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BALANCED AND UNBALANCED FORCES __________________________________________________________________________________



We perform different types of activities in our daily life. This includes opening a drawer, moving a table, throwing a ball, lifting a dumbbell etc. While performing these activities, we realize that effort is required to stop a moving object or moving a stationary object. Have you ever wondered what causes the change in motion of an object that is either stationary or moving uniformly? A change in the motion of objects occurs due to the application of force. In this section, we will learn more about the concept of force. Force Force is a push or a pull. It tends to change the motion of an object. When you push a table, force causes the table to move as it changes its state of rest. Effects of force 1. Force can stop a moving body or move a stationary body. 2. Force can change the speed, direction, shape, and size of a body. What will happen if more than one force acts on a body? Balanced and unbalanced forces in a body A metal spring having two ends M and N are placed on a table. When you pull the end M of the spring, it will move towards the left and when you push the end N of the spring, it will move towards the right. What will happen if you simultaneously pull both ends of the spring with the same force? The spring will stretch and its shape and size will change but it will not move because the net force acting on it is zero.



What will happen if two unequal forces are applied at the two ends of the spring? When unbalanced forces are applied at the ends of the spring, it will start moving in the direction of the greater force. Hence, the net force is not zero in this case. A toy car is pushed on a rough floor and is allowed to move. It moves some distance and comes to rest. Why does the toy car come to rest?



The toy car comes to rest after some time because of the frictional force between the moving wheels of the car and the rough floor. This force acts in the direction opposite to the direction of motion of the car. This means that an unbalanced force acts on the car in the direction opposite to the direction of motion of the car. As a result, it will come to rest after some time. Hence, in order to keep the toy car moving, one should push it again before it comes to rest. An unbalanced force can stop a moving object. An object moves with a uniform velocity when no net external force is acting on it, i.e. the forces acting on it are balanced. What will happen if you try to push a table on a rough floor? The result of the applied force will depend on the magnitude of the force applied on the table.



The figure given above shows the various forces acting on the table, where F → Magnitude of the applied force 1



F → Frictional force caused by the rough surfaces in contact 2



It is clear from the figure that the frictional force F opposes the applied force, whereas force F tends to overcome the frictional force. The table will not move if you apply a 2



1



small force. However, if you apply a force that is greater than the frictional force, then the table will move in the direction of the applied force. An unbalanced force can move a stationary object. Unbalanced force and acceleration An unbalanced force can change either the speed or the direction of motion of a moving body. As a result, the body can acquire positive or negative acceleration. Hence, an unbalanced force is required to accelerate a uniformly moving body However; the direction of acceleration depends on the direction of the unbalanced force. Case I - An unbalanced force F is acting on a uniformly moving ball in the direction of its motion. Hence, the ball will accelerate in its direction of



motion. Case II - An unbalanced force F is acting on a uniformly moving ball in the direction opposite to its direction of motion. Hence, the ball will decelerate and come to rest



The speed of the ball, v, will increase and decrease in case I and II respectively. If force is removed, then the ball will move with uniform speed because no net force will be acting on it.



_____________________________________________________________________



Newton's Laws of Motion Inertia and Mass Newton's first law of motion states that "An object at rest tends to stay at rest and an object in motion tends to stay in motion with the same speed and in the same direction unless acted upon by an unbalanced force." Objects tend to "keep on doing what they're doing." In fact, it is the natural tendency of objects to resist changes in their state of motion. This tendency to resist changes in their state of motion is described as inertia. Inertia: the resistance an object has to a change in its state of motion. Newton's conception of inertia stood in direct opposition to more popular conceptions about motion. The dominant thought prior to Newton's day was that it was the natural tendency of objects to come to a rest position. Moving objects, so it was believed, would eventually stop moving; a force was necessary to keep an object moving. But if left to itself, a moving object would eventually come to rest and an object at rest would stay at rest; thus, the idea which dominated people's thinking for nearly 2000 years prior to Newton was that it was the natural tendency of all objects to assume a rest position.



Galileo and the Concept of Inertia Galileo, a premier scientist in the seventeenth century, developed the concept of inertia. Galileo reasoned that moving objects eventually stop because of a force called friction. In experiments using a pair of inclined planes facing each other, Galileo observed that a ball will roll down one plane and up the opposite plane to approximately the same height. If smoother planes were used, the ball would roll up the opposite plane even closer to the original height. Galileo reasoned that any difference between initial and final heights was due to the presence of friction. Galileo postulated that if friction could be entirely eliminated, then the ball would reach exactly the same height.



Galileo further observed that regardless of the angle at which the planes were oriented, the final height was almost always equal to the initial height. If the slope of the opposite incline was reduced, then the ball would roll a further distance in order to reach that original height.



Galileo's reasoning continued - if the opposite incline was elevated at nearly a 0-degree angle, then the ball would roll almost forever in an effort to reach the original height. And if the opposing incline was not even inclined at all (that is, if it were oriented along the horizontal) , then ... an object in motion would continue in motion... .



Forces Don't Keep Objects Moving Isaac Newton built on Galileo's thoughts about motion. Newton's first law of motion declares that a force is not needed to keep an object in motion. Slide a book across a table and watch it slide to a rest position. The book in motion on the table top does not come to a rest position because of the absence of a force; rather it is the presence of a force - that force being the force of friction - which brings the book to a rest position. In the absence of a force of friction, the book would continue in motion with the same



speed and direction - forever! (Or at least to the end of the table top.) A force is not required to keep a moving book in motion. In actuality, it is a force which brings the book to rest.



