»i T IBTH &g Wit Y-y Tt i HaZhoit T fersie I97dl 1 Al 7 9 '3 o1 Jd% I6 »i3 fea »irlt ?uiagl fa Hafeam
g mifimret § I8 996 B8t fog ufgsT qer J fifd »iff ¥8 § IS ® Y291 &8 738 9% If 31 Aad 3078 ¥8 § 1361 J Ad
YR B8 TS 7 ¥g3 MiHe I gt J i AT 3 oM T @il -2y frmi whii meFho fradindt I Ua it wifiar
T35 3 UfaB wirg W Fusd Bawd '3 Tun A< fe€ 8 wirl Adta 3 argerst w3 Yo Harint g3 fegrg afi3r J w3 ot wirt
faufonn fy fs@exs o i fosu afder 3 fx

for B8 oG fong fses 2 i fou & 24t »13 feg »iff €< 9g3 1I3euds 2uid) /e wifl Fdlal 3 w81 w fendHe g o fa
fs@ews @ i fosu ot afdfer I fe Agd T Adid Ts ¥ Adlda »3 a body b AAd I AdG b 3 9 98 fba BarGer J 3
Hald b Halg 3 ¥ 29H 28 BarQer I fifd 2 fba 2 HifeaH 2 ¥ared I 3 fegst w5t RS Ra § fafor faor Aer I 2R §
et g wieT I o< fon & 8 AHTET B¢ faa3a fA8fa wil wirl Aveie ffg 298 @ Hivd e fan €3 % fazrg ft ardt 9
3t fog Qg8 mHits <t AZT €3 3 w3 e €3 A3 3w ¥ fasre I

fon et 8 Aad N QI HaSht T ferdme gder It 7 fa3ra €3 o1 33 It I& »i3 »irlt J9 ferf33 ferdme 2uial| 7 wirt
for Sgd § Al PR Tt 3t Su-Jy It Shoif HaFMrt I8 ua 7 3 fa3mg ?wme@wmﬁwgmw?wmé
A3 I8 ot J fa3re 3 uaH @ 9ds B 98 I i3 for § wirfl 919 = wanR gfl Ui »3 A § fbe I AIR T3 fb e B9
% J A 578 1ad fa3ma § i@ <% fifg It 3 w3 1 il feg & 890 9 fa 29 939 13 ) 393 Barger 3, wiG wid fen
g5 & fbt fbt e 91 B9 9% A 29 fa3g 3 ZIrean w3 794 fa3m™ »ig 3 J 394 fazme s adf 3t 3 3t feg 22

fon &8t wins feg fog fbt  fEa Bt 3 1 J3& grdieT J

for Bt s fdg 1 feur@T grdier I feg @A F9 S ER AEs 3 I3t feg Qo gt I fifd fotx w3 fed AR IS I if bec
ause fbe W3 fbt f¥J T HASM I& 1 fa318 '3 IH I T BT foq Tn § 9T daei I& 1< §J garad w3 BB 76 »3

for et fqzmg g »ig 3 I A N fF8 ga@T grder It Qa fea I fd fbe 13 fot ¥ fafant adt ga6R 95 YHfafam Az
Wit f98 3 for o 9dw feg 3 fbe i3 fot ¥ 6 HAla 3 o 990 & 1 fa fasms d e fa fafaw w3 ytfaen w1 @
Y-y Tt 3 IR Is, ¥ AT TR '3 393 BarGwr J, Qant & e fafawr 3 »13 i fom 7t grdt w13t Y2t Yo ufa®
3 g gaag »13 featht Ha & <93 939f ferse fiad »iHl ferdae 998 91 fd fbe U9d ©vd fa3™ 3 95 J 31 fer g &t
Y =t I foe Syt it Iat i Trdter I fa3ra enirar ud=t 3 9% § gar9d 98 31 ud=t A fasme ugst 3 fea garag
13 fedth Ha € =93 F3at »3 fog ©F HaIi grad w3 fedth 96 ud e fa3m 3 M 339l J, o uat 3 IH Fael J1 7ad
It I9 98 5 I 31 IH x Ao Ve Hae J fasrg Jot 59t 3 7 fy gadt = ot Jer 3 i uat fa€ ot fiseh w3 fazmg e
for 9% 2 916 w2 wiF ot Ruid) 3 foa o e frfa vas) & mat vares3s ¥a3 We 31 gon <5 fifge 9196 Ua €3 I
IS TH! IG3T HAS < 38 3T, fenz et fasra uast €3 A yge Uer 99t 3 B9 Yy gg3 e I w3 ugst €3 e YA
YFre &1 e g w3 niifl Ruid | IgITEane It © fea fawH i Hiu Y J ug SR IR M e Y A S feR R e
WiHl gHaT 88 & fourfenn I 7wt fbt 1 1 fa 298 ot fasg 2 9% 9,

firr &t g wirdl fomer yFiagH B9 grde T | fo3me eura i 3 98 ftb J=an 1 foA © Tared »i3 88 I=d »3 9rx frg
73 fa319 R 979 ® §I™9d I T A1d& frde fom mifimr Sorf Afgste g6 ug g3 A st eufaar J,

