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UNIFORM RECTILINEAR MOTION

Motion of a particle with constant velocity: Ԧ𝑣 = 𝑐𝑜𝑠𝑡

At any point, the acceleration is zero: Ԧ𝑎 = 0

𝒙 = 𝒙𝟎 + 𝒗𝒕
∆𝒙 = 𝒗∆𝒕

Position equation of uniform 

rectilinear motion

𝑣 =
∆𝑥

∆𝑡
= tan𝛼 > 0

The slope of the straight line 

represents the velocity of the particle

Let us consider 𝑡1 the initial instant (𝑡1 = 0) and 𝑡2 a generic

instant (𝑡2 = 𝑡), 𝑥0 the abscissa of the initial position and 𝑥2
a generic position (𝑥2 = 𝑥)

CONSTANT VELOCITY

ZERO ACCELERATION

a(t) = 0



UNIFORMLY ACCELERATED RECTILINEAR MOTION

𝑎 = tan𝛼 > 0→accelerated motion

The slope of the straight line represents the 

particle's velocity

Motion of a particle with constant acceleration: Ԧ𝑎 = 𝑐𝑜𝑠𝑡

𝑣 = 𝑣0 + 𝑎𝑡
First fundamental equation:

𝑎𝑚 = 𝑎 =
𝑣 − 𝑣0
𝑡 − 0

Second fundamental equation:

𝑣𝑚 =
𝑥 − 𝑥0
𝑡 − 0

𝑥 = 𝑥0 + 𝑣𝑚𝑡

First kinematics equation



UNIFORMLY ACCELERATED RECTILINEAR MOTION

∆𝑥 = 𝑣0∆𝑡 +
1

2
𝑎∆𝑡2 𝑥 = 𝑥0 + 𝑣0∆𝑡 +

1

2
𝑎∆𝑡2

Second equation of kinematics

𝑎 =
𝑣2 − 𝑣1
𝑡2 − 𝑡1

=
∆𝑣

∆𝑡
→ ∆𝑣 = 𝑎∆𝑡

∆𝑣 = 𝑣2 − 𝑣1 → 𝑣2 = 𝑣1 + ∆𝑣 = 𝑣1 + 𝑎∆𝑡

∆𝑣 = 𝑣 − 𝑣0 → 𝑣 = 𝑣0 + ∆𝑣 = 𝑣0 + 𝑎∆𝑡

A body moving at velocity 𝑣1 at time 

𝑡1 and is accelerated with constant 𝑎, 

it will reach velocity 𝑣2 = 𝑣1 +
𝑎 𝑡2 − 𝑡1 at time 𝑡2

𝑣𝑚 =
𝑣0+𝑣

2

∆𝑥 = 𝑣𝑚∆𝑡 =
1

2
𝑣0 + 𝑣 𝑡 − 𝑡0 =

1

2
𝑣0 + 𝑣 ∆𝑡

𝑣 = 𝑣0 + 𝑎∆𝑡 → ∆𝑥 =
1

2
𝑣0 + 𝑣0 + 𝑎∆𝑡 ∆𝑡 =

1

2
2𝑣0∆𝑡 +

1

2
𝑎∆𝑡2



UNIFORMLY ACCELERATED RECTILINEAR MOTION



UNIFORMLY ACCELERATED RECTILINEAR MOTION

Important mathematical relations

∆𝑣 = 𝑣𝑓 − 𝑣𝑖 = 𝑎∆𝑡

∆𝑥 =
1

2
(𝑣𝑓 + 𝑣𝑖)∆𝑡

∆𝑥 = 𝑣𝑖∆𝑡 +
1

2
𝑎(∆𝑡)2

𝑣𝑓
2 − 𝑣𝑖

2 = 2𝑎∆𝑥Third kinematics equation

Fourth kinematics equation



SPECIAL MOTIONS

Example We are designing an airport. A certain airplane must reach a speed of at least 27.8 m/s before takeoff and can 

accelerate up to 2m/s2. If the runway is 150 m long, can this airplane reach the speed required for takeoff? If not, 

what is the minimum length the runway should have?



SPECIAL MOTIONS

Example Braking distance. Calculate the total stopping distance for an initial speed of 28 m/s and assuming that the 

acceleration of an automobile is a=-6.0 m/s2. Assume that the reaction time is 0.50 s.



