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Transcription




11/17 (Wed) and 11/19/10 (Fri)Spring Simple Harmonic OscillatorSimple Harmonic Oscillationsand ResonanceSpring constantTo be able to describe the oscillatory motion, we need toknow some properties of the spring. One key property isthat if the length of the spring is shortened or lengthened byan amount Δl from its equilibrium value, the springexperiences a restoring force proportional to Δl. We call it arestoring force because it always acts in a direction to returnthe length of the spring to the equilibrium value.F - kΔlWe have an object attached to a spring. The object ison a horizontal frictionless surface. We move theobject so the spring is stretched, and then we releaseit. The object oscillates back and forth in what we callsimple harmonic motion, in which no energy is lost.Potential Energy stored in a SpringF kΔlΔlFor a spring that is stretched or compressed by anamount Δl from the equilibrium length, there ispotential energy, U, stored in the spring:k is thespringconstantFΔlUnderstanding oscillationsWe have an object attached to a spring. The object is on ahorizontal frictionless surface. We move the object so thespring is stretched, and then we release it. The objectoscillates back and forth in what we call simple harmonicmotion, in which no energy is lost. How do we find theobject's maximum speed?U ½ k(Δl)2In a simple harmonic motion, as the spring changeslength (and hence Δl), the potential energy changesaccordingly.Understanding oscillationsWe use energy conservation.Umax Kmax 1 2 12kA mv max22A is called the amplitude – the maximum distancefrom equilibrium. The key lesson to take away fromthis is that you already know a lot about analyzingsimple harmonic motion situations- namely applyenergy conservation, especially when you want torelate a speed to a position.1
Splitting the energySplitting the energyAn object attached to a spring is pulled a distance A from theequilibrium position and released from rest. It thenexperiences simple harmonic motion. When the object is A/2from the equilibrium position how is the energy dividedbetween spring potential energy and the kinetic energy of theobject? Assume mechanical energy is conserved.The total energy of the SHM in the spring, Etot, isequal to the potential energy of the spring when it ismaximally stretched. It is because in that case thereis no kinetic energy and the entire mechanicalenergy comes from U. So we have, Etot ½ kA2.When the object is at x A/2, U ½ k(A/2)2 Etot/4.Since the mechanical energy is conserved, thekinetic energy at x A/2 is given by, K Etot – U 3Etot/4.1. The energy is 25% spring potential energy and 75% kinetic.2. The energy is 50% spring potential energy and 50% kinetic.3. The energy is 75% spring potential energy and 25% kinetic.4. One of the above, but it depends whether the object ismoving toward or away from the equilibrium position.MotionGraphsEquationsx A cos(ω t )In general,x Acos(ωt θ0)If we graphposition, velocity,and accelerationof the object onthe spring, as afunction of time,we get the plotsshown at right.The example usedhere has theperiod ofoscillations equalto 4.0 seconds.v Aω sin(ω t )v max Aωa Aω 2 cos(ω t )Or, a -ω2xamax Aω 2ω is called theangular frequency.What determines angularfrequency?v2vIn general, we have a ω x .In any specific case, the angular frequency is determined bythe forces involved. For an object on a spring, we have:vv F maA change in frequencySimulationThe first set of graphs (x-t, v-t, a-t) is for an angular frequencyω 1 rad/s. The second set of graphs is for ω 0.6 rad/s.ω 1 rad/sω 0.6 rad/svv kx mavk va xmω2 km ω km2
A change in frequencyThe first set of graphs is for an angular frequency ω 1 rad/s.The second set of graphs is for ω 0.6 rad/s. This change ofω is accomplished either by decreasing the spring constant orby increasing the mass. Which change did we make in thiscase?1. We decreased the spring constant2. We increased the mass3. We could have done one or the other, you can't tell thedifferenceA change in frequencyWe can’t tell the difference. All we can tell is that theangular frequency has changed. Notice that besidesthe period oscillation, we can also perceive that ω ischanged from the fact that the maximum velocity ( Aω), and the maximum acceleration ( Aω2) ischanged, while A is not changed.The graphs give us no information about whether thespring constant or the mass is different.Understanding Oscillations fromEnergy GraphsEnergy Graphs, IWe have an object (mass m) attached to a massless spring.The object is on a horizontal frictionless surface. We movethe object so the spring is stretched, and then we release it.The object oscillates back and forth.Which color goeswith kineticenergy, and whichwith elasticpotential energy?To understand the motion, let’s take a look at graphs of kineticenergy and elastic potential energy, first as a function of timeand then as a function of position.Which color goes with kinetic