
Applying Newton’s Laws 
By Austin Keller 
 
Newton’s Laws describe when forces and a net force are and are not acting on bodies. In this unit 
we learn about forces when a body is in equilibrium, when it isn’t in equilibrium, the force of 
friction, and forces in circular motion. 
 
Using Newton’s First Law: Particles in Equilibrium 
 Equilibrium means an object is at rest or moving with constant velocity 
 Net Force is the vector sum of all forces acting on a body 
For equilibrium, the net force must be zero: 
 ∑F = 0 or in components ∑Fx = 0 AND ∑Fy = 0  
Using Newton’s Second Law: Dynamics of Particles 
 Apparent Weight is the weight a body feels it has; it can be more or less than the  
 body’s actual weight due to accelerations or different gravitational forces acting 
 Normal Force is the force exerted by a surface on a body it is in contact with; this  
 force acts perpendicular to the surface 
Newton’s Second Law states ∑F = ma or in components ∑Fx = max AND ∑Fy = may  
ma is not a force; it is the result of other forces, but ma itself is not a push or pull 
If you wish to include acceleration and/or velocity in your free-body diagram it must go on the 
side of the body, not attached to the object 
A scale will read the normal force it applies to a body on it and tells the apparent weight of that 
object; with acceleration in the y-direction (vertical) the normal force and therefore apparent 
weight will equal      N = m(g+ay) 
From this we can see that positive (upward) acceleration results in the object feeling as though it 
weighs more than its actual weight and a negative (downward) acceleration causes the object to 
feel as though it weighs less than it actually does 
If ay = -g , then the normal force is 0N and the object is in free-fall  

 
Frictional Forces 
 Contact Force means that the force occurs as a result of surfaces directly touching  
 each other 
 Frictional Force is a contact force from the interactions between molecules  
 at high points on the surfaces (high points on a microscopic level) 
 Kinetic Friction is the frictional force caused by sliding motion 
 Static Friction is the frictional force caused without motion  
 Rolling Friction is the frictional force caused by rolling/spinning motion 

Mass of rider = 
80kg 
#1: ay = +7m/s2 
Apparent weight 
= 1344N 
#2: ay = 0 m/s2 
Apparent weight 
= 784N 
#3: ay = -9.8m/s2 
Apparent weight 
= 0N 



For any body in contact with a surface, the surface exerts a contact force on that body 
The perpendicular component of this force is the normal force 
The parallel component of this force is the frictional force 
Friction forces always act in the direction that opposes the relative motion of the two surfaces, 
not necessarily opposite the net force or the acceleration if there is any 
On each object, the frictional force will oppose its motion relative to the other object 
The coefficient of friction µ is a number between 0 and 1 having no units; it represents the ease 
or difficulty in overcoming the bonds between molecules of 2 surfaces 
Kinetic frictional force is directly proportional to the coefficient of friction and the normal  
fk = µkN 
With static friction, the magnitude can vary from zero to some maximum value fs  µsN 
For rolling friction, the tractive resistance or coefficient of rolling friction equals the horizontal 
force needed for constant speed on a flat surface divided by the normal 
µr = F/N (F is a specific value remember, not just whatever force is acting) and fr = µrN 
It’s possible for static and kinetic friction to alternate, if motion is such that the objects stick-and-
slip; this causes sound of chalk held at the wrong angle on chalkboard, windshield wipers on dry 
glass, tires skidding on pavement, and violin bow on strings 
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Although the applied force, net force, acceleration, and velocity are all going in the 
positive x-direction, the frictional force opposes the direction of the motion relative to 
the surface. 
If the surface was a conveyor belt moving to the left and all the other specs remain 
true, the motion of the body, relative to the conveyor belt is still in the positive x-
direction and therefore the frictional force still acts to the left, even though that is the 
same direction as the conveyor belt. 
If the conveyor belt were moving right, but slower than the block, the velocity of the 
body is still in the positive x-direction relative to the conveyor belt and friction still 
acts to the left even though the conveyor belt is moving in the opposite direction.  



