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I Jundll

Suilaistl Jilwo Jola (V)
sl ula ds,a (V-Y)
do dyanll a3l Bilis depull Sladl ausll @a3 daludl angs (1) (V=)
et alall arads Usgun W€ A=) IS o (a3Y) 1) deghaill Lilull
de Juass clabul) s3s peny olalue ¥ ) Geo3ll dolis depall Ll il
LRI

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

area3 = (10m/s —0) (40s —20s) = 200 m.

525m ot =40 JIt =0 G LK ZaLal)
0l 3l oasl il el Sl )l s W o Lo dlaall ()

v (t = 60) — v (t = 40) )
= = —VU. . 1_2
60s - 40 0-5m/s (12
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35
30

25

20

(m/s) de_pull

15

10

5 , (ED)

10 20 30 40 50 60
(5) Gl

ol sl Aol inie (e Boleadl Aal3) pulis V-) S

o WS Lpale Jiaasg o = 608 wie 3Ll LK1 413 Jleu;; (_>)
areat=40—»60=%(603—403)(10m/s—0) =100m. (1-3)

oot Anagill e pully e TYO = Yo+ 4 00 LUSH dal3yl /oS5 Buie

x(t=60)—x(t=0)
60s—-0

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

oells (S Gasll e JSI agally lall Audse Guags Tas (1) (Y-1)

I sl sall lase Ja @ sandl aie (o Slgilh a3ll) bl Sgall 3aly saie (sl

bkl o A ggally Lig,all slaslall fo (s 5ing Jgun Jomy will (o 0 5Ss B e

2l B0 lansl s & w2s Bl Ly an/s? sim/s claagh aues o585 o
:osl.j‘,a:dl gLt c«b.;‘g!

1h
_ 5 _
101 km/h = (1.01 % 10 m/h) (36003) = 28.1m/s,
(1-5)
88km/h = (8.80 x 10*m/h) (ﬂ) —24.4m/s.
3600s



cheetah antelope
initial position | xg. = 0. Xo0a = 50.0
final position Xc =7 Xa = Xc

(1-6)

initial velocity | voc. = 28.1 | voq = 24.4

final velocity | v, = 28.1 v, =24.4

acceleration a. = 0. ag=ac. =0

bl Gus sie alally dgdll suie 0sSs il a3l Sla] Alaal) L Sis

Xc = Xa,

XOC + Uoct = x()a_ + ’U()at -

po_ Xoa  _ 50.0m 1-7)
T Voe — Voa  (28.1 —24.4)m/s’
t =13.5s.
tso agdll Anwlgs deghagll ZaLuwll
Xc = Voct = (28.1m/s) (13.58) = 379m. (1-8)

Llaall s go 0,580 Aladl sia § T Y] oT) e300l 3 LS a51d 50 Lia 23511 (0)
tosSe eling .t =208 Glalll Hajs dogan bl

Xc = Xa,
Xoc + Voct = Vol = Xpq + Voat = (1-9)

Xo0a = (Voc — Voa)t = (28.1m/s — 24.4m/s)(20.0s) = 74.0m.
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Lasie ¢re Se) (I Al e 83811 Bacls glas ) alas ¥ Wl ag, (1) (Y-)
Bilase JM& JLESY G oy daglang L0l Aaall o Uls (g0 22 13 o)Ls &SI
Baclis Lasgre die 381 Ao Hlafie o Vo @IS 1] digly Ll aslas doslas
piase 58 V05 giad J) B3I Baels Ga 8,50 AN 53 (53 a3l g £ g B3
1HL8 8A8L) 4ol aunge g0 V19 BASLII Bucls

Y1 = Yo+ Vot — %gtz =
(1= 0) + (1/2) gt?
t

(3.00m) + (1/2) (9.80m/s?) (0.4005s)?
0.400's ’

(1-10)

Vo = 9.46m/s.

o pull Slakie 5 dum 1580 ] i 53 pLi A alaad) Zasill Lisbany 130
10553 e Lilgall

vf=0=v§—2g<yf—y0>:>

v (9.46m/s)? (1-11)

Sy = 20 BAOIS) oo
YIT 0= 55 T 2(9.80m/s?) m

150 B30I La3 353 L) adl L5 elliyg
yYr—y1=(457-3.000m = 1.57m. (1-12)

50 By0 Jo¥ 8381 Zad ) Juas Lowtie 8,SI) de pw lake (o)
vy = v — gt = 9.46m/s — (9.80m/s?) (0.400s) = 5.54m/s. (1-13)
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b sagdl «;L‘SB (V1) syl Ll sastll dody ol o AL daia3ll 8 A
:gm (Udown el g:.u.u)
Vdown = Vup — gAL =
-V -1
-9
_ —2(5.54m/s?)
-9.80m/s? ’

At =
(1-14)

At =1.13s.

-

e daall lgale IS 3 e pull Guid & Ganye 5] § ALt | s (£-1)
sl 3t = 0 LIRS 13 L (erall (il ol \.JQJSJ\UTUAM) 5,50 b
Yoor = (1/2) At? 53] £y Giyally gasenll MbﬁJﬁe‘)ﬂﬂL@m@nﬂo\uﬂ
Vo = Yf = Vot — s s M 358 8,80 plas,l . Yban = Vot — (1/2) gt?
sda (sS3g o = V0/(g + A) sie abaall diaid (65 i (1/2) (g + A) 12
Hmax =V5/2 (g +A) o dandll

23S Al P i s BN al] s B 1 358 i) (ol of (55
iL;; SSsS e poluia ¥ Gase J3Is V0 Ao Yo 2833 13 4] Juale
555 ) e dgaill 358 o (Y-F Jla) (53 g (9 00 Y) g + A Guils
(ulj,mew@ne@m)g,mwdaummsuo@d;i@ﬂ\@
Je 4y AEslute daaall oS5 o &1 Sl Lagsle oIS A 3‘m(g+A)
(g +A) 4.\.\.\4[;4.‘;.2;_\5\95

