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Introduction to Dynamics

S Ls 5 P e W8S ke S0y 12

W=mg 180(1b)=m(32.2 ft/s?)  m=5.59 slugs
180 1b(4.4482 N/1b) = 801 N

W=mg 2801 N = m(92.81 m s2) m=21.6 kg

P SR el et G0t o ol a5 315 ok il e el 03y - 22
mg=(1/2Img, goR/(R+h)*=(1/2)g,

Solve for h to obtain h={JE -1JR

et i 05 3 Sl o T pog NS 0 e e a1 S0 250 dom gl s ghjlals - L3

i ool BBO N T il (Sligy 13 450 ale
g,=Gm,/ (R=h)2=8.57 =l

n=W/g=880/9.81=89.7 kg

W, =mg, =89. Tx8.57=768.7 N

The term "zero-g" and "Weightless" are
definetely misnomers in this instance

e ) Y Sl 380 Kg e € g gyt - A
Force exerted by sun: FE=Gmgm/?§E=
=6,673x10-11.5, 976x102%- 333000 80/1. 496x101¥ =0.475 K
Force exerted by earth: I =mg=H0x9 B1=785 N
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Mass of iron sphere m=pV=

=(7210 kg/m3) (4m/3)(0.050)%=1.78 kg
Force of mutual attraction: Cm2/d?
Welght of each sphere: Gmm/r# = Gm?/d2=Gm_m/T2

Tapd oo o

r=a[m /m=0.145,976x1024/3. 18x10-3=1. 258 (108) km

e 457 (gl 380 kg P Sl A i Dy s by - L6

Ero1=9. 780327 (140.005279 siny+0.000023 sinty)

At y=45" g . =9.806198 m/g?
Bans=8re1*0. 03382 cosy=9.823108 m/s2
Wabe=ME,, = (BU) (9. 823108 )=785.8 N
W1 =Mgr 1 ={80) (9. 8061981=784.5 N

Cr B 34 o ola ER S LR P P SR C RT-% JUR iy

"_-E =

2 an
F =Gm, rm—i,ﬁadx’lﬂ N Tam s
Forces exerted by sun on moon : .r.}g N
(= B —— -
FSﬁ=Gm:aW{re=+rﬁmjz=4‘ 34x1020 N & Ihl-»‘ L .f" B T.:,
FEB=Gm5mn/{rm—r'm]E=4. 32x1020 N i "

Ratios: R,=2.19 Rgy=2.21
e B 5 dales glodns D3 w0 B - L8

mv=fF‘dt [M]lLT-1]=[HLT_2]IT] MLT Y=MpT™!

338 il nl 53 e ol 2508 40 S anly Glie Ld ) - 10
Gmgm/d*=Gm m/ (r_,~d ]2

d=lm,-m,]-d [2r,,m.]4m rZ =0
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rﬂc‘fs"}?f)hlﬂzd kg mm;D{]123{59r6\<103’1 }{g]l
Fen=384398000 m =  d=346022 km =432748 ki
e e

it Sl el gl aul g ajla OB Gl 2B )l o lilae elip am 5 LD

L I |
- ——

g realtive to nonrolating earth at equator;
9.780327+0.03382=9. 81415 m =2 Thus,

9.81415=9 720327 (1+0. 003279s1n%y+0. H000235inty )
Simplify: 0.000023sindy+0, 005279=in?y~-0. 00346=0

= siny=0.65318 =iny=0.80820 ¥y=53.9"
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n_,,hll'h 1_"_1...'1'[_.0..1_.1_:.»
Kinematics of Particles

i T gl 1y O g el ) Dy Ja _f.;.t'=.1'+2{?-|!’2.-'i".'i,}?3 gpeas bogloyd - A4

L

el t=05 3 J0 5 3lag a0l el ol g Lis

s=3+2t%-2/15)t7 ves=at-(2/51t> o
w5
a=v=4-{4-5)t v

[

t=0, ag=4 mss® =3 see, a5=0

t=10 zec all’.‘I:_‘l m.fsa

S v=0 Az .J..S'_fn _"AS'FA-:-f.rR+J;E-M.r+5 spewd o gloyd - 22
s=4t%.3t%-18145
. 2
ves=12t 46t -18=6(2t%+t-3)=6 (21+3) (t-1)
a=wv=6(4t+1) v=ll t=1 s { t=-3/2 2]
t=1 sec a=6(4+1)=30 mns2
»'.J':"‘JJ"—'J‘! Pl ] -"‘:il;_-_r‘ sla Fd “"‘an.'i‘J'“l"'r' i': L"',:n?-'ru w=3 mix sh=6 m 34 "-_;,:;_'.au - 23

