2 R BI9d g w1 w13 G971 © Ba1 & <I3 996 <t 93 Beragst St mrfmet § Rutal ug H g 334 fefams feg
Yred 9 A1 T8 HEE € UdaT § AHSTET ® &18% Hd Jd7dn, Ued T fifq UTH H3%g Je7 d w3 Ured 3 A3 W3S ot J1 I fAn
TJ 3 I SizT AieT J, TR fa »irt =fter I 13 1 fam ym 98 ©orgr iz 7wt J, forsdt 7ast Qo vd I fam I I dizr A I w3
Wil ot e T 13 9 FH B ST Aag BT San £ 2 ygre »iths T2 fea 95 9 9 ¥ femuamie 3 r §fawgerd
I A fsuS e Re 3 TR IH I dr R3S f I3 QU R R o I RGI niH dH Ids g R T A 3BT t
T 3BT W I 93 wirll A By HeR | iR fa f 38 r e 35t e fid IS gy o £ i 3 frmm
I3 99 &t J2ar faa il I1% 39 99 71 fa 7 B9 g 13 et 9% Sanfeony 71 fgar J 31 fen & wirf ureg afR gi v gt @9
ﬁﬂamﬂaﬁémwélﬁ@m@ﬂﬂﬂt AESIH f S AfggIn3gcwgiv II AT ds £ A
v s g dizaRarfifdv geac oI R v g v I3 291 J 793 wirl ufast yreg e fearehui § Faft 3
4R T 3 o o T i Fri 13 o ot famen e & 89 HAISa WiSTT 9 i3 Hard »iF ured €t feamehnit § Y3 96 B8t
YR i 3Tt 73 3 ufast et @ wiudt § SR T B HaSt R v HfEsA 2 S HaSi Bdtm giarl 2 t Jed ddHE WY
A3 IR AS M3 fed At SR A oA B da t I SFTuRar 3ifeam Ja1 2t & "t 3 we§ 35 €t wast € garag
& AT I w3 A vl si Gfset ® Hegs g e 3t fvg g% Yyt wfde I=am »i3 fend @re faar Aiwr J fonsst 1 @e 1 48 Y=t
Hfdle © g9r99 J »13 »idAd 3H 7 USJ €7 fog I fa 3 Iramured s 8 Iae <t 24! 1 Ued Bt =93 Aiet I »i3 feg
f¥q IrgrUTed 746 ® I9™E9 J1 <A T o3 ffen gise 3 »Eer J forse »ir fong JuR It falfa g wad ve d@rdry g
g3 fmmer <afznn Aer 3 fifd wirl forst €t 233 & Tur ot 78 3 winye famest w1 fs Y3 997 3 013 wins 8 farst St uus
feg Qo R QU e I o1 fa QI = Y wfse mi= qu s,

fon et 73 A% ot 3 il forst = e giee § afde 9t 7 3 ?ur 3 fa A< 37 wa f wive ffs yruz 99= 3 3t frg 1 fadee
WR R gIrgd Jor J e 3B IfT A9d 1 r BE 1000 e foast & yuz I J 3t feg wd 1 wlee famst féer I w3 fem 39t
¥ feg g Ry AR I 7199 37 for gise § 2w I 9 fadere wer g fadere et fog fams] o 9 gfse 3 feg 3 Tren &
yreg fg 1 01g f&g ©A @ 9999 I 7 19 3 600 Afdle I 31 frg 3.6 f&9 10 @ 9999 I21 6 58 € HaF B8, 1 fa Qam 1 Wiz
< wirt forst & B gfee < <d3 a9e I 3

for B¢t 3 o 3%& o9 AR I fa I g folsl @ar €t aicaT g AR I AT 1 wife Bt 100 =1¢ @ %9 € Jrat I A w3
fofet G =adt At J wlwet w1 H3Bg J=ar

fer B8 feg ureg n & ufgenr et HOU 89 J ow »iAs g R gfonie wigwi feg wadt < =93 €< izt Aidt 3 72 wirfl Qg
o Hos © fon foud § g fefds gu e 293 <t afim 99° gt yd wirfl feng »iu@ 8ont &t &l =g3ig! ug ffq v <t 915t
Qg Mmiads & AN © Ay ffe Syt 99 Haer J w3 feg o wirfl aH § SuaT 99° If Ag Ha U TR U yreg Hah A 3 A
® Hey fg Sug 391 31 A 915t Qo 89 e HSar 7 3T8 dt ©dt dk o= | Y ©ord 11 9 @ gesm d v
for ¢ 73 A8 I Qo fettr § YR 39 3 Rt w3 2w wirfl forg TR < afam It fa fae Qo feth mifipor § 3% 99w g
A Hee gaet 3 3w e fy Qo fedhwi @am feth €t =93 a9 M § 38 9981 1§ dfae ordter J fx g Qo fet
B J w3 3H ferg wiarg Ayt AeSd)l §a fett <t a3 saa mifimret § 38 93 7 3 Ttar fx feg 8 sgetq g€ dar
J 7 A3 9% © Hagare 1 Hald Tt ¥ UstHet Jehii 76,

