Lecture Notes

Basic Kinetic Concepts
Instructions: Read through the lecture while watching the PowerPoint slide show that accompanies these notes. When you see the <ENTER> prompt, press enter for the slide show so that you can progress through the show in a manner that corresponds to these notes.

SLIDE 1: The last topic that we want to cover under Biomechanical Concepts Related to Human Motion is Basic Kinetic Concepts. <ENTER>
SLIDE 2: Again, I want to remind you where we are in the course outline. We are still in Topic II. – Biomechanical Concepts Related to Human Movement. <ENTER>

SLIDE 3: And, we are ready to cover our last topic in Biomechanics. <ENTER>
SLIDE 4: You should remember from earlier in the semester that kinetics is <ENTER> the branch of mechanics that studies the causes of motion, or the forces that tend to cause, cause, or result from motion. <ENTER> It is the branch that attempts to explain human motion so that we can identify and alter forces to change motion for performance enhancement and injury prevention. <ENTER>

SLIDE 5: We will cover three main kinetic concepts: force, torque, and free body diagrams. <ENTER>

SLIDE 6: We’ll begin with the concept of force. <ENTER>

SLIDE 7: What is a force? Well, using the simplest of definitions, a force is <ENTER> a push or pull. As we have already learned this semester, it is <ENTER> a vector quantity with 4 characteristics: magnitude, direction, point of application, and line of force. We have already learned how to portray these characteristics of the force vector. More formally, we can define force as the interaction of an object with its surroundings. That interaction most often occurs in the form of contact between two objects, but can also occur without contact, as in the case of gravity. <ENTER>

SLIDE 8: When most of us think of forces being applied to an object we generally assume that the force will cause motion. There are two errors in this line of thinking, and I would like to take a moment to correct both. First of all, when we think of force application, we should not think of the potential for motion, but rather of the potential for change in motion, or acceleration. Forces are responsible for accelerations. As we have discussed earlier this semester, an object can be moving in the absence of forces or in a situation where the net force acting on the object is zero. These are considered static situations in which the velocity is constant – in other words the object is not speeding up or slowing down. Granted, this situation is rare in human movement, but it is important that you make the correct association. So, I want you to associate force with being necessary for acceleration, not motion. Second, just because a force is applied to an object, it does not necessarily mean that motion will occur. In order for the force to cause acceleration, two things must be true. 1) The force must be large enough to overcome all opposing forces. In other words, there must be a net force in the desired direction of motion. If the net force is zero, then no acceleration will occur. If the net force is opposite the desired direction of motion, then the object will accelerate but it will be in the direction opposite the desired motion. 2) The force must be large enough to overcome the inertia of the system, even in the absence of other forces. Inertia is defined as a body’s inherent resistance to linear acceleration, or its tendency to keep doing what it is doing. This inherent resistance can be quantified by the mass of the object. If either of these conditions is not true, then acceleration of the object will not occur. However, remember, <ENTER> even if acceleration does not occur, the object will be deformed as a result of the force application. This deformation would be the study of deformable body mechanics. We will not talk much about this, but we will discuss a few applications in the next lecture unit. <ENTER>

SLIDE 9: The most common forces that are encountered in human movement are listed on the slide. We will encounter several of these in our study this semester, and will define them as necessary as we encounter them during the semester. <ENTER>

SLIDE 10: The second concept that we want to cover under Basic Kinetic Concepts is Torque. <ENTER>

SLIDE 11: Torque is also called <ENTER> the moment of force, or the moment. You should be familiar with all three terms and know that they are used interchangeably. <ENTER> Torque is defined as the ability of a force to create rotation. Some books define it as angular force, but I do not like this term, because torque is not a force. It is a physical quantity all by itself. It is the measure of a force’s ability to create rotation. <ENTER> Mathematically, torque is the product of a force times that force’s moment arm. Therefore, torque is dependent on force but it is not a force itself. As indicated by this equation, in order for a force to create rotation, it must have a moment arm. <ENTER> A moment arm is the perpendicular distance from the line of force to the axis of rotation. <ENTER> To have a moment arm, the force must be eccentric (off-center). All these concepts are best understood through illustrations, so let’s spend the next few moments discussing several illustrations. <ENTER>