Mass as a Measure of the Amount of Inertia All objects resist changes in their state of motion. All objects have this tendency - they have inertia. But do some objects have more of a tendency to resist changes than others? Absolutely yes! The tendency of an object to resist changes in its state of motion varies with mass. Mass is that quantity which is solelydependent upon the inertia of an object. The more inertia which an object has, the more mass it has. A more massive object has a greater tendency to resist changes in its state of motion. Suppose that there are two seemingly identical bricks at rest on the physics lecture table. Yet one brick consists of mortar and the other brick consists of Styrofoam. Without lifting the bricks, how could you tell which brick was the Styrofoam brick? You could give the bricks an identical push in an effort to change their state of motion. The brick which offers the least resistance is the brick with the least inertia - and therefore the brick with the least mass (i.e., the Styrofoam brick). A common physics demonstration relies on this principle that the more massive the object, the more that object tends to resist changes in its state of motion. The demonstration goes as follows: several massive books are placed upon a teacher's head. A wooden board is placed on top of the books and a hammer is used to drive a nail into the board. Due to the large mass of the books, the force of the hammer is sufficiently resisted (inertia). This is demonstrated by the fact that the hammer blow is not felt by the teacher. (Of course, this story may explain many of the observations which you previously have made concerning your "weird physics teacher.") A common variation of this demonstration involves braking a brick over the teacher's hand using the swift blow of a hammer. The massive bricks resist the force and the hand is not hurt. (CAUTION: do not try these demonstrations at home.)



Check Your Understanding



1. Imagine a



place in the cosmos far from all gravitational and



frictional influences. Suppose that you visit that place (just suppose) and throw a rock. The rock will A. gradually stop. B. continue in motion in the same direction at constant speed.



ANSWER:



According to Newton's first law, the rock will continue in motion in the



same direction at constant speed.



2. A 2-kg object is moving horizontally with a speed of 4 m/s. How much net force is required to keep the object moving at this speed and in this direction?



ANSWER: Answer: 0 N An object in motion will maintain its state of motion. The presence of an unbalanced force changes the velocity of the object.



3. Mac and Tosh are arguing in the cafeteria. Mac says that if he flings the Jell-O with a greater speed it will have a greater inertia. Tosh argues that inertia does not depend upon speed, but rather upon mass. Who do you agree with? Explain why.



ANSWER: Tosh is correct. Inertia



is that quantity which depends solely upon mass.



The more mass, the more inertia. Momentum is another quantity in Physics which depends on both mass and speed. Momentum will be discussed in a later unit.



4.



Supposing you were in space in a weightless environment, would it require a force to set an



object in motion?



ANSWER: Absolutely yes! Even in space objects have mass. And if they have mass, they have inertia. That is, an object in space resists changes in its state of motion. A force must be applied to set a stationary object in motion. Newton's laws rule - everywhere!



5.



Fred spends most Sunday afternoons at rest on the sofa, watching pro football games and



consuming large quantities of food. What effect (if any) does this practice have upon his inertia? Explain.



ANSWER: Fred's inertia will increase! Fred will increase his mass if he makes a habit of this. And if his mass increases, then his inertia increases.



6. Ben Tooclose is being chased through the woods by a bull moose which he was attempting to photograph. The enormous mass of the bull moose is extremely intimidating. Yet, if Ben makes a zigzag pattern through the woods, he will be able to use the large mass of the moose to his own advantage. Explain this in terms of inertia and Newton's first law of motion.



ANSWER:



The large mass of the bull moose means that the bull moose has a large



inertia. Thus, Ben can more easily change his own state of motion (make quick changes in direction) while the moose has extreme difficulty changing its state of motion. Physics for better living!



7. Two bricks are resting on edge of the lab table. Shirley She short stands on her toes and spots the two bricks. She acquires an intense desire to know which of the two bricks are most massive. Since Shirley is vertically challenged, she is unable to reach high enough and lift the bricks; she can however reach high enough to give the bricks a push. Discuss how the process of pushing the bricks will allow Shirley to determine which of the two bricks is most massive. What difference will Shirley observe and how can this observation lead to the necessary conclusion?



ANSWER:



The bricks, like any object, possess inertia. That is, the bricks will resist



changes in their state of motion. If Shirley gives them a push, then the bricks will offer resistance to this push. The one with the most mass will be the one with the most inertia. This will be the brick which offers the most resistance. This very method of detecting the mass of an object can be used on Earth as well as in locations where gravitational forces are negligible for bricks.



______________________________________________________________________________



Newton's First Law of Motion Newton's First Law In a previous chapter of study, the variety of ways by which motion can be described (words, graphs, diagrams, numbers, etc.) was discussed. In this unit (Newton's Laws of Motion), the ways in which motion can be explained will be discussed. Isaac Newton (a 17th century scientist) put forth a variety of laws which explain why objects move (or don't move) as they do. These three laws have become known as Newton's three laws of motion. The focus of Lesson 1 is Newton's first law of motion - sometimes referred to as the law of inertia. Newton's first law of motion is often stated as An object at rest tends to stay at rest and an object in motion tends to stay in motion with the same speed and in the same direction unless acted upon by an unbalanced force.



There are two parts to this statement - one which predicts the behaviour of stationary objects and the other which predicts the behaviour of moving objects. The two parts are summarized in the following diagram.



The behavior of all objects can be described by saying that objects tend to "keep on doing what they're doing" (unless acted upon by an unbalanced force). If at rest, they will continue in this same state of rest. If in motion with an eastward velocity of 5 m/s, they will continue in this same state of motion (5 m/s, East). If in motion with a leftward velocity of 2 m/s, they will continue in



this same state of motion (2 m/s, left). The state of motion of an object is maintained as long as the object is not acted upon by an unbalanced force. All objects resist changes in their state of motion - they tend to "keep on doing what they're doing."



Suppose that you filled a baking dish to the rim with water and walked around an oval track making an attempt to complete a lap in the least amount of time. The water would have a tendency to spill from the container during specific locations on the track. In general the water spilled when:



•



the container was at rest and you attempted to move it



•



the container was in motion and you attempted to stop it



•



the container was moving in one direction and you attempted to change its direction.



