P = [P
R TR VY
y

o [P

vt po
BIFP-93 @ (A T,

o T
%:T—, T @ T, TG °c ¢ 0% TIOM #aw (&= TIel
t (o)
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iz _\/ﬂ_\/HL_Hl.L_HL
B 273 273 2 273 546

Yt
T3
. v=vo(l+ﬁ)

v, =332 mis wEE, v, =332(1+gh2) = 332 + 0:61xt m
wigfie 1°c T3l IR A PR G AFCe 0%c TIOR I @R 2A” 0-61m IR A g

o1 |
(iii) ICGR &S : A S WS Bi7l € TIOR UG MO =g AAEH p, € p, | 90 e

*THg (I9 TS v, € v, |

‘.‘vlzf':;—l:\‘jvzzwz_l: [@WﬁamyW]

I ]

) P1

Tfie #HE @9 SOR 0L IER IIANT | (T, «F2 B9 ¢ TIOR & @
QIGITE MO T0gS TS 16:1 o097 O, @R Hy-a @9 v, € vy TA

vy \paw VI

soovp =4y,

SfHTeEa Way = AR 4 6 A TG S SiforEa |

(iv) THeE @R : el ATE YT T9g I | OR W (@€ ([@0% T |

T °c TIOW @32 p BA G IS *HF (@9 v, W 93R 932 TIS! € BITA W& IS

p—0-378f
WA (@9 v, W, OF AN FA AW Vg =V, T

f T (¢ TIOR AT TR AR BiA |

138



8.18 B ¥l wita fo¥F waeat (Transverse Waves in a
Stretched String) 3

@] #Widd o TN T FER O E ©F ) I JANSIE Ae—ONF SvHf
oI |

A B @ @36 S S x-SF F9E T 5 211 (I T) SeNFeiE I Siig | ©ikih4
GFE WA ©F m| Ol TRHR WL (@] AN A I AB = Sx =% XY O
AR 2@ A' B' SRR @Oz | A' € B' @7 RIS 47 INF (x,)) € (x +8x,y+8y) |
i 4 XY O Ot 9 Y o T e At @ SReea W9 33 39 27, A' C 8
B' D IS A' ¢ B' fre e | @8 e gl x-Siwa 0ol IABH 0, 6 0, (@il 79|
A'C @ DB W@ OF T| y-oir%d Md A' ”qre W = T sin 01 €3k B' RWre O

= T sin 92I

o 825 iz fodfa wawl

o A'B' SKU*I Tofg SR T QA T
=Tsin0, — Tsin0,;

=T(tan®, — tan6, ) (6, € 0, 4T =)
Y S N 14 dy
_T{ax (y+ axaxj ax} [tan9=a 21'(.'511”‘51 WET]
2
=T8—J2}6x
Ox
*y o’y
AB SBR ©IET ©F — 8y | 52 T e ToF T =m8x? [yzf(e,t)]
2 2
6—)2)8x=m8x6—§)
ox ot
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® T FA VEAITE T ©Ita FC1A A 792 (Different harmonics in a stretched
string fixed at two ends) :

@ OE T Bt 7Atg 99 (@0d ©itdd 9y 7 sifees e G (=re s a1 el
Tare A (@ 6T T R 20 ©f oiEs ik At e s o afewfre 2w e
T @R TAfATES 20 igwzel % S0 | gaig T e T 2 | IREE @F T

v 2@ oRl 9ol wei S @7 [ba 8-26 (a)] ETFE l=%, A= g%t TG |
Folle: = pn T, 99 (@9 v=nA |

'“\‘511'4'1?1\/:\/I
m 1=M1y
can=|T _L\/i
..n?»—\/; ?ﬂ”,n—zl p

@5 37 97 (fundamental tone) =1 | @

R S 5 KR R (5T (20

e i sesfa 7% 27 (5@ 8-26 (b)) W=t
[=21 ®)

=\

B =34,

I \'m

afs «FH THRT (overtone) IR |
ArF ot BF AN e (first harmonic) | ©

n'=2n

it el o7 Tt 2eeT, (Rl 2w @ fod 826 5 T OTE TG
FeE 0" = 3n

aF e zW felm TGE  (second
harmonic), €A T3 fAfeq FCEsjfera T=ates aim] T T | AT (@ QT F=9A G
TG R SRS AR/ A |
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8.19 Toelw fFm (Doppler Effect) :

W (@ g T (A WS Finess w0 fefe o @i o | S e WE @
ALETTS (73, *1F *e0e | ALEHS T Pg A Oe TS (A (@ IR #1397 fsfe zvg
AT (P2 AT *HE G0 AFE | G317 I 7w S e @3t WS @eel @ne
A, S GRS Tosjfel *reqw! ©fF FE SIPIRH O Woeiy (@A A *¥ ©q9| ©fF
FIZ SR | S QoE TleF (@91 203 | (ot [ @0el T (0 703 56 @00 AR
TG T AE@ | GRS T HRETHEI M WS @0 o T & *HF I IR
AT @32 T (AF TF 0@ @00 AT FeT 7 AT | T ¢ ATHa [y Ao
@9 AT ALTHFRA PR & IR FANE @ *[H7a T (T @ q T ZA | AT
T TPE AFE FNE I AT € ATRI (A T (@O ART(E T IAE | AT
TR T e | Srgw s Eene @ime Teea (1803-1853) @t 22w 2T T | At
afl sIFrFIsTTeE Awide 27 | SfenEan AR (@@ «f AT | @ geoast G Fif e
70 AT (@I (IO (AR B (9t TM1sF 2ol T T | (STt Tosid «iife zof v
fre a1 Tow e @9 99 (@S (AR (ol Fies 2ol w7 | afb HerE S w4l
A |

S G 1 OACHR CHCd TAAE T 0 e F9a | a4 (1) S aifodie,
sfws P @ (2) Tt fg, oifams ofefie b oFg sjgseia sl 931 A@ T @
AGTFE Torz fove SR @ SIEsal F9 2@ |

O\ N\ N
T T I

SN NN,
AV AAVAR Y

Ba 8.27 T *RfawEa e sifedia

(1) T oifeAie1, #7TaFa P49 (Source in motion ; observer stationary) :
T TR GF0 *7oa%| T 5 (ATF n IR ©a%] v (@051 Bl #ivrg (bg 8.17) 1 T
v, ] 2RI 0-99 e it 202 | v < v | T FRig e ol farasal sace &fa ol

P SACAHR (ATRC® 9 &8 £ 1 - SO = vt 93 @ T (AF nt TS wawl e 2@ |
@ wFlsfe SO FArg Ko | IE y=n),, A 201 939t (74 | @7 4 o[ f@w@s @ v,
Qo TS oA 28| t T @b s5'= vt 7RG SoF I3 | FE nt RS 0791 S'O HICS
e 2@ | Swimd) I AR | AR 79l 7
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=Y,V n
L T Y Sy T sony >
A VoV LY ny>n
Y
v nv
ForeRd ofgaee Anznl—nznv_v —nzv_‘;

AR T ALETHS (AF A v, @5 A @O ARE AT v, G A SRR A0
IPE ARETe TFHmd ¢ Foles Aled T |

py=a s =x[1+£)
\% \%

V+v 1_’_& R nm<n

(2) Tew P9, oftawF «ife¥e (Source stationary ; observer in motion) :

IR T 5 (AF n FAF @ | 7% WA 7% v @ PR Tk | @3[ «f[ 0
ANTHT v, @ s 97 T w9 2oz (Be 8.28) | »RTwe Paa ARE n TN 92
G | AwS TP M WP 26T T R I SR AefFe @ =@
(v+vy) | 0o Tl F>irsa 2Ifqaen o7 A | ARAGS T, 7@

_ VAV, VY,

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

5a 8.28 ofrawraa e T e sifedis
142



ALTFE v, @00 TEH (AT 0 @S AR ARG I 71

Yo

n Z”[ _7) @ATFE n, <n

(3) T @ oews Terug AfeAiel ( Both the source and the observer are in
motion) :

(a) TS v, @9 € AFEwS v, @ 92 W oife

T oot 7ol Rl Fae, R wd@wa Wie Swrm sifen o ofiafde s
16|

V—VO
A%
-, qiors Gt [rasal s Afefee wies

n, =n

V-,
V-

(b) T v, @9l ¢ ATFFS v, @l Rofdre fe iR |

v,8 v, 97 BT ReFre TR WeF A9 (T AR s Aeal 77| AREee
T

n,=n

_ VYtV
V4

ool oNf, R Tofr @t o a9 @ wolea & Fe i =3

8.20 @ € (ShiEe :

*(WE SIgOd W9 (intensity-level) A= oT &y @rfs @ 92T I D

I
@I 2 oSl 1, & T, I A el [ RE @ QA B=log101— R
0

| »
ChIEe [ dB:lOlOgIOK e FRIe SRl 2@ ] o I, 1000 H,  Fiitss

I,=10"wm> «d =
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I
RICTE R MUSIE O dB=1010g101—0=0|
0

1>1, 2@ dB 49,
1<1, 2@ dB A9 |

8.21 A

1. (a) 5i7@ @EIsfeR Twae

2

d°x 2
- q, —+0'x=0
F Kx dr?

F=9ede, —Kx = #ei«as 9+, mz\/%, m=3%d ©7|

a3 FNFAER AT
x = Acoswr + Bsinwr = a cos(wt— €)

G @ = Froil[F @F e,
e = A4fs Wi (Zel<)

e T="—, T n=i
Q) T

2. e (mieraifon SHARoAe
76 7@ @EafeT x =acoswt, y=bcos(ot— «) THAHAITTT Trm @Y TN ==

2 2
X 2x )
XL 2 s oe=sin? o

a’> b:  ab

AR @3 oife Toge | (Fq [ vl 2T T fa I3 oife saeadm A
JETIT 20O A | AGRTS 7o Fe1 (eieiion w1 e S#ice Awe [feq wighon w1y
ife srexl AT—ama orig by <=7 27|

3. e A @iseiios ANwRe

d_2X__Kx dx

drt Var
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2b=%=sﬂ¢_<ﬁ G g 96 |

K
cozwf—
m
Seeael B e T

x=e" (cleﬁ’ + czefﬁt)

B=+vb* -’

4. (a) AT T TRET (AT (@ TGS AGE @ em S T, g AU
e FeiRe I=Ies IS 2o BRI | AT 276 IER T Fe 2 | AR3H FAES
AR —

2
%: -K, —y%-i- Fsinot
t
d*x dx 2 :
=1, F+2bz+mox = Fsinwt
1

Fsinot = 25% #¥ge 74, moz\/%,aﬁam—ﬁw (I Toofres |
G2 FATFACET AL AN

x=De™” sin((l)t + 8) +A sin((ot— oc)

5. DeTeR(sR AN

. X
y=asmw(f—;) ST x -97 W

y=asinw(f+%) 4T x 9T T

v 251 w0 6l | 5o AR S DA
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d’y 1 d*y
o dit
6. *% TACHE TARATST (@ eI, RigEIH @ FIF Ty e A |
ORSERICIERE
A% g 7o =7 ohw

—asin2nl L0 —psin2n] L2
yl—asm2n(T X)’ yz—bsm2n[T kj

S 20, CHATRoATeT T AR ©q%l =W

2mt
=Asinl — -9
g ( T )

qaq A’ =a’ +b° +2abcos27n(r1 —7)

©gel =cA?

SOTEE OB, [ = [ max, O ALALE 7, —r, =1k

fammit afesica, I=1 .,
(ii) >geawl : [eFre e et 9t wfen waw

A
oo ALoAieE rl—r2=(2n+1)5 @A n=0,+1,+2,

y =asin(wr —k,) € y,=asin(ot+k,)
YA TR THARATTS TH, AR ©7%
—(2 2mx ) . ~ Asi
y=|2acos== sinw? = Asinot  qf5 iqegs AT |

7. (1) @ W ST SIS (@9

k
v=\/;,1<=mma€rmwﬁwww p = WYEH T7g
(ii) S WL e T THG TSR (@9l

Y
V=\/%,Y=$%ﬁ?13§‘< SEE p = O qg

(iii) YT Ty =G (@ -
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feoa e Vj/%j/%

feoa 473 faree AYCe *F TP ZETF T AR AfTTE T | @3 TS (AT 2
@9 FIFTY ([@EF (AT I |
e AHifae AR

A
v= Fp, Y =¥ Sl ©AT SEAS |

FAAPT 4@ B ARTTET THOIA | G2 TN (AT Al (@95 @ AT @5 AT AT |
8. T Tl Ot fode warel @l

/T o .
v=,—, T = ©[(a449 b9, m = 9O(Id 4FF W9 e |
m

B 41 Ot o1 qEd A

1T
n=-—,|—
20\ m
e wferm Foles = 2n, 3n,......... 290
9. TAHT T
R T G ARTHHA W ATHS (@9 AR AT TR &S *HA AT 25

TR (AE @A | I SE[g T | PP IE GF IR AT [ AT [ (9
T 0 |
(i) B ifeAim, oifiasms Pug A ¥© FlIs T3

mENTEST V= @ v, = SR @9, n = A3 IR | JIR G 3T B,

@ (O e o7 =03
(i) T P, Afawe sifomer 2, ¥o Fee =

vty P
”2:’7( y 0) V=G @9, v, = ALCTHE @5, = AFC T | T GO AT

o% ¢ 7@ (=TT e =J|
(iii) Towg oifefim zra e o 2@

VI,
vty

S

1,
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8.22 siifafes Twrzad

Twiggd 1. m ©@d @3 FMF gFfes Ffexifer afme Ux) = U, (1-cosax), @4
U, ¢ a 35| 709 43 T @ @3 AT ) 2Ae

dUu

ALY : T Fz—az—ansinax
2

91, Fzmili—fz—UOasinax
1

A9 YT I TE, ax FE, CICFE sinax =ax

dr? m
Tedd oife T3 AT Fesife |

2 2
o dx Uga 2
—= X=—0"x

2 2

Uya Uya

G @2 =0 Fl o=,
m

P 21 m

AR T="—=2n >

® uya

Trizdd 2. e @190 T~ G0 TGF T [ 1 om @8 FAS 12 H | 399 g
A99 0.5 cm O« 9F (J5] F9¢

MY : 49 x = asinot
a =R”®T =1cm=0.0lm o = @FEF F=eE =2nf =21 x12

2

s =d—x=amcosmt=awv1—sin2 ot =aw|1-2

dt a?
=ova’ — x?