SLIDE 12: As with force, when you think of torque being applied to an object, you should automatically think of acceleration. However, in this case, you should think of angular acceleration. Torque must be applied in order for an object to have a chance of angularly accelerating. However, as with force, torque application it does not necessarily mean that angular motion will occur. In order for the torque to cause angular acceleration, two things must be true. 1) The torque must be large enough to overcome all opposing torques. In other words, there must be a net torque in the desired direction of rotation. If the net torque is zero, then no angular acceleration will occur. If the torque force is opposite the desired direction of rotation, then the object will accelerate angularly but it will be in the direction opposite the desired rotation. 2) The torque must be large enough to overcome the moment of inertia of the system, even in the absence of other torques. The moment of inertia is defined as a body’s inherent resistance to angular acceleration, or its tendency to keep rotating in the manner that it is rotating. This inherent resistance can be quantified by the mass of the object and the length of the rotating object. Heavier and longer objects are harder to accelerate angularly and require greater torque application. Of these two factors, the length of the object has a greater influence than the mass. So, if you want to make something easier to rotate, your first choice should be to try and make it shorter. This is why most gymnasts are shorter than average. Most of the skills they perform are rotational skills. So, a shorter body with shorter limbs can complete rotations more easily than taller people with longer limbs. This is also why you give people shorter bats who have a hard time swinging a long bat. 

If either of these conditions is not true, then angular acceleration of the object will not occur. <ENTER>

SLIDE 13: We will use a simple illustration to explain these concepts. Can you figure out what is depicted on the slide? It is a door, viewed from the top. The circle represents the hinge, or the axis of rotation, and the bar represents the door. Two forces are represented as acting on the door. One force (FB) represents the force exerted by me, Dr. Browder, to try to keep you all (the class) out of the classroom because I need a day off.  The other force (FC) represents the force exerted by you all to try and get in the classroom because of you unquenchable thirst for knowledge in Applied Human Anatomy and Biomechanics!!! <ENTER> The question that we might ask is which way will the door turn? At first glance you might say that the door will rotate in the direction that the Class is pushing since they are pushing with the greater force. But, you must remember that rotation depends on torque, not just force. So, the answer is that it will turn in the direction of the greatest torque. So, who is exerting the greatest torque? Well, we have learned that the torque produced by a force is the product of that force times its moment arm. So, if we can determine the lengths of the moment arms, we can calculate the torque produced by Browder and by Class, and determine which way the door will rotate. First, let’s draw in our lines of force for each force. <ENTER> <ENTER> Now, can you draw in the moment arms for each force? Remember, it must connect the axis of rotation (the hinge) with the line of force, and it must be perpendicular to the line of force. Can you draw them? <ENTER> This is the moment arm for the Class (dC). <ENTER> This is the moment arm for Browder (dB). Did you get them right? So that we can perform calculations and determine which way the door will turn, let’s assume that the door is 1 m long. That would make the moment arm for Dr. Browder’s force 1 m <ENTER>, and the moment arm for the class’s force ~ .05 m (1/20 of a meter) <ENTER>. Given this information, can you use the equation for torque (T=Fd) to calculate the torque produced by each force? The example is worked on the slide for you. <ENTER>  <ENTER>  <ENTER>  It is obvious from the numbers that Dr. Browder is producing a larger torque than the Class, even though the Class is exerting a larger force. The larger torque is due to the large moment arm that Dr. Browder has. Obviously, the door will rotate counterclockwise (CCW) due to Dr. Browder’s push. Now, let’s take this one step further, and calculate the net torque that is being produced on the door. Ultimately, this value tells us which way the door will turn. The net torque is calculated by simply adding all the torques together. However, because torque is a vector quantity, you must correctly assign positive and negative signs to the torques to indicate direction so that they will “add” up appropriately. Earlier in the semester, we learned an absolute reference system for angular motion in which counterclockwise (CCW) was considered positive and clockwise (CW) was considered negative. Using this convention in this example, Dr. Browder’s torque is positive, and the Class’s torque is negative. When we use the signs appropriately, the net torque can be solved as shown on the slide.  <ENTER>  <ENTER>  The net torque is a positive 90 Nm, indicating that the door will rotate positively, CCW. What would be the difference in the motion of the door if the net torque were a positive 40 Nm? Well, it would still move in the CCW direction, but it would not open (accelerate) as quickly. Therefore, the magnitude of the net torque also provides us with valuable information – it tells us how quickly the object will accelerate angularly. <ENTER>

