1068 (8445, — . J01/823485/(6*3%7 .§
892:0+.03;§<=27%
>:2//012:5?81-2301/$898/(1*35@23A8
#118968%" ("

1% 68T ()%, ) /W%, _O(LH8ELS Y, E-(P8)21(H(L /32141, ¢+, 0, /ML ¢
L& (1'#5, 2+, %()024" / (&()/08&#H, 4, *(-6-1/ 7H(1&(H(L , 148" ()*+, -4/ ()/ OF)~-) O%+ ,
18" 9/0)*"t = /ON3(,H(1,1%, ")/ .80 _#2) ; ,10¢, -()O&(,§)0tO)03(, "t - /O%&" ,#
</3'H,-3HE7)(LHL, 196, ")/ 4/ 88E-&(, #)(, /=) (00240, & H(L, -3"4&* , #/44(1 £, &" (1"

S PT/E).,00*8& =/ ), /U O&-—# OF&" H&((&*1, ¥ =<t) ., 0()*&H -%")02-# /4 -%")024
*/0-(&O(#1#8-4-1/ 7 0)0¥(1 , 1)23", "4

&0 A)0.#(1,H",B3,0%), -#/44" , #/-*\H&()/08/ 4(1)-t-<-(, O"H
f

=0



a) Ddi(1,t8**,+,"&()/0¢ /4 2"&;)(<t /04 (1,4 ,8"(14)20/")02¢ " /(&()/ Ok )-# %t 7 1&(#)-# (1,4
/=-,";, 18 +,"8()/04. 3, 4(/42"8&;)(<t/0(1,,B3&(/ "M

#

=@ N;,O04(1/3218)(H)-#",+,&-, - H4"/7O#" , -((1)-4/=H, *(F 7 )0/ (H&0 4. )", *(+<t=,+/ TH(1,
%/)O(H)(H-£. /%%, . "4z &+34&(,41,#89/30(80.4.)" ,*()/ O SHNGOMPE/ ¢, +-, 71, ", B

%ll



Vi -4 -1, B UG )3-H&IR0 O8O /14T )(1/3(--1) %) 02¢ . / 7 0184 /3211
)0*4)0, . 480, /48024, . 28S,H(L, ¥/ ,4)%), 0@/ #-(&(* ")) /0H(/t=,  &0.%






L% BH&2, (968" ()*+, H/ HO&--ON (", -(HOHL, ¥ 4, , 0% 1
1"8O 41 HE=/"&(/ " <"ED(})-4- (" 3*SH=<t%" /N, *() . /
(7)*,18-498--) 7 ,1-4)(-, #4421, #-*&((, )0 24)-¢, +&-()*"s

80 PL&E)-# (1,482, -(F]-*&((,")02¢ 802+, A (1&((L,¢ Y
(&2, (08" ()*+, 80418 5 H8A(, "H(L, #*/+)-)/OM¢

!

=( BETL&(E-*&((,)026802+, 1./, -H(1 &' 2, (68" ()*+,#1&3 ,H(1,4O/-(¢,0, "2<Mt

!

B P1&(E)-4(1,}O8G)O3O%, ", 0(&2,#/4)(-4, 0, "2<t (L&(¢ (1,4)0%) -, O(F%&" ()*+, 4 *&0¢
("80-4, "H(/H(L,#-*&((, ", "4)Ot&=t-<-(, Ol

IR BHO&--§/6)-8((8*1, - H(/8-%")024/4-%")028*/0-(RO(FHH(L&(8O1-4) . ;" ()*&H<i/ Ot
8% /+ 4 7)(1/3(4")*()/ 0880 . £O/ ; , -t8+/ 0248447 )*()/ 0%, --£)0*4)0, _4%+&0, #&-#-1/ 7 O
)OH(L,#)23","#B4(, "80H0) )&+ . )-%+&* , O , 0(H8+/024(L , 14480, (1, O&--H)-#" ,+,&-, . "t
X,");,iN3+, " [&2'802")80¢, B3&()/04/ 49/ ()/0-880 . #4)0 _#80¢, G%" , --)/ Ot/ "#(1 , G
80 . 4<%/ -)()/ 0t/ 4( 1, FO&--1-181430* () /OL/ () , "#?1 ,H)0) ()&t . )-%&*, O, O(H/4(1, ¢
O&--H)-H0"#Q/ 3HO8<t--39 , H(L&E/=H, (0, 7, "#-4) . ,~# . /T OH(L, 1" &.O%- /148 (18 (¢
)E-()S, -H(L, i/ /™

y y =ax+b
g

_)—i'_ T e ¥ AL Mmoo - e A%
|

‘-’ i “ .»7 LRIGSER sy viz L.

