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Physics: Momentum and Impulse Practice Guide Massachusetts State Standards: 2. Conservation of Energy and Momentum 2.5 Provide and interpret examples showing that linear momentum is the product of mass and velocity, and is always conserved (law of conservation of momentum). Calculate the momentum of an object.



Textbook Equivalent-Chapter 7 Objectives: -describe linear momentum both qualitatively and quantitatively -write Newton’s 2nd Law in terms of momentum -describe the law of conservation of momentum and write, in vector form, the law for a system involving two or more point masses -define impulse and relate impulse to momentum with a mathematical equation. -describe how Force, Time and Impulse are related -use the definition of impulse to quantitatively and analyze motion of objects -interpret momentum change on a F vs. t graph -distinguish between perfectly elastic and completely inelastic collisions - Apply the laws of conservation of momentum and energy to problems involving collisions between two point masses. -use the law of conservation of momentum to determine motion of objects under collisions in 2 dimensions



Essential Questions 1. How is linear momentum defined quantitatively? 2. How can Newton’s Laws be used to explain the Law of Conservation of Momentum? 3. How is the Law of Conservation of Momentum written in vector form, for a system involving two or more point masses? 4. What is meant by the term impulse? 5. How is impulse related to momentum mathematically? 6. How are force, time and impulse related? 7. How are changes in momentum determined from a Force vs. time graph? 8. How does one distinguish between perfectly elastic collisions and completely inelastic collisions? 9. How are the laws of conservation of momentum and energy used to solve problems involving collisions? 10. How is vector analysis used in solving 2 dimensional momentum problems?
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I have a moderate grasp of this concept



I know what this is and could test well



I have a thorough understanding and could teach this to another



3.



4.



5.



*For signatures, if the student attempts to explain a concept to you, but not thoroughly and not to a point where you feel they understand it, initial NY for not yet. A NY will help a student identify areas of focus. Initial when they describe the concept well enough for you to understand it as well.



1-describe linear momentum both qualitatively and quantitatively 2-write Newton’s 2nd Law in terms of momentum 3-describe the law of conservation of momentum and write, in vector form, the law for a system involving two or more point masses 4-define impulse and relate impulse to momentum with a mathematical equation. 5-describe how Force, Time and Impulse are related 6-use the definition of impulse to quantitatively and analyze motion of objects 7-interpret momentum change on a F vs. t graph 8-distinguish between perfectly elastic and completely inelastic collisions 9-Apply the laws of conservation of momentum and energy to problems involving collisions between two point masses. 10-use the law of conservation of momentum to determine motion of objects under collisions in 2 dimensions
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thorougly explained this concept to you.



I kind of know what this is, but could not test well 2.



MOMENTUM AND IMPULSE UNIT: (RATE YOUR UNDERSTANDING OF THE OBJECTIVES)



SIGNATURES*initial when the student has



I have no idea 1.



PHYSCIS CHART OF UNDERSTANDING



Vocabulary Terms elastic collision A collision between two or more objects in which both momentum and kinetic energy are conserved, such as in the collision between two billiard balls. In elastic collisions, objects tend to bounce off of each other. external forces Any forces which act on the object (or system) from outside the system (from a source not in the system). External forces cause changes in momentum of a system. impulse The change of momentum on an object (or system). Impulse is a vector quantity which can be determined by the product of net force and time. Impulse can also be calculated by determining the area under a force versus time curve.



inelastic collision A collision between two or more objects in which momentum is conserved but kinetic energy is not conserved. A property of an inelastic collision is that objects tend to stick together, like two football players involved in a tackle. Mechanical energy is lost to other forms in these collisions. internal forces Any forces which act between the objects within a system. Such forces cannot change the momentum of a system. Law of Conservation of Momentum For any collision or exchange of forces between two or more objects the total momentum of the system is conserved linear momentum The product of mass and velocity of an object or system of objects. Momentum is a vector quantity. It can be thought of as “inertia in motion”.
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Momentum Key Concept/Idea(s):