— 27 % 12¢/(001)" - (0.005)"

=0.653 m/s
THIZad 3. G5 TR ST A A x=asin(%)t+bcos(%)tla = 3cm,
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b = dcem | FNM0 (1) TR, (ii) 2RESF w0l (iil) 1 S AT 2/t 7239, (F951 ¢ T34 Fo
orqe

. T e
MY : x=as1ngt+bcosgt

= Acos@sin%t + Asin@%t [a=Acos0,b=Asin0]

=A sin(ﬁt + 9)
6

e s e @Erie| €31 [BE = A € AR il = ¢
(i) @ A=+’ +b” =/(003) +(004) =0.05m

(ii) tan0=—= .O=tan

L2
a

w |

1 i
3
(iii) x= asinﬁt + bcosEt
6 6

t = 1s =@, @9 x =003 sin%+ 0.04005%

=0.03sin30° + 0.04 cos30°
=0.03xl+0.04 xﬁ

2 2
=0.015+0.0346 = 0.0496 m

_dx_ 1 T T ain®
s V—dt—a><6xcos6t 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

g9 f:ﬁz_a K3 2><Sin£z‘—b n 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

411x107°-950% 107
— 001361 m/s?

TREAd 4. L (TR @ A 2Pternd @3 PRfewIoT SRE ©F Yb Skeee (UAE JEE]

R | @ T8 m SET G0 IGASG A SZ | SIFT SAMET 238 9T Y T, Torg
R 93 @R T o T ?

A : R Bra @A 2@ | m 1B x () A1 W G @0e e oiEd W
ZopEF 99 Ta 49 F

L
S Foc—x Sroqy q7 ife e @iwisife

_F_YA__ o _[vA
?Rafslﬁ"Tf—m— L XS TOX T o=, m[ ]

T
S 7.

g
2n 2n\ mL

TAEAS 5. G0 AT AR AT [ F0oT (G TEa W [ 7 g <rerei
PR | (M @ Geore om 3R @ e oft s eifors $sita T e AR | 9@
AATHIE F© (A ?

MY : WA I (G6T 2Pz A | 7607 98 = [Apg, TEFE W9 = p odd GIeHd
e = [Ap|

x 07 O (arefwee 2fena< 961 F = —xApg, Sidie Foc—x, S04 (51067 5ife 7aa (ia1sife |

. _—XApg _-g

aTs f = _(DZX
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27 /
Sreqq (el T=""=2n e

TwiEgd 6. €30 TG 0.04m T AT AT A7 (eIofe T Farz| Wy Sfes
RBIBPI+0po MsBba  Ba 0.12 m/s T IQHI @I Fo A2
TG : T I AT Gerolfed AN x = g sinof

a’—x=acocosoat=a(m/1—sin2 ot

dt

2
X

=am 1——2=m\/a2—x2
a

RECKR

WGGIIOEREEGE a:%:O.ozm

G NRMre @5 (Tl x = 0 ZF) = 0.12 m/s
012 =wva*> -0 =wa=o x0.02
2n_2n _m
o 6 3°
Twiggd 7. 96 FJHElF G TS 2@ GRS 66 Faa~9 Teolm 27 | GFiha I~
560 Hz | S« SIS AMZ00 55 (IS #1910 FaI0g TR T 17 | o Jaeaiag Sl
FO?
AL : 1 AF @I TN FARST n ZET AN | 09T 566 H, -5 TR (I TIF3
2(J (566-1)-560 = 6-n <6 €% 544 H_ 99 FTIFS (Fd T~ 2T 560—~(544-n) = 6+n>6
oG RO FTEATE FAAE I 566 H_ |
TwEad 8. Wb WIE (fesifed ANFIT TABE  x=100x10sinorm 932

y=1732x10" sinwrm | 90 TF ST G2 46 @Eeife FoiAe e | wfeifen [em x
TCFEA A FO ANOCHI IR FAE?

" (1)26 QWW T:

S« A 9o
X =asinot............ @)
y=bsinwt............ (@)

A AR oifex ARFad (8.7 (6) Sy
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A, y=—x
a ——2a —
a6 3T el e AR |
i =a’ +b° =\/(1.00x 102) +(1732x107)’
—0.02m
)
X ST A Aforiel 6=tan‘1é=tan‘1% — 60°
a 1.00x 10

TWZAS 9. @6 77] SR e @Esiiod [EE 0.08m (2TF 0.01m FC SIPIS 08 (777
200s | €2 T g TR 80T 7o (RIeTel ST=47 T | (HIeTel FIeT F0 2 I3 (el Bl S Vo
(TR (A FOb] LF?

_ 200
MY : SATTS (TG TZE:ZS (s}

TG TR f=7;=0-4HZ
ARG (6) (AT A
x =De ™" sin(¢t + )
t, W@ 4 x, = De " sin(¢t, + )
=A,sin(¢¢, +8)
t, W A0 x, = De " sin(¢t, +8)
= A, sin(¢t, +9)

-b(ty-1;)

A
-l i weeire A—1=e
2

0.08 L5200
—=e

o4vE AR 001

"o 1y — 1, = 200s
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ql, g - 2006

ql, +200h =In8
- b=0.0103972

AR SR (ST TN o T

Vo -b®
/= 27

A, o =(2nf) +b’

=(2nx 04) +(00103972)’

=63167
A, @ =251330

. SeEwe e T = % =249997s

. SWAAE WS AN T AR 351075 L
Trrgad 10. 200 H, FI0s¢ FF9 @6 A0 1000 9 4 e s wiee

1
m wigH 2 | Ol (Q) WA TS A2
MY : SO A G @ AT D=Dye ™

QT D, = AT [@IF, p=; T @ [wE

1
_ W T=—— @
=200 H, 200 O

1000
t=1000><T=2—00=5 el
% =

A 0l=e
ql, =56 =1In0.1
.. b=0461
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= _&_27”200_
O, Q= =7 0461 - 1003

. t
Twizad 11. 6 o warem s=wad y=0-008sm2n[a—%)ﬁ. g2 TR [RIE,

CASL, TANIS AR TN felof et |

. r x
TNYH : SASACHR AN y=asm2n[¥—ﬂ a7 A I FE A,

@< a = 0.008 f.
AT T = 0.3 @
gl g A = 0.3 T

11

. s n=— = — =333

' T T 03 H,
ok 03 B

oq! (g9l 7 03 ez

TWEAS 12, x S @I T 2m/s (@090 GF0 GeToaw] ST 22| x = 0 S
t @ 9F0 F9F AF9 0.007sinl0ntm | x=0.6m ST s 27 F0F 799 Fo ZI?
AMG : 9T x [W(F veredred AAwae

y=a sinco(z‘ - i)
v

G4 ¢ =0.007m
o =107

v=2 m/s

. 3gel, y=0007sin10m (r - g)
wox = 0.6m I 1s g ST 799
. 0.6
y=0.007sin107 1—7 =262x103m

Twiggd 13. ¥fS AATEE G *9 S SISl 10712 w/m? | 5w FAEs 1000 20 IR
faee F© @2 YT 999 = 1.293 kg/m3 @32 IYCS #FF @5 = 340 m/s |
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AL : OFel I=2712vpf2ar2

S S 107
2rfvpf? 21 x 340 x 1.293 x (1000)*

. a=1073x10"m
Twigget 14, <36 I I (AT -l 2@ 1S fon i wehw 2@ @3 Reee fifers
29| @ #2REd 2N 0.12m WLl 0.36m 2= @ s Weswrera Jf% 2| 997 s 1375

TE IO *IE (@5 T2
AN : (@ e Mo R 2en7 T AY Ay e o

A
Ar=(2n+1)5 T, n=20,1, 2.
A
oo fiesareia ey, 0.12 =(2n+1)5

A
A7 Fgerreld e, 0-36=(2n+3)5 5 024=2
W @9y =p) =1375x 024 =330 m/s
TriREe 15, @6 Hifoawie y=10008%8in40mm AP AR R I AW @

7 52T TarwR SRS Rigeawita Sesife 2@, o (i) TR, (i) sawind 3k sfferas!
J 7@ @ g o2 TR ATDINS Y |
AN - (@ U5 wfew vereawl [erfroni 2@ Soifaonfes zm miqeast 7 =7 «f7 @ ufb

Gl
=gasin (ot—z—nx
yl_ 7\’
g ¥, =asin| ot + ——
A
2nx .
RGCAHR ANFIT Y= + 0, =2acosTs1ncot

2P y=1000s%sin40nt m

el A AT,
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(i) 2a=10, 3, a = 5m (F==)

2 »
(i) %=T’“ 3 A = 6m (S7% 77)

G2 @ =407, T 2nx%=40n

A, y=20xA=20x6=120m/s (7% (T9)

. 2mx
+x SfSr Deroarsi ANEA, Vi =551n(40m—Tj m

) 27x
—x TS BESACHR ANFI, Vo = 5Sln[40m +T) m

TWZAS 16. THI09F 238 9 2.14x1011 N/m? @3k 99 7.8x10° kg/m? =7, ¥@F W4y
WG (99 Fo Y

Y
AL : *[CHq (9 v=_|—
\ p

214 x%x10"
= 0 538 s
78 %10

TwEe 17. 200 H, Fi0scq G *9roqe! RGNS SIS T 78 21 | Y T =10
@51 335 m/s '@ YT TIY FRGNGET 09T 14.4 5 A IYF WA 4T SIS IO 7

VH _ pa[r _ 144
W’ﬂ“ : Vair pH 1

G ZROGIEAS W € I W *wF (@9 XS vy € v, GR DG €

IR qT] INFE py € p, |
Sovy =335x4/144 m/s
vy 335x4/144

QRGNS A& OIH W A = p 200

TWizAd 18. RS BT 65 2T G *F il (9167 | IF wiern@l 300¢ 2= [gye 5o
=g 6 771 (00 i@y Igee =wF @9 332 m/s) |

WY : 300 @ IRCS = @9

=6.36m
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t 30
Vg =Vol 1+— |=332| 1+— | =
30 o( 546) ( 546] 350.24 m/s

AF WL WFE @0OF AT SRR SO @A |
ey w99, s=v,, x6=35024x6=21014m

TwizAet 19. GO *T7E (3951 340 m/s @R AP 999 1.22 kg/m> ZF IFRRHIE ARS8
Twel W T (L = 1.41)1

V= el enfiro e

4fs farefa <t Swel = Hm|
.. p=Hx136x10°x98 N/m?

