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area 1 = %(35m/s— 10m/s) (10s —0) = 125m,
area 2 = (10m/s —0) (20s — 0) = 200m, (1-1)

area 3 = (10m/s —0) (40s —20s) = 200m.

S25m gat =40 J)t =0 o LI d8Lul)
0l 531 o3 slie e pald ol sl Jaa Y] o Lo laal ()

v (L =60) - v (t = 40) )
- — —0.5m/s?. 1-2
605 — 405 0->m/s (-2
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35
30
25
20
15

(m/s) de_pull

10

5 % (ED)

10 20 30 40 50 60
(8) Cye !

a3l Jolie Aol jiate e Byleadl dal3l el V- S

i LS Lpsle Jansg it = 608 wie 8Ll LIKH) dal 3y ) G\:n_'. (;)
areat=40—»60:%(603—403)(10111/3—0):IOOm. (1-3)

oo A sill ey e 1Y0 = Voo + 0¥ 0 I Aaljyl G55 e

x(t=60)-x(t=0)
60s -0

Vavg = =10.4m/s. (1-4)

oells S a3l e IS agilly alall Rubse chmss T (1) (Y-Y)
I sl sl Bilue o & saall ie . (¢ Sleilhy cpa3ll) ool dgall 3als suie il
bl e A sgally Ly all elaslall Yo gging Joam dsamg wadll (o (50 B0
Zha Wl colasgll sia ¢ o sd Wl lay an/s? 5T m/s classhl aues 065
1h
3600s

1h
3600s

101km/h = (1.01 x 10° m/h) ( ) = 28.1m/s,

(1-5)

88km/h = (8.80 x 10*m/h) ( ) = 24.4m/s.



cheetah antelope
initial position | xo = 0. Xo0a = 50.0
final position Xc =7 Xaq = Xc¢

(1-6)

initial velocity | vo. = 28.1 | voq = 24.4

final velocity | v, = 28.1 Ve =244

acceleration ac =0. ag=ac =0

sl puis wie il gdll suie o5 A a3l Sland Al W 853

Xc = Xa,

Xoc + Voct = Xoa + Voal =

__ Xoa ___ 50.0m (1=7)
 Voe —Voa  (28.1 —24.4)m/s’
t=13.5s.
o2 agdd) Aoy degladl) L3l
Xc = Voct = (28.1m/s) (13.58) = 379m. (1-8)

Llaall funge o550 Alatl sda G AT Y (1) s3al 3 LS aald 5o Lia a3l (o)
t0sSo elling .t = 208 Blalll fady dygae il

Xc = Xa,
Xoc + Voct = Voct = Xgaq + Voalt = (1-9)

Xo0a = (Woc — Voa)t = (28.1m/s — 24.4m/s)(20.0s) = 74.0m.
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laie o &he) Al Aldill oo 3350 Baels §La,) alas ¥ Wl ag, () (Y1)
Tilue JNa JlEmY o3 ols Aaslany Bl Usall G Uls taga p lia ols &SI
Bacliy Lo, wie 85501 de pw Jlafie o Vg eslS 13 dagly Lal aslas Loglas
pase 3o V0 s dlgiad J) 3350 s_muj,as;n ANA 53 Al a3l 9o g (A3
:HL8 BASL) das punge g0 V19 B2 Bucls

1
Yo + Vot — Egt2 =

Y1 =
(01— 20) +(1/2) gt?
Vo = t
(1-10)
~ (3.00m) + (1/2) (9.80m/s?) (0.4005)°
B 0.400s ’
vo = 9.46m/s.

depall Slakie 5] Sam B0 4] Jusd (g3l pLis M aliall el Lislasy 10
10852 e 45l

U\;ZCZOZUS—Zg(J’f—yo):'

1-11
o v§ (9.46m/s)’ C4s7m (-1D)
Ym0 55 T 2(9.80mys2) | ™

150 AL A3 38 plas,l oadl o)ls elling
Yf—y1 = (457 -3.00)m = 1.57m. (1-12)
50 B0 J Y 8380 La3 ) Juad Loie 8,501 de p laie (o)
v1 =g — gt = 9.46m/s — (9.80m/s?) (0.400s) = 5.54m/s.  (1-13)
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Lssgll sy (V1) gl cb3T 8330 dady o500 o (AL duie3ll 8R4
:&;ﬁ (vdown C.U..J g:.u.ll)
Vdown = Vup — gALt =
—V1 — V1
-9
~ —2(5.54m/s?)
~ -9.80m/s? ’

At =
(1-14)

At =1.13s.

sie Saall Lgle IS 3 el (uis 4l fan e ] & Al Lall Jas (5-1)
Laalll § ¢ = 0 L32T13] . (caall 3y alas 3 m,s_ujua,m)aﬁndmn
Yoor = (1/2) AL? (3] 4y Csalls gugandl ssaall Bess 8,801 Laie _mu ey
Vb — Y5 = Vot — so s N 348 8,51 glas,) Ypan = vot — (1/2) gt? 4
8ia 5SSy f = Vo/(g + A) wie ebiall el 5SS M (1/2) (g + A) t2
Amax =V5/2 (g + A) o Lasdll

23S Al Pl it s B ] s A N1 358 gl gl of (58
:U“ SSsS e ol Y Fadia J2Is V) A g 2535 13 4] Juaiaw
55 S oY Zeail 35 of (Y-V Jlke) 5,5 s (9 00 ) G + A Gils
o (ubgnwgm%m)@medandmm:su?;zd&iyﬂlm
de Sy L lude Saall oS5 o G G5l Lagslew oIS 31 cay am (g + A)
(g +A) m;u?ﬂsusﬁs

Bhiall Gy (S0 ox sl Jska Ladun 13] 200mwds|fl‘dal=()( V)
uﬁguﬁﬁm/s Jases 200 — xm 3l (f)%-ﬁu pae e S ‘JJLal‘L}
gl s aslly (6 + 2 = 8M/S Lgie u Llaies whall) all 355 Gyl dlane
colill Lgie s Llaie fo dagude ool Lgiald 30l 200m Z8Lull gslud el
) :&L.éb&lf?m/s

200m X N 200m - x _
7.00m/s 8.00m/s 6.00m/s

(1-15)
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Lol Zosiie (LS adISI KSISU GBS Jilae Jsla Julo
S G 13 (VA ) NVA s Ay Vi 1 a3 NI o st Jalall
X3 Aaladl Jass Jolall 130 &
24 (200m) = 21x + 28 (200m — x) =
7x = (28 — 24) (200m) = (1-16)

x =114m.

ihadie gad e e gmnll as dI S O 31 s ()

200m
tMiriam = 6.00m/s
114m (200 -114) m

b _35.1s.
Alison = 700 "2 00) m/s | 7.00m/s 35.1s

=33.3s,
(1-17)

Slally oo 3585
SLa) A3 2505 28 (Y1)

sl eNulas padi (‘\—\)
((1-16) dalal) pasius (1)

o) =94 [t -7)i-2tfj] m/s =

o dt (1-18)
U (t=2)=[i-4j] m/s.
(<)
i) =4 [4i-2j] m/s? =d(t =55) (1-19)
dt '

V¢



((1-1) Dobadly haad dbawgill de pull (=)

r(t=3)-7(t=1)

Vav = 3-1

(1-20)

(18—21)?—(9—1)fm

> /8,

Vay = (—1.51 - 4j) m/s.