Conceptual Example 1: The momentum of an object is defined as the… a. Product of mass and acceleration b. Product of mass and velocity c. Force times its acceleration d. Force times the time interval Conceptual Example 2: Which of the following objects have momentum? Include all that apply. a. An electron is orbiting the nucleus of an atom. b. A UPS truck is stopped in front of the school building. c. A Yugo (a compact car) is moving with a constant speed. d. A small flea walking with constant speed across Fido's back. e. The high school building rests in the middle of town. Conceptual Example 3: Which has more momentum: a large bear moving at 5 m/s or a small fox moving at 5m/s? a. The large bear b. The small fox c. Both have the same momentum d. Both have zero momentum Conceptual Example 4: Compared to a car moving at 20 m/s, the same car moving at 40 m/s has a. The same momentum b. Twice as much momentum c. Four times as much momentum d. Half as much momentum Application Example: How much momentum does a 0.05kg jelly bean have when it is tossed at 4m/s?
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Momentum and Its Conservation Key Concept/Idea(s):



Jets and Rockets employ Conservation of Momentum



Nature employs Conservation of MomentumA squid propels itself by expelling water at a high velocity



These cases are all just a different way of examining Newton’s 3rd Law



Conceptual Example 1a: Which Experiences the MOST FORCE? (circle the answer) • Truck smashes into a bicycle • bug smashes into your windshield • baseball gets smacked with a bat • Moon’s gravity pulls Earth, Earth’s gravity pulls moon Conceptual Example 1b: Which Experiences the GREATEST IMPULSE? (circle answer) • Truck smashes into a bicycle • bug smashes into your windshield • baseball gets smacked with a bat • Moon’s gravity pulls Earth, Earth’s gravity pulls moon Conceptual Example 2: An open cart rolls along a frictionless track while it is raining. As it rolls, what happens to the speed of the cart as the rain collects in it? (assume that the rain falls vertically into the box) a) speeds up b) maintains constant speed c) slows down d) stops immediately Conceptual Example 3: A dragon-fly and a large truck collide head-on and stick together. Which one has the larger momentum change? a) the dragon-fly b) the truck c) they both have the same momentum change d) can’t tell without knowing the final velocities



https://sites.google.com/site/mrhphysics/home



Conceptual Example 4: Explain why momentum is conserved in a collision between two objects using Newton’s Laws of motion in your justification.



Conceptual Example 5: Why do inelastic collisions still conserve momentum when they do not conserve mechanical energy? (Justify)
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Collisions and Impulse Key Concept/Idea(s): Car hitting a concrete wall



Car hitting a hay stack



Use of Airbags in a car



“Riding with the punch” for a boxer.



_______________ Conceptual Example 1: Consider a karate expert. During a talent show, she executes a swift blow to a cement block and breaks it with her bare hand. During the collision between her hand and the block, the ___. a. b. c. d. e.



time of impact on both the block and the expert's hand is the same force on both the block and the expert's hand have the same magnitude impulse on both the block and the expert's hand have the same magnitude all of the above. none of the above.



Conceptual Example 2: In order to catch a ball, a baseball player naturally moves his or her hand backward in the direction of the ball's motion once the ball contacts the hand. This habit causes the force of impact on the players hand to be reduced in size principally because ___. a. b. c. d. e.



the resulting impact velocity is lessened the momentum change is decreased the time of impact is increased the time of impact is decreased none of these



Conceptual Example 3: Cars are equipped with padded dashboards. In collisions, the padded dashboards would be safer than non-padded ones because they ____. Choose all that apply. a. increase the impact time b. decrease an occupant's impulse c. decrease the impact force d. none of the above
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Application Example 1: A golf ball of mass 0.045 kg is hit off the tee at a speed of 45 m s . The golf club was in contact with the ball for 3.5 10 3 s. Find (a) the impulse imparted to the golf ball, and (b) the average force exerted on the ball by the golf club.



Application Example 2: A 12-kg hammer strikes a nail at a velocity of 8.5 m s and comes to rest in a time interval of 8.0 ms. (a) What is the impulse given to the nail? (b) What is the average force acting on the nail?



Application Example 3: You are the design engineer in charge of the crashworthiness of new automobile models. Cars are tested by smashing them into fixed, massive barriers at 50 km h (30 mph). A new model of mass 1500 kg takes 0.15 s from the time of impact until it is brought to rest. (a) Calculate the average force exerted on the car by the barrier. (b) Calculate the average acceleration of the car.
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Force vs. Time Graphs Key Concept/Idea(s):



Example 1: Mass = 5kg vi = -3m/s What is the final velocity of a mass that undergoes the forces illustrated in the graph?



