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A vertical spring of force constant 100n/m.

Spring Mass Model Spring mass problem would be the most common and most important example, as the same time in differential equation. Especially you are studying or working in mechanical engineering, you would be very familiar with this type of model. The examples of modeling in this page are: Single Spring The examples in this section is
almost the same as you learned in the physical teaching physics. The only difference is that in the physics of teaching they do not teach anything about the differential equation. So they only show the final conclusion of mathematics modeling without using differential terms. However, the physical model is exactly the same. This is one of the most
famous examples of differential equation. You can probably have already learned about the general behavior of this type of spring mass system in the physical teaching physics in relation to the law of the hook or harmless movement. Of course, you may not hear anything about "differential equity" in the physics of teaching. (As for the general
introduction of this system, consult this excellent video and get an intuitive idea about the system: Mechanical Universe 16 - Harman Movement. If this link does not work, try searching on YouTube with Keyword 'Mechanical Universe 16 - Harméanica Movement'). The example in this section is on the ideal case of single spring and single mass system
and is assumed that there is no friction, without damping .. I there is nothing that opposes the movement of each component (spring and dough). In fact, you can not have this kind of ideas system. However, a lot of teaching book (other materials) on the differential equation would begin with these example, mainly because they would give him the
most fundamental form of differential equations based on Newton's Second Law and Many examples of real life are derived from these examples only by adding some realistic factors (for example, cushioning, frictions, external forces, etc.). Based on the ruling equation for this system, you would be able to list all the component forces that act on the
system as shown below. Combining these two parts you will get the equation as (1) and with a little rearrangement you will get equation as (2). You can ask "I have to reorganize (1) always?" The answer is not. Equation (1) and (2) is completely equal. The physical interpretation of (1) and (2) can vary a little, but mathematically they are equal. You will
see the two forms for the same physician model exactly in several materials (e.g, book, internet, etc). SOLUTION: The solution to this equation in graphic form is posted on my visual note (www.slide4dmath.com). It is presented in several cases, depending on the change of each parameters listed below. Graphics with the changing position of the initial
position: Check this. Graphics with the change of spring constant (K): Check this. Graphics with the Mass change (M): Check this. This example is only a small extension of the previous example. As I mentioned above, the previous example is about an ideal case where nothing is opposed to (resist) the spring or mass movement. In this example, we
only add a small component that make the system more as the actual system of life. In real life of life, there are always some factors that oppose the spring movement (contractions and expansion) as if there were some kind of fricoes when you move any object (a mass) into a surface ( EG, table). This type of factor opposite in Spring Syste is called a
damper. As you can not completely remove the friction into a surface, you can not completely remove this amiable cushioning, as much as you try. In any case (for example, buffers on bicycle or automatives), we only add special components that This type of damping, then in the actual modeling of a spring system, the first additional component to be
added to the idea It would be a bumper. Normally, a shock absorber is shown as shown below (similar to a very simple piston). Based on the ruling equation for this system, you would be able to list all the component forces that act on the system as shown below. You will notice that most component factors are the same as the previous example. The
only difference is that a damping force is added to equation. Combining these two parts you will get the equation as (1) and with a little rearrangement you will get equation as (2). You can ask "I have to reorganize (1) always?" The answer is not. Equation (1) and (2) is completely equal. The physical interpretation of (1) and (2) can vary a little, but
mathematically they are equal. You will see the two forms for the same physician model exactly in several materials (e.g, book, internet, etc). This example is also an ideal case type, as in the first example. It is assumed that there is no friction in the surface and without damping on Spring.4, the only difference is that the spring and mass lies in the
horizontal direction and the object moves in the horizontal direction. Governing equation is the same as in the previous example (that is, based on Newton's second law). But you will notice that the list of factors (forces) apply to mass is much simpler than the case in the previous example. It's because we do not have to worry about the feedgritation in
this ideal system. Combining these two parts you will get the equation as (1) and with a little rearrangement you will get equation as (2). You can ask "I have to reorganize (1) always?" The answer is not. Equation (1) and (2) is completely equal. The physical interpretation of (1) and (2) can vary a little, but mathematically they are equal. You will see
the two forms for the same physician model exactly in several materials (e.g, book, internet, etc). Note: I put the graphic solution of this equation in my visual observation www.slide4dmath.com. You can check how the solution changes as the parameters in the equations varies as listed below. How does the solution changes according to changes k? -
Check here as the changes of solutions like MA changes? - Check here as the solution changes as the initial condition (initial displacement) changes? - Check here. This example is a bit of extension to the previous one. In this condition, we assume that the spring experience of damping as it moves. Governing equation is the same as in the previous