energy, and which with elasticpotential energy?SimulationK ½ mv21U kx 22SimulationEnergy graphs, IWhich graph is which?1.2.3.The red one is the kinetic energy; the blue one is thepotential energy.The blue one is the kinetic energy; the red one is thepotential energy.The graphs are interchangeable so you can't tellwhich is which.The spring is maximally stretched initially so U is themaximum at t 0. This is consistent with the red curve. Onthe other hand, when U is maximum, K is zero. This isconsistent with the blue curve. Similarly, at x A, U is themaximum and K is the minimum. This observation is alsoconsistent with the red E-x curve representing U and theblue E-x curve representing K.Energy graphs, IIHow does the period of the energy-t graphs (TE) compareto that of the x-t, v-t or a-t graphs (T)?1.2.3.TE T/2TE TTE 2TThe period of the K-t or U-t graph is half that of the x-tgraph.Reason: K ½ (1 – cos(2ωt)) while x cos(ωt). So theperiod of the K-t graph is π/ω while that of the ω-t graphis 2π/ω.3
What determines the energy of a SHM?Etot U(t) K(t) Umax KmaxUmax ½ kA2(1)Kmax ½ mvmax2(2)A change in frequency, IISimulationThe first set of graphs (upper: K and U vs. t; lower: K and Uvs. x) is for an angular frequency ω 1 rad/s. The second setof graphs is for ω 0.8 rad/s.ω 1 rad/sω 0.8 rad/sFrom the above, we can perceive the energy of a SHM asbeing either determined by k and A together (eqn. (1)) or mand vmax together (eqn. (2)) as follows:By eqn. (1), if A is not changed, k ( mω2) determines theenergy. That is, if a graph shows that A is not changed andm and/or ω is increased, Etot is increased. By eqn. (2), if vmax( Aω) is not changed, m determines the energy. That is, if agraph shows that vmax is not changed, increasing mincreases Etot.A change in frequency, IIThe first set of graphs is for an angular frequency ω 1 rad/s.The second set of graphs is for ω 0.8 rad/s. Recall that ω (k/m)1/2. So, either a reduction in k or an increase in m canproduce the reduction in ω. Can you tell from the energygraphs whether it was k or m that had been changed inproducing the reduction in ω? You are given that the amplitudeof oscillation has not been changed.1. We decreased the spring constant2. We increased the mass3. We could have done one or the other, you can't tell thedifferenceThinking about timeAn object attached to a spring is pulled a distance A from theequilibrium position and released from rest. It thenexperiences simple harmonic motion with a period T. The timetaken to travel between the equilibrium position and a point Afrom equilibrium is T/4. How much time is taken to travelbetween points A/2 from equilibrium and A from equilibrium?Assume the points are on the same side of the equilibriumposition, and that mechanical energy is conserved.A change in frequency, IIWith the energy graphs, we can tell the difference. All theenergy is in the spring initially, with the spring energy givenby:1Ui kA22We are told that A is not changed and the graphs tell us thatthe energy stored in the spring for the second graph issmaller. Thus, we must have changed the spring constant, k.On the other hand, if we had been told that vmax is notchanged. You should instead consider Kmax ½ mvmax2 andconclude from the graph that m is changed.Thinking about timeLet’s say the object is A from equilibrium at t 0, sothe equation x A cos(ω t ) applies.Now just solve for the time t when the object is A/2from equilibrium.1. T/82. More than T/83. Less than T/84. It depends whether the object is moving toward or awayfrom the equilibrium position4
Thinking about timeSolve for t in the equation:A A cos(ω t )2 Here we can use ω 12π t cos()2T1 cos(ω t )22π, so we need to solve:TTake the inverse cosine of both sides. We need to work inradians!This is more than T/8, because theobject travels at a small averageπ 2π tT t speed when it is far from equilibrium,T36where U is large and hence K issmall.A pendulum questionPull back the ball so it is a verticaldistance h above the equilibriumposition.A pendulum questionA simple pendulum is a ball on a string or light rod. Wehave two simple pendula of equal lengths. One hasa heavy object attached to the string, and the otherhas a light object. Which has the longer period ofoscillation?1. The heavy one2. The light one3. Neither, they're equalFree-body diagrams for a simplependulum, ISketch a free- body diagram for a pendulum whenyou release it from rest, after displacing it to the left.If you release the ball from rest, what isits speed when it passes throughequilibrium?Energy conservation: mgh 1mv 22We get our familiar result v 2ghDoes the ball’s mass matter? No.SimulationFree-body diagrams for a simplependulum, IISketch a free- obdy diagram for the pendulum as itpasses through equilibrium.Angular Frequency of a pendulumTake torques around the support point.vv τ Iα Lmg sinθ mL2αgα sinθLFor small angles we can say that sinθ θgLα θHow should we analyze the pendulum? Let’s trytorque.which has the SHM formSo, the angular frequency isω gLα ω 2θSimulation5