A B frg I A3 AB Mt J o AL il fafut %13 Y €t 315 9= Tt 3t 993 MiHe I=2 fa 8T © 3-243 Adlat 3 7% ua ffa
Adld 3 & T8,

for e g it fog Ty <t Jfin 3% I far -2 foamt Sutt maShit faagingt & 1 fam Al 13 7 wie We e ofH Fae
TS| M1 R St »idi & wiftret @ Gt Bt vt 99 Al & f¥a o< = gu fe fegratal fa fa ffq Adlg 7 ¥ s A 2y-2y
Tt Shoff TaEr I& 1 o Jaeit I Ufas! T Tt HaSh 1 ofH 9elt I6 B T3t I& 1 €1 3 ofH Jaei 76 91
Hord €8 ot i g 9 fom I3 Adi9 © 919% s 98 ofH 93T 1 Hdld § a4l g4 fgar 3 i3 feg magtni 89 de Jetni o femse
Qg Hla 2 &8 UgHYd ygre 3 Ve Jeti 9%, W8 wiHt afg Rt f foa Adta 9 3 fifd wdta 8 »i3 wdla @ ot 9 Huda i
Haiafeaeﬁﬁaa?ﬁﬂaﬁaﬁ»@@af&aeﬁ@@f&aww@%%f&wﬁﬁﬂgéuﬁwwﬁ»@ﬁwmm
A 89 29313 89 J IIg3agnT ads 9% i3 8 wirll feng &g 99° of i faa /et 1 newto foA & fsBes 2 iis
o fswisfas o3 A J Yaledns JIdeiens © aw 13 f68es w1 gadiens © faaa fsw 3, fan & »il galeans afde af
fagfa fog fam & 2 Un © fegarg S 99w 9,

fon e foa fowd ot afder I A A3 A g Yam I w3 g Yam 2 I3 oy a3 I I ¥agdt r fea Hate fa feg
TS da feggsEtib Jfedastp 398 a T IIs r T3 E3 Niiew gn fFam © ©d i3 7w J feo g5 & Sgazr I »3
fema 3Ib AT 3 T8 a UIFT QU ER AT g TaAST IR 3 T8 I Sd fgur I st Al 3 §% a AAlg=R adab &
e gm o fE3TARar ffam2 by r <3dim FIIFAIT YA am T UAIbody br fogat Tt fegara gt d fom
TEE © 2dfenit & s §F i Al 7 wirl s e 93 withils 996 =18 HafsaH i3 3eHcS HafsaH § T a9 SR i,
ﬂafg.?%ﬁﬂars 3 999 995 fe€ f 99 Wit Hga3i Bet ot gaet I 7wl 2y o feg fies g Mg Afag 3 1 7 gfis
feg

for B8 136 & Yaledns JI0eiens faar AfeT I w3 ates g & fon = U wurgr fo3r Ater 3 fog e Aier 3 fa fog yuar
6.67 f<9 10 3 WG 11 faBea Hied T3 Y3t fa& <gd1 & Har3t €1 <93 dad o137 fam Hi,

fon Bt ge frg e I e g o1 AL »irl ud=t & 4R T wi3 wirt afde f fa 8 ¥ dam 3 A 71 31 uadt €t w3 3 7t ug
AA3ITEII BRI,

fen =t 78 3 ufast wirt =t 7atat 7 A for fswd enmar Higgr Jer 31 Irgsraane o et & fenast A g S Agr 3 I AT AsT
2339, Ug R 195 W IISTIHE TE T wEIE T3 wi3 16 G i g W U § i e Hia faor 9t iy Ueltm uast e da
Ir QuE T I TeR TR v T YA m & TR O 7 7 I TSR A 39, G ufost fong Tadt S A 3 i w3 A &t
Fatan, AR A g m Bu = qu g gz feg, W@f&ﬂﬁf&&ﬂaﬁab 2 qu ¥ gmeidl TR YA m sub b 3 forset ge uadt
AAdeb TS g T ORI AR TIA T mb I UAE r 299 &I IS AT I3 feg r A9 AN § TIS A HT
3 e AT A 3+ T3 R W R 5Ir9g I2AT A9 Al T3 B AT 3 I w3 W W et @ I5 @ Qon wet g w3 fen