2
a=9%/6 v =v°2+2as=28.62 v=5.135 mrs Y ol L
Sowamt=d sU1=2 5 300 aloale 25 0 o8 ad=d030 | sl gs - 24

k d
*x=d40-3t° ﬂx=J f40-3tz}dt=96—?2=2ﬂ n
z
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= el B
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: i .- E H -\\"ﬂ.

= 3 o E " 4 N\L

.-’_‘T—_‘_ il |

ik ] 2 1 [ ]

: : B

s p '@"f?‘"ﬁ 23 2.5 o8
b e —-H.,., =

S =
v, zt 1o—0.75 we

v=vﬁ=ds/dt=—1ﬂfﬂ=—1.25 meE

L] ]

] .« |
1|:|. / o |
s 8 ] 4 '
E 3 il -
= 6 “ 5‘4
4 |
o Tt
0 |
0 2 4 G o .'_',,-‘-‘-T. | | = [ S
I8 11 15 Al M A
505 o 27 o8

axrays plrale doly hr=d s o olzt ke GlS g cela)d S g o s - 26
a, =Av/At=(12-4)/8=1.00 WA R PR
v

1k

a =dv/dt=(14-2)/8=1.50 Gia®

Ba=a,-a,,=1.50-1.00=0.50 wrs"

ﬂs=Ivdt=f14+2 18/2=64

e B=20 1 3 add ssls g i bosloyd led - 27
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a=vdv ds=3(2/581=1.2 n/=s

Aok gl a5 S e S YLy, o 290 s ol sam b1, sldf - 24
U"J[] = T:-."‘_'.:u- b It R *‘!.:"ELF'L"J am ] T"‘JJ;_;"

(|

s A=-9.81 as? vo=v_%i2afs 0=(250)2-2(9.81)h
|

F; .. h=62500/(2(9.81))=3190 m v=v sat
w4 J% -250=250-9.81t t=500/9.81=51.0 s
b;-—.;';-m_l.r’jw

w;t%jﬁ@;db;:hé&u|¢| r..ﬁsu.qn._.lb::‘j'l_ad._pf-lf mrls g LA .:1”..'.;_-;;_}: - 29

i

jll ?h:n--u-:i;?
y=v t+(1/2)at® y=24t-1/2(9.81)t°

y=-60 m -60=24t-4.905t°

i ©4,905t%-24t-60=0 t=32.93 ¢ [or -8.93 s)

:;r=IJ vi=y 2433y
y=h=(0-242)1/(-2(2.81))=29. 4 m

"3-\;—_:-;! t..LJ-L‘u ‘.ylj
B to C: t=10/2=5 «
vevprat  0=v,-9.81(5) v,=49.0 s

vi=v,2+2as  0=(49.0)2+2(-9,81)h,

R gl . A Lo B: v2=v93+23.s G
. l|—t !
s 5 Oyt | 97 (49.0)2=0+2(400)(9.81)h, *u.
ed-.;nyhrll:.". ! { .;-'l{
e h;=3.07 u a L
(i £) Cyasl s o
h=h;+h,=125.7 w i

210 4,55
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i Dhan Loy ey o TILE e guir ) ol Al o sl sl i b gledigs - 21
ql-:-m:-’: A ‘EKJL:J il At ala .:‘_3:-‘_5.110‘.5 § g2l el 0K m
wv=at ﬁS=J.vdt 51={1/2]at3-1/2vt-(1ﬂ.5;“2]t