340:\/1.41>< Hx13.6x10° x 938
122

_ (340)" x 122
C 141x136%x10° x9.8
= 0.75m
Tigad 20. 950 i (7€ O TP F0 RETT M €7 FAles =3 30H,, | oo
W 0.6m @] OIS GFF G 99 = 0.05 kg/m 0w fode warsm siferast Fefg w9
NG : 5 e g o warer sifecarsz aif e,

T .
V=J;,Tm3m@mmammw

T r
g n7»=1/—, n TE TS 6 ) TEl SN
m

A47G SSFPAE, A =2/=2x06=12m

m

Todd v=30A=30x12m=36m/s
TWEEd 21. 0.5m (9 @I ©id 2fe euEe 130 T F4T | (7 S 0.3m @
B B9 w9 T AT e Fe [ e
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1 |T & >
MY : TR n=—— ,T=70F, m=aFF (AdE o7 |

21
2x05\m
1 [4T
fefe w=ls n'= 503\
o _05 o
130 03\/_
n'= 13300—4333H
Twiad 22. 7 ©I73 BW 25kg IR T3 F0A1F 3 @ 2 SRS I 2T O 2 B
T¢ fmee

MY : FoAcsFa FifeIsIe,

. 211 T 1 om (o) m = oo wode ©a

4fF 2ANAfF ¢ Tf@y F=ies IS 2n € 3n

. 1 [T
O[S, 2n YR P )
1 [T+25
e In=— |[———— . 1i
UL B, ( )
.3 |T+25 " 9 T+25
"2 T ! T
q, 9T =4T+100
b, 5T=100

. T=20kg. = AR 5w
TrRgel 23, @6 G 34 m/s (0O (TS GUA A RETT AN 500 H, Flres i
G AGCS B T | AT ARG (I AL Sz & Tl F© W @2 (i) T4
G «@feim = (i) 799 St A1 (ITE W@ @9 = 340 m/s) |
T ¢ (1) T 2R e «f o, «[fawe fuag aE e w e
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v 340
e TR

s

=555561,

(i) @TFeE TA 7@ B AR | AGETES P ARETe Fls

Wy 340
ni=n =300 g

N

=45450 H,
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9.1 B @ a3
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T AR 2Ffe F @oife] TR NGB 41 W | AEARRSEE 247 Tois! ©isl
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9.2 (w7 Afe (Femart’s Principle) :
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9.4 (A ota =t efewaet (Refraction of Light at
Spherical Surface)
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sin6 ~ MP
sini _Q
> sin@ ~ MP
sinr _ CQ
sin(180°-0) ~ MQ

A PMC 2t #If3,

A QMC (= I3,

sinr _ CQ
> sin® - MQ
FReael (4) @ @ W AP A
CP cQ
i (Wj =M, (M—Qj ....... (8)

PM 3f41 Srdw e, M T O R 43 +1g wiitg,
.~ MP=OP € MQ=0Q
8 W IR IPIE AR

Wy (%) = Uy (%j ....... )
a9, OP = I¥qag = — u
0Q = afefaag = v

OC = 3IFel Aed = r
ToATET RIS (AF
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OP+0C)_  (0Q-0C
“1( OoP )‘“2( 0Q )

A%
TRl (7)€ (10) Sifeq | @2 Fa¢ Z5 (alferaece AfTare = (FIPPTaEd (conjugate
focii) TF | @F (e ARSI ITE (Gauss’s) TR F0E |
TG W 4E SN @B AN (IEfE | (oul TG SPW GRS GF ANFae fAleq A7)
o fare¥ CF(E
() 2% T Y TE w, =11 @ TR NgeE AfeEss p, =p |

v o u r

SR (10) A (11) Epfifes emeaeE 4372 9ge9ll| @ a0 (e SoArm
a9 (fundamental paraxial equation) J&1 2|

(i) AfoATT ©F1 oA A, = O

%z%w?ﬂwmﬁwmwwmmw q Sy |

@R (G 6 IF0e AT | ANFA (10) JIQT FE GFOHA el Wefm w= @)
WWWS@WW@WWW(P)

wreqqe wae) p=t2 MM B (12)
r A% u

Al ve u (@ RO (m) 9 AP FE P 9T O (F @l 2 TR (dioptre) |

9.5 (M efoes oo adw ¢ o I @ (1st
and 2nd Principal Foci of a Spehrical Refracting
Surface) :

(A) @A YL CFFA 3 (NATOET 24T S0 ST RO (@I [T e wifesnat afispz
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(ST (SRS CFGE) T 24l SO €7 TP (Il K (A0 it afiepz (Ses
(Ao () AR A 24w SIewa A FAEIT 0, A4 SR ST Ihee @
R 2 <1 (= (first principal focus) A | (G (AT i} RE w=eE =44 T2 @R
Oy | 2R 2 @R P e G O X0, 299 [ @R o OF, = f (e 9-7)

(a) TG (b) T&A w5

5@ 97 AU I @FEH
wigfie u=f , v=a

P T Pl 1Y s
o T T [10 7k S (A ]

_ Ty
Ay S= gy e (13)

S OETR (R YT READ f; R ; O (gH URMeE 2 q4 @ F
G T OEE (GG 1 AT 26T f] T AT SR GRF T @ AL 247 @

(B) TaSiw 2y (@I 2 (TSR 24 ST 0! FIGAE TP AfooReed 19 24w
GCFN ST SAPRS (SI] [ (AT YO 2o A6 WA R (TR Oe) Sl ALY SCwd
eHg TR (I e fifere <@ (Tee o), O3 a4 seme evis sk @ [ee f@em
T4 (R (second principal focus) T (Y (U= Q g v

- /
,,,,, =\ ; [~
F, } O > © \\/Y/F 2

7
T (b) Tes wa

\

Y

Y
Y

foa 9.10 &S g4 GeEes
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foR 345 A o) A | 9.10 Tora F, =51 faer 45 (T € OF = f, = faer 34
I 7 |
GTFE u = oo, v = f

SR N o W Tl o [10 R 9 (]
oo« r
Hor
= — .. (14
ALY Mo — 1y (14

SO OO (FCE 1 A REAT f; AT SR T O (G 1+ AT RET f, GoIEE |
(13) @ (14) ATFI (F A,

So_om
f2 12%)

SAE (10) 7% ATEES Z5T

My Wy My

v u r

Bor 1 Wy
THa TV My Ty

9.6 (NN Ore@ Y (FEH-IMrneE @ [JW wA
S (FIFEEE TE - e ANedd ¢

a9, (15) (@A

w — ufy — vf; =0

A, ouv — ufy — vy + fifs = fifs [T fif, @ FCE]

Aouv ) = /H — L) = [

A (u=f))(v=12) = 1ifs

a2 U @I (AF e = U e s U7 @R (e 2feRkE we = V),
cu—-fi=U¢€v-f=V
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LUV = £
«f53 T AETAT F=AF | G FANFANE [ TOsea ANFae F0e |

9.6.1.TmfIfeF rafers (drera afemre Rige @ afefm o ¢ v fada faofy

(Geometrical construction of the image of an extended object due to refraction
in spherical surfaces and to find its magnification)

wifufes sfers e Afeme @ ge aea 2feT (ote = 397 @ 7
2 were fgfere foalt afim St @ @it qiba sfoed S Fae 2@ | @2 foal afm
sifestel fffs ae «aifer st +2t 20 | o=l 24 Sewe @ Sahee 78 g afefires
A4 O JARE G0 I R I 77

.. (16)

— =

(i) 2foT o Il (Fw SfeRdl I T @I Rpfe gokR afefs =)

(ii) 24 ST SR AE M A (a) TeA (oieeE Afeye @ fasy e T e T,
3t (b) SAed (METerE Afeye Ta Tow @M T (A Fsfe = am W =@

(iii) 2% R e w4 T e coliarrerst ivifos i a1 @ o sfewr skee (siamet
Sivifow & A aformeam A9 gae O A AAeTE 23 |

9.11 o7 Ter @ SR (NFT 2o OrF aAfSR Mo (TR TR | AL ST A
SHelid SaEe PQ I%7 Afefi® P'Q’ sife T | Q [ (AT Toirz Tl feaf wi-
AR G TR (@ @I 96 ST R @2 efely weee w1l AW | @ it T
@A CFGa AfelE W ¢ SRes oed (F9 dfely S 2z |

P Fy 0 ¢ Y
B Q
< fl ..... D P S fz ........... >
< [T » &L 10} >
A o

(a) TEAAT O

5@ 9.11 ¢oliei afommas o Qe awa Aol
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e (ald& a1 «AfSfa @ (Lateral or transverse magnification)
W TG ¢ AfefrE The! IAFE 8 y, |

. —P'O’
T OFEE (g (d1F [/ m = §—2= PQQ
1
__CP_ v-r
CP —u+r
_v—r .
q, m = g e (D)

m= 50 =P utr - u_r ... (i)

wy(u—r) _ B,(v—r)
ru rv

u .. (iii)
L

o (Fifs fovdw (Angular magnification) :

(9.6) oa s Far=, @ifas [ada

B_OM/-u _u_K

N

1
ma:a_OM/—v_v_},tz% Ly, ¥,
LU0 = ), e (V)
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Tefi (IR O AR (FCG mya Joie T AE | G2 AT SATRR IMF
(IR AAF-9F (Helmholtz-Lagrange’s) S<ae 671 |

L '@7@5‘1,] 3 wrFw f@@¥9 (Longitudiual or axial magnification) :

A SCFF ANEAE Wi [ Sy A e [{9dw |

S ;’ﬁ?a’a,l=% @A dv = dfefirEd @4, du = I97 @4

worarg M2 oMM Ty

vV oou r
BOFE T,

dv du

- HZW-'—“]Z: 0

v _, du

ql, K v, Hy 0,

dv _w v

> du Wy Uy

dv HlVJZ o) 2 By
- — = — —_—=m —
du (qu ", TREEE )

T A% e 2oy S [Rads TR IS =, Sl I8T TR @I
TR TF, G ATSRIET SRS 7R 2T |

ToTEa AR (A (7 I T @ Seordy {3 e 77| ot 2feRies fawfas we
TG ST g7 =3 1|

9.7 (™ (Lens) 2

@] FoZ ST T G0 e s 7 @ 9 2oz oo 7 o 791 =
T ST G e (AR A (TS| ZH OIF I @ | AW GF0 A TeAeA (AR
oI O ©FE A0 (aNed @7 (spherical lens), &€ o @ O W (@S O ©OF A
(@EFR @™ (cylindrical lens) | 42 Te¥ 27 @PE 4L 24w Ao ©f9 31 T ¢ Tes
@™ (convex lens) €d% ©[<ws (19 (concave lens).

@™ [b@ 9.11(a)] |
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TS (FF : (G AT TeTed AW 2ITRAE (WM Al A O(A OIF AE S0 (FTH
[5@ 9.11(b)] 1

@2 Tor g @ 9RE fon s

@ (71 : Tewrered (double convex) FIOCHIER (plano-convex) €98 SSETE (concavo-
convex) |

TEeE (FW : Soweawe (double concave) F@E@E (plano-concave) WK TGO

convexo-concave) | [6@ 9.11]1

TCOOEG € TOHReH FPETREd AfONae SeTard AP A 206 O IR AEH
@ JaIes (equiconvex and equiconcave) (131 Q0+ |

AToATF oo

(i) ToerEre
(i) FTTSEE
(iii) TSGR

(@)

(i) Towses
(i1) Ireeies]
(iil) TEmRes

\9
%—9.11 @™

Tqee @Fme foq #elEs 2o #Ai@ [ba 9.11 (c)]

(i) T®=e= (double concave) (ii) T@eT@@s (plano-concave) (iii) TEIw# (concave
meniscus 9 convexo concave)

o T A

(i) @4 =FF (principal focus) : FoE 4o AT OFR IFo! (@@a ¥4 @ wfere
FAICTCIANCE AL =+F o1 2F |
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X X' X

H9)
A
S D T A
L/ AN
B B
(c)

o 9.12 =g %

9.12 [(a), (b)] org C,¢ C, IA@ AP,B € AP,B 7l afeniws wrrm o9 @ C,
@ C, [ 1o FKRAG! FATeTca<l XX &9 24l O | AN | FAAGeee (# IFoedina
(@™ (AT TOEE TAF 9 (FUR 24 o [bg 9.12 (c), (d)]!

