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Last time

• graphs of kinematic quantities



Overview

• how to solve problems

• the kinematics equations

• derivations and examples



How to solve problems

1 Draw a diagram, sketch, or graph showing the situation in the
question.

2 Make a hypothesis or estimate of what the answer will be.

3 Solve the question or problem:
a Here, it’s a ‘problem’ -

i Write out quantities given in question and quantity asked for.
ii Write out the equation(s) you will use. (Start from equations we

have discussed in class.)
iii Do any required algebra.
iv Plug in givens and solve.
v Check units.

4 Analyze answer as appropriate.

a Compare answer to hypothesis - if it is not the same try to
explain why.

b Is your answer reasonable? / Compare to other things your are
familiar with.

c Consider limits or special cases.



Now You Try It

A car is traveling along a straight road at 11 m/s and accelerates
at a constant rate of 1.8 m/s2. How long does it take to reach a
speed of 20 m/s?



Kinematics Equations

For an object moving with constant acceleration, we can derive
equations that we will be able to use to solve problems.

First we will consider objects moving in a straight line (1-D
kinematics), but the equations are useful in 2 or 3 dimensions also.



Vector Equations vs Scalar Equations
I will write the kinematics equations in vector form, for example:

#   »

∆x = #»v t

since displacement and velocity are vector quantities.

However, we are looking only at 1-dimension for the moment. We
know the displacement will be either in the positive or negative x
direction (±̂i direction).

What we can do, is write this equation instead as a scalar equation
by factoring out the unit vectors from each side:

∆x =

In that last expression, ∆x and vx are the signed magnitudes of the
#   »

∆x and #»v vectors.

That is, ∆x and vx can be positive or negative.
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The Kinematics Equations

For constant acceleration:

#»v = #»v 0 +
#»a t

#   »

∆x =
#»v 0 +

#»v

2
t

#   »

∆x = #»v 0t +
1

2
#»a t2

#   »

∆x = #»v t −
1

2
#»a t2

v2x = v20x + 2 ax ∆x

For zero acceleration:

#   »

∆x = #»v t



The Kinematics Equations: the “no-displacement”
equation

From the definition of average acceleration:

#»a avg =

#   »

∆v
∆t

#   »

∆v = #»v − #»v 0

and starting at time t = 0 means ∆t = t − 0 = t.

For constant acceleration #»a avg =
#»a , so #»a =

#»v − #»v 0
t

#»v (t) = #»v 0 +
#»a t (1)

where v0 is the velocity at t = 0 and #»v (t) is the velocity at time t.
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The Kinematics Equations: the “no-acceleration”
equation

IF the acceleration of an object is constant, then the velocity-time
graph is a straight line,
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average acceleration, Equation 2–5, we have

where the initial and final times may be chosen arbitrarily. For example, let 
for the initial time, and let denote the velocity at time zero. For the final
time and velocity we drop the subscripts to simplify notation; thus we let 
and With these identifications we have

Therefore,

or

Constant-Acceleration Equation of Motion: Velocity as a Function of Time

2–7

Note that Equation 2–7 describes a straight line on a v-versus-t plot. The line
crosses the velocity axis at the value and has a slope a, in agreement with the
graphical interpretations discussed in the previous section. For example, in curve
I of Figure 2–9, the equation of motion is 
Also, note that has the units thus each term in
Equation 2–7 has the same dimensions (as it must to be a valid physical equation).

EXERCISE 2–2
A ball is thrown straight upward with an initial velocity of If the acceleration
of the ball is what is its velocity after

a. 0.50 s, and b. 1.0 s?

Solution

a. Substituting in Equation 2–7 yields

b. Similarly, using in Equation 2–7 gives

Next, how far does a particle move in a given time if its acceleration is con-
stant? To answer this question, recall the definition of average velocity:

Using the same identifications given previously for initial and final times, and let-
ting and we have

Thus,

or

2–8

Now, Equation 2–8 is fine as it is. In fact, it applies whether the acceleration is
constant or not. A more useful expression, for the case of constant acceleration, is
obtained by writing in terms of the initial and final velocities. This can be done
by referring to Figure 2–13 (a). Here the velocity changes linearly (since a is

vav

x = x0 + vavt

x - x0 = vav1t - 02 = vavt

vav =
x - x0

t - 0

xf = x,xi = x0

vav = ¢x
¢t =

xf - xi

tf - ti

v = 8.2 m/s + 1-9.81 m/s2211.0 s2 = -1.6 m/s

t = 1.0 s

v = 8.2 m/s + 1-9.81 m/s2210.50 s2 = 3.3 m/s

t = 0.50 s

-9.81 m/s2,
+8.2 m/s.

