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Inclined plane physics free body diagram

Inclined Planes — Drawing and Interpreting Free Body Diagrams for Slope Levels Explore More at the end of this section, you can do the following: Distinguish between static friction and kinetic friction Solve problems with inclined levels The learning objectives in this section help your students master the following
standards: (4) Science Concepts. The student knows and applies the laws of movement in two dimensions for a variety of situations. The student is expected to: (D) calculate the effect of forces on objects, including the law of inertia, the relationship between force and acceleration, and the type of force pairs between
objects. kinetic friction static friction Remember from the previous chapter that friction is a force that stands in the way of movement and is all around us. Friction allows us to move what you have discovered if you have ever tried to go on ice. There are different types of friction - kinetic and static. Kinetic friction acts on an
object in motion, while static friction acts on an object or system at rest. The maximum static friction is usually greater than the kinetic friction between the objects. [BL] [OL] Check the concept of friction. [AL] Start a discussion about the two types of friction: static and kinetic. Ask students which ones they think would be
larger for two specific areas. Explain the concept of the coefficient of friction and what the number would mean in practice. Look at the table of static and kinetic friction and ask students to guess which other systems would have higher or lower coefficients. Imagine, for example, trying to push a heavy box over a concrete
floor. You can press harder and harder on the box and not move it at all. This means that static friction responds to what you do — it increases to be the same and in the opposite direction of your push. But when you finally press hard enough, the box suddenly seems to slip and starts to move. Once in motion, it is easier
to keep it moving than it was to start it, because the kinetic frictional force is smaller than the static frictional force. If you were to add mass to the box (e.B. by placing a box over it), you would have to push it even harder to get it going and keep it moving. On the other hand, if you have oiled the concrete, it would be easier
to get the box going and keep it running. Figure 5.33 shows how friction occurs at the interface between two objects. The magnification of these surfaces shows that they microscopic level are rough. So if you press to move an object (in this case, a box), you must raise the object until it can jump along with only the tips
of the surface that hits, cancels the points, or can do both. The harder the surfaces are pushed together (e.B. when another box is placed on the box), the more force is needed to move them. Figure Figure Frictional forces, such as .B. f, always resist movement or attempted movement between objects in contact. Friction
is caused in part by the roughness of the touch surfaces, as can be seen in the extended view. The size of the frictional force has two forms: one for static friction, the other for kinetic friction. If there is no movement between the objects, the size of the static friction fsfs<uysNs,fs<uyusNs,wherepyspusisthe
coefficient of static friction and N is the size of the normal force. Recall that the normal force counteracts gravity and in this example acts percey to the surface, but not always. Because the symbol < < means less or equal, this equation says that static friction can have a maximum value of yn. gy s N. That is, f s (max)=p
s N. f s (max)= p s N. Static friction is a reactive force that increases equal to and opposite to each force up to its maximum limit. As soon as the applied force exceeds fs(max), the object is moved. As soon as an object moves, the size of the kinetic friction fk is indicated by fk =y k N. f k = y k N. where p k p Kk is the
coefficient of kinetic friction. Friction varies from surface to surface because other materials are rougher than others. Table 5.2 compares static and kinetic friction values for different surfaces. The coefficient of friction depends on the two surfaces that are in contact. System Static friction p s p s Kinetic friction p k p k
rubber on dry concrete 1.0 0.7 Rubber on wet concrete 0.7 0.5 wood on wood 0.5 0.3 waxed wood on wet snow 0,0,14 0.1 Metal on wood 0.5 0.3 Steel on steel (dry) 0.6 0.3 Steel on steel (oiled) 0.05 0.03 Teflon on steel 0.04 0.0 4 Bones lubricated by synovial fluid 0.016 0.015 shoes on wood 0.9 0.7 shoes on ice 0.1
0.05ice onice 0.1 0.03 steel on ice 0.4 0.02 Table 5.2 Coefficientof static and kinetic friction Since the direction of friction is always opposite to the direction of movement, the friction runs parallel to the surface between objects and senk normal to the force. If, for example.B the box you are trying to push (with a force