Slassl Gy (KB X jall Jsbo s 13].200m Gy a1 Sall S (1) (o-3)
OSSI Guay B6m/S Juras 200 — xm EH AL o ol pae e Sub L/JJLtl‘L.\
gl aas Gailly (6 + 2 = 8M/S Lgie pw lulias sdall) Lall 38 Go3ll dlnaa
el Lgie pw Jlufie fo dosade o sunll lgiahd 3l 200m Glull gylus all
) ;o 531 ¢7m/s

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

(1-15)
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LY G 13l (VA Y) VA sa Ay Vg L ali Y o il Jaladl
X G Aolall Jasg Joladl laa 3

24 (200m) = 21x + 28 (200m — x) =
7x = (28 — 24) (200m) = (1-16)

x =114m.

J.I.A.L\Aé;.:d&-ﬁf\s uyu;‘-‘i ;;/‘-“,) dl s uT usug-"-‘-‘ﬂ (‘-‘)

200m
tMiriam = Wm/s = 33.3s,
114 (200 — 114) (1-17)
m — m
Ealison = (200" 2.00) m/s | 7.00mys o> LS
Blealls e 55
oLl g AL Sy (Y-Y)
Jadll eNulas padiu ("\—\)
((1-16) Aalall aadius (1)
V(L) = Z—T = [(4t —7i- 2tf] m/s =
t (1-18)
U (t=2) = [i-4j] mys.
(<)
- dﬁ o~ N 2 -
d) ="~ =[4i-2j]m/s* =d(t=5s). (1-19)
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((1-1) olalls oS Dawsil) depull (=)

¥{t=3)-7r(t=1)
Vav = 3_1

_ (18—21)1‘2— ©O-Dj ¢

(1-20)

Vay = (~1.51 - 4j) m/s.

AN ddany (Ko Jall Jue of s (V-1)

—tan0; = ﬂ, (1-21)
Xh

ol Slall Flaual daw il b Gilaa) Lea (Xp, Vn)s 01 = 10.0° Eaas
AR Jau 01 Jill Ll e o ) gliad elling o+ sladl sa ey olasyl
3 IS Goluill pusge 0,50 (0, +6.00m) Lslanyl L) Lluadl Lads o (2405

1!

X = Vg cos 0»t,
1 (1-22)
ys = 6.00m + v sin 0>t — Egtz.

ide Juoad palulal] e b B30

(1-23)

2
Vs =6.00m + x;tan 6 — % X

(vg cos 92)2'

\o
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53] Liew .adgll uds G Vs = Yns Xs = xp Lual 550 Ol 5o bgiglh e
oS3 3l Al o LB &Ll L3l o 20 83ass Yad) Jadal o35

gx°
y=-xtan0; =6.00m+xtan0r, - —————— =
2(vgcos 07)

2Y 42
0=6.00m+ x (tan15.0° + tan 10.0°) — (9.80m/s*) x :
2(30.0m/s - cos 15.0°)

= 6.00m + x (0.44428) — (5.83534 x 10 m™! ) x2 =

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

= 87.8m.

(1-24)

saaill o Sl B0 eyl aay a1 Ldall LAY aall of laay
deY e lia 0S5 ol 13 Slaad) die Tagas oS g2
Sl ol U e AaE Ao Llalie oo diiie diiejll 854l (A=)

SIS 7 m,all LUsl BE Jaaad oIS 15] LA KLU Alaall ek e Ly gay e

z
o

:oks S0 4T Laie3l 34

Lo 2mr o, 5T (1-25)
v g
~ 5 (1000 m)
= 2(3.141593) \ [ T

T =142s.



KlansS

(BN sl o T3S Alaall Gy ya3 e il Ciad p st (Sa (3-1)

. v?
v

v?
Vv = 7a
(1-26)

[(3.00 x 105 m/h)(1h/3600s/h)]*
0.05 (9.81 m/s?) ’

¥ =1.42%x10*m = 14.2 km.

(505) 5 D0Le] i) o cams cqBlsll & sy o 1S 23080 s

15 S Ly Sad st At (ibaais S ol 21557 Lo Bl Jue3 LS

Blpnn symes Alaall Cluad ittt Sladl JhE caas J) plas (Ve-Y)
(1-18) aladiul GiSas de pall alas 1 Ul cale

¥ =Lsinf =

(1-27)
. (1.21m/s)?

~ (1.20m) sin 20.0°’

|d| =3.57m/s%.

(AN L) 3 a 5as Ll ¢ sSs Aaall alas!

\N%
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<JWI g J;Y‘ M g \33.3\3

&ullilly J gl (yigsd (938 Jilusa Yol (V)

laa Alall o3a & GABSY Hall awall hdias () (V-Y)
o oosell oY o elal ealas

T—-W; =0=T=W; =100 newtons,

T—-Wysinf =0 =

T Wi 100 newtons -1

T sin® sinf®  sin30°

200 newtons.

JY ad o iy e SIS 03 Wo oosl s g T ()

e 3155 of s O35 J3 BLe Womin g ssiall Jaud 3155 ol 55wl
amall Jaud Wy ZBS 31555 07 Jsd 03 0oy 15502 Wa max 5 il o8 W)
3 4l Bay vovy VoY oAl ¢ lisge oallall guoled sall pual) adias
S = BN g Slade oadl wic IS3aY) 853 (583 hads priwmlad) palladl pols
oo 4(1) s3all @ S LS W o35l S8 o sl Ualas 3 coniilall oole &
I 0538l e¥olas 5 sS3 spiuall W2 et ) Lol T = Wy Lol JI3 ¥ 3
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(1) (V=) Qlasall jall pruad) Iabaie 1\ =Y S

T

T N
% y T
T S <
X /9 X
1 W2

W

() (V-Y) Ulaall jall quunll balaie :¥-Y Ka

:&;QWZ_‘
V:N—-Wycos0 =0= N =W,cos0,
x: —T+ f+Wysinf=0=
W1 — UsN — Wy pip sin = 0 =
(2-2)

Wi = Womin (Sin 0 + pgcos 0) =

741 _ 100 newtons
sin@ + pu,cos @ sin30° + 0.4 cos 30°’

W2 min —

W2 min = 118 newtons.