1m/s221s2 = m/s;1-0.5 m/s22t v = v0 + at = 11 m/s2 + 1-0.5 m/s22t.v0

v = v0 + at

v - v0 = a1t - 02 = at

aav =
v - v0

t - 0
= a

vf = v.
tf = t

vi = v0

ti = 0

aav =
vf - vi

tf - ti
= a

v

vav=   (v0 + v)

v

v0

O
t

t

t

1
2

v

vav

v

v0

O
t

(a)

(b)
▲ FIGURE 2–13 The average velocity
(a) When acceleration is constant, the
velocity varies linearly with time. As a
result, the average velocity, is simply
the average of the initial velocity, and
the final velocity, v. (b) The velocity
curve for nonconstant acceleration is
nonlinear. In this case, the average
velocity is no longer midway between
the initial and final velocities.

v0,
vav,
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Area under graph is
the displacement!

Area of a trapezoid:

A =
1

2
(b1 + b2)h

#   »

∆x =

(
#»v 0 +

#»v

2

)
t (2)



Average Velocity

Average of a function (math)

The average value of a function over an interval from t1 to t2 is

favg =
1

t2 − t1

[
Area under f (t) from t1 to t2

]
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#»v avg =
1

t

[ #   »

∆x
]

#»v avg =
1

2
( #»v 0 +

#»v )



Average Velocity

IF the acceleration of an object is not constant, and the
velocity-time graph is NOT a straight line,

30 CHAPTER 2 ONE-DIMENSIONAL KINEMATICS

average acceleration, Equation 2–5, we have
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is the average velocity 1
2(

#»v 0 +
#»v )?

No.



Average Velocity
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is the average velocity 1
2(

#»v 0 +
#»v )? No.



The Kinematics Equations: the “no-final-velocity”
equation

Using the equation
#   »

∆x =

(
#»v 0 +

#»v

2

)
t

and the equation
#»v = #»v 0 +

#»a t

replace #»v in the first equation.

#   »

∆x =

(
#»v 0 + ( #»v 0 +

#»a t)

2

)
t

= #»v 0t +
1

2
#»a t2

For constant acceleration:

#»x (t) = #»x 0 +
#»v 0t +

1

2
#»a t2 (3)



Example 2-6, page 34
A drag racer starts from rest and accelerates at 7.40 m/s2. How
far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Sketch:

2–5 MOTION WITH CONSTANT ACCELERATION 33

EXAMPLE 2–6 Put the Pedal to the Metal
A drag racer starts from rest and accelerates at How far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Picture the Problem
We set up a coordinate system in which the drag racer starts
at the origin and accelerates in the positive x direction. With
this choice, it follows that and Also,
since the racer starts from rest, its initial velocity is zero,

Incidentally, the positions of the racer in the sketch
have been drawn to scale.
Strategy
Since this problem gives the acceleration, which is constant,
and asks for a relationship between position and time, we
use Equation 2–11.

Solution
Part (a)

1. Evaluate Equation 2–11 with and 

Part (b)

2. From the calculation in part (a), Equation 2–11 reduces 
to in this situation. Evaluate at 

Part (c)

3. Repeat with 

Insight
This Example illustrates one of the key features of accelerated motion—position does not change uniformly with time when an
object accelerates. In this case, the distance traveled in the first two seconds is 4 times the distance traveled in the first second,
and the distance traveled in the first three seconds is 9 times the distance traveled in the first second. This kind of behavior is a
direct result of the fact that x depends on when the acceleration is nonzero.

Practice Problem
In one second the racer travels 3.70 m. How long does it take for the racer to travel 
[Answer: ]

Some related homework problems: Problem 44, Problem 59

t = 22 s = 1.41 s
213.70 m2 = 7.40 m?

t2

 = 1
217.40 m/s2213.00 s22 = 33.3 m = 913.70 m2 x = 1
2 at2t = 3.00 s:

 = 1
217.40 m/s2212.00 s22 = 14.8 m = 413.70 m2t = 2.00 s:x = 1

2 at2x = 1
2 at2

 x = 1
2 at2

 x = 1
217.40 m/s2211.00 s22 = 3.70 m

 x = x0 + v0t + 1
2 at2 = 0 + 0 + 1

2 at2 = 1
2 at2t = 1.00 s:a = 7.40 m/s2

v0 = 0.

a = +7.40 m/s2.x0 = 0

7.40 m/s2.

x

t = 0.00 t = 2.00 s t = 3.00 st = 1.00 s

O

Figure 2–15 shows a graph of x versus t for Example 2–6. Notice the parabolic
shape of the x-versus-t curve, which is due to the term, and is characteristic of
constant acceleration. In particular, if acceleration is positive then a plot
of x-versus-t curves upward; if acceleration is negative a plot of x-versus-
t curves downward. The greater the magnitude of a, the greater the curvature. In
contrast, if a particle moves with constant velocity the dependence van-
ishes, and the x-versus-t plot is a straight line.