SLIDE 14: So, what must be done in order for the class to win? Well, obviously the net torque must be CW, or negative. To accomplish this, the Class must either increase its torque, decrease Dr. Browder’s torque, or some combination of the two. <ENTER>  <ENTER> How do you increase or decrease torque? Well, let’s just take the example of increasing the Class’s torque. According to the equation for torque (T=Fd), you basically have three options for increasing the Class’s torque: <ENTER> 1) increase the force exerted by the Class, <ENTER>  2) increase the moment arm of the class, or 3) or some combination of the first two. Can you think of practical ways to accomplish this? Well, to increase the force, the class would obviously have to push harder. But what are some practical ways to increase the moment arm? There are two ways to increase the moment arm. First, you can move the point of application farther away from the axis. Second, you can change the angle at which the force is applied. Understanding the effects these changes can have helps us understand that the largest moment arm exists when you apply the force as far away as possible and at a 90 degree angle to the rotating object. Let’s use our door example to further explore these three practical ways to increase torque application to a rotating object. <ENTER> 

SLIDE 15: First, let’s see what effect increasing the force of the Class would have. Notice that the force vector FC is longer than on the previous slide. Let’s assume that this longer vector represents an increase of 100 N in FC to 300 N. Now, can you draw in the line of force and the moment arm, and calculate the net torque acting on the door as a result of this increase in FC? <ENTER>  <ENTER>  <ENTER>  Did you get it right? The net torque has been reduced in magnitude, but the door will still rotate CCW. <ENTER>

SLIDE 16: If there were no changes in the moment arm, it would take 2000 N of force by the class to get 100 Nm of torque. The net torque would then be zero and the door would not rotate at all!  Now, let’s see how we might be able to change the moment arm to increase the torque by the Class. <ENTER>

SLIDE 17: Let’s first explore how a change in the moment arm might occur if we were to change the point of force application by moving it farther away from the axis of rotation. Note that the force vector FC has been moved so that the point of force application is further away from the hinge. Can you draw in the line of force and the moment arm for FC? <ENTER> <ENTER>  This moment arm looks like it is about 3X as long as it was before, making it ~.15 m. Can you now calculate the net torque being applied to the door? <ENTER> The net torque has been reduced to 70 Nm, but the door will still rotate CCW – it just won’t open as quickly since the net torque is smaller. <ENTER>

SLIDE 18: <ENTER> Even if Class applied the force at the end of the door, the moment arm would not be large enough to create a torque to overcome Dr. Browder’s torque. <ENTER> It would take a moment arm of .5 m to get 100 Nm of torque. We can not apply the force far enough away to get a moment arm this large. We run out of door! <ENTER>

SLIDE 19: The second way we can increase the moment arm is by changing the direction of the force application. Let’s see what happens when we apply the force at a 90 degree angle. <ENTER> Can you draw in the moment arm? <ENTER>  This moment arm is about 4X larger than the Class’s original moment arm, so it is ~.20 m. Can you calculate the net torque applied to the door now? <ENTER>  Again, the net torque has been reduced in magnitude, but the door will still rotate CCW. <ENTER>