&ty JoY ten Gels

G35 oSl (oo LS Busanll 853l Aslae (1555 e oalaall Wy dass ) Luailly
el Luanll Jsb Je dlasll 35all o3

WzymaXSIHQ—f—T=0—>

W2 max Sin@ — u,Wrcos@ — W, =0 —

WL 100 newtons (2-3)

sin 0 + u, cos 0 " sin30° — 0.4 cos 30°°

WZ,maX =

Womax = 651 newtons.

Y-Y JSal @ ol (o 1) sall puadl Jhdas aladiul L (Y-Y)

ERT

Baslyy X 3 Baaly) cialas & elld (o i 35550 Luwl Il LES 553l
Lass (olaslls Tog T1 sl G33) daalaa & G oS0y e(cpinsll oo ISV 7 &
() oadl pendl bbae o Gl Jead Go orglill bES o saige Wil
5o 5550 Ludlad) 855 Jlakie 58y JUllyy sl IS Yo ssing allasl say
OBsll 053y Bralls i 0S5 JBlLy Dlils 853 T2 o s @ W1+ W2
Blolae Lol 06 &5 Gas Fs T1 Laa o350 d) BLAYL ohamsll bl

]

x:F-Tysinf; =0= T;sin0, = F,
(2-4)
y:Ticos0y — Wy — Wy =0= Tycos0 =Wy + W».

rde Juanid LB o S Aolall auds

T; sin 91 — tan @, — F N
T>cos 0, YW e w,
(2-5)
0, =tan ' ————.
! W1 + Wy

Y
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T | I I
‘ 02/ TN

0, L A "o, Y
F F ‘

X
0> 1>
Wi+ W, Wo Wi
(=) (<) (")

(Y-Y) Ulaall Hall qunll babais Y=Y Ka

x:F—-T,sinf0, =0= T»>sin0, = F,

(2-6)
y:Trcos0r —Wr =0 = Trcos 0y = Wo.

rde Juandd LG o J o3 Aolad) pdl (5,30 350

Tosin0p _ tan 0, = Ll =
T> cos 92 B 2= Wo
F (2-7)
0, =tan"'—.

Wo

bl dainge (55l c¥alany (- JSAI 3 o sall puall Lhis (Y-Y)
A0 el (Y dun Lgiasd 3olaall e 53500 dland) 3530 o] By
x: Wsin0 — far — fx =0,
Sair = 0.148v% = Wsin @ — W cos 6,
(2-8)
y:Fy—Wcos0=0=

Fny =Wcos0 = (620N) cos20.0° = 583N,

Yy



&ty JoY ten Gels

S olasyl

(7-Y) Ulaall jall quunll babais :6-Y Ka
Loy o .4algall de pull 3,010 slogll Loglie dauty JISEaY g far Sus
tde Jgantl x Aslas J) 8asall

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

(2-9)
v =\/ 125N 5 =29.0m/s.
0.148N/(m/s)

Lo 85all g x Glalas .0-Y JSa & e Ul sigl 8580 balada (£-Y)

Xt Fy$in0, — Fysin 0y = 0 = Fp = F, 5001
sin 0»
y:Ficos01 +Frcos0, —W =0= (2-10)

F1[cosO1 +sin@;cotd,] —W = 0.
iy X dalall e Ldolay Ly oy dolal) 3 Fr 85801 Jlasiwls

_ w

"~ cos 0, + sin 0, cot 0>

B F _ w

"~ sinf,/sin®; cos Oy + cot O;sinby”

F
(2-11)
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(8-Y) Alall 8581 lalads s0-Y JSi

sk 0e B e Juans ofif (55 Lonie Loyl dan (o KT iy o Bray
F slas @ opliad) ool Jlassil

Leabind 30 L3l fan VY JS8 G 0Bl sl ki (b (oY)
el 058 (53600 0o G s 2D s 51 G5 350 Gy ol 12
/ iouay ol ae 0 &gl s Yok

sin9=L 2 cos@=\/1—sin29=\/?§. (2-12)

3D/2 3

SESO 56Sa o b 515390 Als f x slas¥l @ (558l blada Ge 558
gl M) o) o cpaliad) ol Bl (Bl Laag) Fo s Fr oladsyl
;o 53| o sluda (2D

F1$il’l9=FzSiI19$F1 = F>. (2—13)

s 0B aladiel Lol Laal asgs Jilall Lol suals lia of sy
s G T Je 550 2D dlghs il Cpad cpisaganll cigall Llade S

Yé
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~

3D |

1 Fp, Wy

(0-Y) Ulasall Hall gunll babaie A=Y Ka

ke ¥ LS o G3] Juans sk HadYl
Ficos0 + F,cos0 —W> =0,

2F, cos O = Wr = (2_14)

Wo 3W»
Fl=F = =272,
! 27 2cosO 25

g;xﬁ‘jskjcu@\s@mafmb@u L0 e S 0sS3 ol s §
sl e U Je LSV 358l dlans LUS (Sas csaaill day Jos o
LI 8yl Jo Yob il

le —Flsin9:0=>

(2-15)

1
Fw, = Fy, = EWZ tan o =

IS
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PV g 0908

a8 jall AL (g 59308 Jiluwa Jels (V)