Example 2: Identify the change in momentum and final velocity of the mass that undergoes the following forces over time. 1. m = 5kg, vi = -2m/s



Example 3: Identify the change in momentum and final velocity of the mass that undergoes the following forces over time. 1. m = 1kg, vi = 0m/s
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Elastic Collisions Key Concept/Idea(s):



Conceptual Example 1: Consider two elastic collisions: 1) a golf ball with speed v hits a stationary bowling ball head-on. 2) a bowling ball with speed v hits a stationary golf ball head-on. In which case does the golf ball have the greater speed after the collision? Why? Conceptual Example 2: A bouncy ball is thrown in a game of dodgeball, hitting a player and bouncing back the way it came, with the same speed. The player: a) recoils in the direction of the throw with the same initial velocity as the ball b) recoils in the direction of the throw with the same initial momentum of the throw c) recoils in the direction of the throw with twice the initial momentum of the ball d) none of the above



Example 1:



At an amusement park, two identical (mass) bumper cars collide. Car 1 was initially at rest, while car 2 travels at 2m/s when it bumps into car 1 from behind. Immediately after the collision, Car 2 is at rest, what should be the speed of car 1?



Example 2: A 0.4-kg hockey puck, slides with velocity of 4.0m/s collides with an identical puck



initially at rest. Assuming a perfectly elastic collision, what will be the speed and direction of each object after the collision?
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Inelastic Collisions Key Concept/Idea(s):



Application Example 1: A 100g toy train moves on a frictionless surface at 3m/s when 50g of additional toy material is dropped vertically into a cargo car. Determine the new speed of the toy train.



Application Example 2: A 100-kg running-back runs forward 6.0m/s when he is tackled from behind. When he was tackled by an 90-kg cornerback running at 8.0m/s in the same direction, what was their mutual speed immediately after the tackle?



Application Example 3: A 9300-kg boxcar traveling at 15.0 m s strikes a second boxcar at rest. The two stick together and move off with a speed of 6.0 m s . What is the mass of the second car?
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Application Example 4: A 920-kg sports car collides into the rear end of a 2300-kg SUV stopped at a red light. The bumpers lock, the brakes are locked, and the two cars skid forward 2.8 m before stopping. The police officer, knowing that the coefficient of kinetic friction between tires and road is 0.80, calculates the speed of the sports car at impact. What was that speed?



Application Example 2: An internal explosion breaks an object, initially at rest, into two pieces, one of which has 1.5 times the mass of the other. If 7500 J were released in the explosion, how much kinetic energy did each piece acquire?



Application Example 3: A 28-g rifle bullet traveling 230 m s buries itself in a 3.6-kg pendulum hanging on a 2.8-m-long string, which makes the pendulum swing upward in an arc. Determine the vertical and horizontal components of the pendulum’s displacement.
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Collisions in Two Dimensions Key Concept/Idea(s):



Application Example 1: A radioactive nucleus at rest decays into a second nucleus, an electron, and a neutrino. The electron and neutrino are emitted at right angles and have momenta of 9.30 10 23 kg  m s and 5.40 10 23 kg  m s , respectively. What are the magnitude and direction of the momentum of the second (recoiling) nucleus?



Application Example 2: The inelastic collision shown occurs at a 45 degree angle. What is the final velocity of the two particles? m1 = 0.05kg m2 = 0.03kg v1i= 400m/s v2i = 1000m/s vf = ?



Application Example 3: An eagle mA  4.3 kg  moving with speed v A  7.8 m s is on a collision course with a second eagle mB  5.6 kg  moving at v B  10.2 m s in a direction perpendicular to the first. After they collide, they hold onto one another. In what direction, and with what speed, are they moving after the collision?
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Multiple Choice Sample Problems: 1. A truck moves along a frictionless level road at a constant speed. The truck is open on top. A large load of gravel is suddenly dumped into the truck. What happens to the velocity of the truck? (A) It increases (B) It remains the same (D) more information is required



(C) It decreases (E) it stops immediately



2. A steel ball and a piece of clay have equal mass. They are dropped from the same height on a horizontal steel platform. The ball bounces back with nearly the same speed with which it hit. The clay sticks to the platform. Which object experiences the greater momentum change? (A) the ball (B) the clay (C) Both experience the same momentum change (D) there is no momentum change for either (E) more information is required 3. A car of mass m is moving with a momentum p. How would you represent its kinetic energy in terms of these two quantities? (A) p2/(2m)



