§W.3 Motion in Space (Fart Q)

Recall: Fosition 'ri(fi) = vE)dt
Veloc ity : V(E) = 22(1) and v(E)= Jaltddt
Accel &ﬁon alt)= v (&)

Speed is scalar. 4% - IV | whare 5&3 S

ar‘c,\e/h

Dﬁ’,'p The curve described b F(t) is +he Pixﬂ/l or-
trajectory of the obJeCj“

LF the only acceie,wa%on an obJaan nas s
acce lexy-otion +o Cyr‘a\vt N, we have,

2D: (0= <095 ix)
3D al¥d=<0,b, 9> ‘L4

whare. %‘—:"'Q.(g m/sa or %: ~34. 4 -P“P/SQ‘

Pa\f close altention to units!

Suppose  We have roiechle obJec;‘F
launched ~om N a glﬁoﬂ o= %, Vo, 2oy
uuaH/l inihal veloc =< a, , &>

ony octed upon b\/ %a\/ﬁ‘y

Then, we have  @(td= 0,0, a7

V(EY= fa vt = <0, Co, gt o0
and we con use V, fo sole Lo T
Now, we hoave V(#)=(a,b, %i‘ TPt <OJO,CAJ5>

Next, we find &) = JV(#)dtE
={at+D;, bt Dy aqtiret 3

wnd use T, to sole for D
This \}mlds rltYy=at +x,, bJCJr\/L,j = %JCQJrCJC t 2.

—

=+ Vot + <o,0 Zqt=>

i\rj\e, Yuﬁgga[éxf%raszgtf;% fhe %/Fobuf\al s z=0 (for 3D)



De £ RM%@‘ the. horizontal distance. feom u)}ure an
F_ﬁ object wovs [auncmd o where it hits
The. Oé)r‘oun

Time. of’ Llight: how fm%{'uf fakes for the proj echle

0 'hD hi 7,%)”oumcﬂ Cwl«uu’\'t O
s the +ime ¥ as jaunched)

M+ La &0, He maximum y—valu.a_

Tn BD} e Mmoxmum z-value.
i_n either case, Hhe pmaxinmuun
e OCC.L»LFS whaon +he V@Pﬁca{

\/e,l ﬁ/ I

E\(.1 A ProJeohla IS, fired over horizontal %}rouno(
Prom Hfle_ or‘t%n with an initlal sp eed’ of (GOm/s.
What rrm% OU'ICMQS PF‘OOU-(C& a l‘ancaﬁ. of BOOM?

e (oY= 0,0

Ziomewﬂw%_\ \%'_(0) <C°0c058 LOsin B>

I"—’SO.T——P Q(%—) <O; Acf 8>

T4 +he. Hme of £ s 1, we ned ¢0)=<{00>
First eu;e_ womdo ) : W | ‘ /

V)= Jadt P = i dt
= §{0,-9.8> dt ={@Dcs &t +Cy ) -UALE (Do DHC)
= LCy,-182+Cy5 c0Y= (0,05
V(0 =60 cosB, 60sin B ={Cq1, Ca?
=<Cy , Ca> E(8) = {(60eos OF , ~U.A2 ¢ (g0
V(#) ={G0ces®, ~4.8% + (Dsin B>

Now we need to Find the %/{'L +me. . This

(bc e time whon +he ' aomport_m t oF
rCf:) s O.

-4,9T % + (60snB) T =0
TELIT+ 60sind) =0
T= 60 sn E

R

Fma{\/ we. want 1o st the xﬁcomponud' 0P
F(TY +to be 300.

(GO cosOY T
{Gocosé)(@ﬂi‘“—a >

2600 cos® sin O
I%OOSIY\ CQ@)
sin (20) =

o
300 Use T= OO .

O @—{ ) Recall! ReasDsind = sin(26)

U\)

1 nopoa i



3005180 = |95,9°

26 = arcsin ("Y%0) 5qy~g1@4.s°
26: BLT( 3% or QB:)Q&QO
=a7.4° &= 62.6°

Ang: &=274° or B=(6R.6°

Ex.? The accelernhon due- o avﬁ'y on 'H’le_. moon
s one.—sixth its valuaw o mpare
the +ime of Plight, range , and mwumum height of a

rojectile on the N with the c.orre.s?mah
Ecddp_s on Earth, oot Wi (j

SiNnce. (e 're. c:;mparm% Vau,o_s on HfuL, Moon and{
orl CarHﬂ, we CO\Y\ o o585 ump{'\ons ON H/Ie, mf‘haf
CandfﬁOﬁ as | cm as we (se the same
ASSUMPToNs -Qbr“ bsth |vcations,

Assime = JD with V() = {a,b> and ()= o, 05

On Eacth ! alt)= {0,472
V(t) = (a, brgt
(&) = dat, bt TatD
Time of £l W T \/&H’f)@jﬂ PDiSIJﬂO zg
T(b+—§ -0
P\rmeéﬁ_f !f\omaomLcL posifion a+T
0. T =~ dab
%
Mﬂfﬂé&if pchieved whan vertical velety=p
b+ %Jc D
bl-55+ & %@“*’5& !
KT n— — L pf
3 =% 7 23
On Moon ! R@p\ace; %r with %/6
: ‘ —— b 2b
Time of Ploht: T=~Ffs=-G6 (%)
0