FANy dhiny oS i e o Biad (V=)

—tan6; = ﬂ, (1-21)
Xn

ol SGall Flausdl 335 gl b Glas] Lea (X0, Yn)s 01 = 10.0° &y
(A il 0 Jill Ll a3 o J) zlas elling o+ sladl s oY slasyl
3 U Bl pudge o550 (0, +6.00m) oLilanyl Ll Lohaadl Aads o (2,405

1)

X = Vg cos Oxt,
1 (1-22)
ys = 6.00m + vg sin ot — Egtz.

rde Juans galalall e b Biay

g xi
2

=6.00m+ xstan @, - = ————.,
s : g (vocosez)2

(1-23)
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53] ey .adgll uds G Vs = Vhy Xs = xXp Luad 55 ol 5o gl Sae
O S3L el A e L8 Liluall Ll e X 8y Fhdaall Julal Jo35

gx*

2(vg cos 07)°
(9.80m/s?) x?

2(30.0m/s - c0s15.0°)*

vy =-xtan6f; = 6.00m + x tan 0, —

0=6.00m+ x (tan15.0° + tan10.0°) —

= 6.00m + x (0.44428) — (5.83534 x 1073 m‘1> x? =

~—0.44428 +/0.197381 + 4 (0.00583534) (6.00)
B 2 (-0.00583534m-1)

= 87.8m.
(1-24)

sasill e oSl 8,0 Ly b o ll Hiall AN Laal o Bay
J;a Jae lia oSy o 130 3 e Tassas OIS g2l

s e ol Sy fe 2ads de s Slafie G didie duie3ll 3RAN (A-Y)
SISy 7 Al Uyl s Cand IS 13) LSO Aaall Tk Gpe Loy gas a3
il 3l T Lol 3 Al

° \\
'S

4

o 2, 5T (1-25)
v g
_ 5 (1000 m)
= 2(3.141593) [ om B

T =142s.



(B pasl e E3SL Aaall G pas e el (i plisiwl (Sas (1Y)

LoV
a (1-26)

~ [(3.00 x 105 m/h)(1h/36005s/h)]°
0.05 (9.81 m/s?)

¥ =1.42 x10*m = 14.2 km.

LLs) *jumww_u@_w;w@w@ w,;g;,um,usa_.uts_m
m,ug\;umwjumm(dmuﬂ |pdadl 20T Lo B8l Juad LS

Wgann pmas Alaall Cluad g lall Slall S8 Cims Jf plias (Vo))
(1-18) alodiol LiSas e pull alad L] Ullsy caule

¥ =Lsin0 =
v
(1-27)

. (1.21m/s)?
~ (1.20m) sin 20.0°’

|d| =3.57m/s>.

\V






S Jaadl

ERIIPPY i g U gil®

iy J g1 (g (538 Jiluse J gl (V)

s Ala) sda 3 oSl all awall tabias () (1-¥)
o oassll s o slall eNulas

T-W;=0= T =W; =100 newtons,

T—-W,sinf =0—=

T W1 100 newtons (2-1)

~ sin@ sin®  sin30°

5
|

200 newtons.

deY il ol ey e LS 0sS5 a8 Wa 0ol s e oY (<)

A 31558 o1 U G S 5BUE Waumin 330 ssiand) Jind 3155 o (g5l
amall Jawd W 26K 3155 o B o5 oy 15B0S Wa max 5 oanill 8 W)
& 4l Bay Y-v5 VoY il @ plidge opallall gole! sall puall ek
S = N g lade oadl e ISEaY) 553 055 hdd ouiwlall pulladl (ils
o f(1) s3a0l & elS LS W o35l U1 oslall Aalae JIa3 ontilall cils &
I sl ealas §5S5 (s shuall Wo 2aid ) Laslls T = Wi Lasd Y1 ¥ &S
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r r N
y g y T ;N
Ly
A0
W W2 ",

(<) (V-Y) Alsall pall puunll bl :Y-Y K

:g_mWZJ
y:N-Wrcos0 =0= N = W>cos 0,
x: —T+f+W,sinf =0=
W1 — UN — Womin sSinf = 0 =
(2-2)

Wi = Womin (Sin0 + pgcos 0) =

Wy _ 100 newtons
sin® + p,cos®  sin30° + 0.4 cos 30°’

W2,min =

Womin = 118 newtons.



alElly Jo¥ e Gl

3595 S5 ot LS Lougandl 858N Aulao (555 ¢ palandl Wy dasd ] Epailly
el Luaill Jsb o dlanll 55all o3I

Womax Sin@ — f —T =0 —

Womax Sin@ — uWrcos @ — W, =0 —

Wi 100 newtons (2-3)

sin @ + u, cos O " sin30° — 0.4 cos 30°

WZ,maX =

W2 max = 651 newtons.

VoY USal @ ol (o 1) el puadl i aliata) WS (Y-Y)
Baslys X & Baals) c¥olas € clld (e g 8,550 duwl )y L (55800 aianl
Loy (olusllly Toy Ti widl 533) sl € 3 o<1y (il oo ISI Y &
() oal punl) Lhie 5 Gl Jeull g gl bais §seige W
oo B35 dndlall 853 Hlade 0580 JBlLy sl NS o sty pllal sa
OUsal (5Say Bralls e (55 JElly sty 853 To o oam 3 W1 + W2
Walae Lol 05S0 &5 ey Fs T1 Laa o5l J) BLaYl pbamsll olua Al
18441

x:F-Tysin0; =0= T;sin0, = F,
(2-4)
y:Ticos0; — Wy —Wo =0 = Tycos0 =W, + Wa.

e Juoaid LB o J 1 Dolal) auds

T7 sin 91 — tan 0, — F —
T>cos0; L7 W+ w,
(2-5)
0; =tan 1——.
LERE W,

Y
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I | I I
‘ | A
: o " v I 1 | 01 X
F F ‘
X
0, T
Wi+ W» Wa 144}
(=) (<) (")

Y-Y) Alsall Hall panl bads :Y-Y K

(o) sl pasndl blade piel 02 alasy
x:F—-T»sin0, =0 = T»>sin@, = F,

(2-6)
y:Tocos0r — Wr =0 = Trcos0p = Ws.

rde Juanil LoGI e J S Aolall awds (5550 55

Tpsinp _ tan 0, = il =
Tz COoS 92 B 2= W2
F (2-7)
0> =tan"'—.
2 Ws

sBal dais e (g5l ealaay =Y JSall & glae ool aall Lha (v-v)
Al de ) (Y i Lgiad Gbuall fo 83500 dland) 3oal T Bay
x: Wsin6 — far — fx =0,
fair = 0.148v2 = W sin @ — u, W cos 9,
(2-8)
y:Fy—WcosO =0=