5,=vAt=10.5(10.5-t) s,;+5,=100 m
10.5/2t+10.5(10.5-t1=100 5.25t=10.25 zec
t=1.95 = a=v/t=10,.5/1.95=5, 37 mrsec

2 go ol e 3 gndens, 200 otk g e 3006 posl oS0 il olaalse 2402
v2=v 2+2ahs  (200(10)3/(60)2)°=0+2(0.6)(9.81)4s

200(10)3/(60)2
0.6(9.81)

s=4s5=262 m v=v_tat t= 9. 44 =

.Am;u.djﬂ kﬂi_l'lﬂts.l.ﬁk:m'} m :.,l h“*&-’@&;‘i“jjzm it L‘S""::L:L_g-.‘_l“‘“‘-"_rl,'l"}-h' 2713

30/3.6 600 Cn Lol o 2
‘[vdv=Iad5 I vdv=a J ds
2MIE B o

(302-2002)/(2x3.62)=600a = a=-2.51 a/s®

6 42 al et 83 g WSdls g u‘il"""ll'" 4.5"_5:»;.5_:,:- v =400- 160 punfs yazas b glayi- 214
v=dg/dt=400-15t" RO W
fis &
ﬂ.s:Ids=I{4DU-16t2}dt=12&H oa =1.248 u
] 4]
D=fs,+|As;| As;=1333.3 wn
6
|ﬂ52|=ljidﬂﬂ—1ﬁt2]dt |=85.3 um

5
[D=1333, 3+85 . 3=1418.7 mm D=1.419 n

:nds_}:.._,sjl,;;.m:..a._.;ﬁwg_,)h,‘ s 100 infs Lg.J.:JLI;LﬂJ;.Jl_.,j'-US.._JL:.*.JI;J..J- 215
';.J.'_........;;f:& 5 a
ﬂvnjadt;ﬁ.r-aa under a-t curve
t=2 = V2-1U0=—4E9.81}{-‘1w2}f2 v.,=60.8 o

t=8 & vg—60.8=-4(9.81])(6-4) wvg=-17.72 w=
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187 a5 L etam

i olas

1g

_ .ﬁv\,__g_

215 n;if.f

03z 1810 D) o 2SSl 400 Tomh vty gaw 506 g ookl waS yuez, 81 276

400 kb = 111.1 we v2=2as &,=1049 m ey sl 10 kom
5,=10000-2(1040)=7903 n v FrIIney
Ly=v/a=111.1/(0.6(9.81))=18.88 s /1 E\
t5=55/v=T903/111.1=71.133 s i IRl
t=2t,+L,=108.9 s =1.81 min ]

et e D gl byt et Sl e ,J:S\._,-\;S‘,:-s=2?-13?+:2 My yaws b glayie 217
a7 ?;u_p;l}'uj;,ﬂ‘.J:MuMLJL_-JM
-

] S=27-12L4L° mm  v=S=-12+2t mase

T‘ I 5 a=v=2 mn/s?
spillerpia i B R

ﬂs=J-vd L==27 mm

i rs =1/2(6)(-12)+1/2(3) (6)=-27 mn
o ]

a=s=const |D,|=6(12)/2=36 m |D,|=3(6)/2=9 mm
D=36+9=45 mn

528 5_1|L,.-5J5‘|..J.J1__‘.4;_,.L.1'|.;I513 g olisLiBE yeaila A4 3lL2 mis g5 Llaws.., - 218

Atk 55 HC BB 31 5l T C 0B 51T et vt € s et a4

o

e ".'u-‘!.]
= 218 4,85
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A= B
vpZ=v,2+2afs=1.22+2(0.3)(9.81)(3)=10.269 m?ss?
VE:3.2 s VB=VA+at tB=2,G38 =
At=t.~tp=2.8-2.038=.762 sec

vpZsvpd+Zads  0=10.24+2a(3.6) a=-1.42 mse=

R 35 g 10T 3l g 455 30 )y g5y ks 42238 51120 Wi g a5 o0 45 - 219
i Lh'.fr..!\.-La. ol B el a IS0 kmif il gaw 6 m;l!-'z L \J‘?LT Jﬂ "'L:jlll.!‘ oly as
Soap=vt=(120/3.60t AR