fon &6t Buags B N9 9 9 989 J 1 39m™ '3 Hed od faar J fea Afgdt 3 31 f¥a 3 feo Afgt @ S w3gr qowr I 7 feg
3 Joaa oF 3 W I e 9579 € w3d 996 TFl 38 9 3 Faet I 7 feg 9 @ 79 3 <0 fife 3 ust 3 3 fea AR R
ﬁéﬁaﬁﬁmmﬁ%mﬁﬂa@ﬁaﬁmwmﬁﬂ%mmfaﬁe”t%nfaﬂ»ﬁ%]%am@amf‘eﬁl»@sﬁaéwf‘a
TS WA A 31 98 <91 7 © Hagare! fod foan g 3 Afest v u3 sarge © 83 uedft, w3913 3774 fra uz Saiar fa 7
»m‘t@awﬁuﬁ‘»rrée@a@mymmmﬂmmé@wﬁ(@ﬁﬂ%»rﬁ?@awfeﬁla@u@mﬁmﬁtaaaﬁmmﬁﬁ?@%
RfETHEF R T AT R IIEI £ I 013 il forg dr © A fE9 Afast ® Aou fEg Y@ I qA Tt vl £ 3@ dr A 8°
Tt feg ot 3 A oM I35 e I %13 2R Ui wirfl YUz g9 I1 A i 915t Qo e Ia<iEl @ g9 J fenset oii Qo fett wins
29 I3 wiawt {39 falex © fom © % f58ea = fown o ¥ Tofifgz gu d 7 3 TA1 Ids BTy aaw J 31 3r g Yz 39
AIE J1 79 B Hagar 3 IStHis3 fiq #f € adt ug 7 wir fergd 2difq3 gae af w3 »iri Afet 1 3 Afat 2 39 edifq3 eaH §
Ty SaR I, i ofH Gam fett weefea Args Jet 9, g wirt o fom = ot @rfer Rutdll ug 7 wirt et mifmr g 3= It fia
W o+ G fett <t =93 Ida Tt i 17 wiHl B 946 © W1 Jeidl e 3H fog AieeT IR J i3 ot 3H agn Q9 fett € =93
3 HaR J 31 5t fog wFeed J39T 71 ool 7 g f58es © fothi o 233 994l Tt I 3 ufgwi Qo e A 3 e 9 Qa fea I
fg 3 AIiga 39 3 3 It 9 feg Adlad 39 '3 At 7 a3 3 &1 I AIeT I 3H < T He3 Add fi3d iR I i a ae
F g5 § fow faor I 7 fow faor S 2 <t orat Sfeami ifee 3 w2 79 39 9aw I < wrst sifeam i1 fa 3 ot oaa f 3o
m?wm?ﬂmwmmm@aéﬂm%m@m%fwmﬁ 3 IH AI& TEMT Aot

fen T Hiafig 39 13 3 Ha3 Adld @ f33 A Adlga fd33 ffer J1 1y 3 & o3t 3ifeam fifgR 3 31 Gegds st ae o
afder It fa fog g8at 3ami § §ud <5 Tu faar J 3t H gara w1 & 13t 3eapH ffger I 31 HY 3% ot I A9d 9579 3™ €%
T fga I 3t Q8 ¥ samg J1 ¥ Aurge Yo I »13 fed ffq 312 §% I w13 HIe 39 3 fatfa gga Qud < <u faar I €8
ﬁammﬂéméﬁfgﬂ@%@ﬁaaﬁﬁ

fon BEt vt HiafAa 39 3 Ha3 Adlg fii39 § TR It Aigd Adlaa 33 '3 We-vie 3n<ia odt 31 for & st 3ifeam 1 g <aa
Nagrt feth v arfer fog I fa Aigg wirl o1 Barr @ a3 < =93 9@ of 3t wiff g ® Wigd § AR F, 38 & 98 1 g ® Higdl
& B923 3, It e 13 I o e tarers &l U I g €3 98 99w J frrs e feo ufost AEtags 3 7 e wig
Wil fer Gerade § e for AR g feg o< x foi @ o5 G <5 2u faor Inmi yFfgor n o x form 38 S9e3 39
fers el Aiad »iHl argn QI € =93 g9 If fen mfimr fog fedt Ag n 919 Wdms 9w o Hgd3 & J fagfa widff aree g fan
AT 3T gt 1 IV 713 J<an for mifieu fSg mg ©mar 137 famr H J<aT 1 SdlaHG ©TdT Sli3T fapsT o £ ©fTdT i3
famr J AT JUT AYT T AT I U n g 137 famer 1 €8 &t I=ar,

for 38t fog G0 B 3 fifd ¥ Fags oS 3 fa 7 il a3 Adle fifza § iR T 3t il feg HionH 99 @ a1 Jeid) fa 99
TS It SH &t Faei I6 13 feg yA 39 3 T BT d AT A A3 A% Jd Is R Iy g I A g2 T I8




faQfa fag Arg 7 u3T diar € fea I fa © wdlat feg 9% »mun fe9 73 I I8 »13 fea wyA 29 935 Tt masht Adla g =
JTB-B18 A © '3 oH ddadit ud 7 wiH 8 Yot 2 gu feg Adla fa w3 € § fodd Ty I fad foa Hadhi aet oH &t
&gttt w3

