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x (m) For a displacement along the x-axis, an object’s average x-velocity

400

U,y €quals the slope of a line connecting the corresponding points

on a graph of position (x)
versus time (7).
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v, = llm — = — (instantaneous x-velocity, straight-line motion)
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As the average x-velocity v, is calculated ... 1ts value v, , = Ax/Af approaches the The instantaneous x-velocity v, at any
over shorter and shorter time intervals ... instantaneous x-velocity. given point equals the slope of the tangent

to the x-f curve at that point.
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For a displacement along the x-axis, an object’s average x-acceleration

Uy
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Uy S

x equals the slope of a line connecting the corresponding points on a
graph of x-velocity (v,) versus time (7).

AUx: Uy = Uiy

e Slope of tangent to v,-f curve at a given point

= instantaneous x-acceleration at that point.
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Slope zero: v, = 0
Curvature downward: a, < 0
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X _Slope negative:

ey C v, < 0

i Curvature upward:
D: a, >0

"
-

‘_"'E

‘i -

“* Slope negative: v, < 0
Curvature zero: a, = 0
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Slope positive: v, = 0
Curvature zero: a, = 0

Slope positive: v, = 0
Curvature upward: a, > 0 Yoo Ly

-
I.#
"

“ppant

i,

The greater the curvature (upward or downward) of
an object’s x-f graph, the greater is the object’s

acceleration in the positive or negative x-direction.
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Forward Primal Trace

Forward Tangent (Derivative) Trace
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v Yy =1s = 11.652 v 1 = U5 = 5.5
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Forward Primal Trace Reverse Adjoint (Derivative) Trace
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Constant x-acceleration: a,-f graph
is a horizontal line (slope = 0).
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Area under a,-f graph = v, — v,

= change in x-velocity from time 0 to time .
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Constant During time
x-acceleration: interval 7. the
vyt graph is a x-velocity changes
X gyt :
straight line. P U — U =
.o by vy — Uy = Gyt.
v,
Uy
(0]

Total area under v,-f graph = x — x
= change in x-coordinate from time 0 to time ¢.

(constant x-acceleration only)
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The graph with constant x-acceleration:
X =xg+ Voot + Ha,t?

»The effect of
~ x-acceleration:
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The graph we would get
"+ with zero x-acceleration:
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Position P of a particle
at a given time has

S .

coordinates x, y, Z.
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Position vector of point P
has components x, y, z:
F=xt+yj+ zk.
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A-B equals A(B cos ¢).

+ A and

(Magnitude of A X ﬁ) equals A(B sin ¢).
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y
Position P of a particle
at a given time has
Y¢. _coordinates x, y, Z.

—

Position vector of point P
has components x, y, z:
F=xi+y + zk.
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Displacement

v/....vector AF points
from P; to P;.
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Particle’s path
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The instantaneous velocity vector U
1s always

tangent to the path.

Particle’s path in
the xy-plane

O| v;and v, are the x- and y-

components of v.
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