example (that is, based on Newton's second law). You see that an additional factor (cushioning) is added here. Combining these two parts you will get the equation as (1) and with a little rearrangement you will get equation as (2). You can ask "I have to reorganize (1) always?" The answer is not. Equation (1) and (2) is completely equal. The physical
interpretation of (1) and (2) can vary a little, but mathematically they are equal. You will see the two forms for the same physician model exactly in several materials (e.g, book, internet, etc). Note: I put the graphic solution of this equation in my visual observation www.slidedmath.com. You can check how the solution changes as the parameters in the
equations varies as listed below. How does the solution changes according to changes k? - Check here as the changes of solutions like MA changes? - Check here as the solution changes according to changes? - Check here as the solution changes as the initial condition (initial displacement) changes? - Check here. Single Spring with external force
This example is a bit of extension to the previous one. In this condition, we assume the cases where some external forces acting on the mass. I think this can be an example with almost The essential component / factors of a spring mass system. You see the dough, mass, Coefficient spring and external forA§a. In theory, combining (concatenaASA £ o)
financiental this component you would mimic almost any shape DINA ¢ medical system. You can think of external forA§as in many different standard. In this example, assume that the external forA§a is in the form of sinoidoidal, which means that changing estA; a certain frequency and amplitude. The government equaA§A £ A © the same as in the
previous example (i.e. ©, based on Newton's second law). It sees that an additional factor (external forA§a) A © added here. Combining these two parts you will get the equation as (1) and with a little rearrangement you will get equation as (2). You can ask "I have to reorganize (1) always?" The answer is not. Equation (1) and (2) is completely equal.
The physical interpretation of (1) and (2) can vary a little, but mathematically they are equal. You will see the two forms for the same physician model exactly in several materials (e.g, book, internet, etc). Note: I put £ soluA§A the Graphical this equaA§A £ it in my visual note. Www.slide4math.com. You can check how the changes soluA§A £ ¢ meters
such as those for the equaA§Apes ranges as listed below. One thing I want to emphasize on the £ soluA8A this equaASA £ o (ie A ©, movement behavior) A © that he would show the £ Padra very complicated compared to the case without outside forA§a. With this type of external forA§a perA3dica, the system show an interesting behavior called
"resonates ¢ INSTANCE". I'll write a note resonates ¢ INSTANCE later .. For now I recommend that you look for a £ soluA§A the Association that the £ equaA§Apes with frequA2ncia response. As the soluA§A £ changes (such as the mass moves) as the external frequA2ncia forA§a with different plums - see here, here, as the soluA§A £ changes
(especially as the amplitude of motion changes) with £ variaA8A that of a damping coefficient around the frequA2ncia of snores ¢ INSTANCE - see here. SoluA§A £ Matlab to single spring system of this example, you learn to model the movement of a mass tied to a vertical spring. In this very simple example, you can extend to a £ situaA8A the
increasingly complicated that is nearest the actual engineering example. Next, would be a general step on how to extend this simple model spring for a £ situaA§A the most complicated (NA £ £ explicaA§A the hA;j the detailed about the modeling process. This would give you the equaA§A-Only £ differential and show how the soluA§A £ £ equaASA the
looks, but I hope You do £ would have much difficulty understanding the equaA§Anes). The first two sA £ o those you've seen in this example, but I have listed here as £ soluA§A the looks. Example: Spring ICOPLED (Multi Spring) The examples in this seA§A £ £ O is very Ateis modeling systems vAjrios Measure ¢ nicos. You say "this A © only two or
three springs springs connected to each other ... in the £ is pretty much it useful." But there are many problems Mecca ¢ only ones who can be described as mA®ltiplas masses connected together with springs. For example, you can model a whole automA3veis with several masses connected by hundreds vAjrias sources of rest and can analyze how
each part of the entire car vibrates when you drive along a bumpy road. You might think that such simple model or three spring on the £ estAj related to a model}A £ complicated for any car, but in reality, the logic and the modeling process A © exactly the same. You would just vAijrias dozens of equaA§Au~es~ differential in front of two or three
equaAS§Apes, which A © very similar to what you sees here. Do not worry about the £ resolve an equaAS8A £ differential system that © composed of hundreds of vAjrias equaA§Apes. NinguA makes it © m £ the Ma. There are many computer tools to do this. Your job A © fill to ¢ A meters or sometimes equaA§Apes matemAjticas for these tools and
make you have to understand the meaning / logic of matemAjtico model. Now let's look look A little more complex spring model, as shown below. At the first glance, you can be oppressed by the complexity of the situation. But do not be afraid, there is a easy way to make modeling for this type. The trick is to divide the problem in a Spring Site
Multiple Situation. So you can use the logic you have learned in the spring model. (Note: This is a model that can be simpler than the real life system first, you do not see any external forces applied to any of the mass in addition, you do not see any friction ( or cushioning) is applied .. mass. This means that the mass movement is determined only by
the forces of the spring). In this example, we can split the entire system into two following spring model. As you see, the rule below is the same as what we have seen in the spring model. (If you become familiar with this type of division, you can easily do the modeling of a system with even 100 mass / springs. Logic would be the same. You could get