Our final equation of motion with constant acceleration relates velocity to
position. We start by solving for the time, t, in Equation 2–7:

Next, we substitute this result into Equation 2–10, thus eliminating t:

Noting that we have

x = x0 +
v2 - v0 

2

2a

1v0 + v21v - v02 = v0v - v0
 2 + v2 - vv0 = v2 - v0

 2,

x = x0 + 1
21v0 + v2t = x0 + 1

21v0 + v2a v - v0

a
b

v = v0 + at or t =
v - v0

a

t21a = 021a 6 02,1a 7 02,1
2 at2

10

20

30

Po
si

tio
n,

 x
 (m

)

Time, t (s)

40

2O 1.50.5 1 32.5 3.5

▲ FIGURE 2–15 Position versus time for
Example 2–6
The upward-curving, parabolic shape of
this x-versus-t plot indicates a positive,
constant acceleration. The dots on the
curve show the position of the drag racer
in Example 2–6 at the times 1.00 s, 2.00 s,
and 3.00 s.
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Hypothesis:

• For part (a) the car will have travelled 3.7 m in part (a)
because after one second the car will be moving at 7.40 m/s,
but its average velocity will be less.

• The car will have travelled more than twice as far for part (b)
as for part (a).

• The answer for part (c) will be greater than part (b).

1Walker “Physics”, pg 33.
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contrast, if a particle moves with constant velocity the dependence van-
ishes, and the x-versus-t plot is a straight line.

Our final equation of motion with constant acceleration relates velocity to
position. We start by solving for the time, t, in Equation 2–7:

Next, we substitute this result into Equation 2–10, thus eliminating t:

Noting that we have

x = x0 +
v2 - v0 

2

2a

1v0 + v21v - v02 = v0v - v0
 2 + v2 - vv0 = v2 - v0

 2,

x = x0 + 1
21v0 + v2t = x0 + 1

21v0 + v2a v - v0

a
b

v = v0 + at or t =
v - v0

a

t21a = 021a 6 02,1a 7 02,1
2 at2

10

20

30

Po
si

tio
n,

 x
 (m

)

Time, t (s)

40

2O 1.50.5 1 32.5 3.5

▲ FIGURE 2–15 Position versus time for
Example 2–6
The upward-curving, parabolic shape of
this x-versus-t plot indicates a positive,
constant acceleration. The dots on the
curve show the position of the drag racer
in Example 2–6 at the times 1.00 s, 2.00 s,
and 3.00 s.
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Hypothesis:

• For part (a) the car will have travelled 3.7 m in part (a)
because after one second the car will be moving at 7.40 m/s,
but its average velocity will be less.

• The car will have travelled more than twice as far for part (b)
as for part (a).

• The answer for part (c) will be greater than part (b).

1Walker “Physics”, pg 33.



Example 2-6, page 34
A drag racer starts from rest and accelerates at 7.40 m/s2. How
far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Sketch:

2–5 MOTION WITH CONSTANT ACCELERATION 33

EXAMPLE 2–6 Put the Pedal to the Metal
A drag racer starts from rest and accelerates at How far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Picture the Problem
We set up a coordinate system in which the drag racer starts
at the origin and accelerates in the positive x direction. With
this choice, it follows that and Also,
since the racer starts from rest, its initial velocity is zero,

Incidentally, the positions of the racer in the sketch
have been drawn to scale.
Strategy
Since this problem gives the acceleration, which is constant,
and asks for a relationship between position and time, we
use Equation 2–11.

Solution
Part (a)

1. Evaluate Equation 2–11 with and 

Part (b)

2. From the calculation in part (a), Equation 2–11 reduces 
to in this situation. Evaluate at 

Part (c)

3. Repeat with 

Insight
This Example illustrates one of the key features of accelerated motion—position does not change uniformly with time when an
object accelerates. In this case, the distance traveled in the first two seconds is 4 times the distance traveled in the first second,
and the distance traveled in the first three seconds is 9 times the distance traveled in the first second. This kind of behavior is a
direct result of the fact that x depends on when the acceleration is nonzero.

Practice Problem
In one second the racer travels 3.70 m. How long does it take for the racer to travel 
[Answer: ]

Some related homework problems: Problem 44, Problem 59

t = 22 s = 1.41 s
213.70 m2 = 7.40 m?

t2

 = 1
217.40 m/s2213.00 s22 = 33.3 m = 913.70 m2 x = 1
2 at2t = 3.00 s:
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2 at2x = 1
2 at2

 x = 1
2 at2

 x = 1
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 x = x0 + v0t + 1
2 at2 = 0 + 0 + 1

2 at2 = 1
2 at2t = 1.00 s:a = 7.40 m/s2

v0 = 0.

a = +7.40 m/s2.x0 = 0

7.40 m/s2.

x

t = 0.00 t = 2.00 s t = 3.00 st = 1.00 s

O

Figure 2–15 shows a graph of x versus t for Example 2–6. Notice the parabolic
shape of the x-versus-t curve, which is due to the term, and is characteristic of
constant acceleration. In particular, if acceleration is positive then a plot
of x-versus-t curves upward; if acceleration is negative a plot of x-versus-
t curves downward. The greater the magnitude of a, the greater the curvature. In
contrast, if a particle moves with constant velocity the dependence van-
ishes, and the x-versus-t plot is a straight line.