for Bt SraAdiE 33T AR oIH & TS TSTEEMT I6 I ofH B9 © U3 ot 3 o §aa a3 afder I fa arst G fea
IS ATt Tt HASet ©ATTT 13 I8 o © I9Ed J fers et At widl <Rt J om FHawat ¥ 3 Fgust © 39 fed wird
Tt I HAS et AT 13 T8 I T It Fae I faSfer Adla e 3 2 <% At I w3 o3 9 Ad o1 T 3 I8t @I fe
e @ ggreg e J fame W3 3 f feg wiene &9 9= §an @ 59reg J1 % wienw &9 9=t §anT § W8 g T Has T
A8t 3 8 fog I f 7 il Frdhort radt 33t Tt i3 1@ o & OfS wae It 7 il R I 13 99 Iradt Ha S 9w e
7 fAgt ® o3 I8 oH § ATl e 38l § Wt & f&fm 71 Aerer 31 §aa »irl fegat 9%t § winydt Fem g 2 3 fomgs
I TIJ! %1 B 31 farelt STH HITESH Se8™ © §9rad I w3 wirl v g ©t <93 aae It 31 w6 wirt gte fa g u3% 3 e
et g Far<t @ ¥% © J| fq A<t §aar & ufaefias o3t a1 Aarer J, fad Bawt marshut gnrar o3 918 aH § Her<l §an <9
I5EtE § werg R gu ¥ i 7 Heer 3 w3 feast 98t § wirl gterdt 393t afde of fensd Agd 713 3 frey &g I
g w6 3t d. fedat mat eurdt fEq § wet fid3r arean Hardl Qo &9 3adtsl ge fon gdlerd 33t &
QuigrsT feg J fy gteret I3t wirgr i3 fgm o ferg fde I ffg »13 9 = 13 fsdgd sger I w3 fog o w3 9w = fegarg
T8 I HIa1 3 fadsa s qaer I 2

fer et Aad »irl a1 8- T 31 7 il fosd 7R Tf, w8 a1 Qo mitaads 38T k '3 TR wrelR wirl fong gtert 3t e
13 I o R BTB-575 JI9-gHeTel I3 endr i3 91 H i3 gt I3t w3 18 o = fgue Of | HifeeH 38T v
2 gy &g fafimr e 3 feg Wg 38 k YA IS v e J Ji9-gdier 393t enrar o3 IR o © §araa 3, ferse fea 89
HISIEds I 1 A for Al feg yrus e J Aiag adt dia-gateret Bt e »iis &g oH adl agei 96| o< feg IEtHS
QI feT T8 Ia w3 Ho< Qo feg 3u<isl Hid ® garga It I w3

fon B wiHl 2 Hagarel &9 a3 HAaret Qo i 9151 Qar § B3 Here Ti w3 »ia fen 9fs 3 fsggg agm Ifa A S werAc J e
Aot el § 38 996 © a1 J Aredn 31 fen 397 € feniadt mifin § I8 995 fE9 Her 996 %91 wid BE orad G @
It Tt =33 fa oa Harer I g ffq I 7 wirl Higgs 3% It »13 feg 3 o o fra’3 & e mhv < 2 Aa I fo it
St FiggaT 1 7 Haga 2 '3 Y3 396 © Ual Jeial il o 7 2 € It Y3 wds @ i deidi R § i v one A v R afJR T
535 A fa Gaat fed ffa wicare 3 »irfl it Yru3 99 © a1 J=idl| Ug 7 =d1 Sded &t fHaan Aerd Arfmr i namdt st
T3 3t fog & g Afer J fa 3 a1 e § A Aad! faBfa 291 fige BF 3u © 7% J U3 © wiwmHt a1t ® v i 3 fge
a1 I3 Mits Y3 93 3 ot ferer 13 s fea I fx A 3 ardt At 1 ol s 3 yru3 w9R of i S99 Areardt I g
3 Y21 94t 3G AR Is 7™ frg &t I fa Aad et 9 f¥q Tod Higd1 '3 §% faar I 3t 7 »irl Aree 7f €9 fan S Afgst 3 91
A4 feg AfeEt 9 3t ffq o afaeT I nifes @5 Ra o Auds fdm r €3 v <o gargdd i@y g A aFtIm3 r &Iz
Wi I ferset 799 foa 9 B Higal 3 3t - Fag T il T w3 fer 39 g eea I r €3 v =dar

fon wdt mitz 89 J 7 »it @aar fetdnt 3 Yruz 99 e It ud g @rg 7wl a3t & e 8- Tt 31 il Arew I fa yRar =
AU fdm v €3d1 €3 r R EIrEd JETd w3

for et Aad wir w33 '3 HIIa1 § AR T 3t mifmret feg g Jigerd Higar dear fed o e v =garsaiv 98 9
Mtz J fersdt mis T9a1 & r &% 9191 137 gt 31 A AUTgs Y=gl fHaaT ferset wirl §am 2 fiuis <t <93 w9a §am
fetnt 3 v = fog W8 Y3 Saidl »13 fag wirll feret =93 y2a1 @ Ads IR § Y3 996 B¢ 9d Haw Ii »i3 Y241 ® ArUds
IR Tt =33 99d wiHl 9% T AUTgs 391 < Y3 99 Ade I w3 g fsBea € T fow 3 wiear, ferse ford Tue 3 ame miG
I g9 Mifret § it A §uif usi J% S9 AaR Ifng o B9 iz 1§ fer felm Berade €5 ey A fol fin s
il i S i 7 ot g H i wirff @93R of A wif 7 3 2 39 9819 € 9151 § RuT B I8 996 B¢ ar9n Q@ Uiz &
33 q9& grde I 3T A St wifgrmR der J off B9 98 AUgs Y < 99E T AH A9 96 w3 % £ 1 98T 3 Bg o1
1 fgar 3 2 fend gami 3 U= fgar I g B8 ot I2ar ot 3 ardfedt oo o3 9 i & HiggH w9e 3, ferel wirfl Har<t 3t
% W A IITE 39 Her T G falia ardfedt w1 fy e Aftg §8 J Y41 Afag I3 wirfl ufgeiaz o3t 3 Heret Qg mg I
Qo J fifg »irft fam <t Hegg 31§ g T fa n nirar o131 famrm i3 ofH #id Qi3 IIZ 88 w3 Ul £ ©aitar Slt3T faper i <
& FI8 U2t »2 Aed A fea Uy B I fa wg feast dit § S9c e fsBew 2 v fown < <93 938t A Al J 3t
fog g HoU <ges J fx foret <03 fas it/ Aot 3, wG it urH mifmret €% »igR i 3t wiG uiff 3 @erags 2w ai 5
faBami ¥a =1 ffq g8« 30 3916t 3ami &8 ffa mitz v i3 © gargg Ua Hiea Y3t Afde 3, frg ffa gt St wsarager d d