AR R IR AR TR R AT I I TI I, vl fed & r U351 =1 WT v Aaw It faSfa Aad »irft fom § g 3t gt =
W g 35 73 Hid faditea 3 famer H3=g J fa feg gargg I2an| & »ia 36 73 129 10 3 6 Hica S ueg
fon et 3@ WAl ud=t <t w39 3 1 Hied A 2 Hied €57 3, »irfl w3 gu g r & Tadt T Wa His FaR T,
BRI Ad AHST ICIF LIT6 I b ITTe gm L TIGI JSIT A T HI I IS YA b g B Ut g hiiem m
"3 re T391 89 A AfET YA I6 93t T UA 6 3 10 3 4 faBaH €t warst © g9reg J fersd g g vt fen  fer Afag g g
m IIRG UG re <991 &8 it fong I9 afa Fere It Afga w3 fom § faar Aer 9
fergdtg ©dm §r e TII &S A3 famn I
fon Bt wirl ¥ fog 8T g <93 I3 feA G congravitational constant fqar AT J 9Hq I94 J)fa et fen
JINRHES Higgia w1 WE Syt I2ar a8 Ut m w3 r Fu-2y gfont et S8-213 I3
for S R wirfl 1ah 2 s Jefa3 990 If w3 R org 71 wirfl fegst Hitmei § IH IR T I N Iag g m "3 re =g @
BRI A YUz gav Tt e g 9.81 Hied Yt Afde <1 = gargd I w3
ﬁﬂw%ﬁéﬂé%mﬁﬁﬁaﬁmé A IR AT I3b TIARIISANI I TBGmb I g fsfepur
Wﬁ?f&ﬂ@ﬂ%ﬁéﬂﬁﬂmﬁﬁéﬂzﬂa 3 BarSet I i3 fem § wift afide I Adte T 99 e fa N et s faar
i for Y g 93 99 T wirf ¥ Bl fa <t frge »ira J Tt Tat R g3 33 A femset r & W2 e Ardan w3 Tadt %
B IEm IS g © gy g fonn Fran | mifipr @ 35 @ G B8 3o S A e J g ® ¥R § 10 Hied Y Afdle =g 7
9.8 Hied Yt HAfdle =d91 2 QU ¥ &< BE for 3g1 it TdaTet Ia7g fog Rt daaiort 3 3076 ot formaz ot aret 3 w3 3
BHA MEHAd oH dax J 1 ! HiggA Ja1dl fa 7 3 for 3 €9 98 it J1 uadt € /g1 r geadit »3 o 98 < 9e&ar ud feg
mmmmwmm»ﬁaﬁeﬁwﬁa@@mﬁa@mm@ézﬁmﬁéﬂgémﬁﬁ?
fgd r Tadt 2 W3 3 ue I 7edn| yd B [Fa3et frgt & wiri Har I8 & 24 93 9t w3 diai @ Geni st mirf e A g & 9.81
Hieg Y Afdte =gg1 wnar f3 fam Afg aidl w3 Adle 2 98 YA I @ S9rd Jear g o< fon & ghomed & ffq 31 w3
ffq gt 3 1 Ia% I5 €8 2 I3 9% I 1 f¥a gt 3 I a9 I6 frast 9 ufasl fedadndfea 98 96 7 2 9/9dt 3 o1 9% I&
st Aad © 9199 9% 31 QJat fegad 88 1 ofe 4 Ut wiurtss e q ea fesramd 1faB2r sgdi3feaq 2 3q 1
RIS TBIA q £ 3 q TR I9& £ gIrgd »i3 feddt IS w3 q fea»3 q = I197 I6 »i3 fon = 9= 3 28dl 7 3t
v J Ud fegdd 8 q1 %3 q2 Had € 979 J6 31 < B0 a1 & &l g% fed & Ga ¥a gn '3 1 ugedl
13 I A e e wirff g e g3 ufast w97 it 3, fam for 918 3 fsggd 93dtt fa B4 fam fam @ 9rgn 9o | fea 1 3
WIIHS 7 fuge=Ha I Aae 3 forsel frg Kg o sg I e I age At fom T e A gt I aae 9
feSaangIafea 98 I6 W3 fedadndrafed 98 for eurar i3 AR I6 Add J¢ 9194 ffa duat 933 feg waar ad fgar J 3t =
TEYGHq ©Ad c ISV SIHb ©TRITAR I g b duat 933 A eIz I»B v 21 J fersd fog vaa 98 98 I6
fermet niifl s gfenrel g5t & 2t I 7 Tt 3 91 990 Is e edaenefed u5 3 fedaiiardfed 95 »3 lea 7 wiHl
gfenmet Hafsam M g 7t i fESaenarafed o3 7t feRadndfed g8 IS adl It I6, HI3TYIS Bdt g8 1 mIdienT
3 7 AR A 31 HE 3% fHde Ig3 Ba St It 1 fa Tt 3 9 de 3, ferse frg 89 98 96 1 ol 981 § Rt I 2 wdtm A
fy i TR 3 T3 96 2 feuara fafann 99 g6 w3 1 Td fag 7 feg HigHR 9 ardter 3 fa @ o3ia @ fegard Wams faians