Seyola=VavbiHVaaxtz=(1/2) (150/3.6)t,+(150/3.6)t,
b=V /a=150/(3.6(6))=6.94 = t,=t-6.94-2

Ecarzgcyr:le
(120/3.61t={75/3.616.94+(150/3.6)(t-8.34)
L=27.36 & ==912Z n

219 , |8

il SLL 20 5 3l e O ST g e DU Va6 T it S 220

Tc........:.s; ;MJ‘_‘JJTJ.._.J;_Q'«L,..L,_- ;_-;.IJJ.;_;«.‘-.:.-.Z‘.;.:,_-;.J‘_‘-
a=dv/dt vm=Iadt=at=6LZG}=1EG neE

h=(1/2)at®=1/2(6)(20)%=1200 m

0 4h
j vdv= ‘I. -~gdy v 2=2pAh  Ah=1202/2(9.81)=734 n
Y L]

Max. h=1200+734=1934 n =1.932 km

S 1=1i(20) 13a(05) 2V(0.2) 33 ) _ay=y,Sin2ant 5 yzus b o)l g 2b e 220
y=Y,S in(2nnt} '.r=3'.r=21'myn cos(2rnt)
a=';'=—4nzn2yus in(2mnt) t=1/{(2n]

2 2
v=v =2mny CosT=-2fn a=a ==-dn n y_slnm=0
1/2 YU' FCI FD

1/2
T sl 04 mis =90 mm 500 605 B ags X ) yma gl gyl lad jlagas 222

e x=120 mm 3
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W £ a5 oliiladum

221 4,85 222 5

J‘vdv=fﬁxdx 1/2(v*-0.4% )=area under H,oH curve
0.4

Area=Jﬁxdx=[a,Ja?ﬂx=3[120~4ﬂ}10'3:0.240 misZ
vi=0, 4°+2(0.240)=0. 16+0. 48=0.64 v={0.64=0.8 mss

x=ld m s gL AL 08 mi cx=( s ol A Jfl._l._:.;ﬁd_.ld, St ealel e 228

4 =
s TR W v

I vdv=[ads
0. B I

va-(0.8)°

=2[0.4(0.4)140.3(0.4}+0.2(0.41]

223,85 im0, Gd+0, 72=1.6
‘*"='I1-:"f?'=1- 166 mre Ll

wiif=d 5§ g3 4 azl aoly o t=0 ax=4 m )i=3 mys PSS RLAE PGl SN G- TR PR T e ¥

b =42 g e 0 el e p bl

; L et
o ]
al - -~ :
& prl :
H=xgtvgt+1/2ate  vav+al i :
’ H

t=0 }CU=4 m VD—E [P ] t=d4 = K'—U

w X=4+3L+1/2at® | 0=3+4a a=-3/4 mpres
= X=4+3t-0s8t2

b=12 5 x=4+3(12)-3/8(12%)=-14 @
t=4 & x=x,,,=1+3(4)-3/8(4%)=10
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Pl aalisy guls p Ghany /1A

?%' _‘:I:ﬁ 5 3'! o ._'J J,:_'l.i-bl..s- .J..:..:.n-_r.; '|__: \_j:_..'_fn._il-_ L-';'L'- _;|:___a.n.:-- 235
as=Ithﬁzﬂtvav=1/50 (8.7+7.0+6.0+5,2+4.6+4.2)

=01, 60 nilinauw)

X, mm i, 8 x, mm 1, 5
i L]
2000 X% 0 i l
n _
20 40 473 ¢ ‘:’ | L
36 —
2075 45 800 1L 3 ]
1225 L3 ks 1
2050 50 .o
14325 20
1975 5.5 1700 25 0
0 R &
1725 6.0 1875 10 Be I
2 il 223wy
Aabai=2 s palyeyd olid g gask o p g glaesls Jlaaad o DU ol w ay gl s 226
[ AL 1000
m. 3 .._...._j./).-';h._ _j -‘-:1:\:\
\::‘\. / i -._._._.[_. 75
1500 & [
LI .\‘I< F T
o W, O 51N
1000 ,/-— i
Jj__ 23 i, L
6 ,"':/ b —]-—| 254 s
J / ¥
A _\;\{L
] ) ;
sy 2 3 % N2 |4 "
& Sec
k=2 &« x=(2250-465)/3.5=510 mn/s  ~ N 250
®¥==B593/4 T=-190 mm/s< : S0