Jass Las 150 dasse 8,501 gy S Ulall odgd Hall puall lais () (V-Y)
s g ola3y¥l IS 136 diiee Lgale 3,550 858N dlane osS3 o] aladl o
ol (VY USE 3 ol k Basgll date slasl) sl SLa3Y)

£

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

ool 350 Aaal gaill pandl o Gosund slal 3 SN e T Alae o)
AW dy g my ASY dy 8881 ZEA) . GaLdll 3Sse J) il IS A daey
dac =o€ 13) a1 = —da o 55&le (ais 3] chashas pé bl o Ly cmo
LS WiSay Y1 .d) = —aok Luad 0585 «dr = ask LSS J3] cak Goudll 385
Al B ol eolas
le—mlglzzml (a—ag)lz,

R R R (3-2)
Tk —mygk = my (a+ a) k.

o LS oilalall ol LU Sole] (S

T
m g - 25
(3-3)

T a+a
g = 5.
mo 9



Lol douds

LS NS IS OIS GBS Sl Jsla Sl

F F
i T T
k
meg M
o] o S
mi
) (0-%) Aliall jall paa Lz VY S

Lnsazéé‘aéhg_‘amqﬂdh..[.‘cay

S

= (25.0 newtons) [

(3-4)
1
_l’_
5.00kg  2.00kg

} —9.80m/s?,

a=7.70m/s>.

;o 3l sl Asbal) e J ¥ Aolall elld oo Yau Liasb Lo 13

(3-5)

(25.0 newtons) [ 3.00kg ] ,

10.0kg?

ap =7.50m/s.
s 00 osladiay Jadll wall pliiul &3 (o)

YA



Sl s o3l

Lowie daall Lgale IS 0l el iy ) (g5 508 LUs] 3 ALl Jos (Y-T)
Al 3 = 0 Glas 13 (wradl iy wi 5 ¥ 5,80 o Ga) 3,80 55a3
Vioor = (1/2)At? 5l 531 ol seadl Lilus 3,501 Lasie oy3a3
Pball — YVfinal = Vot — dus N 348 3,51 glas,) . Ypan = Vot — (1/2)gt?
io,laley £ = Vo/ (g + A) wie salac dai3 K5 (1/2) (g + A) 2

vg

hmax = m (3-6)

IS il Pl G 5o Ad Y1 353 3,8 e Juas plis ) a3l (o 58
CSSS 3b poluie b Vo o B3I de e JoY 235 Lol ol ] o
355 on oY Gy 133 ks o = gk s 1 oo Yuy) G+ A dnils dae
L 55 0 g dgatld 8580 of (Y-F Jlio) Jadlls G, (Lo W) 8,80 b
oo (ol L il 85ll) g luie srime Jalo M GBS ad s Je Los
;u-_ Sy & Lute saiall oSo ,,J 130 el Legoiaw oIS SN ooy am (g + A)
(G A) auils dae S

S 39) A Lo Le gssiual oIS 15) 4l pratss S o B ) el 8550
Sosially dhsse jslae ol Uolas LSy i o005 U] J) Lusilly (S50
Jals g o 3550 (g5all Aala) i of b sy a3 5] iS5 LS
mg 5_33\%11 83 Bygum uds LSLSY 3ydll oigl .—mMA JISEY) 858 3 gaiall
Bolll pe wpanill W5 6 5a (5 a3l Suiad) g (RLdy Lgnas

Soaiaally Lag 1l slall eslSy d jk 2 gosadll Sl Hslae calS13] L olay
dilae ;585 ol Il Binall slall J) Lol @ dilae prws &1 ol AR o
F=m (@ +A) oo arwall Zal Dulas go50dl Uyl J) Luwilly @ 'y
Syl o elld LS Bule] LSy cpvuall o 8550 LEN 853l o F ooa
O] —mA LILAY 8531l F du8.3~10 853l tw&;‘zf’@:‘;;ﬁ’zmd’

YA
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Lol 585 (gl bl § all dlae o8 3155 Y 2ol oIS 13] (1) (¥-Y)
Bois 3% 1w Yy mall Jo 355 F = Mioyd 853 dbia 5685 o 530w ¥ 4d
st Y G S uall Al J3T Gl &S e sl e LIl uis L

fs,max = Uy (mboard + mboy) g = MpoyAmin =

o Mpoard
Amin = HUs9 |:1 + Mboy ]
(3-7)
30.0kg
_ 2
= (0.200) (9.80m/s?) [1 + S0.0kg]’

Amin = 3.14m/s2.

3% sl Ny grall dlac olatl 1 oS i AT guall dlae (o)
(4.00 — apa) 1 Bsie ol dae &S5y cpd = —Apal dilae omind nlall Je
rJBIS all o 8,350 85811 ¢S5 O (i basiey (a3 LB/ A olassy)

Fooyx = Moy (4.00 — apa) 1. (3-8)
:JBIK ol o L8841 35l dlans 53] 065 Bl 3500 05305 aladiuwly

de = —mbdabdfz U (mboy + Mpq) gf— Mpoy (4.001’1’1/82 — abd> i\=>
— (Mpa + Mpoy) Abd = My (Mboy + Mbd) g — Moy (4-00 m/82> =

4. _ (0.100) (80.0kg) (9.80m/s?) — (50.0kg) (4.00m/s?)
bd 80.0kg

= 1.52m/s>.
(3-9)
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(8-7) Wl @ oI Ay ot Sleally Slawd) lausgdl (Y=Y K&

(ol ] Loty uall dlae
Anoy = (4.00 — 1.52) m/s® = 2.48 m/s". (3-10)
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X: Fym Sin 0@ = may, —Fymsin® = MA,
(3-11)
v: Fymcos 0 —mg = ma,,
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(8-T) ALl § il Ay it jall puall Wt sv-v S