SLIDE 20: Even if we apply the force at an angle directed away from the axis <ENTER>, it does not help us. The moment arm begins to get smaller again. The angle of force application that produces the largest moment arm is 90 degrees. <ENTER> We would not be able to change the angle enough to get 100 Nm of torque! <ENTER>

SLIDE 21: In order to make the net torque negative (CW) so that the door will rotate in the direction that the Class is trying to rotate it, it will take a combination of all three strategies (increase Fc, increase dc by moving the point of application farther from the axis, and/or increase dc by changing the angle of force application), or else TB would have to be reduced in a similar (but opposite) manner. <ENTER>

SLIDE 22: I need to make one final point. How would the door rotate if a force were applied to the door in the manner shown on the slide? <ENTER> Well, the answer is nothing! The door would not rotate because there is no moment arm. Anytime the line of force passes through the axis of rotation, as it does on this slide, there is no moment arm and therefore, there is no torque. If there is no torque, then rotation cannot occur. <ENTER>
SLIDE 23: To summarize: <ENTER>

· Net torque determines whether rotation will occur, the direction of that rotation, and how quickly the rotation will occur (angular acceleration) <ENTER>

· You can change net torque by changing one or more individual torques <ENTER>

· You can change an individual torque by changing <ENTER>

· Magnitude of force <ENTER>

· Direction of force (this changes the moment arm) <ENTER>

· Point of application of force (this changes the moment arm) <ENTER>

· It often takes a combination of all of these. It is important that you understand that creating rotation does not always mean applying more force. Instead, you may just need to apply that force smarter – by applying it farther away or at a different angle so that you can maximize your moment arm. <ENTER>

SLIDE 24: There are many applications of torque in human movement. This semester, we will use the concept of torque to understand human movement. Two examples of this will be our use of torque to understand muscle function and to analyze movement. <ENTER>

SLIDE 25: Let’s start with the application of understanding muscle function. In order for a muscle to cause rotation about a joint, it must create torque about that joint. In other words, it must have a moment arm. Since muscles only pull, a given muscle will typically be able to create torque in only one direction in a given plane. There are exceptions to this rule, but let’s focus on the rule for now. Let’s start with a muscle that you are all probably familiar with – the biceps brachii. Let’s use the concept of torque to help us understand what kind of sagittal plane rotation the biceps brachii can produce at the elbow joint. Let’s draw in a force vector to represent the force exerted by the biceps brachii on the forearm. <ENTER> Can you draw in the line of force and the moment arm for the biceps brachii? <ENTER> Did you get it right? We see that the biceps brachii does have moment arm, therefore, it must create torque in the sagittal plane. Can you tell whether this torque will cause flexion or extension of the forearm? It is flexion. Therefore, we say that the biceps brachii creates a flexor torque about the elbow. If you were to tie a string at the attachment point (the radial tuberosity) and pull on the string in the direction indicated by the vector, can you see that the forearm would flex rather than extend? Therefore, we say that the biceps brachii is capable of producing a flexor torque given its attachment site and direction of pull relative to the joint (anterior to the joint). But, will flexion occur? That depends on whether there are other torques opposing the biceps brachii or not, and whether their magnitudes are large enough to overcome the biceps brachii. Are there any torques that are opposing the flexor torque of the biceps brachii? Let’s examine the torque effect created by gravity, or the weight of the forearm. Can you draw in the line of pull and the moment arm for the weight vector of the forearm? <ENTER> Did you get it right? <ENTER> Whether or not the biceps brachii will cause flexion depends on whether its torque is greater than the torque created by gravity. <ENTER> 