(i) ¥TC31@ (3% (thickness of a lens): 24 ©FF IFTH @ 0 O TH9L (FTCE (4 |
59 9.12-9 P,P, 79 T (T34 (I

(iiii) 21T (&1 (thin lens) : (S @EE (@4 T T8y, 2Afefm 1@y ¢ 1 5ol Ipmea
A TR W O & @IS Ares T A0 |

(iv) $TTR (aperture) : (G 2T SR (@ JGIFIA S SR 2GR FH O AP
I GONE SAE | AB T FO9 O |

SR GG ATSE (1 € FE CART (BT (W SNE 9K | Sy FE 20 Sioffew

M, ol T I
C. p O@l (v) ®teTS (FH (optical centre)
e e 5 T Boig weifoe ¢ fiofe 3R
B IR A O TR A4 TRE (@
M, (@)
fo@ 9.13 =ele (Fm & |

9.13 M fora M,Q, I =G @™ AP,B w Q, e wivifow 2@ @ow W e
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Q,Q, ¥ I ¥ Q,M, 2 srres (A= fsfe 27| fsfe 7 Q,M, wi+ifes afr M, Q,
@3 T | Q,Q, I 2y &% C,C, (F O Ko (= Tz |

M
Dél 1 O ] =& WIT % | M, Q, '€ M,Q, T b e« 2o e
5 AT W A TR | T AR I @2 AEe 49 I
Q}U I M, Q;, Q,Q, € Q,M, b AT A1 4T (e T
(o@ 9.14)1

M, ® ITHT (T GFo 77 9% : 9.13 7 org Q€ Q, SR

6 BF HF T Bl T | (S TSI O TF FISTEE
m@eﬁ%ﬁW@ﬁﬁwmelQlﬁ
e fsfe Q,M, 3 sIearE 26’ @ 7o =% & ¢ TR | Cy¢ C, IUSW AP|B ¢
AP,B wembx Tl (™| C,Q, € C,Q, 1l TPMde =i swresie | i C,Q, ¢ C,Q,
FAFE Q, ¢ Q, Fmre b Fwaw =i wiwia Toi7 a7 | 4f7 C,Q, = C\P, = r; € C,Q,
= C,P, = r,1 AC,Q0 € AC,Q,0 ¥fG I

CO_CQ _n

C,0 GCQ, nr .. (17)

od 9.14 sifesl @
TEAE (W

@ @EEE @@ Cpe C, 97 waE =7 A4 | 0 [ C,C, & Il I qiba
TAte e FE|

TEAR (A @G ST (% O a7 Jewe s |
4"

GO _CQ, _GCPh
C,0 GCQ, GCyb,y

C2P2 B C2P2 _C20 B on

PO n

IR Pz_O:Z .. (18)

O T (T GO ([4F @0 IR o Seeiite [es a3 |

o (vi) (F7@ @Uw ¢ o I (FFH ¢ (FFH 79 (First and Second Principal
Foci of a lens and Focal lengths) :
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(A) @A T2 (FEH : IR A4 S0 €9[F SAES (I 5 (A wop7ie) afness (Tes
TR (04

\J
~
Y

4
Y
—

Sl
.
.~
~
.,
~
-

N\
A =
B S

(a) TeH = (b) T=wE =
5@ 9.15. &S 47 @FH

Y

L] A SCFD ST S[APE (@I e e S etz (See (ST () (FI
ARSI #9241 ST A ANGANET 2O, AL ST G917 TIPS @ s 22w 320 (@i
I | SR (A0F & {7 7aer@ 24w 247 @Rpirs a6 | 58-9.15-9 F 202¥ 47 @it

€ O SETEY T AW Y2 @ISR 0 OF,; = f; | O o (0a @b 4o @ oaee
(<o (T 4 |

(B) fad 2 (HFhT : FIO A4 SCHT A GAE ISR (0 Siieifee 2@ @
AR 217 A4 SCHT €7 T SRS (@I e fifee =@

— .\

A
>

Y
)
U
\
\
‘
\
\
L)
\
\
\
\
L)
\
\
‘\
| ——

\C F, By e 0
T\ g A
(a) Tes @ (b) SIIEH =A

59 9.16 f@ow 41 @

(TG (791) T2 24 S ST SAPRS (FIC] [ (A0 2P 2% e Wi e (0]
@), 24 SRR eofF I[P & R o 327 et 70 | 58-9.16-9 F, o 727 e

€ O AT | e 4 @F 04 OF, = f, | T& @oE (7o 46 (AT ¢ o@es
(T CFCE AT |
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9.8 e (A CFCa (& ANFA9 (Lens Equation for
a Thin Lens) 2

A T GO G SAMCAR 2SI, , SR N aifonaiss py, 978 Fofw
NG A TIE g, | 417 G0 TOOCEER] G AN 8 TS 7Porerd o] (Y AP
€ ry, (5@ 9.16)1 | = O,C, & IEF 8 r, = 0,C, ITF| O TE-Y A S THAA
SRS | (@A AN O AT o @
TR WA T | A O AR O T
Tz effofy 27 Q| wro9a

My By My
i d 5@ 9.16 @ afesael
. (19)
@AM u = 00, = TGHY, 96 YA
v, = 0,Q = =fefmze, b v
ER Taor o efemeR (w@ Q R 3w (SPW I8) WCo! W63 F(A | jurg Ao
¥fq P, wre9q

s My M3y (20

v vl—t_ n
G vy, — ¢ = 0,Q = T¥ Y
v=02P=ﬁ%ﬁ"3@§
t = efSae R @ (@ ~ 0,0,
@R (@4 4T T 29T € TP 17Y AEREE (AT AR I SAET AN f
& T T AW GO,

B B _EB-R . 21)

A% 1% 7
(19) € (21) AN (AF

ﬁ_ﬁzuz_ul_'_lh_uz
vV oou " 7

. (22)

olfeeT A (@ b3 @@ STaedd |
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o &Yy ¢ TG A (FFH A : Y FFH 4T e\ (AT
u = f; (AL YA FFOT WTG), I v = o
22 7R AR (AT,

B _Ho7Hy  Hs—Hy

N n p)
1 1 Hy— 1y H3_H2)
o — = +
7, “1( " " .. (23)
EE u = o "Q_CFT,V:fz(%\‘Jlﬂ.E’UWW)

Hs _Ho =My M5 My

fHroon p)
A, f_lzzi(lh;MJrM’;Hz) . (24)
W @ g NGE 958 W ¢ O AN py T, GO py = | ST,
U
R ;2 H M”l[rll —%) .. (26)

s

aTFCE Yo I Gea Wi T | 2fefm s @S g2 et wdl 2@ feem 19
@7

R W f e, %=(”2“1 )( 1)
O, 22 T ANFI S

11 1 (memmY1_1
v u f ( n )[n rzj'“ .. (28)

& T S (FIBPIHAET TF 05 | FI9 ST AL 2AGfae] A0e A Sf0wa Sz
I T TFT S Afefi® ofde =W WF 7 #¥ea@a @ (lens maker’s formula)

1 1 1
.. (29)

-6 T A v u f
el o FNERe (Gauss’s equation) e ZH |
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TS SAMIE ATOTANE p, = p G EFTHIOE IRF WG (w, =1) P 2=,

L_o-plLl_L
7—(“ 1)(”1 rz)

.. (30)

AReTS ETEA D #iieea Afermiss 03, G b e o) IR «fass o Rifen

® (FIFE YU (FIFPHAE Vo1 4% 47 Sedl (g AoF : Feora 7iea
AB «=f Tedt @md (5@ 9.17) 24 o7F QQ' @3 T PQ I%7 < P'Q e zraz |
P R (T 24 OCFe ANeHE PA T 2foye T @S @i [ Fy-aq Wi e ofe

1B

R e S [ 0 SRS = S

5@ 9.17 341 cFiwFEIE &
qE SR (PR T |

APQF, '€ AF,OB 74,
wpee OB_OF
* PQ  FQ
P'Q_OF
T PQ TFEQ
oV _Zh
. y oo
@2 Fy & @1 9 410 zme|
SRS AP'QF, @ AF,0A
P/Qr 3 FZQ’
Se9S, "A0 T OF,
PrQr _ F2Q'
* PQ  OF,
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@I PO IM SEREE W W
Fierfie 2fee 2@z | PB S 9/
2<% (P F| @3 5 o ot 6@
Ao 2@ 24 SCF AN o
20z | 92 et el P favre fifme
| P' 7m P93 AfeRT |

oo YU A (A T@RY F,Q
= — x;, ROF I @A (T 2oy
7Y F,Q' = x,, foweial el < T,
PQ = y ¢ fsfires $wel,
PQ = — I

[~ OB = P'Q]

. ()

[~ AO = PQ]



!

_y_x_z

2, TR ... (i)
e i “h_% _
(1) ¢ (i) (A= e b, xxy = fifs ... 3D

i bR AR @ |
fi =h =T xx, = f?
o (ZIt9d el (Power of a lens) :
@R S (convergence) (TEFFIER (F04) Al B9y (divergence) (ST (FHR (34
TAMER ANLTF @TTE el I | (T () T I T (@75 O (IA Sfeia a Sois)
2 | ©f2 (FIF MR SRS (FIE Fwée] e T | S0,

1
WW=P=7

f ToIE ARe S oF e OFF T TETHIE (dioptre) D

9.9 Ted (TN W NI ITE € AWA PToN WA

(Minimum Distance between an Object and the Screen

for a Real Image Formation by a Convex Lens) 2

G (@I TG G WA SN A, I Y = u ¢ AT [@g = v| I¥ 8 o7

@_,D=u+v(ﬁ9.l8),D&§WWﬂaﬂﬁ%=0??§H

st 4 -
RIS i u—+v)y=20

aT,1+ﬂ= € 4 > ™
du
a & (i) H
du «— I — >« v
@7 AR (L, < D >
1. 1_1 5@ 9.18
% u_f
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T @1 MM (@R, u = AR € v € f L NF

1 ..
;-}—;:7 e e e (11)
dv 1
u O AMACF SR I, — g T =
u y
dv V2
%z—u—z ......... (ii1)

2
() € (if) 7 FeR (&F — 1 = —2 A, u=+ v

u
(i) R SWFEE u = v IGE

%=f,ﬂT,u=2f=v

“D=ut+v=A4f . . (32)

u=—v @@ £ W [N (i) (AF]A Lo AT 7| e, TeH @ AT
NI TE € 2HF JTow 7Y D = 4f)

® 9.9.1. &1 (71071 AR FA “Awia Toa (it o9 9 7M<H @TFoited *$ (Condition
for casting real images of a fixed object on a fixed screen by a convex lens):

7 G € PQ R <> A S;S, AT (UE D A0 WR| G WK GO TG
@™ AB I A | @ Afeaed oF o P'Q WMT oifde Ttz Tes @i MRE
SR (0 T TG 1 AN G 2AfSRF 72g v 6 (I TG [ 4INE | GTCFCE (107 el

1,1 1

q Ct—=—= A
5Ty f 9 S,
Gt D=u+v, A v=D-u >
F P’
B U NS SR S N — >
" D-u u f 4, uD-u) f wj\l
al, u> — Du + Df =0 . Q
2 e Aeweilba wb Tw |
S
[n2 2 2
u = D+ D2—4Df € uy = D—WID2—4Df

(I) 349 D? > 4Df, A D 2 4f, ©47 u; @R u, o G2 AT | AR ¥ & AR
TGS MY FIHT (TP GG 4 90 (@ 2F Oed @Ed g SRR e i miw
foe | 8 D = 4f T u; = u, | TOIT (T G0 2foRF #fien 3|
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(I) D2 < 4Df 31, D < 4f 2771, Toa 68 FEles, GUFed (S SRIEE 2a SoAd (@]
#fsfay afoe =@ |

o ¢ AYTere TeF (AT (FFH (A e :

I D+4D? —4Df | = D-+D?-4Df
1~ > Y2 T
2 2

b SR Wy A9 49 x,

T € “ME W THE D (O € @R (@ 6 ORI oM MR AN I oI e
x ZA THAET IR MR TEH FHA (@FIFH e e Fat 19| @i @ e Refma
a9 #%f® (displacement method) & 27 |

o A : Ter (#1031 b SRR G SR ST AN A | 4w GF0 SRR I 19
¢ offely 1oy IR u; € v, |

SSPSI BE R
e 2.2
voou f

Vi

Cltm = g . (Q)

ORI SRR WA S €AY € AT qag IS u, € v, | TOGT

1 1 1
— =

v, U f
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3 TIEe Al Fae Ted @I @FF o Wm w4 7|

o TEF (A TATAIE Kb NPT I8 ¢ «F eifefargs s [y : Kadq sfamia
FE TG g fefm
SR ORI, T@H (T3 o SR T4 AT ST ANeq T 04 I TG TG

[ 2
2

2
o2 PRI 2 e v, = D - uy = D-VD2—4Df < Tl I 2t Ty

[2
v2=D—u2=D+ D2 4Df '\ﬂqﬁ%ul=v2&ﬂﬁ'iv1=u2|WQﬁQ@@ﬁWﬁW

@ TLT M 2R AT W @ 9o e [ @iy
T O O @R o SR Afefcas o I 1) e I, =0, @9k g oy {9l
m g mz’i\?ﬂ,
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0= JII, .. . (35)

G2 FEHR AR 7AE Afefirga o Aifaist F0a 97 e qewE AR Wefa w4t =)

9.9.2 Tifafes rfers wArea =am @@ @i fage awe afsfam o7 : (afde @ woms
@ -

SfTeeTl (T AR e @i fge g afsfras soum afifes sfere Fda s
Gy G @I 7 e AEfelke el i 99 @ @Ee gioe [eEna 69 =@ | @
Afestarex #i7 @ afefeTa sifesie W8 e | W 37 (5w 9.20) PQ <&l eiFeia A4iq wirws
To7 P faee itz | P 9% (A0 wiieie A SETE®m O @ S M orF J919e afee 3
3| Q Tz aAfelay wirexis aey fomfb w1 [eaval w1l 27 | (1) =4 SCFa Tagae QA )
effereer of =S I @ F, W 7 (Tee 1) @[l F, (A0F 7P 206”0 T
7 (SReE @) | (i) S @@ QO It @iege Rpfe ToR vz s vare |

A

v > TN I -
NG s AN g

> \ 7

—

(a) TE & (b) =we (=
@ 9.20 sireeT @ ige awx ofole

(iii) @9 27 P Fy o9 90 @10 AfSomeed =9 g4ie oo e 2 AW 97

ol afm @ @ 16 Resoa Fae Q' R afefg e a1 Q' /v (A wowa ©oiF
Tfere wifesd QP =d PQ @3 &fefT|

afF At #fffE 299 (Linear magnification) :