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General features of simpleharmonic motionA system experiencing simple harmonic motion has: No loss of mechanical energy.Two Spring-block SystemsYou have two identical springs and two identical blocks. You attach eachblock to a spring so you have two spring-block systems, and you set theblocks up to oscillate simultaneously on a frictionless horizontal surface. Youpull the blocks so they stretch their respective springs, releasing them bothfrom rest simultaneously. However, when you release the blocks one of them(we’ll call this system 1) is displaced a distance A from equilibrium and theother (we’ll call this system 2) is displaced 2A from equilibrium. A restoring force or torque that is proportional, and oppositein direction, to the displacement from equilibrium.The motion is described by an equation of the form:x A cos(ω t )where ω is the angular frequency of the system.The period of oscillation is T 1 2π ωf(a) If the block in system 1 reaches a maximum speed v in its oscillations, what isthe maximum speed reached by the block in system 2?1. v/2Two Spring-block SystemsSystem 12. T3. (2)1/2T4. 2T2. Fmax3. (2)1/2Fmax5. 4FmaxExample: Graphs for a Spring-block I5. 4vSystem 2(d) If the potential energy stored in the spring in system 1 is Ui when the block isfirst released from rest, what is the potential energy initially stored in the spring insystem 2?1. Ui/25. 4T4. 2Fmax4. 2vSystem 1(c) If the block in system 1 experiences oscillations with a period T , what is theperiod of the oscillations experienced by the block in system 2?1. Fmax/23. (2)1/2vTwo Spring-block SystemsSystem 2(b) If the block in system 1 experiences oscillations with a period T , what is theperiod of the oscillations experienced by the block in system 2?1. T/22. v2. Ui3. (2)1/2Ui4. 2Ui5. 4Ui(e) At a particular instant, some time after being released, the block in system 1 is20 cm from its equilibrium position. How far from equilibrium is the block in system2 at that same instant?1. 10 cm2. 20 cm3. 40 cm4. There’s not enough information to answer this question.Example: Graphs for a Spring-block IIA block on a horizontal frictionlesssurface is attached to a spring. Thespring is at its natural length when theblock is at x 0. At time t 0, the blockis released from rest at the point x A.Graph 1 represents the position of theblock as a function of time for onecomplete oscillation.Continue from the last example.Consider a second experiment.Suppose instead of being releasedfrom rest, the block is given an initialpush, so at t 0 it starts moving fromthe origin to the right with speed v.Graph 3 represents the position of theblock as a function of time for onecomplete oscillation. Considering onecomplete oscillation (a) Which graph is the block’s v-t graph?(f) Which graph is the block’s v-t graph?(b) Which graph is the block’s a-t graph?(g) Which graph is the block’s a-t graph?(c) Which graph is the block’s K-t graph?(h) Which graph is the block’s K-t graph?(d) Which graph is the block’s U-x graph?(i) Which graph is the block’s U-x graph?(e) Which graph is the block’s F -x graph?(j) Which graph is the block’s F -x graph? (Neglect the initial push)6
Connecting SHM with circular motionCompare the motion of anobject experiencing simpleharmonic motion (SHM) tothat of an object undergoinguniform circular motion.Simulation.The time-dependent positionx(t) of the object on thespring is the same as thatfor the x-component of thecircular motion. Both follow:x A cos(ω t )Amplitude does not affect frequency!For simple harmonicmotion, a neat feature isthat the oscillationfrequency is completelyindependent of theamplitude of the oscillation.Simulation.Damped Harmonic MotionIn simple harmonic motion, an object oscillatedwith a constant amplitude.In reality, friction or some other energydissipating mechanism is always present andthe amplitude decreases as time passes.1) simple harmonic motion2&3) underdampedThis is referred to as damped harmonicmotion.4) critically damped5) overdampedDriven Harmonic MotionWhen a force is applied to an oscillating systemat all times, the result is driven harmonicmotion.Here, the driving force has the same frequencyas the spring system (i.e., (k/m)) and alwayspoints in the direction of the object’s velocity.ResonanceResonance is the condition in which a timedependent force can transmit large amounts ofenergy to an oscillating object, leading to alarge amplitude motion.Resonance occurs when the frequency of theforce matches a natural frequency at which theobject will oscillate.7
The first set of graphs (upper: K and U vs. t; lower: K and U vs. x) is for an angular frequency ω 1 rad/s. The second set of graphs is for ω 0.8 rad/s. ω 1 rad/s ω 0.8 rad/s. A change in frequency, II . The first set of graphs is for an angular frequency ω 1 rad/s. The second se
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Section 1 Simple Harmonic Chapter 11 Motion 