(B) 1/2 mp2



(C) mp



(D) mp/2



(E) zero



4. When a ping-pong ball rolling with a speed of 3.0 m/s collides with a bowling ball at rest, the ping-pong's speed after the collision will be, approximately, (A) 0



(B) 3.0 m/s



(C) 6.0 m/s



(D) 12 m/s



(E) 9.0 m/s



5. A bowling ball moving with speed v collides head-on with a stationary tennis ball. The collision is elastic, and there is no friction. The bowling ball barely slows down. What is the speed of the tennis ball after the collision? (A) nearly v



(B) nearly 2v



(C) nearly 3v



(D) nearly infinite (E) Zero



Questions 6 - 8



6. Two blocks are on a frictionless surface and have the same mass m. Block 2 is initially at rest. Block 1 moves to the left with speed 4v. Block 1 collides inelastically with block 2. Which of the following choices is closest to the final speed of the system of two blocks? (A) v



(B) 2v



(C) 3v



(D) 4v
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(E) 5v



7. Two blocks are on a frictionless surface and have the same mass m. Block 2 is initially at rest. Block 1 moves to the left with speed 4v. Block 1 collides elastically with block 2. What is the final speed of block 1? (A) zero



(B) v



(C) 2v



(D) 3v



(E) 4v



8. Two blocks are on a frictionless surface and have the same mass m. Block 2 is initially at rest. Block 1 moves to the left with speed 4v. Block 1 collides elastically with block 2. What is the final speed of block 2? (A) v



(B) 2v



(C) 3v



(D) 4v



(E) 7v



9. An object with a mass of 2 kilograms is accelerated from rest. The graph shows the magnitude of the net force as a function of time. At t=4 seconds the object’s velocity would have been closest to which of the following? (A) 2 m/s (B) 4 m/s (C) 10 m/s (D) 13 m/s (E)cannot be determined



10. A 3 kg ball is dropped onto a concrete floor. What is the magnitude of the ball’s change in momentum if its speed just before striking the floor is 7 m/s and its rebound speed is 3 m/s? (A) 10 kg m/s



(B) 15 kg m/s



(C) 30 kg m/s



(D) 50 kg m/s



(E) 70 kg m/s



11. A spring is compressed between two blocks with unequal masses, m1 and m2, held together by a string as shown in the figure to the right. The objects are initially at rest on a horizontal surface with no friction. The string is then cut. What is true of the two object system after the string is cut? (A) The net final kinetic energy is zero (B) The velocities of the two objects are equal in magnitude but opposite in direction (C) The kinetic energy of each block is equal and opposite (D) Kinetic energy remains the same as before the string was cut (E) The net final momentum of the two objects is zero
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12. A toy truck moves freely along a track at 2 m/s and collides with a toy Subaru that is at rest. After the collision, the two cars stick together and move continuously. What is the magnitude of the velocity of both vehicles after the collision if the toy truck weighs 3 kg and the toy Subaru weighs 1 kg. (A) 1.5 m/s (B) 2 m/s Questions 13 - 14



(C) 3m/s



(D) 5 m/s



(E) 6 m/s



13. A hockey stick hitting a 0.5 kg puck is in contact with the ball for a time of .05 seconds. The puck travels in a straight line as it approaches and then leaves the hockey stick. If the puck arrives at the stick with a velocity of 6.4 m/s and leaves with a velocity of -3.6 m/s. What is the magnitude of the change in momentum of the puck? (A) 2 kg·m/s



(B) 3 kg·m/s (C) 5 kg·m/s



(D) 6 kg·m/s



(E) 10 kg·m/s



14. A hockey stick hitting a 0.5 kg puck is in contact with the ball for a time of .05 seconds. The puck travels in a straight line as it approaches and then leaves the hockey stick. If the puck arrives at the stick with a velocity of 6.4 m/s and leaves with a velocity of -3.6 m/s, what is the magnitude of the average force acting on the puck? (A) 100 N