parallel to the ground), has a mass of 100 kg, then the normal force would be equal to its weight W=mg=(100kg)(9.80 m/s 2 )=980 N, W=mg=(100kg)(9.80 m/s 2 )=980 N, perpencesable to the ground. If the static coefficient of friction is 0.45, one would have to exert a force parallel to the ground greater than f s (max)=p s
N=(0.45)(980 N)=440 N f s (max)= p s N=(0.45)(980 N)=440 N to move the box. As soon as there is movement, the friction is lower and the coefficient of kinetic friction can be 0.30, so that a force of only 290 N f k = p k N=(0.30)(980 N)=290 N f k = p k N)=290 N would keep it moving at a constant speed. If the soil were
lubricated, both coefficients would be much smaller than they would be without The coefficient of friction is uniform and is usually a number between 0 and 1.0. We have previously discussed that when an object rests on a horizontal surface, there is a normal force that supports it in the size of its weight. So far, we have
only dealt with normal force in one dimension, where gravity and normal force have been permeable to the surface in opposite directions (gravity downwards and normal force upwards). Now that you have the ability to work with forces in two dimensions, we can explore what happens to weight and normal force on an
inclined surface like an inclined plane. For problems with inclined planes, it is easier to split the forces into their components when we rotate the coordinate system, as shown in Figure 5.34. The first step in setting up the problem is to split the weight force into components. Figure 5.34 The diagram shows vertical and
horizontal weight components on an inclined plane. [BL] Review the concepts of mass, weight, gravity, and normal force. [OL] Check vectors and components of vectors. When an object rests on a slope that makes an angle with the horizontal, gravity acting on the object is divided into two components: a force that acts
perpendense to the plane, w L. w L, and a force that acts parallel to the plane, w || w || . The vertical force of the weight, w L. w L , is usually equal in size and compared to normal force, N. N. The force acting parallel to the plane, w || w || , causes the object to accelerate the slope downwards. The frictional force, f f,
resists the movement of the object so that it acts upwards along the plane. It is important to be careful when dissolving the weight of the object into components. If the angle of inclination is at an angle to the horizontal, the sizes of the weight components are w || =wsin()=mgsin() and w || =wsin()=mgsin() and w L
=wcos()=mgcos() ). w L =wcos()=mgcos() ). Instead of memorizing these equations, it is helpful to be able to determine them from reason. To do this, draw the right triangle formed by the three weight vectors. Note that the angle of the slope is formed with the angle between w w and w L w _L. If you know this property,
you can use trigopnometry to change the size of the cos()=w L w L =wcos()=mgcos()=w L ww L =wcos()=mgcos()= sin() w w || =wsin()=mgsin() ). sin()=w || w w || =wsin()=mgsin() ). [BL] [OL] [AL] Experiment with sliding different objects on inclined planes to understand static and kinetic friction. Which objects require
a larger angle to to slide down? What does this say about the coefficients of friction of these systems? Is a greater force required to start the movement of an object than to keep it moving? What does this say about static and kinetic kinetic When does an object slide down at a constant speed? What does this say about
friction and normal force? This video shows how to divide the weight of an object on an inclined plane into components perversely and parallel to the surface of the plane. It explains the geometry for searching for the angle in detail. Click to view content This video shows how to divide the weight of an object on an inclined
layer into components perennial and parallel to the surface of the plane. It explains the geometry for searching for the angle in detail. If the surface is flat, one could say that one of the components of the gravitational force is zero; Which one? What happens to the magnitudes of the vertical and parallel components of the
gravitational force as the angle of the slope increases? If the angle is zero, the parallel component is zero and the vertical component is maximum. As the angle increases, the parallel component decreases and the vertical component increases. This is because the cosine of the angle shrinks as the sine of the angle
increases. If the angle is zero, the parallel component is zero and the vertical component is maximum. As the angle increases, the parallel component decreases and the vertical component increases. This is because the cosine of the angle increases, while the sine of the angle shrinks. If the angle is zero, the parallel