The water spills whenever the state of motion of the container is changed. The water resisted this change in its own state of motion. The water tended to "keep on doing what it was doing." The container was moved from rest to a high speed at the starting line; the water remained at rest and spilled onto the table. The container was stopped near the finish line; the water kept moving and spilled over container's leading edge. The container was forced to move in a different direction to make it around a curve; the water kept moving in the same direction and spilled over its edge. The behaviour of the water during the lap around the track can be explained by Newton's first law of motion.



Everyday Applications of Newton's First Law There are many applications of Newton's first law of motion. Consider some of your experiences in an automobile. Have you ever observed the behaviour of coffee in a coffee cup filled to the rim while starting a car from rest or while bringing a car to rest from a state of motion? Coffee tends to "keep on doing what it is doing." When you accelerate a car from rest, the road provides an unbalanced force on the spinning wheels to push the car forward; yet the coffee (which was at rest) wants to stay at rest. While the car accelerates forward, the coffee remains in the same position; subsequently, the car accelerates out from under the coffee and the coffee spills in your lap. On the other hand, when braking from a state of motion the coffee continues forward with the same speed and in the same direction, ultimately hitting the windshield or the dash. Coffee in motion tends to stay in motion. Have you ever experienced inertia (resisting changes in your state of motion) in an automobile while it is braking to a stop? The force of the road on the locked wheels provides the unbalanced force to change the car's state of motion, yet there is no unbalanced force



to change your own state of motion. Thus, you continue in motion, sliding along the seat in forward motion. A person in motion tends to stay in motion with the same speed and in the same direction ... unless acted upon by the unbalanced force of a seat belt. Yes! Seat belts are used to provide safety for passengers whose motion is governed by Newton's laws. The seat belt provides the unbalanced force which brings you from a state of motion to a state of rest. Perhaps you could speculate what would occur when no seat belt is used.



The Car and the Wall According to Newton's first law, an object in motion continues in motion with the same speed and in the same direction unless acted upon by an unbalanced force. It is the natural tendency of objects to keep on doing what they're doing. All objects resist changes in their state of motion. In the absence of an unbalanced force, an object in motion will maintain its state of motion. This is often called the law of inertia. The law of inertia is most commonly experienced when riding in cars and trucks. In fact, the tendency of moving objects to continue in motion is a common cause of a variety of transportation injuries - of both small and large magnitudes. Consider for instance the unfortunate collision of a car with a wall. Upon contact with the wall, an unbalanced force acts upon the car to abruptly decelerate it to rest. Any passengers in the car will also be decelerated to rest if they are strapped to the car by seat belts. Being strapped tightly to the car, the passengers share the same state of motion as the car. As the car accelerates, the passengers accelerate with it; as the car decelerates, the passengers decelerate with it; and as the car maintains a constant speed, the passengers maintain a constant speed as well. But what would happen if the passengers were not wearing the seat belt? What motion would the passengers undergo if they failed to use their seat belts and the car were brought to a sudden and abrupt halt by a collision with a wall? Were this scenario to occur, the passengers would no longer share the same state of motion as the car. The use of the seat belt assures that the forces necessary for accelerated and decelerated motion exist. Yet, if the seat belt is not used, the passengers are more likely to maintain its state of motion. The animation below depicts this scenario. If the car were to abruptly stop and the seat belts were not being worn, then the passengers in motion would continue in motion. Assuming a negligible amount of friction between the passengers and the seats, the passengers would likely be propelled from the car and be hurled into the air. Once they leave the car, the passenger becomes projectiles and continues in projectile-like motion. Now perhaps you will be convince of the need to wear your seat belt. Remember it's the law - the law of inertia.



The Truck and Ladder According to Newton's first law, an object in motion continues in motion with the same speed and in the same direction unless acted upon by an unbalanced force. It is the natural tendency of objects to keep on doing what they are doing. All objects resist changes in their state of motion. In the absence of an unbalanced force, an object in motion will maintain its state of motion. This is often called the law of inertia. The law of inertia is most commonly experienced when riding in cars and trucks. In fact, the tendency of moving objects to continue in motion is a common cause of a variety of transportation accidents - of both small and large magnitudes. Consider for instance a ladder strapped to the top of a painting truck. As the truck moves down the road, the ladder moves with it. Being strapped tightly to the truck, the ladder shares the same state of motion as the truck. As the truck accelerates, the ladder accelerates with it; as the truck decelerates, the ladder decelerates with it; and as the truck maintains a constant speed, the ladder maintains a constant speed as well. But what would happen if the ladder was negligently strapped to the truck in such a way that it was free to slide along the top of the truck? Or what would happen if the straps deteriorated over time and ultimately broke, thus allowing the ladder to slide along the top of the truck? Supposing either one of these scenarios were to occur, the ladder may no longer share the same state of motion as the truck. With the strap present, the forces exerted upon the car are also exerted upon the ladder. The ladder undergoes the same accelerated and decelerated motion that the truck experiences. Yet, once the strap is no longer present, the ladder is more likely to maintain its state of motion. The animation below depicts a possible scenario. If the truck were to abruptly stop and the straps were no longer functioning, then the ladder in motion would continue in motion. Assuming a negligible amount of friction between the truck and the ladder, the ladder would slide off the top of the truck and be hurled into the air. Once it leaves the roof of the truck, it becomes a projectile and continues in projectile-like motion.



