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Kinematics of a Particle
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Although each of
these planes is
rather large, from
a distance their
motion can be
modeled as if
each plane were
a particle
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IMPORTANT POINTS

Dynamics is concerned with bodies that 
have accelerated motion

Kinematics is a study of the geometry 
of the motion

Kinetics is a study of the forces that 
cause the motion

Rectilinear kinematics refers to 
straight-line motion
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Speed refers to the magnitude of 
velocity

Average speed is the total distance 
traveled divided by the total time; this 
is different from the average velocity 
which is the displacement divided by 
the time
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The acceleration,              is negative 
when the particle is slowing down or 
decelerating.

A particle can have an acceleration and 
yet have zero velocity
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Example 1

A particle moves along a line with 
position:

x(t) = t³ - 6t² + 9t + 5   (m, t in s)

Tasks:

a) Find the total distance traveled from 
t=0 to t=5 s.

b) Determine acceleration at the critical 
times when velocity is zero.





Step 1. Velocity

v(t) = dx/dt = 3t² - 12t + 9 = 
3(t−1)(t−3)

Turning points where v(t)=0:
t = 1 s, t = 3 s



Step 2. Acceleration

a(t) = dv/dt = 6t - 12

a(1) = -6 m/s² (negative, local maximum)

a(3) = +6 m/s² (positive, local minimum)



Step 3. Positions

Evaluate position at key times:

x(0) = 5 m

x(1) = 9 m

x(3) = 5 m

x(5) = 25 m



Step 4. Distances

Distance traveled in each interval:

0 → 1 s: |9 - 5| = 4 m

1 → 3 s: |5 - 9| = 4 m

3 → 5 s: |25 - 5| = 20 m

Total Distance
= 28 m (Answer)



Notes

• Displacement vs Distance:
displacement = 20 m,
distance = 28 m

• At t=1 s and t=3 s: velocity = 0, 
acceleration changes sign



Displacement, 
Velocity, and 
Acceleration
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Example 2
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Example 3
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737
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