component is zero and the vertical component is maximum. As the angle increases, the parallel component increases and the vertical component decreases. This is because the cosine of the angle shrinks as the sine of the angle increases. If the angle is zero, the parallel component is zero and the vertical component is
maximum. As the angle increases, the parallel component increases and the vertical component decreases. This is because the cosine of the angle increases, while the sine of the angle shrinks. The normal force is represented by the variable N. N. This should not be confused with the symbol for the Newton, which is
also represented by the letter N. It is important to distinguish these symbols from each other, especially since the units for normal force ( N N ) are random newtons (N). For example, the normal force, N N, which the floor exerts on a chair, could be N=100 N. N=100 N. An important difference is that normal force is a
vector, while the newton is simply a unit. Be careful not to confuse these letters in your calculations! To verify this, the process of solving inclined layer problems is as follows: Draw a sketch of the problem. Identify known and unknown quantities and identify the system of interest. Draw (a sketch that shows all the forces
acting on an object) where the coordinate system rotates at the same angle as the inclined plane. Loosen the vectors into horizontal and components and draw them on the free body diagram. Write Newton's second law in horizontal and vertical directions and add the forces acting on the object. If the object does not
accelerate in a certain direction (e.B. the x-direction), then Fnet x = 0. If the object is accelerated in this direction, Fnet x = ma. Check your response. Is the answer reasonable? Are the units correct? A skier, shown in Figure 5.35(a), with a mass of 62 kg, slides down a snow-covered slope at an angle of 25 degrees. Find
the coefficient kinetic coefficient of friction for the skier if the friction is known, 45.0 N. Figure 5.35 Use the diagram to find the coefficient kinetic coefficient of friction for the skier. The size of the kinetic friction was given as 45.0 N. Kinetic friction is associated with normal force N as f k =y k N f k = py k N. Therefore, we can
find the coefficient of kinetic friction by first finding the normal force of the skier on a slope. The normal force is always permeable to the surface, and since there is no movement perment to the surface, the normal force should correspond to the component of the weight of the skier percroatory to the slope. That is, N=w
1 =wcos(25 ¢ )=mgcos(25¢°).N=w L =w cos(25 > )=mg cos(25 ¢ ).Replacement in our expression for kinetic friction we get fk =y kmg cos 25 o , fk = p k mg cos 25 o , which can now be solved for the coefficient of kinetic friction. The solution for y k p k givespy k =fkwcos 25 o =fkmgcos 25 . yk=fkw
cos 25 o =fk mg cos 25 o . By replacing known values on the right side of the equation py k = 45.0 N (62 kg)(9 .80 m/s 2) (0.906) =0.082 . u k =45.0 N (62 kg)(9 .80 m/s 2) (0.906) =0.082 . This result is slightly smaller than the coefficient for waxing on snow listed in Table 5.2, but it is still reasonable as the values of the
coefficients of friction can vary greatly. In situations like this, where a mass-m object slides down an inclination that makes an angle with the horizontal, friction is given by f k = p k mg cos. f k = y k mg cos. The mass of the skier, including equipment, is 60.0 kg. (See Figure 5.36(b).) a) What is their acceleration when
friction is negligible? b) What is their acceleration if the friction force is 45.0 N? Figure 5.36 Now use the diagram to find the skier's acceleration when the friction is negligible and the friction force is 45.0 N. The most convenient coordinate system for movement on an slope is a coordinate system parallel to the slope and a
permeable to the slope. Remember that movements vertical axes are independent. We use the symbol L 1 to mean vertical, and || || in parallel. The only external forces acting on the system are the weight, friction and normal force exerted by the ski slope, w, f f and N N in the free body diagram. N N is always vertical
to the slope and f f is parallel to it. But w w is not in directional, so we have to divide them into components along the selected axes. We define w || w || the component of the weight parallel to the slope and w L w L the component of the weight to be perpencing to the slope. Once this has happened, we can look at the
two separate problems of forces parallel to the slope and forces perenning to the slope. The size of the component of the weight parallel to the slope is w || =wsin(25°)=mgsin(25°) w || =wsin(25°)=mgsin(25°) , and the size of the component of the weight perpendise lyrise to the slope is w L =wcos(25°)=mgcos(25°). w L