______________________________________________________________________________



Newton's Laws of Motion State of Motion Inertia is the tendency of an object to resist changes in its state of motion. But what is meant by the phrase state of motion? The state of motion of an object is defined by itsvelocity - the speed with a direction. Thus, inertia could be redefined as follows: Inertia: tendency of an object to resist changes in its velocity. An object at rest has zero velocity - and (in the absence of an unbalanced force) will remain with a zero velocity. Such an object will not change its state of motion (i.e., velocity) unless acted upon by an unbalanced force. An object in motion with a velocity of 2 m/s, East will (in the absence of an unbalanced force) remain in motion with a velocity of 2 m/s, East. Such an object will not change its state of motion (i.e., velocity) unless acted upon by an unbalanced force. Objects resist changes in their velocity. As learned in an earlier unit, an object which is not changing its velocity is said to have an acceleration of 0 m/s/s. Thus, we could provide an alternative means of defining inertia: Inertia: tendency of an object to resist accelerations.



Check Your Understanding 1.The



group of physics teachers are taking some time off for a



little putt-putt golf. The 15th hole at the Hole-In-One Putt-Putt Golf Course has a large metal rim which putters must use to guide their ball towards the hole. Mr. S guides a golf ball around the metal rim when the ball leaves the rim, which path (1, 2, or 3) will the golf ball follow?



ANSWER:



The answer is 2. Once leaving the rim, the



ball will follow an "inertial path" (i.e., a straight line). At the instant shown in the diagram, the ball is moving to the right; once leaving the rim, there is no more unbalanced forces to change its state of motion. Paths 1 and 3 both show the ball continually changing its direction once leaving the rim.



2.



A 4.0-kg object is moving across a friction-free surface with a constant velocity of 2 m/s.



Which one of the following horizontal forces is necessary to maintain this state of motion?



a. 0 N



b. 0.5 N



c. 2.0 N



d. 8.0 N



e. depends on the speed.



ANSWER: If



an object is in motion, then it will stay in motion with those very same



motion characteristics. It doesn't take any force to maintain that same state of motion. In fact, the presence of a force would "ruin" such a state of motion and cause acceleration.



______________________________________________________________________



Newton's First Law of Motion Balanced and Unbalanced Forces Newton's first law of motion has been frequently stated throughout this lesson. An object at rest tends to stay at rest and an object in motion tends to stay in motion with the same speed and in the same direction unless acted upon by an unbalanced force. But what exactly is meant by the phrase unbalanced force? What is an unbalanced force? In pursuit of an answer, we will first consider a physics book at rest on a table top. There are two forces acting upon the book. One force - the Earth's gravitational pull - exerts a downward force. The other force - the push of the table on the book (sometimes referred to as a normal force) pushes upward on the book. Since these two forces are of equal magnitude and in opposite directions, they balance each other. The book is said to be at equilibrium. There is no unbalanced force acting upon the book and thus the book maintains its state of motion. When all the forces acting upon an object balance each other, the object will be at equilibrium; it will not accelerated. (Note: diagrams such as the one above are known as free-body diagramsand will be discussed in detail in Lesson 2.) Consider another example involving balanced forces - a person standing upon the ground. There are two forces acting upon the person. The force of gravity exerts a downward force. The floor of the floor exerts an upward force.



Since these two forces are of equal magnitude and in opposite directions, they balance each other. The person is at equilibrium. There is no unbalanced force acting upon the person and thus the person maintains its state of motion. (Note: diagrams such as the one above are known as freebody diagrams and will be discussed in detail in Lesson 2.) Now consider a book sliding from left to right across a table top. Sometime in the prior history of the book, it may have been given a shove and set in motion from a rest position. Or perhaps it



acquired its motion by sliding down an incline from an elevated position. Whatever the case, our focus is not upon the history of the book but rather upon the current situation of a book sliding to the right across a table top. The book is in motion and at the moment there is no one pushing it to the right. (Remember: a force is not needed to keep a moving object moving to the right.) The forces acting upon the book are shown below.



The force of gravity pulling downward and the force of the table pushing upwards on the book are of equal magnitude and opposite directions. These two forces balance each other. Yet there is no force present to balance the force of friction. As the book moves to the right, friction acts to the left to slow the book down. There is an unbalanced force; and as such, the book changes its state of motion. The book is not at equilibrium and subsequently accelerates. Unbalanced forces cause accelerations. In this case, the unbalanced force is directed opposite the book's motion and will cause it to slow down. (Note: diagrams such as the one above are known as free-body diagrams and will be discussed in detail in Lesson 2.) To determine if the forces acting upon an object are balanced or unbalanced, an analysis must first be conducted to determine what forces are acting upon the object and in what direction. If two individual forces are of equal magnitude and opposite direction, then the forces are said to be balanced. An object is said to be acted upon by an unbalanced forceonly when there is an individual force which is not being balanced by a force of equal magnitude and in the opposite direction . Such analyses are discussed in Lesson 2 of this unit and applied in Lesson 3.



Check Your Understanding Luke Autbeloe drops an approximately 5.0 kg fat cat (weight = 50.0 N) off the roof of his house into the swimming pool below. Upon encountering the pool, the cat encounters a 50.0 N upward resistance force (assumed to be constant). Use this description to answer the following questions. Click the button to view the correct answers.



1.



Which one of the velocity-time graphs best describes the motion of the cat? Support your



answer with sound reasoning.



ANSWER:



Graph B is correct. The cat first accelerates with a negative (downward) acceleration until it hits the water. Upon hitting the water, the cat experiences a balance of forces (50 N downwards due to gravity and 50 N upwards due to the water). Thus, the cat will finish its motion moving with a constant velocity. Graph B depicts both the initial negative acceleration and the final constant velocity.



2.



Which one of the following dot diagrams best describes the motion of the falling cat from the



time that they are dropped to the time that they hit the bottom of the pool? The arrows on the diagram represent the point at which the cat hits the water. Support your answer with sound reasoning.



ANSWER: Tape A is correct. The cat first accelerates with a negative (downward) acceleration until it hits the water. Upon hitting the water, the cat experience a balance of forces (50 N downwards due to gravity and 50 N upwards due to the water). Thus, the cat will finish its motion moving with a constant velocity. Diagram A depicts both the initial downward acceleration and the final constant velocity.