(B) 150 N



(C) 200 N



(D) 300 N



(E) 500N



15. A kickball is rolled by the pitcher at a speed of 10 m/s. The kicker kicks the ball. The magnitude of the force on the kickball that the kicker’s foot exerts on the ball is always (A) Zero because only the ball exerts a force on the foot (B) Equal to the vertical component of gravity acting on the kickball (C) Larger than the force the kickball exerts on the foot (D) Smaller than the force the kickball exerts on the foot (E) Equal to the force that the kickball exerts on the foot Questions 16 - 17 16. An object of mass 3 kg starts from rest and moves along the x-axis. A net horizontal force is applied to the object in +x direction. The force time relations presented by the graph. What is the net impulse delivered by this force? (A) 6 N·s (B) 8 N·s (C) 24 N·s (D) 30 N·s (E) 36 N·s
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17. An object of mass 3 kg starts from rest and moves along the x-axis. A net horizontal force is applied to the object in +x direction. The force time relations presented by the graph. What is the net work done on the object? (A) 30 J



(B) 50 J



(C) 90 J



(D) 150 J



(E) 120 J



18. A constructor is initially at rest on an icy pond throws a hammer. After being thrown the hammer moves in one direction while the constructor moves off in the other direction. Which of the following correctly describes this occurrence? (A) The constructor and the hammer will have equal amounts of kinetic energy (B) The hammer will have the greater magnitude of momentum (C) The constructor will have the greater magnitude of momentum (D) The hammer will have greater kinetic energy (E) They both will have equal and opposite amounts of momentum 19. A 40 kg physics student at rest on a frictionless rink throws a 3 kg box, giving the box a velocity of 8 m/s. Which statement describes the motion of the physics student afterwards most accurately? (A) 0.9 m/s in the same direction as the box (B) 0.6 m/s in the opposite direction of the box (C) 0.8 m/s in the same direction as the box (D) 3.4 m/s in the same direction as the box (E) 1.6 m/s in the opposite direction of the box 20. A rubber ball with a mass of 0.25 kg and a speed of 9 m/s collides perpendicularly with a wall and bounces off with a speed of 11 m/s in the opposite direction. What is the magnitude of the impulse acting on the rubber ball? (A) 1 kg m/s



(B) 2 kg m/s



(C) 5 kg m/s



(D) 20 kg m/s (E) 25 kg m/s



21. A 10,000-kg trolley moving at 4 m/s collides and couples with a 6000-kg trolley which is initially at rest. The nearest final speed of these two trolleys is: (A) 0.5 m/s



(B) 1 m/s



(C) 2 m/s



(D) 2.5 m/s
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(E) 3 m/s



22. When the velocity of a moving object is quadrupled, which of the following is also quadrupled? (A) kinetic energy (D) potential energy



(B) acceleration (E) all of the above



(C) momentum



23. Two friends with mass 60 kg and 40 kg run directly toward each other with speeds 3 m/s and 2 m/s respectively. If they hug each other as they collide, the combined speed of the two friends just after the collision will be (A) 0 m/s



(B) 1 m/s



(C) 1.6 m/s



(D) 2 m/s



(E) 3 m/s



24. How long must a 60 N net force act to produce a change in momentum of 240 kg m/s? (A) 1 s (B)2 s



(C)3 s



(D) 4 s



(E) 5 s



25. A tennis ball of mass m rebounds from a vertical wall with the same speed v as it had initially. What is the change in momentum of the ball? (A) mv (D) 2mvsinθ



(B) 2mv (E) zero



(C) 2mvcosθ



26. Which of the following is true about an object of mass m1 moving on a horizontal frictionless surface strikes and sticks to an object of mass m2 (m1>m2)? (A) The kinetic energy is conserved during the collision (B) The momentum is conserved during the collision (C) The momentum is zero after the collision (D) The object m1 has greater momentum after the collision than before the collision (E) The object m2 has greater momentum after the collision then before the collision
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27. A steel ball moving at a constant speed v on a horizontal frictionless surface collides obliquely with an identical ball initially at rest. The velocity of the first ball before and after the collision is presented on the diagram. What is the approximate direction of the velocity of the second ball after the collision?



(A)



(B)



(D)



(C)



(E)



Questions 28 - 29 28.



(A)



(B)



(D)



A stationary cannon ball explodes in three pieces of masses m, m, and 2m. The two momenta of equal masses presented by the diagram. What is the direction of the momentum of 2m mass?



