
Speeding up and slowing down

Consider an object moving on a line, with velocity function v(t) and
acceleration function a(t). To say the object is speeding up means that
its speed is increasing; to say it is slowing down means that its speed is
decreasing.

Now the speed at time t is given by

speed(t) = |v(t)| =

{
v(t) if v(t) > 0,

− v(t) if v(t) < 0.

Hence its rate of change is

d

d t
speed =

{
v ′(t) if v(t) > 0,

− v ′(t) if v(t) < 0,

=

{
a(t) if v(t) > 0,

− a(t) if v(t) < 0.

Then
d

d t
speed > 0 if v(t) > 0 and a(t) > 0

or if v(t) < 0 and − a(t) > 0,

that is,

d

d t
speed > 0 if v(t) > 0 and a(t) > 0

or if v(t) < 0 and a(t) < 0.

Similarly,

d

d t
speed > 0 if v(t) > 0 and a(t) < 0

or if v(t) < 0 and − a(t) < 0,

that is,

d

d t
speed < 0 if v(t) > 0 and a(t) < 0

or if v(t) < 0 and a(t) > 0.
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Thus

d

d t
speed > 0 if v(t) and a(t) have the same sign,

d

d t
speed < 0 if v(t) and a(t) have opposite signs.

So this means:

object is speeding up if v(t) and a(t) have the same sign,

object is slowing down if v(t) and a(t) have opposite signs.
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