Ans' On the moon, all' three valurs are @
— fmes what -Hfuu{ oae on Earth



Ex.3 Tw .
the "paths Given by
v ()= {Yeos T_‘gtl Y sin TES
REY= L4 - t, 4-t)2—l6>

(a) Graph both paths betwean P and Q

peo le. trovel from P(4,0) +o

Qt4, 0) alon%

(bY Graph +he speeds of both people.
(¢ Who arrives ot Q Pirst?
= | R | AE)
O LY, 07 <4, 07
i [ | &7
- Q| (a-my | <a@ aEy
> | £U-157
Note G| oty | <04y
different 5 | <1 -5
ﬂ”r"a\ﬁe,cior‘fesf b <2 l‘]‘52> SULNIFY,
but” same T <3,
Per(ock | 1] &, oy <L¥10>
Lo g] -6
(b) f‘:’(t) = s st"lt% L cos Clrgic)>
|20 = [T [ (e, s (EEY = I
RUt)= {~1,-A(4-t)>
R &) = [T+ Hla -2y = [§t*-32£ 7G5
+ ]i‘(t)[ l 2 | 5?6&‘-\:-]\7(‘1:) S (£
O E’E’ 717& 3
L | (2T \ °
Q| 4
32115 n
oot
5 | d5 2
G |17
IRRE
3 | &5 o

(c) Thay both  acrive  whan




sfi.4 Len%H\ of Curves
Def The arc length.  of the curve 7)) fraversed

once Psr a2t = bH s

L= 52 1r) | dt

E_x_.{}_ Find the len of +the curve

T(t) = {2wst |, Asint, Int —é_—-p‘;a> for 12t 22

() = {-R2snt, Aeost ;— — t>
) = [FGsm E reos TE) + (-2 79
=]t + 4+ =
-W
= (t++)
L= 07 (b ) dt
R
=4+ Mm@ - (£ +0)

= & + In(2)

De'p TEL& orc ]ULW Punchon (), %AV&S the len

Hie curve Hraced b\; 2t) ( S‘Farhn% ot +=9)
for L2a, < (&) = 5 17| d =

Recall: gpeeci IS &5 = [R®| where g3) s arc \éh%‘H\.

MNe can ?ammelremaa 0 curve with res ot
to arc len jj Pmd s(t), then so \/m%
for t in tefms o 5( )—ﬁt(s}g Fmal
plu% E() inte FE) +o %@Jr w(s) = (“(t(sl)

T+ a curve B uses oarc Ien%ﬂq as o
par‘am@hﬁr\ then F’(t)lﬁT

% Beca,use %%‘ = —5(%.

Determine £ £(£)= {cost? sint3) | ¢t <

uses arc len as o Paramd-er, € not,
re Por ameteriz with  arc Ieﬂﬂ,{'h

| F(E) = | &atsin(d), Atcos (LY = [ULR(5inled)+ codEe))
=8t #1, so arc ler\%)}"f/k s ot He Paramat@r

5= §¢ Qv dw = vUf = t2- > t=f571 e 3 I0
FCS) = —ﬁ:({:(«5>> = F‘(JB‘?’T >i <C’05(5+1\’ 5[n[_5+13> ) Ofs £77-]




314.5 Curvature and Normal Vectors
Recall' The unit +an

oa;ut‘F vector of R(E) s ?C@; r%zg)k
w kappa
D@‘P vaaﬁw& K‘H:)

me,aswe,s how fast a curve
twens ot o POH" "

/—\ T
bi%%ﬂrK smoller K
[T
KE) = W

T£ T6) and T are Pamma:h&m‘zed by arC l@w
d\T
K (5) =

D@p L(nﬁ‘ noemal vector NG dotermines 1he civection
n which

a curve furns.

N (&) = T (+)

T +)
T (0l m

Ex.6 Show NG and T(#) ~+h | ot all
- Pm?\ws of aansmooHﬂ arfur?vé oqenet ot &

JTU:)I = | (COHS+OH+)J SO }_}—j(tjl& = —]—:(ﬁ) FTJ(.&) = 1
D WD‘P(ZF'@V\'{'I Cl']_(i __[1:( _ d{: [_F(“E‘)- ?[{:}j
O = T(BTE) + T(E)T'(*)
O = QT (E)«T.(£)
O =T(t) T(ﬁ) B
= O = (TPWINEY)s T
O

= mfs-?cé) v
Ex.T Find Hhe uwni+ +angent vechor and cucvature for
T(t) = (£, Inlcos £,

= +om-b
=iy S 1, (2285 T

- tant> _ t —<ind
IS ~ i fantt e Ceesty—sint)
=sec?t —sink /
c,IOS‘t‘ __:r_sl‘n-i:
o5t
ITC )| deesTLrsiniy g
K= =g = = sect
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