3SU o5l HUsYI 3 Lsad 05Ss &5 Gey faisll Lietle slal fo LI Lilay

Z%ub\;ﬁ‘
Ax = Ax' + Axpy = _taArT/Q + Axy =
(3-12)
Ay = — Ly +A
x tan 0 ’
OsSay Aaall fe Jgmaall a3l J) dwndly Lol daiad) ks Baas) b eas
881 e¥alae fpe Y Lsad
e = Fym sm@l
m
Fyrm Sin 0
—_Mm>7 7 3-13
A M , ( )
ay = Fpym cos 0 g

m
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A Ay Ax O paadly Liilalae 3 pausailly

ay

= - + A,
ax tan 0
Fymsin® _FMmC089 -mg  Fum sin 0 _
m B mtan 0 M
mM cos 0
FMm =

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

Ax

ay =

Bacls ) Jumsd LI daliny 31 AL a3l 3 55l Lgakady 30 3Ll oSl
I Lgakady 3l —Dsin 0 Luwlll LBlall oo Lagie Y€ cfas Xarp Lo aisll

:L;\SHS
1 —2D'sin 0
~Dsin0 = ~a,At2 = At = | ==Y
2 ay

L2
Af = 2D (M+msm 9), (3-15)
(m+ M)gsin0

1,,, A 2Dsin®
fo—ZAAt =5 ‘ay‘ = M+mDC0$9.
053 Vs X (ssill B e E-Y UKl 3 oae sall puall alads (1) (0-Y)
Jouiall 8,8 Alae o bdll lilay aule Lugac Lullly U pubasall 43150 Lassl
3 BU pbadl Job o Jobiawll Foaiall daal dslus o o3yl Jsb ye
asliiel oSy m 4 BLaYl JelSIL Gguiall allas (¥ gSIN 0 ooy (Jawd) slasyl
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2 ssall dsb e Lol 55 am e ot

Tsinx +mgsinf = mgsin6. (3-16)

3853 wyaar 0= 0 sa Pdis will 855 Jladie o (5Ss Y s wangll Jall
MGsing axss ciiall e gusenll olas¥l Job e Lall o5 Zaliiia Ul
Al dlac i) Lslue M dac go Laladl elliy (BUI plall L5315l dlaall
m Y| BLSIG 5 gaiall

oo 8T sy m ) BLAYL Gouiall sl bdunw JISSa) g5y ae (o)
OB M LK sl 45K IS 18] g sin 0

¥ Fnormal — Mg c08 0 = 0 = Fnormal = Mg cos 0,
X: Mg sin 0 — UFnormal = Max,

(3-17)

Mgsin0 — uMgcos0 = May =

ax =g (sinf@ — ucos0).
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X

cos 0

) (3_18)
CcCos &x

y:Tcosx—mgcos0=0=T=mg

x:Tsinx+mgsind = mayx = mg(sin0 — ucos 0),

mgtanxcos 0 + mgsind = mgsinf — uymg cos 0 =
tanxcos O = —cos 0 =

«=tan "!'(—p) = —tan "'p.

Jiwl sla3l 3 Glae 05 of i Ll of dida s bl 5,05
Aae §5S5 lha 1S 4 0550 Lasie uuslall 5l 5a5) (sasanl) ] Eeailly sanill
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(1-Y) Ulaall Hall qunll bl so-¥ Ka

ey Sl JISTaN) 853 ool Jlafe s o sdady glgall Sse e

5%,

e

fs,max = UsFN =umg =

Usg = W’r = (3-19)

w?r (33 -21/605)° (0.15m)

5 08 m/s? =0.18.

Hs =

allatl HUast Calail e T pe &S & slall e ylal) o s 761 L 1] (V=)

4 oy SIGN LIS (536 liwl ol pa] BiSass 3580 9306 & 1 Gl J) degd Ll

3 cwlitll Sl 53] G 13T sa g 5lall Sluall Gosall Gesll Sl A sSas
(o) aas kg &G LIS o538

= kr™. (3-20)
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k— =rln (3-21)

7. 1-n
Foray = k'™ 7™,

O3] T B sty hdl Caail 1 -1 ) el 85811 G35 53]
Heeplsn=356 1-n=-2

A8 5 yaes Lgie Ue Lo dal3ll Jand . ads el - S8 ol (A-T)

oo S ousill Jobo Uy aun gl Suned LT BiSay . i) Bulay om0 sl ic

ISz laedl @ 330 o Gy LS L3l 88 Lleal wd) . Jasll Hlad) 2y
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bl 33 g a3l e aall Tsganl) 85ty o( i) SSonl

Fy = . (3-22)
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2
dv _ . _ _hmv . (3-23)
R

dldinl) 8acls paiad Al a3l Gunls ‘Z;3|}J| Ly @ UIS de pull w3
alanan

dv _dv ds dv

dv _dv ds _dv 24
dt ~ds dr _ds ¥ (3-24)

Lo 13 Yo 0oSs Llatantl Uoladl Ja o) dadyell dewlall el o U Gus
Sladie 0 Jand (I T Liaes RO ks o 6S31 g 50l saall LI Silull Gads
s LS i) sall ) a3l uaiall Jul)

dv dv _va

dt ~ “ds R
vy RO
[dv %y,
Vo v 0 R
Inv| 3 = —F (RO) = (3-25)
Vr__
In vo uo =

vp = voe Mo

LI e s 05Ss 3 opadl) HUsYI sliel ] pualil) Lk (3-Y)

ooyl 333 e I 5l @V e s dad M1 ) Lol elyay L] sy (LSLa
Jolae Sluss oo 1 Jany AISLIN T ] railly i s 5ol 55T Ginis [3lune
faaiiue b G (Al o et AL sl (SLadl HUSY 3 Gas 1541 3l
353 lae Lasd) LU 138 & paudll slue o Buslaie 3)5e (553 uagd ¥ Eua
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Vo