Simple Harmonic Motion The motion of a vibrating mass-spring system is an example of simple harmonic motion. Simple harmonic motion describes any periodic motion that is the result of a restoring force that is proportional to displacement. Because simple harmonic motion involves a restoring force, every simple harmonic motion is a back-
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Chapter 12 Oscillations - UC Santa Barbara 


Simple harmonic motion (SHM) Simple Harmonic Oscillator (SHO) When the restoring force is directly proportional to the displacement from equilibrium, the resulting motion is called simple harmonic motion (SHM). An ideal spring obeys Hooke’s law, so the restoring force is F x –kx, which results in simple harmonic motion.
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Comparison of Crystal Oscillator and MEMS Oscillator 


Comparison of a Crystal Oscillator to a MEMS Oscillator Crystal vs MEMS - Oscillator Performance Abstract The Selection of an oscillator for electronic devices and communications system equipment is a major factor affecting system performance. In this application note, we have measured and will compare two different types of oscillators: 1.
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Design and simulation of high frequency colpitts oscillator based on ... 


Design and simulation of high frequency colpitts oscillator based on BJT amplifier (Khalid A. Humood) 161 phase shift oscillators that are produce sinusoidal output such as Wien bridge oscillator, phase shift oscillator and twin T oscillator. Generally RC phase shift oscillator are used for frequency up to about 1 MHz. These
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Chapter 8 The Simple Harmonic Oscillator 


understanding how an ordinary diﬁerential equation is solved using a power series solution. We do not reach the coupled harmonic oscillator in this text. Of course, the SHO is an important building block in reaching the coupled harmonic oscillator. There are numerous physical systems de
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Lesson 14: Simple harmonic motion, Waves (Sections 10.6-11.9) 


Lesson 14: Simple harmonic motion, Waves (Sections 10.6-11.9) Lesson 14, page 1 Circular Motion and Simple Harmonic Motion The projection of uniform circular motion along any axis (the x-axis here) is the same as simple harmonic motion. We use our understanding of uniform circular motion to arrive at the equations of simple harmonic motion.
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Simple pendulum and properties of simple harmonic motion ... 


SHM. Whereas, the oscillatory motion of a simple pendulum is a SHM, and since it repeats the motion in definite intervals of time called the period, T, it a periodic motion. The precise definition of a simple harmonic motion is that the net force, !⃗ on the simple harmonic oscillator has a magnitude that is
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SIMPLE PENDULUM AND PROPERTIES OF SIMPLE HARMONIC … 


SIMPLE PENDULUM AND PROPERTIES OF SIMPLE HARMONIC MOTION Purpose a. To investigate the dependence of time period of a simple pendulum on the length of the pendulum and the acceleration of gravity. b. To study properties of simple harmonic motion. Theory A simple pendulum is a small object that is suspended at the end of a string.
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Google Drive (Google Docs, Google Sheets, Google Slides)

Google Drive (Google Docs, Google Sheets, Google Slides) Employees are automatically issued a Kyrene Google account. Navigate to drive.google.com. Use Kyrene email address and network password to login. Launch in Chrome browser for best experience. Google Drive is a cloud storage sys
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Quick Guide of Using Google Home to Control Smart Devices

Configuration needs Google Home app. Search "Google Home" in App Store or Google Play to install the app. 3.1 Set up Google Home with Google Home app You can skip this part if your Google Home is already set up. 1. Make sure your Google Home is energized. 2. Open the Google Home app by tapping the app icon on your mobile device. 3.
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2 Após o login acesse o Google Drive ou o Google Docs e selecione a ferramenta Google Forms (Formulários). Clique na caixa de Ferramentas do Google, localizada no canto direito superior da tela e selecione o Google Drive. Na tela do Google Drive clique em New , opção More e selecione Google Forms. OBS: É possível acessar o google
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Google Apps All of the Google applications that are available upon logging into Google.com (G , Gmail, Gphotos, Gdrive, etc.). Google Suite Google’s online cloud based office companion applications (Docs, Sheets, Slides). Google Drive Google’s online cloud storage and file sharing/collaboration application.
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Google Apps for Work is a suite of cloud computing productivity and collaboration applications provided by Google on a subscription basis. It includes Google’s popular web applications including Gmail, Google Drive, Google Hangouts, Google Calendar and Google 
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Introduction - Google Earth User Guide

Google Earth Community: Learn from other Google Earth users by asking questions and sharing answers on the Google Earth Community forums. Using Google Earth: This blog describes how you can use some of the interesting features of Google Earth. Selecting a Server Note: This section is relevant to Google Earth Pro and EC users.
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