e Vet el EE s el Si- 227

‘j:\_\ Vo=vg=1.5/(2/60) ka/h =45 kmsh
U hm/n D b Vo=V =0.33(60)=20 knn

2o 1 —

fa e

o
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M7 a5 Lyl

5 km
K i i /—

2 | ] el

.'-"’f'?
(_. f,.v-

1 kb -

1]

0 2 4 i a

t, min
227 )% 228,18

PP LSRN s gy 3L Ol el s Ll s e b panlix=a2 ol gleyh- 238

S

[ 3 Fy o
al_""u" Eb';-Lg‘L}..i |..n....|‘:|h'.,5|‘

T

T T

o G Lo LE T .

£ : a"'.?'; :*"‘ ]
‘ = ADET
L _ - & o: k. ' T .

Lo ]

ot Pl L e g 1) i e B e o e L s syl 220

o e b et

lst interval At=8 By S s Lanlss TRt
5 erva 1 5 : IR L,Alf..ﬁ,.ildﬁpa...__.ilf_#
. = : T
sg=l/2at”  s,=1,/2(1)(8%1=37 !
1 I
Va=Ht Va_l (B)=8 ws | I
oy | — L&
Znd inbLerval At=fH = L Bb o e b 1108 3".“"-'_'-“_”'
I
I
ﬂV:Jﬂdt "-."-] .;_8'“2[6']—'2&" P =gl - : __—__.._!
bs=vot+1/2at?=8(6)+1/2(2) (6°)=84 n 220 0185

51432784 5,,=116 m Jrd interwval At=10 s Asz=vt
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Pl Ly gty 5 iy 1 Fe

55,-116=20{10)=316

Total interval At=10 = ﬁv=fadt O=-0=E+12+0-2A1%

4th interval ﬂs=vﬂt+1/23t3=20[10}+1/2{—2JLIDEJ
By~ 55,5100 m 54,=s=100+116=410 m

el W28 - "_I-'-'-.fl a..l.u‘-'-l_: [ | .:Jl L_,.:_L‘r-’.:'.:_— L: m‘_:..-: |_5:_-_ dn I.b"" :_'l'_:_;., _F._'{:I 45’."-:.#':! ,.:_'ll...._....-- 230

: S W D Y AT ¥ LI (L AP T S
vdv=ads d(v?)/2=ade

=2 Za=d(v2)/ds = a=cte If d(v2]/ds=ctc

lst interval: a;=divé)/2ds

=(1/2) (3600-2500)70. 3=1H33 ket =0, 141 prs”

Znd interval:

ay=(1,2](900-2500)/(0.8-0,3}=-1600 knrn?

a,=(~1600) (1000) /(36007 )=-0.123 weu?

v, imesit

230 oI5 237 o, I&

pICIUNEE S SO Wl S| T SAE L o FULY, g St gle )y leale- 230

a=vdv/ds=(1,2)d{v2)/de=11/2)4(v2)})/43=1/5 w/s®
v=y,+at  v=4+(1/5]t At B: 6=4+(1/5)ty

1o
Lg=10 sec ﬂ5=Ivdt=IE4+l/5t]dt=11.ﬂ m

g
B S V=) EL oyl b2l ol _,fi 3 g 4 Sl L,.,,._. gav et bogld JE . 232
-¥ L

a=dv/dt=-cwvn Jdv/uﬂz-gJ-dt
v ¥

=ct=yl=n:{1-n) ]'v = ran_n“'C (n-13t] 1401-n)
Yo
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L O i

i T . 2 : i %
fem3 g e gl s e b=kl cla Le=225 mm 50 mind gAS Lo giaf 8. 233

visk/s  y=s=dk/s k=507 (225)=562500 mnd/sec? Lyt
& L

ds/v=dt ji I;d5=?5GIdt 53/2233754+1125¢t
228 o '

t=3 5 2 s=357.1 mm wv=(562500,357.1)"%=39. 68 mm

. =i . | R . = ;
L apees ol a8 0 e g Yy ST o L R T e s e s L g 234
% ¥

vdv=adx Jﬁxzjhvdv/[—clwczvzﬁ

cJ.fJu .L_‘;;..l- 1l ol = ;QJI_:.......;"