100 differential equations of mass- Sorry. A %o). I think the biggest question you can have at this moment as the sign of each component equation is determined? This is, for any part has 'negative' sign and some other parts do not have the negative signal? (This is super .. super ... super .. important .. but it is not easy to explain in a simple way. So, I
created a separate post for this. See 'as each sign of Each component terms are determined? ') If it is possible to draw a diagram as shown above and express the behavior of each component in a mathmatical shape, which is the model of modeling. To complete the modeling of this system. But to convert the model into a set of differential equations
that are familiar with us, we will reorganize each of the mathematical components. Let's start with the model for the first mass-spring component. In fact, the first line can express the physical meaning of the model the best, but for mathematical convenience or for the application of another analytic, which often do this kind of rearrangement, but not
There is a single best expression. If you see several books, you will notice that everyone would use a little different bit format. So, just choose one in this way and try to memorize you would have no practical utility .. try to understand the meaning of each component rather than equal memorization. Let's start with the model for the second spring mass
component. A process described above, now we have two differential equations and the solution of this and two spring (spring par) problem is discovered x1 (t), x2 (t) out of the following equations SIMULTMENTAL DIFFERENTAL AUTES (system equation). This is the end of modeling. But some book likes to express this kind of simultaneous
equations in a matrix form as follows. This is only different forms of expression, but sometimes it seems very intimidating. (This is only a psychological problems that I mentioned the introduction page). We will not add another spring mass to make it three pasta with four springs. You may ask, "When are you going to continue adding like this? Are you
going to do 100 examples for this? Please be patient. We are almost reaching destination. . It would be something as follows. Now we need to create a system equation from the ruling equations, but I would not go through this step-by-step process. Please try about Youra Proper Padas to become more familiar with the process. The result would be as
follows. Now let's look at the mother k more details and try to see if there is some recognizable pattern. Try to discover the pattern about Youra Properly before you See the answer. The answer is the following. If you become familiar with this pattern, you do not even need to think about everything / tedious you passed in previous examples. Your
finger can create these matrix mechanically. You can even create a one Program to create these arrays, even if you do not be a specialized programmer. Note: You can build the rigidity coefficient matrix by only by applying the technique to build the rigid matrix instead of deriving all the differential equation. Now let's add another spring dough to
make it 4 masses and 5 springs connected as shown below. Now let's summarize the ruling equation for each dough and create the differential equation for each of the mass spring and combine them in a system matrix. Do you really want me to do that? Do not worry .. It's just a joke. I just want you to apply the pattern you've seen in the previous
example. You can easily (?) Get the following system equation. (If this is not easy for you, look at the illustration showing the pattern in the previous example). Note: You can build the rigidity coefficient matrix by only by applying the technique to build the rigid matrix instead of deriving all the differential equation. You would yell at me if I ask you to
build the equation of the system, passing through the ruling equation for each of the spring missions. However, you can build the system equation if you apply the pattern you saw in the previous example. I know it would take a lot of time, but it would not be crazy. If you have Anyryzed the masters (patterns) of the array shown in the previous
example, you can (I hope) Build the n x n array as shown below. Note: You can build the rigidity coefficient matrix by only by applying the technique to build the rigid matrix instead of deriving all the differential equation. and if we have the spring system coupled as shown below. It would seem almost the same as we saw in the previous example. If
you look carefully, you will notice that the first and last spring has an open end that is not attached to the wall. If you are trying to create the governance equations for each mass of zero, you can feel some difficulties to create the differential equation for the first and last spring, since it is a new pattern For you. But if you think this problem is just a
different perspective, you will realize that this is also exactly the same problem you saw in previous examples. Simply replace the open ends with a spring that has k = 0 as shown below. With this small modification and the matrix creation pattern you saw in the previous example, you can build the system equation within a minute. Just plug 0 in K1
and K5. And you will receive an answer as shown below. Note: You can build the rigidity coefficient matrix by only by applying the technique to build the rigid matrix instead of deriving all the differential equation. This example is only the half-step extension of the previous example. It is composed of two masses and three springs that is the same as in
the previous example. The only difference is that the damping factors are introduced as shown below. If you have followed the previous examples, you can know what to do now. i) Split the model provided into each component II) Define the rules of government for each component. This is the procedure for any type of mathematical modeling. The
ruling rule of the first component is the following. General Logic is i) Define all forces that are being applied to object II) Draw the arrows representing the direction of the force (be very careful to determine the direction of the arrows, since it determines the signal of the mathematical term) III) write the mathemula mathemula for each of the forces