Fy =WcosO = (620N) cos20.0° = 583N,

Yy



edBlly JsY) s Lgls

Q_EASH syl

(7-Y) Alsall jall peandl lalais :6-Y K&

Wi oY .48l de pull 30L0 elggll doglin dauis IS ga foir Ena
ide Jywoall x dslas J] 8442l

0.148v?% = (620N) [sin 20.0° — (0.150) (0.940)] =

(2-9)
Ve N an0mis
0.148N/(m/s)

tlas 85all ¥ 5 X Glalas .0-Y JSa @ gae Ulatl sigl 858l balads (£-Y)

x:F1sin0; —F,sin0> =0 = F, = Fls}nel,
sin 0,
v:F1cos01 +Frcos0, - W =0= (2-10)

F1[cos Oy +sinf;cotfr] — W = 0.
iy X daladl (e Lgdalas L oy dolad) 3 Fo 3580 Jladiwls

F = w =
1™ cos 01 + sin 67 cot 07
_ F, _ w
sin@,/sin@; cos0> + cot O1sinf>’

(2-11)

Yy



Lewlol Loaie L8NS KOS GBS Sl Jsla Jul

(8-Y) Ulsall 353l alais ro-Y Ki

ook 0o Fo e Juans ol (555 Lonie DoY) daia (o KTl o€y 6 oy

Fi Aslae ¢ galia) olidal) Jlasil
Lealind 30 Llgll faen 1Y JSE & Ghll sl abia Gasm (0-Y)
e sl (5350 oo 5T 0rs 2D s g3l o 350 cp Jualsl) el

sy ool ae 0 &l piuny Ysbo

sin9=L:§=\« C0$9=\/1—sin29:§. (2-12)

LS 685 o Qllats G539 Als o X olad¥ @ 58l blada Ga (53
ol @) Gl o aliall o ¥ Gliandall 558l Laag) Fog Fr olas¥l
;o Sl fontusluie (2D

F1 sin @ = F2 sin @ = F1 = Fg. (2—13)

Sisn 0l aladial Wil Loal sag Bl Lol pusls lia ol baay
sl e G o 35U 2D gl sl sl o sandl oSsall lade S

ye



edBlly JsY) s Lgls

3D |

—

/3D/2 X

I —0

Fw,

Fp, Wy FI/)», Wl

(0-Y) Alasall jall peandl lalais A=Y Ka

e ¥ LS o 53 duaas sk HasY)
FicosO + Fycos0 — W, =0,
2F1cos 0 = W, = (2-14)

W  3Wo

Fl=F = =272
! 27 2c0s0 245

sl IS e dlanl) 858l 288y duwl,ll AU oo UK 0583 o3 Uls &
sVl e U Je LA 358l dlane LES (Sas cwsandll doy oy i
LI 8 unll o Yoo LYl

FW1 —F1 sinf =0 =
(2-15)

1
Fw, = Fw, = EWZ tan @ =

SIS






SIBI Junall

RTINS

A4S all S g 5938 Sl Jgla (1)

Jams Lo 030l asse &S00 o LS Ulall a3gd sall pual) bbis (1) (V-Y)
5o gy olad¥l oIS 13l 3aus Lale 55500 858l dlans osS3 o] adall Gpo
ol (VT JSh @ ol k Bas gl date oladl) wasll SLasY)

F-2T=0=T = %F = 50 newtons. (3-1)

ool 350 Alaal gatll penll oo Gosund Hla) & oAl e T Alae )
AW dpy My ASY 1 83N 2GS . a,dl 30 J) Luwlls A Wb dseg
Uae ol 3] .dy = —d2 o 0980e ais 53] chashas e baddl of Lays .12
LUS Li€as Y1 .d) = —aok Luad S0 2 = azk LGS J3) ak Goudll S0
SALSY SB o SN e¥olas
Tk — migk = my (a — a») k,

R R R (3-2)
Tk —magk = my (a + a») k.

o WS alalall ople LIS sule) S

E—!J:a—&lz,
T

— —g=a+ as.
mo g

(3-3)



Lol dovda

LS SIS GBS Silus Jsla Juls

F P
i T i
k
m2§ M M
o] , S
mq
1) (V-7 Alall ol ) Lt V¥ S

LS a2 & o5 @ & Logla LiSas pilolall pass
1

r(Ly 1) ag-sans

mi
1 1

mp

“:Z(E“LE)_*Q

= (25.0 newtons) [

(3-4)
L1
5.00kg = 2.00kg

] —-9.80m/s?,

a=7.70m/s.

(ol 53] ANl Aalall e S Dalall elld o s sl L 13

2 Lmo mq
el
4 mimsy

(3-5)

(25.0 newtons) [300kg] ,

10.0kg?

a» = 7.50m/s.
s 00 o latey Jadll widl pliiwl &5 (0)

YA
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M\@t=0bl’9|31.(u@ll@‘mlc:)3‘ﬂsﬁl o o) 3,501 e55a3
Phoor = (1/2)AL2 s 53] @l ssall Lakus 8,80 Lasie o543 S
Pball = Viinal = Vol — dus N 348 85I glas,) L yban = Vot — (1/2)gt?
to luliag t = U0/ (g + A) wie galie Lo 5505 «(1/2) (g + A) t2

V5

hmax =

2l gl i ) puds 5o Lun Y1 358 8,8 ] s plis ) a3l o 55
CSSS 3sd poluie E Vo Godiee J31 dep Jo¥ 2838 Lol 5l 4] s
395 oo Jo¥ Gy 285 Ky o = —gk tum 1d 0o ) G+ A Gails dlae
L 355 il Jo¥ Zgail Bl o (Y- Jlio) Jadlls Wl - (faas 3 8,80 b
o (O] Ly 30 85801) §luie waima Jals 1 GBS Gad s Yo Lo
e S5 A2 Lo wnaall 0S5 o 13]Gl g oiew IS SN o am (g + A)
(G +A) anils dae S

o 099) A B Lo 3gsiual OIS 13] &6 st WiSas e S ) el 850ms
Sosially Aasisa slae of dlelas Liay s cissmd U] U] dnaills (S0
2l e e 83500 (ssRll AL Chis of b G emi U] il ) LS
mg :;est.;n 853 Bygum Ludd LdLsyl 35dll sdgl .—mA ISIaY) 858 3 gainll
Bolll e apuatll 5 550 (5 e Al il L (ALt Lgnass

Sosalls Lag 1l jslall lSy d Tk oo s pmdll S jlas el 1] olass
dilae 55 el Al 8300l) 5lall ] Ll @ dilae paun &1 06 TR o
F = m (@4 A) o gl 2l Lsbae o gunil] U1 J) desilly @ + A
Sosall Je dlld LIS Bale] LiSe amaall Jo 8550 LU B8N o F oon
O ~MA LR B5ally F L8a8all 858l ¢ gane oo F' sas oF = md’

ya
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LT 055 o9l L] § uuall dlae o 3153 Y 25U o8 13] (1) (Y-Y)
Bsis 5 1w Yy il Yo 555 F = Mipoyd 353 dlia 0583 of 53] w ¥ 4d
it GYY G S puall Ao J31 018 S etz sl o Llail) Guds Lgd

fs,max = U (mboard + mboy) g = Mpoydmin =

Mhpoard
i = g |1+ 024 |
(3-7)
30.0kg
_ 2
= (0.200) (9.80m/s ) [1 ¥ 50.01<g]

Amin = 3.14m/s?.