X

THITVTTITITTIV7 77777 TI77 77777 ST 7 77777 777777777 77777775
TV TIVTTIT TV TI7 T A7 TTTIG7 T TI AT SII7 S IT AT FIV 7S IT A7 7707 7775



0% POI&-("/083(H)-4/04(1,1-3 4&* , -4/ 14841 , "V*&H&~(, " /) . 4/ 14" & .)3-49120 _#O , 0
L, 0-)(<E-) O )& H/H(L&(E/ (L £, &" (1" ™ OK(L ¢, &" (1#(1)-4&~(" /083 (+&OH3O%t&=/3 (¢
&1 ,)21 (15446 LEO DML , H3OU%-/0H(1)-#8-(, " /) - 81, #*801%, *O&0, O(#+, & ,H(1, ¢
~3t4g*,

868#28S)024(1,#°8 . )3-4/44( 1, , &" (LR 1GH Y HOR)0 . #(1, 48" 2, ~(1"& . )3-4(1, 1&(, " /) -#
*8OKL& S , "t

!

=B\ 788~ (/3¢ H(1)-48-(, " /) "/ (&(, -1&0 .10/ (#1&; ,H(1, 8- (" /083 (f= , #4+30218 7 &<t
4 /OH(L 4-3"48% M

#

#

#
#
#

1" SBEE18-U)"&(/ )4 -, T ) (LI (/% (LT /321K 7 1) Li&—- , —H&E S , " ()* &t
%" ,*)-)/0_O&. ,#2+&--H(3=,1/430)4/ " O*" /- — *()/O"D(E)-t)+, .#7)(148:28-47)(14
- /439 #2180 .4=3+S4O/ . 3434 3 tBi+/ - +<il) ()0265-O/ /(166 (, , #=8+H/ O 8--+OH) -4
U6t&*, H)OK(L, (3=, b4 [~ - *()/O8HE" , &E2"DAH(L , b=8t)-¢ . )-Yet&* , . t4" / OH)(~}
,B3))=")391/-)()/ 0480 .#* ,+,&, -)(%, "4/ O-430_ ," .&O%, _4/-*)1&()/0-"¢
$--30)0218:4")*()/0&HA/ ">, #)0, & )0t 5 ,+/*)(<64)0 - #(1, %6, ")/ - 1/ 4/ -*)+&()/ )¢
7 &St &O%)024)O)(H)0H(, " O-4/4/)20) =180 43"

H= == He e e

W SBI&" )%+, HO&--1/4O/ ; , - ORI/ " 1)+ .42) 7, Od=<t&i%/ (,0()&#, 0, "2<t 2§74 ; 9%
71, 4=/ (143480 - 1<EOR<t=  10/-)(); /40, 28() 7 , "

!
&8 A/ T 18(F; 83, -/ Mat8O i<k . /i-(8=+, %) *34&"1/"=)(-4, B)- (M
!
= P1&(H)-4(1,1",+80/0¢=, (7, ,04(L,8%, ")/ $7H/8(L 4/ =)(180 H(1,1°& ) 3-4&4/4(1,}
/=)
!



!

SY' U (<4 8(1)-4B3, -()/ 0 &4/ #B3)*SI80 t=") , 4t
80-7,"-"

!

80t Bi=,& 1/ HO&--1O8-1) . ,-1+/02147)" 1=, 0(H)0(/48¢

068" &=/4)*4-18%, "¥21,¢7)" ,H-1) 1 /(, -4&(H(1,4/")2)0480 . ¢
)-£-%)00)0248" /30 _4(1,#; , " ()*&+"#0 . , 0()d4<t-3)(8=+,¢
2,0, &NE, -#//* .)0&(, 480 . #+/0-(*&)0(-4(/% . ,-*")=, 41 ,}
=,&.1-49/()/0"

=@ Pi-<-(,O7)(142,0,"&)E, .#*//" .)0&(, -#B16iBsi&O . 1Bid)-4 . ,-*")=, _t=<i(L,}
[£2'802)80¢ HL&(H)-8(1,#[£2"&02)&0H-H)0 - ,%,0. ,0(t/4B:6Bsi&0 . ¢
(9,4, GYe)*) (<8P 1&(1&" (1 ,#%/0-," 5 , -#B3&0()(), -4/ 4(1)-tOD/()/ OM

B DI¥(1,45)0, ()%, 0, "2<t)-t4B3E . "&()*H30*()/ 04/ 42,0, "&HE, .#; ,+/%)(), -6
§GU%" -+ HOH(, " O-#/1="4



8 Bi-&(,H)(,H0)08H<t& (8¢ . )-(80* , #&)*)93 " AL)BLDSE)F300$.48=/ 5 L #(1 , IN&" (1b-4
_3M&* H)HO/ 1, /318 . )-(80% IB&EENS T 1 ) (-4/"=)(&H0D %, ")/ ¢
*1802, Mt

!

!