SCFA A TSNS SRS raa (79f 31 Tl € @ (7] J1 THEIF Seiers (A [adw
q0eT |

b@ 9.20 SFPIE, @R Rd m 2@, Ten @R G

g P'Q = — ', #fefarga af

PQ = y, 987 4

P'O = v, #fe™ e
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PO = — u, ¥ 79|
P'Q" PO

T PQ PO
Vv
y —Uu
@It @ART R 4 | 360 23 2feRy 2@ SN oWl Tol 2felRT |
e (FCHT (R,
PQ =y, effefrem o=l

PQ = y, 387 7

P’O=fv,ﬁ%ﬁ'ﬂ@@

PO = — u, 9§ va9|

P'Q _PO

- MT PQ PO

a, m =

vy v

qaq, m = 7=_—u=; ...... (i)

@It (@RS RRda @ Ie< | egoicsa aAfeig s |

dq m N 7w, Aok 20 oo ¢ S «3g YR 2@ Aol =3 i ¢ s=AY |
Wﬂf 3l wrFw 7999 (Longitudinal or axial magnification) :

A4 SR T e Rees ¢ Iw7 [Rgfon smeirers s 31 sre e 3 | e

faafa [ = T
@R AN (AT
1 1_1
v u f
_Ldv 1
v, du u, =0
a_v
du_u2
_ Y, .
/= W, M e (iii)
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Sl ¢ (AT [T 92T zeam o fanfer Iw7 afsfies aififes wielm vaae
20T

9.10 A&l (TWF A& € e (6™ (Combination of
Thin Lenses and Equivalent Lens) 2

Afofcas @ 13 T99 G S T SE A0 G @75 IR T 2 | GFE @
BT M LT 2T ST TP (FH A A0 |
® T& (51 : (571 ST JILT A (@I 89 (T 2Afelay e 7w 1 O Aifawes o
T AT T @ TET O3 [ 2feT @58 S HAleT AT O @ S AAIE
el (F A 3 9ET (FIAE (FFIRPT (TR e (FIEPT (7 (equivalent focal length) JE |
faffe ¢ g8 s afefaT «ifie 2 3 wereirs Sl were! (perfect equivalence)
| AWE A A @ AN @EEfel ATolEd e AR G2 vl weret Ted | 5%
EEoffel g oIt At @I @ @1 SANST T T A 9L SR R [T AfelRm
O FACS AN | GTFCE (I (I G @5 e Q4w afofg stom s oiwe gen
™1 FE11 27 e @2 gETrel Sl 717 | T IS gEre! (restricted equivalence) I#T TF | @I
e s zere efefcas s foF =3
(A) U6 AHY olroeT (57 FNACAD 9 (FIFH (w9 (Equivalent focal length of two
thin lenses in contact) :
6@ AT, f] € f, R G 4o HATe TR T F<Ee SRR ANFASE G T
P N0 IR T T ANl 2EAT A
T (% 96 SIe® A 421 A |
- > > Q I Gz THfee W &% O (g
\/\/ 1 9.21)| 24« 9T @oF P O T8 79
oS G A AR AL @ AR
D i o e oo ofe 29| g W
5@ 9.21 ¥ e =™ It feSin @ 2fope 7w Q e pore
Afefa som sz Q' v "ow @Ea
w6 oP a8 2oa Ran | adw @ afesEcd PO = 3% 13w = — u, 0Q' = #fofiw w=w
= v, FIFH o= =1
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faor @ afedrael Reasal w4, 0Q' = I8 Y = v;, OQ = 2oy 179 = v, TP

O @R (@ | F oz, P oA v afelis 2@ Q ek it T e zd|

PO = 3 7A9 = — u. OQ = 2AfeR® 7@g = v, @F 0 = F

TEE WS @7 e AE @1 ANANE 9 @IS (raia (F) TF 5a

L1 1 I
FELTRTETT =Z7 ...... 37)

e Aol =T qH
P="P +Py,+ . . (38)

(@A P 9ol (I WSl @3] Py, P, T ey wiefera wwel |

TG (7 R ARACS IoYe] TRGH @75 | FOIYe1 TG 8 SIS (FER IS
AR 510 T2 T | AfSTHEE 9o @HA R (G AADA (37) (A AT T | (IR

(B) */7@ (AF WA TAMRNSA TRPAC W AGHAl CTH-RRIGEE 9 (FET (A
(Equivalent focal length of two co-axial thin lenses separated by a distance) :

GF5 PRI S el ANST T T | G AN IGF (@ AR 0 I, @A 4T
@ 3 @33 KR 2AfefT 10w I O@ @ G FRIE OO 7T 6 T | G Gl
HIECASGIS Il

A, £, € f, @R Te0F 46 TER @1 AT AW 1Y a I G 2 SR

195



A Pl otz (B@ 9.22) | 11 9fbe WG (9 IWFE O, € O, | A4l SCFe TH P
«3f5 T8 77 | 29 @ effeard o9 Q' e W3 afsfim «fie 7| o @i dfssarem
47 Q fTre pore afeiy ot @l Q' ™ fTom @™ (i o Iga WSl hEe A |
AL @ AT AT G
P01=WW=—M,OIQ'=21%E%‘ZW=LZ+VI
(FIPPT 9 = f)
1 11

a—+v, —u:Tl

DEEE S > S— R
5@ 9.22. ¢ FHCE wRAMRe ¥ @
1 +l_i .
?ﬂ, a+v, u_fl (1)
2w T R, my = a_+uv1 ... (i)
(i) R ATF (AT,
u _u
a+vl+l_f1
u u u f1
:——1:—
4, a+v, fi fi
at+v,  f
4, u  u-—f
N
"~ my = _M—fl ... (iii)
u
aR v = u—flfl - a v . (iv)
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@R T = f,
1 1_1
v, v, fz (V)
. V
ST @ [9d, my = i
(v) TR FAFAT (AT ATE,
ML
%) fa
Vi _ WV
—=—+1
= v, )
Yy 2
= v v+
T ¢ S T
F M T i vt/
(iv) 7 AP (AT v, 97 AT IR
o f2 — fz(”‘fl) (Vl)
2T whewatfarih RS
u—f 2

4 OO (TR SEAIREE O 9 SR U6 (T SIS WK A (73 L (A0F x
RE G G (TP W F | g @TeE 9o @™ ved 2@ wdfie F s | @3 @ [t
OP =<8 79w = — (u + x)
0Q = dfefy 1ag = v
1 1

_1
v —(u+x) F <

1 1 .
;+ ix T o (vil)

14

aﬂ?@ﬁmﬁ?’ﬁ,m=m

197



(vii) TR FTNFE (U,

u+x u+x
+1=
v F

u+x_u+x_1_u+x—F

Wy V F F

v o F
u+x u+x-F

T EE #2E AT KGR my 8 m,, (6 KA my x my 938 9o @T0a Qg A=
ESE

‘.m=m1><m2

F A So(u—f1)

R T u— £, uf,—ua+ fatufs—fofs
" u+x-F:uﬁ—ua+fla+“fz_f1f2

’ F N2
a %+%_1=ﬁ(fl+f2—a)+f%—l ...... (ix)

(ix) FAFA0 u 97 @ AT Gy A@E | TR T4 4 = 0, T2

(ix) N GB T P,
u_ u
Rt T ha

1 _fitfr—a
fif2

|

1 1 1
+

L, a
4, F_fl fz f]fz ...... (39)
@62 261 9ol (P10 (IR MRI0e S 10! Ui (P09 (FIPP] WY '@ \STHA W) IS A |
(X) MR AAFAT (AT,
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_ ar_ af\f> _ af\
YL T hUh+hma) fi+fi-a - (40)

X B8 Qe (B ORI | AL (FIE 2T R SRR |

9 (TR SR Pl e, AU G R (7R (A f, | O G (FC SR
T f, (ISR YE0SH (AT A0S X' YRS,

aF
x' = Tl .. (41

AFooAtF 2w G9CF 41 75 (principal points) J&T 2T | 24w Swa Toiw w4y 7y fac
fese we 7L NeH (principal planes) Je 23|

96 (7 See A oF A JRRT F GV (TG (FIE @Y AW AT | GTFA f, £,
@ F 4e1gs | Sede (39) @ oz oftsa a3 4,

1_ 1,1 a
-F -fi - —fi-/

1 1 1 a

. f=71+f—2+m .. (42)
YN (1 (AT POV (1T ORI 2
_ —aF _aF __ dfy
X = _f2 f2 f1+f2+a (43)

@ 7o Y AR, a = 0, §eU (FFH 7 F,

1 1,1
. _=_+_

F A 5
& FARD SAE SeE (oA |
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9.11 @I wCAFet qt ALTE w7 (Monochromatic
Aberration or Seidel Aberration) 2

GFIET AT A AZGH W2 (Monochromatic Aberration or Seidel Aberration)

I ST 07 e TG (A0 SN9S GI6 SeEn oweg 2Afey st [fem a6 o
A A | GE G SR [ ARG ST T 2 |

Iee A (@ AR A (@ I TS (AIfe OPIA (F0a I (AT SN9TS G341 IRN9bE
TAFF (paraxial) G3R 24 SCF e 4T I (@I TS AR 4@ (€T TR | GTUFG
CNGSTE 799 sin i = p sin 7 2GS 9 Sofed (@ € Afoe @i 99 FU 49 TR
AR @ER @ 7@ i = wr| g 7Y Jge @ ofF [y fog ot 24 o5 (4 0@ AT
CTeFGE IG[WA e mafelm diem o T—@emig T I @@z IgRva a5
famafelay el T | ST T IT SENEE G 2ol 49RF 4 W | 9T T A arE
Begerel R0 A1 | fFg TeAcas AT (peripheral) TSR 24ie S A0 (9 (19 T Sivifo©
27| SR ARE (RGD G T (@I WAfoe IRE (R AIQ T TR T SCRd € (@9
el Siolfow AR R Are 28 @1 | Gy ey FHIEE e 22| sini @3 [ghe (A,

.3 .5 .7

ieffe, sini=i—%+%—%+ .................. (44)

(AT THAFRT IR G sin i = i 477 e AW 9 (first order) fE [few =F s
(AR | @3 TEE AW 9 A qred ©€ (first order theory) & T

AT IME G0 sin i = § 4 T | AW INT 0G (AT [pfers a1 27 wweRe | widfie
AEIT AMPErRE T afel oo [fen gz = weRe | O3 T @ @I SR @R
b AT | G& GoE G SCHAFele Te A | () AW sin i 97 [ghon o Aw 49w [
i §F PO TSR 2 KI5 e foiFen Ssifee IR o GoRG 145 F41 T | 1855
4B 2we (Seidel) €3 ©§ (W @ U@ ARTH S2RE A PO A5 €€ (third order
theory) &1 27 | 2 org 5 & FGT 5 B Somer= oM 33| «2 5T ARws a1 9@ =aFe
26 JFC, (i) (oIl (spherical aberration), (ii) GRSl (coma), (iii) S<™ag (astigmatism),
(iv) 9! (curvature) € (v) ﬁ@% (distortion) |

(i) CANT2RS < AT AR : @ ST T T (w0 weifew 2w afugfe pfe
TARRR affER gEmE (@R = | AR A e it ¢ SHrR afiefe geeE v Ia
AR S0 T | AT (@IEILIER B 2AfeF “fem T 11 9B N (oeeRe A e
AT A
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49 GF TEA @FE 24 Sewa ©AF P @ g (5g 9-23 (a)) | P 7 (U Wit
AR qMefE @ eiferTRe A9 dae Sews eeiF F, [Rere fifere =31

@ 9-23 77w @ES

AT TfT T S F oo fifere 211 @ s s weifes afiefer afers
2@ F, e F, Reqfbe sl =i fifere 271 F, Rs aiv s Tofw srgeiia @ o
[T =% e Pf@rs «fh Jeee SEiee Sige siew TN 9 @ FTgE W (AT
@ | (e (U0F YR ([ 207 Segey FAce AF | M S F, (AT F, @3 s e oo
e SRS St T @ SegrE e A 2o AF | C TRIE 97 TP K
(AT I T GR J0ed W G Segrene 2iF e 2| @b P-a7 dfsfirer eoew 39
TR G2 G eTow %S F€ (circle of least confusion) A | AE @3 SR 7 (ATF
oi Aol sftent 1 F, 4w F, @7 fiee o T oo i alices fiee Segey arecs
AF| C (A F 3 e @oe e Angs fiee Seger o a7 41 T | Paos Sroige!
qred A f9FF (lateral or transverse) CIITCAATAT 2ol 4271 27 | WA TATHIT € AT
f Fes e aAfeRmama s@=M F, € F,~93 s 479 Sword (longitudinl or axial)
coiieITeRTeR oifwiel @@ =1 AAl (A F o, afeye aiefler e wes (be 9-23 (a),
(b) I FBF ©& A FAHRTGH (caustic curve) @R I3 Afeqe amepecs (G SR
T Ffoeon @ fFael T oMo R OIS A0 IBS IS5 | KA 75| G% OE 2% F,
@ T OE I (cusp) I | 9-23 (b) Bra FBF @ @0 (=W (TR ZRE |