3% sl My uall Alae olad) T oS min AT uall dlae ()
(4.00 — apq) lAﬁSA.u: u‘."“ﬂ‘ dac 4655y Apd = —abdl?ﬁ.\%.c (eaeid aladl Je
WJBIS pall o 83500 89811 585 o iy Laaies (a3 B/ AL olaasy)

Fyoy,x = Mpoy (4.00 — apa) i\ (3-8)
IS 2501 e B B Aliane 53] 553 I (3p 0305 aladialy

de = —mbdabdi = Mg (mboy + mbd) gi — Mpoy (4.00 l’l’l/S2 — abd) i=
— (mpa + Mboy) Abd = Uk (Mboy + Mbd) g — Mboy (4-00 m/SZ> =

(0.100) (80.0kg) (9.80m/s?) — (50.0kg) (4.00m/s?)
Apd = —
80.0kg

=1.52m/s®.
(3-9)
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(8-7) Alat) § opalpnll Ay cpdatl) Slgilly Slaadl lasgll (Y=Y JSa

foo bl )l il puall dlae
Apoy = (4.00 — 1.52) m/s® = 2.48 m/s?. (3-10)

Soll sall pa ) oz e ¥-¥ US4 3 3e Lilgally A8l A (£-Y)

oonll (5 Sy (g sualll T I 8 S Ua] BAS LYY USE § ol Ll

0Ll calae o 5S3 Baie fed Guly 7 Hoadly (el 5a3) 231 olasyl § x
-y

X: Fypn sin 0 = may, —Fym sin@ = MA,
(3-11)
Y: Fym €c0s 0 —mg = ma,,

LAY Aaall (o Ay ¥y X gralas¥l § QI Aae G 0 Los dyy dx Eus
a_%me_mc_; sl Ayl dlae (o Glates dndladly Bawaill pdaes o alad .35l
Jml;lch;JdmL.al Susly dolas ) 23 Ay @y g dxy Fum U,QJS
JolSIL A l1 SN 55l Laada By o) Sl a 30 il wadll o Liaall dolal)
B a oo pinad LSl wigh oS 13] L (ad g Jy}:@u;af;jw 8sall o5 Yl s)
Jyaill SUsY1 3 Ay = ssin0 g Ax = 5080 o s Llul Jiul sgll Je LGN
i ((OUsYI 1aa 3 [ slaall e dbs ) audian) e wigl aud 350 )
QTJ_?T&AAy’/Ax’=—tan0g¢Ay’3Ax’ onislaal] o Lows) 31 065
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FMt
1
i
1 .
; FM'm
i
1
1
10

0

I;Mm
Mg mg

(£-7) Alall & Gl RSy crdatld sall psal bbads Y=Y J<3

BSU (g 3umdll LU B Ll 50 &5 Cpag faill Liatle oliall e SIEN Lalay

Zazub‘;ﬂ‘
Ax = Ax' + Axy = _taAr?IQ + Axy =
(3-12)
ay
= - + A,
Ax tan 0

OsSay Alaall Jo Jomall o3l ) dwandls ol daiad) bhas BAAS) W) éna
8581 eNulas e I Lol

F in 0

Ay = Mm S1I ,

A:—i’ 3_13
Fym cos 0

ay:mi_
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SBI Giss 88
AL Ay Ax On panlly Lilslae § pausailly

ay

ax = — + A,
x tan 0
Fymsin® _ Fymcos@ —mg  Fymsin® .
m B mtan 0 M
mM cos 0
FMm:

M + msin?6
m sin 0 cos 0 (3-14)
"M+ msin20?
M sin 0 cos 9
= M+ msin20?’
(M +m)sin?0
M + msin?0 7’

Ax

ay =

30cl5 ] Juasd N anliay G311 AL a3l G sl Lgaady 30 dibul) oS3l
I Lgakais L3l —Dsin 0 Luwl)l Glall o Logia NS oiad Xarp o sl

:u_"&\s
1 [-2Dsin 0
-Dsin0 = —a,At* = At = —ersmy
2 ay

)
Af = J 2D (M + msin 9), (3-15)
(m+M)gsin0

1 A 2Dsin0 m
= ZAAE? =5 - = - D cos 0.
XMf > > )ay) M+m CcOoS

0555 Vs X 55l BiSon £-Y USAI G (e sall gl Labaia (1) (oY)

Jouiall 8,8 Alae o bl dlay aile Loagac Llally J5UI prlaall 33315 Loa¥l
S S bl Jobs o Jobiwl) Goutall dlaal L5luse X ooV Jobs Yo
o el (San M J BLAYL JalSIl G gaiall allss (¥ gSIN O g (Jaul slasyl
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(1) (o-7) ALt § ool pawall babade 18-V S

0555 ala ) Ll (U pdaall Tougaall 85dlly Ludlall 8580 Lads La5as
X ssall Jsb e Luad S M (e Laiis

Tsinx+ mgsin0 = mgsin6. (3-16)

3883 wimas .0 = 0 5o i il 853 Jlalie 4 55 Y @il waagll Jall
MG sing oy il Je gagandl olas¥l Jsbs Jo Lol 65 Zakiie Uls
alss Aae uit) Lglue m AUse Jo Lilail dlliy (BUI pbaall L515k) Aaal)
m ) BLAYL G saiall

oo J3 Aaas mJ) BLAYL Gguiall alss i S5l syag ae ()
;o M LK alssll IS =s(S 13) g 8in 0

¥: Frormal — Mg cos 0 = 0 = Frormal = Mg cos 0,
xX: Mgsin 0 — uFnorma = May,

(3-17)

Mgsin0 — uMgcos0 = Ma, =

ayx =g (sin@ — ucoso).
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de ¥ ot ol lole wall 85 o Al oo W il x Lgall ok
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sasl Gk oo ol 5 Loy il e gasanll ) Bl Suaill Jiud

X

cos 0
cos &’

y:Tcosx—mgcosd =0=T =mg (3-18)

x:Tsinx +mgsin0 = ma, = mg(sin0 — pcos0),
mgtanxcos 0 + mgsind = mgsin — umg cos 6 =
tanxcos @ = —pcosf =

«=tan ' (—p) = —tan "'p.