(arrows), the next step is to combine all components of each arrow and movement of movement in a single equation as follows. The first line is Orginal shape. All other lines are just rearrangements from the first line, so mathematically they are all the same. You can simply choose what you want for your needs / preference, but the last one and the
second for the last are the most common ways. Make the same thing for the second component, as shown below. Now we have two differential equations for two mass (system component) and we will only combine the two equations in a system equation (simultaneous equations) as shown below. In most cases and purely mathematical terms, this
system equation is all you need and this is the end of modeling. But in any case, you may want to convert these system equations into a set of first order equations as follows. (If you are not familiar with this type of conversion process, consult the conversion of high order differential equation in the first order simultaneous differential equation) after
having A set of differential equations that are all of the first order, you can easily convert it in the form of matrix equation as shown below. (If you are not familiar with this type of conversion, see Differential Equations Meeting Matrix) Example: Inverted Spring System Now Let's look for a case Simple but realistic. Let's assume that a car is moving on
the road perforly smooth. This can be illustrated as follows. The car body is represented as M, and the suspension system is represented as a damper and spring, as shown below. (Note: You can ask why the gravitational force that is being applied to mass is not considered here. It is because of the assuption that the equilibrium point is defined so that
the Gravitational force is canceled. See the simple example of the spring on the equilibrium point) The differential equation can be represented as shown below. I will not describe the steps to reach this equation. Try yourself to figure out how to derive this equation based on previous examples. You would not have much difficulties for this. This
example is similar to the previous example, but has an additional factor. In this example, the car is not moving along a smooth road. It is moving a long a bumpy road, as illustrated on the left side. This can be modeled in a manner similar to the previous example, except that the baseline is moving as shown on the right side. The differential equation
can be represented as shown below. I will not describe the steps to reach this equation. Try yourself to figure out how to derive this equation based on previous examples. You would not have much difficulties for this. You would notice that another variable of Y2 displacement is introduced in this equation. If the car is moving in the perfectly harmless
surface, the Y2 can be expressed as a trigonometic function (e.g, cos (W t)) and W can be determined by the speed of the car. So, with this equation, you can find out how the body's body will rise when the car is moving on a bumpy road with a certain speed. This example is similar to the previous example, but has an additional factor. In this example,
the car is moving along a bumpy road and is also under some external force. (In most cases, the car is experiencing various internal vibrations and vibration can be an external forcing spy). This can be modeled in a manner similar to the previous example, except that the baseline is moving as shown on the right side. The differential equation can be
represented as shown below. Me I will describe the steps to reach this equation. Try yourself to figure out how to derive this equation based on previous examples. You would not have much difficulties for this. You would notice that another variable of Y2 displacement is introduced in this equation. If the car is vibrating in a harmonica function with a
certain frequency and AF can be expressed as a funA§A £ © trigonomA the trophic (e.g., cos (T f)). So with this equaA§A £ o, you can find out how the car body will move up and down when the car is in motion on a bumpy road, with a certain speed and body Tamba © m A © expericing vibraA §Receiving$§ the £. You can practice what you learned from
the two previous examples and is © the A°nica that can be easily extended to a real-life problem. You can easily apply this example to model a suspended system £ a vehicle. It may seem a little scary, but the logic of modeling A © always the same system for more complex it is. Remember the logic A (process)? i) Divide each component in the system.
(When you sees this type of mass-spring system, each A © Mass bed system). ii) drawing the arrows (vectors) to represent A £ direcA§A of the forA§as to be applied to each component. iii) Writing down fA3rmula matemAjtica for each of the arrows (vectors). iv) Combine all the fA3rmula component in a £ equaA§A differential A°nico now we comeAS§ar
with the first component. You can identify the component? © M1 to the first component. Marka all the springs, shock absorbers and forA§a applied to the component, as shown below. Now draw arrows (vectors) for representing forA§as being applied to the component (mass) as shown below. Now combine each component in fA3rmula equaASA £
differential A°nico as shown below. Let's now comeAS§ar with seconda component. You can identify the component? © M2 to the first component. Marka all the springs, shock absorbers and forA§a applied to the component, as shown below. Now draw arrows (vectors) for representing forA§as being applied to the component (mass) as shown below.
Now combine each component in fA3rmula equaASA £ differential A%nico as shown below. With a bit of operation £ o, you can simplify the £ equaA§A for one as follows. If you combine the equaAS§A £ for component 1 and component 2, you would get a £ equaA§A the system as follows. US in £ o do that here, but I recommend that you try to convert this
into a matrix form. It will be a good prAjtica for £ talk the first order and £ talk the matrix form. more Readings
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