T3 ige IR 399 99 q1 99d fam I3 99d q2 €3 '3 9% yuigr 9w I 31 89 s A €2 gargg »i3 fedth 98 Bar@ed)|
TOHES TS w3 I T © 1% AT I widl i mindt Hude 981 i3 fogst 981 § e A9d He B8 fand ag i g I 7
ffq W €3 7 fad H39 €3 fper 3 7 fls €3 g 9579 3 31 959 e €3 g 95 Bar@er I w3 At 9879 3 9argd »i3
feItht 55 T wiignm aaet 3 w3 fogt 551 @ il oo fendne 99l A TR A3 I8 R TFidah T8 a M3 b Fuda g I
3T A3 3% g @dA ab 3 ¥ @ar ba I IS W 39 '3 fEg g5 f¥q »ind fom i35 e 3 famer H3®E J fa 13 a% g wdlg
ffqAda b = Huga fe9 I Add ¥ AT © HUTS © I1d6 AJld ©1 fen@He Sa S A dde gl a BRI R g A AdId b
FAg €3 Bar@er J a fAng H fomg g8 =fder of Gr<t fomm a J Arurgs fom fame »ige 3 Al 13 ofH 996 <8t I3 HaShit
3fsggd g R a g fem B Ao Aot a fab © fom g SH® 131 Aregr fa »il o Ste fy A9d A8 Huga ffg © Adlg
I& 30 fer Afast § Arugs adte | s fa feg Adld J a feawdig b I3 € fom g 3 Huga e 9%
for et il ot IR If wiF for Tag® 2an 28§ 2 i g $32 9f w3 ufasT a1 3 il fdR of 89 Ao Ira1 3 7 Y
fam &g Jer d 1 o J Huda w3 39 98 1 €8 J 3 wirfl feng Siiins dide afde gi fersd odtm a »3 b fegara Huad
g5 & 2 (it g fenn rean g Auds dU8S 1 © 9391 38 93 I »i3 g Siihiis F0de 3 Srirws &g J famm
for B8 & el ufast ofs I 7 wirfl T Huda 9% &% g9 I Saa wirl for 1d 3fs adt i fa fog Aude 98 ot 96 v 58
i Jer I S R ot I 3 U3 HI 3 ufast wir fea a9R T fx wirf feawt § o fadilfeam 32 i e SsR of e T
fo Ao »iH fedat Sat AdT R AUdI QR T3t a M3 b Ay IEt feg wdidJa feawdigb JRGd Adigi  F¥a A =
AU g 98 J 31 291 iad Hudd 58l HTT I Ji g a w3 b © g TR @ Ay Y HugH for R &7 J fersd Aad A §
gaTe FyE I 31 291§ AU for @ w3 dft I wrdter I fa€ & 13 9% 9 291 Aude fom R &8 A fer 913 A Agd Al a
»3b T ATTS e R R 2 IR SeEg s I It ol A A I Adlg a Hld b R g Frean v @ Alg M gR I 4
wredl g g A3t feg Adld g€ a &dl d&dl1 fi€ con 9% &% Adld feargar 1d J 7redn fiA €13 wiHt fegrd &t 99 93 7f »i3
o il e B 9 T8 3 v e S Areaio »3 € Huds & 3=,
for s fam ffe & »iff <fa 99 9t fa Adta = Huag afer Fuer 3, Qo g & gdar | §E 3= w3
fon wH I % w99 ferse 7 Al @ Huga g S derd 3t a M3 b fegard Aifua I15t fitge HugH fam @ 578 3
T J forset Agd A3 Aw | Adlat a w3 b fegend ffe Huda 9% I 3t feg o et J ffa i famm wirdf ferd < fdfim fé
3% Tt 310G g Trg feg yardt Beraas 3 eun 98t fa fra Adlg a I 03 feg RS feur@e féer dfa st feg Adlab R AdGb
iy g I3 ae W Al a §2ue gl Adld b ® 9ds 9% J2ar 1 3 ugt I = wirfl feng 2 fifimii i €52 o i grar+
A B8 AUEs e I wirl A n AU Yo sfdR i w3 T 99 A A 9% J 31 ferer vIwe 3 fa o feng feureian
T I AAIR A5 Jy b AlGb RIS a €3 I fom wind fam 3G Jer 3 wirfl fomg 2 fofmt fRg SR Tt it fem £ ab
& g Ude 99 I8 g9 If 11 Huda Bl Bue3 Jur J TR »ifl Arags Yoy afdR g wil v dide SHns dide Jean|
3 AL AT R §I< T8 A3 3H Jetnit Is 31 AR A% ¥ femm e det 3 famg wirdl © wdiat ? fegard 991s @) €8