S 0=pug————.
ay Hg cos Hg\/m (3-26)

dias o ymay siun J] s Gl depud ¥ ASHU Jans v J dass i
101 53] AN ) il ) a4l

V3 =v§ +2a,,
2ugvoD
0=vf - ===
Vg + V2 (3-27)
2
va  (21gD)"vg
0 vE + V2
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§ ohill Jsb ge 35m sliel Gk e Aolall sig Jgungll Ll LiSay
a0 Ulad) sin

D
0=v§+V2—2ugm:

5 ., 2ugD
— 2

2
(2ugD)"v§

4
) =
0 Vg + V2

il Aaate pe U = v Jand ol Juswl
2
w2 - (2ugD)u

 u+4Ve

u (u + V2) = (2ugD)* =

—V2 +V4 1 16(ugD)>
2

u =

—(6.00m/s)? + /(1296 m?/s%) + 16[(0.2)(9.8)(3)12 m*/s?
- . _

u =3.50m?/s* =

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

alas AT S 3 e a8sd LIy Sl padl cuadl cllabie (Ve-Y)
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c¥abae 05 LI o w35l Diagandl 358l Ny calisll o samiall Lougasll
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m: Ny, —mg = —may sin 9,
M,y:NpycosO — Ny, — Mg = —May sin 0. (3-30)
M,x: Nysin0 = May cos 0.
50 dym s Nmy Ny &YAN Lalal) 3 &l e¥alal) oigd g’&l J=l

(m+ M)Mgcos 6
M +msin?0

Ny =

mMgcos?0

N = ,
"™ M+ msin?0

(3-31)

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

caslall Jadl o saasall &6kl dpy daall
Jsb Je lEll dlae of Glaay 13] Jatt slasy J81 oblun aladiwl Gi<a,
10553 O Ay ol slasyl

a, =aysiné (3-32)
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s B pcdaal) olas) sk Yo dilaeg

ay cos (90° — 0) = aysin?0. (3-33)

clally ol e S o U pelaaall cin3lll 858N 350 J) 3] Sailly
laal 550
mgsind — Ny, sin 0 = maysin?o,

(3-34)
Mgsin0 + Ny, sin0 = May,.

(m+M)gsin0 = ay <M+msin20> =

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

M + msin?0

Gslue bl & Jal 050 of s ol Vs 3 M 5sS5 (I (W)-Y)
Lot 85Luall Luall 53 i oally JBY ool piish &5 Goay Mg o350
Tl (Jlsi) e ol Jalal) Jf dgate Kliul JISIal 855 oail oS3
G il b O el ) ey (A-F JSa L) sl Ll 3S5e )
oY JSall s (ol

N 2 . ~ 2 .
T foe V0 (Tsfyi=-"0 (3-36)

il alad) dauds 5o 5550 &5 Cay fsflall Slad) 3Sse sad olad¥l sa —1 dus
s fo 1 el (s,layl o) slad¥l o6 ellal 1 Yok Jo culs will olasl
Boall 3 dasas JeL Lgasill Lalal) 5 6S5 Euas IS3aY) 853 laie Unlyy

:JGI saill o I s b 0dady Lawlidll

2

mv
T+pumg = ,
Vmin
(3-37)
v2
T—-—umg = =
Vmax
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fs,max fs,max

-

Mg

(0N-T) Alsall sl auall Jabade :4-Y Sa

i Al fo J Aolal) Loy 3 T = Mg o) cung

Vimax _ (M+um)g _ M+ um (3-38)
Ymn M—-pm)g M-—pum’
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sl SISl e @aS awall & (n Jolae ©13) oleswall e Ge 4l
el b8 e dlad ga ABKH 3K 50 18 Sl

Juadl e Laslaall s 31 (pe Blane LaS (T wie Lus Y1 Jo LI 55800 (Y-)
ASIAN 8,583 Aas Jiwl gslall Jaal Jishe lghaiind ¥ Lilue 25 Y
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F(y) = v, mg, (4-3)
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13) Cigts dm S Juall e slite sk Jaad Zojl 353l s dp/dl cus
e Jaills spmsll Jiadl EES a1 0 adagin sl LauiS) 30 el el
S el Jaadl e st Job 8 A = M/L tum A 55l &5 cres sl
Loiu Ula @ dm aas Y dliy 07 = 20y Eos 0 Lballl depull Laws
bl palnll Jsbll dy dus ddm = A -dy s dp = dmv S5 JBlby S

) :ol Hal tdm Ay

dm
dt

B )\dy)
=V <7dt +Ayg

F(y)=v +Ayg

(4-4)

V2A + Ayg,
F(y) =29y -A+Ayg=3Agy.

Lo ¥ 0o Losie 3RaT 858 (oadl o1 il sy (0) 3l Yo Do
phiss Leaie 3aa3y 3Mg ekl 353l Baie 558 @ = L ol faas o palae
Shae a3l ali 3 dm JaT (N Agias dagiill sis Susill Jiall e dakad 33T
0583 dinll e (Gauis) SSYI g5slls oL plis,) oadl o b 1Y) de all
Basill Je Jadlly

oty il eliasll duS el (1) (Y-¢)

p1 = —P2, (4-5)

2B Gl e JISN ge Yy ) gl dpatll B L Py i ocus
oo o el Guad oSy S A Guis e cpalasl @ olulaall
:JUIS alaall a3l ot ghail) cnidlal

120m
Vix = m = 1201’1’1/8,
24.0 ¢-0
.Um
Vax = 2.00s 6.00m/s.
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s 5585 Ol Auis X seall dob e diaill olaS g sane o Luaslany

Laal 0550

Pix = M1Vix = P2x = M2V2x = (E-1)
12.0

= —_— = . E_2

Mz =My s 2my (E-2)

0583 Ol i &8 Geg s e (S5 Ay JoY ¢ lall Juns Losie
B,y & onadliday Hladll @ o slute cpiulaall oluwl ) ol jasll Gus

M1V1y = —MpV2y => U1y = —2V2y. 4-7)

sl ol Ljslae alli) ol dhds & fo ladi¥l fGse Loadial 13)
B sl o Cilash ptaadl gl

9.8m/s?

