m Instantaneous Velocity

If you drive a car 150 km along a straight road in one direction for 2.0 h, the magni-
tude of your average velocity is 75km/h. It is unlikely, though, that you were
moving at precisely 75 km/h at every instant. To deal with this situation we need
the concept of instantaneous velocity, which is the velocity at any instant of time.
(Tts magnitude is the number, with units, indicated by a speedometer; Fig. 2-8.)
More precisely, the instantaneous velocity at any moment is defined as the average
wvelocity during an infinitesimally short time interval. That is, starting with Eq. 2-2,
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we define instantaneous velocity as the average velocity as we let Ar become
extremely small, approaching zero. We can write the definition of instantaneous
velocity, v, for one-dimensional motion as
Ax

v = _\I,'ﬂ‘nﬂ' (2-3)

The notation limy,_,, means the ratio Ax/Af is to be evaluated in the limit of Af
approaching zero.

For instantaneous velocity we use the symbol », whereas for average
velocily we use v, with a bar. In the rest of this book, when we use the term
“velocity,” it will refer to instantaneous velocity. When we want to speak of the
average velocity, we will make this clear by including the word “average.”

Note that the instanianeous speed always equals the magnitude of the
instantaneous velocity. Why? Because the distance and the magnitude of
the displacement become the same when they become infinitesimally small.

If an object moves at a uniform (that is, constant) velocity during a partic-
ular time interval, then its instantaneous velocity at any instant is the same as its
average velocity (see Fig. 2-9a). But in many situations this is not the case. For
example, a car may start from rest, speed up to 50 km/h, remain at that velocity
for a time, then slow down to 20km/h in a traffic jam, and finally stop at its
destination after traveling a total of 15 km in 30 min. This trip is plotted on the
graph of Fig. 2-9b. Also shown on the graph is the average velocity (dashed
line), which is © = Ax/Af = 15km/0.50h = 30km/h.

m Acceleration

An object whose velocity is changing is said to be accelerating. For instance, a
car whose velocity increases in magnitude from zero to 80 km/h is accelerating.
Acceleration specifies how rapidly the velocity of an object is changing.

Average acceleration is defined as the change in velocity divided by the
time taken to make this change:

change of velocity

average acceleration = .
time elapsed

In symbols, the average acceleration, a, during a time interval Ar =, — 1, over
which the velocity changes by Av = v, — v, is defined as
U: - Ul Af‘
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a=

(2-4)

Acceleration is also a vector, but for one-dimensional motion, we need only use
a plus or minus sign to indicate direction relative to a chosen coordinate system.

R s e
70 80 2
- (o

\'\
" 60

120 NN\
7o O8RS
[WPH Ba no~-

180" L
200 120_
130
- sty J

)

FIGURE 2-8 Car speedometer
showing mi/h in white. and km/h in
orange.

Instantancous velocity

FIGURE 2-9 Velocity of a car as a
function of time: (a) at constant
velocity; (b) with varying velocity.
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