LECTURE #7 —- SUMMARY

Let's consider an arbitrary position vector, r(t). trajectory = path of object in space

Position: T (t) = x(t)i + y(t)j + z(t)k

T (t+at)
Displacement: Ar(t)=r(t+ At)-r(t)

Average velocity:
g _Ar(t) _rlt+At)—r(t) _ 1 {[ X(t+ At)

o= "5t R X()] + [y(t+ A0 - Y] + [2(t-+ A - 2(OK]

Instantaneous velocity:

e AF(Y) () x()¢ dy(t) dz(t) - -
V(t)_l@ovvg_l{rﬂ) N v(t) = It i+ ot It kK=v (t)|+vy(t)J+vZ(t)k

Instantaneous acceleration:
V(t+AD) V() _ AV dV(t) _ dv,(t): dv (t)A Lavo(t)

a(t)=Ilima_, =lim = lim
At=0 H9 At-0 At A0 At dt dt dt dt
d®x(t)»  d’y(t)s d*z(t) »
= i + k=a (t)i+a,(t)j+a,(tk
pre e R [(Di+a,(t)]+a,(t)

Now, if the acceleration is constant, then these equations can be simplified.

a(t)=a,i+a,j+ak| where a,a,a, are constant

v (t)=v, +a,(t-t,)
Thus v,(t)=v, +a,(t-t) = [V(t)=V,(t)+a(t-t,)
vz(t):voz +az(t_to)

X(t)=x, +v,, (t—t ) +1a (t-t,)
and y(t)=y,+V, (t—t,)+1a,(t-t,)*> = [F()=F +V (t-t,)+za(t-t,)’
Z(t):Zo+Voz(t_to)+%az(t_to)2

There are a number of aspects of these formulas that relate to the direction of the
trajectory and that are NOT obvious.
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Let's look at the problem in more detail for the case of 2-D motion (i.e. motion in
a plane). We will drop the z components of the equations.

trajectory

(1) Position: F(t) = x(t)i + y(t)j y(t)
Note: This is not like a 1-D plot of x vs. t. Here the
trajectory gives the actual position of the particle in

space. Time is implied, not explicit.

. . dF(t) dX(t)'.\ dy(t)': 2 2
2) Velocity: v(t)= = + =v (t)i+v (t
(2) ity: v(t) gt at gt ) V, (H)i+ v, ()] .
dx() ) (dy(t))? Yy
Magnitude V(t) = ( j +( y ) i
dt dt Vi
. v
Direction 0, = tan‘(—y] X
VX

v is parallel to the trajectory because the slope of the tangent line at time t is
_dy(t) dy(t)/dt v (t)
dx(t) dx(t)/dt v, (t)

an(etangent Iine) SO etangentline = ev

To summarize:
1-D velocity || trajectory,  velocity || position vector
2-D and 3-D velocity || trajectory,  velocity IS NOT || position vector

(3) Acceleration:
_dv(t) _dv,(8); dv, (). d2x(t)?+ d?y(t) »

a(t = =a_ (t)i +a,(t)j
O="0 = o gt 17 ar e Ol
. 2 (dv, (1))’ 2t (d2x(t))
Magnitude? ‘a(t)‘: (M) + ﬂ - dLgt) + d th)
dt dt dt dt
o L[, y
Direction? 0, =tan"| — 2
a, a
04 y
trajectory a,
In general, a NOT || v X

i.e. acceleration is not parallel to the velocity or to
the trajectory.
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