(C)



(E)



29. What is the magnitude of the velocity of 2m cannon ball piece? (A)



/2 V (B)



/2 V (C)



/2 V (D) ½ V (E) 3/2 V
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30. An object with an initial momentum shown on the diagram collides with another object at rest. Which of the following combinations of two vectors may represent the momenta of the two objects after the collision?



(A)



(B)



(D)



(C)



(E)
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Questions 31 – 32



A 6 kg block moves with a constant speed 5 m/s on a horizontal frictionless surface and collides elastically with an identical block initially at rest. The second block collides and sticks to the last 6 kg block initially at rest. 31. What is the speed of the second 6 kg block after the first collision? (A) zero



(B) 2 m/s (C) 2.5 m/s



(D) 3 m/s



(C) 5 m/s



32. What is the speed of the third 6 kg block after the second collision? (A) zero



(B) 2 m/s (C) 2.5 m/s



(D) 3 m/s



(C) 5 m/s



Questions 33 – 34 Object A with mass 8 kg travels to the east at 10 m/s and object B with mass 3 kg travels south at 20 m/s. The two objects collide and stick together. 33. What is the magnitude of the velocity they have after the collision? (A) 1.8 m/s



(B) 9.1 m/s



(D) 20 m/s



(E) 25.5 m/s



(C) 12.7 m/s



34. What is the direction of the velocity they have after the collision? (A) 30º south of east (B) 37º south of east (C) 45º south of east (D) 53º south of east E) 60º south of east
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Multiple Choice Solutions 1. C 2. A 3. A 4. B 5. B 6. B 7. A 8. D 9. A 10. C 11. E 12. A 13. C 14. A 15. E 16. D 17. D 18. E 19. B 20. C 21. D 22. C 23. B 24. D 25. C 26. B 27. C 28. B 29. A 30. E 31. E 32. C 33. B 34. B
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Calculated Impulse from Force Sensor. P (kg m/s). Maximum Velocity. (m/s). 1. 2. 3. 4. 5. RING STAND. FORCE SENSOR. DYNAMICS CART SPRING ...
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AP Physics 1 Week 1 Practice Kinematics, Momentum ... 

A. The centripetal acceleration of a satellite is given by. 2 ... B. Block 1, because the velocity after the collision is in the same direction as its velocity before the collision. C. Block 2, because it had a smaller speed before the collision. D. 
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Impulse Worksheet Answers.pdf. Impulse Worksheet Answers.pdf. Open. Extract. Open with. Sign In. Main menu. Displaying Impulse Worksheet Answers.pdf.
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Impulse Response Identification of Minimum and Non ... 

Principally finite impulse response system identification based on HOC of system output has received more attention [1, 2, 3]. In the literature we have important results [6], established that blind identification of finite impulse response (FIR) sin
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Noncommuting Rotation and Angular Momentum ... - Onlinehome.us 

Aug 31, 2009 - Avi Ziskind1 asked me to cover non-commuting operators in quantum mechanics, specifically why angular momentum operators do not commute. He pointed out that Griffiths [1] gives an intuitive argument for understanding why position and m
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Noncommuting Rotation and Angular Momentum ... - Onlinehome.us 

Aug 31, 2009 - This directs the vector upwards (blue in the picture). Then we apply another small rotation around y, which directs the vector along the red line.














[image: alt]





Momentum and Collisions Notes.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Momentum and ...














[image: alt]





PDF Online Impulse Urges And Fantasies 

... online pornography as part of our continuing work to make the Internet safer .... I say this fake name in the book, the only way to truly get over what happen to.
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Fast Image Restoration Methods for Impulse and ... 

method is competitive with those restored by the existing variational image .... subsection, we obtain the data set A and perform the restoration in the data.
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Fast Image Restoration Methods for Impulse and ... 

Salt-and-pepper noise and random-valued noise are the two common types of impulse noises. They degrade an image in a totally different way from that by Gaussian white noise. Suppose uj,k ((j, k) âˆˆ I = {1,2,Â·Â·Â·,n} Ã—. {1,2,Â·Â·Â·,n}) is the gray 
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Field and wave energy and momentum. 

Seeing the Lorentz force show up like this out of nowhere with only manipulation of the Maxwell equation suggests that the. Lorentz force or its associated Lagrangian is not actually that fundamental. We have one equation at the root of both (and tha
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