Notes 14.4: Motion in Space: Velocity and Acceleration

Wednesday, July 11, 2007
1:27PM
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Particle moving through space position vectorr(t).

Definition:
o The velocitxvectorv(t) =7'(t).
o The acceleration vectorisa(t) =v'(t) = 7"(t).
o Thespeedisthe normofthe velocity vector. v = l\—/\(t)l

Example 1: The position vector of an object is given by r(t) = t3i +t2j. Firid V,a,vattimet=1
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Example 2: A particle starts movingat positionT (0) = <1,0,0> with initial veIocity\f(O) =i-j+k.lIts
accelerationis a(t) = 4ti + 6tj + k. Find its position attime t.
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Newton's 3 Laws:
1.
2.
3.

<,2,Jf+t+l)z + (J{:)J' + (ycﬂf)k
3 7

—_—
Inertia = -
F=ma (force=massxacceleration)L/ F—)M o
Equal and opposite force = = )
qualand opp Fle) malt

Example 3: An object with a mass m that movesina circular path with constantangular

speed w(omega) has positionvector 7 (.{;) Zacos (o t)l + agi(\(wt)‘j
Findthe force acting on the object.

V()= —@wsm(w’c) [+ aw Ccos (wt)j
;0? (£) =~ aw Cos(wh)i~ aw Sin C“t)J.
FlO7 mal) —maw(cos(uwt)i + s,n(wt)j)

Which directionisthe force pointing?
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~

Force at time tis pointingtoward the origin.

ky“ (Centripetalforce)
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[\7(0513 V, (initial speed
7 (0)= V,cos@i+ V,sinH
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7 (%) = Vo, C0s O1 +6/o cosB *3-6)]'

7 (t) = v,tcos8 + (v, tsin- Jz'@tz*h)d

Examples:
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0 Speedwhenthe particle hitsthe ground?
O Whatisthe maximum elevation of trajectory?
¢ Whenyvelocity=0

Tangential and Normal Components of Acceleration:
We look more closely at the acceleration vectora (t

TangentVectorT(t) = *(-t) z ﬂg) S6 \/(‘t) '\/T('f)
Pl v

Take derivatives:

# &)= T+ 4, T '(x)
Recall: Curvature H=J£_l_=_[____, S UK
L'l v
N= T = 1! = KN
T K /\“C’A,\,, Normal  componeik
* becomes 5?= Y KN
aT,_?—an%wﬁa) componesdt

Acceleration occursinthe osculating plane.
-
m
4

Let'sexpressar, an, in termsofé
Todo this, note:

T AT ('L/ T+v*KN) o
= (T-T) + (KT N) 7w
~—— —

Tis a untt vector
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Example 5: A particle moves with position function r(t) =<t?, t2, t3>. Find ar, an.

() =2, 26,35 >
"”(t 2,2, lst>
-i ri = Y +Y4e +13L° ?_‘&H%tg\
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