T ® © Hicd ® 993 J, foa 89 et g 96 B8 wiBeT 3 us w3 fed Tun Jst <8 ASTEE Jae If i3 vl a3 dt ?ar
BIT TIge It 71e feg My g3t AfgSt 3 st wifer I ge 8 fow gt ot Ieaft 7 w3t At O fabfa sua gz fem din
&% Hg o1 3. fifge ¥ Hied € Tt 39 Fea 9w I »3 fed feg st miS Hg I A Y,

firr w5t 8 Ufos 95 w13 Tie © fegaa® 3918 98 § 2ue 91 i3 wil Hs Beidl 3 frg garz 98 #13 @ sar=g &di 3, fieg
Tt feg ot fa3 famr 9,

for et it fog Vs g3 9ata) fa €8 Iazs Hast Hid © gared &1 I,

fon BEt a3 il WrafAa At Adlga 39 13 for gaTa w1 | 13t 3eapH fifeR It 3t 3Rea 93 few 3g1 3 fa feo gua R 3 feg
fa31 fam I feg g Jer 3 fea i3 famr 31 69 dar »irfl for 2 9% g9aaa & uR It 39wy fon § fage ffq dan fe€ »i3 fong
&3 faG w3 fon U ® 9195 291 5 Hicg YA Afdc T oag Ifeg Tt d A2 ica R o g I g R AT IS ferde§
30 f3ardt 31 AfeT Q w3 for 391 w3 87 3 gme 7 il g3 9rde 9t 89 €8 g AfwT I »i3 fag feg st »fer I w3 7 feg
Jst Qe 3 7 fog fer AfgSt 3 ey wEe I St v S8 R IR G BT TR T I MG wir fer g iR A i W9 A% g8«
T &t i3t g S 7 frg §ug 95 <u fgar de I 31w il 8 95 <ue @ 9819 § 2t €8 Frurgs yIifer ¢ J
€8 379 Ju1 I 013 ¥ 3912 §% Ju J U s 56 9% I6 7§87 3 ofH 9% I6 fersd gadt 33t Samg B IdZ £ I6 A
Bgardt 39 '3 Ist H 73 faar I w13 38 wind Y g 39136 98 fa8fa g@a Aurels 93 faar d feg muk <79 = g9rgd J=ar
n fog ASTEST II=Z T HHST  fersdt Adfye 9=t Q fers et gaR gdred J to mu k T n IS A »iH feg g9= If ing
wH feRg RYR Tt n is equal to mg cos theta WalfaAGd H T I AR R x fem R 33 3 98 w3a e, »i




frdy femequfcs g ade 3ifegy fom i 99 g5t 3 wifer I wargd J1 0 3 faBfa et y=a1 &t 3 w3 Aad »irf x
fomm <8 2y 9 3ot x fem R Yyu3 9didl i 98 Y3 dafan WifegAmg sin theta minus f x fom fEg YA grer
Y1 © g4 J 013 fafa 22 fog sarasHa & »irt Higgn a9 If fa x fem &9 y=a1 sardsHa J ferset g o ferd o
JZ I3 AT J U AT 1 37 faper I 7rd @ g @ gt fedt ardt @

forr w5t Red wiHl 3% w9 If Aag wiF fer feth feg mifimr § 35 oas < afie o9 9f 3i fieg I=arn feg o »iff mifipr § 35
FIAIR I U A Ufasi gt d &% AUz Y291 8 I2n i3 fed ferd I8 a9 J2ar ug ¥ 9fs 71 feg Avg wiget 3 e
il fog Mfiegs fsue i faBfan mg cos theta @ EIgd I w3 oA e AN A Ie@ »3 IR &AJImu n 2 II=I I
3t forer 138 J 391F 95 3 9 Hig 98 feg T8 odi oo 3 fagfs a< 957 § 997 37 §ua <5 2u faor I me feg Is1 <5
Tuet J fog ffq Syt get 29N IAR T8I mu kn R §Irgd IIN U feret fomr 9@ geg At A< fra wa€ x fem G99
T8 §uUd <8 Tu fggr J ferset wirdt fon mieas & I8 39% € 5Am Y= I w3 fea fong vt d &% 735 < game wirt o
Qo fett €t =93 Id% Tt w3 7 »irl argd Garr fedl & 33 J9w It 31 G w1t gt g § ffa »i3 fig 2 gu 9 9 adie|
e g@Ta gerer 3 it fom g & »isn Aiat afde If fersdl ge aran Ban feth 7ig ¥/et 3 fa 380 3 u8H 381 &
J9-gteret a3t wurgr i3 91 IH ® HIrHd J 31w feg Ry Hg Tt i 7 wiEl minydtt St et § RuR i 31 30
fog fa€ Trdter 3 w3t Irfeam § ffee B¢t fae fa W faar fa fog o Wiafia g3 3 Aaet 3, &1 fa g w3t 3rfeami <t ffq
HAJlad 3ITEd1 &, »irl Y Tt fa n Tordr o131 famr o 35 331 78

