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CH 1 (THE BIG PICTURE)

• the linear motion of objects in horizontal, vertical, and 
inclined planes

• the motion of a projectile in terms of components of its 
motion

• objects moving in two dimensions

• predict the motion of an object

• technological devices based on the concepts and principles 
of projectile motion



EQUATIONS

• Instantaneous Acceleration

Ԧ𝑎 = lim
Δ𝑡→0

Δ Ԧ𝑣

Δ𝑡
• Kinematic Equations:

Ԧ𝑎𝑎𝑣 =
Δ Ԧ𝑣

Δ𝑡
=

Ԧ𝑣𝑓 − Ԧ𝑣𝑖

Δ𝑡
Δ Ԧ𝑑 = Ԧ𝑣𝑖Δ𝑡 + 1

2 Ԧ𝑎 Δ𝑡 2

Δ Ԧ𝑑 = 1
2 Ԧ𝑣𝑖 + Ԧ𝑣𝑓 Δ𝑡

𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑎Δ𝑑

Δ Ԧ𝑑 = Ԧ𝑣𝑓Δ𝑡 − 1
2 Ԧ𝑎 Δ𝑡 2



ACCELERATION AND AVERAGE 
ACCELERATION IN ONE DIMENSION

• Acceleration ( Ԧ𝑎) [m/s2]: rate of change of velocity
• Average Acceleration ( Ԧ𝑎𝑎𝑣): change in velocity divided by the time 

interval for that change

Ԧ𝑎𝑎𝑣 =
Δ Ԧ𝑣

Δ𝑡
=

Ԧ𝑣𝑓 − Ԧ𝑣𝑖

Δ𝑡
• Instantaneous Acceleration: acceleration at a particular instant

Ԧ𝑎 = lim
Δ𝑡→0

Δ Ԧ𝑣

Δ𝑡
NOTE: 
• Jerk: the rate of change of acceleration



SAMPLE PROBLEM 1



SAMPLE PROBLEM 1 – SOLUTIONS



SAMPLE PROBLEM 2



SAMPLE PROBLEM 2 – SOLUTIONS



SAMPLE PROBLEM 2 – SOLUTIONS



GRAPHING MOTION WITH 
CONSTANT ACCELERATION

• When data is curved, we need to find the instantaneous 
velocities

• Recall: tangents

https://youtu.be/b3l2TsgpxeM?t=150


GRAPHING MOTION WITH 
CONSTANT ACCELERATION

• From the instantaneous velocities calculated using the 
previous graph, we get the following:



GRAPHING MOTION WITH 
CONSTANT ACCELERATION

• Since the velocity-time graph is a straight line, we can use 
the slope to find acceleration

Ԧ𝑎 = Ԧ𝑎𝑎𝑣 =
Δ Ԧ𝑣

Δ𝑡



SAMPLE PROBLEM 3



SAMPLE PROBLEM 3 – SOLUTIONS



SAMPLE PROBLEM 3 – SOLUTIONS



SOLVING CONSTANT 
ACCELERATION PROBLEMS

• When acceleration is constant, 

Ԧ𝑎 = Ԧ𝑎𝑎𝑣 =
Ԧ𝑣𝑓 − Ԧ𝑣𝑖

Δ𝑡
• Note: this equation excludes displacement

• Displacement is the area under the velocity-time 
graph, which is trapezoidal, so

Δ Ԧ𝑑 = 1
2

Ԧ𝑣𝑖 + Ԧ𝑣𝑓 Δ𝑡



RECALL: KINEMATIC EQUATIONS

• Through substitution, we can derive the other kinematic 
(“suvat”) equations

Variables Involved General Equation Variable Eliminated

Ԧ𝑎, Ԧ𝑣𝑖 , Ԧ𝑣𝑓, Δ𝑡
Ԧ𝑎 =

Ԧ𝑣𝑓 − Ԧ𝑣𝑖

Δ𝑡
Δ Ԧ𝑑

Ԧ𝑎, Ԧ𝑣𝑖 , Δ Ԧ𝑑, Δ𝑡 Δ Ԧ𝑑 = Ԧ𝑣𝑖Δ𝑡 + 1
2 Ԧ𝑎 Δ𝑡 2 Ԧ𝑣𝑓

Ԧ𝑣𝑖 , Ԧ𝑣𝑓, Δ Ԧ𝑑, Δ𝑡 Δ Ԧ𝑑 = Ԧ𝑣𝑎𝑣Δ𝑡
or

Δ Ԧ𝑑 = 1
2 Ԧ𝑣𝑖 + Ԧ𝑣𝑓 Δ𝑡

Ԧ𝑎

Ԧ𝑎, Ԧ𝑣𝑖 , Ԧ𝑣𝑓, Δ Ԧ𝑑 𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑎Δ𝑑 Δ𝑡

Ԧ𝑎, Ԧ𝑣𝑓, Δ Ԧ𝑑, Δ𝑡 Δ Ԧ𝑑 = Ԧ𝑣𝑓Δ𝑡 − 1
2 Ԧ𝑎 Δ𝑡 2 Ԧ𝑣𝑖



SAMPLE PROBLEM 4



SAMPLE PROBLEM 4 – SOLUTIONS



SAMPLE PROBLEM 5



SAMPLE PROBLEM 5 – SOLUTIONS



SAMPLE PROBLEM 6



SAMPLE PROBLEM 6 – SOLUTIONS



SAMPLE PROBLEM 6 – SOLUTIONS



SAMPLE PROBLEM 6 – SOLUTIONS



ACCELERATION IN TWO 
DIMENSIONS

• The same equations for one dimension work for two 
dimensions

Ԧ𝑎𝑎𝑣 =
Δ Ԧ𝑣

Δ𝑡
=

Ԧ𝑣𝑓 − Ԧ𝑣𝑖

Δ𝑡
• We break up the vectors into their components

𝑎𝑎𝑣,𝑥 =
Δ𝑣𝑥

Δ𝑡
=

𝑣𝑓𝑥−𝑣𝑖𝑥

Δ𝑡
𝑎𝑎𝑣,𝑦 =

Δ𝑣𝑦

Δ𝑡
=

𝑣𝑓𝑦−𝑣𝑖𝑦

Δ𝑡



SAMPLE PROBLEM 7



SAMPLE PROBLEM 7 – SOLUTIONS



SAMPLE PROBLEM 7 – SOLUTIONS



SUMMARY

• Average acceleration is the average rate of change of velocity.

• Instantaneous acceleration is the acceleration at a particular instant.

• The tangent technique can be used to determine the instantaneous velocity on a 
position-time graph of accelerated motion.

• The slope of the line on a velocity-time graph indicates the acceleration.

• The area under the line on an acceleration-time graph indicates the change in velocity.

• There are five variables involved in the mathematical analysis of motion with constant 
acceleration and there are five equations, each of which has four of the five variables.

• In two-dimensional motion, the average acceleration is found by using the vector 
subtraction v vf vi divided by the time interval t.



PRACTICE

Readings
• Section 1.2, pg 18

Questions
• pg 30 #1-18