Jil olast @ Glae 6 o sy baddl o Qe (uSas DLl 8,05
Ao (5S35 Vo TS 055 Laie eyl L1 5a5) sasand) ] Zuailly juaill
(s 8 s el B (3t
O (530 pasdll ae Baalaill (6T) ulbll olas¥l G sudll Yo G (1-T)
S5l Gasall Buysanl) 858l Fy s Fy = Mg o1 1598 W oty &3 g 1055
3 8850 Bamsll S5all Alaall o 83500 dudladl 853 Lluie Mgy dleall yo
usuumn) us#u‘m S 855 o (Sl5al) il o (5 sians) GBI ala3yl
S of e e—* e {0154 ool J) Leailly Lgaisge Jo Ladlas dleall oY
Gy 898 G Eake Alad) o sl (30 Giall b Soliu) JISaayl
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il s

(1-7) Alsall sall panl abads s0-Y K

eyt SOl IS 868 gall Slalie s e sdady hsall Sre e

a3,

i3

fs,max = USFN =umyg =

Usg = W2r = (3-19)
w?r (33 -21/605)% (0.15m)

= 0.18.
g 9.8m/s? 0-18

Hs =

ollall HUasl Calasl oo (6l e LiSan &y Slall wllall o s 761 L 1] (V-Y)

L las BB LS 6 008 il ol o] LiSass Bodll (938 3 1 (I ) degi )

3 ol S0 431 OIS 31T 5o g 8hall Llaall Gooull Sesll (Sl du S
(o aas ok ga &JBI LIS 4 938

242

T2 = ot — 2T g, (3-20)
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K = plm, (3-21)

OIS 13) T B ety L ladll Buatl 1— 1 Gl pe cnlily 35300 536 $3)
e splsn=3581-n=-2

L83 ymes Lgie Byle ullie Zal3ll Jand . ladid Sl =Y JSa ol (A-Y)
oo S ousill Jsb Aay sl el Wil LiSay  Saill Llsy (e 0 pugl) wic
Jaayl Hlaedl 3l o g LS 23lad) 858 Lleal wal . Jasll L) &yl
ol 3Ea3 illy dalll e aall usanll 85lls (i) (Sl

_ mv?

Fy = R (3-22)
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2
dav _ e kmy _ (3-23)

Al Baels aaiiad ellad (a3l Gunly @glal Aalsyl & NS el s 53

i
dv dv ds dv

av _av as _ av 3-24
at ~ds dt _ds " (3-24)
Lo 13] Ygao oS0 Abatanl) Aoball Ja o) Aadell Lewlall depull o U o
Slake 0 Jand oY GST Siaay (RO ads o530 g 50l saall LI Lilull Bads
rdo LS aill 5all df gush) aaiall Jul

dv._ dv _ pv?

dt ~ ~ds R
vy RO
J av :J Mg
vg UV 0 R
Inv| .y = —%(RO) — (3-25)
vr_ _
In Yo = u@z

vy =vge H?

AL S 4 55Se @ gopmail) Uyl Ll J) paalill Bady (3-Y)

ool 3% s M1 U] LV e Lon 31 ) Ll o pay U] a0y (LSL
Jolae Gluss (e 138 Jamy ALyl J) &l dle o 3lalis ol3] Giaie 5luse
fpaiine b 3 (oLl oyl AL sl (Sl SUsY G Gaus 1540 & ,al)
353 Jac Lasd) LUl 138 3 Gondll Slue o Saalale 3350 (553 sass ¥ Eua
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(2-7) Alad) blaie :v-Y Ka

Ly pasdll 35a o bl 285 Led pud YLy (Jaud a3 A il
AIS3aY) 83 o Lagy Uy 138 @ lysll J) Gla3 aLdll el pats .(a]sun s )
omsill (55 OF wmas To I35 Y (L Y1 d) Leailly) (a8l dejuw 8 Bl
) e

e 55Ss &8 ey foasdll ABS o My UMg o Soal) JISISY) 83
ot dlaall (585 il & oad Y LSO ) Shalhy g Hladl Jobs Jo daal
o ISaan

Vo

a, = —ugcoso = —_—.
y Hg IJQW (3—26)

deas O drmas iin J) s Gasdll depud ¥ LS, Jaas v J daad J3
1O O3 oA pal) Bls ] a8l

2 _ .2
vy =V§ +2a,y,

2ugvoD
0=v3 - “HIVD _,
2
s (2ugD)“vg
Vo= 2 yvz
0
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Lol 5 sSo Ulall ola
D
_ 12 2 _
O=v5+V 2ugc080=>

_ 2ugD —

_ 2
=V VIS (3-28)

2

4 (2ugD)™vg
Vo = 2 2
vy +V

ol Waate pe U = v Jand olpall Jusil

2 - (2ugD)*u
u+Vve
u(u+v2> = (2ugD)* =

—V2 +V4 + 16(ugD)*

2

u =

_ —(6.00m/s)? + (1296 m*/s*) + 16[(0.2)(9.8)(3)]> m*/s?
- > ,

u =3.50m?/s®> =

vo = 1.87m/s.
(3-29)

alas A-Y JSh G Dhae 38 lally wsll jall awadl cllabias (V--Y)

saniall (g5t syl 3 IR £33 pa wags ¥ 4T B35 gl J) Ll
Bdlay I ol S Gay fli o 355 LT 48 50 L) (538 w253 ¥ Yt
sl 315 L opialate ¢l Laalilae slS 13) ki wghl pe 4wads Je
saaill Job Jo sl dlae Slaie oSl I ST juaitl J) Ll Gasl LA
Bodll Nip oS3l . 881 Jawl 0 Lyl Laaill Job Je 06So du olas3l .ay s
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Nlﬂ

”/l
0 _Ny
O -0
dM

) Alall baie :A-Y S5

cNalas 55 @ Jo w35l Lugardl 85al N sl o Laniall dosganll
(GBI saill e 3 5al)

m: N, — mg = —may; sin 0,
M,y: Nycos® — Ny —Mg = —-May sin 0. (3-30)
M, x: Ny sin @ = May, cos 0.
50 AMy N s Ny &VAN Laladl 3 &G eulall sagd L?_ﬁ!l dadl

(m+M)Mgcos0
M + msin?0

Ny =

mMgcos?0

, (3-31)
M + msin?0

Nm:

_(m+M)gsin0
M +msin?0

cosllall Jadl o usiell L3lskl dy Aasall
Jsb e GEN Aae of Glaay 13) Jall slasy J51 oblua aladiwl S,

10555 Ol (s gl olasyl

ay = aysin o (3-32)
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(s S el olas) Jsbs Je dilac

a, cos (90° — 0) = aysin?0. (3-33)

cllilly ol e IS e S5 gl oaaslell 858l A 5e ) SIS
Rt
mgsin @ — N, sin 0 = maysin?0,

(3-34)
Mgsin0 + Ny, sin 0 = May,.