S BN+, I/ HO&-—OKO/ 1 430, "H(1, 043, 0%, i/HRO(("&*(); , 14/ HG)D)H 98¢
71,7 1941, 5. )-(&0% 4"/ QKL , 1/ ¥ O(, "

&6 P1&(H&",4(1,#*/0-," 7, .#B3&0()(), -#/4(1)-#1",, .)9,0-)/08&+#9O/()/OM
!
=@ P")(,./708&0%, %" ,--)/08/ (1 4(/(&+#,0,"2<"

c) Either from (b) or otherwise, derive an orbit equation relating r to .

#

#

SF' P& (-#/4(1)-#B3, -()/ 0#*&++#4/ "#B3)*Sk&0 - #="), 4&0-7 ,"-"¢
#

&t c/-)("/70)394)-#84=/30 . #-(&(, 8/ 4&0¢,+,*("/04&0 . #%/-) (" /0" P 1&(¥)-4(1 ,%,44,*() ; ,#
O&--t/4%/-)("/0)3OM#

#

=0 BH7 1&(#%/)0(H)08&i=/30 _ta, %+, "t/ =) (#)-#(1 ,1-%, , - #/4(L,#-&(,+)(, &) (-#
9)0)939M#

#

*0t D</341&; ,4(7/8-%1, ", -4/ (1 ,4-89,198&--#8&0 . £"& . ) 3-64. ,-*")=,4&0/0_
--("3*%(0); L (,-(=<t7 1)*1i</38*/ 3+ .4 .)-()023)-14=, (7, ,04(1,4/0,#(1&(¥)-4-/+) -4
&0 _#(1,4/0,4(1&(®)-#1// 7"

#

-0 PL)*1478<t)-#84%&" ()*+,49/ ;)0244" /O, &-(4(/47 ,-(H)0#(1 ,#-/3(1,7041,9)-%1, " ¢
SR AE<B(LL, 8D /) /)-8 ,E85)-) 024 /7 94(1, #N& " (1b-4"/ (&()/ OME

#

,0# DO#&t=/30 .ta,%t, "t/ =) (67 L&(#)-#(1,4"&() /047 4(1 ,4&; ,"&2,4S)0, ()*4,0, "2<(/#(1 ,#
&;,"82,1%/(,00)&#,0, "2<M

#

4 PH(LE. 77081 ,6\&9)+(/0)80%/ 484" , ,1%&" ()*+, 4/ 149 &--19H)04(1",, .)9,0-)/08&+
*<H)0 L ")*&H*/ /7 J)0&(,-"

#

#



SI $i9%,0.3+300", ,4(/4-7)024) 0884 , * ()*8+9%+&0 , :18-4) (-19/)O ¥
J4-3-%,0-)/04/04(1 , £t/ 1841/ /%" / (&()02¢ 7 ) (1#/0- (80 ¥
8023&"-%, , . 1#P")(,#(1,4[&2"802)&0:&0 _#(1 ", -3+()02:






!
- 7OU3(,4(1,¢,0, " 2<t}-/ ISt/ UMBERO - 4(1 , 1M */O%/0, 04/ 4(1 802348
O/9,0(39HBh " () * J+i.)", *(+<t&O . #*/O%&" ,#7)(L18&0<*/0-," 7, 4






FI"

FL"

#

!
!

BI6" /1, *()+, H)-H)", £ 3, IN&-(H4" / O18%/)0(H/ O4(L, #-3"4&* , 1/44(1 , IN&" (L& 18+

0/° (L, OH&()(3 - , HUF7)(L1&; , +/*)(<tJot)0*+)0, . 1(H01&02+, V) (/1 ,#1/")E/O(&+"

X, (,"9)0, K1, #&(, & 44, %O/ 0k 3 H(/H(L, k= /") /)-8 "* F7 1, 0L 1" /1, *()+ ¢

" (3" 0-H(/H(L,1-3"48* "

D"






IF

B



IR $t-Ul,",i/HO8--+OK"&.)3-43480 4O/ O, 0(:/4)0, " ()84()-4" ,+,&-, . #*/OF" ,~(t/ O
80£)0*1)0, . 1%+0 , 1&(1R01&02+ , §Z

! ! +Il



v

- /0-) ., 484304/ Ot-3-%,0-)/ Ot/ H-%1 , *)*&HU&" ()*+, -4/ 44" & . ) 3-434Z41 " 141
1Y-3 OO0 4. ,0-)(<ENIZHI" 1 YEIFT Y3HS2K O34 088H&S, /44 -, %(1EYHZE>"YY O'4?1 8
L, 0-)(<IBO L #7)-*/-)(<EBT&(, 8", ANm)ZEEIET YIS 2K D380 281 "Y4 1Y Bhc -

"L -%,%(); , 1< B--39)024(1&(H(1, #)0, &"#4")*()/ O48%%:) , -6

#
&f



