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Components of Vectors:

Length (Magnitude)
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Vector Multiplication
Scalar product
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t = 0   beginning of the process
x = 0  is arbitrary; can set where you want it
x0 = x(t=0);  position at t=0; do not mix with the origin

v (t) = 0   x does not change x(t) - x0 = 0
v0 = 0 v(t) = at; x(t) - x0 = at2/2
a = 0 v(t) = v0; x(t) - x0 = v0 t

a ≠ 0 v(t) = v0 + at; x(t) - x0 = v0 t +at2/2
help: t = (v - v0)/a x - x0 = ½(v 2- v0

2)/a
a = (v - v0)/t x - x0 = ½ (v + v0 )t

Acceleration and velocity are positive in the same 
direction as displacement is positive 

What does zero mean ?
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Projectile Motion; General Case
Horizontal motion

Vertical motion

Trajectory and horizontal range
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Last Lecture: Projectile Motion
Horizontal motion Vertical motion
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Newton’s Laws
I. If no net force acts on a body, then the body’s velocity cannot 

change.
II. The net force on a body is equal to the product of the body’s 

mass and acceleration.
III. When two bodies interact, the force on the bodies from each 

other are always equal in magnitude and opposite in direction 
(F12 = -F 21)

Force is a vector
Force has direction and magnitude
Mass connects Force and acceleration;
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Uniform Circular Motion

Centripetal acceleration

PeriodPeriod
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Gravitational Force: mg
down to the ground

Tension Force: T
along the string

Normal Force: N
perpendicular to the support

Static Friction Force
maximum value Ffr

max = µstN

ma = N – mg
ma = mv2/R

mac = mv2/R = ΣF
(all forces along the direction towards the center)
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Kinetic Energy:

Potential Energy:
• Gravitation:

• Elastic (due to spring force):

y

mg
2

1 U K

Conservation of 
Mechanical Energy
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Kinetic Energy:

Potential Energy:
• Gravitation:

• Elastic (due to spring force):

K = 0

Conservation of 
Mechanical Energy

1

U = 02

U K
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Examples for Energy Conservation
Kinetic Energy changes
Gravitational Potential Energy
Elastic Potential Energy
__________________________________
Total Mechanical Energy = Const.

+
+

Wfriction

Kf - Ki  = W = mgy - |Wfriction|

Ef - Ei  = -|Wfriction|=fk⋅d ⋅cos180 ° =-mg µ⋅ d ⋅ cos18°
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Linear Momentum

Particle:

System of  Particles:

Extended objects:
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Collision of two particle-like bodies

Review 3 Andrei Sirenko, NJIT 16

Completely Inelastic Collision
Collisions in 1D

Conservation of Linear 
Momentum works !

Half the original 
Kinetic Energy