R It ferset SHis FUae § HUIA 9% 1 I8 i3 Aer J fon § I 99136 € 98 faar et J1 9912 Hge d AqeT J 9
AJtI ® Hygq ffg g 7 Udt R 318 92 31 g SHiEis dUde JeT I 1 o 7 U R ads g S8 Jear fang 991Es @
1% fqan 7T J Ug A€ A3 3% 9% a1 J 31 g gfenel »i3g I J1 9918 A HUIS 996 TEM HHER SH deii 96 31 €9
A FR T 71wl T SH 03 395 7 9 2 fegad Huadd 99 AR I R ufgsi fem iR § R g e A3 as do d
¥ HUTS 496 T8 AIld IR I& A ferset fon & wirdl »mi 33 3 3918 © 98 afdR It s Add Hudd SA M3 338 AT g =
@G@g@ﬂfﬁ?ﬁﬂédd&@ddld 3% 8 fqan AT J w3 fm 39wl fsur Tt 71t wirt fegeng Y Ay fewe It feg 95 €9
g ,
for Bt ufgst »it © A Adig © fegdTd J913% © 98 § <Hle 31 g 7 wirl qfde It fd 3913a Set © diaf mud miny J Hal3
FIei I, ufaet ofs feg J fa o Huga 9% 3 »3  feg Augn fomr e 99 98 31 frg @ g wiud vy dige 36 m3 o
Mémééﬁmémwaé@wmmmma@ﬁfﬂmmaéa@mfw?uﬁww@éxmﬂﬁaﬁ
a A3 3B I AN b e AdgR A& vEa »3 Adld b Tl
AR AT T adTa va d»3Addb T 2dlvb o Ie fod I Aaer I w3 fog o2 95 fife fa wirl afde O i feg 291 © Auan
IR Ia AR fa »irf gae 5t 3 fa i IR garag 9@ 91k I& A9d T3ta § Hudd f€g Ifget der J 31 78 3% g Hudd <9
frg R 2 I AFd va vb 2 IIHd I »3 wiFs e NG A sar@a grdter Jam t # feurGer J fa feg g s e J
A9 feg 3 9 7 2 99r9d I8 | w3 »iaiEl =g < A & N & uSH 7 widi® uS eurg egA8e 9 31 A3 9% o J fer Afet §
I8 f3gac &l faar Ater J fafx 22 Adta 9 T @ Ay e fens ad 99 96 g Bergde e v wR gi a3 fa g Ts Am 3
Lrém?n@ﬁaaﬁﬂﬁ? 3% » Hygd g »3 mits I duga g g eueai Sifegi i w10 R Sard InB A MY 8T 0 T3 |
T90
fer @f va 389 vb I »13 a0 for 397 IR I& »13 €9 U< §Ir99 I6 Aad fra ydt iradt fam d9 mils vt &8 widt Tu It 9
yg fog &< fiq gn © A 99 fens &df 3d g6 3t ffqg eg fag ot d=arwe will have is va d=drvb © gdrgd ud feg &<
IIr9d &dl I Hiid 39 BT AT ® 291 © g99d I<9) v feg & feg 3¢ f3zae €t Al J fonsd Ay @8 Jat I A e 3%
mﬁz%mﬁaf&aﬂﬁaéaﬁaﬁé?f&aﬂf@ﬂ%f&ﬂ 3 Auga g € 291 9979d IT I8 | AH M3 masl <9 fTA g 3
AfsY fag e I g o 73 9 1 AdHe 3 fa A9d at uaeh adt 9 31 AfSY faar /et grdter J w3 ugdt T ot wigg J fa fegg =
Y §F Y 7 3 2 AdleT § 2Y 9 3 2 A R 59red 5 9 w3 TE W v Hle wewe fider of o fer 3Hed 7 fer
58 § 7T 8 Jue i 7 N o § ue 9 Aag 1 89 98 1g wger 9f i3 feg 3Hed O 9B fagr  re A g wnifie a <%
e I 1 918 I 3ACT € g 291 I 3 A fa mls 3 g w Hid 291 dor J ferset va vb R 59ra adt der w3 we fg s
fagr Jer J 3 fom § Al faar e J fers et A3 9% I8t ASY w3 Ay &d1 I ud fegi 2<i @ fegarg Arst g St maz I A fa
3t 31 i W T Tt AfSY § % 9% I w3 St wBT T AfgY i mplies fEgIfami 3t va SaEddvb BB T fom
&eaafedva HHE is equal to vb THHME at time t Ud Aad AR A8 M 3 R Afadnit 9w 3t wiarEh
3I39B 3 va &dlJ=RdT vb = TIr9d ¥ H3BE J fa Al 7@ It [Jge Tt I w3 80 Afet § wiBe <@gt Aigy fagr afer I w3
feq T1g faa Ao N for 3rea § 88 W '3 Jue 7f 31 fiog fom M 3 foa faat f3%ae €t Afest o A J8)-J8t 39 Sarefar m3 A ge
87 98 Bar faor 9f 1 3 T AR J g fea fIs s faar 3
for =& fog vin & I fumd adt fagr 3 ud fag A< o 98 <o of 3 feg fdsa gg 9g féer 9
for Be 7 foo fifse 5g 9997 3 31wl Tl f3uae o Afadt ot 9et 31 »idt <o 3 ufosi 7 feg s g aaer 33T A3
3% Ay It 3 ferst feg Hudd Tt I35 IS wierae 96 9 f3sae & niere g Ay & wiere »=2 wige Tt Afsy
D oferer w3 fan Y HSU § FSTENS HET &18 Sef MR 9 I ge a3 o feeT SR ATE AFU I3 AR IB I tw Jo
TG Hudd 39 I8 73 9% §J I fAng a8e = 9912 © fom faar Aer 3 g feg fom ot afder I fa A< © wdtg Huga feg d=
I 31 fegat © Al fegard Augn wa=Et wifadt J=ait 1 fegat fegana Amifue 913t © fegu 99 <t Jfiia gaet J1 st »i3 feg
TUJH 8 1 & Adlat ® fegard Andfya 913t w1 fedu aas <t Jfitm 3w 3, f£g mydn §% J fan & »irl IS Sdaias 290 A Jaig
 §8 iR It 31 wG g =g feg for 372 3 =ryn wiG A 98 it aret 3 1 €8l fel) frg w3
for B¢t ge 7 for 37ed § 981 3 S At I 31w gfde gt fa 8 g Huda 3 w13 Aiad I8t Augr #at J 31 frg 2a Adlg
3 for & Afua 91t § Jac < AfiFE 939 7 fod 3HCd 3 et I9 9 a1 Farfen 71 fgar | e vzsg Iy A g R w8
5 T g Uat @ 9196 7 98 3 1 3Hed © 99 J 13 TAd 9% Huds 98 3 fir 2 2 1 3 g A yJhifepen w3 i
JI1B I 1 WA vy gf B9 I faBfa ugdt =1 9 fifor ugst © g 8 o1 Jde7 J faAe H389 J {4 fog ffq Sgardt femr feg oH
g I w3 fabfa Adta &t fJs faar 3, fermsst Huga g5 & <t for g% © fedu gda 9rdter 9, femset feg fiade ffa Arurds €3
3 I3 T §8 3291 fog 79 I291 g wH ot g9 gt wirl AfiTm g9 I 1 e 8o u% By 39 faor 9t o forg fen WY g 99
faar ot A 9 27 98 819 99e It Adld & fige ge Adlg &t 3% fgar 3 ferer H3®e I fa for Adle 2 Hu Idies S9r e
2 §9Hg I T I o W iy GarE o e S0 u% Banfenn 3 313 w5 § R o o 133 A3 AR 3 9% g fo
A e g W RS R 3 09 feurfeonn 3 o 98 & wiudd €918 &8 &gy 9d faar af o
forn w8t fouon 3 fa 3ed 63 U8 3 77 9 95 Jo ordier J 7 for 3Hed € 918t © fedu 99 I w2 §9 9 S99Has 98 »i3
f6J SdHaS SIH IHS wid Yy 3 femter 3 7 99 § H3f®3 99 3t 3|
fem et faBfa feg 7ol garga T J form €3 5t v gt 13 13 © gdred I 9rdier J fongel 7 o 89 o 98 B1g a3«
Tt 31 A9 fIse ot J fore H3sE J 3 {89 3912 9% AUTH A3d '3 »Ud Wy ofH 99 fgaT I 7 9=t w fedu aaw @
for et wirt 7 SuR If €0 fra 3 fa fea 99z o 98 I 9 FR-wiag® warst 3 wi3 fog Wis © fedu 99s <t afim 9a<t 3 o
for 3 =ryn A fe8 03 1 vl 2w 9f 8o 3 W i 2o 98 wrg g9w 9f i J81-J5t fer 2an § 2uer of fe fa Y 98 <o
It 2y gi fx 37 [T By 99 fider 3 1< feg do J fowBe v 13s9 3 3 ferg wignd 3 A, feg fosa gg 99w I 13 fa
ferer yRar g ot 3,
femzzﬂW‘a"a?z&aﬁﬁﬁamﬁmﬂﬁﬁﬁanﬁﬁamm»@mﬁﬂéﬁaw@@mywﬂm 3 IS
IR g TUgR g w3 NG e § a2 fI39 2 o5 feu@e feG 3 fra Qu s I A A Mg 2o a8 Qumr ai £ fea fige 5
3 fere St H3BE I A g FUda S8 A SR I8 NG A g ea e o€ f froda=R us f I f Rforeifiy f 2 9oy
QB¢ I 3 I A wirl wirud fafan w3 Yoy 2 faw 28 <ryn wie 1 31 §a ffg fafann »3 yFifsfowr 73 ol g6