—-h =v1,(10s) - >

(100s?),
—h = (10v1, —490) m,

2
~h =11y, (48) - % (16 SZ>

= (~2v1y - 784)m = (4-8)

10v1, — 490 = —2v;, — 78.4 =

Viy = 34.3m/s = vy, = —17.2m/s =

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

147 m.
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o pladialy gl eadl Je Juand (g cain \ Lball o alalls (o)
L) Sy dus Y sie o) dlags JAsL . Adaal)
0=v}, —2(9.8m/s?) (Ymax — 147m) =

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

19.6m/s2 = 207m.

Gl calaill o JE 3 Loghne diaill Dk 065 o an (£-1)
A oLe el J) Lslsyl (3l slas) 3 gi) gl.mﬂl JSegdl olal) ae walaslly
QBN il Je 565 clladl sda e aSL &ML edalall) dls gdase
mass: m; + mp = M = 3.00kg,
X: Mvy = myvy cos 01 + mov» cos 0>, (4-10)

v:0=myv;sin0; — myv; sin 0.

ide Jond A i dulany y dolas e

m; sin0;
=—

Vo = 1 . (4—11)
my sin@»

i X Aolas @ oo saalls

Mvy = miv;y cos 01 + myvy sin 07 cot 0, =
_ Muvg
v [cos 07 + sin 07 cot 0> ]

B (3.00kg) (350m/s)
~(900m/s) [c0s20.0° + (sin20.0°) (cot 40.0°)]’

(4-12)

m; = 0.866kg = m; = 3.00 — 0.866 = 2.134kg.
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eyl ZueS

0>

01
0 < LS 0,.0,

(8-¢) WLl bkaa V- Ko

m; sin@;  0.866kg sin 20.0°
my " sin0, ~ 2.134kg 0™ sin40.0°"
v> =194 m/s.

oaill JFae) onilolae agoal (N ladl sia 3 o s8iis Ol (e A4S 1l gale
ISy obball g p gaae go wdll o Goleass aalas BW G (vs X &

1&EIE) dolal)

a3 LaS 3 il iadll Juad) gl Wajlaie 853 o adall 355 (0-¢)
ss3sll ABSY a3l Juall sa g g,lall ABS § Gl a3l Juall aulall Sl
1Ol O3] faalall 3Le 8,5 3 cellgiall

‘ _ fuel burned
" burn time

2.300 x 10kg — 1.310 x 10° kg
150s

1.446 x 10*kg/s.

¢a

(4-14)
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W= aMyde]

~ 3.402x10°N
~ 1.446 x 10%kg/s’

(4-15)

u =2.35x103m/s.

OIS Y 1l 1ia d830 crd (4.29) BJEL £ 5 lall Aolae o S8 o iy
oo day — Lle s duay (4:27) ge Dby dhuatll Zodlall 35 Sliel Lule
iaill LS il e dad o — Assdas Ll Yo ol LS pe Jolall
fody b, Al dudlad) 858 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 — Mgadt,

M Jeo GLLY Lewds Dl dM ] sty olalitl) s Juols GI5T Eaa
ol Wase po dt Gisy caal il Jundll § LS

adM
at = dM/dt @-17)
i) 2
av = —ud—M aM (4-18)
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H(dM < 0 51 528 de Juans Sl

v M dM/ g M
av' = -u - adM’' =
«[vo My M’ aM/dt ) w, (4-19)
v -V ——ulnﬁ— M = Mo
0= Mo Zamjat

o Lodlalls Asall LIBL £ g ,Lall Dalas 0,63

. M-M,
9 amdt

M
vV=v9—-uln (—)

Mo (4-20)

oaddie plas,) sa IRaslS WV plas,¥l of J) s Laatul oLalisl dla
pladial @ Hlatadl LSy dany dus M) 8,8 a8 Caims ) deadly 46818 da oy
(ol b =0 wie & Sl Zuilall daaS g = 9.80m/s? el

dv aM aM
av _ M M 4-21
My T U Myg>0= —u FTike Myg, ( )

as3gll Bola 33yl Buels o Jl Laily «Dlaall oye solin ¥ Fgslall ole Yl

£ ssbal iy pdall 85l o sill GISI Huills & s LI AESH s’ s

SRR e e o s o A o] Sy DLl 3y Aluall =13 5 Y
2 ‘aﬁfﬂl oda

My = 2.80 x 10°kg,
M = launch mass — mass of 1st stage = (2.8 x 108 — 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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55 [ask TV i) o sl e ol 5 0

5
v =0-(235x10°m/s)In (S'OOX 10 kg)

2.80 x 100kg

— (9.80m/s?) (1505) (4-23)

=2.578 x 103 m/s.