for B 7w fer 3 wIR T 3 n oo 13T I IH FII ST 1 feH wi e AR IR MG 0 11 I R II Ho
QI fET »eam W13 IIIZ THa 31 famr oK §I I 1 J19-gFerel 313t ©Tar A3 I ofH R wiredr, fengEt ge fegat meet
T ICH 996 B 3BTk I k2 WTE k1 TT k2 TIrgd W Hied I HI I | <ad1 fa€fa o= fag ? k a3 Ifamr
famm I HfeaA »iarmv g eda I 8 v Hid 7 &3 fapr I fog U Hieg Yt wfde fo3 famn 3 et miff e gifa k @
WG k 9 FHardt G g 3eisi feg v @ R §99d JIminus v one WG il A3 3 €5t Afazt wete 3t feg g J feg
Tt feg us<t I d feg d< dter 3 ferset wirdt feg A9 3 €5 Afat 8= 9f wiG g3t Afest 3 Heed §9m § i3 I Bt &= It
3ty R wr g e ol g v 2 for @ Ay i for i < Qe 329 3t g B9l d sin e Jeaf fersdtv 2 mg
JTd sin BT HIHIIRATIAAIAB I v 2 WeQv 1 fegmg d sin JI HeT WG S,

fon wet fogst {9 999 Tee & fq e < S4ad 39 3 58 et wimrg A »irft Yot mifim & Tue f 3t mifimr Jisseag 3a1
At I ug wirfl ferg a1t g €30 of feast i85 93w A § fed w3 feast ffg 99 B 91 38 k 9a3 A Augs 38k
M3k T3IHIk TEIEIINT I mv I TII AHS HIE QI A wirl fer 3 @R Ifv | ¥d¥dmgd sin theta v
one is equal to zero U< JII-gIiel I3 wiar 13T fgmit oH I S fer fer 9 o1 &0 faar J g8 Qug < fem
fEg 7 fgar I s IH I IR DT B IR G WTE £ I d = 33 3 fasfomm 71 e I faBfa fae fa it *ftmr I fa 3oz
g Afrg 95 J forsd frg weG £ grard J2gm »i3 fagiy feg 22 Qe fom g Is Ag W€ = fifg fivser J fersd ge 9
TInH wiT FeR T feg i Sg TR S AR T A Mg BT WG wRimv I =JaUSAmg T d sin theta TI3
WS g d M3 FE AWM YUB Iai A QI I £ Tagdmy 0 TIIITT2d W8 mg sin Her I 3wl fer gaR T Uz
TIMET Bt I IIZ §S THB YUS 3 rce WH AR I e Had g8 § QU AT I 3T I AGTGESHE IS Irdter 9 w3
feg A v 0 '3 W3 v fa fom gwq § Qua At QU3 A e fog flat @9ret 3 7 Aawr J for 3 amie AR A% ot I, MG
2| 7 A I I 7T 9B @ gt i 3 s Jat wier I 3t il g ot watdl 71 fog g fifg 3 Trun B Y
3t wirl for Afa § IS w9 i wirl for & fE afde 9 o 3f3a 39 3 a w3 e s 9w | fifg ug ot Iftn J i g8 g =
32 9 g do I3 B I gmie fog TR It nit fgar I w3 fea s 3 eyr wiger ),

et et wirft ot &g Here o, wi wirfl g i3 s fegara i B9 Uiz § g Sdte o wirfl ot sraidl wirl fifr e« Bee said)
87 feg I fa II12 T <t Bt Stga3r Iet I 7 »irf feg Rftp I fa IR T T S¥T37mu kn = T9r9d I 13 ot 9 GUI <8 <U
fgg I AT IaT B TUfgTTINn mg cos theta TEIEII I IIRZ T FGIITIB mg cos theta T IIEIJET I UI o Jo J
2 Je1 J 9 GuUa <% <ue J 31 3916 €1 98 Jat 7 for feg Jer d g Qua S eufaar derd

