
Chapter 2 

Motion along a straight line 



2.2 Motion 

• Kinematics: the study of motion 

without regard to the cause 

 

• Ideal case 
 

• Particle model: point particle 

represents object under consideration 

 

• 1D motion 

 

• Rigid bodies: approximated as a point 

particle  

 

 

 

An example of a point mass graphed 

on a grid. The grey mass can be 

simplified to a point mass (the black 

circle). It becomes practical to 

represent point mass as small circle. 

or dot, as an actual point is invisible. 



2.3 Position and displacement 

• The location of an object is usually given in terms 

of a standard reference point, called the origin. 

 

• Positive direction is taken to be the 

direction where the coordinates are 

increasing 

• Negative direction as that where the 

coordinates are decreasing.  

 

• Displacement: Change in position 

 

• For motion along the x direction (horizontal), 

displacement is designated ∆x: 

   

   ∆x = x2 – x1 

 

where x1 and x2 are the initial and final positions 

 

• Displacement is a vector quantity 

 

• Example: Δx = -4 m              object has moved in 

the direction defined as negative by 4 m 



• A common way to describe the 

motion of an object is to show a 

graph of the position as a 

function of time. 

 

 

 

 

 

 
• Average velocity, or vavg, is 

defined as the displacement per 

time interval   

 
• Average velocity has the same 

sign as the displacement 

 

• SI units for velocity: m/s 

 

 

 

 

2.4 Average Velocity and Average Speed 



The magnitude of the slope of the x-t graph yields the average velocity  

Here, the average velocity is:  

2.4 Average Velocity 



2.4 Average Speed 

• Average speed: ratio of the total 

distance traveled to the total time 

duration  

 

• Scalar quantity -- does not carry any 

sense of direction 



Example: displacement 



Example: time interval 



Example: average velocity 



2.5: Instantaneous Velocity & Speed 

• Instantaneous velocity: velocity of a 

particle at a particular instant 

 

• Here Dt approaches a limiting value:  

 

 

 

 

 

 

• v (instantaneous velocity) : slope of 

the tangent (derivative) of the 

position-time graph at that particular 

instant of time 

 

• Vector quantity -- has with it an 

associated sense of direction 



Clicker question 

• The figure shows position vs time graphs for 

four objects. Which starts slowly and then 

speeds up? 

A. B. C. D. 



Derivatives: 

• In calculus, the derivative yields the result of the limiting 

procedure. 

 

– Derivatives of polynomial functions are straightforward: 

 

 

 

 

– Other common derivatives include the trig functions:  

  

d bt n 
dt

 bnt n1

  

d sin bt 
dt

 bcosbt

d cosbt 
dt

 bsin bt

2.5: Instantaneous Velocity and Speed 



Example: instantaneous velocity 



2.6: Average and instant accelerations 

• Average acceleration: change in velocity per change in time. As such,  

 

 

 

 

 

• The velocity is v1 at time t1, and the velocity is v2 at time t2  

 

• The instantaneous acceleration is defined as:  

 

 

• In terms of the position function, the acceleration can be defined as: 

 

 

 

 

 

• SI units for acceleration: m/s2 

 

 

  
a  lim

Dt0

Dv

Dt


dv

dt



Position, velocity, and acceleration: 

Individual values of position, 

velocity, & acceleration not 

related: 

 

• Velocity depends on the 

time rate of change of 

position 

 

• Acceleration depends on 

the time rate of change of 

velocity 

 

• An object can be at position 

x = 0 and still be moving 

 

• An object can have zero 

velocity and still be 

accelerating At the peak of its trajectory, 

a ball has an instantaneous zero 

velocity, but is still experiencing 

acceleration. 

2.6: Average and instant accelerations 

Acceleration is the slope of the 
velocity vs time graph 



2.6: Average and instant accelerations 

• If a particle has the same sign for velocity and 

acceleration, then that particle is speeding up.  

 

• Conversely, if a particle has opposite signs for the 

velocity and acceleration, then the particle is slowing 

down. 

 
• 1D Kinematics Simulations: 

http://www.physicsclassroom.com/mmedia/#kinema 

 

• Our bodies often react to accelerations but not to 

velocities. 

 

• A fast car often does not bother the rider 

• A sudden brake is felt strongly by the rider  

• Common in amusement car rides, where the 

rides change velocities quickly to thrill the 

riders. 

