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Kinematics

I. General Definitions:

Average quantities:

vavg =
∆x

∆t

aavg =
∆v

∆t

Instantaneous quantities:

v =
dx

dt

a =
dv

dt

II. Five Kinematics Equations: To use, acceleration must be constant: a = aavg =
∆v

∆t

1. v1 = v0 + at

2. ∆x = 1
2 (v0 + v)t

3. v21 = v20 + 2a∆x

4. ∆x = v0t+
1
2at

2

5. ∆x = vf t− 1
2at

2

1



Practice Problems

1. The position of a particle is given by x(t) = 3.0t + 0.5t3m. (a) Find the instantaneous
velocity at t = 2.0s. (b) Calculate the average velocity between t= 1.0 s and t= 3.0 s.

2. Beaker rolls a bowling ball up a slope at 2.0 m/s. It travels 2.7 m, comes to a stop and
rolls back down. What is the bowling ball’s entire time of travel?
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III. Projectile Motion:

The simplest case of projectile motion: tup = tdown, vup = vdown

Consider an object projected with an initial velocity v0 at an angle θ with the horizon-
tal surface. The components of initial velocity, in the x and y directions respectively, are:

v0x = v0 cos θ

v0y = v0 sin θ

In the absence of air resistance, the projectile experiences constant-velocity motion in the
x-direction and constant-acceleration motion in the y-direction:

ax = 0

ay = −g

Try to memorize these formulas, but you must know how to derive them

• Time of travel t =
2v0 sin θ

g

• Maximum height of projectile h =
v20 sin

2 θ

2g

• Range of projectile R =
2v20 sin θ cos θ

g
=

v20 sin 2θ

g

Other Useful Facts: (Bonus: Prove that these are true!)

1. The maximum range of a projectile is achieved at a projection angle of 45◦.

2. The range of the projectile is the same for any two projection angles that sum to 90◦.
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Practice Problems

A cannon A is at the edge of a cliff with a 800 m drop. Cannon B is on the ground below the
cliff and 600 m horizontally away from it. Cannon A shoots a cannonball directly towards
cannon B at 60 m/s . Cannon B shoots a cannonball directly towards cannon A at 40 m/s.
Will the two cannonballs hit each other in midair?
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IV. Graphing:

Use facts about slope and area, e.g. velocity time graph is slope of position time graph.

Practice Problems
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