(m+M)gsinf = ay <M+msin29> =

_ (m+M)gsin0 (3-35)

M + msin?0

ok il 3 A8 Sy o s oI5 Ala @ M 085 S (V1Y)
Loie 8)Luall Zoall a3 Chumt sy JBY ool widish &5 Gay $Mg (55l
Lty (I o ipoladly Jalall Jf dgate (Solial JISSal 893 gadl 583
S35, il Ls N el B puy (A-F JSa Sll) g stall Slad) S5 )
A-Y JSall ik

am

2

mv muv?

T+fi=-"T-i= —(T+f)i=——"1 (3-36)
il ol i sa 05Ss & oy feBlall Slall Koe st olad¥l s —1 Gus
ety fo 3 a3 (55l 6T) slas¥l Gl el o~ Jsb Jo culs azll slasl
Sy9all @ daanis S0 Ligaill Ualall 5 6S5 Euny (ISEaY) 353 Hlade Lnwlgs

: QG sl Jo IS U i wdats dawlidll

2
mv
T+ umg = ,
Vmin
(3-37)
muv?
T—-umg = =
Tmax
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L, R

fs,max fs,max

=)

Mg

AVN-T) Alaall sl gundl babade 18-V K

i Aol Jo Y obal) Loy ©ls T = Mg o)) cusg

Tmax _ M+um)g _ M+ um
Ymn (M-pm)g M-pum’

(3-38)
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o Jucll Ay ) awilly B 3K 10 prgn oyl of Land (V-8)
5 2. iMmit;

R = 7Zimi . 4-1)

2 miv; . 2 imiri
i <21Ml l‘”) ( o I_T”)

_ % {gmi (Fi - fn)] : [ij (7 - fn)] :

J

(4-2)

Uaial) olall puas @l yai ¥ (7 — 7)) - (7 — 7n) Llaill ols (Yl
e 435 Bilus 3 ¥ & Gas Mns M5 M G &5 53l ganlad) pannl
] SIS guan w3 pwall 3 (1 Jolae @) Slaswall gias e A
et by o dads ga IS S50 L8 ULy

Juadl e Jadlaadl s 3al oo Blane duaS (ol wie dus Y1 Jo LI 55801 (Y-£)
RN wjas iy Jawl golall Jiall Jish lghiad ¥ dilue 7] B9 Y
1053 @ o dna Y e wsasll daadl G JSI Jolall 550 JIL

F(y) = Z’f +mg, (4-3)
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13 gt dm GBS Juall (e sliie sk Jaad e 8530 B dp/dl sus
e Jaill symsll Juall A5 a1 0 adagion o8] LowatS) 31 el el
oS edm Juall o olite Jsko (S A = M/L Eum Y (g5l S oas Bl
Lsiw dls @ dm s WY dliy 02 = 29y cus 0 Lballl de pull daus
SBLL el Jell dy cus tdm = A -dy s dp = dmv ;<5 QGG S

) 0l 3l «dm s

dm
F(y) = vﬂ +Ayg

dt (4-4)

= VA + Ayg,
F(y)=2gy-A+Ayg=3Agy.

Lo ¥ 0sSs Lot 38a35 53 el o il Liad () s3al ge Dla
ol Losie GEatis BMg alaall 5580 Buie 555 0y = L of aay oalie
Sladie oail aki s dm AT oY Ugiae Lol sda Basills Joall (e dadad 330
05Ss dandl e (GE) S o5sls (L plisy) gadl o i LY) deull
Sasill fe Jadll

bl aal) diasll S ol (1) (Y-¢)

1 = —p2, (4-5)

R o s s ge Yo\ olaall dyatll BuS s Py produs
oo AR oe pall Guad (S L3 thAl Gudd Jeo ocpaladl § olulaadl
:JBIS cabaall cnie3lly cpieshaill paslud)

120m
Vix = m = 1201’1’1/3,
24.0 -0
.UOm
Vox = 200s 6.00m/s.

e
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Doim 5 oF gits X soall Ush Je il SlasS psans of Luaslass

Laad osSs

Pix = MiVix = P2x = M2V2x = (E-1)
12.0

= = . E‘Z

me =m0 2m, (E-2)

0553 O iy @5 O ke dle e 05S5 Al Yol g gslall Juoy Losie
3oLy & onilinay LIl & ontssluiie cuibiadl bl I o el Gae

M1V1y = —MaV2y = V1y = —2V2y. 4-7)
sl ol Ljslae allasl ool 2ads af o ,ladiyl f3se Laadiuwl 13)
(BN gaill Jo Bagh canliall gl

9.8 m/s?

—h =v1,(10s) — >

(100s?),
—h = (10v1, —490) m,

9.8 m/s?
B

—h = oy (45) — 1652)

= (-2V1y - 784)m =
( Ly ) (4-8)
V1y = 34.3m/s = vy, = -17.2m/s =

h= (4s)(17.15m/s) + 78.4m

= 147m.
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o plasialy plis,) a3l Jo Juand (YN Cain \ Ll o alall (0)
lual 0sSo i M wie ool dlads S0 ekl

0=vf, -2 (9.8m/sz> (Ymax — 147 m) =

(34.3m/s)? (4-9)

19.6m/s2  207m-

ymax = 1471’11 +

Gl calasyl e IS @ Alagine Al LS S5 ol s (8-8)
Al ol elld J) slayl .(5JJLJ| olasl 3 gT) gt_mS!l JSagl) olas) ae aalailly
QB sl Je 5SS enlladl sda (e daSL EnG edalall b gins
mass: m; + mp = M = 3.00kg,
X: Mvg = miv1cos 01 + movs cos 0y, (4-10)

v: 0 =m;v;sin0; — mov; Sin 0,.
ide Juoas A Lads dulasg ¥ dubas (o

mi; sin6;
= —V1— .
my ~sin O

V2 (4-11)

2 X Aslae § s eall

Mvy = mqv; cos 01 + mqv; sin 0, cot 6, =
_ Muvy
v1 [cos 01 + sin 01 cot O3]

(3.00kg) (350m/s)
(900m/s) [cos 20.0° + (sin 20.0°) (cot 40.0°)]’

(4-12)

m; = 0.866kg = m, = 3.00 — 0.866 = 2.134kg.
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il LS

0>

01

0 < Lean<S 92‘01

(g-8) Ulad) blaze V-8 Ka

;o 53l
m, sinf; 0.866kg sin 20.0°
— V1 = (900m/s )70
my sinfp 2.134kg n40.0 (4-13)
v2 =194 m/s.

oaill JaeS) opilalae agoal oY Al sda § ¢ s8ais Ml Ge S Al gals
JSiy oblall JiS g sane o wdill Ol Osleans dsalae B & (Vs X &

1EIEN dalal)

dhas L€ @l a3l Juall gyl Ldlaie 353 o adull 555 (0-¢)

353l ALSY

el Jaall 5o Cwl_‘ajl as @ j\A.\.L‘ L;MJ_H Jaall (ula.ll e
:oLe u-‘l f‘a..sL’J‘ Sl B @ ..Ll@.mll
' _ fuel burned

“burn time

2.300 x 105kg — 1.310 x 10° kg (4-14)
150s

1.446 x 10*kg/s.
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dM
T—M‘E —
T

W= amdt)

3.402 x 10’ N
1.446 x 10¢kg/s’

(4-15)

u =2.35x%x103m/s.