SLIDE 26: Can you tell which way the arm will rotate? It is not easy to determine which torque is greater without actually having the numbers. From the length of the force vectors, the force of the biceps brachii is greater than gravity, but gravity does have a greater moment arm. Let’s assume the following values: Fbb=100 N, Fg=25 N, dbb=2cm, dg=10 cm. Can you now calculate the net torque and determine the direction of rotation? <ENTER> The net torque is -50 Ncm. The arm will extend. From this example, we see that the concept of torque helps us understand what the potential rotational function a given muscle will serve, and whether or not in a given situation that muscle can actually perform that function. <ENTER>

SLIDE 27: From this example can you state what condtions have to be true for the arm to flex? Well, the net torque must be a flexor torque, or stated another way, the sum of all the flexor torques acting on the arm must be greater than the sum of all the extensor torques acting on the arm. What condtions have to be true for the arm to extend? In this case, the net torque must be an extensor torque, or stated another way, the sum of all the extensor torques acting on the arm must be greater than the sum of all the flexor torques acting on the arm. Let’s use this diagram to examine another muscle. <ENTER> What role does the triceps brachii play in the sagittal plane? Draw in a force vector to represent the force exerted by the triceps brachii on the forearm. <ENTER> Can you draw in the line of force and the moment arm for the biceps brachii? <ENTER> Did you get it right? We see that the triceps brachii does have moment arm, therefore, it must create torque in the sagittal plane. Can you tell whether this torque will cause flexion or extension of the forearm? It is extension. Therefore, we say that the triceps brachii creates a extensor torque about the elbow. If you were to tie a string at the attachment point (the olecranon process of the ulna) and pull on the string in the direction indicated by the vector, can you see that the forearm would extend rather than flex? Therefore, we say that the triceps brachii is capable of producing an extensor torque given its attachment site and direction of pull relative to the joint (posterior to the joint). Whether or not the triceps brachii will cause extension depends on whether its torque is great enough to overcome any flexor torques acting on the arm. <ENTER>

SLIDE 28: Let’s examine muscle function in another plane. This is a diagram of the palmaris longus muscle in the frontal plane. It crosses the wrist joint, where its distal attachment is the palmar aponeurosis. The palmar aponeurosis is depicted by the shaded area on the diagram. <ENTER> To understand the function of this muscle in the frontal plane, we must determine the torque output of this muscle in the frontal plane. To do this we must determine whether this muscle force has a moment arm in the frontal plane. To do this, draw in the axis. <ENTER> Now, draw in a force vector to represent the pull of this muscle, using the rules we discussed previously. <ENTER> Now, can you draw in a moment arm for this muscle? <ENTER>

SLIDE 29: No, it is not possible to draw in a moment arm for this muscle in the frontal plane because the force vector passes right through the axis of rotation. Therefore, this muscle is not capable of causing any rotation in the frontal plane. Even though the wrist joint does permit rotation in the frontal plane (radial and ulnar deviation), this muscle does not have the ability to cause frontal plane rotational movement because it does not produce a torque in this plane. Can this muscle cause linear movement in the frontal plane? Sure, if you resolved this vector using the rules we discussed in the last lecture, <ENTER> you can see that this muscle pulls the hand superiorly, compressing the wrist joint, and pulls slightly medially, exerting a slight medial shear on the joint. Does this muscle cause rotation in the sagittal or transverse planes? Well, if the muscle force has a moment arm in these planes, then it has the potential to cause rotation in these planes. Whether or not it does cause rotation depends on two things: 1) are there any opposing torques created by ligaments or bones that would not permit rotation in that plane? 2) If the joint permits rotation in that plane, is the torque created by the muscle greater than opposing torques? We have now used the concept of vector resolution to help us understand linear function of muscles, and the concept of torque to help us understand angular (rotational) function of muscles. Let’s look at another muscle. <ENTER>

SLIDE 30: Can this muscle cause frontal plane rotation of the scapula? Before we answer that, let’s answer this question: <ENTER> What are the angular movements of the scapula in the frontal plane called? Upward & downward rotation. Now, can this muscle cause either of those movements? 