3.



Several of Luke's friends were watching the motion of the falling cat. Being "physics types",



they began discussing the motion and made the following comments. Indicate whether each of the comments are correct or incorrect? Support your answers.



a. Once the cat hits the water, the forces are balanced and the cat will stop.



ANSWER: False. Once the cat hits the water, the forces are balanced (50 N down and 50 N up). However, an object in motion (such as the cat) will continue in motion at the same speed and in the same direction. When the cat strikes the water, it stops accelerating; yet it does not stop moving.



b.



Upon hitting the water, the cat will accelerate upwards because the water applies an upward



force.



ANSWER: False. Once the cat hit the water, the forces are balanced (50 N down and 50 N up). The upward force of the water on the cat is balanced by the downward pull of gravity. The cat will continue in motion at constant speed.



C.



Upon hitting the water, the cat will bounce upwards due to the upwards force.



ANSWER:



False.



Once the cat hits the water, the forces are balanced (50 N down and 50 N up). The cat would only bounce upwards if the water applied an upward force greater than 50 N. As stated in the problem, the water applies only 50 N of upward force. Furthermore, the upward force would first contribute to slowing the cat down (an upward acceleration) before it could begin to actually move it upward.



4. If the forces acting upon an object are balanced, then the object A. must not be moving. B. must be moving with a constant velocity. C. must not be accelerating. D. none of these ANSWER: The answer could be A (but does not have to be A) and it could be B (but does not have to be B). An object having balanced forces definitely cannot be accelerating. This means that it could be at rest and staying at rest (one option) or could be in motion at constant velocity (a second option). Either way, it definitely is not accelerating - choice C of your four choices.



______________________________________________________________________



Newton's Second Law of Motion Newton's Second Law Newton's first law of motion predicts the behaviour of objects for which all existing forces are balanced. The first law - sometimes referred to as the law of inertia - states that if the forces acting upon an object are balanced, then the acceleration of that object will be 0 m/s/s. Objects at equilibrium (the condition in which all forces balance) will not accelerate. According to Newton, an object will only accelerate if there is a net or unbalanced acting upon it. The presence of an unbalanced force will accelerate an object - changing its speed, its direction, or both its speed and direction.



Newton's second law of motion pertains to the behaviour of objects for which all existing forces are not balanced. The second law states that the acceleration of an object is dependent upon two variables - the net force acting upon the object and the mass of the object. The acceleration of an object depends directly upon the net force acting upon the object, and inversely upon the mass of the object. As the force acting upon an object is increased, the acceleration of the object is increased. As the mass of an object is increased, the acceleration of the object is decreased.



Newton's second law of motion can be formally stated as follows:



The acceleration of an object as produced by a net force is directly proportional to the magnitude of the net force, in the same direction as the net force, and inversely proportional to the mass of the object. This verbal statement can be expressed in equation form as follows:



a = Fnet / m The above equation is often rearranged to a more familiar form as shown below. The net force is equated to the product of the mass times the acceleration.



Fnet = m * a In this entire discussion, the emphasis has been on the net force. The acceleration is directly proportional to the net force; the net force equals mass times acceleration; the acceleration in the same direction as the net force; an acceleration is produced by a net force. The NET FORCE. It is important to remember this distinction. Do not use the value of merely "any 'ole force" in the above equation. It is the net force which is related to acceleration. As discussed in an earlier lesson, the net force is the vector sum of all the forces. If all the individual forces acting upon an object are known, then the net force can be determined. If necessary, review this principle by returning to the practice questions in Lesson 2.



Consistent with the above equation, a unit of force is equal to a unit of mass times a unit of acceleration. By substituting standard metric units for force, mass, and acceleration into the above equation, the following unit equivalency can be written.



The definition of the standard metric unit of force is stated by the above equation. One Newton is defined as the amount of force required to give a 1-kg mass an acceleration of 1 m/s/s.



The Fnet = m • a equation is often used in algebraic problem-solving. The table below can be filled by substituting into the equation and solving for the unknown quantity. Try it yourself and then use the click on the buttons to view the answers.



Net Force (N) 1.



Mass (Kg) 10



Acceleration (M/s/s) 2



5



2.



20



2



10



3.



20



4



5



4.



10



2



5



5.



10



1



10



The numerical information in the table above demonstrates some important qualitative relationships between force, mass, and acceleration. Comparing the values in rows 1 and 2, it can be seen that a doubling of the net force results in a doubling of the acceleration (if mass is held constant). Similarly, comparing the values in rows 2 and 4 demonstrates that a halving of the net force results in a halving of the acceleration (if mass is held constant). Acceleration is directly proportional to net force. Furthermore, the qualitative relationship between mass and acceleration can be seen by a comparison of the numerical values in the above table. Observe from rows 2 and 3 that a doubling of the mass results in a halving of the acceleration (if force is held constant). And similarly, rows 4 and 5 show that a halving of the mass results in a doubling of the acceleration (if force is held constant). Acceleration is inversely proportional to mass. The analysis of the table data illustrates that an equation such as F net = m*a can be a guide to thinking about how a variation in one quantity might effect another quantity. Whatever alteration is made of the net force, the same change will occur with the acceleration. Double, triple or quadruple the net force, and the acceleration will do the same. On the other hand, whatever alteration is made of the mass, the opposite or inverse change will occur with the acceleration. Double, triple or quadruple the mass, and the acceleration will be one-half, one-third or one-fourth its original value.



As stated above, the direction of the net force is in the same direction as the acceleration. Thus, if the direction of the acceleration is known, then the direction of the net force is also known. Consider the two oil drop diagrams below for an acceleration of a car. From the diagram, determine the direction of the net force which is acting upon the car. Then click the buttons to view the answers. (If necessary, review acceleration from the previous unit.)



ANSWER: The net force is to the right since the acceleration is to the right. An object which moves to the right and speeds up has a rightward acceleration.