 

• The magnitude of acceleration falling near the Earth’s 

surface is 9.80 m/s2; often referred to as g. 

Colonel J. P. Stapp in a rocket sled, which 

undergoes sudden change in velocities.  

http://www.physicsclassroom.com/mmedia/


Example: acceleration 



2.7: Constant acceleration 

When the acceleration is constant, its average and instantaneous values are the same. 

 

                  …… (1) 

 

 
Here, velocity at t=0 is vo 

 

 

Similarly, , which     

 

 

 

Finally leading to                   ….. (2)  

 

 

Eliminating t from the Equations (1) and (2):  

 

      ….. (3) 

 

 



• When acceleration is constant, 

position, velocity, acceleration, & 

time are related by: 

 

 

 

 

 

 

 

• For which,  x0, v0 are initial 

values at time t = 0; x and v are 

the values at an arbitrary time, t 

 

Constant acceleration: 

• Velocity is a linear 
function of time 

• Position is a quadratic 
function of time 
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2.7: Constant acceleration 



 
• Integrating constant 

acceleration graph for 

a fixed time duration 

yields values for 

velocity graph during 

that time. 

 

• Similarly, integrating 

velocity graph will 

yield values for  

position graph. 

2.7: Constant acceleration 



Clicker question 

• A speeding motorist zooms past a stationary police car, 

which then heads after the speeder. The police car starts 

with zero velocity and is going at twice the car’s velocity 

when it catches up to the car. So at some intermediate 

instant the police car must be going at the same velocity as 

the speeding car. When is that instant? 

 

A. Closer to the time when the police car starts chasing 

 

B. Closer to the time when the police car catches the 

speeder  

 

C. Halfway between the times when the two cars coincide 



Example: constant acceleration 



2.9: Free-Fall Acceleration 

Free fall: In vacuum, all objects close to the Earth’s surface 

fall towards the Earth’s surface  with the same constant 

acceleration. 

 

The acceleration of gravity at any point is exactly the same 

for all objects, regardless of mass. 

 

Use the constant acceleration model with “a” replaced by “-g”, 

where g = 9.8 m/s2 is essentially constant for motion close to 

the Earth’s surface. 

 

In vacuum, a feather and an apple will fall at the same rate. 

 

Demo: 
http://www.youtube.com/watch?v=PE81zGhnb0w&feature=related 

 

Therefore the equations for constant acceleration apply: 

In a coordinate system with y axis upward, they read 
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http://www.youtube.com/watch?v=PE81zGhnb0w&feature=related
http://www.youtube.com/watch?v=PE81zGhnb0w&feature=related


Example: free fall 



Example: free fall 

• A ball is thrown straight up at 7.3 m/s, 

leaving your hand 1.5 m above the 

ground.  Find the maximum height and 

time when it hits the floor. 

– At the maximum height the ball is 

instantaneously at rest (even though it’s 

still accelerating).   

– Solving the last equation with  

v = 0 yields the maximum height:  

  

0  v
0

2  2g y  y
0 

or

y  y
0


v
0

2

2g
 1.5 m 

7.3 m/s 
2

2  9.8 m/s2 
 4.2 m

• Setting y = 0 in the third equation gives a 
quadratic in time; the result is the two 
values for the time when the ball is on the 
floor: 
t = –0.18 s, t = 1.7 s 

• The first answer tells when the ball would 
have been on the floor if it had always 
been on this trajectory; the second is the 
answer we want. 



Clicker question 

• Standing on a roof, you simultaneously 

throw one ball straight up and drop another 

from rest. Which hits the ground moving 

faster?  

 

A. The ball dropped from rest 

B. The ball thrown straight up 



2-10: Graphical integration in motion analysis 

Starting from: 

   

We obtain: 

 
Let vo = velocity at time t =0 

      v1 = velocity at time t = t1 

 
Note that:  

 

 

 

 
Similarly, we obtain  

 
Let xo = position at time t = 0 

      x1 = position at time t = t1 



Example: graphical solution 



Summary 
• Position, velocity, and acceleration are the fundamental quantities 

describing motion. 

– Velocity is the time rate of change of position. 

– Acceleration is the time rate of change of velocity. 

• When acceleration is constant, simple 
equations relate position, velocity, 
acceleration, and time. 

• An important case is the acceleration 
due to gravity near Earth’s surface. 

• The magnitude of the gravitational 
acceleration is g = 9.80 m/s2 
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