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Applications of NewtonApplications of Newton ’’s Lawss Laws

� Much of the goal of the discipline of Physics 
is to determine the nature of the forces that 
act on a system. Among the most useful of 
these forces are the following:
� Friction Force (Ff � � FN)

• The force deriving from the Contact of Two Objects

� Centripetal Force ( FC = mv2/r )
• The force deriving from Uniform Circular Motion

� Spring Force ( Fs = -kx )
• The force deriving from a Linear Spring
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Circular Motion ReviewCircular Motion Review

� When we see an object carrying out 
circular motion, we know that there 
must be force acting on the object, 
directed towards the center of the 
circle.

� When you look at the circular 
motion of a ball attached to a 
string, the force is provided by the 
tension in the string.

� When the force responsible for the 
circular motion disappears, e.g. by 
cutting the string, the motion will 
become linear.
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� Magnitude:

� Direction: Centripetal
� � Center Seeking �

Uniform Uniform Circular MotionCircular Motion
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C

The direction of the acceleration vector always points 
toward the center of rotation C (thus the name 
centripetal).  Its magnitude is constant 

and is given by the equation
2

.
v

a
r

=

If we apply Newton’s law to analyze uniform circular motion we conclude that the 
net force in the direction that points toward C must have 

magnitude:                            This force is known as “centripetal force.”
2
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(6-5)

The Centripetal ForceThe Centripetal Force
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Circular Motion ParametersCircular Motion Parameters

� Velocity:
� Magnitude: constant v
� The direction of the velocity is tangent 

to the circle

� Acceleration:
� Magnitude: 
� directed toward the center of the circle 

of motion

� Period: 
� time interval required for one complete 

revolution of the particle
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What provides the Centripetal Force ?What provides the Centripetal Force ?

� Centripetal force is not a new kind of force
� Any force that keeps an object following a circular path

� Centripetal force is a combination of 
� Gravitational force mg:  downward to the ground
� Normal force N: perpendicular to a surface
� Tension force T: along a string and away from object
� Static friction force:  fsmax= µsN
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Example Example -- The Conical PendulumThe Conical Pendulum
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Circular Motion and FrictionCircular Motion and Friction

� Unless a friction force is present you can not 
turn a corner or round a level curve

� A curve that is banked changes the direction of 
the normal force.

� The normal force, which is perpendicular to the 
surface of the road, can provide the force 
required for circular motion.

� You can round a curve even when there is no 
friction if a curve is banked

� only if you drive with the right speed…
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Example Example -- Level CurvesLevel Curves

� The force of static friction directed toward the ce nter 
of the curve keeps the car moving in a circular pat h.
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Example Example -- Banked Roadway CurvesBanked Roadway Curves
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� A car moving at the designated speed 
can negotiate the curve. Such a ramp is 
usually banked, which means that the 
roadway is tilted toward the inside of the 
curve. Suppose the designated speed for 
the ramp is to be 13.4 m/s and the radius 
of the curve is 35.0 m. At what angle 
should the curve be banked?
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Spring ForcesSpring Forces

� In Physics we model all sorts of phenomena 
using the so called spring force, Fs = - k x.
� Simplest case is the spring-mass system
� Can use spring-like forces to model everything

• from electronic circuits to chemistry…
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Simple Harmonic OscillatorSimple Harmonic Oscillator

� Begin with Newton’s law in (linear form)
� F = ma

� Use Hooke’s law for the force
� F = -k(y-y0)

� Construct the differential equation
� md2y/dt2+ky=0

� Substitute the solution y(t)=ymcos(� t+� )*
� -� 2y(t)+(k/m)y(t)=0

� Solve for the angular frequency
� � 2 = k/m

� Express the period of motion
� T = 2�� m/k

SHO System

y0

y0+ym

y0-ym

+Y

y0 is Amount 
spring must 

stretch to balance 
weight…

Choose y0=0 as 
new equilibrium 

point for motion…
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Example Example –– Block w/ SpringBlock w/ Spring

� Problem
� A 2.00-kg package is released on an 

incline, 4.00 m from a spring with 
force constant 120 N/m that is 
attached at the bottom of the incline. 
The coefficients of friction between 
the package and the incline are 
� s = 0.40 and � k = 0.20.

• What is the speed of the package just 
before it reaches the spring?

• What is the maximum compression of the 
spring?