ANSWER:



The net force is to the left since the acceleration is to the left. An object



which moves to the right and slows down has a leftward acceleration. In conclusion, Newton's second law provides the explanation for the behavior of objects upon which the forces do not balance. The law states that unbalanced forces cause objects to accelerate



with an acceleration which is directly proportional to the net force and inversely proportional to the mass.



Check Your Understanding 1.



Determine the accelerations which result when a 12-N net force is applied to a 3-kg object and then to a 6-kg object.



2.



A net force of 15 N is exerted on an encyclopaedia to cause it to accelerate at a rate of 5 m/s2. Determine the mass of the encyclopaedia.



3.



Suppose that a sled is accelerating at a rate of 2 m/s 2. If the net force is tripled and the mass is doubled, then what is the new acceleration of the sled?



4.



Suppose that a sled is accelerating at a rate of 2 m/s 2. If the net force is tripled and the mass is halved, then what is the new acceleration of the sled?



ANSWER: 1.



A 3-kg object experiences an acceleration of 4 m/s/s. A 6-kg object experiences an acceleration of 2 m/s/s.



2.



Use Fnet= m * a with Fnet = 15 N and a = 5 m/s/s.



So (15 N) = (m)*(5 m/s) And m = 3.0 kg



3.



3 m/s/s. The original value of 2 m/s/s must be multiplied by 3 (since a



and F are directly proportional) and divided by 2 (since a and m are inversely proportional).



4.



12 m/s/s. The original value of 2 m/s/s must be multiplied by 3 (since a and F are directly proportional) and divided by 1/2 (since a and m are inversely proportional).



__________________________________________________________________________________



Newton's Second Law of Motion Finding Acceleration As learned earlier in Lesson 3 (as well as in Lesson 2), the net force is the vector sum of all the individual forces. In Lesson 2, we learned how to determine the net force if the magnitudes of all the individual forces are known. In this lesson, we will learn how to determine the acceleration of an object if the magnitudes of all the individual forces are known. The three major equations which will be useful are the equation for net force (Fnet = m*a), the equation for gravitational force (Fgrav = m*g), and the equation forfrictional force (Ffrict = "mu"*Fnorm). The process of determining the acceleration of an object demands that the mass and the net force are known. If mass (m) and net force (F net) are known, then the acceleration is determined by use of the equation.



Thus, the task involves using the above equations, the given information, and your understanding of Newton's laws to determine the acceleration. To gain a feel for how this method is applied, try the following practice problems. Once you have solved the problems, click the button to check your answers.



Practice #1 An applied force of 50 N is used to accelerate an object to the right across a frictional surface. The object encounters 10 N of friction. Use the diagram to determine the normal force, the net force, the mass, and the acceleration of the object. (Neglect air resistance.)



Note: To simplify calculations, an approximated value of g is often used - 10 m/s/s. Answers obtained using this approximation are shown in parenthesis. Fnorm = 80 N; m = 8.16 kg; Fnet = 40 N, right; a = 4.9 m/s/s, right (Fnorm = 80 N; m = 8 kg; Fnet = 40 N, right; a = 5 m/s/s, right)



Since there is no vertical acceleration, normal force = gravity force. The mass can be found using the equation Fgrav = m • g. The Fnet is the vector sum of all the forces: 80 N, up plus 80 N, down equals 0 N. And 50 N, right plus 10 N, left = 40 N, right. Finally, a = Fnet / m = (40 N) / (8.16 kg) = 4.9 m/s/s.



Practice #2 An applied force of 20 N is used to accelerate an object to the right across a frictional surface. The object encounters 10 N of friction. Use the diagram to determine the normal force, the net force, the coefficient of friction ("mu") between the object and the surface, the mass, and the acceleration of the object. (Neglect air resistance.)



Note: To simplify calculations, an approximated value of g is often used - 10 m/s/s. Answers obtained using this approximation are shown in parenthesis. Fnorm = 100 N; m = 10.2 kg; F net = 10 N, right; "mu" = 0.1; a =0.980 m/s/s, right (Fnorm = 100 N; m = 10 kg; Fnet = 10 N, right; "mu" = 0.1; a =1 m/s/s, right) Since there is no vertical acceleration, the normal force is equal to the gravity force. The mass can be found using the equation Fgrav = m * g. Using "mu" = Ffrict / Fnorm, "mu" = (10 N) / (100 N) = 0.1. The Fnet is the vector sum of all the forces: 100 N, up plus 100 N, down equals 0 N. And 20 N, right plus 10 N, left = 10 N, right. Finally, a = Fnet / m = (10 N) / (10.2 kg) = 0.980 m/s/s.



Practice #3 A 5-kg object is sliding to the right and encountering a friction force which slows it down. The coefficient of friction ("mu") between the object and the surface is 0.1. Determine the force of gravity, the normal force, the force of friction, the net force, and the acceleration. (Neglect air resistance.)



Note: To simplify calculations, an approximated value of g is often used - 10 m/s/s. Answers obtained using this approximation are shown in parenthesis. Fgrav = 49 N; Fnorm = 49 N; Ffrict = 4.9 N; Fnet = 5 N, left; a = 0.98 m/s/s, left ( Fgrav = 50 N; Fnorm = 50 N; Ffrict = 5 N; Fnet = 5 N, left; a = 1 m/s/s, left ) Fgrav = m • g = (5 kg) • (9.8 m/s/s) = 49 N. Since there is no vertical acceleration, the normal force equals the gravity force. Ffrict can be found using the equation Ffrict ="mu"• Fnorm. The Fnet is the vector sum of all the forces: 49 N, up plus 49 N, down equals 0 N. And 4.9 N, left remains unbalanced; it is the net force. Finally, a = Fnet / m = (4.9 N) / (5 kg) = 0.98 m/s/s. A couple more practice problems are provided below. You should make an effort to solve as many problems as you can without the assistance of notes, solutions, teachers, and other students. Commit yourself to individually solving the problems. In the meantime, an important caution is worth mentioning: Avoid forcing a problem into the form of a previously solved problem. Problems in physics will seldom look the same. Instead of solving problems by rote or by mimicry of a previously solved problem, utilize your conceptual understanding of Newton's laws to work towards solutions to problems. Use your understanding of weight and mass to find the m or the Fgrav in a problem. Use your conceptual understanding of net force (vector sum of all the forces) to find the value of Fnet or the value of an individual force. Do not divorce the solving of physics problems from your understanding of physics concepts. If you are unable to solve physics problems like those above, it is does not necessarily mean that you are having math difficulties. It is likely that you are having a physics concepts difficulty.