OIS Y 1l Vs 3830 e (4.29) LIBL & gLl Aslas o1 S o oy
oo day — Lule s daay (4.27) e Dl ool dndladl 35 Sliel Lale
iaill LS § il e da o — Asgane L@l feo oyatill LaS pe Joladll
192y cdaa Al dudlad) 853 das

(Mv — Mgdt)i=(M+dM) (v +dv)i—dM (v - u)i=
Mv — Mgdt = Mv + Mdv + vdM + dMdv — vdM + udM = (4-16)
Mdv = —udM - Mgdt,

M Jo G dewdy Adle dM 5] Ly olalill o Juols BT eaa
ol Aasde pe Al Bisy I Juadll 3 LS

dM
dt = dAMdt @-17)
ol i
dv = —ud—M aM (4-18)
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(M <0 &1 &) ge Juans JSlall

B M am’ g M ,
J av’' = -u o M’ dM/dt dM =
(4-19)
V- —ulnﬁ _gM=Mo
0= My Yamydr

oo Lodladl Laal) LB £ g ,Lall Dslas 583

N MY _ M-Mo _
vV =V uln(MO) ng/dt' (4-20)

ROV LGP &Lo_ul 50 174 3LS v &Lo_;ﬂl L,l Jﬂ\ HEVY LS.’.\';.;.ml ul..aljxsl dlia
:;,;ur:o_maj Sy Luilall A g = 9.80m/s? dasdll

dv dM aM
= —_— 4-21
My— dt dt —Myg>0= —u dt > Myg, ( )

Jﬁsé\n Gl L;:ucm Bacls Yo 4154 u;b Bladl oo J_\L;J y @,Lan Qu m
d|,D>u u;f Jsl ML@A&M‘ Ablmm‘m sigs il o euﬂ\

R e.lsﬁ!\ sda
My = 2.80 x 10 kg,
= launch mass — mass of 1st stage = (2.8 x 10% — 2.3 x 106) kg,
u = exhaust velocity = 2.35 x 103 m/s,
t = time for first stage = 150s.

(4-22)
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5
v=0- (2.35 x 103 m/s) In (5'00 x 10 kg)

2.80 x 106 kg

— (9.80m/s?) (150s) (4-23)

=2.578 x10°m/s.
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mV’' cosx = Mu
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2

2
2mgh=MV2+m[(f1V+V—V) +(M+

=VZ[M+

2m?gh = V? [M (M +m) + (M + m)ztanze] =
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Jsasll Ju8 3380 Jo 555 Linna 893 (0all sic 5 gundll Usall 38275 (=)

9.80m/s? 33l dlae (18 &5 ag 3535 s o dudladl dae (S5 7o 0 )
ey Aan bl Bedll 5 6S3 o,lal YV,AY o ST uds 3380 Jos it o aymans
ol Jis kx —mg > Img| dbss Y daal) 55801 @S 1] e Buie Jlgell 05

S9N 1agd Yol (sl wie aall o<y il A sie 4 £5hun ] Aol Juas

ov



Lewlol Loaie L8NS KOS GBS Sl Jsla Jul

Jonl Laianl) Ximas cdanll odes il slal w3 YUl e 555 o3y 135505
mglk =46
L, .2
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(80.0kg) (9.80m/s?)
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(5-10)
=4036N>m|g]|.

ssaill 85all LSls 8,5l (s sumdll Inl3ydl 0 6S3 Euny dus, Buly kX w3

Alae ST &S (et feY

oA



BGlally Jaall

oo i (g sunill Alaall Zas (0)

F = kxmax — mg

/ 100
=myg |:1+ 1+6—1:| (5-11)

100m
3.92m
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:uké o = 0.600m g m = 0.500kg

1 2
Smvt =mgy, =

v =290 = /2 (9.80m/s2) (0.600m) (5-22)

= 3.43m/s.
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mv=m+M)V =

~ mv _ (0.500kg) (3.43m/s) B
V=M~ 1.50kg (5-23)

=1.14m/s.
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Kf+Uf=K0+U0

Mg 2 1 2 1 Mg :

—k<—+y> =-(m+M)V +(m+M)gy+f(—> =

k 2 2\ k

0=ky>-2gmy-(m+M V> =

mg + \/ngz +kVZ (m+ M) (5-24)

Y= K

(4.90N) + \/(4.90N)2 + (120N/m) (1.14m/s)? (1.50kg)
120N/m

vy =0.175m = 17.5cm.
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KE+PE=E = %mv2 + %mgy = constant, (6-3)
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x = rsin6. (6-7)
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(3.14159) 6.37 x10°m (6-12)

9.81m/s?

t = 2530s = 42.2 minutes.
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Fy =mgcos 0 = fsmax = UFN = umg cos 0

critical angle: umg cos 0, = mgsin, = (7-6)

tan 6. = p.
10sSe of J) zliad dasly 33 SMEN Byl o555 S
4, = tan 6, = % ~ 0.600. (7-7)
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Tg = 0 = FL' cos Ogc — W' — sin Ogc =

2
2F
tan Opc = = (7-8)
2F
Opc = tan ! W
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. . (7-13)
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Fax = Fox = Fpx = <2M3 + M; + §M2) gcot 0. (7-14)
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L L L
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Fpx = (Ml + 2M3 + %Mg) g cot 0.
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FAX = FBx- (7_16)
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Fcx = Fax. (7‘17)

va



oy Bls plunl S5bY o15Y)

(0-V) Alisall jall pruall balade z0-V i

Lale.} Fpy = Mzg L;l\ ‘a:q‘) ge.ta.ﬁ_‘.‘ C Js> ‘a‘)a_n ;_;Lu.\:- (fi;ﬁ (B S
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MgR = gMR x = (8-3)
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andll e wll gLt oF s ¥ 53] tdaadl Je 3555 Y Dl skl

Ahand = R = 2g. (8-4)
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W o Sliadl JISEaY 855 Ge 230 (LaSse Joa) Lol daall e wingll
Y LSl dalyull o Bodll dlans o) Layy -RIAL dgatie 858l ells (583 o ws

A



Balal alall Saabiony (sl3l eyail) LaSy (sl gull 3l

(Y-A) Ulisall a3y 8580 Labaie :Y-A i

AN Lalss 35550 SOl JISEY 858 ol o ool o3 § 0S5 o s
Aaall J) Lol — JILy e ol sla3¥l 3 063 o w0 Y Lalal) dlaall ge
sSe — Ll
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Thet = 0 = mgg c0s 0 — Fy{ cos 0 =
1 (8-8)
Fy = 5mg cos 0,

N feull slasyl Jsb o hais 0583 Lud Y1 Analgs 85550 358l o] LS duan
ronadll Je 858l 2,881 4850 U Sl LSy ¥ slall) s I

oo puadall 853 e ($Y Ll GlSoe angy ¥ baddl adad wie 3l (o)
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y(t) = £31n9 (t) =

dy (t) 3 d9 (t)
i —2° 0s 6 (1) = (8-11)
2 2
déz(t) =’§[ 9(t)<d3(t)) cose(t)d;tgt)].