Is BT fFd Adld 3 o1 99 9 I& Ud

fon et fog << Havt 999d I6 Ud 7 it R I fa Yt £ <o = gu feg wirft udaR It ffa ugmi fifd 3vea fdges ewr 3
forsdt 3 fong e <3 99 o feureian »3 19 9% 17 eanes 98 J frg 22 »m < 5ared 96 »i3 feg 0@ for uam 3 fise
T J AL wirl forg fag8e = Tt have Ufgst @t Afg=t f&g wiGe @t Afgy & wiemar 9, fog fast Afgy < wiewer /i n3
fea R wiBe =&t AU JR AR e B8 fa N £ & Ja <uler o 31 3 fige Bg 99 fifer J 3i femer W3wy J fy for fam
fg g y2ar 3 w3 I8 S o 137 I28 & W St Y3 137 I 03 IHHE Tgs 3 i I Qo feg 3 fa T S % e T
f3mae dat J famer W39 I fa Adld g@ 4t fise =51 J 31 99=s v 98 g Afad mus @9 R Sgad ded n fid n AUgs
I 7 AUgs 9 31 Halg 3 yFaeH

for wdt A A3 I8 WIQT <ret iy 391z © 5 A I 7 i Yo = fid »igu3a Je1 3 w3 Mau3 T AfEd3Tmu s o
fidzr mrer 3 ni3 fowg Aied 9912 © 9reTd foar AT 3 ferset oo W for 3Hea 3 Tum A o, o8 N ufgst Fideri gt § fifger
It 9@ f 3Heq 3 fAde AuTE B & feufim famr J fersdl 73 a8 fra 95 £ 3 w3 foa 89 wifaagr v J fa  feg i
for wi =1t Ay G 713 9% S9aHeS 9% 3 Ud for 3 fosmar 113 9% 3Hed © 919 3 1 Jat o d faar 3 w3 €8 s Arads
Yt I 7 fa 3Aed €3 s © g It 9,