ARSI (ARG S GO0 [0 (AR e T Gl sl w1l
| I AR AEAF G CFed T (osiad iR som 49 9794y = 1, /g
AR (@ SfeAR Twa @t @@ ggeelf =

TAMITR 2ifSoaTes, @R P! JPNE, I 1319, @GR [fed IR @3 I 290
T (SIETICHRCET e e 0 | OFF (A0S Wa TP (] TR (a8 S0 897 Sahee
(@I TGRMD (GG (AR A A I e SR €2i7 SRS IGRYMT (g
CofEAITo e Wi AEere o w1 23|

® (AlfEToEe Pew FAF AUfE MZ ¢

(a) ST f9Es A @I4FT TI2F (Use of stop) : (SRR T4 261 AT € TARRT
SRR @ ARSI o7 G SifeTe 1 263 | I (@I I (A S IRl
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AN A SARF SRHAE ETCH S i oI T, Wi Sisifoe zre 71 (rewt =,
@ T (g AfelRF % T @R (IFERER g I 2@ | AT afefE SibeEE
@ TE @ (stop) IIZT A T O GO GG SrFvE S T[T AR G0 @5y A

|

V

g

.
\ ~ .
7
g

5@ 9-24 ¥orola 9T

S

(®)

(@)
a(E I € (FR MR GENSiE A 22, ACe O3 BEmd (T A4 Srwd $oF A

(5@ 9-24 (a)) | U2 AT @F TIYF IR (GIAPRER T T T2 (58 2@ afansfer 1t
AT effefaras @egey S =@ 3R [rew el (resolving power) € I [ |

T AT TR AT ST Gl G (A0 I O G0 SF0z 5IFTe /7
4l 2| (FE AN GO @b A 27 A0 97 (T A4 Sewd o d A (g 9-24
(b)) | et o€ @ (Lord Rayleigh) @2 35919 415ell ¢l | @t fRtews) =warel 6 15 Segey
o e 9 | Rew S @ A SR ot w1 e adfefiT ofora o @< fgfe
(distortion) &+If2e Z7, TEeT =6 TRET FTE A (AT TATT TR AldFeld e Fare
Lol

(b) FSTENEH (FCFF 24 (use of plano-convex lens) : (FTC3 (IATTATE AET Fr=N9fer
TARRR TR (AT @R I Rpre =@ | AR 3R pife Jees FEte AR R
TN T | TREE (@@ Sieed (@i @ e (@i T g pife e 27, e @i pfe
b ATSART OER W AN A0S T | FPE Ig AT [&ewd B [Reasa 41

(@) (®)
5@ 9-25 (slaTITeIRel T FATSETes FHE AL
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T I AT TF o G CHREs A@Iey ¥ | ANRTSNE, T4 (@I @GP Geid
fsfiel a1 27 @t 9T <4 = e IR @ pie, 9 e swe s 4 AneE 3o
Q3 O (AAICATE wTos 27 |

vl Al S a0 Sfeer (Objective) AT 2ARE FIer1es (71 950 &7 | TR
(I MCRE TG (AT Tiore qefel AR TG 2 0, ANOETER] @i IFee s Hivfow
TR IR e Al 2 | T ARSTRER PR @ 9 OEE W e 3t 2@ A e
=7 (5@ 9-25 (a) | TATAACE (T0o7a FTee] oo @ ISR Seifes 2 @ e (@i pfer
27 1; T pfeg IeerE @ (5a 9-26 (a) | F@ (iFATARE qarge 27 1|

SR (GG ST 4 T G AF | TE TG (A S5 a9 @ oS =71
GTFCE (TR eS| Co( Siiofe AMeoes es Al 23 | T gio e Hifw 2y s 23 (b
9-26 (a)]

(a)

5@ 9-24 SRISTF (AAFATE T OGS FH IILA

AT (ST IFoa WSS AR T q1e qio oprets pie A &7 1; Fred o
AT IFOE (FN HIfS T | W (oNeieeEel g1 o a1t (5@ 9-26 (b)|

AgiRel e ze—weifes 3t fsfe 2 @D eum =wFa e @@ TG ERE TreeTes
T T e qTa (allettsiae F =A|

(c) ToTT Tl IPNET (13T FIZF : AW (AEACFS (77 (Use of suitable radii of
curvature : crossed lens) :

ol TR AF, G TG AP (P! @ AT =@ (olRsed Jeew 2a qm
o 7ol P e Srpeired sty FE—
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n_2nt-p-4
nooop2p+l)
(i) S_ (AR @ (crossed lens) : I @I TAMIT 27T 1= 1-5 T, TAEI

AmofE (S, =
*op 6
sidie 1-5 2Af RIS (@A G GERARe Jees 2d I o] AFIER TS 1:6 24|
(@RY r; WS TR T O <ol I, O (@ O el R T (R wein wisifoe
TEAE TE TS A0S R | 40N B©F (U @R T, 1 SrEe 3wl e [edte M

Tdfle G ToeEes %6 Cewsaed

— —7 |

(a) (b)

o@ 927 TwE (oETERS T

209 2@ (b 9-27)| G2 €19 @I W™ (AlleTieafsel =19 9 7% @7 (crossed lens)
NG
(i) FTSCEAEH (FTCFA (F(G T T 0o FIS[S AN AN S A GIUwed ry

,
T G, =oc; O é=0 A 2p’ —p—4=0 | LA FE AT I p=1-6861; Wi

1-6861 2AfSARISE (FIC] FTNGENSH FIAS ©esl 06l S5 Feia T Wi Fi 20 (Siaetas!
TS T |
I 00 I ST FAGIT TG T ANE, GIUFGE, 7y =oc, - p(2p+1) =0 | T

e, u=0 4 L g wo2 SPTET | LS FACCEEH (@ e ML S5 TG ST

e QR ColfeTeaige syeres =0q =1 |

AFTSET—enefee 3t fFefo 2 @B ey wera srest @ e @12 a8 W e
@ IFEAD AAE (AR I FA|

(d) Pﬂ% Tes (779 929 (use of two convex lenses) :

fafie i 3P TR 4o ©ed @ CF0g A0 (W6 pie 56 @ Wi AeiE Ifoe
23 © T Pe Peon T € (SEHARee e &7 |

6T, f) € f, CFIEPT GE0EA (f1> f) 46 TET ¢ TUFG L) € L, SR FAwSI
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a AL A S| L, @0 Sioe S e ez (ba 9-28) | &4ie S el A
G WCETE T 22N (@ SNEE (FF 0) (A by THeE A Rere wefes 2w 4ferye
26T A7 @S (@ TR

L, .
, A M
>J’ >

« — 4 _

R T >

5@ 9-28 Uil TeH @A TIAH P (ST

oI T (AF h, THOR B e wisifes qane | ook b Ferw o wee afoqe
T3 A4 ST THR F, Ree iR S gt afim e fifere 2|

AN (F pifs, 81=%, £, =0,F, &% & e 5, = /F, BF,, aed (SRAAAER
=PI §, =8,, ABEF, (2, FF, = BF, = F,0, @Ry e @107 S+ M 207 THr=T |
BO, = h,~99 W8 47 T4 |

&S @, F, & oo 3R ¢ pors afefay F, s e zrne|

- Sy GTEE owee g 7@, u = O,F,, #fef® wsw, O,F, = O,F /2 = v

@R GTE, f, | SOEI (T3 A

1 1_1
;—;—f (AT (=4l ™

2 1
FO, f;

1 1 _1 - _
%, FO, FO, f %, FO0, f, W F0, =1

B @ W W9 a = OF—0,F, = fi~f5 . (40)
wdfie 4 TR TR CHGq Porosl (AR *S 291 ARSI A=FS @5 G067 NG
A O @ e AT AT 2o ZA |
205



(e) 7{% AEY Tee 8 w[ed (eFd 94 (Use of convex lens and concave lens
in contact) :

T (5191 @ TG (IS (SR ATIad oA | o9 THYT TG (519 @ Tee]
@ FREY @0 TR S5 FE (SIS Jeres T T |

(f) ottt et wfE=i@r A wizi=ife+ 9@ 4929 (Use of aplanatic ponits of a spherical
surface) :

OF GFF @G AGRESIE FAEIR IR I3 27 1 | [T (IR 2o o  GFg
97 OCFT TAT G Yo 79 clem w19 «Ifore g AFE 4N (AT WS SEE-
TR @ @I @I Sivifoe @ T (@4, dfoNaeE A SR OAE 7 [0 (A Sy
o @ W T | @3 77 v wiked [ e | ©ofF @3 OeE OrE T9 A0 @F A&
A% WA qre 9 AR fae o+ Rjre «iffe afefeg colfsisas e 711 @g9
CFE AT TADCE A SRARA o |

5@ 9-28 wifqor famg

G G (AR ©F W@ p, @ p, 2RI 9t g [eifers | 1, TeE gaam
mmaﬁi%ﬂwﬁ,u=ﬁ—;|

(oA TR qFel A, CA = r, 95! (@ (AT C0=ﬁ TG (I TR (AT @

(I (I ST (oI Oee Ssifew 2et (it 31w 1 e 2ifefas «ifde 2 @98 o3
Cl =rp 2dI
43, e € AfeNad (@l AAFE ¢, S ¢, CFETR FAPNE, u,sind, = p, sind,

sin¢, M

3t : =H e i
Cosing o M (1)
_ r
A ACO (&, SNLAOC _r _r_ ... i
e sing, CO H (i1)

() © (i) TR AT (*7F,
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ZAOC =0y oo (iii)
TR A AOI (2=,

ZAOC = ZAIO + ZIAO

al, ¢, = ZAIO+(p, — ¢;)

A, ¢, = LAIO ............ (iv)
A AIC (A&
sinZCAl _ CI.
sin ZAIC =~ AC
sing, _ CI CI

Y al, p==" Cl = pr ........ W)

Ted Afefa® 7ag CI, ol (@eE ToF 8a 03 71 | (it T8 18 SEsis Siegel
@ (coma)e ol s ¢Fa 1aree 23|

(SEAIToRe FaEace SIed e 9219 F91 20 THRET FASYT SYIrF (I e |

(ii) = (Coma) :

T 2 O (A g 1 g AR @ 7 (2 witsre e e f[fen @
Wy Tirw efferye 2@ @ afefm o T o il Rdq 231 Twrdi T oy Agy
Ferasffr @A afife afefay oo a1 Afefnes iwa GFea (comet) coma 1 #{rd To!
7| G2 G G2 SATECE @I (coma) I 2 | (@I e AR (alfFwerEe | 9-28 B ag—
T Q ¥z 2fSR™ «i (il TRz | aae Ff (1) FToR S W i 2foe =@
Q, e o wwiww 2foR™ 0 F07, 29w I (4,4) @6 Jred wFET Q, AfR=
Mo |

\ 4
d 3
d” 2
3 Q, (%‘
4 Q, ;
Q, Q
Q

5@ 9-28 il

13493 5 A AR TG Q,, Q; 20T JETR aAfof® o T Q, (T A7
7 Feoffel ST TT o AT | AW T (Fo [@E @ qE @7 o 2ol |

(ATF T | G2 GF0F ATORT (M08 g9 (AT T |
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® (&I wAFad (Removal of Coma) :

(a) (@I EPUE Prew (NFAATET T 2GS FAG G99 (IS F 27|

(b) 7f6 #AIT=T =TT A<ETH (@02 PR (o091 TR (I TH T4 AR | (@ @ A @ @D
g w99 ARG 1S (Abbe’s sine condition) et ZG @1 e ﬁ@ 27 | *Sf
g —

Wy sin®; =y, sin0y ... (47)

QL y, € y, IS TG ¢ Afefeaa Twol, p, € p, I ¢ AfelF @ W oy
e dferaies, 0, ¢ 0, Sidfos ¢ fsfe M g Siewe el (@ (@19 T S [ |

(iii) WAW&Fg (Astigmatism) :

(I SICETReE CAlETCaARe @ (@ Go (AT YT ZES MU TF (AF 9T (I G-
7 =% aifely T Face AAlF 71 | @35 7Y T (AT ST AM19P T4 @7 (AF 5T
2 O Ol AT 519 qio @R @RIF wa e A

|
0
O
>

@ 9-29 wfdwag

9-29 forg PQ Wb I%, FMET ©r& AF FHT AB JOR @@ W4y g sfe syea
Q, s T @i @3l 7[7 Q @3 @3 2fSfy oo =7, s FeEs SEa Ww! FHSE
4 CD IR & Q, re =y @b S @RP @K ofde 271 T ¢ S @l 7
w9 T @E I T SRS A 2499 (@R @2 I Y2 @& @2 (first focal line
or tangential line) ¥R S (FF J&7 27 Sfaw< KFarerd @oiw @ @2l At (el (I @2t
(second focal line or sagHal line) | Q, € Q, ™= M=t fs[vzs SIF AT SoATEFI
27| W2 M2 RE W@ @I 9T R SAJCE O 46 AN 2@ Joed ST 24| 9 HEE
TN SFel g8 (circle of least confusion) (e |
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L Wﬁw @W"l :