g feg @ Ju I Ad ac g 32 T AT I w3 7 9 ¢ 3 3 < Afer I 3t feg Ist w fgar Jer 9

fen Bt g 39138 us fon fomr &9 9 w3 fog femanys J forsd ffg e fed 2 3 3 39 IR T 3T famm H wetS £ g d
R gIrgd I »i3 1 3 2 3 feret I3t R TaT IIE o 13T faert T HIEtsH £ JreTd d=an 3t e vssg dfame a1 3
3 39 IBTT J IIZ ©ATT 137 famefT 1 W6 Fd USH WeTS £d = §Ir9d I J A WG © IS g2 © §Irgd e d w3 A3t
fru3 I fa 3BTk UBH 3BT v IAZ TN 13 I8 ofH © §Irad I w3 feg IS Y3 3 J1 f¥a I35 38Tk ST T Aga »id mv
f35 Tgd1 WG it mv i3 <41 R gargg dRar falfa k f3a »urmv S5 edarfegv 38 wicare J »ir fog uzr Zar@a arge
Jifav Ao g s famr I g 3BT g3 dhr v 35 3 Ag Gaa st I w3 Hadten ffq I ergy frg R I3 R Saga I5
forgfx o 8F HEs 3 J fifd will 3or & = = foonn 3, forsdl g wiff 383 o mv 96 2gqiwe v Hid =dq1 sarag weg
2f JTYUS IR T d M3 F o wF ufast e i S fersd o wirl 78 93 U HeaR I w3 1Tg wiie Here fHEam w3
AW EA 3 IH IR T I A v 3 3.77 Hicg Yt Alde 2 gared ser I w3 Ag wiigam Jer J fa 9 I8t gesa a8
TR wiger J frSfa €8 J 9912 2 fedu izt famr I A fa U2 9078 5t 3 Fae 3wl forg =un adf Y3 g9 i Igs emdr
Sit31 famr ofH 913t @9 © gu <9 HZ AEfu3 i3 AT I w3

for B¢ fog {7 galerel Hadt A Ud 9918 ©irdr 131 fam o &t 3 i3 et =g 3H 798 3 Hae J 28 fazrei feg afgedin fa
J¢t <1 Afag 9% wirlt AgE! 9 § YdIe 9d Ao I faA © A"y &9 »irft Agrdt Gam B¢t feq mtaas fsy Aaw gt for Geraas
feg »if R It fx Iarzg <t Steg3 Aftg I ud fea <t fomg fx Hardt @aar b =+ Ydie &dt o131 71 AawT| faGfa fomedt fom ses
Al J s et 9912 o o3 918 IH § HI SIS &l 131 A Ao /e g Jat ot e 3 31 il feng 9t @9 e Trum adt
fanrgR w3 fog g g 3 3 Ardit di9-gdterd maahvii &8 Tyadt 3, ala d oo R A a4t I Age 1 Hee Jg I v gaz &

W% TR I fers e i feg U3 San AR T famu mu k&1 S ot I ardfter 3 i g ot R famn 3
A TR AT ITE mu k T HZ BIT B fagr AT I 31 3H feg U1 Ban AaR I fa I qaR AR I w3 the £ is equal
to mu k ITn is equal to mu k IITmg cos theta il f THE IS For IS A I mu k =3I FA w3 Tt

a7 ol eR 91 G 3 faEfa go9 Jot a1 faar I e v3se I mu k Srie Hier 3 331 o ardier J &t 31 9% G5