=wco0s(25°)=mgcos(25°). (a) Neglect of friction: Since the acceleration is parallel to the slope, we only have to take into account forces parallel to the slope. Forces perenning to the slope increase to zero because there is no acceleration in this direction. The forces parallel to the piste are the amount of weight of the skier
parallel to the piste w || w || and friction f f . Assuming that there is no friction, the acceleration parallel to the slopeisa || =F net|| m, a|| = F net || m, Where the net force parallel to the slope F net || = w || =mgsin(25°) F net || = w || =mgsin(25°) , so that a || = F net || m = mgsin(25°) m = gsin(25°) = (9.80 m/s 2)
(0,423)=4.14 m/s 2 a || = F net || m = mgsin(25°) m = gsin(25°) = (9.80 m/s 2) (0.423)=4.14 m/s 2 is the acceleration. (b) Including friction: Here we now have a given value for friction, and we know that its direction is parallel to the slope and resists the movement between the touch surfaces. So the external net force is
now F net || =w || F, F net || = w || and replaces this in Newton's second law, a||=F net||ma||=F net||mentersa|| =F net|| m=w || m=mgsin(25°)-fm . a|| = F net || m =w || m = mgsin(25°)-f m . We replace known values to a || = (60.0 kg)(9 .80 m/s 2) (0.423)-45.0 N 60.0 kg, a || = (60.0 kg)(9 .80 m/s 2) (0.423)-
45.0N60.0kg,ora||=3.39m/s2,a||=3.39 m/s 2, that is the acceleration parallel to the slope if there is 45 N opposite friction. Since friction always resists movement between surfaces, the acceleration is smaller when friction exists than if it is not. 15. If an object sits on an inclined plane that makes an angle with the
horizontal, what is the expression for the component of object weight force that is parallel to the slope? w|| =wcos-w|| =wcos- w|| =wsin-w|| =wsin with || =wsin-cos-w|| =wsin-cos-w|| =wcos-sin-w|| =wcos-sin 16. An object with a mass of 5 kg rests on a plane that is 30 o inclined from the horizontal. What the component of
the weight force parallel to the slope? 4.33 N 5.0 5.0 24.5 N 42.43 N An object slides down an inclined plane at a constant speed when the net force on the object is zero. We can use this fact to measure the coefficient of kinetic friction between two objects. As shown in the first edited example, the kinetic friction at an
incline fk = y k mg cos- fk = gy k mg cos , and the component of the weight down is equal to mg sin. These forces work in opposite directions, so if they are the same size, acceleration is zero. Write this fk = F g x y k mg cosa = mg sin. f k = F g x g k mg cos. = mg sin. Solving for p k p k , da tan'=sin’/cos'tan’'=sin‘’/cos' we
find that p k = mg sin' mg cos' = tan. gy k = mg sin. mg cos . 1 Coin 1 Book 1 Protractor Place a coin flat on a book and tilt it until the coin slides down the book at a constant speed. You may need to tap the book slightly to move the coin. Measure the angle of inclination relative to the horizontal and find y k p k . True or
False—If only the angles of two vectors are known, we can find the angle of their resulting addition vector. 17. Friction is an inner force that resists the relative movement of an object. Friction is an inner force that accelerates the relative movement of an object. Friction is an external force that resists the relative movement
of an object. Friction is an external force that increases the speed of a relative movement of an object. 18. What are the two types of friction? What is it about? Kinetic and static friction both act on an object in motion. Kinetic friction acts on an object in motion, while static friction acts on an object at rest. Kinetic friction
acts on a dormant object, while static friction acts on an object in motion. Kinetic and static friction both act on an object at rest. 19. Between static and kinetic friction between two surfaces that have a higher value? Why? The kinetic friction has a greater value because the friction between the two faces is greater when
the two surfaces are in relative motion. Static friction has a larger value because the friction between the two faces is greater when the two faces are in relative motion. The kinetic friction has a greater value because the friction between the two faces is lower when the two surfaces are in relative motion. Static friction

has a larger value because the friction between the two faces is lower when the two surfaces are in relative motion. Use the Questions To Review Understanding to Assess Whether Students Meet The Learning Goals reach this section. When students are struggling with a specific goal, checking your understanding
helps determine which goal is causing the problem and guide students to the relevant content. Content. Content.
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