SLIDE 31: Yes, if it has a moment arm for that axis of rotation! What is the axis of rotation for upward and downward rotation of the scapula? <ENTER> The acromioclavicular joint. Now, can you draw in a force vector for the muscle? <ENTER> Given this, can you draw in a moment arm for this muscle? <ENTER> This muscle does create torque in the frontal plane. Is it an upward or downward rotation torque? It is a downward rotation torque. If you were to tie a string at the attachment point and pull on the string in the direction indicated by the vector, can you see that the scapula would downwardly rotate? <ENTER> Will this muscle cause downward rotation? <ENTER>

SLIDE 32: Again, that depends on whether there are any opposing upward rotation torques that are greater than the downward rotation torque created by this muscle. We know that the AC joint does permit upward and downward rotation, therefore, it is simply a matter of whether other muscles or forces are producing upward rotation torques that are too large to overcome. In the previous lecture on vector algebra, we used the concept of vector resolution to help us understand linear function of this muscle. We learned that it caused elevation and retraction. Now, we have used the concept of torque to help us understand the angular (rotational) function of this muscle. Let’s now introduce another important concept about muscle function using torque. <ENTER>

SLIDE 33: What happens to the moment arm of the muscle throughout the ROM? On this slide are a series of diagrams depicting the force produced by the biceps brachii through the ROM of elbow flexion. For the time being, let’s assume that the force produced by the biceps brachii is constant through the ROM. From the diagrams, <ENTER> can you tell what happens to the length of the moment arm of the muscle throughout the ROM? The length of the moment arm is changing. Where is it greatest? Well, it looks like it is greatest at a joint angle of 90° (or the middle picture). Why is it greatest there? Earlier in this lecture we discussed the two factors that affect the length of the moment arm. Do you remember what those were? The point of force application and the angle of force application. Does either of those change in this example? Well, obviously the point of force application, or the attachment site of the muscle, does not change. How about the angle of force application? Let’s take a look at that. Can you determine the muscle insertion angle for the biceps brachii in each of the diagrams? Remember, draw in a mechanical axis for the forearm and measure the muscle insertion angle relative to that axis. <ENTER> The muscle insertion angle is ~30°, 60°, 90°, 120°, and 150°, from left to right. Do you remember what angle of force application produces the greatest moment arm? 90°! Therefore, the moment arm is largest at 90° joint angle because for this muscle, that is the joint angle where the muscle insertion angle (or angle of force application) happens to be 90°. Any other angle of force application (or muscle insertion angle) results in a smaller moment arm. <ENTER>

SLIDE 34: So, what happens to the magnitude of the muscle torque throughout the ROM? Well, if muscle force stays constant through the ROM, then muscle torque will vary as the moment arm varies. Muscle insertion angles for most muscles change through the ROM, so muscle torque output through the ROM varies as well. A muscle’s strength (torque output) depends, in part, on what point in the ROM the muscle is working. <ENTER> Does muscle force stay constant throughout the ROM? Usually not, but we will talk more about this later in the semester. <ENTER>

SLIDE 35: Now I will introduce several examples where we use the concept of torque to analyze movement. <ENTER>

SLIDE 36: Let’s use the same diagrams to examine the role of resistance in exercise. The resistance in this exercise will simply be the weight of the forearm. For each diagram, let’s draw in a force vector to represent the weight of the forearm, and then draw in a moment arm for the weight. What would be the point of application of the weight force? The center of gravity of the forearm. Will this point of application change through the ROM? Not as long as the arm and hand maintain position. Can you draw in the force vectors and moment arms for each diagram? HIT <ENTER> 10 TIMES.  <ENTER> What happens to the resistive force through the ROM? Nothing – the resistive force (the weight of the forearm) does not change through the ROM. <ENTER> What about the resistive torque? As you can see, the moment arm is changing through the ROM, and is greatest when the angle of force application is 90°. Therefore, the resistive torque is changing through the ROM, and is greatest when the angle of force application is 90°, which occurs in the middle diagram. When we perform movements with our segments, the resistive torque is usually changing as we go through the ROM. This concept will be helpful later in the semester when we begin to analyze weight training exercises and other body movements. <ENTER>