L] Yo
x=Inl (e +eve?) / leyse,v?) 1/ 2041

v=0 x=D=In[1+(cp/c,Iv31/[2c,]

235 4,18

4 ey BT 305 e el 2SN Shial e wx=0 j'-:¢=ka'rf.-::jj =i LA J:_g.di a,’_’.',f - 235

¥ =
A P |
vdv=adx judv=jkf[L—x]2 dx -v3f2=[kf[L—x}]; i
o 0

V;£=2KX/LI:L_K.] K:T_,_U./g i V:EJI{[L—DX?]/L]’J

ap2 a5 dohe DL L e AslEv=TN o as Sordas=t 30 il Shyd gl 236

E'.._“....ﬁﬂu Lt UL SO S UL SN TN SN B SRR | iy

v=0-lx D=89-k(18) k=1/2 5 wv=09-_ 54
= 1
v=dssdt = desdt=9- 5y fds/f?-—. 5= ]I=J-dt

0 o
t=f—21n{9—.55}]t9=—21n{1-5f18]
s=60 m t==21n{0)=-2{-m)=u
a=dv/dt=d{9- 5g)/dt=—, adssdt==,5(9- 5=)
5=12 m a=-_5(9-12/21=—1.5 psa®
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Pl aliyy gl 5 Ghaop /PP

5 nJ*'I-aJH_;:J|_.a ks Ay vy Q1T Ya=piine) ‘_;L_;, 4F ,‘_;.IJ_: L'm R Py 237

o M8l gl Ola) s

a=p/ (mv) p,m=cle vdv=ads vdv=pS{mv) ds

¥a E
J-mvadv:pjds s=(m/3p) (vo3-vy?]  dv=adt
vy 0
va L
dv=p/my dt mfvdv=det t=(m 2p) {vaa—vﬁ]
¥y 4]
L 600 mis 20T g0 pd o SLLa=T5 o (o ESi Al ) pa=kim i Ll 8. 238
T\—n.-.m-_-_.ﬂ; :vl_; -’«.:l.-.ﬁ o A.r___a.lls.-‘w..‘.'l.'_k 'J'I'-},__F'g '-:-!_5'_?:".' UJJJ
f——— —".‘.Eu'_brnm;"'l
E
_ ﬂ;'m EE—— ]|
W k1

asksxw vdvskesx dx jvdvzk‘[dz‘:f‘x vas2=kln(x/=,)

a q

=TS gm a=104. 72 km/s?

240 ¢ I8 241 )8

LS as 1K m ) e 4 .J........J_ -—.-'] P . R ‘_-',__,,-,-_'.,__-I' ‘_;L__Ir. g 3G
Yo Kooyl 4335 - Ol ok il o a=-Ki st U lagl ya S e o S0 Kmih
vdv=ads wvdv/-kve=ds In(v,/v,)=-ks
k=ln(v,/v,)/s=1.073(107") g
a=dv/dt  -kv2=dv/dt  t=(1/va-1/v,)/k
t=25.4 =

Sl D dald ar Dlad g g0 e =K ymn U g 4 .__.-| Dga by 2dl b _gld_jjf- 244
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FF 1 83 Claduw

. ¢ - PR
a=-kv® vdv=adx x=-lnv/k]’ e NS AT 8 s
Yo

v=vg/2 = x=D=1n2/k =0.693/k

vedxsdl  kx=Inlvy/v) v=vge s

—kxj

o dx/(vac )=dt  t=erkv,. ] =[e""-1]/kv
o] { 0 0

x=D =2 5 t=[2-11/kvy t=1/kv,
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