JIIm, w1 g foE mifmet & ffq I 1t & e w3 feg B gt I fifd »irft o Goar fra’3 & ot ysrems! €91 518 <g3e If
013 fog e Baardt Taa &g a3t I = fam it mifmret g3 w I8 | 83 feg Q fa 73 o ¥ ggTa A g9red J feas 1
IS Hrad1 9 uhH faar 3 »13 78 fomg s Sgardt 999 afde T H3SY J fa IgsT ut 31 €8 o1 99 It J fenet ¥ fdar <gah
T I frg Sgardt S Aer I 013 87 €3 v g8 Af 3« At {9 ot fdq1 §3 v faar = o am feg e Aefdar o €3
8 I T HHBT I 7 1941 319 I3 I i3 feg fIm »i3 fag o< e 3is Wi 99 faar J femsd fog g Uge &g ffq Ugan
1 391 I ot ¥ 201 frra Gi@ s i8R o 31 fa feg Gritde Jer afder 3 ua 8 wirft ¥ 22 Gitdms 33 HiHa ot 9f wiG widfl
fon Jo% fig I qde fa feme g qy IR g Taa Gy aaer J ot fra e agerd feram At Jord v T s ot dar
grdter 3 89 79 9% 3 e vl g fen@ae Sgs Mgl O I g dtem an R dam IR S 1 AR Aldgi a8 a K9
oo M ISt B wiH eR AR G ud 37 s fe S fa A3 am Mg dam Surdt 1 € Fa Aida o8 dfgr 32 w3 7
Bgardt 9ad 79 ded © &8 Wiifewm AR ¥9d va fid 3 feam o3 7 faar 3 wefdar <t 3t feg Saret 1 7t 35 St <
E;(@H?ﬁmﬁﬁjaﬁa@mmﬁéwmm%wawwm%ﬁ@mém»ﬁmwwﬂaﬂaﬁ%
Jg It 3T G urt
for wdt gt | N g8 w1 €t g3t 3rfeg fifger It 7 N 2ufar f 58 g 919 I=am »i3 A< g 88 Jev I 31 ¥ iy yIifeper It
In FER3gAE i w3 faa Sma wirl s Beidl fa fog i a1z 9fa3 Hraar 3 &t 31 €8 g9 © i % J<ar for 397 i
Tefdal © for on fS9 A3 9% o Jear Agd H fer Uam @ gdt a3t 3feqm fifger If 3t A3 3% Iamg. It < ofH a1 I w13
s Hefda g ST g8 g addi IR fad ISt T eIaad J1 feg @ Jor I Ad o Ist Jer I 3t ot Jor d A < fiya 3 der d
fon et feg Ham I2 013 Y3 9ad fed Buwer 3 A< fra fyg 13 Je 3 31t 3 ot 2891 A9rd W He3 wdlg = fdsa fifger gt 3t 99
20N | 99 a1 o 13 7 H o Yo § 4w Tt fed Add 9 § Huda §TE duT J 31 AurgE Yo § 8 Iat <8 o1 Saa
e J fagfa o< Jiorarg guq '3 ffq Gud <% & ¥% Baredr fersd 9 © 319 88 Ia1 <8 ¥3H J Aredr »3 for Afest feg &
AII I T R T t Ie ARSI § I § Iot g o I3 G a8 § wif t af Ham gt 9 Y femg t2 Jafan
ferg n2 atan fagfa feg S fifd adt 391, 979 6 frgr 324 ug Iem 28-24d Ia11 fem 3wl A e of fiarg It &
15} S fifge 3 31 g fom 391 o IRATT a7 wiFl fom w g @19 fad femdae 99e of fog 9 Hiafia Irda 3
A A fmrs &g Tt U<t 3 7 it Yot 913t o fermdme 9ae It 3t wirfl Har3 Adta &t fifg Aa® 3ea Ud Wisfid 39 3 7
g T ofs & s g uar I2an fa wirfl fegwt mifimret &g wigHg U gl fg Weue g1t I A g @ Jst Jo grdter I 3
H g Y3 999 § 98T A IT HST ol H3®E 7 con ©a1 fird fsgurd3 913 f feg ya o § 981 Ao I i3 fore et &
HIZYds J B g fifg 3 2913 »i3 B 291§ 91 = e 3 Y3 99% B¢t Afash ot Jeaft fx 9t = fifg 3 21 fda I wrdter
J 31 71 frg Aot 92§99 § YT 995 2 Wal w3 §99 § YT 9% &l At =291 3 adt wireah, frg ufast vt yifgr w7 3em & 3
MEA TR I NI I 3 I § YT IIaT I 31 i Yt n2 IS AFIEH I wrdfiet I famer w3wg I A Sifea n2 €8
I I i3 HH3 AfESt 7Ag n2 = §9red 0 RN w3 foR 3 for UgeH BEt 9 = GuaR fdR 37 udae w3 T »iEE T8 vz
Afg=t feg I3t fa fom fig 3 3o fige i d<ar| fore B8t AaTa3He d grdter J fore 13 3 fa fog 31 €8 Aaasna
I rdter Q R fa feg Taa & YT 93a ® war I Be feyrfent famr 9
frr st A3 Afest t 2 g99d0dAIn 2 SIEJd0owdiv 2 ® g9rgd J=aft 0 fedat HHfgwT fég beca <93 ot Jear G &
ffv 2 STARTTIORAIRATY 2 B 0936 3 UI g s I=am, St UGdi v 2 =R 0 9% 3 Ufast semifaz o <
ARG 3 ¥ 219 AT 3T Hig J AieT I 3T Hefdar A & 71 3t J feg f¥q =g A< feg e Hid I AiwT 3 3 3 S Afast 3
H339 39 3 S Aedr »3 fon 391 8 ffq <9 7 Arurgs Yo Hid I Afet J 3t 9 fige Huga g 2T,
fon Bt Aad »irl Trde It fa o< g <t Afgst 3 Y3 Jad & wr3ar 99, ffd vt YIifepm A 3emi Hid I Irdler I
for B s =g 72 wirfl femg AHs &R g 31 wirs (89 wifl ot Sgo grde I wirl © Afgdnt § Sgo grde 9 1 wirfl g 3w
W 291 BIS TR T 31 I B Y3 a9 W 7 913 Agd wifia I feg wirf a I B¢ I58 Uua 3 63 2q1 83
e T 013w 39 3 WPt fog Afacaftel i 3078 It 21 BIT U=an 31 1 frg Y Fd T HOHTT 9 14,
for wet B3 Mo 398 p B 22dfl art a feg fige g sdan fa Jst v 83 31 fx o« g yd T« ot i Swer J
mwmmﬁmm»m%meﬁmmﬁmﬂm 3 291 ¥3< B i 31 frg Fog I Agg A firde {8 <
TE s R A N far Ifam3 aomg I3 fea A3 IS fegIemit IR Iafo IR B To A e 3T T
TJ& M3
A s A d mg UBA t g J fog IShs fem iR IB g8 R aaad I n3 g st I g 3 m I G r M3 r 1
f3nr famr I, fom et feg wefdar <t Sudt 3 feger g g9 &t 9
fergdim gy fAygedarl 33
AR I VAT BU R YT a5 B a3 frgdfat IuITTde I A did R soea A A A3 I8 I8at = gargg
IR AW YU3 IR T QIm IV FYI eI I 1 w8 mg I »3
ferzdt t i 3 <31 Af gargg I A< wir fomd fen R uER i St feg w3wg IRar fa v fydedarl &g 3<udAi g9 d
fon et e H3BE A fa fug 3 W W G =g R I g I Tdie J1 I g Te gerir I g T I g fifdr
I8 BY T U I T I 291 T YT ZIrQ B wil g Qo Uiz < =93 g9 gt fiar e g Gug I »3 @ st a5 fersd
k HIHIISI »dmvb =TTk I WA mvt ST TIEIINBA»Am vt SIAIR TIHIIATL I d OK ° HIrg
Jeam w3 fag w8 3 wiFl 4R T § frige 9 9% o 99 faar I i 9 ge for 39 93 foar 3 9 6% goer I 72 fog fq wm
Afgdt f&g Je J A3 38 Id mg #afdd Je1 J A3 A% fog 3T Jet J w3 713 9% Aurds Yo gt I w13 At 3T A
AT YSHeper Jet I 7 ofH It feret t At n oI Stz famr ofH feg JRar Hid © §ared IR 31 3BTk UBHAIBATv Hid
RITEIIITABABY Tdmg ITTL Aimg IS r w3 v FIHITgIwa I
for et it 3eH § ot fnn I ferset Afzarg &5 Gn uas e S Zeardi ot e r I3 g BuIATI Ay ©m3 v
I3 del BRI ta k YSHIBA v 13 5993 3 fersel fore v3wH feg I fa feg Ag Wi mvb =Ja WG vt 2aal
gmg ISR 1 HaHg Ha e I ferse wirl It 291 Y3 9 Ii foA § 7% 93 3H ferg Un gl © ge @ S9Ha Y3