Check Your Understanding



1.



Edwardo applies a 4.25-N rightward force to a 0.765-kg book to accelerate it across a table top. The coefficient of friction between the book and the tabletop is 0.410. Determine the acceleration of the book.



2.



In a physics lab, Kate and Rob use a hanging mass and pulley system to exert a 2.45 N rightward force on a 0.500-kg cart to accelerate it across a low-friction track. If the total resistance force to the motion of the cart is 0.72 N, then what is the cart's acceleration?



ANSWER:1. Fgrav = 7.50 N; Fnorm = 7.50 N; Ffrict = 3.07 N; Fnet = 1.18 N, right; a = 1.54 m/s/s, right The starting point for any problem such as this is the construction of a free-body diagram in which you show all the individual forces which are acting upon the book. There are two vertical forces - gravity and normal force. There are two horizontal forces - friction and the applied force. Since there is no vertical acceleration, normal force = gravity force. Each of these forces can be determined using the equation Fgrav = m • g = (0.765 kg) • (9.8 m/s/s) = 7.497N The force of friction can be determined using the equation F frict = mu • Fnorm. So Ffrict = (0.410) • (7.497 N) = (3.0737 ... N) The Fnet is the vector sum of all the forces: 4.25 N, right plus 3.0737 ... N, left = 1.176... N, right. Finally, a = Fnet / m = (1.176... N) / (0.765 kg) = 1.54 m/s/s. 2. Fgrav = 4.90 N; Fnorm = 4.90 N; Fnet = 1.73 N, right; a = 3.46 m/s/s, right The starting point for any problem such as this is the construction of a free-body diagram in which you show all the individual forces which are acting upon the book. There are two vertical forces - gravity and normal force. There are two horizontal forces - friction and the applied force. Since there is no vertical acceleration, normal force = gravity force. Each of these forces could be determined using the equation Fgrav = m • g = (0.500 kg)•(9.8 m/s/s) = 4.90 N. The Fnet is the vector sum of all the forces: 2.45 N, right plus 0.72 N, left = 1.73 N, right. Finally, a = Fnet / m = (1.73. N) / (0.500 kg) = 3.46 m/s/s.



Newton's Second Law of Motion Finding Individual Forces As learned earlier in Lesson 3 (as well as in Lesson 2), the net force is the vector sum of all the individual forces. In Lesson 2, we learned how to determine the net force if the magnitudes of all the individual forces are known. In this lesson, we will learn how to determine the magnitudes of all the individual forces if the mass and acceleration of the object are known. The three major equations which will be useful are the equation for net force (Fnet = m*a), the equation for gravitational force (Fgrav = m*g), and the equation for frictional force (Ffrict = "mu"*Fnorm). The process of determining the value of the individual forces acting upon an object involve an application of Newton's second law (Fnet=m*a) and an application of the meaning of the net force. If mass (m) and acceleration (a) are known, then the net force (Fnet) can be determined by use of the equation.



Fnet = m * a If the numerical value for the net force and the direction of the net force is known, then the value of all individual forces can be determined. Thus, the task involves using the above equations, the given information, and your understanding of net force to determine the value of individual forces. To gain a feel for how this method is applied, try the following practice problems. The problems progress from easy to more difficult. Once you have solved a problem, click the button to check your answers.



Practice #1 Free-body diagrams for four situations are shown below. The net force is known for each situation. However, the magnitudes of a few of the individual forces are not known. Analyze each situation individually and determine the magnitude of the unknown forces.



Practice #2 A rightward force is applied to a 6-kg object to move it across a rough surface at constant velocity. The object encounters 15 N of frictional force. Use the diagram to determine the gravitational force, normal force, net force, and applied force. (Neglect air resistance.)



Practice #3 A rightward force is applied to a 10-kg object to move it across a rough surface at constant velocity. The coefficient of friction between the object and the surface is 0.2. Use the diagram to determine the gravitational force, normal force, applied force, frictional force, and net force. (Neglect air resistance.)



Practice #4 A rightward force is applied to a 5-kg object to move it across a rough surface with a rightward acceleration of 2 m/s/s. The coefficient of friction between the object and the surface is 0.1. Use the diagram to determine the gravitational force, normal force, applied force, frictional force, and net force. (Neglect air resistance.)



Practice #5 A rightward force of 25 N is applied to a 4-kg object to move it across a rough surface with a rightward acceleration of 2.5 m/s/s. Use the diagram to determine the gravitational force, normal



force, frictional force, net force, and the coefficient of friction between the object and the surface. (Neglect air resistance.)



A couple more practice problems are provided below. You should make an effort to solve as many problems as you can without the assistance of notes, solutions, teachers, and other students. Commit yourself to individually solving the problems. In the meantime, an important caution is worth mentioning:



Avoid forcing a problem into the form of a previously solved problem. Problems in physics will seldom look the same. Instead of solving problems by rote or by mimicry of a previously solved problem, utilize your conceptual understanding of Newton's laws to work towards solutions to problems. Use your understanding of weight and mass to find the m or the Fgrav in a problem. Use your conceptual understanding of net force (vector sum of all the forces) to find the value of Fnet or the value of an individual force. Do not divorce the solving of physics problems from your understanding of physics concepts. If you are unable to solve physics problems like those above, it is does not necessarily mean that you are having math difficulties. It is likely that you are having a physics concepts difficulty.



