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Position function

The motion of an object in two dimensions can be directly analyzed by drawing a motion
diagram illustrating velocity vectors with magnitudes and directions drawn to scale.
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The motion of an object in two dimensions can also be re-expressed in terms of two 1-d
descriptions.

An object moving in multiple dimensions casts “shadows” on the coordinate axes. The shadows
undergo simultaneous 1-d motion. The time values that label the actual positions visited by the
object in multi-dimensional space are the same time values that label the corresponding
shadows on the coordinate axes.

When studying kinematics in multiple dimensions, one-dimensional kinematics relationships can
be applied separately to the x coordinate, the y coordinate, etc.

ty
F(6) = (O + (0] x@0+juﬂﬂazx@0
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d
e(8) = = x(0 o) + | ax(@) de = vi(ty)

d2
Ax t) = m x(t)

The definition of instantaneous speed introduced previously for 1-d motion can be extended to
motion in multiple dimensions.

v:=|V| :=\/v§ + vy + V7
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Computing velocity function from position function

- d .
v(t) := ar(t)

d
= d— (O + y(0)]

d
[x(t) i] t4 [)’(t)l]

V() = [ax“)] 1+ 2]

01+ v, 0] =[O+ |2y 0]5

d d
V() = - x(t) vy(6) = y(t)
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Computing acceleration function from velocity function

a(t) := %V(t)
sl o))
=5 ([=o)) + & (el

a(t) = [—x(t)] i + [ y(t)]

d2
ax (Of + ay (t)j = [ x(t)]l+ tzy(t)]i

d2 2
ax(t) = —x(0) ay(0) = 75 ¥(0)
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: Computing position function from velocity function

Ooo

lr

r(t) =r(t;) + J v(t) dt

ti
ty

=r(t) + | |v (O + v, (t)j] dt
| [ex@i+ v,

lr lr

=r1(t;) + J v, (i dt + J vy, (t)j dt

t; t;
tr
j v, (t) dt‘i

]

ty

j v, (t) dt

]

=r(t;) + i+

ty

J

ti

ty

= x(t)i + y(t,)j + v, (t) dt|i+

vy, (t) dt] j

lr

x(t;) + j v, (t) dt

ti

ty
F(t) = i+ |y(t) + j vy () dt}i

ti

lr

j= x(t)+jvx(t)dt

i+

lr
y(t) + j 2, (6) dt‘i

ti

ty ty

x(tr) = x(t;) + J v, (t) dt y(tr) = y(&) + ] v, (t) dt

ti ti
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Computing velocity function from acceleration function

Ooo

lr

v(tr) = V(&) + j a(t) dt

ti
ty

=v(t;) + J lax (O + a, (©)j] dt

lr ty

=v(t;) + j a,(t)ide + j a,(t)jdt

t; t
ty
j ay(t) dt‘ j

ti
ty
J a, (t) dt‘i
ti

ty
v, (&) + j ay,(t) dt‘i

]

lr

j a,(t) dt

ti

= v(t;) + i+

ty

= v, (D1 + v, (£)] + a,(t)dt|i+

ti
ty

v(tr) = lvx(ti) + j a,(t) dt

]

i+

ty

v (t )i+ vy (87 )) = lvx(tl)+ j a,(t) dt

i+

ty
v, (t;) + j ay(t) dt‘i

]
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