FALLING OBJECTS

Ԧ𝑔 = 9.80 𝑚/𝑠2

∆ℎ = ℎ𝑓 − ℎ𝑖 = 𝑣𝑖∆𝑡 +
1

2
𝑔∆𝑡2

ℎ𝑓 − ℎ𝑖 = 𝑣𝑖(𝑡𝑓 − 𝑡𝑖) +
1

2
𝑔(𝑡𝑓 − 𝑡𝑖)

2

1

𝑣𝑓
2 − 𝑣𝑖

2 = 2𝑔∆ℎ 𝑣𝑓
2 = 𝑣𝑖

2 + 2𝑔(ℎ𝑓 − ℎ𝑖) 𝑣𝑓 = 𝑣𝑖
2 + 2𝑔(ℎ𝑓 − ℎ𝑖)

2

ℎ𝑓 = ℎ𝑖 + 𝑣𝑖𝑡𝑓 +
1

2
𝑔𝑡𝑓

2



FALLING OBJECTS

Example Suppose that a ball is dropped from a tower 70 m high. How far will it have fallen after 1 s, 2 s, and 3 s? Assume h is 

positive downward and neglect air resistance.



OBJECTS THROWN UPWARD

y Ԧ𝑔

𝑦𝑖 = 0

𝑦 > 𝑦𝑖
ASCENT

ቐ𝑦 = 𝑣𝑖𝑡 −
1

2
𝑔𝑡2

𝑣 = 𝑣𝑖 − 𝑔𝑡

𝑦𝑖 = 0

𝑡𝑖 = 0 → 𝑡u − 𝑡𝑖 = 𝑡u

𝑣𝑓 = 𝑣𝑦 𝑚𝑎𝑥 = 0
→ Having reached a 

height 𝑦𝑚𝑎𝑥 at time 𝑡
𝑡𝑠 we have 𝑣=0:

ቐ
𝑦𝑚𝑎𝑥 = 𝑣𝑖𝑡u −

1

2
𝑔𝑡u

2

0 = 𝑣𝑖 − 𝑔𝑡u

ቐ𝑦𝑚𝑎𝑥 = 𝑔𝑡u
2 −

1

2
𝑔𝑡u

2

𝑣𝑖 = 𝑔𝑡u

ቐ𝑦𝑚𝑎𝑥 =
1

2
𝑔𝑡u

2

𝑣𝑖 = 𝑔𝑡u

𝑡u =
2𝑦𝑚𝑎𝑥

𝑔

DESCENT

𝑦𝑖 = 𝑦𝑚𝑎𝑥

𝑣𝑖 = 𝑣𝑦 𝑚𝑎𝑥 = 0

𝑦𝑓 = 𝑦𝑖 + 𝑣𝑖𝑡𝑑 −
1

2
𝑔𝑡𝑑

2

0 = 𝑦𝑚𝑎𝑥 −
1

2
𝑔𝑡𝑑

2

𝑡𝑑 =
2𝑦𝑚𝑎𝑥

𝑔

ቐ𝑦 = 𝑦𝑖 + 𝑣𝑖𝑡 +
1

2
𝑎𝑡2

𝑣 = 𝑣𝑖 + 𝑎𝑡

𝑦𝑓 = 0

𝑡𝑖 = 0 → 𝑡𝑑 − 𝑡𝑖 = 𝑡𝑑



FALLING OBJECTS

Example A boy throws a ball from a terrace 4 m high with a speed of 10 m/s upward. Determine:

a. The maximum height reached by the ball

b. The time the ball takes to reach the maximum height

c. The time the ball takes to reach the ground

d. The speed with which the ball reaches the ground





PARABOLIC (OR PROJECTILE) MOTION

∆𝑣 = 𝑣𝑓 − 𝑣𝑖 = 𝑎∆𝑡

∆𝑥 =
1

2
(𝑣𝑓 + 𝑣𝑖)∆𝑡

∆𝑥 = 𝑣𝑖∆𝑡 +
1

2
𝑎(∆𝑡)2

𝑣𝑓
2 − 𝑣𝑖

2 = 2𝑎∆𝑥

AXIS x → 𝑎𝑥 = 0

∆𝑣𝑥 = 0 (𝑣𝑥 = 𝑐𝑜𝑠𝑡)