|
for et ge g Tt 7 it HgR If Agg 3 for 913t § 2ur 3 31 feg e mirs digrarg 13t &t J feg e fa€ adt 3 fagfa




99T faard
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by n is equal to © so we do not have to bother how what is the value of t at each
location and this is the sort of the power of the work energy principle otherwise if we
were to do a newton's law at each point then we would have to find t at each point and we
would not have been able to work out things so easily but what we can do is if we know
velocity at any location now this we can find even at any theta that means at any angular
location we can find the velocity how can we find this by work energy principle we will
use just ah for this of course we will need to know velocity at one location and then we
can find velocity at any location on the circle we use the work energy principle so
simply using this we can get the velocity at any location theta and once we know that
then we can draw a free body diagram and use newton's second law along the r direction to
get the value of t or n at that theta because what will happen is ah because this is
circular motion so along the r direction towards the center the acceleration will be mv
square upon r and v is the speed so at any location actually ah the i had used velocity i
should have used here speed speed at any location can be found out and so onc e we find
the speed then we can find the ah we use this and we can find mv square by r we can use
that to find t or n so now lets beat this try to find some more things up from this
problem we have this string a mass of m mass m being tied here and what we want to find
is what is the speed at o so that the mass m just reaches a and then what we have is half
m v zero square minus va square plus zero minus mgl is equal to zero now this i have
written it directly this change in kinetic energy change in potential energy this is
point one this is 0.2 so at 0.2 the potential energy if i take it as @ then the potential
energy here will be minus mgl so this is how i have taken the datum at point a so because
this point is down so minus mgl is the potential energy at position uh at this is the
position potential energy here potential energy at a has been taken as zero so from there
what we can get is velocity at zero is equal to square root of two gl now what we have
seen is that if what we saw here was if velocity at the bottom was root five gl then the
part then this pendulum completes the full circle when the velocity is root 2 gl then it
just reaches a after that it cannot move so then it starts to come down so if the
velocity at the bottom is equal to root 2 gl then it oscillates in a semi circle about
point o if the velocity is less than at bottom is less than root two gl then it will
oscillate but it will not be able to go up to a it will be able to go up to some
intermediate point b so it will oscillate with some angular ah oscillation where this
angle theta will be less than ninety the limiting case will come when velocity v zero at
the bottom is root 2 gl then it will be able to go up to a and when velocity at bottom
here so that means if v @ is less than root 2 gl the particle the pendulum oscillates
about o and if or less than or equal to root 2 gl if v zero is greater than root five gl
then the pendulum undergoes a full circle motion now what happens if v zero 1 ies between
root two g 1 and root five gl so if v zero lies between these two values so the particle
with star let's say it starts from velocity o it moves here because the velocity is
greater than root two g 1 it will go past the point ai am just showing this full circle
but then what will happen is depending on the magnitude of vo somewhere here at whatever
this angle theta is the particle will encounter a position encounter t is equal to © and
at that point it leaves the circular path it will leave the circular path and then it
will move like a projectile under influence of gravity because then the string will fold
tension will be zero so once it leaves the circular path it will move like a projectile
and it will move so once t is zero @ so moves like a projectile in a parabolic path so
this is how one can solve these problems the angle theta at which the particle leaves can
be found out and in fact after that because this particle is moving like a projectile so
then you can apply t he equation of the projectile to find the height the particle will
take with respect to this position add that to the initial height that will give you the
final height which will be attained by this particle when it is starting from © with the
velocity between root two gl and root five gl so this is how one can solve such problems
now in some other problems you may find springs being connected to the particle if a
spring is connected then the only so let just look at this if a spring is connected to a
particle the only change which will come is in the potential energy and potential energy
is equal to half k delta square where delta is the compression or the extension of the
spring so rest all stays the same you will have a new force called the spring force and



will have the potential energy in the potential energy term we will add the potential
energy due to the spring force which will be half k delta square and other terms if there
is a gravity is changing place to then you have to a 1lso account for change in gravity
and sum of kinetic sum of change of kinetic delta k plus delta v some of these must be
equal to ah work done by non conservative forces non conservative forces typically will
be forces like friction or a constant force f being applied in a problem so with this we
have seen some examples in energy motion in the next class we will take up the principle
of conservation of momentum and conservation of angular momentum how they come from
newton's second law for a single particle you