____________________________________________________ Check Your Understanding ______________________________________________________________________________ 1. Lee Malone is sledding with his friends when he becomes disgruntled by one of his friends comments. He exerts a rightward force of 9.13 N on his 4.68-kg sled to accelerate it across the snow. If the acceleration of the sled is 0.815 m/s/s, then what is the coefficient of friction between the sled and the snow? 2. In a Physics lab, Ernesto and Amanda apply a 34.5 N rightward force to a 4.52-kg cart to accelerate it across a horizontal surface at a rate of 1.28 m/s/s. Determine the friction force acting upon the cart.



ANSWERS:PRACTICE 1:A = 50 N (the horizontal forces must be balanced) B = 200 N (the vertical forces must be balanced) C = 1100 N (in order to have a net force of 200 N, up) D = 20 N (in order to have a net force of 60 N, left) E = 300 N (the vertical forces must be balanced) F = H = any number you wish (as long as F equals H) G = 50 N (in order to have a net force of 30 N, right)



PRACTICE 2:Fnet = 0 N; Fgrav = 58.8 N; Fnorm = 58.8 N; Fapp = 15 N When the velocity is constant, a = 0 m/s/s and Fnet = 0 N Since the mass is known, Fgrav can be found: Fgrav = m • g = 6 kg • 9.8 m/s/s = 58.8 N Since there is no vertical acceleration, the normal force equals the gravity force. Since there is no horizontal acceleration, Ffrict = Fapp = 15 N



PRACTICE 3:Fnet = 0 N; Fgrav = 98 N; Fnorm = 98 N; Ffrict = 19.6 N; Fapp = 19.6 N When the velocity is constant, a = 0 m/s/s and Fnet = 0 N. Since the mass is known, Fgrav can be found (Fgrav = m • g = 10 kg • 9.8 m/s/s). Since there is no vertical acceleration, normal force = gravity force. Once Fnorm is known, Ffrict can be found using Ffrict = "mu" •Fnorm. Since there is no horizontal acceleration, F frict = Fapp = 19.6 N



PRACTICE 4:Fnet =10 N, right; Fgrav = 49 N; Fnorm = 49 N; Ffrict = 4.9 N; Fapp = 14.9 N Fnet can be found using Fnet = m • a = (5 kg) • (2 m/s/s) = 10 N, right. Since the mass is known, Fgrav can be found: Fgrav = m • g = 5 kg • 9.8 m/s/s = 49 N Since there is no vertical acceleration, the normal force equals the gravity force. Once Fnorm is known, Ffrict can be found using Ffrict = "mu" • Fnorm = (0.1) • (49 N) = 4.9 N. Since the Fnet = 10 N, right, the rightward force (Fapp) must be 10 N more than the leftward force (Ffrict); thus, Fapp must be 14.9 N.



PRACTICE 5:Fnet = 10 N, right; Fgrav = 39.2 N; Fnorm = 39.2 N; Ffrict = 15 N; "mu"= 0.383 Fnet can be found using Fnet = m • a = (4 kg) • (2.5 m/s/s) =10 N, right. Since the mass is known, Fgrav can be found: Fgrav = m • g = 4 kg • 9.8 m/s/s = 39.2 N. Since there is no vertical acceleration, the normal force equals the gravity force. Since the Fnet=10 N, right, the rightward force (Fapp) must be 10 N more than the leftward force (Ffrict); thus, Ffrict must be 15 N. Finally, "mu"= Ffrict / Fnorm = (15 N) / (39.2 N) = 0.383.



CHECK YOUR UNDERSTANDING ANSWERS:1. Fgrav = 45.9 N; Fnorm = 45.9 N; Ffrict = 3.07 N; Fnet = 3.81 N, right; mu = 0.116 The starting point for any problem such as this is the construction of a free-body diagram in which you show all the individual forces which are acting upon the book. There are two vertical forces - gravity and normal force. There are two horizontal forces - friction and the applied force. Since there is no vertical acceleration, normal force = gravity force. Each of these forces can be determined using the equation Fgrav = m • g = (4.68 kg) • (9.8 m/s/s) = 45.864N.The net force can be determined from knowledge of the mass and acceleration of the sled. Fnet = m • a = (4.68 kg) • (0.815 m/s/s) = 3.8142 N, right.



Since the net force is to the right (in the direction of the applied force), then the applied force must be greater than the friction force. The friction force can be determined using an understanding of net force as the vector sum of all the forces. So 3.81 N, right = 9.13 N, right + Ffrict. Therefore, Ffrict = 5.32 N, left. The coefficient of friction can now be determined as the ratio of friction force to normal force. "mu" = Ffrict / Fnorm = (5.32 N) / (45.864 N) = 0.116.



2.



Ffrict = 28.7 N, left



The starting point for any problem such as this is the construction of a free-body diagram in which you show all the individual forces which are acting upon the book. There are two vertical forces - gravity and normal force. There are two horizontal forces - friction and the applied force. Since there is no vertical acceleration, normal force = gravity force. Each of these forces can be determined using the equation Fgrav = m • g = (4.525 kg) • (9.8 m/s/s) = 44.296N The net force can be determined from knowledge of the mass and acceleration of the sled. Fnet = m • a = (4.52 kg) • (1.28 m/s/s) = 5.7856 N, right. Since the net force is to the right (in the direction of the applied force), then the applied force must be greater than the friction force. The friction force can be determined using an understanding of net force as the vector sum of all the forces. So 5.7856 N, right = 34.5 N, right + Ffrict. Therefore, Ffrict = 28.7 N, left.
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