(a) 359 QA (use of stop) : AT 357 FITT T3 [0 IFIT @ wieifow zre
7 e Sy S AW | IBAF ST SR NS 2T | AGEFIS I G (@& I5oF
Lol

(b) Tew w@we (7 F79ZF (use of convex and concave lens) : TG € SO FIA
wfamey [RoTeA 20; ©i3 Tee € SRwe (7S G35 ST TILI (@0 AN 9 FA0E

GRMEY SAPIZ. I AT | (12 SRR (@3 A fejfe] @9 *[6 (Petzval’s condition)

1 1 1 p
—==0 @7 50 | 0 @R (@ +——=0, %[0 +ifeTe
ZM 2 | £ ; "Hlfl Hzfz 9 CRORI u, €, T

qE Af SR TR f) € f, GO (ISR EY |

() W—CET@FF% (¥ FAZ1A (use of plano-cylindrical lens) : ¥b FN-BIEFe = T2F
L ([0 TR 79 F41 A |

(d) 5f3F 5™ <29 (use of torric lens) : (T FTFF & UHF SSHF ¢ THF 50|
79% Wit 5fFE = (tornic lens) I | BRRE @19 IR2A IR SWFg 17 3 AT |

(iv) ISt (curvature) : (AFACAF, (FE € SRWIE @I @ SRS 7 AFEES @I
fage a7 2foRT 3= 200 A | 93 TR T OF (AE 0E SAPLO TG Qoo
T (2T TCa AT | ¥ (A 703 <l agfaa afefm Sorei agfie afefoas gemma @
Fig 0w 73| Afefa=l 75 wsiEe =1 @2 9o et a5 =1 9-30 (a) e Tea @
SMRCER (FCE TS| (T AR | @ (R SRR

0
(@)

)
®) ©

5@ 9-30 FFet

g™ P 97 2ifefT P re € o (e rae e Q @ afefi Q' e sifde zmz |
0Q 7@¥ OP 7A(ed (UF @1 2™ OQ' @Y OP' ¥F (AT T T([; IR TY 179 G
afelay 7ae 9 2| Q' ™ @i e e wie1 | PQ I3 Syl [peffers afefa® P'Q'
IFEAT €A 5ifFe | T @1 ST o a8l 9;30 (b) (OGR! TETR | @ IF
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I (FIRPT E0ga W& S_hLe, IFe] (79 (A qead e 231 9-30 () ora s@wst (e

IOl (Tl 2R |
® JFo! @W‘-‘l : T@s w@eel (&7 929 (Use of convex and concave lenses) :

W%(Zﬁﬂ) AT T TE I T ANANE AL IO FAG AT | G0

T ¢ G Ten T W8 el ke e w8 =, _Mllfl+—u21f2=0

(v) f5f® (Distortion) :
@ SRy, Il 295 G PO FAE G 57 [IRT T ZF | G2 35 TAYF A

T e 2feRm B wEe Aoy [Rge 7w a9 @2 ofow fAgfe )

759
| 359!
0 0
P P

| o' o'
1 mﬁ
~_ | |1

T = RN

(@)

foa 9-31 RFfe

9-31 (a) @ (=T TRE,—CEH (FIAR A I69 IR IACH MIT #1911 SIF (barrel
shaped) 2 1 9-31 (b) or@ (I TR TEs FI1E o0 Y59 A2 FAC MK TG T4
(cushion shpaed) =1

® ﬁﬂiﬁb‘ @ﬁ‘-‘l (Removal of distortion) :

E\% et 9929 (Use of two lenses) :
b 92 T @ AR A 367 9w S (ba 9-32) @2 e 17 wq T |
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A (FEE TNg W g6 ¢ o @R el SiwiEa gf oiiee Reldte zen, pore
dfefay ghe I3 27|

91

effofy

P

o 9-32 4o @ AR gfe frareae

B9 (OIETE e FEAE G2 4T FoAAHE (519 QIS e Akl g |

9.12 WiteAi% 9@ 3o fqvzae (Dispersion of Light Rays) 8

@I MR 2RI (), SNEE 9 0 F=2A0FT (1) T94F T AT 979! (eda

(K = 5) Tof7 o7 30 | (TR S (I e Afesye 21 R[ifen adfa o Ripfs [ien

27| Aforarera o [feq qufa o A=l (e 72 =@ 79| 2w vy e dfeye ==
@2 Rpfe wim @ =1 [fen qefa =i =i @@ 77 (@F 7@ 2@ 7| i 3
fasgzel (chromatic dispersion) J |

AIFFR (74l AR NGR AT SER T WA Al I A | @ FiFe w1
sifees Ffow F™4F (Canchy’s rclation) & —

B C
“:A+F+F+ ----- » A, B, C,...... 297 3 I8 AR WA 79 79 GO g (709 AT |

B

A2 76 o [ranat s oD = H:A+73
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st
foa 932 famm famgad

(@A ST S a6 ST (AF N 2GR (91 SeeTia 2Afes=res a1ie] Siete (A
RN | Ge=y AWl =it (s <) f@eem s e 2edd o7 @99 SR pe (8y) @

IR Ped (Sy) G (4] 2 | W B u=%|wwwm®’wm GRS SRR
503 (5@ 9-32) | sawive i sTres! afrTates T e T=F Afeiifere a1 [vgaers Freie
3¢ fmgael (normal dispession) I | (! @I TG SAMEAET IANEE SACNT G
(selective absorption region) tF wdie I ARE T Il T TG AT | GICHCG FHF
FEG e 27 1 | AW nd IR et efevares SrEreiireiE ik 7 | « 2 fvgaeie afesre
3¢ famgge (anomalous dispersion) I |

® (Fifds favgad @ 3 favgad el (Angnlar dispersion and dispersive power) :

A S e w1y T cone @ e sivew T, (iR 3@ v gy wiemeaiia [Rpfen
MNF A G T @ AL (@G0 Rugae 711 56 28w a0 79 e @9fd == 9=
am@ R € V W@ bie 2,

(FifF famgael, 6 = 5,8y

fofe sivwell € eI A FFeid Siefee IE SERdEE @S pie
8 = (u-1) A, A z#1 f2omE A

TR Sy = (my-1A & 8y = (ug-1) A

il mgae, 0 = Oy = (My—Hp) A

WO = dA (48)

@UCT = dp = py—g

o AT AT TGS TV WEIEE G [pifes e sres fawew &
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famgges forema Mo 3¢ [vgad et < | Tg<e! SiEed Rpfe A sneear [pfed

Oy +0 +
N A 2 A F| @ T S=— R=(“V2“R—1)A=(u—1)A

u = gL Aferaissd e e =“V2$
_ 8y —0g  Adun _ du
wrogy I favgge wael @ = — ¢ TRDA  poT e (49)

9.13 3<fitolged (Chromatic Aberration) 3

VI SR NG TR (ST (@10 A4 S e ieTeid oivifow 2, Aferses
77 @ [fen Tl [fES =@ ¥R 29 oowa SR [fen e fifere =31 (Tee @) 31 oo
@R e ffen 7 (40 ST 21 30 Wi 23 | T 99 afee =3 e Jeelq A [imqre |
@A G2 o Ao | G R (a2

1 1 1
Foo-0(5-4)
e f&fem qufa o @ Tomis afevarss (u) ifen =0 | @ie s aforrss @oa

TR AR (A T (Lp<py) | SO FE SR GRIRER (7 (@91 ST PR e
A @ (fy > A

@ 9-33 @™ efirsigel

e (FHS (F6G OFp = f ¢ OF = £, (@ 933 (a)) | F <G F, ™= woiema e
(T A SRS | G2 W [l Wl acfa qfefe Fy ¢ Fy Rmas waesl s fifere
7 | See @R (g Tafas [fen avfa afefe [fen fa crem [ (it wiohTe 2z 3@
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W | (I IR Afefre afen =031 @ gioes Mo A0 | Tee e (R Fy, s
ol A (@FH @Y R ¢ AY FE SE J© @R Fy [re oM A4-ee & a1 Ry
8 AT @Y SR J€ ofeq 7| gt res afeq afslam sien am; @i cwaz %
fav 7 “hem @ w11 @2 vfo = e AB SR Aim @<l 7w weiee 9@ Aledt T
I el AT SHARATST T ST el 207 AW 2 | G2 JEF P 5ol I8 (circle
of least confusion) < *FTo3 Fefirorel g€ (circle of least chromatic aberration) <CeT| &l
SR @AT 90 @R Fyy @ Fy, @9 W1 7@ oo (longitudinal) Feftzme 210 ¢ pares
SISl Jred IPIE foda adfito@d (lateral or axial) | oA wfaiel T =@ | fods aefieormel
sfefran [Radma oot s 331

(R AT A A Sy IfeiEe (@4 23 | [T Fefiermel SrmEa Bew eE w9
Aol @ 7i6d (@ @I @F o e Fam ivnbea adfitead 3 23 | ey el ¢ yiorwg
(field of view) (ZITH! 20, Sod] IATAATER TG (@ AT | ST (2051 @ Fiorwa a0e!
ZF To1@ IffCoRem Aeiiem @M A |

7% (I @) @ TR T T IS T AW | GIeFg G (@ (e S
frgaee 2fefire 3|

® (Z7H WEe@l (Achromatism of Lenses)

(a) 9FH 9T (A W@Sl (Achromatism of a single lens)

G (@R AT~ 281 S0 @ QoA SN PR qHeed Wy AL (fpfy) |
@Eifoa Iefitaael I8 26T 6 = fofy = 0

1 1 _fk-N
T R Ak
1 1

TG SO *$ 2N @14 4w E—f—=0

d|(1
« (7)o

waﬁﬁw%ﬁmﬁawwvg@fmww(%) a7 oifFEE < 2@




wefie. @FHGE TRAT O T d(%)=%=0 o A

@EE o =0, MEEPNE [ =oc | T @6 ST @7 dFa 71| ST [ @ e
@ ¢ @ SRS S A
(b) ?/7~*17 7Y ¥ (AFF FNACAF SAe! (Achromatism of two lenses in contact) :
£, € £, (FIP TOGE 4 T SkEel (U0 TR 910w TR SR SR G G (R
p 1
o) F 20, __T+Tz
e SN @ (@Al S G G (I (PP () I Fy € Fy, 26, effeofaea
Al 27 Fp—Fy |

wrarg - L _Fr=Fy
' FV FR_ FVFR

». 1 1
TR SRefoE =1, Fy —F, =0 4, E—izo

we, <L(§)=0 =, d(f)=0

_L L

® dp,
al, d j —5, 0, =—-= aqy @ I fvgad wEel
(ﬁ 7 O T g 3o v ol |

0,

¢F2 T o e 3 Rogad wwel o, =0, d[ ) -
L) h

TG TRFSR 16 T d(%)=d(filj+d[f%)=0
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, ®
@ﬂmﬁ@ﬁi@@ﬁw,w—;=—% ®; ¢ 0, FEF, TS f, ¢ f, [Afe oz e

77| Odie FEMDT 9 Ten zm SR 7@ SweH |
® [T*E WAl

(i) @ 7> 92 TAMIET 2@, ;= o, = o (4F), mm7+7=——0|—mﬂwm1%

@ ool 0 @ 75 @0 AT II6 (257 Woo! F7 Fa | Wi «FE TAMIES 7o @
e @Y offe T S[efe w9t I Al

(i) = @35 (Achromatic doublet) : ¥ FPE AEY @0 G AR SECE
AL BCE ST GAMICTR (T3] ATATEH | AL ST B SLOIGH (7] € FFopiisa e[ awe]

@ e T4 23 IS, f +T=0 = Afere 2 | Few Pita 3 vgad =wel (47 o)
2

TN QeI €F @I 0 (f)) TN | W o 0w I [vggel Aol (0,) (¥ 2eA €7
I O (f,) (@0 2 | AT @A SR oIF TG (7 i (@02 FIe! A
(canada balsam) Ttz (&t #fsica sl (ol F41 27, €2 TAEE SR(F FTE-g | @2 @F-
YAR T WAL (@M TG e s AR (olfericazele s 27|

(iii) % *1$ 2@ < 7o T 2@y =
S AR SIS ([T B (@A) Iefeiae (2
A |

(iv) *r$fore I 79 u 9F @I TE 72 |
Od TG (T (I TR G *E A |

(v) 969 @ 79 PR (0 SRS T 19w

e &%

O 82,9, =0 for 934 wfe @=ga

Ho oS

A, 25 =0

® Jazia : fafen Tt WF (W q@arse) Sfeers oNE saefe @™ 3 927 41 24|
(e) WS a4t afFe %6 (™ AW (combination of two lenses separated by a
distance) :

fi 8 f, (TP GE0EE Yo T (5 a TR0 A TR ©ICT ARPE G ST §el

1_1.1__a
(I g F20eT, F f+f2 f1f2
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alE)=0 = d(g)=0