fer Bt g 7 goHE T foud g TR I fa wi@e Tt AfSu et 3 £ 89 Afeg Afipdt n ® g9/99 I %13 Add Al Sgardt fem
fg s =u faar I 31 3 98 H38a Ag €29 n mg = 99r9d I 7 wirll g3 7 &g Ruiq 7e A mifee niarst o &g 7 wirfl
M § 35 998 9T 3 e TE ASU BE IR §8 mu s T oot ST A I w3 g ot I 3 TR S I 3%
I 38aE &l de d fa IEg A FFT I A Hl en H3 IS fuAae I 31 I91E6 © §8 9 I IS muk &7 n oorrdr i3t e
3 ferset vagr ¥ =g 7 AN e g 99w 3 3 fyeTana 58 »i S wind Y @ wigurst @ 59me e J 3 ferg muk
I n FURGRIT AT I 8 mu k IEHS II=FE T TSI I n »A S AUGS YEifpet I ah 7€ 713 A8 I8 AfSY & I
I AH TR T F mu sn I I faBfa g9 e FR-wiags = 3 ferst feg & ® 9F ¥ 3 A 912 © 713 3% 9918
g8 i3 witd Yo fegarg et fifur Ay w1 wigur3 ot der 3, »iff frige foo afy Hem i fa 7 33 wirl f3sae gg & ag=
€< 39 IIR I8 T HUTBH HE BT T mu sn ® IJT9d J=ar, A< 713 a8 fod I 31 313 98 3Hcd T8 Wil for '3 Tun
TWAR I AR H I e 8 B AT T AII g mu sn 3 We Jar J 3t et fTogs &t It w3 7 o fomd <urer ot 7 feg
mu sn © gJrEd J AT J 3t fog fIgE 1g aa fifer 3 w13 for 3 amiE 9916 © % I IS muk 19 n ourar fiI3T ATRaT mu
k »3mu s S0 IZHIE »HII I A WA UER T €Imu k mu s Jue dur J w3 fore g6 feg 3 fa A 718 I feg €<
Tt Hudd feg Iv 9% 37 99138 8 wig fag foure féer J 31 Hugx e 93 fami w1 Je1 J1 Tt Adid @ fegad iga R '8 €9
ffa va & g% I& fonstl Tt Adlat ? fegard Adfya 13t w fedu Jer 3 i3 fedt I 1 991 © 9ds gewr J U4 f¥q @rg A< Adla
fI%e 7g 99 fder J 31 fgm3erg 13 98 937 e A J falfa Ade ufost ¢ 7% fgar I 7 Adle &l s faor 3t frg Az veE3 d
feAZfmu k mu s W IYI I HHfEn fSg 3imu k REITImu s § A B3 AR I 31 TS ot As8g & urfemyt famr 7t
famu k M3mu s Baruga 9 2 oty @ Afud 291 3 H339 96 w3 fEg 20 I 399 29182 I Aag 291 3 Je 3 Ga 2
T g e I HaeT J Ud QIat HiHfent et fagt 3 fegrg dizr ARar mu k Hfent Arean| »13 71g Hudd fegs Amify 2a1 3
H33d % I& 73 B Auda Enif A3T1 '3 f5dad Jae I ferset Auga €t 739 <t Adardt '3 Aad wil Ard Hifle @t gan #
T Fte 31w AreR It 3 foam Adla & wn 3 feare et v 3. i wififes gan

oA FH mu T WS We 39 7Y A3 A% Hiies g9n © 386 99 49 5% Hudd 9T J 3 Y G Huda el A3T1 3 f5dgd aae
TS Ud HuId <t f¥d 737 Bt mu AfET IIIT Add A3 98 ' © € Adid Ia Avardt 1 6F gt At 3 »i3 ©< Hugd miarat
a8 fradtut Jetf I8 T AZ AB mu THB JSIM»B mu s AfEg J=dr

fer Be feg A3T R 13 3 f5d9g AT 2 TIA 1R R fegad 3TB AZ mu THB I k »Z3mu s I 1 WA ey =t I
i ferd e o Bt 7t e go9 et femn I 7€ wirll wid 33 13 973 Adt et I8 99 99 I- 7F 98T 518 wfieer J
73 9879 ¥ fHars o3t eia gser I i3 Ardett & fox@er 31 T J fa fea fige Bfa om &9 J fang »ifl wigere affe of fifd
A 55T ] 291 518 g% i3 feast Hifsnii &g wirfl feg ureid) fa /e »iff wigere &g Adld § e If 3 goa g e
o ferfonyt famr R o & 3 Haer I 3t ae il 98t § fegrae of fen & wirt €A fife 3 fem Diaféar 3 g5t 3 ferg gaidl ug
7 wirfl gmie 89 33Hs € 918 990 g 31 Ay fifg T8 98 o1 99 39 I6 < HI32Yds I Aredn »3 §H Heds ffg wid 2y
AR It fa 7 il wind Yo €t ofs g9 a1 i 9819 3 st yfeast fon Huge yHifepn § ded 3 o1 3et four@e < Jet J
< 9 fog 993 7d HiHiSwi Bt He 3 AdeT J Ug fA 3wl =gl {3 7 »irlt IeHa® A38s =8 Aie Jf 31 frg Hee J fa Auge
Yifepr g '3 A1 &t adet U fog oH 99et J1 AT © Hudd 1a <8 fa3 aet 99 fie 3 w13 fog e wifl 3enss H3ss 9de Jf
31 AT for AN O19 AeuTs IfgeT yean 7 wiHl 3t € 9i% 9d 9 Ik I wiHi fgg feurGR It i3 wirl figg e e% Azss s 39
Jtot 9 Us H3%a a4 foAsd g8 © AIHG31 HJ3eYds Jedft fersdt il y fom g x fomm o gt feg 98t &t 9fs adidl
13 feast T Hu a3 Aeu3 ferret {4 YA @/d Y=41 © §9red IS Irdier I »13 feg 3 wirll »iarst awm &g utdi ua fem 3
Ufgst wirt g J II1Z& © fomm & 24 {3 i3 A H I913% = 98 § R I1 31 frg fast fBgaes 2 v fdg mu sn Jufe
Joar fog g9reg JRan| wiET TE 3BAES B mu sn M3 mu kn ® 99TEd I A9 AU I J 3 T g3 A IrsS A
fefenratt 7aR Tx QI feg Ifa i A Qo TR R Is G fde £ wfR I&smu n = I979g I »i3 fra I®3 I 7rd ufast
I3 YT o BieHf3 d fa Add »ET ot f3gae A g T aR A I 3t vl £ is equal to mu n Bm A= It
A4 fog & Afgy T 3 I 3t mife 9 392 B wicare g8 I=ar fame wind Y &1 ot i rdu sA I feamu sn 3
We T TR I UI SH gared sl S AR e fuga fa A3 mu R UBT E ACR IS IH »idea 333 f dmu n T I8
&di Ut AR 3 fa8fa A9g foa & Afgy © 9 J 3 fog 3183 J=ar 24 fog »ET <8 f3sac 7 f3%aE o HHST J 3Tt f
URiglimu n < ¥I9d I w3 378 g & wifarmr Iear fa 7 wirlf mifwret § Ts qae i e 3T £ dmu sn Afmu kn ®
gIrgd YR J 3t 3974 for & A for w13 edaia® 98 €@ Adt form ® &8 Bar@e y=an, wig 2t fa fog I e fdg wdld 3
fo3ed f3gae o fedu J9% B, »iG Tie N gu1q & 3fs age gf w3 feg TRt fa fog goq Un Hiea Y2t Afde €t Je3a &5
»id <U fggr 3 »i3 feg s 3 I vz ofle w3 9,