Our final equation of motion with constant acceleration relates velocity to
position. We start by solving for the time, t, in Equation 2–7:

Next, we substitute this result into Equation 2–10, thus eliminating t:

Noting that we have
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▲ FIGURE 2–15 Position versus time for
Example 2–6
The upward-curving, parabolic shape of
this x-versus-t plot indicates a positive,
constant acceleration. The dots on the
curve show the position of the drag racer
in Example 2–6 at the times 1.00 s, 2.00 s,
and 3.00 s.
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Hypothesis:

• For part (a) the car will have travelled 3.7 m in part (a)
because after one second the car will be moving at 7.40 m/s,
but its average velocity will be less.

• The car will have travelled more than twice as far for part (b)
as for part (a).

• The answer for part (c) will be greater than part (b).
1Walker “Physics”, pg 33.



Example 2-6, page 34

A drag racer starts from rest and accelerates at 7.40 m/s2. How
far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Given: a = 7.40 m/s2, v0 = 0 m/s, t.
Asked for: ∆x

Strategy: Use equation
#   »

∆x = #»x (t) − #»x 0 =
#»v 0t +

1

2
#»a t2

(a) Letting the x-direction in my sketch be positive:

∆x = �
��

0
v0 t +

1

2
at2

=
1

2
(7.40 m/s2)(1.00 s)2

= 3.70 m

1Walker “Physics”, pg 33.
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A drag racer starts from rest and accelerates at 7.40 m/s2. How
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Example 2-6, page 34
A drag racer starts from rest and accelerates at 7.40 m/s2. How
far has it traveled in (a) 1.00 s, (b) 2.00 s, (c) 3.00 s?

Use the same equation for (b), (c)

#   »

∆x = #»x (t) − #»x 0 =
#»v 0t +

1

2
#»a t2

(b) ∆x =
1

2
at2

=
1

2
(7.40 m/s2)(2.00 s)2

= 14.8 m

(c) ∆x =
1

2
at2

=
1

2
(7.40 m/s2)(3.00 s)2

= 33.3 m



Example 2-6, page 34

(a) 3.70 m, (b) 14.8 m, (c) 33.3 m

Analysis:
My hypotheses for (a), (b), and (c) were correct.

It makes sense that the distances covered by the car increases with
time, and it makes sense that the distance covered in each one
second interval is greater than the distance covered in the previous
interval since the car is still accelerating.

The distance covered over 3 seconds is 9 times the distance
covered in 1 second.

The car covers ∼ 30 m in 3 s, giving an average speed of ∼ 10 m/s.
We know cars can go much faster than this, so the answer is not
unreasonable.

1Walker “Physics”, pg 33.



The Kinematics Equations: the “no-initial-velocity”
equation

We can build a very similar equation to that last one.
This time we rearrange #»v = #»v 0 +

#»a t to give:

#»v 0 =
#»v − #»a t

And put that into the equation

#   »

∆x =

(
#»v 0 +

#»v

2

)
t

#   »

∆x =

(
( #»v − #»a t) + #»v

2

)
t

= #»v t −
1

2
#»a t2

For constant acceleration:

#»x (t) = #»x 0 +
#»v t −

1

2
#»a t2 (4)



The Kinematics Equations: the “no-time” equation

The last equation we will derive is a scalar equation.

v2x = v20x + 2 ax ∆x (5)

See next lecture for this.



The Kinematics Equations

For constant acceleration:

#»v = #»v 0 +
#»a t

#   »

∆x =
#»v 0 +

#»v

2
t

#   »

∆x = #»v 0t +
1

2
#»a t2

#   »

∆x = #»v t −
1

2
#»a t2

v2x = v20x + 2 ax ∆x

For zero acceleration:

#   »

∆x = #»v t



The Kinematics Equations Summary

For constant acceleration:

#»v = #»v 0 +
#»a t

#   »

∆x =
#»v 0 +

#»v

2
t

#   »

∆x = #»v 0t +
1

2
#»a t2

#   »

∆x = #»v t −
1

2
#»a t2

v2x = v20x + 2 ax ∆x

For zero acceleration:
#»x = #»v t



Summary

• kinematics equations for constant acceleration

• some derivations and an example

First Test next week Thursday, Jan 30.

Homework Walker Physics:

• Ch 2, onward from page 47. Questions: 12, 13; Problems: 49