SLIDE 37: Let’s use the same concept to analyze the resistance during a sit-up exercise. Does a sit-up represent angular or linear motion? Angular motion, therefore, the resistance that needs to be examined is the resistive torque. What force creates the resistive torque during a sit-up? The weight of the upper body and torso. Can you draw a set of diagrams that would <ENTER> help us understand what happens to the resistive force  and resistive torque as she goes through the ROM of this exercise? First draw in a vector to represent the resistive force (the weight of the upper body and torso). The point of application is the COG of the upper body and torso and the direction of the weight vector is downward (gravity always acts vertically). <ENTER> Does the weight, or resistive force, change through the exercise? No. Now, draw in the moment arm for the weight. The axis of rotation for a full sit-up is the hip joint. <ENTER> What happens to the moment arm between the start position and the up position? It gets smaller. Therefore, the resistive torque gets smaller through the ROM as well. The sit-up gets easier through the ROM because the resistive torque (not the resistive force) is getting smaller through the ROM. <ENTER>

SLIDE 38: What would happen to resistive torque if she put her hands behind her head? The center of gravity would shift towards the head, creating a longer moment arm for the weight, and increasing the resistive torque that she would have to overcome. Can you explain in mechanical terms what is going on when a person cannot perform a full sit-up? The torque produced by the hip flexors is not be large enough to overcome the resistive extensor torque produced by the weight of the upper body and torso. <ENTER>

SLIDE 39: Let’s examine the force applied to the football when throwing a pass. What type of motion is imparted to a football when throwing a pass? Linear and angular motion. The linear motion is obviously necessary for the ball to travel from the quarterback to the receiver. The angular motion in the form of the spiral is necessary for stability of the ball and to reduce the negative effects of air resistance. So, how does the passer impart spin to the ball? S/he must create a torque on the ball. S/he does this by applying some of the force in the direction shown in the diagram on the slide. <ENTER> This diagram represents a cross-sectional view of the ball, and shows a downward acting force which has a moment arm and, therefore, creates torque on the ball. The force depicted is only a component of the total force applied to the ball by the passer. Obviously, there must be a horizontal component as well so that the ball will travel horizontally. The resultant force applied to the ball might look something like this. <ENTER> Most of the force is directed along the line of the desired path of travel for the ball, but there is a component of this force directed perpendicular to the desired path of the ball so that a spiral can be created. <ENTER> If you need to create a great spiral on the ball, you would want to grip the ball in the middle where it is the widest so that you can have as large a moment arm as possible. However, if you need to throw the ball a long way, you want to grip it in the narrower part so that your force is directed a close to the COG of the ball as possible. For pure linear motion, forces should be directed through the COG of the object. Therefore, there is a compromise that passers must strike between linear speed/distance and rotation of the ball. <ENTER>
SLIDE 40: As a final example of torque in human movement, let’s examine the torques that are exerted in the exercise depicted in this figure. The two people are trying to stand up from a seated position on the floor by holding hands and pulling on each other. To do this, they must balance the torques they create on each other. Can you draw force vectors and moment arms to depict the forces and torques being exerted in this exercise? <ENTER> The torques must be equal but opposite to each other in order for them to stand up together. Can you identify practical ways that each person could alter their torque? <ENTER>