Jals B3l g 5lus ol Gty Ul 3 K15 didill de s plas (1)
Unwlys Losle 555 553 ollin of golus Lddl of dadis a3 gdall B5mbs
Siss O s 2838 Anlyy pdall o 555 858 oo o s W 5 ey fadall
U 3 A ) Lol o Taglss aT el o Ll 29 pn p N
oY Aaoaal) Zpall Ao latie Dlasn (e (01 U] Zpailly sl (555008l
5550 (558 dsms pae s Ligdas () S slaY) Jsb o allasll e dueS
2o womer X seall dsb o Labiall Zjall dejw Jlalie 23l X Jsbe o
slal cealill eatll Sl a5 Y-8 JSAI U il 8 gulo (e dap38l1
LoeS B (5352 081 ) Aailly 23l L5l el V' S 200380 e
1] (X3 aal) sla3¥l s gl T (a58) X Seall sk ge a3l

mV'cosx = Mu

mVcos 0 - mu = Mu = (4-24)

_ mVcos 0
T m+M

g Lo V3 = Vy o dliatley eail) Sl posll e 0 sl G385
(Jadll Lalivws ui G Zeﬁﬁl v’ i< 5ay ‘ul:‘:‘,ﬁL‘-‘-‘l“ L{‘:‘f‘”TJ-‘| ':_S‘)ll ui

oy



doaill &

(-8) Dlall de ) lpate Y-8 S8

o G
M
V};:Vlcoso(zi
|2¢ t "
I VTR -
Vx Mu _ .
_mvsing - m+M
= M mVCOSQ’
+M
tanx = .

oy






saalal Jundll

Sl g Jadd!

dSUall Bada g Jadll Silwe Jols (V)
i Ui il gl ose pdlas @ Wl 3Ky onall oF G281 (V-0)

o Sy Ao padl LU 5 KU U e aST Lan 3 oall Bl Lada Tase
sty el Jlasial Uolas Alodiel BiSa Ul sda Jie 3 .lgle Junas

o9 Vs 51l de | @233 U Eus “Upall — Vracket = — (Uball — Uracket)
o_raall dawall de pull ui & i e.‘._\';l.wL) ZJ\I:JL\A ‘;jhaﬂ| aay L8l de
e 3,50

Uball — Vracket = — (—Uball — Uracket) , (5-1)

al s gills) ol sladl puSe yaws 380 N —Up Laill coghs s
de) 55 Y die g oMl dawlys Jsane o pall o ados (1 Casll sladyl
163 Gy Uracket = Ut Ol G3] (A sale LueSs J3YI

Vball — Uracket = Uball + Uracket = Vball,max = Uball + 2Uracket- (5-2)

Sl @ pabianl Poas iy el Jlasial Dolas alas oS5 o) o) s

Lilas Uyl s 3 Gpall gan LG o pall de g puily doade (g0l
dejus 5555 a3 Uball + Uracker Wilalie dejun Lilall o 8,80 GASSy oSl
o B 8K de p 655 (oY ) Liatlls Sl sla3¥) 3l &yslase
) Upall + 2Uracket



Treola] Losfie ASadS SIS GBS Jilus Jsla Julu
Lgalasl o8 el o3 it 3ol J) Zrwilly LI Ze s w0 oS3 (Y-0)
S Bl s slly AN alas ) Zeally gl J) Aeailly LSS 35 5me
53 txg A ok e X seadl o GaLASL) Laad sSs sl Lgale 5S35

(el
DPy=0=-MV+m(ucos-V) =
uC089=M+mV:>
M+m V (5-3)
~ m cos6

usind = M+than9,

56 UC0S 0 Lailly (ausaillyy Bl Bia aloatuly 5ol dejuw ke V ena
sl & s el paill LueS Aolas
KEo + Up = KEfinal + Utinal,
mgh = %M\/2 + %m [(ucos@ ~V)%+ (usine)z] =

2 2
2mgh=MV2+m[<MV+V—V) +(M+than9> ]
m m

2 2
=V? [M+ M~ + (M+m)tan20} =
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KE + PE=F = %mv2 + %mgy = constant, (6-3)
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(Flg + Fgg) cosf =
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2T sin 0@ = (W7 + W») cos 0 = (7-4)

_ Wi+ W»
2
abaall Laadll Jans Ll wie I, 3uas Y-V ISl 3 Bl Alall (Y-V)
AN Jans 1 Zysl3ll wies (U il oIl LIS Sl ISy 53l
Span3 laall sty o ey o 005y Sy s 22 I3 Ula § aSIL
Sl oo B = e Lad O Gaes (oaBlaie oLl oble S5 4 g1 bl
E 5 Banly (U3l AENI) Crle sl (e 3583 213 0585 of adas
28 Gsaall JB 3$5e oIS 3 Ol e Llial) SISl 055 Y Sus £l
el SO0 5 5Ss Laie 311 D130 (3] HEall @ S5 Suay aSaclly pseue

(0L &S ey B il JBI S50 @ad el

T cot 0.

tan O, = 1;1}7/22 = %; (7-5)

\Al



Aops Lols pluad Sobad o559

mg mg
A Za ol &30 S Lo jal 2130
(<) (7)

7-V) Alad) @ vyl T sl A a Ll wie Ble gl Jo B Y-V S

CAEY Latie any il dasadl Dgl3l O s el ) g godiuall Gase W Enn
4 sy S IS 82 palil Losll] o e (a5 gl
n 2unT LSl JSIaN abiall dasdll yunill Jiud dgaill duilall 558

) Ey Lugeall 353l
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critical angle: umg cos 6, = mgsinf, = (7-6)
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6.67 x 1011 m3/ (kg - s2)) (5.97 x 1024 kg)

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

~ \/(6.67 x 10~ N - m?/kg?) (1.99 x 103°kg)
B 1.50 x 1011 m

Vo = 2.97 x 10*m/s.
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B \/2 (6.67 x 10" N - m?/kg?) (1.99 x 103 kg) (2.28 x 101 m)
B (1.50 x 101 m) (2.28 + 1.50) x 1011 m

Vperi = 3.27 X 104 m/s.
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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\/ 417 [Tearth +7’Mars]2
2 GMsun 2

~ (3.141593)2(3.78 x 101 m)> (9-7)
~ \ 8(6.67 x 101N - m2/kg?) (1.99 x 1030kg)

T = 2.24 x 10" s ~ 8.5 months.
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(2.24 x 107 s) (277 /Martian year)

0=m- (687 days/Martian year) (24 - 3600s/day)’

(9-8)
0 = 0.770 radians = 44.1°.



