Summary of Newton’s Three Laws

Newton’s First Law (Law of Inertia)

When the net force acting on an object is zero, the object will maintain its current state of being at rest (static equilibrium) or moving with constant velocity (dynamic equilibrium).  

How it applies to problem solving: 

· As soon as we know an object is at rest or moving with constant velocity, we can set the net force equal to zero in both the x and y directions.

· In a FBD, we know the left forces have to balance the right forces and the up forces have to balance the down forces.

[image: image1.png]6 kg




Examples

1. What is the hanging mass if the tension in the cord to the left is 18 N? 

2. A hot air balloon ascends at constant velocity.  If its mass is 305 kg and the buoyant force acting on it is 4065 N, what is the force of air resistance on the balloon?

3. A sled (mass = 20 kg) is dragged at an angle of 60° along the ground at constant speed.  The frictional force acting on the sled is 40 N.  What is the normal force?

Newton’s Second Law

When an unbalanced force acts on an object, it will accelerate in that direction

How it applies to problem solving: 

· When an object accelerates in a certain direction, all forces pointing in that direction have the same sign.  (I always choose the direction of acceleration to be the positive direction).  All forces pointing in the opposite direction have the opposite sign.  

· Instead of forces summing to zero in the direction of acceleration, they sum to ma, where a is the acceleration.

· Forces perpendicular to the direction of acceleration sum to zero.

Examples

4. A 0.50 kg ice hockey puck leaves a player’s stick with a velocity of 10 m/s east and slides 40 m before coming to rest.  What is the friction acting on the puck?

5. A rope is used to lower a bucket (mass = 12 kg) at an acceleration of 3.2 m/s2 downward.  What is the tension in the rope?

6. A lawnmower (mass = 20 kg) is pushed with a force of 90 N at an angle of 30( below the horizontal.  The friction acting on the lawnmower is 25% of the normal force.  What is the acceleration of the lawnmower?

Newton’s Third Law

Forces occur in action-reaction pairs.  These forces always have the same magnitude (size) but point in opposite directions.  Objects will have different resulting accelerations if they have different masses.

How it applies to problem solving: 

If you know one object’s mass and acceleration, you can solve for the net force acting on it.  The other object in the action-reaction pair will have the same size force but in the opposite direction.

Example

7. Nancy and Tonya collide on the ice.  Nancy has a mass of 50 kg and Tonya has a mass of 75 kg.  During the collision Nancy accelerates at 3 m/s2 west.  The collision lasts for 2 seconds.

a. What acceleration did Tonya experience?

b. If Nancy was traveling at 5 m/s east before the collision, what is her velocity afterwards?

ANSWERS

1. 1.9 kg   2. 1076 N down  3. 127 N up   4. 0.625 N W   5. 79.2 N up   6. 0.88 m/s2   7. 2 m/s2 E, 1 m/s W
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