∆𝑥 = 𝑣𝑥∆𝑡

AXIS y → 𝑎𝑦 = 𝑐𝑜𝑠𝑡

∆𝑣𝑦 = 𝑎𝑦∆𝑡

∆𝑦 =
1

2
(𝑣𝑓𝑦 + 𝑣𝑖𝑦)∆𝑡

∆𝑦 = 𝑣𝑖𝑦∆𝑡 +
1

2
𝑎𝑦(∆𝑡)

2

𝑣𝑓𝑦
2 − 𝑣𝑖𝑦

2 = 2𝑎𝑦∆𝑦





PARABOLIC MOTION

Ԧ𝑎 = Ԧ𝑔

x

y

The ball leaves the table (𝑡 = 0): the ball is subject to gravitational

acceleration:

- 𝑣𝑦 is initially 0, then increases

- 𝑎𝑦 = 𝑔

∆𝑣𝑦 = 𝑎𝑦∆𝑡 → 𝑣𝑦 = −𝑔𝑡

Vertical displacement (y) → ∆𝑦 = 𝑣𝑖𝑦∆𝑡 +
1

2
𝑎𝑦(∆𝑡)

2 → ∆𝑦 = −
1

2
𝑔(∆𝑡)2 (setting yi=0)



PARABOLIC MOTION

x

y

Here the velocity has a vertical 

component viy

The body is launched with an initial velocity 𝑣𝑖 → this forms an angle 𝜃 with the horizontal axis:

𝑣𝑖𝑥 = 𝑣𝑖𝑐𝑜𝑠𝜃 and 𝑣𝑖𝑦 = 𝑣𝑖𝑠𝑖𝑛𝜃

The angle 𝜃 is called the angle of elevation.

During the flight, the only force acting is the 

weight force: ax=0 and vx=const

Vy is initially positive, decreases during the 

ascent, becomes zero at the maximum height, 

and finally increases in magnitude during the 

descent, but with a negative direction.





PARABOLIC MOTION

Example

A catapult launches a 32 kg stone with a speed of 50.0 m/s at an elevation angle of 30.0°. A) What is the maximum 

height reached by the stone? B) What is the flight time (the time interval during which the projectile remains in the 

air before falling back to the ground)? C) What is its range (the horizontal distance traveled by the projectile before 

falling back to the ground)?





UNIFORM CIRCULAR MOTION

Definition of angular displacement: ∆𝜃 = 𝜃𝑓 − 𝜃𝑖

Definition of average angular velocity: 𝜔𝑚 =
∆𝜃

∆𝑡

Definition of instantaneous angular velocity: 𝜔 = lim
∆𝑡 →0

∆𝜃

∆𝑡

In many situations the most convenient measure of angle is the radian.

𝜃 𝑖𝑛 𝑟𝑎𝑑𝑖𝑎𝑛 =
𝑠

𝑟
𝜃 =

𝑠

𝑟
=

2𝜋r

𝑟
= 2𝜋𝑟𝑎𝑑 360° = 2𝜋𝑟𝑎𝑑



A particle moving with uniform circular motion has a velocity with constant magnitude, while its direction changes over time: 

at every instant of time, the direction of the instantaneous velocity is in fact tangent to the circular trajectory

Since the direction of the particle’s velocity changes continuously, 

the particle must possess a non-zero acceleration



UNIFORM CIRCULAR MOTION

Portion of a circular trajectory of radius

𝑟, along which a point-like body moves

with uniform circular motion. At the 

points considered, the two velocity

vectors are tangent to the trajectory

and have the same magnitude

As the time interval between the 

two positions considered

becomes progressively smaller, 

the two position vectors become

increasingly close

Ԧ𝑎 = lim
∆𝑡→0

∆ Ԧ𝑣

∆𝑡

We determine the change in velocity

∆𝑣 over a small time interval. When

∆𝑡 → 0, the angle between the two

vectors tends to 0 and ∆𝑣 becomes

perpendicular to the velocity itself.

∆𝑣 is directed along the radius of the 

circumference and oriented toward

the center



UNIFORM CIRCULAR MOTION
Ԧ𝑎 = lim

Δt→0

Δ𝑣

Δt

𝑎 has the same direction and orientation as ∆𝑣→ therefore, the acceleration will also

be radially directed toward the center of the circumference:

The acceleration of a body moving with uniform circular motion is called radial

acceleration 𝑎𝑟 or centripetal acceleration
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