AR 1) )

et s R v, 4= (u _1)(L_L]

non
S TN O T IR T G B
. d(fl)_dul(”l ’”1)_“1_1 (i 1)(”1 ”2)
®
=711 [, = 225 @ 7o fvgae wwel]

GFEeNd T @EE (@@ d(%jﬁ}—j

0, aw, ao,

: , ®, ©, a®, a0, _
O o 16 f1+f2 A

il O 0 —— (o, +0,)=0 (51)
3 f fz flfz 2) T Y i
o Ty wiTenDal -
(i) =™ 90 92 TAMET 2@, 0= 0, = .
O 2a0 0, 0 _ 2am
Rl Rl A A A
1 1 2a_
AW LT O (52)
ﬁﬁﬁWW,ﬂeﬁW|m%+%=%
aw,fﬁfz:zazna:% ............... (53)

Teffe 2 ToMIES 45 (1 (TE) IJ4 (T TG 4od ([I9IFEa SEs 20e THaEn
ST |
R 9T ST (eye-piece) €2 A6 &A@ IffTATIE a1 =W |

(ii)a=%%ﬁﬁ@ﬁﬁ%@ﬂ%ﬂﬂ%ﬂﬂi%ﬁwqﬁmm

wdfe @3 WS SifFe FAE TNE (T Gy TS T |
(iii) ST *$ (AT @R W 90 @ T 27 ; TR g6 @ 9T wwwn Z(E, T
@0 (PP MY SA9e] (I FFIEPT N0ed (A0S (@ 209 =0 |
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9.14 I 2

(i) =rfie Tfs -
3 udl =0, pdl= SfeFE ST A< |

IET I 9T 7Y (0T o [Rre @ @ e oY SR S| o R wiee =)
(2) (i) ot oS o wEa afewaes e

[ T P
v u r

(i) 2fesiae s e, p=@

i) olo <5 R Y, S =
(ii1) [ e, i - 1

r
ORT U CRRA I, J2 = uzui by

(iv) I3 (FFPTEAE 6 [ 43 S (FIRPTEEd T —
UV=f1f2
arE s AN A0 |

3:‘<

(v) Gl efestiass o Gl a1 A Rad, M=

E=|

o B uw »n
5 m,=—=— "~
e faga, m, o1,

Ay o= p,p,B
i g - _ 2“2
s fda, [=m m
1
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(3) (i) #lrel e e @ %:(M) (L_L)

1y non
aGTF (T AGEIAEE AAF I |
1

~f
GTF SR AN 0|
@4 f o @ 7 |

< |—
< =

p 1 Ho - )11
AN I IO (TG f] W zz_(%)(z—g)

(i) GT3@ AT (FIFTFAE TARY 4(F ST (FFPTAES AE 3 FComa AT asd—
X X = Hfh
X; 8 x, TS TG GAG (2L 4 @ (AF) € aAfely oy (e 32y e
(A7) f, © f, 245 ¢ faSw @ W

1
(iii) =0 =, P=7

[ TR @ AFHC 2@ P 97 9FF TR
(iv) T @ o SRRIE T (A0 T I8 FME W 7Rg D>4f Z0o TF, GR

2 2
f=D4Bx , x T WRE AT 75 SRR W 77 |

(v) @ @RS Rade m=§

S @da [ = m?

o
8=

(vi)vﬁ%rﬂmﬂaaﬁcwwwmw,aaQWWme,%=

©e ®wel P = P, + P,, P, ¢ P, IV I o A |
(vii) £, € f, @R T U6 @1 a IR AE GIR O Qe (FICIR (R ()

F S

(4) @A AR A A2 SCAT

(i) AT : PR T Q! 2(E CARRR A TR 0@ @ AT At @R I
2SR o107 T A @AIRIER 1B 2AfeR sfeat a1
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(NI TTou FAH 2T
(a) F50A7 2T (b) FSEIEH FIHT A9 (¢) Togs I APETT @a 727 (d)

Mo TR (T AR CICRGT AU a = fi, | () qib T TR ¢ S{ee (I IR
(f) coifeta orF wied 3t st TE 99|

(i) P : T fafen Tomefe [fen wighon afefm oo w1 afelm g e @b weEe
|

@S GRFA9 : (a) TeTON (SNEATHAT 20EA, (IS FA LT |

(b) TN AT *S “AifeTe == @ wAhge =

(iii) wfMay : @ e el @ G e 22 91, FFeiE 1t @om =3 e
amrR Wy [fen 387 IIER 20| @R [fen o Rfen @y 4R & @2 g ool |

Sy FAIead : (a) 509 TR (b) TG WS (379 T2 (¢) FTABNGIFRS (=73 T
(d) 5= E—@RF 1 orER SeiE ¢ TEy IFel ALF) I/

(iv) =l : g g7 2fRm s @ 7@ e 7w @@ T

VAFAd : TeF S (51 LA |

(v) 73 : afel Afe wreras = ), %69 T2 =@ Fisil e 9t owg wiiEe afefs
afoe =

wAEAd : AL @ ¢ O AR A 9T FA |

(5) 3efiToRe : T ST SE! FerE ey aelq fvgarem T [fen =i [fen T afefe
afoe =

Fefireraa @ﬁ"‘l ]

, O ()
() ofeFois el o T | O wefefy X6 -+ =0
1

) d
oy, ©, 46 @R F@Ege TG, £, € f, ST @I 7 | [[f Rvgae = (D:H_ill]

G2 *[$ RRE ST @FTHYA (9F A |
(b) W% T@an afFe 9% G AN | (TR SReferd =S

0, 0O,

=22
Ho o
a 2& (@@ qoF W I |

o, +0,)=0

P @ 92 TAMIE € Ted Q‘Cﬁa=%‘ﬁﬁ9ﬂﬁl@iﬂl
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9.15 sifdfes Twizzd

TR 1. TGH P (UF ST (U GFD ANGH-Ge FIHATTI NAH (@4 N0
2q 4.8 x102m | g 3596 (AT TfCaFe@ @LE @2 (@4 M 28 6.0x102m | FHHEHR
A (@8 7.2x102m T, €9 (i) dformies @k (i) <ol g e s

HANYE :

P

RV

B (a) &a (b)

(a) Tom@ TIea o9 (A @RI T 4 IGAY =P € WHAS @4 PO’ | FpA 2w
4fd p,e IR Afones p, =11

T T PO=u=-72x10"m

ﬁ%ﬁ'ﬂ@@ PO’ =v=-4-8x107m

WW%r=a(W‘?j@3mq)

B B BT eier e o3

y u r
1 [ I el TR
2 2 =0
—-4.8x10 -7.2x10 a
72%x1072
=———=15
M= 8 %1072

(b) ot afPrd TR IFoE |

IGRT u=-72x10"m
Afeamae, v=—6x10"2m

IFel IAE = - (4f7)

I S R L oo S
L= T (ATH
r R

v u

1 L5 1-15

—6x102 —72x102% 1
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1 15 05 )
a’T‘ _6X10_2+7,2X10_2 _T .'.7’=12X12X107m

Twig@st 2. @ 10.0x102m IJHAIERFE 57 (FTCE 5@ #15 Fifera @i [ ol
w2y Tt o fe1Se =@ (et el oratet (mi < wifsanel fafife it a2 (e alferase
=1.5)|

AN : WA F9 (or@) P 2@ Iifeim 1 PL Torrim i afospe = LS el afoqe
zarz | Q fare afsfay fde zam L R A w43 ==

TMTE PL=u~-20x10"m
el AE CL=—10x102m
JA 2ffomaieEs p, =1.5 IFF Afoomes u, =1 QL _--7

P C A
IgEe (4) v e i ARwe \_/
Lo I i Y
v u r
1 15  1-15

"V 20x1072  —10x1072

1 15 -05
pa— + =
AL 20x107%  —10x1072

%:5—7-5:—2-5 = —04m

YargE BT U @R Tw afel® Q wom|

_vip, 04 15
wlp, 1 —02

- afefig 3 99 fFe =@

TArEEs 3. 05 (= 1.5) ca odt @M STermies] F19& 57K (paper weight) 7137 12x102m |
ITOEE G @3 24T ¢ Joly @ e Fefm I 1 (a) T3 @ Igre AT, (b) 999 @S
GEE (n=133) W AT

e m

=

AL : (oA wels Tae | ael G = +6x102m |
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A2y ¢ o (@I (e A 9L,
—yr _ Wyr

=—1 g fi=—"—

e -

(a) T AT Tz AT

u,=Lp,=15

~1x6x107 —6x107"

_ -2
5-1 ~ 05 ~ 12x107m

L AU (IR T f, =

-2 -2
ﬁ?@‘l‘{f@ﬁﬁfﬁﬂ?ﬁ:l‘sjgiio :1.5><g>;10 —18x102m

(b) T4 T W AN,
p, =133, p, =15

~133x6x1072

_ -2
5-133 = 46.9%x10 " m

22 P T f, =

-2
e e o f, =%:529x10‘2m

THIZES 4. G0 FIHUCST S+0e Oa(6 Swe | €3 0] AE 0.03m | 2x 1072 THeF 46
TE G IO O AN (A 0.1m [F AYCS Wz | IpA 2SS 1.5 7w FEeRe
Fifatelfer el g1

(a) @95 @ e @M o, (b) =fef® w@w, (c) ¥ [edq ¢ =fsfarea Twel, (d)
HBA A |

ANMLE + @2t py, =1.0,n, =1.5,u=-01m, r=-0.03m

=+0.06m

.. —wr —1x(-0.03)
(2) 29 Y R O, S =1 =500

por  L5x (—0.03)
-y, 15-10

=—0.09m

faom 27 @ o, o =

(b) «fa v = oifefm =, I8 @Y u 97T T T,

My B My

14 u r
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15 10 15-10

S ———= =-16.667
vy -01 -003
15 =-16.667-10=-26.667
v
Y= 15 =-0.0562m
-26.667

) v/, W v 10 00562
o e m= b2 Y 19
© wip, w,u 15 -0l

effefaran Twol p, € TGT TwO! ) =2x102m A

.y
:f” 2 x 120—2 =0375 -y, =2x1072 %0375
=75%x10"m
(d) == o4 wael P= Hy —H,y = 1'50_01:‘))0 =-16.67D
r —0.

Twigad 5. 2x 107 m TER 96 F6 (IR STOTeE (F" (AF (5% 102, T 990

=7 QY g7 S | QUGG A I999 (T 2Afofees oz ¢ 796 1 2ra 2 T afenase
=1.51

MY : FFoT (A AT GG (R0 (W, (A Jg0d qio 799 209 AN, (a) 0.5x 102 m
€ (b) 1.5x102m | 7o (FGa2 F6 (AT IYCe Aforae TR 4R TEh oo |

(a) T T (F BT 0.5% 102 T O= (67 a)
u=-05x10"7m, r=-1x10"7m, p, =15, pu, =1

O] ATOALEIT (g

My B My

) » :T [v= gﬂ%ﬁ"im,]
115 115
v —05x1072  —1x1072 f
i1
T L+3x10°=0510° o P o

BI (a)
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a, %= —25x10° v=-4x10"m

T[99 AT TEG_4 » 1072 (4T I acs widie (% (20T 1x102=4x10> =6x10"°m
@ e s afeig s 2@

Wy :£X—4><1073 _

afes fadae, m= — =12
@wRe [ e~ 1  Tsx107

(b) T4 GG (1 (AF 15102, T = (Ba (b)

u=-15x10"m,r=-1x102m,p, =15, =1.

Zﬂ%ﬁ'ﬁ’ g = v
My o
A% u r
a, %_—151510‘2 :—11;113‘2 ew
' g (b)
al, %+1x102=0.5><102, %=—0.5><102

v=-0.02m
T WF (AT T @ (A 0.0lm 773 2AfelF oifoe =3

. _ Mlv _1_5 _002 _
AR el m= =T 0015 - 2

Twzael 6. 0.05m IFNET G0 FF (AT (ACF 0.05m T 93 AEE 897 9T g [0l
TZ | FI6 (A [ood M AfeRqaed T 2AfeRrEa SRz @ Ta 2 F54 dfenass =1.5|

MY : PG (T AL oF AR oF @ aAfeRe ww =@ v Papie
u=-05m,r=0.05m,n, =1L, pu=15

R 7 Tt B o T o

Vv
C
\

A% u r
L5 1 _15-1_ k—u=0.5m — 0.05m
& T 05 005 1Y
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LT S I P eT
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Geometrical and physical optics — Longhurst.
Optics — A. K. Ghatak

Optics — Hecht
LIght — K. G- Majumdar.
Optics — Genkins and White.
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