Fluid Resistance 
 Fluid Resistance is the force a fluid exerts on a body moving through it 
A body must apply a force on a fluid it is traveling through to push the particles out of the way; 
by Newton’s Third Law, the fluid applies a force back on the body (fluid resistance) 
Fluid resistance is always applied in the opposite direction of the body’s motion relative to the 
fluid 
The magnitude of fluid resistance increases with speed and also depends on a proportionality 
constant, k or D, determined by the size and shape of the body and properties of the fluid 
For low speeds, f = kv , in which k has units N*s/m or kg/s 
For speeds of a tossed tennis ball or faster, f = Dv2 , in which D has units N*s2/m2 or kg/m 
Acceleration is not constant but eventually becomes zero for terminal velocity 
ay = g and F = mg ; vt = mg/k        vt = √ (mg/D) 
Greater mass means that the terminal velocity is higher and so heavy objects seem to fall faster 

  
Dynamics of Circular Motion 
 Radial Acceleration is acceleration directed in towards the center from all points; it  
 follows the radius of the circle from that point and is centripetal (center-seeking) 
Radial acceleration is constant for uniform circular motion and arad = v2/R 
Motion is uniform so it has a set amount of time to complete one revolution Τ = 2πR/v 
Acceleration is constant, so the magnitude of the net force must also be constant 
If the net force stops, the object flies off with the direction and magnitude of vtan 
Fnet = marad   Fnet = mv2/R   arad = 4π2R/ Τ2 

Uniform circular motion can also be used for a circular arc, not just complete circles (but with an 
arc there is no period unless it goes back and forth) 
In a vertical circle however, velocity is not constant because the net force and acceleration are 
not always towards the center 
Force and acceleration have components tangent to the circle and the motion is non-uniform 
 
 
Problems 
Banked Curve-For a car traveling at a certain speed, it is possible to bank a curve at just the right 
angle so that no friction at all is needed to maintain the car’s turning radius. Then a car can safely 
round the curve even on wet ice. (Bobsled racing depends on this same idea.) Your engineering 
firm plans to rebuild a curve so that a car moving at speed v can safely make the turn even with 
no friction. At what angle θ should the curve be banked? 

With air resistance, the 
height, time in air, and 
range are all less than 
without it. Air resistance 
also means the path is not 
parabolic. 



 

 
Two-dimensional Equilibrium- A car engine with weight w hangs from a chain that is linked at 
ring O to two other chains, one fastened to the ceiling and the other to the wall. Find the tension 
in each of the three chains in terms of w. The weights of the ring and chains are negligible. 

 
Terminal Speed of a Skydiver-For a human body falling through the air in a spread-eagle 
position, the numerical value of the constant D is about 0.25 kg/m. Find the terminal speed for a 
lightweight 50-kg skydiver. 
Vt = √ mg/D 
Vt = √ [(50kg)*(9.8m/s2)/0.25kg/m] 
Vt = 44m/s 
(answer) 
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ΣFx =Nsinθ=marad 
ΣFy =Ncosθ-mg=0 
N=mg/cosθ 
ΣFx =(mg/cosθ)sinθ 
ΣFx =mgtanθ= marad 
arad= v2/R 
mv2/R = mgtanθ 
v2/Rg = tanθ 
tan-1(v2/Rg) = θ 
θ = tan-1(v2/Rg) 
(answer) 

• x-direction 
• object is not 
moving in y-direction 
• substitute for N 
• substitute for arad 
• divide by m 
• all else is 
transforming 
equations 

Engine: ΣFy = T1 –w = 0 
T1 = w 
Ring: ΣFx = T3cos60°-T2 =0 
Ring: ΣFy = T3sin60°-T1=0 
T3sin60°-w =0 w = T3sin60° 
T3= w/sin60° = 1.155w 
T3cos60°-T2 =0  
T3cos60°= T2 
(w/sin60°)cos60° = T2  
T2 = 0.577w 
 
T1 = w 
T2 = 0.577w 
T3= 1.155w 
(answer) 

• Equilibrium 
• Components 

and 
equilibrium 

• Substitute for 
T1 

• Substitute for 
T3 

 