fengdi ge g adig 1a is on the block point b is on the ground velocity of point a is equal
to phi phi velocity of b is equal to zero i so velocity of a with respect to b is equal




to va minus vb which is equal to five times i so the relative velocity is in the i
direction if that is so then friction on body a because the relative velocity is in of
body a with respect to b the contact point is in the i direction the friction force on
body a is in the minus i direction and because now in this case because the friction
force is in minus i direction and is it equal to mu n or is it not equal to mu n what can
you say think about this this is a case of what is it a case of impending slip no slip or
slip clearly this is a case of slip because va is not equal to vb so therefore in this
case friction force will be equal to mu k times n and this will be in the minus i
direction so now when i look at body b for the same example if i look at this is body b
now on body b the friction force will be in the plus i direction how do i get this well
there are two ways of doing this one is i can look at the action reaction pair friction
on body a is in minus i direction so the it will exert an opposite force in the
tangential direction on body b so therefore on body b the frictional force will be in the
plus i direction or the other way i can look at is the relative velocity of b with
respect to a now vb is equal to © va is equal to 5 phi so vb minus va this is equal to
minus pi phi so because this relative velocity is in the minus i direction the force of
friction on body b will be in the plus i direction and this is something which you should
understand and get things very clear about so this is how one works out the direction now
maybe we can take one or two more examples here we have this block this is travelling
with five meters per second and this is on an elevator and the elevator is also
travelling with five meter per second and what we find is the acceleration of block this
is a this is b acceleration of a if it is two meters per second square in the y direction
and acceleration of b is also equal to two meters per second square in the i direction
now here if we want to analyze is this a case of slip no slip or impending slip then what
we find is velocity of a with respect to b this is equal to five minus five so this is
equal to zero and if i look at acceleration of a with respect to b this again is 2 minus
2 which is equal to 0. so since both velocity and accelerations are equal at the next
instant also v and vb will be equal so therefore clearly this is a case of no slip and
here when i write the friction force on body a all what i can say is friction force will
be less than mu times n and i can't even determine its direction till i know the other
things which are happening on the body and i'll have to look at the other forces on the
body to be able to find the direction but one thing you'll realize when we have a case of
no slip then you just show friction as a force in either the plus x direction or the
minus x direction and the correct direction of it will come out from the answer if you
get the answer as minus that means the direction you had assumed was wrong so for case of
no slip you can get away by putting either in the plus direction or in the minus
direction but if it is a case of impen ding slip or slip then you have to show the right
direction of the friction force on the body now in this example how would an impending
slip occur suppose if the acceleration of b was 3 meters per second square so then this
would have become a case of impending slip so let us just do this this is a this is on
body b this is 5 meters per second body b is also moving with 5 meters per second
acceleration is 2 meters per second square i acceleration of b is 3 meters per second
square i so now when we see slip v a is equal to vb so this means not slipping but when i
look at aaa minus ab this is acceleration of a with respect to b this is equal to 2 minus
3 i so this is equal to minus i so that means we have a case of impending slip and the
direction of impending slip on body a is in the minus i direction so therefore the
friction force on body a will be in the plus i direction so friction force when i draw
body a the friction force will be in the plus i direction and this will be equal to mu s
times n because this is a case of impending slip so these sort of considerations we have
to keep in mind when we solve problems of friction so in today's class what we have seen
we have seen two things first we saw forces when forces on bodies which act from a
distance in fact i have not used the name sometimes when we go for advanced courses we
call them as body forces and the we saw the force of gravity which will be of importance
to us and the main takeaway for us is that if there is a mass m close to the surface of
earth on surf or on surface of earth the force which the earth will exert on that mass 1is
equal to m times g which will act in the vertical direction that is toward the center of
the earth so that is one thing and we also saw electromagnetic and electrostatic forces
which could act from a distance and after that we looked at contact forces we started the
discussion and we talked of normal reaction and friction and in detail we have seen how
frictional forces act on bodies how they are related to the normal reaction in the next
class we will look at some more forces in particular the force do when a string is tied



to a body and when a spring is attached to a body and after which we will move to
application of newton's second law on a problem so that we can relate the forces to
acceleration thank you you