SLIDE 41: The last concept that we want to cover under Basic Kinetic Concepts is Free Body Diagrams. We have been using free body diagrams all semester, but I want to formally introduce the concept now. A free body diagram is a diagram in which the system (or object or body) of interest is depicted completely removed or free from its environment and in which all of the external forces acting on the body are represented in appropriate vector form (with appropriate points of application and direction). External forces are forces that originate outside of the system of interest and act on the system. They are the forces that are directly responsible for motion of the system. Therefore, FBDs are the first step in the analysis of a movement. They allow us to examine the forces and determine 1) how a system will move as a result of force application and/or 2) what conditions are necessary to get a system moving as desired. You must carefully identify the system of interest. Once you do this, drawing the FBD is relatively simple. Let’s look at a few examples of FBDs. <ENTER>

SLIDE 42: On this slide is a FBD of a runner at a particular instant of time during the running cycle. The system of interest is the whole body of the runner. The runner has been depicted free of his environment and all external forces have been drawn in appropriate vector form. Fw represents the weight of the runner. Its point of application is the COG of the runner, and its direction is downward. Fa represents the air resistance that is acting on the runner. Its point of application is also the COG of the runner, and its direction is parallel to the motion of the system through the fluid. Fg represents the reaction force from the ground. Its direction is opposite the direction of the runner’s push into the ground, and its point of application is the center of pressure (COP) on the foot. You might ask why muscle force has not been depicted on the FBD. Well, muscle force is not external to the system as it has been defined, therefore, it is not directly responsible for motion of the system. You might then argue that if we do not contract our muscles, there is no way that we would be able to run. That is a true statement, however, muscles are a factor only because of their effect on the ground reaction force. It is the ground reaction force that is directly responsible for our motion. If there is no GRF, then it does not matter how hard we contract our muscles. Take for instance the case in which a person is falling through the air. They may contract their muscles forcefully to produce a running motion as they fall, but they will never move horizontally because there is no reaction force to influence. Identify the external forces first, and then you can analyze each force to determine which factors affect the magnitude and direction of that force. <ENTER>

SLIDE 43: This slide depicts a FBD of a lifter. The system of interest that has been defined is the upper body and torso of the lifter. The lifter has been depicted free of his environment, and all external forces have been drawn in appropriate vector form. Fw,b represents the weight of the barbell. Fw,u represents the weight of the upper body and torso. Fi represents the a force called the intraabdominal pressure. Fm represents the trunk extensor muscle force. Note that they have used a single force vector to represent the net force produced by all the muscles acting on the system. Fj represents the reaction force acting at the hip joint due to the femur pushing on the pelvis. Now that all forces have been identified, torques can be examined to understand better the sagittal plane rotation of the trunk about the hip. <ENTER>

SLIDE 44: As a final example of FBDs, let’s return to our standing exercise that we examined earlier. When we used this example earlier, we failed to identify two other torques that act on the system. Those torques are the ones created by gravity, or the weight of the two persons. The weight of the male assists him in creating a clockwise torque on the system. The weight of the female assists her in creating a counterclockwise torque on the system. The magnitudes of the gravitational torques will affect how much torque each individual must create with their pull on the other person. A heavier person does not have to pull as hard. So, in teaching or performing this task, it is important to take into account the weight of the persons involved. Body position will also affect the moment arms of the weight vectors as well. The FBD helps us see that more clearly. <ENTER>

SLIDE 45: In this lecture, we have covered three main topics: force, torque, and free body diagrams. <ENTER> Under force, we defined force and learned that net force determines magnitude and direction of  acceleration for linear motion. <ENTER> Under torque, we defined torque, we learned about the factors that influence the magnitude and direction of torque, and we learned that net torque determines magnitude and direction of  acceleration for angular motion. We also presented several examples of how torque is used to help us understand muscle function and analyze human movement. <ENTER> Finally, under Free Body Diagrams, we learned how to draw FBDs, and we learned that they are a necessary first step in analyzing human motion. We will use the concepts we have learned in this chapter for the rest of this semester. Make sure that you understand this concepts well. <ENTER>

SLIDE 46: For the next lecture unit, we will cover 

Lecture Topic #3

Subtopic A – The Skeletal System

Please read 

Chapters 12 & 13 