A 550 B g13Hs duad ) sl e ) (685 o = 0 o3l J) dally
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o =0 die cundll
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ml«x
6 cos 0

N =

_ mé 2acm
“ 6cos0 fcosO
m
3cos20
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g =am| 36520
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1 + 3cos20 M= 71 4 3c0s20

m(g —acm) = acy = (8-13)
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Tmax = fs,maxR =Ix

umgR cos 0 = %mRzaa\;ﬂ = (8-16)

acMmax = 2Ug COS 0.
ola3l s e S (g 53l Lol 2SI S 5o Al 383 o s ¥ oS5
yaaill Jawl

mgsin 0 — fs max
m

ACM,max =
2Ug 08 Omax = g SiN Omax — UG COS Omax = (8-17)
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QT Ogo bl dule 8143 L'j Seas laadl ‘5.4_31 QT daaday daaill ola ,l8

Omax = tan "1y saic 315
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Bl Yo zoaa oy 550 30 (adasl LS TSI 3K 50 Jom Dslil de mally
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Ko = §Iedgew§dge
1/2 ve
=~ (ZmR? + RZ)—O 8-23
> (Sm m R2 ( )
Ko = —muvg.
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Sliels AR 350 (il Bladl Je 380 zomad ao depall ladie w3
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(8-24)
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1070~
17 7
EgRCOSQC =gR+ﬁv§ = (8-26)
7 v5 10
— -1 L 70 4, =~
0. = cos [17gR + 17].

SIS L 0 Zosad) 550 sie sian J) Losanl) 8531 Jund 3w LS (=)
labaas (O) e3adl e dolall ol Vo =0
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= cos ' = = 54.0°, 8-27
0. = cos 7 54.0 ( )

SU a5 o iy Je oy 550 ads dan 0-A S 555 ()
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EL5a3 a3 8,80 el 13) Ax dslud Gasl o paill 8, AES 3K 50 43,30 sl
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Ax = vcp cos 0. (At)

1 (8-28)
Ay = vemsin 0. (At) + Eg(At)z.

Ay Ualas @ Lo paasnill paulaind & e (AL § Uobae 5T I S

A= BX
Vem coSs O,

g (&x)°
Ay = Axtanf, + = ————— -
Y ¢ 2 vgycos 20, (8-29)
7(Ax)?
20Rc0s 20, (1 —cos 8.)’
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7(Ax)R (1 —sin6.)
20Rc0s?260. (1 — cos 0,)
7 (1 —sin6,) }
20c0s20 (1 — cos 0.)

7(0.19131) ]
20(0.3402) (0.41175)

Ay = Axtan 0, +

= Ax [tan 0. +

= Ax [1.3748 + (8-30)

Ay = 1.8447Ax

1.8447R (1 — sin0.)

Ay = 0.353R.
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VZ = gRcos 0., (8-32)

palas¥l 3 o Bslal A 5K 50 Bie .08 O = 10/17 1 (5,31 850 alad dus
Las Lgenads 8801 08dS o womas Vg X

Vox = Vocos 8, = +/gR(cos Qc)3/2 (8-33)
Voy = =Vosin O, = —/gR(sinf.)(cos 0.)'2.

90 il @ NS AN 3<50 ausge

x (t) = x9 + Voxt = Rsin 0, + y/gR(cos 0.)%"%t

1
Yy (t) = yo+ Voyt — Egt“2 (8-34)

1
= Rcos @, — m(sinec) t— Egtz.



Balal alall Saabiony (sl3l eyail) LaSy (sl gull 3l

IS puats A 53T fpe S 350 Lgadaly 1 dsLll aupe 18 JEILG
(o ‘Q.e‘}_"é;

R(1)* = x2 (1) + ¥2 (1)
= R%sin?0, + 2+/gR3 sin 0. (cos 0.)/*t + gRcos3 0.t + R%cos 20,

— 24/gR3 sin 0. (cos 0.)%/*t — gR cos 0. t2
2t4
+ gR cos 0.sin0.t% + /g3R cos O, sin O3 + gt

4
. 2t4
R(D)* = R? +\|g3R cos Oc sin Oct* + & —.

(8-35)
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:u_mp' Z.c,wilw:,_sl
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0l 53] Uy = 0 Jasd a5 dad ()
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M2Y T M (8-40)
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~ \/(6.67 x 1011 m3/ (kg - s2)) (5.97 x 1024 kg)
- 6.67 x 105m

v =7.73x103m/s.
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period = [

1/2
~ 4(3.14159)%(6.67 x 105)° (9-2)
1 (6.67 x 10-11m3/(kg - s2)) (5.97 x 1024 kg)

period = 5420s = 1.51 hours.
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Vo = GMgsunRearth (9-3)

~ \/(6.67 x 101N - m?/kg?) (1.99 x 1030 kg)
B 1.50 x 1011 m

Vo = 2.97 x 10*m/s.
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Eperinelion = Eaphelion =
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Rearth RMars

Lperi = Laph (9-4)
MUperiRearth = MVaphRMars =

Rearth
RMars

Vaph = Vperi
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5 Uperi = 5 Vperi
2 perl Rearth 2°P IRI%/[arS Ryars

2 2
2 RMars - RMars _ Ryars — Rearth
V. i = GMsun — -
peri 2

2RMars RearthRMars

2RMars
VUperi = | GM,
pet \/ sun Rearth (RMars + Rearth)

- \/2 (6.67 x 101N - m2/kg?) (1.99 x 1030kg) (2.28 x 10! m)
N (1.50 x 10" m) (2.28 + 1.50) x 1011 m

Uperi = 3.27 X 107 m/s.
(9-5)

44



Lewlol Loaie L8NS KOS GBS Sl Jsla Jul

L8 e Fo L) pnge

v 3 wie Zall ausge

Gl Lol s )
ouall i JNA

QY lemsa Hlal Ll fu ) auslge :Y-4 S8

M) e e 0585 O W Y 53
Viaunch = (3.27 = 2.97) x 10*m/s = 2.93 x 10°m/s ~ 3km/s.  (9-6)
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T = 1\/ 4172 [Vearth +TMars]2
2 N GMgun 2

~ (3.141593)%(3.78 x 10" m)’ (9-7)
~\8(6.67 x 10-1IN - m2/kg?) (1.99 x 103°kg)

T = 2.24 x 107 s ~ 8.5 months.
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(2.24 x 107 s) (277 /Martian year)

0 =11 —
™~ (687 days/Martian year) (24 - 3600s/day)’

(9-8)
0 = 0.770 radians = 44.1°.



